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COMPANY PRIVATE 

NUCLEAR SYS TEMS TASK FL)IJAL REPORT 

TASK OBJECTIVE 

The objectives of the Nuclerr S y r k r n r  Task are to: arrasr thc adequacy 
of BWR mystern derignr, determine if those derignr are coneistent with 
and promote the NED product quality ntratcgy, and recommend improvsmenta 
where needed. 

2.0 METHOD OF REVIEW 

The scopc of the Nuclear Systems Tark encompasses systems aspects 
of BWR design for BWR/2-6  NSSS and Mark 1, LI and UI ~ o n k i n m t ~ t .  The 
major areas of review *re Reactor Core, Circularing Syutems, Tranricntr, 
Safety Systems, Containment Sys terns, and Sciamic Design. Thc Nuclerr 
Systems Task includes requirement specifications for electrical symtcmr 
and equipment. but cxcludts eltc trical rys tam der igns which r r e  reviewud 
rurlcr Uayd Harriott'r tark. Similarly, the Nuclear Syatcrns Tark exclurler 
mechanical design d components and containment structures which are 
within the scope of C. W. Elstan's tark and the mechanical integrity of the 
fuel and o ~ h c r  replaceable core internah,  which are within J. F. Young's 
task.  

2.2 Approach 

Am overall Nuclear Systems Review Board, consisting of 19 members  from 
both within and outside the General Electric Company, war formed to 
cemphte the Nuclear Systems Tark. The review scope war divided into 
tb raa subtas kr : 

8) Reactor Core 

b) Circulating Syrtcmr and Transients 

c 1 Safety and Containment 

lndividurl Rcview Teams were r r  signed to each rubtask. Table A- l l i r t r  
the nrcrnbcrn of the overall Nuclear Syatcms Review Board, and their 
participation on subtaak Review Tcrmm. 



Each d thm three subtask Rmvitw Termr +yrtsmrkicrlly raviewed thr 
follwiry ampeta of mymtem derign for thr BWR ryakrnm within ths 
rubtamk acorn: 

el QuPiificationa of Pcqle )Rerponsibiliticr /Work Conflicts 

f1 Rermrces [t. g., Computers/Tert Facilitica) 

Checklist qucrtienr were prepared in advance of the review by each team 
LO puMe the i w t s t ~ a t i o n r .  In additha, checklists of known or suspected 
problem areas orem preparsb and amrhntd .among the rubtark Review 
Teams far follow-up investigation. 

The reviews h g a n  with N E D  providing overviaw prcrenktionr and back- 
ground documentation to each of the Review Teams. The Teunr then 
relucted amam for follow-up invssti@ioa 4 purrued there with NED 
perralrrrel throygh r coenbim.atioa of prcrentationr, written communicatioar, 
a d  idormal inkrviewr . The review lasted moat of the 1st quarter of 
1975, and involved abet  36 mm/mamtha af effort by the Nuclear Syaternr 
Rcvicw Board. The d r d t  Fibding8 were reviewed with NED btlore Iirwliting. 

3. b BWR DESIGN ENVIRONMENT 

The concluaianr and recommemdatioos d the Nuclear Symknu Tark can be 
seen in kttur perspective by firet loeking at the demign environment within 
which tbe B W R ~ L - 6  NSSS and Mark I-IfI Cmitainmnt dmaips have evolved. 
Scme d the key elamsDtr of this envirorurunt are direurmad brlcw. 

3. I Market Requirement. and Commtitian- 

For rppt-imatcly two decrdtr, the LWR ha8 h e n  enlagad in a rtrqgIc 
for performance and cconamic competitivanarr with fomrS1 plrntr . Dutittg 
this pe r id ,  utiliiica have viewed e v r I w k d  $jkwe d inatallad generatin8 
capacity and CIMBTU fuel cyeL cart rr th primary measurer of praduct 



Btcaust of tbe lo- lead time required to ~ c t  field ~ p c r i m n c t ,  the LWR 
idurtry h~ be+n ablijcd to c#nmit and dmaign these imprwemcntr more 
an the brrar d theoretical andyair than on experimental data on reactor 
pcrfmrmruce, am ir normal eqinser ing practice for rhort+cycle produck. 

Reliability /rvailability canriderations have traditionally played only r 
minor role in utility evaluation* of LWR offcringr . This is bocrure the 
r~l iabi l i tyhvai labi l i t~  of LWR 'I is difficult for the utilities to prcdic t, 
a d  field experience t3  date prwides little bark for qruntiktive differedbtion 
between alnilable LWR productm. 

With the recent i n c t u r c  in f o s s i l  fuel pries., nuclear F a r  econmicr have 
imprwtd radically compared to the economics of fossil plants, showing as 
much as 15-20 mills/ kwh fue l  cost advantage. Utilities with operating nucltar 
pIantr h v c  passed impressive savings on to t k i r  customers. In the part, 
rhcn  the differential between nucltar and fommil power costs was small, i t  
wa. apprqriatt to coacentrate an m a r g h l  cost differences. At thir time 
it j~ more important to concentrate on the capacity multiplier (grorr output]. 
The incrsare in nuclear (or well  ar foaril) plant certr and the current 
prcbblcms of utilities raising capital will reinforce thir trend and reliability/ 
availability can be expected ta play a major role ia future evalrutim. The 
pc rsirtcnce to date of the trrbitiarul unrerlistic ovalwtions, which are bared 
on comb alone with a (high) plug-in value for capacity factor, c m  bu aacribed 
to cultural lag. 

3.2  Design Evolution 

Reartar demignr have proceeded along the lint BWR/2 to BWRIS, with 
lncraaring rize and ptrformnce but with major paruneterm (much as core 
lattice pikch, fuel dimensions, pressure vessel s ize)  determined in Lhe 
prepora) rtage by analogy with previour derigns, Engineering floxibilily 
a d  innovation ha# thus k e n  enjoined for r long period. The 8x8 fuel for 
BWRIC is the first recent  major change of core gcsmctry .  The concept of 
''BWRfJtZW2' sewercly  constrained the detailed deaign of BWRI6 in the 
arcam uf V C G ~  dimnsiotlsr flow loop mizing, and lattice pikch. 



A valid purpoam of this remtrict~d pattern d DWR evolution wan p r d u c t  
ttanda rd ixatioit, but thir rhndardizrtion occurrmd before complete field 
feed - bark on many impartant phenomena (ruch rm mlbt-clad interactions. 
high void cocfficientr in equilibrium coma, l o ~ v  control rod worthm at end 
d cycle in  bottom of t)rc core, and the touchy clore coupl* between the 
reattor and the turbine] and without forward projection to higher pcrformrnce, 
later #enerrtion muccea r o r l .  

Tbe BWR dtrigns evolved in an econanic and rocid cl I rnrk  far different 
f r m  the one we a m  find ourmslvtm in, Rcvirianr or modification# of 
dcrign objectivem m*ht wel l  be contemplated in  the light of prcrsnt changed 
circumrtancer , vithaut implications either that previour objcc tives were 
inappropriate for their time, Or that they were not met. 

32 BWR phntr d GE design are i n  operation. A few, d early dtrign, have 
been i n  operation over 10 yerrr.  Mort d the plantr, and all the largcr t, 
most modern ems, are in the firrt refuelling cycles. The data indicate 
Chat plant availability Sncrearer during the firrt three refuelling cycles as 
initial problems arc discmmrcd and solved. plant operators become nmrc 
rkilful and m a i n k ~ n c e  becanes better organized. Bataure of thir mix 
cd plant demigns &ad pknt age#, am well an the rrthtively manall data bare, 
i t  i s  early to draw meaningful nkt i r t i ca l  conclurionr on  the performance of 
tbe higher rated BWRs. and on key i8rucr ruch r a  performance for long 
p E r l d 8 .  

Thc availability of BWKm glabdly is 70-755 (capacity factors about 60%) 
which i s  about equal ta that of W P W R n ,  a d  better than that oi CE and 
Bt W PWRm. The LWRs,  whicf; hrvc t a  rhut down to refuel, arc at a basic 
diradvantagc compared to  khc Canadian myrtcmr which are continueudy 
retuelltd on-stream. S-t Candua have r v e  raged rvaihbilitism well abtve  
us. 

BWR ha& failed to met itm 100 hr warranty brt. Plant derrtingm have 
occurred accar iodly,  either becrura d axccarive df-gar tram frilcd fuel, 
from changer in regulatory l i m i t n ,  or from failurea in rcdunclrnt equipment8 
rwh a i  boiler feed pumpa. The PCIOMRm, which impore rertrkl ians  on 
the rate ui change uf power. rigrrificrntly rcducc plant output foUowing 
rhutdewna, and have the effect of plant dcratinge, 

Utility rurhnrrm (c ,  a.  Commonwcrlth, GPO] have declared themrelvtm 
ratidicd wiih nuclear plant pcrlormancc, and hrvc dricnded their choicc 
uf nuclear pcnvcr planks, publirhing figurea which rhow nuclcar availability 
and C a p r  frlr.toril a Jew p i n t 8  hcttvr llran theme of Irrge i o ~ u i l  plantn. 
Q,?,(I*I, .  8 . 1  c- - . - I (  ! d . . s  * #M+V. . , *~  + ,c i~ ,c  l!ic (11 4 b :  a f ~ : b  ~ N S  I I ~ I & * ! F ~  t* plan1 10 f . 4  ~ 4 1  
WIJ,;~, d .  J . t lh  I - r w  u UJ tlrcrr unreklihrr ~ l y  [J ad by u n y k a t i m  &car u ~ ~ s a l c l y ) .  



3 . 4  Regulatory Sern* - 
LWW nuclear syatsm derignr have evdvad in a highly dynamic and uncer- 
b i n  t r ~ u h t o r y  climate, which conlinuer to chonss in rerpoarr to new 
technology, chrryiw government policism, and prsrrurer from anti-nuchar 
Broups. Both th mope and depth of regulatory involvement in the deai~o 
pmctrs hrve increrred manyfold duri~rg LWR design evolution, and the 
trend i s  Ior each plant to be rubjeeted to more requirements and more 
rtrirycnt requiramaatr thm tbc preceding plant. The LWR industm 8 8  r 
whale h m  experienead dirficdtier in accommodating this procers, and 
nuclear pknt ds~ignr  , nchedulsr and budgets have been advs r l d y  affected 
am a rewlt. The DWR i a  no cxeeptim in thim regard. 

The regulatory impact on LWR derign ir  not rtstrictecl to stepwise c r c a k -  
tion d requirements on ruecemrivc plmtr . Regulatory actianr f reguently 
encampars brckfit af requirements to old phntr ,  includiw operating phntr. 
am now information, data, tcchaohgy or derign mclhodr become available. 
This aspect of the regulatory process reprercnte a tremendous burden and 
dirruptivt iducncc  on the LWR industry since luckiit requirementr tend 
to rmunad  the highest resource priority, and yct arc thc moat difficult to 
lorcsee and integrate into thc overall work load. 

Tablc 3- 1 reprcscnta r chrruralegy of major regulatory issues which have 
impacted BWR/2-6 NSSS and Mark 1-111 Containment derignr, and irdicates 
thosc which have involved baekfit te plant. already having Canrtruction 
Permits. 

3 . 5  Qualifications of .Petronncl 

NED has  a camptent enainaerin# staff, with technical expcrtire judged 
by the Review Team to be ranparrbh to thrt pasoeared  by campctitors 
and the national h b r r t o r ~ c r .  Eqinccrin8 personnel contacted during 
h e  review came rcrom as forthright, bchnically compckat, hard working, 
aware d their p ~ ~ b t e w ,  and dminp their bart to rdve them. 

The engineerr conveyed to the Review Term r n m b t r  of rttitudcr which 
the Tern- fccla are rtvealirrg ef their environment a d  constrrintr . 

a 1 The cngin+c rm are appropriately coat-cmreiour; hmwsvcr 
their cost conridetationr are short-term camprrrd to  the 
expcetcd wdution of corn1 barer over tha 1- prduct life. 

bj The enginecru have limited ~ a r o c i a t i o n  with their dcaigns 
after dcmiar! tclcrsc, mince in meat taac8 tho hardware as m n u -  
frclurcd nfi-V~LC a d  thcn rlrippcd cfircclly tu the ritc for 
installation r twl opcratiorr. 



YEAR - 

TABLE 3- 1 

Redundancy in Ihne rgency Cooling Syr lmr  

Electrical Separation Criteria 

Emeraency Aurilirry Pow r Supplir8 

Protection Againat Pipc Whip in Prywell 

hevention ai Hyd rogcn wornion ribr =A 

Umc of ANS t 20% Fimrion PrOduct Decry Heat  Curve 

Application of ANSI Strn4ard B3 1.7 to Piping 

Oudity Amrorrme P r g r u n  

Tomado Protaction 

Natiotul Enviroamcntrl Prmtection Act 

K C S  r Y I C c t i v ~ r ~ ~ ~ s  

Main Steam Isolation Valve Tiuhtnen 

A I A P  

Donsificalitm oC Fuel 

ATWS 

General Stimmic Requirements 

Steam Pipc Rupture in BOP 

Full Pxearu-PC Tcrt of Mark I11 Drywell 

t- Invalvcd bckf r l t ing  tu plant having Conolruction Permits 



c 1 The engincors exhibit a hQNy compartmentalized view at 
their tcopon~ibi l i t icr .  Prcsiuro of work load and rcheduh 
prevent thcm from concerning Ulcmmelvca with things which 
! b y  perceive 4s somebdy ah+'# rerponribihty. 

3.6 ,cnce of Syetems Dceign and Dcaign Margins on Plant ~ e f i a b i l i t y l  
Ava i l a  bility - 

Symtem demign affects plant reliability, availability and maintainability in 
mrjer farhion. System dorign determiner the fuel duty. a d  mtr fuactierral 
rpccificationa on centrol d rivem, circulatory systems, cmcruency cooling 
ryrtems. mlfety and reticf vr lvcs ,  instrurnentn and contr~lm, ccmtainmrrrt 
syrtcms and so forth. The ability of hardware to fune tion reliably depends 
on the rigor of the Zunciienal npccifications compared to previous industry 
prirctice. If rcquircments are wilhin tho envclopc d industry practice. 
reliability can be predicted f r m  extensive part ntprierrce: if outside, new 
designr and new tenting ore required before reliability can be es tablishcd. 
Ncw equipment designs k g i n  on new learning curves and early reliability 
i s  seldom ratisfrctory, Table 3-2 lirtr the new hardwrrc dcrigns for BWR-6. 

Notc that forced outages (Reliability = 1 - forced outage rate) arc not safety 
concerns in nuclear rcactarn, which are fail-safe. Thc situation is lhc 
rcvarse for airplane cngincs whose continued operation is necessary far 
Slight rafcty . 

Natural phenomena are never completely understood; matctiel propcrtits 
cannot be completely specified; materials proseasing is nut completely 
rcptoduciblc; clrmcnsioas~are ncvcr precise or complatc.ly nlcasurcd; and 
mathematical analyri6 is never complete or exact. Engineering practice 
r c c y n i z c r  them circumrtances by incorporating margins between calculated 
p r r f o r m n c e  and design reguiremr~~ts. These marginr are oftcn large, as 
In c d t  prtacriptionr to clcr i g n  to no more than half the nominal rnafcrial 
yicld mtrcrs. The size of the margin requircn~entr is related to the degree 
of anslyair pcriormcd: t44L more phenomena included in the analysis ,  the 
wnallor the m a r ~ i n  prescription. In high performance, highly rngitrrsrtd 
rtructurer such ar airplaner, margins are small, typically d the order of 
to$ ,  and less fur military aircraft. Wnrncver marginr arc emall, elaburatc 
and frequent rnspcction and maintenance proctclurcs are impmcd to insure 
apainr r cquipmcnt failures. Enginacring csiperienct relates small margin8 
to unrrliability either through pc.riormamt fall-off, actual Jailurcs or 
inapctron rcquircmentm. 

Rrasonablc. m c n  can and do differ cm appropriate dcsign margins. depending 
01, their pcrccytion of the consequcnccr of f a i l u ~ a e  (including case uf repair) 
of ~IIC adequacy of the a ~ ~ s l y r i * ,  ol Lhc rmlur~ty  and dircclion of thc tcchnoiul;y, 
d tlrc t r - o m m i c  l~cndrts of i nrorpwat ing add iltanal marc ins, etc .  



Over tlw prrrt few ycara field data ham shown BWR caleulrtionr to bc optimistic 
and has eroded design margins required for operating flexibility [nOt safety 
margins). The brlancc between margin# and reliability for new deeigna i~ 
difficult to quantify i n  advance af experience. In the nuclear Iicld - for example 
the emergency core t o d i n e  ryatemr - margin0 are sometimes ertabliahed by 
adversary procccdinge and are the result of a mixture of engineering and 
political judgnronta. Thin pattcrn i 8  all too f rcqucnt, and nuclear marginr - 
when challenged - will urdoubtedly be legirlirtcd on the high aide in  deference 
to public prcrrurca. 

3 . 7  NED P,rograrn? ,and Acknowledgment 

Thc task  force wishes to record that the brsoe and findings given herein 
result from intervicwa and  presentation^ by NED personnel, and not from 
original invertigationr. W e  arc indebted to NED personnel for their 
conscicntiour and proiesnionnl r c B p m r t  to our many inquiricr, ar well 
i s  for Chc considerable cxtra effort0 invdvcd.  

ln many arcau,  problcms noted by the ta sk  force were rtcrzgnizccl by NED; 
and i n  most d thcsr instances, programa of .~arying degrees  of aintcnsity 
arc underway to dcal with  thcsc problems [ c .  g .  fast s ~ r a m  dovolapntfit,  
pjpc clearing loads). Although NED personnel recognized the factorr invdvetl 
in other problems noted by the task force, thcac were not considered to be 
problems Ily NED. 

Recommendations were solicitrd from NED pcrsonneJ, and many conrtructive 
ones were  made, including some of thosc adopter1 by the taak force. Far all 
i n k  rprctatiam ant1 the final &election of rccornmcndalions, the task force 
alone is rcspansible. 
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TABLE 3-2 

NEW PRODUCT FEATURES IN BWIk/5 AND BWR/6 

CORE AND FUEL 
Uniform lallice and thin blade 
I n c r c a ~ e d  core power density 
Increarecl core flow and prrrrure drop 
More buwllcr in  ramc vernal rize 
F i n d  B W R f 6  core and fuel design 

NSSS - 
Vatvo f l w  control 
Famter core flooding - new vcesel penetration 
Increaeed stcam and ftedwatcr flow in 

ramc vcescl size 
New deaign 8kam reparatar 
Increased steam dryer 10rding)ncw dryer 

element 
New derign safety rcliaf (Cronby) 
Ball joints in  rclicf valve discharge piping 
Increased rccircnlation f law and vulrociiies 

New design jet pump 
Recirculation pump-motor dccouphr 
Recirculalian flow elbow meter 

Fast control rod r c r m  
Automation of refueling platform (option) 
Head removal c ~ r u u s e l  

CONTROL AND iNSTRUMENTATION 
Bottom entry in-core inetrumcnt 
Rod pattern control 
Ganged rod control 
Solid rtatc rafety system 
Prompt relief trip 
Power generation control compEex 
Nuclene t 

BC I' - 
Mark 11 containment and equipmcnt 

arrangement 
Mark I l l  containment and equipment 

arrangement 
Fuel transfer tube 



Thir mection rummrritsr the findingr of tho Nuclear Symtcmr Task, 
Section 4. 1 provider general finding& which art supported by tha mott 
detailed findings prcaented in  Sectionr 4.2, 4 . 3 ,  and 4 . 4  for thc Reactor 
Core. Gi rculating Syrtcrnr and Tranrionts, and Safety &ad Containment 
rrear, raapectivaly. Each of the detailed findingr in Section 4 . 2  through 
4.4 ia followcd by I rummary of the key point8 upon which it ir bared. 

4, 1 1 Viability of thc BWW Quality Strategy 

Superior availability hae not been an explicit BWR design objective and, thcrc- 
fore it would be naive to expect i t .  It i r  possible to derign a BWR clearly 
wperiar in availability to a PWR, but NED haa not yet sat out to do i t  in  a 
rtructurod manner. 

m i s t i n g  BWR ryrtem designs do not fully support the RWR a v a i h b i l i l y  s t ra lcgy ,  
Specifically identiIied design character ir t ic~  of the DWR ) 2 - 5  NSSS and Mark 1 
and 11 Conlsinmcnt dcs igns  lead to the conclusion that B W R ' s  wil l  ~ o n t i n u e  
to exhibit dcsign rclaled avrilability/capirbilily setbacks over the next five 
ycors. Furthermore, our analy~er  of the statur of ayatem design indicate 
that more availability /capability problems of DWR12-5 and Mark 1 and I1 
design8 may appear. Nor are we confident lhat the B W R / ~  Mark 111 wil l  be 
a not~ccablc improvcmcnt over itr predcceeeorr in availability/eapability 
wxtl~out furlhcr work. 

Whilc the behavior of P W R ' r  ham not been fully andyeed, our principal near- 
term ptospcct for a mucccsrful strategy of muprior availability would appear 
to be the diffic ul t icn of our compditorlr in the a term-generator area. 

4. 1.2 Nuclear Syrtem Performance Commitments 

Nuclear reactorr, which +re long-cycle products, are  committed, dem igned 
and te#ted in that order, a* opposed to design and testing prior to commitment 
which is normal engineering practice for short cycle product8 l ike  automobilca. 
Many current BWR problame have their origin in the fact  that comrnittnentn 
wore based on conceptual dcsign which proved to be optimistic in  light of thc 
tnginccring cffort required and of subacquent detail der ign. t c ~ t  data and 
f icld cxpcricncc (met 3.1 and 3 , L J .  

Thrce goncrotions of BWR'r arc currently cumnlitted beyond the B W R $ 3  
c l a c b  for which rubatanlid field cxpcricncc exists.  The long pruduct cyc le  
dcn~ancis atlcnticln to ear ly  qualification of dcslgn ~ncthmls  and verification 
of ~ ! r l : .  i ::np nnll suff ir irnt  rcsourc ca l o  mcct Lhis ncctl ,  



Table 4- 1 illurtratew some of the phenomena and problemr which h v o  rurfacsd 
since thc initial commitrncntr on BWRIb in early 1972. Many of them problems 
arc ptill unrc;solved, although lead domeatic B w R / ~  plant8 already have 
Co~aatruction Permits, and the lead foreign plants arc rcheduled for commercial 
operation in  1978. 

1 .1 .3  NRC Impact on DWR Dcrign 

NED mrkcr insufiieitnt advance provision in dcrign or durign maruin to 
reduce the impact of expected NRC rcguhtions.  

Bas is: 

NED is reacting t o  NRC initiatives at great cost in term8 of dsrign changer 
to the ~ h n d a r d  and requisition plants and in tcrmr of back-fitting ta operating 
plants and thaae undcr conatructictn. Examples include the NED rcaponse Lo 
tightening of ayatems rcquirernentr for RClC, PRT, and flow control valve 
closure in  a LOCA, and tightening of design bases relating to eingle failure 
critc r i m ,  loss of afi-s ite pave t, prcltcclion against ECCS line I~reak, two 
indcpcndenl d e v i c e s  for :-re shutduwn (such as burur~ injection and control 
rods), pipe whip, and seismic requirements. 

The casieet and m o r l  affective time to influcrrce new NRC regulatione or 
chsngen occurs when NRC i s  developing iis initial drafts, GE has provided 
input of this nature, such as i n  the rule-making hearings for ECCS criteria 
and A I A P ,  but the NRC pcrception is that GE has been reluctant to diseuas  
regulatory changes in advance. G E  perceives that regulatory poritictar arc 
arrived at by nqatiations, rather than din parsionate technical analyuia , 

Potential futurc changes to NRC rogulationr thaf could irnpac t significantly 
on BWR decign include the following areas: 

Salwtage protection: NRC ir conducting a ntudy on rabotage 
protection. NED has ruggtsted that NRC rpecify Lhe denign 
baser for sabotage. 

Radiological doscr to plant operators. NRC re concerned about 
plant aprrator dose. and will probably cstablirh A M P  dose limits 
lor plant upcratorr. 

lhc-k-up b~ r a m  ~yuterna:  The need for r back-up, relatively rapid 
s c r a n ~  system wi l l  be given increasing attention by NRC and will 
probably become A rsquiramant. 

Enrrt-y rlrponitictn lirnita i n  fuel :l;mlaec ralculationr; The adoption 
of L ~ O  calorieslgram ar a fuel d~rrsrrge Limit in rod drop rccidrnt 
wiU probably be chaUemgad by NRC, 



TABLE 4- 1 

TECHNICAL PROBLEMS WHICH HAVE SURFACED 

SINCE COMMITMENT OF DWR / 6  IN EARLY 1972 

_PROBLEM 

Reactivity Shortfall Apparent from Methodo Change 

Extra Reactivity in  Voids and Higher Void Coefficient8 

Calculated Geld Shutdown Reactivity in Equilibrium Cores 

PCIOMR Limita 

Pool Swelling b a d s  

Rclief  V a l v e  Discharge Loads 

Potential Radiation Exposurer in  Mark Iff 

Need for Upper Pool Dump 

Yipa Crackr in ECCS 

Overflow of W e i r  Wall 

Corc Spray Effectiveness 

R c l i c f  Valve Noise Level in Mark 111 Containment 

Superposition uf LOCA and Relief Valve m d s  

Limited Steam Volwne in BWR/6 Derign 

YEAR OF 
DISCOVERY 

1973 

1973 

1973 

1973 

1973 

1973 

1973 

1974 

1974 

1974 

1974 

197 5 

197 5 

1975 



T h c  BWR aystcm d e e i p  in many instances is incomplete. The design process 
~ould be improved by m o r e  complctc integration of functianrl rcquircmentr, 
design bases (methods and models), and design criteria. P r o a s u r t  to rr.cet 
schedules has reaultcd in omission of somc trade-off studies and has r e s ~ l l c d  
in a requirement for Jarger overall de aign msrginm. 

Bas i s :  

Thc BWR i s  a tighly coupled syhtcrn with strnng interaction# among core 
physics,  thermal /hydradicr ,  turbine genera tor rcspmse,  system transient 
performance, accident response and containment design. There strong 
interactions require unusually close integration and discipline in the design 
proccs s . 
WLth carlivr d e s i g r ~  m r t h o d s ,  bchaviar of thc cquitibrium core w a s  not calsu-  
latcd to bc s limit in^ rase, and w a s  not factored into thc early BIVRj2-5 d c s i g : ~ s  
In s o m c  prrriods, rclcml ;ores were designed in a dificrcnt department than 
f i r s l  Cora. 

The enpinrcring function was reintegrated in the reorganization sf October 
1973. Siecc that time considerable progress ham been made in establishing 
an inlcgratcd and s y s l r m a t i c  d e s i g n  cycle.  in  ccmformity with the AEC 
Append= 13 rlir~ctiue af 6 / 2 7 / 7 0  as amended 9 / 1 1 / 7 1 ,  

Parts of the U W R - 6  /Mark I11 design were frozen before the formal design 
proi-ess began [cf.  Sect~on 3.2) and the demands of the schtbulc are causing 
p r ~ g r e u s i v ~ .  frcczing of the des ign  as epuipmcnt orders are placed. 

The design of BWR-GiMark 111 is not yet complete,  and in  some cases 
(Grand Gulf) is barely able to meet construction rcquircmcntr. I n  fact 
this is also true far BWA-5iMark 11. The dcaign of 8x8 corer of the new 
B WR -6  t y p e  to be brchf i t~ td  into I3WRs 2 - 5  has just begun. 

Heliability r s q u r c r n c n l ~  arc not systematical ly  specified and reliability 
anialyscs arr  pcrformrd by a limitcd mtaff on a "requesi onlyv basia. 

The tranricnt charactctirticr of BWR12-6 deaign were arrerred after khc 
core and circulating ryrtema d e d p n  wsrs frozen bscrurs lonu lead time 
hardwmrc had r l tcrby been placed an order. 

The reirmic del ien rruly#er ire performed after hardware lay-out ia  
1 I n  m a r y  r s s c s ,  rciamic rcqtii st.s:rc. ntu are $pee ificd by CE 
fur GL-rupylied eguiprnent but Lhc A /E  l u n  control w a r  how (or if) ths 
requircmentr are met, 



The impact an RWRl6  maintahability and availability rca ,.lting from potcntint 
pcr~onnel  radiatian cxnosurs from the drycrimeparator a.=~ernbly handling 
n c c d ~  La be accounted far in the derign. 

Design marginm have often been sslccted on engineering judgment instead 
of systematic, overall renr i t ivi ty rtudiem of the unccrhinticr in the des ign  
rnotlels, mate rialo, sxpt rimental and field da la, operaiivnal need r, and 
rym tcm rid component chrractcristicr and reliability, 

BWR Reliability ~~vaiIrbility/Maintaiqabili~ Design Preg ram 

The NED dcs lpn  program to improvc Reliability/Availatility/Mainlainability, 
outside the F :ticty areassir large1 y rlndclincd and unirnplemcnted, Action 
in thir area i s  not yet consirtent with a muperior BWR quality rtrategy. 

The plan1 availability goals which hsvc becn sc t  Ectm unIikuly La be m e t ,  
Thcst g o d s  have not bccn evaluated statistically to assure they will provide 
thc B W H  a r ompeiitive edge i n  reliability [availability /rnaintitinabiliiy. 

I n  the past, rpccif ic  rel iabil i ty /~vailabilitytmaintninability rcquircn~r~rts wcrc not  
cotablishad. The rclrtivcly recent focus on reliability/av.dability/maintain- 
abi l i ty  by: rrgulrtory requirements, the market place, ar-d NED strategic 
planning has resulted rec~: l t ly  in  the Zormulation of sprril ic goals within 
D W 14 ST) and the initial implemcntatiun of actions for acromplishment in this 
a r e a .  

There IS no means or organization in  place f o r  systematic meaeurernent 
of p rogrcss ~owards reliability during design, dcvelopmcnt, and carly 
plant test to assure that goah mat for a new product (c.g., BWR/6] will 
be met. 

Reliabi l i ty rcquiremenls for syrtemn, nubry a l e m a ,  camponcnte needed 
to achieve reliability p a l s  have not becn intcgratcd with design requirements 
exccpt for rafcty-rclattd systems. Mcanr o l  systematic reliability ver i f i -  
r ,al~on through tests at vendor and cuatomer piants, a s  well  aa in NED, have 
not been trtablishcd far a11 cornponcnts. 

Fccdl,ack uf Iicld reliability awpcricncc data into  a n  update of reliability 
g~.aI!;,  rc.quircnrcn4r anti plan6 1s ti01 unifrirmly systclriatix.cd, 



lm~rlemcntal i~n  of availability improvemcnCa will tcnd to increase. rnginaer ing ,  
b y s t e m  cllrJ ~ I I C ~  C O ~ L ~ .  There a r c  no budgets for thcsc conla,  y r l  clearly  
lhc increase murt be controllud. Coatlbcneiit  analy~ca to deteriil ine which 
improvcn~e~rto are moat worthwhile and critcria by which adequacy can be 
judged are i n  a rudimentary stage. 

Thc availability achicvcd by BWR plants in 1974 was 69%, excludin~: B W H ~  1 ' 5 ,  

Thc goal fur 1980 i s  04%. The goal for BWRi6's  is 90%. Tho 90% goal 
assumes that a rciucling outage can be accomplirhed in 15 daya. However, 
refueling~maintenancc outages through 1973 averaged 76 day.; during 1974, 
the average outage las led more than 80 days.  The basis for presumcd 
improvcmcnt is a plan Lo s p e d  refueling and al iurv  i t  t o  be done i n  4 . 5  daya 
if there are nu hitchcs and no sipping is rcquircd. Clcarly, the present 
80 day oulage involvcs  a great rlcal Inore than juat rcfucling, slid a l l  of the 
othc r areas wi l l  nccd a great deal  of aticntion too for  the 90% goal to be 
reallzed. 

Pipe crack cxperitnce will inevitably call for tightening inepection and 
add to f h i r e  unavailability. 

narffilied ~ a i c t y  systcms added in Iuturc years  wi l l  ~ x t e n d  outages and 
pustyonr r r a l i z a t i m  of goals .  

4 .  1.6 NED Manpow~r R$sources 

Finding: 

Thc manponnvr resourcuss of NED are insuf f i c i ent  to irn,)lcn~ent the BN'R 
qualily stratr -gy ln tlrc face of ottlcr dcrnanrls to keep ope rating plants 
running, produce ihc hacklag ordcrs and respond to rpyulatory initiatives. 

Mawy act iv i l i rs  crucial l o  the con~nert ia l  succees of the BWR product art 
not hap1 cnlng, or arc insufficiently cxccuted due to resource limitationr. 

N e w  designs are insufficiently analyzed prior to commitment. 

DWR hystcm dcsigna arc not being cfficicntly integrated due to the 
l a c k  of s n  nvcrall systcrn dcaign funct ion .  

Relialrilily, a v a i l a h l i l y ,  niaintainability deeign progr *mu art not 
dcfirrcd, s t a i f d  a ~ d  Lein~; irnplen~cr~lc(l.  



BWR derlgn automation has not kepi pace with the rising work load, 

The level of offort on reianric design in  inrufficicnt to provide CE 
Ierdtrrhip in thla riming area of nuclear denign technology. 

a Engineering rcheduler to uolve m n y  known or ruspected problems 
on BWRI2-b are inconristcnt with operating plant needm and canstructiun 
schedder , 

a Field Zecrlback and failure data are not being routinely collected and 
analyzed for derign impact in  all areas. 

Many designs arc being released on the bas i s  of approximate analysis, 
which calls for large margins, to meet constructian dcadl incs .  This 
usually rebulta in over -deaig n with considerable tcantlmic penalty. 

w Unbudgctsd customcr service request8 impose a largt burden on 
manpower resources, especially in the area ai BWR reload design. 

Computational Facilities 

NED computer capability is inadequate to automate the design process, to 
accommdate longer running, m o t e  ac.currtc design pragramr, and to meet 
anl~cipated rtque sls  iram regulatory bodies for inr rearred numbers and 
conrplcxity of safcty analyses. This Jack d colnputer capability and procc - 
durcs lerds to a deterioration of thc physical dcsign and design margin8 a s  
rnorc complex, finely tuned des igns  are developed. 

Atthough the NED Honeywell 6000 computer syetem has aomc important 
roftwarc advantiages over other c m p c  t i t ive systems, i t  is intrinsically 
inferior in hardware capability to the C b C  7640 used throughout the 
c m r n e r c i r l  rcgrnent af the r e r t  of the nuclear indurtry, The CDC 7600 
ham t o q h l y  four times tho computing power of a dual H-6000 a s  measured 
in throughput and eight timer as mcaeured i n  elapsed time. 

The H-6uOO computer operational mystem frvore running canes that require 
the l c ~ r t  number uf peripheral units, Thtr contributes  ta long turnaround 
t inter  far  complex nuclear and therm;rl+hydrrruli  cascr that need to bc 
nolvrdl for a c ~ u r ~ t c  predict ions  of design performance.  It  fklrthcr c n r - ~ ~ ~ r a g c s  
the- ~ L ~ ~ ~ J ? ~ R L L ) J ~  of si~nplificd problsme which give less a c c  uratc results but 
bnvcb s;hortilr tut~ iaroand t i rncs  necdccl to m e c l  sc hcdules. 



Currenl  turnaround tinics for cmnpulor prohlcmu are e o m c t h e n  3 day8 
and r~cras io~ i . ! l l y  a s  lang afi one wrck;  they bhould not cxcccd 24 hourrr. 
Thr NLD IJoncywell G O O 0  r-omputcr sys ten1 r o d d  acconimodntc cngiticv r - 
i q  r-on~put~t ional  necds with additional procc s Ror and pcriphc ral ha rdwnte .  
A p r c c i a b l e  additions i n  hardware capacity h a - ~ c  been made ovcr the years 
since this comp~~tcr  s y s  tern waa acquired, but lhc additions h a w  p c l  s i s l e n t l y  
1al:pcd far behind needs. 

17rc present cumputer capacity appears to be short of the  projected need 
hvo years hpncr? by a factor hf two. There arc three considerations leading 
to an expected large increaw in  fuiurc computcr ut i l izat ion.  Theac a r c ;  

a 1 lncrcascd cinphasis or, cornpul~r ;rutomation which w i l l  
makc murc cfficicnl. usc of manpower at Lllc expenac ol 
longer c o ~ i ~ y u t c  r running tirncs. 

b) Greater  suphisticetion (and longer running Limes) i n  computer 
codcs bcinc dcvclopcd to pcrmil more a c c  urste prediction 
d pcrformrrncc for f inely Lulled, complcx d e s i g n s .  

c 1 Irrc reasing rcquircrnc i ~ t  s by NRC to rlefinc uncertaintic R 
with dctaiir.4 s c n s i t  ivily s%udics .  



4 . 2  Rcactor Corc  Syrtem 

4 .2 .  1 Nuclcar Dcaiyn  Method8 

Finding: 

Reactor core deeign methods have to cope with an unurually complex couplcd 
nuclear a d  thermal -hydraulic ayatem. NED har applied conairlc rablc effort 
anti ingenuity in meeting this problem, despite being hampered by a computcr 
with a smaller capabrlity than competitorrr {who havc 8 I r a n  complex system 
to deal with). 

Nuclear des ign  rncthodli have evolved rapidly in the recent past to correct 
discrepancies betwccn predictions and field data [which have reduccd original 
dcaign margrnn 1, and Lo st rangthcn identified wcakneer scr i n  calculational 
models. Qualification and verification 01 these improved methods ie undcr- 
way, but is not yet ccrmplaic. Thr qualif icat ion and vcrilicatiun ciforts may 
uncovc r additional discrepancies that could further change des ign  II-U rgins. 
The qualdicatioa and verification efforts are hampered by the lack af an 
instrumcntcd test facility reprcsentalivc 01 a largc nuclcar and thermal- 
hyrlratilic.al t y  coupled BBtYR a g a i n s t  which dcv i p ~  meLl~a4 a can be verified. 

Void Treatment:  P u w e r  d i s t r i b u t i o n s  inferred from steady - state ion-chambe r 
- ,  

t ravcraes  in thc Quad Cit ies  BWLI w e r e  found lo be a1 variance w i t h   he 
pruc!iclions of C EBS (3-dimc n6innal coupled n u r l c a r -  khermalihyd raul ics  - 
Iucl cycJc. profiram). An "ad hoc" ad~ustrnsnt war made i n  thc void modcl 
lu pruducc agrermrnt rn the powc r d i s t r ibut ims .  The " n u c l c a r  cffcrtivc 
voids" have a reartivity worth about 10% grcater  than thusa i n  the thermal/  
hydraulic models. 

The rcaiian far discrepancies in  the utoady - ~ t a t t  void model i s  still under 
rtudy. Thc eame ad her: adjustment is aerumcd to apply to transient conditions 
where i t  degrader t raneient p t  riormance s d f i c  iently  to require addit ionai 
r ~ l i c f  valvcr.  



Transient h d d e l  Void Coctiicicnt: Comparison betwccn the void cocf fk icnt  
used i n  init la)  d c r i g t ~  of BWRZ-G barcd on thc core model subroutine for the 
RLDY program, a d  the void cacffirient calculated using the CEBS 3-l3 
program ohowed thc cficctiva void coefficient used by lh t  dmplcr m d c l  
to be 15% low. Tho 25% marain allowed i n  initial transient design amlyris 
wan thus eroded to 10%. Core des ign  is nnw attempting Lo rartorc margin 
through Lhc use of a best colculatcd void coefficient times 1. 18. O n  the 
basis of thc evidcncc available to it, the review tcam wan not porruadtd 
thie procedure c o v e r s  additional uncertaintier in the void coefficient, much 
an unctriaintier between steady -state and nan-steady-rtate predictive 
pe tforrnance of GEBS, the effect of i n c r e a s e d  channel t h i c k n c ~ s ,  enrichment 
biascs,  and neutron ef fect ive  void normalization. 

1 4 ,  b Z Tl~crmal-Hyd raulic Dcs ign  Methods 

Finding: 

NCD has long had major cflorts i n  thermal-hydraulics. The ATLAS loop is 
the largest heat transfer facility of its kind in the U. S. and GETAD is based 
cln uvcr  6000 data painls. H ytl raulic d e s i g n  mclhoda a r c  bcing continuou6lg- 
i~mprovrtl. The prcscnt  dcs ign  tools a r e  01 i,ari;rblc precision and accuracy. 
and are  vcr i f i cd  todifZ+:r~-nt  rlegrces Iby cxpcrimcntal  dals. Because  r d  the 
great complexity of thc lire rmd -hyd rau11c phcnomcna, both stcafly- state and 
t r a n s i t n l .  further var'ance between design predictions and experimental data 
may occur. Trailsicnt Lest facilities arc. s l i l l  l i m i t i n g  in obtaining experimcnlal 
data. 

Thcru is a 1070 disparity betwccn the ' 'ncutrnn effectivci' void fraction used  
L I ~  c o r e  phys ic  B and void fraction used in the rmal+hydraulicr programs, that 
i s  ~ q u i m l c n t  Lo a Jucal reactiviLy d i f f ercncc  of -1%. Currently available 
riala, including ASEA data, do not rerdvc  thip diacrspancy.  Continued use 
of I h c s e  scparate r-nid modelr may lead ta ~ r r a r r  i n  predicting s y r t e m  rerponne, 
especially during transients. 

Sn~ufficicnt phcnome nological undc rrlanbing of the local dry -out condition in 
c ornplcx gtometricn force the use of empirical correlalionn derived from a 
suffic-icnl data b a l e .  The CETAR empirical c o r r e l a t i o n 8  are more thorough 
Ihan any i n  the rndustry. Howevrr,  they havr  Bern  i w n d  to be very rensit ivc 
to s o n i c  dcs ign  changce. 

A T L A S  +annot tent rapid presrurr Lransicnts  or  the paral le l  bundle (flow 
osc  ill^ ~ i r m l  rf fec  t .  



Thr B W R / 6  d e l i g n  utilizes a new spacer d e ~ i g n  that permita a 6% increase 
i n  bundle powcr for corner rod limited bundler (vs. prtrent rpaccr designs) 
wikhout c x c c c d i n g  the c ritical hcat f l u .  The seismic capability of thir 
rprcer look8 promising but remain8 to be proved. Spacer derigns will 
require extonnive verification to assure adequate heat tramfar performance 
in  f i n d  fuel dtri8n. This verification im under wry. 

During operating tr;lnsirnts in B W R I ~ ,  the frequency domain tranrient 
computer code FABLE predicts that the design stability limit (oscia1l:ttion 
af flux and flow, etc. ) wil l  ba reached at low flow, Proacnt time domain 
programs (like KEDY) have not becn found to predict flow orcilJations under 
the aramc circumstances, which makes Chem s u a p c t  in  view of the few nodes 
and approximate n u m e r i c a l  techniques employcd in thcsc programs. 

The present void rnodcl is not adequate to predict epatial dicrtribution and 
time dependence of voids during rapid transients. 

The outer natural uranium bundles  in  BWRI6 run at low flow and low power. 
FABLE docs not accurately rnodcl thtac  condition^. Oscillalians due to flow 
rcgimc changes may occur and lcad to flow-i;tduced v i b r a t i o n .  

Design Methods  Quahficalion 

Finding: 

In principle,  operating reactors provide a continuous stream s f  nuclcar 
performance data against + hich analytical design models could be chcckcd. 
T h c  actual valuc of this data for  checking speci f ic  n1ode3s is limilec! Lccausc 
of inadequate sc-opc o r  precision of plant operating instrumentation for 
acionlrfic mea~uremenls. Neve rthclca a. such data haw becn unable and have 
led to significant ~mprovtments in our mdclti, 

Nuclear a d  the rrnal- hytl raulic dcs ign methods a r e  gene rally qua l i f i~d  
scparatoly by spec i d  CCS t s  and  computation^. Coupled nuclcar and thermal- 
hydraulic data are ncccasary for the qualification of design methods for high 
p w c r  d c n ~ i l y  R W R ' s  l ike  BWR/b.  However, coupled data are lesr available, 
and when available are less accurate than h e  uncoupled data. The greatest 
need f o r  verification ia i n  the BWR-unique  area of strong nuclear and thermal- 
hydraulic coupling. 

Nucll?rr morlcl q u a l d ~ c a t i n n  as l a s e d  upon VNC and K W l l  critical cxpcrinlcfits, 
spccial prrwc r ~ ~ ~ r a s u r u r r ~ c n t s  i n  two amah1 B W R ' s ,  Monlc Car lo computcr 
srn~ulat lo:~  nf a U W n ,  awl operaling plan1 data takcn  .with normal s t i ~ r t u l l  and 
C J  I I i s  r u ~ n t o ~ .  Only 1i.c 4pcc.ial p w c r  nwasurcn'trnts and 
th t -  ~ . , : r . r . ~ l l ~ ~ - !  I r l ~ n l  1 '  r la 11.rve . r l ~ ~ - l c . r  r and Ihr~rrn;~I  - 111.1: r.1*.1.. c oupliny ;lnrl 
I I O  g r ~ c . ~ ? i i i r ~ ~ ~ i a ~ . : ~ t s  art- mildc uf c urc flow d i s t ~  i l u h a n ,  inrl iv ir lu~l  buncllu f l a t , ,  
or  1wa1 if within a bundle in  thcrc tcsta.  



Thc spatial and spectral complexities of nuclcsr p r b C t B S C B  are only fully 
rea l ized  in  opr rating reactsra. Proper rpprcaimalion of Lhese conrplcxities 
in  nuclcar design modcls i s  important i n  prcrlicting much thin81 a8 powor 
distribution8 at the edge of bundlca, the dig tribution of firsilc irotclpc burnup, 
prnduction aver the crone  imction of a fuel rod. and the diatributian of 
burnup of gadolinium in a burnable poison rod. All of there latter qwnLilicr 
a re involved in determining reactivity and reactivity coelfic ient rnarg in s, 
thcrrnal and MAPLHGR margins and grorr core puwer d i ~ t r i b u t i o n  and 
opcrating characterirticr.  The adequacy d the rricidslm needs to be checked 
against rea l  rcactar data. 

Information from operating reactors ham consirtcd of spatial nsut ron ,flux 
mcasurements arid axial flux r c a n s  from in-core in~trumr?ntatiun, maps of 
control rocl posit lon~ correlated with burnup and power output, &-scans on 
discharged fuel bundles, irotopic analysar f r o m  selected r d r ,  trrnrient 
f l u ,  power and prermwo reading6 during rtart-up tenting (and occasionally 
during unpla nncd transients in  operating reactars), cold  hutd down margins, 
ctc. I d c p e n d c n l  maasuremcnts d  void^ are not available. Core phyaics 
models simplify actual core history and clean cantrollcd measurements 01 
end-of-cycle cnnditicms a r c  gcncrally not available. Much of the available 
informalion is of limited interpretive valuc because of inadequate i n s  tlmumen- 
talion f u r  ~ c i o n l i f i c  purposes, lack of knawlodgc of exact operating h i a t v l y  
and so forth. Cop~oum quantitica of routine opcrating data arc availablc but 
not uscful or uscd in verifying models. Obtaining better data often conflicte 
with other overriding obJtctive8 of the plant owner during plant operation, 
anrl v ~ i t h  other work during outages. 

I t  has been possible to reproduce much of the power distribution data with 
calculation to a reasonable degree of accuracy. However, a number of 
d l s c r c p a n r i c s  have been found - -  e. g . ,  in axial power distributions (now 
atlrilmtcd to incorrec t  prcdictiun of the axial distribution of steam voids). 

Dcaig., made l  analytical prcdicRiona of rcactivity changer involving rignifi- 
cant bu rnup need detailed rcproducticm of the core operating hirtory before 
acc urste  comparison^ with mcosurernenta can be made, Ye  rification of 
predicted burnup and burnable poison reactivity changer, the barfs of fuel 
t y c l c  length and targct cxposurc derign, i+ t lwrclore difficult. For this 
wason  i t  u-as Icatnsd only relaiivcly recently that our r+prorsntrtion of 
burn;rb!c poioov r~eedcd c orrtction. 

The ATLAS t ce t  facility iraed to generate GETAB data i n  r special purpose, 
out -of - pile loop which rclics upon nuclcar calculation to rpccify the power 
Icvcta and prwrr shapes for Lhe clcctric hcalcrm i n  the loop to rimulatc the 
nurlca r po rfornlance CA actual bundlcb. 



Both tho A T M  loop t t r t s  and operating reactor test# a t e  limited lu lealing 
relatively mild trandcnt  conditions bocaure of facility deaign and tech spec 
limiktioaa, tcspectivcly. More Bevetre thermal-hydraulic te r ts  arc conducted 
in  a frton loop requiring converrion 01 properties of boiling frton to ihocra 
uf bailing watrsr,ind without nuclear coupling. The dsrign limiting, co~rplcd 
nuclear and thermal-hydraulic l r rnr ient~  are the BWR cond~tionr aboui which 
least im known. 

In their rcccnl rcdcsign of the B W R / 6  core, the NED core des ign team has 
ruccecdcd in r . *toring romc design margins. Their t!csign is c ~ l c u l a l c d  
to mart all requiremenla, including Zuel cycle cost m d  plant output, 4 t h  
r nominal lO70mrrgin on LHGR. Ncverthclcas, BWRi6 core nuclear and 
thermal-hydraulic design marginr, in the judgment of the review tcwn, are 
not large enough to cover 

1 )  Mcthodr uncertahtica and new information from continuing 
qualification oi d e s i g n  rncthmls. 

2) Future requirements arising from comph tion of systcm design.  

3 1 Allowancls Iar variation in operator requiromsntr such as 
fuel  failures, h a d  Sollowing, reactor ouhgcs, ctc. 

4 1 Adaptatiatl uf thc generic dcaign to particular conlractual 
requircmcnt~,  manufrc turing requiren~entr, and othcr 
plant niacs. 

Onc or rome combination of the idlowing cunacquences may be expected. 

Power dcrrting up to 15% during a portion of the cycle because of 
ercersive power peaking for required operating flexibility or 
inability to meet operating limits a t  rated power wilh high void 
coefficic~rtr and design [or +'b") scram curve. [Moat likely to 
occur progressively during the httct quarter d thc cycle and mars 
probable for reload Lhan for initial cores. ) 

Reactivity shortfall, becausr. of nctd fur end-d-cycle maneuvering 
allowance, or pone iblc requirement for mare conr; c rval ive sc ram 
curve a1 cnd-of-cyclc. In equilibrium cores txporurc shortfalls of 
up I c h  4000 M W D / T  a r c  possible and .some shortfalls  of 1Or)D- 2000 MSVD /'C 
a r e  ~ h b l r -  



It i~ presently anticipated that BWR/4 and 5 dcaigns not yet rslcasrd wi l l  
utilixr! thc BlVR / G  core  design. Hence, comluaionr ~ h t c d  about generally 
ar ly also to ihcrc plrntr. 

Bas is : 

B W R / 6  core nuelear designs r r s  quite complex with 20 different fuel rod 
e n r i c h ~ c n t r ,  variour Gd dimtributiona, water-filled rodr, Iwl druffling, 
and a highly optimized control rod withdrawal pattern required in  the finely- 
tuned rlcr ign to athicve the margins chimed, The high renmitivity of B'rVR/6 
parametera to amall d+aign perturbations, in combination with the rmsll 
margins avaijable and the nccd for ramc flexibility i n  proporal offerings, 
mal:ce i t  difficult to reduce thc complexity without relief on core pcrlorrnancc 
requircmcnts; or to meet  core pcrf~rmance requircmcnts without additional 
complexity, This raeultr in higher quality aanurrnce taquircments for 
fabricatiun and more costly (lengthy, aophirticrtcd) nuclear computatimal 
cfferls to obtain acceptable accuracy. 

All BWR16 corca are derigncd with no end-of-cycle operating reactivity 
margin (i .  t. , all rods out of core at cnil-of-cyclc)  leaving even under those 
condit ions only a 50150 chance of attaining dsri&n exposure at rater1 power. 
No m.. acuvcring allowrnce ir  provided. Rcqriircmenta for an end-of -cycle 
rnaneuvcring allowance could rrrult in core derrte up to 15% during the lrat  
quarter of the cycle and ir a contributing factor to the expectation that 
burnup can be deficient. 

It  i e  not opparcnt that thc current BWRIG calculated cold rl~utrlm:.w margin 
for the cqiailibrium core will be adequate to demonstratc that the t icenring 
requircrncnt of 0.25TeAk rhutd~wn margin with a rtuck rocl ir  met* Thh 
m a y  cause early rhutdawn and unruailabilily while taking corrective action 
or resolving the issue with NRC. 

The dcnign objective for a calculated 1. 5%Sk cold shutdown margin 
with one stuck rod out ia' l e r r  than the 270Ak rtqucstcd in a 
BWRSD design review. 

Thc claimed - t 0.38% 1 6  uncertainty i n  the cold ktff ir baned on 
lirnitcd data. A large t uncertainty allowance Ifor cxamplc + 0.65,) - 
might Ire approprialc for the txpor inlc ntally uni te  tcd BWR 16 deaign, 
rspccially because of the navel high cnrichmrnt zone (hot ring) that ! increases the cold rhutdowa reactivity uncertainty. 



Reactivity rhort f s lh  in an initial cycle rcrulting in burnup deficiency cannot 
be corrected for later raloul cycler unlarr there i s  c x ~ c n r  margin - not 
expected - in cold rhutdown reactivity. Other cerrcct ive  derign maarurcr 
may be pornribla, but them have potantlaly unfivarablr impact on other 
critical dosign mrrginr and on furl cycle aconomier. 

The calculated minimum acceptable MCPR of 1.32 for BWRl6 conkine n 
7% margin fot operational flexibility. Thin is too rrnall conridering the 
renritivity a d  uncerkinty in the l4$ / u v  void coefficient (uncertainty 
ir not based on field data or renritivity rtudicr), the imprecire applicability 
of the "0" scram reactivity curve (bared on engineering judgment and not 
hard data), md the cutrantly incomplete mkb of development and rcccptanca 
d imyrovcd space r a ,  fast scram, prornpt relief trip, sndior pump trip. 
Further reduction of margins may occur during dstailcd des ign and nan- 
optimum plant operation. Plant derating may r c ~ u l t ,  erpecklly for equilibrium 
corer at end-of -cycle. 

Thc calculated maximum linear power of 12.1 kw/ft for B W R / G  corer 
allowa 10% matgin to cover all uncertainties in the 13 .4  kw fft Tech Spec 
Limit. This 10% (claimed ta be 2 6 ) margin accornmodatcs 5% ( 1 C ) 
catinhated uncertainly in the physics model, 5% ( I  b ] instrument unccrtain- 
tics, 2% ( 1 6  J obrtrvcd powcr tilts, 77b  Xenon transiento, and unevaluatad 
operator leeway and Slexibility to permit load following and accommodate 
core power shaping to minimize fiaaion product rslears from failed fuel .  
Mant dcrating up to 15% may reault if the abwt uncertaintier occur 
unfavorably at the same time. (Xcnon d e n t i n g  would be only a few hour&. ) 
It appears that a conservative margin of 20125% would assure Lh. full power 
opotalivn of D W H  16 under lees favorable circumrtanc~r. 

There ia  no specdic reliability /availability goal for B W  ~ / 6  core nuclear 
and t h c r n d  -hydraulic design, Reliability /availability studies Zecus at 
the con~ponent lcvet (e.g,, fuel bundle) and generally are conaidered as 
mechanical failure only. Plant dcraks due to nuclear or thermal-hydrau 
conridarationr do not figure in current reliability lavailrbility 8oals unleaa 
the plant i s  totally shut down. Thus, cur tome^ direiatiafaction at dsrrte 
could exist without necessari ly affecting plant relirbility/rvrilability geals. 

4 .  Z. 5 BWR 12- 5 Corc Design Margins 

BWHI2 through PWR / 5  cquilibrium corer were not designed ot analyzed 
in  dctail at the t iara uf initial commitment. R c c e n t  reload core design 
arrd c q u ~ l i b r i u m  cat -c  analyrea show some margins insufficient to sustain 
full reactor power for d e ~ r g n t d  Cuel egposurc. 



One or a combination of tho following ronacqucncer are expected Tor 
BWRl2  through 5 corm: 

8 About one-hail of the relord cores may be dcrated from 5 to 20% 
(h igh~r  value for some of khe BWRI4 rsloadr) in ordsr to 
artirfy the ECCS M A P W G R  limitr. Such dcrating would apply only 
over thc p c r i d  of time that thc rcackors contain the old 7 x f fuel 
bundler (the nrxt  4 years) and would generally not bs &t maximum 
derate for more than om-quarter of the cycle. 

berating up to 20% may be required in the lart quarter d the operatinn 
cycle  for many 91 thc BWRl4 and 5 reload 8 x 8 cores t o  u r t i s f y  
tranaicnt safety rcquircmonts with thc high void coelficients a d  
tho design [or "DM) scram r urva, unless plan1 L~ardwarc fixer 
(rctrolils) in combination with hoyc?-for improved campulrtiond 
modoh can rlcmonslrrte adequsla accsmrnodation 4 Lho unfavorable 
voitl coefficients and scram curvc, 

Power tlerating, burnup dciicicncica (predictml for many of thc 
a d  r e g u l s t w y  delays  discurscri unrlcr DWR/6 also gcnrrally apply to 
BWRIL-5  rclasd 8 x 8 ccrrcs [considerably rncsrc to BWRl4 and 5 than 
to BWRj2 and 31 and, to  a lessc T degree, € 0  Blk1'R/#- 5 initial 8 x R 
c a r e s .  

Necer sarily, rclord cares arc designed with incomplete knawlcdge (often 
hascd OH some rnunlhs cxtrapcr1;riion rF opcrationr) of h e  status of the core, 
and dceign to  Cover Lhir uncertain* rcquirea additional margins. The 
current intent is to  achieve M LHGR in all 8 x 3 carcm at !cart 1m lower 
than thc 13.4 kw/f t  limit. Although design s!mwa nu problem in achieviw 
lhirr o n  initial carer,  ~ f t t n  n o  aperating ttlargin is obtainud for the relord 
corem. 

