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OH ha8 limitad thr dirtrlbutbu of thm I w d  k p a r t  for th pr8c turlrr 

yarrr Lac thmm rmawnrt 



CE h r m  rmce#aimd from t beatnaina that ttr iatrtemt i o  thr 

coaftdmtirlity sf thr b a d  Report wt k brlraemd awlart the lagit#wtm 
concrrnm of otherm- Fat that rearan tha kport br  k r n  d e  rlnllrblr ea 
n w m u r  nccamfaam to thma Vith dimct i a t a r ~ t .  'Zhim blm imclded ttu 

Chrelrrr h ~ l r t o ~  Ccmirrion ( , tuo k~rrrr loarl  c t t m r ,  
ut i l i t l ar  ufth Milin$ #tat  n r C t U t 8  (#lr), IWlur licmtiry borrdr, rlld 
int+r*.nara i n  nuelerr p lant  Liernmina p m c e i d i ~ r +  Sucb rccmrr r a m  

providmd b a d  ma rrruraaeen ef coafidertir2 trukrat. 



a WAC; rmvtrw i n  193b rmd l9?8 c o c r f i d  that a l l  rafmty Isrum watiolrrd 

I n  the &md bpart had k r n  d l r o l ~ r a d  to  WRC: p r w i o u r l ~ *  

o Thr h a d  mtudy urn8 pmtformd marly i n  thr W 6  d a r i p  cycle, a d  thm 

recomndat~olrm vrre l m p l ~ n t d  bfara W 6  plaatr mat  inte 

opmrr t Lon. 

Ihr m i s l s m d l ~  a r t i c l e s  rairad concernr 14 ccrruaitier uhrr8 CL are i n  

operatian rad were traubleaart foe utilttirs mi- thlm plaatr+ The 

artlcler also l e d  to requrmtr for the rclerra a€ tfm Reed Report tram 
public u t i l i t y  corlsrims and other publit offlcirlr I n  rtrter uhen C t  

terc Cora rrr in opetat lam. 





The ?.ad r t u d y  mr aot u f r t y  n*Stu= k f a t y  i r s r r r  wrtm tha mubject sf 

rrparate and c o n t i n u l ~  pmgrmr in CE'r nuclmrr dL*irionm Ibmmr, airma 
k h r  breadth of the b e d  mtudy md Ct'm prwrsirn conc8rn for rafrty,  it warn 

irsrritrhla that a study of tbir  type wuld  tmcb ea i m m r  at ptmtlrl  

rrfatr  m l $ a l f I c a ~ e -  Ie 1975 ' nuclear mafmtf ard litaamiq 



W i l e  the W b  p lmtr  vtrt him e ~ a r t r u t t d ,  all nuclear plant mthehuler 

tmrr a n a t l y  rrteabmd by chrl~ln& r e p r b t o q  m q u i n w o t a  r r s u l t i ~  ftm 
thr accident a t  Thne M l r  Iehbd- lhe 1.91mnt~tlam of tbm I b . d  Tamk 

?orem nc-ndrtiatw k a r f l t t e d  fmm thme ~ c h d u l e  rxtearibeu* 



Prlat Plmcloaurmr of bmd Wtt 

Th. NRC Ris had a copy af the Red Repart aincr 1979. 



b a t  Impact of Reed Report 

Cencrrl Electric mprnt u n y  huadrtdr of m11Lioae of d d l r r r  in tk. 

dev+loprmt wsrk Iradily t o  the Y h i h  much o f  thir wtk  u r ~  
underwry before thr Reed study teak place, the h d  Report terultd in 

he l~h t rn td  tap unr8clrnt  attention, a d  rsrund that thw prqr-8 uarm 

rdemurtely strifad a d  funded. a f  thr Canrorl Ulmctric mnpmditurmm 

mrr i n  the followim rtmrr: 

o GE conmtructrd 1 n m k t  of nw trrt frcilitirm or modified * x i ~ t i n #  

f ~ c i l i t i c r  ta p r f o n  tmchnicd rarlfsrm and dammatratr the rbrqurcy 

of  derignm. 

Cu A trrult of rxtenmtvr dwrlapwat w r k ,  CL Improvad the L n i t i r l  

demigns of m o m  cmponrntr t o  tmprorr thalr rdirbilttym b rrrrplm i r  

the flow control valve, where t er t ing  indieatad r revired derim u w l d  

be d e r f r r b l e ~  

o A major effort tnvo lvd  analytical rnd t e a t  votk e t f a r w d  ta vrri ty  
and improve Urrign sathods to arrurr that thr f inal  dmri#rr of ryrtrrm 

and cbaponantr would bm mrtirfaecory, 

CE pald  for 811 b a s k  derign work and equipmaat nacemmary to m e t  L L D  

rontraetual cammitwntm. On imaues addrrsrad in  the Rmd b ~ c t  u t i l i t y  

euatomerm only patd Ct for ctungas in  GL1r cemtraetull +tap. o f  rrtpply, 

cauned either by changiw KRC rt8ulrcioar or opttonm rrlected by customarm 

ta rchirur better plant prrfarunce. 

As i r  cumtarry  threrrghaut the nuclear indurtry, Ck a d  other eupplicrr 

were obltgatcd t a  wet NRC n$ul r tary  requlrawntr I n  thalr fin81 d*rignr, 

even if thorc rcgulatioas chmnged, ar they frequently did. ~ e r u s e  NRC 

changer often caurcd s ignif icant  changer La the contractual rcope af 

mapply, nuclear contracts astmally pratrided that the ruppliers w u l d  be 

carpenratctt for the cost of the change. mum the eomta o f  regulatory 

changes were brae  by t h e  uttlity owner not the supplier.  Almo, advancer 

i n  trchndogy, vhich exceeded o t i g i m l  contract specif Lcr t  ions, wre u d e  

avrllablc at extra  cart lad  n r c  oftrn accepted by th utiLLtica. 



Thm prrforuncr of WW6 plrnt l  capam8 fwarably with tk bert t r r C t + r  

type# of thim mira throughout thr world+ t n c r a r d  focur on nuclear fwl 
dmv*Ioprrnt pre#rur hra rerutted ia  tba rebimlnrnc of r fwl 
rmlirbility record of 99*91tm T b  rrc-tdatlonr at tlsl b a d  T w k  Farem, 
a d  tb brrrtrrnt GE made ln  i rpkmntim thmr m c ~ n d r t i o n m ,  elearly 
made r ai8nificrnt coatrlbutioa to thr mucearr af tlw -6. 



The Update Rcport analyzer tb flndlngs and m'rtionr I n  thr win woFt 
of thr  Rnd task farce and thm I0 sub-trsk t v p t r .  T)nn Is r crrtrin uormt 
of rap1 tcrtim and ouwlrp 7 the umy fbdtngs and n c c a t l m s  mad@ Cn 
the u l n  rmpart and tb rrrb-trs s reports. T M s  anrlyslr g r w ~ t  and dlscurr+s 
thr topics addnsrd i n  th mrts.  Om toplc uy tmt swwrl ncanrnda- 
t i m s  i n  thr rrports and In a fm ermr, lor8 than me tapir yy addntt th 
s a w  n c ~ d a t l ~ n .  
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EXECUTIVE S W W Y  
OF 

ma7 UPMTE AHAlYSIS 

Response - GE expandad i t s  efforts t o  acpuin data I n  amas o f  steady rtrte 
c o n  pmr dtstrlbutlm and crCtkrl elgrnvrlue, systrrr tvspansr 
ta p r e s s u r l z a t 5 ~  transients, rwj systm hydrodynulc stabll I t y  
chrrrttwistlcs. 

Result - Thr daslgn r t h d s  k adqurtr and no dsrrtrr rusul tad, 
Tha drtr pmvidd for qu- l i f t t r t lon md ver l -  
ftcrtton o f  mdrls rnd for  davaloprwnt o f  i 
n m  modal erlculrt Cons. NRC approvad 
t h i s  model. 

1.2 Emrgency C o n  Cool lmg Syrtm [ECCS) Amlytl s 
Issur I Hew URC t r q u i r m n t s  required new ECCS equter  programs. 

Reqwrrsa - 6E's wrlurtlon mdrl r far ECCS were formal ly appr~vud I n  1982. 
B r s d  on experimtrl data 8 rsallstk computer program called 
SAFEQ6ESlU was dweloped whlch demnstrrtad sign1 ftcarrt mrgdn 
t o  previously crlculrted peak cliddtng tmprrature durlng LOCA 
tondltions. 

Result - 6 E  swc~tsfully develqmi qurltflad ctmputar d a l t  and BUR#'6 
plants were never adversely I q r c t d +  The llprct on earlier 
d~slgnr crusd by this regulatory changa war allsvtated through 
the developent by 6E of new, q u a l l f t d  d r l s  which I R C  
appmvad. 



Response - T h  High Flow Hydrrulfe Tart F a t W t y  was cmstmtd as r f u l l  
rlzr sector -1 o f  the w6. I n t t i a l  oprrtlon a f  t)n frci- 
l l t y  occurnd frr my 19m. 

Plmt Radfatlon 
Issur - Buildup o f  nd l r t ion  I r v r l s  i n  plants a d  p s t ~ t t a l  for 1-t on 

plant ufntmrner urd wrvicing. 

Itaspans@ - Sinca thr tlrw m f  thr Rnd T rt, 6E a d  athrrs In th Industry 
hrvr focusad corrsldrrrblr r f o r t  I n  Gwloplng kttw tools, 
plans a d  procdums to  mfnlritr t h  t q ~ t  sf radlrtlan Iwrlr 
an mintenancm oparrtlmr. 

k s u l t  - Sfgnifltmt i d v r m r m t s  hrvr k r r  & in mdarrtmd~ng rutla- 
tlm buildup I n  operatfry lrnts and mlnl r i t lng  I t s  i q a c t  on 
m i n t ~ a n c r  a d  servfclrrg o /' thrse plrrts. 

Hon4estructlvr TastCmg (NOT) 
fssue - Qrganizitlmrl diffusion o f  Ilb'l efforts in  GE. 

Result - The mjor eOT fumtian has km strsngt)mrrd, cmsolidat6d, land 
1 s unaged by an llbT pmftsslanrl . 



Ikrponrr - Evrlurt lon o f  m t w i a l s  rub ju t  to radlat lm u s h g  rvallrblr 
a x p r r l t a l  data shms t h r t  BSIR(6 Internal c w t s  should 
last their drrfgn 1lfetI.r. 

2.2 Cmtml Blrdr Llfm 
Issw -Cracks I n  rbsorkr  m d s  i n  operating plants s w s t r d  r mducrd 

1WWw f o r  cmtm? blrdrs. 

2.3 Cmtml Blade Tolerrmrr  
Issw - lhretaptrblr frudmncy o f  wt-of-talrrance f in1 shd products 

n q u i r h g  a~cesstw scrap a d  m o r k .  

Rmsult - Cumnt expari+ntr as r r s u n d  by quality c k k r  and perfomnee 
f d b a c k  &mtrtr&tar thrt t h e  products wrt wnufrctur l  
to le~ances a d  other m i - t s .  Excrsslve scrap and m r  
wrn avotded. 

9 

Response - Manufacturers' f ie ld  data and nuclear l rn t  upwitlng data on 
lnstrurnt d r i f t  have barn s t r t l r t l e r  f l y  analyzed t o  select 
rarl I stlc rmtpolnt valws that n s u r u  plant patfamnce US thtn 
1 icanse 1 l m l t s  includhg appropriate margin. 

Result - Claw setpoint values ram developad ushg mu s t r t l s t l c a l  srlsc- 
tlan methods approved by WRC. Dpcratlng plant data sharr can- 
slstemy with tk new strtfstlcal sdectlm methods. Unwcessrry 
r h m l  wtummt reports am avoidd. 





2 1 Rmrtor Prrrsum Vmsal {m) 
lrsw - llCI Imlty rlrr mumm stms d t t i a r t  such as 1) loas of 

mlat camdtt4err8, 2) mttcl kd trmrlmts 
t o  -1 nen- m t  prrpms dur 

tr rrdhtlm 
r 

2.12 Radl oactl ve Marta Prwasshg 
Issue - Adqirtm npmrrttng f m b c k  ta atsum that tha lrvrl o f  rffart  

k i n g  appl id in tk wuk a m  1s rffactlw. 



h r u l t  - Urvfcr I n f ~ m t i o n  Letters (StLt) mrt issued raccmendlng 
rrplrerrnt fstmnrls fw -1-t parts. Oprrotln expsrlanee 
wlth rwctar wrtw clwwp P P r has lqmved. As 1906 r nm 
srrl  h l g n  i s  k ing &fa t o  plant m r s .  Redrculat lon pumps 
haw Incarporatad seal puqp, axtending ssrl t o  four years fron 
an earl f m r  tmyear I ntewd . 

k.Creu1 rti on Bypass Valve 
ISM - Slncr & t i l l s  ~f krIgn o f  tk bypass valve ware not k n m  a t  

thm t t r ,  thoraw@ testlng was tw-ndd. 

Rarmse - It was c a l w b d  during tln detailad design phase o f  the 6UF4+'6 
that th, bypass s y s t r  was not mquiMd, so f t  was deleted from 
tha dasfgn. 

Ruponse - After further study the REYAB system war deleted from the RUW6 
k s l g n .  

Contml Rod Yalw (CRD) IktrrWs 
Issw - tracking in th CRC) collrt wtrimr tuba. 

hsponsa - Extmslw testing ~f cracked co l l r t  retalner t u b s  obtained fm 
tk f1dd s M  wrabltlty kymd s i x  tlms the design l i f e ,  
h m t k l r r t  In 1976 m I m w d  &sign urs put i n  service, 
brstluetim tart wrluatlorrr tmw made o f  Bycv6 CWI e q o n c n t s .  
A mw hfgh st-h m t a r i r l  ASfn #rl-19 uas sslectd. 

Result - 'ThNRC has rpprmvad use a f  the n a w u t c r l r l s  I n  CROs* Operatton 
o f  ths mu natarlrls has been satlsfactary. I n  the mantlm 
ronltorlng o f  old in-service CW) continues to assure that l i f e  
ermtmcy i s  not changing. 



Prssrurc Con 
Isrm - 







1.3 C~rmston Frtlgw 
Issue -Studies s h l d  &t~rrlm If patmtlrl pmblam for th WR I n  

fati* crack pmpagatfsn, c r w i t ~  corror4cm, crud cantrlkrtlan 
frm Iw011)l W, rrld smsittzatlon, cyd lc  frrqurney and wave 
fnm should k tmsldwd In dmlglr. 



Fwl C h m l s  
Issum - PPrslblm cm~trol b l a h  bllrdlng &a t o  cormsfon and creep ~f furl 

c h r m t s  durhg w r a t i m .  

Result - Chrnnrl cormston has bean d u d  and an ilprwrd undarstirrdlng 
g r l n d  o f  the cr+rp process. Uo control b l a h  btndlng has been 
expurl sncd . 

Respanre - Thr r u c m  laboratorirs mn ~ t r b l l s h d  and staffed with 
hlghly pmforstmrl pwsonnrl. 

Result - k u  pmc@ssts have h n  developed for unufrcturing control 4s 
well as for  anhmcmntr used for f u r l  a d  structural c r n e n t s  
unufrtturod by Mi1mingtort. 

Installrtlon of  Reactor Intemrls 
Issue - RerW pol icy that Instrllatien o f  raactar 4rbthrnrl s be 

c-letd I n  the s b p  r r t k  than in the ffeld. 

Response - The h - s h q  tnstallatlarr uas born for tkt k n f o d  2 faci l l ty wl th  
apparent sdumtws prlsr ta  thfs  rec-ndation. karrandrt lon 
t o  pursue thls c w m  was Ilplncnted. 

Results - A t  tha C B M  facility one addi tha1  WS a d  l J  w 6 s  were so 
fabricated. 



Farbratar/lawl Contrcl 
Issue - Capablllty of tk f-tw Control Systrrr t o  pmwt hlgh or low 

w r t w  s e r r  undrr cwtrtn cmdlt!#s was qmttlonrd for plants 
wlth Relief Valvr w t d  byprss (WAB) w l a  bypass. 

Rasponrm - WA8 I s  ns 1 r Imludad as m optlm m W 6 .  hr lys4s  a d  
tart have @st "% IWmd that plants ulth 100% bypass are not 
subject to scrw with full lad rrjactlm. 



Product Sewict Inprovrwnts 

Refueling Tlm 
I w r  - R w r m d * r l  studlm o f  pmaduras a d  tools to  d u c e  refueling 

out- tlws, and thus I m v r  r u r l l r b l l l t y .  

Result - T h m  I r g m v t s  haw s t r r r l l m d  outage tasks; homvrr, total  
wt- tlmes have vrtld wCddy tbpwdlng on .my  factors such 8s 
n u k r  a f  rvpulrtory d l f t c r t t m t  llplemmntd. 

Response - The QZ product tawicr prsgru has substintl~lly rxprndrd and 
Ineludrs: U5, m advancad wintenancr p l r n n l q  srwlce tr i lorwl 
t o  arch plant's speclflc rids; ClRS, a c#ponmt Cnfonmtlon 
mtrieval systrr pmvldlng strtlstles m oprrttmrl pmrfomnca; 
plrc-t of 6E smlw mqlnwrr at  arch rraetar rlte to Identify 
and I l p l r t  rprciflc Ilpmv-t pmgrms, COPS, cmttngency 
oparrting pwrm t o  cow+ tlw uhm systms we out of o p m -  
ttm, and u n y  othlrs such rr annual confenners on trchnlcal 
p r o b l m ,  sprm parts, colputmrr and trrlnlnp a l l  to share 
r w r t e n c r  and new twhnlquas. 

Result - Plant aurllrbillty i s  the lusult o f  many factors. Tha axpandad 
6E p r d u r t  smwtcr pwgrm contrl butes t o  kttw p r f o m n e e  and 
kttw rvr i l rb i?  l ty .  

Replrcnmt Furl 
Issue - k d e d  av~ll&llity af eurgrncy fuel supply for unscheduled 

plant shutdmnr , 

Rasponse - Initially GE prouMed r cmtlnger~y peal o f  furl bundler f o r  the 
evrntuallty c l t d  tn ths m c m d l t i ~ n .  I t  kum avldent 
thmugh operating expwirno that f u d  failures dld not cause 
unpl awad shutdown so tha cantlngmcy pbol was blstontlnud, 

R w l  t - 6E f m l  p e r f a m e  I n  M s  has k n  exctllmt . b m l l y  planned 
mfwllng outages rsplrce PO ta 30 percent of th fuel r lncc 1 t 
has produced i t s  &sf& energy. Raplac-t ef  my failed fuel 
a t  t h i s  time cm k a e e ~ l l s h d  ulth m l n l r u  e f f d  on plant 
damti-. 



6 . 4  Failed fuel Detection 
Essur - I t  was felt that equipment t o  nom iccurrtdy tdantlfy fallad 

fuel bundles qutckly might be d e d  and r drvele-t prwgnm 
urs mc#wndd. 

Result - Failad fuel thtwtfan i s  now prformad ulth nlnhml rffut on 
outage tim, I n  addition, fuel plrfornrslcr has r e h i r v d  r -11- 
r b l l f t y  Irvsl of  99,985, Mduclng the n m d  t o  drtut fallurrs. 



Antlclprtd Trmslents  Yl thout Scru Am) L Issue - 6E WR mspanse t o  n l r  A rrqulmments of the W. 

Rmsponr* - A QE study rubm~ttd ta the WR(: I n  1976 s h a d  that thr BUR scram 
systam possrssms hlgh inhannt t r l l a b l l i t y  ad slnce the pro- 
brbll  i t y  o f  m A M  was so low, the additional rutmatte boron 
I n J w t l m  rystm nqulrad by the WRL i s  not mmcsssary. 

Result - In  msolutlen of  the A M  Issue tha llRC l s s u d  rullng i n  1984 
mqu1tlnp that the BYR haw rn 8utmatlc neCrcul8tlon p q  trlp, 
an a l temr t r  rod Insartion cyst- and manual ln i t i r t lon  o f  the 
liquid boron s y s t n  in  crsr  o f  an ATUS. 

Mark 111 Dynule Laads 
lrrur - Hlgh prfortty was rremndd for the program t o  daternlne hydro- 

dynamic loads on thr Hark I l l  contrlnrmnt dua t g  loss of  coolant 
rccldsnt (COCA) and safety rul le f  valve (SRY) dlsehaqs. 

Response - L O M  and SRV testing was c m l e t e d  i n  1979 and i f ina l  laads 
report was lssuld i n  I##). 

Result  - The NRC l u v l d  ttw Hark H I  L X A  and SRV hydrudynrntc loads 
report and trsuad I t s  flndingr. berrll NRC acceptance of 
Hark 11 I contafrmnt I s  Indlcrted by approval o f  GESWR FDA and 
Grand Gulf, Perry, C l  W a n  and Rivrrknd 1 lcanses. 

Oynanl c But k l  i ng 
Issue - If dynamlc buckllng behavior o f  the Mark I I I  steel contalnmnt 

could not bm t r t l s f r c t a r l l y  mdrled anrlyttcrlly then r test 
d e l  should ba used. 

Response - GE has conrplled wtth the NRC h t e r l n  c r i t e r i a  for avrluatton for 
free strndlng steel cmtalment butkllng f o r  plants undergoing 
1 lcsnsing review. 

Results - BU&'i plants haw conplied with the NRC Interlm crlteria for 
evrluatton of fm stand1 steel contalnnmt bucklhg. The 
lrsur Cs not appltcable to "R t mjorlty o f  Hark 111 centalnmnts 
which ara rslnforcrd concrete containments with steal Ilners. 



7.4 Hark Ell Radlat~enlsvels 
Tssua - Furthrr study and inaljrres of  the Mark I11 cor t t r lmnt  to rssrss 

parsonncl radfatbn axpsure was n c m n d a l  Cneludlmg possibly r 
cover f o r  the suppnstim peel rscmnded.  

Rarpanse - GE mloyed the WE firn C.F. Braun t o  rnrlyzr rdlat lm rxm- 
s GE Isrudd the msults of  t h h  study and rrcimmndrtlans t o  
I t s  custarrrs !n 1978 for masums tc~ rdd margin for this Istur.  

Rmults - Urrk 111 plants have rceuulrtad 15 nactor yaws of exprrlence 
without loss of accrsr t o  tha emtrlnmnt arid without lncrursd 
personnlrl expasure. A supprssslon pool cover was not consldend 
p r rc t i c r l  . 

7.5  Plant Arrrg-nt 
Issue - hc-ndad evaluate plant rrrangmert for lncrarsed provision 

f o t  sacurlty, srht r  e pmvsntfon and handllng o f  mixed oxide 
fuel in  the WU/6 nar 1 III cantrlnmnt. 

Response - Studles o f  the speclflc ~ O C ~ C L M S  for parsonnel ICCISO Cnto 
controlled w e i s  OF the p 1 ant, Industrial security and sabot4 t ? protection hrve ke f i  cmsldend by GE and dltcussed with the MU , 
ACRS and WEs. Hwrutr, as spectftod tn thr govmlng regulatory 
guide the utillty/omrer I t  respons4bls f o r  the unique plant 
securl ty and sabataga raqulrulsnts f o r  his plant. 

Result - GE's o u b l t t a l  to  the N R  on the GESSAR docket in  1975 on design 
conslderatSons for redutlng sabotage r i s k  has h e n  revlmsd and 
actaptud by the MRC. 

7 .6 Mark I a n d R r r k  I I  Contrlment L ~ d r  
Issue - M d i  tionat rnr lyow far the Mrk 1 and Mark I 1  cmtrinnnntr t o  

meet thanglrq HRC "3 u i n r r n t s  should k dona qulckly and 
planning t o  mlnCrlze p ant unrvr l labt l l ty  due t o  any required 
ret mf l t work war rec-nded . 

Response - CE *$tab1 lshd r c e n t n l  t r d  t~chnlcal program management group 
to f a t l l l t a t c  and control the progru activities. I n  1975 
Hark I and Hark 11 m e r s  eotabltshed tecttnlcal programs for 
addrassing quest ions posed by the I R C  . 

Result - HRt acceptance of the wrk i s  svldenced I n  NRC Safety EvaluatCon 
of  the h r k  I Short Turn Program I n  1977 and the long Tern Pra- 
g r u  fn 1980. In 1981 the HUC Cssud r regulatory gofda rdd- 
retsCng LOU-rt l i tcd lordiwjs and i n  1982 a rcgulatary gujde 
uddrersirrg SRY loads fo r  th t  Hark 11 contrlnmnt. W l f l c a t 4 o n s  
requlrcd by URC hrve h e n  made OF are i n  process. 



NRC SubmlssCons 
fasue - bed t o  wold unrubstmtlatad deslgrr nqulmmmts la ltcenslng 

documtat Ion. 

Result - A l l  responses t o  MRC haw km srt lsf&ctwy prtor t o  1 icmsiny of 
arch operating plant. 

Ant 4 c lprt  I on o f  Rqulrtory Chamge 
h u e  - S y r t m t k  antWpatton of futurr ragulrtory r u q u l n r n t  was 

w e l d e d .  

Result - wR dmrY 1s n v l d  vsrrus URC rqula tory  guldns to  CdmtlFy 
potmt la  changes and jncorpwatrd ukrm practlcrl . 

Patied of Safmty o f  hattendmi Rmetor 
Issue - Dltrm4natton and t ~ l r m n t a t l m  of  a lagleal basis for opmrrtor 

msponse time b e y d  the UUC 10-mlnutr operator attlon tins I n  
use s h e @  1973. 

Retpense - CE BY11 d r t l  ns satisfy the Industry standard on ruspcmsa t i r m s  
lssuw~ i n  I %( by 461. 

Result - Although 10-minute duratfon I t  the standard tlrlng r e  ulr-nt, 

r u m  t a t  a m 7 tnltlng. 
9 BUR plants an kl lodl f lad  to  colply wlth rdditlonr new NRC 

S r f r t y  Sys tarn Redundancy 
Issue - I n i t l a t lon  o f  r 6E study to m a t  t)H N-2 rule u s d  b j  other 

cwntr ies was mc~rrdad.  Thls fnvdvrs a s s u l  t )H tw wst 

would k unavrllrbla fa 7 lmhg r L E A .  
? erltkrl pieces 09- ncy core cooling systm [ CCO) squtpmmnt 

Respnse HRC has rmlnta lnd  I t s  position that the W-1 cr f twlan (the most 
c r l t l c r l  plecs o f  -4-t I n  the LCCS falls to o p m t r  upon 
demand py wwld k othrnrlse u n w a l l a b l ~  for us@) I s  the appro- 
prlrte cmsewrtfvs 1 kensing basts. Bccruse o f  H E ' S  p m l  tlon, 
the study was unnecessary. 

Result - BUR plants meet a l l  the W R C  rsqulrments b a d  on the U-1 
criterion. 



Core Catcher 
Issue - A study was nc; that msmrs thr qwttlon, 'Is 

catcher cast knefScCa1 I n  reducing p l m t  rlsk?' 

Response - Evrluatlons p e r f a d  by 6E a d  others haw s h  thrt tha a d l -  
tim o f  i csm crtchrr t6  tht BYll daslgn was not cost effectivr 
tn rvduclng plant  rlrk I n  th rvmt of  r srwm accldmt, 

Fual Trmsfer Accldent 
Issue - It was rscrmdmd thrt patmtlrl for om or two f u l l  bundlas 

k t n q  stuck I n  the furl transfar tube k studtad. 

Results - In  15 rractor p a r s  sf w 6  oparrttor, no fud budlas hwr 
kc- stuck I n  thr fwl  transfer t u k  undw actual opwutlnp 
condltlons+ 

Rasults - Plants l n  optrrtlan and nm plant dmlgnr rm amplying wlth the 
dose I ln l t  n q u l r r m t s  91vm I n  thr EQA ngulrtlon I s s u r d  
In 1077. 

Plutonium i n  Turbine 
lrmue - It was s t a t e d  that p lu tmiur  had k n  detwtlld en the fnsldm of 

BYR turblnrs. f incr I t s  mlgrrtion rnd concsntratlon In  the 
bmlance o f  plant was mot -11 understmi, f t  was mcorrrndrd that 
t h l s  bm r tud ld .  

Response - EPRI  In l t l r ted a thme-year pregrv i n  1976 t o  study t M r  issue. 

Result - I n  1980 EPRI  publlshcd their study results. Leuels o f  plutonlm 
detectad I n  the turbine ria calculrtad for the balance o f  plant 
worn very law and do not cmstttutt a health and safety cantern. 
This f s  r clasd Issue wlth the IIRC. 



8.0 Englncrring Quali ty and Cast Ingrovemnts 

Response - Englnmrlng staf f  was I n e r r a s d  by 14% fm 1975 t o  1978. The 
magemnt systm was nodtfted and corguter tracking irplrmntrd. 

8.2 Cmputrr FacilCtirs 
Issue - I t  was e d  thrt cmputw caprblllty bm uggrrdd for 

r u t a t  I o n  of design rppl Ccrt l m s  and safety anrlysrs. 

Rssponse - Thr c#putar frcflfty was expanded and c m t l n u a l l y  updatd. Tha 
c u m n t  f a c l l f t y  has rlmst f i v r  tCms thr capacity o f  thrt tn 
1975, 

Result - Tha drttgn proeats was rutomtd, mom s h l s t l c a t d  pmrmr rN 

sxprndd safaty anal y r i  s have barn r+t . '7 aprrating, md the Inerarsd h n d r  o ngulatory b d r s  for 

8.3 Procured Equipmnt Control 
Issue - I t  was n c r  tha t  Incmasd twhnlcrl mxprrtlse oversea 

uendar supplid design a d  quallflcatlm o f  procurd equlpmnt. 

Rarponse - R8organCrat ion ad n s t a f  f lng o f  onglnrrrlng rnd purl 1 ty  func- 
t ions r l l d  $lrrtw Involvemait o f  Q& In procunnnt rc t i v l t l as  
o f  vmdorr. 

Rasul t - Imroved performance o f  p r o c u d  products has km rchlrvad. 

8.4 Strndardizrtlon 
Issur - I t  was rse-nded that  fncreasd rusourrss be rppl led t o  BUR16 

stmdrrbizrtlon. 

Response - An organ~zrtlanal tqonent was established t o  aqhrs lzr  stan- 
dart!tizatlm. 

Result - The attantion o f  management and engtnrerhg war focussed an 
stmdirdlzrtion durlmg the W 6  f i n a l  derlgn parlod. The ehrnge 
contra1 program was emphasl zed. 



Test Facllitlts 
lssm - I t  was r r c r  that t l t l m r l  test factlltirs tart t y r tn  

e v r t r  pr ior  t o  Instrllatlon t o  mtun IrpW rrl lrbillty. 

Systrrrrs I k t l ~ n  Qrganlzat ton 
Issue - Strrngtknhq o f  th systm mglnnrlng fwtlon t o  a c t d a t e  

drslgn nvims was r u m .  

Result - Improved design k m l d g m  i n  f i lhd and f u l l i r r l t y  wlth ftald 
Issues and personml wtthfn the design group mr a c h i w d .  



8.9 Rc l i rb f l i t y  Pmgrm 
Issue - I t  was r e c m  that a dedicated program t o  Imrovr w a l l -  

abi l i  ty  and crprt i  ty factor be estrbll  shed. 

Uesul t - T h  capacity factor o f  M s  has I n c n a r d  rlgnifCcmtly. 

8.10 External Support a f  (kvdoplrmt 
Issw - Prtmtion o f  R & D progrm with othrr arganlrrtlons was MCM- 

rnnhd. 

Rmsponse - Programs with WE, EPI11, , WR Omers' Groups, and GE 
1 lcenrmt mrr piuas r d d d  -hast s. 

8.11 Auxillrry Pomr Systrr htqrrtlm 
Isrur - I t  was mc- that GE Incn ise  c'nlcation of rmspan- 

s l b l l l t y  rnd Intwfacr  ulth customt and A/€ I n  the rrrr o f  
auxll l r r y  parr systms t o  r s s u n  h!gh ra l  fabtl  i ty  , 

Respom - I lrspmslbll l t  for pomr supply f o r  BE t y s t m  was cmntrrlizd z orgrnlrrt!mr ly In GE. Exchmmgm of  Cnfomrtlon assured 
ewrdlsatlm af the shrrrd nrponsibtl t t y  with curtorr/AE. 

Resul t  - I l p r o v d  tnforutlom ewchmmga msumd thm Cncotporrtloa of latrst 
mqulrrwnts and irpravrwnts. 

8.12 Fuel Cyclr Cost and Furl h r f o r v n c m  
Issue - Approaches t o  fusl cycle cost ruductlm md lqroved fusl per- 

fonuncr wn tdmtlfird for nc-ndd study. 

Response - The spwl f lc  approathrs were rwlmd but each was reJrctA, 

Result  - Pnrondltlonlnp by use o f  PCI- nso lvd  thm concern o f  f u r l  
shuffling. M u t i l i t y  in t r r rs t  i n  go1 ta  6 #nth fuel cyclrr 

proved t o  be 4lpractleal. 
7 has k n  ~xprrssed.  Usr of dlschrrgad ual bundles as a blanket 



Raw1 t - F~llou up af retlons taken l d  to  the centluston that adaqurte 
!lrlson wrs establlshtd. 



R w l  t - A n d m r  o f  progrm w+r #stab1 ISM to address tha cancwns 
Idmttflmd I n  th R m d  Ckport. Thasr p m g r r n  mrr af fut iue I n  
rduclng C I I  f l d d  chmgms In  both dwlgn a d  pmcummnt a n i s  
a d  s t r a r l  lnlng th boeurntatlon proters for necessary chrngrs. 
m r m s  wm drurlopd t o  further i q m v r  implmntrt lon and 
tracking o f  nacessrry chulgas. 

Productlvtty a t  hactor Site 
Issue - Arum wrm r + c l l  for study thr t  would 1 w e  rite pm- 

ductivlty o f  thr c#blnrd eontrretar-WE-utilfty- 7 E t a u  

Result - GE nspms4b4lity for esnstrwtlon s i te  work has h n  concluded 
a t  a l l  but one U.S. sitr, 

Cofrmtes Construction - -  U.S. h l g n  khdula  
Issur - Tha Cofrmtrt  pmJut schrdulm follmmd closrly k h h d  thm strn- 

drrd BYq(6 dasign s c M u l a  such thrt unnsalved U.S. l f c m i n g  
lrsuar rfght r F k t  thm projmct s c h d u ~ ~  

Rasponse - 6E suecrssfully supportad the conttructlar~ tthdula o f  tha 
tofrentes plant. 

Result - Tha Cofrmtrs plant wrnt Into c-wrclrl oprrrtton I n  1985. 

Changr = T" Ired Including post-Tnl iwqulrrmtr i s s u d  by NRC 
far U.S. p ants such as ~w ncy lurponsr lnfomitfon systm, 

st-accident s v p l l  a i n  h d l c m t m  hrvm also 9 k n  Included i n  tln p ant. 



Techr. leal Otrwt4an o f  Infamat lm kqm 
Issum - I t  was rrcamwbded that rblqulty In contract lrngurge far GE 

st- of  tuhnkrl dlrwtlan k clarl f l rd.  

Ikspmar - Centrut Iamgurgl for 6E tuhmlcrl dlmctlon I s  supple-ntd by 
8 forul prrusrtrtCorr by G€ to tha utltlty staff em yaw prlor 
t o  start af ro+k. 

Project Hanrgamnt Infomttm Systw 
Issue - ExrnitM c#pletlm r r 8  rat- far r planned stmu1 lnlng 

o f  tha currmt (1975) pwut In fmmtlon rystrr. 

Response - the brsic r l r t r  o f  thm Wuelrrr Progrrr Control MPC) c 

pSU 
Ttar syrtn wrr t in  placa in 1977. Ovamight u r te r  rup scad 

b t m k l y  u rtar. Thh pmvtdd t)n n n d d  'rmal-tim* 
masuflllllnt I 

Flrrult - A11 QE project m a n w t  uses the WK s y s t n  for cmstruct lon 
projects. 

Contra1 and fnmtruwmtatlon ( U f )  eknufacturlng Spam 
Issue - Emcrrrsd space m q u i r w m t s  fo r  C&T unufacturlng a t  tha h m  

o f f k r  i n  Srr S w  (1975). 

Response - 11 100,000 squrn foot facility was lmsd I n  San Jase tn 1976 
f o r  €&I rrnufattrring. This was e x p a d  t o  150,000 rqurrm faat 
by 1978. A11 of  this was retired upon c a l r t i o n  of  the 
back1 a. 

Result - The ur111f .tturing spree was acguircd and the wrk earpltted. 



Backlog Plmts 
I - I t  was me- that 6E m q p t i a t a  backlog orders t o  

lne~rporrte s t d a r d  plmt features on a block b a s h .  

Umsult - It uas p~;ammM@d that CE e x r i m  ogportmftlm and cast knr- 
f i t s  for  r m q a t l a t l n p  bwklog o&rs i n  r h r  to  r l ~ l 4 f y  
c m l t m n t s  or to Irnwpamta tturdwd plant fwtuns on a lock 
b8sIs. 

Change Cmtml 
Issue - The Chmp Control b a r d  had not km oprr t lonal  long enough 

[ in  197s) ta  pmvr I t s  ef futtwness.  

Rasponrr - Cmttnwd usa a d  #n+torhq  o f  thr thanpa Cmtml b a r d  taek 
plrcr ~ 4 t h  tlw. 



Future Product Offering 
Issue - Several recamndatlons -re mda mgrrdlng Futurm product 

offerhgs 





The Reed task force noted thr d e r l r r b l l l t y  o f  kttw ver l f l ra t ion  of design 
methods In the  a n r  o f  coupllrtg o f  nuclear and thermal-hydraulic p m m s s e ~ .  
Rapidly evolvlng nuclear design llrthods wm hifig cont lnuous l~  lmg~%vtd to  
correlate p r M c t e d  and o ra t ing  f i e l d  d r ta  mw closely Ynb t o  strangthen P e a l c u l a t l ~ n r l  mthods. Qua 4f icatlon ard u w l  f i c r t l o n  o f  these improvrd mthods 
war& undeway, but wm not yat t q l r t a .  Uhfle method 1 rov l l t n ts  had 9 r m u l  tad f m  o p ~ r r t l n g  plant fadback, m lncmrsed base o f  coup d nucltar and 
thermal-hydraulic data war drslrable f o r  qua1 i f l ea t ian  o f  the inrlytical nodal s 
used In BYR drslpn. tarts tnvolvlng #re rxtrrw condltCens i n  o p r a t l n g  plrnts 
and cmprrtsons wtth mu1 t idlmnslonal nuclrar~tharrml/hydraul i c  trmnsiant 
mthds warm drslnbla  ta  batter vrrIfy the adqurcy o f  tha design mthods 4n 
us. Thm task farcr was concarnwl that plrnts might haw to  oprrite a t  pwar 5% 
t o  10% lass than ratd [knom as darrt ing pmr) if th i s  v r r l f l c a t l m  work l t d  
not drronstrate the drrign urglnr  w n  dqurtc. 

Tha daslgn methods proved to h aduquate a d  no derates resulted. An Improvrd 
nuclaw/themrl hydrrul l c  transient model was also dweloprd us1 actual plmnt 
prrfwmance d r t ~ .  The mdrl has h n  dwurmnted and approved by "R t e HUE, 

After  the ~ e h  l kpor t  uas issurd. 6E contlnud I t s  yrur to  h r t h a r  dwalop r I t s  b w e  o f  couplad nuclarr / thr ru l /hyd~ul  l e  data rm actual opwat lng plant 
systms. This data involver three p m r t r l  crtsgarles: steady state core pomr 
d i s t r l  button and c r i  tlcal elgenvrlw, system rsspmss t o  prusrurlzatlon trrn- 
s lmts ,  and system h y d d y n u l e  strblllty ehrratt i t r tst  lcs. The data provCded 
the q u t r e d  basis f a r  fur ther  pua l f f l c r t ion  and verCflcrt ion o f  r l r rady 
exlst ing rna l y t i t r t  m h l s  hnd far the developmnt of mr, highly reflnsd 
c & l c u l a t ~ o n s .  

art ina I n f m  

The prlaary sources o f  the steady state core power d is t r ibut ion and crttlcrl  
etgenvalus data a n  pnrcsss c q u t e r  output durlng plant operatfan, ganu scans 
at  r a f u e l l w  outages and destruetlvr exmlnrt lon o f  exposed fuel rods t o  deter- 
d n e  f tatopie d l t t r ibu t lon .  Large uoluws of p e r  d l t t r l b u t l m  a d  c r f t l c a l  
elgenvrlue drta wnt icqulrsd from the p m e s s  ccwputer as the natural result of 
the corn mnagmnt mspanslb l l l ty  ef rpprexCmtely thtrty aperating plants. 
End o f  cycle pwer dist r ibut ion was quantif ied using g l r  scan tachnlques. 



Stabil i ty t r s t s  mr, perfwd I n  th hach httm 2 rwactor durlng 1P77 a d  
1978. Later on, similar tests #re p e r f a d  at Vmrront Ymkw i n  1W1, a t  
Caorso In  1983, md a t  ldbrtadt In ISM. Thsse tarts ImluM the usr of 

I rpelr! plant I s s t n r r n t r t h n  which prrittmd thr r teurr t t  drteminrtlm of  tha 
systm dacry ra t to  whm subJrctad to  pnsrura perturbrtiont. These data wen 
u s d  to  qualify the rnr lyt ical  d e l .  r)l8 Wsl 15 now k i n g  r e f a m l a t a d  t o  
furthrr l m v s  the accuracy af tCN s l m l r t l o n  o f  the coupled nutlsar/tharml/ 

EPRI HP-564, mTtmslmt and St rb i l t ty  Tarts a t  Poach BOtt~ll Un l t  2 a t  
E l X 2 ,  " June 1978. 

NEDE-24154-P, Lleanslng Topleal hpor t ,  'Purl l f lcrt lon of tha OW- 
Dlmnsfonrl C o n  Trmsirnt -1 far BoilCnp Matar Reactors," V o l t m  3 ,  
Oct~ber 197B. 

USHRC Safety Eurluattm and Supplrmtal Safety Evrlurtlon far the GE 
Topical Report, "Qurliflcatton o f  the One-Dlmenslonal Core Trmslmt M e 1  
for Boiling Water Rerctors,' NED€-24154P, June 1980. 

NED€-25445P, *Vermont Yankee Cycle 8 Stabll l ty md R e e l ~ ; u l r t l o n  Pw Trtp 
Report, * August 1982. 

NEE-22277P-I, wCmpllrncr o f  the GE M Full  hslgns to  St rb l l i ty  
Crl trrlr," August 19M. 

latter, C.D* Thbms {USNRC;] to #,C. Pfeffsrlm [W), Acceptance far  
Refrrtnclng of titens1 T q ~ l c d  k p r t  NED€-24011, Raw. 6, Wndrwnt 8, "O "Them1 Hydraulic Strbl +ty -nt t o  BESTAU 11,' April 21, 1985. 



Because a w r g m y  cam emling systam (ECCS) c m t w  p m g ~ m  utrs s t i l l  under 
dwmlopwrrt t o  mat nru llRe rrgufluwnts,  thm nffl: had taken a consrrvatCve 
porltlon whfch resultad I n  plants us1 t k  #R)3 datfgn k i n q  r q u t m d  t o  
d m t e  5%. h d y s l s  o f  nrw f n f o m t l m  7~ r t th behavior o f  tha t o n  spray I n  
r s t m u  envltwmnt ms c ~ s l d a m d  nwrssrry, 8% nll as further rvrluatlan o f  
the tensrrvatCu o f  the f i s s i m  gar rrlrrsr c8lculrtlons. 

In l a te  1973 the URC Issued a rule wMch dramtlcrlly affected the desIgn o f  
ECCS sys ta t .  The industry was raqulmd t o  revise designs or t o  dmmstratr 
t h a t  existing derlgns mt new requkmmts. Until ver t f lcr t~on work was cm- 
plated for plants tn oparrtion, thm NRC Inposad consrrvatisnr t o  ensurs that 
plants I n  oprratlon wu ld  satisfy tha nm nil@. This resultad I n  the derate for 

h n t s  motad I n  the RHd Rapart. Ck 0 t h  plants, Including those which I: used t e W 6  drrlgn, mru lupulmd to dwite.  The drrrtlng o f  M , # 3  plants 
was l4 f td  by the WRI: snca mu m h l  s mre qua1 l f i  ad and rpprovrd. 

Care spray d l  str lkrt lan test data and tore spray em1 ing test data developad by 
GE ware appmvd by W R C  I n  1974. 6E's Evrlurtlm M a l s  to perfon ECCS h a l y -  
s l s  wtre m v l d  and f o m l l y  approved by #ha MC I n  I-. A substantlrl test 
p q r u  was drvr lopd a d  ~~113~leted tn expand the data base. Bated an physical 
phenomena revealed by these w t p r i l s n t i l  programs, r new eorrputar coda, SAFER/ 
6ESTR was developed, whleh demnstrrted slgnif Cmnt u q i n  (approximately 1000 
degmto F) to pmvlmrly trltulatad peak cladding t r r a t u n s  (approrllmtely 
2200 degrees F) using evalurt im mdels. Thls new code war approved by the WRC 
on June 1, 1981. 

The test programs on large and -11 break blowdawn heat transfer, slngle nozzle 
t o n  spry dlstributlon i n  steu, full  scale core spray d is t r tbut lm I n  ah- 
using stem simulators, and fu l l  scale care spray dlstrlbutlon i n  30 degree 
sector tests i n  s t s u  a n v i m m n t  were corpleted t 6  confirm adequacy o f  GEr s 
Cam Spray kthodelogy. The test pragrm te  study upper p l e n u  behavSar and 





As the tW o f  the had Wrt,  th8 llRE had stgnificmtly chrngrb srismlc desl 
r r q u l m n t s .  Thr task force m o g n t z d  th, w d  t o  closely Intagrate t rr: 
r n c t o r  dmlgn p e r f a d  by BE wtth Un hlrncr-of-Plant (809) darCgn perf- 
by the r r c h i t e c t / s n g ~ ~ r .  tb task force was c~~~ that thr 1atk of &th 
I n t r g r a t d  rmrpnsa ta  thaw nrw m q u l ~ t r  mtght nsult  i n  u j m r  d ~ l # f t ~  
and pnsstblr retrofitting a f  plrnts rlnady cosrstructrd. I n  l im wtth thlr 
coneam, It was mcorrmdad that thr s ~ t s m l c  dastqn function within 6E k 
tsntrrl  l z d  a d  upgradd t o  r rubs:tlon luml. 

GE and arch1 t a c t  mglnwrs rtcccmtsful ly u o r M  tqathw t o  avold rdvmrse Inpacts 
which nlght othem4se hrva m s u l t d  ftw this  ragulatbry c h a w .  

bnerr l  Eloctrlc worked closely with tiw architect Imrs t o  lmorporrtr thr 
nm sdcmlc drslgn rqulmmnts in to  plant design. "S I thfn 6€, tha r a c l ' - - - ' r -  
tion t o  c s n t r r l l z ~  sslsmle drsiw was f a l l a d  by placing r r ~ ~ s i b l l l t y  Cn ma 
subsection for m t h d s ,  critwlr, and c l t r r  p-rr dnrrlopmrrt with 8 swmd 
s u b s u t i ~ n  h w f  the rrspontlbllity for appllcrtlorr af  th mtlmds and cr l tmrh 

to 3 7 uirltlm p mts and for lntrrfrclnq wlth the irchttwt mnglmr in  ~ t t r rs  
rugs lng tha accuracy a d  c ~ l u t m s s  o f  seltrlc drsfgn hfomtlm t h y  
supplid t o  GE, ThIs rssund that setsmle mthods and procdurut mrr u l n -  
t a t n d  a t  currant state-of-thr-art lmwls wlthln tha trpuirrrntt o f  rpplicrblr 
codas and regulrtlons, a d  that ssism+e rrpulrrmts umw proparly idmtlfled, 
analyzed a d  rppllud for equfpmt  suiluatlon. 





Stnce th t l r  of tln Rnd Raport, 6E a d  others I n  the Industry have focused 
considerable effort  In dmloptng better tools, plans and pmedums t o  rrlnlrlze 
t h r  t a c t  o f  radlrtim lrvsls on mlntararrcr operrtfmr. To date, radirtforr 
butldup has nat IlpritW plant aparatlon, nor has It rrsultrd In undue expsurs 
o f  plmt ulnknancm glrsonml, which I s  cmtmlld by URC mgulatlon and plant 
procrdurrs. T)n fetus of orrgoing prqr- in th Wuttry I s  t o  Wuee wposurr 
and ~llrb m l n k n r m e  aasbr.  

m r a l  Elmtrlc has had r Jalnt pmrr with the Electric h r  Rasrrrch 
In r t l tu t r  (EPUI) shca 1976 tm rsurc urd tmtml thr buildup o f  ratlirtlm In  
boll iq wtrr mattars (m). T M s  p q r r  It almd at artrsr4ng the extant of  
the radlatim buildup utth t l r  +n -rating W s ,  l h t l f y l n g  tha cormslon 
p m k t  rtcurmr mws, dmnhndlng tk actlvatbn ad transport o f  tha /' rsdlmut ides,  and suggrstlnp uparatlng t u h i q w s  or daslgn changes to  be 
Irrp'frrmrtd into m ar operating M s .  

Canrlchrablr effort has alsa h d W c W  at dewtoping a kttmr u&rstmdlng 
o f  tlm procrrs by hlch  rrdlrtlm bulldup =curs. A s lgn l f~emt  data b m  has 
k n  drwloped f r a  both dmnstlc operrtllsg plants md thou I n  Eurapa and 
Japan. T h h  data base includes: (1) radlatiorr bulldup rates, (2) wabr c b  
a l t t ry  htrtory, (3) fusl w r i t  coqasltim, (4) carreslim f i l m  cmpsltlm, 
and (5) man m exposum, Laboratory axparimnts have been ca@ated W c h  
s tud id  the c k l t  release rates fm cobalt base allays. 



- 

Thr hu@~ data bas@ gamrrtd m ridlrtlm krlldup klrruior of  mparrttreg n r c t o r t  
ha$ hd t o  8-a1 pass.Cble r thods t m  cmtml thrt phmamn. E q l u s l s  h is  
rmw s h l t t d  fm gatkrlng mre plant data to r tmlng controlled rrrparlmrrts i n  
th lrbnrrtwy whrm v8rlablrs cam k camfully tmtmlld. 

The fjrst set o f  exprrirents, G O - s p m s d  by EPRI, gurntlflrd the n la rs r  rat8 
o f  cobalt fmm thr cobalt bare alloy Strlllta. T)nsa t r s t s  s h o d  that a chr r "O fm Stalllts t o  r nm-c-lt base alloy for  control md rollers and pins uw d 
h rffutlw I n  rrducllrg Ca-60 coolant h w n t ~ t y ,  t ~ u n m t l y ,  8 jolnt EPRtI6E 
I n - r r u t o r  damnstratlam pwrr has a h  that r 13-W ph/Alloy X-750 
mllrr cmblnrtion works mll.  

I n  anotlnr progrm, co-spmwnd by EPRL m anrlysl s of plant data Indlcrted 
that trrer v w n t s  of z l u  (10 ppb In rractor mtrr warn acting as r corrosion 
lrrhtbl tor for  staCrrlrrs steal. L q m t  t m t r  i n  tl* l*ratory eonfinrd 
that la cornantrattons o f  zlm: Ims dm I d a d  act as r corrosion inhlbltor. A 

'7 nhmrlvr tcsttng pmgrm I s  -may t o  qualify th ls  tachnipurn far mrttor 
rpp Icrt ion, 

the role sf othw plant ehmlstry vrrhbles sn radhtlon bulldup pH, con- \ ductWty, r p ~ ; l f l e  I lgutlty ions, and hydrogm wrtrr chamlotry) am r SQ h i n g  
s t u d i d  umt a joint  EPUIi6E p w r r  a l e h  has the objrctive o f  ldant4f Ing 
plant chrrlstfy prr=trrs thrt cm tm tontrollad t o  posCt1urly affact h4 dup 
rates. 

1 



The major rsbT functlon has been strengthend, consolldat@d, a d  4s lunrgsd by m 
WT ptofessSonr1. 

Thr b e d  study mup noted the iqortubcm aF HUT t o  c r l  tkrl plant c p a n m t s .  ! A t  the t h  Q thm rrpart t b m  uam saparrtr M)t afforts i n  Olvelopmnt 
Englnnrlng and In  tkslgn Emglmring. In August tif 1976 thew tw grwps mre 
c d l n e d  to for r  th Mo&ctructlvr tmst. Eng lm~ lng  hit of  thr k l m r  Twh- 
n a l w  [kprrtmnt. In  July af  1979 tha u n l t  was upgraded t o  subsscthn level 
md currently, th4s subslctlon rrportr t o  the P l a n t  Technology Wtim o f  the 
Nuclear Pwr Systems E l s g l m r C ~  b p r r t m n t .  

Raevaluat4on o f  HOT functions has rtsultrd I n  the conclusion that not a l l  NOT 
functbns should h consolldrtd, such as field servlcas awJ fuel Insprctlons, 
Flald Servlcas r n  a c'rWa1 bustness venturn offend t o  the ut f ' i t t les so 
that they can mn nadl ly  mt thlr coda rspullrmnts. Fwl fntpections, on 
the other h a d ,  in hfghly speclallzad and mkr use o f  only r feu n s t r l c t d  MOT 
techniques. Qua1 i t y  erntral functions hrve a1 to  been kept separate, since thme 
people primarily wltmss nOT efforts a t  uendors' plants and do not prforn 
actual mhmds an' rxu lnr t lons .  

Prlmry efforts o f  the tllf caqmant haw f e u s d  on dmvelupmnt and qua1 l f l c a -  
tion o f  quipmnt and prwrdurcs f o r  ultraset~it inrprctim ef  plping, the 
rsrctar pnssum w ~ s s ~ l ,  and rractar c ~ t s .  In  additlm, mT pwsonnml 
hrve parfamed $It# Inspactlms a d  a c t d  as thlrd party consultants I n  t a w s  
where the u t l l l t l e s  nqufnd spacial Imkpdmt ver1flcat.lon. 



Eurluatlons of  a ~ p l r i r m t r l  data an mtmrlrls sub ju t  t o  i r rrdlat ion rhw that 
WR,l6 htrrnrl e t s  should last  their dmslgn llhtlm, I k t w ~ t h ~ t a d l n g  
th l  s avrlurtlon, =r 6 rrrctar  lrrtamrls haw km daslgnrd t o  k m v r b l s .  

lha m c t o r  In tamr l r  (w i th  tha axclptlm o f  fuel and control ?wds uhlch am 
dtscursmd rltdwn) wrr avaluatd t m  ktam4m If thrm wru amas rr)rlru the 
r a d l r t l m  rffuts an tk mmtmrlals u r d  could s h r t m  th8 c 
klov t ~ m  &sign I l f e  a i  40 yarrr. War Mgh ridlatian far Yr ong pertads 'lfat'm of 
tlm, r t r l n ? ~ s s  steel 1asw sam of i t s  duetl l f ty,  but iwrrrsas In strmngth. A t  
th hlghst  radlrtlbn lrwlt, t h  pmsrrrt drr4 fi rrrums thrt 10w stm$$ leudtls 

"&. 0 am ulntrlnmd for ill n a m l  -rat1 cod tlonr and thrt thr stnsses are 
consewrtlva for wm thr mst u v ~ m  a ml cmdltims, prrt icularl  4n the 
weld rraas, h r l yse t  parformad have c a n s l d r ~  t)n 1-r ducti l i ty,  5 ut h8va 
not taken credit For the h l ~ h r r  strmgth. Thm8 evrluatlons datamind that th8 
40-year design life o f  the reactor lnternrls was not affected by r rd l r t len  
drlttl-t and cornsion. 

Regrrdhg t o m r i m ,  tln design o f  thr core support s t ~ t u r e  kr+ps the lang- 
tern s t r r s u s  t o  rrlrtlwty law vrlms, usm t y p s  bf strlnlass stwl that  arm 
ml r t l v r l y  inrmsitlvr, urd ctn~tmlr Un mrrkr and shrgr o f  cruvlcrs. In 
addltlan, fabrlcrtlon f n  closely m ~ t t o r r d  to cmtml sensltitrtlon af thr  
m t e r l r l s .  A t u h n k a l  Wit of  the c a n  su~port structure was per fomd I n  
I978 a d  detemlnad thrt  &tri#rrtrl camsion I s  unlikely. 

Since the 1978 rudi t, ~ v s r r l  occurraMes a f  rtmss cbrmslon cracking h a w  been 
fwd  In  hlghly lrradlrted nonsms+tird stilnless steel components such as 
rewvable In-care Instnr tnt  t u k s  and control rod blades. Subsequent studlts 





Routine destructive crtmlnrtian of a cantrol rud uhlch had been usad i n  an 
Q ra t lng  nactor  for sm t l r  m v e r l d  r feu cracks i n  the absorber rods. r T ese cracks mm assessad to be crusd by stress carroslan cracking of  the 
tubtng mttrlrl. Although datwmlned not to  k a safety tencsm, r t h m - t o -  
five year progru t o  drvelop mthods t o  axtsnd control rod llfr was lut#mndrd. 

Chtrl led w r l u r t t o n  o f  oprra thg p lm t  cmtrol blrdas has k m  u s d  to pradict 
blrda l l f e t i w  at oprratlng plants, I n  rdditlon, a neu cantrol rad Blrdr  u r C n ~  
hafnium has km drv r l opd  t o  pmvlda r l o q w  lCfe rxpectaney. 

A d m 1  has basn drvslopad d l c h  csrml r tas  cncklng and B C loss wlth rbsorhr 
depletion. Identl f i ca t lan  o f  t h l s  cracklnp r c h r n l  sn has k r u l  td i n  MU 1 l f t  
~ l m l t l n g  cr~tmrl&. A l l  aperrtlng plr f i ts  have bran Informed o f  these flndlngr 
md are  naw I l n l t l n p  Mmda I l f s  acesrdi t o  theta rvcommdndltlans. Rmcrntly r 
new contml rod hat k s n  devslapd wlth "R r fn lun rods ruplrclng 0 C rods 4n thm 
orl t lont  mst l i k d y  t o  br ltmtt11\0. Thasa b1ad.r m a r r ~ l a b l a b  r r p l r c r m t  

h d r r  a t  the and o f  l i f e  o f  tha old 04t blader. 

I Prqrus mr, devalopd t o  obtr ln  rdditlanaT data on cantrol rods I n  swvlce. 
Using this data, mthods were devdopd for prudlcting control rod l I f 0 .  

Cktri lad mtal logrrphfc ~ x u i n r t l o n r  mm colplrted a t  CE's VallecC t o s  Muelerr 
Center on two control rods from tw opwrt lng plants, M d l t l o n r l  results wars 
obtainad fm r foralgn BUR control rod examined I n  a E u r q m n  hot cell.  
Result$ s h o d  tow cracking md boron carbide (0 C] loss I n  control rods 
etxulned, but not t o  m extant uhlch wuld cause r de&adatlan in  plant safety. 

Blade ltfetim has bmn reported In a General E l e c t r i c  Report 'Control Blade 
Ltfatirw Ev8luat~ons Accounting for Potential Loss of  B C* by X. Y. Brapan and 
U. Y. C o o t ,  MOO 24232, January 1980, Clrrr I .  The rewit itatrr. "The 0 C loss 
I s  a r l a ,  prrdlctablr procars *htd has been .Odeled and rce~~ri ted br 1. 
control blade I l f@tIme e ~ & l u r t l o n t . ~  



During tha I n l t l r l  phases o f  #ICIS cantml b l a b  productWn, t h e n  was concern 
over tha rblllty to mlnta ln  adquite corrtml of  tdrrmcms during the mnufrc- 
turh of  e ~ n t r a l  b l d r s .  I t  was also natad that a~tcrsslw scrap or rrrorknl ht  ? result ff drmlmg nqulr rmnts  wrrr not nrt durtrq thm i n i t i a l  production cyt a .  

Current expmrtano rs r r s u m d  by quil l ty  c h u b  m d  parfomncr fedback 
demnrtrrtrs that them products met mnufrcturhg tdrrrnces a d  o t h w  
rrquirmants. Ercestfvm scrap a d  rvwork wrlr rvaldod. 

Tolarrncu pmblms encountamd ifi the manufacturing procasr haw k r n  rasolvmd 
by lmprovlng hrndlfng a d  foml t r c h l q w s  o f  thin wall plus parts and by 
Inproulng the saqumnca of  the wrl trig aplrations, thus ninlrnltlng thr d1stottCon 
o f  thln wall parts. 

"% 

Inspections pwfermd prior ts rhlpmnt dammztrate that BUQ5 tontrot blrdr 
production has fw rnvmlow drvlrttons and thus Wtiwl rauotk or #trap. 

In  addl tlon, the eantral rod was W s l g m d  for BYq(6 applicrtion a d  furthrr 
rctlons w e n  trkm t o  Irpmsn mutufacturing p m d u c t W t  . As r rusrrlt WR/d 
contra1 rod productton has been vtrtually frrr o f  the err f y WR/5 problsrr, The 
envrlopa mqulrrwnts for Bycv6 am tighter than those for %Yq/5 a d  hrvr bmn 
wt tans~stently durhg mnufrcturhg. 



2.4 SETPOIIT DRIFT 

Onplannd changas i n  the setpolnts of BHt protect lvt  c i r c u i t r y  erusrd t h r  
smtpolnts t o  k wt of corplimnce with l i n t  splcl f tert lans resulting In  rn 
unwcesrartly kfph frequency of atmoruf o c c u r m r  reports to  the i l u c l w  
R ulrtory Cornlssion. I t  was found that, I n  mny crsrs, the teehnlcrl spr- '4 e l  iert lons were more eonsswrtlve than necessary md t h r t  the c q & r r t l v s l y  
klgh oeturnnee o f  setpolnt d r l  ft was r source o f  ext ra  ~ i n t m m t e  work and rn 
Cnconven4~ncc t o  plant operators. Study and rarolutlon o f  t h i s  pwb lh l  &ma was 
rec-ndsd . 

HbY se tpdn t  values -re dsvelapsd uslng nm s t r t l s t i ca l  selection methods 
approved by WRC. Operrtlng plant data shows consistency u l t h  the new s t r t l o t i -  
cal selection methods. Unnecestrry abnornrl occurrence reports are rueMed. 

GE bsgrn a program t o  develop m Impraved mthdology f o r  c r lcu l r t lng Instrument 
setpolnts. As part o f  th i s  Enstrmnt Satpoint Methodology Prngram an e ~ p l  kl t 
r t r tCs t l c r l l y  bawd t r l cu l r t tan r l  method was developad f o r  daflnlng ratpolnts. 
Thls  mathodology lncludrs exp l ic i t  r t h a d s  o f  drtrrr lntng erpctrct d r i f t  b i r d  
bath on ~anufacturrr ruppllrd parfomnce data and f l r l d  data. I n  mdditlon, 
t h l  s methodology lnclud*r r r u p u l n w n t  t o  axmlne thr s t a t 1  stlcrl l y  rxprctrd 
c d f n a t l a n  o f  d r i f t ,  i n s t r w m t  Imp inmccurrcies, and cr! lb r r t ion errors and 
ensure t h r t  the M I n  k t m n  the norCnal trip setpoint and the t m c h i c r l  
~pacCflcatlon rllowa ?! lr v a h e  1s sufflc4rnt. Finally, actual f le ld data has 
h e n  tollrcted from several opcrrtlrrg plants for  reactor pwteetlon system 
lns t r rmntr t lon (hs#ount devlcrs r q u r l )  and r s t r t i s t ~ c b l  rv r lur t fan 
perforrwd which demonstrates thrt  the f l r l d  drtr shows perfomanee s t r t l s t l c r l l y  
eonslstent with the rssuaptions o f  the 6E I~mvad Wtpolrrt Methodslogy. 

The GE l ~ r o v c d  k t p l n t  hthodolnw was rpprovd by NRC. The methodology hrs 
tnmn used t o  thsck the c ~ n s a w r t i u  o f  reactor protection systrrr retpolnts for  
the power plants r a o n t l y  llcmsrd I n  thr US. Thr EL Irrgroued Setplnt k t h o -  
dology ls 41 so k i n g  rppl led t o  current program where GE I s  rcrponsl ble far 
pmvldlng mvlsed setpoints t o  state-of-the-art standards, such as the t E  
Equipment Qualiflcatian, ATUS a d  A M  pmgrus. 



H l s t ~ r l c a l l y  thr r l u t r l c r l ,  c m t t o l  a d  tnst rurnt8 t l~n  syst tn  had not km r 
mjor contributor t o  WR plant d m - t i - .  3rvrral  ntw devalopmnts urn k l n g  
Introduced Snto the WU praduct I i n r  a d  It war urged that mxtra d d g n  rrvtm, 
rni lysls  and trsthg k prrfarmd ta  assum continuing h i ~ h  qurlfty I n  thm nm 
equ l pwnt  perfomncs , 

0parrt)np datr rscrlved fm tha f i a l d  dmnstmtes  the continuing hiqh quality 
rnd wl fabt l t ty o f  the new systnr.  

Si n l f i c m t  davolqmnts wre underway a t  the ti= o f  the R a d  Repwt I n  thr I so l d  strtr srfaty system, the neutron m i t a r t n g  rystm and Illpmvwi control 
roan equipment knom as tludenet . Pmgrurs @f thssa designs was closely mnl- 
tored, intludlng through a number of  Independent derlgn reviews hrld on bath thr 
solid state safety rystm and Nuclonet, An axtanstvm r819rbl l l ty  analysis was 
crrrlrd out for the mtire sol fd stata rrfrty system Dlvalopmnt and qualif i -  
cation terthg has bern p w f o r u d .  In thr tare o f  the l q r o v a d  in-core srnsors 
for the neutron nonltorhg system, production urlts umn $ n s t r l l d  4n operating 
reactors t o  ver l fy  their capabllt ty.  

A dadierted rul l8bt l l ty and design rev lm functlm was rstabllshed wlthfn tho 
Control rnd Instrwentr t lon Engtnsertng ~ r g m l r r t t m  to  providr emsul trtlan on 
re1 f r b i l i  t y  and rvrt lab41 I t y  and to orgmlze the deslgn rev few effort. 



2.6 f LW COWTROC VALVE 

lhtrusa thr rtrr af the W R / S  md 6 f l a  tmtml vr lv rs  put thw kyond thr 
range of mxprimca for vrlvsr I n  slnllar appl icatlms, it was rvcmnded thrt 
a task force conduct r drslgn m v l m  a t  both flm tontrol valve drsl ns. I t  was 

oparr t I on. 
1 a1 so nc-dad thrt mllr testing k p e r f o m  om pmductton vr vat baforu 

Tast rufiults lad t o  tha s I n  the pnllnlnrry darigrrs. The f f n a l  disign has 
parfwmmd wdl wlth n o m  7 p e r M l c  mintenmcr i n  13 aparrtlfy plmts. 

fastlng was c#9letd on the f i n a l  dmf n and control systm I n  1981. Thrsa 
tes ts  mra ~Wlductad in  1 speclr l ly dwr 1 aped QE tent frcllfty which a!mlatad 
r t t u r l  systaa fluid l o a d l q  on t h  vrlva uslng r mchmleal ball lordrr. The 
f a c l l  t t y  pmvidad prototyplerl wrtmr chmlatry, prvsrura and t r q r r r t u r r .  A1 1 
valva W l r  suttrrr ful ly  mat t h l r  rystam pwf@mncr  nquitwnntr.  I n  aMS- 
tion, drslgn eha s to  tha astaelrtd carrtml s y s t r  n d u c d  tM duty eye18 on T t h w  vrlvrs 4n t load f o l l a l n g  #dr by r factor o f  SIX. 

As of Junr 1967, th l r tnn  operating plants am using these f l o w  control vrlvas, 
Tha u r l w  have p r f o r m d  dl wlth mrul p e r l d i c  mlntmmcr. 



2.0 EQUIMEHT RELIABILITY A S S U M E  

2.7  SAFETY/RELIEF VALVE 

There was r concern thrt, wi th t h r  ~ n t m d u c t l o n  o f  d i m t  spring-leaded 
safaty/rr l  !of vrlves (SRY] In WR/5 and 6, fmquent SRY b l d o m  would mqut l r  
rddl t lonr l  rmlntonmce to  rrrum leak tlghtwra a f  the valve, ronttCbuthg t o  

1 ant u n r v r i l r b l t  l ty. I t  was r8c-d that, to nl b v 8  thr duty t y d t  on t h r  
f m r l  SRV setpolnt vrlvm, an waluat ion b. pmrtonrd t o  establ l rk  the has- 
I b l l t t  of acldlng two or t h n e  addl t lonr l  ? t a u  bypass v r l w s  In p r r r l l r l  with 
the 3R i r. 

I n ~ r a r v I c e  p r r f o m n c e  aC tha valve t o  data dr ront t ra t r r  t i n I f # c a r t l y  Cnpmutd 
I e rk  tfghtness, which hpmvar f u r th r r  after the l n l t h l  I uel cyclm. Perfor- 
mance t o  drtt  has not reduead p l m t  w r f l a b t l t t  . A t 1  5rWs a n  chrckad rnd I malntafnd p r r i od le r l l y  i n  rceordrnca ~ 4 t h  rppl  ica lr ceder. 

To pracludr the nred f o r  adding tw or t h m  a d d l t l ~ n a l  non-safoty gradr ttma 
byprss v r l v r r  Into the systn, product f ~ r o v m m t t  were mde and lncsrporatad 
Into  the  drslqn of the d lnc t -ac t i ng  ar f r ty / r r l ieC r r l v a r  [Cmsby and l l l k k m )  
t o  eKtrnd cyc l le  versus lnhwent fW Irr@ [leak tjghtnrss) p r r f ~ m n c a .  
Also, on BW&'6, i n  order t o  llmSt systw rrpmrsurizrti~n paaks, the daslgnrted 
IOU-low sat  (11s) safety r e l i e f  v r l w  ( M U )  can k r l tmrnrted t o  m t h w  SRY 
after arch outage, thus further nduclng duty (cycle) on m y  r p r q t f l c  LLS 
datigned SRY rs -11 as chalhnqes to tha othrr SRVs instmllmd. 

Extsnslva l f f e  eyela, srlsmtc a d  ~ v t m n t r l  q u r l l f ~ t a t i e r r  tests wrra per- 
f o d  and wr'lurted for th SWs, Early t n ~ s ~ w i c 8  rxpwtmcr war obtalnd on 
two o f  thasr nru 5lWs which tomf l tmd thrt  thr irhrmt lrrk tfqhtnmss trprove- 
mnts made t o  the SRV mn c r r t i b l r  wlth IM system operation. Several of 
these vrlvrt have opr r r t rd  fn  plants fat up t o  s i x  yaws and haw dmnstrrttd 
s3gnlf icont ly Irpmvd leak t i g h t m r r .  I n  rddtt lon, SllY s l ~ r  wrginn {dlf -  
fewncr htmm qarattng pnssuru and tha spring setpolfit a f  t h r  valve) have 
b a n  hcrrrsed t o  furthar mhancr SRY lark tightmss t ap rb i l l t y ,  Obrawathnr 
o f  attual t n - te r r l ce  SRY lsrk t t  htmss parfarrrmr tndicrtr thrt lark  tlghtnaas 1 has irrrproud a f t e r  the flrst p ant cycle. Based an c u m n t  ASK Sact4on X I  
r s q u i m n t s ,  a l l  Insta l led SUVs am c k k d ,  maintained a d  v s r l f l d  f a r  
operability a t  lsrst mer every five (5) pars. 