Although rpccilic burnup targets for thc reload corer are sowht, thmy frcqwntly 
rannot bc met+ This ia because the dtaignm art  already h i ~ h l y  conatrained te 
rrt iafy thc licc nring requiremenla at rated pcwer. A I W k  operatin& reactivity 
margin is soughl, but not always achieved (c ,  g., KKM just barrly mads rated 
power with zero reactivity margin).  Thur, there w i l l  be many burnup mhort- 
fails - more for  B W R l 4  and 5 than for l3WRl2 and 3 - of 2-4 theusand MWDh. 
There i s  r i u k  that one o r  marc of the reload core plantm wil l  have iardIieicni 
reactivity to pc tmit dignificani xenon load -following early in the cycle. 



Reload corer are designed for a calculated cold ahutdawn rt~argin d 1%' k 
with one stuck rod out. Brcnvn'r Ferry shuwcd an incremnt  over cr lcu la l im  
for colcl $ff of . l%.'.k for partially burt~cd Gd c o r e .  The 1% correction i n  
not uniformly applicd to all relord dcrignlu. Thur, early ahutdown with 
rccmpanying unavailability may rerult for noma reload cores because 
of inability to convincingly dcmanrtrate thc O.25Wik licefiring limit for 
cold mhutdown margin. 

Complexity of BWR relord core dcrign analyaim in combination with r tight 
rchdule for r hrgc number of different reload corer that have to bc 
evrIuattd I d 3 0  per year) further reduem reload core derign margins 
becruae of irudtguate time and tooh to optimize design.  

Design transient limits will not be satisf ied at full power a d  EOC for many 
of thc R W R / 4 - 5  B x 8 reload cures with their  high void ce f f i c i cn ta  and design 
(01 *'Dl1) rcrun curve. Thcee cores need prompt relief trip or fart rcrarn 
(retrofit) plus pump trip to meet MCPR requirements under mme turbine 
trtp conditions. Neither has bccn completely develoyrd nor accepted by 
NRC. Final acceptance criteria m a y  result in up to 20% plant derata and 
a rtpuirtmtnt for partial insertion of control rodr at end-ef-cycle resulting 
in cycle Icngth and burnup defic icncierr . 
Thc 7 x 7 bundles i n  about one-half of the reload corcs art expec#cd to require 
dtrating by 5 to 20% to conform to MAPLHGR limits over r portion of the 
cycle (up to onr: quarter cycle). Operational maacuvcrabUity ta avoid exceedi~rg 
the MAPUICR limits in  rertrictcd by other operating and derign l imi ts ,  
indudltrg GETAB, PCIOMR, and peak lincar power. BWR/4's will be mast 
limited by MAPLHGR. 

BWR/4.  hcn back-fit to new BWR/6 Jut1 design. wil l  need an h p r o v c d  fuel 
spacer to meet thermal-hydraulic limitr. probably an adaptation of the Mud 111. 

The Caorro core power density old caleulattd void coefficient exceed that 
of the BWRI6 dcrign, with potential adverse  impact on load-fallcrwicy 
pcrformancc due to a reduced rtabiiity range in Lhe care powur/flaw map 
a d  ptcn tL1  o v e r p r c a ~ u r i z a t i o n  on turbine trip. 

Unc~cr~ainties in  current urtimator of radiation and corraaion damage to BWH/G 
core i rc l erna l~  do no1 provide araurancc of 40 years scrvice lafcti~na.  C o r ~  
~ n l c r ~ i w l s  may have to be teplacrd earlier to providc assured structural 
~ n t r ~ r i t y  for continirvd u p r a t i o n .  Replaccrntnt uf pc r l ~ ~ a n c n t l y  tnslallcrl 
c ore 1:htr r w l s  would rrrult in a ubrlantid BWR down4 iwic bccausc of high 
. I ' 4  ; . + - I *  and c?:fficrrlt a r r c r s .  



21 The lc r ign  requirement for fluenee on core intornrlr ir 1 . 0 ~ 1 0  nvt. 
Currantly available erlculational r n e h d r  arc only adequate to predict 
40 ysar service l ife fluenee* ranging between 0. 2xllL1 and 4. B x l ~ ~ l r n t .  

Therc i s  no known way of acquiring radiatiorl damage and combined 
radiation damagciatrcss corrosion data Iml enough Id determine 
compamnt life timer prior to BWR/6 going into rervice, 



4 . 3  Circulating Sy~tern.8 and Trrnsientr 

4.3. 1 Void Coeificient/Relief Valve -Prqhlcm 

The main cause of potential BWR transient reverity is the high roactivily 
worth of the steam void*. This applk8 to 8 W ~ 1 2 ,  3, 4, 5 and 6 with 
severity increasing in BWR/Q and 5 +ad again in BWRi6.  The conssqucnces 
are aggravated by the low thtnnrl inertia of the atearn ryrtam. Engineering: 
has responded to thir trend of increasing asverity by providing protection 
against the kransicnts through subrtrntial additions of relief valvcr, trip 
circuitry, a d  f a s t  scram blade driven all of which are d novel des ign an4 
rcquirc high reliability. Transient conlrol involves use of thc prcssure 
suppress iun pool and the conlainment during e x p c c  tcd plant operating 
conditions, much am turbine tripr. A canecqucncc of t h i ~  is the potential 
contamination of the Mark III containment by discharge of radioactivity 
during rclitf valve operation. 

'rlrc void coefficient used in  UWR transient design ha$ increased frmn 
about b $ / %  for BWR12 initial cores to l L # / %  for BWR/6  equilibrium corcs 
with U02 fuel. This ia in part due to change in reactor charactcrist ic~ and 
in  part due to more realistic modelling. The pressurc rate has  incrca~cd  
by 48%, and thc void fraction by 244/~. Thc ovcrrll effect i~ that the rate 
of reac t i v i~y  addition following an i se lat ion (TIG trip) uecd i n  des ign has 
increased by a factor of 4 .3 .  At the same time the rate of reactivity removal 
by bladc &cram used in  design has decrcasad by a factor of five [see 4 . 3 . 2  
Lor further dircussion) principally because aI using EOC equilibrium care.5 
instead of BOCI. 

The conlhination of thcsc two situations has escalated the magnitude of 
ringlr cycle  BWR pressure transients from something easily conlrdled 
by adding a few relief valves and an overprcseure acram,  to an eventuality 
requiring r complex of high ptrlormance hardware to insure that the largcsl  
transicnls arc l u r n d  around before prctisure limits on the veastl  and thern~al  
l imit8 on thc fuel  are excccdcd. 

The average number ai prtrsurc rclitf transientr pcr plant per ycar prior 
tu 1973 was 1 in BWR / l r ,  2. 7 in BWR/2+ and 3. 9 i n  L3WR13s. 

The arrcr.b)rc ylxnt unavailahihty i n  1973 caused by rclicf valve prublcms was 
0. 97;. U ~ L -  oi up to  4 timelr thic mdny valx i m s  in  ncwcr  plrlnts wil l  tend to 
i n  r I 1 I I This mmlmr x ~ u u l r l  b;c grcahr  still i~, 



thc BWR /6  except for thc fact that the BWRIEI dtaign hag no roan for more 
 valve^ wilhin lhc  containment. Becaurs tho number of valver i~ nnt 
ronsidercd to he ruffieicnt, r iast scram arhd prompt pmnp trip arc buing 
rcquired, 

Tlw present contra1 rod dr ive  rystcm has contributed 0, 7% unavail;~l>ility. 
Thc newness and thc larger forces invoked i n  the faster scram will 
runtribute to additional unavailability. 

4.3,2 EM-of-Cyclc Scram Rcac tivity 

Finding: 

Thc curves o i  reactivity vs. control rods posiliorr of ~Wlt12 through D W R / ~  
arc  unfavorable for end-d-cycle equilibrium cores (either with UOZ reloads 
or MOz reload61 as a rteult of the high reactivity in void r. One posriblr, 
but undesirable, way to achieve scccpably rapid reduction of power ~JII turbine 
trip during thc last part of a cycle would be to reduce power and 1hcreLy 
al low some blades to be kept in thc core. To avoid such derating, design 
changes are required: fast ecram, prompt relic1 trip. rccirculatian pump 
trip, adclit ionnl rctScf v;rl.res, and /or reducccl relief valve seilinjir. All  
of lhcsc woulrl redwe availability and incrcasc l irensing difSiculties. 

The scram reactivi ty curve (reactiviiy vs. porition ef blades in corc) bccomes 
u d s ~ ~ r i t b l c  for controlling transicn ts at t:rc cnd-of-cycle [ E m )  ant1 is evc11 
worse ior the equilibrium core. Prior to 1972, oystcm transient anslyrur 
uscd a scram curve calculalcd for DOC for t h e  initial core, currently refer- 
red to a s  thc ''A" r c r u n  curve. It was uscd for dcnign  and rnalysir d all 
BWlX ' r  up through BWR/5 until 1972. Removal of the 1% manauvsrin~ 
ollowancc at EOC in 1969 resulted i n  requiring that all blader be fully with- 
drawn. EOC. Conscquentky a much less f i v ~ r i c b l c  scram curve shape, the 
SD-called "B scram curve" war adoptcd in 1972. Wi th  the use of burnable 
poisons in  place of poiaon curtains, BOC scram curve6 for initial coras 
becomes much like the "B" rcram curvc. 

Finally, i n  1973, EOC scram reactivity was examined for 8 number of  re^^ 
situalioris and tho ,*D'! rcram curvc was adoptcd ar a worrt bounding curve 
to hc used f a r  design purposes. The 'ID" scram curve ahowl low rcnritivity 
tu r-ont re1 rod insertion at the bottom d tho core. 



Sinca a11 BWR4r through B W R ~ ~  were originally derignad for BOG initial 
core coaditions (equivalent to the "A" rc r -un  cuwe) conrida rable ?~ckf i t t ing 
or restriction in  operation h a  wcutted and i 8  expected to occur in the 
future a o  the reactors proceed towrrd equilibrium care canrlitionr. The 
approlch to date has k e n  to license and operated reload core. on a cycle by 
cycle bsis.  Thir has already rerulkd in rorne caaer in  the addition of mor 
oafetylrclicf valves and in other cases derating to 85% of rated power at 
EOC (cycle 5 at NWCUNOR). 

Derign changer being consibersd for BWR12-5 include Increa~ing  number8 
af rafety /relief valve e, decreasing rafety /relief valve setpoints, prompt 
relief trip, and recirculation pump trip. MopHon would be expected to 
havc a negative impact on plant availability. BWR /6  already includes m a n y  
d t h c ~ e  fcatures and in  addition will incorprrtr a fast scram. 

! 4 . 3  Transient D c c i ~ n  Methodm 

Finding: 

The current rncthcxls uccd to calculate BWR transients although cmnprehcnsi 
in their trcatrnlsnt of thc ovrrrall nuclear stcam supply system, arc approxi- 
makc in their trcatmcnt uf the rcitctor core. They are furthermore cascntia 
untested wi lh  respect to their treatment of the central feature of the eysttm. 
the eeupled nuclear-hydraulic proccnr. In view of there uncertainties, the 
allow*d margins are not sufficistnt to assure acccptablc availability and tapa 
bility. As mare atcurata methods are davelopcd and applied {and such dcvcl 
mcnta are in progress), hardware requirements may increase and call in t u ~  
fur an unknown dcgrcc of futthe r backfitting o r  clsc dent ing .  

The method untd to determine stability margins would nurmally be consader~ 
both guod and conservative. However, obrerved phenomena which could 

rtteh+ *&- r-  c e k  *, +& 

1) Siteable remnant fluctuation in  the fiaaion rate. 

2) Decrrame i n  fuel rod thermal time constant with Pu build-up. 

The DWR tranritnt modal rpproximrlcr the reactivity af the rt8ttQr core 
by a mingle point ''dyrramic" void coefficient and r point "dynamic*' reram 
reactivity curve.  The point model ham been backfitted to agree pretty well  
with the prediction of a one climcnrionol [axial) core model in a few carer.  
Nuvarthclcos thc b.rsic 3 tlirncnsianality of Lhc Lransicnl problcms l r a v t s  
stme ruvrrr for doubt about i ts  prcdiztjdne until .in adoqu;.te Iicld teat or 
n r n c a n i n ~ f u '  c ~ m i p ~ ~ r i n o n  wilh 111t.  p rcc l i c t im~  ui a 3 - D  ~rsnaient m d c l  
11 J ~ ~ L  1wt.11 4 .briq1a 11 O I I ~ .  



The core rcactiviky i s  a function of control rod inscrtien [mcrrm curva) 
has bcc:n dc ri-.,cd fwm talc-ulaiions of tranricntrr other than thore for which 
the r c  ram curve w 3 l  be uscd (c, R. , flow coa8ltlowna, vr. poritiva prcrr urc 
rate transientr) pcwribly not reprerenting correctly the time dependence of 
both void collaprc m d  control red inrcrtion. Thir reprsrsnWion ir important 
because t h e m  reactivity cffccts interact through axial, radial, and Local 
$hills in  the power distribution. Thc zero dimcnsioml core model in the 
H E D Y  program system transient anolyrir cannot dsrcribr there axial 
pawcr shiftr withorrl a prec ire  r e  ram curve. 

An i~nprovemcnt d the &team-lint portion crf the REDY model i s  in progrerr. 

Thc " rcsorunt s p "  amplitude in a typical BWR/3 using 7x7 fuel  h r n  bcsn 
mcasurcd to be 1270. A thcorctical model to predict such performance has 
nut y c l  k c n  discovered. Hcncc i t  is not porsiblc to theoretically predict 
itmpblludes i n  difftrcnt BWR1r and for different corcr. T h i m  noire interferer 
with T1P flw scanning; it  may contribule to fuel cladding fatigue, particularly 
watb shorter thermal time constant fuel such as Ihc 8x8 or 9x9. 

RL'W T S E  control blade response obscr\-cb in operating B'IVR's can be predicted 
qurlitalively I>ul nut quanLi&ativcly. Thcre i s  no rcquircment a d  design 
pruccdurc Lo assure Chat the cxtcnt of rcvcrse rcsponst will bc acccptablc. 

Transxnt models do not include the chaw* in  fuel rod thermal time constant 
caused by prcferenttl buildcup oi P u  near the pellet surface, 

4.3 .4  Extcnl of Verification of Transient Analyses 

The availrblc tests of the trsnricnt model to data have been satirfactory. 
Thcy have not provided r critical test of i tr  kart certain features, namely, 
rcpreacntation of the void coefficient, and of the delayed rcrarn reactivity 
c urvc. 

Tcfits involving morc extrcmc condiliwna in operating plants and camparis~ns 
with multi-dimcrrrionol nuclear lthcrmal/hyd raulic transient made18 are 
nccded to verify better the adequacy of the design motlei now i n  use. 

A Nine M i l a  Paint  turbine trip with 407" bypass sad trip rcrrm from a mid - 
ryc Ic r a r e  with partially inrcrttd  blados produccd s transient which agrood 
w c S l  U ' J ~ ! >  c;rlcnlaiion. Howcvcr, this trinricnt did not have a pressurc induccd 
f l u x  bpikc., and did noC ter t  thc adcquacy of thc void eaefficicnt modcl i n  Llle 
r..-rt: . i  I * '  fbrvssurc opikcn ar the conrqrwnccd of d c l i ~ y c d  acr;lni ~ C U ] M ~ I > ' . ~ ~ ,  



An rnalyt icd  cornpariron of the prediction of the Lrrnmiant design code IZEDY, 
which USCIL p i n 1  reactivity rcprarentation, with r rtcpwiut iteration between 
REDY and a onc dimensional r.uclerr tlbcrmrl hydraulic cede STARPATH, 
used to repre~cnt the core, rhowed g o d  agreement in 8 study of turbine 
trip mrrrm without bypara far Fukurhirna 2 at beginning of lift with thc old 
;3adslinia core design. During this trrnmisnt, relief vrlva action and rapid 
ucram prevcntcd a large pressure tranricnt. Thus it did not test large 
pressure p a k r  which could involve 3-dimenmianal reactivity efiecta. 

A riinilar campariron calculating r Chinshan turbine trip, without bypass, 
with ItEVAB also rhowcd rcaronably g o d  agreement, but was alro not a 
lest for limiting transients. 

Anticipahd Tranricnt Without Scram (ATWS; 

Finding : 

Regulatory rcquirctmcntrr tall for backfit modificrtionr to operating plank.  
While mast of the work can bc dbnc during a regular refueling outage, an 
additional few. pcrccnt oi unavailability may occur during thc ycar of 
modificalion. 

Basis : 

Consideration of the ATWS event arosc from concern by thc Advisory 
Commitice on Reactor Sailrpuards (ACRS) and the Nuclear Regulatory 
Co~nn~iss iurs  {NRC) as l o  the posuibility of common mo-:C faihres which 
might rlisablc the reactor protection (scram) system when callcd upon 
to act. 

The NRC cstablishcd a position (Document WASH- 12701 which required 
water reactors to accommodate this event without cornpromicing thc 
ptcsfiurc vessel and containment. The NRC posilian for plants about to 
go inlo operation is (ersenlially] that backfit will be required. For already 
operating plant6 thc type of backfit to be required wi l l  be determined on a 
cast by tare basir. 

W h i i c  mainlairting h a t  this event i s  t o o  rcmotc to rcquirc conaidemtion, GE 
d c v e l v d  and submitted tt, the NRC a method far prcttcction against i l  which 
conaists of: 

1) Trip cd the rccirculrtion pumps to promptly rcducc the 
reaclor p w c r  Icvel. 



2) A u t a n a t i c ~ l l y  initiated injection of liquid boron poiron 
l o  shut the rcrctor down. The injcetion would be marlier 
and at greater rate than the manually ini~raled ayrtmn 
now exinling on all plantr. 

3 1 Use of high presrure emergency care coding ryrtums piper 
[EGGS J tu in ject  n o m t  of the boron. 

This method for prottclion ir now under review by the NRC. It krr not 
yet been accepted. 

Thp rccirculation pump trip is already, or will bc, inrtallcsd on all BWR14 
a d  later mdc!u .  This function i s  not expected to contribute significantly 
to plant unavailability. 

If required a d  apprwed by the NRC, the autmaiic,  fart injection of liquid 
boron 58 txpc lcd to be installable during a regular d u e l i n g  outage. If 
it requires addiiiotul outrgc lime this would add 2:'PIwcck to plant unavsif- 
ability, one time only. {Thia e~timrte is based on i preliminary evaluation. ) 

Inadva rtent boron injecticrn is a serious thrcat trr plant availability. Preli - 
minary cstimaks, asnuming w r y  carefully dcsigncd rye terns, i ndicatc that 
one such event i s  tn bc expcctcd during a p h n t  liictimc a d  that this would 
require several weeks of cleanup. One event in 30 year8 with r 30 day 
clcallup means one day per ycar unavailability. 

Finr? i ng : 

The operating rsngc of the RWRf6 tccirculatio~t flow control aystema, 
nominally 75% to 100°jr of reactor power on the 100% power control r d  
pattern line, is lerm than utility load following requircmenlr (rlth-h 
this range was rcc tpkd by Lhe customer). The range orQinrlly emtimated 
for  BWR13 war 50%. For equilibrium cares at EOC the expected atrble 
rangc is of the order of 4%: for DWRI4-5  the corrcrponding figure* arc 35% 
originally estimated, # 25% currently crtinwtcd. Thc rcrtricted flow conlrol 
range reduces operating ilcxihility, and requirer more frequent control rod 
mwcmcnt, which tends to increase fuel failurcm. Fuel prc-conditioning 
w i l l  t + k  Iongc r than in oarlicr BWRs which Iirva a wider flow control range. 
Accormodating Xcnon transients will r h o  require m o r e  contro l  r d  motion, 



The conlinuiy increarc in cots pawar denr ity in ruce+r riva BWR madela 
hac had r narrowing rffcct on the flaw control range and this has bcen 
aggravated by t b  rbrence of r corrarpbndiny increrrr in core flow. The 
core flw hrr Incrured by only 23.4% from I ~ W R / ~  to BWR/6 while reactor 
mleanr flaw haa increrred by 91%. 

The flw control operating ratye, which ir limited by the opcratiurul 
stability decay ratim apdf ic r t ion  of 0.25 pc r cycle, har narrowed f ram 
50 to 100% in  the BWR12 to 75 to 10- far BWRb planto [prhapr ollly 
77- 100). 

Utility ryrhrn pcrfmwmncr needs indicate a daily h a d  change capability 
& 10% to 50% of full power, to be accomplished within an hour. 

At prcment, the crlculrtcd flow control ~+rngc rnaating the design stability 
criterion (dampinu factor - 2 5  per cycle) i a  77 - 100%. 

Thc lora d feedwater heating at the accidental activation of the Iligh 
Prcsrure Cote Sprry or High Prurmwe Core Injection Syetcme could 
prduce p e r  tranriantr brig cnaugh to caumc i n t  reared leakage from 
fuel. There tranrients may be marc mevcrc in thio regard than prcssuri- 
rntien traruientr becauoc t h y  can 1a.t 10% enough for PC1 failure to 
occur. 

B a ~ i r :  - 
A amber of evcntr can cause changer in core flow and core coolant inlet 
umperrturr that require control or protective ryrhrn action. Of these 
the mart retieurn rrs the Loss of feedwater heatiry and accidental activation 
of the High Premrurr Core Sprry or High R o r r u r e  Corc lnjectian Syrtcms. 
Follwiry tho latter evratr. the reactor power c m  rims to r p i n t  below the 
werpawer @cram trip rcquiriy operatar action to reduce power. 



Finding: 

Scram insertion tcquircn~cnts 5 or plants designcd for Relief Valve Augmunted Bypass 
(RKVAB) have nnt ye1 Icvn athicved. NO eolution hrr yot been identified, 
Dclays of 6 months tu modify REEVAB syntcme and coinponentr may occur fur 
plants arlmduled to s tart  up in 1975- 1976. 

F a ~ l  rscraln a d  Prompt R c l i c i  Trip (PRT) ~ o l u t i o n s  to scram reactivity 
problcms in  all  UN'R'c uti l ize  r .  * ? i c l  t e d u c t i o : ~  of reactivity and anticipatory 
p r r s s u r r  rclicf. R11;IrA1J direr y . ountcrs L ~ c R ~  fcaturcs by requiring 
dclay of scram aficr gcncraLar 1 .  y Co Jcierminc operability of REVAD. 
Thcrt i s  p r c s c d y  no rcferencc or proposcd solution to lhese mutually 
~xclusivr rcquircmcnls although thc first REVAD plant [Caarma) irc scheduled 
for late 1975 startup. 

'1 hc aciditlun of cither rccirculalic*ri Pump Trip or PRT w11f prcvc~rt the 
asulat  LO^ t r a n s ~ e n t s  111 I< E V A R  pldnls from bccorning a safety p r o b l c ~ ~ i ,  but 
buih additionc p r c s t n ~  problcms ul t h i r  own. Pump tri? causca wide 
I l u c ~ u a t i o n  in reactor watcr level, f r r o t  high then low, whir the latter 
w r y  l ikcly l o  cause @cram. Water level control during lhe trmrients 
wrwld have to be impravcd conriclcrably d thc p u r p e  of REVAB is to 
bc. ;rchicvcd. PRT on t ! ~ .  othcr laand would incrcosc blowdown Iorccs il 
ai 0 , - r  urred clurrtig . I  LOt1A. Sirce thc REVAn and PRT fcat~rrcm countcr 
each other. L l l  sale Jcslgri IS I I I ~ J C  difficult.  PRT licensing may be 
rliilicult to ulta in .  

CAOHSO initral t ore transients wil l  bc rccophblc without mdification 
but will require modifrcat~on for rcloadr, 



4 4 Safety and Cantainmcnt Symtcmr 

4 .4 .  1 Analytical Modslr  and Marginr far the BWR ECCS 

The lack d thoroughly vcrif ied models for BWR ECCS ham lcd  to the imposition 
by the NRC d highly conmervativc model assumptiono and derign lirnilr. Eroded 
marg ins  with rerpect to there limits ham rcrulted i n  5% derater for BWRI3 
facilities. Further deratca of up to 10% ore p o r ~ i b l t ,  at lerct until the 7x7 
fuel is replaced by 8x0 fuel. 

Ba6 is: 

I DWRf3 plantr currently operating have been required to derrte 
their maximum bundle power i n  order to comply with the require - 
mentm imyomed an maximum fuel clad tempcrature during U)GA 
in accordance with Appendix K of IDCFR5il. 

To prevent dcratinp; of BWRt4  plantr uimilar to Lhore mrposcd 
on the B W R I ~  plants, r hrrdware f i x  to assure safety F; y r t c m  
redundancy was devised to meet the new mudel rcquirementr. 

The ef fect ivtncar  of core rpray nozzles i n  the ECCS system i n  
operating BWR'r is in guemtion bccruat of Swtdirh data on spray 
contraction i n  a stea n cnvirunmcnt. Ar of this time, it has not 
bcen established that core  spray  c f f e c t i v c n r z s  can be n s ~ u r e d  by 
reliance on the GE single nozzlc rxpcrinlcnts in a rteam environ- 
ment. Dtrater ai B W K / 4  up to 10% or hardware changes arc  
p w s i l l c  b e c a u ~ c  of cure spray cif tct  ivcness qucstionlr, 

The prcmcnt ECCS model and analyois  that indicate8 a codcrrtablc 
margin position on 8x8 fue l  [200V) if predicated an thc Idlowing: 

- Annumption that the NRC model8 w i l l  not be Further altered. 

- The *pray n o x d e  design changer arc correct .  

- The potfuration nrdcl babcd on 6inglc rod t tslbi  r e r u h  
i a  applicable and not the 1973 rnultirud t e r t s  which 
perforated a t  h w c r  than expected temparaturrr. 

The frsriun gar rclcrot m o d e l  pr0vt.s ta be correct.  



BWR Cantainmr ni Design Sta - [us 

Finding: 

Because of phenomena reccntly discovcrad,  all BWR cantainment types 
(Mark I, I1 t 1lI) arc undergoing extcnrivc additional anrlyrer to tvaluirtc 
rtructuraI adequacy* As a result  uf these r n d y s e s  Mark II as wall  8 c  

Mark 1 a r e  l i k c l y  to be rcdesigncd and retrofitted. 

The ~ h t k  I11 caalainrnrnt wi l l  haw more aeveta opctrtlng a d  mintonrncc 
problems than Mark I and 11 because small rccidcnts and normal r e l i d  
v a l v e  operation w i l l  d isrhorye s t e a m  and rabioaetirity and causc high neisc 
levels within thc containmcnt. This wil l  rerult in  lass OC D I V R ~ ~  avail+- 
bililp and reliability (of thc order of X:;/ycir). I n  addition, ihc phen0rncm~- 
logical problems a s s o c k t c d  with Mark IJE (ruch a s  aupprrrsion pool 
rloshing, steam-air bubblc vibration, rel ief  valve blowdown forces, 
LOCA blowdown forces on the containmcnt, radioretivity conternination 
carryover throughout the corttrinmont) are likely te require rubstantial 
add llionaf tcrtirig to clarify thc  appl icablc functional rcpuircrncntr. 

Basis: 

Some means ruch a s  mufllers appear required to mitiask the fotcca grnerrtcd 
i n  h e  supprc~sion p a l  during rrlicf valve blowdown for all thrcr cantairrmcnt 
~ y p c s .  Farces connected with rr l id  valve tlischarge are of two type#: 
( I )  those r r r o c i ~ t c d  with rxpulsien d air from the discharge pipe, and 
(2 )  those raraciatcd with C)ac formation and c~ l laprr  of steam bubbles in 
the pod when the pool temperature i n  abwa IbOoF. 

The question of including rclief valve blowdawn roncrrrrent with the LOCA 
blowdwn forces with regard to Lhc rupprorrhn p a l  l d i n ~ ~  has beea 
raircd by the NRC. This mdificrtion of the LdCA blOwdws m d d  could 
show that the containment rlructurcr are wcrrtrcrsed,  Olrrtby resultin$ 
i n  expensive changer. 

Depending on the re8 ults of design 8 rulyses, additional structural design 
allowances could be required to accommodate thr ''pool  well'* phenomena 
during a LOCA for  all thrce rontrinmcrst types. 



The i r ~ l p a c  t an n \ V ~ / 6  maintainabil i ty and availability resulting from 
~ C T S U L : : . ~ ~  raiila;lon exposure f r o m  cithcr the dryer  assembly ur the 
separator asscmbly h a d l i n g  is  not (as yet] accouritcd for i n  the dcsigtr. 

In tltc ini t ia l  M a r k  111 test  set -up,  the rin~ulatcsd drywell and boiler were 
" 1 / 3  scalc" while thc s u p y r c s s i a n  p o d  sect ion was "full scale". Since 
those three cornponcnts drd not match each other with regard to size, the 
application oi lhc trs t r c s u l t s  to the "full scale1: ryrtems is not rtrrightforward. 
The currcnt  Mark I11 t e s t  setup i s  "113 scalet '  throughout; howcvcr, no 
dimensional  analys is  has bccn prrferrncd and i n  the opinion of the rcview 
t ~ a r n  tlic ability to txtrapolale the test rcsults to full scale may bc questioned. 

Some L ~ , C C L [ ~ C  conlairrment i s sues  y e t  to be clarit ied arc:  [ I )  influence oE 
local warm spols in the pool from relief valve discharge on prefcrcntial  
movement of steam o r  steam/air rnixturcs during 8 LOCA, (2) behavior 
of adjacent rows of horizontal vents during a LOCA, ( 3 )  three dimcnmional 
effcc t s  result ing from unequal admittance of steamfair  mixture about the 
circumfer.tnce of the pool during a LOGA. 

A "PYT i d . i t r t "  s y s t c m  has been auggestcc' t o  assure against or reduce 
the probability that  Chc sr*pprcss ion  pool wjll be ovcrloadcd due to  rrl i t f  
v a l v e  d :  c h a r g e  shnultancous with a LOCA. (The PRT could be actuated 
after  a main stoarril ine LOCA due to high water level in  the vessel) .  

4 4 . 3  Seismic Des ipn Position and Capakility 

The scis mic design responsiLililica a r e  difZustd and dispersed within WFJ 
and, bctwccn NED and the A f E .  Upgrading the NRC rtquirrn~cnts on seismic 
design, coupled with the current lack of C E control over AIE dcs igns cou13 
result  in major redcsign e f f o r t s  atad possible retroEitting in plant# already 
const ructcd. 

Bas is: 

The NKC prcscnt ly  specifics the OBE and SSE ground motion inttnait ics  
i n  t c r n ~ s  of smooth resF;nsc spectrum curves  rtprescnting mean plus 
1 6  I t v t l s  as cstablished by NRC rtisrnic consultants Newmark, Blurnc 
and K a p t .  Thcs t  des ign  c u r v c s  may be modified as r rcsulc 01 the rludy 
and rrcommcndations made by NRC rtisrnic consultant W. B. Seed. Such 
r change wauli! r c s u l i  i n  iacrcascd des ign  loads for certain periods and 
decrcascd  1c.ids for d h e r  periods .  



Tl-rcrc arc at  least  f i ve  major  arcas that h a w  a direct tcaring on thc overall 
LAI  ~ ' t y  w i l h  I C ~ A  rCI kb scismic design. These areas arc: definition of rcirmic 
loads ,  m s l l ~ c m s t i c  a1 n m d t l s ,  a n a l y s i s  procedures,  design criteria rnd 
assuring  quality control during lubrication and cctn~tructim. Statistical data 
i s  lacking on which to a s s c s s  thc Iccuracy af arrumptionn In thesc areas in 
any dcs ign.  Therefoi-c conscrvatisn~ is appropriate. 

BWRSD and BWRPD currently exercise  pa r a h f  rerponribilitirr in  same 
arcas of seismic design since rSWRPD i s  responsible for the STRIDE 
des ign  which i s  currently being dcvcloped thraugh C,  F. Braun. BWRSD 
has  rtsponsibil i ty lor  the t tquis i t ions  plants and mast of the areas of 
rcspons ib i l i tg  regarding seismic Jcs  ign. Howcvcr, within BWRSD thcrc 
responsibilities arc diff l lsed sinec some arc assigned to dcvclopwtrnt, 
ul t~crs  to design engineering, wi lh  csscntial respmsibility asrigncd to Shc 
rcsponsiblc dcsign engineer a w n  though he m a y  not be rufficicntly eegnizrnt 
of thc "statc of the art" design haris that ir characteristic of seimrnic design. 

Tllc component of B W R f 6  having Ihc r m r l l c c t  rcirmic margin for the 
present method of RPV support is the fuel. The fuel-rpaecr-channel 
combinat ion  i s  required to mccl Ihc 0. 3g ground acceleration riismic 
requirements. Sincc i t  has becn Bliiicult to rltrsign the spacer t~ meet 
seismic margin  together with  thcrnsal and nuc!car dcsign raquircm~.ntr,  
thc r c  is cjuc s tion whcthc r the BWR 16 design would meet scismic condiiions 
far  sites wherc the rcguirtmtnls are i n  excecs of O.3g. Beeauvc many 
modcls [mostly analytical) and not many tarts have been used to establish 
this seismic design, future tes ts  will be required to verify adequacy ahodd 
i t  be d i s c a v e  red that onc of the models extrciaed i n  the fuel perfwrrmnce 
trade- eff r tudy i s  inadequate. While the meisrnic a r u l y s t r  have concluded 
that the fuel-spacer-channel dcsign i s  adequate SOT Q,3g, tes ts  performed 
for O.3g reicmic conditions indicate same deformation which is  mot in  
accordance with the design criteria; thcrtfore, the criteria, test  condition& 
or the spacer &sigh must change. 

In many cases;, seismic requirements arc rpecified by GE far GE uppl ied 
equipment but the A/E har control over hew [or U) the requirements are met. 

The PWR design i s  inherently mare acismic rcsirtant bteaurc of lever 
reactor vessel placement and thc need t0 design for larger UXA loadings. 

4 4 4 Radiological Contamination - 



Desiqn fcatt:rcs such as PRT and REVAB and bbttom entry cart  monilora, 
aa v:t:ll a:, yrc . . sure  rcl icf  for  ab~rormal events, l tad to increased radio- 
a c t i v i t y  in the containment. Source terms provided by GE for radioactivity 
rc lease are subject to  large  uncerta int ies  which m a y  lead to unfavorable 
outcomes i n  terms of plant availability and reliability. Controls an sources 
of induced  radioactivity arc not rdcquateiy specified in  design. 

Bas i s :  --- 
Depressurization t r a n s i e n t s  i n  Mark 111 containment can lead to 1 to 4 drys 
OI plant utravailability due to high levels OE noble gases and iodine In  the contain- 
r n t n t .  lrr addit ion,  the operators i n  the cantainrncnt m a y  be exposed periodically 
to high dose t a t e s  of radioactive noble gales and iodine, requiring rapid tcvcu-  
at ion .  S z c h  transients are anticipated approximately twice per plrnt year. 

The crlculr-ted iodine scrubbing factor bthveen the ruppresrion pool and khe 
containment air space of 10-4 is based e n  tquilil. rium solubility data. No 
model of ssppression pool dynamics or t e a  ting has been done to evaluate 
transient  t k c t s  on iodine release. A potential raftty problem would exist 
in  Mark ILI if the rcru5biag factor cxctads 1%. 

Fuel fai lure rates i a  8x8 fuel have not been established. 

Noble gases  k. the torus of M a r k  1 containments were found to excetd 
exptrlatio=. 

Backfits a z t  anticipated o n  Mark 1 and Mark II  dcrigns to rccorrunodate 
relief  val-.-e leads. Observed levels of radioactivity in the cantainrntnt 
are likely to impede the progress of these operations, 

U b o r  u.-ions ~ r t  p r e ~ s i n g  for a daily dose limit based on uniCorm rpplitaticin 
of the q.;ir:crLy dose 1irn.t. Such an interpretation would severely limit 
the availa3ility of qualified pcrronhl  to perform required plant maintenance 
optrations i n  Mark IlI. 

P u  has  bees detected o n  the inside of BWR turbines. Migration and concen- 
tration of Pu in the balaace of the plant is not understood nor systematically 
evaluated. 

Radiat ion levelr arc r ising in all LWR'r in service.  I n  gtneral  t o t d  exposure 
to plant p - . r s ~ n z s l  incrcascs  about 100 m a n  rcm per year, artd mare rapicly in 
P W R s  than BWRs . Futurt availability of skil led workers t o  perform required 
plant operation i s  a cancern.  

T??:: -*; ,z..:e ac.-ruh I :~ : I ' ;  of c r ~ !  r?:?n$i?s :i:! Z C G : + ~ ; ! ~ Z ~ ~ O I !  CI t ld iuact ive  :-.a:e:-ia:i 
v.i;h p L a c  liic is dune by thz oper&tors l o  c s  tdblirrh plan1 p r ~ ~ c t i r r r r s  and 
ope rri ioas .  Titi& could r f i e c t  CE wlisbi lrty  image e v t n  thoqh i t  i s  the o\:;lrtrfa 
rcsporrsibility . 



A c c t s s  to raduaste controls  has been t h r o u ~ h  a relatively high radiation 
f ~ c l d .  Dcs ign  c r i t ~ r i a  to  eliminate such sittmtionr are lackine. 

There is no GE action pldn  f o r  industrial sccurity or rabatagc with regard 
tu t l w  h.(srk I and 11 ron (a inmcr~ [s ,  ant1 surh action for the Mark 111 is 
considcrcrl to be l l lc A f E  and custnrner  rcsponaibility. 

The following events are presently rchedu?;d to receive further consideration 
before a firm is established for  GI-SSAR: { I )  ATWS, (2)  Major and 
minor lirrs,  (3)  Liquid ridwaste tank failure, and (4) Off-gas (hold-up portion) 
fa i lurc ,  There a r c  prcrcntly f i rm positions in  GESSAR Cnr ( I )  Iticl asscmlly 
inscrl ion csror, ( 2 )  R s z i r c  pump s ~ . i z u r c ,  ( 3 )  Cask drop, (4) Spcnt lucl, 
( 5 )  C o n l r d  J-OJ drop, ( 6 )  Pipe 111-caks - insicle a d  outside cunlejr~!~rcr.t, 
(71 Fb' piping Lrcak. OI fhcsc  events, t l l c r ~  arc  IikcIy to hc ncc rcquirc- 
mcnts imposed on  cask drcp, conlro l  rod drop, p i p  breaks - oulside contain- 
ment, and fuel handling. 

Some Mark 111 dctailccl des igns  30 not rppcar to hcrirc aclcquale provision against 
suppression p o d  sloshing. 

Bas is : 

The sabotage r~quircrr~cnts  imposed 0.1 European nuclear plants (such a s  
thc one-tnrn with one suitcase dartructive capability) is not presently ;imposed 
on U. S. nuclear plants. The GESSAR-STRIDE dcmign provider nuclear island 
dcsign f c ~ t u r t r  with emriderrt ion for industrid security iatctfrrin~ with the 
c u s t m c r  

In a t  least one Mark XU containment d ~ ~ i g n  (by Stone & Wcbster) i t  was 
Jccidcd to alter the ruppression pool design with tlae nct result that the 
we i r  wall b i g h t  above thc p o d  water level  was reduced from 4'3" La 
1' 3" Under sanm accidcnt conditions wrlcr  could bc nlorhtd over onto 
fhc rccircufatim l ines ,  rcaulting in thermal atrrsrcs that could roquire 
thcir replaccrncnt. 

CE r c c o n ~ m c d s t i o n s  to protect cssrntial NSSS cquipilrcnt from fircs is applied 
on a lin~ilcrl basi:, bc;:arrsC 01 ~ ~ \ : r l j r l i l y  10 impore I l ~ c r n  on c ~ s t ~ m c r s  and A I L S .  



An evaluation addressing the conscqucnces and probable causcs of o fuel 
trnnsfc  T accident i n  thc M a r k  111 contairuncnt has not bctn accomplished 

I 

to dztc .  

I By-pass lcakagc evaluatiorrs through rcals and valves from the inside to 
the outside af thc conta rmr?nt  indicate that i t  may bc difficult to establish 
that the allowable dose limits cited in Reg, Guide 1.3 arc not txcccded. 
D o s ~  ratcr, tstilnalcd by NRC models under accident  conditions could rcsult  
in thc cxtrnsion of s i t e  dirlance rcquircmcnts and tir;htoniq of acccptablc 
lcabagc: ra lcs  i n  purtlrasc spccif icatitms.  In addition, the customer co~ild 
bc abligctl La install  at ldi l ional  off-gas capability outside Lhc co:itninmenl 
bu ilcli n ~ .  

I The CFSSAR-STItlDE. documents providc f r  r flood by; 

(11 Designing fur probable maxirn~rrn flood a s  dcfincd by U.S.  Army. 
( 2 )  Evaluatirq upstream impoundmcnti - Iluocling, and 

17) Evaluating p lant  relatccl imyoundments l o s s  of l.rciit sink. 

Howcver ,  Mark I, 11 and 111 NSSS contrac l s  have no flood requiren~ents  
imposed by GE. 



Thcsc wil l  affrct  thr ear ly  B h ' R  
lhosr! with 7 x 7  f u c l ,  

on I J U ~ ~ ~ C  i m a g e .  

and alsc, a l l  the R W R / Z - 5 ,  especially 





It i k  e x p ~ ~ . t e d  that surh d e s i g n  chanqen would add to NSSS and containment 
r a p l t i l  c !,st J, hicil he  dfsct by an increase oi capacity factor of 3%. 

It  i r  rcramniended that t h i s  proposal be evaluated in detail by NLL and be 
~n:plemcntcd if the detailed evaluation bears out the benefit6 identiiird in the 
p r ~ l l n ~ i n a  ry study. 

5.2.2 ---- Reduced R e f u ~ l i n g  Interval and h p i d  R e f u e l i x  

The development o f  rapid refuel ing method~ for B W R 1 s  ~ o d d  permit the  
u t ~ l i z a t i m  of nhnrtened refueling intcrvala with the attendant potential 
f r ~ r  r ~ d u c e d  void tarfficient, ,  inc r tasrd  core operation margina, and 
rwiuc cd rue1 cyc le  cos ts .  Sur ceseful development and application of rapid 
rrbfut-ling to R W R / 4 ' e ,  5'13, and backlog R W R I t r T s  would be an alternate to 
partial plant derrtt  for those u t i l i t t ~ s  w i l l i n g  to renegotiate their current 
i u v l  r y c l r  contracts to p e r n # ~ t  b month refueling. It is expected that r 
.s~gnrllrant present  worth advantage i n  fuel c y c l e  c a s t o  per  plant c o d b  be 
~ a i n w l  with  b month  reiuellng interva ls .  

Appl icat ion of fj month fr~el c y c l e s  t o  future BWR,'G proporals would provide 
adrl6.d n .a  r g i n s  LO a s  ~ u r e  plant  performance whi le  offoctting the increarcd 
i - a p l k l  coa t  for u p ~ r a d e d  desr$n wlth 'urther reauced fuel cycle t o r t e .  In 
a t f d ~ t i o n ,  expect  so t~ l e  positive avaiiability benefit between refueling 
t , t b (  auke o f  slight improvcm*~ts  in  \wid coefficient and more rapid removal 

failtbd ftrrl. 

I t  I S  rcronr~nrndpd t ha t  KED p r u n ~ o t r  the early  application of reducrd refueling 
rntc-rva Is and a c c c  berate the  drvelr>pnx nt of rapld refuel ing.  

5.2. 9 B W R  lh Standardization 

I3W R / t b  s t a n d a r d ~ z a ~ i o n  should be based on the upgraded BWR/6 of recornmen- 
dat iun 5 . 2 .  I .  P o r t i o n *  of the sv  d r s i p n a  may be utilized on backlag BWRI6 
p l a n l s  wtr~cll  a r e  n1.t upgraded. 

Plannt4  product ~mprovernt .nt  should he an integral part of B W R / b  stanctardi- 
z a t ~ o n ,  Impro\ rnwnts tu thr  s tandard plant designs m a y  be added a s  block 
I h o n y t . s  to iuturt. product  n f f c r i n K  dt  tht- proi~oaal s t a ~ t  but only alter  the 
propl~srbd i m p r t ~ v m n e n t  )r;rs Lcvn f u l l y  designed and tested. 





2 .  Sufficient 11-r;; r ~ i n  i n  L O I T  drs ign  lo condortably accorr~rnoclatc nbc~huds  
uncc+?a~nt ics ,  O ~ C  rat ing flcxibj l l t y ,  i n a l  tunientation unccrtainlics, 
manufacturi~r~ totcrancca,  r e g u l a t ~ r y  changes, new phenomena, ctc .  
without deratc durin:! any prrrtion n i  fue l  c y c l e .  

Excess design nlargins  i n  all a r c a s  to provide lor new phcnomcna, 
r t j iu la lory  requirements, inlpmvcd dcr ign melhrsrla, ctc .  

m ECCS ~ C E ~ ~ I L  margins s u l f i ~ i r n t  to meet projrctcd 
evolution of design bases and criteria 

w Seismic clcsigtl margins sufi icic~rt tu meet projcrtcd 
evolution of design Lailea and c r i tcr ia .  

5 .  Fucl fa i lurvs  at crrd of lifc no1 to cxcced 0.2'5 ::I buncllcs. 



I t  is rcc o~nmanrlc.~l t!.at a sprcinl test  anrl analyticirl profiram bc devised 
l o  be carr ied  out 111 a h  ;ic.tunl, modern DWR at end-of-cycle conditions 
l o  t e a t  and qualify slcady statc and t r a n ~ i c n t  corc dcsigr methods a d  
corrc1,rLions. Such a pragranl shodd incorporalc core loading, instrumen- 
tation, .-nrl operation qct in i ircd  fnr thc collection d d n h  r r th  L than potvcr. 
p r  I .  Lm port ant data LO t>c obtaincd include thc mcasurcrncnt ef 
indivirlwL channel flow and lcmiwralurc aru' void diatribulion untler rtcatly 
s ta tc  and transient conditionu, probably using rpeeiolly inatrunwntcd bundlcr. 
Other data would inclurlc cold cri t ical  rot1 pos i l i ons  and clumped rod with- 
tlrawal critical paltrSrns versus exposure, Cd reac t i v i t y  worth vcrsus 
cxposurr, fuel  i s u t r , l ~ i h  s vrrs\Is ~~xpor;urc,  ~ ' 0 1 ~  powcit rlislrilruliotl. Xc 
transient r c a c t i v ~ t y  rlistribi~tions, i~tld local powcr nrcaslrrcrncnln for 
rlrffervrr~ r-nrichnac~rlt a:d burn I 

" ' wot6 
and PuO -UO IrunclJcs. I n ~ t 1 ~ u m r n l i ~ t 1  

test. such a s  turbiltr trip with 10-3  /O bypaas! al l  mrdcr  eut at p 75% power 
chould lac! c o n d u c t r d  up tu I c c h ~ r i r  a1 spcc-ific.alion limits. 

If 9x9 f . r ~ J  uteri! sclrr Lad gcanwtrically similar tu 8x8, i t  would have a 1arpc.r 
void cac f i i c i~nt ,  and u.ould be more m s 1 i ; b l e  bccausc of a ahorttr thcrrnnl 
1 1  L Jh si[:i moclificalions to  subt tantially rcdracc thc void c o c i f i c i c t ~ l  
arc rrquirrd Lu L~,.ilatrcc t h ~ ~ c  effccls.  Far bar l;filLing, Llrc co~~slrrrint of a 
iixcd puwping head rcsl r i c t s  the irccfidonn lo attain thc forcgrrin~ co~a~pcnsntiurs.  
I t  LS our r r . r ~ n r ~ ~ ~ i ~ n t l i r t i i ~ n  t h t  conlmitmcnt :o backfil  4x9 fuel bc contingent 
upon tliaruugh snalys is i r  nd adequaic therrml - h y d r a u l i ~  and mechanical Lcatinr 
of thc prupoucd 9x9 du+. ign .  

9x9 f u e l  fur ncw proposal offerings should bc accompanied by r rcc?uction oi 
rorr! power dens i ty  and rcoplirnization of thc c o r e  pumping s y r t a n ~  capacity. 
Alrslrming vo id  roef~ ic irnls  are redt~ctr l  10 1 l # ! % h V ,  a gain in capacity factor 
of -1% would bc cxpccicd. 

5. 2 .  7 Full Scale Tcstir12 of Suppression Pnol 



I t  is rci rr~nmenrlccl t!.;rt a special tcst anrl an*lyticnl program be r fevi i td  
l o  be carr icd  out i n  a n  ;rr: ~ u a l ,  modern 13in;n at e n d - o f - c y c l e  condition# 
l o  Lcnt and qualify slcady statc and transimt corc dcsign methods a d  
r t)rrtlrrl iuns .  SUCII a I3rog rani should irw.-orporata core loading. inst r u m ~ n -  
tatinn, and apcratlon o l ~ t i n i i . r ~ d  far lhc collection o l  data rathcr than pvwcr 
prwlut 11r)n. Emportant data to trc o;,tainccl include Ulc rneasurcrnsnt of 
indivirllr;~L channcl flow and tcnlpcraiurc and void distribution under r tcrr ly  
atatc and tranrient condition., probably using ~pesirlly inr t tur .+  nted bumllcs.  
Other data would inclurtc cold critical rot1 posilionn and tlumpcd rod with- 
tlrawal cr i t ical  pal t r rns verauR cxposurc, Gd rerctivily werth vcraua 
CILPO~UPP.  Zucl i sot i~p)t  s vcrsn? I ~ x ~ c ) : : u ~ c ,  core powcr tlistrilrullc:~, Xc 
t rnns icn l  rcactivily r l i s t  r i b ~ ~ t i a n s ,  and local power mcar lrrcmcnln f o r  
I f 1  C I  1 ! I  0 and F u 0 2  - U O  l ~ n  inrrrumr:~lr~i l  
k c ~ h  such a s  turbitic trip with 10-3&$ bypass, a11 dadrr out at 2 7 5 8  power 
ahclulcl l u  cnnductcd up to t e c l~n i c i t l  spcciZicalion  limit^. 

9x9 fuel for new proposal d l c r i n ~ ~ h ~ u ~ d  L r  accompanied by 8 reduction of 
corc power  density and rcoptin~izatian d thc care pumping ~yr ten t  capacity. 
~ R S I U Y I ~ ~  vo id  caef l ir i tnts  arc rcducsd  Lo l 1 < / % h V m  4 gain in  capacity faclcbr 
d r 1% would be expcclcd. 

5 . 2 . 7  Full  Sralc Tcslii._r, of Supprr S S I O ~  Pnol 



It i s  rrcummcndccl that the Mark UI aupprtasiou pool be covcrcd ~.MI ~*~mo-:alle 
(hinged for W3CA) covers and ventilated to limit p t r r o n n d  exposurc to otcam, 
noist.. radiolugkal contami~~atiun or olhcr adverse cficc tr following rr:l i ~ , f  
va lvv  actuation. In a d d i t i o n ,  the Mark UI dcrign should bc rcvicvcr' 1 0  t:tLor- 

minr: ~ ' l ~ c t h c r  thitrc a re uttwr scparatianq of functions which are adt.istlll!c: 
buc.tr a o  tcpu ra tiny s3f uty rclntcr! tquipme ut within Lhc csntainmcrlt fur ,,Yo- 
icct run and to fat ilitatc compliance with n~aintonancc and operating rcqrairrtmc~~ls. 

1t is rccnmmcndcd that a I iVI'I l  System Design Scction LC e ~ k b l i s h c d  w i l h i n  
RWRSC ,U s e t  B W l i  system d c s i g n  requironcntr;, perform tradc -off s l u ~ l i c * s  
to iclentiiy the optimum ay51~*ln  c~nf ipurdt ions  and pcrformrncc chararlcrlstics.  
ant! accc~rnplrsh systcm d s s i g  n6. This Scction should be totally rcsponr iblc 
for  csl.rl,lrbhmg design rcquirernentn at t h o  overall plant and major rystcrn 
l e v c  I!:, ;inti alltrcating thcsc r c q u i r e m ~ n l v  to a1 h a q r  the subsystetn l e ~ c l  
t r r  c - ~ ~ ~ ~ ~ r ~ .  that uvc ral l  clcsig 11 i n l rgrat im is achicvccl. The requircmcnts 
sllc,ulrl ink-lurlc,  but :lo1 bc 1 i~alittrd to LOIIIC:; a s  i0110~. S :  



Smce thr basic slrelccy is that nf a product that is rcquirscl l o  have ruperic~r 
avai labi l i ty  !c-;l11:-\ ~ t y ,  t h e  t radc-off siurlius w i l l  measure Olc design against 
r c l i ~ h l i t y  /avail;rl~~lrty/mai~ricnancc charsctcriaticm. There trade-off and 
uptimimiion stuclies and re?rulis nrcd very early coupli~rfi; lo  r~.anornic trade- 
bid sturlit.s, thc I ~ r t n u l a t i o n  of a viablc marketing posture and a rtraIc$y 
baclwd by convit~rit~:: rpprarsals uf plant capability. The u t i l i t i e s  and the 
arc.hr1ct.t cnginccrr; have to be convinced that  mbrt ronstrvrtivc draignr , 
which nmy c o s l  mom. are  lhc des ired  work-horrcs Tor power gemration 
bared on projected improvement i n  rvailability/capacily. 

Thc oulcnn~e of the trade-off and optimization rtudics should bc the devtlop- 
nrcnt nT r lcar and d c f i n i i i \ - ~  sy s l c m  dc.5 ic n s perific-ol io71s. Key a ttcntim 
h s  to LC Lot.unorl on specilicaLiuns fur systcms and S U ~ P ~  stcnlar xvhich 
idcntily r ~ l i a b i l i t  y / r~:a inta~nab~l  i l y  which will form lhc basc far lower 
Icbvt - I  specif it-atioil:; !or  coniptcncnts, parts, r t ~ .  

Thc s l ~ . . ~  I C I  cations r l i l  r c 1 i ; l L ~ l ~ t y  rnus t  r ncompass all op- rational c-lla t i ic lur - 
i a l i c s  of tllc systcm I n  addition to those systclns wliicll axe ins ln l l cd  for 
safety purposcs and whicli a l r ~ a d y  have N R C  requirements in;poscd an 
their  i ~ i n c t i o n .  

The k v o r k  c b f  Lhis S c r t i ~ m  wi l l  ; rqu irc  hcavy c~nphasis un rc1i;lbilily and 
n~,~anfa~r , . i l> i l i ty  v:t+iclr wi l l  r eqc~ irc  a Subscclion dcvotcd to t b c s e  studiut: 
and a n a l y s c ~ s .  

An ~ r a m ) ~ l c  of orhaniza t~o~r  of Lhc Scction i s  indicated below. 



Engl werl nq 

IntqratSon 



Thir calls for a Ihtprlk, net necearar i ly  permanent, organizrtiarr, of 
idcpcndc~it -mincl td ,  cxpricn:ed c n ~ i n c c r r .  The choice ahouJd bc of 
g e n r r s l i s t s ,  rather than apccialists. The skills rcquircd should be similar 
to Lhirsc in tlbc Sb s t  c l n  D r a r ~ r .  Sec Liun (q. v. ); l i k e  thc 5.  D. S. . acccrr lu 

tht- t ipcral  s k ~ l l s  r n d  irnoi~:l~rlgr In Llrc I,alance of Enginccrins wi l l  be t ~ r ~ c d e t !  

t c ~  supplement their own tp . sourres .  

5. 3 .  3 B W R  Rrliability /Availability /hhintainability D e r i ~ n  Pro= rams 

T h i s  a ~ i i o n  is d c c n ~ e d  ncccssar) .  to attract and s t a l i  &his function (Re l jah l i ly  
Enginccriq) with quality clngirrcerr. The preserrt s ty le  of organization which 
L a r ~ c l y  dcperrris on and c redate the individual cngincer with the rcrrponribility 
for rc l iabi l~ry anrl maintainability Heavy recponsibililics i n  olhcr scclors 
hi i~t lc*~.  pfIorls ill dcvelopi*~;  ri hi lt  in  tlir se areas. 

I t  i s  lagrca: to cxpcct h a t  rc l tnb~l i ty  begins dt  thc systcm lcvcl ;rnd reqlrirc- 
nwnts clncl ~ p c c ~ l ~ c a l ~ o n  fur 6 y s t ~ 1 : , ~ .  ant1 subsys ien la  are cxy~-ctcd to flu\: 
frrbm "l tr . l i+b~l i ty  1.1-.giriccring" to r ornpwrcnts responsible tor i.artlwir t) 

s i r .  In turn, ' ' l tr l iabi lr~y  E:7r;incrri:~g" XL i l l  br expected to rccurc data 
on hardware compuficnts and verify that itrr spcrificationr at the qystom 
Icvcl arc  nalisficd. To a c t m p l i s h  thrs resplsnbibibty i t  will be nccensary 
lo  have thc  authorrty to accomplish rtguircd testa and arulyrea of kr t r  at 
the comporrcnt, subsystem and /or rystcm lcvtl. Tbir aervcr to insure 
vtrilication ad cxpccted performance. 

"R~aliahi!iiy Engintcring" is also cxpcctcd to provide maintananre spcriiicirtron 
awl cr i lcrra  for  L~i\plcmentation at thc hardware lcvcl hat  iti consirtent with 
rt~ilalvili ty/av;rrlabil i t y  rcquircrncnt s. 



Core Manatrment and Reload Fucl  Dcaign Function 

For thc next rcveral years, the NED quality m g a  will be determintd by 
thc as ri iot~nce  of Field Scrvic c pe rmonnal, principdly during rlruldown#, 
a d ,  in  between rhuldowno, on the bchrvior of the reload Sucl and Lhc quality 
d r ore trlanagcmcnt. Thr h'lwlear Symtcms Tark Forcc fino ngs highlightcrl  
the rliflicultioil ifivolved io r n ~ ~ t i t q  operating lrmits and burnup targets with 
relwd torem lor U W l t f 3  through 6 of current design. Many of the other Task 
Fnrcra have recognized the need for imprwcmcntr in the Field Service8 
activity. W e  resommaad a parallcl uprrtinp of reload core dcrign a d  core 
management f ~ n c f i o n s .  This recommendation ir a teverral d previous 
S W R O  pulicy, which south to r ~ d u t e  CE p.*rti~ipation in  the  core managernant 
bus~tw5 3 awl rcdut r I ~ i c l  r t ~ v ~ i l s  LU a starxlrc r d i ~ c r l  prodrrct. Wc bcticve thi .; 
polir y to LK ultumatr.ly desirable but p c r h p s  5 -  10 ycars yrematurc. 