2.0 EQOIPMEMT RELIABILITY ASWUAKE 

UrIn stem Sso l r t i~n  vrl  ves (MIY) had hf s tor l t r l  ly requlrrd considerabl~ 
maintenmce t o  assure they mid continua t o  met lark ti htness speclflcatlons. 
I t  ws *re-ndd that m t a r t  faclllty be dwr1o)rd d a propram ilplwmtd 
t o  idrnt l fy  ways t o  tmpmvr the leak tightness o f  thew vrlvrr,  

Appl lcatlon a f  HSIV lrprcovrr#nts to  thfrtrrn opwrt1ng plants has provan 
bmeflclrl. 

An MIV tart f a c i l i t y  was @stabllsh+d to  invrrt lgrte  the cruses o f  v d v r  teat 
Ieak&ge, d r t m l n e  corrretlua aetimn a d  davelop lmrovd u ln tenmer  proenduns 
and t~hn iquas .  P r q r u s  mtu also toductad In cuapwrtion rlth the vrlvr 
vendors to  pmvlde leak tlghtncss lrpmvmant packrgar tht  could h I n s t a l l ~ d  
durfrsg normal valvr  u lntenmce parlds. 

o A la8k tightness program war dewlopad to  datrrrrtnm the p w u r t r r s  wblch 
r f f r c t  the rbl l l ty  o f  thr vrlva to seal. I n  thls program r f u l l  s t a r  vr lva 
wrt t e t t d  i n  the valve facility. Twls for ilpmvrd lmlntananee procrdures 
and tethnlques umn also develnpad a d  testme Findlmgs on ways t o  illgrova 
HSIV naintanmce wra pub1 I shad and convayed t o  the NU m e r s  undrr llJW 
auspices. 

o GE worked wlth A t d  and *lrlll C e i n y ,  the supplier o f  over forty 
parcent of the M I Y s  to jofntly dwrlop m rdvancd Irrkrg, Smprovment 
package, The lrprcrvnmts ht luda  r pappt guldmcr systsn, md m ontl- 
rotatton locking fmtun.  I n  two plants r l t h  sufflcCmnt oparatf 
rncr with tharr design l rpravmt fmatrrrr ircarporated into thm%:i?% 
leak ttghtnart suct*~t rats Iqmved sfgnlf tcmtly.  These Fmtunr a n  now 
Installed In w a n  nrc to rs .  

GE also developed a lmkage lrpmv#mt package u l th  Rockwe11 Internrtlanrl 
Corprrtlen, the ather major M Y  ruppllar. ths package Includd C raved 
pac~~ing,  i q r o v m i  ~IM~IKI, a d  I ~ W O I ~ C I  C O M C C ~ ~ ~ I W .  P O ~ ~ ~ O L I  07 this  
package have bean instrl led I n  s i x  plants; favorable results have been 
obtained with up t o  tw yaws o f  operation, 



2.0 EQUtMENT RELIABILITY ASSURANCE 

2.9 JET M P S  

Mechanlcrl fiClures had occurred In je t  pumps o f  err lie^ design due t o  f low- 
Induced vibration. It was rec-nded that the new BUQ6 j e t  pump dcslgn 
undergo thorough testing before being placed I n  service. 

A l l  BWQ6 j e t  pump data to date Indlcate j e t  pump vFbratlon levels  met 
acceptance er l  terlr.  

h11 WR(6 j a t  pump shrs  mre tested  I n  i deve10pWIt f r c i l l t y .  Deslgn chm 8s 
and instal lat ion proceduns were Implemented to reduce vibration In  BWQ6 ! ~t 
pumps. Vibration tests  i r e  atso performed an jet pumps in  each BUIV6 rerctor 
durtng startup. 

The Jat p q ,  W c h  Is i simple static devlcr t h a t  circulrtes core coolCng 
whter, i s  to ta l ly  contained w l t h h  the reactor pressure vessrl. I t  has no 
umvlnp parts and i s  designed Far a 40-year l i f e ,  H m v e r ,  flaw indued ulb- 
ration t s  a concern. 

Fai lures o f  j a t  pwps had been sbrsrvad I n  two dtffermt baltmd connact4ons 
betwen empenants o f  the pump. One of th8 bolted connections was el imlni t t~d I n  
the BUq(6 dasign. The istrmbiy tschnlquc o f  the other bolted connaction was 
improved t o  provide poslttve vlrurl procedures t o  tnsure correct assembly o f  the 
BWR/3, 4, 5 and 6 pumps. 

Testing of j a t  purnps to detemfne vlbratlon thar&cter1stics has h e n  part o f  the 
pump prbgram sllrcc 1970, Tho testing p m g r u  I n  the Hdgh Flow Hydnullc F a c l l -  
i t y  has been cmp1atw-l and a l l  jet p w s  for the BUV6 reactors have barn 
vlbrattan tested In  the dsvclopnt test facflfty a t  reactor operating 
conditions. 

As plants are cslrplatad, Instrumented in-reactor vlbratlon testing o f  each 
unlqua jet pulp design w C l l  be conducted during plant strrtup. The first 
BYR,+'6-218 s i z t  plant (Kuothtng I) was subjected t o  cold flw and power ope- 
rrt#~n&l testing. I n r t m n t e d  vibration tsstlng has k e n  completed a t  a 
8WR,/6-251 sire  plant md i s  angoC~g a t  i w 6 - 2 3 8  sizt  plmt. A l l  results to 
date Sndtcate Jet p w  vlbrrt ian levels t o  be below a conservatfve acceptance 
criterlr. 



w 

I n  8dditlm t o  theta flrst-of-a-klnd tests, arch mprrrte j a t  p u p  rill ba c d d  
flow tested as p a r t  o f  thr  startup prwduru.  Aftar t h i s  oprr t lon ,  Jet punpt 
and other Intarnal  hardware wlll k vlrurlly exmind for indtc&tWm o f  8bnoml  
prrfalrmtb. Thrm has been no unrccsptrblr vlbratlon i n  any of the r f f e e t d  
plants or In any pmps uhkh haw bem cold flow tsstd.  

. .  - 



2.4 EQUtPM'T RELIABILITY A S M E  

2.10 REACTOR PRESSURE VESSEL 

W h l h  r suddm d l  sruptive fr{hrr of thm mrctar pnsrurr vesrrl (RW) i s  judgd 
t o  ba e x t ~ l y  unlltsly, It was r 8 c " d  thrt  updrtad malyres be perfmad 
for the nost  srvrrs condltiens. Anar t o  k Irddnmd indudad: KPV i n t q r l t y  
under loss o f  coolmt rccldmt ( L a )  condltlms ( to updrtm 8 1W aft&lytlr), 
RW lrrtagrlty under the rwu WUC crltrrlr fw rntlclprted translent withwt r t r u  
(ATUS), nmd for innerllrsg non-jrt p w  vrssrls due to  r a d i r t l m  d r i t t h m n t  
and Improurmnt o f  Inrp+ctrbIllty twhmlqws and aqulpmt for prr-M-b/RW$. 

Analysrs rrconflm that mactor pnssurr vrrsal Intrgrity i s  w l n t r l n d  far a t  
Imst thr 40-yew design Iifr. 

A serlrr of LWA rrrnrlyses -re perforwd which m c o n f i m d  vrrsrI ln t rgr l t  
w a n  under the e x t m  ATUS event. Further evrluath of  vassal ~ t r r h  f 
propertfrs versus rrauttwn radhtion v w f f i a d  th r t  the degree o f  vrssrl Writ- 
t lment  eontlrru+d t o  met 40-yew 14fe tvpu lmrnt r ,  

A smr~ms of mrlysm was cmducted In  1977 and 1978 rrhlch updated thm L O U  
analyses o f  1968 and dwurnted vessml Inttgrtty for  an ATUS rvmt. thm 
prlncfprl conelus font OF thrsr rnalytms uen: 

o The prrssura v e s s d  IntmgrCty r a t  l u c m f l m d  to uat  40-yaw dms4pn 
1lFe mqulnmants. 

o B r i t t l e  fractum will not occur during 8 postulrtnd loss sf coolant rccidmt. 

0 Cracks w l l l  not propagate i n  r brittle unmr. 

o The rutmtit oparrthn of srfrty nlhf valves, 1s -11 rs  iutmmtlc t r i p  
ef raclrcutrtlon pis, assum v w s d  fntegrlty during thr ATYS rvmt by 
1 Cnt t iq and control 1 lng re i t tor  prmssum, 

The m b r l t t l n t n t  of pressure vessel m t e ~ t a l s  due to nrrttrcbn ftradlrtlon I s  
monitored by doslmttrs inserted In thr metor am¶ p r M l c a l l y  m m v d  t o  
estrbl tsh neutron lrrrdlation. The Wrlttlwnt effutr  am thrn kttrm/md 
from known khrvCor o f  prrstun vessel uttrlals versus mutm 4ncadlrtlorr. 
Based upon evaluation o f  operating plant data, mnorllng of  m-Sat pug vessels 
wfll not be necessary. The degm of edwlttlemmt Ss m i t o r e d  to  amsum thrt 





2 EQUlPHElT RELIABILETY A S S M C E  

2.11 VESSEL MZZLES MID SPMGERS 

Cracks had bean abservQd i n  the claddtrq araund feedwater nozzlss I n  some 
opwrtlng I r n t s .  A11 other 0 srating plants had been instructed by the NRC to 
speclflcal ! y lo& for the pwb P ea. A program urs t d  be undertaken to determine 
the cruses o f  the cracklng and to  develop r ~ l u t l o n s .  

Mslgn chrngm and ~ p a C r s  ware made In #st  plants. ErperCencs t o  date shows 
no rdditlonrl crrcklng a t  thew olmts. Tlprewd ultrasonic inspaction tech- 
nlqum are usrd  ta mnltor for crrcklrrg. 

The cause o f  cricking i n  feedwatrr norzlrs and sphrqrrs was ldantlfisd. DosCgn 
changes mrm i m l a m n t d  on plrnts under emstructlon. Raprlrs t o  opwatlng 
plrnts mre rccmpllshed an the Wcrrlty of  the plants. In-serrlce Inrpettlon 
programs wre estrbllshed a t  operating plants for early detactlon o f  defects. 
To data no further c n c t h g  has been detected I n  aperattng plmts that  have 
rep1 aced feedwater sprrgers, 

The cause of crack l n l t i r t l i m  was dstemlned to  be hlgh-cyclr t h r m r l  frti us 
produced by d x l n g  of  th caldw fndrrter and thm hottrr reactor watrr. ha 
crack grorrth dur tct these surface effects I s  Ilritd and further q m t h  wu ld  be 
dapandsnt on reactor and feitdwrter system aperat Iond tyclts .  ha lys is ,  
corrslitM with t rs ts ,  demonstrated that wen If cracks were undetected and not 
repaired, the u l t ln r te  moult  would be detectable v~ssal  leakage rather than 
vessel failure. 

A design change was dweleped t o  preclude nozzle cn tk lng  whjch Included: 

1. Nozzle rlad renwrval to lncrerdr the tolerable thermal cyt l  lng and t o  reduce 
the probabil I ty o f  f n l t l r l  defects. 

2 .  A new feedwater spwgcr design t o  reduce the u g n l  tude o f  thermal cycling. 

3 .  Fedwater system operational pmcedure improvcrmnts t o  reduce the t h e m 1  
cycling potsnth1 and duty. 

Deslgn changes w a r t  Inplemented I n  a11 plmts urder construction and an Inspec- 
tIon and repair prognu has been iaplmrsted on most of the operating plants, 
In conjunctlon with the repair, an In-servfce Inspectlon p m g r u  has k e n  
establlshsd wh.Cch utillzao dtrrsanlc exulnation frm the outstde o f  the 





G E * s  current BUi&f6 rndurstm proces5ing s y s t n  providw an Impravad, mre rffb 
cimnt design but 6L w l n t r l n r  c o m m i c r t l m  a d  fadback channals with custarmrs 
on a11 hsurs, tncluding rrduatt8. 

The BYQ6 rrduatte systm was drslgnad ta rccmpt 8 widm ra o f  l lquld  wrsta 2 v d w s  with mxlmm recycle of  t ruatd  wrtrr brck t o  the co rnsrta system. An 
latprcrved evaporator daslgrr pmvldrs i ~ r e a s s d  carmsfon protsctlon md hert ex- 
chrng8 eapablllty by utllttCng r htgh-flow clreulattan wlth an external, sub- 
merged tuba hert trip excha~qar. Redundmt l n s t a l l ~ t l ~ ~ t  assum capad ty  over a 
wlds range of  input vrrirtlons. Addltlonally, a f l a t  b d ,  traveling b d t - t y p e  
f l l t a r  4s Incorgorrted f o r  rrrroval o f  crud frarrr low conducttvity wrstm watmr. 
Thts design sinpl l f je t  prwoat  proemlures and dlschrrgas r dry solid c a k ,  
rlirnlnatCng the n n d  far r domttnm dewatrrtng deuica prior to aol ld l f lc r t ien .  

To rrsa the o ratlor lord on these lvnotrly opwated procarrfng unlts, a mdr 
control rthc urlng prwgr-blr controllart for opwrt iona~ wpumcr control 
md In l t t r t lon ,  i s  also Incorporrtad i n  the pnsrn t  design. 1r,is mthod reduces 
thr rl sk o f  opwrtar armr and mxposurr by rl lowing control rf rn s y s t ~  opafa- 
t ian and plmnlng. 



Program ta  f row gaskrt, saal and packing 1 Watlws rrr, ncammhd. Anrs  
sf concern Inc 9 m: 
e Problm with packlng, gr%k8t$ and seals I n  both 6E runufactumd e w -  

nrntt, such as eontml d drlvw, and vmuhbr-rupplfd I t = ,  such as 
vrlvm and gurps. 

o Possible rasmanea and rxcmslvr vlbrattm as a rrsult of  us4 
throttlfng rather than gurrp s p r d  chaqa t o  ngulrtr n c l r c u l a t  om flm n 
%Yq(Ss a d  6s. 

7 d'sch'T 
0 h a d  f o r  Ilpmvrd rwireulat im pulp shaft srrl lifrttrr. 

A t  thr t l r  of the Rnd, atforts mru k l n g  made t o  tnCma$a tha 1lfmtlm sf 
vrrtws gaskrts, srrlr a d  packlngs. QE's k r v l c r  I n f o m t l o n  tatter {SIL) 12b 
was Issued t o  u t l l  W a s  i n  March 1975 rhd othrr SILs mn l s s u d  as p m g r m  Id 
t o  the drvrlopwnt o f  4npmvrd p d u c t s  i n  this ama. 

Flsld r x  rlmcs has -stratad that  cmtml md drlvm seals have rccaptrb?a 
srrvtce !'= If*, In-sawke t a t t s  a n  prtfallrrd ngulrrly t o  Idwtlfy control rod 
drtves for  nfurbtshment. A k w l c e  I n f o m t l e n  Letter sent t o  a11 operati 
plants suggtstad regular r a p l a c m t  intervals for nasl#talllc parts tn  cantm 
rod drlue hydrrulft tontrol units. 

"S 



With respect t o  valve s t #  prckings, r study af f l d d  experience led  to  Sssurnce 
of 8 Service Infomatton l e t te r  In 1977 rec#rrndlng packing replacemfit wl th  
Grafoll and mtl -crtrusion rtngs. 

Mechanical seals on the vendor supplied reactat  water cleanup pumps have under- 
gonr thoreugh mvhw during 1982 and 1993. The resul ts  led t o  design m d i f t t a -  
tlonr tnslbe the pug ,  Igmvd mlntrnmnce !nstructlons, rnd system aplrrt tom 

uidelinrs. Oprrathg rrtprrfence has sham that r I f  has rmrsurably 
fwrad r Incr tksa  r.c-atlonr hawe k m  lrplrmtrd. W.r derlgn rrrl-less 
purrps whlch p m i s r  r substrntlrl I ~ r u a r e  i n  t rwble  flw servltr mra offrrvd 
star thy i n  1986 and m n  f i r s t  applied I n  1987. 

~ a r d l n g  m l r c u l i t i o n  purp vtbntlon, tests wen c o d u t t d  In 1977 a t  Tokal-2 
a t  constant l w l ~ u l r t I o n  p l  am ad varlrblr discharge throttle v r l v r  
rmttlng t o  r t s u r l  f- fron nsonmtm ad excrsrivr ulbrfition. Favorable 
ex erlence war obt r lnd  fm plants qwtated w l  t h  flow control ualves aver ths 1 f u  1 opwrtlng nnga through 1984. 130n w e n t 1  , p m &  made by r srcon6 vendor T h a w  exprriencrd sm vlbrrtfon whleh I s  curmnt y (1987) under Invrstfgatlon. 

Re rrding rrclrculrtSors pimp seal I l f a ,  r srr l  purge systm was Irrrplmntad on t rl plants whlch started up after 1973 I n  an effort t o  iwrovr reclrculatSon 

! mp shaft seal perforrmnce. Thlt and othmr t rprovmnts  has daub14 the s a d  
If* t o  m rverrgm of appmxilmtrly four yrars k t w n  mintenrnt~  Snterurls, 



Ymdar dmslgn drtrlls o f  thw flw control bypass valve wtm not mll k n m  to  
GE. Themugh trrtlng was m-rrdrd. 

I t  was conclud8d durl the detailed &sign phara af  thr BWq)$ that thr bypass 
s y s t n  was not mqul m a  , SO It was deletad fror thr drslgn, 

Thm flow control bypass vrlva has km eliainatd fm the BYq/b drslgn. Thtr 
flndlng i s  no longer rppllcrbla. 



2 . I 5  RELIEF VALVE -WED BYPASS {RENAB] 

R E W  war m optfon o f fand  m EMR4'4, 5 md 6 to  pmuidr tha crprbil j ty of 
rccrptlng suddan lass o f  rlwtrtcal load wlthaut rrrctor strm a d  t o  prtfom 
thls  functlm a t  m I p l m t  emst t 4  n l f f c a r t l y  Imss than that o f  r mom 
e m r n t f o n r l  f u l l  strm =T y p m  systm. kr~8 s y r t r  hmd nt yat c o r  on 11na. 
Recant transient studims rrsultl from othr system c m s l d e r a t h s  had rrl td 
doubt as t o  the abqlity of thr "R R A% optins t o  prrforr lts Cntrndrd function 
a f f ~ c t f v d  (1 a. pmvmt scram on loss of  r l u t r l c r l  load), p r r t i c u l r r l y  new 
the and o I I furl cycle. It was nc-dad that r mvlw k eanduttod t o  
avaturtr tha abl l l ty  of REUAE t o  wrt i t s  das4gn 8bJuttv@s. 

Aftar furthat study the REYAB syrtn was d a h t d  fnm the W 6  datlqn. 

Basad on the msults o f  further studtas, GE withdnu the REVAB optten from the 
product offering. This flndfng 1s na langw rppl icabla, 



2.0 EWlP)#WT RELIABILITY ASSUWE 

A crack dftcovrrrd In the cal let  n t r t n a r  t u b  s u t l m  o f  an aplratf 
c o t  rod d r l w  [ u t i l l t f ~ r  mn wtlftad by S l t  135, July 18, 
cens ldrd  significant, md It war r + c m  thr t  p r l ~ r i t y  k givrn 
mlnlng i t s  crusm and t o  ibrnt i fying strps rmarsrry t o  pnvrnt  rddttlonrl 
Incldrnce o f  such errckfng. It was alsa rat- thmt thaw b# a dataflmd 
w t a l l u ~ t e 8 1  rrvleu mf m altamrtr index t u b  m t e r h l  f o r  f i s t  scram CAO 
appl1crtions, 8s mll a rn  wrluatlan OF Index t u k  matwir ls telrct lon 
c r i  tar1 a ,  

Extenshe tat t ing o f  cracked col let n t a l n r r  tubes obtained from tha f l r ld  
thawed oparabllity hyond six  t l r s  thr d r s l w  Ilfr, h w r t h d r s s ,  I n  1976 rn  
Irpmud design r a t  put i n  service. Oprratlon o f  thr wu dasign has tmn 
sathfrctory. Conthuws mmltorlng o f  thm old design them s t $ ? ?  I n  use 
assures that I l f e  expectmy I s  not changing. 

Extsnsiw cyclic testfng war pwfmmd on tracked t o l l a t  ratrlnrr tub@$ 
retrieved frm thr f l d d ,  and I t  ms drtmmlnad thrt tha t u b s  would aparrte t o  
beyond $ 4 ~  tlms the 40-yrrr dorfgn 1 i f a t l m  wlthout frl?um o f  crrckM parts. 

Nevrrthmlmrs, bas& on ldrnt i f lcat lan sf factors tausing trrtklng, an f lpravad 
rvplrcwrnt design o f  r nw material was dawlopad a d  p m f  tastmd. The 
llrpwvtd eo l l r t  n t r l n w  t u k  was i~tmdwrd In  1976. I n  the Fa11 of 1978, tha 
NRC Divisfon of -rating Rarctors) Issurd a stataunt I n  support o f  the driva 
MI 1 lcrt ion. Sincr 1976, d r iws  with tk I n p r o d  daslgn have km utllizmd i n  
a l l  plants undrr construction, Parfodic Insgwttms o f  thn old daslgn haw bmn 
eont!rurd I n  opwatlng reactors. Drlvas wtth crack I n d l c r t k m  havr bron 
r r p l  t c d  w l  t h  thr  l l p m v d  drslgn. 

The results of tha Inves t~g~ t ion  of the collet retainer tuba crrckfng has bean 
r u p o r t d  by S. Raqpmth, rt 81% 

* "Fallurn Anrlysls, festfng and Roduct I l p m v m n t  of  Control RCKI Drive 
C m n e n t  F m  a bf l tmg Yater Ilsrctor,* Syapaslu Papar: Failure Prwsntlan 
and Ral i abil  i t y  Presanted at the Oaslgn Enginwring Technlci? Conferrnce, 
Chlcaga, I l l ine ls ,  Sapt-r 26-28, 1977 rponsomd by the Uel l rb i l i ty ,  Stress 
Amlysls and Failurr Onvrntlon C m i t t e e  o f  tha Design Enginwring OIv4sim, 
A#€* 



T h s 8  i n v W l g r t i m s  h id  sl#wn that tha trrcks obs~wad in the eollat ntr insr  
t u b s  of CRD h r n t s m s  rrm caused by high, thml ly  lnducmd cyclle lvt ldual  
stnssmr I n  r part smsltitad by nitrtding a d  exposmd t o  an ~ n v l r o m r n t  
cmdueivr t o  4ntrrgranulw rtsvsr comslon  crrtklmg. 

As r conservrtlvs marure, an irproved n p l a e s l l ~ t  dwlgn was developrd and 
extenslu&ly proof-testd. 55nca tha tracking was causd by stress c~rmston,  
the t h m  carrtri b u t h g  e d i  tlons [cuscapti b h  n r t w t a l ,  stress and envlromant ) 
WM addrrssad, md the fo l lwtng ttaps t o  preduct trpmvemnt we- i d m t l f t d :  

a]  Changm In u t r r i a l  t o  CF3 with c m t m l l r d  fs r r i ts  to provldm 
ruslrtmce t o  stress c o r r o s l m  

C )  Reccmendatlons to  operating plant utilities to provide low oxygen 
coolant for the drlves during operatieit to  reduce the aggrrst~veness 
o f  the rnviromnt.  

tkstructtva walurttons (prrforwd undmr tha Wnrra l  Electrlc long-term 
c-onrnt sumell lance pmgrm) on control rod drive Index and plston t u b s  had 
revrr lad tsolrtad areas o f  1acml tntwgranulrr attack. Thtt attack was found i n  
crevlcad and noncrevked amas, wlth the largest am& o f  att ick hiving less than 
onr-f i f th the arsr tupujrrd t o  cruse c m n e n t  frllurr. Further dastructlvr 
evrluatlorts wn d m ,  and safety analysis evrluatlons rrrm parforad t o  
detrmlne tha consequences of r f r l l d  I W x  or piston t u k .  It mas concluded 
that the worst potentla1 occurrence uould k an i m b i ?  lzatlan o f  the CW) rftrr 
m Inserttar tyclr, a condition equivalent t o  a coupling fallurn and one tha t  
would have no safety C ~ r c t .  

An lmpravsd m t a r l r l  , Kn49 for index ad piston tubes was put Into ful l  
product ion i n  1976 as r &sign Inprovemint. 

An sxtmsive u t a r l a l s  property v a r ~ f l c r t l m  program found that Xf3-13 Cs highly 
n i s i  stant t o  stress corrosion, sensl t lzrt ion, and Intergranul a r  attack when 
subjected to  a speclflc p m e s s  t h e m 1  trea-nt. 



2.0 EQUIPnOlf RELIABILITY ASSURISIKE 

The prvtturr control systm for  tCn w6 has u n d r v  fu l l  dmslgn qualifica- 
tlm tastltbg a d  arch l m d l v i ~ a l  s y s t r  ms functlmrlly twtd prior  to shlp- 
mnt and aqrh a t  tk s l t r  pr lo t  to start '7 Shwld any p & l m  dw@l@p, a 
solutlm w u l d  br dmlw th-h jalnt r krtr o f  CE mglnnrr I n  Jm Jorr 
ad In  tha f le ld .  

Ckslgn, wnufrcturlrrg and a l l t y  assurance tartllrg fu~t ims hrvr km the T rrsponstblllty of tk b t r o  I Instrurrrtat lm orgrnlzatJon sincr 1976. 

BE p a r f o r d  and k ~ t d  r c ~ m h m r l u r  &$I quallf+ertlan test o f  the 
pmtatypa BYR/6 s t r r  bypass urd pnssulr m p h t  P on system tn 1976. k e s s w y  
t o r n c t l u r  actions 1dmt.ifiad frw this trstlmg u m  Incorporrtrd in  the f inal 
deslgn. The systw e l u t m t e  cmtro? rqulpmt was subjutad to  6E's rlgomur 
qudl ty  rssurrncr testing prlor t o  $ h i l t .  A t  the r i t e ,  the eatif8 system, 
which I n c l W s  thr emtd dutmlcs ,  bypass valves and hydrrullc powr unit, 
I s  fumttonrl ly tmtd pr ior  t o  plmt startup. hrlng p l a t  startup, systm 
~ p w a t l a n  I s  tmstad and d j u t t d  t~ M S U ~  proper qwrrt+orr. Appmd p m m -  
d u m  far these tarts am i n  place. 

Slta cat lbrrtion md testlrrg of th is  tyttrrr rrr p a r f a d  undrr the direction o f  
QE's sfte Proc:ms Control & tnrtruslrt&tfm Emlrmr. Direct  site prvticipatton 
af systm testing burhg the p r a t i m r l  and startup phases by thm Lead 

wlth th systm. 
T System Englmrr ansum quick md rf mctlve msolut.lm o f  my pmbl- associated 

The syttm his k n  perforring wall frr operating WQ'6 plants. 



3.0 FUEL & Cm IWROVrmEUT 

3.1 FUEL H E C W I C A L  OESIGH 

I t  war postulated that transient conditfons such as loss of fedwater hrrtl o r  
wcidmntal in t t ia t ion o f  r r rprncy c o n  cooling g s t r  might n r u l t  i n  %*I 
f ~ l l ~ r ~ s ,  I t  was r e e r n d d  that  fuel drsfgn and analyses should consldar the 
fur l  duty l q a s d  by plant trmslants. 

luslan; 

The full deslgn has proven adequate. Trmsfents In  owrating reactors have not 
resulted i n  slgnif  lcant f u r l  fatlurus. 

Analyses and tarts damnstrated that abnormal operrtlonal transients wbuld on1 y 
result I n  an accrptably-smll nurkr af fuel ctrddlng prrfor&lons for  ner- 
barrler fusl deslgns. Thls c ~ ~ c l u s l m  was supgartad by: 

Through 1983 bnarrl  Electric BYRs experlanced over 500 operating trm- 
slants a t  26 d l f f e m t  U.$, M s ,  whlch mprsssnted rppmxlmatrly 200 
reactor years of  exprlenee . Thasr abnormal opmratl anal trans Jmnt s 
tncludad loss o f  fedwater heating trmsirnts. None o f  thm8 translents 
resultad i n  slgnlf lcrnt n m b m  o f  fuel fr l lures. 

The OPTRAH Program was r U.5. gov~rtmnt (WRC] sponsored program eorbrluctad 
by €GI6 Idaho durlng 1982-83 for the speclflc purpose o f  evrlurtlnq tbr  
consequrncss o f  BYR ibml operational trmslrnts. The progru was 
conducted a t  the IML Pouur Burst Faci l t ty wtth Wrrl Elacttlc nor- 
barrlar f u r l  rads, The fue l  rads were subjmt8d t o  nu l t l p l r  powr trrn- 
stents repnsantatiue of, or .om s m r a  thrfi, the lrrgrrt avsrpomr BUR 
opwrtlonal trmslsnts wlth no msul tmt fw l  rod failures. 

Canarrl E l e c t r l e ' s  current fuel product I Cnez, including barrier fusl, hive k m  
dananstratad to pmvide tncrsrsed frIlrrrv protectton during severe overpower 
event t . 



Raplac-t QC 7x7 lttttlce darlgn fw1 burrdlrs with Ul lrtt iee U W g n  fuel 
bundl as. 

F u r t b r  qualWtrtlm and subs-t t l p l n t r t i m  o f  an axgosum drprn- 
Wt t h r r r h l d  for in i t l r t lm of pre-condltlontng interim oparrtlng rnrnagr- 
rmt m c l a t i m s  (?CfO#) rw rates. 

In-reactor tpaltflcrtlm and I l p l r n t a t i a n  o f  control cell core W t h  
lmlrtrs contml bl& -t t o  1- tarperaturn Feu pawsr fuel bundles. 



Thr fntmduetlm o f  m t m l  cell c a r  h s  also rrducrd lotrrs ass#lrtd ulth 
RIQIR. kr rxparm hpdmt t h r r h l d  far lnltirtlm o f  PCIm rm ratas has 
b m  8ppllrd alch mablms fmsh fwl t o  unnrtr4ctd fw alrost r yaw. 
m l t y  fwtw larus rwehted w l t h  )urn km signlfltmtly d u d  
for t)n 8- nWm8 lWtd rbwr* 



Intrductbn of  revaral dwtgn tqmv l rmts  into m W rrrmgamnt has msulted 
I n  a r u l i r b l l l t y  of 99.= (al l  causes cms~&md) masurd o w  2.4 mllllm 8x8 
fuel rods, kr also I t r  3.2 dlscusrlng bawler fuel ~ n t d u c t l v n ,  

Follwlng tha occurrmea of  r nurkr  o f  fwl fallurrr, an Intmslvr rffdrt was 
muntsd wlth4n knerrl Elutrle tn b t h  Idmtlfy the s p w l f l c  f r l l um mekanIm 
and t o  develop mms far rl Cmlmatlng thsr falluras. 

The s p b c i f k  faflure wchmlu has km ichntifird 8s k i n g  ciutmd by locrllmd 
stresses which I n  tha prasmcr o f  cormslur f i ss ion  p r d u c t s  (cahlur ~nd/ar 
id lna )  can cruse stress-corroslm crrcklng durlng rapld pomr twmasrs. 

Early i n  the Irv+sttgatiom several rpgrarthms mrr ldmtif Id di tch  cmtd althar 
~ ln lmiza the local lrd stresses a r  protect thr clddlng frm th s p ~ l f k  
flsslm d u c t s .  These approaches mm evilurtad both anrlyticrlly and rwpa- t rinantrl y, Suples o f  each type of patmttal cawrtmmrrurr wrm frbrlcatd 
fnts prototype fuel rad segments and irrdiatd to slpnlflcmt bumups Cn 
operating mattors. lrawar rup tests of  thme fuel r d  saq#nts I n  test raw- 
tors have provided dlrect c#pwrtive data on th. effactivrrrsss o f  arch potm- 
tfal remedy a d  led t o  the selsctlon o f  a r e f e m t  PC1 mslstmt fuel deslgn 
[barrfer fuel). 

The proposed 9x9 non-barrier fuel was shown by n .p  tast lq  o f  nm brrrirr fuel 
rods t o  be tncrpable of corpletely elimlnattng KI failure either during m m l  
operating condl tiono or during rhorrul operat lonal trmslents. 

Slnce the early 1970s when fuel failures l n  7x7 fwl bundles mra idmtif lad as 
a concern then  have been a series o f  aualutlanary fuel derlgn I m v - t s  
which have resulted l n  current fuel perforuncc that i s  hfghly mlfiblr. In  



The 7x7 fml, a i c h  had axparlmcd r hf faflure rrtr, has a11 km nplrcd 
w ~ t h  the 8x8 fwl h s i g n ~ .  ~ n r r  than F .4 s1111on f rn~ mds of  th furl 
designs hrvr torplatad at lrrst ma tyclr o f  ration slma th f i r s t  8x8 T inttoductlarr In  1974, urd Um total populrtlm a 8 d  d s  that hvm c a p l a t d  
a t  h r t  on+ cych of oprrrtlm as o f  Jmurry 1, 1m7 h i t  damstrrtd ml i -  
rbl  1 tty of gmatrr than 99.m. 



It was n c l  thrt efforts c m t t n w  to dwalap progrus uhfch rrould assum 
supartor qoality I n  mnufactumd fwl &I18 u l n t r i n l n g  production coats at  m 
acclptablr Irual . 

Fual m l l r b l l l t y  of  1st cycls W8 frnl nm r l t c d t  99.999% rhm fr l lura  cause 
ortglnrtrs i n  manufacturing. 

6rrsrral E l rc t r lc  actions t o  lrprovm furl c#gan+nt quillty Intluda: 

1. A r r r s  wCNn quilft Iqmurrrrtr wen nmdd i n  p d u c t t o n  wru Identiflrd 
by rrtponrible qua ! Ity  assurrma and mglnnrlng organlzrtlons. 

2. Progrm for ilprovrwcrt wan d e f l d  for mch area. 

As a nsult  o f  Incmasmd quillty rssurmc8, the qur l f ty  of  Zlrcaloy tubtng 
producld has t-rourd. Partieulrr trpmvsmnts were made tn the ultrwmlc 
testfng for tuba h f u t s ,  

I n  the t a r u l c  fuel r m a  rdditiwes have beem sqloyed to  fmprow product t h e m 1  
stability and quality. 

A t  r result o f  lncrrasad quality aosurmcr md Iqmued nanufactutlng processes, 
GE's fuel re1 i rb i l l t y  rate duriq the first cycle o f  operatIan for mnufrcturl 
procrss flmr has lncmrmd to  a prssrnt level sf gnatw than 99,999% for a1 
8x8 fuel rods c ~ l r t i n g  ont cycle af apmratfon as o f  1/1/87, 

'7 



3.5 HEW FUEL FMLURE M E C W I S  

L i m i t 4  d r t r  mre rwrllabls on rvwrgr fuel bundle exposures aver 15-20,400 
M/t, and +t was noted that 8s pellet clad Intarrctton frilurrs decreased and 
physics llmttrtlons mm nvrrcm, mxposuns would inenarc  and 6 t h ~  f r l lun  
mdrs m i  ht  k expmcted t o  s h a  upt I t  was m m n d a d  that prsgrms be 
dwrlo#b tor malyrlr. rurvatllmca a d  trrthg o f  fur l  ta  l b n t l f y  my nw 
fallurn m c h m i m  that might occur. 

Us@ o f  dr t r  acquired fm survrlllmca and testing fnmr the barrs af thm 
averrll ru l iab l l l t y  rrcord o f  93.98% on 8x8 fuel. 

As of 1/1/87 rppmxlutely 2.4 m i l l l m  8 ~ 0  fuel rods hrvr c#pletd a t  least one 
cycle o f  opsrrtion ln  damstic and foreign bol'ling water reactors. As of 1/1/84 
over 12,000 o f  thrsa bundles (mm than 75D.000 rads] h a w  ach5avd mrr thrn 
20,000 Wl/W a f  rwgarulr. General Electric rctivitlar rlwd at tdmtifyhg fim 
f r l l u n  r e h r n l u ~  haw cmcrntratd on r systmatCc pragrrn ~f lrbrhtory 
tasting, b a t  reactor rxglrlmtrtim, surveil lmce awu!nrtionr [at  rractctr 
sites) of lead test fuel krndlrs and c ents, and d a t a l l d  post-irradlrtlon 
exmlnrt5onr of s d w t r d  fwl a d  fuel 'T dl* c l e n t r  aftar coqlr t lon of 
reactor semlce. This s y s t m t l c  h t l g n  appnrrch has msultrd I n  a f u d  rod 
rr l lab I l4 ty  af gluatrr than 99.98% for 8x8 furl rods that have complrtrd a t  
lsrst one cycle of  operation r t  o f  1/1/87. 



I t  was postulrtd thr t  r f tnr  mtlm emtml md drive r ight  ba hr lpful  fn the 
avarrll solution o f  the fwl fai lurn problm by, for  exile, maklng aperathg 
r v c r n d a t l o n r  rrslw t o  1-1-t. I t  was r r c ' ~ n d a d  that r prqrm ba 
tntt latad t o  chmsr r fine motion contml rod d r i w .  

Thr r p p l k a t l o n  o f  r f ine mtlm control r d  drtve war one of s r v r r r l  early 
solutions proposrd f o r  nducing the n-r o f  fuel fdluns.  Studies and 
prrlimtnrry detipns wrr made on thr assugtlon th r t  such r d r l w  would be 
drveloptd for trtrr WR/6 plants, wlth ths pctrslbC1lty o f  r r t m f l t t l n  t o  
rarllrr systems If mqufrrd. Oeslgn changes have k e n  made I n  a11 w6 j r i v e  
houtlngs t o  rllw for such an svanturl l t y .  h e  prototype tertlng was collplrted 
kfwr the dccfslan was made t o  trmlnate the program. Other soluttent, such as 
fuel precondl t loning and the 8x8 fuel designs, warn davrlop+d m n  rapidly rnd 
provrd to k sufficirntly effective In roductng 1 fallures t o  warrant 
dlsc~ntlnuing the fine mtlm drive progrrr for the w6. 



3.7 FUEL TEST FACILlTIEf 

The b n e r r l  Electr ic Test hretar  [GETR) m q u i d  # d t f l c r t l o n  and Ilcense 
renewal t o  support the CE fual testing pmgrm, The ttmly re1 lcenslng o f  GEtR 
was idsnt l f ied t~ he r tap p r i a r l t y  objut lve.  In addition, I t  was recmamnded 
thrt the posslbll  i t y  o f  developing r noncolrarclal reactor I fccnsed f o r  fual and 
c q o n r n t t  tssttng be explorrd wlth u t i l i t y  and government orginlzrtions. 

It was also recommdsd t h r t  caprbll fty a t  the R8dtoactlva U r t r r l r l  s Lahratary 
(WIL) be expanded. I n  the short tam, added staffing of thm CWt and provisions 
f o r  lncrerr+d f u r l  transport mre swn as rosanttal. I t  war reconnrrndeb that 
the WIL be nrodlfiud fo r  full-length fuel hrndllng. 

Another asrantla1 act lv t ty  tdmtlfied uas thm mlntrnancr af  a he1 su rve i l  linca 
base for contlnurl conpatfsorr and evaluation o f  operating experlance. 

Alternate f ac l l l  ties wrldwldr are available to m e t  GE's needs. Llt4l i  zing 
other f r c i l l  t tes ,  hlgh quality md timely ruwel l lance and testing programs hive 
bean carried out routinely as recamended. 

Fuel tert lng has barn continued by GE in Norwry and was wcprndrd to  Suedan 
subsequent t o  qua1 i fy fnq the kndlsh tes t  reactor frtil Ct fm.  

The s ta f f i ng  of  the FWL has been d s t m m l n d  t o  be rdtqurts t o  meet the 
examlnrtion r r q u l r r u n t r  o f  various fuel  and nr tar ia ls  pro$r&ms. P r ~ v i s i a n r  f o r  
fur l  transport t o  and frm the WIL. also hrvr been adequate t o  met a11 ter t ln  
neds.  [krlgn o f  a shipping contrlner which wlll permit shlpent o f  fa l lsd  fue ? 
crpsules has basn cmlated, High-quality and timely exi l l lnr t~ons of fuel  rods 
hrve k e n  conducted fn r routine unner through the $ m o t &  rod program which 
rllows shlprr#nt of the srg#nts to  thr Wl .  In instances h e r s  I t  was technl- 
c r l l y  desirable t o  exulna ful l - length f u t l  Ws, contract arrangements hrve 
been made wlth a c-rclal research organlzrtlon wlth the required f a c i l i t y .  

General Electric has maintained on oxperlanced fuel surveillance s t a f f  and has 
invested tn advanced sc~arst i f lc  equipment t o  u radh the  efflcleney and qualfty PB of  fual su rve i l lmce  r s a s u r m n t s  a t  CQI ICK~~ reactor sites. The fuel sur- 
velllrnce staff has been actlvc a t  nueraus dbwst lc and foreqgn reactor sites 
and h is  developed r rubstantirl d r t r  base t o  tvaluate the performance o f  core 
and fual conponants, 



3.8 FUEL SPKER 

Thrsrv was cancwn abwt u h t h w  tha fuel spacer far thl 8x8 rum1 hld 
rdquatm sa iu lc  cwabll  t ty .  I t  rrs w-md that 6E tontlnw dcvdoprwnt @n 
tha tpacrr to asrum thrt I t  provfdd hlgh srismlc caprblllty. I t  was alto 
noted thrt  the I#8 sprcrr &sign night not be sultrbla for 9x9 furl, shwld It 
k adoptd, and i t  urs r w r -  that a prwgrm k In4tfrtrd t o  drvelap r B>19 
spacrr . 

Ovor 170 tmstr have dmmstr r td  the salclric rd8purcy of  thr 8x8 r p r o r .  
Succarr with the 8x8 programs o b v l r t d  tha n d  f o r  8 9%9 bundle, 

The function af the spacars It t o  m l n t r f n  thm lrtaral sprtlng btwm adjacent 
fuel rods a d  b m t w ~ n  the furl rods and chan~el  whflr &llwIng d l f f a r r n t l r l  
ax ia l  eKpantlon between ths Srullvldurl rods and tha channd. The sprcrr must 
a1 so allw for the rxirl passage of the d m r a t o r  f l u i d  (water) thmugh thm fuel 
assmbly. 

Star t ing  In 1974 a s r i a i c  tasting pmgru urs l n i  t i r t r d  uhlch dronstrr twl  thm 
srlsmlc crprblllty of the f u l l  rod spacrr. The tasting p m g r u  c m s i s t d  of 
r s w l r s  of s t a t k  and cyclic loading tests o f  spacars i n  whlch the major 
vrriablas rffeettnp srisnlc capibl l l ty  urrr consldwad, such as: 

o thinning bum to  corrotton 
o i t r rd i r t lon  
o t w r a t u r u  
o mchrnlcrl  deslgn vartations 
o d i rect ionof  applied load 

Ouw 170 i n d M d u r 1  tests wra perforud and msults damonstrated that  the 8n8 
spacer 4s capable a f  withstrndlng srlrmic loads. URC has rpprovad thr 8x8 fuml 
deslgn and I t  t s I n  use i n  aperrting teactors. 



4.0 MTERIALS AH0 PROCESSES MPROYEMNTS 

Str8rr cormslon cracking (SCC) had occurmd tit f u r n m  sansitlzed 304 $ t r l n l r s o  
stwl a d ,  t o  8 h s e r  4n nftr4dd st&lnlast steal parts, mld $ens{- 
tizmd parts, a d  cold workml bolts. Lrbomtary tests had shown thrt  tha WR 
envlranrmnt could rcchwrtr frt1gue crack g d h  I n  low alloy and carbon tta@l, 
but no f i a l d  frllurrs attributed t o  stnss corrosion tracking had rrsultM. The 
occurrant* o f  cruvicr corrosion was faund t o  k l o w  I n  BUUs, but fu r th r r  study 
f 8 I 8 r .  lt ws m.'ndd that strest cor ros im crrck- 
lng pmblns k l v r n  htghest priority, wlth programs @stab1 Ishad t o  dmtrmlne R i t s  cause rnd t r posslbla chmngas that  night be rsqulred tn envlronmant, 
n r t w l a l s  and design o f  the BUR t o  nitlgata SCC. 

The cruse o f  tracking and suitable c o u n t ~ ~ r t u m s  h a w  h e n  Ident f f i tb .  There 
have h n  and a n  cantinutng t o  br i np l rwntad i n  both ~ p e r a t l n g  plants rnd 
those under construct Ion. 

Surrrrrw; 
Strrsr carresian cracking I s  r corplrx, Industry-wida problem, affecting both 
BURS and PYRE, and ~ l a t a s  fundamentally ta  the harsh anvlronnwnt i n  which 
cmponants a d  plping must oprrrtm I n  nuclear plants. I t  has trksn tha Industry 
many years t o  gain an urdtrstmding of  the cause o f  the c r r c k i n ~  and t o  ldmtlfy 

I countemnrsu~s. 

Actlanr trksn by General E lact r ic  t o  upgrade BWR re1 i r b l l l t y  as I q a c t s d  by 
stress cormslon cracking can ba separated Znto four tasks: ('I] understanding 
tha cause, (2) deweloping md Inplement trig countemeasurcs for operating plants, 
(3)  dweloping and implmanting countemeisures for plants i n  c~ns t ruc t ion ,  and 
(4) incorporating solutions I n to  future plants. These r c t l v l  t l e s  have resulted 
i n  t d a n t l f l t r t t o n  of the c r u t d s )  of the SCC Cn Ms and i n  developmnt o f  
materials, procedures and equf-t m d f  ficat4orts to provide salut ions.  

The cruse sf cricking was i den t i f ied  as a unlque c d i n r t l o n  o f  rn  o ~ l d t z l n g  
rnvlromnt, sensitized material and stresses above yield strass due t o  a 
combhation o f  a l l  sources o f  stress Including weld resldurt stresses. The fact 
thrt a l l  three factors are wqulred ~ x p l r i n s  the  statistical nature of  cracklng 
observed I n  bo i l i ng  water reactors. General E l r c t t l e  has bullt a pfpe test  
labotrtary t o  t e s t  prototypic pipes with diameters from 4" t o  16". Results from 
a j o in t  program wlth the Electric P-r Resrareh I n s t i t u t e  confirmed the above 
conclurlon an the cause o f  cracking. 



Sinem 1982. tha rapartad hcldence of strass cowaston crrckhg In rr t l rculat lon 
plplttg has incrorud stgniflerntly a $ p w A r l l ~  I n  14-r d i u r t e r  twlve 
tmnty-eight inch pCplng when I t  h U  not plrviously h n  absrrurd i n  

Thls lncrrrs* I s  attributed t o  grrater in-servlca InsprctCon fnquency 
md thm us@ o f  llom rffoctlva ultrrsonlc testing trchniqurr. The crrcklng 
cmtlnuas t o  k conslstrnt wlth the undarstmdhg d r v d o p d  sincr 1975 and the  
c~untrrrmrsurrs drvalopd t o  dtlgatr cracking lumln vrl Id salut ions. 

For  plmtr I n  ronstwctlon, thm s m  ~c-ndrtlanr wrrr rmdr rs  -re m d r  for 
o r&tltbg p l m t r .  I n  WCt lon,  b n w r l  E k t ~ l t  undrrtoak 8 j o t n t  progrm wlth  P: t # ElrctrCc Pomr Rar~rrrh Enstltutr [€MI) t o  u r l i f y  cauntemarurrs for 

7 a rtnsr corrosCon crack{ that could bm tnpllrmtd urirq canstructlm and thus 
furthrr Illlptbve plant ra Iab l l  l t y .  Heat rink mldlng, rolut5an hart t r r r tmnt ,  
and corrosion ratirtrnt cladding hrvr bean qurl l f iad. A11 of these counter- 
mrrures have bem lqdmented on a widrspmad basts I n  p lants  u n d w  conrtruc- 
t ion.  fqlementat4m i s  rapidly Cncrtrsing In aprratfng plrnts. . . 
Laboratory and plmt testing t o  data also tndlcrtes that Hydrogen Water Chcn- 
Is t ry  mltlgateo stress corroshm tratklrsg md can rrrsst  prs-rxlstlng stress 
corros Ion cracks, 



Over 400 mr t r r l r l s  and pratasres spac l f l c r t l ~ns  hrve bam chanpd or Issued. 
PIOCMU~QS fgr control of  matmrlrls r p p l l c r t f m  and I r p lw rn ta t l sn  r r a  I n  place. 
H r t r r l r l s  mffort was r u g w n t d  m w d  orcgrnizrt lmally faeusM. 

General Electricts action t o  u rada the uterhls  area i nc l udd  a rmorgmlzr- '0 tlm Wlch consol hhtd a11 fue md structural nrtrrials anglnerrlng In to  tm 
components. Substmtlal support I s  also d a r h d  from tho 6E Corporato M s w c h  
Crnttr  md from 1icmsres I n  Japan, W r n  md hrrrmy thro h wtchrngs pro- 
grams. AddCtConrl testing f r c i l i t l e s  hrvr been devrlapd at E to  f r c l l l t r t e  
mr t r r l r l s  dewlap#nt and rnrlysls ef for ts .  

Ue 
Tha f u r l  and structural u t e r l r l s  oqanizat4ons hrve m s p o n s i ~ ~ H t y  for asrurhg 
thrt  a l l  rrtmrirls and processes used i n  the nuclear stem supply systrr Include 
the l a test  tachnlerl r e q u l m n t s  by uerifylng al l  dnw4ngs and spmificatCons. 
These s a m  materials applleatfon mpCnmrs have r r s p o n s f b l l l t ~  for working wlth 
vendors who supply mtmrCa1 t o  Gtneral Elactr lc specif  I ta t ton h l c h  haw require- 
ments mare stringent than Industry cedes and strdards.  Thwe m g l n w r r  audit 
the vendors' plants t o  assum they u&rst&nd the 6E r q u l m m n t t ,  and th r t  they 
r r ,  capable I n  tarns o f  rqulpmnt a d  pmcedunt to met t h r  sprcif~c8tCans. 
Mucltrt ~ r a d e  ~ t r r l a l  s s ~ l f i c a t l o n s  control pwu-nt  ra thrt thsr spwf  rl 
r r r tw la l s  can ohly bs procurd fm t ech r l c r l l y  q u a l i f h d  rour~ts. 
proeeduras for installatian sf  ptpr ad cmpenrnts I n  plants under technki  lk1*? 
control o f  General Elec t r l t  are approved by these materials appllcatlon 
rng l neers . 
Prwesslng rulas md design rules f o r  stress corrosion I n  stainlrss steel, both 
with and ul thout trevices and for  corrosion fatfgue of carbon steel, ttalrrless 
steel, md lor al loy steel, have k n  d e v e l ~ ~  a d  s p t c f f l d  as design 
rrpuCrements over and above the standard Code requlrenents where they apply. 



Slvmrrl utrrlrls rrmrs mm idmtiftd as rquf r lng  emtinwd study fn 6rdw to 
drtrmlnr I f  thrm mtr potantlrl pmblm far W c h  solutlmr slrould k cc - 
sldrmd In the BYR design. Thrsa rnrs iwludmd frt lgur crack proprgrtl~n I n  
~rrbtm, low alloy md rmnsi t l zd  steel; cnvica  comslon;  enrd contr iht las 
fm tnennul 600 cornf i lm and ttm r r t e r h l  ~ f f u t s  af rnld s~ns~tlzrtlon, 
eye! tc fraqueney a d  wava form. 

The potantla1 concerns hrva k r n  addtussad a d ,  w h m n  rppmpriatm, rctlons h a w  
been trkan such as lssurncr o f  cermribn fatlgua drrigm rules and thr drvdop- 
wnt o f  hydmqarr wrtrr chmls t ry  tg mlrrlrim envlronmntrl affects. Mo open 
lssuer -ln 4n this  a r m .  

Sptclrl desfgn ruler to pmvmt corrosion fatigue I n  carbon rtrsl have h e n  
drvrlopsd and rppmved for use tn MU &signs. Hydrogen water chwl~try  has 
h r n  ldentlfld as r r d y  for crev4er comslttn of strinlrss s t d ,  strrss 
c o m t l o n  o r  c a r r o r h  frtr~ue, of 1- alloy otarl, and stress corrosion o f  
Inconel 600 and i t s  weld m t r l t .  Iwonrl 600 has k m  wrlur t rd  8s blng r 
nogllglble source o f  crud, (Also sac foplc 4 . 1  - Stmss Cormslm Cracking.] 



I t  was portulrtad that thr practice of  mld bard drawitq or straightening ~f the 
Jat pw md r i s e r  n lgh t  t n t d u c a  undesirable n r l d u a l  stresses i n  the 304 
stainless steel alloy.  I t  was rscamnded that s t r e s s - r e l a t e d  effatts of weld 
h a d  rtrafghtmnlng ad drrwfng bs n v t w d .  

The rrgnl tude a f  the w l d  bead ttratghtmlng s t ressas  and d rae o f  censitl- 
z r t i on  mra found t o  br wfthln thr bounds o f  conventional rnld 'P a ln t t ,  Hmvar ,  
t o  provldm mddd marpin, controls for mld b a d  s t r  ightenlng wrr d e f f n d  I n  
dasign docunwntrtlon. 

Test speclmnt ware ranoved from mtkupt o f  Jst pimp conponsnts which received 
the most rapetlttve wrld h r d  straightening a t  wall as normal cmponent wsldlng 
(no straightening), Spaelmens were subjected t o  elactrapatent Soklnet le react1 - 
vatlen rnalyr ls .  I t  war drtrmlned that the weld st ra ightsnhg operation did  
not s ignt f fernt ly  add t o  the smnslttzrttan o f  the base material [Type 304 
stminless s t r r l ) .  

Evahatlons hrvr shown that r r s l d u r l  s t n s s s s  due to  r r l d  k a d  o r  drrw bead 
straightmif ig are bumled by the residual s t r ~ s s r s  o f  s t ruc tur r l  or attachment 
welds on tha tomplments. Current spaci f lcat lanr have also been rrv lsrd t o  1 i m l t  
and control the app l lmt fen  af weld or drrw bard strr lghtening. Strrlghtwting 
bmads w e  applied t o  exist I l rg  weld Jalnts whwwtr passlble. Uhrn required on 
base mater ld ,  heat Input, bead posit ion and the txtent of m l d l n g  are 
control  led t o  mlniml ze sens l t i z r t ion  and rrtidurl stress. 

A r a w h i  of  the j e t  p m p  assembly was conducted in  1976, and t h e  Type 344 
strCnlrss steel cmponants were changed on later plants t o  Type 3 M L  mrterirl. 
Nost other port ions of the Jet pump arse&ly we Fabricated from Type 3041 ar  
CF-8  stainless steel, whfch r rs  less susceptible t o  cracking. 



4,s FUEL C W E L S  

I t  mas mated th r t  fuel channels had rxperlrncad c ~ r m s l o n  and crwp (longltu- 
dlnal h l n p  or dlstmdlng of channel walls] durtw operation, and them was 4 
concern thrt  mrrcrssivm c r n p  cwld erusr blndtng a t  r contml blade. The 
prob ln  war baing rddrmssd thraugh develapwnt of  th lckw wrlld, e r u p -  
raslrtart channrls, but s m a  fabricrtlon d l ~ f ~ c u l t i s s  had k+n rncwntrrud. It 
was ruemmmnded t h r t  thr  process for frbrlertlng thlckrr wallad thrnnrls ba 
perfected and that mthods br davelapd to  Ilpmvr r a s ~ r t m e ~  to cotroslon md 
IWenslonrl chmngar, 

Channel corrosion has k e n  rvducd and m improved udrrstrndCrq gainad of tha 
creep ~MKISS. Ma control blr& Mndlng has bean ruprrl8ntrd. 

The nanufreturlng process w p l a y d  t o  fam bands of thickmr channel utertrl 
tnta fuel channrls was wrluatad to assum that the proc~ts did not cruse cracks 
on th* lrslda comets af the bands. The mnufrcturlnq pnrctrs has h e n  mdtf4d 
to @llmlnate any po tmt t r l  for  c r v t f q  cracks. 

b n o r r l  Zlrctrtc has mnltored carmslm and dlmenrlonal ch8 k In  l r r r d l r t d  
chrnnals t o  obtaln an lnrprovad understanding of  channd 11 7 etiw mb cramp. 
Corrosion reslstrnce of  channels has k e n  Iqmvd by mtrrlrl changes imgle- 
mentad i n  the 1973-1974 period. A nrw chrnrml heat twatmmt proerss war r h o  
developed and put lnto operatton i n  1979 t o  obtain additional carrarlon rrsis- 
trnce. Experlmntal data on Srrrdlatrd channels Indicate t h r t  th is  nm process 
wlll reduce cormslan. No control b l a h  blndlng has been rxpwlmcad, 



1.0 HATERIALS MD PROCESSES IHPROYEUENTS 

4 6 M F  ACTURf NC PROCESS UBOlUTORY 

The Wilnlngton plmt was settlng up a structural matrrlr ls qu&lCty control  
lrborrtory and plans mre also udwwry t o  rstabl l th r nrrnufrcturlng process 
devalopmnt and control laboratory. I t  wrs n c m n d e d  that  Wllnlngton also 
estrbl I sh both r n a c t w  equipment ~ n u f a c t u r h g  laboratory and r furls qua1 I t y  
control and m~ufrctutfnp procrso I rbv r twy .  

The racmmndad laborrtortet ware cmptated. Mw procrsras hrva been devdopad 
f o r  nmufmcturlng control a t  wrl? as enhancamnts usad for fuel  and structural 
componrnts mmufrcturad a t  Wllrtngron. 

laboratarleo h a w  k e n  rs t rb l l shd  and are functfanirrg I n  the arras of rutloma- 
t Con, qua1 Sty technology devsbpment, wsldlnq twhnalbgy, utrnlunr mnufacturlng 
processes, chmfcrl pmrrsrs, rmd ztrtanf urn cormstan, E l - r e s  tstmt cladding, 
and manufaeturlng procarsas for cwroslon-rest rtrnt steel s. The 1 ibrr tor lss 
have h e n  s t r f fad  with hlghl y qua1 l f  id pmfrsslonrls. Hew processas h u e  
lvolvrd rrl rted ta tuba qua1 l t y ,  channel cormrlon rrsl stance, urrnlurn pal 1 e t  
propertlet, steel and rlrconlum welding, rmrsurmssnt of  fuel rod contents, 
u m l  urn accountrbll I ty, c r W t a l l  ty tr fety rnd others, 



4.7 INSTALLATIOW OF REACTOR IHTERMALS 

Jnstrllrtlorr o f  the rsretar intrmals far Hanfard 2 had bwn succrssfully 
c q l e t e d  a t  CBJ: nuclear, G E r t  rractor presturu vrssrl ~rrnufrcturlng Cmell l ty.  
This was the flrst ti- the +nstrllrtIon had brsn perfamed I n  the frctary 
rather than tn the f l d d ,  and then wslv r nuder of  rdvrntrges with this 
mthd. It was r+~r--nbd that  it kcom the poltcy to  perfom Installatl~n of 
fntsrnds in the factory uhsnever p r r t t l c a l .  

The rbwm mcamendrtlon was llplrrrntd. Tha Cnstrllrtlon o f  rmactor in t t rna ls  
far one other WQS reactor prvrsurv vrstal  rrd for d r v r n  WW6 reactor prrs- 
sure vrsselt was collpleted a t  the CBIM frclllty I n  Haq~h ls ,  Tennessee. 







Thr UUR/6 automtle flaw control rrqe fron 75 parcent t o  100 prrernt sf f u l l  
o w ,  while i c t r p t d  by custamnrs, was prrcrlvad t o  k lass than optimum for 

fo rd  fa1 lwlng n d r  . Them war a concern that should rod motion br rmqulrrd t o  
a c c d r t a  desired lord fo l la r l  , thls would tend t o  Imcrrrse fuel fa i lures 
and/or the tlm t o  precondtt im 7 u h  night incmase. Othw percmlved u t i l l t y  
aprrating r a  u l r r m n t s  4 d r n t l f l d  wwe automatic generit lon control and frm- 
qurncy cantro 7 . I t  was proposed that rtudlrs be made to  detm=wlnr f e i s i b l l i t y  
and east of measures t o  inerarse load fdlosrfng c r p r b l l  lty. I t  was also rum- 
m n d d  tha t  mvrlurt ions performed to datemlne trchntcrl and economic 
fsrslbl  l 4ty of provldlng lnereasd BUR capabll i ty for g r i d  frequency control 
duty md for coplng with nrtwerk dfsturbrncrs. 

BYV6 design rcc-rtrs tha p m r  ~ n r u v t r f n g  interests of  u t i l i t y  c u s t m r s  
i n  a l l  cases except loca l  governor control which ern bs addkd I f  deslrrd. 

A substant i r l  survey t o  detemlna u t i l i t y  system l n t t ras ts  In pomr manmuvwlng 
was conducted by Gensrrl Electric in 1976- 1977* Tan opsrating utllltlrs rnd 
u t l l  l t y  groups -re qumsttontd. Thr results o f  tha  survey ware compared t a  
anpeetad BUR pwforrrranc~. Thr BYl?,/6 performance wets or  mxceods the lntrr8sts 
idantif led in the survey. 

An fmpsrtmt factor I n  the a b i l i t y  of  the EUR to vary I t s  gencrrtion output i s  
tha control of cam ruc l rcu l r t lon  flow over a wide range. Thls range Ss 
d r t s m l n d  mrlytically for rutoutk contra1 by u s i q  rmtults from s t r b l l  i t y  
analysts. Testing conducted a t  Perch Bottm ihdlcates thrt ths m a l y t l c a l l y  
prrdtttwJ s t a b l l l t y  u r ~ l n  it consewrtlva. Slncr the s t a b i l i t y  analysis 
prmdjcts a 25 percant rrngc, them Cs high confidante thrt  the a u t m t l c  flow 
tantrol range on WR/6 w i l l  achirvc a t  h i s t  the 25 percent. Under nrnurl  
con tml  by the operator, power cm be reduced further by use o f  flow control. 
A t  i l l  these pcmer Irvels, control rods can be nowed without r i sk  o f  barrier 
fuel  f r l l u r a .  In the case o f  non-barrier fuel, observance of Pt1O)IIRs w i l l  
prevent fuel failures. BUR cxpariencs t o  date has confirmed i t s  mneuucrlng 
c8pabS 11 ty. 



5.3 FAST S C W  ORIVE 

I t  was rut-nded that  thn devdop#nt o f  8 fas t  scrm drlvt  for the WIV6 
continue on the c~urse k i n g  followad and that extenslvr development and qua1 i - 
f l e r t l r n  tests k prfOrmd ta assum satisfactory perfomante o f  tk drive I n  
thm f ield, 

The fast  scram dr ive  was provan t o  be fu l ly  qurlifCed for reactor appllcrtCon 
and I s  prrfornlng mll i n  eprrting plants. 

Thr f a s t  s t r rn  contra1 rod drive dmlgn war subJrctd t o  4 corngrrhrnslvm t e s t  
program. These d r l w s  am now optrating in  9UR,,'6 plants, whkh have now 
accumulated 15 ruactor yaws o f  oparrtim. 

Thr fast s c r u  drlvr t a r t  proQrw consisted sf three phases plus in-reactor 
operrtlonal tart of  r p m t b t y ~  modal. A brief dasc~iptlon o f  there t e s t  phrsas 
t s out1 lnud balm: 

Owrlopmnt T a s t i n ~  (1971 t o  1976) - Thjs tastjng wrs dona I n  ordrr t o  
chflm that the pmposd control rod d r i w  desCgn chrrr rs would mart thr ? functional rqulruwnts.  Individual piace parts and fu  1 rssmbl4rs wrr 
tertsd tn  order ta  verify that thr basic contml rod brlva and related 
hydrrul l c  rys ta  ehrhges were e-atfble ad that the f u l l  system was 
capable o f  pmducing the faster scraa times. 

k s l g n  kceptancr T e s t h g  (1976) - This test s u b j ~ t d  an8 pmtotypr 
contra1 md d r i w  t o  the q u i v r l t n t  o f  70 years o f  reactor rwvlce a t  
nrctor condl t lms--rawly dwbl r  t t s  actual design 1 Cfe--in order t o  
verify that this drsign mt a11 detiqn spectflcatlon rsquflvrrntt wlth 
s&tlsfrctory umln. 

Productfen Qual1fiertlon Testing (1977 t o  1978) - This test1 was 7 prrforwd a t  r t t u r l  raactor conditions t o  astabllstt i f i rm strt lst lca base 
on control rod drive performance by testing a quantity o f  preproduction 
drives. The msul t o  further rs t rb l  i shad design and ml l a b f l l  t y  urg ins* 





Tham was a emcam ngirdlng thr empabll l t y  ef  th fmdmtw contra1 systan 
lavrl csntmi ts  mvmt htgh or  1- wtrr strm durlng laad n j u t l o n  Qr f turbln* t r l p  for p rnts with thr Ikllrf Valve r"" ted Bypass MUM) or 100 J Tha objutiva wrs t m  rvotd sw s c r m  4n o rr t+ imr~ve r::n:v:riiY, ty . 

h s t  rt anrlysir i n d k a t d  MI s c r m  wuld occur I n  the clrrurrtmerr drscrCM 1 on p rnts mloylrbg the 100 pareant bypars fraturr. Rumt strrtup torts r t  ma 
W6 with 100% bypass I n  which nearly 1OOIC lord was rrdutd conflnrs t h l s  
conclusion. 



6.0 m T  SERVICE 1 ~ Y E M E M T S  

I t  war drtrmlned that plant r v r l l r b l l l t y  cauld k slgnlflcarrtly Ineraaaed by 
raducln the tiw rrquIwd for refusling. I t  was recamended that studies ba 
undrrtr 1 mn t o  d w d ~ p  procedures md tools t o  r ignl f lcrnt ly  reduce mfuellng/ 
mintanrrrcm outagar. 

- Illrprovmants have her, made I n  the Muel I n  platform and grapple, fuel 7 t r in rp~r t ing ,  quicker vmoel head removal, aster furl sipplng, Imtvovad 
undrrvrsrd r r w l t l n g  equlpwnt and construction o f  an $8.5 fnilllon 
rtfuel  lng f l a w  mrckup f r c i l l t y  to  proof-test nm tools md aqulplnnt. 

Studirs undrrtrken t o  dmvel~p want  to  reduce refuel lng/raintmmce outages have 
barn sueesssfully tarplrtd. The rtudhs have hrlw t o  dirrct mnglnerrlng and 
Inrplamntrtlon of  8YR prduct  impmurwnts and rmvltions I n  p r o c ~ u n s  that h a w  
contrf b u t d  to tncrursad WR operating plartt rv r l l ab i l  i ty .  The knowledge gained 
has 1100 been fsctarud Into the design o f  MI prasefitly under constructtm. lri 
rddf ttm, stgnlf icmt prsgrrst tmrd d u c t  ion of  rrfurh tn r r ln t rnmtr  outrga 
fraqutncy has b m n  rch iwrd  through l n p l m n t a t  l on a f  GE' s li vrnced Hal ntmmca 
Plmning Services a d  thr devrlopnent a f  crprbil l ty f o r  longer p w W s  between 
refuel lngs. 

Elrirmplrs o f  M product iapmuswnts that a n  k i n g  off*rab and which cmtrlbute 
toward rsducd rrfml irsgJulnt$rmnce outage length Include the following: 

1. Ins t i l l r t lon  o f  upgraded re fu l l  ing pl  a t fom grapple on operatfng p1 ants .  

2, Rsdeslgn o f  mfuslimg plrtfom t o  provide faster fuel handllng capability. 

3 Equipment t o  m v e  and Install  the reactor vessel head nore raptdly. 

4. Equlpmnt to  provide faster fuel transport caprbll I t y ,  



5. Iquipwnt a tuhniqws t o  provfdt faster sipping for fatlad fual 
detrctton. 

6 Undrwassrl swvlclng squlmnt t o  nducr malntmancm oprrtion t lm 

7 A cwlete  rrrctor refueling flaw and rractor vetml noekup frcll tty. 
Thlr frclltty k n m  as the BSlR Sew4crr 'Irrlning Facility 1s u s d  for 
quall f fcrt lon of sutaga crmr, chulout o f  rprcfal tools and proof trstlng 
of vrrhus retrofit q u l p r m t  prfor t o  use. 



6.2 HI SERVICE 

I t  war notod that an rct lvr  approach t o  provldlng p d u t t  SIW~CIS MIS  kCw 
pursusd and i t  was r r c l n d s d  that this ef for t  be continuad and substrntfrl ly 
a r p a d d  to rsrist sprratlng M s  t o  Irprovr plant avallrbil ity. 

The GE product sarvlte p r u  has subr tmt l r l l y  rxpmndd and includes: M P S ,  
m Mvaned Wntarantr  1 P rnning krulem t r l l o d  ta weh plmt's spar i f l c  
nrads; CIRS, r C m n t  Inforwtlm Ratrlrvrl fystm pmvldlng s t ~ t l s t i c s  on 
oprrat lmrl  pmrforwnc~; plw-t af 6L trnlor mgtnnrs a t  each reactor tit@ 
ta i d rn t l f  and i t  spmclfle lrgrovrrnt progrms; COPS, Conttngmncy 
Oparat l ng L r r r  t o  conr ti- when syrtnr  m out o f  oprratton. and u n y  
ethers such as annual confmruntrs rn sglc l f fc technleil pmblms, s p i n  parts, 
e q u t r r s  and trrlnlmg a11 t v  sham rxprtmca and tm trchn4qums. Thr rxpmbd 
GE M u t t  s r w l c e  p m g r u  contributes to  k t t e r  prrfomncr and bettmr &v r l l -  r rbl I t y .  

hneral  Electric has placed intnarfng rrphasls on the srrvice support for 
operating plants. Thls rrghrslr was rrflwtd i n  the early f a ru t ion  of i 
nuclmrr r r rv icrs orgmizrtfon with thr spmclflc t89k o f  irproving BUR rrlf- 
rbtllty, r v r l l i b l l f t y  and erpaclty factor. A nubrr o f  major programs hrva b a n  
I n r p l ~ n t r d  t o  addwss thmsm goals as d~scutsrd blow. 

To parform the task sf Ilpmvlng BYR pwfomrrce, GE has malyzed i n  d e t r l l  the 
causss o f  forced and mxtrndmd outages. As r result of thmse rnrlyset, spmiflc 
r e c r n d r t l e n s  hrva been made t o  utilities on r plant specific barfs. Where 
genarle situations have k n  idmtlfld, generlt m # w n d r t l o n s  have b w n  made 
t o  a l l  plants. Sarr o f  the major 6awnl Etectrlc program t o  analyze plant 
perferrmce, develop r r c m  m t m f f t s  and #dlflcat+ons a implement 
r e c m n d s d  actions are dlscussad klocr. 

1, The Mvrnced eklntanance Planning Ssrutcc IMPS) I s  affered to BUR mers 
to tdentify both generic and plant spcl f le  I lpnrvme~t  progrus, data, 
r e t ~ n d r t l o n s  a d  other Informatton that  can be used by BMR owners t o  
improve BUR rvr l labf l4ty and capacity factor. 