Specifically we recamrrrend that p e r ~ o n n c l  of the Nuclear Engineering bcr ign  
and Operrtion Subsection Id FDkSA) bc increased by about IS  prdcssionals .  

The ireld d o r m a t  ion and practical cxpriencc developed by this Subsection 
arcp illrlror~ant iqmtr;  to i r ~ ~ p r u v c n ~ c n t s  ill 11csipn. Thc Suhnect io .  s h ~ u l r l  be 
~ ~ Y C " I  ru l>l~a  i t  rcspuns ih~ l i ty  fnr seeing tll.iL fuel des ign  irnprovrti~~ nts h a s 4  
CI:I  t h v  i r pc rc vptzanb a ru mull-. 

C:tu;r CnupJr The ~mal-lJy_dradic and Nuclear E n ~ i n c c r i i ~ g  Dc- ---- --. - - 

Improving rhc prediction of Llre aleariy s lstc  and t r a n o m n t  performance of 
a r;rcrJcrr~, high p m w r  r!~::sity niIrR requirc~ uniqrlc and cxlcnsivr jntcr - 
r ~ ' 1 a l i c ~ n  awl fccdba~ li Irrwet-n tirc disciplines of hcat t r a n s i r t ,  fluid f low,  
and nuclr a r  ertginrtrring. 

It  lh tkcreiurc. recommcndcr! that thc design cwlc and rr-ethorl dcvclnpmcnl 
R talfs invoIvcrl w i t h  t h ~ :  rmal hydraul ics ,  nuclcar cnginee ring,  and systc~n 
dynamics br- intrg ratrrl i n t o  n:rc subscct ian c hargerl wilh thc responsibility 
fur dcvcloying integratccl drbsign c d c . 6  and mcthdr.  

Seismic Dcslgn Function 

C o n s l d r r l r ~ ~  Lhc i i1 . is lr .1~ rlceign rrquirrmcnts  csca lat inn and the A } E  
evaluation P T O L C $ S ,  i f  is r e c ~ ~ l r n i ~ n d c ~ l  that Lhc seismic- design function 
be ccntral izcd and upgraded to Subsection l e ~ r l  to IISUL'C that the DWR 
scistnlr rcq+.:ir cmcnts a r t  p r o p  r ly  idtntifiod, analy ~ e d ,  applied and 
~ I ~ I P I Y I C  I L ~ C ~ .  



Makr. a dec i s ion  ~ v h c t h t r  tu reta in  thtb H o ~ ~ c y v c l l  computer s y s t c m  or to 

rqblac r it with a n  advance-r1 11;.M or CDC syatcm. If the drcis iot~  i s  i i l . , ~ ~ ! r -  

to ata j -.vith thc \loncykc.l\ cunlputt-r, !w. In inllrlr.:ncntatiorl pralt.lptly or 
incrcaacd harrlwarc capacity aiming for a doulllir~g of currcnt capitcity in  
two ycars.  Allctnatcly provide thc duublcd capacity w i h  a nmre cfficicnt 
IBM or CDC s y ~ t c m ,  fmprovc Llre operational system so that fargc problcms 
requi r irlg thc rlrc of many ycriphcrral uniLs do not routinely s d f c r  lurnnrm ntl 
dc1.1 YS. 
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APPENDIX 1 

TABLE A-1 

NUCLEAR SYSTEMS REVIEW BOARD 

REVIEW TEAMS: NAME: - 
General K. P. Cohen (Task Chairman) 

Chief Scientist 
Nuclear Energy Division 
General Electric Co. 

D. R . Wilkins , Manager 
P r h c t  Assurance 
Nuelcar Energy Division ~ General Electric Co. 

** P. E. Novak, Propram Manager ~ BWR Fuel msign Review 
Nuclear Energy Division 
General Electric Co. 

P . CreebCer , hlana gcr 
Nuelear and M e t  y E ng inecring 
Energy Systems and Technotqy Divisio:: 
General Electric Co . 
F. W. Staub. Manager 
Heat Transkr 
Corporate Rcscarch and Devtlopnwnt 
Central Electric Co. 

L. Dohl, Mznagw 
Systems Analysis 
Nuclear Energy Division 
Gencral Electric Co. 



TABLE A-1 

(Cont Inuad) 

REVIEW TEAMS 

Circulating Systems 
and Transients 

Safety and Containment 

*'A. I .  Kazoff, Manager 
Cmaulting Engineering 
Nuclsv Energy Division 
General Electric Ca. 

T. M. Snyder 
Cwuulting Engineer - Core Design 
Nuclear Energy Division 
Generat Electric Co. 

G. L. Gyarcy , Manqcr 
B W ?  Lletnsing 
Nuclear Energy Division 
General Electric Ca. 

R . A. Merer , Mana~cr 
Systems Analxsis k Anal jiczl Development 
Energy Systems and Technology Division 
General Electric Co. 

L. Stanley, Manager of Pm jects 
Licensing and General Consulbnts 
Nucltar Services Corporation 

** S. F. Armour, Program Manager 
BWR Plant Design Review 
Nuclear Energy Division 
General Electric C a  

D. D. Freeman 
Specialist Eit~inecr 
Nuclear Scrviccs Corporatmm 

W. H, dDArdenne. Matmger 
BWR Prod;lct Standards 
Nuclear Ertcriy Drrision 
General Eleci r irr Oo. 



TABLE X-1 

(Continued) 

REMEW TEAMS: NAME: - 
W t t y  ud Contahment (Cont'd) K. Hlkido, Manager 

Byatems Evaluation & Satsty Engineering 
Energy Systems and Technolagy Division 
General Electric Co. 

M . C . Leverett , Manager 
Nuclear Safety Assurance 
Nuclear Energy Division 
General Electr ie Co . 

SPECIAL CONSULTANTS: J + Barnard, Mam~er 
Product and Quality Assurance Operatio3 
Nuclear ~ n e r &  ~ivision 
General Electric Co. 

J I Penzien , Professor of Structural Eng'g 
University of California, Berkeley 

A .  Weinberg, Head of 
Institute for Energ  Analyses 
at Assac iated Unitpersit ies 



Sam was born in Nmhrgh. New York in 1928. He worked at his father's 
plumbing, hentin*< insca1lrr:iun and lxliler repair business until, at Is, 
he Joined the V.S. Army. With the accuprstian farces in Kart?. he was 
an intelligence sergeant. L". '1951 he married Ilss A, Srnahla [daughter 
of a German scientist brought b this country after World War 11). He 
has four children. 

Me rcclered st B. S. bcgrec in Blcchmical Enginerring from Massachusetts 
Institute of Technolqy in 1554. His 113 dtzrce in Citcil Engineering (applied 
mechanics1 i s  from fmn S m  Jose Stax University. He became ;1 
registered proftssiar~l enrinecr in the S h t e  of California in 1963 and 
he has had additional traizkg in fracture mechanics, applied mechanics, 
product integrit). and fa l lmi  shelter anal)-sis. 



Ltlmd 3. Bohl 
Mumgar, Systems Analysis for 
A h m e  ed Raw tor Studies 
Nuclear Encqy byeratiod P b l n g  
Nuclear Energy Did8 bn 
Gentrrl Electric Company 

DL Bahl WIBB born in Kansas  City, K a w a  in 1024. M wls graduated 
in 1045, from the University of Konsar with i 0.8.  dagrte in Physics. 
From the University of Minntmtr he w m  granted M.9. degree in 
Physics in 1954, and Ph, D., of Physics in 1954. 

Dr. Bohl ha8 had eighteen ytarr of cxprianct in the Nudear Prapulsion 
Program at the Xmlls Atomic Power Lab. During thfs time, he was 
engaged in aspects of the design and development of cores for nuclear 
systems, including S3C, S3G and DIG. He has led work on concepts 
covering nuclear, thermal and hydraulic designs and associated crit ical 
assembly and test work, Subsequently, he msumed respnsibi!~ly 

"ram for the analysis and evaluation activities under the Kaval Reactor Pro, 
for four types of operating nuclear plants. Supervising 30 to 80 people, 
h i s unrk involved preparation of test programs, the canduction of startup tts;: 
p r o grams, shipboard core testing and the conduction of design review 
and safety audits. 

At  ~rese*. Dr. Bahl c a n d u c  ts overall systems appraisals on a 
broad range of advanced energy systems. As Manager of Systems 
Analysis, he maintains extensive h u r l e d j e  of development and trends 
in the energy field and he is responsible for the development of im- 
proved t~r.hntpues 2nd ayprmches for the analysis and appraisal of 
ndvanccd systems: cconon~ics and pate~tial cost benefit- ratios are of 
particular concern. 

The Genera Conference paper on reactor thmry, nuclear engineering 
contributions in Nuclear Society JaurnA and an invi 'cd paper relating 
to University oi bli~ncsota work on cosmic rays, are anlong Dr. Bohl's  
publicat ions. 



Walt was born in Jenkintum, P ~ l v a n i a ,  in 1932. fie received 
a BS lkgrce in hkcltulical Engineering fm the Pennsylvania 
State Wiversity in 1959 and a Pf9 Degree in Fiuclear Engineering 
fmm the h~sachuctts  Institute of T d u m l q y  h 1964. 

Walt joined t h e  faculty of thc k l e a r  hginccring Ikpar-nt at 
the PcnnsylvPnia State University as an Assistant Professor in 
1%4 and was nand an Associate Professor in 1969. Hc taught 
and conducted research in Nuclear Design, Reactor Engineering, 
System Dzsign, yrd Suclcar Safety. Ho ariar&d an SEE-EQRD 

Fawrdatian rcsidmcy in Engineering Practice in 1970. He spent 
one year with Gcneral Electric Atanic h e r  E q u i p n t  Dcprtment 

wmklng in thc ares aE Safety and Liccrtsing during that rcsidmcy, 
In 1972 he trarisfcrred t o  General Electric Atanic Porter Equipment 
Dcparnnent ml assmcd his present position as manager of W d  

Product Standards in the BI?R Projects kparzrient in 1973, 



lhrrell D. Frctmm 
Spcialist Engineer 
Nuclear Services Corporation 

Mr. Freeman was born ia Shebaygan, iVisconsin in 1940. He is married 
to Susanne V&ecler acd has t~ children. He was graduated from the 
Unirversit). of Michigan in 1963 with a ~.S.E,(Science) ,  and M.S.E,[h'uclear]. 

Mr. Freeman began his czrccr with General Electric Company in 1964, 
as a Program En~ineer. His duties irxluded development testing and 
data correlation af emperical models for sodium mass transfer. 

As a physicist, Mr. Freeman develop2d the FREADM-1 code for LMFBR 
accident analysis. Hc pc'riormed ruclear analyses for test fuel irradiations 
in TREAT, GETR and EBR JI,  and a physics evaluation lor prolmsed YTTF 
rcac tor d-..sipn. His other t x k s  were design basis accidents anzlyses for L L T ~ R S .  
and fuel cycle analyses for 300 MWe , L M  FBII concepts. 

Mr. Freeman served as L c ~ d  E w i ~ e c r  for core d e s i ~  and analysis for 
SEFOR Follaw-on Stud.. . For the devchyment of LhZFUR safety analysis 
rneth~cls h e  f u x r i  onecl as Technical Leader. As Senior Engineer, Mr. 
Frcernan der.olo.ml pro;ram plans i o r  LMFBR safety. H i s  studies 
Involved the conceptual cles l g  for contrcrsian of SE FOli to a LLIFBR 
safety trstir-r: f x 1 1 i t y .  He cprwd as SEFOR R9.D Tccbnicnl Prclec t 
Engineer dur in: this por i9:l. 



Paul Greeblcr 
Manager, Nuclear t Safety Engineering SubsectEoh 
Fast Breeder Reactor Department 
Nuclear Energy Division 
General EIce tric Company 

At the University of Colorodb in 1044, Dr. Greebler was granted o 
B. S. degree in Enginctring Physics and Ph-D. from Rutgers University 
in 1954. I3r. Greebler took a position aa a Research Physicist with the 
Jahns-Mmvillc Research Center in 1946; he conducted heat transfer 
a d  materials structure research and development work. In 1955 he 
came to General Electric's Knolls Atomic Power Lnbaratory as a 
$enlor Research Ph>.sicist where he worked on the nuclear design and 
development of sodium-cooled and water-cooled reretors for r u v d  
ship propulsion. 

At Gene1 EIectrie Company, Kuclear Energy Mvision, Dr. Grocbler 
has held tt xltbns  01. Senior Engineer, Specialist, Unit Manager 
and Subsec ~ m n  Manager of Advanced Reacbr Physics, Nuclear Engineering, 
and Nuclear and Sdcty E1:pncering components; the latter being his 
current position in the GE-Energy Systems and Techtml~y Division, FBRD. 

Dr. Greebler holds six GE pstertt m a r d s .  He is a Fellow of the American 
Nuclear Society and ];as W;.n a nwmbw of its b a r d  of Directors, Chair- 
man of Its Reactor Physics Division, ANS Technical Program Chairman, 
and he is Chairman of the ASS-29 Stsndards Subcommittee. He has been 
on nlcrnierous Aduisbry Commitices for the nationzl laboratories and the 
Atomic Energy Conr11lissi-n (now EZIDA). He i s  Chairman oi the Argonne 
University Asmciatcs Ad*.-isary Committee for AFL's Applied Physics 
Division, and a menrher r r i  the ERDA Advisory Comnrittec for Reactor 
Physics. Dr. Greeblcr has Published over 100 pages in tho fields of 
heat transkr, reactor physics, 2nd reacbry sdcty. He has served as a 
U, S. delegate to numerous internation technical conZerences and technical 
exchany! visits abroad. 



Geza L. Cyorey 
hl,urayw, BWR Licensing 
BIVR Projects Department 
Nuclear Energy &vision 
General Electric Company 

Dr. Gyorey was born in Budapest, Hungary in 1933. He entered 
the United States in 1950 and has been a U. S. citizen since 1956. 
He received a B. S. E. degree in Engineering Physics in 1955, and 
Ph. D. in Huclear Engineering in 1960, both at the University of 
Michigan. At the University of Michigain in 1960 he was appointed 
Assistant Pro essor of Wdclear Enzineering and promoted to Associate 
Professor wirh tewre in 1964. 

On leave of absence f mm the Unircrsi ty a€ 'hrl ichlgan, Dr. Gyorey 
joined General Electric Company in 1964, at the Nuclear Energy 
Division. He worked on BWR nuclear core design and analytical 
rnehds ctevelopn~cnt. 112 is co-inventor OI the patented cont~*ol 
rod worth rnininiizcr s y s e r n  used on EiVR's. From 1955 to 1970, he workc.i! 
on fast breeder rcnctor C ~ ~ e l ~ p m c i ! t  as Manaqer of Nuclear AIethds 
and later 2s  hlamgcr of Suclear k s i g n .  

Dr. Gyorcy jninecl the X-clear Ellerg  Division SLrategic Planning 
Opcratwn i n  1971 A S  b I a n y s ,  Nuclear Fuel Planni n:, 1112 participated 
in comprshensivc indusr ry  studies carried out by the Atomic Industrial 
Forcrn and tlic F:ati~,rl~l P~troicctn Ccrurx i t .  

Durinz 1973 and 1974, he ~ ~ r t i c i p a t c d  i n  General Electric's uranium 
enrtchnwnt- pro?r=Lrn as :.l;tnao,er. Uranium Enrichment Projects. He 
was rcspns ib le  for aralj-scs of the wrldsi t ic  market and technologic's 
business lutenlia!. 



Kat sumi Kay Hihido 
Manazer, Systems Evaluation and Sdety Engineering Subsection 
Fast Breeder Reactor bpartment 
Nuclear Engineer ing Dirasion 
General EL& ric Company 

Kay wps born in Sm Francisco, Calif., Ln 1924. He wr graduated 
from Stanford University in 1950, and received hls M.S. degree from Stanfwd 
in Engineering &kchanks in 1951, while WOrldng as a physicist at the' 
National Bureau of Standards. 

In 1951, he was employed as an AcronautiCal Research Scientist by the NACA, 
whcre he conducted studies in compressible fluid flow* and dynamic stability 
of supersonic missiles and airplanes. In 1956, Mr. Hikido joined General 
Electric, APED, whcre he pert'ormed various analyses on the Loc kheed 
Radiation Effects Reactor, the GE Test Reactors, and the GETR General 
Atomic Irradiation Loop. H i s  reactor concephtal desisn studies included 
a 75 hlWe Mixed Spectrum Superheat tr~actclr(blSS1t) and thc Southwest Ex- 
perimental Fast Oxicte Reactor (SE FOIjl. He assurncd technical leadership 
for d e s i y  and construction of the Sf ixed Spectrum Cri l ical Assembly, 
which success full;^ dc.mor.s:r~ted the nuclear physics aspee ts of the 3ISSR conccp. 

Thc SFFOR facility was ir:ltiated in 1964, and the associated operational 
ex~erirnental program iras completed in 1972 within budqct and ahead n I  
s c h e d u l ~ .  IXrinq thcse y a r s  M r .  Hikido was responsible for a s s u r l n ~  
SE'FOII nuclear s ~ * c r :  acd for obtainit:.: the necessary ticcnsin= actions. 
Ia or&r to upgr-aci~ fuel apratin; cocdltions, permitting thc curnyletion of 
this  program, he M S  rcs!mrisible during this period for obtaining a Iiceilse 
and Technical Specificatinn modification for the ESADA-Vallecitos Experimentill 
Superheat Reactor. 

Since 1965, Mr. Hhkido has contributed to GE's  effort on the LIIFBR, 
in the arcas of reli;tbllic+. ewineerin:, and safety, stress.  slrtlcturnl. and 
sys~cm; transient al!;tlyscs. 1Ie has structured FBRD p-escntations 
to tilt! customer, ERDA.''XRC and ACRS and hc h a s  pwticipated in safety 
and design revirrxYs for the I,hIFBK and DWR. H i s  present pait ion is in 
the Clitlcn River Project Eectmn. A l t .  Hikido is a nreniber of the American 
Nuc1c:ir Society and is active an stand,vds and ANS Technical Division 
commit tees. 



Alf-xis I, Kaznoff 
Manager, Consulting Engineering 
Product b. Quality Assurance Operation 
Nuclear Energy Division 
General Elee trie Company 

Dr. K~znaf f  was barn in Harbin, China, in 1953. Ht rteeivtd a B.S. 
Dcgrce in Chemical Engineering from the University of California, 
Berkeley, in 1956, and a M.S. Degree in Chemical Engineering 
from the California Institute of Technology, in 1957. His Ph, D. 
which he received from the University of California, Berkeley in 
1961, is in Physieal hlctallurgy. 

Dr. Kaznoff consulted and worked for Shuffer Chemical Company between 
1955 and 1959. In 1960 he joined General E k e  tric Co. at the 
Valkcitos Atomic Laboratory. His successive psi t ions  beginning 
in 1965 were Manager of Ceramis and Electronic Materials, 
Manager of hlaterials Science, and Llanqer of Metallurgy and 
Ceramics Laboratory of tire Nuclear Technology and Applicalions 
Operation. Transfer ring to Prohc  t & Quality Assurance Oyerat ion 
in 1973, he nssumed his  present position in 1975. 

He was the rccipicnt of AtChF award in  1955 a d  was elected 
to the Phi O e h  Eappx. He i s  a rncrnbsr of several scientific and 
engineering societies as w l l  as the America1 Management Assaciation: 
his main ac t i~ l t i e s  Inue been in the Nuclear Division of the Arneriem 
Ceramic Society, He has published over twenty-five papers relating 
to nuclcar t ~ c h n o l o ~  and thermodynamics. Dr. Kazntlff is a regisrercd 
engineer in the State of California. 



Born: Decenbtr 18, 1910, hnvllle, Illinois - 
Married: Nancy Ualker, Bartlesvillc, Okla,, 1938. No chiaaren. -- 
Home Address: 15233 V i a  Pinto, k n t t  Streno, Ca 95030. Home Telephone: (408) 356-8432 

Graduated: b n s a 8  State College, a, Chemical Engineerinp, 1931 
U n i v c r ~ i t y  of Oklahoma, WE, Petrolem Engineering, 1932 
Haabaehwctta Inltitute of Tcchmlogy, We,  Chmicrl Enainuring,  1938 

h p l o p e d  as r ehemiot by Chrathon Paper Mill8 Company 1931-32, and i n  a s i m i ~ r r  
c a p ~ c i t y  by P h i l l i p s  Petroleum Company 1932-35. b p h y e d  as Senior Research 
Engineer, Hl~mble  Oil 6 Refining Campany 1938-42;  I lssoctate  Director-Tcchnicrl 
Division, Met~~llurgical Laboratory, Univers icy of Chicago, 1942; Technical 
Division Director, Clinton Laboratories, Univets i ty  o f  Chicago, Monsanto Chemical 
Conpany and CarbiJe Carbon Chcmical Corporation, 1942-48; Research Ilssoclate, 
Humble Oil i Refining Company 1948-49; Technical Director-&EPS Project, Fatrchild 
E n ~ i n e  L Airplane Corparatfon 1949-51. 

I 

Joiaed Cederal Electric Company i n  1951 i n  Aircraft Nuclear Yropulslan Drpartmtat as 
Engineering S n a g e r ,  and i n  1956 became Hanager-Development Laboratories. Trans- 
ferred to Wnford I ~ b a r a t e r i e s  as Consulting Engineer i n  1961; was Manager- 
Research and Engineering, Hanford Atomic Products Department, 1962-67. Transferred 
to Nuclear Energy Divis ion,  San Jose, r s  Hanager-Division Safe ty ,  1967, Present 
t ir le  in NED i a  Manager-Nuclear Safety hsurance .  In t h i s  position, Dr. Lwerett 
organizes and serves as chairman o f  safety  review t+w of CE nucleor power plantr 
and other nuclear installations before their startup. He direct8 revieus of techm- 
l o g i c a l l y  p o c e n t i d l y  hazardous nrw products and advibes on technical r i sk  evaluation. 
He also monitors a l l  technological hazards work in the Divisim and coordinates 
work i a  l i c ens ing  and radiological  health and safety. He coordinates work on product 
aspects of envirsmnental protection 8180. 

H r  has been engaged In reactor safety standardization activities einre the foxmation 
of the  Nuclear Standards b a r d  o f  the (then) American Standard& Irwtitutm i n  1356. 
He was thc f i r s t  chairman of the U S  Standards Cowittee, and for nine years chairman 
of the A5A K-6 Camittee on reactor Fiafety standards. He her earved aa A review 
panel for the Lovelace Foundation for nedical Education 6 Research on their Fission 
Product Inhalation Project. He 6erved as a member of the O W L  Advisory C e ~ t t e e  
for Nuclear S a f e t y  Developme?t from January 1970-73. H a s  been nuclear engineering 
consultant t o  various univernitieo and national laboratorlcs. He i s  a mmbtr of 
the corporate l eve l  nuchar sa fe ty  t o m i t t e e  for several nuclear uwar reactors. 

He was a charter member of the General E l e c t r i c  Reactor S a f c t y  Cornittee, formed 
i n  1356, and was t h e  chairran of the successor Technological Hazards Council 
f r u m  1964466.  

D r .  L.rvcrtatt is a Fellor of the American Kuclcat Society, of which he was Y i c c  
Ibrt.5idr,nc 1953-60 a~rd F m s i d c n t ,  1960-61; a mernbcr of r h ~  L-ncri;an I n q t i t u t e  
of ~ ' h ~ : l i c . ~ l  k . 1 : ~  iderrs, t i w  America~l A s s o c i a t i n n  f a r  the Advancctwnt of Science, 
and chc American Physical  Soclety.  



Haymmd A.  Meyer 
hl.uraser, Systems Analysis 6: Analptieat Ihvelapment 
Fa,: dl-ceder Reactor bpartrnent 
Nuclear Energy Division 
General Electric Company 

Mr. Meyer is  a graduate of the University of Missouri obhlninz dual 
Bachelor of Science degrees in Mec hmical Engineering and Agricultural 
Engineering in 1960. He then joined Genctf Electric Company nod 
completed the ABC course program in 1963, 

Since joining General Electric in 1960, Mr. M e )  er has completed a wide 
range of e q i n e e r i ~ g  assignments in both the design and development are2.s 
and has held technical project mansgement positions on GE prosrams furded 
by the Atomic Energy Commission. During the period from 1960 - 1963, 
h i s  job responsibilities included conpressor perforrnan~e analysis, cry3 - 
genic computer and ~nlss i ie  guidance system development and s t m d y  
state and trznsient perfarmanee anzlysis of superheir reactor cores. 
k'rorn 1963 - 1968, Mr. M q e r  held various e n g i n ~ e r i n g  psicinrrs in 
thc Ad;.anced En:ineerir.g Section of APED ( n w  FRRD) in which he was 
rcspnsilrle for pioncerir; :i80rk on large accidents in LS1 FRR's znd the 
accidcnt analysis and FS.43 preparation for SEFUR. Ht, actively par- 
ticipntcd in rcp~?a:r;r l -y  l ;~nr i r :  dr;rir,-, borh the YSAR and FS*JJ? rei iew 
for SF FOR azd w s  rcspi!siblc for the thermal, hy&aulic and s!ructural 
anzlysis of t t : ~  SE FOR ccre. Slnce 1968, Mr. Meycr has held r n a n a p r i ~ l  
ass i~nmcnts  in  s ~ - ~ * e r a l  2reas including respnsibilities for safe[;. analvsis, 
pcrlor~nanrc eraluati,n 2r.d opcratiorlal s u p p r t  af SEFOR (inclcrliny 
d~commissioningl ,z?b res!mnsihilit;. fnr a wide variety of system transient 
analysis and safety studii's for LhIFBR designs. He is currently resrnnAbie 
for system thcrw;il t r a s i c n t  and scdiurn-water reaction analysis for tlrc 
Clinch R i ~ v e r  Breeder Reactor Plmt systems in GE's  scope of respns ib i l i y :  
and i s  the  technical r~i;ir.aqzr for the US-ERDA large sodium-water resctmr. 

"ram. devrtuprnen t pro, 



Philip E . Novak 
Prognm Man;cgcr, BWR Fuel Design Review 
Muelear Energy Di1.ision 
General Electric Company 

Mr. Novak was born in Chicago, IIllnoIs in 1934. He received 2 B.S. 
degree in Nuclear En3ineering from Northwestern University in 1957 
and a M, S. degree in Kuc~ear En3Snttring from North Carolina 
State University in 1959, As part of his undergraduate curriculum, 
he rvurked as n co-op chemical engineering student at the Oak Ridge 
National Laboratory. He taught physics while attending North 
Carolina State University. 

Mr, Novak joined the General Electric Company, Atomic Power 
Equipment Department as an engineer in Advmccd Engineering in 
1959. He conducted experimental and analytical studies on high tempera- 
ture thermocouples, mised oxide mipatian and diffusion, and transient 
failure of LhIFBR fuel. He was also a member of the Central Electric 
design review team that reviewed the design of the New Product 
Reactor (h'PR) at Hanford. 

In 1968, M r .  N w 3 k  becam~~e manager of the Fuel Process and Technology 
Unit in the Adrranccd Prodwts Operation where he directed and 
nianz;ed e s p ~ r  i n e ~ t a l  in-pilc and out -of-pile work on the perf~rmartce 
of LBIFBR fuel. In 1370, he was appintcd manaTcr of the Safety 
Develnl~rnenl Sub -scc lion r csponsible lor experimental safety development 
work and analytical safety metliods development for the LMFDR. 

M r .  Kwak transicrr~d to the Nuelear Fuel Department as Project 
Engineer in 1972 where he cacrdimted department-vide studies on fuel 
test bed needs and fuel ~nmufacturing development program priorities. 
Re also integrated department coordination meetings and researched 
and analyzed published data on competitor's fuel performance, In 1974. 
he assumed !;is current plcitian of Program hianagcr, E3WH Fuel Design 
Reviem,v in tllc Probuz t and Qnality Assurance Operation. He planned, 
orgmircd . and rnara~eci formil L3111R0 Gen~iral Xlana~er Reviews on 
Dw!G-GA Core and Fucl and BWE~'B Slandard~zation as wcll as participated 
as :I ~rlember of audit texms. 

Iie Ins published 29 plpcrs a d  r e p r t s  on reactor physics,  high 
tcn~pt~rature thcrn~ucocl~!es, and LMFBP, fcicl behavior. 



Narnc: 

Title: 

Degrees: 

Othc t - 
Experic nce: 

Rezistratiurr;_ 

Societies; 

Honors : 

Joecph Penzien Born: Novembcr 27, 1924 

P r d e s s ~ r  of Structural Enaherring and 
Dircctur,  E ~ r t h q u r k s  En#lneer in~  Research Center - 

Cull time 

8 .5 .  - Civ i l  Enginerrin4 - Uaivrtsity of Warhingten 
SC. D. - - CivU Engineering - Marrrchusattm Inmtituta of 

Techndogy - 1950 

2 O  years aervice  on faculty at  Univer8ity d California 

1945-46 - Junior Engineer, Corps of Engineera, Bonne=-ills, 
1946-47 - Instructor, University d Washington, Ser t t lc  
1953- 52 - Staff Member, Sandia Corporation, Albuqucrqse 
1952-53 - Scnior Structures Engineer, Consolidated Vultee 

A ~ r c r a f t  Corporation, Fort Worth 

Consultant during past revera! years to: 
United Nations Educational Scientific and Cultural Q r g ~  -.i z a t i o n  
S h t c  of California Attorncy Generals Off ice 
J u i n t  hg i s la t ivc  Committee an Seisn~rc SafoLy, State of Calif. 
Laurrcnce Radiation Laboratory, Livern~orc, Californiz 
Numcrous  e n g i n t e t i n g  companies 

Registered Civil Zngineer i n  the States of California and 
Washing ton 

Arne ricalr Society of Civil Engineers 
Structural  Engincars Association of California 
Earthquake Engineering Research Institute 
Seismological Society of Amcrica 
Arne 1-ican Concrete hst i lutc  

1959 NSI.' Post Doctoral Fellowship 
1965 Rcscarch  Prize, ASCE 
I969 NATO Senior Science Fel lowst~ip 



Thoma M, Snyder 
Consultant - Core Design 
Product & Quality Assurance Operation 
Nuclear Energy h v i s i on  
General Electric Company 
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FUEL SilB-TASK FORCE 

1. Objective 

It wan the objective of the Fuel Sub-Tark Force: 

- tg examine demign. technolog-: and performsncc af B W R  fuel 
and related core component3 for compatibility with the bur- 
inera s tratcgy of achw \.mg high rsliabilrty and availrbilrty 

+ to call  out fuel limitatims that currently cairt, o r  are pro- 
jected. that affect attainment af the bur ia r rs  r t r r l q y ,  8 4  

- to recommend r t sourc  a I l ~ i & t i o n &  andlor pronramr to enhance 
fulfillment nf fuel role in the burinerr rtrrteey. 

11, Method - 
A. Scope 

The Studv cove  red the praduc t arpectm of fuel, rad the care 
components related to fuel. with the exception of those item, 
conridetcd to be the spccii ic  responsibility of other rub-tarl  
farces.  Examples ef the  exceptions wo-rld be specific rnaterlala 
technology (Burchel .  reit.! r phyaicr tCohen1, trrnrient reapnrc 
icehen) and control rod drive dceign rHarriottl. 

B, Approach 

The rub-task force ~ a n s i ~ t e d  of: 

J. S. Alford - Aircra f t  Engrnc Bus intrs  Group 
B. R. Doyle - Carparate A c c w ~ n t i n g  Operation 
C. B. Fontainr - Trchnica? Resources Staff 
D. H. Marquis - Technical R-sources Staff 
R. W. P o r t t r  - Aerospace B.~sintrm Group 
G .  hI. Roy - N u c l t a r  Lnrrgy Dtvimios 
11. W.  Srhadler - Cor?arrte R ~ s e a r c h  and Devrlclpment 
J, E, Wrsod - S s c l e a r  Er.c.rgy Drmsinn 
.T. F. Young - Cha~rrnan - vit vT P r c s ~ d c n t  - Technical Remwrcts 



O ~ t l i n m *  thc s igrsif ic ant subjects,  and kinds of information 
required t r ~ m  people in KELl d t  San .Toss., the Yuclear F I : ~ ~ ;  
Departmt.nt at W I  lmington, r h ~  F ucls Research Scientific 
Task Force 4CRD and ?;ED), the 1DSE Operation. and 
Canadian General Electric, and forwarding thin information 
in advance of discussions. 

Briefing meetings preceded and fallowed by inhrmrtba 111- 
c ,> *ions: 

San Jose - January 27,  2 8  

FRSTF 1San Jose) + F e b r u a r y  10, 1 1  

CGE tSchcntctadyl - February 24 

W~lnitngton - February 2 5 ,  2b 

I&SE iSshentctady) - February 2 6  

L o n t m a i n ~  meetings involving scvarrl or  all of the task force 
to c v r l u r t t  the information, reach pre l iminary  contlurions,  
identi fy  r n i s s i n ~  information. plan next steps, and produce 
interim reports ,  

informal disr-dssiorrs. swapp:ng of data. and cross-prrtici-  
patiun with m e n ~ b r ~ r s  of 0tht.r task forces .  

I ) ; ~ r t l .  ! p i t i o n  ::, t : : ~  ~-: !v>i t -  3 ')-!a=k ~ O Y <  c In draltrng the complete 
r e - ; , . ~ r t .  



III. Fnrmat  of Findtngs. R t c a : n m e n + a t i L ~ ~ s .  and : ) , s c i r s s~on  

For convenience in reporting the rzs7,Itr of t t5 delrberat~onr. the 
Fuel Sub-Tark Forcc h a s  summa r l  zed m a j o r  ccnelusions under 
the h t r d ~ n g s .  "Fuels" and "Furl Rrlated  Cumpancnts." Additional 
conclusmns ef benefit to the Brisincss, but of lesser lmport to 
Corporate dcc i s i on  maklng, are  included under the herding "Other 
Fuel Cons idrnt ionr ."  For t a c h .  a u c c i n c t  rtrtemcnt af findingm 
precedes r p u c i f i u  recommeadations and dircusrlon. Because of 
the signif icance of fuel F,-riormance to the business strategy, 
u e n e r a l  f m d r n ~ s  for h e 1  arc summarized prior  to the topical 
p r t  sentat~on. 

ll'. Fuel Findingr and Rccornmcndat 131s 

A Ft~cl Actton i'tan w a r  inrtlatcd rn I G 7 I  In rerponre to 
the Braton Task  Force repart .  The plan had four main 
thrusts  Li s fallrnwa: 

a. Implement :nte rim 6pe rat ing management 
r c c o m m e n d a t ~ o n s  I IOVR's )  t u  reduce peltet 
c lad mteractlon i PC!) fuel Ieakers,  

b. tnt roduct short -term fuel ~mprovemtnta rm follows: 

t . Tmpro\.cd 7 x 7  Iut l  ! s h o r t t  r pclIets .  chmtfe  red 
p e l l e t s .  t h i c k e r  c:addrng, h i g h e  : clad anneatrng 
tempt ratu r e .  ~ ; e t t e  ts azd better drying). 

2 .  Reduce peak power N i th an rrnproved 8rB futL 
~nrc lrporat lng  ~ r r p r o \ ~ r r l e n t r  identrf~ed in Im- 

prn\ .cd 7 ~ 7  fur l .  



The new 7 x 7 fuel was f: r s t  loaded into an aperating plant 
in the npring of 1973. Twenty bundler w e r e  cxamtned and 
rhowed no failure% after about 8500 hIWD/T exposure, * 
Exporurs of 330 bundles has reached 5000 to B O O 0  X'.YDlT; 
act failurer hrve been detected to date. but none were expected 
b a r d  cn projected irllurc corrulatiortr. ConF~rmatmn of 
the improvement achieved 1s expected rn mprlng 1976 whan 
exposurer wi l l  reach the 10-1 2000 PIIWD/T level. 

The f i rs t  8 x 8 fuel wr. loaded into an operating plant in tbr 
spring of 1974. F rat  a s semsmtat  of the value of the ~ m p r a v e -  
maat will not be available uatil September 1956. Substamtirl 
information on pellet -c lad inte r a r t l a n  leakage wi l l  not bl 
r v a i l a b t t  until spring 1 9 7 7 ,  when exposure reacher 13.000 
h I W D l T  for BVn'R-2- 3 .  DM'A 4 data wi l l  be available r p n l y  
'978. 

The firat impltmentatron of 1O.MR in 1971 war k a w n  a8 tba 
14-10-10, 1t wan not effcctibe. Prccorrd~tioning. known a8 
PCIOMR.PUW~E implemented ~n Jcrly 1572.  I t  has been d~l t icul t  
for operators t o  implement. But where  fo l l iwcd t t  ha. h r a  
btncfieial. 

This fuel action plan has been continued aggresm~vely i n  the 
lart four yearm. Significant gains hrve brr  made. But 
prOgrc88 1s handicapped b y  the lonp development cycfe 
$nvolved In evaluating technical aitt  mat:\ e l ,  and the very 
lofig operating cyctc necesEary for f ~ n a l  proof, 

3. Fuel Leakerr 

Fuel is s r ~ d  to "fail" whm l t  dcvcIops 3 p e r l c t r a t : ~ ~  ~n the 
cladding that rclca~ts f ~ s s i o n  produr t s  r 3  the reactor coolant. 
Fuel teakerr cantinue to generate  power until rtplicerncnt.  
unually a t  the next regularly - achedulcd maintenance and re-  
fuel lng outage. They do not resul t  In unplamud reactor rbut- 
downs or power lrvrl  deratrng. hmever .  unless  there are 
enough of them to cause plant off-gas r e a r t ~ i - i  ty tv exceed 
l arn~ts. In ca r l y  rtactorm. thtr limit was set at 2 5 0  m ~ l l ~ c u r ~ a s  
per second at the atram c o n d e n s e r  a i r  r ,rcctor.  Over  timt. 

:. MWDIT indrcatrs Megawatt D a y s  per S o r t  Tl~n 

o PCIOMH imposes a mlow power ramp when r a ~ s ~ n d  futl duty en 
fuel prtr  iouwly uperated at  towrr fuel duty. 



owners have nought to reduce the off-gar operating lavelr. 
and -bjcctivea for new pfaatr now are armund 100 millicurier 
per recond, Nearly all radiofictive elementr m the df-gar  
r re rbmrbrd before gar  rclcare to the atmomphera, mo 
operatiam at there limita doer not pore 8 rafety or ~1~ir0&UtU~tt81 
concern, The limit pcrmirtr. howaver, to avoid radioactivity 
levels  that would handicap maintenance. Continued d m w w d  
ptrsmurc on there limit8 can be expected. 

In rr rly terctorr. fuel leaking dsvskopud because of rnsckrnicrl 
flaws in the cladding, becruaa d corrorim deporitn on the 
claddin# that cauaed elevated temperrhrer and corrorion 
perforation, and becaura of hydride carroeha af thr clrddiug 
from contained moiaturr. Recent sxperimncm rhowr thane factorr 
a r t  now under good cant r d ,  but they do requite continuing 
rurvrillanc+ [See Materirlw Report). 0- Iusl Eerker In 5, OOQ 
r d s  ir  now targeted for there cauarr. Leakera of thia type and 
f?+queacy can be remaved at the firrt refueling without mignificmt 
losr in em+ray delivery or capacity, 

The fuel prforatlon mechanism of grertemt concern now im knwn 
ar pallet elad iateraetion, PC1 -- r combination of locrtised 
high-atrain rater w i t h  strerr corrorioa or liquid metal embrittle- 
mrnt tbrt crumcm crick propagation thrwah the cladding at iatsr- 
mediate or hiah e x p r u r r r .  Since r eingla fuel pwrhrrtien re- 
lrrm*r about 2 to 3 millicurimr per rseond, r plant objmctivr of 
160 millicuric6 par rscmd tolaratam ammo 40 t d  leakr. With 
one lsakrr rod prr bumdle. thir permit* lmrkerr h rbmt W of 
t lu bundles and r little l e r r  t h n  mas lmrkmr rad par 1,000 radr. 

4. Fuel Failure Projactions 

The relatimahip of Cue1 rod iocrl power to PC1 failure p r a b i l i t y  
can be characterized by a LHGR thrcrhold which varier with fuel 
expanure, decreaaiaa to 8 - 10 kw(A at mr~irnum fud exporum 
(25 GWDIT).* PC1 bilurea do not occur k l o w  thim thraahdd m i  
power and furl exposure. The fuel failure data on which thir 
chrrictarisrtioa ir  bamed ir derived s d c l y  from the performance 
nf the "old" 7 x 7 fuel rod derrp .  The production at tbs furl 
I w t e r y  in W ilrnington wr r changed over to the irnprwmd d+a ip  
during lPf  2. Although some of the improved fuel ham o p r a t d  
at exporurer and pawtr levelr above t h m  failure threrhdd of the 
"old'' fuel design. no failures of the new fuel have yet been 
obaervcd in operating puwer plrntr. Estimates of the iactraru 



in the failure thre~hold  power level due to  the improved d e r i p  
t a n p  from O to 2 kw![t. For r irk  anrlynir purpaacm, the im- 
proved design was credited with an i n c r e a ~ e  rn the failure 
t h r e a h ~ l b  pi 0. 0 k w i f t ,  The pwcr-erpoaure odrtionrhip of 
the failure threshold for the "old" drriga and the expected tangs 
of the impact of the improved demign i a  a h w n  in F i p r r  1 .  The 
expected value of perk power vsraur expomure for 7 r 7 furl 
bundle. in B W R  2 ,  3. 4,  and 8 x 0 furl bundler in BWR 2. 3. 4, 
5,  and 6 is nuperimpomad an the failure threshddn in F i ~ u r r  26. 
The met of curvta  in thi, iigurc indicater severrl key p i n t @ :  

- Significant failure rater are e r p c t c d  f rom 
operating improved 7 x 7 fuel in BWR 2, 3,  4. 

- The operation of 8 x 11 fuel (all 8 x 8 fuel incorporates 
the improved design f c a t u r t ~ )  in BWR 2. 3 may rsmutt 
in no fuel fri lurtr due to the pl le t  claddia# intrc- 
action rnschaairm. 

.- Soma fucl failure ir expactsd to  occur in the operation 
of 8 x  0 fucl In BWR 4. 5 .  6 .  

A ayrtern of reactor operating colratrainta (PCIOMR- Prr Canditianiq 
Interim Operrtir8 Management Recommendation) had been devslopmd 
whach requircr that fuels t x p o ~ t d  at lower power Iavelr be movad 
above the failure thrtrholda only at r very law r m t m  (0 .06  kv/ f t iBr)  
of power incream. Once a new power l r v d  ir teachad at r a y  
hea l i ty  rn the ruactor. fucl at that locality i m  "pracaaditianrd" 
and rapid power varirtiona can be tolerated am lanu ar the pra- 
condit ioain~ pover i r  not exceeded or the fual ir not allowed to 
operate at lower power levels for 8 period longer t b n  8 manth 
or so. Test reactor IGETR) experiments have dsrnonWratrd 
that PClOMR procedure can be 1 O w e  effective in prevcntina PC1 
failures i f  the restrictions arc applied lecalty to each hael pullet 
in the reactor throu~hout i t s  operating lurtory. For  purpoarr of 
rink analysis, it 18 arrumcd that the PCIOMR would be 59% 
effective in preventing PC1 failure at exporurer comprrble  to the 
valuer on the test fuel rodr uoed in the GETR teatr (-10 GWD/TJ. 

About 1 1 f 2% of the .uel rods  see the plotted peak linear heat 
rats during their  in-reactclr history. With preaent lad ing  
patterns, hawtvar, about 30% af the bundles have one or more 
rod6 at thir peak power mrnetime during their lording. 
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FUEL PC! FAILGRE THRESHOLD 

MAXIMUM CA L C U U T E D  FAILURE f THRESHOLD FOR NEW FUEL 

OLD FUEL 

EXPOSURE tCWL/T) 

FIGURE 1 
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POWER EXPOSURE TRAJECTORY ON GETR THRESHOLD 

A pprox. Exprrrenca = Solid Trajectory 

Expected = Dashed Trrjecto?y 

- - - CETR Threshold: 
Upper curva -maximum 
crlcul&ted for m w  hid. 
Law*+ curvm-mld furl, 

WR6 Expected 
Perk 

2 kw/ft  

FIGURE 2 





PCIOMP EFFECTIVENESS 

Oript lul  7x7 Furl Design - PClOhlR ~ l fec t ivenenm Expectation 
5 0 5  Average improvamant~ In fdlurr 

r r te  per cycle 
59% Average irnprovemant* Irr frilurr 

r r t e  per G W D / T  

Exposura IGWDIT) 

PCIOMR Effectiveness - Old Fuel Design 
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EXPECTED LEAKERS FROM BWRj2-6  PLANTS 

(Not r o r r ~ r t p d  for delay6 caused by the Hrown's F e r r y  fire.) 



TOTAL 1.';' rL IN QPERATIPN FOR BWR#2-6 PLANTS 

(Not corrected for dclayr coured by the Brown'm Ferry f i r e . )  

YEAR 

E'IGIIRE 5 



Lft t '~:~ on P l a n t  Avai lab i l i ty  5. 

General  E lec tr i c  BlVR's h a v e  now had over  100 r e a r t o r  ycarr  ~f 
operation. A t  the end of I 97  4 ,  the ir  nameplate capacity houre 
amounted to 2 5 0  x kw hro. The t o t a l  clettricity generated war 

9 about 150 x 10 k w  h r l .  far a 607a capacity factor- Of the 100 x 10 9 
9 kw h r s .  not generated, 80 x 10 kw hro .  was unavailable because of 

shutdowns for refueling. m a b t t n m c c ,  repairs.  and temporary regu- 
latory actions, Twenty x 10 k w  hrm. was not produced bacaule of 
reduced power operaficln for system dinpatchina, PCIOMR l l d t r -  
tions, or to reduce high off-gas  from failed fue l .  

Avai labi l i ty  i s  defined a s  the percentage of t ime a plant is available 
for power generation. ltm reduction from calendar hours occurs  
hccause of f o r c e d  outanss and planned outages. In 1974 the outages 
assigned in tthesc two classes for fuel causes were about 1. 3% and 
3.4% rresp* ct ively,  The latter figure may be dtccpt ive ,  however, 
s i n c e  i t  reflects an altocatcd purtion of planned maintenance and re- 
Lucling outages to rcfueling. A realivtic  estimate should recognize 
t h ~  cr i t ica l  path time f a r  re fue l ing  alonc, whcther or not mainttnaaca 
~ x i t . e d s  the planned refueling Limp required. NED is now examinifin 
fuel  availability f rom this viewpoint.  On thib basis BWR 6 plans now 
contemplate reductions to 0.2572 forced outages and 6.  6% planned eut- 
a j i c s  for fuel alone, Whitc  maintcnanct is usually planned and p e r -  
fnrmcd in conjunction with planned refueling outages, and has generoll;. 
r m  longer  than refueling, the BWR 6 targets look optimistic with present 
IiWR 6 containment and refueling tube arrangements, a s  i n  discussed in 
the report on Mechanical Systems and Equipment. 

I l trated operation of a plant i s  not normal ly  deducted from plant rvaila- 
h i l i ty ,  but i t  can be significant to utility revenue production and peak 
Seadon crprratton. E;tirrra:es of t u d  failurea indicate the following 
capac.i ty  reduction based on off - p a 6  limits of 250 rnillicurits per aetond 
anr! projections for 8 K B a t  109 millicuries per  second. 



De rating to limit off - 
gassing near end of 
cycle,  or carEy re- 
f u z l i q ~ .  

Cirpac~ty  R ~ ~ U C ~ I O ~  

7 x 7  Fuel  Hx8 Fuel 

PCIQIMR limitation# 
on plant capacity, 

-Initial  ccmditlon~ng and 3-4 .  5 5  1.0-2.5% l. 0-2.  5% 
burnup cornpensati on 

- X e  s t a r t u p  tran-:erisfLZJ 1 . . 5 -4 .  5':~ 0 .  5-1. 5% - 0 . 5 - 1 . 5 %  

'r otal b .  5 - 1 4  7, 1 . 5 - 4  TO 3 . 5 - 9  7, 

The old fuel now imposes a ma7 r reduction In plant capacity factor .  
Al lowances  far Xenon startup transients during twelve r r c ~ v e r i e i  from 
s c r a m  account for a substantla1 part  nf the  PClOMR l imitat~oc ,  althcugh 
t h e  effects of non-equilrbrium Xenon may be avoided in the future i f  the 
cnntrol range rs  extended with bypass  of t h e  +op feedwater heater, 

War rant y R ~ s k s  

Of the fuel rods that l e a k ,  some wrll h a w  produced thslr warranted 
output, and removaI at the next regular refueling cyc le  doer not 
represent a warranted energy loss. Some will not, however, and 
contracts for rernuneratlon to u t ~ l i t y  c u s t w n e r s  depend on warranty 
terms. TWO basic  fuel w a r r a n t y  t y p e s  have been offered throughout 
KL'ED's k:s fory;  

4 1 a warranty  of totat heat output of the fuel with a remedy c a n -  
sist ing of a Iraction of the Iabricatlon p r i c e  equal to the 
lractlonal shortfall on heat output I"batteryW warranty); 

121 .I warranty  nn total i lwl cyc le  c o s t  ("tarp(ct" warranty ) .  There 
have heen two n ~ a i u r  \rcrsions . ) f  the target {car rant  y: 



( A )  the  ncrrn.al target wartanty  in which values of a l l  fuel 
cycle  c o n t s ( L  O ccinversion. enrichment, recovery, 

3 8' Pu value)  a r e  aet  by the contract  and are a+mumcd to 
remain constant for p11 rposcs o l  the warranty mettle - 
anent calcu\ation; and 

{ L )  tho fuel c y c l c  service 1FCS) cont ractn  In which GE 
arsumtd the risk of  cost i n c r e a s e s  lor I.'108, enrich- 
ment, recovery,  etc. The FCS contract war  only offered 
ior r rhart pertad*  1966-67, 

Ln add~t ion  to the two basic  warranty types deacrtbed above, NED 
ha# ofiervd various motiltrcations and special feature. mince 1972, 
~ n r l u d ~ n g :  

- - a grass  failure provision whirh permits the cuatbmcr to reject 
an entrcc core ~f the number of failures e v c t t d r  a prercribad 
to ta l ;  

- -  a mechan~ca l  tunctle-by-bundle warranty  in whirh the mechanicrl 
~ n t c g r i t y  of each individual bundle i s  guaranteed rather than t)re 
o v a r a l i  performance uf the care; and 

- -  an adpatable e n e r g y  output warranty whrch rrcludem mrchanicrl 
f a l l t i r e s  and provider tor rdjurtmrntl bared on darign and aperr- 
t rond change*. 

The following table rhawa the d~rtribution of fuel warranty typrr a r  of 
February 27, 1975. 

Fuel Warranty  Type Number of Plrntr, 

H d t t c  r y  37 
'Target 32 
FCS 6 
E3 t F: 19 - 

Total 94 

;. Hundle -by-bundle plun adjurtable enc rgy warranty. 



Desrdcs the coat of energy not &live red because of pre - 
mature removal h a k t  rr, there I S  a l s o  a warranty coat i f  
the fuel l i v e r  through i t s  expected l i f e  C Y C ~ C ~  and dots 
not dei iver  all the energy warranted.  The latter i s  often 
referred to am p h y ~ i  cn rhortlall, and recent experience 
rhnws ahortagem on the ardet  of 4%, (See Nuclear S y r t t m r  
repsrt ,  ) Currently phyrier rhortfaik account# for about 
2 5 1  of war ranted rirke.  

Fuel q ~ s e a r c h  Scientific Task Force 

Much earcntial  work  rt i l l  remains to reinforce our under-  
atanding of failure mechanisms, to aesure  feasibility af the 
"zero -fai lurew dcveloprncnt concepts, to complete fuel 
design modele, and to put design in a more predictable-  
le sn empirical busc. Cc rtainly the Fuel Rcsca rch 
S c~tn t t I i c  Task Force [FRSI'F] e f f o r t  between NEPD and 
CcI) mumr Lt. maintained. 

Survei l lance 

In the e a r l  L .  rt of the Fuel A c t ~ u n  plan, diligent, ryetematic 
following c . f  l''.cR fuel operating experience,  operating prrctrcas, 
and informb,.on re leaser  WOI maintained. Thir effort added 
insights into B W R  fuel interpretations,  confirmed rome product 
and proccma changes. and enhanced underrtanding of the climate 
for cumtamer contact as the BIVR fuel program unfolded. 

The Fuel  Sub Task F'orre found few persons in BWRO who could 
answer  quest ione regarding public ~ n f a r m a t i o n  on PWR experience 
wrth pel le t -c lad interaction, or  the manner i n  which P W R  operathg 



recolnmcndationa para l le l  o u r  own E'CLOMR. The Sub Tork Force 
btlrcves the e f t c r t i v e n e a s  of t h c s ~ !  e f for t s  has dctcriorated, and 
that continuous, intcgrdted t r a c k i n g  of p l b i i c  iniormatlon rhsuld be 
restored through a p p r o p r ~ a t e  a s s ignment  of responsibil i ty to on 
individual nf the required s tature .  

Regulatory Trend8 

Ul 'cr  time. the r c g u l a t u r y  p r o c c s s  h a s  c o n t ~ n u t d  to add new rt- 
quiremento  o r  constraints itfccting reactf i r  dcrrigrr and apcrrtion. 
The nature o f  three treads .  t h e i r  pace and future prorpects f o r  
t h e  KSSS a e  a w h d e  a re s u n v n a r ~ ~ e d  In t h e  chapter on Regulationr. 
W i t h  s p z - i f ~ c  r e f e r e n c e  t o  fuel, thc trcnds are to: 

More ~ornprehcnsi - :c  and m a r c  ~ a a d e r v a t i v e  models for 
analyz~ng fuel pct formsnce  under transient conditions. 

Haelng o p e r a t ~ n g  11r.c.nse r hanges  f o r  rclaad ~mpravcrnentr 
upon dernmst  rated fuel pe rformancc data.  and 

Incorporation of P C 1 0 M H  in  the Technical  Speciircationr under 
which the ut i l i ty  owner must operate the plarrt. 

The l a t t er  r e f l e c t s  a desire of  the N R C  to minimize fuel failurm during 
normal  operations, and is Irkply to signal the beginning of r rtquire- 
meat for a high degree of assurance  of nb fuel leakers  under the 
" a ~ - I ~ w ~ a e l - p r a c t l c a b l e "  concept  irnd perhaps  A S  preparation for 
plutnnium r e c y c l ~ n g .  

Carr ied  to such l imits.  the regulatory trends euggest  further 
tlqhtenlng of to lerances ,  and an Lnc T e a s e  an obstacles to denrgn 
inil,rr>r1ernent u r  changr-Y.  Standardization wil l  become a reality 
I r r a u s e  a c c e p t m c e  of innovat~ons  wi l l  Le paced by more exttnaivs 
p r m f  and an e v e r  -rriurr -time-consuming regulatory process. 



'Shcse trpnc!s a t e  of  cons iderab le  aignrflcat-ice to the fucl Strategy 
a l t e r n a t c b  r e r ~ e w c d  rn 11'. B. 'I. 

Qualrty System - A v a , l a b i l i t y  and C a p a b ~ l ~ t y  - .  Targets 

The Sub Task Force war favorably irnpreased ~ v i t h  the quality 
imnpruvements  real ized in fucl manufacture at W~lmington,  in-  
cluding improvement in procea, yield and matarialo aec6untability. 
Status of the aymtem goal8 far fuel design, and a s r i ~ n m e n t  of 
availability and c a p a b i l i t y  responsibility for h e 1  design and per- 
farrndnce  I S  not yet fu l ly  rrperatlonal. Th i s  aapecc ir covered 
in the g~ la l l ty  report ard the Sub T a ~ k  I'orcc notem the urgency of 
completing this implrmrntation. 

The fuel ac.:~c~n plan  and subsequent fuel plan moni tor ing  rev iewr  
have repeatedly bruught out tire necessity of i n t c g r a t i n g  the NSSS 
redctor sybten l  and its c-ontrnl w i t h  f u e l  d e s ~ g n  t o  gain s :rt~sfactory 
fuel 7 ~ p r f ~ l r ~ ~ n r ~ t . .  

In the sourstr uf the Sub Task Force effort, thir ~ n t e r r t l a t ~ o n s h ~ p  
a€ fuel  and r e a c t o r  system w a s  reinloreed. In addi t~on ,  the Sub 
Task E. orce  found much ui the d e t a ~ l  eraginetr~ng work w a r  geared 
ta assigncd npec; I i ca t luns  and that mechar ismr  for derign trade off 
aeemed I ~ r n i t e d .  T h e  Sub Task Fur .  4 mcurm w i l h  the Management 
report  that the 5 ;  s t c m  Enyineerrng ( ' ,rt  and ~ t r  ~rlentification be 
s t  r cngthcned.  

Thr prt.;,., L; ~ . ~ c ; s ~ , v I ~  p l l i i i t s  l l ~ f  i:-sat the L U ~ I I  r ~ i  l i l i iRSD devctop-  
m+nt ~ , r g , l n l r ~ t ~ c ~ n  and C R D  e f f u r t  a r t  a t r o n g l y  fucnut-J  on immediate 
s r r l u t ~ o n s  t n  today's problems. T h e  operating n~anagement focur, 
by n e c e s 3 1 t y .  1s shurt  r a n g e  ar.d the demands on reBourcea leave 
1 1 t t l t :  room l o r  suppnrt~ng longc r range work. CKI) i s  looked to  
p r u v i d t  th i s  f u ~ c t l o n ,  but Dlld~sio;r funding to C R D  A& justrfled on 
t h ~  t ~ a s i ~  of shnr ter  range p r o b l e m s  wlth the t ~ c e p + i o n  of work on 
::h r raI luy  r ~ j r  ro310n and tht. s r r t ~ l l  c f l o r t  on new nI !nys .  D ~ v i a i o n  
support t o  CI'I3 has heen r l e c r e a $ ~ n g  and the c u r r e n t  level  w i l l  not 
s u s t ~ i n  a \ ~ a ) i l r  f j rcrprarn at CRU tna much I o n g ~ - r .  