Th8 C-t I r f a ~ t i w  Ltrlwrl S y t t n  (CIRS) has b m ~  astrbl ishd rr 
i s  m l n t a i m d  t o  p m l Q  an opr ra t iq  p l rnt  data krr rrhleh I s  usrd I 
b n a r r l  Elutrlr 3'-'"g and s~ru le rs  p n o n m t  t o  I h n t i f y  rr 
l l l p l n t s p r c l f l c  ~ v r l l a I l l t y m d c r p r c i t y f a e t o r I l p m v ~ n t t .  

kniw qtwn haw km p l a e d  on mst BVCt rites t o  work ulth oprrrtlr 
plmt pwsmml  to l b t l f y  ind I l l p l t  sprel f i t  W p r r h m n c t  Ilpmw 
m t r ,  Tlrrta s m i w  on-slta mglnnrr u l n t r i n  a close I l a lson  wll 
hnmrrl E l u t ~ f c  s w v t e ~  and mglmrlng ~ r g a n i z r t l o n s ~  

A BYR Oprrati Plant I k t r o f l t  Progrw has km estrblishad t o  davrll 
hrrdwrrr rrtm 7 I t s  t o  ilpmvm ~ ~ p w r t i n g  plant prrfarrrncr. Spw1f4  
wtrofit offar1 s rrr dwd@ bard on arrlysrs a f  BYR oprrrtlng plar 7 data mb on ma p a s  af  s t a t * - o f - t h a w t  Iqmvwmt k l n g  lrnplrnrntd ' 
nau p d u c t  1 l w  dwigns as wall as I n  nspmsr  to MRC lupullurmts. 

A s w i w  of c m t ~ ~ y  apmrrting p r c q r u s  h a w  h n  estrbltshad t o  cow 
q u i r t  that  u y  e x p w l m  wrrtlng p r o b l r t .  Thrsm programs proull 
on-t 8-shrlf eontinpmcy opmrrting proeadurrr wlth tha nreestrry supportlr 
rnalysas a d ,  I n  rrny crrar, m p l r c m n t  h81?b&fW t o  r l lw rapid rugulrto~ 
rmvlrw and approval to parnit contlnwd m r  operatton, 

Custtmr Sawl t r  I k n  rr m asslgmd to operating 8YR plmtt t o  T rml' m ardwly t u m u w  o thr plrnt to  thr m a r  a d  to taws rs 8 fuc4 poll 
for c r n l c a t i b n  b e t w n  tha u t l l l t y  and G;+nrral Elutrtc during tha 1 1 1  
of tha plant. Thrsr IndWduals m k r t d  Cn R@gi~firl o f f k t r  eloar 
tha custmmrs and lncludm englmr lng supporthg staffs. 

Other rrrvlcr acttons Include: 

BYR Oprmtlng Plant Technltal Cenfenncrs am held perSodlerlly 
providr r f o r m  for opmt dfscussion ulth BUR wmrs o f  operrthg pla~ 
lsturs. 

A Spa- Parts Saction has k e n  f o m d  t o  sntun a f u V  scope 
sawltrs t o  WR m r r ,  tneludlng engineered spires and spare a1 
m n m d  parts. 

Host f l r l d  support ssrutces hwa h n  groupad In to  one organlzrtlon 
pmvlde Intagratad swviees durfng BWR construction, tertlng 41 
oprrrt ion. 

Process C w t s r  Users Conferunccs are held pcrhdlcally t o  provtt 
far infomation exchulga betwhcn BUR m a r s  and General Electric rl 
t o  ldmtl fy program Ilpmvmnts. 



The structural approach taken t o  provldr full scope sarvlces t o  BYll a rrtlng 

capact ty factor. 
r plant m a r s  has cmtrlbutad t o  ~Cgnif lcrnt  i q r o v # m t s  i n  BYR rvrllibi l t y  md 



I t  was mtad that ,  In the eumt of  an unschrdulsd shutdown dur to  failed fuel, 8 
plant cwld lor@ wrl !&i l i ty  kcmusa o f  furl  unrva l l ib i l l ty ,  ft was racm- 
r n M  thrt plans k emsidwwd for  rssurfng I d l a t e  avrllrb~llty of  replace- 
m n t  fwl I n  such m wmt. 

- In l t lml ly  BE pnrv4W a contlnqmcy pool o f  fuel bundles f o r  the aven- 
tu r l l ty  cftad fn the m c m r t i o n .  I t  kc- wldsnt through upsrating 
rrprrimcr that fuel fallurns did not cruse unplannad shutdm so th, 
contingency pool was dlscantlnud. 

- 6E fuel prr fomntm i n  WRs has k a n  sxcellmnt. Norrmlly plmned refueling 
outagm nplum 24 ta  30 percent o f  the fuel slnca f t  h is  produced I t s  
deslgnrd w r g y .  Raplacrwrtt af  m y  f r l l d  fuel a t  t h i s  the can be 
acempllshed ~ 4 t h  rlnirnrn effect m plant dmtim. 

In the early 197Oo, BE hplamnted a plan t o  hrve w a l l a b l e  a Illodsst pod o f  
fuel r t s ~ l i e s  With mr, nat tamtad for my r r t k u l r r  reactor, but would ba 
a W l r b l a  as torrtimpmcy. By thr rid-19?0s, it lk cam apparent that such r p o d  
was not numrsrry s i ~ e  fuel hid, by that tfm, dwnstrrtad excellant 
p r f o r u n c *  in s t a t ~ t t l t r l l y  s ignl f icmt qurntl tlrs. That axtel lent fuel 
prforrrnca tmnd has continued t o  the pnsmt. Slncr the fuel elr erlence has ! proven that th8 m m l  fuel mplrcamnt p w s s s  I s  not stgniflcant y perturbed 
by Isolated fuel f r l lur rs ,  the conthgmcy p w l  has slnce h e n  phased out, 

Under n s m l  cbcmstmcrs, appmxlutaly 20 to 30 parcant o f  the f u l l  assea- 
bl ies I n  r mattor am replacd amry 12 t o  18 mntht during r p l  annd shutdown 
far refuel lng. Thrsr fwl rssrrbl ies a r t  replaced once they hrve pdr r ted  thrl r 
designed enam. A spedfied pw+d o f  time I s  al lotted f o r  this replacement 
p m a s s  durlmg the refueling outrga, In tk event that some fuel a r s d l t e s  
fill during operrtlon, thmsm assa&lies would be replaced durlng the refuel tng 
out age. 

It should k noted that CE's fuel wmufacturing apcratlm has sufficient 
f l a x l b i l i t y  a d  trprcfty t o  producm r slgnl f icul t  nuber o f  fuel asstmblles on 
rs la t lvr ly  short mtlea If necessary. 



6.0 PROOUCT SEWICES 1 m E M N T S  

6.4 fAILE0 FUEL OETECTlOtl 

I t  ws motad t h l t  a m m r  accurate muis m i g h t  k mrdrd t o  detect fur l  bundles 
with clad pwforatiarrs. This would rhimlzr  th +watt on metor down ti- 
durlng an at- rhrm tatting i s  mmssrry to locrtr laaklng bundles. l t  was 
m c r  that a pqrm k inltirtmd t o  devrlop rn ilrpmvd frlld-fuel 
SmLOr* 

- Am i q r a u d  uet sipping syrtm has been drvrlopd to ehuk a fusl bundle's 
integrity quickly. S-117 for r dlrcntr radiolrotope concentratton 
qiws 8 prulre  tndicatlm o r failed W l e .  I n  ddl t ion,  slgnlflcrntly 
Irptwad fuel per fomntr  has led t o  r rsducd n h r  o f  fusl failures. 

- Fallmd fusl &taction ts  now prrfornrd with mtniml rffut on outage thu. 
I n  addttiorr, fusl parfomrmce has rchisved a reliability level of 99.90%. 
reducing the need ta detect fallurn. 

GE has developed r cmbtnatlon o f  m v d  testlnp equiplent, fur l  design 
changes and testing t r l t e r l a  which has slgnlflcarrtly reduced the h p r c t  o f  
failed fuel detectton on reactor d m  time. 

Seven) programs have been developed t o  evaluate mms o f  improving the 
monitoring of fuel performance. These rognms are ongoing and haw the 
fpeci f f c goal o f  cant tnuwsly frpmving ! uel survei 1 lance tech f quas. Under 
these program two inrgmved fuel testing systems have been developed and 
inplemtsd* These new systems have gwater sensitlulty than previous 
cqufpent. 

Tm additional factors hive contributed t o  increased fuel testlng stnsl t iv l ty .  
These are: 

1. A more clearly defined testing eriterfa based on fuel fnspectlon 
scnsitivlty, . 

2. Improved fuel designs which have significantly reduced fuel clad per- 
forat ions. 



4n mtte lpated trmsjmt withbut serm (Am) involves the hypothttslrad 
occurrence o f  three raqumntial e m t o :  f i r s t ,  an abnormal plrnt translent; 
second, r l fm l t i ng  plant prr-ter rracher r pru-srlmctd vdua u h k h  t l g n r l t  
control rod lnsrrt lon t o  shut down (scra]  t h  mactar; and third, the control 
rods fall t o  f u l l y  tnsrrt kcrusr  o f  s b m  hypothetitad e m n  cause fatlum. 

I n  1973 tha A t a k  Energy C-lsslm ( n a  Huclear Regulatory Camirsion) Issued 
a S t a f f  positton npwt whtch concludrd that same typt o f  idmpmdmt A l W  
rIt4g;rtlron should k Cnstrlled In  nru rurctors, fn rasganse to  thts mpott, 
General Electric describad r possible r f t lg r t lon  systm using r u t o m t i c  
lnsertlon o f  1 lquid born  Into the csm to  pvvtde an &ltsrnata mans of rrietar 
shutdown In  cam o f  an ATUS rvmt. 

As part of tlrs Rmed revlrw, cmmm war rxpnssrd over rrhrt the cost#kneftt of 
t h i s  d t t g r t i o n  ryctm uwld b, consibrrbg tha ertmrly m o t a  prob8bil l t y  of 
an ATYS event. Also af tancern wra ttw gotsntirl plrnt startup delays or 
dtwntlne due t o  r l t I g a t l m  syst- ins ta l l r t len a d  the potential loss I n  
electr fcr l  Dor#r generrtlon due t o  passlble Inadvertent acturtlons of the 
automatic b o r n  systems. 

A GE study rubrittrd t o  the N&C i n  1976 sharrd that the BYR scram systm 
pmsassad hjgh inhersnt r c l i a b l l l t y  and slnce the pmbrbl l l ty  o f  m A l U f  was $0 
low, the addltionrl rutmat ic boron Injection system was not necsrsary. I n  1984 
the WRC issued a rul ing requlrlng that the BUR have an automatic mclrculrtion 
punp trip, an alternate rod Insertion system and mnurl 4 n l t h t l o n  of  the 1 l q d d  
boron system. BYR plants are I n  the pmess  o f  Cnstrlllng these added devices 
an 8 schedule agmd t o  with the URC. 

Consistent w i th  the Reed revleu concern, GE i n t t i a t e d  a study o f  the present BUR 
scram system, including potent ir1 c r n  cause failures. Thi f study, S U ~ W  t td  
to the Nuclear Regulatory C o r r i s s i m  i n  September 1976, confirpled the prevlous 
GE posi tfon that  the scram system pssrsscd  hlgh Inherent re1 i abll l ty ,  therefore 
obviating the need for an automatic boron InJection system. Thts slme study 
also identified arcas where the rcrm system re1 l a b i l i t y  cauld be even further 
improved i f  deemed advisable. 

General Electric's positton roqrrdlng ATUS was that the probability o f  the ATUS 
event uas so Iw that no further plant m d i f k a t l o n s  were required. 



The tll#: 4ssued r rule on July 26, 1lB4 drfinhq th mqutrrrnts for rrsolvtng 
the ATUS Issue. For t)n BYR t h i s  rule rquimt r u t m t t c  nclrrulrtlon p- 
trlp, m alternrts rod Inrertian system a d  mnual I n i t l r t 4 m  of  th 14quid 
b o r n  ryrtn with Increased q w  caprtity (equivalent t o  -rating b t h  m s  
~Cmltrnwusly], The WRC has cmcluded that this capabjllty i n  conjuit&tIon with 
updated rmrgency cperrtlng procedures pmvlda m acceptable rolatlan to  thls 
eoncam, 



7.2 Ma 111 DYllCYlIC LOADS 

It had bem htemlned  pr lor  to  the Rnd Report tha t  substrrt lr l  trttlng o f  
hyddymulc  pCnnmna m l d  be n p u l r a d  for the Mark I11 contai-nt. Sup- 
pwcrlon pocrl 10adIrr9 p k m n a  d u r h g  a loss-of-cmlmt rctldmt ( L E A )  had 
been d t f h d ,  but loads due t o  s r fe ty / re l i r f  v a l v t  (W) dtschirge nradrd 
further ev&luath and parhaps mitigation. The NRC Indlcrtrd that c d l n d  
lords frm L O U  md SRY might have t a  be coralderwd a d  thrt structural chr rs "P t o  k r k  111 might be ruqulmd. Than was also r concern that s m  Mark I 1  
deslgnr might not have adequate provisions aqatnst sr isnk - indut rd  pool 
s h h l n g  . 
It u&$ mcmndad that hfghest pr ior i ty  be Ivan to rrsolvlng thr cantrtnmnt 
questions a d  that, if necessary, mngawar %e reallocatad t o  ~ c c # p l f s h  this 
1 Further, I t  was morrmnded that  r prel lninary rat o f  t o n t a l m n t  loads 
due t o  the coubtnrtlm of SRV opwrtlon and a LOCA uvmt k d w d ~ p d .  In 
addition, i t  was r e c m d e d  that  full scrle testing be c~s4det rd .  i f  naces- 
sary, to resolve uncurtrlnttcs. 

- LOCA and SRY t a s t l w  was cmpleted I n  i979 and r firnil lords rapart was 
issued I n  1980. 

- The WRC r e v i d  the Mark I 1  I LOCA and SRV hydrodynulc lords raport and 
tssued i t s  findings. Overall HRC accuptance ef Hark I 1 1  amtrimtnt was 
I n d i c a t d  by issuance of the G E S m  F i n d  Design Approval and the Grand 
Gulf, Parry, C l  fn tm and R h r  Bund aqerat ing 1 lcenr~s. 

By early 1975, the MAG; had modified I t s  regulatory requlnwnts and consfdard 
thls subfect as r gtnetit issue. A t  the tCm o f  ths R s r d  b p o r t ,  the fn l t l r l  
def lrrt tlarrs of LOLA and SRW related hydrodynutc lords ta meet tha new mu- 
latory mqulrermnts had been idtntif iad based on analyt ical  d r l s  and 8-11 
scrle test observatlms. This Inforrutton was k j n g  used 8s 8 brsls for the 
h f t i r l  design work whSle r large scrle test progru was underway to  conflm the 
key contatnsnt response analytical -1s and obtrln additlonrl data on the 
dynuic c o d l t l m s  thrt occur within the supprcsslan p d .  Thls ongoing t a r t  
program had been astabl ished In  close coapsntion wlth the MUG and was k h g  
closrly monitored and rcvlmtd by their technical s t a f f .  

Shortly after th Rsrd Report was issued, me of  I t s  r e c ~ n d r t l o n s  was 
achicued when 8 pml lmlnary nark I11 Loid OcffnltIon Report (LDR) uas Issued. 
Thls report was for ust during the Prrlirinary Safety Analysis Report (W) 



phase o f  Wark 111 datlgn and I kms tng .  This LDR Incsrporrtd 8 'qmchrr" 
devfce f o r  rriti rtfon o f  the SRU dynuic loads. This n ~ a r t  was ~ncn~nwatwl i n  f G E S W  (Genera E l l c t r I c  Standard Safety Analyrls mrt) as m i x  36. 
hanuhila, cenf'rrrtory test and m r l y r i s  progrvs cmt4nud. Thr last of  the 
L E A  ad MU +ast+mg was carpleted i n  1979 with a f inal  lords m p ~ t  publlshd 
I n  Fmbwary U ~960. 

The Hark 111 Prqrlrn consisted o f  a i r  and s t e m  L E A  testing for 8 fu l l -scale 
unit ce l l  (8 degree sector) a d  113 area unit  ca l l .  Thrsr tests, along w i t h  
scaling studies, conflrr the design lords spsclflad for  tha Hark 1 1 1  contain- 
ment. Cmflrutctr wl t ivmnt  r t e u  t a t s ,  conr4sting o f  thrw unit calls of 119 ! area scale, wrre 8 so p e r f o r d .  A11 tast ing war c#plmtd in  lrtr- 197% 

The I n i t i a l  Hark I11 Prograa SRV load r r rp i r l c r l  models ware davrlopd In  1975 
b m d  on f u l l  and scaled tests. A rmfflrr devlcr (X-Quenchw) was lncorporrted 
In GE's Hark I I I  standard plmt i n  1975 a d  fu l l -sca le  i n -p lm t  trrtt ware 
prrformd a t  the C a o r s ~  p l m t  I n  Italy in 1970-79 to confirn tha lords that had 
k e n  spectfled for- design. The lords observud durlng t h i s  in-plant t es t  were 
slgnif lc8ntty less than those used for design, thus dem~mstrrting the type of 
conservrt Csn thrt was Cncorporated i n  the Imd daf In1 t tons t o  achlsvt acceptmca 
f ram the MRC. 

Throughout the conduct o f  these technical program tha WRC playld 1 s$gnlficrnt 
ro lz  i n  the estrbllshment o f  the f fn i l  r r p l r i c r l l y  basad loids through thei r  
frequent changes i n  the i r  m q u l ~ l r e n t s  for the m r l y t l c a l  m d d s  for genwatin 
dynu lc  loads and/or structural rsspmses, the lord c d l n a t  lonr and r t h o d s  o 1 
combining lords and the establlshrrsnt o f  the acceptance cr i te r i a  t h r t  the darlgn 
had t o  met. The major  c i v i l  structure changes t h r t  wre requtred t o  assure a 
containment desfgn satisfactory to  NUC were actually Idant i f fed a d  b l n g  
Incorporated prior t o  the issuance o f  the prcllminrry LDR i n  1975. These 
changes Included r r i r l n g  the steam tunnel, addfnq pool swe l l  deflectors, s t l f -  
fening tho steel ton ta lmnt  shell fn the a m  o f  the suppresstan pool and 
Incwporatfng SRY quenchers with optlnized SRV discharga line routing, There 
were substrnt i r l  reanalysis sffort i  i s  refinmentr o f  the Indlvldual hydro- 
dynamic loads vero made during tho c#p le t lm  of the testing r c t l v l t i e s .  The 
fhil LDR war Issued In  1986 f a r  FSAR Iicenslng muiews. The chan~ss that were 
subsequently required Involved ml i f icatSons t o  address piping and component 
requirements, not the containments ' structural integrity. 

Other Reed Report issues such as j e t  tmingembt on the weir wall and seismic 
s loshing were evaluated a d  determined to be mn-problear. Direct j e t  Impinge- 
ment on the weir w a l l  and i t s  r s m t r i c a l  effects have been examined and found 
ta be acceptabit. These asymetric loads i r e  specified tn the LMI. Pool 
sloshlng was examined analyt ical ly and testdng at 1/30 scale was also carrducted. 
M a r h u m  wave heights and pressures wrc dttemCned t o  be accepta~le even wtth 
the 0.39 earthquakt and the nm Regulatory Guide 1.61 spectra. 



Tha architact- imrs had expressed cmfldmce that t h y  could s p t l f y  an 9 admqirta krk I I rtwl cmtrlmrt grovidd them wrs not 8 substrnthl 
lncrrasa i n  r ta t lc  m d  4 y n u k  loads. b v w ,  It wrs ~~~ thrt t f  the 
dynulc buckling khavlor  o f  t h  e o n t r l n m t  could not k s~tisfactorlly m l r d  
rnilytferlly, a 1/10 r i m  physical test madel rhmld k buW a d  rppmpr l r t r ly  
tmrtmd. 

M / 6  plants hrvr cmpllrd with the W R C  interim critrrir far evaluatlor~ of frrr 
strnding rtwl contrlnwnt buckling. The fssur 4s not rpplierblr t o  tho 
majority sf Hark 111 eontrlments whlch are r e l n f ~ ~ d  concrete contrinmnts 
wIth stwl l fnrrs .  

The WRC has d ~ w l ~ p d  fnterlm crlterlm f o r  avrlurtinp fm standing steel 
contrlnnrrrt buck1 trrg for plants undergohg 1 lcmol  mulaw. A11 Hark IEI frrr 
stmdlng s tse l  contrlnmnts u s t  damnstrate c q  "O lane, wl th  thrse critrrla. 
The m J w l t y  o f  Wlrk Ill containunts are r t r r l - 1  i n d  re tnforcd concrate and 
w e  thus unrffwtcd by r buck) fng concern. 

The WRC, h w v e r ,  cmsidars there cr i ter ia as Imterim and I s  working wlth thr 
AWE and the technical c r n C t y  t o  dewlap 8 cad@ case consistent w i t h  these 
c r i te r ia ,  

1. Case tl-284, Metal Contrirnent Shell Buckllng Design ek thds ,  AS#€ 11, 
D ~ W .  I .  C I M  m, AM US^ 2s. 1 9 ~ .  



2*  NRC lntrrlm t r l t e r l a  f o r  Evaluating Steal Contrinnant Buck! ing, June 21, 
1982 

3 LLppandix SF (Dynamic Buckling for Contalnwnt vessel) t o  General €lactrlc 
Cqmny w6 Nuclear Island Design Strrulrrd Safety Analysis Repa t 
(CESSAR 1 1 )  ~oeket  NO. STN 50-447. 



t r s  t i .  

The NRC, h-vt 
ASHE and the t g  
c r i t e r i a .  

h l g n  mdlf icrtions have k e n  evaluated and analyses h a w  
resolve concerns o f  personnel exposure antl rrduced plant  
Hark 111 containment. Resulting nrodtftcrtlons and inc 
crlculatlonal methods give assurmct that potential 
personnel will be tell wtthtn acceptable 1 h i t s .  

GE implermntcd engineering studles t o  better muds1 fissCsn 
subsequent in-plmt trmsport . These studles cans idcrud 
routirte leakage to the suppression p o d  v l r  safety/rallef 
t k  most severe expected transtent i n  whlch eonplete n r c  
night occur. An analytical of for t  was also undertaken for 
engineerlng fim, C . F .  Braun, to model the Standard Urr 
(STRIDE) and t o  recmmnd to CE appropriate balance of plant  
reduce the radiological i v a c t  o f  SRV dhharges t o  the rum 

\ 



C.F. Brrun c - l r t d  m I n i t t r l  rvaluat lon I n  1976 and a f tnrl  eu&lurticrn, uhfch 
lncluded an lmprovud C;€ f i ss ion  product release and transport modal, tn 1977. 
GE r t u i m e d  them rvalurt lons, tnnmltttd p t a l l r h a r y  results and recolrsndr- 
t ions t o  i t s  CUI~OIIQFS tn 1977, and transmitted f inal resul ts  and reeonen- 
d a t h s  In 1978. The r e c m n d e d  deslgn d f f l c r t l o n s  ire: 

o Intorpori t lsn OF r ruppmsrlon pool clsrnup systm for the m u r l  of  
lodCne and prrtlcu\rte a c t l v l t y ,  

o ProvIdc r 'elem air" s h w e r  o r  personnel e x i t  lacks h s i d e  the  
contr i fmnt,  md 

o Route the exhaust frorn the Residual Heat Removal [RHR] system t o  the 
drywall , 

A detai led f s r s l b l l  i t y  study f o r  r e t r o f i t t i n g  a pool cover war conducted i n  
cooperation with h,f. Brrun. I t  was concluded that because o f  p n c t l c r l  deslgn 
problms, such as dynrnlc structural loadlng, md llcenstng issues, r ratrcr- 
f i t t ab le  covsr was not prmcttcr l  . WoI5e test and anilyses mrs conductad w h k h  
indicated that the nalsa from SRV discharge would be well below OSHA require- 
ments, further reducing the need fo r  r cover, SRV leakage has also h e n  reduced 
f r a ~  the mumd value of 100 lkl/hr t o  ?0 lwhr. 7his should further reduce 
the background rrdl at  ion level. 

There I s  also a IOU-low se t  re1 tef valve design feature whlth has been incor- 
porated i n  the WR/C design which reduces the n u d m  of pressure excursions 
w i  th ln  the rcrctar pressure vessel. Thl s w i l l  reduce the exposure for any given 
power 1501 at ion event. 

I n  addition t o  the above analyses md deslgn lodi f icr t lons the plant operator 
should be able t o  re -es t ib l l sh  s tem flw t o  the mrln condenser for & number o f  
events which in l t la ted an i so l r t t on  transient. As r consequence o f  re-est rb l lsh-  
fng stern flow, the cunulativa radiologier1 consequences should be reduced frm 
an equivalent of 2.5 I so l r t i on  transients per year t o  1 per yew.  

Although the arlglnal desfgn changes ensured potential exposures of less than 
one- fourth o f  lOCFR2Q 1 i m l  t s ,  these addl t ional  changes further reduce the 
potential dose t o  the Hark 111 personnel. 



7,5 PLANT A R W E M N T  

I t  was n a t d  that t E  had not spsc4fical ly consfdrrtd the potentl&l need f o r  
incwrsad prwfslons f o r  securCty, srbota r pruwntion and hrndllng of  nlxed- i orride f u r l  i n  the design of  the 6Ml/6 Mar 111 cmt i lmnt  and plant arrange- 
m n t .  Et war b d l s v d  that  sabotage protection might, in  the futuw, become a 
mrra str lngsnt WRC rqutrament i n  nuclear pmmr plant design 1n the U n l t d  
Stater (as I t  war I n  Eurom) and it was n c m s n d d  that pravlsion f o r  such 
protectfon be consldemd by GE, 

- Studlas o f  t h e  spec4flc procedures for personnel atcasr In to cont ro l l f t l  
r re rs  of the plmt, industr ia l  secur l ty md sabotage protection have been 
considered by G I  and dlscussed wlth the WAC, AtRS and WEs. However, as 
speclflcd i n  the  goutrnCng regul rtory guide, the u t  Cll ty/awner I s  raspan- 
s i  b l  s for p l  ant seeuri t y  and sabotage rsqul rsnents . 

- GE's submittal t o  the WAC on the GESSAR docket i n  1975 on desSgn cmsldera- 
t ions f o r  reducing sabotage r i sk  has been rovlewed and accepted by the  NRC 
and no unresolved issues exCst on plant arrangmerlt. 

As  specifled i n  the NRC regulatory guides, the ut l l l ty/owner i s  responsible f o r  
pravidl  ng the procedures and equiprrnt t o  meet plant seeurl  t y  rnd I ndustrlal 
sabotage protect  Ion r e q u l r m n t s .  However, studies o f  spec! f i c  procedures for  
personnel access into contra1 1 ed areas o f  the plant, 1 ndust r l r l  seeuri t y  and 
sabotage protection have been consfdared by CE durlng the Hark 111 Standard 
Reactor Island Design (STRIDE) and have been discussed w i th  the NRC, the ACRS 
and with Architect Engineers (A/Es). The resu l t  of these s tudks  i s  that the 
STRIDE deslgn provides adequate consldcratlon for personnel access f o r  radlot  Ion 
exposure control, security and sabotage. GE's submittal t o  the NRC, on the 
GFSSAR docket, on design conslderrtions far reducing sabotage r i s k  has been 
mulewed and rtteptcd by the NRC and no unresolved issues exist .  

The STRIDE design has been subjected t o  detailed evaluation by the NRC, A/Es, 
u t i l i t y  engineers, independent review camittees and study groups, The Hark I 1 1  
design has been demonstrated by these engfneering eualuatlons to  meet the 
requ jrcmntr imposed by government requl rcwnts for industr fal  securl t y  and 
sabotage protection. G€ has sutnnltted on the GESSAR docket Appendix If 'Design 
Considerations Reducing Sabotage Risk.' This document has been reviewed and 
accepted by the NRC wIth no unresolved issues remaining. App l i ca t i on  a f  nixed- 
orride fuel t o  the 1 ight water reactor w i l l  require a change in  the present 
gouernmnt pa l  Sties regarding reprocessing foc i  1 i t i e s  in  the United States. 



2 .  NRC Interim Criterla for Evaluating Steel tontafnrmnt Buckling, Suns 21, 
1982. 

3, Appendik 3F (Dynamlc Buckling f o r  Contr imnt  vessel) to General Electric 
Company W 6  Nucl err Island Design Standard Safety Analysis Report 
(GESSAR 11) Docket 10, STN 50-447. 



7 ,  M R K  111 RADIATIM LEVELS 

Thers was r concern thr t  the uncovvrcd rupprasslon p ~ o l  in  Mark I I I  nlqht cruse 
increased personnel exposure due t o  r r d l o r t t l v c  release inside the eontalnlmnt 
v l i  r e l i e f  valve discharge md t h a t  plant r v r l l a b l l  t ty  d g h t  suffer k r u r e  of 
access delays. Uncertainty e x i s t d  I n  crlculrt lng r r d l r t l o n  sourca terns and i n  
project ing radiat ion exposure ta  personnel due t o  the Hark 111 apan pool and i t  
was thought thrt  aposurs was probably incmrssd war pmul~us  drrigns. I t  was 
recommended that  the pool be covered t o  1 hit prsnnnel exposure t~ stem, not se 
and radlotion. It was a l s o  recommended that there be fu r ther  study and analyses 
of t h e  Mar4 I I l containment r e l r t  lve  t o  personnel exposure concerns. 

ton; 

GE employed the WE f i rm C.F. Braun t o  analyze expected rrd lat ion exposure. CE 
Issued the f i na l  rcsul t s  and recorrmcndithns t o  i t s  t u s t m r s  i n  1978. Mark 11 I 
plants have accumulated 15 reactor years o f  operation 8s o f  June 19k7. The open 
pool deslgn has not been a cause o f  p l r n t  r v a l l a b i l  i t y  l o s s  nor Increased plant 
personnel exposure. 

Design m d i  f i c a t l m s  have been evrluated and analyses have h e n  performed t o  
resol we concerns o f  1 ~rsonne l  expasure and reduced p l m t  avai l  a b f l l  t y  for the 
Mark I 1  1 contatnment. R~svltlng mdificatCons and tncrersmd pracision I n  
calcul a t  {anal methods give assurance that po tcn t l r l  exposures to  Mark I I I 
personnel w i l l  be we1 1 wi th in  acceptable l im i ts ,  

GE implemented engineering studies t o  better model f i ss ion  product release and 
subsequent l n-plant transport. These studf cs conshttred the consequences o f  
rout h e  leakage t o  the suppression pool uir safcty/rel lef  valves (SRVs) and o f  
the most severe expected translent I n  which colplete reactor depressurlrrt ion 
might occur, An rnalyt lcr? effort was also undertaken for  GE by the rrchltect/ 
engineertng firm, C.F. Braun, t o  node1 the Standard Reactor Island Dcsl n 
(STRIDE)  and to  r e c m n d  t o  GE appropriate balance a f  p l r n t  changes which cou d 
reduce the radialogtcal impact o f  SRY discharges t o  the suppresston pool. 

9 



C.F. Brrun completed an i n l t l a l  evaluation i n  1076 md r f i n a l  avalu8t~on, which 
included an lnrproved GE f l s s l o n  prwJuct release and t ransport  model, I n  1977. 
GE reviewcd these evaluat Ions, transrt t ted p r t l  l n i n r r y  n s u l  t s  and rec-nda- 
tfrrnr to  f t s  custmrs I n  1977, and t ransmit ted f i na l  resul ts  md recamen+ 
datlons fn 1970. The reconmnded d e ~ l g f i  mdif icat lans are: 

o Incorporatfon o f  a ruppressCon pool clemup system for the removal o f  
rodlne and prrt lculate  acttvtty. 

o Provlde a "clean a l r "  shower over personnel - x i  t locks Inside the 
conta inant ,  and 

o Raute the enhaust from the Residual Heat Remual (RHR) system t o  the 
drywell  . 

A deta i led f e a s i b i l i t y  study for  t e t r o f i t t l n g  r pool cover W8* conducted tn 
cooperation w i th  C.F.  Braun, I t  was concluded t h a t  because of p rac t i ca l  design 
problems, such as dynamic s t ruc tu ra l  lording, and l i cens ing Issues, a r e t m -  
f i t t a b l e  cover was not p rac t i ca l ,  Wolse t e s t  and rnr lysss were conducted whlch 
lndlcrted that  the noise from SRV discharge would be well below OSHA requlre-  
nents, further reducing the need for  a cover. SRY leakage has also  been reduced 
from the assumed value OF 100 l w h r  t o  20 lwhr. This should fu r ther  reduce 
t he  background rrd4ation leve l .  

There i s  also a low-1w set r e l i e f  valve design feature which has been Incor-  
porated 4 0  the WR,& design which reduces the number o f  pressure excursions 
w i th in  the reactor pressure vessel. This w i 1  l reduce the exposure for any given 
power f sol a t  ion event. 

I n  addi t ion t o  the above analyses and deslgn mdi f ica t lons  the p lant  operator 
should be able to  re-establish stcam f low t o  the ma4n condenser for a number o f  
events which I n i t i a t e d  an i so la t ion  t ranslent .  As a consequence of re-estab l ish-  
Ing steam flow, the cumul a t  l ve rad io log ica l  tortsequences should be reduced f rom 
an equivalent o f  2.5 Isctlat ion transients per year t o  1 per year, 

Although the o r i g i na l  design changes ensured potent ia l  exposures o f  less than 
one- fourth o f  20CfR20 1 l m i t s ,  these additional changes further reduce the 
patentla1 dose t o  the Hark 111 personnel. 



7 ,S PLANT ARRANGEMENT 

It was noted that  GE had not  s p c r i f f c a l l y  cansldtred the potential need for 
Increased p r o d  slons f o r  secur! ty ,  sabotage prevention and hand1 i ng o f  m i  wed- 
ortide fuel In the design o f  the BYR,t6 Mark I 1 1  containment and plrnt arrange- 
ment. It was 8elieved that sabotage protection right,  in  the fu tur t ,  b e t m  r 
more str ingent HRC requirement I n  nuclear powsr plrnt design Cn the United 
States [as I t  was I n  Europe) and i t  was recornended tha t  provision f o r  such 
protect ion be cons ldered by GE. 

- Studies o f  the qpeci f ic  procedures for personnel access tnto control lad 
areas o f  the plant, Industr ia l  security and sabotage protection have been 
considered by GE and dlscussed wlth the NRC, ACRS and VEs. However, a s  
spec t f fed i n  the govern tng regulatory guide, the u t l l  C ty/owner I s  respan - 
$ 1  b l  e fo r  plant security and sabotage r e q u l r m n t s .  

- GE'r s u h l  t t a l  t o  the NRC on the GESSAR docket i n  1975 on design consldera- 
t lons for reducing sabotage r i s k  has been reviewed and accspted by the NRC 
and no unresolved issues e x t s t  on plant arrmgernent. 

As specified I n  the NRC regulatory guides, the utt l l ly#owner Is rcsponrtble for 
providing the procedures and equipment t o  meet p l a n t  security and Industr ia l  
sabataqe protect ion requirements. Hawever, studies o f  spectf lc  procedures f o r  
personnel access in to  contra? led areas of the plant, industr ia l  sccuri t y  and 
sabotage protection have been considered by CE during the Nark 1 I 1  Standard 
Reactor Island Design (STRIDE) and have been discussed with the NRC, the ACRS 
and with Architect Engineers ( A / € $ ) .  The resu l t  of these studles i s  tha t  the 
STRIDE design provides adequate consideration f o r  personnel access fo r  radf a t  ion 
exposure control, security and sabotage. GE's  submittal t o  the NRC, on the 
GESSAR docket,  on design cansldcratlons f o r  reducing sabotage r i s k  has been 
rcvlewcd and d m p t c d  by the NRC and no unresalved issues e x i s t .  

The SJRIOE design has been subjected t o  detailed evaluation by the NRC, &/€I, 
ut i 1 i ty engineers, independent review c m i  ttees and study groups. The Hark I I I 
design has been demonstrated by these engineering evaluatfons t o  meet the 
reputrements Imposed by government requirements far industri a1 securf t y  and 
sabotage protection. GE has submitted on the GESSAR docket Appendix I F  *Ueslgn 
Considerat ions Reducing Sabotage Risk."  This document has been reviewed and 
accepted by the NRC w i t h  no unresolved issues remaining. Application o f  mixed- 
oxide fuel t o  the l i g h t  water reactor  w i l l  require a change i n  the present 
government po l i c l cs  regarding reprocessing facilities i n  the United Sta tes .  



7.6 M R K  I 4 D  WRK I I CCNTAMFNT LOADS 

Because o f  feedback from operating plants and changing URt mqui wmnts relating 
to hydrodynmlc phenomena, the Mark t a d  Hark 11 containments uem undargolnq 
extenolve addCtConr1 analyses raqulrud by URC. hscd on the input ~ r i v h d  fm 
utill tter evalurtlng prcl  tnlnrry LNll andjar SRU dynmie lording projections, It 
was mtlclprtd t h r t  modlficat iqns and rutrofits could be mind by WM as a 
result of these analyses. i t  u s  rsc#mndd thrt rvaflrblr wrpwlenc+d, 
knmledgerblr personnel k m r s h j l  led for  the d l n c t i o n  a d  mxecution of work 
necessary t o  accorrrpl ish  this substantial analysis progrim. It was alto Wcm- 
mended t h r t  necessary planning be dena t o  mlntniz+ plant univaflrbi l  l t y  caused 
by any rttrofl t work that r i g h t  be tequlred. 

GE est rb l  l shed i central ired technlcr l  program mnagamnt group t o  fact l itrtr 
and control the program rc t i v l t l es .  In 1975 Hark I ad Mark 11 mmrs ,stab- 
1 tshed technical programs for rddrcssing qusstlons posed by thr WRC. HRC 
acceptance of the work i s  evtdonced I n  I R €  Safety Evaluation af the Hark I Short 
Term Program i n  1977 and the lomg term Program i n  1980. In 1981 the URC issurd 
a regulatory gulde addressing LOC4-related Ioadlngr and i n  1902 r rwulrttwy 
gulde addressing SRY lords f-r the Mark I 1  e o n t r l m n t ,  The RRC uis i n t l r a t e l y  
Invalved i n  each o f  these contalnmnt tes t  progrins as they proqrssred t o  r 
conclusion. BURS have made or are In the process o f  mklng d l f i c a t i m r  
required by the NRC. 

To f a c i  t t tate and control the program actlvit tes, GE establ lshed r central Ired 
technical program management group. I n  the spring o f  1975, the NRC sent l e t t e r s  
t o  a11 u t i l i t i e s  with plants u t i l  i r ing r prersum supprasslon contalnmnt 
requtring trrfomrtlm err the basis far dtcign to act&rte LOCA and SRY 
dynamic phenomena. I n  response t o  these HRC i n p u l r l a s  the k r k  I md 11 ownrrs 
estrbl ished teehnlcal programs for  addressfng the qutrt4ons behg posdi  These 
test and analysjs programs and plant wdif ~ c i t l a n s  are now carrpltte. 



The Hark I h a t s  Group was famed i n  April 1975 a d  I l r t a l y  undertook r 
Short Tern Program t o  assure that the plants could be operated safely w h l h  r 
more rigorous re -ev i lur t  Son was perfom.  The Short Tam Pmgrm lnvolued the 
use of data frm 1/12 scale 2-D Hark 1 LOeA tests .IWI current SRV analyt ical  
models t o  perfom structural  ani lysls of r r c h  plant  t o  r set o f  i n t e r l r  strue- 
t u r d  rcceptance c r l  t e r i a  estrbl lshed w t  th the NRC. Various groupings o f  plants 
ulth the s a m  design ronfCgurrtlun were used to faellitate the evalu&tfon and 
%sting tasks. The pmgram was successFully c q l e t d  In  August 1916, Thr NRC 
issued t h t l r  Safety E v r l u r t i m  o f  t h i s  program in k c d w  I977 
(NUREG-0448) . 
The Long Term Progran got undenay b e f o n  the end o f  the Short T e n  Program. It 
conslstcd o f  r vrrfsty of test  a d  m a l y t l c a l  modal d e v e l o p n t  tasks. Addl- 
t l m l  sealed tests  [1/4) were r f o m e d  t o  obtain d r t a  on the pool swell 
port ion o f  the LOCA event, a f u l  f"= scale 3-0 tart f r c i l l t y  was eonrtructd t o  
obtain data an the s tem condansrtion phase af  the L E A  want ,  r u n l q u ~  quanchar 
deuice f o r  SRV loads was develapd and fn-ptmt tests were performed. Thr drta 
from there tasks wen used t o  develop amparlcrlly b a s 4  lord def inl t lons andlor 
analytical d e l s  fo r  predlct4nq leads [ C  .al, lords on r u h r g s d  structures) .  
Tbr t o c t c  d e n  mr+ + n  Aarrmlrrn l n d  r!t inrt inn drrrirm Caaa1 ruall dmflec- 
tor) or  phys k a l  nodl f l a t  1 on cokept r  (shortened domcsli6rs md downtomar 
brrclng) fa r  use by those plants n q u i r l n g  such r c t l on  t o  mmt the flnml t truc- 
tura l  deslgn acceptance c r i t e r i a  established wlth the RRC. The f i n a l  Long Term 
Program tasks were c m l e t e d  in  1981, horrever, the Final Load Def ln l t lon  Report 
(LDR) was fssued I n  March 1979. Thfs LDR contrlned a l l  the lords rnd/or methods 
needed for the utilities t o  complete the dcslqn assassmnts for the lnd iv ldur l  
plants. The ac t i v i t i es  that were c~nducted a f t e r  thm LOR was Issued were 
considered conf i ru tary  and p r i m w i l y  invalved a ~ i t l o n r l  stam eondmsrtlon 
tests In  the f u l l  scale 3-0 test f a c l l l t y  and r r spnd ing  t o  MRC qumstions. Like 
the Hark if I program, the hRC was tntinrtely Involved In the plrnning, execu- 
t lon, rnd cvr lu r t ion  of each task undertaken by the Mark 1 b r r s  Group. They 
i w e d  a Safety Eualurtion Report [SER) of  the Mark 1 Long Tam Program i n  July 
1980 [NUREG-0661). Tha Mark I Long Term Program was corrrpleted w l  t h  the 4 ssurnce 
of Supplement 1 t o  t h i s  SER i n  August 1982. 

Like Hark I, the Hark I 1  Ouners Croup was C o d  i n  the s p r h g  o f  1975. The 
tnltirl technical  ac t i u i t y  was the generation o f  r report s l m U i r  to  the Nark 
111 LOR, a report which wuld quantify the LOCA and SRY phenmna t o  be used by 
the u t l  l l ty's irchltect-engineers ( A / € $ )  l o  c a l c u l i t t  the plant  unlque loads on 
their respect1 vc containment and Internal st ructures.  Uslnq rva l  l r b l e  rppll- 
cable tes t  data and analytical methodotbgles, 6E wcrrkud with a technlcr? cam- 
mittec comprised a f  A/Es t o  develop the Dynu ic  forcing functions Report (DFFRJ 
whtch was issued i n  Octqber 1975. The Hark T I  Long Tern Program war t o  be 
comprised o f  the t e s t  md anajyris tasks that  would be needed t o  c o n f i m  the 
adequacy o f  the DFFR. 



The Hark I I  Long Term Program ccmsfstd  o f  r v&r4aty of test and inalytitrl 
mdel developnrent tasks. A f u l l  scale s h g l r  vent L M 3  test frcfllty npra -  
senttng r unit  cell o f  r Mark I 1  containmnt, a f u l l  scale In-plant SRV tit# I n  
a fomign Nark 11 plant the same us& by nark 11 I program), sevrrd ~ 1 1  scale 
multbcell steam tests and I fu l l  scale wltbcell s-nt tes t  I n  a foralgn 
test frclllty fom the prtnrry sourea of drtr far the confirrrtion rwar 
reflnament o f  the loads a d  mthods prosentd fn tb DFFR. In 8ddltim t o  t h j s  
testing, substmtlal efforts were undrrtrken t o  jus t  l f y  rnrlyt~crl mthodr, lord 
combCn&t fans, lord comb tnr t  im #th&luqy, mtc. As Informtion wrs drvdopd  
through the execution of the program tasks, t)H OFFR was revised to mfl-t the 
new Interpretation of  loads o r  mth&s. hs w l t h  Hark 111, thr wfor cCvl l  
structure changes that were requtwd t o  assure r design satisfactory ta the NRC 
were ldsntlfled early tn the program. As subsequent rm-rvrlu8tCons warn pmr- 
f o m d ,  when lord refinemnts were ude,  wst changes that mw rubsquently 
Incorporated wro made t o  address plping and cdlnQclnsnt mqulrrmnts, not the 
containment structural Cntegri ty .  

l i k e  the other contalnmnt prqrms, the NRC uas intimtaly 1 n v 0 l ~ d  i n  md 
frequently changed i t s  requirements far the planning, rxacutlon, and evaluation 
of each task undertaken by the Hark I I Owners' Group. I n  July 1981 they issurd 
NUREG-0800, "Mrrk 11 C o n t a i m n t  Program Load Evalurtlon and Actaptrncr Cri- 
terra. ' This document addresses the L O U  related hydmdynmrlc loadings. SRY 
loads far the quenchrrs ustd i n  bath Hark 11 and I 1 1  i s  rddrrssed i n  NURE6-Q€W 
whkh was tsrued fn October 1982. 



The Reed study group cmcludrd that G E ' s  policy was one of  c w l y i n g  r l t h  MI: 
mgulrtians, but thrt suhttstons o f  ~ n f o r r u t l m  mqurctad by th nRC 
somtlms only par t ia l ly  mrpa;,rive or tnadqurtrly suppottad. I t  was ncm- 
mendad thrt Ganrral E l w t r i c  rrtabllsh r prrctlcm ta furthrr substmtI&tr drsign 
rsqulremnts t n  llc~nslng documntrtlon and to  h!gClli@t rcconprnying pmgrmr 
or tests thrt ware necasswy to  substantiate submlsslons. 

CE r r t r b l  lrhed r spcclfic Safety and Lieensing H m r g r r n t  Group to rnsur, the 
qua1 tty,  t im l in rss  and cangletwss o f  matrrtrl transmlttrd to the WRC. 61 
rlsa astablished 1 system o f  appm~als t o  ensure thorough mv1m o f  subl t tad  
material. This  provlded a check rgaCnst fmcqlr tm mspanres and prrrmtum 
trmsmlttal of  Infomation pr ior  t o  uart f icr t ion.  A11 rlsponrw t o  HRC h a w  
k e n  ratlsfrctory orlor t o  lirenslnp of each oprrrttng plant. 

I t  was not uncomon for NRt qusstlons to  k unclear a d  on ~ccrrlan tham would 
ba nlsundrrstrndS~s as t o  t h r i r  intent. I t  was alss cor#b fur an rdquate  
response to I quest Con t o  tr iggsr mquests for furthrr i n f a m t l o n  that thr HRC 
had not o r l g i n r l l y  contmlrted. &lso, answers thrt  wru rvsponrlvr with 
rtspatt to current d W g n  sta tus  a t  the time made, could appmrr Snadequrtr i n  
l i t er  yaws as r result  of chanper I n  NRC requ imrnt t ,  dmslpn dwaloprmnt or 
jndustry developments, I n  nther s l t u a t l m s ,  GE engtnmrs and 1RC r Inwrs 
might d i f f e r  on the degree o f  & ta t1  necessary n a p lwn i s s u .  flthou(h 
mlsundarstmdlngs or disrg~crrents might occur, GE at a11 tlms sought to  ful y 
respond to w d  resolve questlms ulth tha HRC. 

Scvarrl arjor organirat itml and procedural changes hCch have h m  iqlemnted 
in  the past  several years have corrected the type o f  siturt lon identified. 

The ilcunsing process Is characterized by the HRC s t a f f  rrklng u n y  questions 
and the plant owner [applicant) provldlng m i t t e n  nspanses. S t m  o f  t h e  
responses were provided by GC as input t o  the m e r .  Written responses, how- 
ever, werp required. I n  the early phases of l kensing, mny quest4ms uerc only 
asked verbally a t  metings. later ,  qucstlans wre fomally transmitted by AEt  
(NWC) to  the applicant, Later s t i l l ,  revlew sessions were conducted pr ior  t o  



r e o t p t  of  fama\ qurstlanr t o  discuss their  content a d  assun urrdwstmdlng af 
1SRC needed Information. This f o m l  i z a t h n  o f  the pmess w l  th  ttm lufluted a 
retognition af two prob l r r .  One was that questlms raw somtlnr rtwlew ov 
b o d  basad and thus 11posslble to  answer ful ly wlthwt extrntWe wrh. 
Secondly, the response t o  questfons often resulted In c h a m $  ta  the rpplitrthn 
(the PSARJ and thus loss of  the question content and so a t  ti#$ i t  was not 
c l e a r  uhsn the quertloning period was cmcludd. 1n addit im,  regulatory 
changer rrsulted i n  new requirtments to  old issues, 

The fallowlnp steps have ken aceanpllshd i n  rddrsssing conearns a b u t  NRC 
submlsslons: 

1. ion o f  S ~ e c l f i c  Safatv L 

A.  Prellntnary and Final Safety h a l y s l s  Report docurmnts. 

C Responses t o  Huclmr R q u l a t ~ r y  Cmlsslan quostfons. 

0. Stmdrrd doturnantatton; for m r q l s ,  General flsctr-lc Standard Safety 
Analysis Rapoft, F ln i l  Dasign Approval. 

This group I s  In m "overvlaw' posltlan orgmiza t t~nr l ly  a d  I t  pmuldes r 
chrck against Inc#gle'  ; response rr trmmtttrl o f  I n f o m t l m  that 1s 
p r m t u r e  from 8 design ver i f l ca t lon  stadpoint. 

Gtnsrrl ly , naterCa1 sub1 t t d  for Wucluar ul rtory C-I rslan rwlew 9 undergoes mny Ievr ls  o f  checking. For r x u p  r, tha rrspmslblr datlgn 
engineer who ganerrtes the response abtrlns hts unqpr*s appmvrl . This 
response I s  then mvimmd by the lead e 1n-r~ I n  sngtnrerlng and 
11censWg. the project Ilcensfng engineer, "I t r pmjrct rrrnrgrr and the 
customer o r  archltact/englnsar, This chrfn o f  revlms ha3 proven t a  
prbvlde both 8 tachnical and project or lentd  evilurtSon to msun r 
technically correct and responsivr sub1 ttrl , 



7.8 AClTIClPATTON OF REGULATORY C M E S  

The RMd study group f e l t  that I n  s m  Instrncet enginwrlng organlzrtions were 
not making adequate pJ ms to  I ncorporrta probable m u 1  atory changes, even 
though the licensing oqantzatlon was aware that changes were ICkaly. I t  was 
rat-nded that  QE idopt the practice o f  sys tna t l c r l l y  identifying future 
rtgulrto~y requinmnts and rstrbllsh a progru t o  Irplnmt thosr requirements 
whlch wlm reasonable or  lnevltable tn a t i d y  and econmlcal frrhlan, 

ate  - 1987 

GE established r Safety and licensing Program Manager responsible for re$u l r twy  
gulder and NRC/lndustry standards. The WR deslgn was r s v l d  against antlci-  
pated nrnr NRC regulatorJ guides t o  Identify potant181 changes and these were 
I ncorpetrr ted where prrct 1 e l l  . 

A substantial effort has been lmplmnted t o  mvitw the WR design against NRC 
regulatory guldes i n  an e f for t  to  ldentlfy potentla1 changes due t o  anttciprted 
regulatory requirements. SpectfCc rctlons, such as the estrbl ish#nt o f  r 
specCa1 Safety and Llcens fng Program Manager responr tb l r  for rrqulatory guldss 
and NRC/lndustry Standards, have been +rplemented to address the concttrno 
ldent i f  led. 



7.9  'ERIQO OF SAFETY OF WTTLNOED REACTOR 

I t  was noted that the curlvnt M u s t r y  standard u s d  by WRC slnta 1973 rrpuired 
tha t  a l l  necessary safety actions for the f i r s t  10 rnlnutrs o f  a daslgn basis 
wmnt be autamtle. Altrrnrte ruqu l r rwnts  [lsngtr time) n t i s t d  tn other 
countrias and i t  was r n t l c i p a t d  that M C  would k *stabllshlng new r q u t r r -  
rmntr. Thus lt was me-dd that 6E datemlnr  8 logical basis f o r  owra tor  
responsa tlms md act rb l  lsh  rn C ~ l a m n t r t l o n  plan fo r  n h r t r v w  thr nsw rmqulrr- 
mnt rrlght bat. 

GE BUR deslgnt srt isfy  the industry standard on response tlms issurd jn  1984 by 
the A w l c a n  Nuclear Standards Instltutr [ANSI), In addition, BYR plants rrr I n  
the process o f  canplylng wi th  new WRC rules that  are mr+ l i m i t i n g  i n  NUREG- 
0737. 

An industry standard addrrssing thts itam, MSI ANf-58.8 - 1W [formerly ANSI 
H660), " T h e  Response k s l g n  C r t t w f a  for Nuclear-Safety-Ralrtd Operator 
Action" was publishad I n  S a p t m k r  1984. This standard rprclfles nm t ime 
c r l t a r l r  to replace the rxlstlng c r t t e r l on  af 10 rlnut@s. The c r i t a r i a  con- 
tained I n  t h l s  standard estrbllsh t l r i n g  r a q u i r m n t s  for datamining whether 
the nuclear safety systms that  mittgate the cansequencrs o f  daslgn basis wants 
may  MI i n i t l r t e d  or  adjustad by (a) use o f  operator actton or [b) a u t m r t l c  
protect Ian system, The nuelrrr- safety-related operator act ion response t lmes I n  
these c r l  t e r i a  are based on s l w l a t o r  mrsumments o f  operator perfamanee t o  
wr lous  ant ic lprtrd operrtlonal oecurrcncss and acc4dmt s i  t u a t i m s .  The data 
collected was reduced using statistit81 ~ t h d s  and a 95% confldencs level was 
u t l l  tzed to assign the t r i t t r i a .  

The time response c r i t e r i a  given i n  th l s  standard include conservative ttw 
margins, t h  delays and other res t r l c t lons  t o  provide an adequate nuclear- 
safety nrargln for the purposes o f  system and plant daslgn and nuclear-safety 
tur lu i t lons.  GE BYR designs sattsfy these c r l t e r l a .  

The 10 mtnutc duration i s  s t i l l  the standard timing requirement fo r  determining 
whether operator actions cm be used t o  ~ l t i g a t c  the consequences o f  design basis 
events. Homver, there has h e n  mrv n p h a s l s  on reducing the dependence on 
operator actions. For example, ME6-0737, Itea I E.K.3.18 requires r u t o u t  ion 
o f  the ADS system for events ui thout drywell pressure. for t h i s  rule, the 10 
minute operator actton tCm Cs not appl kab le .  BYR nuclear plants  are being 
mdlf 4 t d  to meet thls  new rule, 



7.10 SAf ETY SYSTfU RE-Y 

I t  war natod that current Cluclerr Rqulrtory C#mlsslan rrqulnrmts provided 
that,  f o r  a poatulrtod l o s s - o f - c d m t  accthnt, the margancy core coaling 
syst l r  r u s t  fumlsh adrqurte c o n  eoolhg wlth thr r s s u p t t o n  that the nort 
t~ i t i t l l  P~UI af + p u l m t  thr My COW ~0014- S Y S ~ ~  f a l l 8  t o  
oprrata upan dwrnd 4 %  athrwisr unavrl able fo r  usr. Thls was c r l l d  the 
H-1 critmrlon. 

T 
The O.mn and W s s  l l c m s i n g  autharitlms nglld that tha most c r l t k 1 1  ~lecm 
of mqulpmnt k cmsldwvd wt o f  srwice for mmtntmnance rt thm tjrw o the 
a c c l h n t  IpQ thrt thr n m t  most critkrl  p l u r  o f  mqulpwnt Cal ls  t o  opwrte 
upon drrmnd. This war c i l l d  tha H-2 c r i t r r l o n .  

NRC w u  knmm to bm considering possible MU r rqulr rmnts that might ba I n  thm 
d l r r c t l on  o f  the Euraglrn ones. Thus t t  was r+c#nrndmd t ha t  hnrral I l e c t r l c  
make 4 f u l l  study o f  the posslblr n l r d  for rssuning tha t  thm two # s t  c r i t t e r 1  
pieces of thm emwqersty cots cw11ng ~yst t l r  squlgwnt would k unavallabla 
following r loss-of-coolant aceidant. It was rucolrwndd thrt t h i s  study w u l d  
u t  11 h e  actual plant e~petlancas.  

HRC has r u l n t a i n d  I t s  pos i t ion  that the W - 1  cr i t rr lon the l o s t  c r l t l c r l  p l r t r  
o f  equipmnt I n  the E M S  f a l l s  to  oprrtr upon dlw J py wauld k othmrwlsr 
unavailrblm to  use) It tha rppropriat* canrmwrtlve I I cms lnp  bal ls.  U.S. WR 
plmts mmt 811 the URC r u q u f m r n t s  h s d  on the N-1 eritmrian. GE-supplied 
BUR plants outslde the U.S. also met thr appllcablm rrqutwmnts o f  nrtlonrl 
r rgu l i t o ry  ru thor l t i ss ,  Bccruos o f  HRC's pasition, r study tbf the N-2 c r l t a r l on  
was unnccasswy. 

The Hutlerr Regulatory Comissl611, thm@~ I ssurficc of  tcthnlthl s p r d f  fcatlons, 
places mstrlctions on the length a f  ti- a plant my be operated wlth equl r nt out of servke. ~ I t ~ o n r l l y ,  tha speclflcatlon places l n c r u a t d  survei l  m e  
tegul rmsnts on prrr l  l e l  systems during these parluds. k s t l n g  these operating 
restrictCons i s  mra d r s l r i b l a  than 4nstal l lng rddl t lonal  e g u l p n t  t o  cover 
Snfrequcnt out-of+rervice periods. 



Stubtar p w f o m d  by 6enrrrl Electric dr#notrrtr that the ammmcy core 
cwl lng  system meets i t s  avallrbllity goals trktng Into account b t h  the 
pmbrbiltty o f  r f i l l u r a  upon d a d  a d  the probrblllty o f  r s y s t n  k l n g  out 
of servlca a t  the tlw o f  r postulated acctbtnt. These g d s  assum meeting 
rccrptabla srfaty 1 M tr. 



7.11 CORE CATCHER 

A small study of a Cora catcher wrs ruc-mhd r u m  though It was rueognlzd 
that  there was r low p m b r b l l l t y  o f  an URC r a q u i m n t  for  such r drvlca. The 
purpose o f  the study ws t o  be able t o  respond t o  any HRC inquiry on t h i s  
oubJect. 

Eurluatlons performed by QE and others haw s h m  th r t  the addition o f  r c o w  
tatchar t o  the BWV6 Mark 1 l l  design was net cost rffectlve i n  tadutlng plant 
r f s k  In  the rvrnt o f  a ssvatw accldmt. A core catcher was not Incorporated 
l n t s  the WR/6 Hark I11 design nor Cs It rsqulred by the NRC, 

Evrlurtlons by the General E lec t r ic  C m r n y  and others have t h m  that core 
catchers are not cost e f f e c t l v r  and do not rsducs plant t l s k  I n  the event of a 
severe accident, 

As P result of  the W1 ieeidmt, an item was idantiflad Cn the NRC's Advanfsd 
Notice o f  Ru lauk i rq  8tsocf ated wi th  evalurt Cons o f  p r o p w d  design 
modlfkattms. Cora catchars wrra kludmd h the ICRC'r l l s t  o f  mdl f ica t lonr ,  
Hawever, the WRC has not reconnandd the hplemntr t l tm of  r core catcher. 

GE performed detailed aviluationc o f  ravere r t t ld rn t  risks as par t  o f  the GESSAR 
1 I Prob&br?lstlc Rlsk Assersnrcnt. As part  o f  th is  e f fo r t  GE also tonsidered the 
Impact o f  potential d e ~ i ~ n  rrodiftcrttons, ~ncludlng cow c&chrrs. T h  GE 
analyses shomd that core catchers mm not cast effective and wuld not reduce 
plant risk I n  went o f  r sewem aceidant. 

The results of the GE analysis a m  conrlrtent wi th  otkrr w e n t  mvrluationr thr t  
indicate the negl Cglblr risk reduction r r t ~ l a t r d  with c a n  ntmt la r r  dwiers. A 
sltrable study was rucmtly collpletd for the Industry Degraded C o n  Rulmrking 
(lbCM) Progru*. The study involved an evrluatlon of r n w r  o f  core crtchsr 
deslgns for the IDC011 mftrvrree plants (rrhich induds both a Hark I and Mark 111 
BYR). This study also found nagl ig lb l t  r isk rcducthn far core catchers. 

1fJCOR Technicil Repart 20.1 Cam Retmtlon Dcvlces, July 1983. 
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7 ,I2 FUEL T M S F  ER ACCIDENT 

I t  was batsrrlned that thaw had twt bmn m walu r t i on  d m  ~f the cmoqueneas 
and probable tausar o f  r p e t r n t l i l  fuel transfer aceidant I n  the Mark 111 
t on tahmnt  and it was t 'btmded that such an rvrluation ba done. 

Fuel t r rnsfer  aet ldmt cruses have k m  evaluated f o r  the BYW6 Hark 111. 
Contingency teal ing hat bars deslgnsd a d  avaluatsd which i s  caprbla o f  rm#vlrrg 
the fual assembly cantriner and i t s  cargo of one or  tmr fuel a s s d l  ies frm r 
stuck fur l  trbnsfw carriage. Ext&nsium testing and Failure M a s  and Effmets 
h r l y s l s  wru prrfomed t o  ver i fy  r r l i a b f l i t y  a d  safety adequacy o f  thr 
drsignr . In IS reactor yews of WR/L apwatlon no fual bundles have k c o m  
stuck i n  the fuel trmsfar tube under actual oprrating candltions. 

The potent181 fuel  transfer accident I n  the Mark 111 Involves the c r r r i rgc  
contatning a f u r l  bundle kcomlrrg stuck I n  the fuel transfer tube. The Hark 111 
design has been evrlurtsd and It has been detern ind that  pravfsions f o r  such a 
stuck fuel event a r t  rdtqurte. 

Should a loaded fuel carrtage beeor# stuck I n  the trrnsfer tuba for any reason, 
contln ency toollng has been devslopd which 4s capable of  mmv4ng the fuel 
assmb 9 y container and i t s  cargo o f  one or tm, fuel assmbl l s r  from the carrjrge 
and the transfer t u b .  U d w  a11 conditions o f  r transfer, the fuel w l l l  always 
be Illlarsed I n  water .  Makeup water can be made available under any condl t ion. 

A I Ife t e s t  was corplettd u i t h  the ctriglnrl electr ica l  system m d  hydrrul i c  
pomr un i t  as well as a WU/6 inclined furl transfer system c m n c n t s .  A l i f e  
test requirermnt was l ~ s e d  on the vendors b&fort the a q u l m n t  war shlpped. 
Interface control docucntation Ss i n  place t o  pmvfde f u l l  system Cntegratlon 
on a l l  corponmnts. Also a l l  a q u t p r t  has been thoroughly trstd durhg the 
s i t e  system startup t e s t  programs. 

Each transfer tube access point i s  suitably Interlocked and shielded for person- 
nel protection. Area radiation a1&ms a m  provided. Intruslon into any o f  
these areas Imedirtely 114-s the control room and deactivates the transfer 
system. 

A Failure Modes and Effects Analysis has been corpleted and na open i tems 
rema1 n, 



7.13 OFF-SITE W I A T I O W  EXPDSURE 

A t  tha tIm o f  thr R M  hport, tho W had r d r i f t  
llrlt the radlrth rxposurr a t  thr ritm bundary t o  
wldrly k n m  by al l  u t i l i t y  applicants a t  that 
report was wrl t tm,  plant +quigmt a d  th4eldlng arrmgmmnts haw bmn mvalu- 
at&, and rwrsurmmtt have bwn a& at  oparrtimg U U  plrrsts. hlso the €PA has 
issued IOCFRIQO, which Includes tln subjact radlrtlon swrrar. Ttm dote l i m i t s  
astrblMwd In thts mgul r t lon  we being usrd t n  ~ l s t l n g  p l i r t s '  operatCon~ md 
nw plant destgns. 

€PA raqulrtbn, IOCFR190 i s s u d  In Jmnurry 1977, applies to mrt furl eycls 
f r c l l l t i e ~ .  Ytth regard t o  povar rrretars, I t  s p w i f l a s  thrt thm annual dasa, 
fm r l l  rourcrs and frcilftCes on a g i w n  site, t o  m y  off-tltr ptsm shwld 
not exceed 25 mum whole bmdy rrtllatlon and 75 nm t o  thr thyroid g l a d .  the  
h i t s  srlrcted a n  urll wCthfn the nc"--ndatfms of nrtimrl and 
IntematConrl swpstt twhnlcal groups a d  a m  considwad t o  mt the Intent thrt 
radiatlm exg6sum shauld be mintrlnd 'as low as practicablea or "as Iw a$ 
reasonably achievable. ' 

In 1975 direct radtrtion masunrents were made around tha Duane Arnold and 
Coapar operrtlng plants, w l t h  pwt lc ipa t lm by techntcal experts frm the Health 
and Safety Labrrtory (HASL, thm a part af Em), the €PA, MRC and GE, As 



Intarpmtrd for rp l l e r t ion  for n+r large BYR lrnt q u t m n t  rrrmngmmt, the f ! subject rrdlr t ioa rm the turbinm bulldlng wou d k orpactad t o  producm I dose 
af a b ~ t  8 nrsn per full p m w  year rt  r typfcal site boundary 2000 fwt way. 
T h l ~  k c q w a d  to  natural backgmund rrdiatten o f  w a r  100 Ih.ar per year. 

In practfcr, I t  f s  found that the contrlbutlon to  direct r r d l a t l m  from 
equlpmnt located I n  othrr CWR plant ttructuns i s  l n s l g n l f l t a ~ t  In c q a r l s o n  
t o  squiglsmt i n  the turblnr bulldlng. Tht actual radlrt lon expasum a t  any o f f  
rltr location i s  funettm o f  thr s i te  slza, the turbirrm butldlng Itxrtlon an 
thr site, the n d w  and or4entatlm o f  rmlt lpls  units at  the sl te and durmtlon 
of occupancy around the site. Several oprrrting plants have added so# 
rhfrldlng I n  or around the turbinr bullding to  insure confomncs wlth the nrw 
EPA I l m l t .  

While s r t r  layout a d  shtddlng s u b j u t s  nu usually withfn tlrs scqm o f  work of 
the u t l l l t y  and I t s  awhltect-eng5nnr. GE provldm in fomt lon  and tonsulta- 
tlm as nuessaty w i t h  regard t o  nb l r t lan  sourer trms. 



7 -14 PLUTCMIW IN  TURBINE 

f t  was stated thr t  plutonium had been detected on the inside o f  BWR turbtnes. 
I t  was noted that mlgratlon and t ~ n c e n t r a t ~ e n  of  plutonium i n  the balance o f  
p h t  was n6t m l l  understood nor had It  been systematfcally evaluated. 

EPRI in l t lated a three-year proqrlrr i n  1976 to  study t h l s  Issue. Levels of 
plutonium detected in opcratlng plant turbines mre very low. In additlot! it 
was concluded that ths r lgrat lon of plutantw throughout the balance of plant 
does not constitute a harlth and safety concern. The results o f  t h l s  lPR1 
program am C n m  to  the NRC and thls tontarn i s  closed with the NRC. 

I n  1976 EPRI Initiated a three-yew program t o  determine the concentration of 
transurrnlcs and ather radianucl Ides i n  the sol I d  1 ow-1 eve1 radwastes from 
nuclear plants. Results are  mpnrtcd i n  EPRI NP-1491, Research Project 613, 
I ssuad i n  August I=. As part o f  this study, crud scrapings frim inside r BUR 
turblne thr t  had k e n  i n  operation since 1962 were analyzed. The levels o f  
plutanlurr detected inside the turblne were very lw, I n  adtltion, the plutonlunr 
content of t h r  warlous sources of rmrhste lndlcater t h r t  nlgratlon throughout 
the balance of  plant does not constttute a health and safety cencern. 



It was d c t e n l n d  that  ddtt4oral e Iasct-iw manpower was needed Cn several 
areas, such as system design and anr "O ysls, u t e r l r l s ,  reload fuel deslgn md 
care management and en inrering suppart t o  BYR sewlceo. I t  was consldrrad 
pmbrbla that Mark 1 8 m f  Mark I1 m v r l u r t t o n  rct ivi t fao mruld jngose rdUCttmal  
mqulrclrnts on mrqinoerlng. It was also n o t d  t h a t  responstblllty for carrying 
through product dsrlgn, dauslopr#nt, tart and produetlon was diffuse. 

htommdrtlons mre made far u n p w e r  4ncraares In  areas wlth potential for 
s r p i W  wrk scope and for mi mt o f  clear-cut responsiblllty and 
accoufitrbflfty I n  pmduct design and 1 sve?opwnt afforts. 

hglnter lng staf f  was increased by 14 percent from 1975 to 1978+ The mnrglrmnt 
system was modiflad and computer tracking implemented, Issuer were r e s ~ l v e d  as 
planned, with rmrm than 90 percent o f  ~nglneering tasks completed on schadule. 

Engineering unpwar  was Intrsased I 4  percent brtwen 1975 and 1978, provldlng 
necessary mnpwar t o  apply to design Issues. Perks i n  mrnpocrar rsqulremnts 
h a w  k+n unagsd by ~urchro l  erctmrnal englnrcrlng subcontract srwlcer. In 7 rddltion, the enginmrlng strf was nmganfzed to mflact the twhnlcrl nerds 
and to  focus rttentlan on Improved quallty and design Issues. Upon c m l e t l o n  
of the w6 desjgn effort and the successful resolution o f  dettgn issues, the 
englneerlng nanpmr was reduced from 1978 levels consistent w l  t h  the teduttlon 
of brtkloq englncertng wrk scope. 

Management systams were developed to  pmvlde measurement and control of resource 
app11cafS~n. Prrlodic pwru reviews by top management assured that appropri- 
ate resources wsm allocated t o  met customer rtqutrements and GE's quality 
objectives. 



ft  war determind thrt cmuter  clpab4lity was fnadqurta t o  a c t d a t e  r m l s t -  
lng a d  futuw nrrdt. It was m r  that tthr currmt system k r v r t u a t d  
and that  hardvare ba added to daublhr e ~ t r t l o n r l  crprclty wlthln tw years. 
It was also nc-d th r t  tCH oprrt lonal  rystm k lqmvd t o  r l l r tna te  
tumaraurd delays c r u d  by pe~ tpkra t  systems lnrdwprtlrr. 

The computer f ac t l i t y  was rxpmtki md updated. Capacity i n  1987 i s  rlmrt f l v r  
t l r m o  greater thm 1975. 