'The S I I ~  Task F o r c e  b t l l e v c s  that conarderat~on should be given 
to the establishment of a amall group o l  Divinicn l r b a r a t o r y  type 
rndependcnt crpr  r t a ,  funded separate ly  at the Divirion l e v e l .  
Thcrr rcspanslb~l i ty  rhauld be ta examine the longer ranat r rprcts  
of G e n e r a l  Elect rac's nucle i  r burincnm, with particular ampharim 
on the m a t e r l a h  and proccsstr. The materials and prcxcrmra 
area re selected a s  a ntrrting point beeauae ~t ir clear thrt 
mate r ia l s  prob lems  currently limit the profitability af bailing 
water  r t a c t o r r .  It i s  r l ra  clear  that this r t a r  him been rub- 
merged in the prcaent organ~zation ~tructure  to  the point thrt 
~d en lr f i ca t i on  and design representation a r c  impaired. 

What one would ultimately expect in a highly technicd burinesr 
11ke Kuclerr  Energy is a laboratory of the stature of the M L P 
L a b  of the Turbine Burinena or the M I P Tcchnalogy Laba of 
the A i r c r a f t  Engine Group. I t  i s  realized that such rtrength in 
M & dr overview, development. and control wil l  take time to  build. 
But it appears essential  to retakablimh the nucteus using intra- 
cnmpany or  external  gupport whenever- poaaiblc d o  it* uwn 

capability and r ~ s o u r c e s  car. al1nca:ed and developed. 

Resasrrces for fuel testing were  mubrtantialty inc rmrred durinu 
the fuel action program, Improved ure war  m a d e  of the Genmrrl 
Electric Tent Reactor ICETR), the Remote kloterialr Lab [RML),  
outaide C.rci\rties (Halden and Gritz)  and production r e a c t a r r ,  

1 h i s  added resource availability has been e~fect ive ly  ured te grin 
bet ter  underetanding of furl failure mec hanirmr. and to screen 
c a  ndldatc designs for improGlng fuel pc rlorrnalrse. The r e  are 
str l l  shortcomings that  should be alleviated in the ehort-term. 
And therrt a r e  potentral cancerris a s  to the long-term. 

E'er t h r  short term,  added stafflng of R.ML and provirions for in- 
c r c a s t d  spent fuel traneport  seem essent ia l  if the fuel lmprclvemcnt 
proplrams are tn realized 1rt the car l i e s t  p s s i b l t  schedule. I t  
a l s o  scenls esacntial  to  rnodlfy RhIL far  full length fuel handling. 



In thc l o n g  range, we a r e  hampered by the avarlabilrt y of r 
su i table  t e s t  bed for f u r l  ( a n d  for c h 3 n n ~ I s ) .  GETR is our 
prrmary screening fac i l i ty .  It I S  due for r e l i c a n a ~ n g  in October 
1 9  GETR i n  unique aa a r e a c t o r .  I t  doeein't i ~ t  s l t h e r  the 
category of a research reactor or of a power reac tor  which 
a re  the two categorier of NRC. At thir time it i s n t t  known what 
crrtrria may be applied in the  rtliccnsing r e v i e w ,  but NEPD ir 
concerned that current power reactor considrratlond could be 
impored with the prospect that GETR w o d d  have to bt: rhut 
down for major rtpairn. 

The timely relicenoing of GETR must be a top prlurrty objective 
for NEPD. There  1s nu alternat ive to GETR in the rhart term. 

Looking furthr r ahead, in a buoiness of this  technical sophirticrtion 
and mogniture, it is oreentirl  that KEPD maintain a f u t l  surveillance 
baae for continual comparison and evaluation of operating experience. 
(See End-of-Life Mechanisms Dlrcussioas I V .  B. 4. ) l t  ir alra l ikely  
that future fuel changes wi l l  r e m i r e  an increased level of  in-reactor 
proof before they can bt l icensed.  A 3  t h ~ u  trend cvolvsm, there w ,I: 
be is c o r r e s p o n b ~ n ~ l y  t e c l u ~ r d  opportunity Lo gvilr such pruo: UL 

prciductiun reac tors  - - the absence o f  in- reactor  p r o d  merving to 
prevent acquisition of such proof. 

W i t h  this prospect, a need is  developing Jar a non-commercial 
r t sc tor  lrcenred lor futl proof and for proof of fucl related compo- 
nents. Perhapa i t  should be Government-owned to facilitate 
I ~ c e n r i n g  and as an inrttument of regulation. Perhaps it rhoukd 
he indust ry-owned, and prowdt proof terting for a fee. The Sub 
T a e k  Farce recommend6 exploration of thi o possibality with EPRX 
and NRC. The alternatives a l  NEPQ buy in^ or joint venturxn~ in 
e x i s t ~ n g  small product~on  reactor ,  rebuilding EVESR f o r  a fucl tert  
bed, o r  building a new reactor all  have  such large resource commit- 
ments and l iceneing uncertain tie^ a s  to make them lecie attractive 
than a common Gsve rnment - l icensed f ac i l i t y  lor the purpoae. 

Fuel performance is crucial to nuclear plant periormaace and to 
butiiness success. I ' rrel  iarlurts a f i r r t  a v a ~ l a b ~ l i t y ;  ~ n t r o d u c e  radio- 
a c t i v i t y  that c 4 n  T ~ I I U I ~ C .  derating o r  early refusllng; r n d  are csrt ly  



loth t a  the fuel s u p p l ~ e r  and the ownerjoperator.  Fuel 
ptrfornrance l~n~ttatrons af fec t  plant d a s ~ ~ ; ~ ,  ope ratltq 
f lcxib~l l ty ,  load following capahiltty, c a p a c t t y ,  &vailrbility 
and fuel cyc le  c o a t r .  

Improvements that would elitnindte concern for furl fa l lurtr  
would make  ~t pnas ib le  to redrare the init ia l  c o e t  of the nuclear 
eteam supply rya tem.  the operatlnp cost and the fuel cycle 
c o r t ,  to enhance aafety and operating f l ex ib~ l i ty ,  and to comply 
more easi ly  w ~ t h  i i ~ c r t a a l n g l y  r e s t r i c t i v e  N R C  and OSHA 
tegulat luns o r  g u ~ d c a .  A l l  t h ~  rr would contribute to acceptance 
of R W R  systernm by t l r c t r ~ c  11trlity cumtomerr and an improved 
image far General  Electr ic .  Reductmn of lual failurea 18 I Lay 
resuiremcnt for  r u c c e s m  of the General  Electric nuclear burinrrr, 

Broadly.  the Fuel Sub-Taek Force recornmendm that the Iusl 
strategy incorporate two pr imary thrusts: 

The only option to ear ly  reduction of fuel f a ~ l u r e  
rartr. and t o  irnprnvemrnt in the hurinemr imrps of 
product reliability. is t o  improve the tffectivenrrr of 
PCIOMR. 

A n  NRC dficirrf recently indicated a l ,  PWR vendorr 
now recommend some form of prcconditianing to 
"preclude pellet-clad interaction", includinm ure of 
modert ramp rates on mitial power incrarrer, after 
rciucling, and afte t extended periods 0 1  operation at 
Lower power l e v e l 8  just a s  GI+ ~ o e r ,  In addition, NRC 
i a  now e x p l o r ~ n g  incorporation o f  PCfOMR in the 
techmcal rpccifications. I t  ia therefore ~mperativc that 
efforts be increamed to define am moon am porrible, a 
set of ope rating rccornmendationr that a re clearly 
undcrstandablc to  plant operators ,  a re ciftckive rgainrt 
firel fa i lurca ,  e a s i l y  ~ m p l ~ m e n t e d  by une QI BWR control 
mysterns and pracers computers. and minimizt the 
negative impact on capacity factor. 



2 .  Elrminate pe l l e t -c lad  ~ n t e r a r t i o r r  limrtrtionr 

This  ir the emsent131 strategy of the longer rang* 
h e 1  action plan. Becaurt  it ir  crucial to ruccmrr of 
the avai labi l i ty r t  rategy and rt trrct iv~nr  88  of thr 
burinerr. it ahould be the pivotal program - -  the 
cr i t i ca l  path drvelapmerrt - -  to cornprcsr thm time 
n8edt.d to prove pmrpcct ive  designs, and t a  prmpara 
rn parallel for production. 

For  this purpore, the Sub-Tiok Force  recornmenda two ca-aqua1 
rtratcgier be pursued with oms back-up mtrrtepy, The co-agurl  
~ t r a t e y i e r  should ba  carried out rm c t i t i ca l  path developments 
to the point of production commitment when a choice ir  t o  be 
made between thtm and the backup. 

These s t ra t tg i ea  r re: 

1 .  Barrier fuel strategy with potentially high leverage 
an plaat  economics and pcrfcwrnance. 

2 .  +Reduced fuel duty r t r r t e ~ y  bared on mort available 
technology with ear l i er  determination of ierribrlity 
but learn attract ive economicr and performance. 

3 .  Fine motion drive backup m t r a t e ~ y  81 a memr of 
arsuring preconditioning yet achieving the ta r t  rcrrm 
requirements of B W R  6 and related regulatory trendr. 

These a r c  dincueued in Section IV, R. 3. including rllowanectr in 
current BWR 6 de#igno ta psrrnrt backfitting. 

A t  a joint ANS-CNA meeting on commercial nuclear fuel technology 
held xn Toronto, A p r i l  27-30. 1975. Cu Ru Fanjoy of Ontario Hydro, 
and El. H. Chc t r y  of BPW Serv ice  Corporation, indicated rsrpactively 
utillty trends toward: 

" q v ~ t e r n s  porfo rmance (availabi t ity and load following) 
and decreased fuel duty" 

- "acceptancc of higher fuel and lower power lordina 
on rods in exchange for inc reared plant availability" 

Thir indtcrtc6 a g ruwing climate for the reduced fuel duty r t r r t rey 
tmpharized In Section IV, and the KSSS upgrading strategy. 



1.  N e a r - T e r m  Mtamures 

The relrabi l i ty  r t ra tcgy  must dt+end on dmna ever@ing porriblr 
t o  improve ~er forr nancs  of fuel already In reactors. I t  jurt trkar 
too lnng tn w a ~ t  for  new fuel ctevelopmenr. The political chrlLengm 
to  nuclear power al lows probably two to m a r  y r r r r  Ithe olrctian 
c y c l e )  to achlrve an image o l  rciirbility nccemrary lor p d i t l c r l  
support. Even  i f  we cannut derrnnstrrto actual reductionm in total 
f u e l  t 3 ~ 1 u r t s  by that ttmc. i t  murt be evident that Gtrreral Electric 
1s  rcaponding to  thi* e b j c c t ~ * , e  and ir taking credibh rtepm toward 
~ t .  The rtcommrndationr below deal with way8 to accomp~imh thia, 

F a i l u r e  of furl al ready in operation can be r~gnificantly reducmd 
by i n c t o i s ~ n g  PCJOMR effcct~veneos.  

Asa ign  individualm with recent mtart-up c r p r i r n c s  to prepare 
r t v i  sad i n s  tmctionr for plant clparatare. 

Inlprove precess cnmputcr sdtvv&rt ,  

Q A r a i g n  reoident engineer skil led in PCIOMR ctperrtron ta each 
of nix to eight s i tea  that cmrtitute m a j o r  portion of fucl rirk 
during next few ytarm. 

Explore improvement of precanditionrng techniquer, and 

* M a i n t ~ i n  PCIOhiR t l c x l b i l ~ t y  i n  technical rpecificationm. 



KED cngincers  r r t u t n ~ n g  Crom r u a c t o r  rtart-up management 
indicate that PClOhlR procedure r 8 8 p r c w n t l y  rtructured arm 
difficult to iol low,  burdenaorno t o  the r,ptrators. They brliava 
tffcct~vene~a could be areatly ~mprovect by preparing detaiimd 
rnotructrcma lor reactor8 aperatorr, ~tilirrng the mrightm which 
have been recently rcauircd throuph start-up mrnrgcmrnt of 
Large reactors. A further grin could ba r s r l r t r d  by more 
rffecttve utilization of the proccsc  computer: better computmt 
&oftware and d i sp lay  t o  detail  local pawer levels and to adviat 
the operalot how t o  conduct variour maneuvers.  

A rhatp r i m  in rbrolute number of fuel frilurem ir expected 
during the next three y e r r r ,  before the 7 x 7 fuel lorded 
since 1971 I S  replaced by 8 x R fuel. Around 1000 failed 
bun~:r . s  per year a r e  expected durixg this  period, more thrn 
doubie the failure. recently cxptrlenced (Fig.  41, o 

Over 80% af the total  r lbk  f o r  fuel loaded in thi8 period occuro 
in only h rpartors; about 75% ;r ir! just 3 location+ Thr r i r h  
projection i r  based on an arsumed PCLOMR effectivcnesr af 
abwt  50% (Fig.  3). The ume ul rkilted NED peraonnal to amslat 
the optratora a[ patticularly vulnerable rerctoor  to rtay within 
p r t  conditioning envelopes ha a Large potantid pmyoff. 

A part tram the above eug~eations for better application of the 
prccondttaon~ng technrquca a r  rurrentky developed, there may 
1,e oppnrtunitic+ far their irnpravemenl. 

Variat lnn in power limitr and ramp mrneuvcrr may be found 
that would help to L S ~ ~ L C  PGEOMR operation easier, fartcr. o r  
more reliable. A shorter notch c o a t r a l  rod drive and a grey 
tip blade m a y  a l o o  be helpful for this putpoaa ( m e  dircusrion 
under Reeomrnhndatmn 61. It is urged that much teehniqucr be 
explored in NED reactor test6 for u s e  at the ear l i ea t  date 
pract icablr .  

i. Btowna F e r r y  Plant delay, now est imated at 6 months for unit 
2 and 9 nionths for unit 3. would reduce the number momewhrt 
over the 3 year period. 



SRCfr  lnc rearing concern 8 s  t o  PC1 iallu rem ruagtmtr that 
th y m a y  reouirc that temt rFacs  ~ n c n r p a r a t c  PCIOMR pro- 
eedurer. This placer addrtianrl e*phrm~s on arnprovinl the 
ope rrbilrty a l  there procedures. lirintraance ef 1 flexiblr 
porturt i s  ~ m p o r t r n t  ro that iutura improvsmentr in PCIQMR 
proctdurea can be i n c ~ r p a r r t e d ,  or that PCIOMR can bm 
climiartcd when fuel deaign ;mprov*mmat rIirnirute* the 
PC1 failure mtehanirm. 

Reactor i s r r r l a b i l ~ t y  can be submtanririly incrsrrad through 
rcducrng time reouircd for reiuri ing,  when ~t i s  on tha critic81 
path. 

Rrlodd fuel will often be needed on relatively short notice if 
fuel failures c u r *  premature shutdown; othrrwirr availability 
w i l l  be sacrif iced.  NED contingency planning for abort-term 
fuel dclrvery needr continuing mtudy. 

Recommendation 2. 

Reduce timm rcquirmd for reluding 

by devslopment of bettor furl rippinp tsehaiquma rad 
equipment: 

through more rapid refueling tehniqusr, equipment and 
program mmagement, trrirrin~ program8 and appk8tim1 sf 
integrated NED and 1SE rkillr,  

by replacement fuel planning to be ruoe emergency fuel 
will be availabte for premature refueling on rhort reh+dule. 

BWR maintenance and refueling outagar r v e r i p d  84 dryr in 
1974 (72 dryr excluding the Pilgrim intervention), Apportion- 
ment within the M & R outage indicrtem that refurling is 



h i e t ~ r r c a l l y  chargeable with dbout 23-q of the outree. or 24 
dryr /p l rn t  outage in 1974.  However. r preliminary examination 
of recent e r i t ~ c a i  path outage information rhowe a rypicrl cr i t i cd  
path rcfualing hme of at Isart 30 d r y s .  Since the ideal r+bLima 
time i 8  ertimatrd to be much Leas than 30 dayr, them ir r rub- 
rtrntial apportunity to improve p l a n t  rvailrbdity throuuh fmtmr 
refueling. Addrtional r n d y r i r  of cr~trcal path refueling ir 
rracdcd to Iocur on the part8 of the tafucling operatmn wlth the 
g rcatcr t potential for improved rcuipment, proccduraa. plrnnin~ 
and trrming. 

NED maintrinr an inventory of e[eneric raplrcernent bundler 
to rover  rrplrccment needs which develop unexpectedly durina 
refrreling, 86  nhown below: 

Gener ic  
Replacement 

B u r ~ d l ? ~  Rllndlr 5 . 9 G ~ n e r j c  inventory 

:. From Fig.  4 

The above table showa that the generic bundle program doer 
not match thc projected sharp ir;crczsc In rcphcernents - 
generic bundles inventory i n  1975 will  bc only 13% of the failed 
bundtrn, ar compared to 37% in 1974, The reduction reflect8 
elimination of hydride fa i lures ,  and e r t i m a t t r  that PC1 failure 
r a t e a  wi l l  be withln normal reload g u r n i ~ t i r r ,  

Therc Ir qome probability that fuel leakets could cause pre- 
mature r e f ~ e l i n g s  in 1975 or  197 6 .  W h i l e  it ir  recognized that 
thc abil i ty to predict nerd f o r  replacement bundler prior to 
refueling outage i a  ~rnptoving,  the Tark Force believem the 



rituation ahould be watched chre ly .  It  will be particularly 
ir.~portant that refueling ~ r t a g e s  not ba extended by lack 
of rcplrcernent bundler autlnk the next 2 o r  3 year*. duriw 
which period the Utilities wil l  be enpgad in adjurtinl to 
the #harp inertare in bundle rcplrcemrnt (Pig. 4). 

ILSE i m  cstabhshing an increasrna prrrracr in nuelmar maia- 
trnrnee and tefueliag. particularly in perroam81 training a d  
proteas or eouipment development, Tha dramatic reduction 
in control rod drive changeout time dutina the rmcrrrt Millatanr 
outage demoartrater the ptential of there frctorm in plant 
~ v r i l a b i l r t y  improvement. NED hra rrcently b H n  working 
with I+SE to achieve r more cifsctiv+ blendin4 d th+ particular 
r t ~ a u r c a r  of the two arganiratioa+. The further devrlapmant 
of this intearation ahould be purrued v igorwdy .  

Cnre Management 

Core managemcot can reduce PC1 frilurer by avoiding 
mhuffling of partially sxpoaed fuel into more rc t ive  #ones 
of the reactor. 

A &-month reiuelin@ cycle  would offer rn8rgy coat m a v i q m  
but cwld  r educe availability. Achirwrnmnt of abort refueling 
time maker 6-month refurnling more r t t r r c t i v e .  

Recommendation 3. - *  Avoid vower lavsl incr+iraa in budla 
rwapping for operating reactors. 

Discussion 

Partially rpsnt fuel bundle# may he moved to new poaitionm i n  
the reactor during refueling far reactivity eontrol, to mr in t ~ ia  
reactor power profile or to achieve desired burn-up at each 
locality. Minimizing the movement of fuel ta higher power 



localrtitr during auch bundle swapping wil l  b l p  the operator 
atay within tht prucondltronrng envelop durin~ rmcenrion to 
power after refueling. NED plaaa to apply power lwei 
conatraln.r for BWRb relaad mrnrg+mrnt. This t+rhaimum 
nhsuld rlro be employed to the reactara alrmady oprrt iag.  
to rrduce PC1 failures. 

Recommendrtron 4 .  - -  Evaluate 6-month refurlin# a8 
rhartcr refueling outsgem a r e  rchleved. and offer to 
Utilitiem i r  it becomes attractive. 

The primary a d v a n t a ~ e  of a 6-month refueling cycle, 88 
mhawa in Table 1.  ia the ability to u a r  lower enrichmentr, 
which reducer separative work chrrpm and initirl ytllaw- 
cake supply. Secondary gaina occtir becruer d reducmd 
~abol inia requirement tghich in turn reducer rod Eabricrtion 
c ostn and the burden on residual grdaAinir om core physicr. 
The Iuel cycle flexibility i s  improved and an improved 
capacity factor ia  obtained i f  the reloading achsdule eliminatmr 
any end-of-cycle power reduction to  accommodate off #am 
limitr. And of courma the credit for rmcovarrd uranium and 
plutanium is reductd in relatimahip to the initirl reactivity, 
The net erpwtrd i m  on t h e  order of 3 . 3  esnt8/miliion or 
6 1 t2% of the fuel cycle component cortr, In addieiea thrra 
a re mome ayatem advantages in reduction of thr ns#rtiva void 
ccmf'rcient and improvement in the & h u t d m  margin. 

These benefit6 murt affatt increased design and licenmina 
costa amountmg to lome 25 p t d e ~ s i o n a l r  if d l  ptcrrnt 
rtactors  were to change ovcr to  r 6-month reloadin8 cycle 
atarting with the next reloads. This  inereare would suppert 
the extra care management effortg and the attendant NRC 
l icenr ing workload. Attractivcnerr of the change to r 6-manth 
cyc le  dependr on: 
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TABLE I SIX MONTH REFUELLVG YEAR 1985 

Cornpa rison of Semi-Annual u s  Annual Rtfuelit lg: 

Equal Burnup. Load Factor (25.8 GWDISTU. 0.75 Respectivslyl 

Physicm Parrrnetr t m  

Cycle  Lcagth - Months L 2 
diitial Enrichment w / o  U235 2.775 
Av;,. EOC Expomare - GWDISTU 17.54 
Discharge Fuel: 

2 3 5  w /o  Final U .a19 
Fisr i l t  Pu w / o  Initial .5Bb 

Fue -1 Cycle Cost Componcntr - C IMBTU ' 

0 rr 23 .821 
Conversion 1,282 
Separative Work 17.  252 
Discha rue U (credit) -2.517 
D i s c h a r p  Pu (credit) -A. 861 
Fabrication 8.126 
Recovery 4 .461  

; 1985 plugged values. Includes preirradiatim, irradiation and port- 
it radiation inventory at  R%, 16%. and 14%. reapcctively. Discharge 
credits  for uranium and plutonium and recovery raatm arc irrummd 
at p r o j ~ c t e d  19U5 values although uncertainty sxia: -; am to theme elemrntr 
rrf thc furl cyelc at thin time. 



PWR Moves. The FkVR can make about the r r n e  p i n s  with 
&-month rthelrng.  lf PWR supplierr went firrt. we m@t 
have to fellew. If w r  Lead on propoar1 bamir with soma con- 
tractual rharing of the gains, rhir could b* praducttvm lor the 
BW R. 

AvriCability reduction. The extra rdthmling cycle prt year 
will reduce availability. Evcn though thrtr ir lrrs fuel l m d i n ~  
in tach cycle, the cornman mlcmanta r re rrpr t sd .  thur raiairra 
total time and dee termin# rvailability if mrintrnrmcr carme k 
divided appropriately, The added cycle  may a l ro  iavit* & a d  
NRC raquirmnrsntr for inrpct ionr  that would rncreraa outage 
r ima and/or eort. On the othet band. i t  NRC rb dimpolrd 
toward twice  rnrnral iarpaction. r tie-in with 6-rnonlh rmfudiq 
would be beneficial, 

Production rdvantrpa r. Rmlord fuel production would be morm 
h v e l i ~ e d ,  thus providing advantage& in rki l l  rrtrntion. rrduced 
training time, and lower fabrication coats. There ir r l r o  an 
advantage to  refuel m g  efbctivsne s r  a incs  rel-d c rrwr could 
retain better cffectivsacmr st b-month intervals than at 12-month 
intmrvala, 

Cawcitv Factor.  It ir prerumsd thrt 6-month rrfualingr 
would occur in September~Octobar and March-April. thr low * I -- A 

A - E*;rc+m- p-t frrrrn 
neiahboring ryaterna would not be nmrded, a d  the v d u r  oi hr 
nuclear powrer capacity lort would dmpant on individual utility 
evaluation of the differential eemtr of makeup rr mllocatmd to 
their ryatsma br red aa their own ci rcumrtrncar, Deprndinp 
on the parameter8 choren. rrtimater rbow capacity factor 
coat can range from trtvial to even mare than the fuel cycle sruiq. 

+-  Contractual arrangements. Thzs ir thr allocation of the pins 
between utilititr and ourselves thrt can be nagotirtrd. It would 
mppear dcrirrble to develop the pro@ and csnr of b-menth rs- 
fueling with NRC and with prorpactiv+ curtomerr to re *  what 
barrierr it facer and what enthusiasm it generater. and on that 
bari a to determine an implementation plan. 



1 I ld  -Term XIea  surer 

Other rnearures to control PC1 [rilurer ran be made rvrrilrlrlr 
somewhat 1dter than thoae direusred . r ~  the preceding mection. 
They cam be applied to reload fuel and to reactors now under 
construction. in addition to  the ruggtstionr already discusred 
l o r  near  term fuel measurer. 

Thick-Clad Corner Roda 

T h ~ c k  cladding on fuel radr in the corner of the bundle neareat 
the control rod m a y  achieve subatantid raductien In pellet clad 
~nteracrron IPCI) failures. 

Recommendation 5 .  - -  Rtuvaluatc and consider adoptha o thick- 
clad corner rod configuration as  the derign rtanda rd; initiate 
parallel program* for licenrrng and manulacturing procera 
development. 

Wheneve t a controt blade is latched ouhmrd the fuel rodr located 
nearby experience a sudden power ramp. The largert ramp occur8 
in the rodr that occupy corner poritionr in the cbannrlr adjacent 
to the central blade, Correlations of rod failurea with p r i t i a n  
rn the bundle rndicate that bundle failures might be raduced 30-655 
in sumc reactorr if blactt-induced failurer in tha corner rodr 
could be eliminated. Although the evidence that thick-clad carnsr 
r3ds reduce blade-induced failures i s  not contlurive, perruosivc 
evidence exists in Dresden reactor experience with 192 bundler 
*::hirh w c r t  3asem3Lhd with 5 thick-clad corner rods  carh. Out 
of t h i s  lot of approximately 1,000 thick-clad rob. none failed; 
3.5% of the bundles having rods with thinner cladding at lsar 
demanding locations in t h e  same bundle failed. The perk power 
level was about ? Z  kw/ft. ln other bundler. a t  about 13 kwlft peak 
power, 23-1 /2y0  of the bundler with thinner elad rod8 in all pomitionr 
r xpe r tenccd rod fai lures.  



Converatly.  data [rum the Nint Milt P o ~ n t  raactur rho* s no 
obvious correlation btbtwean m l d  life far lures and distance 
from the coatrol blade corner ,  It L S  ndt krtown haw or why 
thra reactor should be dif i tren:  irnm other reactors  whrch do 
show much a carreirtion. but i t  i s  thought that v e r y  crrefut 
adherence to PCIOMR at Nine Mile Pmnt may be r contributuq 
factor. 

Selection 01 a thick-clad demgn without changmg rod OD. with 
a rlightly smaller pellet. would appear to be ~ u c  kly  I:  ctrrriblr. 
The value of the txpected increased fuel rcl.ab~!rt~. rc-duced 
war  rrnty costs  and greater tolerance to PCCO,Mk v ~ o l a t )  onr 
from thick corner rod. mag. exceed the i n c t ~ a m  In fuel cyctm 
and minufrcturtng coats that would be incurred. Accord:n#ly 
the Sub Tank Force recommends reev+luatil~g t h i s  dccirron 
and it6 lmpferntntation prourarn. 

Xlodifitd Preconditlonir, Maneuvers. Contrcrl i t ods  and D r ~ u e s  

Fi ndi ng 

It  may be posaible to modify present PCLOMK p r o ~ e d u t c s  In 
ruch r way a5 to reduce the unfavorable impact an crpacr?v 
factor, partitularly if ruch modif~ed  prcrcedurrs could be 
implemented with modifred c o n t r d  rodr rhd driver .  The 
modilitd control redr m~ght ,  for example. be bcrlgaed to 
have short notch rpacing and the rods ta have rhsrt grey tips. 

Recomrncndatron 6. - -  Explore the i e a r ~ b i l l t y  of ~ r n o r o ~ t d  pre- 
conditioning power maneurera that c auld be lmpltmenttd m o  tr 
eas i ly  than prcseqt PCIOMR. 

There i o  some theorrtrcal reason t o  belleve that mdrt ' :cat lonr 
in PCIOMR power rnaneuvcrr rmyht make t t  posrl'ule to r c h e v r  
good prccondrt i~n iny  in a shorter  trme and wrth learn operator 
attentian t h m  t h e  present procedures.  A r  a n  t u a m p l t .  the clad 
might be strerred very briefly beyond otr r l a s t ~ c  l~rnit and then 
relaxed to a st  r e r s  below that at - h ~ c h  the f a ~ h r c  mcchanrrm 
wmtid operate.  Or cant rul rod notch spacing m ~ y h t  be d+crrar+& 



2 to 3 incher with a 6-inch ta 9-inch grry tip to amble *I 
owrator to p m - e d i t i a n  Cff~rcat p a r t s  of the core uriry 
rmalirr davirtiona from full p o w m  r and Ira# flaw control 
than w w l d  be prr ibte  uring the plrrmt b l i n d  aatch 
mpmcitq sad "bluatM tipr. Approather ruch rm b a a  that 
wauld rceomplimh necrrrary power mtrpr with rrlrrivdy 
fiimpl* d i f i c a t i o m  to tbr prr-at central driwr wauld 
be vr ry desirable and rhould be p r w r d .  

c. Cladding Cmcmrnr 

The prier of drcmium products ham inctrrmmd rliahtly hut 
wil l  probably incrarrm mom in t h m  mar futurm. 

Improve tube rockma prncmrr ta rl~evi&?r hpmtfec8iamr 
caumsd by mandrel prckup and to m r t  clommr dinunrimnal 
talerancem, 

" Review ha rdner i specifirationm placed an NED'm rupplirr. Ba 
rum the rupplaer doer n M  add trsublsrama impuritier te  irud 
this r p c c i f ~ c a t r m .  



Discussion 

After a nine-year period of stabil ity the price of rirconium 
praductr tr now increrrina. NEPD'm rupplisr recently rr- 
quested a price increme of 9.26% and rrttled lot 8.46% but 
rdurtd  to rccrpt  any long-term contract at thrt price, Rscrnt 
coat  increamer facine vtndorr rnclude 374% for zircon rand. 
589; for magnerium and 35% f o r  labor. Thr present supplirr 
im the onty currently qualified vendor. N E P D  ia currently in 
procrmn d ~ u l i f y i n g  domamtic and foreign mourcer am 
potential alternate vendors. Price increrarr in the immedia88 
future m a y  far exceed the steel products index which n w  
control+ contractual emcalrticln. Csntrrct rltrrnrtive6 ahould  
be re%-icwed. 

The clad quality drfferencem between NED and other vrndorr 
a r e  not believed to be critical with rcmpact to fuel rod fmilurer 
but have crumed difficulty in our relitimmhipa with JNF. 
w h ~ c h  rccentIg rejcctcd sorrrt 5;:. 0; 7 r 7 zirtor~ium tuL. 
for dimensional tolerances *ad ihctumionm m the inmida wrilm. 
Tubing quality needr to  b t  improved ta maintain cwr comp-  
t i t ive pornition rn the intermtiotul market. tntcrnrl flrwr 
penetratina er muck a n  10% of the wall  rurface hrvm occamioarlly 
been obmcrvcd. Inrpection technique r ta pick up auch flrwr 
mumt be assured. 

It r r  not currently known whether the recentty obrervrd 
reduction in  hardness ir desirable or undtrr rable o v e t r l l .  
Leas hardnesa means F*  -rter ductility, which i r prabrbly 
del icable  i r u r ~ r  ihr viawyuirrt  ul pe21et-clad 1ntc;action 
faalurer. It alrcr rneanv lerr tenrile strength, whlch ir un- 
de*irabla from the viewpoint d containment of p a e m s  firriw 
products and end-of - l i f e ,  The specification warn based on thin 
latter canm~derition. In mew of dtrign featursr (plenum, con- 
trolled voids) that have been added to ameliorate the end-of- 
ilie swcllrng probjem, the spec~frcation m a y  no longer need to 
bc as severe. Thim dererves careful reevaluatrm in conjwtction 
w i th  gab r r Iease  c s t i m r t ~ s  for very hiah expowre  reteased 



recently by Urttslle M~marirl Insiitxte. In attrmptiq to 
meet brdmesr requirrmmntr. the k-r>dor m a y  intraduce 
rema impurity or cbmnae itr p r o c r s r  in romr wry that wi l l  
ba t roubhromr from tlu v i ewpint  or' corradoa ar crrmp 
mtrragth. 

Ammonium oxalate pore farmer and rmrncrnium bier rboartr 
bindrr with GECO prscrmm powder prducmr prllet sintrrmd 
danrity nearly indrpendmnt of Item deanity rad with r vary 
rtabls mrcrort ructur.. 

O Explore pdtmntirl of pore former and b i d e r  rddarr with 
Ammanium Diurrarte LADUl procmrr powdrr. 

O Explore the~re t i rr l  denrity apacSficatimr for pell-trc. 



Lorrpcr k uel b e m i ~ n  Strategy 

I t  i a  not rnccmcmiv~ble that reduction in the number of PC1 furl 
failurer (lcakmrr ) achieved by tha improved fuel dsmian in tb 
8x8 bundle tapther with effective implementrtioa of PCIO- 
procsdurrr will bring the fuel failure tn an accmptrble 
level. Ilovraurr, thir 16 by no rneaar certain and, in any care, 
the *dent of the improvement will not bs kmowza strtirticrl4y ~ l i l  
1978. * By t h t  tima, what ir coaridrr*d to  b+ ra rcctpbbls Lwei 
m r y  well have deereraed conridermbly. Furtbarmore, v r r i w l  
rcactot rystam pcnaltima, such am increared furl cycle cort, ara 
mvdvcd in the champ from 7x7 to 8x8 bundler, and the PCIOMR 
proccdurcr r r r  difficult, time-conrumiag, and limit the ability 
of the plant to idlow r varyin8 power demand. It would thrdorr 
be cdremcly derirable to be able to n u k e  Borne brmic c h a q m  in 
the fuel design that would enable i t  to  be operated reliably to hiah 
bum up at r linear heat rrte ( local  power) carreaponding ta that 
required for 7x7 bundler 116-18 kwif t )  in a reactor of t h m  r i zs  
and rating of r BWRC and with no reriour operatioar1 rertrietianr 
on rate of change of local power or requircmcnt for periodic 
'' cmditi~niug" + 

In 1971. with the rteemmendrtionr of the Beaton Tark Force ia 
hand, an aggrerrive program to identify the o r i ~ i n  of fwl hilure 
and idantiiy ~uitabit  "fixer" w r a  estrbliahrd with the combined 
rrrourcea of NEPD r d  CR&D. Thir effort. kmwn r a  the F'ud 
Reeerrch Scieatific Tnrk Farce (FRSTP] ir currratly in midatrrrm. 
.hwever, it h r  identified r probabl+ caumm of PClJurl fallurrm 
i r  liquid metal ernbrittlemant or atrarr corrorioa Snvolvin# hi& 
Localired r t r e r  r ,  ,rerulting from meehrnicd intrrlmrmncm bemrmlr 
the edger of crack; in the fuel pelleta and the interior wrhrm d 
the zircatloy cladding, in the xemcnce of eattrin Cimiea pruductr, 
notably iodine or cadmium, psrhapa in conjuactmn with cerium 
and talurium. The changer in fuel d e r i p  ~ n d  eparrtioo &at haw 
been made ro far have been in the direchom of rcduciq thm rtrrma. 
A longer-range approach that har evolved from the FRSTF cffert 
is to provide r o m t  rort of barrier to protect the inner surfrer  
af the clad from the firmi~n productr, or La line the clad with r 
solid lubricant ar a very ductile k t r l  that rill not .upport enough 
s t r e r u  to enable the rtrers eorroskon or lrquid metal ernbrittlement 
mechinirm to occur. ~hcs; and related p o r r i b i l i t i c ~  will  b 
elaborated under the heading "Barrier Str r t ruy"  in the fallawing 
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Underatanding the basic failure mcchanirm is, of course, 8 pra- 
rtquirite to the ertabliohmcnt of mccl.rrated screening tsrtr for 
improved fuel derign. Uaing the present,  pnfiribly-incampl*k 
underatanding, a number af diifercnt test. have bean devired a d  
arc being carried out, both in the Laboratory and in the GETR 
reactor.  There t e s t a  will be continued at high priority into 1977, 
Early in 1976, it will be nccrasary  to rrlect r &mall number of the 
mort  promising spprorcher for more intenwive en#Cneering md 
manufacturins devrhpment. In addition. esrentiaLly all the 
h n g e r - r a n g e  ''fixel" that acem to have any r r t i s n d  probability 
of being effective are being incorporahd in re~mentad rod* A& 
irradiated in cammercial rac tsrm. When rignificaat axprurs  
wi l l  have been achieved, theme segments wi l l  be ramp ttrtrd 
in GETR to provide a more realilctic cadirmrtian of the prime 
candidate *eiectione, which wi l l  have been made one to two p a r s  
earl ier .  

Another long range f itrrtegy rn the fuels area would be to 
further reduce the local power or "duty" for which the fuel murt 
be designed. This local power, also called linear h d  p n c r a t h  mtt [LHGII), 
can br reduced in a reactor of r given size and ratinn by daere&+in~ 
the d i a m ~ t c r  of tht fuel rods and increaring the number in r bundle. 
If ~ a r ~ - i e $  :.*r eaortgh t.1 b r i n ~  t\+ peak 1,HGR va11:ca hrlcv thc failtrrc 
thrsmhold curve I r ce  Fig*. 1 and 2). thir * trr t tgy could be rxpreted 
to effcctivcly eliminate PC1 fuel failures, evrn in the rbmsncs of 
PCfOMR. It i a  therefore conr idcrcd by the Sub Tark Fotca to be 
a +trate#y of the orme pricrriv am the barrier atratesy and i m  fur- 
ther dirruracd undr r the herding "Reduced Fwl Duty D e r i p  Stratmay" 
In Section c .  

A backup strategy, which woutd b t  directed toward rnhancin~ thm 
application af PCIOMR proceduter and making them more accept- 
able throu~h  the urc el fine mo'lon control red drivmm ir conmidared 
an Section d u d c r  the heading Fine Motinn  Control I3sr;kup Strategy. '+ 

Basic approach of barrier s t r a t e ~ y  meern. sound It iocludem thin- 
plate metal surfaces, coextrudcd inner murfacca and "buried" layer$,  
and coatins8 deposited from suspemsion. The datr at prerent i m  In- 
rulliclrnt tn draw conclusimts a s  to probble  succesm. Hollow pclhta, 
vibratory compaction and inverse  rifling rtprcrant related approache8 
that de se rve svaluation along w i th  hat ricrs. AB Atom Energy Lndlc&trd 
a1 the joint ANS-CNA meetin2 i n  Toronto. April 27-30. that they were 
exploring inverse  rifling means to reduce PC!, apparently along 
the lines praportd by CRD. 



Recommendation 9. 

' Continut at high p r ~ o r r t  y the t a s ~ t  atudy of the pellet clad 
inte rrct ion failure rxechan~ sm. 

Continue at high prtorit y the enainacting evaluation of the 
five or so m o a t  promising candidate barrier deaipnr that 
appear to avoid farlure+ by  attackina the basic failure 
mechrniam, 

A s  soonas posmiblt, but not later than the end of 1975,  i t  
the concept mtill look8 promr.sing, d e c t  two o r  three barrlar 
candidate drrign canfigurarionr for further dtveloprnrnt dnd 
initiate parallel manuhcturmg development and r pilot bundle 
irridration proErrm. 

Alro evaluate hcslluw pctl+ts ,  invcrrc riflrng, and vibratron 
campacted iucls. 

Although a+ noted the barrier strategy netmr c o t t r c t  on the brr ir  
of present underatanding of the problem, that undsretrnding i m  not 
yet complete and it  wi l l  take several years at leaat to obtain ruilicient 
data te confirm the ope rating effectiven*aa af any iusl deaign bared 
on thim mtrategy, and build a rtrtiatical boat reauirtd for licmsing. 
However, r l  indeed i t  i m  the right way to go. the benelatr may bc 
very Large. They  would include, f o r  example, elimination of the 
need for any form of PCIOMR and canrequtnt improvements i n  
~ r a c t o r  rapacity fartnr rnd ltrad follow in^ I taxibll ity, awidancc  of 
unschcdulcd shutdclwna for rcmovaJ of Ieakers orid d e x e r r r i v e  ar 
unexpected warranty riekr,  abi l i ty ts design for  i n c r e a u d  fuel 
itnear power rating and burncup which would grvt the NSSS h r r g n e r  
more leeway in optimizing hla syotcm for other Cactorr. and reduced 
radiation l e v e l  throuphout the plant with conrcqucnt ravings i n  tmma 
and expense of other maintenance and clean up oprat ionr .  In addition 
i t  would enhance t h e  recognitron of CiE & W  H'r ar safe, reliable 
nuclear generating p lants .  E iec~use  the potchtlal henelits  are so 
large .  i t  i s  concluded that thv harrier etrategy mhould be accepted 
now or a major effort for thc long range, despite itm premant un- 
certa inty  o f  r u c c e r r .  



Reduced Furl Duty Dsaign StraLepy 

Reduction in individual fuel rod linerr heat rat#, a. g. by m k i n ~  
rode smaller and putting more in a bundle rr in 9 r 9, ha+ h i ~ h  
potsnlirl for reducing PC1 fuel leakerr.  

Thir mtrrtegy would require rmlyr ir  of NSS syrtem deaiun to 
a+rure ability to backlit into BWR 4, 5, 6; and rrrrnrmrnt of itr 
overall economic attrrctivene8r. 

Performance of reduced fuel duty rtrstegy and the barrimr 
~trattgiem in parallel will permit relmction of beat approach in 
late 1977. 

Recommendation C 1 .  

0 Determine the rtalirtie reduction in fuel duty that could be 
obtained in BWR 6 by uriag fuel danipr  that have r lower 
heat generation rate, e. C. 9 x 9, 

Evr iuat r  ryrtem rsquirmmentr and cart& of rccommdrt ing 
reduced-duty fuel in BWR 5. rnd 6. 

Thir utrrte#y. l ike the trrrriar Curl rtrmtmgy, rhmld br able to 
reduce PC1 frilurer to a nrgliglbls level without the rued for, or, 
at  learnt with greatly rirnplifieb, PCIOMR. It mhould tha rrfore be 
carried out at equal pribrity with the brrrimr r t r a t q y  until m o m  
i n  knowr. about the probability of r u c c e r t  and the difficult it^ of 
implementin# each. 

B c c a u r t  af the uncertrinty o i  success of the barrier rtrrtegy, it ir  
n e c e s r a r y  to have r meparate strategy which weuld ba mure crrkinly 
capable of achievement at r n  early date, even though potentially lam+ 
drrirrble than the barrirr strategy. A poaribility for much r rlratsgy 
from a fuel viewpoint i r  r tantinuation of the Linear heat rat* reduction 
exemplified by the chanat from 7 x 7 to 8 x 8 fuel bundler. Thir ham 
brought the derign perk linear hart rate down to somewhart in the 
ran@+ 12. 1 to 13.4 It-u/ft. 



In order to eliminate u b t  of PCIOMR to avoid PC1 f a i h t e s  
out to hrgh expnsure, it i s  currently catimated that the peak 
linear heat rate would have to be reduced to around 9 or 10 kwift ,  . 
which mtrns a 9 x 9 o r  poaalbly a 10 x 10 bundle site. A pre- 
liminary 9 x 9 reference fuel d e n ~ g n  ham bten  dtfrned for rubrequent, 
more detailed evalurtion. 1t mhows a narninal LHGR of about 
9.9 k w / k  v8. 1 2 . 1  for 8 x 8. Thir provides margin below the 
PC1 failure thrtrhdd, and more operating fltxibilrty. Rod failurr 
predict ions would be reduced m d  there would be mome improvemmt 
in the void csefficient which i r  of benaIit to transient rerponrm. 
However, the higher thermal reepoare time of the mmaller fuel 
would aggravate dynrrnic control problerna, the flow c o n t r d  
margin would be reduced because of teduction in thermal hydraulic 
stability range, new mechanrcal derign problems a r t  introduced 
that may require new hardware coniiguraticrne. hlgher gadolinir 
concentrations may be needed, and f i b r i c a t i a ~  ccmtr would be 
increaacd. Fuel cycle  penaltier are currently estimated at 1 to 
2F per million Btu. Th is  burden in fuel coat would be offset by 
r 1 to 2?'a gain rn capaclty factor which should be achievable with 
reduced need for PCZOMR and any end-of-cycle derating for off- 
bas r ~ l c a n c .  The rcfqrcrrr.: dr.si:rr dncs not requ i re  i n c r e ~ . s d  
flow va. 8 x 8 and would be a p p l ~ c a b l e  to BWR 3, 5 ,  and b with 
present recirculation pump capacity. 

Little effort has bten expended to date and r reduced fuel duty 
derign of t h i ~  type has  hot bean incorporated in the BWRO program. 
The Sub-Talk Force bel ieves  the fuel  mtrrtegy n w a t  re ly  an 
rva~labi l i ty  of a reduced fuel  duty dcmign that has completed de- 
velopmental proof and i o  ready for licenring review at the tarlieat 
date. 

From d cystertr point vf v i e w ,  l o w d r  duty could albo ZIe acnieved 
b y  uring a larger  presnure verse1 and add~tional bundles of current 
8 x 8 fuel design. This approach depend* on back order rtatur. 
the level of added coats, and the ability to upen rontractr  to 
successful renrgotiatron. It is dlvcusred in the marn Task Repart 
Summary. 



F ~ n e  Motioc Control Backup Strategy_ 

A fine motion control rod drive rhould make i t  tr#ler  to nbrsrve 
PCIOXtR €or burn-up compea*rtion and during rtrrt-up. In turn, 
this  improvemsnt in  PClOMR sfitctivenars rhould reduce the 
plant capacity factor limitrtionm and operating lirnitrtiona of 
preaent PCIOMR capability. 

The baric fuel rtratrgiea may etiminrte the firad far PCfOMR, 
and related fine motion control devaloprnrnt could be dircmtinurd 
when thia point i~ reached. O n  the other hand, it  fine motion 
control remains technierkly and eamrnercially muad, i t  can bm 
introduced as an addition to the fuel rtratcgy implrmsnted, 

Prertnt indicrtianr are that an AEG rcrcw jack drive can be 
rcdcrigned to  l it  the space available on a GE-BWR. and that 
famt scram rod operating abjcctives can be met (proof )tug '75)  
i n  a 50150 mixed control concept. a l thou~h the preeirion drive 
train wil l  require coneiderable development to prove reliability. 
Addition of a rhort vernier drive to the preaent notchinq piston 
drive to irnpome a fine motion arch notch rtcp may be a f m ~ i b l e  
alternative. 

Recommendation 12. 

Dewlap r fine motion control dr ivr  am r back-up to the 
barrier and reduced Eud duty r t r a t e ~ i r r .  

Coordinate development to all- introduction of rlow drive 
at proper time if main mtrattgiea errsaot sliminrtm thir 
requirement. 

There is  general agreement ruppartcd by GETR t e a t  data, 
operating experience and prerent understanding of the failure 
mechanism, that i f  the power 9cvrl  of parh pertinn nf each 
fuel rod w e r e  never increastd beyond i t r  mrximum.previoum 
operating level at a rate of more than . 06 to . 08  kwl l t jhr  the 
probability of PCI-type fuel fai lurts  w ld be negligible 



regard les s  o l  the absolutc pcnvrr l eve l  or the totak exponure 
(within reasonable operating l i m i t s  I .  The DWR control rod 
d c ~ i g . r  im character ized by a la rge 46-inch1 rtep :n rod motion 
and a blunt (non tapered) control rod tip. When a rod ir moved 
in the high power part of the c o r e ,  a large, fast power chrngt 
occura in the part, of the fuel rods near the control rod tip. 
Thi+ c b n g e  can be a r  large as & kw/ft  and can occur in l m r  
thaa a recond. The pattern of failed rod locat ionr c lear ly  rhawr 
that tailurer tend to occur in positionr within the bundlc neareat 
to the control rod blader, w h e r e  the rate of chonge of power l t v t l  
i e  grtateet, Thir is the baaia for using PClOMR procedurer,  in 

which local power incrtarca t o  new, higher  l e v ~ 1 ~  in each part 
of the reactor a r e  made very  slowly using f low control, A f t e r  
much an incrcanc, the local power m u d  be reduced again and 
flow control replaced by a control rod withdrawal that docs  not 
bring that part of the reactor to  a higher l eve l  than had been 
previounly reached uring flow control.  

The PCZOMR procedures a r e  t ime canrurning. complicated and 
difficult t o  carry out, and valuable generating capacity is tort 
during the long yrrcondiL~onrng pr riud (three weeks, 24 hourr per 
day). I t  t:ir prrscnt type +rf c o n t m l  r d  drive w e r ~ e  r c p l ~ c l s d  by 
a continuour drive o r  une having a ~ t c p  length not g t e a t e r  than 
. 0 6  incheo, inatcad of b mchcs a5  a t  present. i t  would be posrible 
t o  achieve burnup cornpenration without amporing r e v e r e  local 
puwcr trrnrirnta OR fuel rodn, and yet to  precondition al l  prrtm 
of the reactor while operating at ersrntirlly full power. Such r 
d r i v e ,  uring a motor driven s c r e w  jack principle.  wrm developed 
by GE many years  ago. It haa been taken over and improved by 
AEC in Germany and has been ured on two European rcacturr 
built by AEG. ASEA alro employs a screw d r i v e  fino motion coatrol, 

Facture which argue agalnot the c a n v e r ~ i o n  of G E  BWH'B to thir 
type of drive are a s  follawn: t 1 )  I t  i s  a complicated, cootly piece 
of precis~on mechanical machinery  and w i l l  be expensive. Murh 
testing will  be required to  prove  reliability. ( 2 )  I n  ~ t s  present fo rm 
i t  is too long to f lt  in the available space and must be redesigned 
to be applicable, 13)  W i t h  space  limitations and posaible scram 
speed preventing full cur i r r rb iun to iine rc.r.ew  rotio ion d r i v e ,  DWRO 
hay contemplated a mix of hydracrl ir  and scrt.w d r i v e .  Early m i x e s  
under study appeared to h a w  serious operator limitatiorls and 
pruspcrtrr far  PCIOIMR violations. Recent effort on a 50-50 mix 



control concept appearr more promiring.  ( 4 )  Early vsrsionm had 
a slow scram rpeed I3.45 seconds to 75% rtroks) which was un- 
acceptable with the current BWR-6 rpacificrtian of 1 - 4 5  recmdr 
nominal, 1 . 6 2  max. and NRC preference for fart rcrrm (to rrduce 
prcsru re trrns~entm and ura of main coolant loop rrfaty/ralief 
valver  for blowdown), There e a r l y  veraiona would probably have 
been unlicenrrble. Recent work rhowr promire for improving 
r c r a m  ~ p e t d  to the reau~red level ,  and confirnutory taatr should 
be complete in Augu8t 1975, 

11 tho A E G  drive cannot be rederigned t o  meet romethin~ l ike  1 . 5  
rsc, scram mpced, it may be possible to modify tx ir t ing GE match 
drives  by adding a short vernier drive which would provide finr 
motion control over a length of 6 inehee muprimporad an tha 
present 6-inch r t t p  motion, 

4. Pther  Fuel Considarationr 

a, End-of -Life Failure Modes 

F r w  data are  available on fuel exposed to more than 
IS-20,000 MWDiT, 

Am pellet dad interaction failurer dscrrrra and phyrier 
lirnititionr a r e  overcome, e x p r u r e r  will incmarm and athw 
failure mdcr  e m  be expected to rhaw up. Soma af therr rnd- 
of -tile failure medsm can now be anticipatmd, but other8 probably 
cannot. 

Analyze potential end -of-11fe hilure modem for telltale, 
ea rly-warning syrnpt6rna. 

htaitrtain a rurveil lanct program on non-lerker rodr a t  
intermediate and high ewposurcs. 

Hun exploratory lab  tcrtr  and apecia1 power reactor tcr t r  
t o  explore fuel susceptibi l i ty to new end-of-life failure 
mechan~sms. 



Hiptary  in other hlgh-technology buaincsses indicates that new 
Saiture moder a u ~ t c  often e h o l v e  with product rerv ice .  Thl+ 
recommendation urger eZfort to determine the rigna that 
could teprerent new failure mechanisms, ~ n d  to  conduct regular 
exrminationr of we l l - expoatd  fuel  to a t e  whether ruch r i p s  i t s  
beginning to  occur - -  nort of o planned eerendipity. Further, the 
recommendation urge+ mom* t e ~ t  work to determine whather 
adequate marginr  exist  to withstand r o m e  typtr of  duty that 
have predrctrble failure modes. 

In moms ways this i o  an maurance  pol icy .  But i n  a techndogy 
where the rtakee are so high, end the p r o d  10 lor.&. ruch an aflort 

eartntial .  

L ~ t t l c  data art a v i i h b l s  on fuel that har b u m  exposed to more 
than about 15-20 GWDIT. Inltiak corer w e r e  dsrignmd and 
warranted a t  average expoaurer ranging From 13 to 1~ uw u/ 1, 

As noted elrewhere, a mt~nif~carzt amount QI fuel hrr been r e -  
moved earlie t ,  either be cause of nucleat def ic iency or bacrure 
d the uccurrsnce of leakerr  (presumably PC1 Iailurea), When 
one l eoker  ir identilied in a bundle, the whela bundle in removad 
at the newt refueling. Bundle repair by  replacing lerker  rodr an 
rite has been performed but i t s  coat  maker it unatt rrctive rr 
the number of reprirr d t c r r o n e s .  Ita further urs ir not now 
ptanned. In the future, with reloads warranted to aa rveraNe 
txporure of 25 CWD?T (proka over  30 GWD/T). other furl failure 
rnoder, referred to hers as end-of- l i fe  failure modem, can be 
expected t o  ehow up and begin t o  be important, 

Potentla1 end-o f - t i l e  fatlure modes that miaht now be antitipatad 
are:  

' Fuel swellrng coured by cont~nuing increase  in the mrnoufit 

o f  fis eian products contained, 

0 Diatortlan or failure of c l a d d ~ n g  b y  h ~ g h  interns1 gar  prrssure 
of f i s b i o n  p r o d ~ c t u .  

Thermal fatlgue 91 cladding. 



o Faihre  of cladding caused by continutd externrrl csrrarion. 

0 Failcre of cladding caused by Iretting or  uperr in aream 
where the fuel rada arc  rupported by rpactrr .  

O Weld area penetration. 

b. T ranr icnt Loads on FueI 

Fuel ~ p e c i f i c a t i o n s  pertaining to PC1 failurar de not cover 
tranricntr that may ba irnpoacd sa regular opuratimr or occur 
during emergency rhutdownr. A fuel duty documaat baing pra- 
pared wil l  cover thia area. I 

Trannienta wi l l  extend beyond normal full load lor  periodr 
which may vary  fr,im a iew recondr t o  about half a minute. 
While such tronr ientr have not produced coincident frilurem. 
rnr iuzt cannor LC prcconditioir~C i o r  rlremi. power levaltr, a2.d 
the tendency for PC1 failure m a y  be increased by the longar 
tranaientm, 

Recommendahon 14. 

Am moon ar pornribla, rvrlurte fuel duty for a11 trrarhnt 
conditianr and eatrblirh the daaign brmir. 

a Hun temtr to datermins whether rhort duration trinrientr 
increase PC1 l ~ i l u t r  probability. 

There a r e  a variety of reactor power trrnrisnts which impor8 un- 
usual  duty on the he!, an mditated in Table 2.  I r  i r  nacerraryto  
evaluate the Iucl duty which they imporr in order to dsrign fual 
w ~ t h  maximum t o l e r a t ~ o n  ot transrent uftectr, m d  re limit the 
transi tntr  with  control or  operating procsdurer to avoid fual damage 
wherever  poserble. Evrluatioz to date i r  limited b y  the r c a r d t y  
of ten t  data rhowing effcctr of faat trrnrientr like turbine trip, or 
more deliberate t ranr ienlr  l ike  losr of feedwater hertina, on fuel 



TABLE 2.  FUEL DUTY RANKINGOF 
A B X O X W L  TRANSIENT EVENTS 

Max. Time to  
Max. ~ c s c . a r [ ~ )  Max. fo Prsrr. Perk Powar 
(5 of rated) A Power pr i  (Sac. ) 

1.  Laar of Fesdwate r Heater 1 217' 1 6  4 2 0  30 - 40 

2 ,  Improper Startup of Idle 9 d b '  30% - 4 5  24 
Recirc Pump 

3 Recirc Flaw Control Failure I 0 l d C '  21% 4 3 0  
with lncrsrring Flow 

4. Turbine Tr ip  or Generatar Trip  

a, W / P  b y p a r  1 1 6% 11% ! 2 5  2 - 3 

b ~ 1 1 0 %  byporm 1 k 3% 8% 1 08 2 - 3 

( a )  Str rting from 105% rated, unlerr othcrwias noted. 

(b) Strrting from 60% rated (moat r e v e r e  condition) 

[ c )  Starting from 80% rated (moat revere  condition) 



with  mid-lice expomure, More testing ir needed to complete 
spcc i f~cat ion  of requirrmcntn for ~ y r t c m  control and fut l  
dorign. I t  muat be roco~n ized  that repeated exporura to 
tranaientm w h i c h  carry the fuel beyond full power will  incream+ 
probability of PC1 failutsa, aince the preconditioning envslopa 
eannat be extended beyond full powt r .  Temt data ta qurntirr 
thir rirk should be obtained. 

c .  lac'p/ent Cracks  

Findings 

Unfailad fucl of moderate exposure may contain multiple iacipient 
crack* (not a l l  the way through the clad) that cannot be clstrctad 
by present nan-dcmtructive tenting equipment. It ir important 
to know whether or not thim is true both for reamonr of tranrient 
failure analyaea and to incraaat underatanding of failure maehrnimrnm, 

Recommendation 15. 