Hew and axpandad computer crpabilltles were drrrloped uhlch succsssfully sup- 
ported a u t w t l m  o f  the design process, erslly r c c d r t d  runnlng nore 
accurate dasign computer pmgrus, and w n  satlsfrctorl ly km used t o  mhrt the 
requests from mqulatory Wlas for lncruasad n w k r s  and cmplrxlty o f  safety 
analyses . 
The 1987 lnstallrtion includes distributed procesrtng networks ul th pomrful 
interactive work stat ions,  clusterad Olgltr l  Equimrrt cmutr rs ,  a d  m a t s  t o  
the GE Criy colputrr. This replrcd much o f  thr pnvlous batch mda CDC md 
Honeywell cmputsr crprclty. The local rmtwork c e u t e r  capacity provldes 4.8 
tlrms the 1975 capacity, and access t o  the Cray cwutsr .  



8.0 EWIWEERIHG QUALITY AN0 COST 1RPROYE)IEWTS 

I t  was detemtnctl that there war 4nsufflcftnt ln-house design r x  rtlse on the P deslgn of  vendor-suppl i t d  equlprwnt. I t  was d i f f i c u l t  to  c m t m  such designs 
and t o  mnl ta r  the u t e r i r l s  and process aspects of  thrlr pmiuc t l~n .  To 
lnrprove r v a l l r b l l i t y  and gain kttw control o f  vador-ouppl~sd qul-nt ,  It 
war reconcnded that 6E Inst i tute greater stmdrrdl r r t ion,  enginmerlng t r l r c t  ion 
and control of vemchrs, md that u n q u m n t  make 8 c m i m m t  t o  ml h b l l  l t y  
programs for prwured equipment. I t  was also momended that  8 program be 
hi t l a t e d  t o  acquire omerrhip o f  designs for cr4 t l c r l  vrtvas and p w s .  

t a .  

lnpravad psrformnce o f  procured products has been achiaved through reorganl- 
zrt lon o f  tngineerlng and QA and s ~ p r n d d  qua1 i f l c r t i o n  programs. 

The onginmrlng function, i n  d i rec t  support of  vendor-supplied equipmnt, was 
reorgmlred I n  Vareh 1976. The organ1 zatlon was cmonent orlentad m t h w  than 
system orlentad, In th is ury there war a mrdy exchange ef techno1 md 
rrperlenca arsoclated r l t h  specific em~mntr.  In dd i t lon ,  p r r s o n n r  m 
upgraded t o  improve t u h n l c r l  capabl l i t i ts  at  a l l  levels. 

Increaswl invelvtmnt by design mginaer~rtg, drvmlapmmt of  8 structural and 
discCpltned enqCnc9rlng organ4zatfen a d  the strangthenlng of p u r l ~ f l c r t l o n  
programs resulted i n  irpraved product pcrforunce and plmt rval labi l f ty .  

On c r i t i c a l  carponents, GE m v l d  design detall driwings In addit ion t o  the 
normal out l ine  drawings and supportfng stress reparts required by Codes. 
Extensl ve qua1 l f  ltrt ion programs e r e  cwletcd. Efb$lnaerlng p m d u r u s  mre 
changed to require Qual i ty Assurance to  r t v l e w  and sign o f f  on all mtrrfrls 
requests p r io r  t o  issue t o  ensure current daf in i  tion o f  qua1 Cty rapuimmnts. 

Department procedures were rmrl tten t o  better clef tnc engfnaers' rrspmsi - 
b i l f t l e s  and t o  control mgineerhg chmges. 



It was determined thrt M / 6  standardization was not being adequately addressed 
a t  the hrdurre level and thrt program d i rec t ion  t o  achieve greater strndrrdlza- 
t i o n  was lacking. The resulting mult ip le designs of  fue l  and reactor crmponsnts 
created cost and control problems i n  mnuf rc tur l  and made i t  mrr d f f f i c u l t  t o  
assure that l icanstng wqulrmnts tmn srtfs "9 id. Plant auallabillty and 
capacity could also k affected by lack o f  stadardirr tSon. It was recmended 
that  a clear-cut prqrm be insti tuted t o  establish a reference WR/6 design, 
wtth the objectives o f  reducing the nunbar o f  plant designs and imprwinq plant 
a v a l l a b l l i t y  and crprcity. 

Attention o f  management and engineerlag urr focused on s tmdr rd lz r t ion  during 
the MR/6 final design period. A Chmge Control program was empkr~irad, 

An organizational cmponent was created t o  direct an increase i n  the stan- 
dardization emphas5 s throughout the organization and t o  focus management and 
engineering attent ion on u t i l i z i n g  standard s y s t n  and hardware designs, ThSs 
component was maintrinod from Au ust 1975 through January 1978, and during t h l s  a psrlod several programs were illp e m n t d .  In January 1978 the orgrnizatton was 
dissolved slnct it had ~ c c c q l i o h e d  i t s  objective and the majority o f  the 
reputs i t ion plants had progressed to  r deslgn stage where mast  o f  the equipant  
declslons had been made. 

A ccmputertzed standrrdizatton rtport was t r s a t d  to i den t i f y  the top 1800 
design documents Far the WR/6 standard plant and for  a l l  o f  the BWR/C 
requi sl t Con plants. The fM/6 standard design war granted P r c l  ImCnary Design 
Approval by the NRC i n  December 1975. Thls  report 4dcnt i f lcd the system designs 
md equipment doslgns which existed and f o c u d  attent ion on those designs that 
had s ign i f icant  var iat ton betwon plants. Using t h i s  report, lead sys tm 
engineers and c-onent designers created action plans t o  complete the Standard 
Plant  Design, reduce the natural trend toward custon design o f  fndlvldual p l a n t s  
and promote application o f  the standard designs t o  a l l  requlslttons. Sptc l f i c  
action Stems were i den t i f ied  for Individual designers. I n  addition, the report 
was p c r i o d i c i l l y  pmducd and rtlersd t o  l i n e  managers t o  be used as one 
measure o f  cngi neering perforunce. 



8.5 TEST FACILITIES 

It war determined that  addtt ima1 invertnent 4n t es t i ng  was needed t o  assure 
equipment dertgn qurl i f  i ca t  ion k f o r e  lnotal l r t lon and apwr t i on  In rrdar t o  
Impraw= plant rs l l ab i l i t y .  It war r e c m n d e d  tha t  addit ional fac l l l t i8s  be 
davrlaped to  test  nw equtgmnt, provtda information on qufpaent parforrmnce 
and identify any areas where re l i ab i l f t y  cwld ba inrprovrd. Attention was 
dlrected t o  flaw induced vibrrtlnn testing and hydraulic test ing of colgments, 
as wlt as t o  tasting o f  contr-rrl rod systrrrr and the c o n t a l w n t  prassute 
suppressiQn system. 

Action t o  upgrade and expand cqotwnt  testing has been accwl lshab.  A nunbar 
of major test ing f r c i l l t i e s  were built rnd test ing programs e r e  developed and 
campletd. Equipncnt designs have bten tested and qualified. (Sea also Tapits 
4 .1  Stress Corrosion tracking, 7.2 - Mark 111 D y n u l c  Lords and 7.6 - Mark 1 
and 11 Containments.) 

H i j o r  test ing fat11 i t t es ,  programs dou+lmp+d and colplsted: High Flow Hydrau- 
I k s ,  Fuel Transfer, Control Rod Wive kindling, Control Rod DrSve Tlst ,  RccCr- 
c u l r t  ion F low  Control Valve, Wain Stam Isolation Valve, SafatylRel hf Value, 
Reactor Water Cleanup P w s ,  P i p e  Test, Containment Test, md BYR Services 
Training. 

Steps taken t o  upgrade md expand test ing have included: 

1 .  Construction o f  a t e s t  f a c i l i t y  which 1s a 60 degree sector o f  a f u l l - s i z e  
BUV6 core and associated internals. This f s c f l l  ty ,  the Hi h F l o u  Hydnu- 
l i t  Fac i l i t y ,  became operation i n  1978 and urs used t o  cvr ? bate  vfbrrtion 
o f  WR/6 intcrnals. This evaluation has a l l d  el imjnation o f  v ib ra t ion  
prablerrs p r i o r  t o  startup o f  a M/6. 

2. Construction of a separate facility to  tes t  the BYU6 incllned fue l  trans- 
fer system uas ccqleted h 1976. Thts system transfers fuel from the fuel 
storage pool i n  the fuel building t o  the upper fuel storage pool o f  the 
reactor building. Over a tuo y e w  period the faefl f t y  has been used t o  
perfom r cmpltte qur l i f i ca t fon  o f  the entire system pr io r  t o  startup of 
the lead BWR/6. An actual production systew was t e s t e d  before shipment t o  
a reactor s i te. 



Thr test v r r t f f r d  that r produetton sys tm pmrfarrwd rs Mandad. Followir? 
the qua1 If  i c r t b n  tests, an r c c d e r r t d ,  40-year 1 l fe  ml l r b i l  t t y  tart was 
parford when the systm r r s  cycled 12,000 t l-s t o  chuk component 
Intwfrcas ad 1 o q -  tern plrfaturce and w r a t  Sonrl c h a r i t t t r i  s t  C cs . Such 
tests a l l o w l  4nprovammts i n  th design uhkh w i l l  hrlp insum mre 
wl4rbl* ryrtw owrat im + 

Constructlm o f  r sapr r r t r  f a c i l i t y  t o  t es t  tha control ml dr iva hmdl lng 
equlpwfit urr colplrtd I n  LOTL. Tttr frcilfty was bul l t  to r l l u l r t a  the 
undervassrl port ton of  the w6 wlth the goal o f  reducing CRD replacement 
t lme, a d  hence rad iat ion exposulu, durlng CRb malntenrno. Each set o f  
praduction rqulgmnt  was twtd p r l o r  t o  si te del lwry.  

M d l f f c a t l o n  o f  the Control Rad Orivc tes t  FacCllty t o  allow testlng r new 
concept t n  control rud drfva opwr t lon .  Thts concrpt, called 'gangad 
rods,' arlginrted wlth BUR,/& m d  tests mru prrformd t o  q u r l l f y  tha new 
control systm oparatlon. 

Construction o f  a saprrrte faclllty t o  t es t  the m l r c u l r t l o n  f l o w  control 
v r l v r .  ThCs tes t  f r t i l l t y ,  canplatad I n  1978, uslng actual f low control 
valvrs, drtrrrfnrd t h  perfomnca c h r r r c t r r l s t l c s  of the ualums under 
s l lw r la td  f lw condltlons and d@tarrrlnad the l i f e  o f  various mvlng par ts  
of the vr lvrs .  7000-hour tests [corms ondrng t o  four yews of  r~p8ctad 
operation) ver i f ied opr r r t lon  within prr ! o r u n t r  rpect f ler t lonr .  

Construction of r test Caci l l ty  to  study the cause of leakage across the 
main steam i so lat ion valve (HSIY) seat was c q l e t e d  i n  1978. Past WSIV 
l takagt has required maintenance i n  the field whkh has contrlbutrd t o  
plant unava i l rb l l i t y .  Tests on the mln stcam i so la t ion  valve i n  the new 
facility haw allovsd General E lec t r i c  t o  datsrrinc the crusrr  o f  lerltrgs 
and t o  dewlop r tool  design t o  i l l r u t a t e  the ptobln .  

W 4 f i c r t b n  af a f ac i l 4 t y  t o  allow test inq o f  safmty/rsl lef valurs bmcame 
oparablr i n  1978. The tart  objective uas to  study the growth a f  larkrge 
r i t e s  over long time p w l d s  and t o  rua luatr  matwirls for s r f ~ t y / r r l i a f  
valve seats which would ~ l i n l r l z r  erosion and, t h W & f ~ l " ~ ,  i f i r p r ~ ~ e  valve 
r t l i a b i l  Cty, 5% hour tests provided leakage rate drtr md m a r l n r t l o n  o f  
mr te r i r l  smpler resulted i n  the best co lbfnr t ion of disc and nozzle seat 
m&t t r l a l  st 

M i f i c r t t o n  o f  a test f a c i l i t y  t o  r l lw terting af reactor water cleanup 
p-s t o  d e t t m i n t  pump f r l l u r e  wchanisns. Pump design changes have 
resulted and t e s t  operation i s  k i n g  mnltored t o  detomine the affect o f  
design changes on p w  operation. 

ConstructSon o f  a BYR Strvices Training F a c i l i t y  .in 1980 serving a dual 
role  as both r testlng and traintrkg c m p l e ~ .  Tho only f a c i l i t y  i n  the 
world capable of f u l l  -scale s i u l a t i o n  o f  nuclear plmt refuel tng and 
maintenance ac t lv l t ies ,  it acts as a proving ground for dcvcloplng 
and test ing of  various tools,  servic ing procedures and equipment 
i ns ta l l a t i on  techniques i n  a radiat ion-free environment, 



10. Pipe test  facility canrtructed t o  allow slmrltmeous tar t in  of a 1wpe 

t r r r t u n ,  stresses, and urttr thrnistry conditions. 
7 number of piper with dlamtars af 4' t o  16" under careful y controllwl 

11, limerow containent test frcilftlrs. These includsd ful l  scale tests 45 
wrll as scale modal tests and allOLnd a l l  prrssuro supprezs4on phrnmnr to 
k thoroughly evaluated. 







8.0 ENGINEERING QUALITY MI COST I H ~ V E H E N T S  

It was detrmsfned t h a t  them was not an rdaqurtr systns a q l n r r r i n g  orgmf- 
z r t lon  and that  procedures for BYR tystrrrs design rrv i lws nrrded lrrgrovmmt. 
I t  war retomended that a Systamr EnglnnrS Function be astrbl !shed and 
iwlormnted t o  delin8ate systm m q u l r r n t s .  "f t was also ructmmndrd that i n  
lndepsndant and rigorour WR Systrrs Design I lsulau d isc lp l ins  ba Wablishrd t o  
provide cmprehenslve e v a l u r t l m  o f  tach generlc BUR design rt c r l t I c a l  points 
in  the progrm. 

Lead s y s t n o  anginrevs w establishud and they provided strong guldtng 
influence on BUR design. 

The OUR work breakdown structure was reexmined and the product was subdlvtdd 
into I t s  31 functional systems. A lard S y o t n  Engineer was then appointed t o  
take primary responsibility and authorlly for the csrrect and ctmplrta design 
and the qua1 i t y  of perfommce of each o f  the systms h l c h  lake up the BUR. The 
overall product perf@mance and the organizit lanal developwnt rnd functional 
direct ion o f  the Lead System En ineettng group were rsslgned t o  r newly created 
"tmposite o f f l c t '  consisting a ! Senlor Engineers. 

Documents and procedures required for  design r e v i m  have been f u l l y  developed 
and are i n  use. 

Thr compos4te of f i t s  and lead Systm Englncerr provided r strong guiding 
influence on the WR deslgn. I n  addl tion to developing m r e  act ive in te rac t ib r  
with plants I n  the pre-operational and startup phases and with operating plants, 
they treated r complete set of System Design Spcclflcrt+ofis and a Composi?e 
Plant Spet l f l ta t lon  uhich l a c a l l r e d  a11 product level and systems design requite- 
ments i n t o  one plate.  These documntr were used rs r basls for desfgn review 
and design verificatCon work md ucre an e f f  itCcnt guide f o r  a l l  design work on 
BWR/6. A series o f  thorough system design reviews were also conducted t o  assure 

I that  the systems would perform t h e i r  intended functions. 



8.0 ZNClNEER ING QUA1 IT! AHD COST IMPROVEMENTS 

8+8 FIELD EXPERIEWCE OF DISlCI ENGINEERS 

gns I n  Reed Rwort - 1971 

It was deterwined that design enqtneers were i s o l a t e d  from field construction 
and operrt inq plant p m b l e ~ s .  I t  war rec-nded that  a program be estibl  ished 
t~ increase opportunitlcs fo r  hardware and drslgn engineers to oataln tloser 
contact wlth on+l  lne plant  operations. 

The Cntcrchrnge of rsslgnlmnts between design and operatlng mglneer. Improved 
design knowledge In  the f k l d  and famflirrlty by desIgn engineers wi th  f i e l d  
C ssues . 

Act ims taken have fallen Into throe categories: 

o Creation of an operating englneers' organization t o  place pemancnt senior 
GE engineers a t  operat 1 nq reactors, 

o Increased use o f  englneers to  do needed on-site work and t o  bring back 
useful e~perience for des tgn input. 

o Improvement of comunlcatlon systems for  bringtng operating experience Into 
the design organization. 





1. A program manager war assigned for each major  actiuity and dataf led plans 
were develaped and Irrpl m t n t t d  . 

these programs havc produced results that have k e n  reflected i n  the  hardware. 

The long-tern program begun a t  the same t Im consists o f  the fo l  hwjng elements; 

1 .  A computerCzed system was put i n  place to store and retrieve data on the 
causes o f  p lant  outages and forced power reduet ion. 

2 .  GE has located r Senfar Operations Engineer at BUR plants t o  improve 
feedback on plant performance (see Item 8.8). 

3 .  A Rcl l a b i l  i t y  Engincerlng organization was establ ished. The Availrbtl l t y  
Engineering group wC thin that  o rgmlza t  fon analyzes the operating plant 
performance and feeds back performance data t o  the dcslgn orgrnizrt ions. 
They also  assist the dcslgn orgmlzation wlth re1 mil i t y  studies i n  
support of imroved dos igns . 

4 -  Rellab!lity Improvements, as they are developed and purliflad, are imple+ 
mented jnto new hardware and, In many cases, operating p l a n t s ,  

5 .  Oeslgn review a c t l v f t i e s  have been expanded signtffcantly. 

As r result of the overall  re1 iability progmm. the capacity factor of operating 
BUR plants has improved slgni f icant ly .  



8.0 EMG I W R I  WG QUAL I TY AND COST IMPRbVEMEWTS 

I t  was rec-nded that  R&D program with other organizations should be prorrmtd 
and estrbl l s h d .  Other organlzitions would Include 1 ictnsces, uti11ty 
customers, U P S .  and forelgn gavermmentr, ctc. 

Increased support frm outside agencies waC achieved. A BUR Developmnt Bawd 
was astabl  Cshee to  imgrove the exchange o f  technical  information with 1 icensaes. 
BUR owners' groups were also estab?ished. 

There has been r rubstrnt i l l  increase 1 n cooparat Ive research and development 
programs w l t h  WE, EPRl and NRC; w l t h  8WR Dwncrs groups; with CE I icensars, and 
w l  t h  forelgn BUR vendors, 



8.0 INGINEERING QUAL l T Y  AND COST IHPROYEWENTS 

It was detemined that pmer s u p p l h s  fo r  nuclear safety systems were highly 
re1 i ab le  systems wlth redundant independent d l s t r l b u t l o n  and that  they had very 
small rmpict on plant a u r i l a b i l i t y  (-00Sq compared w i t h  1% attributable t o  a11 
power supplies). Non-safety p w r  ruppl rles had r mlnor Impact on to ta l  plant  
unavailability - less than 1% o f  27.6% total plant  unavailability. I t  was 
recamended that addit  tonal coordlnat ion  o f  tnter f  ace needs be developed betwe~n 
GE and the responsible customer/A-E design o r g a n i z a t l m s  i n  order t o  foster  
possible increases I n  non-safety power system aval lab i  l i ty.  It was also  recam 
mended t h a t  responsibi l i  ty  for power suppl lcr far GE systems be central Ired. 

lnrproued rnformatictn exchange resulted i n  incorporation of l a t e s t  requirements 
and latest improvements. 

R e s p m s l b i l i t y  f o r  power supply f o r  G t  systems was cent ra l i zed  w i t h i n  the GE 
organizat ion and the overall system rospons i b i  l l ty  shared j o i n t l y  among 
customer, A/€ and G E .  Exchange of information assured incorporatton of the  
latest requlrerwnts and design improvements i n t o  power supply systems in  o rdw 
t o  increase avai l a b l l  i t y .  



8.0 ENGINEERING QUAt l T Y  AH0 COST IMPROYEMHTS 

8.12 fUEL CYCLE COST AHD FUEL PERFOMNCE 

Three areas were identified as having tht potential f o r  reducing fue l  cycle cost 
and Improving overall fuel performance. It was recamended t h a t  the following 
approaches be consfdtred: 

1 .  In-core f u e l  managomnt strategy which would avoid movement o f  fue l  from a 
r e l a t i v e l y  low power zone into r r e l a t i v e l y  higher power zone during 
refuel  ings. 

2. Six-month r e f u e l  lng fnterval s. 

3 +  Use of spent fuel in plate of  natural wanturn i n  the core blanket of 6WR/6 
i n i t i a l  cares. 

Precondl t loning [ P C 1 ~ R )  resul wed concern about fue l  shu f f l  ing. No u t l l  i ty 
i n t e r e s t  i n  six-month cycles was expressed. Use o f  discharged fuel as  i blanket 
proved t o  be impractical. 

The approaches Ldent i f ied  have been studied t o  determine t h e i r  patent la1 f o r  
providing fuel cycle cost  savings and improving fue l  porfonance. Conclusions 

th is  work were: 

l i m i t  lng the number o f  fuel  bundles mved frorrr a low power locat ion t o  a 
re lat ively  hjgher pctwer location dur ing re fue l ing  was t o  reduce PC1 
f a i l u r e s .  If the non-barr ier  fue l  4s precondittoned, the movement o f  fue l  
t o  any location ls acceptable. Preeonditlontng o f  non-barr ier fuel t s  now 
standard pract ice.  For ba r r i e r  fuel F 'econdi t f m i n g  i s  not necessary, 

The objec t ive  o f  sWrmrnth fue l  cycles ra ther  than annual war t o  reduce 
fucl cycle cost .  However, the a v a i l a b i l i t y  of the nuclear system increases 
with longer f u ~ l  cycles, reducing total power generation costs, This 
e f f e c t  outwtjghs benefits o f  fuel cycle cost  savings from short  cycles. An 
increasing number o f  utllitles we nor wtendfng t o  18 and 21-month fue l  
cycles. lhcrc i s  no utility interest i n  six-month fuc l  cyc;es. 

Thc use o f  low exposure discharged fuel i n  the I n i t i a l  cores o f  BYR/6s 
could result i n  fucl cyc le  cos t  savings. Hbwever, the p r a c t i c a l  problems 
o f  obtaining, shipping and hand1 ing appropr iate discharged fuel bundles 
have outweighed f ue l  cycle cost bene f i t s .  



The large gmgraphicrl  separrt tan batmen the huclear Enghear t ng Dl u i  s ion 
located I n  San Jose, Cal ifomlr and the unufatturlng facilities located I n  b t h  
Yi1mington, North Carol lna and HempMs. Ttnncrree was I d m t l f l e d  as a concern. 
It was rscammded t h a t  r study be done t o  determinr the best  d lv ls ion  o f  
engineering md ~ a n u f  acturing personntl amtg the various Far l I t t l e s .  

Alternrtivcs wcre studied, and irqrovemnt i n  c m n i c r t l a n s  and atganizatlonrl 
reporting r t l a : ' m s h i p s  changed Cn 1 leu of relocrt ion a f  people. Follow up of 
actions taken led t o  the conclusion that  adequate I l a l s o n  was ~s t rb l ishcd.  

bhl le problems o f  geographic d t stance fram suppl i e rs  are rccognitcd, CE be1 ieves 
the prlmary need I s  ta maintatn r close relationship among 811 elements of the 
eng i neerlng orgrnlzat Ion. For this reason, anginehrtng erprbi 1 + t y  i r  conccn- 
trated a t  the Sam Jose s i t e .  In the specific instance o f  t h t  Wllmingtm fac5- 
1 l t y ,  measures hrvc been taken to  ensure that close contact i s  malntrlned, These 
measures Include mrnufxturlng f a c i l i t y  engineering o f f l o s  repartlng t o  
San Jose, j a i n t  management meetings. p r r t i c l p a t i a n  by San Jose engineers I n  
resolufng mrnufrcturlng olte problems and efficient telephone system canmu- 
nlcattons. Due to  a decline i n  shop larding a t  the -his reactor vessel 
manufacturing f a c l l t t y ,  GE no longer satntr lns  a business agreement with CBJ 
N U C ' ~ = ~  and our cngineerlng of f ice  I n  that f r c l l  l t y  has been dCscmtlnutd. 



9.1 CL1 FIELD CHAWGES 

A concwn was expmssed over the n m f  o f  w s t t e  chmges raquirod i n  C&I 
aqulprmnt due to t h l m n t  of  corponents prior to  caqlet ton o f  nal drslqn. I t  
was mtud that inglmentlng thess chrtyes in  the fleld rtsulta~ In  QC manp-r 
becoming too involved in Inrtrllrtim and requird a lengthy docmantatIan 
cyclr .  I t  was rmcrmded  that prwmdurur and practltes ba lrplmantd In C I J  
to  substrntirlly mducm f h l d  changes and t o  lvducr the tiw n q u t r d  t o  
document those changes &an t h y  mn nocesrrry. 

Programs ware 8stablished and illplsmnted to address these concerns. 

A number o f  programs were established t o  address the concerns Cdmtifiad tn the 
Reed Report. Thesa programs were effactivs I n  mduclng CLI f i e ld  changes in 
bath design and procur-nt areas and streul in1 ng the documentation process for 
necessary chan as. Programs were &velopd t o  further inprove Implewntrtlon r and tracking a necessary changes. 



9+0 PROJECT MWiEHEN7 EFFECTIVENESS 

9+2 PROOOCTIYITY AT REACTOR SITE 

The Read study group recwnizwl  w e i s  that  wen opportunltlas t o  Inprove con- 
struction efflcleney a t  reactav sites. 

Although GF's role at construction s l tes  was quite limited compard to  the 
uti l i ty and principal constructor(s), GE took steps t o  lqwoua efficiency u i t h i n  
I t s  scope o f  respans 1 b l  1 I ty  . 

sumui 
The fa1 1 owing Imprcrvmants mre irrglmented: 

A f o w l  ryztrr was used to track the status a f  hplarrcntrtion o f  required 
f b l d  changer a t  tha c o n s t r u t t l a ~  s i  tmr . 
An audi t was conducted I n  1978 of clcanllness practicer a t  tha constructlan 
s l  tes.  Subscqucntly, the i nst ~uct ic ln  on cleaning and c l e m l  lners control  
was revised to  improve Sts lnplemntr t ion.  

Wherwer prrctlcabl Q, Instal 1 r t i o n  of  reactor I n t e r n a l  r Into the pressure 
vessel was transfarred from thr construction s i t e  t o  the vesrd 
manufacturar's p lant  for tlpmvd f r b r i t a t  Ion control &md p u l l  4ty 
80$Ur&llC8. 

Installat Ion lnst ruct lans  for  GE-ruppl id hrrdware and technical d C r e c t h  
rt the plant sttcs mrc r w C d ,  r r v i s c d  and nodifled based on the 
cont lnuing experience grf ned durlng the canstructlon o f  plants . 



9.0 PROJECT HAMMEHEM EFF ECTIVEWESS 

i t  was noted that the ronstructlon schedule of the Cofrtntes [Spain) WQ6 urs 
folbulng hmedirtaly k h t n b  the dtsfgn schedule o f  the BYq)6 standard plant. 
There was a concern that the construct~m of  this  plmt r i g h t  be Impacted by 
u n r r s d  ved 11 ems lng i s  sues. It was mcolrcndd that construct ion be schtdul ed 
t o  avoid major changes r t s u l  t l n g  frm possible regulatory repuirm#nts. 

GE successful ly supported the construction schedule o f  the to f rentas plant. 

I n  January 1984, the praoprrational tes t  program was conpletd a t  Cofrmtms and 
the customer s u M t t a d  r request t o  the Spanish Ragulatory CLgencies f o r  i n i t i a l  
f u e l  luadlng, I n  b y ,  m mrg~ncy /evrcuat  ion d r l l l  was ruccessful l y  corpletrd. 
On Ju ly  24, 1981, the plant received the Ilcmsr t o  s t a r t  l n l t i r l  fue l  lording, 
The f i r s t  fuel bundle was loaded must 6, 1984 and fuel lording was c q l e t e d  
August 21, 1984. On Sept-r 5, Spanish author1 t i es  ruthor lzad i n l t M  heitup 
t o  5% p m r .  The 5% power tcs t lng  was e-lettd on October 1 and authority was 
obtained for 20% testing. I n i t  4rl turblne generator synchronization occurrtd on 
October 14.  Twnty percent (20%) tast ing was cmplsted October 29. TestIng up 
t o  SOX p r w r  { t e s t  cond l t lm 2) was started October 30, The plant  was put into 
c a m r e i s ?  operation in  1985. 



A emem was wcpmssd that thew were a l g u l t i * ~  I n  the $cop  of  t e t h m h l  
dlraction to k prwidud by 6E in  the Installrtlon o f  mqulpmW. I t  was 
r ~ c m d a d  that clearer definition of  GE's responslbillties be davaloped. 

Contract Imgurgr f o r  6E tuhnical diructton I s  tuppllar~trd by a formal pre- 
sentrtjon by CE to  tkm u t t l i t y  staff  ma year prior t o  the s tar t  of work. Thrre 
hive k e n  no signlf lcmt dlfCicuEths aver the stop o f  tuhn lc r l  dlracthm to 
be prov idd  by GE. CEfr scow of  work I s  now c#rglstr f o r  a l l  U.S. conrtructlon 
s l t ~  w e p t  on@. 



ft was n o t d  that 6E project u-t did mt rlmys h&ve access t o  
WE drrwWgs md rchedulrs. I t  was luf" that thls  nndad t o  b+ mrr 
clearly sprc i f  ld i n  contracts. 

A system was successfully irglrrmtmd mtch astund that GE had admuate rccrss 
to WE drrwiqs and sehrdulrs. 

Required CI(E interfaem Infolrut lm 1s now contractually pmvCded to GE thro h r 

A 7 sat o f  c m t r o l l d  documts tnorn by nukrs p n f i n  'AM' Custaur Supp lad 
Information) on the pmjwt's CClstw Parts Ust.  Thls lncl s LCckoff Infor- 
matton needed for the PSAR, as wall as spaclflc intrrfrtr i n f o r n t h  fa? arch 
ryrtm for  ultlch h r r l  Elcctrlc has design responslbll4ty. Custmrs have 
accepted t h l s  approach and use tha A 5 0  pmadum to pmvidr 6E with tnterface 
Inforut ion.  



9.6 PROJECT Y"I"E)IEM'l INFOAMTIOW SYSTEM 

It US n o t d  that plans rrsm W r  nay t o  t t n u l h w  a d  updatm tk currant 
graJut  tniarmatim r y s t n  t o  pmvfd~ 'mal t f r w  cost and schmdulr vrsurwrnt  
and control for kttrr project tmtr01. It was tvc-dad that t h i s  effort k 
r r p d  td. 

GE hplmented an up-ta-date c'trr ~ 1 s t -  for cost a d  sehldulr control on 
project wrk. This tluclarr Ptogrw Contml {UPC) Systm coordlnatrd tha ftnm- 
cia1 and schedulr r u p u i m t s  for mgtmr ing ,  p w u m n t  and unufacturlng. 
The bastp elsrntr at  IK keu, apwatlonrl In 1977. 

The work rsrlgnr+nt portion af tha H K  data base was Inproved to provldr war- 
nlght updates as appostd t a  prevtws tulca m n t h l y  updates. This enhmted GE's 
capibll i t y  t o  hmdle s b r t  tyels tasks. 



It was daterwlnd that  mrv space was requlrsd f o r  C&I hnuf~:c tur ing  and I t  was 
r s e r n d d  that t h i s  space be provldd trr fm Jose. 

The nanufacturlng space was a c q u h d  a d  the wrk cdnplrtad, 

4 100,000 squar-s fwt f r c i t i t y  near the haadquarters o f  6E tn Shn Jose was 
Icassd in  1976 f o r  Cat knuiacturing. In 1970, i t  war expanded to total of 
150,000 square feet. This f r c t l l t y  provided adequate sprca for the rss-ly md 
testing of control m m  systems. The work was c m l s t e d  and shipped and this 
facility was retired. 



I t  was n c m n d d  that 6€ rxmlnm oppartunttfm ad cost knrflts f o r  mnep 
tlrtlnp backlog ordrrs In order t o  s l q l i f y  caml t r rnt r  or t o  Incorporate 
standard p'ant fertutrt  on r block baslr. 

Ll r l ted  c h i  s wera negatlrtd t a  slrrgllfy c m i t m m t s  and rssurr the "?= rrl h b i l 4 t y  o tupgl id equtmnt. 

Yithtn the llrltrtlons o f  contrrttual conltwntt, GE did renqptlrtt s#r 
I l ~ l t e d  thmmgm t o  s1apICfy &sign and assure that ~qrcl-t which was suppllrd 
wt hlgh standwdt o f  qua1 l t y  a d  n l h b i l  i ty.  



The thrrrgr Contra1 Board pravrd to  k r n  @ffwtWn mans of  monitoring and 
autherltlng daslgn thangas. 

The Chang~ Control b a r d  kcam thr r w o g n i z r ~  body t o  ruthorlzr  chrngar from 
the Engineering orgmlzrt l~n.  b a d  w l k r s h i p  Inc ludd a11 functions l a  GE. 
The change control process asrund that chaw@ ruconmdrtfons wru prckagmd t o  
Idantffy a l l  C.prcts and a11 1-1 Icattattr of  tha change. 



I t  was ruwndd that  future investmnts should concentrate on avail abi l  l ty /  
capabll l ty irpmvments as opposed t o  shop crpr t l  ty.  

WrJor ~ n w s t m n t s  have kmn made I n  mginetrlng t r s t  f a c t l i t i e s  t o  tutprbve the 
BMR technology base a d  t o  improvg product performance. Sorna o f  the major 
f r t l l l t i r s  tncludr the Pipe Test Lab, M g h  Flow Hydraulic Facil ity,  Valve Tast 
TrrlnJng F rc i l l t y ,  S t m u  Sector Test Facll i ty ,  the Inclined Fuel Trmsfer Test  
Facility, the Equlpwnt Envlranmntrl Qual l f lc r t ion  Test Fac l l f t les ,  Control 
and Inrtrumnt TralnCmg a Dlagnostlc Facility, Under V w a l  Trrlning Fac i l i ty ,  
the Mntenance Training FaciTCty and the Tulsa S lmlator  Fac i l i ty  far BYR,l6 
Operator Training. Investments have also been made i n  the Ytlmlngton manu- 
facturtng l a b  t o  provlda eapablllty t o  upgnda and better control fuel product 
qua1 l ty. 



1Q.O FUTURE QIUHNCT OFFERING 

Several Reed Report wcmndr t lons  uere u d a  r e l r t t v ~  to  futurr pMduct 
offcrlngs, Including a smll developmsnt effort f a r  the newt grnerathn o f  3UR 
deolgn. 

GE c o n t h u d  t o  evaluate Futum product offerings which ultlmrtely led to  an 
Advanced Boil I ng Water Reactor dssl gn . 

GE joined wlth sawera1 foretgn firms t o  twlets i fersibll4ty and p lant  de f in i -  
t i o n  study for an advancrd dsslgn i n  the 1078-1979 ttme fram. Subsequsntly, 61 
worked under contract with Tokyo E lec t r ic  Pmr Cmany (TEKO) to  c q l e t e  8 
technlcrl evaluation Including pmllminwy englnsaring for the n m  dmsign i n  
1965. In 1987 TEPCO amounted I t s  Intantion t o  bui ld two plants In Japan 
utfllzfng the dvmcrd  design wl th  6E supplying thr nuclear boi ler ,  i n i t i a l  fuel 
and turbjne generator. The unl t s  are scheduled for conmrclal operatton I n  19% 
and 1998. 
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The purpose of thir Strtc; Report is to review the i t m u  of 
patmtirl rafrty rtgnif icmce dincwsed i n  tha Nuclear 
Rcactar Study, a 1975 hnrral Electric Colprny report which 
arrmrmed the prrlimlnrry & r i p  of C.nrrr1 Blrctrie'r BUR16 
reactor and m m r e c  trtmd 8y8tmu. Thm rWdy war directed by 
D r .  Chrrlrm E. Rmmd, a d  i m  frrqwntly rmfrrrmd to am thm 
b a d  Rapart. 

Thlr S t r t u r  Rmport has k m n  praprred at th. rrqurrt of 
Dr. Bmrtru Volfm. Vice Prrsi&nt and Chief $elentiat of 
Cerural t l m c t r k ' r  Muclrrr Bnrrgy Operatiam, In rrrponre 
t a  rrvrral ruwsprprr raportr which r w m m t  that thrrr u y  
have bean mfrey Ismuam dfrcwnrd in th+ b e d  Report which 
verr net praprrly c + # Q L v ~ ~  or athmruism a d d r m m r d .  'ha 
f indhgr wrrr t b a  reviwmd with Dr. Ualfa and c o q l l a d  in  
thin S t m t w  Rapart. Thr final conelustan of this Strtw 
Report 1s that a l l  ruch ice- haw hmn rmmolvrd in  thm 
twelve years since t h m  Reed Rapart was completed. 
raport d a r n  not d h c u r  any m r f m t y  hmws that u y  have 
arirrn or b m  remolvrd rlnem the b e d  a m p a r t  war wrlttmn 
in 1975. 



Statum kpert of 
Potential Safr ty  Isrwr Dtmtusmd in  th. 
lY35 N u c l + r r t a r  S- 

Chw o€ t l , ~  many rtrmgthn af the enoral Elrctric Corpany IB i t r  depth 
of ~ x p e r t i r a  i ~ r  almost +wry t d m i c a l  f i e l d .  T h I e  e x p r t i r e  11 
fr*qwntly ca1:rd upon to  prrfom Lndepmdent rrvieut of u j c r  CE 
tschnlcd projactr. m a n y  rrpertr not conrwccrd with the projrct are 
famed i n to  r technlcrl emit, .a with t h  chrrt.r to examine the 
project in o r b r  te  i b n t i f y  a d  axplere r rmra  of rink m d  ta provS& 
y i & n c +  a d  p r r r ~ c t i v a  to  C' ur.wemmnt. On rare ~ r r s i o n f i  such 
reviews lead to mmjor rrrtructurlqg or  rbrndownt of  r project. In  
most carrm the carlttre'r ins i f i t s  rerult in e g h a ~ L s  oa r*+rphrsim on 
s ~ 8 c L f l c  teehnlcal a .  proBrun to  addrmms e m i t t e a  conc+rnm. 
and/or an oxploratlen of new r p p r ~ c h e r  rq,pmt*d by the coritemm i n  
it. findin&#. 

Thr purpomr of tha Reed study war to arrute that CE'a mu -16 product 
l ine of rracters would opta t+  with the hiammt achimv~blr tevml of 
qualkty m d  r r l i r b i l l t y .  The mt*  warn r lndwtrd a t  m early atage i n  
the &sign prmanr a€ c h r  BUR16 in ar&r to  pmit the r*corrndrclorrm 
of the trsk force to be included tn tha final design of the rguCpnnt 
to  tr* furnhhmd ts C B + s  curc#rra. ConrEstenr w i t h  the practice 
throughout the nuclear i n h a t r y ,  the BUR,t6 dosign inclwhd the n+wrt 
product rdwncer far rrtety a d  +ff ic irncy  with th+ &tai led  
ctr&ih8rring work ta b c q l r t e d  prier KO the curplecion of the 
construction p h a ~ t .  btrwa of thr lcrq duration of nuclear plant 
prafectr .  mcbancd esncrptr cauld be u& rvallabl+ prior to c q l r t i o n  
of d e t d h d  & s i p .  T h b  urn r rw  of c h r  UUU\6 a r e  tha f t t r r  U.S. 
unit went inta ~ r - - - r e l a l  opmratioa in 1965. t+n yerrm rftrr camplrtlm 
of the Read Rmprt . 

The Reed tank force ub. e r i t f c r l  c-ntr abmut a rntrbrr of aream of 
BVRj6 proJect a d  &sign rppraaclwr. *y d -raw r r c o ~ n d a -  
t i m x  for improwwnt of the W I I i C ,  many d which -re brmtd on prog- 
rams alreldy d r u a y .  These rec-ndrtioru ware r@vl+u+d by Cmneral 
Electric unr&ernt  which. uh*re approprlatm. strmn&th.nrd rxfnting 
progrur  and lnftlated nrv proarm ts ilplement the rrcmndat ioru .  



The h a d  Umport ram toql+td in 1975. Thm b-rt -8 mt r safaty 
study r a  notad by tha Ued rtldy B r w p  In the k p r c  lt8elf, which 
ine ldmd the lo1 larina s t r t r w n t  : 

Fhr Muelmar b u t o r  St*  Croup concmntrrtrd an rmvimwCry 
~fprtunLtC+s f Lqrorm+ne in thr rvr thb l l i ty  and 
capmblliey fmterr of tin #II plurtr.  Alt-t in  the course 
of t Stu&y Groug'r rmvlmw. nuelear safe€. arpactr Wtr  
corui&r+d, this Study war nmt mdaty rrviau. Homver, tha 
Study Croup fwnd no r a u m  to bmlievm that rpplicrblr rafmty 
r+quirmwntr are not bin# wt far oprrtl* BUR plantm or 
w i l l  not b. wt far futuro BUR plmtm.  

I n  1976 prmceediwr k f o r m  the Jolnt Caaittm on Atarlc Erwru of the 
Con6rmrr of tha Unitrd Strtrr (JCAt), Dr. Rred descr lkd thr Rmport. A t  
thrr time. tw rrnior d r s  of tha ~ C ' S  t r c b d e r i  s taf f  also rrviruld 
th+ e n t i r e  Reed Report in  &tall nt  CE ' r  officar. T b  entC adwired th. 
J a r  *hat t h f a  rruiaw confirrrd that t h m  Report dld not i b n r i f y  n r w  
r r f - t y  1 ~ 1 ~ s .  nar umr* thma irutwtcmr of ~ L ~ l f i ~ m t  sfifety CCITW*~M 

which had noc prevloruly bmn reported to th. HKC. 

In k c e a r  of 1977. coqraaamm DiryeEl, Chairman of t h  S u b c m i t t r e  
an Energp and F m r  of the Hour Intarrtrtm d Foreign W r c t  C m i t -  
tee. reqwstrd that tb MC t r v i w  r8fety irrwm w i n  ud advim him of 
the status of u l v  arfety irrura addrrsred in the Report. In rrrponra to 

rrqumrt frem tha mC. GE prepared a strtw report on th. 27  isaurr  
which had bwn prmviaurly Lbtntified. In preprriry that rtatlrr report, 
thm rcuiouer~ c d l r u d  f w r  of thm prior immms ifita two iasumr bacaure 





f ir  Reed Report noted that the BUR,& &lip i n  many inrcamer war 
incomplete. 

The M l f 6  wmr s t i l l  In the early atage. of demign at the ti- of the 
Rood Report, uhlch was o m  OF the h p r t a n t  f rc to rs  In perforrlng the 
study at that rLm. 'Ih. licensing procars i m  basal on thr ptrmbe that 
canatruetion permits arm inrued by thr Nuelmar Regulatory Cowi+iion 
wlchout complete or Ciml 6-tailed & 8 l p  infarauclcm. T h m  initial 
applicrtion for r canrtruction permit is rcccmpanfed by tha Pralinlmry 
Safetv Evaluation Report ( 'FUR") vhlch purruant co KRC replat ions 
provides the "preliminary design of the f a c i l i t y , "  IOCFR SO. 3 O ( r ) ( 3 ) .  
rater .  folhuing imsuncc of the conntructian prmit ,  the Final Safety 
Anrlyrlr Report (*FSARR) L C  filed In cartjunctIeri with the operatin6 
license applicatlm. En 1975. BUR,% plrntr were in the procerr of 
seeking construction permits based upon prellminrty deri&ns.  The 
Gencrrl Electric BYR design practice being f o l h r e d  a t  the ti- of the 
Rl td  Report ertrbllsh+d the preliminary daslun bared on axperlance. 
enginaerin~ j u d p n t .  and arulyrlcal msnritivity rtudimr 

The design of the BUR/6 has been completed for row t i u .  Any plants 
l n t v p o r a t i n g  t h i s  deslgn have received Licenses only after Nuclear 
Regulatory Coarirnion revleu of their  respective FSMs which documnt 
pert  lnent f lna 1 drs lgn Inf amat lon 

Thus .  based an the above. thls matter urs always I n  conforuncr with 
rsgulatorv r + q u i c c w n t s .  

Gene rc 
Doc kc t 
8,'9;85 

1 t : lrctr  ir Standard Safetv Anrlyrir Repart (GESSAR)  
So St3 3 0 - 5 5 0 .  Final Dcslgn Approval 7[27,'83. Amendment 1 

, h n d m n t  11 9: '22~86.  

Crmd G u l f  Kuclear Station t'pdsp.d Plnal Safety  Analvsis  Report, 
Docket 30 50-bib. Operating License 6 / 1 6 / 8 1 .  

P c r r v  Surlear Power Plant 167 Final hafetv Am* lvr is  Report, 
Dockr: Yo 50-.run. Cpt.ra+ ing License 3;'18'86 

(Clinton P u w r  Stdticrn l 'n i t  1 .  Final S a f e t v  Analysfs Report. Docket 
So 5 0 - - h l .  ?prating License 4;iO;Bi. 



d .  Adnptrtien of the gmnmrie &rLp to prtticulrr eanrrmetual 
rmquirmwntm, m m ~ l w t u r i ~  rrquir-nta ud other p l m t  
8i~e8. 

a.  P o w t  d r r a e i ~  up to 1 5 1  durix r pottion mf th. cyclr bmcauu 
of rxcrrr iva pcmm paakiq rquirmd for oprrrtiry I h a i b i l i t y  
or in e r b r  to continur to mt ap.rrtSng liaics at rrtmd 
pow+r with high w i d  cemfficientr ud &sign mcru rractlviq 
valuer. 

e .  R r y l a t o y  & h y ~  bmcaumm of th. -ad to  s b u  ability ta wmr 
l i c m ~ i ~  limits. 



HEDO-26154, V o l .  1 & 2 , mQunlificrtien of chr Onr-Diwnrio~l tbrr 
Transient Wo&l far BURS,* &tad Octobmt 1971. 

( S a m  r a  Rdrrmncm 1). P u t  S c r u ,  p y a  7-13. 



Ru Rod %port wted a eonmrn over uhmthrr thm then currmnt M k J 6  
c d e u h t m d  cold shut- ur&h far tb +quilCbriu car. rrould bm 
rdsqruta t o  -rutratm that thm licanrlry rrquirrwnt wan mc for 
rhutdown urgin wlth 8 stuck r d .  Tha concern W a r  tbt this mi&ht cauaa 
rrrly rhutdum a d  w r i l a b l l i t y  while taking corrrctiva action. 
Further, thm calculated vrlua for c d d  mhut&m u r g i n  tor BUR16 did not 
includ. tho  birr factor vhich ri&t b. obtrlnmd frm fimld &tr ar 
part ia l ly  burnad y & l f n i r  c w e m  a d  toak credit  for crud b u i l d u p .  

The demi~n rur&ln fer mhutduun rmactivity har traditionally h e n  1% 
delta K f l .  Thm brim rtriker r bdrrsca uory r c a m i c ,  crchnicd and 
op+rating cocuiderrtfonr. As *rprriancm with gadolinir eorrr i n  
r c c w l r t m d ,  the data Is factbred Lnto the br lyr  predlttiotu belrq used 
for currrnt & s i p .  ~s r & r i p  $8 ccmphtsd. th qmcLfic rnrfchmntr 
a d  &odolinLa emc*ntrationr and dlrtcibutionr arm spmclfhd to rssurs 
adequate celd shutdown margin. The CE &sign rmquirewnt i r  r t i l l  l a  
delta K/K. The i n i t i a l  cares usually have rorr urgin than this. 
Burnup charactrrimtitm of grdalinir have d+n  mnitorrd i n  o p r r t h 8  
plants  and rdjurwents have been M& to the & a l p  C&B a8 
appropriate. 

Crud buildup in not  taken i n to  account In the inlaLat chmn core calcu- 
l a t i o n  but is included In the equilibrium cycle when crud brcomer a 
C r c t a t .  Ongoing data from y & l i n i a  carer will c o n t h w  to  b. factored 
into the d e s i ~ n  t o  asaure adequate rhutdem marain for +qu!libriru 
cores. 

Ths f i n d  deri&n in daacribad i n  & t a i l  i n  rrch plant's F i n d  Safety 
Arulymh Report. This report har bean reviewed and rpprovmd by thm NRC 
prior to lsmmnce of the operating l i c c n r e .  h a r d  on awr 15 reactor 
years of BUR,% oparating exp+rl+nc+ the ability to m e t  and awceeb the 
shutcktm mar~in  repuiremntr has been dtrosutrrtsd. Conridwin8 a11 BUR 
core dsrignr to data, shutdown urgin &.anstrrefon tests  haw always 
been successful. 

This isvue has been sat is factori ly  resolved with the NRC 



The b e d  hport discusrd tha i-rtmncr of L.prwed endaof-cycle &=ram 
tmrctivity. Shmrtfrll p r a b l m  m d  sewral porriblo rolutiaru d t  
conri&rrtisn w i t h i n  CaruraZ LlmctrIe included poamible w e  of r syrtrm 
called prompt ralimf trip, a d.wlca cs t r i p  t b  rmcireulation p q r ,  a d  
faat scram. It was r h o  pointed wt that b r r t i l y  of plant p r  was an 
r l temrtivm te Lmplmwnt.tLon of on+ or rorr af tturr paratblr 
s d u t k n r  . 

Tmchnicrl Spreiflcatlon lirita on steady state  mini= critical power 
rat10 and on many other parrwtrrs art ~~~~d by tha Nuclear Rmgulatary 
C o ~ l r r i a n  bmtd upon anrlymmt p r f o r r d  by Cbnmtcl Elactric on ryrttar 
currently Irutrllrd in B U b .  Compliance with thasa  ini its by BUR 
opeemtors mmuram that d t  operation t a k e  place undsr cenbLtionm that 
have been rrulyzmd far rat+ oprratlotl. C q l l u r e a  with thm Technical 
Spc i f l c r t i on  1lmIts on mini- critical parnr ratio arsumm r r f e  
aprat ian .  brat+ ,  if  nae&d. would ba applied rmthar than ancmedin& 
thsar limits. 

For CB's BL'R/6 preduct line plantm, a more rapid Insertion of the 
control rod8 was acccmplished by & r i p  d i f i c r t i o n s  t o  thr r c r u  
my8t.m. For a11 product lines. urrurrd mcru race and reelrculation 
pump t r l p  provlda rdsqurtt end-of-cycle a c r u  reactivity =rain. 

I ~ The mxp~riance pined from over 15 rmaccor yerrm a€ UYRi6 operation 
shw8 laram u r ~ l n m  t o  arfrty limits and that lor. than admqurtm 
and-of-cycle +cram rmactlvity i m  mvrilablr. Plant &trtrr haw not brrn 
requirad a d ,  in f r e t .  BUR16 plmtm hrw been liemnred rrd operated at 
paver levels grearrr than thaw arigirully sau@c. 

This issw has h e n  racfrIactarlly raaulwd with the WRC 

1 .  NUREG-0151, Safety Evalumtion Raport, CESSAIl-251 Nuchar S t r u  

I Supply System Standard Design, Docket Wo. STf4 50 -531 ,  Mrch 1977. 
Saction 6.2.4, Functional Dariy of Raactivfty Contra1 Syrc+mo. 

I 
p q e c  b - 7  to 4 - 1 1 .  



Thr Rmrd Upart n8ted w e r t r i n t i m r  i n  Lhrn-current a r t i n t e r  of 
radia t ion d corr~mion dqrrd.tion to -16 core intm+nrlr vhich mL$t 
a f f ec t  l i f e t i w  of thmrr cq~arwntm. Tha carrcrrn w u  that corm intmr- 
ruls m i J I t  have ta ba replacad pr ior  re cha end of th. 40-ymmr & r f p  
l f f 8 t i u  t o  previda mrured mtrufturrl incrgrlty iar continued 
operatien. 

The patrntirl for tadi rc ien a d  carreri~n drurrdatlm t o  core i n t r r r u l r  
has alwryr bmm r & r i m  concrrn for .La mrclrrr pawr r e u t a r r ,  and tha 
BUR16 &r ip  r l r m  had to rddrrmm t h i r  Lmau,, 

'Ihr corr Lntamrrls, ( i . m + ,  corr  r w r t  atructurer) of th. WU/6 hrvr 
barn mvrlurtad t o  &trmin+ if t b t m  rrr *ram ubrr radlrtlon 
br6radrt ion could prerent  r potmtirl rrrvicm l i f r t i u  of lmrr than thm 
& r i p  llfa af 40 y r r r r .  

Thm uncrrtaintiam rrrociatmd with rrblation -8radation of car8 auppoot 
r t l uc tu r r r  arm rmlrt-d to ruutron f l w r u e  induemd propmrty ch.ly.r which 
potent ia l ly  occur i n  r t a i n l e r r  mtm+I, the u t a r i r l  w a d  In thr 
corpownt r . 

I f  thr calculated f lwnca vr lwr  umrd for b8Lp lifr rxtrnd into thm 
rmp h a r e  uterlrrl properths chuyr raptdLy w i t h  furttur incrrraed 
flwncr valwr. r p s t a n t l d  for rhortrr corponmt &r ip  lifmtiw cwld 
exfmt. With this c m s i d r r r t l m  tha &aim of Ch. carponrnca in  the car* 
support war bsmd on avaL1ablm n u t t o n  flrwncm data. and rnrlyrrr vhlch 
demnatrrtmd that thr corpon+ntr would bvm r u f f i c i m t  & r i p  u r ~ l n .  
In additim. tv@lrutiotu of radlrtien &grubtimi putrntirl for mtrln- 
l m r r  m t m m L  wtrrirl eantlnu, tr ba p r f o m d  rr additisnrl mutron 
flwncr data are p t w i b d  f r a  plrnrwd ru rwf l l anca  pra6r.u and e x u f -  
nrtionm o f  omrrtlng corpomntr. 

I n  the evaluation o f  WU#C care aupprt r t r w t u r r m ,  nn, r r r a r  rrrm 
idmtl f lmd r h . r m  th. w u t r ~ f l w r a  l m w l m  could be yea tmr  than the 
caneern thrarhbld  s f  5 K 10 ~ U C ~ O Y U  per mquarm ~ e n t i ~ t a r .  T h m  ar-18 
i den t i t i r d  wrr thm csncral r a ~ i s n  s f  tlu top yl& and thm mid-plans af 
the ahrwd. 

A l t b q h  1t i n  e x t m w l y  unlikely that aignlfic*nt structural &&rr&- 
tlm could occur, the conrrp&ncr of Urorr failure of the i b n t i f i m d  
c o ~ p n r n t 8  was mvrlwt+d to ammura that r r f e  ahutborm of tha plant could 
ba rchimwd. h a l y r e s  indicrcr that &re is suff i c i en t  margin i n  the 
hydraulic control r d  drlvm to iruert radr to achtmva shutdown even 



In conclwfon, uulyris inbicat+s that UUR corm lnt+mmla r b u l d  lut 
thrir &rlgn 1if.t- ud t6ntilrurd walurtim of patantid b a r d a t i o n  
of raretor c l n t r  i r  part of thm onplw in-rmmelcr i n r p c t i ~  
progrru  carried wt at 111 11.0. nuelerr plmtm, bath and m r  . 



Tha Reed Report noted t h r t  the then current mthod umd to calculrtr BUR 
trmwiantr, rlthoug,h comprshrnrive in thmir trrrtmnt af thm overall 
lJuclarr S t c u  Supply Symtrm. wrr r p p t o x i u t r  fa tk l r  trmatwnt of thm 
reactor corm. They ware also easmtially untemted w l t h  rampact to  t h e i r  
tranurnt of the central fratur8r of the f i y l t m ,  the couplad nuclerr 
hydraulic procerr. I n  v i ru  of charr uncertaintlei, ths concern umm thrt 
thm r l l ~ w r d  urglnr  bein& used a t  the prrlirimry &si&n mtqr m i f i t  not 
be rufficiant to asmure ~rceptrbility and capablllcy. 

Central Electric undertook r ntudy mnd raview plan with ths Nuclear 
Regulatory Comiaoion related to core &sign and phyofcr evrlurtinn 
mrthodr. Ihe rerultr of theme atudlsa were trmrmittrd to the Nuclear 
Ragulacory Comirsion via topical reports .  

The Reed Report euggemtsd that further mode1 verification be perfarmad. 
Since the time of the Raed Report, prrssurizatlon trmmirnt test8 have 
bsen conducted in two operating EVR8 m d  stability trmtr have bran 
conducted in four other apermtin~ BURm. These taatr  were parfernad 
under controlled condicLons. In parallel with these tsrtr r nore 
sophfrticrted tranmiant s t a b i l i t y  computer model known ari ODYN hmr been 
dsveloprd and ver l f led  with this plant data. Analyram have damonrtrated 
t h a t  the margins tneLu&d i n  t h e  present w&l md the input vrlurr umsd 
with  the model provLded mufficletat margin t o  rccoaro&ta the coupling of  
nuclear and hydraulEc effect..  

The computer model belng uccd and its appllsation tmchnique have baen 
revteued and approved by the HRC. There are currantly ns span imruea 
with the NRC concerning verificrtion of modela unmd to r w l y z e  BUR 
operational trrnoitnrs.  

ThLs issue has been sntirfrctorily ~crolved wlth the NRC. 

NEDO*10302, 'AnslytCcrl Methods of Plant Transient Evrlutionr for 
the CE BWR,* February 1973 and Amendment. 1 m d  2. 

NEW-21506 ,  *StabElicy and Dynaak Performance of the General 
E l e c t r i c  Bolllng Uater Reactor," January 1977. 

Le t te r  doted October 25, 1917, from E . D .  Fuller (CE) to 
Denwood F. Ross (NRC), Subject;  General Electric Proposal for 
C h m n p s  in LLcensin~ Basls Transient H o d e l .  

N E W - 2 4 1 5 0 - A .  Val .  1, "Qualification of the One-Dimensional Core 
Transient Hodel for Boiling Uater Reactors,' Augurat 1986. 



Tha Raed Report mated the follovlng: thr lorr of famdwrtrr hmrtln~ or 
the accidmntal mctlvrtim of the hi& pressure core spray or high 
prersure coalant injection a y r t + r r  could praducr powmr ttanrhntr long 
enough to cause increamed l e r i q a  from the furl .  thcrm una 8 concern 
thrt thrre trmrihnto m i f i t  be w r r  revere i n  th i s  regard than 
prerrurizat . 3  tranmiantr b+cause thay last 10% emu@ for pallet clad 
Snttrretton t r i h r e  t o  occur. 

The rtudy alms rtated thrt the l o s r  of €emdurt+r heating r l w  prmrrea 
CETM* Limico. To stay  within t h e m  limits in  bYg/G, them war concern 
that the r c r u  flux t r ip  point m i f i t  hmve to bs rsducmd to 115* of full 
power from it. thcn+premmnt .etch8 of 1201; thr urm of a thermal power 
monitor In c m j u a c t i o n  with this tighter trip matting mlght bm needed to 
avoid Emhe scram*; che t r m ~ i e n t  right lard to 1 rI8nificant l a m  of 
capacity factor in the future, rime eoditionlry to overpower lev*lm 
might violrte t h r r u l  1imJt~. The need for preeandltlonin~ arires  from 
the por*lblc long-term duration of these tranmlentr (10 minuter ox . ,ore) 
which would allow psllet/clrd intaractIon to occur. 

A t  the t lme of che Reed Report, * o m  W R r  were apmrating at lera than 
rated capacity due to fuel fallures partially rttributcblr to 
phtnomnon known as pellet clad intaraction. A rtudy was carried out to 
drterainr the rsfety algnificmmr of pallet clad inr+rrction I n  r BUR. 
The barlc conclurion which rerulead frum thlr mtudy l8 thrt, while furl 
€&ilurrr induced by pellet clrd intrrmctlon r r u i n  a c o m r c i a l l y  
undesirable went thry do not carpramlae plant ufety. 

An extensive long-term fuel  development program has been ruccerrfu~ly 
completrd to mddreas the concern of pmllrt claddlag Lntwactlon. This 
rcmultrd In r barrier furl dmign ~ M c h  f m  not surtrptlble to clrdd$n~ 
pcrfoz~tlm due to pellet clrdding intrrrccim un&r m y  arpmctrd 
operating conditions. h n y  BURm have already inrtallmd this barrier 
furl design. Barrier fuel has been approved by thr HRC and esrenclrlly 
sliaimtms the probrbillty of pellet clrd lnterrction. 

For d l  p l m t a  the tore operating thermal limit. are ertablimhrd 
canoidtrfng 108s of ftedwacer hartern r a  wall r a  other mpeclfied 

* Ganeral Electric Thermal Afulystr h4is  . . .  a mtmdrrdized mthadology 
for caltuhtlng thermal hydraulic perforunce of the tore. 



7 + 

mEMfr#rewr- (Cont 1mt.d) 

o p r r a t l a ~ l  transirntm. Compliance with thmsr care operating t h e m 1  
limfcs spacifld i n  thr Technical Specificationm rrrurrr ru f f i chn t  
mrfety urai tw.  

httmr &tad Novmhr 10, 19?6 fraa C.C. Sharuood tCC] t o  V k t o r  
Str l l o ,  Jr.  IWELC), Subject: I n i a ~ t i a n  Concmrnln8 Pa11.t C l a d  
Interaction. 

Cenerrl Electric St rnb td  Safety h u l y s l 8  Raport (CESSM),  Docket No. 
STN 50-530,  SmccLon 15.1.1, 



Thr Raod Emport wtrd  that the mcru inmrrtlmt rmqulrmnta for plrntn 
&ripbad far rr l ia f  vrlvm rtqm8nt.d byprrs had not y+t  barn rchlrvrd, 



The Reed Report noted that a11 BUR contrirurnt types umre u d r g ~ i n g  
exttnaive additional rnalyslr required by thr NRC to  rvrluree r t ruc turd l  
adequacy. The Report &Lao noted that th ia  work would lncludm Hark I .  
If and 111 contrLrraent design8 md m i f i t  reaulc in lodlficrtionr to 
axirctlne Hark I r n l  11 contr imsnts.  

A t  the t h e  of thr Reed ~ t u d y ,  plant op.r&tln& expsrlsncr and chcnaing 
NRC requirement# led t o  concern regarding the rtructural r tan1 f k m c e  o f  
chree hydrodynamic phcnomna; rrliaf valve air c l r a r L ~ t $ ,  hlgh tempera- 
ture condrnrrtian and pool rweL1. Subreqwnt to t h ~  Raed Report an 
additional Load. condenrrtl~n-oacill.tlon, ulr ldentlfimd. 

Since the Report war complmt*d, extenrivs t m l t  pro8rmr required by the 
NRC were ca8ple:ed for a l l  thrrr contalnannt typer  . Ounerr group& were 
formed to datermine what actiono were required t o  rssurm that the drrign 
of the c o n t a i w n t r  would met the NRC raquiremenca. 9 t tenr lv r  tmetinp, 
and analyses were performud and the results were reviewed by thr NRC. 
Load definition reports for Hark 1,  Hark I1  and Mark I t 1  containments 
were then approved by the Nuclear Regulrtory Comiooian.  Conceirunsnt 
designs were modifled in the , ~ g h e  of these lead dafinltion reports and 
certaln changes were audr in c o n t a i m n t  structures in accordance with 
NRG requirements. 

Thls issue hao been sarisfactorily resoluad with the NRC, 

NEW-21803. "Hark 1 Containment Program b a d  Deflnltion Report," 
Rev. 2, November 1481, 

NUREC-0661, *Hark 1 Containment Lpng Term Program," July 1980. 

NEW-21061, "Hark I t  ContaEnaant Dynamic Forcing Functiann 
~nfarmat lan  Report," Rev. 4 ,  Novembtr 1981, 

NUREG-0808. "Nark E I  Contoimenc Progran b a d  Evaluation dnd 
Acceptance Criteria," Augusc 1981. 

GE Company Document 22h7007, *General ElectrIc Standard Safety 
Analysis Report, " App. 38, February 2 5 ,  1982. 

NUREC-0938, "Hark I 1 1  WCh Related Hydrodynamic Load Definition," 
August 1984 



The reed Report notrd that the Impact on BUR16 maLntrinability and 
ava1LablLity resulting from pattntial personnel radiation expoaura from 
hmdlln8 the drycr/separutor asrerbly needed to be mrcounted for In t h ~  
dsr Lgn. 

Total dase co the  p'snt voxkers is  controljed a d m l n i s t r e t l v ~ l y .  The 
BUR16 Mark TJI configur~tion has been modified to minimize a s  m c h  as 
po8slble radlrttan exposure to plant workere Lncluding fcrrures much as 
underuattr trrnmfer and storage of tqukpment, ( i . e . ,  drymrfi, amparators, 
a t e . )  These action. reduce txpoaure  ratco t o  onsite workera. Experlencr, 
in operating BUR/6 plant8 indicates t h a ~  personnel bxpoaures a r e  well 
w i t h i n  regulatory 1 l d t a .  

l%Ls issue has been sa t i s fac tor i ly  r c m l v e d  with the NRC. 



The Lemd Report noted that i n  the Lnitirl Hark I11 tmat met up, tha 
alrrulated drywell and bollrr were 1/3 ncrL8 vhilm the mupprersion pool 
section war full acrle. Since these three corponrntr did  not match each 
othrr with r a p r d  to  r i s e ,  the application ef the t+mt reruler t o  th* 
full-acrh rymtm rcquirmd rrulyair.  Tha than current Hark 111 tr8t 
netup war 113 r c a l r  throqhout ;  hweurr, no dlwnrfonrl  rndymir had 
barn perforwd and i n  tha opinion of thr rmvlmr t a u ,  the ability t o  
extrrpolate the t m r t  rerultr to  f u l l  acrle mlght ba qurrclonrd. 

A t  the tine of the Ramd BopuLt, pr+limlnary tmrtlna had bmrn p+rformsd 
for Mark XI1 contrinmunts a t  r rrmi.mcrh facility. T h m  initial testin8 
that had bean p+rfomed war ecr aid in  the c a l c u h t i o n  of cmtrinwnt 
prmnuree. T h m  scaling factom uerm s u f f i e l m t l y  wall-known that thm 
specified vmlur8 were conmrvative. 

Thm load deflnltian rrport for th* Mark 111 c s n t r i n u a t ~  har boan 
rpprovad by the Nuclmrr Ileylatory Comirrlon conriderln~ rmsults from 
full-rcrlo and meal-mcrlr conf irutory tartin6 emplrtrd prior t o  the 
Lsrlynce of the f i r r t  8W/6 o p a r a t l n ~  licenwa. Wmrr r e m i - r c d r  carting 
war performd, mcaling ~ t u d i s e  ware also p r r f o m d .  Thr entire tmating 
propram, including the ura of r c r l i q  factor., urs raviarad with the 
NRC . 

Thin Lasue .. bran 8at imf~etori lv  rerolvad with the NRC, 

1 .  GE Compmy Documant 22A7007, 'Csnerrl Elactt ic  Standmrd Safety 
Analymls Reparc,' App, 38, Fmbruary 2 5 ,  1982. 

2 .  NUREC-0973, "Hark 111 WCA Rslrtad Hydrodynamic b a d  [kfinition," 
Auguat 1984. 



Ths Roed Report noted that plutonium ha8 been dmtmctd on thr inride of 
BUR turbitmr. T h m  coneurn warn thrt mi8rarlon and conc+ntrmtion af 
plutonium i n  the balance of plmt warn not unbratood nor rystrruticmlly 
r v r l u t a d .  

Expsriencr in  BUR opmrrtlan indicates thrt e r m n t i a l l y  &I1 of tha 
plutantuu formed in the rmaetor fuel .rays thrra. Andymr  of r r rctor  
water show that plutonium concentration I& neel tg lbie .  In fact ,  the 
cancentration In ch+ reactor wrtrr i m  s o  low ar to b m  lmr than 1Q of 
the p ~ m i r ~ l b l e  drinking vrter caacentrrt ion I lr l ,  sat by faderml 
ra~ulrtions. There traca qurntitier are r a m w a d  by the reactor water 
purlfie~tion ryrerm, The ramins fran thfm myrtrm are r ~ a o v a d  pmrlodk 
ally and dirposmd of at  8 licrnreQ w r r t e  dlrporrl frci~Ity, 

Anrlyrim har demnrtrrtud that the water L O - u t s u  dacontminrtlon factor 
in 4 BUR reactor l r  approshatrly 1,000, and thur thr patrntlrl cancena 
eration in condenred a t e u  I m  l / l O O , O Q O  of the prrml~mibla concentrrtion 
in drinking w r t m r .  Tharefars, it  i m  doubtful that such r source could 
result In r gtgni f i cmt  plutonium deposition. b r e d  upon th18 evalua- 
t b n  and exprrirnee ct oprrating EWR/6 plrrtts. I t  ?tmn been c~ncluded 
that there is no r r f e t y  concern for plutonium in  reactor wrtar .  

This 1 ; ~ s  item hrr never been m NRC concam. 



The Read Report noted thrt tcating cr~aciated with prallminary Hark I 1 1  
d e n i p s  had not bean completed mnd thrt i t  w a r  necsmmmry t o  damonatrats 
thr t  there &sign changer ma& adequate provltim againat r phmnomsnm 
knaun am oupprtasion pool r h r h i n g .  

S e i r n i c  alorh testing urn performed am part of thm containment te~tlng 
program and i c  ham been @hewn thrt sml~~ically induced v w r a  warm 
i n r i g n i f i c m t .  There testm and evaluations wrr rmvimu+d by the NRC. 

This irsus hrr been ratlrfnetorlly r c s ~ l v e d  wi th  the NRC. 

Bsiausu 

NEDE-21069-P. *Hark f f f  Contalnmmlr SeimmLc Slomh," Novambar 1975. 



The Reed Report noted that an evalurtlm addraorir,g the potential for 
A fuel errnsfcr accident In the Hark 111 contrinrcnt had not been 
accaaplimh*& an of that t i n e .  

Thlr type of potentlal accident anslyrim is r rtmdard derlgn pr&ctiec 
and was planned p r h r  t o  the t h e  af the Paad Report. 

The Mmrk 111 contairraent contained a rmw fusl tramfer conempt. The 
d c a i ~ n  of th l t  ayscrm wan in a prel irlnrry .tags and corplmts rvrlua- 
t ian had not yet  bean completed. The evaluation wan rubrequmntly cam- 
p l e t e d ,  the concept tertmd, and the ryrtra is now apsrrt iotu l  a t  BWRI6 
plor.itr. 

Thlr concern has been r a t i s f a c t o r l l y  rmolvwl wlth the NRC7. 

11 NUREG-0124 ~ ~ u p p l e m e n t  2 t o  NUREC-75/100, "Safaty EvaluatLon Repart 
r s h t e d  t o  the prella&nary daoign of the CESSILR-238 Nuclear Imland 
Stsndard Deaign," Docket No. STN 50-447, USNRC, January 1977, 
Sect ion 2 5 . 3 ,  page 1 3 . 1 .  

3 )  NUREG-0979, "Safety EvrlutLon Report Related t o  the Final Design 
Approval of the CESSAR I1 BUR16 Nuclear Inland DmsCp," Docket 
He. 50-4L7 dated Apr i l  1. 1983. 



The Reed Report coatained a table vhich identifiad u number af ujor 
prnblsms rffrctina the BURS crprcity factor. 

The Reed Report notad a number of u j a r  rraar which had a significant 
impact on BUR availability. The itrum lirtrd were fual dansifitmtion, 
nmw emergency core cooling systmr criteria. end-of-cycle rcraa 
react iv i ty ,  fuel channel wear. faadwater fipmruer crrck in~ ,  offgrs. 
rsclrculrtion nyatma pipe cracL1ng and preconditlonlng intarim apmratln8 
mrna~ment recomndationo (PCNMR) for furl.  

The NRC war wars of each of thasr itemr a t  the tCm of thm Reed Report. 
The impact on capacity factor rrprsrmnt+d an o p m r r t i a ~ l  concmrn and net 
r rafrty coneern because rpproptirtr opmratin~ lidtatiane rnrurrd that 
a11 rrfety limits wmra obmervad. Spaelfie rm8pansrr to thmr itrmm are 
diaruaard in othrr prrtr of th i s  documant, e . g . ,  mra Item 8 on rcrm 
r e a c t i v i t y .  

there are no unrsralved irruer with the NRC in  thmrr r r e r r .  

As noted in the IncroductLon. the BUR16 h r r  m availrbility higher than 
p r i o r  BURS, and none of the i t e m  of concern to the Comittas have 
tmpactmd en i tn  rvrilabillty or capacity f rc tn r .  

NEDE-21282-)-A. "Cenerrl Electric Dmnriflcrtlon Program S t r t u ~ , ~  
Warch 1978. 

NED-20566-P, *General Elmetric Company Analytical Hods1 far 
Loss-of-Coolant Analysim in Aceor&ncr wlth Appendix K , '  

NEDE-21354-P, "BUR Fuel Channml lie~hrnic~l Design and Kkflrttionr," 
September 1976. 

NED-21811, 'BUR Feedvater Nozzlet/Spargsr, Pinrl Raport," March 1973, 

NEW-20994, nPeach Bottom Atomic Power Station Unit. 2 and 3 ,  Safety 
Analysis Report for Plant ?4odiflcations to ElLainate Significant 
In-Core Vibrations," September 1975. 

NED-21156, "Supplemental Information for Plant Hodlfication to 
Eliminate Significant In-Core Vibration, * Jaaury 1976. 

NBDO-21000-1 m d  2 (Volumes 1 and 21, 'Investigation of Cauoe of 
Cracking in Auscenftlc Stah le s s  Steel Piping," July 1975. 



f i e  b e d  Report mtmd i contrrn thrt thrn currrnt prr~tlc*r h e h d  r 
ayr tmut ic  brrim for orucinfi thrt th. WE/6  &riw conformal to 
rpplieabh l i cmnrin~  rrquitewnts.  

Product rrfmty rtmdardm, raplatory gut6  Cmplrwntrtion poaitienm, and 
tmgulation impl+.rnt~tfon mpacificrtianm worm ertrblirhad to rrrura thrt 
the rppl i tabls  1 icmm in8 rrquirmwnts wre heuwntmd and m r i l y  
accrmriblr fur  ura by the engimers and d . a i p m r  of UUU r y r t e u  and 
compomntr. Verificrtlsn of d e r l p  c q l i a n c e  to  detmrmln8 conformmca 
of  the BUR ryacrms and eorponents with thr rpplicrblm rrquiraonnta war 
cmpl+tad in the finalizati~n of each plant & r i p .  

hplemmntrtion a f  thr new ryrtam ham rrrolvrd rhls concern. Thr NRC hra 
granted WR/6 aparmring licrnmmm and has ruditmd the CE rymtmm from time 
t o  tim, 



The Reed Report noted r concern that there w a r  a lack of a conairtent 
program for verification of crlculrtiond -1s. 

The General Elactric Qumllty Armurrncr Syrter ha8 barn improvmd ainea the 
time of thm Reed Report.  I t  afitablinhcr rn consirtmnt proBru for 
aamuring verlficrticin of calculational rodalr.  b r r i ~ n  revlrur and 
indepmndmnt b e i g n  varlficrti~n of input. are prrforwd cr par-t of the 
verification program. Several #RC audit. of the quality a~murancm r y r t m  
an caleul&tional mdelr have brrn perfamed In thm lrm~ 10 yaatm. Three 
have confirmad the admquacy of the procrdurer rfi npplied t o  c&leulrtConal 
mode 1 s 

The NRC m l y  accapts the urcl of qudl f i ed  modelr for llcenetn~ IFSARI 
application. The succsrrful l icrnrln& of 8YEL'r in the USA validrtrs that 
qualified madelm .a+t+n& a11 NRC r e q u f r s r n t a  wrre developed and rr* in  
p l a c e .  

This Lnrue haa been satisfactorllv resalved 4 t h  the NRC. 

BafkwEu 

2. NEDE-10801-P-A, 'Core Spray and k t m a  Fkoading Effmctivrneaa in the 
BWR/bW, February 197 7 .  

3 .  NEDE-10958-PA, "General Electrtc Thermal Analysis Uaoim ICETAB): 
Data, Correlation and Design Appllcrtion," January 1977. 

4. NEDE-20231-PA, 'Emergency Core Cooling Test8 of an Intarnally 
Pressurized Zircaloy-Clad, 8x0 Simulated BUR Fuel Bundle," April  
1976. 



Ths Reed Report noted r concern thrt the binding of control rodr was r 
porrlbillty rerulting from a phenomenon know an channel ct8ep. 

Extenmive m r l y m r  and trrtine of thm furl rrrembiy channels have been 
parfomrd to dmwnrtrrte that the normal o p r r t l o n  of the control rod4 
w i l l  be affected bmfor+ there ir  r signif1,mt dr~radrtlan in r c r u  
time. 7711s would pmit  t i v l y  terrmeelon of m y  problem. The rrrults 
of  these trsta m d  arlyrem were repartmd t o  the Nuc18rr Rb&ulrtory 
C o m l ~ s i o n  and arr undsr review, In rddltim, individual plant 
technlcrl mpeclficrtionm rmquIrc periodic a c r u  t ! ~  temtin~ of a l l  
control drivel. Thrrr ceatr  would i b n t i f y  any posrible c h m n ~ l  creep 
thrt could intmrfarm ulth proper drive oprrrtion. 

I n  addition r Service Information Latter (SIL)  nunbar 320 dated Ihcmmbrr 
1979 war issued t o  d l  BUR 0-rm advisin6 them on channal rhufflln~ 
rules to minimize irradiation exposure and thus minimirm cladding creep. 

The ARC ha6 not lapored any new rcquirclsntr on aperating plrntr as r 
result af th i s  item. Prsrently CE i a  conriderin8 thin Irma closed 
although no NRC ~onclurion has betn publimhad. 

NEDE-21354-P, "BUR Fuel Chmnel U+chanical b r i g n  a d  lkflactionr," 
Saptambar 1976 ,  Amendnrnt No. 1. Fmbrury 1977; Ilwndmmt No. 2 ,  
July 1 9 7 7 .  



Tha Rard Report mtad that m u  & r i p  revlwr and rudi f r  wra ~t i n  
conforrune& with ptocrdurra. 



Thr Read Raport u u  prrtleulrrly csncamrd rbwt t h  a6qwey 8f &UR 
availability p r h  Ln d8rip.  4 cmcmrn uar idrntifird art th prmrrnt 
allscrtfon d aryinrmrin8 r+swrcrn &as mat ptmlde far m optiwl 
balmem in rwilwarlng & r i p  ~ m l m  brtumm rvallrbllity d r d e t y .  I t  
wra prtticulatly notad thmt avaibbilkty ~ 6 ~ 1 s  did not. in u y  instrmcer, 
*xiat  In currant procrdurar. 



1. NeOE-21175-P, 'BUR16 h a 1  Aaammbly, Bvclrutian of Co&lnrd Safa 
Shsrtdosm Earthquake (SSEI and b88-of-Coolant A c c l b n t  (W) 
I a r d l n p , *  Wovmmbar 1976. 

2 .  NED& 21175-3  P-A. 'BUR Fuel Arrrmbly E v r l u a t i m  af Cembiwd Saf. 
Shutdovn 6 I=) Inrdin&r *k.ndmnt 8 3 .  



Tho h r d  Ilmport i&ntifird hi-r than actual rardsutm of radial m r  
r e v t r y  a d  petmtirl TI? myacam life-limitfry ph.n#rru rrrultin~ t r o r  
~ p w r t i o n d  dmm& on thm myme-. 

This r y i t m r  mnd irr  mnhmcmwnt rra not part of m y  open NUC inmuas. 





M a r  r.rultr prwtmd m u u l y r i s  of t b  pot*ntlrl r r f r t y  l q l i t r t l o n r  
af abrorber rod crrckiry and learn of reactivity uarth. Plmt technical 
rpac i f l ca t im m d  varifkmtien procmdurmm rapulre r drrr,rutratlm that 
thm reactor e m  be u i n t r l m d  mUb-crit1cal in  thm cold eonblcian with the 
h i h a t  uorth control r d  c m l a t a l y  wt of tho c o r r .  a d ,  by r mpcifimd 
rw8ctivlty utg ia .  Such r &wrutrrtian,  i n  r condition ahom t o  b. OM 

of  thr #rt nmaitive ta r lor. of w o t h .  a r t  k prrfarud  prior to  each 
rrrctor cyclm, Only thr lorr of b r a n  earbibr frtm 4 a i p i f l c m t  h r  
of t a n  w u l d  p r s v 1 6  a major reductlm in rea~tlvity r ~r t h .  Since 
helium prrrrurr bulldup from berm &plmtion I8 th. u j o r  swrce of 
atr+sr in  thmsr tuber, the Larp d l f f e r m ~ ~  in hren hrmrp in the tubma 
acrorr thm win& of tho control blada ( t i p  tubmr in  r nru blm& wlll 
rbrorb a b u t  704 m r o  wutrona par unit tCm than t b  blr& rwrr&e; 
tuitm &I many r r  the center-moat tuba), and tho vrrlatisn in bran Burnup 
m n B  the b l a h #  in dit€+tmt core locat lam,  u k e a  4 rubb.n maraiva lorr 
of boron m a t  unlLk+iy. fhr a t *  cenclwlad that tha t l n a  aver which 
thm crackin8 of a h r  ef abaerbmr reds right occur would b-m l o n ~  i n  
coaprrEson to  rh. duration of thm reretor cycle. ' I h u m  m y  lomm o f  
rrrctEvicy vorth wuld bm rmvm+A+d by r cold shutdown margin trrt  bmfore 

aueh 1088 could jraprrdlz+ r d +  shutdorm aC thr rmrctar. 

A t  the time. the R18i on 3 I n r ~ t t i m  and Enforcrunt O f  f lca  of the 
Nuclear Replatory  Coriorfon urn informed a€ chc occurrrlber of these 
IlrLlurer. Copier of General Electric rrport* vrtr madm available for 
Nuclear Regulrtary Comission inrpetion,  

Since the &tr fror the Drar&n plants b e c u r  avrilrblm, rdditionrl 
control rod inrpections at  faur BURS ha* indicated that cracking of 
control rod absorber tubes h a  mcur md could result in row losr of 
boron carbide wi th  r censeqw?t reduction of cor.:rd rod l i f e .  GE has 
t h ~ 8  crvisrd domvard the axpected 1Lfe sf r c ~ J . ~ L ' o ~  b l a b .  A11 BUR 
plants haw h e n  infomed about the rsvirerl control rod lifetimes a d  





fir! Rmmd Raport notad that. wrdrr c e r t a i n  asruwd ukverrr conditions. 
prrrmures i n  thr 1600-1650 poL8 my+ had bam c r l cu la ted  for cer ta in  
BUR13 p l m t  t r r r l m n t  e w n t a .  

Y h w  R+ad Report c m n t m d  an  crlculat lcm8 for BlW3 plants uhieh rheu 
possiblm p a l  prrmmurar In the r a w  of frmm 1600-1650 p s i s  for antlci* 
prted t r m r l e n t ~  without r c r u  (ATUS) e w n c r .  The tepert further notad 
that slncr t h m m m  e r lcul rcad r n t i c i p r t e d  t r m r h n t m  vithout r c r u  owr- 
pramaurws w u l d  occur at  mhvrted  t+lprraturas ubn thm reactor prmrsur* 
verrml utrrimlr rrr i n  a d u c t i l e  r t r t r ,  t h y  uauld bm exp+ctrd to have 
nQ refieus d.up conamqwncas on the  vmmmel. W w r ,  It w w r  further 
obrrrvrd that u u l y r m  mhwld k p r r f e r w d  te w r i f y  t h h  expmetrtion. A 
rmcrnt *n*lyslm for r 8UR13 p l m t .  wiry a t a t e - o f - t h m - r r t  &rulyticd 
tools. c r l eu1r tas  r p r k  ptmrrurr l r m m  thm thm valws ldmti f ied  a b o w ,  

Cemral Elmctrlc ha8 brvmloprd & s i p  modification rlterrutiws l n t m b d  
to camply vlth r#w N3tC rmquirrwntr  Imruad since thm Rwd study was 
preparmd. NRC ham 6i-n aarwric approval of ehrar rltrmtivmr under t h s  
ATUS Rula. %re r l t r m n t l w s  ham bmmn anlettad by thm plant o-r as 
rpproprirtm for each BUR t y p  a d  clrms. b c h  plant  .rill rmceiva NRC 
approval of the brign m m l m c t d  to  comply with the ATUS Rule 
r r g u i r a n n t s ,  

S d u t i o r u  ham h e n  i&nt i f ied  a d  m r m  baing implewnted. a i r  I rrw 1s 
mrtirfrctorily rrmolvmd with thr HRC. 

NEM)*2084S, 'Anticlprt~d Truuirn tm Without Scru: Study f o r  thm 
Pil8rlm Nuclrrr Pawrr Strti~n,' Hatch 1975. 

NEW-20846, "Anticipmted Trmrirntr Uithout Scru: Study for thm 
Hcrnricello Chnmrrtin& Plant,' Hatch 1975. 

NEDO-20847, "Anticlprt*d Truuimtr Wlthout S e r u :  Study fo r  tha 
Nlnm t 4 i l m  h i n t  Nuclrrr Pwar Station, Unit  1,* bvlr lon 1 ,  Hay 
1975. 

NEW-20847, 'AnticLprt+d Truuimntm Without Scru: Study for thr 
Oyrtat Crrak Nucl-ar Pmer Station, " March 1975. 

NE00-20843. 'Anticipated Transi rn ts  Without Scru; Study For the 
Drmmkn 2 ,  3. m d  Quad C i t i e s  1, 2 h l s r r  Power Stations.' k v i s i o n  
2 ,  $ept+rbsr 1975. 
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The hucle&r Reactor  Study was a highly t e c h n i c a l  study with the objer t iue  of 

determini 119 the bas I C  reqdi r m e n t s  for  implementing the Huc ledr Energy Dlvi s ion 's  

(NED) qua1 i ty  strategy through con t inu ing  ~mprovments i n  the a v a i  labi 1 i ty  and 

capabi 1 f t y  o f  Boi l i n g  Water Reactor Nuclear P lan ts  (8UR's). This s t ra tegy  i s  

predicated On the v i e w  that leadership of the BUR in  these c h a r d c t e ~ i s t i c s  

represents the g r e a t e s t  oppartuni ty  for reducing tho U t i  1 i t y  customer's power 

generation c o s t ,  w i th  resulting lower power costs for industry and f o r  the ultlmdte 

consuming pub1 i c .  The Study inc?uded review of the broad range of oppwtuni t i e s  

f o r  dcvel~pment of BUR leadership i n  d l  1 aspects of ava i  l d b i  1 i t y  and ~ a p a b i  l i ty 

ar.ross the entire range of design, development, manufacturing, r o n s t r u c t i o n  and 

opera t ion .  

I t  should be recognized that the NED scope o f  supply i s  general l y  1 irnr ted t o  the 

pain components o f  the nuclear steam supply systems and the fuel .  The perfomance 

of BUR p l a n t s  therefore involves  not only the GE scope of supply,  but alto 

relationshi~s with the Arrhitect)Engineering profession, cmponent  l u p p t i e r s .  

c o n t r a c t o r s  and the U t i l i t y  p l a n t  o p e r d t o r r .  The a b i l i t y  of BES to improve total 

p l d n t  availability and capabi 1 i t y  i s  strongly inf tucnced by i t s  relationsnips 

w i t h  these ather par t ic ipants .  

ThL* wgm Fa part of th 
1975 *mucLerr Reactor Studya. 
Z1. tw 1987 'Vpbtm Repart* 

tar current 8trtw. 



DEF IbIT IOh$ 

q u d l t t y ,  as used i n  t h i s  repor t ,  r e f e r s  to the c a p a b i l i t y  of the mtlte BUR p l a n t  

to produce e l e c t r i c a l  energy ( k i l o w a t t  hour:) as needed by the U t i l i t y  customer. 

inc lud ing response to load demands without unplanned shutdawns , and without  power 

derates. The term Auai labi 1 . i . f ~  describes the f r a c t i o n  of t irne w l  thin a g iven  

per iod  that the p l a n t  i s  dvd i l ab l9  f o r  operation, though not necessdri ly a t  i t s  

f u l l  capac i ty .  The p l a n t  Capab i l i t y  f a c t o r  i s  the f rac t i ona l  amount of energy 

the plant i s  capable of producing over a per iod of t ime as  compared t o  the energy 

t h a t  wor;lcf be produced a t  f u l l  capacity and a u s i l s b i l i t y .  I f  there are no derates 

a ?  other  operating res t r i c t i ons ,  the  h p d b i l i t y  F a c t o r  would be numerical ly equal 

t o  h s i l a b l l  i t y .  Capacity- f a c t o r  --- i s  the  f r a c t i o n a l  amount of enevgy the pldnt  i s  

actually cdlled upon t o  pfoduce over d given t i m e  per iod.  Since nuclear  p lants 

are used fo r  base load, they are generally operated a t  r a p a c i t y  f a c t o r s  close t o  

t h e i r  capabi  1 i t y ,  

SAFETY ASPECTS ---- - - 

The Nuclear  Reactor  Study Group concentrated on reviewing oppor tun i t ies  f o r  

improvement i n  the  a v a i l a b i l i t y  and capab i l i t y  fac tors  of the  BYR p lants.  Although 

i n  the  course of the Study Group's r e \  iew, n u c l e a r  safety dspects  were considered. 

t h i s  Study wds not a safety review. However, the Study Group found no reason t o  

be! ievc that  dpplicable safety requirements are not being met f o r  operating BWR 

p lan t s  or  w i l l  not be met fo r  future BWR plants .  Thus, f indings and recornendation5 

contained i q  the Study Group's repo r t  about the need for further work, eva lua t ions  

o r  i nc reds~nc j  margins per ta in  t o  improving asdilability dvd c a p a b i l i t y  f a c t o r s  

and not t o  any safety require~ent. It must be recognized t h a t  one cannot r u l e  o u t  

f u t u r e  events, such a5 inadvertent s p i l l s .  small leaks in  p i o r n q ,  e tc . ,  which 

might l ead  t o  loss of overa l l  plant a u d i l a b i l i  t y  o r  capabil icy ,  Whi !e such events 
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are not considered unsafe t o  the general publlc, the tendency by same people t o  

relate them t o  safety may continue due t o  the h4gh v is tb i l i t y  of nuclear porrer. 

s a ~ r  or STUDY 

The Study concent ra Led on the Nuclear Reactor includl np Controls, Instrumentation,  

Protect ive S ~ S  tm, S t e m  Bypass and Regulattng Systems, Auxl  1 iary Systems and 

Controls. Containment. as well as selected Tools and Equipment, and the Ursniul!! 

Diamide (U02)  fuel activities. Other pertinent aspects of the Study included 

the important related a c t i v i t l e s  which can af fect  p lant  rvallability and 

cdpdb?\ i ty .  including: 

1. E x  tended scope offerings such as STRIDE (Standard Reactor Island Des l g n ) .  

2.  Design, mdnufacture and operation of GE-furnished equipnent, and 

3 .  M t h a d s  of doinq business Including design processes, procurement 

p r d c  t jces,  orgsnirnt ional responsibi 1 i t i e s  and interfaces, and the 

extent of offerings and standdrdizatfon. 

THL REPORT AND ITS STRUCTUJ .----.-.. ---. 

S ~ C  t i o n  I of the report desrribw the cst&blishmcnt and mmbershlp of the Nuclear 

Reactor Study Group and sumnarizes the meetings whSch were held over the seven- 

month per iod o f  the 5tudy. T h e  Study included nuny in-depth investigdt ions, and 

d i f ferent  Group members studied speci f icd l ly  assigned topics and issues i n  detail. 

A l l  findings and rccomncndations wcrt evrlurted by the entire Study Croup. Thew 

findinqs dnd re€menddtfons are  included i n  Section 11. Hajor f indings dnd 

rerutmendat ions are presented b r i e f l y  i n  t h i s  Executive Su~rmary . 

Append~x A provides description of the BUR designs and the i r  evolution, d r  

bdchqround information. Biographies o f  Study Group p a r t i c i p a n t s  make up 

Appendi w El. 



NUCLEAR ENERGY DlVlSION PROGRAMS AND ACKhWLEDGEMEHT 

The Nuclear Reactor Study Group i s  Indebted t o  NED personnel for  their 

c~nscientious and professional response to the many snquir ios.  as wet 1 a s  tor 

the background b r i e f  in9 sessi  o m ,  a 1 l of which required cansiderdble extra  

ef fort ,  The f indings rcsul ted, i n  most cases, f rml interviews with, and 

presentat ions by hED personnel. 

I n  many areas.  problems noted here were recognized by NED. and i n  many cd5CS 

c o W f ? ~ t j v c  programs of varying degrees of i n t e n s i t y  are underway (e .y . ,  f s s t  scram 

development, Mark I I I  tes t ing ,  e tc . ) .  Recamendstions were solicited from NED 

personnel , and many constructive ones were made, including somc that were adopted 
I 
I i n  the f lna l r ecmendat ions .  The kuclear Reac tar Study Group acknowledges and 

1 dppreclates t h i s  support. A1 1 interpretst ions and the f i n a l  r e c m e n d d t  ion\ a re  

those of the fiuclear Reactor Study Group. 
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The introductron of 1 l g h t  water nuclear reactors fo r  the peaceful purpose of power 

generation in1 t i i l l y  was confronted by chal lenging cost  targets. Ue l l -cs tab l  ished 

fossil fuel power p l a n t s  had reached a high stage o f  maturity and f o s s i l  fue\ costs 

had decreased to  t h e i r  lowest hlstorlc levels. ThSs encouraged nuclear plant 

designers t o  achfeve the lowest plant and fuel costs. 

The 

dcr 

Nuc 

The 

This early envlrarunmt fo r  the d e w l o p e n t  of  nuclear energy has been greatly 

changed by the o i l  embargo and the rise f n  imported 0 4 1  prices. The nuclear fuel 

cycle  now h45 a s lgn l f  i c m t  cast advantage over t h e  fossi l  fuels -- more than 

enough to offset  higher n u ~ l t d r  plant costs. The MFQI~IS are n w  lu f f  fcient t o  

encourage further cap1 t a l  invrstmant i n  nuclear. p l a n t s  fo r  the worth of fu ture  

energy production savings. This  owns up the potentl&l f o r  m n y  development, 

design and proof a c t i v i t i e s  that can increase plant availability and, particularly, 

pldrlt capabf l l ty  and capacity factors. Et was I n  recognit im of this opportunity 

t h a t  NED adopted I t s  ob ject ive  o f  increased p l a n t  avai l a b i  1 I t y  and capabi 1 i t y  . 
neu object ive ,  resu l t ing  frm the new envlronn~ent, InfrOduces many new 

Ivat ive  opportunit4es and gosls f o r  p lant  and f u e l  whlch were reviewed by tne 

1 ear Reac tar Study Group. 

importance of nuclear p l a n t  avaflabil i t y  and capablli ty i s  I 1  lustrated by 

the magnitude of the i r  equivalence i n  t~ms of fuel cust or p lant  capital  c o s t .  

I t  i s  cst imdted that a one percentage paint  Impr~vment i n  availdb: l i  ty I s  worth 

about 3Q/millian BTU i n  fuel cost. or approximately $10,000,000 i n  c a p i t a l  c o s t  

for a IF00 MW p l a n t  (1980 do1 lars).  Hence, i t  i s  important to  h p r o v e  a v a i  l ab i l  i t y  

by improvement i n  t.omponent durdbility and r e l i a b i l i t y  and by reduction in the 

time required for preventative or corrective maintenance. I t  i s  also important  t o  

minimize  operating r e ~ t r i c t i o n s  so as to  maximize plant capdbil i t y .  
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FINDINGS, CONT. 

A f t e r  ~ d r c f : , !  : rv t : ; t i ,~ t i~ i .  i t  i s  t h e  considered op in ion  o f  the Nuclear Reactor 

Study Group t hd t  a g r e a t  deal  ~f excel lent  techolcal work has been accomplished 

by the hurlear Energy D i v l s i o n  (NED] ,  and i t  I S  recognized t h a t  the e ~ i s t i n g  B W R i 6  

design has received more thorough technical  examination than any of i t s  predecessors 

(bkR/l throuqh 51. Mdny a r t ~ a n s  a r e  underway t o  further improve the desiyn and t h e  

des ign process f o r  bath the reactor and the contajnment.  

Hmerer,  the technics!  demands o f  t h i s  new technology, i t s  r d p i d  growth dnd lony 

cycles, and the difficulty of o b t a i n i n g  t e s t  dd ta ,  place a demand on t h i s  b u s i n ~ s ~  

for which  there a r e  rio eqlrdls i n  the Generdl E l e c t r i c  c o r r m r c i d l  buslners  h t s t u r y .  

:t i s  c u n c l d e d  t h d t  the  e ~ i s t i n g  BWR/6-Mark I l l  desiyn w i l l  

d r h i e v i n g  d v a i l a b i j i t y  dnd m p a h i l i t y  s b c h  a s  those chardcter 

Elec tr i~ Larfjc %tear.  Turbine Generator I L S T G )  . LSTG products 

over mdny yedrS  and h d u ~  hdd the banef i t  o f  a gredt  dcal  of  f 

s t i c  o f  the  Generdl 

have evolved rlowiy 

r l d  tprtinq w i t h  

i r  present h igh level 

ishing a r tdndard  o f  

s c a  1 e power qentra t i' 

uf d ~ d l  l i j b l l  1t.y 

performance regdrded 

on equ i pnen t . 
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b .  Experience with operating nuclear plants indjcates that the operattng 

avdi 1 a b l l  1 ty of Bai 1 i ng Water Reactor nuc lcdr plants does not dif fct  

s jgnif l csn t ly  frm that of Pr tssur i  zed Water Reactor plants. Both have 

been at an wuilabfl C ty plateau o f  about 702 for several years w l  t h  no 

stgniflcant change. Large fossil f i r e d  steam p l a n t s  have also been 

experiencing an avatlabillty of about 702. Hence, BUR nuclear p l d n t t  

a re  now operating i t  cmpetltfue levels o f  a u a i l d b i l i t y .  I t  i s  

ant ic jpated ,  however, t h a t  the nuclear plan ts  and large  f o s s i l  plants 

w i  11 Improve I n  a v a t l s b f l S t y  uwl th m a t u r i t y .  It i s  important that  the 

BWR meet or exceed this lmpmuement trend. 

. The ~ a p d c i  t y  fac tor  o f  operatlng nuclear p la l  ).s has h e n  about 5 5  , 

While the utilities would l i k e  to run the nuclear p lants a t  f u l l  

capacity then they a r t  avaflable, t h i s  has not been possible.  Plants 

have been operated a t  reduced power because of regulatory rcqui re-  

ments o r  owner option during s m  parts of ?he operrting cyc le .  

Capability and capscf ty factors have also been reduced by the need t o  

1 i m i t  the r a t e  of chdnge of pcmrr i n  order t o  op t imize  fuel  element 

service l i f e .  

d. NEO has been pursuing an acttve approach to  providing product 

service for operatlng p l a n t s .  Continued e f f o r t s  f o r  further 

improvement of product servlce and managmen t me t t r o d ~  f o r  reduc i nq 

the length of the re fue l  f nglma i n tendme outage COU ld  have a 

s i g n i f  i c m t  near - tern  effect on improving plant avai lsbili t y .  

Experience i n  this d c t i v t t y  would a l s o  be applicable t o  improving 

BURl6 deslgn, operation, a v a i l d t i l i t y  and capability. 
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FINDINGS,, COHT. 

e .  Even ,d i th  i i : ~prur td  product service,  continued improvements i n  fue l  

and i n  equipment d u r a b i l i t y  and r e l i a b i l i t y  d i l l  be required i f  

higher levels of ava i lab i  l i t y  and ~ d p d b i l  i t y  are t o  be achieved 

i n  operating plants and i n  future BWRi6 plants. 

2 .  0WR/6 P lan ts  ---- 

The ex is t ing  BWR/6 Mark I J I design i s  incomplete and several 

important technical problems w e  s t i  l 1 unresolved. 

The BWR/6 Mark 111 designs have been a r r i v e d  a t  by a process of 

evolution and react ion t o  competitive of fer ings and regulatory 

requirements. Designs were pushed forwdrd with large jumps i n  

r a t i n g  i n  a complex, r a p i d l y  evolving t e c h n o l g y .  The r e s u l t  i s  

a l a c k  o f  intcgvation i n  the design. Design integrat ion requ iws  

e i t h e r  a very slow, long evolutionary process, for  which there has 

n o t  been time, or the conceiving of the product d s  a u n i t ,  whSch 

w i  1 1  itself be an i t e r a t i v e  and s m ~ h a t  lengthy process. 

Some fuel c l a d  leakage can be expected during the 1 I t @  of the fuel .  

wh t r h  may require occasiorra 1 power d e r a t i  ng. 

One mu3t expect continuing fuel problems, power dcrdtes duriqg 

p a r t  of the operdting cycle, less than expected fuel burnup, 

operat inq 1 imitat ions,  earlier than ant ic ipated  replacement o f  

sme components, l icensiny problw:~ ,  e t c .  No sudden infusion of  

resources w i l l  c o r r e c t  t h i s  sltuatlon quickly, An dpproach to 

the i d c d l  of L5TG a r a i  l d b i  1 i ty-cdpabi 1 i ty  standards w i l l  take time. 
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FINDINGS, CONT. 

c ,  Measures f o r  par t ia l l y  o r  c o m p l ~ t e l y  correcting r a w  of the 

a n t i c i p a t e d  p lant  a v a i l a b i l i t y  and c a p a b i l i t y  problems i n  B W 6  

a r e  d e f i n a b i c  nlw, and can be apglied t o  a t  least some of the 

u n i t s  already sold. Indeed. some of the problems must be solved 

fo r  a11 BYR/6-Mark I I I  units, even the carliest, Solut ion o r  

ml t jga t ton  of some of the remaining plant  a v a i l a b i l i t y  and 

capabi 1 i ty - re la ted  problems requires development o f  additional 

technology . 

3 Standard BWRi6 

a .  A c l e a r - c u t  program nseds t o  be e s t a b l i s h e d  w i t h  rcsponsibi l i t y  

for  achieving a STANDARD or REFERENCE BWR/6 design t h a t  w i  1 1  

prow ide increased performance mary ~ n s  . 
b .  H i s t o r i c a l l y ,  a high degree of s tandard i za tSon  has n o t  been 

achieved i r l  the u t i l i t y  industry; however. t h e  netd for 

s tandard iza t ion  i s  g rea ter  than ever f o r  nuclear p l a n t s  and the 

industry envi ronmcnt 5s more favorable. Such strndardi rat ion 

has no t  a s  y e t  been achieved on the 42 BWR/6 u n l t s  on o r d e r ,  

nor on any of t h e  previous p lants .  Since the design i s  not yet 

camp1 ete, standardi zatlan tiin proceed by I ncorporat fng 4mprwe- 

tnents i n  successive groups or blocks of p l a n t s .  If utilities 

further delay construction schedules, the l a t t e r  members of the 

series need not be current models, bu t  might be an improved 

design to  be developed i n  the next 4-5 years. 
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FINDINGS, CONT. 

4 .  System Design 

a .  Some of the engineering d ts iqn  marg ins are con5 

t o  ensure f u l l  pnwer operation r e l i a b l y  throughout plant  l i f e .  

Reactor power w i l l  probably be limited to  less than nameplate 

r a t i n g  , t o  as lw as 85:;') a t  certatn parts o f  the core operating cyc le .  

b .  Several calculational models arc not as y e t  based on s u f f l t i e n t  

experimental d a t a ,  perhaps resul t ing  i n  a potential 5% t o  109 loss 

I n  ra ted  output. {Not addi t ivc  to the above. 1 A comprehensive 

program f o r  improved ver i f icat ion o f  ca l cula t ional model r needs to 

be implemented. 

c. A 9 0 ~ , d v a i t a b l l i t j g o a l  i s  not r e a l i s t i c .  a n d a g o d l  expressed 

i n  such terms i s  not meaningful .  since i t  does not  express the 

need of the customer t o  have a p l a n t  which can be run a t  full 

capacity whenever deslred. An a v a i l a b i l i t y  goal of 85% and a 

capdbi 1 l ty  factor gad1 of 75% would be more real i s t i c  a t  the 

present tine. A Division-wide, h i g h - v i s i b i l i t y ,  avallabll l t y /  

capabi 1 i t y  improvement program w i  1 l be rcqui red t o  achieve there 

goals . 
d.  A separate Systems Engineering Function and procedures for ovsra l l  

BUR Systems Design Reuiews are needed. 

$. Mechanical L Electrical Systems - - --- --- -- 
a.  I n  s p i t e  of large amounts alreddy expended on engineering development, 

a d d i t i o n a l  investment i n  engineering development and test would be 

required to ensure a product approaching LSTG q u a l i t y .  
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b .  Additiondl facilities are needed t o  assure f u l l  scale l i f e  testing 

and design qua l i f i ca t ion  pr ior  t o  i n s t a l l a t i o n  and operation of 

ce r ta in  important p l a n t  cmponents. 

c ,  The rec i rcu la t ion  flaw control valve design i s  stt l l  incomplete, 

and t h f s  valve i s  not as yet proven by suff ic ient  testing, 

Commitment t o  I r ls ta l ld t lon  i n  operating p l a n t s  must be made 

w h i l e  l i f e  t e s t  information i s  being obtained. 

6. Gonta 1 men t 

a .  The Mark I 1  I containment has several, unresolved design problems. 

Some structural  problms may be present i n  the exist ing Mark f 

and 1 I designs. 

b The need far large numbers of satctyjrelief v a l v e s  nay decrease 

auai labi  1 i t y  and capabi l i ty  due to some potent ia l  rad ia t ion  

problems inside the containment where personnel must have access.  

RE1  i e f  valvc ac tua t ion  would regui r e  r a p i d  cvarulation of t h i s  

area arid may l i m i t  access for sane time a f t e r  r e l i e f  v a l v e  

a c t u a t i o n .  There i s  a lso the p o s s i b i l i t y  fo r  inadvertent v a l v c  

actua t ion  or failure to reclose, which can adversely a f f e c t  

a v a i l a b i l i t y  and capabil~ty. 

7 .  M a t e r i a l s  & Processes .-.--- -- - 
a .  The NED BUR materials and chemistry e f for t  needs to be increased. 

Important added tasks  for  a substant ia l  number of a d d i t i o n a l  

professions 1 people have been i d e n t i f i e d .  
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FINO1 NGS, CONT. 

Redl  t u ~  ~ r i ~ e r r r d  is are exposed t o  h igh  energy neutron f luxes; ~ M n e  

r~ ta te r i a l ,  such as the lower g r i d ,  i s  located i n  arear where loss 

of d u c t i l i t y  l a t e r  i n  l i f e  may requ i re  repldcment ,  which would 

be very d i f f i c u l t  i n  the current design, due t o  the r a d i a t i o n  

lcvels i nvol ved. 

Select ive replacement o f  304 s t a i n l e s s  steel, which i s  used 

estensively, mdy be requ i red  due t o  the r i s k  of stress 

c o r r o s i ~ n  crack ing.  

The bui ldup of rad ia t ion lcvels as p lan ts  get  o lder  could tmpcde 

rnai ntenance and service, and e ~ t n t ~ d l  ly requ i re  tinw-consuminq 

and costly decontamination. This o c u r s  i n  Pressurized Water 

Reactors ( P Y R ' s )  as well. Goucrnment-sponsored R & O progrdrns 

can be expected t o  be addressed to t h i s  type of problem i n  the 

future.  

8. Management -- - --- 

Respons ib i l i t y  f o r  car ry ing  through hardware design, development, 

product ion and t e s t  i s  dC f fuse. Personal r e s p m r i b i  1 i ty  shou Id 

be assigned for key components dnd systems. 

The e x i s t i n g  organizat ional  s t ruc tu re  needs modi f i ca t ion  to incredse 

the i n f  Iuencc o f  mater ia l  exper t ise an management decisions + 

Design engineers need more exposure t o  cur ren t  f i e l d  cons t ru r t ion  

and operat ing plant problems. 

Engineering support of const ruc t ion  and procurement of p lan ts  

m d  components needs t o  be increased. 
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R E C O ~ E N D A I  IONS 

The 

var 

losses i n  capabi 

i e t y  of causes wh 

1 i ty and avd i  l ab i  1 i ty 

ich have been ident i f  

i n  existing plants are due to  4 

ied.  Since the 0YR/6 Mark 111 i s  

considerably d i f f e r e n t  from previous designs. i t  i s  t o  be expected that  several 

addl t j m a l  factors w i  1 1  tend t o  adversely Impsct 1 t s  ava t lab{  1 I ty and 

capabi l i ty ,  and the Study Group has attempted t o  I d e n t i f y  these. The recm- 

mcnda .ions that  fo l  low are expected to  tr he lpfu l  i n  fncrcasing thc m i l a b i  1 t t y  

and cdpdb4lity of both cxjsting and new p lants ,  

SHORT - . . . - TERM ,. . RECOmENDATIGM - 

1 .  Operating Plants 

Place the highest Divis ion p r i o r i t y  and level of mdnagmnt a t tent ion  on 

improving the awailabill ty and c a p a b i l i t y  o f  plants now i n  operation o r  

near operation. Provide for  spin-off from the operational p l a n t  

improvement a c t i v i t y  i n t o  the standard p lant  design. Converse 

provide f o r  b a c k f i t  of standard plant  improvements i n t o  operat 

and near operatl  anal p?ants. 

2 .  Refueling & Maintenance Time --- 
Develop more r a p i d  refuel ing and maintenance procedures. Study and 

bacumnt step-by-step pra~edures  and t o o l s  necessary to  reduce the 

time required during a refuel ing and maintenance period. The objective 

should be t o  cut the outage time by a t  least 50' . Establ ish a task  force 

of cwperienced manufacturing engineers and f i e l d  serv ice  personnel corn* 

prised of NED. I n s t a l l a t i o n  and Service Engineering ( I L S E )  and 

Manufacturing Engineering Consulting Service (MECSJ personnel to  perform 

this t a s k .  



RECMENDAT IONS, CONT . - 

3 Product hervice 

NED should establ ish a BUR nuclear s e r v i c e  business operation wl th  the 

following priorSty of objectives (note r e l a t i o n  t o  reconmendatton 4 ) :  

a .  Establish and maintain dn Impraved system of report ing I n  

d e t a i l  a l l  component fallures and causes of nuclear p l a n t  

shutdcmns and operating incidents leading to loss of plant  

capabi 1 i ty. 

b Provide BUR owners a broad range o f  serv ices  that  w i  1 1  enhance 

the l r  uttlizatlon of nuclear p lants  and Improve overall p l a n t  

availabill ty and cdpabi 1 i ty. Thls service should be supporting 

of and function cooperatively w i t h  ILSE. 

Examples of important services o f  imnediate va lue  t o  customers would be 

the d e v e l o p n t  o f  methods for  improvement and s l r n p l i f i c s t i ~ n  of the 

Precondi t i m i n g  I n t e r i m  Operating Management Recmmntnddtion [ P C I O M R )  , 

development of improvement i n  refuel€ng and maintenance scheduling, and 

deveTopment of radioact ive wsste handling dnd management procedures, as 

well a s  development of p l a n t  decontamination protedures. 

4 .  FLeJcJ_lnfopnatian feedback 

I n  c a n w c t i o n  w i  t n  recamendation 3, strengthen the overall NED network 

for c o l l e c t i n g ,  analyzing and disseminating data and experience f r o m  

opera t ing  plants f o r  feedback i n t o  the evolvinq design process i n  the 

manner of the elaborate LSTG system. 

5 .  Systems Engineering .-- Futrction - 
Establ ish and implement a Systems ~ng ineer ing  Function to del ineate System 

requ i rmcnt!i, Establ i sh  an independent and vigorous BAR Syr terns Design 

Thir pap. i n  part  of thm 
1975 w#uclelt Rawtor Study". 
s m  tk. 191? *update Report" 

for currmnt atatus. 



RECOMMENDAT IONS, CONT . 

Review disc i p l  ina that provides a carnprehensivr and independent evaluation 

of each generic BUR design a t  c r j t i c a l  points i n  the program 

h i  labi 1 i tultspabi 1 l t y  Planfllng 6 Control 

Sat real  i s t i c  w a i  l a b i  1 i ty and capabi 1 i t y  Smprovement goals and e s t a b l i s h  

a D i r is io r~ -wide  progrdm t o  achieve them on a m~sur&ble basis and expedited 

schedule, by assignment o f  s p e c f f i c  goals t o  hardware components and 

W p ~ n s i b l t  Individuals and orgdn4 rat ions.  The! goals should contain assigned 

numerical r s l l a b l l l t y  hnprovment targets fa r  each element of t o t a l  Nuclear 

Steam Supply System (NSSS] hardware, A t  each lrwl I n  each argani za t lon  

component, establ 1 sh the methods t o  achieve the asstgned goal 5 ,  the schedule 

of rcqui red accompll shment, and the techniques t o  measure and report the 

degree of achievement, 

C~qperatiye R & O 

Prmote and cstdbl  i s h  cooperative R L 0 programs w l  t h  other organizations 

conducting R 6 D work relevant to BWR technology, tncluding l icensees, 

u t  i l i ty custamers, U .  S .  ana foreign qovemmnts, etc.  

S i  K-Month Refu.el Interval  

lmnediately study the f e a s i b i l i t y  and beneflh of going to six-month refueltng 

cycles on a l l  BUR models with the ~ b j e c t i v c  of:  

a .  Reducing fuel cycle costs 

b .  Permi tti ng more frequent scheduled maintenance and reducing forced outages 

c .  Increasing core operating margins 

d +  Improving control  margins.  

This recmendat ion could be applied to  fu ture  BYR/6  cormitments, t o  BWR~6's 

i n  the pipeline, and backfitted to  en is t ing  plants. 



9. D e ~ i g ~ C , ~ ~ r o l - P ~ r c h a s e d  E w n t  - 
fake steps t o  acquire  and develop more engineering competence and des ign  

c~per t l se  p e r t a i n i n g  t o  ou ts ldc  purchased hardware. 11 ~ l e n e n t  s procure- 

ment p o l  i c y  c a l l  ing for  the dcvclopnmt of vendor relat ions that  provide 

for NED cnqineering review and approval o f  design detall s and materia 1s 

of c r i t i c a l  purchased components, even though this may increase  the cost 

of these items, 

10. Materials - L Processes 

. Establ ish a u n i f i e d  Matcr 

f o r :  

( 1 )  Cwat inq  a Materials 

and T r .  x s s e s  component with respons 

and 

a t  5an Jose w i t h  respons 

testing related t o  Mater  

Proresscs Laboratory organi ra t ion  

i b i l i t y  f o r  e ~ p e r l r m n t a l  work and 

i a l s  with p r i o r i t y  emphasis on 

Stress Corrosion Cracking, Water Chemistry, P l a n t  R a G i  - t i v e  

Contamlnstion and Decontamination; 

( 2 )  Strengthening the I b t e r t a l s  and Processes ef for t  I n  

nanufacturlng s t  Y i lming ton; and 

1 3 )  Imposjng an added d i s c i p l  i n @  on Materials and Processes 

c +ntrol i n  design. procrrrment, construct ion and f i e l d  

operation. 

b .  Es tab l ish  a program t o  minimize radioactive contan~inat ion w i t h i n  

p l a n t  systems a i d  t o  s impl i fy  decontamination. 

c .  Increase the Itvtl of e f for t  i n r n a t e r i a 1 s e n g i n e e r i n g u ~ ; ~ l ~ p m e n t  

and design. 



RECOmENDAT I ON$, CONT . 

1 .  Product .- Respons i bi li>y 

Assign clear-cut product responsib i l i ty  a n d  accountabi l i ty  t o  specific 

indbviduals for components and systems fn place c f  the present d 

rcsponsi b l  1 i ty and accountitbi 1 l ty assignments. This  responsi b i  l 

should extend from design through development, test. production, 

tonstruction and f ie ld  operation, including vendor a$ well 3s tn-house 

designs . 

12. Training o f  Design Enqinee-r? 

Establish a r o t a t i o n a l  t raining program t o  increase the "rca 

know-how" of hardware and design engineers. 

I HTERMEDI AT E 1 ERM RECOMMENDAT IONS --- 

3 Standard BWR/6 

Adopt and i n s t a l  1 ncw objectives, procedures and mnag-t Vstms t o  

achieve an optimum dcgrce of stindsrdlzatlon i n  phases by Introducing 

design changes f n success~vc blocks of plants i n  backlog and future 

orders. Develop & Standard or Reference BYR/6 design in  parallel with 

ongoing design a c t i v i t i e s .  The design object ive  should be t o  reduce the 

number of d i f f e r ~ n t  plant deslgns, to  improve p l a n t  a v a i l a b i l i t y  and 

iapab i l i ty  and t o  provide a bas is  for introducing black design changes, 

Assign f u l l  responsibi l i  ty for design o f  the standard p l a n t  to a 

q u a l i f i e d  leader w i t +  a dedicated design team. 

24.  U&raded B W 6  

E x h a u s t i v e 1  y study the feas i  b i  1 i t y  and cos t  bcnef i t aspects of upgrading 

the presen t  product l i n e  by using the n e x t  larger vessel s i r e ,  mare fuel 

TMs paw ir  part of th8 
1975 *ruelrrr fhcctor Study". 
Sbm tb 1 9 I 7  ' W t m  Raportu 

for currant mtctu. 



dnd hlgher flow capabi l i ty  f o ~  tach power rat ing (reducttan I n  core 

poner dcnsjty by about 204); this study shoul: include, where p r a c t i c a l ,  

present barklag orders. 

25.  Backlog Plants 

a +  Examine opportunit ies and cost benefits for renegotiating backlog 

orders i n  order to sivpl i f y  c m i  tments or  t o  incorporate standard 

plant  features on a block b a s i s .  

b .  Delay as long as possible the camnitment of dcvelapmental hardware 

t o  backlog plants.  Prepare contingency plans for s u b s t i t u t i o n  o f  

backup hardware. 

16. Future Orders and Scope 

I n i t i a t e  a product offering and scope study for  future o f fe r ings  t o  

define the optimum standardi ration scope of supply and performance. 

17, Verif i -cation of Calculational Models 

Obtdin addittonal enperfmental data to check calculations 

a. Arrdnge for more instrumentstiar l  during startup test 

selected phases of subsequent operations. 

1 models. 

ing and 

b+ lnvest igatccost /benef i ts  o f  additional component t e s t i n g .  

Encourage Government agencies to  expand r e l a t e d  ex per imenta ? 

studies.  

c. Investigate possible use of a Vti l i ty-owned reactor ior 

experimental v e r i f i c a t i o n  of key nuclear c a l c u l d t i o ~ i a l  

models and fuel proof t e s t i n g .  



R E C W N O A T  IONS, COW. 

d .  Review consistency of predictions or neu models v f .  models 

previously i n  use. 

e. Include cvaluatian o f  a l l  models for accuracy and applicabiljty 

I n  k t g n  Reviews. 

18. Fuel 
s. Fuel programs should be implemented and rccelerated t o  reduce future 

failure rates, These program should tnclude: 

11) Continuation of wrk on fuel fal lwe mechsnlsms. 

( 2 )  A program to design and test d reduced fuel duty 

desfgn such as a 9 K 9 array, provided that analyses 

confirm overall  benefits over 8 x 8, a t  least for  

present p l a n t  c m l  tments. 

( 3 )  Continuation o f  work on "barrier approach''. 

( 4 )  Deuelopnent of a f ine  motion control rod design as s 

backup to  the barrier and reduced fue l  duty programs+ 

( 5 )  A program to improve the effectiveness of the PCIOMR 

b. Hake provis ions for relicensing the Gcnersl Electric Test Reactor ( G E T R ] .  

c .  Arrange fo r  Renote Mattrial s Laboratory capabi 1 i ty to a c c m d i t e  

full length fuel rods and cask handling. 

19. Oesipn Qualification and Test 

a .  Embrace the d isc ip l ine  of consistently providing for the 

resources and time cycle needed t o  accompl ish  adequate design 

qua1 i f i c a t i o n  

t o  include in 

design which 

and endurance testing before mak5ng a decision 

a c m r c i a l  offering a new unknawn hardware 

i s  Cmportant to plant  reliability. 

Thir mqm L r  part of tha 
1915 MIUclur -tor Studyw. 
Smm tba 1917 '?#@at+ kpbrtm 

far currmat statur. 



RECOWENDAT IONS, EONT. 

. irtablish, or  arrange fo r  t k u s e o f ,  addi t iona l  e q w i m n t a l  

f a c i l i t i e s  for:  

( 1 )  F u l l  scale flow induced vrbrition t e s t i n g  of major 

components under rea l is t ic  conditlans. 

2 )  Hydraul ic  te5ting of a11 cunponentb such as safety/ 

r e l i e f  ualvcs,  flow cont ro l  va lves ,  j e t  pumps, e tc .  

3 )  Containmen t/Pressure Suppression System Testing. 

4 )  Control  rod system ptrfomancc and 1 i f e  test ing 

(including f a s t  scram and slow motion cont ro l  rods). 

20. Contafnment 

Yake a rtassesrmcnt o f  the Mark 1 1 1  cmta inment  concept for fu ture  

o f fe r ings .  

21. Ex te rna l  Factors  ------ - 
Increase a t t e n t i o n  t o  i d e n t i f y i n g .  recognizing and prepar ing f o r  the 

technical  impact of e x t e r n a l  fac tors  (including socid l  , pol l t i c a l  , 

economic and regulstory]. 

LONG TERM RECOmEN,OAT IONS 

22.  E#R-_Jgst Bed 

Arrange for acgui: ,Ion up use of a BUR test  bed in  which new kinds 

of fuel can be t e i t e d  and i n  which nuclear and t h e m 1  hydraulic 

masurments can be made i n  ac tua l  operation. 



RECOmENMT I MIS, COWT . 

Advanced BUR I k s  lpn 

Estsbllsh a small, separate group of highly cmq~tmt individuals with 

instruct ions to  ptducc a sound prtl iminary  dtslgn of a superior BYR 

standard power plant far offering to the industry in  rpproxirnately 

1980. The results o f  the design studtcs of t h i s  group my be 

expected to  have short t o  inttrrncdiate use a5 Inputs t o  d t c T s ~ m s  

regarding changes I n  mist ing  designs. 

DETAILED FINDINGS AWD RECOmEWMTIOWf 

The foregoing s u m r y  has Included mst of  the mdjor types of flndings and 

r e c ~ n d r t i o n s .  f i t tention i s  also d h c t t d  t o  SectSon 11 which sets forth 

many more detai l ed  findings and recarmcndati ons directed t o  providing tcchnl t a  l 

solutions for print  ipa l  ava i lab i  1 i ty and cspablli ty problem areas and concerns. 



EsrA0L 15irnENT OF NUCLEAR REACT OR STUDY 

In  October, 1974, Ur. R +  H. Jones, Chief E ~ e c u t i v e  Of f i ce r  of General Elec t r l c ,  

requested D r .  C +  E. Reed, Sen io r  Vice P r e s i d e n t ,  Corporate Studies and P + o g ~ a ~ % .  

t o  make a highly technical  stuOy o f  t h e  B o i l i n g  hater Reactor Nuclear Power 

System w i t h  the o b j e c t i v e  o f  determining the requirements f o r  i m p l m n t d t l o n  o t  

the  Nuclear  Energy D iv is fcm "qua1 i t y  strategy", wi th  p a r t i c u l a r  emphasis on the 

BWRf6 product l i n e .  

Reasons -- f o r  Study 

The f i r s t  GE BUR over 300 MU was placed i n  comercia1 operation i n  December ;369. 

By the end of December 1974 there were 20 such plants i n  operat ion.  As the 

number of l a r g e  nuclear power p l m t s  i n  operation has increased, the e lec t r ic  

power generation industry has became more aware of the economic value oq n ~ g n  

a v a i l a b i  1 i t y fcapab iT i  ty  factors, Uhile the present availabil i t y i c a ~ a b l l  I t j  oq 

nuc lear  power plants  isabout t h e  s a w  as t h a t  of large fossil p l a n t s .  1 t 15 

becoming ev fdent that any increase above present performance 1 1  p rov ide  s r zsb le  

benef i ts  f o r  the user .  These benefits have increased i n  the last t w o  y e a v s ,  

ds the increases i n  f o s s i l  fuel costs .  construction costs  and c o s t s  o f  capital 

a l l  tended to amplify thh!r effect. For instance. a 1 percentage pornt  ! m p ~ ~ v e ~ w ?  

i n  availability o r  c a p a b i l i t y  i s  worth 3.0t/MBTU i n  fuel cot:. o r  a p p r a ~ i ~ d t e l j  

equ iva len t  to $10 H i n  c a p i t a l  cos t  f a r  !!I00 Yk p l a n t  ll9RO do! l a r s  : . -7115 

Cdn be compared t b  about $783 M capital c o s t  f o r  the whole p l a n t ,  dqd Cc- 

the h ~ l e a r  Steam Supply  $ystmi ,  a l s o  i n  !9b0 do1 l ars .  w h i l e  r n  the 3d5: b 4 . r  

considerat ions have general ly  not been inc luded in  the coupetrt?ve e r & l d t l o n s  

on which the u t i l i t i e s  based their equipment sclcctlon, purden{P I S  n m ~  3e-nq 

accmulsted that shows that r e l a t i v e  ava1labilitj!capeb?1 ~ t y  :an w d  qou'z 

beconre an i m p o r t i n t  c o n s i d e r a t i o n .  G E ' s  ewpcrlence i n  the Large 5 : , ,  , c r l m ~  

% i s  mw 16 part ot  th. 
1975 'wuc;arr -tor 5tuUy'. 
S+. th+ i W l 1  " w t 8  kpor t '  

for current statu. .  



i n  the thclcar Reactor f i e i d .  

Bearaslee. ~rnsger -ndn~ f rc tu r iq  Enpi neering Consul t ing 
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Ctome. %naper-kuclear Enerqy Operational Plrnnlnq, Nuclear Energy D l v .  

A .  i. Rot ~ r s ~ n ,  S t a f f  I n e c u t i  vt-Corporate Studies and Programs 
5 .  'v;rnton, Consdl tmt, Corporate Consulting 5ervice 





:dentlfY key findings 
inclusion 



Altogether. the Task Force held Wnty-f ive f u l l  8ays of meetings,  mny of thcm 

s ~ p p l w e ~ t e d  by evening m ~ ~ t f n q s .  Topics singled out for depth stud$~s e r e  the 

following: 

h e  Iear Syr t m s  

Fuel 

€lectrical, C d n t r ~ l  and Instrurcrrbtlon fystm% 

Mchm i t d  1 Sys tms and E q u l p m t  

Mater is ls ,  Prwtssec and C)ICAlistry 

Production, Procurement md Construct Son 

qua1 i ty  Control Systems Overview 

Yanrpemcntj Infomution Systmr 

Regu 1 story Cons i dera t i an5 

Scow and 5tandiirdizstim 

I n  ?he follav~np Section 1 1 ,  Studj findings and r e c ~ n d a t i o n s  &re ljrouptd under 

the rdee nCddlnq5. 



1. Nuclear Systrm Cml m t s  

Because of the long lead time required to g t t  fieEd e n ~ r i e n c e  6:- reactor 

performance, the Eight water reactor  Industry HI been obligtd t o  c-tt 

and design Inprovemcnts mote on the basis of theoretical analysts thdn on 

crpcrimntal dsts,  as 4s usual engineering p r i t t l c e  for short cycle 

products. h n y  of the d i f  f i c u l t i t s  I n  current 0WR's wcm caused by the 

dirtovtry of Q r n  phenmna,  or  the impor1 tlonr of new r q u l i t o r y  ? q u i  r m n t s ,  

f i l c h  were not recognized r t  the t h e  of c m i t m m t .  

As  fossil fuel costs m u  a l l  c a p i t a l  costs escalate, part  crnphasis on 

nuclear powor plant  marginal econanics w i l l  be ~ u p ~ l a n t e d  by emPhl5iS On 

plant  re1 i & i l  i ty: auailabll i t y  and c a p a b i l i t y .  

R e c m n d d t i o n s  --- 
A fonnslly structured approach should be taken i n  design and 

development for  high p l a n t  r e l i s b i l i t y ?  

Future designs and design changer should not be :omitted u n t i l  

engineering design and testing are much further advanced than Ras 
b 

been trdditional i n  the industry.  

Design m r g i n s  i n  e x e s 5  of required safety margins should be 

substdnt ta l .  

Provlston ~ h o u l d  be made in deslgn fo r  future r q u l a t 0 r y  dctions. 

bo hasty changes should be made on p l a n t ;  now i n  the pipe-l'w. 

Retiability i s  defined throughout d~ the absence of forced outages. Numericdllj 
re1 i d b i  l i t y  = 1 - forced outage ra te .   mi^ ~ 1 -  AJ ~ t t  of th 

2 7 1975 "%ucL++r lrrctor Jtdy". 
W th+ 19a7 CUpd.t8 hmrtw 

for current rcrtum. 



2, BUR Qualit~Ltsdprship S t r a t a  

TSnding . .-. - - - - 

E x i s t i n g  8UR system designs do n o t  f u l l y  support thc BUR quality leadership 

strategy. The BWR/6 design, and BWR/2-5 plants ,  a r t  clwe t o  operating 

I n  many dreas. Probable consequences - aside fram fuel ef fects  - I i m i  t s  

a re  so 

fm percentage paint losses of w a i  l a b i l  l t y ,  

lant deratings f o r  equilibrium cores up to I S  dur 

l a s t  quarter of their cycles, 

occasfonrl forced outages frm cmtoinmcnt contamfwtion, 

for  

l i nos 

repair  o f  

rnodif icat  

thereto, 

OLCdS1 Ond 

l icensinq 

<el ref valves and other p lant  ~ ~ p O n m t 5 ,  

i o n  of the :uppress i~n  pools ~r the s t e m  

ing the 

for  

leading 

1 burrup shortfalls of 10Wl-2MK1 MUP/T, 

difficulties, and 

an adverse impdct on public image. 

These w i l l  a f f e c t  the early BUR/6 '5 ,  and 4150 a l l  the B W R / 2 - 5 ' 3 ,  esperidl\y 

those w i t h  7 x 7 f d e l .  

While the behavior of WR's has not  been fu l ly  amlyted,  the p r i n ~ i p d l  

near term proSpP .t for d 5 u c c e s ~ f  ul strategy of superior re] i a b i  i t y  wubld 

appedr to be the difficulties uf the ~ ~ p e t i t o r s  i n  tbn steam generdtor 

Recanmenria t ions -------- --- - -  - 

b ]  The present product 1 i n e  

(reduct ion of core powet, 

Rermendat im I abore .  



detailed engineering study before conmit imt .  m f t m e n t  

should not occur b e f o r e  mid-1976. The reduction of core 

density will 

( 1 )  Reduce fuel duty and thus mst o f  the f n c r n t l v e  for  9 u 9 

fuel fo r  future pldnt5.  

( 2 )  Increase core operating margins. 

( 3 )  Increase ss,r41abl 1 4  ty  and capabl l i  ty. 

14) Reduce vold  coefficient and sever1 ty of t r r n r l e n t s .  

( 5 )  Increase NSSS and c m t a i m n n t  costs .  

(61 Rcduc(: the overdl 1 cor t o f  nuclear power. 

b Develop rap1 d refuel  i ng procedures and schrdul e 6-month refuel trig 

ln tervr ls ,  which w i  1 1  

( 1 )  Reduce fue l  cycle costs.  

( 2 )  Permi t  more frequent schedule maintenance and reduce 

forced outages. 

1 3 )  Increase core operating margins. 

14) Imprare cont ro l  mrg ins .  

This r e c m e r ~ d a t i o n  shoul ci  $e eualuated on f u t u r e  B W 6  c m i  tmants , 
for  BURt'6's i n  the p i p e l i n e ,  and f o r  b a c k f i t  to  e x i s t i n g  plants. 

r )  Inaugurate p re i imindry  desjgn and development of d superior quality. 

long-range standard BUR (RYR15) for  introduction in  1980 or l a t e r .  

( I )  Specifications per Table I Iscc Specific Rccamnendatlon 4 ) .  

2 )  Tempordr) p re l iminary  design team, insu la ted  from 

pressures of produc inq back log. 

( 3 )  Review of  results a f t e r  two-year design study+ 

( 4 )  Decis ion to proceed dependent on r e s u l t s  o f  study and 

progress of developen t . and on bus iners c i rcumstdnces i n  1978. 



51  Study may be used as a guide to the direction of evolution 

of R W R / f i 1 5 .  

SPECIF lC F i X I H G S  -----.---A -- 

F - l  !!Y14L'_". BUA_!Ei3!' 

NED makes insut  f I L tent a d v a n ~ e  prov j s ion i n  design or  des ign  

nlargin t o  reduce the impact of expected NRC regulat ions.  

ft"!? 5r_s!!!. De> '3'' 
The BYP system design i n  many instdnces i s  incrwnptete. The 

design process could be improved by more complete integrat ion 

of functional r q u i  rements, des ign bases [methods dnd model 5 1,  

dnd d e ~ r q n  c r ~ t e r i a .  Pressure t t ~  meet ~ c h e d u l e ~  has resu l ted  in  

t~~1.15!i10n mme trdde-of  f s tudies  dnd hds resul ted t r l  d 

requtrement f o r  Idrger overall design mdrqins.  

! A R  . .  Re1 . . - - . - . -  i d b i  1 1  tJ/Ava L - -  I ldbi!? . . . . ty/M~ - - -  ~ n t a  - . - inabil_r - - - t j -  p~sipmn- Pr_ogram 

The M O  desrgn prcqrd~r: t o  improve Re1 iabi Tity/Avsi;sbil i ty /Mdintdin-  

dbl l i t y .  out5 lde of the s d f e t y  d W d ,  i s  ldryely undefined and 

unin~plementcd. A c t i o n  i n  t h i s  drea i s  not j e t  < ~ o n s i s t e n t  m m  th a 

BUR qua 1 r ty  leadership \ t r d  t e y y .  

7 h ~ :  p l d n t  d v d i  l d b l  l i t y  goal5  which have >pen set  reem w l i k e l y  

t.u be ~ r e t ,  These godlr  h a v e  !lot teen adequate ly  evdlc9trd 

s t a t i r t ~ c , j l l y  t o  ~ S W ~ C '  they wili provide the BdR d ~ o l r i p e , i t l w  

edge i n  retldbi1rty/dvdildbi1ity/n~dlntdlndbi1ity. 

trt . - LJ . . - - Mdnpower. - - - . Res: u_y! e s  

The manpower resaur'ces o f  t k O  drc insuffi~ient t o  implement the 

BUR q u d l  i t y  leadership strdteqy i n  the f d ~ e  o f  other  dc~rrbnd', ~ I J  

Thir p r j m  I6 part of the 
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keep operating plants running, product the backlog orders and 

respmd t o  rcgulstcwy i n l t i a t i u e s .  

t u n p u t a t h a  1 i a ~  i 1 l t ies  

NED computer caprbll l t y  i s  Inadequate t o  automate the desfgn 

process, to a c c ~ m o d a  te longer running, more accurate design 

programs, and t o  meet anti  c i  pa tcd requests f rcnrh rcgula tory bodies 

for increased numbers and complexl t y  o f  safety dndlyses. This 

lack  of cmputar c a p a b i l i t y  and procedures leads to pressure on 

d ts tgn  margins as more compler, f ine ly  tuned designs are 

deve 1 oped. 

Nuclear Desi an Methods 

Reactor core  design methods have to cope with an UnUSUdlly C O W  

coupled nuclear and thema l -hydraul i c  system. NED has sppl led 

considerable effort and ingenui t y  in  meeting t h i s  problem, desp 

being hampered by a computer with a smd l lcr cdprbi 1  i ty than 

campetit ~ r s  (rho have 4 less cmplea system to  deal wl th ) .  

Nuclear design mthobs have evolved rapidly i n  the recent par t  

t o  c o r r e c t  discrepancies between predictjons and f i e l d  data 

(which have reduced o r i g i n r  1 design margins).  and to strengthen 

identifled weaknesses i n  cdlculational model%. Cjua\4ficatIon and 

verl f icat ian of these improved methods i s  under way, but i s  not y e t  

complete. The qua1 ifi cat ion and veri f icdt  )on efforts may uncover 

ddd i tidnal d i  screpanc ics that could further change deslgn margins.  

The qua l i f i ca t ion  and veri f icat ion efforts are  hampered by the 

lack of an instrumented test f a c i l i t y  r e p r e s ~ n t a t i v e  o t  d larger 

nuclear and themi l -hydraul ica l ly  toupled BUR against which design 

methods can be ver i f ied .  



Thermal-H&dul --..---A . - - - - - - -  i c  O e s l ~ n  ---- Heth_o,dr 

NED has lony hdd rndjor e f f o r t s  I n  thermal-hydrsulics. The ATLAS 

loop i s  the largest  +,cat  t rdnsfer  f a c i l i t y  of i L s  k i n d  i n  the U.S , 

and GETRB i s  bared on orer 6000 d a t a  points.  Hydrdul r c  design 

 thuds dve betnq continuouslj '  improved- The present design tools 

&re o f  vdr iable precision and accuracy, and dre v e r i f i ~ d  t o  

ditferent degrees by e x p e r ~ w n t d l  da ta .  Becdurt  of the q r e d t  

comple~i t j  of the themsl  -hydrrut i c  phenomena, both steady - - . t  11 tt- 

m d  t r a n s i e n t  , fur ther  .ariame between design p r e d i c t  ion5  dnd 

exper~nrentdl  data  may o c c u r .  Trdn5ient test  facilities dre s t i l l  



BUR16 Care Design Margjns - 
I n  t n e i r  r e ~ e n t  redesign o f  the WA/6 core, the NED core design 

team has succeeded i n  r e s t o r i n g  sane design mdrgfns. This 

design i s  ca~culatacl to meet a l l  requirements, including fuel cycle 

c o s t  and p l a n t  output, wS th a nomindl 101 margin on LHGR. Neverthe- 

l e s s ,  BWRj6 core nuclear and thermal -hyUraul i c  des Sqn margins aFe 

not  large enough t o  cover a11 of the following factors: 

a )  Methods uncertainties and new i n f ~ r m a t l o n  from continuing 

qualification of design methods, 

b )  Future requirements artsing from c m p l e t i o n  of systtm 

des gn . 
c )  Allowance for v a r i a t i o n  I n  operator requirments such as 

fuel failures, load following, reactor  oiiidges. c t c .  

d )  Adaptation of the generic design to p a r t i c u l a r  contract us^ 

requirements , nunufacturing r e q u i r m n t r  , and other p l a n t  

s i z e s .  

One o r  some cmbfnstion of the fol towing consequences maw occur ,  

a )  Power derat ing up to 1 5  during a p o r t i o r ~  of the cyc le  

because of eficessive power peaking required for operat ing 

f ler l b i l  i t y  or i n  xd er  to continue to meet operating Itnits 

a t  r a t e d  power r t t h  high void coefficients and design [or  "Do) 

scram curve. (Most l i ke ly  to  occur progress~vely during the 

latter quarter of the cycle and mre probable f o r  reload t h a n  

for i n i t i a l  cores. ) 

b )  R e a c t i v i t y  shor t fa l l ,  bemuse o f  need for  and of cycle 

maneuvering r l  lowance. o r  possible requirement for  more 

conscrvati ve Scram curve a t  end-of -cyc le.  In equl 1 i brium 

This P4gm is part at tha 
1975 "Wbt mmtor studym. 
Sll t b  1987 wUpdrte &m~.port" 
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cores cnposure shortfalls at UP t o  400 M W T  a r e  possible 

and SOW s h ~ r t f a l l ~  of  1000-7000 M U W T  are p ~ b d b l e .  

c )  Regulatory de lays  berduse o f  the  need t o  show d b l l  i ty  t o  

meet 1 iccnsing 1 iri t 5 .  

It  i s  present ly  a n t i c i p a t e d  thdt  B W 4  and 5 designs not y e t  relcdb 

w i  1 1   ti l i r e  tne fWR/6 core  design. Henre, corlc l u s  inti5 s t a t c d  .it,uv 

qenerdlly dpply a l so  to  these p l a n t s .  

BUR/?-5- ,---.-- --.- Core - - -  D e s i p  . -- - -- M a r - s  

tiWR/'! through B W R i 5  equi l i b r i m  cores were not  designed or  analyzed 

1r1 detail d t  the time of i n i t i a l  conn~itment. Recent reload core  

design and cqui 1 i b r i m  core  analyses show some margins insuf f i c  ient 

t o  s u s t a i n  f u l l  reactor power for war ran ted  f u e l  egpasure. 

One o r  a r o m b i m t i o n  o f  the to1 lowing consequences mdy m c u r  for 

BWR/2  throtgh 5 cores.  

a )  About une h a l f  o f  the re load  cores may be dera ted  f ram ', t o  ZO 

(h igher  value f o r  some of the BYR/4 reloddsj i n  w d e r  to s a t i s  

the E C C f  MAPLYGR I i m i  t s .  5uch derating would d p p l y  on', over 

the period of time t h a t  tha reac tors  contdln the o l d  7 r 7 fur? 

bundler I the  next  four  years)  and would genera l ly  not be d t  

rndrimuni dcrate for more than o w  quarter o f  the cycle. 

b ]  Deratrng up to 20 may be required i n  the last  quarter of the 

operdt ing cycle for many of the B W 4  and 5 relodd I? n k corcs 

t o  s a t i s f y  t ransrent  l i m i t s  w i th  the hiqh void coeff ic ients 

and t h ~  design (3r "Dl ' )  scram curve,  unless b l d n t  hdrdwdre 

f i x e s  ( r e t r o f i t s )  i n  c m b i n a t ~ o n  d i th  hoped f o r  impro~ed 

cornputat i m a l  models call dmonst ra  te adequate ~ c o m ~ o d d t  ion of  

the unfavorable void coef f  i c i c n t s  and scram Lurve .  