Eli:, c1ra:i an2 inspec t  inaide ~ur f aer  of 8 ai;niileant, random 
number of unfailed fuel r o d s  having medium to hiah exparurr. 
Dctt rmina number of mcipi ant ctackr  and correlate with tha 
past rod history. 

9 Develop more menmitive methods ol nan-dmmtructive hat ing ,  
capable of detect in^ incipient failutr r in unfrilsd rada. 

Little io  known about the development with tims af the crrckm in 
the claddine that eventually appear as PC1 futl  frilurem. Do they 
develop g rrdually and accumuhte r r  incipient fr i turar (crack, that 
do not extend a l l  the way thraugh the cladding) until mom. unu~ur l  
r t r e s s  caurem one of them to propagate through to thr autridr wr l l r?  
Or do they develop quickly aft* r initiation? Nan-dertructivu trmting 
methods currently u s e d  by NEPD are  too  inucn+itive to detect rmrll 
lncipicnt failures. The on1 y way to iind thorn i 8  to m l i t  the clrddiny. 
remove the fucl. clean the inride rurfact and inspect microrcopically. 



Such inspectionv h a v e  been made on a few i l ~ e l  rods where 
thcrc w a s  reason t o  b e l l e v e  that failureo should have or m i ~ h t  
have occurred,  but not,  80 far the Sub-Tark Force could 
dete rmine. on any eigniflcant numbc - of prerumably round 
fuel rods manutacrured by General  Electric.  

The basis  far thir recommendation is in unoff~cial  report that, 
when rlit  and ~napected, a  mall number of non-leaking BWR 
fuel roda (not made by CE) showed a f a i r l y  large number of in- 
cipient failures, although none had been indjeated by non- 
destruct ive  testing.  I t  seems necersary that GE develop at 
l e a s t  a limited data bare on the subject. Fur thermore .  any 
new information of this  kind wi l l  be helpful in  extending thr 
basic unde rrtanding of fai lure mechani ams and formation of 
fuel design cri ter ia .  

??EPD'r. irn>zr a b r ~ a r '  -.-:ith , 7 ~ i n t  ! t f ? - n ~ ~ f a c b ~ r i n ~  C ~ r n p ~ n t r *  ( ThRC) 
i e  not enti  r e l y  satisfactory. M o r e  attention i s  needed to mrlntain 
N E P D ' s  international position. 

Examine NED fuel u p e c i f ~ c a t i o n s ,  manuiacturing and inrpsction 
procease e for cornpatabil~ty with the  intc rnat~onal  onviranmantr , 
and modify or make special  provisions as nccesmary. 

The recent rcjectlon by the JNF of a large nl~rnber of zrrcalloy 
tubes manufactured a t  Wilmingtun demonstrates the importance 
of diecriminating the different international reauircrnents, The 
JXIC' s will  become less dependent on Jvilrnington far component& 
a s  1or.al sources  are developed, hence compttitrve o f f e r i n ~ s  now 
ore evgential ta rnair,tain our p;r;iticn, 

NEPD playa another,  differrnt r o l e  in the J'MC interlace in  pro- 
v r d ~ n g  fuel manufdc turrn~  opccrficattons. P l a n n ~ n g  is  d ~ f l  icult 
wl th  our m i n a r ~ t y  position. G E  owner=hip  I S  40';; in  J h i F  (Japanese) .  
4 5 5  In I'N 4ltalr:~n) -tnd 20% ~n R B U  ~ C e r m a r t y l ,  J M C ' s  have 
typical ly  lagged KED abuut a yrar  In  procesh changes to avoid 
hyrfrtbe and 1'CI fa;Iurca. 



Quicker renponaa is  needed to reduce warranty Liability, 
particularly in the c a s e  a I  J N F  which i r  scheduled to #hip 
around 2000 b u s d l e s / y e a r  in 1 3 7 ~  and 1977. 

European fuel manufacturing practice ha. notable dlffersncsa 
from U. S. practice, and the trends are Laward further daparturra. 
Thio ~ O S C B  concern for pcr€ormrnce of lusl built under Ilcenra, 
and offers opportunitler for improvemant8 i n  domestic manu- 
facturing. 

s .  Spent Fuel 

Spent fuel bundles could be umtd inbterd of the natural uranium 
blanket planned f o r  about oneleighth of the initial ear+ in BWR-6 
and mlght also be incorparrted in B W R  5 initirl corer. Thir 
could offer utility custornero uavingm in fabrication and uranium 
aupply, and relief in spent fuel storage rcquirementr. 

Use rpent fuel inetcad of natural U ,  wherever fsaribls, for 
the core blanket of BWR 5 and BWR 6 initirl corer ,  

Dircurr ion 

Spent fuel has low reactivity. hence it8 reactor reridence tima 
can be extended with little probability of PC1 frilurr. Init id  
evaluation suggesta fuel cycle coat rrvingr w w l d  equrl tba cart 
of fabrieatiar plua rccabery plus uranium minur any reductiana 
bn credits ior  recuvered uranium and plutonium. Cartr of 
transportation, of inrprctiono to verify mechanical intrarity, of 
additional required licensing analyrir, and of any other special 
handling would have  t o  be deducted from thir value, A t  thir time, 
akl oC the special  requirements have not yet been identjficd and 
the Icasibi l i ty  of the r i s e  of apcnt fuel in initial tort+ ha# not been 
e atrLLib11et.i. 



I. Fuel Tert F a e i l i t i e ~  

Finding 

0 CETR w i l l  require rvtcnrivt modification iar rmlicenring. 
The present licrnrr rxpircs in October 1976; an extmnded 
outrue will  be tequi red lor rnodiiicrtioa. 

0 The R M L  facility earmot accommdr ts  full-lenpth tsrt rodr 
and thir Imporem r asriour limitation In Lurl tailurm dirgnorticr, 
including incipient crack invertigrtionr and end-of-lifr friluta 
mede anrlyair . 

0 Cark  handling ireilitier nred impravmment to handle rpmt 
C u d  ruturn eirkfi. 

Rscommsndation 18. 

0 Arraue timely rtlicenming of GETR a r  an c a a s n t i d  N E P D  
objective. 

Expand RbdL to accommodate full-lsngth fuel rodr and c r  mb 
haadline. 

Discumrion 

Refer  to Section WA7, p r p r  19 and 20. 

V. Fusl Related Cornponsntr 

0 From the viewpoint of cresp. chrnmlr are not projected 
ta have 15-year operational life deairad by cuntomers but 
can probably be expected to  l a r t  8 - 10 yearr ,  which 
rsprc runt# two complete refueling cycler. 



Ca rroaion i s a problem but i t  can probably be controlled 
by proper heat treatment. 

a Difficulty i s  rti l l  bein@ experienced in bending thick channel 
mate rial at W ilrr-ington. 

Recommendation 19. 

0 Continue r high priority dsveloprnrnt program to arourm 
rr t i r€oetety manufrcturin~ mrthodr for 100 mil and 120 mil 
channels, mchuding hart treatment to avoid corrorioa. Implm- 
mtnt these methodl as  moon am porrible. 

Conrider addition of flaw rrstriction In the mpkcr betwemn 
channels at thm top of the core, r o  r r  te rrducs the mrximum 
p r e a m r s  differential rc rora  channel wall.  

Consider mechanical design rnernm athar than thicknerr,lauch 
am ernbornsing] t o  stiffen channel wallr. 

Dircur rion 

Channels de not have and are currently not projected to  havu 
the approximately 15-yarr operation life derirsd by c u r t o m r r r ,  
but can be mads ta h r t  B - 10 y r r r r  (two complmtm rmfualin~ 
c y c l ~ s )  wbieh will probably be rccrptrblr. Chrnnrl Ilfa i b  

limited by creep and corrarion. Creep eventually would rarult 
in mschrnrcrl interference with th8 control rwdr ar the art rider 
of the channel# bulge out into thr aprcm occupiad by thr rodr. 
Bulging can alra c u r e  increrrrd leakras flow betwema thm 
channel and the lower tie plate, Finger apring rmrlr rmduce thir 
leakage untll the channel bulgin: cwcedr, an amnunt that thefir 
aealr  can handle. Corrosion r e r u l t ~  ia rrdiorctivr %rud'' that 
aventurlly spdls  off the chrnnclrn, entrra thm coolant rtrerm 
and collects at varioum pointa, erpscirlly at the battom of the 
reactor prersure verrel. tharaby increasing radiation 8xpomurr 
to plant opc ratorr and maintenance warke rs. 

The c recp  i s  caused by  the prcrsura differentirl ursd to drive 
coolant flow through the channels. Am the corer a r e  prsrently 
configured. th is  drfittential is g t t r t a r t  at the bottom of ths 
channels and approaches zero at the top. The maximum value 



ia about 15.  7 EISI for BWR 6 and I n  the range of 0 ta 13.7 
for  BWIZ 2 - 5 .  10 yc;lrs 1s the maxrmum chsn~n!  life currently 
er t imatcd  and r: vtEn t h ~ s  lile cxpectanry can be achieved only 
at cm-iridcrablt expense in BWR 4-6 by increasing channel 
w ~ \ l  thickness.  Thickc r channel wal l+ incro i e t  the material 
coet of thc reactor rignrficantly and rlrrr sdvarsely affect 
pump in^ requirements, nuclear efficiency, and fuel cycle coat. 

Cotros ion drpanda +tronglg an n~etallurgical iactorr such am 
the heat treatment of the zircalloy channelb. Normally the 
channel& a r e  fabricated from ralled rhee t  zircalloy. it 
ham been noted that corrorion doen nat aceur in the hemt affretmd 
r t g i o n r  near the w e l d s ,  Bored on this irequently rapartad 
obrervation and on metallurgical tcatr  at CRD, i t  hrr barn 
tentat ively concluded that a apecial hart treatment involving 
rapid quench, which wi l l  bring the entire channel into r n  
w+vcondit ion,  wil l  prevent the carrosien,  D e t r i l r  sf thir 
heat t rcatment are baing worked out and it  i m  expec ted  that it  
wi l l  soon be implementtd a t  Wilmington. 

Mechanical tolerance problems in  the 1 3  ft, long charnel+ are 
s e v e r e  and cartea continuing manufacturinp dif f icu l t ier .  A 
i u t t h e r  manufacturing problem i s  NFD'r inability to bend 
without defects  the I 2 0  mil thick OL - rolled zt rcaltay for BWR 6 
rhanncls to a r a d ~ u r  of 3 . 1 7  x thicknaam r r  requited. As an 
interim solution, NFD ha8 gone to highly annealed {PI matrrirl, 
which i n  more ductike but more subject to creep. T e a t r  hrvr 
~ndicated  that 100 m i l a -  rolled material ern be bent aatirfrctorily; 
howeve r c r r c k r  have developed in some prductian chrirnelr, 
probably because of aurface defects in the material r r  received 
from the vendor. Indtrument data iadieitcr that a rplit channel 
may now exist in the Fuku I1 reactor, 

For the present and ehort-term future i t  i a  eccansrnically emmenth1 
to improve the life of thc channels to  be consistent with at laart 
two  h e 1  loading cycles.  The coat uf the channel. in a single 
large  BWH i a  an the order of a mlllion dollarm. 

For thv longer  range, i t  ia very desirable to find a way to avoid 
the large amount of x i  rcal lny used in the thick-walled channelr, 
b ~ t h  hecause of thc cnst  of the zirc~lloy and because of the nuclear 
pc.rs.ilty for added z ircal loy  and dimplaced water. 



By adding a flow rertrictien at the top oi  tbe rpate  bstwsan 
the channelr, aa well  a4 at the bottom, the prerrure in this 
space could be ndjumted to about half the mrximurn premrure 
within the chrnnclr, thereby rrducin~ the differential prraaurm 
by about a factor of two. Tho wall thicknarr cmuld than be rr-  
duced, s tthaugh not in direct proportion. 

Similarly, by embasring a pattern of atilirasrr in the flat 
channel wallr, it  might bm posribls  to reduce the creep and 
at  the same time remove moms sircalloy. Hawever, the 
depth af such an trnborred pattern would be limited by flw 
restriction an the inride m d  irrterfrranca with the control rod+ 
en the outrida of the channslr, 

B. Control Blader) 

Control blade mrnufacturin# dimsnmional tole rrnce lirnitr r r s  
not l ikely  to be maintained up to the point a€ blade Lnmtallation 
due to minor flexing of the blade. Thia i m  probably not rigni- 
ficrnt rince the Made i n  guided by furl chmnelr .  but minor 
deviation of blade strrightnems o r  twirt  from factory rpsc;ticr- 
tiana upon arrival at the reactor mite ham caused nardlerr concrrn. 

Recommendation 20. 

0 Check blade envelope tolsrrncer nedrd  in oprrationm againmt 
there needed in manufacturing. Eliminate pommibtm confusion 
at reactor aitc. 

0 Check t e r t  data an control rod inrsrtion with ehaand sxprnaimn 
and bladc interfc tence. 

0 Rerolve tale rnnce problemr. stiffne rr ptobltmr and welding 
procerrer by joint efiartm of the R W R  Syatrmr Department and 
N u c k a  r Fuel fkpm rtrnent. 



Compared to BW.VR 4, BikR 3 c m t r o l  blades are  thinner and 
m o r e  flexible. ye t  they must be knacrted wi th  Leo* tlaarance 
between adjacent channel wal ls :  

Channel Gap, Nominal 

Blade Thickncnr, Nominal 

Thicknerr Talcrancc, Max-Nom 

Blade /Channel Clearance 

The thinner blades a r e  not stable 

0. 312 

0.130 

0,308 

enough to m - 

"anvelopc" dimensions [ twis t  a d  bow) a t  the reactor l i t e r  
Envelope dimensional tolerances appropriate to in8trtlation 
and operation need to  be emtoblishtd and documented, and they 
should be confirmed by insertion tests of tote rancc-limit blader. 
The test r should include checks with aimu\atitm of end-of-life 
channel rrvrell, to  prrchde apysrance  of a rod-drop prnhlorn. 
The narrow thickness tolerance of the B W R  5 and BWR 6 blade# 
inc rsr eer manufacturing difficulty. Clorer  ints#rrtion betwsmn 
BWAST) and NFb appears nacersary ta praperly balance de8ign 
and producrbility considerations. 

Finding 

The spacer design has limrtcd seicmlc capability as prcmsntly 
deveiayed for the ii x ri iuel. The I e a s ~ b ~ l r t y  oI applying the 
current rpacer dteign approach to the 9 x 9 fuel has not been 
drmonrt rated. 

Rc~ornrnendatio~ 21. - -  Develop adequate spacer demign. 

0 Continiit dc\elopmcr,: of thc 8 x 8 epaccr to fully satisfy prcacnt 
and future safe shutdown@ earthquake requirements, with dcmon- 
rtration of acceptable thermal -hydraulic performance. 



0 Initrate development of the 9 x 9 apaccr;  e ~ p l a r t  design 
alte rnstivea r a  ntcemsr ry. 

The fuel spacer the rmrl -hydraulic performance ir critical to 
reactor performance and fuel r e l i a b ~ l i t y .  The imposition of 
increasingly severe  reismic rtauiremtnts, and the move to 
8 x 8 fuel, pasta  a difficult dcaign problem which murt be re- 
r d v e d  promptly. The move to 9 x 9 escalates the problem. 

Control Rod Drivtm 

Control rod drives a r e  treated fully in other Sub-Task Force 
rcpprtr: met reportr of the Mechanical Systcmr and Eauipment 
Sub-Tamk Farce and of the Control, Inrtrurnentat~on and Electr i -  
cal Syatema Sub-Taak Force. Some referenccr to the interface 
betwetn fuel and CRD's  appear in this report: 

Fine motion drive br ckup s t  tattgy 

C o t  re1rr:ir.m of cotit roi bladc rncr.J~ 
mtnt with bundle failure 

Short notch with shart grey tip and 
modification of preconditioning 
m8DCUY8rI  

Vernier approach to fine motion drive 



NUCLEAR REACTOR STUDY 

REPORT OF SUB-TASK C 

ELECTRICAL, CONTROL AM0 I WSTWWTATIOW SYSTEMS 

l* C. MARfOTT 
JULY 1, 1975 



TASK OBJECTIVES 

1. Rev leu  the design process for the n r c t o r  dutr lc&l ,  

control and $ n s t r ~ n t i t i a n  systcns t o  assess the 

adeqwcy of design mttbds and approaches t o  produce 

the required product perfomncc, qwl i t y  and 

availubf l l t y .  

2. Identify, and assess the potential impact o f ,  

any mjor dcsign r i s k s  or  uncertr~ntics. 

3, Rtcbnrncnd apprqwl ate correct ive actions 
- . . .- .- - -. - . - - - - .. - . . . . . - . . - . . 





SCOPE OF COY ERAGE 

e Overs1 1 Systenl Control Performance 
r Pressure Control System 
+ Automatic Load-Follwlng System 

Feedwater Cont ro l  Systm 
r Relfef Valve Augnented Bypass Systa [REVAB) 

Prunpt Re7 l e f  Tr ip  (PRf ] 

2. Control. Rod DrSvc Svstm 

r Rod Contra? and Informatfan Systm 
a Control Rod Drive Mcchartbms 

3. Reactor Safety Svstm 
Reactor Protection System 

a NSS Shut-off Systcm 
a Emergency Core Cooling Systm (control I n i  t iat ion only) 

4, Neutron H o d  torinq System 

I Powcr Range Monl tor fng  Systm 
r Travel ing In-Core Probe System 

5. ptwr Instrumentation Svstems 

Process R a d i a t f m  Monttoring Instrumntatlan 
Area Radiation Honf torfng tnstrwcntrtion 

a Hain Stesml Ine Instrrmentatlm 

6 .  Nuclenet Control  Console Option 

7.  Powr Gencratlon Control Complex (PGCC) 

8. Reactor E lec t r ica l  Systms 

r Electrfcal Pomt Sources for  reactor operatfan and control 
fn  both n o m l  and emergency modes. 

9. Qua1 i ty/Rcliabi 1 i ty /Haintainabi l  i t y  Program 

For Electrfcal, Control, Icstrumentation Systems 



2. Huhanlcal bestm of Ha&r E q u l m n t s  I n  the 
m s t e m i ;  such as 

- Feedwater Pmps 
- Flm Control Valves - SafetyiRel lef  Valves 

Note: These I tms have kcn cove& by ot twr  - 
Sub-tasks. 





fn ci th t r  manual or r u t m t f c  range, over thc pomrjcwt-flow ram fn 

rhlch each Is dtsfgmd t o  operate. 

thlre Is a qwstlon af tbe fltxibfllty and range madtd l a  the systm to 

u t j s f y  the pmslble future rcquirerrrntc af electric utiljty w-rk for 

fol louing lord demand changes, 

WSR systems rrr  capeblc of mettlng the lord-follarlng c m i t n t n t r  w& i n  

contracts md p m p a ~ l s  to date. 

Howaver, Sncrtased load-follwfng caprblllty my be necded I n  the future t o  

m l n  c m p e t i t l v c  and, f f  so, the tcehnlcal fers ib l l i ty  and cost of 

achieving i t  must be know. 

Autmatic control, v l a  control of reclrcul&tion f l o w ,  ir cmrtrrined to 

the range of 75% t o  lOOX rated powr w l  th  norm? control rod positlmlrrg, 

a d  proportlonrtt w i d t i o n  when contml rOdr a r t  set for 1-r pasnr levtls.  

To get greater than r 251 pawr vsrhtlm rtqulns wing control rods, r 

very slow process. 

To adjust to dally Imd chinges. and mrlalze system t c m d c r ,  r utfll t y  

m y  desire that an ~ndlvidual generating plant change f tr  output by 5OZ ar 

mare of rated capacity in perhaps an b u r .  B11R systcrrr a r t  1 M t d  

v e l r t l v e  to  fossil plants f n  rchitving such ride swings, men a t  rlbw rates, 

because of rod ~ o t i o n  r e s t r i c t i o n s .  Them I s  reason t o  believe that PLsR p l a n t s  

suffer the sane , em1 t y  t o  r t  least s o w  dcgree. Up t l l l  n o w ,  ulth nuclear being 

a smcll p d r t  of qeneration, t h i s  r e s L r i c t l o n  i n  po.~er swlng capability has 

not been a seriouc prciblw,  bdt -ay be i n  the future. 



In  the " l n t t m d l r t e "  lord-following ran*, for lmd changes of up 25% 

over r period of 5 to 10 minutes, such rr mfght k n p u l r d  for tie-line 

them11 bickup* the BYR nrpuncts at  least rs -11 rs fossil plmts ,  and 

the PbR, If t& BYRIs msltfoncd wftkfn I t s  flar-control rrnpe. M - 6  

crprbll I t y  i s  10% p c m r  change I n  Isi stcmds,  fa1 1 ord by r furtlrr c b w l  

of up to 15% rl t h i n  the next mCnutc, If t h l r  total change can k ubr by 

f low-control . 
The Bm response I$ w f k  l h f t d  I n  the fast load-follacrfr~q noda wid 
for network frequency c b n t r ~ l  . Hcrt mly wll -amp11 tude chnpes (perbps 

+ 3: of  r r t d  m r )  am mired, but w4 t h  rlmest instamtarr+ous n s p m u .  - 
T k  BM 1s i lra less effective I n  hadltng ruddm, large load-dmrnd 

trrns4:mts such as mlght occur after uvrn e l e c t v l ~ r l  network d lsturbncrs.  

The curmnt EM control system a u l d  not control frequency c f f t t t fv t1y  under 

the siturt40n where the OW 1s i s ~ l a f e d ,  supplying 4ts om electrfcs! mmrC. 

MPD offers an "tsolattd grfd" optfm to meet t h l s  requlrmcnt krt M u t l l f t y  

h r s  elected ft, and the r b l l t t y  of t h i s  op t lm t o  functien t f f u t f v d y  1s 

mat proven. 80th foss11 plants and the a r t  mre r t r ~ n r l u t  than th, WR 

i n  thef r i b i l  i t y  to mnt frequency cmtroT requircmcnts rnd handle f&st  

load-dmnd trrnslmts. 

The ltnttrtlons of the BLlR 1n tollocrhg luad d m n d  changes are not t l r l t s  

Imposed by the control + y ~ :  YI design, but a r t  Inhtrmt ~ l m i k t l o n s  1-sed 

by fundamntal Bb4q system parameters; namely, 1 ) t i m i t c d  5 t w ~  stram v o l u c ,  

2)  large effects of stem vdds on r tact lv l ty  and pomr and 3 )  l w  rater of  

power r i s e  which can be iceomnodated by the current fuel  deslgn. 

W O  i s  evalustf n~ n m  control s c b l  which ray svewhst ~ncreare the 

cap&il i ty  of the Bm-6 I n  frequency control perfcrmnce, but to  make 

s i g n i f i c a n t  chsngcs i n  0Ml reiponse rmuld require zllevidticv o f  the 

funddrentdl caestrdints noted d b ~ u c , .  

8 



REtOmENIMTIOWS 

a Perform an everall systm~s evrlurtfm af th t s c h l c r l  feaslbtllty 

of,  and the N O L ~ C  j u s t t f l c & t I ~ n  for, d l f y f n g  the 8UR dynutc 

contra1 syrtm I n  tk futum to provide I n c r ~ m d  crprblllty for 

1) now! rlutrfcrl grld frrqrcmcy contrd duty and 2) caplng with 

natwrk dlsturbancrs {such rs afpht 1-Q tm isolrtad grid operrtion], 

. Mahe the evrlurtlm a jolrtt ~ E P l l ~ E l u t r l c  UttMty Syskm Enginnrlng 

ttrrn effort, wfth appmprldte prr t lcfprt lon by large Stem Turblw- 

Generator. 





RECOmErOAt IONS 

4. I k u h  the ability of R N A B  to  meet I t :  dtrlgn obJectlvcs. 

Consfder modlfylng the R N A B  ogcrrtfonrl objectives, tn l ight 

of poknt is l  plant opcrrtlonal &v&llabflity impacts. 

b. bvfm r l  ternatfve mans for pnovIdJng thc crprbf l f t y  to reerpt 

loss of dectr lcr l  Iwd w i  t h t  rcrctor scrm,. C q r r  w ;  t h  

REUAI m ttchnlcrl and t c ~ l c  b r s i s  t o  fern tk baslr for 

future approach. 



3.  CONTROL ROD OAIYE SYSTEM 

FIND I ms 
A tart-scram drive, with control rod Insertion I n  s lgn~ f ic rn t l y  less tlw 

than presently designed for  BClR 1 through 5 ,  f s  planned far MI-6. Tests 

l n d l c s t t  I t  crn  be provldtd by I design modlficst~on to the p r r r r n t  control 

drlve nwchanfsm. A dewlopr#nt/deslgn program i s  currently undrrmy, wlth 

the goal of provtdlng frst-scram d r l v t s  for l n f t f 8 l  operrtfon o f  thr ftrat 

BUR-6 (Cofrentes, 19781, Becruse of the urgency of th is  program, f t  f s  

highly Ilktly that full-scale praductlon will btgln h f o r e  r l t  thr desired 

f i t l d  feedback data t s  rvrllrble on the In i t is1  factory p r o d u c t ~ ~ n  run. 

Extensive performance and I l f t  testing during the deualopmcnt ptrfod lr 

needed t a  rsrurc r qurl l f led desSgn 8nd a lninlzc th technic&? rhkr 

tnvalved. Mqur te  test  f i c i l t t l t s  must be rve l lab le  for tcstfng prototype 

drfucs w l  t A  blader under operathg cmdltlons of temperature, pressure, and 

clearances, and appropriate water qua1 1 ty, durfng the development program, 

An rttrdctfva future design consldtratian, a fine-motion control drlve, fr 

under development. A f4ne-motion drfve would be effective I n  r l lev la t lng  

some of the  present fuel -condl tioning operat h a  1 conr t ra~nt r  . The rdvantrgcr 

~ f f c r e d  by 4 fine-motlon control dr lvr  In  rduclng fuel trdnsfrnt duty c m m d  

by plant mrne~uerlng just l fy  a d e v ~ l o p l m t ~ d t s f g n  pmgrm. YEPD currently 

has a progrrn underwry, but It 1s 1 id ted to  the evalurtlon o f  r mc)unIcrl 

ball-screw drIvt  (with hydrrul l c  scram) developed by A f C , *  

The AEG design f s ccmplex, exptnsfve, forrfgn t o  NEPD. and mold have t o  be 

slgnif i tantly modtf ied t o  be used wfth the NEPD-BUR cenfiguratfon. The 

current program should be broade~ed t o  tval ba te other approaches, rpecff lcal l y  

the potentfa1 t o  add a "vernier" slow m t i o n  to  the planned fest-scram drlve. 



This would have the advantages, i f  feasible, of 1)  ustng the already- 

developed GEPD hydraul f c  design and 2 )  malntl4ntng the capability for 

fast-scram and slow drfve I n  every rod It desired. 

RECWENDAT IONS 

a. Continue the present WUSQ program for fast-%run dtvtlapmcnt. Glve 

the program suf ; lcl tnt  hlgh-Ievrl mrnrgment revleu to assure that f t 

mlntr lns the required pr lor l ty ,  prwrm dlnct lon &nd resource 1eveT 

ncedrd to  nvkc avrflrble m0l-testsd drluts far inltfrl  aprrdtkm of 

f l r s t  BUR-6 (Cofrentes, 1978). Assure thr t adequate developcntrl 

t e s t  full1 t les are r v r i l s b l c  for t e s t h g  of prototype drlver w i t h  

blrdes. under pressure, temperdture, cltw.ancc and water qualfty 

conditions t o  be tncctunterd i n  opcrmtlon. 

b .  Initfate a program i n  parallel w i t 1  the pttrcnt eva?ustlon/rtdcslgn of 

the AEG control  drive, t o  evaluate i I ternate ~pprorchcr t o  the f lne- 

motion control d r f v t .  Sptciflcally, evaluate the potentla1 for a 

"vernier mtlon" added to the planned hydrrulfc fast-strun dr lvr ,  

Schedule the PTO$~"M for a f ina l  choke of f lnr-mtlon drive concept 

by year-end 1976 a t  the latest. 



4. SET-POltiT DRIFT - 
F [ N O I N S  

Approxima t e l l  10" of the abnoml occurrences reported to  the Nuclear 

Regu;+twy Cmissian by nuclear' power plant operators since 1972, have 

involved unplanned changes l n  the set-points of Inrtrumcntrtion tnstslled 

I n  p ra tec t l v r  cf rcui  ts o f  BWR's such 18 to cause the set-polnt t o  ba out 

of cmpl lance w l t h  the plrnt's fechnfcal Specffic&tiorts. 

In mny cases the Technical Sptcff  i c r t l a n  has been found to bt  ntedlessl y 

t fght .  Solutions have alto been found for mst of the remining problems, 

NEPO estabr i s h d  a program i n  mid-1974 t o  corrtct  thc problem and the 

requlrcd Engineering Chrnge Author1 t a t  ions (ECA'5) for a1 1 affected 

plants are  schtduled for Issue by August, 1975. 

~ x c c s s l u r  occurrence o f  set-paint d r l  f t problem a f  f t c t  the CCR qua) 1 ty  

tmsgc adversely, and are a source of extra maintcnancc work, and t h e e f o r e  

inconvtnlence,  to plant operators.  Timely correc t lon  of the  present 

s i  tuat lon i s  essential to meet operating availab!l I ty/tapabll I t y  goals. 

RECOrmEtiDkT IONS 

a .  Continue to give the required p r i o r i t y  t o  t h i s  problem and i t s  

corrcctlue progrm t o  aswrc  that s t  least the present schedule 

for f ssuance of Englncarlng Change Authdr lzst ims 4s met. 

. Take the I n i t i a t i v e  wlth the Involved custmrs,  and with the 

Nuc lcar Regulatory C o n t  sslan as spproprlate, to assut-e that  

the required changes get Implemented on a t imely bas is .  



5.  ELECTRICAL AlU INSTRUMLNTAT [ON SUBSYSTEMS 

FINOIHGS 

H i s t a r i c r l l y ,  the e l e c t r i c a l ,  control ,  and f n r t r m n t a t ~ c m  systems have 

not been s mafor contributor t o  BUR p lant  dawn time. 

The i m p l m n t a t i o n  c f  the t l a c t r i c a l  md clcctmn.lc Cl t I  hardware appears 

t o  be generdlly wet? done and jn rccordrnce w i t h  appropriate Industrial 

standards. 

Several development programs now underway should further reduce rva 1 l a b 1  1 I ty 

problems lfi CLI systems; namely 

tleutmn M o n ~  t w h q  System new sensor and seal devzloywnrnts a *  -- 
longer operating t i f e ;  boitom-entry probes for t b s j o r  maintenance 

and replacmeet. 

b. Solid-state Ssfe tvAstem - - fntrrrductlon of solid-state logic with  

a b j l i t ~  to t e s t  w h i l e  rnaintainfng f u l l  protect ion;  voplrcement o f  

pressure switches with pressure transmitters t o  reduce dr i f t  

problems. 

c .  Power Generation -- - -  Control CompIex - t o  g i v e  better control-room 

wfrtng and equipment placement; f m r  wiring errors. 

l lutlenet Control Complex - to glue the plant opentor grerter, more d *  - 
convenient, and more t imely data display; w l l l  fmprove operator 

abSl i ty  t o  operate the plant effdclent ly and rvafd errors which 

could lead to d m  time. 

The fol l owtng r e c m n d r t  tons are made t o  assure that  the rnaxlrnurn beocf 1 t 

i n  re1 i a t i l  i t j ( i d v d i  lability ga ins i s  achlwed with t h e w  new devclo;:r~ects, 



UECWENDAT IONS 

SOL I n-STATE SPFETV- SYSTEM -- -- - * - - -- 
A t  an appropriate time i n  thc detall design stage,  hold r design 

review, frtvol vtng experienced cngl nears from other company operations, 

o f  the adequacy of design for electrfcal noise imnunlty. 

NEUTRON MOITOR INC SYSTLM 

Review and modify the deslgn of the t rave l  fng In-core Probe systtm to  

solve the pas1 t ton zad-out problem and the problems of bending P:IJ 

contarnfn&tion of  the gufde tubes. 

!UCLENET CONTROL CONSOLl 

Schedule dtsfgn r t v l t w s  of the P l s ~ l a y  Control System (3rd Qtr. '75 

and 1st Qtr. '76) 4nvolving experlenctd personfit1 from outside NEPb. 

Arrange to g e t  early data  nn the Hctncyuell 4400 (Nutlcnct computer) 

relative to  hardware/saftr.are reliability problems. 

PLANT AUllLlARY ELECTRICAL SYSTEMS 

Central ize the r c s p o n s f b i l i t y  for spac l f lca t ton  and Integration of 

p lant  electric61 systems i O  pmvlde the leadership nw!dcd to  

improve a v a i  lab1 1 l ty .  

Use th4 s central responsf b l  1 i ty to place increased m p h a s l s  en 

s p e c l f  IcatSon o f  nrtn-safety-grade but h lgh ly  rvai lab1 11 ty-rtlattd 

QUA1 I f  Y / R E L E A B I L I T Y ~ . ~ I ~ T A I N A B ~ L t J Y  PROGRAM 

Assign to CL I Standards and Qua1 i f  f c a t l o n  Engineering the ad41 t i o n s l  

r e ~ o u r c e s  and the r e s p o n s i b i l i t y  to review and approve the 

qua1 if tcation progranfs f tr  a1 1 system a r d  components for which 



I - DEGREE OF NEED 

1 . LOAD-FOLLOWING 
A B I L I T Y  

2.  RELIEF V A L V E  
AUGMENTED BYPASS 

a .  Review abl l l t y  
t o  meet design 
objcbt ives 

be Revf ew and 
tomplre a1 tcm- 
at1  ucs 

3. CONTROL ROD DR; J E S  

r .  Fast scram 
development 
program 

b. Fjnc-motion 
dr l ve deve 1 op- 
men t 

? n ~ h n i  CG? /economic sssessnrent 
of future need and approach. 

May require m o d l f f c a t l o n  of 
operational specs. 

Tei h n l c a l  /econmlc assessment of 
future need end approach. 

Planned for BUR-6 and I n  GESSAlr. 
Devel opmen t r  1 test  progrsm very 
Important.  

4 t t rac t ive  as future d ld  t o  
fuel-condltfonlng. Alternative 
approaches should be e v a l u a t ~ d .  

I 



RECOMMENDAT ION 

4 .  SET-POINT D R I F T  

a .  Conttnue high 
pr ior  f t y  t o  
planned program 

b.  Take i n i t t a t l v e  
to  assure t!n!elj 
t r p l  ernentatton 

5 .  ILICIRILAL At4D 
I NST RUREtiTAT 10:; 
SUBSYSTEMS 

a .  Sol id -S ta te  
Safety System 
(Dcsjgn Review) 

b .  Neutron Monitor- 
l f ig System 
( D P ~  ign Review 
T r a v e l i n g  In-for 
Probe] 

ecded attlons def lned by NEPD. 
Isnne' Progrim must maintain 
chcdule. 

ustomet r e s p m s l b l c  for 
rnplernentstfon. 

lesign assurance. 



I - DEGRLL OF NEED 

Qrgsn4rat fon and responsf bl l  i ty  
focus. 

Orqanlxat  Ion and rcsponsi b l  l f ty  
focus. 



I N  A COMMERCIAL PLhnT 

1 .  LOAD-FOLLOW1 f lG  
A B I L I T Y  

d .  System 
E v a h a t l o n  

7 .  R E L I E F  Y A L K  
AUCMEhTLO BYPASS 

a .  Revleu s b l l l t ,  
t o  meet 
~ C S  lgn 
objur t l we$ 

b .  Rcvteu and 
c~r-$pare 
a 1  t e r n a t i v a  

3 .  CIIf ITROL ROO 
[ r h l V t S  

a .  F a r t  scrjc; 
dcve l ~ p m r n t  
program 

HI11 prlmurlly affect  
BUR-6 after 1980. 

Connltted on 11 plants. 

Primary e f fec t  On future 
BIN-6, ff lmplmmted. 



IE - I I H L  HDRIZON TO B t  LFFECTIVE 

a .  Continue high K 
p d o r l  ty  t o  
planned 
program 

b. Take I n i t l a -  
tSve t o  
assure timely 
Implements t i o  

5,  ELECTRICAL AflD 
1 NSTRUME NTAT ION 
SU8SYSTEHS 

a.  Sol id -State  
Safety fystm 
[Design 
R e v l t w )  

b. Neutron 
M o d t o r l n g  
Sy; tern 
[Der lgn 
Rev l ew 
T r a w l  i r,g 
tore Probe 

W f r c t s  a l l  plants with 
present reactor pro tec t ive  
system. 

Should d l  sappear on BWR-6 
d t h  In te r im or solid-state 
protective systms. 

Wmary ef fect  on BWR-6. 
h u l d  be retrafi  t. 

Lffects post  BGR-6. 



d. Plant  
EIectricdl 
Systems 
Centra l  
Respansi bf l -  
I t Y  

e .  Pualf t y #  
R t l  i s b i  1 i ty/ 
Mdlnta ln -  
a b l l l t y  
Program 
(Strengthen 
CLI Stds, and 
Quallflcsttan 
En9 1 

Prlnury effect 1 ong-tam, 
S m  Impact by 1980. 

Can affect a l l  plants  w l t h  
Cbf cmponcnts yet t o  be 
procured. 

I 



DETAILEO EYALUATIONS 

FQCl THE - 
ELECTRICflL, CONTROL AHD INSTRUMENTATION SUBSYSTEM 



TABLE OF COflTENfi 

1 .  BUR Dynamic Control System 

1 1 Load-Fol lowlng Capabll 1 t y  

1.2 Pvessure Control System 

1.3 Autmst i c  Load-fgl lowhg System 

1.4 Feedwater Control System 

1.5 Re1 lef Valve Augmented Bypbss Systm 

2. Control Rod Dr ive  System 

3 React rr Safety System 

3.1  Set-Pofnt Drift 

3.2 501 I d  State Safety System 

4. fleutron Monl t o r l n g  System 

In-Core Power Range Sensors 

Travel tng In-Core Ptl~be 

5. Other f nstrmcntat lon Systems 

Leak Detectfon 

Pressure, Temperature, Flow Sensors 

Process Radiation Monitoring 

Arcs Rad i d  t i on Monitoring 

6.  Power Generat im Control Carrplex 

8.  Plar,t Aur i l  iary  Power Sy.>tenrs 

10, [&I  Component and Systrms Qudl i f  i c d t  ion 



1,  W&IECT: 

SCOPE : - 
Load-Fol lowing Capabil i t y  

Prassurt Control Systm 

A u t m t i c  Load-Fol lwf ng Systm 

F t d w a t t r  Control Systm 

Ael lrf Valve Augmented Rypass Systcm 

FIHDINGS: 

Given under separate head1 ngs (above] 

PI SCUSSION: 

See Appendjx I :  BWR-6 Control System 

1.1 SUBJECT: Load-Fol low1 np Capablll ty of BClR Sptemr - 
Dlscussect fn Sumnarj of Major  Findlrgs and 

Recomnenda t 4 om. 

1 . 2  SUBJECT: Pressure Control System 

SCOPE: 

The Pressure Control Systm Includes the follmlng major cmponmts: 

1. Pressure sensor and transducer to convert mrln stem-llne 

pressure t o  rn electrical signal. 

2. Electronic hardware to:  

a.  Empare actual pressure w i t h  dellred set-point and 

devclop the pressure error signal. 

b Accept tk turbfne speed/lead demand slgnal, c-am wlth 

pressur? regulator output t o  detemfne which one shall 

control the Turbine Control Val VC. 



c .  Del i u e r  the approprfatc amp1 I f  l e d  signals t o  control the 

position o f  the Turbine Control Valve and the S t e m  

Bypass Valve. 

FINDINGS: 

The Pressure Control System hardware i s  a bar i c  Lstgt Stem Turbine 

Department des tgn. The deslgn responsfbf 11 ty has recently been 

assumtd by NEPD. 

UhS le there have beer1 e a r l y  re1 lbbll I ty problms wf t h  the Pressure 

Control  System, those problms stem t o  b t  under control and re1 lab4 11 ty 

I s  improving. (There t s  good data on Pressure Regulator f r l l u r t s ) ,  

NEPD appears t o  be taking the proper steps t o  assure successful 

transfer of the dcstqn respanstbil i t y .  LSTG I s  wpplylng technical 

asrlstance t o  & I d  111 the transfer, 

However, NEPD Is maklng two s i g ~ i l f  lcant  changes In  the system 

design: a )  the supply of a dual system f o r  greater re l lab l l t ty  

and b ]  cunversion t o  orestet use of Integrated clrcults i n  the 

e lcct ronicr  . 
There i s  no reason to Iurpect  major deslgn problms. Quallf l ta t lon  

tests are planned for 1975, 

The first two & p p l t c u t f ~ n s  ef the NEPD deslgn will probably k I n  

two overseas plants, 

REt0l3MENDhTIQHS: 

1 .  NEPD should be sure t h a t  there f s  always one qua1 Sf ied Pressure 

Control Systm set of hardware a t  San Jose so t h a t ,  I f  problms 

artse overseas, there i s  a qufck and effectSue way to t e s t  and 

eva luate  solut ions.  



2 .  The Manager-DcsSqn Engineering should consider the transfer of 

the responsibility for  a t  l e a s t  the c l e c t r a n i c  components of the 

Pressure Control System to Cb! Englnecring a t  an r p p r o p r i a t t  time. 

I .  3 -- SUEJECT: Au-tomatic Load-Fol lowing System 

SCOPE : - 
The automatic l a a d - f o l l  owlng system Includes the to1 1 owlng major 

cmponen t s : 

1. Rate L imi te r  - l i m f t s  r a t e  o f  a p p l i c a t i o n  o f  powr change demand 

t o  reactor .  

2 .  Master Contro l le r  - computes neutron f lux  demand from system load 

demand from system load demand error, and provides compensation for 

o v e r a l l  control system stab41 fzatlon. 

3. Neutron F l u x  Control LOOP - 1 closed-loop feedback system whlch 

contro?s neutron f l u x  l e v e l  t o  match flux demand. The chrngc fn 

f l u x  I s  obtafned by c o n t r o l l i n g  the posftjon of the rccirculatfon 

f low control  valve,  and thereby, t o t a l  core flow. An Internal loop 

( to  the f l u x  loop) i s  a feedback of r t c f r c u l a t f m  f l o w  f tse l f .  

FINOTNGS: 

The major elemnt of concern 1 s the uncertdlnty i n  long-term r c l 4 a b i l l t y  

of the ~ c c i r c u T a t i o n  f low control va lve  i t s e l f ,  uhlch 4 s  nm t o  the 

BW-5 and -6 systms. This  v a l v e  bas selected t o  replace tk M-B set/ 

vrr lable speed pump drives of B U R 4  and -4, to  reduce equfpment costs 

and t o  improve systm response. 

From a control point of view, the valve dots not  present any pmhlms, 

i n  f a t t  f t i s  advantageous because i t s  faster response a1 IQWS more 

"forcing" of the f lux  control loop whllc maintainlnq loop stab11 i ty .  



The mechanical dtslgn o f  the valve I t s e l f  was fnvcstlgated by the 

l lechnital  Cblnponents Sub-Task, and no c m e n t s  on that  area are 

made here. 

Should there be need t o  replace the flow contro l  valve by some other 

flw control  system, there appear t o  be tw alternatives: 

a ]  Return t o  the M-G set system o f  BUR-3 and -4,  whlch has established 

shown rellabll i t y  performance. Th Is  could only be a tmprary 

"back up" move, unless some bcgradatf on of desfred BUR-5 and -6 

load-fol lowing cipabll l ty I s  accepted, 

b) Adopt an e lect ronf  cal ly-controlled vatSablc speed pump drive whl ch 

can give  required response tfme. This would probably be a combined 

M-G Set/Cycloconverter drl v t ,  but could be a full rectif tern fnvertcr 

d r l  ve. 

Both alternatives would be more costly than the f low control v a l v e  system, 

but  cyclaconvcr~er drive could have avallabillt~ advantages aver t h ~  valve 

because a )  the parts mast l i k e l y  to f a i l  (electronics) arc outsfde the 

containment and have reasonably short man times to  repafr ,  and b )  even 

w l  t h  one s e t  of cycloconverter cleetrmics out ,  both pumps can run and 

the plant can bpcrdte and fol low load (wl th degradation) whtl t  rcpa l rs  

w e  made. 

The other new hardware area i s  the Non-Lfncar 3-Hodc Control 1 tr, a 

part  of the Master Controller. The basic  design evolved frm r 

technical concept based on IimStcd opersttng data. The analog computer 

stnulation s t  NEPD does not tnd f ta te  dny foreseeable ~ r o b l m s .  

Should the hardware prove troublesome there are al ternat ives whfch can 

be imple~ented kithout s e r i c . 1 ~  r i s k  t o  time o~ cost .  



The closed flux-control loop, new to BUR-5 and -6, appears to be one 

s i g n i f  lcant step i n  enhancing transient response. No serf our pmblerrrs 

wi th  th is  loop are antjcfpated. 

1. NEPD should became thoroughly acpuslnted w l  th  the rdvant&g&s and 

for the rtclrculatlon flow, both as a back-up fo r  the f l w  control 

valve and to assure themselves that the valve system IS really 

warranted In view of potential avaflabil4ty advantages of the 

uav lab1 e- speed systtns. 

2. NEPO should consider, and have designs for, altsrnstlues to the 

Non-Lfnear 3-Wde contmtler. 

1.4 SUEJECT: FeedlJattr Control System 

SCOPE : - 
The f aedwater control system i nel  udts: 

1. The fccdwatcr pumps and t h e I r  dr ives  and controls. TIN system 

may be a variable-speed pump dr lve  or a constant-speed drlve 

and r flew control valve.  

2. T k  3-element controller ustd t o  sense mrctar water Iwel, 

t o  provide appropriate control signals t o  the feedwater punp 

drives or the flow cohtfol valve actuator. 

F l  WINGS: 

The mJor cmponmts of the ftcdwter control system are selected, 

designed and l n s t r l l c d  by the A/E to  NEPO rpcclflcatlon, 

The principal MPD supply t s  the 3 - t l m e n t  sensor mounted on the 

reactor vessel and the control electronfcs t o  provide a signal to 

the f n d k d e r  system. 



I n  the past there have been sme mechanical problems in  the feedwater 

Systm but these seem t o  have been resolved. 

The prfncjpal concern w i t h  the f d w a t t r  system today I S  tb response 

of reactor water level to sudden ebrnqes In turbine stem flow; for 

instance, In the ease o f  sudden loss of clectrfcsl loed &ten reactor 

scram I s  t o  be avoided. Uhcther REVA8 or 100% bypass system I s  used,  

the dlsturbancts to  reactor stam f low must be carefully contrrrlled ot 

t h t  reactor wll 1 scram ariyway, on afthcr high or low water level. The 

p ~ i n c i p a l  cause 4s "swellM due t o  f lash ing  If the bypass (or S I R  valves] 

open too qulckly or  stay open too long, and s~bscquent level drop when 

the feedwater system t r l es  t o  correct and the valves ffnally do close. 

These phcnmna occur a; rates that are probably btyond the reasonable 

capisbill ty of *he f e e t a t e r  system, and wjll have to be solved by very 

preclre control aver the bypass system. 

RECW4ENMT I OMS: 

Hone. 

1.5 w: he? id Valve Auguynted Bypass Svrtem (REVAB) 

Olscusscd I n  Slnrnaty o f  Wjor Findings and 

Recumencta t ions. (see page LO) 



2 SUBJECT: Control R d  D r i v t  System 

Dtscuostd. I n  Srrrrmry of  Hajot Findings and 



d) The use 0f solid state laglc w l l l  pcmit frequent, or rn rmtlwut 

testing of thc c l rcuf t ry  thus Intrcasfng rvrllrblll ty slgn?ficmtIy.  

t] I t  i s  as- that the set -p int  and tec)mlcrl spmlficrt lon limit 

p m b l m  w f ? ?  have k t n  reralvcd. 





REG-TI a : 



Ttmt subsystems hive had only rnlnor Impacts on plant  rvallrbWty. 

, Rf COClEllIMT IDWS: 

Ckmc 



Since s t u ~ f n g  r rystea rcpulns conslderablt factory space and no 

panels can be rhlppd,  a d  billed. unt l l  the total system 4s m l r k  

good factory sckdullng bet-r c r f t f e r l .  

Fleld changes shwtd be MI mrt d l f f k u l t  than a t  present unltrs tMy 

a n  of unenp~tedly  major pmportlorrr. 





data procesricg, on- 1 inc cmputa?  i o v ,  ~ n d  p r i r ~ t e d  r e p o r t i n q  a s  wl? as  

opwator disi l a y s .  

c o ~ ~ w n i c a t i o n s  were s t u d l ~ d .  D a t a  manipulation and on-llne processing 







fIrst "rcal" s y s t ~ r  a rerporlc.rm ? l r t  of l e s s  t t  3r 509 m.5. should not be 

expet t ed . 
Ye see no fundamrtd l  techni~al p r o b l t r s  w i t h  the DCS or i t s  Interface t o  

BOP or M S  or the sensors. T h x e  f s  sivpl, a great deal of work ahtab I n  

th is  rrea. Careful "spendjng" of the available schedule shwld  provide 

ddequdte time t o  do the job  r i g h t .  R a ~ i ~ u -  use o f  fnterfsce hardware and 

rtmdard software frun Honeywell -PCD should Ir;roue sctwdu?~ prospects 

and reduce dtwelopwnt casts. 

REGMENDAT -- IONS : 

1. Accomplish two technical desian reviews om 3C5 !n 3rd quartw of 1975 

and 1st  quattcr 1976 u t i l  i z i r i j  s o w  nw-!iZP, technical t x p w t s ,  In 

the future a c c m p l i s h  ter h r i c ? l  3 c 5 i p  r c . ,  4: i s l n g  sore rc:?-f1EPD 

eRpcrt5 a s  rout in^ prd~tirc. 

2. Ya\idate t h a t  I W  i s  td; .*t:*. nC - * i n t j i r  i r  j t b p  f i r s t  X C L F ' I E T  

checkout. 

3. Makc m a ~ i m u n  use of interactive graphics C63 f c r  the printed c i r c u i t  

h r d  wrk. 

4. Obtain early d&ta  an 4400 teliabfl it). [ I t  i s  a new computer).  

5. Ewpl ki t ly  tnplare the opportunl t i e s  to  use Honeywell-PC9 standard 

snftrdr~ n r  a bnsiq for : i L i  \;%tr- rdt+-mr  t h a n  doing evcrythfnq new 

d t  WPU. Especidtly,  e u ~ - ! n r  I k m p y w ~ I  1 ' s 5r.f t a ~ r c  far grdphic displays. 



We did not  detect any ~ i g n i f i r d n t  deficiencies i n  the technical s t a f f .  M o s t  of 

the people i n  both hdrdwdrc and prcqrarmfng a r e  ehperienced and have previously 

wrh-ed on s i n i l a r  p r o j e c t s .  



R .  5URJt . . CT : P l atrt Au* I 1 i ary Puwr 5y >?,~rnr,, 
_ -  & _ _ . _  - .__..- - - -  * -. - - -  

SCOPE : 

€ I P c ~ ~ I c ~ ~  , hydrdu1 ' L ,  drrd pnrurndt i c  power  sup^! l c r  for the Cgntr~l and 

i n s t r u m n t  systems ir, thc reactor is land,  Sncludrng thc in tc rcmnect~on  

o f  these power supp 1 i es w i  th t h r  p l a n t  SystcmS and pner  sources 

Not included were the  puwer suppl i c s  a s s o c i ~ t e d  wi th  the turbine-generator 

and other balancc-of -pl a n t  i u n c t i  0115. 

F . L .. HPIWGS - -  : 

I .  Power s u p ~ l r t . ~ ,  + ~ U P  h ~ d  d r t . : d t ~ v e l v  w l l  ir:part r l r l  ~ 1 a n t  a w a ~ i ~ r h ~ l i t v ,  

Mair transfomner and s w i t c h y , ~ r d  yrdlem hdvt*  re .u l teJ  in  a .80'1 i l lant  

u r lava i lab i l  i t y .  Othpr power supply prDbl@rn~ caused a ,242 p l a n t  un- 

d w i  I d b i l  i f  4 .  f t l e ~ ~  cnlrlptjrth W I  t h  ttw t o t d l  ;!]ant w ~ a v d i l ~ b ~  l i t y  ut' 

27.6" . 
2. I'or control  s y s t r m  d l r f h c t l y  d f f t ~ c t t r r q  nuclciar rtrdctor sdfety,  elrctrical 

pww i s  o b t d i n t d  from a 5y5 l tv i  o f  h i  qh?, rr.! irlt)lt', Independent, " d i v i  - 

s tonal" busrds. T h ~ s e  ~ w w r r  ~ i l p p  l i(is IT:US t r"tltnt NRC s a f e t y  r e q u i r ~ t w n t  .J 

and must he apprnved hy the M r .  General E l ~ l c t r i c  adequately specifies 

thesc suypl i c s  and p a r t i c  r lute!% I r r  the cui torx . r /Al  & c i s  Tans fo r  providing 

then. P l a n t  u n a ~ a i l a h ~ l i t y ,  a t t r ibu ted  t o  d ~ v i s i c ~ n ~ i l  power supplies i s  

.Or?5% which c o ~ p a r c s  w i t h  an u n ~ v d i  l ah i !  i t y  of I % attrihutcd to  a11  power 

suppl ips .  

3 ,  For those non-safety systems h-hich a f f e c t  p ;  dr l t  d v a i l  d b i l i  t y ,  system 

and component redundancy i s  used. Redundant p l a n t  buser am s p e c i f i e d  

a'; the e l t l c t r ~ t x l  p w ~ t  S O U ~ C P  for the m i t t  pov;i?r C I I I I I ~ O ~ P ~ ~ S  OF these 

s w\t tlms . t t t ~ m ~ ~ ~ r ,  t h r  w u w 3 - i  errd r c d u r l d m ~ j  n f IJower f o r  thc logic 

and control components o f  these system i s  l e f t  to the J i ~ c r r r t i o n  o f  the 



i u s t m r J A E .  l n  rwny ciises, the c u s t m r ' ;  act ions a n  rmknaw. l n  

other cases they an! k n m  a f t e r  the fact.  

4. M e t i n g  NRC requrremnts for mrctw safety has been the prSncipa1 focus 

of power supply design ef fort .  Powtr supplies for ncm-safety system 

provJde an oppottunf t y  for Increasing ptsrtt a v a l h b f  1 I ty , although 

responslbil i ty f o r  the qua1 i ty and source o f  these suppl ics 1s htgely  

deltL?atcd to the customr/AE. Many people arc involved i n  obtrtnrng 

answers t o  pawr suyplyfplant availrbllity ~ w s t l a n s ,  T ~ P W  i q  no focus 

for t h l  s e f f o r t .  

RE COmE - N .-- DATI@> : 

1 .  Provide curtomr with increased rpplicrtion engineering assistance t o  

en;dwsirc the need f o r  greater marn switchyard redundancy to rmprovc 

pldnt  availability. 

' Tlw rcdundancy dnb other spec i a1 rcqulrements o f  power suppl ies p r w i  ded 

try t k  c u s t m r  l o r  non-safety GE systems affecting plant auai  l a b i  I l t y  

s11ouJd bc specified by CL. These specj f icdt iuns should i n c l u d ~  e l c c t r ~ c a r ,  

prrrunut i c ,  

3. R i ? ~ p ~ r r s  i b i  

tr, provide 

and hydraulic suppl ice, a t  J 11 power levels. 

l i t y  far p o w r  suppl ie5  for  a1 1 Ck systems should be central ltcd 

thc leadership needed for an e f f e c t i v e  appruach t o  power supply/ 

p i s n t  undvrilability problems. In addit ion to docuacnting and coordinating 

n l l  p u w r  supfily r~quiremnts for avdildbility-related systems, i n  important 

p a r t  of t h i s  rffort should be convincing tiw curtomer/4£ o f  the benef i ts  

o f  mrt ing these r c q u i r ~ m n t s  I n  the power supply system he provides. 



Balrncr o f  Plant  89: 

Refueling and Other Outages 5 . 2 "  .fl?:, 
-- - - .- 

Total Plant  2 7  6 1.04: 
* -- - - 1 7  m 

( 1 )  The i' undvdi l ab1  1 t t y  due t.1 power suppl  l t a l  ::I tht l  "Hedr;tur Building 

D i v i  slonal Pawer Suppl ies .00 5 

Non - D i  v i  s i  ona 1 Power Supjlll es , Q3?' 

A l  r Suppl f cs .035 - 

(2) The ".ndvaildbl l i ty due tc~  power S U ~ P ~ ~ C S  i n  thc ' ' k l d n c ~  o f  Plant" 

category ( . 8 9 - )  i s  h m v i  l y  weighted by tmln t rmsforwr and swl tchgear 

principally frm p l a n t  clcctrlca 

( 3 )  The % rmau~ilability due t o  

Outage" category ( .D?-) rcru 

( 4 )  The i t e m  1 irted i n  ( 2 )  and 

I power suppl ies i n  the "Refuel lng and Other 

Its Crm netwar!, problems. 

13) are c o m m  t o  a l l  power plants.  If 

they arc  dc?ctcd f o r  purposes o f  nuclear p l a n t  analgsls, the results are :  

Duc to  
Tut 3 1 rowr S u p p I i ~ 5  



Cnn - - t a i nnurnt 
- ofdT 

Reactor - - 
+ C R C ~  systrrr 
- CHD systcn 

Pain 5 t r ~ r n  t lne - .  - . - .-- - i - i c~ l~~ t lo l l  valves 

- Plant elcctrfcrl 
- M ~ s c .  D(R 

Reason - 
Sp l i c r !  on L! blowcr ponct supply 
cablc c a u s ~ d  cable tray flm 

Short c f rcul t 
Scram on loss o f  rlr t o  CRD valw 
pilot air  header 
t-!G set r i n g s  and brushes 
Scram-C:G s r  t control 
Loosc cotrwction - pump mbtw 
5cra1t-?G s o t  trouble 
1 %  sC+t I~ru.hes 
t4f sr t  braring$ 
Pw-p mi,t or bredher problem 

Scram-MG s e t  translent 
Scram-hrob~n air lrnr LO H S I Y  solenuid 
Scram-broken M S I V  i s r s t r w n  t sl r 1 ins 

4 Scrams-loss of instrmnt r Cr 
3-1055  o f  h r t r w n t  air 
A1 1 
3-rnirc. eleetrica1 
A i  r 1 ine screen p? uggcd 

A1 l 
MG scL transient 
4 KY bu5 translent 
l o s s  o f  inst .  a i r - h k r  trip 

by L.C. Frcd~!rick. 







For rrample, new designs use four d l  v i  s i  o v a l  bu5es for the Reactor 

Protective Systerr (RPS) logic ,  the Nain Stream Irol&tian (mL) logic 

rnd solenai ds, the Containment and Reactor  Vessel f sohtlon Contml 

System (CRVICS) logic, the Average Powcr Rap.ge Pbni ton (APRWI, the 

Interncdiate Range M i t o r  (JAM), and the Neutron mnf tor ing  5ystcm ( N 6 )  

log ic  for Reactor Pmtcctfvc System inputs. Uhen the system logic 

wqulrer c c t ~ a r l s m  o f  5 1 ~ ~ ~ 1 s  from di f fe ren t  d l v i s i m a l  buses, lJpht 

couplers a r e  used t o  main ta in  the required e l e c t r i c a l  independence of 

the dl  YI 5 1mal buses. 

Thc G£ approach to ~ l e r t t i c r l  system dcsigr ,  rs ldentl ficd in a series 

of m ~ - l i n e  diagrams. Within the reactcrv is land,  they identify the 

divlstmal  bus system a t  a l l  vol &age levels : ~ n d  the components to be 

connected to esch o f  the d iv is  Iondl b u s e ~ .  They also identify nm- 

d r v i s i m s l  buses dorm tn the 4153 SrAC level and sow o f  the m a j o r  nm- 

safety ~urpanents t o  trc carmected t o  these buscs. These one-line 

diagrams also fllustrak typical m l n  Switchyard camponents and i n t t r -  

connections, balmcear-pl  ant power supr,? ie; down to t h e  480 VAC T e e 1  , 

m d  interconnect ions between the s w l  tchyard and the reactor Island buses, 

These p n e r i c  system d iagrae  are used as the brsjs for discussions wi th  

the custmt/AL to establish the p l a n t  electrical dcslgn far the safety 

system h 1 C h  must bc approved hy thr! N R C ,  GE f 5  aware o f  the cktailcd 

dcelsions m p l a n t  electrical system design for  safety systems. These 

decisims and thc reasons far t h m  incorporated i n  one sectbn o f  the 

Prpl inlndry Sdfety Analysis Rr.pwt, which mrt he approved by the NRC 

before pmcmdlng w i t h  plmt construction. 



' . is ionr l  power suypl rcs for safety  st: ' r r5  prowl& r very hlQ)r & g w  

o f  rellrbiilty. Plant unava i lab i  l i t g  due t o  these suppl in has been 

.DO% as c m n d  wi th  12  for  a11 p a r e r  suppitcs and 27.6t fir a11 

r e a m s .  Addltlanal prcr supply e f f o r t  t o  Inprove plant rwllabil l t ~  

rhbuld be dlr rctcd twd power supplies for nm-safety spt- md 

tarard the mtn plant system. 

3.  Parer --- S ~ p E e s  - -  .- for - Nuclear .-- . - .  Reactor -.- .--- hun-bdfet~_5y~,t-~ -- - 

Pw@r suppl tes for non-saf~ty  ,ysterch f a :  l ~ n t o  t u o  categories - thost 

whlch af fect  plant avrllab~l ~ t y  and JI 1 I r t w r .  Iwse calcgwlcr  Include 

V i t a l  A t  power ~ u p p l  it?., t o  p r s v ~ d c  , ~ . ' ~ , t t r r u p t a L l v  yauer for funct lmr: 

such as plant c o m i c a t  ions,  computer, p l  mt instrunntrtim, and cantrcil 

rod p s t t i o n  ~ n s t r m n t a t i o n .  V i t a l  AC pnwer system hrve s t r t t c  hwrttrs 

fed fmm Stat Ian b a t t ~ r r e s  {cor~inuousTy chdrgcd) wi th  a s t a t i c  swStch for 

a c r t m t i c  transfer to  r s t a t t o n  bus !n the rvent o f  invcrter f r l lure .  the 

discussion whictr fol lous pcrtains t o  mi lab1 l~ty-related power rupp l ln .  

For non-safety systcm, G I  usual l y   peri if ye: the puwer suurce rnd m v  

dundmcy for the h i *  pomr system convanents (480 VAL and &ow]. For 

elrrrplc, scprritc plant busts are spec1 f led  fur the two -tor dr i  ws f o r  

the tmr mln n c l ~ u l a t i o n  water punps. 

Tht pwer suppl Ces for the other wrrponent~ a t  the 120 Y&C l a d  rm 

specified I n  t ~ m  of scparrtc c i r c u i t  (fuse) rtquireamts. Thmr 

circui ts  are then grouped tn terms o f  control roum lnrtrurnnt bur, local 

Cnstrurrnt bm , and cosnputer system bus. The source o f  the p w r  f o r  

these buses i s  not  speciffed. b r  erav l c ,  the lnstwmnt ACID(: System 

drmlnp, 851E355, spcf f lcd  tha t  thme c i r c u i t s  m the contml m o m  

inrtrurrrnt bur are required for recirculation system m t r o l  -- me for 



loop A flow c t m t r l ~ l ,  mc fur 

flua contraller. This i s  thr  



k c i r w l a t  -+-A- .- 1m - S y s t c ~  

there arc two independent s t b - s y s t a  of  502 flm capacity, tach s y s t m  

hlvtng a w u r l  flow eontmller. In  add4 tlm, them 1s r mmster a n -  

troller, norrvlly used far control o f  both system. Old S y s t m  use 1 

urrlrble sped m t o r - 4 1  ternator-mtor-punp rnd specify r separate p o w t f  

supply for each sh-system. k u  system use two -tor-purps with 

separate porcr ruppl ftr md r hyd?arrltc&lly operated flow control valve 

for each sd-system, Fw both the old md new system, the cont ro l  

power 1s non-dlvislonrl 120 YAC provided t o  each rub-systcm flow COP- 

troller and to the master contru l ler .  The mlJ swrce i d P n t i f r e Q  b,r 

GI f o r  these cantml power suppl les I s  'control room t n s t r m n t  bur". 

Miln power rwply  fat l u n  I n  either subcs(ste~ reduces nuninrum ~ I Q W  

c r p i e t t y  t o  5 0 Y  [wCtk r carwspanding *duct Sal i n  reac t iv i ty  

power fa i lurn l b c k r  the recirculation flow r a t e  and f i r e s  the 

powcr l e e 1  mtll  control rods Lrn k moved. rules estab 

wximun t *me t h e  p l m t  can operate under these c m d i t i o n s .  

r e a c t o r  

lish the 

Plant  r v d i l i b i l  i t y  tan be irnpmwd by proper choice o f  control power 

sources. For exangle, i f  the control  . itr for  each sub-system mnurl 

flow controller came from the srm source as main power for t h a t  sub-  

system, 50'- ~ ~ ~ i r c u l d t i ~ w  flow control wuuld be maintained w i t h  s 

power supy l y  fa i  lure. Cf should spec! fy the source and inttgrl  t y  af 

these control powr rupplfes. 

Feedwatrr . Cmtrol - -  S ~ s t c v  - 
h c r r  dm two indep~ndrnt  fcedwter  s u b - s y s t ~ ~ ~ ~ ,  each having d flow 

control system, plus r mrstcr water l r v ~ l  control f o r  both sub-syrtean. 











md rs matinq use of the 

LSTG cspcrience. A11 panr supply &cisrons haw not yet kmn m&. 

The m t n  powrr s ~ p p l  y t o  the by+&$$ valves i s  hydriul i c fr# rt- 

dundrnt mtor lpups  plus s hydrrul tc r c c w l r t o r .  S p e c i f h t t m s  for 

eltctrfcal powr far these mton will prabably call for sepwrt* non- 

drvlslonal 4tKl VAC r ~ r c e s ,  Clamllg m l y  me motorfpurrp ts apwrtmd. 

In the emnt of  p m w m  loss fmm teat  pllrp, the rys tm a u t 0 n r t i c d l v  

s w i  teher o w  to the second m t o r / p ~  mct elect rlcrl parvr source. 

f f both pocnr soutcn fail the bpprss  v r l  vcs close. I f the system 

then c r l t s  for bj-pass valve flow, nsttw pressure rlrus, rercttr 

-act l v l ty drops, md the Reretor Qmteetl ve System automat i c r l  ly 

scrams the reactor. 

Asmclated w ~ t h  the hydrrul lc system rrc w o l e r s  rnd herten for each 

o f  the hydrad lc rncrubl f i  md b valve f o r  arch of the by -prw 

v&Jws. The dmp v i l v t  re1 h v r s  pmrsum on me s l &  o f  the by-pass 

vrlw md r l i m  hi#! speed by-pnr v a l v r  mvancnt. lht prfncipi l  

pawer supply-plmt r v d l a b i  1 i t y  p d l m  for t h e  auri 1 far# sysknr 

occurs i n  those plants quipped wfth r Re1 irf Valve Aumnt td  By-pass 

(REVIIR) system. I n  thost p h n t r ,  failure o f  the nut-dluislonrl 120 VAG 

power t o  the d m  value control system results in a loss of uwillty 

for avoiding scram rs r result of main tu&i~e-generator load rv jec t  ion. 

The pr inc ipa l  plementr of thp control system are rvdundant stem 1 inc  

pressure  transducer^, redundmt control channel 5 w i t h  automatic channel 

s~lectlon, a by-pass vdm posltlm control channel, and the benchboitrd 



tnsert for systen status display+ Fallurn e f  t h i s  tmtml system 

results in  zero flow -dm turWmr valrr closure, md a s y t t n  

rcrrr. Cmsequmtly, p r q w  rpeclfluttm o f  t k  m-div4rlonil 120 

WAC v r  rupplfer for thls mtrol system I s  irportmt tu plmt 

rvrllabfllty. &s a mirrlmm, separate sourer m r  supplln ~ h w l d  be 

spec~ lhd  tar 'h M d m t  cmtw1 ehwlnels md tki? rrsaclrted 

pressure trmsdueco. P#cr for the notor-punp 8uxiljr?las, in 

part lcuTw the 1 3 9 1 ~  for s t i r t lng  the second p q ,  rhould be tugpl ied 

trm the r ~ d u n d r n t  pomr supplim for the l y i n  pm mtorr. Flnrl?y, 

the satcndds control1 fnq the dup urlves ham r large Inrush c u r m t  

so t h a t  their pomr supply should k separate t r o r ~  that ~f the conem1 

syr ttm. 

The ewtent and manner in thich t h e e  suppl ics wlll be spec1 fled i s  

mder consideration by IYED. their problem i s  wrplicrted by the fac t  

Wdt  me of the power supplies used by LSTG in their  system 1% nut 

avai lab le  to NED. This power supply was 3 l~ lgh ly  re l iab le ,  ru r i l l s ry .  

p e m n m t  mapet  alternator driven by the main turbine. 

Pwr $up& -. Drtlg Elphrrls --.- 

Pwr supplies can be cmsldered in  t e r n  of three categories o f  system: 

safety S y S t e ~ ,  non-safety but avai 1 a b i l  i t y  -re1 ated system, and a1 1 other. 

k jor  elrphasis has been pl aced on power suppl i es  for safety sys tm. The 

d r s i q i s  and speci f icat ions arc sound and the unavailabi l i ty inprct has been 

very law. Pawer suppl is for n o n - ~ a f e t y  system, part icularly for  the 

logic and control  ctmponwts, n w d  ra re  cvqtaiis i s  to  rninimizc w a v a i l r b i l  i t y  . 
Each o f  the norr-safety , a v a i  l a b  i l ity-re1 a t ~ d  system should be r e v i ~ w e d  

t o  cktermine the pnwr supply ~ r t t c g r i t y  requiwd to  mtch the system dnd 



mjor corr~one:~:  ~ n t q r i t y .  Electrical, hydraulic, and pneumatic pcmer 

Suppllet shwld be included i n  these reviews, The results of a l l  o f  

the% system r e v l m s  should then be coordinated t o  +stab1 ish the re- 

guirtrrrrrts for  the avaf lab41 i tyn~n-sa fe ty  pwwr supply system for thr 

mrctot island and the interactton of t h i s  system with the ~ d b t j r - ~ y ~ t m  

porrer supplies. DDcmaentrtlon of these m q u i n r n t s  i s  tmpor tn t ,  

Equrl ly Inportant i s  mnvincing the crrrtomr/A€ that meting these re- 

q u i m n t s  w i l l  pmutde h imu i th  plant fwaila;billty benefits. With the 

pmsent organlzrtlm many people would br involved i n  such ~III effect. 

To achieve the leadership needed. respons i b i  1 i t y  for parrr suppl is$ 

should be central i z d .  



9, SUJTCT: -- -- E U  Avdi I & i ;  1ly/Relt&i1 ity/fG i n t d i w h i  1 i1y Programs 
-- - -  - 

SCOOE : 

1. Uhat was covered; 

The W D  philosophy, policies, and Inplrmmtatim of an 

Auail&ility/Fitl irbil  ityIMaintrinrbi1 i ty Progrrrr 

~ d m t l f i e a t l o n  of c&I hawhare contributors to plant mrwi labi i l t y  

Influence o f  e l  Iabi 1 i t y  md nratntrinrbi 1 i ty  dlscipl ines m C4I 

design and cb: rriillbility 

flegme of interface o f  RUll a c t i v ~  tics w i t h  des~gn, system tngiweriwj,  

test, safety and qua1 i t y  assurance act1 v t  t iuS 

2. # a t  ws not covered: 

Safety and Qua1 i t y  ksurmce act1 v i  t les and practices were not 

examined ewept to close the 1 oop where RAM a c t  i v i  t i c s  had an 



197.7 DAYS WT 

kutrm toting System 51.4 

F e d  Hater Cmtd System 17.8 

Lac tor  PmtectFm System 9.3 

HirArinc lrprovemmt programs are currmtly mdemay I 

thme system Mldr I s  m p c t c d  to sl~llficrntly reduce thc out- 

rite and mtrge t l r  when fully inpl-tcd i n  BUR4. 

h a  h d l r t i o n  Rmltmlnp, Process Radiation k n i t o r i n g  and Control 

Room e p u i m t  slClIch cunstttutes t h e  reminder o f  the CAI system at 

defined for statistCci1 reparting have had nrgljgible impact on plant 

aurilabil i t y *  

5ysttm avri  lrbllity pals I n  terns o f  ~uximum a l l w b l t  W a g e  hourr 

per plant-year h i v e  teen generated based Upbn W R  2.3.4 data and r 

MR-6 goal of 902. (BUR-1 C&I data war not  deem4 appropriate hy 

M U D  for WR-6 goal sett h g .  1 There system goals are presented i n  

the Table below r lmg with 1973 operating c~pwiencc f o r  eonpwlran. 

w 
CYCLE 

l i e o t m  Pmitortng System 10.2 

Area hd ia t fon  Mi toring 0 

Process Radiation mi taring 0 

Feehater Cantml System 26.2 

h t r o l  R m f i  Lqufpmnt Q 

Reactor P r o t e c t i w  System 5.9 
- -- 
42.3 

TOTAL 

71.0 

0 

0 

26.2 

0 

7.6 
--- . 

105.6 



Three o t h t  systems not included i n  the ;&I sta t is t ics  but p e r t f n t n t  to 

C5I arc:  

1973 wrs OUT 

Control  R d s  C CRD System 146.4 

Pressure Regulitar 4 .5  

MSL f nstnmentat im 3 . 1  

The contra1 rcd system contributes a p p m d  inatel, 2.26: o f  fh8? u n a v d i l a b i l ~ t v ~  

Control rob ~roblems appear t o  be prfmarily mechanical i n  mture ratkr 

thsn electrical. The control rod s y s t ~ r  i s  erptcfed t o  ~ C U C I W  more C W ~ P ~  

a e 3  s k o ~ l d  be a continuing soutce of r t l i a b i l l t y  con~ern and a t t e n t i o n .  

The pressure r q a ~ l a t a r  i s  a GE dcsjgn forcerly suppllcd by the Turbine 

Uepdrtmnt but now 4s to k rrdnufactured a t  Ssn Jose. There f s  an effort 

underway for  d redundant regulator c m f  i y ~ r a t  ion whCch reducer plant 

downtlmr i f  proven feasible. 

Stdtus of VSL Inrtrrrncntation probler* correctfons not eramimd. I t  did 

nut rppear t o  be rwwant a t e n t f a n  canpared t o  0 t h  pr i iwt t lcs .  

0. GEZE-WL FItlOIt&S: 

T h e  HEPD rvailabllItyfmaintaCnability program I s  n e l t k r  as systemt ic  

nor as cmprehensfut as mtght be desired with such cmplex ad sophistfcated 

projects.  There are many elemcntr o f  rtliabillty dfscip l ints  but the 

re1 i a b t l i  t y  program as structured i n  B W 5 1  l a d s  suff 5cient overall 

i r , t e g r d t i ~ f i .  The psst BWSD approach t o  reliability i s  reminiscent o f  

tbrr early asrnslracp approach which wa3 fcirnd to  be smsshat h t f f e e t l v c  



i n  attcrpt i n g  to achieve h igh c v 2 c p s  of cacrational r e l i a b t l l t y  

fur ~ ~ : ' . p l t i r  S J ~  ?L'~:s. 

C . W O R  AREAS OF COfJCLRII: -- 
T h e  lack of  a systems l e v e l  Re1 iabil i ty and Matntainabillty Program 

as an in tegra l  p a r t  of the desisn process € 5  & major concern. hperience 

wtth aerospace programs faced WI t h  the sa-e challenges of  the BWSO I n  

terms of re1 Mi 1 l t y  c m f  tnent, organirrtlonal s l  re ,  I fm l  tcd manpower 

resources, rtc., has demonstrated that a formal ired and central Ired RLM 

function and p a r t l c f  pat ion  i s  needed t o  supple~wnt the re1 iabi 1 l ty  

e f f o r t s  o f  Indivfdual design cngtncers. There i s  s a w  lack of ava4lsbIlIty 

and rrraintainati? i t y  r i g o r  i n  t h t  $;lpraach t o  systems andly5ls. 

The prablet-'failure reporting, analysf  s a ~ d  correct ive  a c t i o n  activi t.y 

g i v e s  some concern s ince i t  aFpFqarr t o  312 so:.ewl-;at d i f f u s e .  I t  seems 

t f i a t  sore p r a b l e m / f a i l u r ~ s  a w  n3t a s s i ~ n e d  speci f i t  orgaclrat ion31 

respon~ibility f o r  tirely follow-uc a p e  disnos: tion. 

L I t t l e  e d u c a t i ~ n  and t r a l n i r g  c f  desigr ~ - 2 l n ~ e r s  i n  reliability and 

raintainability i s  provlded by CEPJ. The last Company course Sn 

re1 i a b i  1 i t y  uas approximately sir p a r s  ago. The present Qua1 i t y  

Assurance codrsps do not a b c q ~ a t ~ l ,  address t h e  mT i ab i  I i tj and 

naintainabili t y  dfscipli ner. In the a S s c * x  of a central f zed, in -1  i n r  

reliability and mainta inabi  1 t t y  funct ion, t k  education and t r a i n i n g  

o f  desil;n erqirreers In b a s i c  RtY techniques becwes increasingly 

s i g n i f i c a n t  if hiqh orders of relidkili t i  and r . i n t a I n a b i 1  i t y  are 

cryected t o  b~ arh j~ved.  



f ~ n d a w ~ t ; r l ! ~ ,  there nust be j o i n t  dgrewent that thc goah Wt 

re~lizt i s  d s d  can  bt. a c h I t v r d  by specific actfons of the hrdwsrc 

perscrmel. Tke time span between the setting o f  goals and th tlme 

~ p e c i  f !c Implemented actlons h a w  ~ l ~ r u r a b l e  effect an plant m d b  

a b l l i t y  I s  too great t o  permit m y  nitunderstrndlngr at umertalnties 

a s  t c  the rcalism of the goals and tht ablllty to achieve then* 

ll. AC?IG%$ ~ I l D f R W A Y  - BY NEW: - 
o An fn-house BURSD Q.A.  audi t  has idtnt Ifid dcf fclencfes i n  the 

irgle~entation of Availstility/Relisbi)Ity~aIntainlbili~ polIc~e5 

w d  procedures. Msnaqment aetfon i s  underway to  effect needed 

c o ~ r r c  t i m s .  

0 Cln in-house BWRSO Q . A .  audit has Ider~tf f ied the lack of unlfp l t y  and 

d~oliraton o f  f i e l d  problcrl~/fsflurc feedback. There 1s an open act ion  

to c c r r p r t  t r e  s i t ~ d t i o n  but detalls of the status of that effort is  

1rr4 r,&n ithere ~ d s n '  t suf f i r .  lent t fnc t o  contact  the  arganizatfon 

c h a q e d  u i : h  the torrect ive  actton] .  

6 8kq53 re? i ~ b  i ! i t j  1 e r s o n w l  are a c t i v e  pa r t i c ipan ts  i n  the cstabj istment 

of t h c  ' ; h : J ~ d r  Plant  Re? i a k i l  i t y  D a t a  System {NPRDS) which 1s funded 

by th*. tdisnn Electricdl tnst l tute .  The HPRDS w I l l  be providfng 

f a i l ~ r e  rqort w d  failure rate data  on safety system brdwrt. f t 

i s  EX253's hope that  the APRIIS concept w i l l  be broadened t o  report on 

a 1  1 n b c l ~ a r  plant  hardware and not  jus t  safety systems. 

o 8:;253 i s  dcvelopfng s Cbnputrr  I n f o r m t i o n  Retrlcvaj (CIR] Systm t o  

prcv ide  d v d i l d b i l  i t y  dnd - c l i a b i l  i t y  f i e l d  s t a t i s t i c s  on nuclear plant 

h > * . d ~ i ~ r ~ .  (om:;r~rlnntS fn ardcr to better  ident i fy  the hardware causes o f  

~ r d : ~ i l d b l l i t ~  and what  e f f e c t  corrpc t i v e  a c t  ions would have an a v a i l -  

1 T ~ P  I I R  i s  rrprttrd t o  bc operatirmal by the 3 ~ d  Q u a r t w  1975 

a1 .! I,, i r . t v i : i r 4  t r :  bc~ cnm:l;!!it.lt> \; i th €!ria W?M ~ y s t r r  so t h a t  toernon 

t o : :  b , ' ? l  t;f { t l ~ ~ ; ~ . i t i i h ~ f h  t c  d €W'-'C)rl ! I J ~ . P ,  

64 
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IiCPD should bavr I t s  Rpl i a h l l  Sty and HafntainatSlity Plan ~ b j e ~ t S ~ e l y  reviewed 

b j  knowlec!ceatle non-NEPD GL personnel for adequacy. 

N173 shos! 2 ~t rengthen i t s  problm/f s f  lure reportim system by consolidating 

the C u r r ~ r t  r u l  t l p l e  syStcmJ C n t ~  i $ i n q l e ,  c ~ m p r e h r . t ~ ~ I ~ e  s y ~ t m  w f t h  c l n s ~ d  

loop f c d t u w s  t o  assure accountabil i t y  and s a t  i s f a r  t v y  dispositions. 

NLPD should i n i  t l a t e  education and tralntng courses i n  avaf l a b i l l t y ~ '  

re7 i a b i  1 i tyinaintainabi 1 i ty engineering so t h a t  there i s  r mre cons1 5 t m t  

and uni f o r  approach t o  these discipl ines In the dcslgn engfncerfng 

c o m u n i t y .  



Qua1 i #i c a t  iorr procrdures for c o r p o r ~ e n  t s  and j s  ter.5 manufactured or 

specified by C L I .  

f JNOINGS: 

Standard components, and syStc~is which a r e  m a r . ~ f a c  t ~ r e d  In-house are  

qua1 If fed by Standards and Qua1 i f i c a  t i o n  Engi ~ e e r l n g .  I t  appears t h a t  

an adequate job f s  being done, b u t  resources sre 1?mIted. 

fystms av conpownts specl f led b j  Systers Er . : -veer ing But  procured from 

outsfde vendors are qua1 i f  ied under t h e  direc t  ?on o f  the rcsponsfble control 

system engineer w i t h  cons~lt ir .q,  o r ~ l y  on rpq  . c s t ,  from Standardizat ion and 

Qualifjcation Engineering. Rcvieh of the q l ra l i f i ca t ion  o f  one devlce, selected 

a s  a sample, showed what appearcc t c be adequ3:c qual  i f i c a t h .  

A f i l e  o f  qual  i f i c d t i c n  docur7entat ion i s  rrain' .a i ned  i n  Standards and 

Q u a l i f i r d t i o n  E ~ g i n w r i r q .  I t  i s  pldnncd t o  c c a y e  t o  a m i c r o - f j h n  system 

for t h i s  raterial and reference i t  on the p a r t  i r a w l n g .  

There are indications t h a t  more attention sh3;ld be given to requalffying 

components when sign4 f i c a n t  chany2s have beer rade. 

The tern Failure Modes and Effects A n d ? y ~ l s  i s  f reely used but we were unable 

to find a near.ingfu1 rrxaqlle for any non-safe:,-gra. '~ system I n  current 

product ion .  One has becn done f o r  the new 507 i d  S ta te  Saafety S y s t c ~  b u t  

t h a t  w i l l  have t o  be repedted hhcr system char,es are comp 

hardware 4 s dcs i g n ~ d .  

ete and the 

cedurcs i n c  1 ud i ng 





amonj d ]  r d r k e t  demands, b 

fmpacts, d ]  i r p a c t s  on qua 

the c o n s t r a i n t s  of meeting 

Fornulation af recornended 

approval . 
2.  Formulation and control of sprc i f i c a t ~ ;  c r  gr~verrrinq total product - 

performance, functions, fea turps and conf igurat Son. 

3. Fornulati on and c o n t r o l  o f  performance s w c  i f  i c a t f o n s  for subsvstms 

and c r l  t i  ca? components. 

4 .  S p e c i f i c a t i o n  of nlninup product  qualification and test requiremmts. 

5 .  Continuous review of ma jo r  design p a r m e t e r s  affecting performance, 

safety, a v a i l a b i l f  ty, r n a i n t a i r a b i l  i :I. c c s t  both during design and 

i n  f i e l d  opcratlon. l n l t i a t t o n  of appropriate corrective actlons. 

DI SCUSSIO?;: 

The 8WR f s  a technfcally cmplcr, highly interrelated system, where changes 

i n  inbividua! design parameters can have t ra jc r  inf luence on overa l l  p l a n t  

charactcr is t f  c s  and performance. A strong systerwfocused Feadershjp i n  

the desfgn e f f o r t  f s  essential for  success I n  such a business. 

C w t a  in1 y desi gv tradeoff studies are rade by UEPD, and by competent people. 

But they seer tn n l v e  been made, a t  Ipast i v  52-T i r~stanccs ,  with  limited 

consfdcrdt ion of some o f  the 4rportan t potcr. t  i.11 i r p a c t s .  



arb4 e f f e c t  

approaches 

2 .  Thr Ccr is i  

iwe Frcqrdms far t h e i r  r e s o l u t i o n ,  o? for a l t c r n a t i v t  

cou ld  have been i~ptemcnted. 

on t o  iwolcrent the change t o  a flow control va lve  i n  the 

r c i i r r b l  ~t 101' f l o w  loop would have beeti a c c w p a n l e d  by d more timely 

an? r f f c . ~  t i b c  : , d l  if : r n t i o n  a r d  t e s t  prc,.:r'itl, , ; t r d  by , i ~  yrOpr id t ta  

c d n t i ~ ; ~ w ? l r )  p1 d-5  i n  c a w  Jcs i g r ~  prcolers araso. 

3 .  f k t l  set-+.c.int dt  i < t  / r i !b l~rr  ~ c ~ l l d  havr. h t ~ n  r ,  . .olved hi tnrtf i t  reached 

thr present  ! P L E ~  o f  dbnoi-nal occurrence repor ts ,  by a c l e a r  ~ O U S  of 

r e s p o ~ ~ s : b i l  i t  y f o r  such opera t  {anal system cons idera t ions .  

4 .  The ch;ifi.;r. ir t V . -  desicjn c f  tP,e B;R-6 p w s s u r e  vessel hedd,  which 

a f f p ~ t s  s t w r  5:~t-,rqc# vrol r e .  would haw rec  ievcd a more thorough 

r c ~ i r . ~ ,  and a p p r g ~ d T  by t h ~  Systems Analysfs  coviponent for  i t s  effects 

on transient prjrcorr1an~t befcre i m p l m n t a t h m .  

S i r p l y  d e s i g ~ a t i n g  corponent ar  "5ystems Cnglnc~ring" wfll not  prevent  

s;qilar occurrcnccs i n  the future. Sl~ch  ~CJqxmentS have exlsted i n  the 

Fast  a t  NFPD with li~lted effectivcncrs. An arganf  rat ional  entlty f o r  

Systms fngineerfng i s  probably n e e d ~ d ,  but a l a r j  wSth I t  must go: 

1 . Clear assfgnnent of responsl b i  1 l ty and appraprfatc - author1  ty t o  assume 

the s y s t r m s  role .  

i f id  t o  evalunte broad, h i g h l y  complex technical systems 



3,  A f c d l n g  of personal rssponsibfl4ty and dedicrtlon by these 

pwsonnel t o  dofng the overall job. 

A systems organlzattan 1s set up t o  thlnk, t o  t v ~ l u b t e .  tO f u ~ l & t ~  &tlgn 

ipprorckr  and dec~rlant. If 4t i s  atlowed to k c m e  too Irrqe, to gct 

saddled wlth design lnplcmcntrtlon, o r  I t s  managers to k krrdwd d m  

r l t h  r t h ~ n l s t t r t l v c  betal l ,  ft wtll  not k ef fu t lve .  

What i s  nnded I s  r mall group of hlghly-qurllf4cd pcople, repnsentlng 

knowledge of prsct lea l  eanstruetlon and operrtlonrl rcgulnnmts rs nell as 

technology consldcrrtlons. These prsonnc? should be orgrnlzed b a c t  as 

r team and not structutcd Into small, cellulw cmpomnts as I n  r nore 

conventlonrt design m n t z a t t a n .  They must be g i w n  pay and status 

appropriate to their contr ibut~on i n  hwledge, judgment and cnat iva  fdms, 

and not mrrly 1 n accordance wf t h  admlnlstmtfve strata. 

RECWWOAT f ONS : 

FOCUS the responslbllity and author1 ty  for total BbR system dtslgn 

speclficatfon snd control as the full-tfme respenslbfllty o f  r 

senior t ~ h n k d l  mnager and a satall group of  hlghly-qualffitd 

systems engineers. 

Establish the rupulred management and operational pollcles and 

ptacedums to  assure the required anrlytlcal and other resouree 

rupwrt to the systems group by the dtslgn, manufacturing, 

nurketlng and projects argrnfzatlon. 





3.2.1 e f f ~ c t r  of p o d  -11 md SRV rir rnatiay 
not c o a t q l r t ~ d  la Mark f and 11 cmtrin- 
u n t  drrialu. 

3.3.3 P l w  control bypm88 urlw 



3.3,C J e t  P m r  

3.4 F 1 w  induced vlbrrtisn 

3.4. 1 F1# Induced Vlbrrt ion f a c i l i t y  

3.5 h v r i l r b l b t y  

W t r i s  d+pfctfng degrrc o f  nard rmd tiring of effactiwaraa of 
rec-ndrtionm 
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Chnrrri Elecerk m n y  





The objectivrr of the HechanCcrl S y m t r r r  and Equipment Aevirw Sub-trrk 
Group are to  rxminc and mvrlurt*: 

1. A d r q ~ c y  and gu.liCicatian o f  dmign u t h d r  including 
d e w l o p v n t  mating progrrrr and terpanae to feedback. 

2 .  Mmqumcy of remponme t o  f i e l d  operrtkag problru  
Ineluding corrective action procrdurer to achievr r tU-  
a b i l i t y ,  r v r t l r b i l l t y ,  mcl durab i l i t y  gorlm. 

The scope of t h i s  t r ~ k  rncap&mcr the! r s c h m l c r l  r y r t r u  a d  
e q u i p n t  external  to the reactor  core including Hark X I 1  t o n t r h -  
r n t .  Lrner core p l a c t ,  top guide, core rhroud, and rprrgara were 
included in the 1/15/75 r e v h i m  of the  ou t l ine  of thir Tark 
 croup'^ work; however, actually the Eirrt three of there capor- 
cntu recriw+d no attention by the trwk Croup. By agreement w i t h  
J .  1. Youn6, apdrgerr became Lncludcd in him Tark Croup'm reope. 
Wldlatima d m g e  to the lower core plate haa been 1ncLudc.d i n  
the work of luclcrr Syrtcmm Trak and the t b t t r i a l r  Tark. 

2.2 Approach 

The major portion of the a c t i v i t y  urn performed by the principal 
member@ of the Task Croup. Additional people urrm called upsn 
to at tend  b r i e f i n g  merrionm and dimcurmion rcmrlonr rr u h e  need 
r r w e  t o  study specific w e a r  w i t h i n  the mope at' t h i r  Task Force. 
fable f rhwr the l l r t  o f  principal m d  adjunct lwrbcrr that were 
r r rocir tcd u i t h  the Nerhrnical Syrtam and Equlpmmt Tart Croup. 
Append~x A inc lude8  short biographies of the parronncl, 

Hort of the w v i e w  work war rccampllshed I n  three b r i e f i n g  r e r a i o n ~  
a t  Smn Jome, each e ~ i e n d i n g  over a 3 - 5 day period. Mort of the 
contact uar made w i t h  the Design Engineering Sectla-n of BUR Syrtear 
kpartment  through the generous cooperation and coordination of 
h n  lubio mnd P i o  lrnni  rho btuught i n  ptrrannrl I r a  the Develop- 
w r r t  En~inttring Section 8r the need rrore to r e v i r r  ttrt procedurer, 
resu\tr, and tenting plan6 and proporah. Stme tart f r c i l i t i e r  
were virfted. C. F. Brrun and Company, rrchitett-snginaer under 
contract to develop the BUR-b Stride dtrigrl, were invited to 
dircura the ftarfbilLty of Wrk 111 coatr i rmt l t  drr lgn and their 
intrrfuce u i t h  NED. Peach Bottom, Brrwn's Perry, Z i r ,  ant 
Dreaden nuclear plants were vieited by the pr inclpr l  m a b c r a  of 
the Tamk C r m p  and the CbaArman v i s i t 4  C B l N  a t  -him, Tenne#rar. 





, Supprerrlon puui p h c n o ~ n r  have been id rnr l t  ied, 

2. Anrlytical w d e l s  r t r r ~ ~ b i y  well drwlaprd and 
rppcrr tu p r d u c r  c r l c u l r t r d  lords that are con- 
r e t v r t i v e  rrl8tivc ca zest rm@ult&. 

1 .  qnamic and structural l a d *  have been re l taaed 
La 446'1. 

5 .  Surptimrm t h t  u i l t  require u j o r  ehawm i n  AE'r 
rtruc tural dmrign appear w l i k a l y .  

1. 1 i J  scale d c l  tert ptqrm rhould be carried out 
rr  planned r m  trpldly u poarible and rrpmbrd, i f  
n*cearrry,  to r+rcrlve unerrc8lntlem. 

2. The p r n l b l l f t y  of r di rec t  pip8 break j e t  L.piwr- 
u n t  on UmAr/pwl and i t 8  a r y r r t r l c r l  e f fac ta  
rhould be e n  P r e l i r i m r y  j d p c a t  IR that th i r  
Lr not rtriwr. 
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3.1.2 Suppression pool  bchrvior a d  rerultlng d y n u l c  bad8  on contain- 
ment a d  rtructuter caurtd by r a f e t y  r e l i e f  valvtr,  SRV, operation. 

I .  A n ~ l v t l l c 8 1  m d e t s  need further derelomat. 

rn I> r temindt ion  ot  the magnitude 4 1 1  second SRU pap. 

rn Verificarlun of the coabintd +tteetn o f  r t lu l t rnenus 
multiple SRV rc t iun .  

Uynamic behrviur ot ccrntairment shell, partirulrrly 
Jynmic  buck l ~ n y  cr r tc t iun .  

1. Resolution of these i r rues sh6ulJ be g t w n  the higheat 
priority nut nnly  hecatme of the r f t + c t  on licemrrbility 
of Hark I t 1  b u t  a l so  because of t Ire nerll to addr tsa  t h e s e  
issues .m %ark 1 .rr,.l : k r k  11. 

2 .  Avai lrblc experienced, k n w l * d ~ e a h l e  peraonncl e lre*  
rkr r  i n  KE3 ahnuld be a a r a h s l l r d  for the dlrectian 
and ~xccutian o t  uath necessary t o  rednlve t h i n  
problem. 



There art may unrrrolvrcl i s r w s  critical, mt o n l y  
to Mark 111 canta inrn t  demljn, but r h o  to rmtrofkttitw 
ut Hark I and 11 cortaiawt~t. The elyinterin* uork required 
to  remolve thome isrue*, l v n y  of which have surfaced recently, 
cxaccrbatrr an already aximfim work overload d t u a t i o n  In 
8UWi Lkprrtunt. With t h e  licemaability of M r k  111 contain- 
m m t  re mtakm it is the ] u d ~ n c  of thr revsew tern tht  any 
rxprrirncrd r n g i ~ * t +  with the rsquimitr rklllm uha are nov 
amrlyard to lea# uryrat w r k  such as marketing, product 
planning, brcrdrr reactor r t u d y ,  etc .  rhu ld  be teqmrarily 
rtarriynsd to help dlrect andlor execute the uotk wcerrary 
to teaoLve t h h  critical p r o b l ~ l .  As I remuft of m r  
convcrrati~ns i n  &him regard, i t  is c8timt.d that rm U n y  
ar 8 dozen people would qualify for such tcrrparrry rerrrign- 
u n t  . 

Dynr~Lc bucL l i n g  criterion could eventually be 8 
c r i t i c a l  issue in obtaining an operating Llernrc for Mrk I f f ,  
prr t i euhrty  for the free r tadlng steel c o n t r i r w n ;  baing 
-;mad for STltIDE plant.. Whifc applicable  A S W  r d  N I C  
r r r t i c  coder arc knam and can be rrtirfied, presently 
there are no widely acceptad c r i t e r i a  for buckling of  t h l n  
mkells subjac ted to d y l u r i c  loads. This arprc t needs viyorour 
attention to emt~blimh both analytically and enperimtntally 
8 cred lb l t  dynu ic  buckling criterion.  The search for 
r rmi r t rao  wtrLde the Colpany Era organization8 that have 
drvrbped analytical a d  exprriuntal ahillm i n  connrction 
with h r ~ r  rockrtr m d  r p c r  vehielem i s  rtrongly mulpcrcrd. 



1. I t  is mt uruermmublc t o  partulau chat  S&V ~ r a t i o n  
can occur concurrensly with UCA rumt. 

3. 'Lhim u y  Inererme previowly tstiwtd c w t a i l - n t  
l a d #  and result i n  structural dcsim c&qma in  the 
muppremion p a o L  partian of the a r k  111 lkmta1,t. 

1. SRV wdcl veriiication t e s t  progrr should be crrrhd 
out aa planned as rapidly as possible and expanded, 
i f  neccrsrry, to resolve uncertriatier. 

2, Resolution of t h i s  irsw should receive high priority 
not only because o f  the e t f e c t  on Liccnrability of 
Hark 111 but also because oi the need t o  oJdrcss these 
issues on . a r k  r .inti i-lark I I .  

3, Becrust of the iaportamct and urgency of resolving 
ch is  issue along wi th  those liated i n  3.1.2 a d  the 
present engineering overload in BWRS Dcpartrcnt, 
an infusion of capable ranpovcr i m  rec--adcd 88 
stated under 3.1.2. 

I .  BWRSU rhould resort to 8 reasonable owrkLl1 tn 
th is  situatiolr and relea~e p r a p t t y  to Architect- 
Engincerr a set a 1  c o n t a i n t  design loida due t o  
the c a b i n a t i o n  o f  SRV npcrution a d  r lOCA event 
which is certain t o  he acceptable to ths mC; the 
purpose bcing to minimize cantrirrwnt redesign work 
by Architect-Pqincrre, even f ie ld  d f f l cr t ionm i a  
m r  cases, that u y  =cut whale writiag far c m l c -  
tian of model Cert verification. 

The ruperporition of WC;A and S I V  1-dr 88 r dcr i la  
requirement af Wlrk 111 contairwnt h r s  surfaced oaly 
recently; therefore, previourly e s t l u e e d  demiya h a d &  
have nut lncluded t h i s  combhation of Loads. It A 8  tearon- 
ab le  tu a a s w  that m a t ,  i t  mot 811, Hark 111 c o n t r l m n t  
derlgnb w i l l  have to  be mdi tied to be Lictnrrble, h u h d i n g  
thc free-atandlng rt t t l  c o n t r C m n t  far STRIDE, 



3.1.c Structural deridn cerribility of Mark 111 steel rhcll contain- 
rrcnt for STR13E plant. 

I .  &sign or' Hark I l l  c m t r i ~ n t  requirta a hi& lwei 
of rophirticrtinn in structural anrlyris rnb design. 

2. C. F .  Brrun's capability and watk L8 ~ r e s a i v e .  

3. C. F. Eraun i a  canlident i t  can s p e c i f y  m adequate 
Hark I11 atarl c o m r l w n r  provided the static and 
dynamic 1 d r  previously dir rusmed fur all Hark I l l  
c o n c a i ~ n t s  arc not iacrerseb submtantially. 

(K::cepti~rr - dynamic bueklinb criteria and dynrric 
respunme is s t i l l  2.; oprn question 
but bel ieved t o  be r.nrgrrblr!  - -  See 
I r m t  rarr6raph uk discussion 3.1.23 

U c c l n d a t  ions -- 
1. If dynamic buckling behavior of c a a t r i a u n t  cannot k- 

u t i r f r c t o r i l y  d e l d  r ~ l y t  ically, r 1/10 s ize  
phyrical test d e L  r b u l d  be built a d  rpptopriatciy 
tested. This work could be L a r d  out t o  an txterna: 
argrairation w i t h  reqvii l te empert ire. 

The major r iak  appears t o  bc the posrlbility of ~ e t t i n ~  
into r camfraatatiom with liW on rrodeking of dynamic 
behavior which r i k h t  lead t o  the licensing requit-clt of 
an erc+sr$vely conscrvarivt design and higher cosr of 
d d i t i a r u l  rtiftcners en the outride of c o n t r I m n t .  The 
muperpowition of UGi and S W  loads u i l l  a h u  require 
rtrengthrninj of the Lower portion uf the contri-nt which 
encloser the rupprvrs ion pocr L. l l es r .  added requirements 
rill tend to  reduce the  anticipated i q w o v m n t  in ) e r ~  I11 
brlrare-of-plrar cams. 



Typical u h o h - M y  8- - 
3. -rator re-eatry f d l # h g  m 1.aUtlon evcnf catrld k 

hiuhly restricted for at larat 2 dry.. 

1. this sLturtim r h w l d  be g i n n  u r h  furthr  rtudy, 



1. There are emugh unremhed iasucn w i t h  rr&ard t o  
thc rcctptrbilIty to the WRC of the alulytleat d e i -  
im of brl t  ILL mupprtmrion p o l  p h c m n r  to cause 
concern that additional vcrifici~ion test ing beyond 
tk t  mu u d e w y  might be rcquirtd by the NRC 
before grrutimg p l r a t  q r r t i n ~  Licenses. 

I, A lktensicy strategy r b u l d  k develapml w i t h  
coat laqec~y  plamr, not in  thr *art of k i n g  
dmrlow, but in t& atnrt at plamia8 w h a t  actionm 
r i ~ h t  hrw t o  k t&ea i f  vrrificrtion t e r t i ~  
nar u s d r m y  is not cr~arlurive. 

It wcruld heem t h t  NEU's appLtcrtim for GES$AU 
provides an opportunity 4or rerchiag m urderatrmtimg 
directly with the W C  on the irsuer of llcenmability 
sooner t h n  through r utility c q n y  rppllcaciam. The 
Iomget these ismuor r e v i n  unrerolved while plants arc 
k ing  designed rrnJ constructed, the greater the can- 
fusien which could result. 



J.2.1 Effrccs ot pool swell and SRY rLr venting not contaqIat+d in 
Mark I m d  11 contatrmwnt derlgns. 

1. Slgaiiicant dynamic phenacna in tht slrpprrmaion 
p m l  hv been idcntiiicd and are being quantified 
since Hark 1 & 11 msppresrlon svstenr were derigned. 

2 R,ipLd pool w e l l  (LtKX) proJucCr lmze "afmiw" 
: d s  (115 P S I  lor Hark 111) on s t r  ~ : t u r c  above 
p w l  surface. Ibises guesrions as to adequacy of: 

k r k  I verlt duct rrrpwrt i n  the torus. 

I .  Pulsating shuck Load, associated w i t h  SRV d l r c b r y t  
pruduce higher c hsn ant ic ipsted transient prerrurta 
i n  pool walls a d  iluw. 

High torus vibratim aaplitudcr hrve been 
observed in operating Mark I plants w i t h  
SRV discharge. 

transient n q a t i v e  premsures dlscavered ia 
Hark I f f  suppression pool t e a t r  w i l l  =cur to 
rone dcfircc Ln the %rk 11 p o l  crurtry concern 
t h r t  the poul liner u y  be l i f t e d  frm thr htt# 
cf the Hark I1 suppremsion pool re & result af  
maiety rcllef valve nperrtSan. 

See Eec-undaticms i n  Section 3.1.2. 

l'h ulw col.ltnts regarding the urgent mad t o  
supplawnt prerant l y  a v d  hble eny lntcrlng rrnparrr am 
d i 8 ~ ~ 8 e d  i n  Seetien 3.1.2 apply hart. kt. in bnd on 
m m u r m n t r  or' vibratory stremaar em Hark I torus wrllr 
lead t o  the caacIu$ion that some rcctoftt u y  be mcerury  
on existing Hark L and I I  deafgnr. 



3 . 2 2  Poralble required retrofitr r 
FLndiw -- u 

* 
1. The MRC may require that r m  Hark 1 and I1 prhnure  

ruppresaianr ryr tcrr  be modified evtntually. 

2, mC I n  -re of tk situation and can be erpected to  
rqu ire  r remhtion of the p r a b l a  durina the ncnt 
srwra l  rpnthr. 

3. The rerulta of m d t l  verir'icrtian t e a t s  rrcrw underway 
lrb canmetloo with Wtk 111 are nucarary  to furtbr 
evaluate Mark I and Hark 11. 

4, This s l t u r t  ion w i l l  add cobmIderably to an alrcady 
heavy enbinear Ing workload. 

5. Although any necessary rodt Blcrtionr to Hark If w m l d  
ncccrrarily haw to be made befare there plants become 
operational, any required for Hark I plant& nau i n  
apuration could require either r mhtdoun Ear retro- 
f i t t ing  or possibly an extensinn of  a ulnterrmce and 
refucliw outage, In ei ther  care it could contribute to 
reduced 8vrtlabllity of operating Hark I plant8 during 
thc rwxt feu yeare. 

2. To ~ i a i r l a e  tht ntgrtivc effect  of recrofltting on 
future p h n t  r v r i h b i l i t y ,  the nccesury f i e l d  w r k  
should be carefully pimnwd, tmlr a d  procedure# 
developed, uring the relources of ILSL, so tht  the 
& n c r ~ i  E1mctric Caprp w i l l  be in a pcwlrian to  
offer to merm the rtrvise that can reduet the d m -  
rime required. 

Until it 16 determined whether retrofit is necerarry 
a d  a retrof i t  p t a g r u  i s  fornulrtcd, i t  is i q a r s i b l e  t o  
accurrttly predict the detrimental e f f e c t  on the future 
plant availability record of Hark 1 plants.  The effect 
w i l l  be mitigated i f  any necemalry retrofitting can be 
r c c q l l b h e d  during r normally rcheduled aaintewnct- 
refuelin): outage even thou~h  the r e t r o f i t  work w i l l  



probably ba r ctlticrl path Ltmn. I f ,  on tbr othmr 
bad,  thr HIlC r h l d  rrqufin qmratily plrntr to bm 
#hut d a m  for  retrofitting during wt operrtiag cycle 
i t  muld rsdutr i d i v i d u r l  plant rvrilrbility on thr 
awrmm abut tue pmrcmntrBc pointr for arch wrek af 
rmtr~fittily rim, This v w l d  add to th+ difficulty of 
Lqrwiry tbr rvrllability af aprtrtlw BUR-2, 3, a d  4 
p b n t r  durim the next feu yrrrr and rylrmtr t h  
dtnlrability of d i f y i n g  thm plant8 d r r  ccWb@tructiofI 
bmform they becam oparatiarml, 

1, l l C l - S  and 6 ~ i l l  ure s r r  recirculrtlm p l r  a# previsum 
m unit*. 

2. P-a will continue to  be rupplled by B i - h r  mid Byron 
Jlrrhr. 

3. Rq c h r r t t t r i r t i c m  h.vc bmm evrlured a d  have k n  
r h w r  ea bc f u l l y  utirtrctory wkth tlw diacbrge 
tkottlizy, canrtmt rpead rode of aptration ramciated 
with the €1- control valve ef WU-5 mud 6. 

4. Emch pq ir girran r LOO b u r  full l d  ucrptmmce 
temt at prearute t-raturc by t h  rupplker to 
wrkfy p~rfarwnce chrrrcterirticr and ruitmbility. 
Prototype8 r r a  required ta &v, r 500 hour ucmptucce 
t*mt. 



1. Since  they will operate at constant rperd a d  variable 
dincharye hard in BUR-5 and 6, the Lnatrllrtian drrign 
and each new inrtrtlation arrangement rhouid be 
tk~rouyhly checked far remnrnces a d  frmedm f r a  
excerlive vibration throughout tha rmae of dlschtgc 
throttle rettingr. 

2. The shaf t  packing causer enough trouble t o  warrant 
c o r r e c t i v e  dt8ign action by rhe ruppllers. T h i s  
siturtlon nhouAd be muenable to an iaprnvtvnt  
pra6r.r; theretore, a deta i led  revicw o f  field experience, 
and of the design w i t h  Vendor and General E l e c t r i c  enptrcn 
to define the corrective action i n  needed. Thir r r y  
require a packing dtvelopmnt program which would not be 
cxpanmive but might requira conriderrb~e tim. 

The regulatory rcquirernent that r plant must be 
shut dam for corrective action i f  total water lookage to 
the drywell rump czcccdr 5 gallons per minute impomem a 
value on maintenace free recirculation p u p  packing8 L h s t  
far exceeds that which p u p  ~ e u f ~ c t u r e r r  would n o r w l l y  
encounter i n  non-nuclear applications. This La typical of 
u n y  milrilrr aituatinns w i t h  purchaatd equipatnt w i t h i n  
t b  NSSS rcopc where the mre demanding mervice requirements 
In a nuclear system j u s t i f h a  NEU tunding development work 
by th vendor or by acturtly performing the requisite 
developwnt program. In any case the rttairrtnt of improved 
nuclear plant r v d l a b l l i t y  w i l l  require our being ruccesrful 
i n  obtaining improved design deta i l s  in  vendor-rupptltd 
equLpwnt . 



The f l o w  control valvc i r  r n s w  ccmpnnent intrduccd 
on BWR-5 and 6 to c o n t r o l  rcclreulrtion flow i n  
conjunetlan with  a constant  rp++d pmp,  thm purpamc 
beiny to replace the =re cost ly  mtar-genrrrtor, 
variable speed prarp combination and to rchievr r 
tarter rarponse rate in t h e  rtcircutrtian 8 y r t l l .  

Although the basic drmipn concept of thi$ ball-type 
v a l w  and i t s  r p p l l c r t l o n  for flaw control La judged 
LO be workable. the 20" and 20" r i z e r  that haw been 
ordered tor BUM-5 a d  b are very m c h  larger than 
any previourly unulrcturcd by the rupplierm. 
Therefore, i t  must be amstmed that thtre i r  errentially 
tm erperlencc that ver i f iem the durability and reli-  
a b i l i t y  of such vr lvea  o f  thim large size i n  the rnvlron- 
bcnt i n  which  hey w i l l  operate .  

Flow r a t e  vs. valvc angular pos i t ion  problem8 initirlCy 
encountered are n w  understood and a s o l u t i o n  h a  been 
dclonscratrd with a re-worked hamel- lhhl  valve a t  
Alden k b o r a t u r y .  firmeraus slmilrr flow vs. valve 
position t e s t s  have beed run o n  the  Fisher vrlvc w i th -  
out ac h l tv ing  rat is factory * low ehrrac tcrintics to 
date. 

IC recent Lnrpection o t  dn early H a r w l - W h l  design 
af ter  300 hrr. 01 functiohal temting (a very limited 
rnduraare t e s t )  reveals s a e  substantial  d e s i g n  problem 
far which corrective J e r i ~ n  lodiflcationa arc urgently 
needed despite the vendor's apparent caql rccncy.  

The review team concludes that r q u a l i f i c a t i o n  tcwt o f  
a pruductfon v r l v c  ccmplete vith actuator and controls 
in a rcclrculrti~n p r q  test loop is nece~rury t o  
provide rcrmonablc assurance that  these valve8 w i l l  
operate s r t i * f r c t o r i l y  tram start-up t o  f i r a t  refueling. 
Even imp the extended l i t c  eharrcterirtic~ of t k m  
valve. revins to be learned from rtturl operational 
enprriance. 

The operational r l r k r  are h i ~ h  btcausr? prcrent schedules  
c a l l  for roughly ior tp  L L W  control V ~ ~ V C I ,  14 from 
w t - D a h l  and tk reminder frm F i s h t r ,  tu be on 
c i t e  brfotr any go into ~ p c r a t h b  i n  NSSS mr i l twtratcd  
i n  Figure 7. Furthemre,  the firat tour H-1-ihhl 
v r l v c r  w i l l  be i n ~ t r l l t d  i n  Japan and the l i r r t  t i ght  
Flshrr v r l v e r  v l l l  be inrtriltd in other ovatrem BSSS'r. 
there I r  no back-up prercntly planned for thcac ur lvrr .  



0 = FCV'S I N  OPERATION 

O 1975 n 1976 l r . 1  n i ~ / O  A 4 I A rn 

1977 t "'" 1979 19PC: 1981 1982 1983 

1 RECOWENDED B I N G U M  
TEST LOOP RESULTS 

LOOP MOCK-UP 
TEST COMPLETE 



7. mLy m outl1ne)rarembly drming war rvailablr i n  th 
DURS h p m m n t  for rev tw .  

8. Ih r e v i n  tro concludrr thrt present plan8 to 
deliver ro nrny f l w  control valves t o  ritm without 
trrt vrriflcrtion of thm darLgn entr i la  unnrceraary 
r i r k  and justifirr ~xtrrordinrry d h r t  t o  mitilate 
the situation. 

1. 8URS Umprrtment should i a r d i a t s l y  ~ t g a n i z t  a d  convrm 
a apccial task group to  review the dralgn dr ta i l r  of both 
the -1-bhl and Fluhtr tlw c o n t r a l v r l w m  m d  
mpeeify design w d i f i c a t i o n s  ta be lncarporated in the 
f i r r t  production vr lver .  Thir trrk group should u t l l i z t  
the rort knowledyeable technical people &vrilabh in 
additLon to BKRSD deaign engineering and developwnc 
engineerin&. The task group rhould a l s o  include NED 
purchr8inl; because seriour wador r*l&tionr p r o b l v r  
are E O ~ C I C C ~ .  

2. Accelerated, ext ra -sever i ty  endurance test ing  with 
presnutc, temperature, flm, water c h c r h t r y ,  c tc .  
rhould be p t r f o m d  an a production valve derign 
t t m e a r h  vendor t o  reveal mechanical and l i f e  
pmbl-r as early ar porsibk. 

3 ,  Valve prmurzmcnt should be  delayed to the slou+rt 
r a t e  and lrtert possible date6 thrt  ern be tolerated 
by corsttuc t i a n  rcquiremnt s accept Lng out-of-sequence 
instrlhtion of the FCV, i f  necerrury. 

O .  The recirculation p r r p / f l w  control v r l v c  t e s t  loop 
a t  Binghan Pump shauld be engaged and activated a8 
soon as porslblr  tn obtain aevet-a1 thourand hour8 of 
simulated reactor control operation a t  pressure and 
temperattire with f lw d u l a t i o n ~  repreaentrtive o f ,  
but more w v t r e  than, expected pw+r plant opt rat in^ 
canditians. A production valve,  complete w i t h  
actuator and controi ayrtems should be tested. The 
teat loop should Include a FCV bypals valve and 
pruvLsLons i u t  adding a BUR-b jet  p w  arsembly t c ~ t  
when i t  b e c m r  available to v e r i f y  eht rolution t o  
the j e t  p m  flow induced vibration problem as dim- 
cusrcd i n  k c t i o s  3.3.6. The t e a t  h a p  a t  BLngham 
Plrqr would be used for production acceptance testing 
of pmps (approximately 100 h r d p w p ) ;  bowaver, 
a d d i t t m l  endurance hours of FCV terting right bc 
a e b d u l t d  by entending t h e  temt period of production 
pupa 



l'he prerent p l a n ~  which permit the nhipment and installa- 
tion of nmerour PCV'S before any additional aperatin8 t+ rc  
experience 18 obtained entai l  an uwrrranted risk, 

No practical  a u b ~ t i t u t e  backup fur the PCV could be 
i d e n t i t i e d  which, a t  thlm late date, can be made avallabk 
An tima to a e c t  the rchedulea ot t h e  ear ly  BUR-5 plants,  
p * r t i c u h r l y  Yukcshlu 6 and T o h i  2. Therefore, i t  La 
very important that action be taken now t o  overcome ldcntiti- 
able  design problemo. 