Thlr paw iu part of the 
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c )  Pow r a t i n g ,  burnup d e f i c i  enc i ts  (predicted for many of 

the torch), and the regulatory delays discussed under B W 6  

also  yenerally apply t o  BHR/Z-5 ~ e l o a d  8 x 8 cores (considerably 

5 than to BWR/2 and 31 and, t o  a lesser degree, 

I 8 x 8 cores.  

more to B W 4  and 

t o  BWR/U-5 i n i t i a  

F - 1 1  Degradation o f  Core I n  - --- -- -.-a- - - 
Uncertainties rn curr'ent estimates of r a d i a t i o n  and corrosion damage 

t o  BWR/6 core intcrnals do not  rwvidc dssurancc o f  40 yedrs serv ice  

l i f e t  h e .  Core i n t e r r ~ a l  s may Claw ,:o be replaced e a r l i e r  to  prnvlde 

assured s t r u c t u r a l  i n tegr i ty  fov continued oper,rtio;i. Replv~ l t l r t l t  

of permanently installed core intcrnals would result i n  subs tdn t ia l  

BWR downtime because of high f a d j a t i o n  l e v ~ l s  dnd d i f f i c u l t  dccess. 

F- 12 Void Coeffrc ient /Rel icf  Valve Problem 
---.------.A~- -- --------- - 

The n ~ d i r l  cause of p o t e n t i a l  BUR t rans ient  s e v e r i t y  i s  the  high 

r e a c t i v i t y  worth of the $team voids.  Th is  appl ies to B W 2 ,  3 ,  

4 ,  5 dnd 6 ,  w i th  severity increasing i n  BUR/4 and 5 and a g d i n  i n  

8WRi6. The consequences d r e  dggrdvdted ty the low thermal inert i d  

of t h e  stem sys tm.  Engineering has responded t o  this trend of 

increasing s c w i t y  by p r o r i d ~ n y  protect ion against  the  t r a n s i e n t s  

through substantial dddi t ions o f  reTicf v a l v e s ,  tri; c i rcu i t ry ,  and 

f a s t  scram blade d r i v e s ,  a l l  o f  whirn  are o f  novel design and r e q u i r e  

high r e l i a b i l i t y .  Transient cortrol  invo lves  use of the pressure 

suppressjori  paat and the  contsinnent dur lng crpected p l a n t  opersstlnq 

condi t ions,  such d 5  turbine t r i p s .  k consequence o f  this rs the 

p o t ~ n t t d l  contdmination of  the Mark I I 1  containment by d i S ~ h d r g e  nf 

r a d i o a c t i v i t y  during relief va lve  o p e r d t i m ,  



F- 13 End-of-Cycle - .- Scram Reactivity 

I The curves of r e a c t i v i t y  us. control  rod pos i t ion  of BHRIP through 6 

are unfarorrble for  end-of-cycle equi 1 ibrium cores (either w i t h  U02 

I reloads or MI2 reloads) a s  +i r e s u l t  o f  the high reactivity i n  voids. 

One possiLle, but undesirable, wdy to achieve acceptably w i d  

reduct ion o f  power on turbine t r i p  during the l a s t  p a r t  of a c y c l ~  

would be t o  reduce power and thereby a l l o w  s m  blades to be kept i n  

the core.  To avoid  s u ~ h  deratinq, design changes d r e  required; f d 5 t  

scrdm. prompt rc l  i e f  t r ip ,  r e c i r c u l a t i o n  pump t r i p ,  addi  t iondl re1  l e f  

u a  l ues, and/or reduced re1 i e f  v a l v e  set t ings.  A1 1 of these tend to 

reduce a v d l  labi  1 i t y  and increase l icensing d i  f f lcul  t i e s .  

F -  14 Transient  - - - - - - - - - Des - - - i yn  - - Me - thuds - - - 

The f u r r e n t  methods used to c a l u l d t e  3WR t r a n s i e n t s ,  dlthouqh 

~urnprehens i ve i n  thei I- treatment o f  the over? 1 1  nuc lear s t e m  rupaly 

sy: t m ,  are dpprocrlmdte i n  tcleir treatment of the r c d c t o r  c o w .  

They are turthern~are e s s e n t r d l l y  untes ted  w ~ t h  respect t o  t h e i r  

t red tmef~ t  o f  the central feature o f  the $ystem, the coupled  n u ~ l r d r -  

hydrdullr prvcPs$, In v i e w  of these u n c e r t d i n t i r s ,  the d l l u w ~ d  

incredse and c a l l  i n  tu rn  f o r  dn unknown degree o f  i u r t h ~ r  b d r k f t t t i n q  

o r  else derd t lng .  

pkcnor~tend which c o u l d  re ld te  to redc tor  s t d b 7 1 i t y  dre nut rrr:~ylctc~ly  

accounted Tor :  
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a)  Slzable resonant fluctuation i n  the f t s s b n  rate, 

b Decrease i n  fuel rod thermal time constant with Pu bui ld-up.  

F-15 Ex ten t  of Yer i f fcat lon  of Tranrient Analysis 

The a v a i l a b l e  t e s t s  o f  the transyent madel t o  date have been 

satisfactory. They have not provided a c r i t i c a l  test  o f  i t s  least 

certain f e a t u r e c ,  namely, representation of the v o i d  coeff ic ient ,  

and of the delayed scram reactivity curve. 

Tests i n v o l v i n g  more extreme conditfons i n  operating plants and 

comparisons wi th  mult-dimcns tonal nuclear/thermal/hydraul i c  transient 

models are needed t o  ver i fy  b e t t e r  the adequacy o f  the design model 

now i n  use. 

F-16 Anticippted f ransient Wi thout  Scram (ATWS 

Regulatory requirements c a l l  f o r  b a c k f i  t m ~ d i f i c a t i o n s  t o  aperating 

p l a n t s .  While most o f  the work can be done dur ing a r e g u l a r  refueling 

outage, an additional few percent of  unavailability may occur during 

the yeay of modi f ica t ion .  

F-17 Flow Control Range 

The operating range of  the BUR16 r e ~ i r c u l a t l o n  flaw cont ro l  systems* 

nominally 75 t o  100 of veactor power on the 100' pawer control rod 

pattern l ine .  i s  less than u t i l i t y  load fol lowing requirements, 

al though this range was accepted by the customer. The mnge 

originally estimatsd f o r  B W 3  was 50 . For equilibrium Lore$ d t  

EOC, the expected s tab le  range i s  o f  the order o f  40 ; for BWRI4-5 

the corresponding f i g u r e s  a r e  35 origindlly estimated. 25 currently 

estimated. The r e s t r i c t e d  f low control range reducer operat ing 



f l ex ib i  1 i ty, dnd requires more frequent control rod movement, 

which tends t o  increase fuel f a  i 1 u res .  Fue l  pre-conditioning 

w i l l  take longer than i n  e a r l i e r  BUR'S which have a wider flow 

control range. Accommodating Xenon transients w i  1 1  also require 

more c o n t r o l  rod motion. 

f-18 . Flow --- and Terr,pera .- ture Induced J c n s  ients 

The jess o f  feedwater heat ing or  the acc identa l  a c t i v d t i o n  of the 

High Pressure Core Spray or High Pressure Core Injection Sy5 tw15 

could produce power t r a n s i e n t s  long enough t o  cause increased leakdge 

from f u e l .  These transients may be more severe i n  t h i s  regard than 

I p ressur i za t ion  t rans ien ts  because they can last long enough for 

1 pellet-clad interaction f a i l u r e  t o  occur .  

1 F-19 Spe~idl -- ------.----- Problems with RtVAB . - - -~--- P l a n t s  

Scram insertion requirements f o r  plants designed w i t h  Relief Vdlve  

Augnmted Bypars (REVAB)  have not yet been achieved. No solut  Ion hds 

vet been i d e n t i f i e d .  Delays of s i ~  months t o  modify REVAb systerns 

and components may occur for plants scheduled tu s t a r t  up i n  

1975- 1976. 

F -20 A n a 3 t i c ~ l  --- ---- Models -- and -- Margins --- - f o r  -. - -- the  + --- BWR - - - -  ECCS - 

The lack of  thoroughly ve r i f i ed  models for BWR EGG5 has led to the 

vmyusi t i o n  by the NRC o f  highly  ronfervdtiwe rodel assurnpt ion~ dnd 

design l i m i t s ,  w h ~ c h  have resu l ted  i n  5 dcrdtes for BWR/3 fdctl!tles. 

Further  derate~ o f  up to I n  are p055iblP, a t  l eas t  until the 7 x f 

tae l  i s  rcpldred by 8 x R f u e l .  

mLmprg. La part ot  tha 
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F-2 1 BWR Conta i n w n t  Desiqn Status 

Occdiise of  phenomena recent ly  discovered, a l l  BWR containment types 

(Mark 1, I I and 111) are undergoing extensive addit ional  analyses to  

evaluate s t ructura l  adequacy. As a r e s u l t  o f  these ana lys ts ,  Mark I I  

as well as Mark I are l i k e l y  t o  be redesigned and re t ro f i t ted .  

The Mark I 1  I containment w i  1 l have more severe operating and 

maintenance problems than Mark I and 11 because small accidents and 

normal re1 i e f  v d l v e  operation w i l l  discharge steam and r a d i o a c t i v i t y  

and cause h igh noise levels w i t h i n  the containment, This w i l l  impact 

on 8UR/6 availability ( 2 ' ,  per year) ,  I n  addit ion, the  phenomenological 

problems associated w i t h  Mark I 1 1  (such as suppression pool slosh4 ng, 

steam-air bubble v ibra t ion ,  relief valve blowdown fovccs, LOCA blow- 

down forces an the containment, radioact ivi ty contamination carryover 

throughout the containment) arc l i k e l y  to  require substantial additional 

tes~ing to clarify the applicable functional requirements. 

F-22 Seismic - Design Posi t ion  and Capabi 1 i t y  

The s e i s m i c  design responsibi l i t ies are diffused and dispersed w i t h i n  

NED and between NED and A / € .  Upgrading o f  NRC requirements on seismic 

design, coupled wi th  the current  l ack  o f  GE control over A / E  designs 

could result  i n  major redesign e f fo r ts  and possible r e t r o f i t t i n g  

i n  plants already constructed, 

F-23 Radiological  Contamination 

The uncovered suppression pool  of  Mark I 1 1  causes Mark 11 

marc susceptible than previous designs t o  the loss of ava 

due t o  present occupaticmal dose limtts and a fortiori to more 

stringent regulations which are af i t ic ipated.  Wart I and Mark I 1  

Thlr paw i r  part O f  thm 
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designs may also be affected by increased d i f f i c u l t y  i n  performing 

rnainte-ance and h a c k f i t  if required. 

Design features such a s  PRf  and REVAB and bottom entry c o r e  monitors, 

as we1 1 as pressure re1 icf  fo r  abnormal wonts,  l e d  t o  increased 

r a d i o a c t i v i t y  i n  the containment. Source terms provided by GE for 

radioact i  v i  ty  release are subject  t o  large uncertainties which may 

lead to unfavorable outcomes i n  te rns  o f  p lant  a v a i  1 abi  1 i ty  and 

r e l i a b i l i t y .  Controls on s o u ~ c e s  o f  induced r a d i o a c t i v i t y  a r e  no t  

adequately specified in  design.  

Other nccidcnt Considerations 

There i s  no GE ac t ion  plan f o r  i n d u s t r i a l  security o r  sabotage 

w i t h  regard t o  the Mark I and 1 I containments, and such act ion 

f o r  the Mark I 1 1  i s  considered t o  be the A;E and customer 

r e s p o n s i b r l i t y .  

The following events  arc  presently schedule to recei we further 

consideration before a f i n  pos i t ion  i s  established for GESSAR; 

( 1 )  ATWS, (2) Major  and minor f i r e s ,  1 3 )  Liquid radwaste tank 

f a i l u r e ,  and ( 4 )  Off-gas (hold-up por t ion)  f a i l u r e .  Thcre are 

present ly  f i r m  posit ions i n  GESSAR for ( 1  ) Fuel  assembly insertion 

error, (2) Recirc pump seizure,  ( 3 )  Cask drap, 141 Spent fue l ,  

( 5 )  Control rod drop, ( 6 )  P ipe  breaks - inside and outside 

containment, ( 7  I FN piping bi e a i .  Of  t h e r e  events, there a te  

1 ike ly  t o  be new requircements imposed on cask drap, control  rod 

drop, p ipe breaks - outside containment. and fuel handling. 

5mc 
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R- 1 Upgrade Future BWR/6' sL 

Increased design margin i n  new proposal offertngs, and those i n  

recent sa les  that  can be renegotiated, can be a t ta ined 

term that  i s  , mid-1976) w i  thout extensive BOP redeslgn 

i n  the near 

by upgradtng 

current NSSS designs by one pressure vessel 

i n  the fo l  lowing three standard offerings. 

RPV dia.  
Bundles - ( i n }  I 

s i r e .  This would resul t 

G m s s  NSSS R a t i n g  
( 3 - I / ? "  Hg) - 

1212 

The object i s  t o  reduce power d c ~ i s i  t y  from c u r r m t  BUR16 of fer ings 

from 16-24?, This  change would make ava i  lablc more f l o w  per u n i t  

power t o  reduce the void coef f ic ient  and a ttcndant t r a n s  lent  response 

problems, increase RPY volume t o  decrease the  magnitude of system 

pressure r I s c  from turb ine  t r i ~  o f  MSIV c losure ,  reduce fuel  l inear  

heat generation rate  t o  decrease fuel f a i l u r e  and PCIOMR penalties, 

increase ECCS margins. incrcazc core operating and shutdown margins, 

and thus improve NSSS capability to a t t a i n  high capacity fac tor .  

and provide margins t o  meet future requirements. Current design work 

an piping layouts i n  the c m t a i m n t  and other A / €  interfaces could 

be completed and utilfzed with l i t t l e  change. Detai led design studies 

arc required to estabi i s h  the optimum t4SSS ra t ing  andlor RPV s ize .  



I t  i s  expected t h a t  such design changes would add t o  N$SS and 

containment c a p i t a l  costs, which could be offset by an increase 

o f  capac i ty  f a c t o r  of 3 . 

It i s  recommended t h a t  th is  proposal be evaluated i n  d e t a i l  by M D  

and be implemented if the detai led  e v a l u a t i o n  bears out the benefits 

identified in the prel iminary study . 

R~ducsd, Ref ueJJng I n t e r v a  1 and-,R_apj d Refuel ing 

The development of r a p i d  refuel ing methods for BWR's would penni t the 

u t i l i z a t i o n  o f  shortened r e f u e l i n g  i n t e r v a l s  w i t h  the attendant 

p o t e n t i a l  for reduced vo id  coef f ic ients ,  increased core opera t ion 

mdrgins, and rehced fue l  cycle  c a s t s ,  Successful development and 

a p p l i c a t i o n  of rapid refueling t o  B W R / 4 ' s ,  5 ' s  and backrog B W R / 6 s  

would be an a l t e r n a t e  to  part ial  p l a n t  &rates for  those u t i l  itics 

willing to renegotiate the i r  current  fuel cycle contracts t o  permit 

s i x  mot~th r ~ f u e l i n g .  I t  i s  expected t h a t  d s i g n i f i c a n t  present worth 

advantage in  fuel cyc le  costs  per uyant  could be ga ined w i t h  s i x  

month r e f u e l i n g  interval:. 

Application of s i ~  month fuel cycles  to fu ture  BWRI6 proposaTs would 

provide added margins t o  assure p l a n t  performance while offsetting 

the increased c a p i t a l  c o s t  f o r  upgraded design with further reduced 

fue l  c y c l e  costs .  In add i t ion .  some posi t ive  d v a i l d b i l  i ty  b e n d  i t s  

between refueling i s  expected because of  s l i g h t  i m p r o v m n t s  in  v o i d  

cothffjcient and more rapid rernoual of failed fue l .  

I t  i s  r e c m n d c d  that  NED promote the e a r l y  a p p l i c a t i o n  of reduced 

refueling intervals and ac~elerate the development of rdpid refue l ing .  



R-3 BWR/6 Standardi ra t  ion 

BWR/6 standardfzatian should be based on the upgraded BWRI6 

recamended i n  R-1  above. Portjons o f  these designs may be 

u t l l  ired on backlog B W M  plants which are not upgraded. 

Planned product improvement should be an integral part of BWRi6 

standardization. I m p r o v ~ n t s  to the s t m d a r d  plant designs may be 

added as block changes t o  future product offering a t  the proposal 

stage,  but only after the proposed improvement has been fu l ly  

bcs i gned and tested . 

R-4 Superior Qu.a.1 i ty BUR 

Upgrading future proposals on pressure vessel s i z e ,  and s t m d a r d i  za t i o n  

on the upgraded design stand a good chance of providing a BWRi6 

a v a i l a b i l i t y  advantage relative t o  compcti t i a n ,  and w i  1 1  remove 

pressure to  develop a "new product" on a c r i s i s  b a s i s .  These short 

term actions may not, however. produce the t r u l y  superior BUR which 

i 5 needed for  successful pursuit o f  product qua1 i ty leadership 

s t ra tegy  on a long term basis .  

I t  i s  recomnendcd that  e f f o r t  be applied in mid-1976 to the design 

of such a superior q u a l i t y  BMA/S.  Design o b j e c t i v e s  for BWR/S 

should tt established along the lines suggested i n  Table I .  The 

preliminary d e s i g ~  effort for  BUR/S should be perfumed by a 

group insuldted f r o m  the pressures of producing the barklog and 

should be targeted f o r  completion by mid-1978. 

Development should be done in pdrd l  lel w i  th prel i i i l inary des i gn  by 

the existing (or expanded) Development Engineer ing Section. Review 

of th-- pre l  ininary desl gn, and apprdi sal of the development resul t s  

Thir paw is p u t  of th, 
1975 "19uelmrr Imactot studyn. 
Sem tb 1917 "Update Repert* 

io r  currant rtrtr8+ 



Sufficient margin i n  cote design to comfortrbly iccornnodite methods 
unctrtalnties, operating f l s a i b i  l i t y ,  inrtrumntation unctrtslnties, 
unufac turing tolerances, reguhtory changes, new p h e n m n r  . ctc  . , 
without derrte during any portron of fuel cycle. 

+ Core S p e c i f i c  Pewar Channel Design 
b Steam Yolumc b Ina,t ive Water Volume 
+ S t e m  P ~ ~ S S U P C  and Pressure Drops Hexagonal us. Square Lat t ices 
+ Recjrculating Flow Rate Refueling Cycle length 
r ReactivSty i n  Voids r Burn-up Dptimi za t ion  
m flw Control Range I Control Rod Characterist lcs 

Fuel Subdivision 

Sufficient margin i n  core design to permit makeup of both 1 f i i t i a l  and 
wlwd cores from 6 standard bundle de5ighs. r e g d r d l e ~ s  o f  operating 
h l s t ~ r y  or  fuel mansgement plan.  

Ercess design margins i n  11 1 areas to provide fo r  now phttW~rena. regulatory 
r t q u i r m n t s .  improved dtsign methods. etc. 

a ICCS design margins suf f ic ien t  to meet projected euolut ion o f  
desiyn b ~ s c s  and c r r t e r i s  
k f s m i c d e s ~ g n n a r g i n s s u f f i c i e n t  tameet p r ~ j e c t e d t v o l u t i o n  
of design haws and critcrla 

tuel  failures a t  md of l i f e  not t o  e~ceed  0.2? of bundl4 5 .  

r Elimination o f  PCIWR operat ing  c m s t v a i n t s .  

C l b l t i y  t o  r i d e  out  turbine t r i p  without relief valve  actuation 

e Rddioloqicdl contamination o f  the conla nment during blawdowr~ 
prec 1 uded by dcs ign. 

+ Radiological dascr t o  plant operatots m i n i m a  zed i n  accordance 
with M A P  cr i te r ion .  

Containment dt:ign 'Jasod on f u n c t ~ o r ~ a l  requirements verif ied ky test data .  

8 Stcam-air bu3ble vibvatrun 1 LOCA tlawdm force; 
Relief v a l v e  blowdown forces I Suppvession pool s l b s h ~ n g  

k t c h  p ldn t  4 v a t r ~ b i l l t y  and cspdbility :O 5ysicm needs. 

b Refueling obtagc 15 days or  i e rs .  
LodJ followir~!frequency control as d c f l n t d  t j  u t i l  l!y 5 j s t r r r 5  s t d /  



should take place during the second hal f  o f  1978 (development 

rcsul tr are u n l i k e l y  before the end of  the year). Provided the 

decision i s  made to proceed, detal led  systm design should then 

be percomd by the Systems Design Section [ q . v .  ) and deta i led  hardware 

design by other Engineering secttons as appropriate. Detailed design 

should be targeted for completion [including component development) 

by 1901. The BWR/S deslgn, before introduction, can serve as  a 

guide t o  evolutionary inrprovements I n  ex is t ing  product l ines .  If 

feasible, speci f ic  features could be introduced through a mdnaged 

ser ies o f  block change Smprovments, each of which should be 

thoroughly tested, designed and v e r i f i e d  pr io r  t o  c m i t m e n t .  

R- 5 Qua1 i f  i ca t ion of Core Methods 

I t i s  t e c m d e d  that a specia l  test  and analytical program be 

devised t o  be carried out  i n  an actual ,  mdern  BUR a t  end-of-cycle 

candi tions to test and qua? i f y  steady s ta te  and transient care 

design methods and correlat isns.  Such a program should incorporate 

core loading, instrumentation, and operation optimized f o r  the  

col lect ion  of data  rather than pnwer production. Important data to 

be obtained include the measurement o f  ind iv idua l  channe: f l o w  and 

temperature and void d is t r ibu t ion  under s teddy s t a t e  and transient 

conditions. probably using spec ia l l y  instrumented bundles. Other 

data would include cold c r i t i c a l  rod positions and clumped rod 

w i  thdraual c r i t i c a l  pa t te rns  versus exposure, Gd r e a c t i v i t y  

worth versus es+msure. fuel i sotopics versus exposure, core power 

d i s t r ~ b u t i o n .  Xe transient r e a c t i v i t y  d i s t r i b u t i o n ,  and l oca l  power 

measurements f o r  d i f fe ren t  enrichment and burnup U02 and Pu02-UO2 

b u n d h s .  1nstrmn:ed tests such a s  turbine t r i p  w i t h  10-30& bypass, 



a l l  blades out a t  751 power should be conducted up t o  technical 

spec i f ica t ion  : i rn i ts .  

It i s  estimated t h a t  such tests would take 20-40 days of power 

rcwtor time dedicated to the t e s t s  and s i y n i f i c a n t  r e s t r i c t f o p  f : *  

I eactor operat ion fo r  a t  least ii year. Special instrumented bundles 

and equipment would be requ i red .  

R- 6 9 n 9 r ~ 4 1  Grvelopmnt  -- 
I f  9 x 9 fuel were selected geometr ica l ly  s i m i l a r  to 8 x 8 ,  i t  w w l d  have 

a larger void coefficient, and would be more unstable  because Of a 

shorter thermal time constant .  Design modif ications t o  subsLantia1 ly 

reduce the void c o e f f i c i e n t  a r e  required t o  balance these effects. I t  

i s  recommended tha t  corm,,tnent o f  b a c k f i t  9 1 9 f u e l  be cont ingent  

upon thorough dndlysi s and adequate thermal -hydraul i c  dnd mechmi  cal  

t e s t i n g  of the propc ed 9 n 9 design. 

9 x 9 fue l  fo r  new proposal offer ings should be accompanied by a 

reduction of core power density dnd r e o p t i m i z a t i o n  of the core 

pumping sys tern capac f t y  + 

R -  7 Frrl l Scjle Testing of >-uNession Pool 

Previous t e s t i n g  of the pool swell phenomenon i n  the 5an Jose 

test  f a c i l i t y  was done w i t h  "one-third" s i red  bollor dud drywell 

s i w l d t e d  vessels. 1 t i s  recommended t h a t  "full-scale" experiments 

be r e p e r f o m d  w i t h  ' f u l l - s c a l e "  bo i ler  and dry we1 1. T h i s ,  together 

w i t h  tbc ;!3 scdle test  d l reddy planned, w i l l  e r t d b l  i s n  a n  

~ w ~ r o v e d  bdsis f o r  s c d l i n q  of subsequent t e s t s .  



I% Nark 111 Suppmsslon P-1 Cover 

I t  I s  r c c e  that the Cbrk I I1 suppressim k covered with 

m v a b l t  [hinged for LEA)  covers and vmtllrtd to furtMr lirnlt 

persmel exposure to  s t e m ,  notsc, radiological cosstminrtim or 

a t k r  adverse effects fo l lar ing t t l f t f  valve actuation. I n  

additSon, the b r k  I l l  design should be reutcmd to determine 

rhtkr there arc other scparatlons of functions which arc adv4sablt 

such as separating safety related qulprncnt within the cantajmmt 

for pmttctlon and t o  facil iQte compliance ui th maintenance 

and operating requi m n t s .  

The Mark 111 suppression pool should be provided, a t  the f i r s t  

catwalk level, with an isolation decking l i ght  enough to  be l i f t e d  

off i n  a r e s t r a i d  manner (hinged) during r L O U  b l o w d m .  The 

principal purpose of this isolat ion decking would be t o  prevent 

radiogas mleasc fm the pool i n t o  the conta imt  when a safety! 

relief valve operate* - Sub-d~k  ventilation should be ptwibcd t o  

carry off any radiogases escaping frm the pool durjng ar after 

$dfety/t%lief valve actuation. Another functional m q u i ~ t  for 

the sub-deck w u l d  be to provide acoustfc devices thnt rsould 

effectively suppress the noise associated with relief valve b l w .  

A revim of the Hark 111 contalmtmt design should be wde to 

deternine i f  functfonal aspects of the eontainmcnt &sign (such as 

seismic, radlologlcrl contmi nation, noise c o n t m l ~ t l a n ,  primary 

and secondary c o n t a f m t  functions, on-line operating or service 

functims, etc.) nay be s q w a t d  and made 1-t of each 0 t h .  



H -System Otsipn Section 

I t  i s  receded that r BYR System Iksign k c t f o n  be established 

with BYlCSD u, set BYFl system design r q u i n w n t s .  perfom tridc-of f 

studfes to i b m t i f y  the optirvm system cmf fguratlms and performance 

c h r a c t t r i s t k r ,  md accmpltsh system desigmr. This Stctim should 

k t o u l l y  responsible for estiblishlnp design nquirmts a t  thc 

ouerrll p l a n t  and - jet  system l e v e l s .  and rllocatfng these 

muirmrmts to r t  ltrst thc subsystem level t o  cnsure that oueral? 

deign integration i s  rchltved. T k  rqulrdmmts should include. 

but not k limited to. topics as f o l l ~ :  

P e r f m n c c  
m r b i l  i ty  
Ttan$ imts  
Accidmts 
k i s m i c  
5sf r t y  
Avs i  l a b i  1 i ty/Capaci ty 
Re1 iab i  l i ty  
Maintainability 

Since the k s i c  s t r a t q y  i s  that  of s product that  $ 5  required ta 

have superior avai labi 1 itylcapaci ty . the trade-off studies m i  11  

masure the design against ttlirbility/availability/~~int~ndnce 

character ist ics.  TMse t r a d e 4  f and opt imizr t  ion studies and resul ts  

need very n r l y  coupling to econmic trade-off stubits ,  the 

convincing apprafsdls of plant  c a p a b i l i t y .  The utilities m d  the 

Amhi tect/Eng incerr hrve to  k convinced that  more constrvat i ue 

designs, which may cost more tn the desire4 wrk-horses for pOwer 

gmrrtion W e d  on projected ilrgmvmmt i n  auailsbility/crprcity. 

The trade-off studies should include the study of the t o t a l  plant  



The work of t h i s  Section will require hcitvy a g h i s i s  on rclirbi li ty 

and mafn ta i r~b i l l t y  which w i l l  requ i re  t fub%ection devoted to these 

studies and analyses. 

- 
Ru-tien R-4 a b u t  calls for tk dcvcloormt of a BWIS desim. - - 

bared on . . . . . . . . . .  p m c n t  - - understanding - -- - of BYR techno - 

the p m s u n s  of producing the bdckhg. I t  i s  n c ~ d e d  that this 

group be r sewrate, not ncctssrrily mmmnt, orqan4zrt4m, of 

indepmdmt-mided, e~perimctd tnpinnn. The c b k t  should be of 

qmerrlirts, rather than speclrlists, The ski1  1s required should be 
I 

siwtlar to tMse in  the S y s t m  &sign Section [q.v+);  like the 

S.D.S. ,  access to the special s k i l k  and knarledqe i n  the balanct 

of E n g l w w h g  will be wwbd to sup~lcrnrnt their orrn resources. 



R-ll BUR RtlCabt15 ty/Aurilabil Cty#Maintrinrbi 1 Ity Design P ~ H M  

Recanendation R-9 above indieatel the need for r dist inct  organization 

for systm mglmcrlnq which w u l d  include "Rel iabi l i ty  EngineeringH 

on d wbsectian level. 

This action i s  d e m d  mccssary to attract and s t a f f  this function 

i w r i n g )  with quality engineers. The present 

largely depends on and c r e d i t s  the individual 

i b i  1 i ty f o r  re1 i r b i  l I ty and maintaindbi 1 i ty.  

{Re1 iabi 1 i ty Eng 

of organirstim 

wi th  the ryspons 

responsibll i t ies 

these areas. 

I t  i s  logical  t o  

and requiremmts 

crpec ted t o  f low 

In  other sectors hinder i n  developing s k i l l  i n  

s t y l e  

enq i neer 

Heavy 

expect t h a t  rc l iab i l  i t y  w i n s  a t  the systm ]eve 

and specification for  system and subsystms are 

frm "Re1 iability Engifinring" to cmpments 

responsible for  harbare  design. Tn turn, "Re1 i a b i  Ei t y  Engineering" w i  l l 

be erwcted to  recure data on h a r b a r e  cmqwments and verify that i t s  

~ p e c i f i c a t i o n s  a t  the systm level are sat isf ied.  To accmplirh this 

r c s p m r i b i l i t y ,  it  w i l l  be necessary t o  have the author?ty t o  

accornpiisk the required tests and analyses of  tests a t  the component, 

subsystem a W o r  system level , This serves to  insure ver i f  icat ian  of 

e ~ w C t e d  perf O W ~ C ~ .  

"Re1 iabi 1 i t y  Engineering" i s  also erpected t o  provide maintenance 

specification and c r i t e r i a  for implrmcntatim a t  the hardware level 

that i s  consistent w i t h  reliabtli t y / r v r i l a b i l  i t y  requ i rmmts .  

"Re l iab i l i ty  Enginewing" i s  to be r tspmsib l t  for dccumulrtlon, 

snrEysl$ md dlstributlm of compmmt and systm fa i lure history. 



Core Hanipamt and Relord fuel ,h~  ~ q n  Function 

For  tht mxt several years, the llED qurllty iu* w i l l  k #ett*rfmd 

by tht rsslstrnce of Ffeld Service pwsomrcl, pr lmipr l ly  during 

shutdtm6, and, I n  between s h t d m ~ s ,  on the k l r rv ior  of the 

nlmd fuel and the qua1 4 t y  o f  core NndgeAent+ The findings htqh- 

lighted t)K di f f  icultler Involved I n  meeting -rating 1 W t s  and 

burnup targets with re lmd cotes for -13 through 6 of  the curmnt 

dcslgn. h n y  of  ttte o t k  findings h u t  rccognirtd thc d for 

ingraucnnts I n  tlw Field f a v l c e s  a c t i v i  ty. A parllltl u p t i f i g  

of  reload core design and cove nunagmnt  functions i s  ~ ~ U I U m n d t d +  

This reconacndatian i s  r reuersil o f  prrvious BUR0 pollcy, which 

sought to reduct GE participation i n  the core mnagcmnrt burlncss and 

reduce fuel reloads to r strndrrdlred product. T h i s  policy i s  be1 itred 

to be ultimately desirable, but perhaps 5-1Q p a r s  p m t u r e .  

Speci f ica l ly  f t  i s  r e c m m d e d  that personnel o f  the nuclear Engineering 

Des4gn and Operation Subsection [of  FMSA) be incmased by about 
. + 

f 1 fttcn proftsslonrls, WED should recognl ze that  I t  I s  tnportant 

t o  stay I n  this business a t  l eas t  for the present, and devise means 

t o  make i t  profitable* 

The f i e l d  information rrd practical expctitncc developed by this 

Subsut1on dm important inputs to ilnpmvcnrcnts i n  dcsSgn. T k  

Subsection should be siven e ~ p l  i c i  t responsl b i l  i ty for seeing that 

fuel design irrprovcnwnts, based on their perceptions, a r t  made. 



rtlrtlon and feedback ktrren the discipl  Sne of  twt transfer. f lu id  

flcm, and nuclear engineering. 

I t  I s  t h r r t f o n  tummndd that t h  design code and m t M  

d t v e l o p m t  staffs inv~lved with thermal-hydraultcs, nuclear engineering. 

and system dynamics k integrated Into one subrtctlon charged wi th  the 

rcspmslbi l i t y  for dtvcloplng integrated dtsfgn codes and methods. 

R-14 Seismic Design Function 

tonsidwing the seismic d s l g n  requirements t s c a l a t l ~ n  snd the 

A i E  evaluation proens, i t  1s r t e m d c d  that the seismic design 

function be central ired and upgraded to subsection level to  assure 

th t  the BUR setmic mquirmmts ire properly identified, analyzed, 

applied and irrplementd. 

R-15 NED Cmywtrtimal f a c i l i t i e s  

Hake a &cision uhetbr to retain thc tloneymll computer system or 

t o  replace i t  with an advanced 18M or  CDC systm. If the decision 

i s  made ta  stay with thc Honepel  1 c w u t c r ,  begin implementation 

pronptly of fncreased harfhre capacity. aiming far a daubling o f  

current capacity i n  two years. Alternately provide the daubled 

capacity wl th  a mrt ef f ic ient  1W or CDC system, Improve the 

operational systm so that large problem requfring the use o f  

many peripheral u n i t s  da not  routinely suffer turnaround delays. 



Such rddltCena1 crpabllity 4s n W d  to perfom In i t ia l  and ru lmd 

core design carputrtlms for m lncrmshg nurnkr of mrrtlmg 

plants, to  a u t w t e  design to mn effactlvt ly use wgfmrlng 

personnel, to f s c f l i k t e  the d t v t l m t  and use of nrom 

sophlsticrted models to incnrre design reliability, to provide far 

mutine rnrlysls o f  effects previously ignared, and to respond to 

fht dcvclopcnt of r faster scram drtvc should pracf!ed on the cwrse 

now betng fall- by M S D  wi th  cmphasfs on selecting the ftnrl 

drCve prramttrs so as to provide s highly rtlSablc coqment. 

Burure of the urqcncy o f  f a s t  scram dCveloprmt, 5t f s  likely thbt  

full-scale pduct4on will be scheduled before f ie ld f n d h c k  on 

initial factory production i s  rvrilrblt ,  Extra testing during the 

developi t  period I s  des irrble to  assure sr ttsfactory pcrfomnce 

i n  the field. It i s  r t c c m m k d  that addittonal fully prototypIca1 

drive testing facilities be built t o  ttst four drives and blades 

at t m r a t u r e .  pressure, tlearances. and appropr ld t~  water i t y  . 



A Fuel Actim Plan was In i  t i r t t d  I n  1971 in m p o n s t  to the Btr ton  Task F a r m  

report. The plan had four main thrusts r5 f o l l m :  

Implement interim operating mlndgemcnt recarnmdstlon$ [ I M ' s l  to 

reduce pellet clad interactton (PC I )  fuel Eeshtrs. 

Introduce ~ h o r t -  t ~ m  fuel improvmnts as fa1 1 ws : 

(1) Imprcwed I 7 x 7 fuel (shorter pellets, chamfer4 pcllet~, 

th icker  cladding, hjghir clad annealing tmperature. 

getters and k t t e r  drying). 

( 2 )  Reduce peak power with an impravM 8 n 8 fuel  incorporating 

i m p r a v ~ t s  identified i n  fqroved 7 x 7 furl. 

Improue dnslyticsl cspabi 1 i ties t o  evaluate technological a1 tcrnatlves 

for  Imp-range fuel design. 

Improve long-tern fuel design. With major assis tsnct frm Corporate 

Resrsrch and Ocuelapnefit {and the Fuel Research Sclentf f fc  Task 

Farce), identify f a i  

suscept i b i  I i t y  , and 

dnd parcr change) t o  

l u r t  mechan~sms, decrease fuel fr i lure 

integrate system and fuel dtslgn {rod porrcr 

enhance fuel performance. 

The new 7 x 7 fuel was first losled into an operating plant in  the spring 

of 1973. Twnty  bundles e r e  eramfned and shcmd no fa i lures  after a b u t  



85Ul WIT* erposure. Exposure of 330 bundles has reached 5000 t o  8000 

WWT; no fa i lures  have k e n  detected to date, but none were e ~ p r c t c d  

b r e d  on projected failure c o r n l a t i o n .  Cmf irmst ion of t k  impravmnt 

achieved i s  expected late in  the spring of 1976, when erpasurrs w i  1 1  reach 

the 10 - 12,001) MUDIT levtl. 

The f i r s t  8 x 8 fuel was loaded into an operating p lant  in  the spring of 

1974. F i r s t  rssessmcnt o f  the va lue  o f  thc improument will not be 

ava i lab le  under September 1976. 5ubstmt ia l  information on pel k t - c l a d  

interaction leakage w i l l  not  be svailsblc until the rpr lng of 1377 

whcn enpasure reaches 10.000 MD/f for BbR/2-3. B W 4  data ui 1 1  be 

a v a i l a b l e  spring 1978. 

The f irst  implementation o f  Interim Operating Management Recormcnddt~an~ 

in  1971 was known a s  the 10-10-10. I t  was not e f fect ive .  P r e ~ o n d i t i o n i n y .  

i n m  as PCIOMRtf was implemented i n  J u l y  1973. I t  has been d r t f i ~ u l t  

to r  operators to implmnt ,  but  where tol lweb.  i t  has hrer! beneficid\. 

This  fuel &(-tion plan has been continued agqressrvtly rn the last four 

yedrs. S i q n l f i c a n t  gains hrve k e n  made. B u t  ~rmjrcss rs handicapped 

by the long bevelopnent cycle involved i n  ewal uat ing technrral  d l  term t i  ves, 

dnd the very long operating cycle necessary for  f indl proof .  

* *  Prctondi t ioning Interim Operating Manaqment Re,mendationr impose d 
;low power ramp wherr r a i s i n g  fuel duty an fuel previously operated a t  
lower fuel duty. 

Thim 1s part of tbm 
I a n  W l u r  -or st*. 

t h  1-7 -U mt* 
Lor mwmmt rutur. 



11 Lupm-vc PCtm I n  mrrtinp &actors 

ThC only optian to  early reduction of fue l  f a i l u n  costs ,  and t o  





a )  Reactor &v&4lrPi l i t ~  can be $uhstdntSally increased through 

W c t n q  t h e  required for refuel lng, d e n  St i s  on the 

c r i t i c r l  path. 

b) Reload fwl rill oftm bC nee&l on relatfrely short notice 

if f u ~ l  fdilufes CAUSC p r m t u r t  shutdown; otherwise availdbll Sty 

r i l l  be sdcr i f  iced,  WED contingency planning for  short-tern 

F t rcer t ion  2 - -  ------ 
Reduce ti- mquircd for  refueling - 
d l  bb d-clapwnt of k t t c r  fue l  s i ~ i r ?  techniques and equipment; 

of partially expofw f u e l  into mare w t i v e  zones of the 

reds tor .  



R-4 n d r t  ton 4 

Evalurte s i r -mnth reiuel ing as shorter refuel ing outages are 

achieved. r d  c';er. i o  utilitjes as i t  becomes a t t r a c t i v e .  

f -5 Finding 

Thick cladding on fuel  rods i n  the corner of the bundle nearest 

t)n ctmtrol rod MY achteue substantial reduction i n  pellet c l a d  

interaction (DCl) fa1 lures. 

R- 5 Rscammitatlon -- 5 

Rcewaluate and consider adopting a th ick-c  l a d  corner rod conf i g u r d t i  on 

as the design standsfd; i n i t i a t e  parallel programs f o r  Ilcensing and 

manut artur ing process c i t ~ t l o ~ f i t ~  

Wifid --- . --- Pre-Conditioninq -- Maneuvers, Control - Rods and Drives - ---- 
f -6 f i nd iq 

It may be possible t o  modify present PCIOWR procedures i n  such rt 

way ds  to reduce the unfavorable impact on capaci ty  factor ,  

part icularly i f  such modified procedures rould be implemented 

w i t h  modified control rods and drives. The modified control rods 

wight, f o r  example, be designed to have short notch spacinq dnd 

tS rods to have short grey tips. 



The pr ice  o f  zircanfcm products hds b t t n  incrcarcd s l ight ly  

and p r a h b l y  w S t \  increase more tn the near future. 

A1 thaugh W l  lmington-produced tubing meets NED cng incering 

specif i c s t i o n .  j o i n t  fuel c~npan ies  indicate that i t 5  

u n f f ~ r m i t y  o f  dtmnsion and f fn lsh  i s  not as high as tht  

of another suppl4tr's tubing. There appears t o  be a market 

preference for  the other supplier's. 

Lircaloy shel ls  from NED'S suppl ier, while w i  th ln  s p u i f i c a t i a n s ,  

are becorning l m r  i n  hardness and tensile strength as irnpuritieS 

are reduced. 

External  corrosion on fuel rods tws not recently been a problem 

but  miqht b e c m  troublesome as exposures increase. 

Rccomnendation 7 -- 
a )  Recognize potential for  sharply r i s i n g  zirconium p r  

Qualify addjtional vendors. 

b Improve tube rotling process t o  a1 lev iate  imperfect 

ices. 

ions caused 

by mandrel pickup and to  met c ios t r  dimnsional tolerances. 

c )  Rcv lcw hardness spc~ i f ica t ions  placed on NED'S suppl l t r ,  Be 

sure the suppl i e r  does not add troublesuw impurities t o  met 

this specif {cation. 

t E  to. process ponder products pel l e t  sintered density nearly 



R-4 Recmmnda ti on 8 

a )  Explore potential o f  pore former and binder adders wt th  

pwdcr made by the amnonium diuranate (AW) process. 

b )  Explore thmretica l density spectf i c a t i o n s  for pel le ts .  

Bdsic appros-h of barvier strategy seems sound. It includes thin 

p la te  metal surfaces, ew~t rudcd  inner surfaces and "buried" 

layers, and coatings deposited frun suspension+ The data a t  present 

are insuff ic ient  t o  draw conclusions as t o  probable success. H o l l m  

pel le ts ,  vibratory compaction and inverse fifl ing represent related 

approacW that deserve evaluation along with barr iers  A0 Atom 

Energie indicated a t  the jo int  ANS-CNn meting i n  Toronto 

Apri 1 27-30 that  they were cuplaring inverse rifling mans to 

reduce P C I ,  apparently along the l ines  proposed by CWD? 

Continue a t  high p r i o r i t y  the basic study of pel let -clad inter-  

action f d i l ~ r e  mchmisrn. 

R- 10 Recommendat $on 10 .*---- --.- --- 

a .  Continue a t  high p r i o r i t y  the engineering evaluation o f  f ive 

or  so mst promising candidate barr ier  designs that appear to  

avoid fa i lurec  by d t t a c h i n g  the b r s i ~  failure mechanism. 

- - , ------- 

! Corporate Rerrsrch and DwrFopncnt 



As soon as possible, but not later thrr the end of 1975, 

seltc t two or three candidate bar r ie r  design conf iguratians 

for further d e v c l o p n t  and i n i  t j a t e  para1 lei manufacturing 

program and pi lo t  IrridSation program, 

Rlso evaluate hollar pellets, inverse r i f l i n g  and vibration 

compacted f uet . 

Reduced -- Fuel Duty k s g n  S t r a t c ~  

F - 1  1 . f - i nd- -. 
Reduction rn indiujdurl fuel rod linear 

making rod$ smller and putting more i n  

has n igh potential for reducing PC1 fue 

This strategy would require analysis of 

drsure a b i l i t y  t o  b a c k f i t  in to  BYRI4, 5 

i t s  overall  economic a t  trac ta refless. 

heat rate, e .g . ,  by 

a bundle as i n  9 x 9, 

leakers. 

N55 system design t o  

6. and assessment of 

Perform&nr;c of reduced fuel duty strategy and the barrier stratwits 

i n  parallel w i l l  pennit selection of best approach i n  late 1977. 

R- 11 Recmumdatiqn .- - J-l 

a }  Determine the real i s t i c  

obtained i n  FUR/6 by us 

heat generat ion rate, e 

reduction i n  fue l  duty that could be 

ing fuel designs that  have a lower 

b Evslsste s y s t m  requirements and cos ts  of accorrmodst)on 



In turn, this lmptovmtnt fn P C I M R  tffectlveness should 

~ ~ U C C  the plant  capaci ty factor 1 i m i  t a t  ions and operating 

: imitat ions of present PClOnR cspabtli t y .  

T h e  bds4c fuel rtrrtcpics may t l i rn tnate  the need for PCIOFIA. 

and related fine motion contra? dtvclopnent could be d i s c  

cont i n u d  Jlen t h i s  po lnt  i s  reached. On the other h a d .  if 

fine motion control remaifis technicaT1y and c ~ r c l r l ~ y  sound, 

i t  can be intraduced ar an addition t o  the fuel strategy 

i m p l m t m l .  

Prrsmt Indicatims ape t h a t  an ALG screw jack dr ive can be 

m k s i g r r e d  to f i t  the space a v d i l a b l t  m a GE-WR. and that 

f i s t  scram rod operating objectives can k met Iprmf Auq. 

in  a 50;W mired control concept, although the precision d r  

train 4111 require cctnsidersble devclopncnt t o  wave re l !&h 

Addition of s short v m - n i t r  drive to the present notching p 

drive t o  inpose r f ine motion each notch step m y  k i fers ib le  

r 1 ternat i we. 

) Cbardinatt dtvelaplcrt t o  allow introductim of fine 

m t l o n  drrvp s t  pr-r t lmc i f  barn I t ratcgler  cannot 





b) Trrnr 

which 

imtr w i l l  e ~ t e n d  beyond normal f u l l  l o rd  for ptrlods 

I m@y vary frm r fcw seconds to r h u t  hal f  a mlnute. 

Imile such transtents hnvt not produced coincident failures, 

t& fuel cannot be prccondl tloned for those m r  ltvtls, and 

the tendency for PCI* fa i lure m y  be fncrcascd by the longer 

tmnrimts. 

a1 A r  r m  as possible. evaluate fuel duty for a l l  transient 

condit ions and establish the design basis. 

b) Run tests ta deterdm w)wthr s h r t  duratlm transients 

i ~ ~ n r s t  9CI  fa i lure  probability. 

Incipient CratLs - 
F-15 F -- i n d l  

Ulrfrilcd fue l  af e r r *  exposure may contain multiple i n c i p i t n t  

cracks (not ill thC m y  through the clad] that cannot be detected 

by merit nmdtstnrtiue testing e~uiprent, I t  i s  I n p o v t m t  to  

hm 3Yt)yf br mt this is true both for reasons of t r a n s i n t  

fai lurn analyses, and to increase understanding of fai lrcrt 

rrrcknisn. 



b )  Develop mre senst t i v t  methods o f  nondcstructi ue test Sng, 

capable of detecting incipient  failures i n  unfatlcd fuel 

rods. 

I t  - - nat ionaj  

F - 16 Finding -- - 
NED'S image wi th  Joint Mdnufsctwing Cmpanie~ i s  n c t  e n t i r e l y  

s a t i s f a c t o r y .  More s t t e n t i o n  rr nceded t o  maintain NED'S 

interndtrondl p o s i t i o n .  

R - 1 6  Rec m n d d  t $ 3 n  j6 - -  -- - - .-- 

Eaamine NED fur l  specjf ications, manufacturing and inspection 

procerros for cmpat ib i  lity with  in ternat iona l  e n v i r o m n t r  

and m o d i f y  or make special provis ions I S  neCtSSlry. 

:p'',t, F-uP,! 

F - 1 7  F tndi - .  . ng 

:pent fuel bundles could be used ins tead  of the naturdl uranium 

b ' a r t L ~ t  planned f o r  about one-eighth of the i n i t i a l  core ir  BkV6 

dnd niyht also be incorporated i n  BUR15 i n i t t a l  cores. This could 

o t f p r  u t ~ l i t y  c u ? i t m r s  savings i n  fabr icat ion and urdnium supply, 

and relief i n  Fpent fuel storage requirements. 

Urc spent fuel instead of n a t u r a l  uraniwn whenever poss ib le  for  thp 

cure blanket of BYR/5  and 0YR/6 i n i t i a l  rores.  

d ]  GETR w i l l  require extensivemodtfication for  relicensing. Thr 

present 1 iceme cmpj rer i n  October 1976; an extended outage w i 1 l 

be r t q u i r d  for  modiffcation. 



The ML fact 1 i ty cannot rccmmdrte f u l l  -length t t s t  rods 

and this imposes a serious 1 i m i t a t i o n  In fuel failure 

dtbgnostlcs, i n c l u d  

end-of-life f a i l u r e  

Cask hand1 I ng f l e i  1 

fuel re turn  tasks.  

ing incipient crack investigations and 

mode analysis. 

lties n n d  improvement to hsndlt spent 

a Pursue timely relictnsCng of GETU as  an essential NED 

ob jec t ive ,  

b Expand RML t o  accomrdrtc full-length fuel rods andcssk  

hand1 l ng . 

C&",e> 

F-19 Findiny_s 

a ,  From the uiewpolnt  of creep. channels are not  projected t o  

have fifteen-year opersttonal l t f e  desired by custmer5 .  bu t  

can probably be e~pec ted  t o  last 8 - 10 years, r h i t h  

represents two cmplete refuel ing cycles . 
I Corrosion ?s d problem, but it can probably be control led by 

proper hed t trca tmen t. 

) D i f f i c u l t y  i s  s t i l l  being experienced Cn bending t h i c k  

mater ia l  a t  Yilmington. 

a ) Cont inw high-pr ior  i t y  manufacttirinq d ~ v e l o p w n t  prograw 

for  100-120 m i l  channels and f o r  chdnnel heat treatncnt. 

[mplcmcnt there mthods as soon as possible. 



Stion of flocr rtstr 

chrnnrls a t  top o f  core t o  reduce mrxlmun pressure 

di f fwert t la l  across channel wall. 

Cant rgl Blades 

likely t o  be nutntaincd up t o  the p o i n t  o f  b l a k  inrtillrtlm due 

t o  minor flexing of the blrdc. This i s  probably mrt significant 

since the b l r k  5s guldcd by fue l  chrnnels, but mlnor &virtfm 

of blade straightness or twist  frm factory spcci f lcat~ms u p  

arr ival  at the reactor site his caused n w d l t s s  concern. 

R u m r t i m  20 

a )  C k k  blade muelope t o l t r a n c t s  needed i n  opcrrtimr against 

those needed i n  wnufdctur ing .  Eliminate possible confusion 

a t  reactor site. 

b] Chtck test data m control rod lmtrtim r i t h  channel expansion 

and blade interference. 

c )  Resolve toierrnce problem5. st i f fness  problem rmd ~ l d i n g  

p m e s s e s  by jo int  efforts of the BVR Systms kplrtmnt and 

Nuclear Fuel Dcprrtmnt. 

Spacer design ha5 1 i m i  ted seismic csprbi  1 i ty  rs presently dtweloped 

for 8 x 8 fw1. F ~ i s l b i l l  ty  of emtending current design approach 

t o  9 x 9 has not hen demwrstrrted. 





Relief vrlve Augmented Bypass (REV& 

F - 1  F i n d i . ~ ~  

R E Y N  ir an option offered m 3 W 4 ,  5 and 6 to provide the 

capability of rrcepthg sub- loss of c l ~ t r i c a l  load wi thout  

reactor s c r m ,  and t o  wfgm this  function a t  an equipncnt cost 

srgnificantly less than that of a more cmvtntlonal f u l l  steam 

bypass system. 

RLVAB uses g r q r a m e d  o w i n g  and c lor inq  of Safc ty /Rt l  itf  valve^, 

along uith selected rod motions and r e c i r c u l a t i o n  f lm reduction, 

t o  s q p l ~ r ~ n t  am rppmlrimately 35 bypass capaci ty  i n  controlling 

reactor pr tssrr t  until tht peer Feuel can be brought within the 

control capability o f  the bypass system. 

Nu REYAB systcrns have yet a ~ r r t e d .  but seventeen a r e  c m i t t c d .  one 

for - rat ion i n  late  1975. k c n t  NED transient studies r e s u l t i n g  

frm other systm CmsibCratiOms raise Sertctus doubt as to  the 

dbi l t t y  of thc REYAB q t t o n  t o  perfarm eff~ct~vely i t s  intended 

fmctam ( 3  .c.. Prevent s c r m  or loss o f  e l u t r ? c a l  lord]. particularly 

near the m d  of r fuel cycle. 





t r r r  tur t  , pressurt, and cl clranccr, 

dwlng the developrmt progrm. 

An attractiue future design consldcrrtim, i fIm mtW~ tmtml 

dr lve ,  Is undtr deve10pl)nt. A Cine mtlm drive could be e f f u t i W  

I n  alleviating s c m  of tk p m e n t  fuel cmdSt4oninq @errtiawl 

constraints. The advrntrqes offtrtd by a fine mtim control  d r l v t  

i n  reducing fuel t r r n s h t  duty caused by plant m m ~ ~ w r l q  j u l t l f y  

devebfmmt/dwign prqrm. ED c u r m t l y  has r progrm u n b c ~ y ,  

but i t  I s  Jinlted to  the evaluation o f  r mchanical b a l l - s c m  

drqw ( r l  th hydrrul l e  s c r n )  now used by AEG? Tlw AEG design i s  

conole%, erpmsivc, fort lgn t o  NED, rnd m l d  have to  be signif+cant~y 

modifled to be used wtth the NED-lW confiqurrthn. 

tested dr fv ts  for  i n i t i a l  o p t r a t i m  of first BW/6 [Cefrmtcs, 1978). 



As$ure that adquite d e u c l o ~ n t a l  test fad14 t fcs  a r t  

available for testing of prototype dr i  ves with blades under 

simulated optrating conditions. 

b )  Int t iate a program i n  parallel with the presmt ?vrlurtion/ 

rtctrstgn o f  the AEG control drive, t o  cvsludtc a ?  ternate 

approaches to  the f ine  motlor control drive. Specifically, 

evaluate the potmtial  f o r  a "vernier m t i o n "  added to  the 

planned hydraul l c  fast  scram drive. Schedule the program far 

a final chotcc of fine notion drive concept by year-md 1976 

a t  tk l a t ~ t .  

Focus the fine mthm cmtml drive dwelopnent twrd these 

objectives: 

( 1 )  Rettntfbn o f  as much as possible o f  the present, 

pmvcn hgdraulic drive deslgn. 

(21 Incorporation of fast scram, fine w t i o n  capabilf ty 

i n  a single drive, if feasible. 

( 3 )  Capability to  incorporate the nm design I n  a l l  

reactots i n  design or construttlon. 

f - 3  F indi ngs - 
The WR dynamic control systems appear to h w e  adequate strbi 1 i ty  

margins, i n  efther l ~ n u a l  or d u t w a t i c  range, over the 

flaw range i n  which each i s  designed t o  operate. 

T k r c  $ 3  a question of tht  f l t ~ i  b l l  i ty  and range needed 

system to sat isfy th, possible future requtrcments o f  e 

utiltty network for follorrfng lwd dmand changes. 

i n  the 

e c t r i c  



h t o r u t l c  c~r~tml, via control of redrculatfm flow, i s  cm%trrhed 

t o  the range of 759 to  lMl% rated pawer with normal cmCml md 

positioning, and pmportimrte variat ion d m  control r d s  i r e  set 

for 1-r parer levels. To qet gmtcr  ~ l i n  a 25% pcmr var fa t ion  

requ i rm mvln~ control d s ,  a very slim pmctss- 

To adjust to daily load c h q e ,  and nanimize systen cconnics. r 

utility may desire that  an individual gcncrating plant  change i t s  

output by 5U: or more o f  rated capacity i n  perhaps an bur. B&P 

system we 1 i m i t c b  relative to fossi I plants in  achitving such 

nride swings. tvm a t  11- rites, because of rod motion rest r ic t ions 

Then i s  mason t o  believe that PYR plants suffer tht 5. 'Ity 

t o  a t  least S#L degree. Up ti11 nqw, with n u ~ l c a r  k i n g  a -11 

part of gmrat ion .  t h i s  r r r t r ic t jon  in pmer swing crpability has 

not beei'~ a scrims concern. but i t  may k i n  the future. 

I n  the ' i n t e d i a t e "  lmd f o l l d n g  range, for load dwqm of rg 

to 25: over a p i a d  of 3 to 10 minutes, such as might be m i n e d  for 

t ic l i n e  themat backup, thc WR responds a t  lcdst as a l l  r s  fossil 

plants and the MI, if the BYR I s  positioned within i t s  flor contml 

rrngc. W f 6  capabi l i t y  i s  10: Pawr change in 10 swcmb, fall- 

by & furth8r c h q e  of up to  ICb wfthin tb ficnt minute. if this 

total c ) u q  CM k nrdr by flm cmtml. 











d) Plant h r i l i m y  Elutrlcrl Syst l l r  

Cerrtrrlla t+w m ~ i b i l l t y  for s ~ i f i c r t l m  and Irrt&grbtfor, 

plant  r l u t r i c r l  systms to pmvide th l ~ & n ) l l p  nm6ml to 

a ~ a l l d b i l l ~ .  OU this cmtrdl  m p m f b i l l t y  to place 

hcrsiHd -11s m speclf lcat fm of mn-safety-gw4c but 

hi* aWll4bI1 tty-ml8- W T  S f i m .  

r) O w l i ~ 1 l r l i r b i I i ~ ) k i n t r i ~ i l f ~  Pragrr 

k 1 g n  ta UI f~rdrrvb a d  Owllficrtim Engtnnrhq the 

tlm1 resources Md t)r mpomibi l  I ty to mIcr and 

thr +l lfication mrm for a1 1 s y s m  and 

n ' t s  for rlllch UI his ms-lbi 1 i t y .  



A mcmt Inrpectlon o f  r n  early Hmwl-Dlhl design after  

300 h d r s  of functlonrl testing { a  very I lmttd endurance 

test)  #vml% 1- substantial deslgn p t o b l ~  for rk lch  

carmctlve &#gn mtlfltrtions are urgently meedd despite 

tlw W r ' s  rpplnnt ctmlrcmcy. 

T)lc rrvlcr team concludes that r qurllficrtlorr ttrt of a 

production value c a p l e t e  with rct~rtor and controls i n  s 

m i r e u l r t l a n  test limp i s  rwcessrry t o  provide redsonable 

assurance tht there rrlvts w i  11 optrate sat isfsctor i  ly from 

startup to f i r s t  refueling. Eum so, the e x t m d d  l i f e  

~ r r c t e r i s t l c s  of these valves - In to k learned fmm 

actual opera t lw1  txp~r ienct .  

The ~ r i t l o n a l  r i sks  a n  high because present schdu'Jes 

ca l l  far roughly fwty flew cmtrol valves, fourteen fron 

Hlrr+l-hh! and tlw rruinder frm fisher, t o  be on s i t e  

before my go into -ration Cn r CISfS. F u r t k m r e ,  the 

first four -1-Dahl v8lves and the f i r s t  e ight  FIsher 

vrlvt% w i l l  k imblled tn  other overseas 1555's- There 

i s  na back-up prermtly planncb for these valves. 

Qnly an wtlinc/rsse&ly driwlny urs available i n  the BURS 

kpaftmmt for mieu- 

T)w Ibtrlcw Group c m c l d e r  tht present plans to dellvtr so 

mmy $1- tontrot rrlufi to s i t e  w i t h o u t  ttrt v e r t f i c a t i w r  

of the design mkjls umrrwnted r f s k  and j u s t l f l e s  extra- 

ordinary effwt to n l t i g r t e  tk s i t u a t i o n .  



-1-Dlhl and F l rhr  flow control vrlvas and sptclfy 

design r W i f l c & t l ~ n s  to be l e ~ o r p o r r t c d  tn the flrst prodwtfon 

v t l w s .  T M s  a s k  group should u t l l l z e  thc =s t  knrwldgerble 

tuhnlcr l  p p l c  avr l l rb le  Cn r d d l t l m  t o  BVRSO deslgn 

mgimering rnd develapunt m g l m r i n g .  T h e  task gmup 

should rl so Include M0 purchasing because serious vendor 

n l a t i m s  problems an foreseen. 

kcelerr  tcd, extra-rtvtri ty endurance tertlng w i  th pmsure, 

temperature, flor, uater cherrrfrtry, t t c . ,  should k p c r f o d  

an r gmduction valve design frm each vcndor t o  rcvt l l  

l ~ h r n i c a l  and 1 i f e  problems as early as possible. 

Valvt p r u r c u r m t  should be dcldycd t o  tk slamst rate and 

latest possible dates that can be tolerated by construction 

mquiremmts accepting out-of-ssgumce installation of the FCV, 

i f nccnriry . 
The recirculat ion gurplflow control v a l v e  test loop a t  

flinghlll P q  should be engaged and activated as soon as 

possible to obtain seuwrl thousand hours of slmlated 

n a c t o r  control operatfon a t  pressure and t e r p c r r t u r e  wfth 

flow mdul&tions r e p n s t n t a t i v t  of ,  but more r t u t r t  than, 

ewectd p a m  plant o p c m t i q  cmdltlons. A production ualvc, 

c r l t t e  r f t h  &CtuatOr and cbntrol system, should be tested. 

The test loop should include a FCV bypass ualve and pmvtsiuns 

for adding a B W 6  jet  p w  rssenbly test when i t  becomes 

rvi l lable ta verify the solution to  the jet purrp flow induced 

vfbrrtiafi problm. T k  test lwp a t  Bingham Purnp would k 

used for production acceptance test lng of p u q s  (rpprrrrimattly 



100 hours 1 p q ~ )  ; however, addi t 1 ona 1 endurance hours af 

FCV testing might b t  scheduled by crtandtng the test 

period o f  production pumps. 

Flow - Con t r o l ~ a , s . s - _ v p  1 vc 

Opcratts in  paral le l  with min flow control  v a l v e  during plant 

startup. 

f -2  Findings 

d l  U s i t  design rnd rppllcrtlm of  the valve i s  round. 

b )  Valve nat  as c r i t i c a l  or technica l ly  d i f f i c u l t  as nuin 

flow control valve.  

c )  GE doer mt reuicw a+ have much knarledge of design 

R- 2 Rec-4 t i ons ---- 
a )  Accelerated, ertra-severi t y  endurance testing i n  the 

F l w  Control Va lve  test loop i s  needed. Th is  shovld k 

included i n  the Bingham test l m p .  

b ]  GE s h o u l d  obtain a b e t t o r  knowledge of vendor design and 

d e u  i 1 s and processes. including changes. 

C~osby Safety -hl iaf .Uqlvps - (5RYJ 

F+ 3 F i n d i n ~ s  -- - 
a )  BYR/5 and 6 w i l l  use Crosby direct spring loddtd SRV's  

instead of the Target Rock or Dresser p i l o t  opcrdted 

U ~ I Y C S .  

b Crosby u a l v r r  are empccted t o  be mre reliable becduse 

they do not employ d p i l o t  valve system. which i s  the 



swrm of most of the t r w b l *  wl th  t)n frrqet k k  and 

D f t ~ s e t  Y I I Y ~ ~ .  Therefom, t h y  r b u t d  slgnlf?c&ntIy 

Inpmva the r t l l r b l l l t y  o f  ttu SRV systm. 

The trosby values w i l l  i n e l u k  r pmurwticrlly m a d  

qmator to  prorlde quick r e l i e f  a c t h  &S r q u l d  t o  

rrcrt trrnsicnt control rqui remntr .  

The mt seating force I n  the Crosby valve fn the wm1 

operfitlng condition w i l l  be S C ~  1-r thrn the m f n  

t lmt in  the p i l o t  operated udlue ,  and may be -at 

rrm sensi t i v r  t o  I takrg t  due to debris under thc w i n  

seat than previous v&lwes. 

Caqe St- Turbine Dcprrtmnt valve crpcrts believe that 

i t  i s  d i f f f t u l t  to - W a i n  leak tfghtmss fn frcqumt 

Operatlan as may bs q u i d  in  BVRIC. 

fhc l l k e l i ~  of fvqucrrt SRV b l ~ - ~  w i l l  Inevltrbly 

1-d to the n e d  for regular nuintmance (cspecfally on 

the valves with the lamest pressure set points) .  If 5RY 

ruintmance Ls rquSnd between Maintenance-Refuclhg 

outages, i t  wf 1 l cmtribute to uriavrl lab4 l i t y .  

R- 3 R e c r a t i o n  

The addition of tm Qr t h n e  S t M m  turbine type bypass valves 

f n 5 U I  led I n  prral lel with the SRY's to re1 i t v r  the duty on 

the 1-t set-point valves should k studied ard evaluated. 



T M c  values  hwe b d  r long hlstory ( W p m ~ f ~ t t b  37 r e a c t o r  

wars) of prublems. prirnrrlly fai lure to meet i t a h  tightntrs 

tests and icturtor  mrlfunct im. 

F a i l w e  r i t e  has respaded to inrpmvmt p q r m  to the 

e~ tcn t  that on a Olcrnt plot .  incident rate has dm~ped from 

6 r lo-' i w  i d m t s  p e a -  valve-plant bur a t  200,000 accunurlatd 

v a l u e p l a n t  b u r s  to 3 r 1 d  a t  2,000,000 plant  hours- 

U h i l t  actuator problems shoujd be a n n r b l c  t o  aggressive 

inprovcmcnt prograw~~. i t  i s  the j u d w t  of the Revicw Group 

that for a value of this c m f i g u r a t i m ,  the present high 

levcl of u intmanct ,  nquirinp frequent lapping to e e t  

t i ~ h t m s  mquirclncnts, wCll cumtiwe for 3- t lrry .  

The & v c l m t  of  effective tools. f ixtures. and procedures 

for v d l u e  lapping has g m t l y  reduced wintcnrnce time. 

:&rs rnov little. i f  any, interest i n  doing fundamental 

& v e l m i t  rod to irqmvt the l c d t  t ight  wr th iness  of  

these v a l v e s .  

WED )us tw ~ t l ~ l r s  to lnrprovc vrl v t  p c r f o m n c t .  

11) lwlcrrvnt r valve dtvel-t pmpram of i t s  ocrn 

to  explore t t i s t i n g  Me&$ for iq rove  leak tightness 

and M s t r r t e  their affectivtntss. 



e s s c n t i d l  f e l tu rw  O f  a Steam t u r b h  stop valve. 

Such a vdlve would k more cost1  y and have higher 

~ M S E U ~ C  d r ~ g  but, based on stem turbine mpcriencr, 

would rcquire It$$ m i n t e n r n c e  t o  meet leak tightness 

requlrawnts . 

R- 4 l e c m r  t ion 

a )  -0 s b l d  establish a USIV development facility and 

irplement m aggressive devel-t prwram to  find ways 

to Iqmrc the leak  tightness of these valves. Successful 

iqroucrcnts should thm k c a l l e d  f o r  In purchase 

specif icrtions. 

b )  In tb mrtiw. r faint p q r m  with C U E  should be 

dewelm to continue to  facilitate HSCV maintenance. 

&dunicrI  f i i l u n s ,  dut  t o  f law induced vibration, have 

hen auaurterd in the upper t?d of the j e t  p-s i n  

qwrating mctors. 

S t m y  ext i W t i m  of th is  assembly occurs because 

mck of the ptmr of the recirculation pmps i s  dissipated 

in turbulence in  time jet pmps. 

Ma Engtmering lus r -jar -sign p l a n n d  for BWR/6 

thrt pmuldes ssrbrkntirl inpmuewnts i n  mchrrrlc&l 

%tmqt.h a d  stiffness. raises the natural fngumcies,  

~ r r r t l y  reducer the possib i l f ty  of mirrrsambly. and by 



another design change, e l iminates or of  the potential 

c a ~ s t ? .  of trouble i n  the earlier design. 

d)  The direction and plan f o r  redesign, as described t o  the 

icu Group Cs t q w c h e n s  i ve and sound. 

R-5 RuOmryndat,iqn_s - - 
Because of the l n h e r t n t l y  high cxci t a t  ion for  v ibra t ion ,  

t k  redesigned jet  pmp assembly should be tested under 

simulated operating condi t ions and w i t h  thorough instrumentat ion,  

before the new desiqn i s  released finally far BWR/6.  I f  i t  must 

be released before test. then i t  must be recognized that  some 

r e w r k  may be requtred, based an the t c s t s .  

The j e t  pmp assembly should be mounted i n  a test  f i x tu re  

thdt w i l l  rmsondbly simulate t h e  hydraulic cbnditiocs and 

should simulate also the mechanicdl stiffnesses and masses 

2 1  that  resonant frequencies w i l l  ts s'9ilar to the reactor 

s i tudtum.  h i s  test s h w ~ l d  be performed i n  conjunction w i t h  

the flow control and f l o w  control  bypass v a l v e s / r e c i r c u l a t i o n  

test loop which has been rucomnended for a c t i v a t i o n  as 

sool as possible. 

In the future, dcvelopn~nt and performance test ing  o f  j e t  

p r p s  should include high frequency response instrumentat ion 

to gain greater knowledge of excl ta t ion phenomena. 

fJm Induced VibrdJim Facl l i t 1  

F -6 finding 

s) Analytical methods alone sre not s u f f i c i e n t  t o  p r e d i c t  the 

vibration behavior of components where the i n t e r a c t i o n  of a 



carn,.~l i a n t  s t ruc ture  wi th  f l u i d  flow i s  affected by structural 

v ibra tory  modes, frequency, s t r u c t u r a l  and fludd damping. 

b The a b i l i t y  to  mbdtl such f l o ~  induced v i b r a t i o n  1s &)so quite 

1 l m i  ted. 

c )  RelSince bn f t c l d  vibration m e a s u r m n t s ,  although helpful h 

verifying drrigns and solving f i e l d  pr~blcms a f t e r  they occur, 

w i l l  not assure vibrat ion-free new designs. 

The task group endorses the general concellt of i n ~ t 4 1 l i n g  a large 

or f u l l  scale f lw induced vibration test f a c i l i t y  that will ptmi t  

mjw components ta be tested f u l l  scale  t o  determine t h e i r  vibratory 

stress levels and structural stabi 1 i t y  under r e a l i s t i c  conditions of 

f l u i d  flow excitat ion.  

Dlniimic and Stqtic Loads an Structures Rcsul t inq from Loss of Coolant 
Accident -.-a K LO^ - 

Suppres5ion pool phenrwnena have been identified. 

Analytical models ore reasonably well deweloped and appear 

to proatice calculated loads tha t  are conservat Cvc relati ue 

to  test results. 

Dynsdc and structural loads have been released t o  Archi tectf 

Engineers. 

Laads on structural e lmnts  w i l l  be uerified by the 113 

scale mdel test progl-am now i n  progress. 

Surprises that w i l l  require major changes i n  Architect# 

Engineer's s t r u c t u r a l  design appear unl ikely.  



It model test program should be c a r r  

planned as r a p i d l y  as possible and expanded, if 

t o  resolve uncertainties. 

ied out a 5  

necesra ry , 

b )  T h e  possibility o f  a d i r e c t  p ipe break j e t  impingement afi the 

~ l r i p o o l  and i t s  aslymntrical effects should be elamincd. 

Preliminary judgmnt f s  that t h i s  f s  not serlous. 