F u r t h c m r e ,  KEU w n r g a e n t  ahould be chrliengtd to  
torraulale an optimum plan that meets the objective of obtain- 
ing r e  rlgntficartt operating ewprrLtnce on the FCV prior 
to the a t & r t + u p  of thc first nuclear plant?  to w h i c h  they 
are being applied. t h i r  rhauld greatly contr ibute  to p lant  
a v a i b b l l t t y  by reducing the pocent ta l  f o r  e a r l y - l i f t  
r e l i a b i l i t y  prnblear wLth the YCV couaing plant  rhutdowns, 
and reduce the  nrabrr of valver on s i t e  t h t  r i g h t  have to 
he m d l f l e d .  The prrrp test  loop at Bingham Puap appears to 
the task group t o  he the beat opportunity to  obtain worth- 
w h i l e  endurance t e a t  rerultr by ahout aid-1977 before the 
Eirrt of  these valves m a r  go into operatian i n  p l r n t .  

For plantr athcduied to 80 into a e r v i c r  later i t  would 
be prudent to re-cxadne v a r i a b l e  mpeed pump recirculation 
s y s t e m s  which m i ~ h t  inc lude the fallawing rlttrnativcr: 

BUR 1 type mtor -y tner i tnr  met 

H-C s e t  excited by a cycldcanverter 

Cyc l ~ o n v e r t e r  

Cycloconverter exciting the f i e l d  of 8 mund 
rotor p u p  motat 

1. ~ m i c  de8Sgn and application of the valve i r  aound. 

2. Valve not ar c r i t i c a l  or technically dtflicult 88 
s r i n  f lw c n n t r a l  vrtve.  



- l i ab l e  operaelen of the €1- toner81 bypmsa 
valve r b u l d  be rnadi ly  attained but NED i r  depending 
rlcmrt entirely on the vendor t o  do th i r .  Eecaulr i t  
ham an iqartant  Function during plant start-up i t  
rhauld be included in  the r e c o d e d  B i s y h r  ?q 

3.3.4 Crorby Safety U l h f  Vnlvlr [SRV) 

L. EUR-5 and 6 w i l l  urr Cmrby direct ~ p r i m  loaded 
SRVrn inrtard of the Trrgrt Rock or Drrrrrr p i l o t  
operated vrlver .  

2. erorby valves arc expected to  be w r e  rmlirblc 
bccrure they do not t q l o y  1 p t l o t  valve ryrtem 
uhtch i r  the rource of nort of  the trauble with 
the Tatget Rock and Drarmer  valve^. Therafore, 
they should rlgniE$c&ntly improve the reliability 
ef the SRV rymtm.  

3. The Crosby v a l w a  w i l l  fnclude 8 p n c u s t i c a t l y  
patered operator t o  provide quick relief attiom r r  
required to meet BUR-6 trrnrient cont ro l  rcquircunts. 



4. Tht  net s a t i n g  force i n  ~ h t  Craby valve Ln the 
norm1 operating condieian rrtli be much lwer  than 
the  win elanent i n  the p i l o t  operatad valve and 
m y  be wonuhat nore atnmitivv to leakage due t o  
d e b r i s  u d e r  t h e  mLn rtrt thrn prtviour ualvas. 

5 .  LsT-G v ~ l v e  eaperts believe that i t  i m  ditflculr 
t o  nulntrin luak t ightnem i n  ~ a f e t g  valvar of th i r  
type w i t h  frequent operation r r  m y  be required in W - 6 .  

6. T'he likelihood of frtquent SRV blow-dovn will 
inevitably lead to th nred for regular ralntanrnce 
( crptc i r l ly  on the v ~ l v e a  wlth the l a w r t  pretrure 
set pointa) .  If SRV plintenmcr i 8  raquired brWren 
~ i n t c n u n r e - R e f u e l i n g  ouragtm it will contribute to 
unrvrilrbility. 

1. Thc addi t ion  ot  two o r  three s t e m  turbine type by- 
para v&lveu i n o t a l l c d  in parallel w i t h  the SRV'r to 
r e l i e v e  the duty a n  t h e  law set-potat valves rhould 
be rtuJlrd r d  evaluated. 

Only t h e  w i l l  t e l l  whtthzr the Crodw Safety R e l i e f  
valve# w i l l  require maintenance other thrn that normally 
requited by regulation during uint tnanc*  and refurling 
outages. k ~ r r e d  t o  other equipment they are Judged net 
t o  be an item of great cancetn with regard to futura 
avrllibllity of BUR-5 and 6. 

There valves have an i w r t a n t  rrfcty function of  isolating 
the rerctar verrel Erom thr! external e n v l r a m n t  and in the 
t7Jeat of r primary q r t m  break within the csn ta imnt ,  
they serve t o  isolate the c o n t r i n t n t .  They r e u i n  open 
during ~ r v l  operation rtld clore on sign81 in three to f ive  
rrcondr. Regulrtion iqmrea a leak tightne8s requircwnt of 
11.5 s t t& .  cubic f t .  per ht. leakage under 30 p r i  diffcrcntirl 
air tent. 



Finding -- 
1 m a r  valve& have W i long h i r t a r y  ( a p p r m W t e l y  

3 f reactor-years) of p r a b l m ,  primrily f r i l u re  
to w e t  leak tightlwrr trrtr a d  actuator -1- 
f une t lone 

2. Failure race ti48 tarpmdcd t o  mTomnt proarm 
t o  t k  extent, th t  an ?&Rnu plot ,  i r i d e n t  n t m  
hrr dropped fr- 6 s LO iacldmntm per valve-plat 
hour at 200,000 a c c b t r d  valve-plmt hourr to 
3 r 10" a t  2,000,tJM p lan t  bun. 

3. While actuator prablemm m b l d  be m a r b l e  to 
amrerriva lmprovwnt p r q r r u ,  i t  i r  the )udmnt 
of the raviw t r r  that far r wrlvm af this confinura- 
tion the prrrent lava1 af mCntmrncm rmquir im 
frequrnt lrppinm to meet leak tightnrrr rmqulm?tm 
w i l l  cont inu8 for rcmm ti-. 

4. thr drve loprn t  ot affective tools, ELxcurra, a d  
prorrdurtr for vr lw l r p p i m  has greatly rwtucrd 
u i n t e m n t *  t imI 

5. Vandorm rhow l i t t l e ,  i f  any, incerert i n  d d n y  
fundranntal dcvrlsprrrnt work to  irprov* the leak 
tight uotthtnesr of ttteat vr lutr .  

6 .  NEV h 8 ~  two optloar t o  inptwe HSIY prrforuncr: 

b. Change t o  a v r l v r  h v i *  ttw con€iyurmti~n 
and errantiai  Eeaeurer o f  4 a t a m  turbinr  
&top v r l w ,  Such r valvm would be vrrr 
eortly m d  have hisher prearura drop but, 
basal an r t p r  turbine axprriaact,  would 
requlrr Leas u l n c r n r ~ ~  to m a t  leak 
tightnear requirtr#ntr. 

1. BV11521 rhould ertablirh r MIV devciopwnt f u i l f t y  
and i q l - n t  -n a#rcsslw d e w l o p n t  program 
t o  f ind  u8yr ta illprcwe rht leak tightnrrr of 
there valves. Succerrful Lapravlwnt8 should then 
bc called for i n  purchree apacifications. 





L. The jrt pump a#~embly should be muntnd In 8 ta r t  
f ixtute that w i l l  rermonrbty r i m l a t e  the hydraulic 
condition8 and should r i m l o t +  r l r o  the vehrnica l  
rtlffnarrrm and masses ao that rewwwit IrrqurncLem 
w i t 1  be rimilar to the reretor situation. 

Thlr test mirauld be p r f o r m d  in conjunction wi th  
the Elm control a d  f lvw contraL byprm va lved  
recirc pmp teat loop which hrr been rat-ndrd 
for  aecivrt ion r a  roon 8s pomrible i n  Section 3.3.2, 

3. In t h  iuture, developrunt and performance test ing of 
j e t  p u p s  rhauld include hlgh frequency rcrponre 
i n r t r ~ n t r r l m  to gr in  greater k n a r l t d g t  of exc i t8t ion  
phcrwrwru. 

BHS hpartmtnc has the competenee t o  derign reliable, 
vibration tree j e t  p-s, and, becauac thry are nmufrctured 
a t  Wilmlngton, N.C., KEU has cantrot of their arnufaeturt. 
Nau t h t  engineerr have been ~enmitited to the flaw induced 
vibration prablc4, with adequate test f r e l l i t i e m ,  thry 
~hould  be able to mrrter this problem in a terrorublt amount 
of time. 

3.4 Flw Induced Vibration 

Beginniry~ w i t h  B U R - 1  and continuing throuph B U R 4  f a i l -  
urem dur t o  flaw induced vibrmtion are be ing  encountered 
w i t h  r generally increasing trefid aa 8-rized i n  Table t l f .  
kcsusc there fa i lure@ occur w i t h i n  the prt8nurc v e ~ a c l  where 
radioactivity l e v e l s  &re high, repalrs arc cost ly  a d  time 
conrtmlng, they have a rcriour dcrrincntal impact 
on plant ava i lab i l i ty .  With the trend tourrd tri~her f luid 
veloci t isr  i n  MJR-5 and 6 ,  the $u~ccptibiliey of corpanents 
to  flow induced vibration w i l l  natura l ly  tend to  increare 
unlcnr r greater cipabilicy to accurately predic t  conponent 
vibration behavior and th resultant vibratory strcrmer is 
d e w  taped. 



3.4.1 Flav Induced Vibration F a c i l i t y  

Finding -- 
1. Anrlyticrl methodm alone are not mufficlent to 

predict the vibrrtian behavior of caponcntm where 
the interaction of a c w l i r n t  atructum with f l u i d  
f l aw  ir  affmctmd by rtructural vibratory mdes, 
Ercqucncy, rttwturrl and f l u i d  d q t r g .  

2. The a b i l i t y  to m e 1  nuch f l a w  induced vibration8 
i m  r h o  quite limited. 

3 .  Reliance an f i e l d  vibrrtinn wamurHontr, a l t b u ~ h  
helpful  In vcrlfying dcmigns and ro lv ing f i e l d  
problem after t h y  occur, will not ammure vibrrtion 
free m deri8nm. 

,, The Trmk Croup cndoracr the general coficept of 
inrtrlling r large or  f u l l  r e r l c  flow induced 
vibration t e r t  facility chat w i l l  permit ujer  
c q n a n t r  t o  be temted f u l l  rtrle to deterrim 
thekr vibratory mtrcrr l t v t l r  and structurrl 
strbl l i t y  under r e a l i r t l c  condit ions u: f l u i d  Elw 
excitation. 

A t  the t h e  the Task Group reviewed the NED preliminary 
plan8 f o r  the proporcd f a c i l i t y ,  t h y  were a t  too early r 
stage to be evrluated.  The twnmL approprlrtion revieu 
procedure u i l l  previdc r mre corpetent revieu and r8reru- 
mnt o f  ruch issues rr  modeling, ttlrt r e r l e ,  und the rcope 
of c q a n e n t r  for whLch provisions ~ho lr ld  be made after thc  
c n ~ l n c e r i n g  qtudy now rcques~ed l o  approved rind coapleted. 



P 1- 
Cond it leu 

Fai lwe  
detected 
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blnwbmn. 
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tion of the r h l e l d  
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tube bolts  
and CRD tolle+s. 
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F l w  excitation of 
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1 lne. 

11969) 

Vortan shedding b r a  ruppotts t o  Ln- 
structurrl fraquency. 

Failure of incore 
guide tube 
rrtrbllirer rod. 

(19711 

Fa1 lure of poiman 
spa v e t .  

(1965) 

2 1  Failur8 o f  plpr 
ruppertLng clip8 
burlnu f i~ t tes t  t l s ~  
I- pl l r r t iaar )  . 
hiram rprmrt umd 
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tube (trttllmg) 

In-corm nuid* tubr 
c l r r rmcr  Ln-core 
plate r l i r i ~ t r d .  

Amid LYO recirc pump 
oprrrt iaa with I r r p  
wtbrlmtd flau on 
at1 plants.  

Reacaaacc with recirc 
p u p  blade frequency. 

b e .  



Uuse 
Failure ar Correct ivo 
P t d l c  A c t i o n  

S e l f - t w i t 4  r&n nrtraiata, 
vibration lait tat. teat p r o u t r .  

Pluu up b ~ p a s n  llw 
holes unt i 1 sur ta lns  
a t e  r i + ~ v w d .  



3 . 5  Nuc l e u  P h n i  A v r l l r b i l i ~ y  

Appendis 1 Ar a rqmrt, ''Amlysir a l  P i m t  Av8il.bility 
rnd Capacity Factor Data on Wuclarr Gamtrtin& Phntr", by 
Paul P. Albrmcht, Thl* report prarantr m am2yri~ at 
plant rvrilrbtlity rmi capacity factor far dclvmtit a d  
foreign utility mrclmr grmetr t in~  p t m t g  in  c m r c i r l  
operatton a d  c q r r r  t h  data on both FUR and W U  plants* 

This r rpor t  sued# l i c t l a  c-ntary; hwawr, o m  
obmarvation rhould be u d c .  Plrplta rha rapid prcr uith 
which thc BUR war dewloped Ln prrforunee, ecamaic 
c ~ t t i t i w ~ m m ,  and tqting wlth  m i n l w l  prr-op.trciorul 
t r m t h g  of c#potwntr or rysteua, year by year rver.0. 
plant rvailrbility )us remmind esrmatirlly constant at 
about an average of 702 c q r r e d  to  72% far sonvrnttanal 
far~il r t e r  units 6QQ W a d  larger r r  reported by E3irmn 
Electr ic  lnrtitute. 

An attempt to  est iute  the  pro~peetm for avrikability 
ilgrovement of WR-2, 3 and 4 has been made applying 
Uurm plot teettniqutr. A Uurne plot LI braitally, s i q l y  
8 plot of accm~la ted  I V * Y ~ & C  h i h r e  rate VI. accrrulated 
unit-years o f  experience, BE applied ta t h i s  a ~ 1 y s L 1  plot8 
were made of a c c t m h t e d  average u m v r l l r b l U t y  (in effect 
day8 per rerstot-year) vs, ~ctmula ted  r~actmr-yearm ~f etrv i re .  



3 .  Prorpectr for Avai labi l i ty  firprovemerit (Cont'd.1 

Tht r e s u l t s  of g w d  r e l i a b i l i t y  i r p r o v m n t  program8 
applied to  m i l i t a r y  and o f k r  rqutpvnc was w e d  as  a 
wauge for estilrting uhmt right be r c c a p l i s h d  by an 
rggrrralvr r v a i  tabl ll t y  ilprw-nt progrm applled to 
BUR-2, 3, and 4 nwte8r plants  I S  cnrrprred t o  r cantinuation 
of prcsenk trends, "Strtur W''. 

The t o t a l  unavailability in dryr / rcar tor -year  in taken 
as r h t  a m  01 the Plalntenance-Refueling outage days and the 
forced outage d r y $  during t h  aperating cycle between refuel- 
h g a ,  Thia war dam bccrure the usuva i l rh l l  Aty rrcorda 
rvailrbte Ln the Nuclear Yncrgy bivimion a r c  corpllcd I n  
the two categories: (1) ~ i r t c m n e r - R e E u t l i n g  Ourage and 
(2) Operati- Cycle Outr8er. T b  breakdam of tha kintrnmce-  
Refueling Outage rmordr by cwrt  war d r  by J u d p n t  rlltxr- 
tian of thr total macry* peried. Uhile this allocation of 
d o m t i w  provldes conriderable insight ac to the major min ten-  
ante Irapmer requirements during the H-I outs;@ a d  I r  useful 
i n  highiightfn& opportuniti++ to reduce artntenrnce, I t  doer 
not provide r credib le  baais  fnr analyzing s t a t i c t i c a l  trends 
i n  umvaLSrbiLi ty by use ut W n c  pla t s .  

un the o t b r  hand, the operathy cyelc oura;;t records 
g w e r a l l y  represent forced outages due t o  r single caure 
and, therefore, l ed  thmrclve* to haw plot type analysis.  

T b  case+ were conslderrd, Tht iifst, ~ S C  1 - S t 8 t u ~  w, 
asscwcs that the trends a€ the prat feu ycrrr continu to 1980 
and chat there i r  no aggressive e f f o r t  to achieve f n s t d l r t l o n  
and Scrvlce Engirrcerinu invoLv-nt i n  ruLntcnanee-refueling 
outaKer. Care 2, Aggrearive Rcliabiliry Progrr ,  rrswrs tha t  
cqmncnt  i l p r o v n t  programs a r e  r g g r e r r i v e l y  i q l c v n t t d  
awl t b t  f&SE btccllcr involved in  p l a n n i s  anel u n r y i n g  
practically J L I  nuclear u i n t e n r w c - r e f u e l l n p  outrws,  

t h t  severa l  Dwnc p b t s  a d  the q u r m t l f i t r t h n  ol nrtirutes, 
although available, a r e  rot ineluded i n  t h h  report. ihe r r y  
ok the rerultr Ls a w n  in Table IV. 

The reader is cautioned not to a t t a c h  more credence to the 
remalt of  t h i s  m u l y r i r  than i t  dererwr,  The analyrir merely 
rtprementr an  indaprndent ~~~~~~nt of the range of prospects 
for BUR-2, 3 ,  a d  O availability i rp rovewne.  Tlw 8vai l rbLlI ty  
of 72% i n  yeat  t93b for b r t  1 a p p r r ~ x i r t e s  what right be 
expccted Li prerent prot;raur a d  trerrdr continue without neu nwil- 
a b i l i t y  fmprovwnta being added a d  f u l l y  I l p l l w n t e J .  





6 .  Turbine Supply and batrol  

7. Steam Turbine-Generator 

10, Rrrctar Uatrr Clean-up Syrerr 
6 S t r d b y  Liquid mt-1 
5ystcm 





Furthemre, ma-2,  3, ard 4 nuclmrr plmtr are telatluely 
yaurK conriderine that 26 swh plrntr haw yom into service 
durlny, the s ix  year - r i d  l%9-1974, T b  rutfacing nf B- 

yet unforesaan p r o b l m  odverwly rffretlm ourilrbilicy i s  a 
real porrabillty. 

)br*crmting the prabablr rvritrbflity el IYLL-6, Mrh 111 
nuclear plmtr 4r virtually iqmmmible at prrrrnt b e e m ~  the 
o u t e m  will depend on thr resolution of mmrrl cximting 
desiitn p r o b l m  yet to be solved rad the 6egrw t n  whrch rmu 
cqtomnt  design wrifLert lorr  t rs t ln& is L l m n r r d .  To ray 
the i t r a t ,  JHR-6 w i l l  cer ta in ly  ) I ~ w  to p.rs thrm~sh 8 period 
o i  learnin8 before its potential in r v r i I a b l 1 i t y  is achieved 
beeauae nt  the a c r e r r i  m features a d  c q o n t n t r  introduced, 
ruch am Hark 111 t o n t i i u h t ,  fast mcrm, E l o w  c0ner01 v r l v r r ,  
mmller prrs8urc uemnel, higher in-care f lu id  velocitica, ete. 
F u r t h e m r e ,  whtn the confi&uration ard prrrrwtrrs of B#R-6 
were rtlecttd I q r o v e d  rvallabllity, p e r  me, urs not a n v j o r  
cnphamis compared to cc-lc and p c t f o ~ c ~ e  eo.petitiveners, 





Even An the rclrtivaly u t u r t  techmelogy of r t e r  turbiw- 
genermtorr Imtniw ir ucprrienced whluwr r nw mire el raa  
or m c  wjer nrw drrign feature much 18 8 ryw central f iy8ra.  
far enuple,  i a  inttoducrd. A typical  learning curw consSstrntly 
e~perieactd w i t h  rempect tb Latw atran turbine-gtnrrator& is 
a h o m  oa F i g ,  5. WR-6 con be expected to  tlrprimnem a sirilrr 
lerrnina proccmm, porl ibly t o  8 grtatmr de8rec, beemre the 
scope o f  new, unprwmn design durmam I a  judged to be eoasiderrbly 
greater than would n o ~ l l y  be Lmtroduced i n  8 new d t l  of large 
atem turbine-gmarmtora+ 





3.5.3 Nuclear plant rvrllrbi l i t y  iaprovcrtnt proerm 

1. fhe potential far BWR nuclear plant availability 
t o  d t ~ r e m t  during the mrt two or three year8 Ls 
real ,  recognizing the ncr p r o b l m  thrt are r u r f u -  
i ~ ,  such 8s toms v t b r e t i a a ,  pipe crackin&, mad 
the probability of inrrerriag NRC inrprction 
r q u i r l ~ B t 8 .  

2. Availability iqrovrrant p r a y r m  bdn# f r p b  
r n t e d  Encludin& rVQS 11* Rcfueliny-)(rlntenmce 
Outage Service, and the Lnctreaming involvencnt  
o i  16SE m e  a l l  politivr steps but meed rupport 
with r greater a m r e  or urgeaEy. 

3, The m s t  w a n i ~ f d  and effective action t h t  
cart be taken mu t o  i r w e  nuclear plant 
rva i lab i l l ty  is  to i l p i a c n t  r revolutlonrry 
rtep In the area of bdk rcrvicc. 

I .  NEU should eatrbALsh a &LR awlerr mervict bu8im88 
operatinn w i t h  the follariag prioricy of objectives: 

r. Ertublirh a d  y i n t a i n  a ryst- at report- 
ing i n  detail al l  c i a t e n t  fr i lurer  8kd 
cawes of nuclear plant shrtdmnm, funding 
the system initially 8s 8 cost af doiw 
burimtrr . 

b. Provide BUR arntrr 8 broad range of rervict 
that w i l l  edwnre thtir uti l irrthm af 
w c l + r r  plants and ilprove svetrtt plant 
arrrilmblllty; k mwrt lw of mud fvaetiw 
cooptrrtiwly with U E .  

'The B W  mervlcc qserrtioa ~ b u l l  repart hiyb m m g h  
la thc blvlsioa ormiut ian  t o  be &La to act w i t h  r 
greater refwe of ufgeacy, to have control o t  i t@ eupportivc 
rcrorrrc+.r, and have the authority to develop a&&rerrkve 
p r o y r  T b  rervice operation r u t  ham the dtdicated 
rupport of enginter Lm. The Rcllrbtlity Plraniag fuactimn 
(reomadat ion 1.2 of Sub-trrk Group 7) i m  endarmed a d  
mbuld rrride wLthin the m@werimg tunetion, 

A detailed pCan for ilrplrwnting th ia  rec-'-ntion 
abvioualy ha# not h n  developed by tlw Trmk Croup, but 
the  fo l lwiap &a r l i r t  of rrrwic~ turrtianr that r l 8 h t  b 
inc ldd  in  its prow=: 



A f u l l - t l u  GE rrpr.msatrtiur on-rite -- an 
"availability q t m r " ,  ra te 

hvelopwnt of better tmlr.  

T& T u k  Croup r lm  -rtm drnlopiag thr cmtcmpt 
of r "rrlirbillty drrPartrrtion plmt" uhrrln r p c i r l  
r t r q r r m t r  v w l d  k u d e  ~ 4 t h  m anmr for tkt CIvrrl 
Electr ic b q r a y  to  provldr rapadd operati- rad unqcrrnt 
mwleer u i t b  the q+clflc o&jectlvr of achhvl ly  vtr lbly  
i r d  plant ucilirrtimn and mwilabll$ty.  



2. M U l  rmlier r l m e t  +ntlrrly on vrndar denign expcrt ire 
to producr c-arm a d  c p u l m t  t o  prrfmmatr 
a d  fmtiollil purchlse 8pcclficmtimm. Irr fret, WED 
octr i lke  m architect-enybear with regard ta 
p u r c h d  rguipuat ; kmwr, unliltr the architect- 
enyiacar Wwrrrrntr the r y r t m  and is expected by 
the custowr t o  be rerponribld tor i t .  

4 ,  T M  U R  idustry  practice ef c e r l t t i n y  #SSSrr k h r c  
Peaigaiag t h a  toupled vitL Ion& procurcwnt cycler 
generally precludrm adequate qurlificatlorr testing 
at: ncu purchaed c-ncnta. 

5. The heedback of f i e l d  opegating uper i rnce  rml I t@ 
zrmmlrt ion i n t o  vendor dertsn Lqrwcwrt actLanr 
i s  sLar and d i f f i cu l t  prcuerr k a u s e  of veador 
inertia. 



1. That NED recognize cht unlikellhatd of i t#  rvrL1- 
a b i l i t y  m r o v e w n t  goals being r t t r i n r b l c  with 
continuance of thr prtment enainctring-purchrlngl 
vendor rtlrtionrhipr. 

2. llWUSD should take  step^, w i t h  management ruppert, 
to acquire and dewlap dealgn expertise prrtr lntng 
to  ~c lcc tcd  purchased hardware, p r r t t c u l a r l v  valves, 
including MIV, SRV, F l w  Cantral Valve, urd large 
shut-olt v m l w r .  

3, NED mmagement rhould i-1-nt 8 ptocuremcnt policy 
crlliw for the dcvclepwnt o f  vendor rtlrtimr that 
provide NED enginatring review a d  approval of 
design detai l r  rud lutrr Lalr of crlt  i c r t  purebred 
cokponents even rhough th is  r y  J.ncreart the core  
nf these items. 

Although the Sub-task Group hra not been able t o  
quantify spetificrlly the contribution o f  variaur 
purchrrd c l n e n t r  t o  lWR nuclear pawtr plant u ~ v a l I -  
a b i l i t y ,  i t  reems qui te  obvieus that such notable 
C K ~ I C S  a s  s a f e t y  rel ief  valvea, main sttam Lmlrtian 
values, large shut-off valves, rtc irculrctan  p y  pack- 
i a ~ s  have not only contributed aignificrntly to plrnt 
u m v a i l r b i l i t y  but have 8180 been a source of arner 
irritation arrl dirsrtLsfaction. The present h i ~ h l y  
unsotirfrctory ntatc of affa irs  with respect to the f lw 
controt valve far BUR-5 and 6 further iLlu8tratea tht  
Irmd~quacy of the preaent c ~ i l ~ e r l ~ - p u r c h r ~ i n g - w n d o r  
relac ionahipw . 

The prmment mystem a€ rewards sad penaltier docr 
not operate effectively to r o t h a t e  vendor8 to produce 
purchmd ecoqanentr t o  the Lewl of r e l i a b i l i t y  a d  
durabi l i ty  just i f ied for nuclear plant mcrvicc. 
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k. fobrum h r  hrmty-LLm yarrr uperiener in 
k r ~ r  stam TwbLna hri8n Blylmrimg iacludtry 
fmwtrm ymrrr r a  r dmrlm mryimrr hi- rttrrr 
rarlyrir on turbiw e-nrntr rucb r r  buckmcm, 
fluy+r, wrlurr, wprarl~n jointr, md pipla$ r y r t m .  
lb tlWa h c r ~  a uni t  ~ m r  wrkim with hr@r rtram 
wlvrr, rlmctro-hydraulic control r y r t ,  lube ryr tru, 
mb m t r r  mmml r y a t  IL i r  prrmntly Sub-hetien 
wt of bmtml Syrtrw L ~ A n r r r i ~ .  



Mucrtbn: B.s.n,e,, Cath l i c  Univtrrity af Ilrricr, L961* 
W.S. and ?M. in W.E.,  Univrrlity 8f Hic)ri&an, 
1963 md 1966. 

Rtprrlmte: Dr. Savkrr jaiard tha terrrreh r t r f f  af the GE 
Carporart Mrerrch rad Dawlsprat Clncrrr in  1966. 
Him tmrk ha8 insludd t& i d m t i f i c r t i ~ n  o f  the 
mchmdmm fer flow-inducmd iamtrbil i ty of m l t i p h  
trrnrrirsion l ine b u d h r .  h thm 8t.a of hrrc 
trrnrfar,  ha hrr m r l y t i c r l l y  and mrparirntrlly 
d m n r t r r t e d  thr p k r w m n  of dtrlutropbrr+i# i n  
thm laminmr forced caavaction of an inmulrtlng o i l .  
In the area of rcourticr, ha h r  drvllopad m 
r p p m i u t r  u t h d  of rmlyatly r c ~ u a t i c  preprgl- 
t ion in  L i d  duttr, i n c l u d t ~  rafrletion mffret*d 
by wall boundary l ryr r r .  b r a  rrcently, hr d-n- 
rtrrcmd thm f+&albilLey of the trchn~qua of rupprerr- 
iry, by memr of r carefully rontourrd hrrdurLl inlet  
often refrrrd t o  r r  m rcet i rrr t ing in lat ,  hiah rpred 
aircraft fan mimr, In addithm, ha devr lopd ,  u d t t  
r contract w i t h  MU hnglay,  r theory for tha radiation 
o f  fan win*  with rrrl iat ic  flow rmfigurrt ionr,  

Y. Strrr 
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1. tattoduction 

Thir report g i w r  ra aarlyria aL &tr on plant rvrSlability and 
capacity Erctor for d m a t i c  and Carri$tk nuclmr @en*rrttna plantr in  

c w r c i a f  r h c t r i r  utility opmration. Both ?WR snd UUB plmtr are 

included in the miry ryrnrlymis s r c t i w ;  wbmawnt meetiana cantrib r 
more d r t r i l ad  malysir  far BUR plmtm only. 

Data for the anrlyrir war o b t r i d  f r a  the Plant P a r f o ~ n ~ m  

StatirtLcr (PLASTIC) emutar data b ~ r  uintrined by tha Operatin$ 

Plant Servlcca Section of BlJAPD a t  Sm Jam, h t a  Ir completa tktouah 

Dccmber, 1974 far a l l  BUR plrntm m d  far darrrtic FUR plmtr; data for 

farmi- PWR p l m t r  l e  cmpletc thrsugh kcmmbar, 1973, 

Fhr C u e  pmrf~mnce  patamaterr totwidwed in thia report are plant 

a v 8 l h b i l i t y  rod plant capacity factor. The Saa Jumm data bear urnem the 
Mimn t loctric  tar t l tu t r  (IWI) drf imit ion for  thrra parmtrrm am 

f on-: 



Capaci ty  fac *ar measurer total utiliration of generation capacity.  

Each ruallable hour i r  w i ~ h t e d  by the fraction of capacity at  vh ich  the  

u i t i  A l l  power reduction8 are counted I n  calculation o f  

capacity factor, uithnut regard t o  actual unit  capability. 

Far each plant,  annual plant  avrilrbility and capacity factor can 

be ralculated for any period. For t h i s  report, data for each calendar 

year f r m  f i r s t  e toc tr lc i ty  is used. The year of  f i r s t  e l e c t r i c i t y  

cuvem less than one calendar year, but in the analysfa  the avell~bility 

and rapaclty factor for the f i r s t  year are counted the sam nu subse- 

quent years .  

The next section give6 a sumary analymicr of data on a l l  plente t o  

provide nverall ptbrepective and comparative atatistics for several 

Important groups. Sectinn 3 Rives a mre detailed analyafs of plant 

a v a i h h i l i t y  and capecIty factor for BUR p l a n t s ,  shoving trends with  

valrndar year. plant  age, and plant start-up sequence. Section 4 given 

an a n s l y s i s  of  data on refueling-nalntenanre outage duration far BUR 

plants .  



2. S-ry 4mlyria 

Table  2.1 glvcr r r-ry a€ drtr  on !MU plmtr by location, 

d o w r t i c  verrun foreign. 

A1 1 
I k m c r t i c  Foreign Plants 

No. of P l m t a  20 9 29 

No, o f  Plant Yerrr 90 52 192 

Avc, Plant Avrilability-% 69.9 70.0 70.0 

Scd, lkvlrtion-Availability 16.7 16.6 16.6 

hve. Plant Cap. Pactor-% 54.9 54.9 55.6 

Std. DtvLat ion-Cap. Factor 18.3 18,6 18.3 

TabLe 2.1 rhuua that there were 29 BUR p lants  En operation at the 

end of 1974, with r total accumulated experience of 102 plant years. 

Average rveilrbility for all plmtm for a11 yearn has been f O X ,  with a 

standard dtviation of 1b,6%. Plant capacity factor has averaged 55.62 

w i t h  a rtandard deviation of 13.3%. The ratio of average capacity 

factor to average avrilability is 0.8, which indicates that on average 

BUR plants operate at  about 802 of maximum capacity when they are avail-  

able. 

I t  can be seem that the phnt r t r t i m t k s  for domentic and fotkalgn 

plant& a r e  very similar, both in term of average and standard &&via- 

t ion. 



Table 2 .2  giver r b r e a k d m  of WR data by UUR M a l ,  with drtr on 

doaestic. and forciftn plants cambinad tor arch wdel. 

Table 2 * 2  

Nu, of 318ntr 

Nu, of Plmt Y m r m  

Aue. Plant Avail.-% 

Std, k v . - A v a i l a b i l i t y  

Ave. Plant  Cap. Factor-% 

Std.  Dev.-Cap. Fnctor 

Table 2 . 2  8 h w ~  that W R 4  n w  accounts for  the largeat number of 

plants in service (10 out of 29)- but i n  temm of total plant ycrrs 

enpsrtence, A'JW4 has the emlktst base (16 out o f  112 plant yerrs) .  

Average plant availability ehom a decrease €roar BUR1 t o  BUR2 and 

BUR3 and then some increase t o  W R 4 .  Howver. t h i s  comparison does not 

take i n t o  account the average age of the p l a n t s  invulved. I t  will he 

~ h r t m  i n  sect inn 3 that when plant axe Is taken into account. the  

r,ompartsan between BUR4 and earlier rwdala is Ahre fruorable than rp- 

pvara f rrm Table  2 .2 .  

The standard deviation decreases wI th plant model. indicat lng l e # r  

v4rlability in the data, Again, t h i a  Is part ly  due to  the wider span of  

ages c o v ~ r u d  by ear l i er  models. Houcvtr, t o  the extcnc that the dc- 

crease Is not  accounted for by age spread, the decrease l n  standard 

deviation is a favorable s l ~ n .  



Table 2.3 rWr  r r m r y  of plant availability data for PYll plmt, 

by loeatton, d m r t t c  and furei8r. 

table 2.3 
WR S r r y  batn by Locrt4on 

A l l  
Dcrrrtic i n  Plrntm 

Ha. of Plants 2 7 7 34 

No. of Plant Years 99 3 7 136 

h e .  Plant Avrilabilitv-2 65.0 59.3 63-5 

Std,  hvirtian-Availability 2 1 . 7  25.2  22 .7  

Comparison w i t h  Table Z,l shwm thnt thm errptriencc brae for PUR 

m d  B R  i n  about the saw;  km's have l o r e  plmtm I 3 4  V r  2 9 )  but 1ew 

total  ewpctlenct (136 vs 142). However, PWR data on forei8n p l a n t s  i+ only 

complete through 1971, whereas WR data 16 complete through 1974 tor a l l  

p l a n t s ,  W i t h  1974 experience Lncludcd on foreign plants, cb* PYR 

data bare w i l l  be a t  least 143 plant  year. not ~ounting fieu foreign 

p l a n t s  placed i n  etrvics  during 1974. 

Average plant avrilrbillty far PWR'e i n  l e e r  than far BWl'u - 63.5 

vcrms 70.0 for a11 plrnta.  The standard c'uviacion for PUR plrnta is 

higher than for BUR'S - 22.7 versus 16.6 - which indicrtcs higher var i -  

ability in rvailabl~lty an PUU plmtr ,  Table 2.3 ahowr that far PYR 

plants, foreign p l r n t s  have performed more poorly than dawstic plants. 



table 2 ,4  ~ i v t s  r ruarary of PUR p l a t  availability data by unu- 

facturer. A11  foreign PYR plants  ere Westinghouse; data for Ytmtlla- 

hoclrr planrs dru  further c l e s e i f i ~ d  by doreotfc m d  foreinn. 

Table 2.4 

PUR 5-ry Data by lUnufrcturcr  

West inghsure M Y  CE 
Dows. For. A l l  m a .  Dorss. 

Wo. of Plrntr 17 7 24 7 3 

No. of Plant Years 69 37 106 2 1  9 

Avt. AvailcbIlity-X 68.7 59.3 65 .5  55.6 58,3 

S t d .  Deviation 2 0 . 5  2 5 . 2  22 .3  22.2 26.3 

Table 2.4 shwr that Uemtinghoust accaunta for over two thtrdr of 
the p l a n t s  ( 2 4  uut af 34) and a lwet  80% of tbe cxperiencc brsr (106 Out 

of 136 plant years), Total Weatingbrrse experience ir conwidcrsbly less 

than GL-BUR experience, even when the e f fec t  of 1974 experience an foreign 

W R  piants is Included. 

I t  can be seen that the 1- overall a v a i l a b i l i t y  of PVR plrntr 

rlmpared to BUR plants 1s strongly influen,-ed by ihe lou availability on 

BLW, CE, and Urhtingimusr foreign p l a n t s .  When only Wrstinghouse domes- 

t i c  p lants  arr rnnsidered, the difference hetueen PWR and WR is much 

smaller (hR.7  vereua 69.9). When the atatistical v a r i a t i o n  in  the data 

is considwed, the  observed difference of 1-2X is nflt significant. 



Table 2.5 rhwa the 9M confidence ifitem81 for the difference 

between the average of all BUR plants m d  vrrlour other d r t r  graupr. 

Table 2.5 

90X Confidence Interval Far Difference i n  

Average Plmnt Ava1l;lbility 

IRtfcrmct - UUU: ?OX AvaIl8bLlity, 142 Plant Years) 

Avetrge Obmermd 90% Cmf .  Internal 
Croup Avail-X D i f  frrencm-X for Diffcrmce 

Wrstinghouee 68,7 1.3 -3.1 to  + 5.7 

Combustion Eng. 55.6 14.4 +2.1 to  21.2 

Babcack i Wilcax 58.3 11.7 +7.7  to  21.1 

The confidenc~ Lntmrvslr in Table 2.5 take into recount the rwunt of 

data available in each group and the vrr iat ion r a  given by the rtandard 

deviation i n  Table 2 . 4 .  Hauever, the conffdmce intervals do not L-nn- 

eider growth in avaflability with age. I t  can be seen that, isnoring 

ohe e f f e c t s ,  a signfficent difference for BYCL c m  be claimed at POX 

confidence for CIS and BLW data. For Westin~house domestic plants, the 

confidence Interval overlapu zero, which mean. the difference 18 not 

s i e n i f i r a n t  at 90%. 



I .  1 Frequency Ibist tibut ion 

f l ~ u r e  3. I ahtma, a f raqrcrttry dlatributian of  plant r v a i h b C  1 r t y  f a r  

. t l l  RW plants. 

ALL PCAlrlfS 
142 PLANT llCIS n 

I h ~ .  i rt=qtlrqnl. y d 1 st  T ihut  ion I s ski-wd, ui  t 1 1  .a r .onr.rw t rill i r w  o f  v.1 lrrrha i I  t 

t h r .  I~igtr  und a ~ ~ d  a w l d ~  5prt~iad of V.IIUI  : 1 1 )  tht* I r * f t ,  l h .  ;tvr-r,tgt* 

+ ~ v . r  1 l : ~ l ) i  l i t  v i s 70 .  DI, ,  h b t  f I) t h t ,  5kt.wrnt.s~ ,I[ thd* d i s 1  r i hut icrrr .  hlld 

1 I r a ,  d.rt a prblnts 1 Is. r r h ~ v t .  t t ~ t .  ;rvt=r.r,:c-, Thv mid3,in of tlrr d i s t r i b u -  

t i l w  (50" puintB  i : :  737: + b v i a i I i ~ b i l i t y .  



I t  can be mesa that th dlmtributisn of mailabi l i ty  for d a t m t i e  

plants ia  e+mmtirlly tbe rur rr a l l  pther, d a u t i c  md formfan, 
arc l n c l d e d .  Il+acr, in  aubmqumt mnalyrrr, th mtirr datr bare of  

142 p l m t  yurr rill b ursd. 



Flaurr 3.3 ~~s a freqwncy dirttibution of p l r n t  capreity factor 

far al l  BUR plmtm. 

Figure 3.3 Frtqurncy blstribution - BUR Capacity Factor 

The dlsttibutian in rkcucd ririlar to  that  for plrnt rvailrbility. 

The average is 55.6;  but 51% of the valuts  l ie above the average. The 

median i m  58.kX 



Figure 3 . 4  Average P lmt  Avallrbillty By Calmdar Ycrr - A l l  BUU Plrnte 

IL can be amen that the number of p l m t a  i n  mervice incrrrred very 

gradually from 1960 t a  1968; with mly f ive  pEantr in mervicr by 1968. 

S i n r e  1968, the n d e r  d plants in  service has inrrsrred mxh  more 

r a p i d l y .  By the end of 1974, there -re 29 B '  plmtr In  rcrvicc, m 

increase of 24 during the b year period 1%9-1974. 'thtrdore, aincc 

1960, there hive been nearly a8 many rdd&timrl plmta  i n n t r l l d  each 

year on average 8s there were ln8talled in the -tire nine year pctiod 

1960-1968. 



Figure 3.5 Cumlatiwe Average Pl-t Availability Vetmu bpcrtmce - 
A l l  BUR P h t r  





F f y r a  3.6 a h  rvrtag* plmt capacity fretor v+ calendar ymar, 

The ~ m p h  L m  very s h i l a r  in fluctuation and trend t o  Figure 3.6 on 

avcraue availability. 'fhum, the c8prcity factor hrr shovn an emman- 

t i . . r l l y  rwwran t  trcnd,  and the grand average of 59-62 i n  a good rye f i t  

L O  the graph. 

Figure 3.6 Average Plant Capaclty Factor By calendar Year - 
A 1 1  BUR Planta 



The rrurbcr o f  p lmtr  expeed to  each r8e is ldicrted on the kttm 

graph. The rapid increase i n  nurbcr of plratm minee 1968 i s  reflected 

in the sharp drcreame in n&r of p h t e  fmr 8ut to  b years, 

Figure 3.7 indicrtrm that plmt  m a i l a b i l i t y  t d r  to increase w i t h  

age for at lur t  faar ta r l x  years. Tkrr ir a hr8e iacr- from 

start-up to  firrt f u l l  y u r  of a)rrrtlan, fal- by r &r+rre i n  the 

m e e d  rnb third y u o .  The decreart nsultr kcruw the f i r m  refuel- 

ing- uintrarncs autrBe occurs durin$ tkim pmrid, dberrrr in  the start- 

up Ibd firmt -mica pars thte  ir ao rafruliq-utncmrmm uutr8a. 



Figure 3.8 Average Plant Capacity Factor by Age - A11 MdU Plantr 

Houcver, there l o  #ow cvidmce o f  a decrease utth a8r after about r i x  

yeare. Thia u y  be due i n  part te the fact  t b t  the plants art rto 
l o n ~ e r  corplstely "base-laded", but are  run at reduced capacity durina 

I w  load per id . .  This i n  rn inherent dirrdvmtr@e of capacity factor 

as r reliability mmmre. A l l  paver reduction8 are counted in  cdcu-  

lrtjan of capatsty factor, cl.tbut regard to a t t u l  unit trwbility. I t  

mhould d m  k rmnmbered that b e y 4  a le  mix only W U  plant8 are 

Snciudd in tkr drtr  base. 





Pimre 3.9 A r r a ~ e  Plant Av8ilabillt y By t lmt Start-up Squmce , 
A11 #II Plmta. 

U d l t  I r y  )Urn sbOYII tbe highest avarrga rwri l rb i l i ty  of all )WA 

plants. Pflgrir bar thm lawtrt wriLabl l icy  (elcrludw Hatch, ubich 

only had tw amtbm after firmt dmctricity Ln 1974). 

I t  im di f f icul t  ta  d r w  wanitqful colp.t im* ftm ?i#ure 3.9 

h r u w  of tlw diffrrrat years of rrpericnee mt each plant. H m r ,  i t  

cam bc aeen t&t if -1 plrntr are excluded, the o w t a l l  trend i n  

r*rrrw pl-t avrilrbility appura t o  be slightly upwrd for w, 3r 

rmd 4. Simem rva ibb i l i t y  a h a  tradn ts  incroarm ugth r6a, i t  can be 



rxpectcd t h a t  h e n  age is taken i n t o  account, the slope sf the trend 

l ane  ri l l  lncreaee. tn Sectlun 3.5, the effect  of BUR model and nee 

w i l l  bib considvred by means uf re~reseiun anrlysis. 

Fkgure 3 - 1 0  ahaws averane capac i ty  factor  versur plant requence. 

There is nu evidence of Increase in capacity factor for BUR 2-4 as noted 

for plant availabiltty. Hurrver,  f f  age effect i a  taken i n t o  account, 

an increasing t tend would likely he noted. 

FIqurt- 7.10 Average Capacity Factor By P l a n t  Start-I ly Sequence, 

A l l  BUR Plants 



3.5 bgrmrrll>n Anrlyalm 

By u$e of w l t l p l e  rcgreruian analyaim, it l r  pormible t o  invert[- 

bate the effect uf  scucral factore rirultmcrru~ly. Such an anrlyrls 

r l r a  gives measure of the a t r t i r t i r a l  algniflcmcr of any trendr 

detected. One masure of significance Is the "ptrcmt vrt ist inn en- 

pl8lmd"' This index indicate8 how auch of the "v r r i r t lm"  (sum of  

n q u r r d  deviations) Ir explained by the regrerrion wdel r a  oppred t n  

just usin8 the averago vmlue of a l l  t h e  data points. A recond measurr 

ir t h e  "partial F" value. ThIm is a strtistical rwruurc of the mia- 
niftcance of the regremaion coefficients. I t  tsksm account of bath th r  

awunc uf vartrcicm rcmved and the a i t c  of the -lea 

In order t o  Snvpstiffrte the relation hetween plant avrl labt l i ty  and 

BUR &el, the following regression d e l  was used: 

e = random deviatfon 

This model contains a separate rorfiirient for each see m d  r meparate 

c u ~ f f  i t - irnt  f t - r  r4ach model. Leaet squares r s t  lmates far the regressian 

t~ rwCL I ~ . i t w t s  wtbrtb 1)btaincd by use of a ntul t t p l e  rcgroaslan computer pro- 

& tikm. 



For t h i s  dlrcussion, the model coefflcients are of inerreat. tebie 

J . 2  mhws the csef f ic lcnts  and partial  P vrlurr. 

tabiu 3.2 

WR W e 1  Ccwlficientr 

W f f  f ,  Lent Gmt i u t  e Part i rk  C 

Ths r w f f f r l e n t s  are a l l  referenced to  BURL. Thus, Table 1.2 showa 

that, rhen thc cf f r r b t  Irf plant aKr i s  rimovcb, BUR1 planta have 5.52 

lover aurilabillty than RWRO, Ei iR2  p l i in rs  have 9.54% luwcr availability 

than BUR&, and RURI  p l a n t s  havtb 7-42 lcwt6r avalkahl l i t  y than RUM4 plants. 

The s t a t i s t l r a l  s i g n l f  icanrtl of ttw tnndt.1 t9r>eff iv tents  i n  not very 

high. rapcriatly the value for C 1  ( L I W R I I .  The C2 and C cocffirlrnts 3 
arc  s l y n i  t ih3.rnt at  ; ~ h ~ w t  t h c -  90!: l c * v t * l .  Thc t1 l rc . t~  m d r l  roefririrnts 

t r rgr - t lwr  r m l v  m n r u n t  f,lr ,ahnut 2 t  o f  t h ~ .  vatiirt inn in plant  availa- 

h i 1  i t y .  

F i ~ u r t :  '1.11 is a gr.~ph of the modt-I rsrbcff i c l v n t s .  



The rrgrescion  result^ c o n f i n ,  and glvc quantitative ertlutrm o f ,  

the ohsr~rvattona made i n  Section 3 . 4  that there appear. to  be m ir- 

ptaveerrnt in  availability from BUR2 t o  BUR3 and further ImprovcrcnL wtth 

W R 4 .  The reaults also ah- that BUR2 and I have louer rvailrbillty 
than BUR1 . 

Fl~urc. 3.12 l a  o 8rnph of the q e  coeffieientr, m i .  

F i ~ u r e  3.12 Age Coefficients from legrermim Model 

For ago - 4 and beyond, the ape caefficlents 8 h w  m e r r m t l a ~ ~ y  con- 

mtant trend, excluding t h t  loot point  which rarultr frctm the long re- 

fuelinpmaintenaacc outage on Dresden 1 In 1974. I n  order to  e a t i u t e  

ava4lability f a r  "nature" plants,  data for  a l l  yearn beyond age 4 were 

pooled co~ether ,  and the Dresden 1 data p i a t  far 1974 was deleted. 



The regrereion model is then: 

AGi;M - 1, P l a n t  age > 4 - 0 ,  Plant age 4 

uther symbols have the same meaning aa in  equation (3.1). althouah by 

pooling data beyond age 4 tngethcr, the estimated value8 of the regrer- 

s i u n  parametera w l l l  change, 

Table 3.3 shrws the estlmted availability for "mature plants" 

(beyond four years  service)  as obtained from the regression &el 

('3.2). 

Table 3 .3  

Estimated Availability For Hature Plants 

Plant Availabil t t y  

78.6 

74.8 

76.8 

86.2 

The r e s u l t s  i n  Table 3-3  a r e  faportant beceuee they indicate improved 

a v a i l a b i l i t y  of BURG over previous  mdele .  The availability of mature 

BUR4 p l a n t s  i s  estimated ee 84 .22 ,  which i u  much higher than the prosenr 

average availability of 68.92 for a11 BUR4 plant6  given En Table 2.2. 

Thr r e s u l t s  Ln fable  2,2 represent data an new plants, since m o t  BUR4 

plant-, have on ly  the s~art-up year as the experience base. However, the 

resu l t s  Cn Table 3.3 must be viewed a5 preliminary until more data on 

BURG p l a n t s  i b  obtalned. sinre Ear the  data presently availmble, fitting 

R M  model only e x p l a i n s  2X of t h e  variation i n  plant  availability, 



p l a n t s .  T a h l ~  4 . 1  u ~ n m a r i z ~ s  t h~ data on dur;~t lon of t h r * * ~  outaur*~. 

A 1  1 
PblW'st ic Foreign Plants 

The average durat ivn Cnc a l l  nutages i s  7R.k days; fur  dnmcst i r  plantfi 

o d y ,  t h e  average f s 71.6  days, The standard dtwiat i m  is w r y  h j ~ h  

ccmpar6.d to  the awrirgu, showing that t h ~ r 1 8  is a wide spread i n  thlb 

uutiige durot ions .  

Figure 4 . 1  nhwa a frequrnry dlscributinn for the w t a # c  duration 

data, Separate d i s t  ribur innu arc shwn for foreign and damr*st i t *  plants. 

t h ~ r t .  is 1 i t t  le apporunr d i  f ferenre in  nvibral  1 d 4 st rlhut i ~ m .  evvn 

chrlu~h t h e  averaRv f o r  thv Curelgn p l a n t s  i s  quite a h i t  higher than f o r  

the 4 r w s t  i a .  plants. 



I I H I  m MIL PIL 

Figure 4 . 1  Frequency Diatrlbution nf  Refuel ing-hintenmet  

Out age Durac l o n  



Toblt 4 . 2  

S u r y  af  R-n Data with Loagest Seven Outages Deleted 

No, of  R-Fl wtaRe8 

Avcbragr Durat ion-Davs 

S t d .  Drvlatian-Days 

Darwstfc Fare 

6 7 2 5 

61.7 h 6 

31 .9  28 

A1 I 
Rn P l a n t s  

? 2 

1 63.2 

3 30.6 

omitt ing the lnnges t  outagem causrs a s i ~ n l f i c a n t  reduction En a v r r r w  

K - t l  durar'on and even more percentaRe reduction i n  standard deviation. 

f'hr. standard dvv ia t ion  i s  s t l l l  large compared t o  the a w r a p r ,  howvrr;  

t h i s  v a n s  that  R-M nutage duration i a  a highly v a r l a h l e  quantity. 



I t  can be seen In Table 4.2 that  when the ldn~eat outaRee are 

nmittrd, thcrta Is much less d i f f t ~ r w t c e  In averape duration hetween 

dtimcst tr and furaign p l a n t $ .  FCp,ure 4.2 shoua a cumulat i v c  d i s z r i b u t  i on  

for ,811 y h n t n  . ~ n d  for tiomeetir: plants only, wlth  the seven lnnueet 

o t r t i i K e s  d e l e t r d ,  Tht.rc* i s  Lltt ltl d i f  f r r e ~ r c e  b e t w e n  the two d l s t r l -  

hut I t u w .  Thkbr~~ lnrc ,  i n  sr1h9equvnt discuesinna, thtb outago data for a11 

p l a n t s  w i l l  h t b  ~ r s c d .  

ALL PLANTS 

JC.rJ DOMESTIC ONLY 

OUT&GE DURATION - m 

F i g i ~ r t ~  4.2 Cumulative DCstr4huiion of R-H Outage Duration- 

Seven 1-an~est Outages D f l o t r d  



The overall trend of the graph is dmmward, indicrtinl the porsibility 

that subsequent refueling# w r glvcn plant take shorter pcrtodn. this 

i s  a desirable result. But rubmcquent dimcusmion w i l l  rhw that i t  is 

an erroneous canclueion. As rhmm by the bottom graph Sn Figure 9.3,  

the number o f  plantm having ercb number of refueling d e c r e r r e ~  ro re- 

I'uellnp: n u b e r  incrersra, and t h h  varyin8 data bare rnmposition must be 

c m ~ i d r r e d  vhcn interpreting the  upper graph. 



The peak. Ln Figute 4.3  are heavily hfluenced by the revtn very 

long R-H outages, This i e  illustrated i n  Figure 4.4 which ahous the 

cfftu.t of delet ing  the o w e n  longest outages. 

Yigurc 4,4 Comparison of Avtra~e R-W b r a t t o n  Y i t h  and 

W i t  bout Long Durat iw mtraes 



F i g u r ~  G.5 Average R-M Duration Versus Refuclln~ Number, with 

Lnnyest U u t a ~ v s  Deleted 



A m t h o r  way to  eumarlre data on R-W outages i r  t o  look at the 

average W-PI duration for each p l a n t .  Figure 4.6 shows a graph o f  awtr- 

aRe R-H duratlan by p l a n t ,  with plants  urdered by atart  up year,  E.wh 

plant i s  tdcnliflvd on the graph. Tarapur I and 2 CT1 and T2) and 

Pilgrim (PIE,) have had the lon~est ijverage r e f w l  lng duration. RLg Ruck 

h i n t  I I R P ) ,  Hnmbtllt Ray (HB) and KKM have had the rhorteut average 

I 1 I 1 r' m 

5 0 IS 20 25 

START - UP SEQUENCE 



As I n  p t ~ w i m ~ n  jirtlplw, Figure 4 . 6  i n  heavlly influenced by the feu 

Ionu durat ion o u t q e s ,  Figurr 4.7 shows the a v e t q c  R-Il durrt ion hy 

[,:ant whsn t h e  long o u t a ~ e a  are d e l v t e d .  

* DOMESTIC 

FOREIGN 

5 10 IS 20 
START - UP NEQlJESJCE 

F i  yure 4 .1  Average R-H Duration by Plant, wLth Seven 

I-ongcat Outages Deletd  

Even when the longest outages are deleted. Tarrpur 1 and 2 hrve the 

h i ~ h e s t  R-PI duration. Pilgrim doer not rppemr on the ~ r r p h ,  riare the 

lofig outage warn 'he only refueling cnnducted ae Ear. 





Figure 4 , 8  rhws sume results  obtrined from the regrerrlon mttl 

(4.11. 7 % ~  atralsht daahcd line rrhom the e s t t u t d  relrtlan betwen 

drwarinn and rriuelln~ nunhcr when effect of individual plant8 is re- 

a ~ v + d .  

As slwm. t h i n  l i n e  has an upward slope. That is, coefficient A2 i n  

t h t b  rccresaiim rrmdel ts  posit  l v e .  This is r raost aignif icant result. 

I t  rnrartb; that the apparent d~wnard trend i n  R-W duration obtained by 

plotting the average for a l l  plants is misleading becnuse a€ the chang- 

ing  rwnposition of the  sirmplc. 



t t  is d i f f i c u l t  t o  believe that the rtrr&&t Liar i n  Figure 4,8 waa 

estimated from the  name data which produced thr a d i d  graph of actual 

a v e r q e s ,  A>r unnparlsnn, the aerond danhed line (a----at ) mhms the 

p r 4  irtrbd .wibraRr. uslng the entire regremion modal, including plant 

t-CCect. Thr  p t c d l c t c d  avcraKe tracks the actual average rermonrbly 

wt .11 .  I n  p . ~ r t l r u l a r ,  the p r e d l r t e d  average rheum the 9- duwnsard 

s l o p e  as t h e  actual data. I t  Ls when the plant e f fec t  is temovcd that 

the upward s l n p ~  appears. 

' t c ~  give Eurtller insight I n t o  the way individual platit8 affect  the 

obserwd average t h e  l o s t  f i v e  p n l n t s  an the  actual average l i n t  of 

F i ~ u r ~  4.8 ~ t r c  I a b e l ~ ~ d  as to  what plants were Invalved. The lamt p o i n t  

La due t o  B ig  Rnek Poin t  only; thCs is the only plant which har had 

twelve r u f ~ ~ t a l i n j i s .  Thr next threv p i n t s  from the lu s t  involve only two 

p l m t s  - RLg Rnek I'cllnt and Huehult Bay. Recalling Figure 4.6,  thrrre 

tw<r p l a n t s  have the Itwest Average refuelin8 duration of a l l  plants. 

Thvrrfore. I t  can b r  sxpected that na urher plants reach ninth and 

s u b s q u e n t  rcfuelin~s, t h e s e  pointa w l l l  riae, thus decreasing the 

qp:rrPnt dounward trend uf  the averagc graph. 

l'hc rc~ressinn modcl i n  (4.1) assumes a ltnear refueling effect .  