Suppression Pool Behaw l o r  and Rcsul ti nq Dynamt c Loads on Cpn ta inmcnr 

and Structures Caused by Safety Re1 i cf  Val-ve (SRY) Operat is 

F-B F i-Minps 

a )  Asla1 yt ical  models need further  drm?clofment. 

b j  Several issues to  be resol7:ed: 

(1 )  Options being considered f o r  reduction of a i r  vending 

10ddf : 

- Desiq* o f  an approprjate disr'idrge muffler 

(The Kraftwerk-Union*) tyoe quencher i s  

the only design with f u l l  scale test data and. 

therefore, i t  might be the most licensable 

design w i t h u t  addit ional  fu l l  scale tests. ) 

- Elimination of a i r  clearfng bubbles by main- 

taining steam i n  the 5RY discharge pipes. 

( 2 )  Determination of ma*Smum suppression pool temperature 

permissible t o  avoid high temperature variation. 

( 3 )  Determination of the magnitude o f  second SRV pap. 

( 4 1  Deteminstion of the containment ladus resulting 

from nrultiple/consecutivt SQV a c t i v l  ty, 

Yhir prwm A8 #art ot tha 
1975 " ~ l w r  mmeur 8**'. 
w t h  l 9 l t  *wt* mt'' 

for currmnt rtrtur. 



( 5 )  Vcr i f icat lon  of the canbinel a f fects  of slmultrnews 

multiple 5RV act ion.  

(6 )  Dynamic khrvfor o f  contrlnncnt s k i 1  , prrtlcrrl&rly 

dynamic buck1 lng cr i ter ion.  

c )  Wavy dependents of 1i8 scale mdel tests w i n g  prepared arrd 

KYU test data. 

R e t e a t  i ons 

s) Resolution of thest Issues should b~ given the highcrt 

pr ior1  ty not unly kcause o f  the effect on 1 icmsabi 1 i t y  

of Mark 111, but hlsb kcause o f  the n-d to address there 

issues on M r k  I and Mark 11. 

b ) Avs i lab1 experimccd. k n w l  cdgeabl e personnel el scwkre ) r ~  

UO f k l d  be nirstmlled for the direction and erwutb't of 

wrk necessary to  resolve th is  problem. 

tcWbi.ned - E f f e c t  of P h e w  Identified Above on Mark 111 b n t . - i n # A  

Design and L icmrinq Requirmmts 

F indirqs - 
There i s  a growing c m v i c t ~ o n  among NED engineers that the 

Nuclear Regulatory Cormission (NRC] w i  11 require the Mart I 1  I 

contaimemt t o  be derigncd for s a w  combination of the Iwds 

refermccd i n  Findings 5 and 6 above. 

I t  i s  not unreasonable to  postulate that  5RY operation can 

occur c~ncurtefitly w I  t h  a L O U  event. 

This my  incresst previously estCmated c m t a  inment lords and 

m y  result i n  structural dcslgn changes i n  the supprcssim 

pool portion o f  the Hark I I I  c a n t d i m n t .  
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I t  r i l l  

necessarily h u e  fa Is m U e  before these plants becone 

wrtimal, rny d i f i c r t i a n s  rcqrclnd far Hmrk I plants 

nar in operatien cmld r q u i l r  either r shut- for 

retrofitting, or pos~fbly an t*tmstm of + maintenance 

and refueling outrp. I n  e l  thr cast. it could contri bu t t  

to reduced a u r l l r b l l i t y  of operating Mark I plants during 

the mat f~ years. 



Ta mlnimite the negative effect of  any necessary r e t r o f l t t l n g  on 

future plant rvai lab1 l f t y ,  the necessary f i e l d  work should be 

c a r d  u l  ly planned, tools and procedures developed, us1 ng the 

resources o f  I8Sf + so that  the anera1 Electr ic Company w i  11 be i n  

it position t o  of fer  to mners the service that  csfi reduce the d m  

time required. 

Nuclear P lant  A w l  labj  1 f ty Inproumertt Proqram 

F-13 Findings 

a )  The potential for decreased WR nuclear plant  a v a l l a b l l i t y  IS 

I real .  recognizing the nm problmr that are surfacing, such 

I i s  torus v ibra t ion ,  pipe cracking, and the probability of 

I increasing NRC inspect50n requlrmcnts. 

b) A w l  l i b i  1 i ty improvcmtnt programs being implemented including 

Mvanccd hi ntmance Planning Service I E l  Refuel I ng-Mai ntenance 

I Outage Service. and the increasing fnvolvrmcnt af  l & S E  are  a l l  

posit ive steps, but need support w i t h  s greater sense o f  urgency. 

c )  The most w n i n g f u l  and effective action that  can be taken now 

to improve nuclear plant avaSlabll I ty i s  t o  implement s 

revolutionary step i n  the area o f  BUR service. 

R-13 Ruon~lcndii t i m s  

NED should estiibl i s h  a WR nuclear servjce business opera t ion 

with the following pr ior f ty  of  objectfvcs: 

a )  Eftabl lsh and maintain a system of reportfng i n  detail a l l  

cunporrcnt fa i lures  and causes af  nuclear plant shutdms,  

funding the system i n i t i a l l y  as a cost  o f  doing business. 



b)  Provide BWR w n w s  a broad range o f  services that  wSll 

cnhdnre their u t i l i z a t i o n  of nuclear plants and i m p W t ?  

overal l  plant a v a i  l a b i  1 i ty; be supporttvc of and function 

cooptratiuely w i  th ILSE.  

c )  Develop the service operation in to  a prof i table business. 

Control o f  Dtsign of Purchased Components 

F- 14 - Fi,ncli ngs 

The emphar i s  i n  present procurement practices on re1 l abi 1 4  ty  

and avai  lsbtli ty o f  purchbstd equIpncnt I s  unl ikel) to  resu l t  

i n  attajnlng a v s i l a b i l i  ty  improvrmcnt goals. 

NED relics almost entlrely on vendor desjgn expertise to 

produce components and equipment to  perf o m n c c  and functional 

purchase specifications. I n  fact ,  NED ac ts  l f k e  an Architect/ 

Engineer wi th  regard to purchased q u i p n m t ;  however, unl ike 

the Arch1 tect/Engineer, NED warrants the system and i s  expected 

by the customer to be rtspmslble for i t .  

Because of thls re1 ianct  on vendor emperti se, NED has not 

devt loped suff i c i c n t  in-house purchased cmponmt desl gn 

expertise and has c ~ t r c i s e d  l f t t l c  control o f  design betsi 1s 

of c r i t i c a l  purchased qudpnont. 

The LYR industry pract ice of c m i  t t i n g  NSSS's before 

designing then, coupled with long procurement cycles, 

generally precludes adequate qua1 i f i c a t  ion testing o f  

new purchased cumonmts . 
The feedback of f i e l d  operating experience end 5 t s  translation 

i n t o  vendor design improvement act ions  i s  a slow and 

d i f f i c u l t  process because af vendor inertia. 



present mglneerlmg-purchasing-ucndar nlat lonrhfps.  

b) 8 M S Q  should take steps. with rrunagancnt support, to 

icqulre and &velop design enpertisc pertrinjng to 

selected purchased br-re, p a r t i c u l a r l y  ualvtl, 

tncludlng nSEY, 5RV. flw Control Values and large 

shut-of f  va lves .  

c )  RED mrrugclrrmt should implement a p r o c u m t  policy 

c a l l i n g  for the developmt o f  vendor relations that 

provide E D  mglnccrlq r e v i e w  and approvrl of design 

detai ls and n w t t r i a l s  of critlcrl purcMsed c m c n t s .  

tvm tlrou~h this m y  i n c r ~ s c  the cost of these item. 





SCC has occurred Sn only about half of the 45 W ' s  

srhich b v t  ~pr&tCd. 

Cracks occur almost exclusively i n  hcrt s f f e c t d  zones 

mar welds. 

Cracks have occurred nrdr 76 wt o f  10,W uetds. 

cracking i n  pipes )us occurred only I n  seamless pipe 

which i s  u5cd i n  sires up to and including 10-inch 

diameter. 

Cracking i s  mre lfktly i n  restricted-flow location. 

1 -1 lar n r m k r  of stmss corrosion cracks have a l s o  occurred 

i n  nitr idtd stainless steel parts, i n  furnace scn,it ired reactor 

c-ts. and i n  b a v i  1y cold-mrrked bolts. 

I t  ha$ t e n  dmmstrrted i n  the laboratory tb t  the BUR 

cnvirornerrt can rccele+rte fatigue crack growth in  law al loy  

and carbon steels as well as i n  stainless steels. No in-service 

failures of this type have b w  observe i n  carbon steels. 

 rust of thc design of the plants and the "leak before brei ' " 

chrrrcterirt ic of the cracks, the stress corrosion crack ing  

pmblm h r s  not kcn a direct t h r t d t  t o  safety, but inspection, 

repairs, a d  replrcemcnts b u e  been costly i n  terms of money 

md dam timt. 



R C t l t i m s  

The so lu t ion  to s t m s + c ~ r r o s i o n  cracking problem$ mst ~ o n t h u +  to  

hart the highest Oivlsion prior1 ty 4 t h  concurrent efforts on cause 

and possible required changes i n  envSrormcnt, f i l i tcvla lr ,  snd design. 

Spccl f icr l ly ,  NED should: 

Estrbl i s h  a high level program to  develop and qua1 i fy  

rcplacemcnt materials for  304 stainless stccl i: ;rR 

primary coolant pSping. 

Replace s e m  4" d f m t c r  tcc;rcul a t  ton pmp discharge va lve 

bypuss l ines with a s t a b i l i r d  stainless steel an r selecttue 

end mnttored basts, t o  obtain flcTd experlcnce. 

Expand stud1 cs on stress-co+msion cracking to  obtr i n  m r e  

data on Inconrt and nltrldcd matertals ,  and to search for 

d l t ~ m d t e  choices f o r  304 stainless. 

Exwnd s tudits on the or ig in  and nrgni tudc o f  lacr 1 i 2ed 

stresses i n  pipes and other stainless steel conqmnents for  

c ~ r r t l a t i a n  w i t h  crdckjng susceptlbi Ifty. 

Increase ef for t  on s t u d i ~  of envhnrmntal effects on the 

grtmth of fatigue cracks to  provide guide1 ints far uater 

chemistry control.  

Ikttmine the relationship b s t m  changes i n  reactor owra t ing  

practices and the occurrence of ~ ~ ~ ~ S S - C P ~ T O S S O ~  cracking. 

R u m d  to cus tmrf  tht no chnges i n  BYR water 

mvironrncrrt k made w i t h u t  careful and erctmsivb revleu by 

BUR Sys tms Depr r t m n  t . 



The pvobability of a sudden disruptive faflure of the 

reactor pressure verse? (RW) f s  judged to be less than 

1 x 10'6 per rtbctor-year. Th is  estimate applies t o  a l l  

presently d e s i g n d  plants,  

A de ta i l ed  analysts of RPV in tegr i ty  i n  BUR'S under loss of 

coolant accident [LOCA] condStlon ws las t  made in 1968; i t  

shwcd that RPV integr i ty  would be maintained. Much m r e  

recent reviews by NRt and ACRS have reach& similar conclusions. 

Cbl culations o f  pcak pressures under postulited anticipated 

transient w i  thout scram [ATYS) condi ti ons have been made w i  t h i n  

the past year for various BUR'S. Peak firessures i n  the l6OO to  

1650 psi9 range have been calculated f o r  certain M I 3  plants 

and considerably lower values f o r  other BYR's. These pressures 

are we1 1 within the capacity of the vessel. 

H I D ' S  studies provide strong support that fatigue crack growth 

i n  vessel steel under BUR e n v l r o m n t  conditions docs not have 

an adverse impact on RPY integrity. Other NED wrk indicates 

that stress corrosion cracking would not occur i n  RPY steels i n  

BUR water within speci f i c a t h s .  

Cracks have been observed i n  the cladding around feehater 

nozzles a t  Willstone and Dresden-2, b u t  were small enough 

t o  be readily r m v e d .  Ultrasonic  indication^ of possible  

cracks a t  Pilgrim are being mnitored an a continuing basis. 

I n  BUR/b's the cladding has been eliminated around d l 1  mzz les  

so t h i s  type c r a c k  should na longer be observed. 



f 1 The WR/6 has been designed t o  accolnnodatt currently spccff id 

and reasonably antfclpatcd future RPY inspectton rquf  renmts. 

w r ,  I n r ~ t l o n  of RW's I n  o l k r  plants, i f  rtalulred, can 

only be p e r f o d  to a 1 id tcd t x k  - t wi th  currently avai lablc 

equiprmt  and mcthods. 

g )  The oldest BUR plants (e.g. .  Dresden-1. Hlgnboldt Bay and Big 

Rock Point) did not hrvc j e t  pumps and have the pressure vessel 

closer to the core than i s  the case with lstcr reactors, This  

has rcrulted i n  hlghtr radiation levels and the potential fclr a 

higher d q r t e  of radiation &ri t t l e n t  than w i  11 be encountered 

in  subsequmt reactors. No operating problems are foreseen, but 

them1 anwaling of the RW may be desirable a t  a la ter  date t o  

assure meettry cold hydmstattc test  rcquircmcnts. 

R-2 k-ndrtions 

A key NED o b j u t 4 v r  must k production of the highest quality reactor 

pressure vessels. 5pecif lcal ly ,  NED should: 

a )  I n c m a s a ~ f f ~ r t  WI participation i n  government-industry test  

pmgrms t o  broaden understanding and minisi ze cost. 

b )  U p d a k L m  [lass of c m l r n t  acc ldmt ]  integrity analysis 

f o r  W V 6 .  

c )  fbcunrnt the tvalurtian of ve51el integrity under anticipated 

trrnsitnt without scram (ATUS). 

dl  Improve in-plant and In-service inspection technology, cpuiplcnt 

and tec)wl$qws for crick detection, and crack propigation rate 

rmasur- t. 

tj Prepare ptms for vessel f i e l d  4rtspectSan, repair, artd annealing 

i n  tht rvmt that such action should be required. 



f )  Continue study efforts i n  f r t l g u t  crack g m t h  and s t r n s -  

co~roslan behavior i n  pressure vessel stwls I n  mmul and 

abno-1 reactor tnv4ronmtntr t o  obtain addl t ionr  1 assurance 

o f  long pressure vtssel life. 

Radioactive Contamination 

find in^ 

a )  Radiation levels o f  operatfng plants increase with time and, 

as a result, total radiation erposurc +cccIved by uorkers a t  

a l l  types of  l i g h t  water nuclear plants has been increasing 

ovm the part F i v t  years. Average total e x m u r e  rwr plant 

per year (as reported i n  MASH- 1311 1 has increased fran s h u t  

180 t o  320 run-ran set- 1969 and 1973 far BYR's ,  and Crm 

ZXl €o 77'0 man-ran tor PYtlls OYCF the 5- peri04. r C i n i m m  

gctmissible caposun per ind iv idua l  is ncm c l~s t ly  regulated. 

U t i  1 ization of increasing nrrkrs o f  wrkers for maintmanct and 

opwation, particularly tne former, i s  n w  a pattern i n  the 

industry. 

b )  I f  a l l -  to continue u ~ h e c t d .  t h i s  trmd, ~ 1 ~ 5  possible 

str icter  union a d  govcr-t l i m i t a t i o n s  on pemissible 

Indi vidwl radiation exposure levels, wi 1 1 generate increasing 

lwnpaser requinrmts f o r  malntcnrnce. Y i th  p n s m t  designs 

a d  m a t i n g  p r ~ d u r e s ,  i t  appears that mjor decontamination 

~ w t h d s  w i l l  hrvc ta bt developed. 

c ]  The eract cause for the radioact iv i ty  increase and i t s  dcpcndcnct 

an water  chmlstry,  corrposi t ian of corngorrmts and NSS bpW+3tlon 

are mt knqm. 









R- 3 Rectmmndations 

Strengthen the effutivemsr of m t c r i a l r  use I n  h i l i n g  water tmctors 

by Qrgm~zatlonal c h n g t s  and irrprovcd m t c t i r l s  Snfomtion and control 

procedurcr. Specf f Ccal l y ,  MED should: 

Ertabl i sh s M t e r f s l s  rnd Pmctrstr c m n m t  a t  5rn Jose 

to inctude M t e r f a l s  Engineering and a Haterials and P l w t s s  

Dcvclopnrnt Laboratory for structures and fuels and for water 

chemistry. 

Within the M t e r l a t s  and Processes e-t, establish r 

M a t e r i a l s  Data function rtspm$ible for centinulng data 

analysis, control, and publlcrtion; for devdoplcnt of data 

standads and polictcc; and for mpmsnktlon of HED on 

makr l& ls  code c-ittees. 

Establ lsh a reactor cquiprmnt runufrctutIng and fuels Qusl! ty 

tontmt and Ibnufrcturing Process Laboratury a t  Yi lmfnqton. 

Establish a policy that prior to praductlm of r mw carrpomnt, 

i t  mwt pass a q w l t f i c a t i m  test, and up~n c ~ l p l e t i m  af the 

test, thc design and unufrcturing processes a n  thenby fired 

m d  any further process changes rcqui re fo-1 change appmvs 1. 

Tighten speciffcation c m t m l  of c r i  t k a l  niterfals, establish 

approved sources of  nwterirls, and maintain closer contact w l  th 

critical mterfal s suppliers- 



radir t im capDsurt tlrr will nru l t  In r c o t r n ~ i q  increase 



i n  the nmnkr of  fuel bundles ~ q u i r l n g  nplacemmt and my 

result I n  sene plrnt refueling shutdtms mrlicr t u n  e a m t e d  

wlth cansqucnt need for early fuel nphtenmt. Future pro- 

ductton plans should provlbc for adequate replac-t fuel 

bundles. 

R e C L a t i o t l  

An i d l a t e  n v l c w  should k nide to dtttrmlnt t o t a l  ~ m -  

ductton of replrcenmt fuel bundle needs. 

A prtllm4nary study shows the wml far rrran bundles pet ymr 

i n  the n t ~ t  four yean for rcplacemmt of failed fuel than r n  

lncludtd in present ME0 plans. 

If tht aWuc study shms s rqdrarcnt for r d d l t l ~ n a l  tnvmtory, 

Yilmington should be authorized to b d l d  that lnvmtory, star-  

t I ng  IlrmcdSataly whflt excess crpaclty 1s svallrblt s t  M i l -  

mlngton and also while fuel l s  rvr l l rb le  frorn ERM.  

Channel Crstp 

Finding 

Present zlrtaloy chamel wlls dtfarm under the imposed 

hydraulic losl and oltidlze under -lent conditions, 

DiffScult ies have been encountered Cn the rnsnufrcture of  

.120" ual I c h n t l s  to prnent drawing tolerrnces. 

Binding of control rods i s  & possibility frcm channel 

crcep. Mutfne ptrCdCc m s u n n m t  of  scram tin 

provides early warnhg of m y  such tendency, hbwcver. 



F -4 Flndl q 

o thet S U ~ Q ~  I er. 

thnges. UI2 cost and steep 4 n c m s t  fn  overhead costs. Mlgh 



volme output I s  negulrcd to mke the fuel v m r f r c t u r t q  r 

vtrb l t  buslncss. 

Offshore reload orders a n  I n c r c ~ s i n g l y  k i n g  s u p ~ l i t d  by 

offshote f r b r i c r t w s .  

Ruomwndr t i ons 

a }  Develop a strategy to  ntrlfi dmestk and IntemtIonr I  

reload fuel orders i n  order W assure K-ic b d l q  

of the Wilmington Plant. 

b )  Cdlrful l y  control f u t u n  crprcity arletlted Invcstrm t 

ptogranr 

e l  Support qurlfty lmrovmmt pgrmrr .  

d l  Reduce engineering rnd ~mnufrcturing costs by ~ r l y  

design strndrrdlzrtlon snd rbductlm of changes. 

Quallty of products mrnufrctund a t  MO Plrnts tn San Jose, 

Wilmington and C81WC are not causing slgnlficrnt plrnt 

and safety i s  not an issue. 

R-6 Rccmynda t fun 

Concentrate on r u a i  l rb i  l i tyicrpdbi 1 i ty projects versus shop 

CBI Nuclear Canpany - GE joint venture with Chicago Bridge L Iran Corngany 
which manufactures nrc tor pressure vessels. 



R-7 Recornmnda t fans 

r j  NED should establish one standard design for each t r i t i c b l  

c o q m t n t  and am r l  l deta i l  drrwlqs for thIs design. 

I Subsequent production for th is  c-nmt should 

be on r build-to-prlnt basis, supplemented with 

d t t & l l  sptclf i c r t i o n  nquircmntr. 

(2 )  Suppliers should be f o m l l y  qua1 i f fed t o  product 

crch standard destgn corrgancnt. 

b )  (1) k v t l o p  s strndard valvc design s p r c l f i c a t i o n  whlch 

Includes requlrmcntr for: 

- newsugplierqual4fCcrtian 

- drsigninr lysisforcodc-cmtrol l tdandnon-  

tode control led parts 

- design q~slificatSbn testing 





d (1) Skndrrdizt on om M i g n  for H C ~  lppllclti~n to 

rid carting and capacity avri l4bl!lty. 

(2)  Perform detrC1 resource Ioadlng studies p t l o t  to  

p lac i rq  new v r l v t  orders. 

( 5 )  Perform an In-depth study of  the nuclear quality 

cast 1 ng 4 n d a  t ry , I nc l udl ng GE nwdr versus 

potcntjal suppl lers. 

e) Procure, as part o f  the orfg$nal carponcnt order, selected 

cr l tJca1  span parts which experience has s h m  to be n+adcd 

during plant startup (valve packing, p u p  serls, v r l v t  

actustor, t t c .  ), These spdrt  parts should be deltvered 

concurrently w l  th the ortqlrrrl cquipmcnt. 

f )  Greater emphas15must bC p laccdmmrk lng  r t l tab t l i ty  

ana!ysls sn integral and required par t  of the destgn process. 

Vendor CapabI 1 I ty 

F l  edj np 

a )  Vendor cmponents are a significant cause o f  avaf  l 8 b I l i t y  

problms . 
b) Vendor nranufacturlng cdpacl ty f s  marginally adquatc, 

c )  GE contributed vrluc tn the Nuclear Steam Supply Systm 

i s  too low t o  control qua1 i t y  of tr l tkal components of 

the Nuclear Steam Supplj Systm. 

R e c m n d a  t 1 ens, 

a )  I n i t i a te  a program aimed a t  "oming the deslgn" of c r l t l c a l  

GE-responsi b le  v s l v ~ s  and purrps. 

b) Consider rmnufacturing in-house those c r i t i c a l  components 

whcrc reliable outside sources a r e  not available. Use best- 

sul ttd u t i l i t y  group fac i l i t y  for  this purpose. 

m. i. pmrt ot tin 
113 1975 'luekrr M- 8 ~ .  

&m t h  1147 V k  Lprt- 
fat dvrnnt runu. 



c 1 I n l t l t t c  in -huse manufacture o f  c a m p o ~ n t ~  *@re major 

cost reduct ions and masonable return OpportunC t lcs mist 

-- such sr t n s t r l l a t l a n  of the proposed solvent extrbctim 

syrtm for reclaiming W p  scrap st the Y f  lrnlngton Plant.  

Flow Control Yslve 

F-9 F indl  nq 

Tkrt 4s a hlgh pmhbi  l l t y  that  a qualified recirculation 

system Flw Control Valve will not be r v a l l r b l c  to  met thr 

1977 startup o f  the In4 t i e l  BURIS powcr plrnts.  

R-9 Rec w n d r  t 1 m s  

a Acctltratc plans t o  qualify flcm control valves (Harmell- 

Dbhl and Fisher ) .  

b) Order two sets O f  FCV and hydraul it servo spares [actuators 

and others to be avajlatle  a t  fokai  2 d t  startup.) 

c ]  I n i t i a t e  a system study to re-evaluate the long range 

systm dectsian. Include - 
- Technical perfomnet  (load following and effect 

on fuel pcr fomncr ]  

- P l m t  capabll i ty/svai l a b i  14 ty  

- Cost and schedule Snchding design and utndor qua1 if i- 

cation. 

d )  Systms studied t o  include: 

Constant speed pumpif low control valve 

H-G Set excited by cycloconverter 

a Cycl oconverter 



Cycloconutrttr e x c i t i m  the field of r wound 

mtor prrnO mtor 

4 Other 

R- 10 Rec-nda t lm - 
A rtvfm of the f f r l d  c h q e  systm should be ~ d e  ri th  the 

ob jac t lv t  of mduclng the t i e  n p u l r d  to d ~ w m t  f ie ld  

changes I n  ME0 drawings. 

Control and Ins trunent~tlan hmnufactwtng Sprct 

an p l s n t  avsf lhbi 11 ty /cap8bl l I ty  dellvery and cost due to: 

ebvt  while IncmsSng output 

Hove whfle intmducing new product 

Training of new txengtlhwrly (50"Pf engtncering and 

mnufrctur lng e r q t  w i l l  mt mvcl 

Tiqht schedule for staging successivr un 

h l t i - m i l l  ion dollars additional cost ta 

i t s  

move 



nunufrcturhg 

Cmunicd t lon  

F-12 Find1 ---- ng 

Gtography (3000 m i l  

personnel presents 

efficiency nf day-to-dry opwatlms a t  Wllntqt~n rnd CBlW. 

l ~ c d t e d  with the omerr kw1-nt and manufacturing personnel 

d t  W l  lmtngtm? 



Product1 v ' *y r t Reactor f i te 
I- 

eve 

"9 

R - 1 1  Ruornncndr - z i an% 

a ]  GE should rtcons4der rrslgnnmt of r n p n r l b i l l t y  for 

GE plrnt  site Cnstrllrtlon rnd rervlcr, to  a single 

0rgan4zatlon+ instead of dtvlding i t  k t m n  two r s  I t  

i s  a t  present. I n s t r ~ l r t i o n  and Serulcc EnglnwrCng has 

W t y  years of caperfence i n  the Insta?lation and $ t r v i c r  

of power plrnt q u l p r n t  rnd p e r f o m  this  vrtrk on 

n u c h r  plants for turbht gmerrtor and electrical 

rgufpwbt. 



T k r e f o r t  considerat+on should be g iv tn  to accelerrting 

the transfer of msponrlbllf ty fm NED to fns ta l l& t lon  

snb Srwice Emgirmrhg for tbe mrnrgeamt and technical 

d l r e c t f m  a i  i n s t a l l r t i m  and scruice of the N u c h r  

Sfem Supply System. th, mducfng the n m r k r  of Inuolvtd 

org&flizatdons ptrfwmlng w r k  a t  the plant s i t e .  I n  thls 

case. project  r y l a t b n s h l p  r n p ~ n s t b l l i t y  would r m C n  

uf L . NED, rr I t  dws wtth 14- Stwrn Turbine Gencrator 

for  thcfr q u i p r r n t .  P lant  startup nsponrfbiltty a u l d  

b l ro  r m l n  with NED. 

To achieve cr r ly  Inpmv-t I n  supporting service cap- 

sblltty, and spcc l f l c  Inprov-t i n  mfw1Sng time. 

man resources should be made rvrllrble for: 

( 1 )  Dcvrloplcnt of pmcedurcr, and rmrul t ing rrui trrinlng 

of peuplt t o  pmvfde the service. 

2 Applylng Mo mglnwfng support to opcrrtlng plant  

pmblms as a f i r s t  order of  priority. 

( 3 )  Rtdesign of rpeclrl q u i p l l m t  rnd tmls i n  the NED 

rtogc. tht  h u e  caused sigfiif lcrnt extension of 

refueling outages I n  operatinq plants. 

( 4 )  DcsSgn, wnufrcturt and constnrctlon of addltlons t o  

special Installation and k r v i c e  Engineering t t a in iq  

qulgnent and facilities for thc r e f u e l ~ n g  process, to  

Cncludc both er ls t lng srbd future BUR desfgns. 

Qutrgc time during a refuel fng cycle [dvcnqing 60-70 days j 

i s  r nujor loss t o  m r  plant  availability. 



R-14 ReconnwF_da t i on 

A task force o f  experienced manufactwing engineers, and 

service personnel (coqwised  o f  RED, Installatton Serv 

hg lncer i  ng and Manufacturing Engineering Corporate Serv 

f ic ld  

Ice 

i crs  

perr@nnel) should study snd docwent step-by-step pmccdurr 

and tools rmui red, ta reduce tht necessary time to  perfom 

the tasks durjng a refueling pcrlod. Objectlvts of this study 

should be ta cut the Outage tim by a t  least 50%. 



Nature of Mjpr Q w l l t y  Pmbluns 

The g n s t c s t  challenge to fulflllnnt of r v a i l a b i l l  ty objut lves 

c t n t t r s  on those respmslble far englnccring design. 

Qua1 i ty Coptrol System Overview 

The s ta f f ing  and orqsnizr t lonal  status o f  des lgn assurance 

effort i n  thc Bal l ing W e r  Reactor Systclm Ikprtm~t* has 

not  been such as ta optimlze i t s  effectiveness a c m s  d l 1  

dcvclopmentfdesign actfvitics of  the kpar tmnt .  

F ie ld  I n f o m t f o n  F n d b w k  

a )  IF the past year the Boiling Uater Reactor Operution has 

taken many actlans to  strengthen and broaden the portion 

of i t s  product qua1 1 ty control system conetrntd w l  th  

acquirhg end n s p m d I q  t o  f icld tnfomatlon f ~ e d h c k .  

Progress I n  th is  srea has special slgnlflcsncc 5n that 

the knowledge and correctSue actions t h a t  resu l t  app 

dtrcctly to improving the avaSlabl l i ty  of e x l s t h g  p 

and indh-ectly to i l l  Future plants. 

b There i s  no mgjneering cmanent rtsponslble for 

across-the-board re1 fabi 1 i ty/maintsinsbi 1 1  ty  mansgemcnt. 

+ As used i n  th is  Quality Systms discusston, "Bailing Uater Systems Department" 
refers t o  the department i s  i t  m i s t e d  pr ior  t o  the reorganization of A p r i l  1975. 



Rccammda t I ms 

FI-1 I n  wch DepartRrmt of thC D I v i s I ~ n  m p o n s l b l e  for deslgn of  

my portion of the Oivlslon's pmduct offering, cstrbl lsh a 

dtsfgn assurance c-mt, ;rrinclpal nspbntibll t t l n  of  

whlch shall be t o  formlate, docushnt, aMnistar  and rppraisc 

confamnce to practices and procedures essential to or 

effective i n  assuring design crcellmce. The corpomnt shal l  

be so placed i n  the k p a r t n c ~ t ' s  o q p n i n t l m l  structum rr 

to clcdrly affim that Cts design assurance mpmsib i l i t i e$  





d) Establ I s  h i  nglmal ntafnIng appl I cable snrlyt lc methods and 

cmpu ter codes, 

e )  Identifying major aval lab1 li ty upgradhg needs and 

opportunities. 

f )  Rummending upgrading design program, t o  be undertaktn 

by any o f  the Engfmering Sections, along with priorities 

bared on potential for a v a i l a b i l i t y  improvement. 

g )  nonitwing program progress and results to  assure 

f u l f i l l m e n t  of program object ive.  

h )  Integrat ing with the Operating Plant Services Section o f  

Boil  ing Uster REactor Projects Department, i n  order to 

cstablCsh corrmwr perspective on ~ e r v f c c  as wll as design 

approaches t o  avai  labi 1 i ty upgrading, and to assure that  

the a v d i h i b i f i  ty mode1 properly providcs for  and reflects 

progress i n  both. 

T h i r ~ i r m r t o t t h  
r m  Irrrob8.r k#t- m e -  - t h  1 U 7  -- -'' 

tor nu- rtatur. 



changes an a1 

of this Board 



Maquate proctdum , mnag~nrtnt systems and cxperi mced tra l ned 

personnel ui th in  Operating Plants Services are available to  

tonduct pre-operstlon41 and startup t ts t ing  as scheduled. 

Operating Plants Systms sdqur t t l y  m175t0r plant  pcrfomntc,  

nport pmblcms, and plan correct ive action. 

Wfsbre  projects tend t o  k much mrc "Turnkey Project"- 

oriented because o f  custmer danrwls. Project Managers off- 

s h m  have more invol vcmcnt and g r ~  ter self -suf f Scimcy overal l  

thin -stic Project Managers. 

SPECIFIC f INOlClGf AW R E C ~ W T I O N S  

Systems Enqimerinq Organization 

F- 1 Finding 

The~e i s  no visible S y s t e m  Engineering Organization and the 

procedures for overall BUR Systas Design Revitws need irn- 

Rec-tion 

Establ i sh id illplmcnt a Systems Engi nccring Orgrni rat ion 

and a f o m l  S y s t m  Dcsign Revim process. 

F -2 

Them appears to  be no clear-cut  p w r a m  or assigned respan- 

s i b i l i t y  for ackfewing a Standard O r  Reference BUR16 design 

that wIll pr"ou4de Sncrerscd performance mrgins,  



increased "UPAB1CITY." 

k v e l o p r m t  and TriIninp of Onfgn Enq imrs  

F-3 Flridlng 

Design engineers a r t  Isolated from currmt Field Constructlm 

and Operating Plrfit Problems. 

F -4 F i  ndi ng 

T h t n  appears to be rn consistent program for ver i f tcr t ion 

of calculation nodels, 

R- 4 Rec-tian 

Invcs t l g s t t  ways t o  get addttlonrl exper i lmta l  data t o  check 

calculat~mal models. I n  addition, calculrtional mdtls should 

be mre thorwghly rvviewd for eonsistcncy af predictions w l  th 

a t k r  rnadcls i n  use, prior to release t o  designers. 

tapletion of L a d  W t # 6  Plant bcstpn (Cofnntcs) 

F- 5 FfndCnq 

The hxmpltte design for 218"-WRi6 i s  pacing construction of 

the l ead  WR/6 plant. The s i tuat ion i s  further conplicated by 

i t s  offshore location (Spain).  



R- s ~ t c r t i ~  

Rev ier the c~ns t ruc t lm  schedule to detemhe uhich phases of 

cmrtrutt lon can b t  c d r r i d  out w i t h  mlntmm r i s k  of tip-out 

R-6 R u m  t ton 

Investigate cruses and estrbl ish r corrective rctlm prOqrrm 

such as: 

Advance the schedule for estrbl lshing and releasing BH1 

Prel  iminrry S y s t m  Spectf tcstions and Rcqulrcrents. so 

that C4J w i l l  be provided wlth mrlicr s t a r t .  

Review the mn- lord ing  for CLf design m d  nunutacturinp 

to determine uhethr or not adequate nrnpowkr snd 

rcgul red skf 11 s are i n  place. 

Select reasonable mnqw early for required &19n 

paramctcrs t o  mlnfm4rc the ilpact of  "later'sh and 

"to-be-establ ISM" on plant construction. 

Consldtr the tmnsfer o f  uddltional t61-rrpcrimccd 

personnel to Qua1 i t y  (Issurance to provide independmt 

mvim capabi l i ty ,  



T k r e  appear to be too mny ~ i g u i t h s  i n  contract s t o p  of 

"Technlcrl Direction o f  Imtrllrtfon" to be provided by GE. 

A - 7  Reccmendr t ion 

Evaluate the f c r s i b l l '  o f  including r c1earEy-defined normil 

ar extended scope "Technical DSmttlon of Insta l  l s t l m "  wckagc 

i n  the contract as a condition of sale. 

Availabl 11 ty o f  Amhi-'- -Drawl ngs and Schedules 

and scMules  appears to be a function of the W E  e%pcr4+nce, 

R-8 R u ~ n d a  t ton 

Specify contractual ly the Af E drawings and schedules to  be 

pmvSdtb to NED. 

Project Management 

f-9 Finding 

The present P to j tc t  Hanagcrncnt Information System do not 

provide s u f f i c k n t  "real-time" cost and scMule measuracnts 

and control, 

R-9 R u w n d r  t Son 

Continue to develop a strtanl ined and updated Project Nnqermnt 

Infomation System to pmvide better "real-ttmr" cost and 

schedule ~~~~~~ts and control. and cxpedi tc Slplemntatim. 



Dfvi5tm Qua11 t y / b l  lab i l f ty  Goals 

F- 10 Finding 

There i s  a lack o f  a positive Division-wide high-vfslbi l i ty 

Rcl iabt 1 S ty hqravmmrt Program to achieve increased plant 

R- 10 Ru-W tion 

Set real.istlc ttlSabi l l t y  inprovcncnt goals and cstdbl tsh & 

Division-wide progrun ta be a c h l w d  on a msurdb le  basis 

and expedited schedule. 



Response -to Nuclear Regulatory C m i s s i o n  Regulation 

F- I Findiq 

NED'S policy towavd the Nuclear Regulatory C m i s s l o n  reg- 

ulations i s ,  o f  course. one o f  cmpllanct, but i t  is not 

unusual for only part ia l ly  respmslvc, or inadequately sup- 

ported information, t o  be submStted i n i t i a l l y  t o  Nuclear 

R q u l a t w y  C m i s s i o n .  This has somtims led t o  the need to 

significantly revise or supplement fn fomt ion  already sub- 

m i t t e d ,  and has ..csultd i n  &mrrassing and difficult cus- 

tmr situstions, when r design had t o  be modified i n  otdcr 

t o  prt i t  licensed. Chnges i n  concrete or steel already 

i n  place or on order h r v t  occurred also, I t  should not be 

W e r d  frm this that NED has a policy of postponing design 

confimatory work untSl forced by Nueltar Regulatory t m l s s i o n  

to do ft ,  but such q m s f m t  i s  not mcmmn. Exwples are 

the various p r n b l m  d l c h  hdve c m  up on the Hark 111 con- 

t a f m t  and the MI6 reactor. Additional pmblms of  th is  

type i n  connection w i  th t h e  products are to be expected, 

' 1  sorm cases i t  has km nore a matter o f  NED not mcogni zing 

the need for &sign substantiation, than o f  NED intentionally 

postmniq  needed work of t h i s  type. Ttre result however i s  

much the urn+ Design changes and solmtims backf i t t ing  fol lw, 







t i m  

Wll strauld adogt t h t  practice of es~bl ishfmg r radirtlw ex- 

porure Mget  for each syrta ,  a m ,  ctc. and should mt 

cmsf &r r piece of  &sign wrk c a l e t e  mti 1 i t  can k 

shorn Vrt tkc &sign i s  such Uut. by using practical wrking 

procedures. t)w plrnt anm can expect tn keep amurl man 

rcr e x p u r e  within Ute hdget throughout the useful life 

of  the plmt. This n c w t i c m  has ~lrtlcular appllcrbility 

to STRID€*, bit should apply to a l l  plants In whleh GE fur- 

n4shes Uw rcrcwr. 



F- 5 

The )uld11m, S~W- and tramfer of rcplrrtad p l u t d m  

i s  mat of itulf r utter of direct concern to the sugplltrr 

w of metorr .  Warrvrr, the o f  the fuel 

cycle crStlally m plutoniu. Thus I t  4s of g m t  

1-rw;r ta llEO tht tk Iluclwr Clrgulrtary ~ s s l a n ,  

End-td Protwtlm Agency and other W I e s  we in the 

pmcms of c m t l n g  rrgulrtlm which cmceivrbly could make 



F a i l d  Fucl Idcnttficatlcm 

F d  Ftndlng 

The m s i b f l l t y  erlsts also that CllKlmr R@gulafOry Cmlssim 

d g h t  require "llpmmd" tcchiquc of detecting fafled 

futl. Ib *ru mit lve  m n s  of &lng t h i s  i s  knom than 

tlu "sippingu ttcimlque m usd. This technique does q u i r e  

opcrrhg up the rracmr, but so of course dots the ravwrl 

of my friltd fucl whlch migh t  be found by any other mans. 

Egul-t for locitlq filled fuel hrs been installed and has 

kM routinely used for  about 11 years on one large reactor 

[the Hlnford H Reactor) but I s  errptnslvt and I s  justif ied 

orhy beaure, In that case, an crrtremly p m t  s h u t d m  

u s *  be w& If the tlrddIng of  th mttalllc uraniun fuel Is 

breachad wen slightly. 

¶'him i 8 - M -  
mr -% m 8t-. - w a n t  w* 

f- oy1mmt ata-. 



R- 6 k ~ a t l m  

&re stnsltive r n s  of detecting fuel fsllurc may be required, 

but r rmquhment rlso to lecrte fa t l td  fuel witheut oparrhg 

up t)n m c U r  I s  unllkcly. NED should take the l n l t l a t l v c  and 

fn both M ' s  and 8URbs. In the BUR systm thc rain p m b b s  

I 

I have bWCl the safety mlIef ~ a l v e r  and the nuln s t e m  Iselation 

valves, wfth considerable trouble frm other types of valves. 

tittle i s  knom a b u t  the regulatory rqulremnt which Nuclear 

REguIatary Comissfm I s  cclnslcltrlng I n  th is  area, but I t  s m s  

1 Ikt ly to k me whlch w i l l  put spec i f ic  CunctSonal requirements 

tlm valves a d  q u l m  r -stration of thclr cmfamnce. 

Such rcquiremmts w S l l  probrbly rafse the cost o f  valves and 

my rtquln lore In-plmt survetltanc~ testing o f  them. 

Iluclear Regulatory tonrissfon functional speciflcrtions for 

gmer and self-aperated valves should be expected. NED slw~uld 

establish such sped f lcatlons for 1 tsel f , and I n4 t ta te  or 

tntenslfy programs ~ 4 t h  valve mnufscturers to assure that the 

spectflcstionr am mt. 



F-8 Finding 

European thinking i n  this area extends t o  the p i n t  of trying 

to  thwart a sabatrur who has a1 ready gaInad entry t o  the plant, 

who i s  carrying erp1osive~, rnd whose objective i s  t o  cause 

r nuclear actldmt [an uncwlcd core). 

U.5. mqulra#nts k u e  not prcqrtsrcd this  far, and may not 

fw some tlrm, but It seems clear tht 5 m  thinking o f  this 

typc w i l l  k m t  regulatory mquiremnt fn the n t r t  few years. 

R-8 Rec-at f on 

NED should r c v h  the equipmt  and wirCng layouts i n  STRIDE 

with a vfew t o  making  the^ adaptable to cmplfance w i t h  a n t i -  

sabotage requirtmntr o f  the type currently being adapted tn  

German and SWISS pmjccts. 

Reduction of Occupations1 Exposure L i m i t s  

F-9 Finddng 

The philosophy acronyml ALAP states that radiation exposures 

should be kept  "as low as practicable," and fm tim to time 

Nuclear Regulatory Conisslon has tentatively advanced t h e  notdon 

o f  hardening up ALAP by stat ing nlmcrtcal "guidelines," which 

would be 1-r than the regulatory I l m l  t s .  

R-9 Rec-dstion 

NED should re-e~mlne i t s  shielding c r i  teria, source term 

etimtes and shielding calculation methods, and should make 

any chmges i n  these ftms necessary t o  ensure compliance 



w t  th future occupa tionrl ALAP numrical  gut deli nes practical . 
This  mconnmrdrtion applies particularly to STRIDE. 

4-2 Safety L o q k  

F-10 Flndl-g 

Curtmt WucTear Regulatory Carrmlssion requirements provide, In 

effect, tht for any s lq le  recfdent ( t ~ c t p t  msslve vessel 

rupture) which d g h t  result i n  an uncaoled core, two emergency 

cooling systems must be avallsble, t i the r  o f  which t w l d  by 

Itself cool the (shutdown) cort, and both o f  whlch have consider- 

able fnternrl redundance. Thus, i f  N = n m r  of #rrergcncy 

coollng systems available, It my be said that the safety 

logic I s  N-1, since that i s  the nlrnber of safety system fall- 

urns which can k taltrated should an event occur requi r ing  

that safety s y s t m  respond. G e m n  and Swiss author1 ties 

* e q u l r ~ ,  homvcr, that in ef fect  there be three backup systms, 

or that the safety logic be N-2, The a r g m t  runs that  one 

backup systm could a t  any time be out of act ion,  because of 

repair mrk o r  survcf llance testing, that  a  second could f a i l  

to  wrk because of an unknown d e f w t ,  and that the third wbuld 

then k avsllable f f  needed. 

R-10 Recmnwndatign 

NED should make i t s  mn study o f  the possible need for m N-2 

safety logfc, uslng actual plant experSence as a basic input 

t o  the study. 



R-vrbl e Reactqr Internal s 

F-1 l FindSng 

While no speclf tc Huclear Regulatory C ~ l s s f o n  lntentlon to 

issue a requirement on thls subject can be cf tcd ,  there have 

been problems w i th  Jet pump fnstallatlans In the Quad Cities 

plant,  and mny of the par ts  in  question a r t  made o f  304 5$ 

and will be subject i n  WR/6 to fas t  neutron fluences over s 

30-40 yedr period which my s ign i f i can t ly  degrade thei r  struc- 

tura l  propcrtles. Ant1 cipa tlng Nuclear Regulatory C a m 1  ssion 

mui rcmcnts for m v a b i  1 i ty s w r m  a prudent engi need ng 

precaution. 

R-11 R e c l a t i o n  

NED should &YCIOP and exhust lve ly  test a reactor design i n  

which the Intcrnals arc r m v a b l e ,  w I t h  the object ive of using 

t h i s  dtsfgn in  later makrs of the BWR/6 series, if possible, 

but i n  the WR/6 successor i n  any event. 

Core Catcher 

The ju-t of HE0 and of the  Fast Breeder Reactor Department 

i s  that  the probablllty of a core mlt event i s  negl igibly small, 

that the consqwnces of such an aceldcnt to the pub1 Sc have 

not been nrl lst lcal ly  analyzed, but rather have betn sensation- 

allzed wi thwt  mgfncerlng barfs, and that a core catcher which 

mruld be camplctely effect1 v t  under the extreme condl tlons 

postulated mull be very d i f f i c u l t  to  develop, expensive to 

provide and fnfedslblc t o  demonstrate. The valldlty of these 



judgwnts w i l l ,  i t  i s  f e l t ,  eventually be rtcognlzed by the 

rrgulatory authori t i cs  and by ERM, but pmhably not wl thwt 

some effort on the part o f  WED. 

R-12 Recumnda t i on 

While the yobrb5li ty that Nuclear Regulatory Cumnlsslan wlll 

tstabl ish  a core catcher requtrmnt far LWlls i s  small, HE0 

should carry on a small study a i d  a t  enabling NED t o  respond 

swndly to the Muclear Regulatory C m f s s i o n  should the latter 

br ing  up the Subjut .  



SPECTFIC FIr(DII(GS AM RECOmENDATlOWS 

Scope 

F-1 Findirq 

Since 1971 General E lectr ic  has been adding back significant 

scope Sn the form af  ffiCC/Nuclenet and STRIDE i n  such a manner 

as t o  improve standar-dlzation. 

Thc Reactor Scope as offered i s  the hfghest source o f  unavai l a b i  1 i t y  

Contrlhtlons by the balance o f  p lant  areas are small. 

Reactor Equipment L i m l  t a  t i m s  represent most causes of 

derrting and w i l l  continue to I n  future years, unless 

signif icant  equipment m d i f  i c a t i m s  are made. 

Operator error Ss r ntimr cause of unavailsbll l ty .  Good 

u t i l  i t y  m n a g m n t  of  weratlons i s  much more Important i n  

avoiding unavai labi  1 i ty . 
AS a f i r s t  appraximtion, f o r  a nominal lDOO MU plant: 

a t  percentage paint i n  capabi I i ty 

3U/mTI i n  fuel casts,  which i s  

rpproxin~trly $18 n l l l  ion 

Rec-nda t S ons 

factor i s  cqusl t~ 

equal t o  

i n  capltal  cost. (1980 dollars) 

a )  Concentrate Technical Resources on improving the plants 

bath i n  oprr&tfon and i n  the backlag. 

b )  In conslckring the design o f  s new product, op t~mlza t ion  

must b based on to ta l  sys tan econanics rather than HSSS 

car fuel cycle costs alone. This might invo lve  

f l can t  change i n  Rdrket Strategy. 



c A study should be madt of the Scope o f  Supply conskkrlng 

interface w i t h  ~ t h c r s  (such as A/E's]  as well as aptlons 

the mst rca~onab le  scope baundarhs and aptlans provided 

by NED based on Avatlsbi  'I i ty/Rell  abi l i ty, Sources of  

Engtwcrlng Knowledge, Dlfflcul ty i n  A/€  Ousl i ty, etc .  

F -2 F i  ndl q 

a There I s  a s t m g  carrelatfon af manpower w l  th number of 

cus tanrcrs. 

b )  mi6 fuel uses 25 different rod designs f o r  sSr different 

i n i t i a l  core standard bundles and three d i f ferent  standard 

rcload bundles. 

c ]  Al thoughBWRSDcl t~  as t ' a t  the systems far accmplishing 

standardization are i n  place and working. a Quality 

Assurance audit  indicated that: 

- T k  m i s t i n g  BUR Standardization Program has not 

I adequately penetrated to the l e v e l  of detailed 

I hardware designs . 
I - Overall coordination and direct ion of the BWR 

StandardIzat i~n Program i s  lacking. 

- The character of the BUR business requires a 

mul t ip l ic i ty  o f  requirements t h a t  r e s t r i c t  the 

degree of  standardization, 

- A more systematic basls to assure that the BWR/6 

designs conform to  dppl icable 1 lcensing raqui rements 

d]  Industry 1s ready for major standardlzatlon ef forts .  



A "bulldtng block" concept o f  BUR s~dndsrd 

implemcntect on a pr lor i ty  b a s i s *  

I n i t i a t e  

Standard 

Suppl ied 

The S t m  

and execute an Aggress i we BYR16 Hardware 

izat ion program encompassing GE and Vendor 

Hardware, 

dardlzat lon e f f o r t  must be coordinated with in  

the entire O i v l s i m ,  including the fnternatfonal Operation. 

The differences o f  optnions between the Product Quality 

Dperatfon L WED mst be resolved. 

Proceed w i  t h  a Product Offer i ng 5 tudy to  decide on the 

optimum s ize  standardized plant  and scope of offering and 

t o  recamnend the plan for i m p l m n t a t i o n ,  

S t a t i s t i c a l  Significance of  Avallabili ty Goals 

F-3 

The immediate future regarding a v a i  l ikbll  i ty and capacity 

w i  11 be .worse than h i s t o r i c a l l y  seen because o f  pipe 

cracks, upgradfng of sme equipment, etc. 

PUR's on average are generally even with BWR4s i n  a v a i l -  

ability and W - plants are ahead of BWR's i n  capacity factor.  

BUR'S are c l e a r l y  ahead of the CE & BCW's as regards 

a v a i  l a b i  l l ty and capacl i y  factor .  

%st  o f  the ?argc PUR's ( c  800 MW's) have been derated 

by AEC. This reduces their duty and fmproves their  

avaflabf l f t y .  



-. . 

aO d 4W 

R- 3 Reconmendat i ons 

a )  NED needs the a b i l i t y  t o  b a c k f i t  equipment o f  emisting 

plants and those caning on l i n e  between now and 1980. 

( 1  ) To g i v e  th is  proper emphasfs, sane change i n  organ- 

izat ion should be cansidered such t h a t  the desSgrt 

enqineers become more f a m i l i a r  w i t h  operating problems. 

( 2 )  T h i s  problem shouJd be studied i n  conjunction with 

Service Act iv i t ies  described further on. 

b l  Reemmine statements o f  goals and t h e l r  f t a s j b i l i t y .  

NED Ava i lab i l i t y  Goal. 

2-3ni A v a i  l ab+  1 C ty Advantage to overcome any Balance 

of Plant and Fuel Evaluation de f ic i ts .  

3-4' a v a i l a b i l i t y  improvements were made by bet ter  services 

during 1974. 

NED service a c t i v i t i e s  are presently organized on a lowet 

efforts b s  i s than other Power Genera t ion Group Service 

Organi rations. 

Llt i 1 i t y  management of operating plants may badly need 

improvmen t regarding operat ion and maintenance because: 

I )  Nuclear i s  mte complex than traditional foss i  1 

plants 

( 2 )  b r c  planning i s  needed, 

( 3 )  There are not enough qua 1 if ied people,  



U-4 Rtcormcnda t ions 

& I  I t  i s  strongly fe l t  that  the mast meaningful action that  

can br taken now i s  i n  the BWR Services arcs. In  recog- 

n l  t l o n  of p o t t n t i a l l y  decreaslng a v a l l a b i l  Sty of existing 

operating plants. an lnprovcncnt i n  the NED service pro- 

grams approach should be made. 

b Programs befng put i n  place or now i n  p lace,  such as 

Advanced Ma1 ntenance Planning ServSce ( W S  11) and 

Refueling-Maintenance Outage Servlcc, should be accentuated. 

c New programs shouldbe put i n t o  place to  increase avall- 

a b l l  Sty. Programs tha t  appear t o  have a la rge  patent 

a v a i l a b i l i t y  improvement include: 

Extended Scope Start-up Service 

A F u l l - t i m e  GE Representative on S i t e  - -  an "avdi 

abi 1 i ty engineer", so to speak, 

Expanded Outage Services 

Engfneering F i e l d  Change Services on all Backfits 

(manpower es t imtcs  , p l a n t  condit ions, procedures, 

tools, along with the equipment being supplied] .  

Outage Control Ceqter 

Bctttr tool s 

Maintenance Training Hockups 

Special Programs fa t  

I Feeha tor Sparger Rep lacemen t 

- Re1 Scf Value Repair 



- S I Y  W i f i c a t l o n s  

- Piping Change Out 

( 9 )  fystms to track c q a n m t  fallure and redesign accordingly. 

Strengthen1 ng the service cngi necrfng ef fort  w i t h  dedica led 

engineers should help Sncrcase the custancr's sense of 

participation i n  the e n g h e r i n g  effort. 

I t  i s  n c q n l r c d  that such efforts w i l l  requjre increased 

people, engineering, f i e l d  and spare parts support. Such 

support should be provided wlth a hfgher sense o f  urgency 

and level of Fundlng than i s  presently taking place. Special  

emphasis should be made i n  strengthening the organizatSon 

(BYR Servicer and i t s  interfaces within and wlthout RED 

t o  carry out thfs mission, includtng the additlon of dccti- 

cated plant  engjneering people t o  BUR 5ervlces a s  well  as 

the Spare Par ts  Operation. 

Services offered oversers my open up mique opportuni t ies 

and nelp preserve the BUR. 

One of the mst important concepts should be the s ingu lar  

esponsib i  1 i ty for BUR Services focused w i  thin the ent l  re 

D i v i s i o n  . . . h s t i c  as wel l  as Internat ional  . . . one 

organization should be responsible far Service and the 

duties should not be spl i t .  

I n  the long run. Organizatfonal Plans should be drawn up 

that elevate BUR Scrvices to a Department-level function 

within NED. 



BWR QUALITY StwTEGY f PROOOCT QUALITY 

BUR DESCRIPTION AND TECHNICAL EVOLUTION 

Bslrr AYAILAUIL 1 iY .  .AND CAPABILITY 



ACRS 
mu 

E 
AEG 
AMP 
AT US 
AT& 
BOC 
WR 
C81N 
a 1  
ECA 
E m  
EOC 
ERW 
FABLE 
GEBLA 
GEBS 
GETAB 
HPCI 
USE 
I r n  
LHGR 
LlKlA 
LWFI 
WPLNR 
K PR 
mHCR 
no 
mzv 
IluW T 
NRC 
NSSS 
OBE 
PC1 
P t 1 m  
P W  
PUT 
PWR 
K I C  
REDY 

REVAB 
ml 
RW 
SRV 
5% 
STRIDE 
T IP  

Advtsory Cmittee on Reactor Safeguards 
Ammniun Diurdnate 
Arch1 twt Engl nccr 
A1 lgeneine E lek t r ic i  tats-Gesel lsEhrft 
As Lou As Practfcrble 
Advanced Tes t  Loop and Simulator 
Anticipated T r a n s l e n t  Without Scram 
Beginning o f  Cycle 
Boi 1 ing Yater  Reactor 
CBJ Muclear - Chicago Bridge and I r a n  Nuclear 
Control and Instrunentation 
Engineering Change Author1 t a t  Sons 
Emergency Core Cml i ng Sys tm 
End of  Cycle 
Energy Research and Developnnt Admi ni  stratfon 
Cornputer Code Name 
Conputer- code Hame 
Corrrputer Code Name (Three-Dirnnsional BYR Steady S t a t t  Care Analysis) 
Gmtral Electric Thermal Analysis Basis 
Hfgh Pressure Core Inject ion 
h $ t a l l a t l o n  a d  Service Engtnccring 
lnterlm Omrat i ng Hanagmnt  Recomnenda t tons 
Lfnear Heat Generation Rate 
Loss of Coolant Accident 
L ight  Water Reactor 
k x h m  Average Planar L incar Heat Gmeri. tor Rate 
Hinimm C r i t i c a l  Power Rat io  
M a x i m n  LInear Heat Generator Rate 
Mi red  Plrrtoniurn - Uranium Oxide 
Hain Steam isolation Valve 
Mcgawtt Days/Ton 
Nuclear Regulatory C m i s s f o n  
Nuclear Steam Supply Systm 
Optrating Basis Earthquake 
Pel let-Clad Interaction 
Pm-Condi tloni ng Interf  m Operating Hanaganent Retomnendatlon 
Product and Qwl i ty Assurance Opetatlon 
Pnmpt Relief Trip 
Pressurized Water Reat tat 
Reactor Core 1 sol ation Cool ing 
Camputer Code Name (Zero-Dimensional Core Model far Systuns 

Transient Analysis) 
Re1 ief Val ve Augmented Bypass 
Radiwcttvc Materials L a b r a  t o r y  
Reactor Pressure Vessel 
Safety Re1 lef Va lve  
Safe Shutdown Earthquake 
Standard Reactor Island Ocslgn 
T r a v r r s  l ng In- Care Pmk 

'Ihlr mgm ir plrt of tbm 
1975 W k r r  m t w  8tudjra. 
m th 1SI7 w t m  m r t m  

for marmot mtrtur. 



F l  
IPTIM AND F V W O N  OF THE B O U N G  WATER 

The majar steps I n  evolution of th Boi l i n g  Water Reactor product 

sumnarlzed i n  Table 1. 

1 l nc are 

The f i r s t  General E lec t r i c  connwrcial BUR was Dresden-1 wh.lch started operation 

i n  1960. Cmi tments  included warranties on fue l  and operating costs, as wel l  as 

the t r ad i t i ona l  warranties on plant  e l e c t r i c a l  output and heat rate. The Dresden 

pro jec t  was undertaken I n  1955, the plant wnt Into  c m m r c l a l  operation i n  1%0, 

and was uprated t o  i t s  cu r ren t  power leve l  o f  210 MU in  1x1. The operational 

warranties were demonstrated and accepted by the customer {Cmonwca€th Edison) 

Following the Dresden-1 reactor, other plants of  sim 

and successfully operated during the 1960's 4n Jtaly 

Germany (KRB 1967 - 250 W), and India (Tarapur 1969 

A l s o  during t h i s  time two smaller prototype reactors 

1 ar  design were cons truc ted 

(Garigl  lano 1964 - 160 MU), 

- 2 r tactovs each 210 W ) .  

w i  t h  advanced design 

character ist ics were constructed: Big Rock P o i n t  (1963 - 75 MU) and HunYboldt 

Bay (1963 - 70 M1). These units Included prototypical  features +ncorparated i n to  

later designs o f  c m e r c i a l  size.  

A l l  of the foregoing un i t s  have been classified as EWR/1 units, although they 

were not a l l  o f  the same design. The smaller reactors were shgle  cycle which 

used only steam generated i n  the reactor core (see Figure l a ) .  The larger un i t s  

of t h i s  perlod used dual cycle ba l l i ng  water reactor systems (Figure l b )  i n  

which stem fo r  the turbtnc was generated from two squrces: a )  d i r e c t l y  i n  the 

reactor  core and b )  i n  a M a t  exchanger heated by water from the reac to r  COP:< 



TABLE 1 

W Ymr of Yeat of 
Reactor Output OMr mrrt 1 on 

BUR/ 1 

Dresden- 1 2 10 1955 1960 
KRB 250 

0 W Z  

Oyster C r n k  640 1%3 l%9 

B W 4  

B r m s  Ferry 2 1118 1966 

Other plants up 
to 1135 

B W 6  

Grand Gulf 1290 1971 

mm ir p u t  oi tbr 
i n 9  .rwlru -r It*". 
ur m rnt  -ta vprt- 

for #+rrrl: +utw, 

Dual cycle 
Internal s t e m  separrtlan 

CollmerciaJ SIZE 
Sfnglt  cycle - 5 1 9  
P m p  f tow control 

Jet purnp - 2 loop 
Improved ECCS: Core 
spray and flood 

1973 Increased powtr 
dens1 ty 20% 

1978 E s t  Improvcd E M S  - 
faster f Ioodlng 

Valve flw control 

1980Est. lncrersedpowlrdensity 
Reduced fuel thermal 

duty 
lmpmvd ECCS 





Comercis1 uni ts  I n  the 5004W W size range ware offsrcd i n  1%2-1%3. NED 

received orders for the Oyster C m k  and Mine Mile PoSnt reactors. These MI2 

reactors e r e  based on improved s lngl r  cycie designs a f m d  a t  reductlaI i n  p lant  

MY2 
En 1%5-1%6 NED received orders fur nine turnkey plants, s i n  dormstle and three 

overseas. Size had beem l n c r w s d  to a b u t  800 IY. The &sign fur tk$t orders 

wits the 8 W 3  class which fntdrcced je t  p u n ~ s  for further mductlon I n  p l a n t  cost .  

B W 4  - 
NED introduced the M U 4  tlsss o f  reactors fn l a te  1966. I n  this rmctor class 

sires were increased to a b u t  1100 W. The c o n  pump h s f t y  wrs Inerarased 202 

rrhCch resulted i n  slgnlf icmt decrease fn rcactor plant  cost per W produced. 

0w5 - 
The B W 5  class introduced I n  1%9 incorporated new features far emergency core 

cooling i n  response to a developing t d  of Incrcaslng rcgulatwy requirenrtnts. 

Valve upcrated flow control i s  another new feeturn of thls class. Re8ctor 

rating m i n e d  a b t  the s u e ,  

!!!@ 
:ED intwchJted the W / 6  and Hark I11 contalruncnt 3n late 1971 - early 1972. 

The maximum rat ing was lncreescd to 1290 W. The BUR16 has an increased power 

densf ty, 1-r t h e m 1  fuel duty md mn cmservative Emrgtncy Core Cooling 

5yst.m I ECCS 1 performance. 

The  grarth I n  sire and nmber o f  plrnts and the year o f  carmnrcial operation are  

s h u n  grrphkslly i n  Flpwe 2. 
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0. QUALITY STRATEGYIPROWCT C U L I T Y  

The Nuclear Energy Olvision intmducrd i t s  Quality S t r a t ~  i n  1974. Product 

Qwll ty undtr th is  strategy i s  masurad by the follorshq c r i t e r i a  for the total  

cqul p e n t  f s  contrfbutory t o  t o t d l  plant perfamnce. 

The plant must be avai lable t o  furntch e l e c t r i c a l  pcmr to the 

g r i d  as required by the c u s t w r .  Customtr expcctat5on of 

avaflabtlity for mature plmts i s  75 t o  851 or gruatur. 

The plant must be capable o f  producing f u l l  output dtiring Sts avai l -  

able operating perfod. Customer expectation of the capscfty fattor 

i s  70 t o  80% or grtater. 

The p lant  must be capable o f  responding to change i n  load mquSrtd 

by the electr!cal systm within accepted industry prrct ic ts  and 

automat ical ly  withstand anticipated transients within spcclfied 

l i m i t s .  

The plant m s t  be madl l y  operable i n  accordance wfth operating 

procedures and rcgulatlons without erccsslvrly campllertcd procedures 

and l imitat ions,  a d  with mlnimrm radlr t ion exposure of operating 

personnel, 

The plant n u s t  be readi ly maintainable within stated t h e  periods 

w i  th rninilrrmn radiation rxposun  of mintenmcr personnel. 

The l l f e t i m  of  NED supplied components must be consistent with 

stated lifetimes. 

The plant must be tapable o f  rnectinq government regulations and 

accepted industry codes and standards for design, cons t r u c t i  an and 

operation. 



F l  
Thc BYR core a d  fuel must be capable of dcllv+rfng Un stated energy 

output wfthaut unplannCd reduction o f  c o n  thermal output or unplanned 

shutdems for fuel r e p l r t m t .  

EW Conf iqurr t im 

Functicrnrlly, the Bolltng Water Reactor directly replaces the cankrstim bated 

stem gaterating lmllcr i n  thc cornentima? e l t c t r i c  q a m r a t h g  plant. P l m t  

canfigurations a n  s m  I n  Figures 3 and 4. As s h  frt F4gun 5, s t e m  

gmcrattd i n  the reactor i s  used directly I n  thc turbim. T)lc tutblne thcrmo- 

dynamlc cycle i s  baslc&lly the urns as r convcntlanal plant, but i s  modified 

far the larar s t m  pnssu~e  and tenpcr r tun  c&mbi I i ty of the nuclear reactor 

core. The BYR st- cond~tlanr am 985 lbs./sq. in. and 543 c m p w d  to  

conventional boiler sttm cond4 t l m s  of 2400 ps4 and 1OOO F'. In the Pressurized 

Water Reactor plant, also shtm i n  Figure 5, water heat& i n  tht nuclcrt reactor 

and kept 1 Quif led under high pressure ts  used to  produce stem Sn a heat 

m~hingtr krwmn as a steam gmerrtor. Thts s t a r n  i s  then used i n  a turbfne 

thermodynamic cycle very s imi lar  to that of the BUR. 

I n  passSng through thc reactov, the wrter and stem kc- rudiwctfve,  but 

their radSoact4vity decays quickly after reactor shut-. I n  the BYR, 

radioactive steam I s  piped d.5rcctly t o  the tu*inc, which rrgulms shIclding 

of the turbine. Bethu~e mst of the s t e m  r r d l b i c t W t y  d1t.s wt guIckIy after 

shutdown, I t  i s  not a significant factor i n  turblrn nuintmmcr. I n  t k  PWR, 

the steam generated fn the heat exchanger i s  not radbactive, m w ,  fn 

case of  Icakrge o f  radloactivt reactor water through the t e a t  txchrtqer tubes, 
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W C w  Step (BWRfP;  wrs the adoption of the slngle cycle or d i r e c t  cycle concept 

i n  which a l l  of the steam 4s generated I n  the reactor and delivered to the 

trrrbim [figurn 11). This tlirnlnrted the cost and conplerlty ~ssoclattd with  

thc s t e m  generator and the secondary turbine i n l e t  and control valves. Further 

c a p s c t i m  was achieved I n  the WR/3 class by incorporating jet pumps within the 

reactor vesscl. Thls resulted i n  reduction in s ize  of the external p w s  and 

piping since the driving flow r i t e  fo r  the j e t  pmps i s  

total core m i r c u l a t i o n  flar. Thc je t  purp conflgurat 

incorporation of sncrgency c o n  f loading pmvis  ions fo r  

abaut 113 to  112 of tht 

on also pemitted 

the reactor core. 

The basic conf igurat i  

essentially the $me 

ws t o  increase core 

l i t t le  change i n  equi 

cmlirrg system en 

MI of the reactat assembly and i t s  caaponents has remained 

since WR/3 [see fable 1). The principal change i n  BUR14 

m+ density about ZO:, to atta in greater s t m  output wi th  

pent size. Ira the WRI5 class, improved emergency core 

incorporated i n  response ta 4ncrcasing stringency of &LC 

regu 1 a tory requ i rslren ts . 

The changes i n  -16 represent anotter s igni f icant  step. An additional 20'- increase 

in  steam output -5 achieved i n  t k  s a w  vessel by increasing core sire and core 

p m w  dmsity. A t  thc s m e  time, the fuel design was changed to reduce the tknnal 

duty On individual fuel rods, This ckngc i n  fuel design i s  di~scribtd in detail 

in  later discussion. The reduced fuel thermal d ~ t y  prouided significant 

margin for e m q m c y  cooling requirsnents and i s  also expected to  result  in  

mduced fwl failures during nornal operation. 

The incentive for cmpaction has been, and contfnuts to bc, the reduction of 

capitdl cost  M the c ~ s t o m r ,  which IS s e n ~ l t l v t  t o  the v 0 1 w  of tb rcactor 

and i t s  rccircul&tlorr and suxClCsry systems. Another major factor in  capital 

cost reductton hrs hem the rapjd Incrarse I n  4 n t d u c t b n  of plants with h l g k v  



r i t l q s  and 1-r $/W costs due t o  size effects. This i s  sumarfzed i n  Table 1 

which shors a doubling in plant sire fn e ight  years - from 640 MI tn 1%3 to 

12W W in  1971 (also see Figure 26).  

BWFt Conkinrcnt 

The  t-tth of the mctor and i t s  systems has been acconrpsnied by simplification 

of s t w c t u n s  and empaction of the m c t o r  c o n t d f m n t  systems. The reactor and 

directly connected system of the BYR and PYR a r t  enclosd wf thin a c o n t s i m r t t  

system which i s  Wended to cmtain a l l  o f  the hot wstm and steam frm those 

system even i n  the event of a m j a r  pipe rupture. 

A feature of cmtrlrrmnt unique to the EUR i s  associated wi th  tlre d l r t c t  cycle 

i r t  uhkh steam frcn the reactor leaves the containmnt in  going to the turbine. 

Quick closing isolrtim valves, included i n  the stem l ines.  fom part of  the 

cmtaimcnt of the reactor systms. These Isolation values are closed auto- 

~rtlcally i n  mcnt of stem I lne rupture mtslde of the cmtalment. Err t rem 

leak tightness i s  a regulatory requlracnt. Thc -1 1 amount of escaped steam 

rill not mwlt i n  significant exposure to  radfarctivity of personnel off the 

plant site* 

The c o n t a i m t s  far most of the WR/1 reactors e r e  simply steel she1 1s of 

suf f ic ient  v o l e  a d  strcngth to cmtaln the released fluids. For the Hmboldt 

reactor, Paci f lc  Gas and Elutric and GE cooptrated i n  the developncnt af the 

prcrsurc suppmsion c o n h l m t  concept in which the escaping hot f lu ids  are 

directed into a pool of water to be condensed, thus  educing the pressure and 

volune crf tk c o n k i r r m t .  Strrtlng with the M i 2  class, a l l  W ' s  have 

been kourd I n  pmsuru  suppresstam contrhment. The various arrangements of 

this concept r h k h  b v e  e v ~ l v d  we sham I n  Flgurc 7 .  In each c a s t  the reactor 
I 

md I t s  c m w c t e d  system an housed In r primary containment or "dry -1 1 "( 
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(1111111 
which t s  designed for the maximum translent pressure which may be encountered 

after d major pipe rupture. The escaping fluids(2) a n  ducted into  a pool of 

standlnp wter(3) where they are  condmrcd. The noncondensable a i r  and gases 

pass through the water. In the Nark I and 1 I containment these gases are 

tr&p$M!d abOw the water fn the covered suppression c h m b s r ~ ( ~ ) .  tn Mark I f  1 

there psscr are a l l w e d  to escape lnto the c o n t a i n m t  r t n o ~ p h c r e ( ~ ) .  

The objective of thtst  evolving designs has been to  reduce overall size and 

cwls t tuc t im  camplcx i ty  o f  contai merit, which resul ts i n  reduced construction cost 

t o  the u t i l i t y .  This i s  i l l u s t r a t e d  schematically i n  Figure 7. The construction 

complexity has been reduced i n  each succeeding generation. In Hark I I the entire 

c m f i g u r r t i m  of the dry wel l ,  vent pipes and suppression pool were s impl i f ied  

t o  provide shapes amre readily adaptable t o  concrete construction. In  Hark I I I 

further simplification was achieved and vent plpes elirntnatcd by providing an 

annular supprcssim pml surrounding the bttm of the dry well ,  

The Hark 1 concept was introduced with WR/Z and was used i n  a l l  B W 3  and 20'" 

of the WR/4 plants. Thc Mark I 1  has h e n  used i n  both BUR14 and BWR/S plants. 

T k  Hark 111 was introduced with WRl6 and i s  used exclusively w i t h  that  c l a s s .  

Thc 0Wf ccmpactim trmd in reactor prfmary systems and containment i s  i l lus t ra ted  

i n  Figure 8, which skws the variation Fn pounds o f  steel i n  the p lant  and con- 

t a i m t m t  for successive BUR plants. The change fm Dresden-1 t o  KRB was due to 

el inindtion of the cxterfial stem drum through the  use of internal  steam 

separation and use of smaller secondary steam generators. The reduction i n  BUR/Z 

plants was achieved by ellntfnating the steam generators i n  going to  the single 

cycle. T k  impmvenmt i n  BUR14 was due to Increased core p w r  density and use 

o f  je t  pungs. The tknges i n  contafnmcnt mre described above. 





Plant  Cost Trtnds 

7hc need f o r  p lant  s i m p l i f i c a t i o n  and conpaction i s  h ighl ighted by the t rend of 

increasing costs Sn ather f a c t o r s  such as plan? construction, e s c a l a t i o n ,  in terest  

during construction and addi t l o n a l  requirements t o  meet safety and cnviromnenta l 

regulat ions.  This trend i s  illustrated i n  Figure 9, which shows that these costs 

for a IOOO IW plant were estimated to  Increase by mare than a factor  of 5 over the 

period of 1967 to 1974. I n  the same period, t ime-related costs .  escalation and 

interest during construction,  increased frm about 20; t o  near ly  50 of the total .  

These t ime-related costs. which can be viewed as m u l t i p l i e r s  On b a s i c  p l a n t  costs.  

mphdsize the importance o f  reducing tee basic costs t o  he lp  of fset  some of the 

increase i n  total cost .  

Uni ----.--- t S i te  Star~ddrdization 

A sunnary of un i t  s izes for the various classes o f  BHR i s  shown i n  Figure 10. I t  

should be noted t h a t  s tar t ing  with WR/4 the s izes  have been standardized with 

most of the u n i t s  i n  vessels of 228, 238 and 251 inches diameter, The number of 

units of each s i r e  i s  indicated by the bar. This chart a lso  graphical ly  

i l l u s t r a t e s  the steps of increased them1 output from the sam vessel s i z e .  

I n  BYRl3 the 251 uessel i s  used to  generate 2500 Mrlt; in  BUR14 and 5 ,  3300 Wt, 

and in  BWRI6, 3800 MUtf 

Reactor A s s 7 m b l ~  --- 

An overa 11 v i e w  of the BUR16 reactor  arrmbly i s  shown i n  Figure 11. The 

I reactor vessel i s  23 ft.  i n  diamter and 73.5 f t .  high. the rodctar core 

consists of a a u l t l p l l c i t y  of fuel assenblier, cdch &bout 14 feet  l0ng(1~). 

Four fuel rrrernbl ier surrounding a c r u d  form shaped cont ro l  b lade(16]  comprise 

a standard mdule, which i s  repeated to form the t o t a l  core. Each cont ro l  blade 
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the bottom of the reactor vessel. Each module o f  four assearbl i t s  $ s  supported 

fm the inner bottom o f  the vessel by a tube which also serves as the gufdc for  

the control  blade when I t  5s extracted from the core, A1 

of a standard design within a group or class o f  reactors. 

1 of these pieces are 

A mu1 t i p 1  i c l t y  of stem i r  sham above the core. I n  

the steam i s  stparated frm core recfrculatlng water by centrifuga 

u t e r  I L discharged downward to be mixed wi th  incaning fsedwated7 

these units 

1 action. The 

and 

rec i rcu la ted  through the core by j e t  pumps ( I 3 )  located I n  the annulus surrounding 

tk core. The steam 1s pasred through which remvc moisture p a r t i c l n  

by imping-nt on the surface o f  the dryer .  The je t  pumps and high performance 

steam separators have been develnpcd by NED for the BUR. 

channel 

control 

cyl in& 

Reactor Core and Fuel Oesiqn 

figure 12 i s  a crass secttonal vim o f  a typScal core module consisting of four 

fuel  asrslblies surrounding s ccntml blade. A f u e l  a~seinbl~(~) consists o t  an 

array of fuel rods enclosed i n  a channel(2) which p e r f o m  the dual 'unctiun of 

ing flow around the fuel rods and providing a guidfng surface for the 

blade. Each fuel rod consists a f  a tube o f  Zlrcaloy 2 fflled with  short 

ical  pel lets of urantum oxide (UOZ) and scaled. The channel i s  made of 

Zircaloy 4.  Zircmiun, which has the unique characteristic of low neutron 

absorption, i s  the main constituent o f  the r i rca lays  which have been developed 

to provide corrosion resistance i n  hat water and steam. Further deta i l  of the 

fuel assmbly i s  given i n  Ffgwe 13, 

The overa l l  nuclear characteristics of the core are determined by the r e l a t i v e  

amounts of uranium and water I n  the c o ~  e .  Sf nee water i s  a strong neutron 

moderator, the car t  control charact t r ls t lcs  and i t s  nuclear efficiency vary 
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F l  
wjth tha mtar to fuel rat io.  This makt5 the h s 4 c  wrter to fuel  rrtfo a key 

piramter to  c o n  design of  any water reactor, I n  the bol l  fng water wrctor, 

t k  local d f s p l r m t  of water mderdtor by r t m ,  which acts llka a nuclear 

wid ,  creates t.h unique r e a c t e r  physics chsracterlsticr of the BYR. The 

presence of s t t m  voids throughout the BWR core, and tkf r variation w l  t h  core 

pomr, rccwnt for the m i n  d i f f t r m c a  betrcln the 6UR core and the PUR core 

i n  h l t h  tha uakr withln the cam 4s l u t n t a l n d  i n  l i q u i d  fom. 

Fuel used in  the M i s  a rntxture of uranlum Isotopes fn the appro~lmate ratlo of 

3 1  U-235, 97% U-238. The total m u n t  of  tk f frslonable isotope U-235 ifi the fuel 

determines the anKnrnt of mew which can bc erttractecl fm thc fuel. TM d e g r ~  

of  cnrfchmnt of the uranim (percent U-235) I s  select4 to provlde the rquirtd 

encqy for a planned period of operation. 

Basic nuclear control of the reactor i s  achieved by positionfng o f  the cruciform 

control blades (Figure 12. I tenr 3 ) .  The control material r I th In  t)le blade i s  

boron. which 4s a s t m g  n c u t m  absorber. T h t  boron fn the form of boron carbide 

powder i s  c w c t d  into tndivjdual stainless steel tubes which are grwpect into  

the wCngs o f  tk cruclfom. There ate 177 control blades in  the reactor of a 

1220 W plant. 

The ccmtrol blades per fem a number o f  contra1 functions. They are used for 

norm1 reactor ctartup and shutdorrn and also for fast  reactor shutdorm CSCRA, I) 

when I t  i s  neded. Ourlng qwratim they are pos itiW throughout thc core to  

minimize the Inherent ddfference in  heat generation between the central and 

p r t p b r a l  nglm of tk core. Thh blades are  gradually withdram to  

cuqmrrte far fuel deplatlon which otcurs slowly over the approximately annual 

period betwen refuel ing,  when 114 of the fuel 4s replaced. 

T h l m  pm- i r  part af tbm 
1975 *Mwlwr M w  8twm. 
&a tb, 1317 *wt* m a *  

far mirmnt m t m t u .  



F l  
A s u p p l ~ t r i y  a t h o d  o f  nuclear control I s  also provided to cunpcmsrte f o r  

fuel burnup, i n  order to reduct tht multiplicity o f  rqulrernents on the blade 

tmtmI systr .  Thls supplnmtrry contra? makes use of a unique property 

of thc elmant g a d e l l n l u  which 4s n o m l l y  r s t m g  n e u t m  absorber, but 

d i c h  i s  t r a n s f a d  to r m r k  absorber t f tc r  rbsorb4ng 4 neutron. This &lclrnnt 

In m f d t  fm, i s  nixed ~ 4 t h  the uran5um o x 4 h  in  sever@l d s  I n  each bundle. 

As fuel i s  consmed by the nuclarr reactlm, tht gad01 idm nuclei are t r a n s f e d  

fmm strong to  wrrk rb$ot=bers, which grrdustly d u c t s  the mount of strong 

rbsarhr a p p m i u  trly in  p m p r t i o n  to the ammt of dcpletcd fuel. 

Since the ra t ts  of fuel cansuption and gadolhis trmsfotm8tlon do not match 

errctly, the mtrd blades we used to lraintrifi the f i w l  &tailed contra1 far 

mlct im congmsrtlon. However, the use OF gadolinia tupplcwntary control 

rvduttr thc total demand on the control blades. peraitting greater f lcrrlbtl i ty 
I 
I 
i for their functlarr of  contm? of ovm&ll w r  d i s t r t b u t i m  thrwghwt the core. 

The local ptmer distribution ulthln the core 1s influenced by nmunlformity wfth4n 

the core. T h  i d m l  if carglete unffornity of fuel rods and water i s  Interrupted 

by the control blade k t w m  chrnncls or tk water gap 1 e f t  when the blade f s 

uithdrawrr. To prevent t ~ t e ~ s i v e  heat gmwatlon in  the pcrfphcril fuel rods 

rdjicmt ta the wter gaps. [fuel rods nunbcrcd (2). ( 3 )  i n  Ffgure 121 the U-235 

mrlclnent i n  there rods fs  reduced rtlatlve to the central rods of  the fuel 

r s r d l y .  Also the c n r l c h t  4s ad,justed a dIffere.4 rmcrunt i n  the comer 

rods of fwl assmbly to avoid polrcr m k i n g  I n  these rods (nurnkrtd [ I ) ) .  To 

fur-r -1 tzc heat gmerrtlm among peripheral and central rods (nubered ( I ) ) ,  

t h  I r k s t  fuel h f g n  provides mre W t r  I n  tha center of the fuel bundle t o  

Cncreau h r t  gcncrrthn alaang the central fuel rods. This 1s accanptlshed 

by m v t n g  fuel frm 8 central fuel rod rnd r l l w l n g  water to f i l l  the rod 



ional  water moderator resu l t s  I n  Increased heat (rod n h r e d  (0)). The uddi t 

generation i n  the central  rods 

AS e~plained above, considerable c a r e  and e f f o r t  i s  expended to achieve 

uniform1 ty of heat generation among fuel rods. The peak heat generation rate 

anywhere i n  the core m u s t  be contro?led wS t h i n  1 i rni  t i n g  values during normal power 

operation and reactor  maneuvering transients o r  reactor  malfunctions. The design 

object ive  i s  to avoid overheating durtng accfdents and t o  tnainta.1 n fuel temperatures 

during n a m l  plant  operations which w i  11 avoid excess ivs d c f o m t i o n  andlor 

cracking of the fuel cli~dding and leakage o f  radioact ive f i ss ion  products i n t o  the 

reac tor  system. 

Fuel Design 

The design var iab les  which a f fec t  fuel temperatures are  the fuel rob linear heat 

generation rate. the fuel rod heat t ransfer  surface, and the ra te  o f  cure coolant 

water flow. AS i n  any design, there are conf 1 tct ing e f fec ts  which must be 

considered i n  detemining final design. The fuc l  rod l inear heat generation 

rate can #w reduced and fuel heat t ransfer  area can be increased by subdividing 

the fucl into a larger number of rods of smaller diameter w i th in  a bundle. 

This effect i s  i l l u s t r a t e d  i n  Table 2 which sum-.arizes the comparative performance 

of two fuel designs far the BYRlZ through 3Wr/5 reactors: 

(1 )  the 8 x B ar ray  with fuel rods of 0.493 i n  diameter, and ( 2 )  7 rr 7 

array w i th  fuel rods of 0.563 i n .  diameter. Both fuel bundles conta in  about 

the same t o t a l  weight of U02, but the 8 x 8 drray w i th  the smal le r  diameter rod 

resu l ts  i n  s i gn i f i can t l y  lowr peak fue l  hea t  generation ra te  and lower U02 

and fuel cfsd temperatures under a1 1 condi t i m s  + The principal disadvantage 

o f  the 0 8 array i s  the increased cost of fabr icat ion o t  the larger 

nunkr of rods per bundle. 
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TABLE 2 

CWPARI SON OF FUEL BUNDLE CHARACTER I S T  ECS 

Fuel Array 7 K 7 8 x 8  R a t i o  
8x817~7 

Fuel Rod Diameter - inches 0.563 0.493 0,875 

Water Rod 0 L - 

Heat Transfer Surface 
Sq. F t .  /Bundle 

Active FueliLinear 
F VBund 1 e 

Linear Heat Generation 

Peak Wft. of rod 



A summary of the evolut ion o f  fue l  thermal duty in  the BWR i s  shown i n  Table 3.  

Dresden-1 was designed for peak thermal duty of 15 KW/ft. The B W Z  through 5 

reactors were arlg2nal ly designed ustng the 7 x 7 fuel array. The BWRi'Z and 3 

reactors were designed f a r  16.5 KUIft, and l a t e r  up ta te l  t o  17.5/KW/ft. The BUR14 

and 5 reac tors  were designed f o r  18.5 K W / f t .  These increases were accompanied by 

an increase i n  the co l re  volumetric power densi ty [KU/l i ter )  also shown i n  

Table 3,  The incentive f o r  these increases was t o  achieve reactor compaction w h i l e  

re ta in ing the 7 x 7 fue l  array p r imar i l y  f o r  i t s  fabr icat ion c o s t  advantage. 

i n  1971 i t  was decided t o  reduce the peak fuel  thermal duty by changing the fuel i n  

BUR12 through 5 reactors from the 7 x 7 t o  the 8 n B fue l  array. Several factors 

account for t h j s  reversal i n  trend. Reactor operating experience indicated that  the 

incidence of fuel fa i lu res was related t o  pcak fuel  thermal dtdy. Also, adoption of 

a more conservative methad f o r  calculat ing fuel c l a d  tenperatures i n  the theoret ical  

105s of coalant accident indicated need f o r  reduction i n  pcak fuel thermal duty. 

Changing the fuel design from 7 x 7 to  8 x 8 provides s i g n i f i c a n t  improvement i n  

both areas. 

The 8 x 8 fuel i s  being introduced in to operating 0YR/2. 3 and 4 reactors as they 

requ i re  re fue l ing .  i n  new BUR14 and 5 reactors, 0 x 8 fuel i s  provided i n  the 

i n i t i a l  core. The 8 x 8 fuel now i n  prOduction f o r  these reactors i s  described i n  

Table 2. and i s  re fe r red  t o  as in te r im  8 w 8 fuel i n  Table 3. 

Concurrent with the decision t o  change the fuel a r ray  i n  BUR12 through 5 reactors, 

the B W 6  was designed using the 8 x 8 fue l  array, As detai 1 design work has 

proceeded on the BUR16 reactor, some changes have been made t o  the e a r l i e r  8 x 8 

fuel design. These are sunmarired i n  Table 4. The bundle s ize has been rrduced 

to  provide more space for nontmiling water between the fuel  channels. This reduces 

the v d d c  cocf f i c  Sent and improves redt tor  t rmsient  performance. The new design 



TABLE 3 

EYQLUTIOU ff FUEL T H E W  DUTT 

tng wrgln; 
11.8 i n i t i a l  



CQ)3PARIS(m OF lWTERlM AND 8UW6 FUEL DESIGH 

Intertm - 
Futt Rod Array 8 x 8  

k t i v t  Fuel Lmpth - In. 146 

Fuel lbad Dlwwtcr - In .  O* 493 

CIA Thickness - In.  0.434 

1Ldcr of  kkr  b d s  1 

Uater Rod D.C-ter - In, 0.493 

hndle  Size - In. 5.278 



F l  
lncorporatrs two water rods, each o f  l a r g e r  dlanrcter, to  improve fue 

perfomnee. The fuel  rod dlamtter i s  reduced t o  provide equivalent 

1 cyc 

f 1w 

1 e 

area 

wi th in  the smaller bundle. The act ive fue l  length l s  increased by four inches to 

offset the reduction I n  heat t ransfer  surface and l inear  feet o f  ac t tve  fuel 

resulting fram reduction i n  rod diameter and add1 t h  of the second watcr rod. 

In addition to  k i n g  used i n  a l l  BUR16 reactors, when i t  i s  placed i n t o  prduct3on 

this l a t e s t  8 R 8 fuet deslgn wSll replace the interim 8 x 8 fue l  I n  BWR/2 through 

5 reactors. 

Reactor and Plant Control 

In  th t  core design  ISC CUSS^ MI i t  was stated that the generation of steam w l  thin 

the core displaces water w i t h  a resultant effect on the nuclear r e a c t i v i t y  o f  the 

tore. M i  th reactor pressure held constant, an increase i n  steam generation and 

steam void acts t o  reduce nuclear reac t iv i ty  and vice versa, This negative steam- 

reactivity characteristic provides a unique method of automatic control of the BUR, 

permitting changes i n  reactor pomr and steam generation without  mvemcnt o f  control 

blades. provided pressure i s  held constant. In  dual cycle reactars, this control 

feature war achieved through variatton o f  the secmdary steam flow, which resulted 

i n  t e q m a t u r e  v a r i i t t l m  of reactor i n l e t  watcr and reactor steam generation, 

In Dresden-1 this system would pennit change In  load from 45% t o  100%. I n  the 

single cycle reactor, this type of load control i s  achieved by variat ion o f  the 

reactor coolant recirculation flow. The BUR12 and 3 reactorr have a flow control 

range of 50-1a% power. As reactor designs evolved i n  the direction o f  higher 

W r  dens1 ty and greater conrpactness, the range of f l o w  control has been reduced. 

The BUR14 and 5 range i s  65% t o  100%. and i n  BWRi6 t h i s  range i s  757 t o  100% power. 



h t h w  kntfit o f  the strong negattve steam-resctivlty characterlttic i s  I t s  

effect on reactor stability. PWR reactors, which do not possess this inherent 

stabi l iz ing e f f e c t  because t h e i r  temperatun coefffclent I s  m l y  s l i g h t l y  

negative. can encounter internal nuclear instabtlt  ty when p e r  distrfbution 

changes occur within the reactor. Large, high perfomnce PWR's (800-1000 MU 

and above) are subject t o  i n t e r n a l  osci 1 l a t i o n s  of core paver whkh can a f fec t  

their abf l i t y  ta  respond to load changes. Tho strong negatlve steam-reactiwlty 

characterf s t ic  o f  the BUR provides inherent stabi 1 i ty. 

The achievmcnt  o f  satisfactory reactor  control  depends upon ability to  maintain 

cmsknt  reactor pressure during normal operation. Reactor pressure regulat ion i s 

one e l e w n t  o f  the total turbine-reactor control complex, whIch i s  s h m  schematically 

i n  Figure 14. The reactor pressure i s  controlled by a pressure requlator(l) on the 

turbine which adjusts the turbine control valves{') t o  contml steam flow and 

pressure. In the a u t m a t i c  load control mode. a demand for  increased load i s  

indicated by reduced turbine s p e d  i n  the rpeed/load which i s  signalled 

simultaneously t o  the pre~sure r e g u l r t o r ( l )  and the r e c i r c u l a t i ~ n  f low controller w,  
The pressure regulator opens the turbine c o n t m l  valves(z) by an amount and for a 

period which are functions of the load/speed error signal, The opening o f  the 

turbine valve lwers the reactor  pressure, causing a temporary increase In steam 

f low by flashing of  water to steam. Concurrently, the recfrculat ion flow 

c m t r ~ l l c r ( ~ )  opens the r e c i r c u l a t i o n  f lw valvei5) incrcrsfng core recirculat ion 

flow and sweeping mre steam bubbles out o f  the care, which increases core 

average water density and increases the steam generation rate. The higher steam 

generation r a t e  fncreases reactor pressure which i s  a s ignal  for the pressure 

rmulator(l)  t o  open the turbine contml to the posi t ion  which controls 

pressure a t  the increased steam flw corresponding to the increased load. 

Although this control  system permits  the reactor  to respond t o  load changes 
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requhd by ths turbfne, the dminant control node i s  the regulation of reactor 

pressure. The 1 m  rr lvc  gatd8) whtch ~ C ~ V H  signals fm both the pressure 

regulator  and the speedlload control, dlscrlmliutes between these tm s l g ~ l r  rnd 

p o s i t b n s  the turbine tontml valves ta assure that thc r u q u f ~ n t s  of reactor 

pressure regulathn are met. The turbine I s  slave to the m c t o r ,  thtt i s ,  I t  can 

dellver ~ncreased electr ical  output only as f a s t  as the reactor  can generate 

Incrmsud s t e m  under pressure regulated conditions. 

Mjur r e d c t o ~  pressure increase trrnsi mts a n  contmlled by turbine bypass valves (61 

which a r e  ir t tegratd with the turbtne control valves and bypass stcan t o  the 

condenser when the turbine ralvrr(2) are called upon to close quicklyI Pressure 

increase transients beyond the capability o f  the bypass systm are con tml lcd  by 

safety-re1 id val which discharge s t e m  i n t o  the pmssvm ruppmslon u t e r  

pool. As rmctar dcnstty has increased, the capacl ty o f  the safety-re1 f tf 

systen has also been increused. Thc change i n  pawet M t l t y  from W/3 t o  BUR/4 

rwui d r h t  30% greater re1 le f  caplci ty and the ~hir%r f r-m 8)#1/5 to  BM/6 

a b u t  20%. These steps correspond to the major changes i n  p a r t r  density betmcn 

succeeding reactor classes. The 1 ncruasing cunplexi t y  of reactor prcssure cantrul 

i s  me o f  the linftations to further canrpaction o f  the BWR. 

I n  s o m  p l a n t s ,  a t  thc option o f  the  custarner, the safety-relief valves are inte- 

grated with the turbine bypass systm to  provide r e l i e f  v a l v e  augmnted bypass 

[REVAB) whSch p r m l t s  up to 100% load rejection w i t h u t  reactor scrim, wh i l e  the 

reactor pawr I s &utmnaticall y reduced to supply auxI 1 iary load only. 

In operating reactors, i t  has became necessary to supplement the original capacity 

of  the safety-re7 lef systcm t o  l i d t  peak transient pressure to acceptable values. 

T k  need became apparent after several years of reactor opera ti on when i t was 

observed that the t4m to accampl Ssh fast a u t w t i c  reactor s h u t d m  (SCRAM) had 



4ntrtrscd because of  undepleted fuel i t  the top o f  the core. This delay fn reactor 

shutdawn ti- increased stem output to be discharged by the safety-rel l c f  systm 

i n  event of a turbine tr lp.  To o f f s ~ t  t M s  problem, addftlonal safety-relief valves 

i r e  king added t o  s m e  plants, and a?? safety-relief valves in  csch plant  w i l T  be 

acturted e a r l l c r  by usfrrg the turbine t r i p  slgnal rather than waiting far the 

pressure r ise  t o  i n i t l a t e  valve  opening. The earl ier t r i p  4s referred to  as the 

pronpt relief t r i p  IPRT).  

Bath the added mlief capacity and earlier t r i p  a c t  t o  reduce the peak transient 

pressure. 

For BWR(6 plants, this problem w i l l  be resolved by providing control drives and 

systems capable a f  faster rmctot shutdorm, whfch avoids the need for the prompt 

relief t r fp .  I t  i s  not practical t o  re t rof i t  the BWR/b drives and systms t o  

earl i t r  reactors. 

I n  the unlikely event tht the control blade drive systm malfunttions and cannot 

shut d m  the reactor, a separate backup reactor shutdm system i s  prodded. This 

i s  the soluble l iquid control [SLC) system which i n  the BUR i s  designed for 

emergmcy reactor s h u t d m  only. Cts use has never k e n  requirml t o  date. This 

system provides a reserve supply of a ccmtcntrated bamn solution which can be 

pimped fnto the reactor recirculating water and wi l l  shut d o m  the nuclear reaction 

fn about tw, hours M e n  the bmn contentration in the recirculating water reaches 

an appropriate value. This systm I s  designed t o  shut dorm the reactor frm 

n o w 1  operiitlon, sssuning the only ~ l f u n e t l ~  to  be t h a t  the control blades 

camnot be inserted. The NRC; has stated that it w i l l  require accammdatian 

of a mrjor &nticipated transtent without scram {ATUS). 

¶'Urn - ir p u t  d tbm 
a m  - m = k  ~ W W  rtw*. - Elw 1-7 -tmmU Ye9*tw 

#us a r m s t  s ~ t w .  







(kw of  th mjw design c h a m  l ~ t ~  recently i s  the nduction In fuel 1 hear 

hmt g m r r a t h  rrta whieued by dunging tk fwl array frm 7 x 7 to 8 x 8. 

In W 6  this chrrgc, plus m immase in cwc  refloding rate ,  results i n  r Irqc 

wth In fuel m a t u r e s  mcmmtemd in e m t  of  a ujor loss of coolant 

accident ILKA). fhsa chrmges a n  s w r l z e d  In Table 6. 



TABLE 6 - 

+ RequCms restrictbit tm uwlmm bundle power to $5-QOZ of r a t d  peak 
bmdlle panr to met clad -8turr l M t  of  2200 under s o r  
Cbperathg cmaf tlms. 





Sbtfmllng cpuiprent and pmccdurts &re undcr tmtinulng nvim for  lmprvwarrmt to 

Irdwe t h  ti- rcquircd W pcrforn the refueling operation. The prfnclprl savhgs 

a n  tqmckd to  k reillzed through better planning of thc refueling op4r&tim and 

additfont1 t ra fn iq  a d  e~gcrimcc of the oper&tDrr. A second source of tlm 

saving i s  throogh Slprowarnt i n  mlfabflftjr of  the refueling t q u i p m t ,  since 

cquipmt bmkdanr Clls mtribthd to  lost tfm* The design of tu fue l lq  systems 

awl epul-t i s  also k i n g  i m d  to mduee the tlm rqulrcd t o  parfern 

indlvidrwl qwatfom, h t  @f these f r w m t s  are I n  detail. For C X Y ~ ~ L ,  

preriwsly, t.h -1s a d  f fxturcs used for mboltinq and transpwtlng the 

r N C t o r  vessel h a d  were h g h t  to the job s ~ t a t e l y  I n  series eperrtions. For 

6 W 6  they w i l l  a l l  k fnwrporrted i n  a crrwsel-llkt structure w i t h  pmvisim 

to execute more of the opcrrtlolrs I n  p r r r l l c l .  Each indivfburl operatiam i n  

refwlhg i s  k h g  r e v b e d  I n  I ike  nmwr for possible tirw savtng. 

&mt.her slgnlf4wnt change I n  the EW6,  Hark 111 vtfuelfng system i s  the removal 

of the fuel storage pool fnr within the cmtalmrent building t o  a special fucl 

s W 8 ~  Wldlng.  The change cmtrtbutes t o  the rinrpl4flcdtIon and size reduction 

of  tie Mrk I I I  cmklntnt dfscusred earl ier.  I t  r q u h s  a spccial mchanism 

for  the transfer o f  spent fucl t o  the fuel building. 

Zlpuritlas I n  thc WR reactor recirculrtlng wstcr and feeaster sre maintained 



bst r t d c  aurltl txpawd U nautrm rrdlatfon I n  the reactor k c m  rrdloact.lvc, 

I .e., thc wlglnal  nrclaus 1s transfamed into an unstable nuclrur which mlts 

rad4rtlm rr I t  s p o r r U n ~ 8 l y  trimfom into another nucleus or element. 



Tha rate of rrdlortt lulty decry* and the energy of tk ml tted radiations are 

tnhrmt atomic characterlstlcs which vary wldely, In the water reactor, the 

r t d l ~ t t i v c  mtw4als of concern are the water, corrbsfm products and f t s s l m  

products. In the reactor neutron f f e l d ,  the oxygen atm in water or steam I s  

transfo- Into nitrogen 16 whlch 1s unstable and transforms back t o  oxygen 

with emissions of a hIgh energy qalrrns ray. The h r l f * l l f e  of nitrogen 16 i s  

seven s u d s ,  kcnee, for practical purposes, water radiosetivl ty drops to  a 

ncgl igible value i n  minutes after m e t o r  shutdown. 

Fission products arc an accumulatton o f  many atomfc nuclei which I n  cmpasltc a r e  

highly radioactive and remain so for many years. Fortunately, most of the fission 

products remain within the sealed cladding of the fuel rod. M the small f ract ion 

of  fisslan products uhfch may leak out of cracks In  the fuel claddfng I n t o  the 

recirculatfon water and Steam system. mst arc transported through these systems 

and rvmtwlly wind up i n  thc l i q u i d  anti gaseous haste streams of the plant. 

Cormsim p d u c t s  are also a canposite of a n-r of atomic nutlel; hanver, 

the da inant  source of long term radf oactivity in  water rwctor system corrosion 

pmducts I s  cobalt 60 uhich has s h a l f - l i f e  o f  f i v e  years. Cobalt i s  an impurity 

i n  stainless steel and i s  a cmstituent of hard face alloys used i n  p l a n t  

equipmmt- Because of th is  Tong ha l f - l i fe ,  radioactive decay has l i t t l e  

practical effect in reducing the stwngth of this source o f  radiation. 

o f  the fisston and corrosion products i n  the reactor rec l rcu la t ing  water 

are carr ied  into the liqutd and gaseous waste streams of the plant .  These s t  rams 

a n  treated to d u c t  the contained rrdioactlvlty t o  rcccptably law levels pr ior  

to  d i~chargt  into the t n v i r c m e n t .  The cleanup of liquid waste streams frm both 

the BYR and PYA utilizes essent l r l l y  the srmc chemical technology. 

T t t  of rrdforctivc measured tn terms o f  half-life, which i s  the time 
requtred for the rate of rsdlation mlsslan to be reduced by a factor of two. 
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the WR, the g s s e ~ u s  f l s s l m  products which may leak out o f  the fucl I n  case of 

cladding fa  i lures, a1 ong w l  t h  the hydrogen and oxygen produced by radiolyt t c  

d ~ o r r p ~ s S  t h  of water. fn the raretor, are carr ied along w I  t h  the stream, through 

the turblnt, in to  the maSn condemcr. These noncondensable gases and a f r  

inleakage are normally pumped out o f  the condenser t o  maintain i t s  vdcuun. W 

a low incidence of fatled fuel rods (less than 0,1%), the radioactive fission gases 

can be safely dischargtd Into the atmosphere (within regulatory standards) after 

r 30 minute holdup to allw for d u a y  of thelr radioactivity. 

In  event o f  s high incfdence o f  f u r l  rod fai lures,  the greater volume of 

flssfon gases must be held up for a longer period o f  radioactive decay time 

prlor to  their discharge into  the atmosphtre. To provide a practical gas hold 

up, the radioactive gases are absorbed on activated charcoal where they reside 

for several months. In  order t o  reduce the amount o f  gases t o  be pmces~ed, 

tht  hydrogen and oxygm are ranoved before the charcaal bed by recombination in to  

wter and condensation out o f  the process stream. The gas enterlng the charcoal 

kd i s  nostly a f *  [approwhatcty 30 standard cubic feet per minute} containing a 

few cubic ecntimters of radioactive fisslon gases. The radioact ive gases {Xenon 

and Krypton) arc prtfermtlally absorbed In relat ion t o  their higher molecular 

rclghts. Such "off gas" treatment systems arc now included fn a l l  new plants 

snd i r e  being ad&d  t o  earlier BYR plants. The addition o f  o f f  gas system w i  11 

reduce 6UR g isews d4schrrgcs t o  cxtrumly low levels below the values reputred 

by regulatims. For example, a simple 30 minute hold up systm discharging 

106,000 micro curCds per second of gaseous act iv i ty  frm about 100 leaking fucl 

rods, m l d  result in  an annual dose rate a t  the s t  t e  boundary of 160 mi  'El f-ran/ 

year [mr/ycrr). This dast ra te  m l d  be reduced t o  a b u t  5-10 mrlyear i n  an 

-6 - t  t m r r t u r e  charcoal r b s o r k r  bed system and to 0.05 to 0.10 mrlytar fn 

r refriwrrtcd k d .  



S m e  frrction of the radioactive corrosion products are deposftcd throughout the 

ruirculatirrg water systm piping and equipment. The c o n t h l n g  dtpos l t  of 

rddi tional c a l t  during operation rcsul t s  i n  a build-up of rsdtorctlvity t o  the 

eatmt that maintcnanct o f  the systems and q u i p n m t  i s  impaired. I n  older water 

reactor plants, sane maintenance has to be performed i n  a carefully s t a g d  manner 

by teams of maintenance personnel whose time i n  the high radiat ion zone i s  l imited.  

41 though mainttmncc In bath the WR and WR i s  affected by t h i s  radiosct ivi  ty, 

the BWl has a superior h istor ica l  record of tadfatfan exposure t o  p l a n t  personnel, 

averaging about 1/2 of the PWR exposure (218 vs. 414 man-rm/yrfplant). The 

higher exposure i n  the PYR i s  due i n  large part t o  s tem generator Inspection 

and repaSr. 

The continuing build-up of radloact ivi  ty in systems external tn the reactor may 

eventually (10 t o  30 years] reach intolerable levels and require reduction to  

pemi t maintenance rark .  Such reduction has k e n  achieved i n  some early plants 

by chrmicrl &contamination. A chemical decontaminatton o f  Dresden-l Is now 

k i n g  planned fw implementation )n 1976, It i s  a complcr and costly operatiorr 

and requires several months af plant outage time. 

The reactor suppl fcrs and ut4 11 t i es  are engaged i n  cmpetatfvc efforts to study 

t k  swrces. transport, deposition and clean up of radfoactivc matertals i n  

systems twttmal to thc reactor. The objective of these studlcs f s to  reduct the 

build-up of radforctivity in  the erternal system5 t o  avoid or  minimize the need 

for r mrjar decontaminaticm. 

Principal steps i n  the technical evolution of the BUR &re sunmartred ifi 

table 8 .  
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So. Units 
Opa rotion 
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PLANT N A E C A B J L I T Y  AND CAPABILITY 

T h t  t t n r  of mast i n t e r e s t  i n  measuring nuclear plant quality art Plant Avd4labi l i ty .  

Caplblli ty dad Capacity Fac tor .  These terms may be def lned as fol lows, and a r e  

s h  graphically i n  Figure 15. 

Plant  A v a i  l a b i  1 i ty 

Mnavai lab i  1 i ty 

Capabi 1 Sty Factor - - 

Capacity Factor - - 

0:erable Hours 
Perfoci Hours 

I - A v a i l a b i l i t y  

Scheduled Downtime + Farced Qtwnttrne 
Period Hours 

Achievable KW Hours 
Rated KW x Perf od hours 

Actual KW Hours 
Rated KW x Period Hours 

Ava i lab i l i t y  is simply the fract ion o f  time w i t h i n  a given period t h a t  d plant  

i s  avai lable  For operation, though not necessarily a t  5 t s  rated capacity.  The 

Capability Factor i s  the f ract iona l  amount of energy (kilowatt hours) the p l a n t  

i s  capable of producing over a period o f  tim as cmparcd t o  tide energy t h a t  

vould be produced st fu l l  tagaci ty and availabili ty, Capacl t y  Factor i s  the 

frdcttoni1 amount of energy (kilowatt hours) the plant i s  actual ly called upon 

t o  produce over a given time period as compared t o  the energy t h a t  would be 

produced a t  f u l l  capacity and a v a i  M i l  5 ty. 

as the plant's average or ef frctJ ve capaci ty  

rated k i lowat t  capacity. 

Plant capdbll i t y  i s  detwmCned not only by p l  

Capacity factor can a l s o  be viewed 

during a tSmc period r e l a t i v e  to i t s  

ant availability. but also by p lant  

&ratings o r  restr ic t ions i n  the ra te  a t  whlch power level can be changed. I f  



th t tc  a r t  nb derates or r e s t r i c t j o n s ,  the  capdbility f a c t o r  would be numerically 

equal t o  the plant a v a i l a b i l i t y .  The plant capac i ty  factor wdll be lower than the 

capability factor i f  the p l a n t  i s  used t o  load f o l l w  or Sn other ways whjch do not 

take full advantage o f  the p l a n t ' s  capability. Since nuclear ,J;av+s arc used for  

base load, they a r e  gtfietally operated a t  capactty factors close to their  capabi l i ty .  

Typical l eve l s  o f  availability, capabi l i ty  and capacity factor are shown i n  

Figure 15. 

N o n a u a i l a b i l ~  i s  the complementary f r a c t i o n  of t i m e  that  a plant  i s  no t  a v a i l a b l e  -- - 
for operation. Nonavai labi l  i t y  i s  composed o f  two parts: l a )  the  Forced Outaqc 

Rate  which i s  the f r a c t i o n  o f  time the plant w ~ s t  be shut down for unscheduled - 
r ~ p a i r  or maintenance; (b)  the Scheduled Outage -- Rate which i s  the f ract ion  of 

tine the plant i s  shut down f ~ r  re fue l ing  and scheduled maintenance. The a c t u a l  

"scheduled" outage time may exceed that which was or ig inal ly  scheduled. 

Other terms of interest are  D u r a b i l i t y ,  Reliability and Time to  Repa 

O u r d b i l  i t y  ir a measure of a hardware component's resistance t o  wear 

humricaTly i t  may be equated t o  the component's service l i f e  o r  rep 

l i f e .  Durabi l i ty f a i l u r e  i s  only one of the f a c t o r s  c o n t r i b u t i n g  t o  

i r .  

and abuse. 

lacement 

re1 i a b i  1 i t y .  

The term Reliitbi 1 iQ i s  sanetimes used as a measure of Forced Outage 

P l a n t  RelTakitity = 1 - Forced Outage Rate 

To say. i n  t h i s  sense, that a p l a n t  has "high reliability" i s  t o  say 

a IOU forced outage rate. 

Rate. 

t h a t  i t  has 

In d mre r e s t r i c t e d  sense, the term Reliabi l i t j  r e f e r s  only t o  the p r o b a b i l i t y  

of fs i lure o r  shutdown as measured by the number of f a i lu res  i n  a specif ied 

time period. The durat ion of the shutdown i S  Pandled as  a separate parameter 

ReliabilSty i s  often used j n  t h i s  sense i n  r e f e r r i n g  t o  s p e c i f i c  hardwafe 
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CUMULATlVE AYERAGE AVAILABIL ITY  - X 

Damestic Forr  i gn A l l  Plants. 

GE - BUR 69.9 70.0 70.0 

U - WR - 68.7 59.3 65.5 

A l l  PWR 65.0 59.3 63.5 

It can be seen that Westinghouse d m s t t c  WR's (68.7;) arc almost idmt3cal in  

avai labi l i ty  :;r GE d m s t i c  BUR'S [69,9:. .) .  On the other hand, when a l l  plants 

a r e  considered, the BUR'S (70.0%) appear t o  have k e n  sllmewhat superior in 

operating availability t o  a l l  PUR's (63.5%). The c a p a r a t i v t  trends i n  

availability for a l l  WR's and PUR's are shwn i n  Figure 17. 

Figure 18 ccmpaws the avai labi l i ty  and capacity factor of BUR nuclear plants. 

I t  can be seen that there I s  a signif Scant df ffermcc between capacity factor 

and p lant  awaitabi l i ty.  This i s  due, i n  Isrge part, to rest,  ictions which have 

been imposed on owrating power and rate o f  change of panr, The effect of such 

restrictions on plant capacity Ss illustrated in  Figure 19. 

I t  can be s e n  frinn Figures 16, 17 and 18 that  there i s  no signi f icant  trend 

in  nuclear plant avai labj  l i ty or capacity factor. A v a i  labi 1 i ty has persisted 

a t  a level of abwt  70% for several years; capacity fac tor  a t  abbtct 55%. this 

i s  also sham tn the cumrlative average nuclear plant availability plotted against 

cumulative years of plant operating expertcnce (Figure 20). 

BUR Avr f lrbfli ty/Capabt 1 $ ty Hlstory 

Ptant a v i i ~ l a b i l l t y  i s  Inportant t o  the ~ t i l l t f e s  since nuclear uni ts  are Intended 

for base load. Any lost tapsci ty,  whether due to forctd or scheduled outiqc, must 

be ma& up by plants havlng hlgher fuel casts. the second measure of importrnct 

I s  the mount of the tlst u n i t  I s  operated under condl t h i s  of forced d t r i t r ,  l .c., 

a t  reduced crpab4lC ty or capatl ty factor, F w  example, operrtlon r t  less than Cull 

capac i ty  due t o  m e c s  h e  of fgss ac t h i  ty . ~t of th. 
At53  U+ N ~ f ~ ~ ~ r  ttm 1W7 "Wtr Y.~U -tm smdyn. 

tOt WTmt @tltW. 

- - -. - 









CWUTIYE AVERAGE PLAtlT A V A M B I L I T Y  VERSUS EXPERKWE - 
ALL BUR PLANTS 

PLANT YEARS EXPERIENCE 

Figure 20 



B M ' s  h u t  accunulrtrd a t o k l  of rppmxinutcly I25 m e t o r - p a r s  of operation. 

Durhg that  period, the year-by-year average r v r i l a b l l l t y  i$ shawn i n  Flgure 17, 

A t  thr and of 1973, a f te r  100 mctor-years o f  -ration, an rnrlysls was made of 

tht  trrcsei of BWR unavsi labl l i ty or  dtrated operatton. The potentlal gcnerat4m 

that could Mvt been rchievcd during t h a t  1bO reactor-ytars (full ti- wrrtlotl 

a t  rated caprc~ty )  u s  a t m t  250 x 1 9  k ~ l - t t  b u r s .  ~ w r a t i o n  actually 

achieved r r  about 150 r lo9 k l l a u t t  hours. Capacity Factor *Is thus about W?. 

Of tht 40% lost entqy, 8% was due to operation a t  less thm rated capad ty and 

32% was due to plant shutdorms. Sonc of  the 8% loss frcan operatfon s t  less than 

ra ted  capacity i s  attr ibutable to  Toa.) following. The m i n d r r  include$ 

capatity lost during startup and skutdom, as wll as p e r i d s  of operation a t  

forced & r a t e  due to  quipment problem or regulatory rest rk t iens .  A breakdm 

of causes, other t b n  load following, for  the year 1973 Is shown in  Table 9. 

The 8.17 Sn 1973 i s  consistent with the 8% average f o r  tkc entire time period. 

The plant shutdowns sccormting for the 32% capacity loss fncludcd both forced 

and scheduled outages. These outages occurnd a t  various phases of plant 

operation as shoun i n  Figure 21. Plant shutdarns during the period from star t -  

up until the f i r s t  reload ( f h t  cyclc) accounted far a loss o f  35 r lo9 kwh. 

or 142 of rated capacity. 5kutdamrs for "annual" refueling and mairttmmce 

accounted for 32 R 10' kwh -f l o s t  gmerrtlon. or 12.8% of  capacity, Finally, 

t h u t d m s  durlng 'operating" cycl cs between refuel 1 ng outages rccounttd for  

13 1 lo9 b h  of  lost gemration. w 5.2% of capaci ty.  

The vel&tlvety low auaflsbl l  fty of the plants during f f r s t  cycle i s  largely 

rttrl bubble to  s significant nunber of outages o f  longer than 30-dry duration. 

T k r e  were 24 such outages, accounting far 213 of tm unavatlabi l i ty during 

the f i r s t  cyclc. Causes of tb long outages have included control rod drive 



mdlficrtims, suppnssim pbol torus repairs, feedwsttr sparcgtr repair, fuel 

repair and replacement, jet punp repair and turbine and generator problms.  

The other drea W c h  has impacted upon avai lab1 11 ty t s  the duration of the 

refuel ing-ma1 ntenrnct wtrgt .  the average length of such outages was 76 days 

through 1973. Indivldutl wtagcs have ranged i n  1cng th frun 20 days t o  273 

days, as int.lcatcd by the d is t r lbuthn of autagt duration sham i n  Figrrtt 22+ 

The 1mg durations ire, i n  general, due to the scheduling of major plant 

m d ~ f ~ c a t i o n s  to k done a t  tht time of the annual refueling. 

T k  BUR uses the direct cycle i n  h l c h  s t e m  generated i n  the reactor- i s  trans- 

m i t t e d  directly to the turbine. I n  thc PSJR, steam i s  gmerattd i n  a heat exchamet 

utilizing water N t td  tn the reactor (see Figure 5) .  The major elmento of the 

BVR nuclear steam supply system mere described and i 1 lustrated earl ier.  f he 

configuration of a Ycstinghoust (bl] FUR steam supply system Ss shown i n  Figure 23. 

recirculating lamp piping md the prrssurizer. ( 3 )  The function of the pressurizer 

i s  ta maintain the hlgh systcn pressure which prevents b l l t n g  of th water i n  

tlw reactor c o n  a d  to provide s u m  for expmsion and contraction of  the water 

As indicated earlier, the BYA turbine plant i s  designed to  handle radCoactive 

stem and f fss lon  gases. Rec@ure of the stem generator, tht PWR turbine plant  

i s  nrrt W i g d  to r c c m r t t  slgnJficrnt rrdfoactivity, and the occurrence of 

leakage of ?adlm&ctlvr uatrr through the s t e m  generator tubes requires plant 

Ifis of a d  lab1 1 i ty In M plmts and 11 1 PWR sukpl lmrs tuve major prcogtrms 



TABLE 9 

BYR CAPACITY LOSS FROl REDUCED WER OPEMTIM 

1973 - 

Wer ECCS C r i t e r i a  

Fuel Channels 

Off gas 

Equivalent Annual Cawcity 
Rcduc t I on 

1973 Actual i%) 



PLANT SHUTDOWNS 
(ALL CAUSES) 
80 x l o 9  KWH 

(32% ~t TOW capa~ityj 

L;rm-cYcISE 
OUTAGm 

M)JNTENrnCE - 
REFUELING 
OUTAGES 

OPERATING-CYCLE 
OUTAGES 

Figure 21 
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t o  improve n l i a b l  l i t y  of their steum generators* One of the w i n  changer i s  

i n  improvement of water chemical treatmmt I n  the secondary side of the sttam 

gmerator. Tht  canventianrl phosphate treatmnt f s  being replaced wSth a 

volati le chemical agent and the fecdwatcr i s  being dminerallzed to l i m i t  

inpuri t tes c a r r i e d  i n  with the feedwater. These changes increase the capital 

and operating cost of  the PIJR, reducing i t s  cunpeti ti vcness relative to thc BUR. 

T h  presence of stem generators i n  the PYR account for other mjor differences 

I n  charicteristics between the PUR and the BUR. These are w m a t i z t d  I n  Table 10, 

Both plants am deigned for esscntia 1 Iy the same s tem cmdi t ions ,  approximately 

1OOO psi 5 W F  and at ta in  c q a r r b l c  t h c m l  eff iciencies.  En the di rect  cycle 

BWR. thc reactor system Ss designed for operation a t  t h i s  pressure and 

tenplraturr. In the PYII, the peak reactor systm temperature i s  rp~roxtnrately 

lwF hightr to pmuide a t-rature difference for transferring heat from 

reactor wter to stem i n  the s t e n  generator. To suppress boiling i n  the mrttor 

a t  this w r a t u t c ,  thc reactor recirculating water i s  pressurized t o  2250 psia, 

or  mre than twice the BYA rractor pressure. 

The ~msence of the s tem generator also accounts for differences Sn chemistry 

of the BlSR and PYR m c t o r  neter, The PUR i s  a closed water recirculating systm; 

the B M  i s  an open systar with net stem output. The chemistry of the  BUR 

reactor water u l s  h c r i h d  earlier. Baskally, Mgh water purity i s  mainhlned 

by clean-up of thc reactor fnbrr ter  and n c f  rculathg water, and no addi t i v t s  

a r t  used t o  control dissolved ortygrn or pH. In the PYR. a nurnbcr of add i t ives  

are used to cmtm1 reattor water chm4stry, i n  addltion t o  clean-up of the 

wrw far rcnovrl of impurities. 

In the W, the radio lyt ic  &cmpo$itfon o f  water into hydrogen and oxygen i s  

retarded by rm4mtrinlng rfi werprcrsun of several atmsphtns of h y d q t n  



I t  i s  dlfflcult ta nh m evaluation of  m r r t l v t  aduantages and d ~ s a d v m ~  

of the CNC- wtm tm-t sys- SIMC they are very d i f f t rmt  and include 

w t  dlffuent fumtlms. Fm th stadpoint o f  ridicnctivity i n  the 

recirculating systS4, tlm bufldup rate 1s rpproxiutdy the same i n  both the 

rrd PClt. F m  the stmwifir af strcss carrosion cracking, the BYR 

lur e w i m c d  rPrr pahlems, but i t  i s  nat substantiated that wtcr chtmlstry 

i s  i dollimrt fwtw. frd. t)w standpaint o f  aperability, tk relatfwtly sinplc 

c-t m n k r  d r a r i s t y  cmtmlo bf the M represent i n  idvrnt&ge, but a 

odfflcatim mf rater corrditlonr. if q u i d ,  w l d  k mre df f f icu l t  to 

iwlacrrt in  the open system. 







Figure 24 
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prou~dlnq supplrmntrry nucltrr contml . I n  the PWR, neutron rbrarbcr mttrlal, 

r rdulrle b o r n  cmpoufid, Is 4njected I n t o  the reactor rtc4rculrtinq water for 

m c t w  control. T k  n r c t o r  i s  started up and shut d m  using tb mcchrnicsl 

cluster central alanrmts, During cont lnuous steady state aptration the cluster 

t1-ts cm k withdrawn and control provided by the s01ubIe polson In thc rcactw 

recirculating wrtar. This system fr Loo siw to rcspcld to short term load changes 

which h l v t  to  k a c c l i ~ ~  through control rod mcivcmtnt. S l w  changes i n  powcr 

lev*) or fuel depletion ccmgmsation are a c c m p l l s h d  w i t h  the soluble poison system. 

Fw 8 suddcrr 10% m r  dsrund the PUR stem gtnerators can provide steam fm 

a translent demand. The stern drum, which serve as r ~ t r v ~ i r s .  for 

Imt is foil- by increased m e t o r  output achieved by control rod mvt- 

. Rwpmsc to  sudden lord demand i s  acemplished In the BYR by flow cmtrol 

i n  the flar control pwer range. Thc BUR s p e d  af response i s  slarer over the 

i n i t l a l  10% lwd change but fas te r  Over the to ta l  range of flow control. This 

i s  illustrated In Figure 25. An additional system i s  k i n g  developed for the BUR 

to  provide capability far frqumcy regulation. uhfch requires fast  response for 

several per cent load c k n g t .  This rill k a c c a n p l i s M  by using the flw 

mtml  system to regulate reactor s t e m  prtssum, i n  place of the current 

systm in  uhich the turbtm cmtmls reactor pressure. 

Histor ica l  Evolutfon 

Thc relative histcw4cal w a l u t i m  of BYR and eYR reactor characteristics i s  

lllurtrated In Figurer 26, 27 and 28. The unit s l z r  history, sunwrized i n  

Ffgure 26, Is self-erplrnrtory, Thc chmgts In core prrwr density are shown 

i n  FCqure 27, and th c h q e s  i n  fuel them1 duty [Wft) i n  Figure 28. 

Tlw l increim tn BYR fuel tbml duty I n  the late 1960's occurred with  the 
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This section contalns br ief  biographical 

sketches o f  Nuclear Reactor Study Group 

members. 



Dr. Reed holds chern~cal  engi n e e ~  i nq degrees from Case 1 ns t i t u  t e  of Techno1 oqy 
(05. 19343 dnd M . I , T ,  {ScD, 1937) where he bwght u n t i l  j o i n i n g  the Resednh  
Lahordtory as d research a s s o c i a t e  i n  1942. After  engineerinng management 
drslqnmentr i n  the themica1 D i v i s i o n .  he became General Manager of the  S i  1 icane 

1953 
res i den t 

~ r o d k t s  Depr?rtnrent i n  1952. of the Metallurgical Products Dipdrtrnent i n  
and of  the D i v i s i o n  i n  1959. He was made V ice  President in 1962, Vice P 
dnd Group Executive. Components and M a t e r i a l s  Group i n  1968, dnd Senior 
k i t y e  President  in 1971, He i s  a Fellow of  thc Americdn I n s t i t : ~ t e  o f  Enq 
dnd 11 mevwiher of  the N a t i o n a l  Acadmy of Engineering. 

A q r d d d d t e  o f  the U . S .  Naval Acddetlry, M r .  Beardslee c c  .pleted a post graduate 
course in aeronautical engineering a t  the Cdlifornia Institute o f  Techiolcqy. 
After ep~~ ineer ing  jobs w i t h  ?ldsmob~le Motor Works and Lnckheed A i r c r d f t ,  he 
jo ined Curtis$-Wright Corpora t i o n  a s  A s s i s t a n t  to the  Vice President,  A i r p l a ? r  
Divir~on. qr. k d r d s l ~ e  jo ined Generdl Electric  i n  1947 a s  A s s i s t a n t  Manager 
o f  M q ~ l l u : ~ ~ t ~ r i n g  of  GE X-Rdy Corporat ion.  In 1948 he transferred t o  the 
Mdnr.f,icturinq P o l i c y  D i v i s i o n ,  and was appointed Manager-Manufacturing Engineerinq 
' e n  ice  w i  t h  the t I t le  o f  Manager- Engiocering and Manufactur ing E n g i n e ~ r i r t g  
Consult iflq Scrv ice  of Corporate Consu l t ing  Services.  He r e t i r ~ d  f rcrm that 
pas i t ia f i  as of May 31, 1975. 

Dr. Beaton. a yrddudte  ot  N o r t h ~ ~ s t e r n  U n i v e r s i t y ,  received a D.Eng. frm Y a l e  
and an Honorary D.X. frm t ior theastern .  H i s  e~tensiue i ndus t ry  career began 
dt  the dliPont Cmpany  where he was i n v o l v e d  i n  the Manhattan Pro.ject. He 

i on5 joined thr  Generdl flcctric Cmpany i n  1946 and has he ld  n~anagement pasi t 
i n  the research and d~velopment,  design, construction,  dnd mdnufacture  of 
rruc lebr p l a n t s ,  rm,l e a r  weapons. weather dnd communication 5a tell i t e s  and 
5 ~ ~ c e t r ~ f t  ~ystems, as wll d s  rophist~cated e l e c t r m i ~  systemr. He wds 
charrlc of C E ' s  A~ollv Prmrarr and received a NASA Pub1 i c  S e r v i c e  Awdrd fn  

ot.her 
.r n 
r 

as5i;trnq I n  the'successfi l  l u n a r  landing o f  Apollo 11, He assurncd h i s  prpsent 
pfrs i t i on, 'J 1r.e President dnd Genera 1 Manager, Lnerqy 5ys terns d n d  Tec+nol ogy 
D i v i s r o n ,  In Mdy  1974, ~ j n d  i s  r e s p o n s ~ b l e  f o r  the  e v a l u d t i o n ,  planning.  
l n t P ~ ] r a t i o n .  (tr.: executiun of  dl1 edvdnced energy-related r e s m r c h  and 
rhvelnpment ~ ~ c t i v i t i c ~ .  of the Compdny. 

Thin page I 8  p u t  a I  thm 
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M r .  Elston received h i s  f l . S . M . E .  f r m  Drexel i n s t i t u t e  of Technology i n  1937 
dnd d o i ~ ~ c d  the Engineering Test Program. He completed f i v e  years of the 
Advanced Course i n  Enqi neer ing . A f t e r  many assiqnments relating t o  t u rb ine  
design and performance, he was named ass i s tan t  t o  the engineer i n  charge of 
l d r q e  stcam turbine derign i n  1947, and i n  1949 became Manager-Turbine 
Enq ineering , Large Steam Turbine-Genera t o r  Department. F o l  1 owing assignments 
d~ Mdnaqer-Lngincering, Gas Turbine Department, General Wanager, Gas Turbine 
Qepdrtmcnt and Cie !era 1 Manager, Large Steam Turbine-Genera tor Department, he 
was nmed Manager-Steam Turbine-Generator Opera t iona 1 Planning i n  1966. h i s  
present assignment. 

A yraduate of hew Yarb U n i v e r s i t j  (MSEE),  M r .  H a r r i o t t  joined Generdl E l e c t ~ i c  
on the Test Program i n  1941. A f t e r  mi l i tary  service and teaching a t  New York 
Uni wers i ty  , he worked i n  the General Engineering Laboratory and Kno l l  s Atomic 
Power Laboratory, He was named Manager- Information Engineering Laboratory 
(General Engineering Laboratory)  i n  1959. In 1963 he jo ined  North her ican 
Rochell Space D i v i s i o n  as D i r e c t o r ,  In format ion Svstems. He returned t o  
Corporate Engineer1 ng Sta f f  i n  1968 and was appointed Manager-Engi new i ng 
C n n w l  t ing Service i n  i9:l. He assumed P;% present pos i t ion  as Manager- 
;'rr,duc+ i u i ry Proqrams, Corporate Consulting Services i n  1975. 

M r .  Hmsworth graduated with a B.S .M .E .  from the Univers i ty of Nebraska i n  1940 
and w a s  hired by General Etectr ic  on The Test  Efigineering Program. He joined the 
Company's A i r c r d f t  Engine Group i n  1942 i n  Test F a c i l i t i e s  Design and Development 
Enqir,w:rinq. In 1948 he became Manager o f  T2st  F a c i l i t i e s  Design and Operation 
i n  the F l i g h t  Propulc!an Plant i n  Evendale. Ohto. I n  1951 he began a ser ies of 
managerid1 assignments for the development of advanced engines and i n  1957 
was ass iyned respons i b i  1 i t y  for Engine Cmponcn t Design f o r  the  Large  Jet  Engine 
Department. I n  1%0 he became Manager o f  Engineering and later Advanced Design 
Inqinirerinq i n  the Smal?  A i r c r d f t  Engine Department and i n  1964 re turned  t o  
Lvendale as Manager o f  TF-39 Engineering and i n  1968 was named Manager of T F - 3 9 K F  -6/ 
LM-2500 Engineering Operation. In 1971 he became Chief  Engineer, Group 
Enqinecr iq  Divis ion.  
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T .  t i .  Lee - - - - -  -- 
Dr .  Lee graduated from National Chiao Tung Universi ty (BSMEj i n  1946. Hc came 
t o  the Un i ted  S t a t e s  and j o i ned  Anderscn, Meyer and Company. He became a Test 
lngineer i n  Schenectady i n  1948 and studfed a t  Union College and R . P .  I +  
[MSEE,  1950, Ph.O.,  1954). He he ld  var ious pos i t i ons  i n  engineering and 
research u n t i l  1955 when he s t a r t e d  General E l e c t r i c ' s  vacuum in ter rupter  
development program. 1fi 1959 he was appointed Manager o f  Engineering Research 
a t  the Phi ladelphia Laboratory  Operation. and i n  1967 he was appointed Manager 
of the e n t i r e  Laboratory Operation. I n  1971 he ras made Manager ut the Power 
Pel i ve ry  Group's Technical Resources Operation, a p o s i t i o n  he held u n t i  1 1974 
whe~r he assumed his present p o s i t i o n  as Manager-Group S t r a t e g i c  P?dnning 
Operation f o r  the Power Generation Business Group. Dr. Lee i s  a Fcl low of the 
I n s t i t u t e  o f  Electrical and E lec t ron ic  Engineers. a mmber of the American 
Vacuum Society, a member of the American Physical  Society and a menbcr af 
the h t i o n a l  Academy o f  Engineering. 

I+._ C .  Leve re t t  - -  -.--- 

A f t e r  receiv ing h i s  DSc. i n  Chemical Engineering from M. 1 . T . .  D r .  L e v e r e t t  held 
a number of research and manaqerial post t i ons  w i t h  var ious companies before 
j o i n i ~ y  General Electric i n  1951 as Engineering Manager i n  the A i r c r a f t  Nuclear 
Prr i s  ion Department ; i n  1956 became Manager-Developmen t Laborator ies. He 
transferred t o  b n f  ord as Consulting Engineer, and served as Manager-Resc w t h  
and Lngineering of  Hanford Atomic Products Department untlT 1967 when he t rans-  
ferred t o  Nuclear Energy O i v  i 5i0n as Manager-Div i s i o n  Safe ty .  H i s  present 
asr ignment i s  Manager-Nuclear Sdfety Assurance, Nuc lear  Energy D l u i s i  on. O r .  
Leverett i s  a Fellow of the American Nuclear Society, a member o f  the Amcricm 
l n s t  i tu t e  o f  Chemical Engineers, the b e r i c a n  Associat ion f o r  the Advancement 
of Science, and the American Physical Society.  

A f t e r  graduat ion frm the Un ive rs i t y  o f  Pennsylvania I R A  i n  Phys ics  and BSEE) 
M r .  M c A l l i s t e r  joined General E l e c t r i c  on the Test Program and pa r t i c i pa ted  
both as studen: and instructor i n  i t s  Advanced Engineering Program. He 
subsequently served i n  a v a r i e t y  of engineering assignments and i n  1956 was 
named Manager-Engineri ng o f  the T e l e v i s i ~ n  Receiver Department. Before 
t r ans fe r r i ng  t o  Corporate S t a f f  he served as General Manager of the Power 
Tube D~partment .  I n  1963 he was named Consul t an  t-Advanced Development and 
also served ds Manager-Produc t Safety sad Re1 i abi 1 i ty . He was appointed 
S t a f f  Executive, Product Qua1 i t y  S t a f f ,  Corporate Studies and Programs i n  
1971. 
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A graduate o f  the University o f  Kentucky w i t h  a B . S . M . E . ,  M r .  Neal  joined GE 
i n  1935, spent three years on the Test Engineering Program and then joined the 
Large itearn Turbine-Generator Department where he served i n  a var ie ty  of design 
dnd engineering posts. In 1951 he transferred t o  the Small qtean Turbine 
Departiwnt i n  F i tchburg  as Manager o f  Supercharger Engineering Two years l a t e r  
he wd: named Manager o f  the Design Engineering Program. Tn 1960 he jo ined the 
lienera1 Engineering Laboratory as Manager of Design Lng inecr ing fo r  Magneto- 
hydrodynamics. I n  1961 he became head of the Mechani ca 1 Engineering Laboratory 
and i n  1971 he was appointed Manager of Research and Development Planning and 
Camnunication. ftr. t k a l  i s  a Fel low o f  the American SocSety of Mechanical 
Engitleers and a member o f  the soc ie t y  o f  Naval Architect5 and Martne Engineers, 

Y. F'. O'Brien 
. - L - .. - ---- 

D r ,  Q 'Er ien qraduated f rom Massachusetts Ins t i  t u t e  of Technology i n  1925. 
received a Doctor o f  Science degree from Northwestern Un ive rs i t y  i n  1959 
and a Doctor of Engineering degree from Purdue U n i v e r s i t y  in 1961. He has 
been a Lonsbl tant (on a retainer b a s i s )  t o  General Electric Company since 
1949, he i s  Dean of Engineering Emeritus and Pwfess~r  of Engineering 
Emfit~rr a t  the Vniversit:? of C a l i f o r n i a ,  Berkley, and i s  a member of the 
Pda t i ona 1 Acadmy of Engi neer i ng . 

A. W. Robinson - -  --. 

A f t ~ r  receiving h i s  H.5.E+E. i n  E l e c t r i c  P m r  Engineering frm M . 1  . T . ,  M r .  
Robinson jo ined Gf i n  1940. He jo ined the Guided H iss i  les Operation i n  1945, 
was mdde knager-Guidance Engineering fn 1953, Manager-Systems Engineering i n  
1955. Weapon Systems Engineer i n  1956 and Manager of  Future Growth Sttdy, 
Advanced Systems Engineering and Zpacc Business Development i n  1960. After 
t w o  years with tFLz O f f  i c e  o f  the Secretary  o f  Defense as Assistant D i rec tor  
of Cerense Research and Engineering, he returned to t h e  Company i n  I965 as 
Mandger-Advanced Requirements Planning Operation, M i  s s i  1 e and Space Divis ion.  
I n  t h i s  assignment he was responsible f o r  development and construct ion of 
the radjo isotope porrer supply landed on the moon i n  the Arm1 lo  prayram. 
From 1968 t o  1969 he was Manager-Aerospace Resources Analysis. f r m  1969 
t o  1970 he was Manager-Group Integrat ion Operation i n  the Information 
S y ~ t e m ~  broup. He was vadc S t a f f  Executive i n  1971. 

E .  - Sclmidt . 

A gradudte of M. I .T, w i t h  a M + S c ,  degree i n  thermal dynamics, Hr .  Schmidt. fo l lowin9  
s t i r r t  i n  the U. 5 .  Navy where he served ds gunnery o f f i c e r  and radar o f f i c e r ,  

joined h ~ e r i c a n  Cyanamid, working there from 1947 t o  1948. He worked a t  Oak 
Ridge f b t i o n a l  Labgratary frm I948 t o  1951, leaving t o  j o i n  Convair. I n  1952 
h~ joined General Ilectric, working w l  t h  Messrs. ti. Paige.  T. 0. Pdine and 
t .  t .  Hood. After working a t  NAS1 from 1967 t o  1970, :4r. 5chnid! betdme a 
Consultant and has worked with various General Electric businesses sinre that tinbe. 
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M r .  Stone graduated from the Univers i ty  o f  b u f f a l o  w i t h  a R . S .  degt-ee i n  Mechanical 
Engineering; he also obtained an M.S. degree i n  Engineering from Union College. He 
jo ined GE i n  1948 on t t ~  Engineering Test Program and held several t r a i n i n g  
dssignments i n  Aivcr i t f t  Gas Turbine5 and High ',, laed Bearing Testing. He joined 
the Knoll:, Atmic Power Laboratory i n  1949 and held severdl supervisory pil5it ionS 
i n  reactor  safeguards and sh ie ld ing  o f  nuclear submarines. In 1958 Ire was 
appointed t o  a managerid1 p o ~ i  tion re lated t o  Power Plant Engineering and held 
t h i s  and s i m i  l a r  posit ions u n t i  1 1960, From 1460 t o  1962 he was Manager of 
p l a n t  Analysis and Me?chanical Systems on an advanced submrine plant.  h 1962 
he becam P r o j e c t  Manager I n  1968 he was made General Manager of the Knol ls 
A t m i c  Power Laboratovy. Af ter  s i x  years he was appointed Manager, Nuclear 
Energy Operational Planning a t  the Nuclear Energy Div is ion.  I n  May 1975 he 
rd5 appointed t o  h i s  present pos i t ion as General Manager, B o i l i n g  water- 
Reactor Systems Department. flr. Stone i s  a member of ASME and ANS. 

A rdative of tiorway, Mr .  Thornton holds a 8.5. i n  Engineering from t u f t s  and a M.A. 
i n  %ysic5 from Howard. Before joining GE i n  1951 he held a var iety of posit ions 
including Rucledr Ueapons Specialist, Manhattan P r o j e c t  a t  Los Alamos and Tinian 
Is land.  F l i gh t  Test Engineer fo r  the University o f  Ca l i f o rn ia  i n  the 1946 B i k i n i  
t es t s  and Design Engineer a t  F a i r c h i l d  Nuclear A i r c r a f t  Project  i n  9ak Ridge. 
H i 5  General E l e c t r i c  assignments have included Supervisor-Nuclear Analysis. A i r -  ~ c r a f t  tiuclear Propulsion Department, Manager o f :  )ITRE1 Reactor Project, XNJ240 
Nuclear Turbojet Project. D e i g n  and Projects S ~ c t i 6 1 1  and Advance Engineering ~ Section. He was appointed Manager-Engineeri ng, Nuclear Hateria 1s and Prapul 5 ion 
Operation i n  1961 and joined Corporate Erqineering i n  1965. H i s  present pos i t ion 
i s  Consultant-Engineerinq Pmject Reviews. 

Dr.  Weinkrg received h i ~  S . B . ,  S.H. and Ph.O. degrees in  Physics f v m  the 
Univers i ty  of Chicago. One of the f i r s t  members of the University o f  Chicago's 
wartime fletal l u r g i c a l  Laboratory from ear ly  1942 unt i  1 1945, he then jo ined the 
Oak Ridge N a t i o n a l  Laboratory where he served as O i r e ~ t o r  of the Physics c l iv is ian,  
ar  Rcserrch Director, and as Director of the Laboratory from 1955 t o  1973. As a 
m k r  uf the team of theoretical phys ic is ts  a t  the Chicago Meta l lu rg ica l  Labord- 
tory, he helped design the f i r s t  large nuclear power reactors. For h i s  work i n  
the d e w l o m n t  of nuclear reactors, Dr. Weinberg shared the Atoms for Peace 
k a r d  irr 1960. O r .  Yeinberg i s  a member of the National Academy of Sciences, 
the Natnoral; Academy of Engineering, the American Academy o f  A r t s  and Sciences, 
d Fell6~ of the American Nucleiir Society, Fel low-American Physical Society, 
member American Association fo r  the Advancement of Science and the Council of 
tho United Kingdom Science Poi i cy  Foundation. I n  1973 he was named t o  the 
White Hause Energy Palicy Off ice RbU Advisory Council. During i974 he served 
as  Di rec to r  of the Federal Energy Abn in l s t ra t  i o n '  s O f f  i c e  of Energy Rcsewch 
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Mr. Young joined the Test Program and Advanced Engineering Course ?.I 1937, the 
yedr  he received d B . S . M . E ,  from Lafayette  College. I n  1949 he was nared 
Hmaqer-Engineeri nq, Specia 1 ty R e f r i q e r a t i o ~  Products Department and Enq ineer ing  
Services' Consu 1 tant-Energy Conversion in  1954. He was appointed Generd 1 Manager 
of the Genercl Engineering Laboratory i n  1958, anu o f  E l e c t r i c  U t i l i t y  Engineering 
Opet-dt ion i n  1960. He became General Manager o f  the Nuclear Energy Division i n  
19b3. He was elected V I C E  P res ident  i n  1965 and named Yice Pvesident-Lnqineeriny 
i n  2966 where he remained until appointed t o  h i s  present p o s i t i o n  as  Yice 
President and Staf f  Execut  i vc, Technica l  Resources S t a f f ,  Tcchnolagy Planning 
and Oeuelopment. M r .  Young i s  a member of the N a t i o n a l  Academy of Engineering, 
the Internatitma1 E l e c t r i c a l  and E l e c t r o ~ i ~  Engineers ( I E E E )  and the Nat ional  
Society o f  Professional  Engineers. He i s  a Fellow i n  t h e  American Society ~f 
Mechanical Engineers. 

This prq+ is part of t h e  
1975 "Wucl+rr meetor Stu&yn. 
S w  the 1917 "Update -portu 

for currant mtatue. 

- 