I t  t w u l d  hu that somw cithrr function 1s more approprfate. To Investf-  

w t e  t h l  s, .In enpandt4 r c ~ r e s s i n n  model was f i t t e d  in  which a separate 

1.t1t-f f Icicnt W ~ S  erst imated f13r each refue l  lng. The expanded regression 

r n i d t a  1 is: 

Y + Dumy variable 
5 

= 1, Rrfuel ing nunber = j 

= 0 ,  Refueling number # j 
0 = Refueling effect cotfficfcnt# 

1 



Piuure 4.9 a h w o  rhu remulr of fittin8 the dmta to  t k  nodal in 

4 . 1 .  Line 1 is the actual data end 1Lnru 2 and 3 show t h e  ruCuulin~ 

e l f r r t  (with plant effect t e ~ v e d )  as estimated by w4clm ( 4 . 1 )  and 

Figure 4.9 Results with Expanded Regreasion Model 

Comparison of lines 2 and 3 shnws that a linear d e l  for refuelln~ 

number is a good chulce. Therc is no evidence that the Incrcaee i d  R-M 

duration w i t h  number o f  refueling4 luvels  uut with in  the f irs t  twelve 

r v f u e l l n f i ~ ~ .  However, beyond four rcfucl inge,  unly BUR1 plants are repre-. 

sentcd, I f  only the f i r s t  four p r in ts  on Line 2 uf Fi~ure 4.9 are 

rmsidered,  there is no i n d i c a t  ion of an upward trend. 



The regression models i n  (4.1) and ( 4 . 2 1  were also fitted t o  the data 

w i t h  the seven longemt outagea deleted. Thc rarultr are 6- in Plgure 

6 . 0 .  Lines 2 m i  3 are shifted vertically bccaure t h e  interrcpt  coef- 

ficlent is not the same in the two te~resefoa modelm. 

Figure L . 1 0  Regression Results with Longest Outages Deleted 

As l n  Flgure 4.9, llne 1 is the actual data and lines 2 and 3 show the  

r c f u e l i r i ~  effect with plant effect removed. The results are quite  

s imi lar .  tn w d e l  (4.1) coeffic$ent A i s  at111 positive, althau~h t h e  1 
slope i~ s~meuhat smaller than before. t ine  2 shwr that a l inear  model 

1 4  sti l l  a good repteeentation, Again, i t  must be remembered that data 

hcym ! four ref uelings involver only UUR1. 





The lrrph appear. r i r i l r t  to Fiyra 4.1 in rrbich trv rrrr- -re 

plotted uithaut removing refuelins nubrr a f f u t .  Thin i m  k a u r r  tha 

refuelin6 effect ia  relatively m l l  c m r r d  ta thr phmt-to-plant 

uari~tlon i n  I -M duratiun. Hmmvtt, r w i n #  tlw refurling rffeet doem 

accentuate the rpprcnc upwrd  trmd in kl durrtim uith plant rtrrt up 

date. 

The rtaultm of t h h  section on It-H wtrm duration can be 8-r- 

ized ar folloua: 

Average R-M durr~i im is: 

78 dayr for 79 R-)t outr~ lrs  (a l l  data) 

63 days for 72 R-M outage8 (exclude hi$hrrrt) 

235 dayr for 7 hishelt R-H outr$r durations 

merefore, a "typical" a-Dl ouersr i r  63 dryr with 9% e h m o  of 235 

day outage I 6  timer t y p l c d ) .  

No ri~nificaat obrewrd difference in A 4  outatt dlotirbucCm 

between f ~ r e i @ n  a d  d m e r t i e  BUR plmta.  

I f  plant "mix" is not canridwed, avarrp rafwling tiw rpprrrr  Ca 

drcreaae uith  nuder of R-H wcruer ( w e  cmeluaion aa. 5 balm). 
There is large variat ion in aver.#* R-H duration htuem plmtr. 

The overall trend appears to be incterring ( l g m r  outsar duration) 

with succearive plantu. 

Vhcn both plant mix and number of R-?t eutq8r rrr conridmed r i a l -  

taneously by memr of regreasion mrlymir, it turn8 out tlut R-W 

durrt ion: 

a. Increaac8 with number of A-I¶ wtrgmr (oppoaitr af tonclurion 

31, d t h w g h  beyond four refuelln$r only data on WUI plmtm 

i s  avr ihblc .  

h .  Incraarem uith succ~uaive plrntr (saw ar 4) 
If a11 data La cmrfdrrad, there ia  d+cr+amm in  duration kt-n 

f i r s t  and second refutlins, but i f  very 1- w t u l 8  8r* exhded 

(tegardl4nrr of  HI No,) there is no abwmed drcrmrr bttwm 

firmt and utcond B-H outreem. 
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D m -  

ares6 ~~~ cmcldng (SCC) i8 thC grorrth a# e m h  ia mrterlals 

q m e d  to mi++ e w i ~  at etreama belw the nard n@um 

8-. 

Tbe hcbrs which control awecptibility rre carrcspmihgly related 

to the mterhl, tht cnrlmmient, rad tJm utrssr, Metho& of8Ueviatimg 

invarimMy must attack m e  or mare of thamm three haic  categories of 

facblw. 

A very brief summry of our crvrsnt dmtarding d gCC oi atsinbas 

-1 in BWlb is tlw following. SCC occurs by a r n ~ ~ b r n  involving periodic 

*re by medmdcal st- d the protoclive macUfm layer formed cm the metal. 



In generrl, the factors which elrpeerbtt the cmckhg are high mcc)mld 

stnmes, diminirhd c o r m b n  reahbce in the en-, and c t m h n h m h  

in the environnrmt, a8 drlscuued belaw, 

1. H@ stresses. Smmen h e  a critical threehold m y  m d t  

frum additive combinations d ~~ atressea from grbdilrg 4nd rrrlding, 

streases due to thermal forcer and vibCOfOqy ~tmsaes. all aupsrlmpad on 

b&ic operating streascs. ThmreCical W y s h  predicts t h e n  be h r  

residual stresees in large dinmeter pipee, kit thh me& conflmUtbn md 

experimental verification. 

2. Diminisled corrosion realsbnce. This can result from hcatiag 

in the temperrturn ran* S0O-?5O0C during rpeLdbg or msael atreaa relid, 

Such heating result8 in 'bensitleption" - chromium depletion mar grain 

boundPties - Md CCdlCced cormaim resistance. Nitridlng -8 place at 

temperoturee in the 8meitizati.m range and also reaulb In lma of cormion 

reei5lUhce. 

3. Envirwlmentsll cmtaminaute. Tb8e include ow-, which is 

necessary far XX ord ia rrlmya prenent in BWR water, and huic cmtaminrnts, 

such as chlorkka md sulfatea. 

ElirninWan of sins8 cornmion cracking can be accomprwrsd by change8 

in u y  of the three major are88 -- metal, snvirmment, or strem. Cmtrol of 

the mhonmsnt and c a m 1  of localized stresses from all srnrrcta cur eliminate 

sbess corrosion cracking even in susceptible materials. SCC can be climhated 

more w e l y ,  however, by ulle d W r  materials --not fundmentally susceptible 
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3. The emet cruse for the ndiorctirity incraaut md C t r  

dhpe-nce on water chemistry, cornpaition d components and 3YS8 ope~ation 

are mt hmwn, 



DmcuSSI:ON 

There are two major wths thr& which miaicnum persoawl e q m w e  

to radhtian c m  k achieved. Firat and m a  fuuchmental t the mWmiting fd 

radbactlvity Levels at all ~OCP~UOC~S ahem -d ing  or malntenmct acUvitim 

must t e carrid out, awl ~~ ie the minlmlsing ab time of cqw#uru th- 

simplrtiatimandsped-updmint-e opcratiorur. B o t h p t h s  must be 

utilized to their fullest extent, Pnd back-up muut be prwided &m@t a scrrch 

for effective dewontamhatim procedures aad W t e  disposal. 

Recktirm in rzdisrticm bvs la  - 
The build-up of ~ ~ t i v i t y  is due primarily to the depasitim ob 

bO activated corrosion productn (pmrtieularly Co ) and secondarily to fission 

yrudurt 1ca)cag:e fmm fuel since the fbsion products tend to be removed relatively 

rapidty from the reactor urd appear in the waste effluents. Reduction of fuel 

faUure ralc is  of  rea at imp-e but will be trepted elsewhere in the m k  

Forcc r~pl~rt and emphasis here is therefore on methods to reduce levels of 
LH) CO lhrouC3r cantrd of its origin, trrnrcprt and depsition. 



Cobalt is pmscnt initially im a BWR cure as a residual element in 

stainless steel and Incortclar and as r mjor co~tituent in SteUIte hard-facing 

alloys. Additionally, feedwater to the reactor contpins cobalt, principally 

gcnentd in the Iedwater system, at a level of about 15 pads per trillion, 

and this, in f a t ,  appears to be the major awrce of cobalt for continuoun 

activitation and hild-up of dep i t e  in dher portions of the reactor circuit. 

Thc details of the complex exchange processes governing transport and 

rlqmsilim arc nut yd knownand must be the subjects of further study. There 

is  avidencc, however, parliculPr1y Lmm the CkkarshPmn plant in Sweden, that 

lowering of c W t  content in materials lhroughout the eysiem will ~~r CO 80 

activity also. Thus a major effort should be made to utilize low cotslt grades 

of stainless steels and Incon& wherever possible and to determine 01. ctevebp 

suitable low cab& subtilutes for Stelliles in the feedwater and recirculating 

h e r  loops. 

I t  also seems advisable to re-evaluate the design change which introduced 

[urward pnlprng 01 one or two ZcwhWer hater drains, Forward pumping 

rcturn.; a ~wrtion of lhe condensate to the rmctor core without going 

ihrou~d~  thr condensale trcatrncrnt systcm and probably increases the cobalt 

input lo  thc reactclr. 

I~vtdut-t ac~n In mint cmnrr! time 
---. 

any gwrn rad~itli im Itlvcl, jwr.smnt.1 expusurc is ubviously a funct~cln 

f I I .  Ally drbsi~:n fc~alurt~s whlcli li mil I lir numhr of 111ainlen;ulrc uperations 







C. REACTOR PRESURE VESSEL 

mNDmGS 

1. The prokbillty d a oucbhn disnqrtive failure of the RPV i8 

emtimate applies to 311 presently dealgnd BWR 8.  

3. Calcuhtiolul of peak prcssuree mder ptulatsd mtic ipted 

transient without scram IATWS) ctmdiUo~ have been nude within the p s t  

year for various DWRs. Per3r pressures in the 1600 to 105Q paig range have 

been calculated for certPlin BWR-3 plurta urd considerably 1-r value& hr 

other DWRs. These pressures are well within the crprcity of the vessel. 



4 NEPD's dudies p m l d e  strong support that fatma crack g r d h  

in vesscl stccl under BWR envltumment conditfana cbes not have an advcme 

iwpact on RPV integrity. Other NEPD work indicates that stress corrosion 

cracking would not occur iri RPV steels in BWR water within specifications. 

5, Cracks have been observed in the cladding around feedwater 

nozzles at Millstone and Dresden-2, but were emall enuueh to be readily removed. 

Ultm~mic indications of possible cracks at Pilgrim am being monitored on a 

continuing bh. In BWR-$'a the cladding hPS a n  eliminated around 

nodes  so this type crack ahadd no longer be *enred. 

6. The BWR-6 ha8 been desifgwd to accommochte currently 

speified and reztmmbly anticiplted Wure R W  hapection requirements. 

However inspection d ELPV's in oldtr plants, if required,cm only be performed 

to a limited extent Wth currently a d b l e  equipment and methods. 

7. The oldest BWR plults (e. g. Dreaden-1, Hurnbldt Bay and 

Big FbtL M m t )  did not h v e  jet pump and have the pressure vessel elaeer 

to t k  core t h  is tk case with Iater reactors. This has resulted in higher 

ndiaticm levels and the potential for a higher degree of radiation embrittlement 



thm will be eneountcrtd in subsequent reactors. No qeratiag prableml am 

fommn, but therm.81 annealing of the R W  may be darirabh at o hter b t e  

to ensurr meeting cold hydrwtatic test requirements. 



DISCUSS~ON 

The Advisory Committw for Reactor Saiegmnb (ACRS] hw menuy 

coneluded (WASH- 1285, Jan. 19741, t h t  the probability of a sudden disnqrtive 

nr catastrophic failure of am RPV i. per reactor year or lerr. The ACW 

conclusion is the one used by the Rmmussen 8hdy of accident risks in nuclear 

p b t s  [WASH-1400 draft report, Aug. 1974). Since there have been no nuclear 

vessel failures, the ACRS derived their cmclusion from failure atatisties on 

non-nuclear pressure veesels. 

The USAEC H a v y  Section Steel Teehndqgy Progmm mult.8 s h  a 

margin of safety of three to four in terms of failure pressure to the Code- 

allowable design value even in the pmaence of Isrge deliberately Induced fhwm, 

There should be more active prtidpation by NEPD permnnel on a continuing 

Indiuttcms or cracks detected by h-service bpection have mt required 

ally action (Pilgrim RPV) or have h n  small enough to memy require remwal 

without repair IMiUstcme and Dresden-2). The Pilgrim situation cwh! be 

partially ascribed to a modification in the interpretation of d t m m i c  test data 

between the hse-line and subsequent inspectiom. 

The higher than originally calculated neutron fluence and embrittlement 

in thc RPV of several oi the oldest BWW does not impair the safety margin at 

operating brnprrrtures but can produce dii2icdties in meeting near hydmtntic 



tosting and start-up ~ n d  shut-rbrvn p-8- mquiremtnb. There b 

reaacmably adequate for selection d m o#imwn thermal uvrsaling 

temperature and time to reduce the ecnbrittlemrat, hat engheering d e W h  for 

performing it need to tw worked out in a cd-cy plan, The meti ia nd 

immediate; the work em proceed an a lmg4em bpsie. 

The NIPXI test program on fatiye crack grcwth behavior of RPV steels 

has iarrMcd the effect8 d temperature, cyclin# rate and normal BWR Water 

mnditimw . The re6 Jts s h w  t k t  BWR water enviroament -8 increase the 

rate of faligwt cracking mmpllrud to m air smimmsnt. Hmwer, the edumed 

rate in BWR water is still below the ASME Code design curve, Indicathg t h t  the 

use of the C d t  &sigri curve in emuemative for BWR RPVB+ 

The gruwth of a crack from the eI8dding into ths R W  steel under cyclic 

loading has also been Invemtipted in tha NEPD work. The reeultr show that 

the cladding-twse metal combination b h a v u  u o single ~ m o g e ~  W e r i d  

and can be tra9ted as euch d y t i c m l l y *  

Thc streas corrosion c r r e k h ~  (SCC) prapsmity of RPV lad other steels 

have been uder  d u d y  by NEPD. Teat specimens have been expard ta the 

Dresdcn-1 coolant water for several years with no indication of SCC amceptibility, 

Howcver, cormion pitting-and SCC have k e n  observed h RPV steel test 

specimens exposed to a comblmtion of simulated normal BWR and very ahorraal 

s t a m t  water conditions. This indicates a need to determine the range8 of ib- 

normal water conditiow for which pitting, 9CC, and enhPneed fatigue crack 

growth will occur. 











Dmcum 

T o L # L p a p r o Q e t ~ i t s ~ t y u r d ~ t y ~ ,  r-rhh 

ormzaticm must M h  sdact #he hst matarhb md pmesae8 d frbrh8ti011 

a d  Irrve P m&@r rdt In the h i m  m e ,  Ths bimr the degree d teeblogp 

in t h  produd, the greater the importance of thm nmbriab-deal@ WerPctiCm 

The bat way to inawe cilsetive performance d them mbrhh ud 

procesws ~~ is to combbe them ubder mm a r m m  Iu ruch pa 

or@zaAim, the mamger cam influence w a r  dsp9rtmd dseisicm rad e m  

have a complete overview of materiala and processear mquirerasrder. He can 

-grate materials and processes applicatium with mad sbort-raage 

mearch  and developmclrt. 

In present NEPD materials a d  proctsa@a tngberlng tunetimu, more than 

150 people, from engurecra to sub-eeetion manrgcrs, a m  scattered through 

a r m  scctims and departments. Greater ecntdization of techlogy and 

a m p i t y  shmM strengthen 8-tion, cloatrol, and couunmicrtim. 



With a centralized armzaiim, greater m u d  eiVectivmm86 b 

achieved and better service cm be provided to each dedgt mgheriag unit, 

Combinirrg materiala and proceascs &twtitmm prorridas a esntf8bd tbem 

which cniumea standardization Md p m f e s ~ ~ r n  a d  permit8 cmmmtnti01~ 

on key problems. It also attrrcta higher quality p~essicmrls,  nUkae pwaibb 

their tmi- and growth thrargh rotation Md p m o t k m ,  and allow8 use rt 

d o r m  perfmunee d i n g  to Idsat* lrurginrl performem for remod.  

Reliable data mu& k ava ihb  au a b i u  tor ckaigns. A mrhh 

or@#tim dKIUld t a b  the laad in dQYe10phg data, ev8l- purldi.bsd m, 

and revhing a p e s  to meet technology mqulremsnts. The srms lvkrahip 

should be shown in pmmdhg necssaary e m  im apca  and cocks. 

Greater control we t  raw tmterinl w e t  ia neadsd. Coatrol over 

materiah sources has been through r q u b r r r a  tbat tba suppliar hmhh a 

certiiicate stating that the m a t e d l  meets tha ASJUE cads, Gmmrrllg, iruiutry 

specifications am estabbhed to inelude the mate- p m k c t h  cqmUWw 

of a range of supEdiera* To plwride a product cd high quality, the 

Division should dwebp  ti&ter Compeny specs, mnlrn cerhin that procheers 

understand and abide by them, and apgruve thae source8 thPt are cqmb1c d 

meeting them. This is the procurement policy of Ule airerrit-engine Pnd awlmar- 

Navy industries. It costs a little more mamy, and tab a loL mom M o d ;  M 

the quality payoIf in terms of reliability, periorm~nce d life is significmt. 



More di.clpliac r W  rLo bs impgad oa tba htrobutlol, d t-rlru 

bsiepra mto ammbchring. migw sbauld bs tinn bdon tlsbjr id0  

so that r r r ~ l e ~  proee-, Imd tbelr -rob, era ba d8blbbd prior 

tapror)rrethzdmne. T k k s t n y t o & t h b i a t o h r s a ~ ~ q r r r l i f l e r t i m  

t-. I l t i s r l p o a g O O d ~ y t o h n v a t h s ~ i b l a m r t a ~ ~ ~ ~  

-* mgher rim the dmwhgm al- with tlm h i m  m r ,  

W i l r n m  Reactor Equiptad Mmubchubg [REM) raesds a mttrllrrrgical 

Irborrtory to emItPte r m t s W  Wty ud to pnnide drh for ths mtOpment 

andcodrddabopproesrs~&mwuil~mdnmelltniry* The- 

rcquiremcrrt -tohd-, S m m d t b s s e ~ t ~ a r e ~ ~  

f a r b b ,  R3thmynmedbbe-, ~ ~ b ~ g e m m t o c ~  

~ t r e o h c ~ U d ~ , ~ t b b w a 8 a O t 8 ~ ~ ~ s n w g h  

t 0 Z l m k e 8 ~ ~  

H ~ m o r r l s i m ~ i f ~ t e c l m i d w ~ i m f O ~ ~ .  m i o n  

i n a u m b t q ~ - ~ ~ 9 u a ~ ~ ~ ~ r a d ~  

t h e m u e a c t d t b s ~ ~ o q p 8 & t h s l w w l d ~ ~ n r o ~ e  

k d i t m -  

A U d U l e ~ m d b ~ ~ t f ~ t W ~ ~ d ~ ~  

a d  mmws & c t h  rrill greatly edmcc tbe a b U y  to meet Mrieim mWkity, 

lib, pe*-e m. 





E. LEVEL OF MATERIALS E F n T  



c) blmenslowl daWty d rtrilrlsu rdnl for p r f o r ~ l l r r  

Lamdm r a d v - y b l d R 1  

dl Imelopmed d impwad prm, d, .rd m r t c m *  

e) Zircalcy ~~1~~ and proeswlng, witb Ppructlkr 

salpbim on extemim d we. 

I) &rveillmec a# an8hrhl.m in w m t b - r w  c-, ruch 

as pump, valves, axubmera md bemt =lmn#ercs. 

g) Radiation damam s t & h  with plvticukr reference to in-care 

r t m r r l p ! j r - m ~ a ~ u x p e -  I 





in rrlvcs, p u m p ,  urd control drive8 iacUcrtar an ~ r t u n i t y  far improved 

d l b l l i t y  th- improved 6- WriU ud tbir r p D l i d h .  Wmt d 

tbese mate- uu propridmy e r - d s r s l a p d  ttemr. The dareiqment d 

in-house exptltise and undemtmding eaaesrnbg these mtd8.l~ should, 3 the 

Lead, pa& NIPD with imprard ablltty to 8pci fy  optimum iluterlib, md, 

at kst, carld lard to improvcd eamppnitian with better penamawe ebmcterbtlcs. 

Thie shwld be 8 emWming progrrm. 
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In I his ray  .city he represents the interests of CE'B Power Generation Group 

and Canadian General Electric. 



Stanford Neal 

Present Poritkn: 

Manager - Rasearc h and Development Applications and Comawnicat bnr  

Corpbrata Research awl Jhvebpmcnt 

Schcmctady, NY 

BS, kdccharkal Engineering, University of Kentucky, 1935 

Experience: 

He joined the Tert Program in 1935; after completing the Mwanced 
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Dr. Vetmilyea j o h d  the research staff of General Electric Corpomte 
Research a d  Development in lMt. From 1657 to 1960, he wm Manager - 
Chemical Metallurgy §ectim of the Metallurgy nnd Ceramics Research 

Department, and after that he resumed hls resfmch acthitier aa o research 
staff member. He has worked Ln the area of poder metaUurgy, h a t  

distribution in flash-@inkred compacts, oxMatim of nnehla, carrorlon, and 
electrochemistry (in the amme of electrolytic crystal growth sud the Iarrwtlan 

of muik films on metala), 
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steels. fatigue a d  fracture pmpettles and analysis Md engineering appliea- 

tima of material. Member of several ASME Cde, PVRC a d  USAEC 

committees an pressure vessels. 





TABLE OF CONTENT8 

RAW OACTXVITY AND WATER CHEMlSTRY 

T. A, Prater 

Il A. Vermilyer 

D, A. Vermilyer 

T. A. Prater 

S, Yukawr 

3, P. Ramlmki 

G C. Wheeler 

T. A. Prater 

R W .  Lillie 





STRUCTURAL MATERIALS 

I. OBJECTIVE 



b) The infornution evaluated was gathered through form81 pre88Wtbr 

giving an wervlcw d the areas d concern followed by drta iM dlrcuulonm with 

individual enginttrs and scientists. Visita were made to San Jam, Wilmlrytan, 

b&m-qhis (CBPI-N) and Brawn's Ferry Nuclear Plant during thr cavm d the -. 
A b u t  50 man-days were spent in a n  Jose and 10 It'mn-dnytI at 0tbr rite$. 

The informtion gathered is discusacd under seven topical b a d h g 8 :  1) dNt88 

corrosion cracking, 2) effect of BWR environment on structural materials 

(corrosion and corrosion fatigut), 3) preadurs vsmtl integrity, 4) autsrbl 

substitution, 5) radhtion damage, 8) nan-destructive terting, and 73 fabrim- 

tion pcessee .  The principl findings a d  r t c o m m e ~ t i o ~  arc Ineludsd. 

c 1 Extensive interaction took place ktwcrr tham prt ic lpt lng in thia 

study and members of the Probuttion, Procurement, a d  Con8tmctlon mb-tank 

force. ThL sub-task included discusalms of welding a d  mrehinhg in it8 

report, hence they are not inciudcd in w r  studyof fabricatim pocemea, em+@ 

to t k  extent that the selection of material is r eritiml prrnsrtsr in tba procear. 

Stress corrosion craelhg 01 stainless deele 304 and 3ML conatituter 

the most serious probkm in current reactors. and m y  continue to caws 

trouble unlcsa some substitution of material or change In fabrication procsrs is 

in;lukwrilted. The data base for making proper material sebctiona needs 



RECOMMENDATIONS 

The solution to strtas corrosion cracking p a l m s  must emtinus to 

have the highest Division priority with concurrent efforts on cause and poarible 

required changes in environment, miateriala and design. 

In p~rticular NEPD should: 

a) Estabhsh a high level program to develop and q u ~ l i i y  replace- 

ment materials for 304 stainlsrs steel in BWR primrry 

coolant piping. 

b) Rtplace some 4" diameter rechculntlem p m p  direhuge valve 

by-pr8 lines wlth r stabillrcsd 8Wnhrm atad oa a mml+ctt++ 

and carefully monitored baais to & h i m  fkld expriencs, 

c) Elrpand etradks on s t r e 8 r - r o r ~ ~ n  eroekiq to d h i m  mom 

Information on Incamel and nitrldsd mterhlr, a d  to wuch  

for alternate choice8 for $04 8Unlem8, 

d) E+nd studism on tbe origin rrad mngdtuds af h l i r r d  utrarsem 

in pipe and dher etoinbss steel compcmWn for cormlatim 

wlth cracking maceptlbility. 

ef Increase effort on studtea d e m h n m ~ l  effect8 on fatigue 

crack growth to prwue guidelines for water chemidry control. 

I) Determine the relationship between ehngcs in reactor operating 

practices and the occurrence of atress mrrmlon cracking. 

g} Recammend to cuatbmera that no changes in BWR water tnvirotr-. 

rnent be made without careful and extensive review by BWR 

Syattma Department. 



Dl SC USSmN 

P i p  cracks have hletoricrlly accounted fur only about 4% lo88 of 

availability. Recent rater have been aomewhmt mher, hawever, and carrsetivs 

action is  needed to meet concerns of utilitks, NRC and the public. 

BWRSD on Ftbruary 10 eslablirhed or pipe bask force under H. H. KleMer 

to solve the problem. The task force h s  recently (2/28/75) completd plrnr 

for an extensive prmram of beurnentation, analysi~,  and swtlmsntrl3tudy 

to establish a cause for the pipe cracks. In addition, the NRC a d  A r p n e  

N a t h a l  Laboratory are conchrcting studies on pip  crreks in BWRtr. 

The pipe task force ir already cms;icCsring rseommsndrtianm tbct 

customers -re detailed plane for repbemead d furnace rsnrithd 304. 

With mrch plans made and cnateriair at hand t b  cmrsqumcer of future SCC 

m y  be minimbd. 

The Dwelopwnt BngineerW pmgranr lrps concentrated wr high ar-h 

materials tor reactor mmpmenta, on radiation effects, and on cormmion 

fatigue- These subjects are important, but the present m i e m  mggertr a 

shift of emphsir torani piping mterbls. 



While the major emphasis should be an piping, other cam-@ 

should receive attsntbn a h .  

Reactor i n t s r ~ l  eompon4nt8 are constructed mainly f r ~ m  m, m L  

in some instances nitridmi, and Inconel 606, while the v@8s+l itmlf pnd thm 

vasacl nozzles are made of Low alloy steth. AUoy 17-4 PH llm h plP- 

to be used for index tubcis in BWR 6. Sttarn pipes and fmdwater pips8 are 

made of carbon d+cL Selection has been baaed on idustry sxpmrlence couplad 

with laboratory testa. Stnsitiecd Incontt 600 is a~tupli:~ mnod4~piteIy #u$ce@ibb 

to SCC in laboratory teds, but continuer to &e goad service performance. 

Understanding of this dincrepncy Is desirable. The data base for -L i8 

reht ively sprrse, yet subditution of SML far 304 in internal component& is 

extensive and more laboratory data are needed. Carbon deal is m+csptible 

to SCC failure in laboratory testa, but the conditlona which may c a w  mcb 

cracking are not fully clear. The salectbn of 17-4 FH I100 for Lndax tdmn is 

based on meebnkal properties data, rtrsm-comsim data a d  mm-nuclear 

fteld expriunce. Laboratory teas in relactad snvironmmta more wvsrs tban 

BWR water s b w  that 17-4 PH 1100 can be mncaptibls to a t m u  corrmh 

c n c k i v  vhcn in a amtdtised condition. %re teat data concmrning It8 bekvior 

under rtaetar operating canditian~ are ~ e d d  for complete u r u m c e  oa its 

perfor manee, Similarly m r e  nseds to be lmrned h t  thr bebrrtiar of Tppss 

304 a d  Wt &inless and 17-4 when nitridsd, since t b  nitriding operation 

m a # t i t t a  tbeda matariala ta atreas-cormmion crack i~ .  NitrW PICFfa may 









C a I c d a t i ~ l ~ ~  af pmk pmmaurea uwhr pmtdabd trrari+rrt 

w i k t  scram (ATWS) cadition6 have h e n  made within t& prt y m r  for 

various DWRts. Pea& prefiarma in the 16W to 1850 p i g  km W 

calculated for certain BWR-S p b h  and c ~ ~ r 8 b l y  lower fa? dhbr 

Bm's. pm8-8 &re d t b  the -#y d -1. 

NEPD's atudiea provide st- support tbrt Wm cnck h 

vessel steel umkr BWR tnrIroament C~~MWOWI do88 I#& b v e  m rcker~t 

irnpct on RPV Wtgrity. Other NEPD work fhrt at- cormmhtl 

c ~ r o r J c t 9 o t a c - h R P V s b e I s i n B W R r r r t a r r l ~ ~ .  

Crack8 brrc been ohanred in the c m  .nnmd f-t mzzh 

a t ~ r a d D ~ - 2 , h & ~ r t ~ n u l l + ~ b b a ~ ~ +  

U U r a b d c ~ - a f ~ ~ c ~ B ~ ~ ~ ~ h l g ~ m 1  

tdim bi8. h BWR-4's tbc lm Cwnrr eUmWW al l  

~ z l o s ~ t h b t y p c m c k ~ m l a a g e r b e ~ m e d .  

~ B W R d b 8 u ~ ~ ~ ~ c c ~ e t u ~ ~ ~ r r n d  

r e m m U y  . d w P l r t P r c  R P V h p e c t h h r s q u i m m s  Buwmr, hspc-  

tiondWVfiLdder~ifmpimd, # n d p b s p r r t o r m e d t a r ~  

e r d c n t w i t b c u t r c d l y r ~ ~ d m d ~ .  

The -1 BWR (tag* D-R-1, H W W  & W 

PuhW did llOf Mve jet ud hnve tb pttbmsurs ml c b e r  tt~ tb cars 

t h ; m i s t h c ~ ~ L h ~ r ~ t o n .  T h i r & r ~ L n ~ r ~ l o n  

be c n c e r e d  in mutom. B& o g + w  probrru are temuen, 

W I k r m r l . n n c J ~ d t h e R P V m r y k b r l n b k r t r W s r ~ b ~  

meeting cold kyd- tn t  



Ern@m#irr mctb of hi#hed quality reactor PC+- V Q W ~  

fn prrtic-: 

a) Increase effort on participation in guvtrnmsnt - 
teat -ma to bmmkn UILd+rltlndig and mini- cod. 

b) Upbrtc U3CA (loas d eamlrnt r e d d d  irrkgrity ~or iymh fmr 

BWR-6, 

c )  h m e n t  the aobrrtim of v n # l  MmgrltJ u d m  m t k i p k d  

t m m k d  rttbout a c n m  ( A m ) .  

d) Imprwe in-plnt lad Ln-#err- ~~ tee-, qaipmd 

a n d k ~ w a f t e n t k ~ r a d c E ~ ~ r r k  

m#aurrr- 

e) k e p m  @am far v-1 fkld iammhm, ra@r mi 

in the wed t h t  mch ad- rLoPld be nqtrirrd. 
a 

f) Cdinrre  a d y  dfed in fat- era& gnmb 8d rtrsu- 

carmmbn mimr d pcsrrurr ve-1-11 in mrad mad 

ahermai reactor mi&#- ta &ah rAdltlmrl &mumace 

Cd pdeurcn v-1 Ilfe, 

DEcUrnKIN 

GE rmalyrL emfirms thc edlrrutrr w e d  ia WASH-1W (the 

Ranmum- repwt) thrt the pdublLLty d a di+m@lrr failure d an 

RW tm d ttm e r  d la4 or ha. p r  n r c t o r - y a w .  





il wuld be rrrtred within the RPV wall and wuld not had to cornpktc fnlctuP8 

shpnth. Thh onaly8ia rbould ba updrted for tbe curred BWR met linr 

tmking into mccmnt new material property data a d  imprwed aualytical d b o d r  

developed since 1Bb6. In a =A analysis, thh bwer radbtion snnb~MtlsUltKbt 

and the smaller wall thiehsss of B W  vessel8 are gcncraUy Iavorobl fmcbtr 

in cornprlaon to PWR vesrti8. 

In an ATWS incldcnt, the most *rim9 rslpuenct for all BWR's ir a 

e lmre  of the mCn h d a t h  valveu c o m b i d  with a failure to mcram. Thi8 

putuhttb inelb+nt occurs at normal optrating ttmpcratures of apprdmmtely 

550°F. For certain BWEC-5 phnts, ealculatimr r b w  psuibb & v+uurer 

in the 1W to 1650 prig w e .  Tk ~ s w w e n  a r t  h r  in other BWR'r; 

c.g. ,  a p p W m t ~ 1 y  1- for BWR-I. 8inct tbew crhlatsd ATWS aver- 

premwrer wuld occur at eleoratad tempratwe when the RPV mtarial i8 La 

its ductile atate, they are tqmctsd to have ru, sertmr damage cOCU+P~c+a 

am the RPV. Tbm rurrlyrir d m  to be eldmdmd Ca verify thU rxpctath. 

IodWbu or craelrs dctectd by in-marrice hmpetim I rve mt r q u i r d  

any actha [Rlgriar RPVl or have h e n  mall + v h  to w r d p  r q u h  remorri 

without mpir (Mi- and Dterckn-2). T b  Pilpim aitmtbn c d d  k 

plrthlly a#crW to a madllicrth in the Wrpmtalbn of ubucm4c ted 

drtr bmwn the barn-lina ond rubqumt Inrpcthnr. 

The BWI-6 &8@n ha8 a nominal 36- Inch radial rcctar #pea all armmi 

the wtride of th& Rw. Automated inrpction quipmad to wrk in thi8 rpee 

im in the dmebpment phaue. W u t  DWR-5'r hmva sufliciont acetrr BpC+ Lo olm 



rtcammdate thim equipment. In older plant$, acc8rmibillty to tha RPV wall €8 

limited arrd variabb, tn addition, the ligament arm between control rod 

pne tra thr  in the bottom region of the RPV in all BWRTa im d currently 

inspectabh by ultrasonic methaba. 

Present regulatory in-aervlce inspeetion requirammta are wt mandatory 

on okltr plants; a h ,  the bottom huad rqion lras been exempted, However, 

the requiremaclts may become more encomprring in the future ond eadIngcncy 

plnnn- s h l d  k undertaken. Adcqwte in-service inrpedbn is dependent 

cm the availabilUy of reliable, aansitive mnddrtructivs tc8te Wbodr. 

T k  higher t)m origtmlly eakulatad ewutron flumet a d  embrittleamnt 

in the RPV of m s r d  of tbe oldeat BWRa doer nd lmpir tbs d e t y  rwrgh at 

operating temperaturea bt can prduce difficulties in meti- nw hydmrtrct ic 

t t r t i ~  and &art-up and ah~t-ckrn prermrhtian requireensntr. T b t e  Cm 

reammbly adeqrutt data for selection of m a#lmum thermal urneJing 

temperature and time to reduce the embrittkment but engineering detaih 

for performing it need to be worked out in a cmtiwtncy plan. T b  need is  

not immediate and m, the work can proceed an o long-term ksCs. 

Tha NEPD test program on fatigue crack growth behavhr ab R W  ctsels 

h included t& effects of temperature, cycling rats and normal BWR water 





FINDINGS 

Ftadiation damage may be extcn~ive enough in early reactore that 

annealing of the vsrstlr wi l l  be required to a8rure a forty-ysar life. 

No reactw structural elements have failad ar  a re~ult  of rahtion danrage 

or is there any indication that occurrence of strear corronlan cracking will be 

made more likely by exposure to neutron rpdlition. 

More i n f o r m t i n  is needed concerning rodbtim elfectr on a lhp  c o m m d y  

used in reactor internals at the ternpttature of concern and at high fluenecs. 

The energy spectrum of mutrans in a d  near the core of a BWR ir not 

well kmwn. The methods used to calculate neutron flumces, and hence predict 

radiation effects, for the BWR need impravement. 

Increaw d ia tbn  &magt audies with p~rticulnr reference to in-core 

sample irradiation monitoring and reliable elq)crirncntal verification of neutron 

spectrum and Ilwnce at erltieal in-core kcationa. 

DISCUSSKIN 

TO date, no reactor mtructural clement b u  failed am a ramU of radintion 

damage, nor has there hem any indication, from any m r c e ,  that the oecurrencc 

of strend corrosion cracking will be made more likely by clslpwre to nwtron 

r d  In our present rtate of underrtuuling, hawevet, the prdktion of 

the efferts of mutton irradiation on the r n ~ c l u n l e ~ l  propertim of rractor 



rompunents uver the reartor lifetime of 40 year8 in approximote rather titan 

exact. One uncertainty is  t k  elcact change in ductile - brittle tranaltion temper - 

ature which may occur over long times in early BWR-1 plants whleh had 

alightty elevated coppr a d  pbaphorus concentrations in the preoeure vessel 

steel. Caleulatims hdicate increase in ductile - brittle transition temprraturc 

of 125°F after 40 year life. This is not of any consequence during reactor 

operation, but is undesirable lor  cold start-up conditions. Neutron flux 

measurtmtntis are being made at the reactor vessel wall to tmtablish firmly 

the level of llutrrcc a d  knee the tnagnitudt of the inc:rmse in ductile - brittle 

transition temperature which may be e x p c t d .  If the high valuem are sub- 

stantiated, tbermnl a ~ e a l l n g  of the verael to rduce  the ductile-brittle 

transition ternpraturt m a y  be dcrirable. T b s e  emsiderations are not of 

concern in BWR-2 ud hter reactors where flux levels at t b  wall art bwer 

a d  where Lighter speciliertima were impcud on Cu and P content in the 

pressure vesscl ultcl. 

Other elemads vkrt porsible diMtcuYica m a y  arlee are the weld8 in the 

core plate and top p i d o  v b r e  end-of-life flutnces in the BWR-6 of 47x10 20 

and -2.10~' nvt rcspctivaly have k e n  calculated. hese  arc close to the 

p i n t  at which the errtinnted curve of uniform elongation for Type 308 ottcl rhowa 

r rapid dropoff to values ltsr t b n  0.1%. It l a  n e c s s s ~ y  that additional data 

he &a i n d  an t ht radiation behavior of Type 308 ateel, NEPD Ir now planning to 

dr, mnic ttd8 in the GETR. Thew will be high flux itradtatlonr at low 



temperature (-200 Fl, Similar irradlatians shbuld be prtormsd in a capwb 

designed to keep the samples at near the expected in-rervics t+mp+mtura 

of 550 F. 

At the present time, it is not passibk to mah completely accurate 

prediction of the changes in m t c h n k a l  properties that MU ba sxperfeneed by 

alloys eqmsed in one type of reactor from measurements made on amph8  

exposed in  another. This situation arise8 becauat of general differences in 

temperature, neutron energy spctrurn, pwer cycling, etc., in tha two 

reactors. Accoldi~@y, the only way to make absolutely rsliabk predktioc~ 

for a given reactor t y p  ia on t k  h a i n  of data gatherd OH aamplem expoued 

in such a reactor- The very bw 1Uctlme ftuancc valuca Mret&r+ antidpated 

lor care structural elements has resulted in making the ssltiw up of mch a 

prwta m a hw priority item. However, more cornpct dsmignr leading to 

bigher fluenee l tvelsshauldincreaseth+ppC~rityinthirar~. Because 

m n v  core structural e lcmmts  are, lor practical purports, n d  replaceable, any 

increased value for lifetime f l u e n o  rerulting from redesign of t k  core or r 

now ralcuhtional m e t W  can be expected ta ba of emetra to dratgneru, A 

conlirwally broadening data baee wi l l  reduce the a m n t  of guerrmrk inherant 

in erdrapok*ing mechanical proptrties to highsr fluentea. 

An errcdial feature of the &scriptian 01 tha rodhtkn mvlronmaqt is 

spritirrlim of the local peutton energy fipsctrum, Unfortunately, tha ntutrm 

ecrrgy rpedrurn 11 nd well kwm mxcept in r few tart reactors rrhrre 

apecr.~l effort hfi been made to measure it. As a rmilt, pruliction of radlrtbn 



dvm;~#e ellmts h ~ c b  on data obtained from romples cxpoeed in ant reactor 

locrtion can only, in general, be considersd a# gadd first approximaticm8 

for other locations or reactors, 

Furthermore, there in  considerable uncertainty in the value8 givtn 

lor anticipated fast ntutron flucncte because of in8ufICclent reliable data 

correlating theoret tcal neutron fluence calculationr and in-reactor rncorure- 

mcnts. Far instance, the exprtcd neutron fluence at varioue near-core 

pbsitions of severaE BWR'a has been calculated and compared to measured 

values. Thc c?lcuhlmd values range from 25% to 2fM% d tho= measured. 

Since the measurements were of low reliability it lec not clear to what dsgrce 

L he calculation lacks precision. Recently, an a prior1 more accurate method 

nf ralcu ht ing neutron f hence h e  been adopted by NEPD. It gensmlly yield8 

higher vahea than uere gken by the alder method. This, coupled with a decrease 

h some core dimenmiom, results in anticipated fast  neutronfluence levale tn 

core structures that are greater by about a factor of 4 than #me calculated (by the 

alder melhod) for earlier BWR models. The anticipated increased precision d the 

new mcthd of calrulation stial remains to be experimentally cmfirmd, 

We now know that the neutron fluenet at the vessel wail will bt higher 

in srme old RWH-1 type plants than in rrubscquent plant types, and even 

abnul a hrlar of 10 h i ~ h e r  than that predicted for the BWR/B, This aihrotian 

cwrnrn a h u t  berauee these pliant5 do not have jet plmpa so the vessel wall is  

rluvr iu the core, and bceavm the method of flumce ralculation ha8 (a priori) 



k e n  imprwed rincc the time of their derign, Conriderably more informa- 

tion on radiation effects h a  also been ~ccumulatd since then. Measuts- 

manta of neuttan flux at the vessel wail are now being obtained so that accurate 

Cluence values wiil  be known and hence accurate prdictbne of the radiation 

effect on the pressure vessel made, Flux msr8uramants ~ h l b  a h  be made 

for other points inside thin type of reactor. 

A mrioua effort a h l d  be made to exprimentally determine the neutron 

energy spectrum at the locatlona where radiation effectm sufvsilhnce wmpb8 

are exposed in reactors. ThSs will allow an accurate determination of neutron 

fluenee and will alm allow test idormatbn from other aowces, much a8 the 

radiation effects programs at Hanford, Ook Ridge and the Naval Rekrrch 

Laboratory, lo be more reasonably extraplnted to BWR c o n d i t h r .  

FINDINGS AND RECOMMENDATIONS - Matcrhls Subrtitution 

The principorl pmblems, stress corro8ion cracking and buildup 01 

radioat-tivity in the reactor m y  bath be overcame most satisfacterily by 

substituting new alloys for those currently used* 

A replacement alby for 304 and 3CWL not msce@ible to rtresa corrosion 

rrarking is needed. 

Allernate a lbys  have not yet been uufficiently evaluated by NEPD to 

justify their intrdurtion in large male. 



Experience of KWU when obtabnad through an "information ercbngt" 

m a y  prove to be rufliclent to warrant immediate introduction of 5. S 347, 

or modifications of it. 

Maintenance of installed rtpctara and of future reactors utilizing similar 

materials will be complicated by Wildup of Co-60. 

The level d CO-60 may be controlled to about art-tenth of the typical 

level through use of low cobalt alloye In all parts of the system. 

The m r r  c of cobs lt cantaminat ion ha8 not yet been identifld, h t  

t k  NEPD prugnrn d h d d  toward CderrtUylq the sarrce ia adaquatt. 

Thcre is  m, program in place to develop bw ccibalt allays, but infor- 

matimi excbrys agreement8 with European mador builders are counted m 

lo provide valuable ardmtmce. 

Major empusla alwruld be given to dewlap- and quaUiying an altertute 

material or materials reslrbnt to stress eorroebn cracking for p i p  and 

teartor intatnab, A level of effort sbuld be established by the piping taak 

totca. 

Develop or b h t i f y  a d  specify low c-lt grades of atainlers amla 

and Inconelm lor critical piping and other comprrsntr in contact with reactor 

and id n t c t ,  

Develop and opccily low cobalt h r d  frrelng alloys to replace high cobalt 

~tcllitm whsnwer poaribb. 



DISCITSSION 

The program rquircd to qualify an alloy which ir not wrceptlble to 

stress corrosion cracking a8 a replacement for 304 and 3ML ha8 been 

discussed in the sectkn tit led "Stress Corrosion Cracking''. 

The course of ~mbaY-W, the most objsdimabh radtorwclidt contaminant 

Ln reactor water, h s  not k e n  firmly tstabnrW; however, tba 0sk;Lrrbrnn I 

reactor, h i l t  by ASEA Atom with law eobPlt content alloys throughout, h a  

a h e r  level 01 Co-80 then any other BWR at equivalent time in service. 

Thia muggtas that allays umd In reactor, piping, or hater8 m y  b a 

principl e a d r h t o t .  NU PI) has, with caapsrdh from tseveral utilltba, 

initiated efforts to establish the source of Co-60, and will hbpthrlly hmve fairly 

definitive data in a year or tw. 

There are three alloy chsser which might cmtrikrte to the Co-60 

buildup; skinlesr deels, lnconel, and BelUtc. In the Hrd two the cobPlt 

is prcaent as  P "tramp" element and perfarm8 no uaeiul tunctim. In SteUltc, 

cdmlt is the principal iwredient. 

Immsdiate steps uhauld be taken to evaluate the removal of cobalt from 

stainless steels and lnconel uoed in reactor and feed watts piping. Udvtraal 

Cycbpu, and perhap other U. S. prduccrs, rupply rtainlelrs deels with 0.02, 

0.01 and 0.005% Co oa spcial order. ASEA Atom pureharm their l aw  Co gradea 

from SadviL BLeel. 



No satisfactory replacement is currently known for Stallite for hard 

suriaeed parts, but ASEA has been able to rephce all SteEltte between the 

den~ineralizcra and reactor. An effort should be made to attain infor matian 

rmrcrnin~:  the replacement they L v e  selected. It is report& to be Calrnonoy, 

hut since there are many alloys sold under this name, the information is not 

definitive. An effort should be initiated to find a satisfactory substitute 

far Stellits. 

FINDINGS - Fabrication Procemwa 

WeMlng Is the m s l  important fabrication process In NEPD, 

Rigid control of proven proceases already in place is far more imprhn t  

than introduction of ntw processes. 

REClMMENDAT#)NS - 
D a v d t  procasa development effort toward rfgtd control of proven procesti~es 

already in phre rather than emcentrate on the development of new procssms. 

D18CUSS10N 

Welding i s  by far the most imprtant fabrication process conducted within 

NEPD. This subject a8 well as machlnlng has been examined by the tark force 

on Prudurt ion, Procurement and Construction* Our sub task force communicated 

frequently with Chat taak force to ascertain whether or not there were rmteripl 

b a d  pmbbms invalvd in these areas. 



I t  appmra that manufacturing personnd in Wilmington are well aware 

of the need to tdablish firm process control8 on all shop operations and are 

taking the necosaary steps to accomplish this. 

PNDINGS AND RECOMMENDATIONS - Non Destructive Testing 

FINDINGS 

The NDT function needs strertgthening in this highly t ~ h n o l @ d  

business. 

The NDT efforts are diffused 0rganhtloM11y c ~ ~ ~ ~ ~ ~ I Y  hWt l i H h  

impact ort Divirrhn p l i c y  or procedure, 

NDT procedure8 are established to meet Code requirements. 

While there are same very competent people working in the area, 

greater depth of talent is desirable, especially Ln the realm d technolqrical 

imprw~mcnt. 

RECOY MENDATIONS 

A l l  NDT functims and NDT p r ~ l e s s i o ~ l  permnnel should be cmsolidatcd 

in one organizational entity managed by an NDT prcrfee#ioml. 

The NDT efforl should be strtq#teneb 

DIScUSSIrn 

To be mat effeeiive all NDT aclivitlen rhould be brought into r grwp which 

is  a purt of the Matt~ialri and Procsasea organiratian. It should b rerrpansible 

for performanre of aLL devebpmsnt, engineering, quality control and quality 

assurance work in NDT peiiorrnd by or lor the Diviuion, including appovd 



d all documents dealing with NDT, mch am d r a m a ,  apcifidlans, 

procedures, techniques and materhl certUicatim8. It rhould bo reaponalble 

for all NDT p r m n e l  etrtificatiorw, including operators and inspectors, 

and tor approval and performance auditing of outside NDT supplierb, such 

as t~r;tim laboratories and material suppliers. 

The competence in NDT is scattered throughout the Division. Only 

two NDT poplc  in San Jose Design Enginmering are sufficiently expsrienced 

to be accorded expcrt statue by engineering, QC, vetldor and cu8tomer 

per-1. Yet, the group is reamnafbb for deeign NDT recommendations, 

in-scrvice inspection design and NDT requirements, review of fabricator 

NDT proposals, qualification of their own and IS1 vendor teat personnel, 

supervision of ISE NIYT work, evaluation of IS1 NDT rcaulta, consultations 

with cudomers on IS1 or base line NDT, and coordination of NDT develop- 

ment needs with the NDT Development group. 





I. TASK OBJECTIVE 

To review the application of materials and pracessea in ~elactsd 

critical reactor companenta. To identify preaelrt or future pmblem WU 

and to recommend alternate m&terUs, detailed mviewa, developmat pmgrom 

or &her actioaa as qpmpriate. 

11. METHOD 

A. SCOPE 

TAe follawinr components were selected for mview: 

Control rods and control MICl drive8 

valves, pr(icululy MSW , srcfety/rclltf &nd flow c a d r d  

Jet prmp 

R e c i r c ~ i o n  pump 

Fewhater aprger 

Stmm aeparotor 

r r n m d  headbolt 

FUfR beat exchanger 

At the request of J. Young a review wps &o made of the 

zirrroniuna channel heat treatment. Time permitted cmly a relatively supirficial 

evaluation, hmuever . 
Core support inteanab were not considered, nor were numerous other 

k s s  c. ritical components, The 4" by-p~ss lines md other stainless ateel piping 

cornpmmnli; were assumed to be covered under thb heading of strm8-e~)rmah 

rrarkinc:. 



with input8 from D.A. Vsrmilyea in t b  arms of control rod driver a d  

ict P m P *  

The work wa8 emduetcd by attewkncc at various review searitme 

for the entire Materials Proceases and Chemistry Sub-Task Force ( h t i  

Jose-Jan, 20-23, Wilmlngton- Feb. 24) and by individuo~l diueursiona at 

San Jog+ (Jan. 23-24, Peb. 5-7 and March 3-5) and at Wilmhgton (Feb. 251. 

Additional informatian was obtained from r e m s  and dcmmentr, uome of 

Task Force were handled by common attendance at numerous ssusims and 

by continued direct contacts. Interface with C. Elatonis Compwrsnts Sub- 

Task Forec wza prwided thraugh attendance at one meeting d t k t  Sub-Task 

Force on valves and jet p r m p  and by pruviding copies af report#. 

Control Rod Life 

FPEDMGS 

More understanding is needed of the factors which will determine t k  

a r tud  field life of control bhdes. 



WXOMMENDATIONS 

1. Set up and implement a program for regulnr and cllmful d s s t ~ v t  

evaluation of contml blades from -rating reactors. 

2. Establish a development program for experimental verification 

of pressure W l d  up cprlcuhtion, He rel-e rate, atoin3ecrs steel property 

c h g e s  with irradiation. 

3. Review economic and performance potenthl of alternate forms 

if fwnd appropriate. 

DISCUSSION 

The present B4C control blade design vrs first utilized in 1981 in 

Dres&n-1 alter the discovery of severe cracking in the 2%~-rtaidess steel 

blades originally used. Early estimates predicted a 'lead rod" life of 5-6 years .  

Two bascs for life expectancy were considered: me b e d  on nuclear bum-up 

and NIP Wed on Limiting pressure build-up in the stainless steel tube because 

of 1 lc *auration from (n, a )  reaction on B" and prtial release ol thie He into 

Lhc stainless steel pressure tube. 

Calcuktions of pressure U c t  up then and now k v e  been b e d  on 

relatively old flc release role tiah on B4C d quite different origias than that 





siunifiernt incident and highed priority s h l d  be given to datarrabing Us 

cruse a d  the stape neceswy to prevent additional failures d thir typ. 

It is Irn- to note that the safety fundtan war nd impaired, 

Evalurth  of thia cracking problem should be ;1Wd to the rmpe of 

the Task Force acl Cause at Pi- Crack8 and assigned qua1 priority. 

and mered nearly 30" d arc elreumftrentiolly iwaund the tubt. The emck 

While it is too early to tel l  with certainty, the crack hatiam ud 

apperranre fits r diagmaie d a t t t s ~ ~  corroaim cracking. h e w s a  u# rirping 

water tempraturns in this area, the pmnibility d tbermal8t#8res ealets in 

a i t i a n  to the mechanical dresses inrpmed cm this prt. Rtsldull  streams 

from welding and nitriding m a y  also k v c  adstecl. It thus seems pbssiblt that 

adititma1 crarL1ng af this t y p  may be &#wed in the future. 



inc)ex tube material as requimd by new faat s c n m  ra~uiremsatr for BWR-6 



the weld junction of the composite 304 - Inemel X-750 design. U m m 8  50 

appears La have too low atmngth far the requirement. 

Time pressures require a commitment by W. /hv. , 1075 d 

preliminmy design a p p r o ~ l  has k n  given to W h  of the first two alternates. 

Wilrnin@on has been authorized to hbrieate 500 tuba -h, but is currently 

ghming a pre-pmhction run of #Jy 20, C a M  md detailed mstrllur@eal 

h e w  should be given this materials sehU0n  q u e ~ t h  M o r e  f&ml commitmeet. 

Materinls and P~COCCSS Cmtml iL1 Vendor w e d  Pumps and Valve6 

FINDINGS 

More contml is needed on materiale and process aspect8 ab critical 

vendor supplied punp and valves euch rrs m a ,  eafety/relief valves, flow 

cantrol valves ond mcireul.till$ pump* 

RECOk?MENDATIONS 

1. Materials Review Teams should be eatrkdbhsd to provide daplled 

review of each critical veordor-s@id Uem. These t- s W d :  

a) Provide rettbmrhCndlCtim to Design for improved materiala 

aad process spccificaliwrs. 

b) Audit vendor pncti-8 in t h ~  field a d  prwick mcomnnenctrtine 

for improved qudItyheliaMLLty. 

- . . - -. . . . - . . 



verdor perlarmmce by C, B. materials mgheta 

r Abrasive wear on piston rings 

Distorticn in valve smts 



9 Ewim effects on hrd sudhced valve a d s  

'hck weld failures (A1BIV) 

Cushh spud failure8 [mw) 

The pmmnt system of relknce on vtRdOm for deslgr md materiala 

selection aspects af these e~~ &s ~~ in reWvdy poor r s m  

pHor-- Fn,m the ~~ techmlogy dewpint it bc mi* 

to bring as much valve ud punp m r e  i n - h e  at? p ~ ~ ~ l i b h .  If tht 

camot be donc, them ~ubstadai  lacrease in G. E. suprrrish of rsnQr @- 



to the &be. tn BWR-S rrd BWR4 ths deam call8 tw r lW #pd 

prmp tlm rpm) with 1 ~bPbs t f ~ s  flow c d r o l  v.h+ to c&ml W from 

as% to IOU% d wm 
Turn d i t f e w  dcrw versiimr d thir valve hve been deWcped, me 

by H a m m U - U  for BWR-5 a d  o w  by F W r  lor BWR-6. Ted8 lave b e e m  

run tm the H-D valve at a t e d  facility at tha BtnqbPm Pump Campmy but tdnl 

t imt cm ttst was 500 hrr. mid tbe tsdr w n  -1y to verify t.h bydmbc 

&a@. No tcdr l w e  aa get been run m tlrs Fimber rersh, 

Tbe F'idwrnhtuatra -Type Sl6 obinlcu848ulu.d~ 

far t& a8f t  md kll pmka d the plmp Tbe bell portim ia Gttllite c M ,  

a d p a b k m r h a m a h a d y b e u ~ r e d i a ~ t m m c m c k . 8  

prabob1~-bY*ebpmsdd*=@--w~~w 

lnvirrrdtbe critiWarSlu+dWflw anrrtralvabe it aeenwbq~ratht 

t b t ~ - t e r m h J 1 ~ l c ~ k h l t h t e d a u ~ a s ~ i b L C ,  Prd~iemrob 

?mian, U-, acbabrfat@e, rlbrrtba, ate. nssdtobecamfWy 

e v a M 8 l W t ~ g l r ~ ~ ~ m l e ~ ~ .  

A f b r r t e a t h c U y t w ~ l l c b r ~ r b o u l d b e ) # L f l d t & ~ i c W  

~rersatility tbat it un be d to krt d k r  ctmpmedr much a8 recircrrktim 

prmp as well. Caddentkm abmkl k dfrm to inmrparrtlaC: wcb rn teat 

h p  in tk p r w  F b w  Iadvtcd VibratLon hydnuUc facility norr belag 

r+9ucjad by NEPb. 



FINDWGS 

A pdenthl corrouion-fatigue problem may e a t  in the modified fcedwpfer 

sparKcr d c s i p  devchped as a fin for previous cracking p a w .  The 8uspect 

rWa Iws at the radius section where the throat ) o h  the epwger amus rid 

w k r c  cyclic thermally induced strtases will be supcrirrrpad on rtsW 

st rcsscs f rorn wetdmg. 

RECrnMENDATIONS 

cyclic tbprmally induced etressea will be superimposed. 

DrnSGION 

Cracks have occurred in the juncliar between the f e d b e  a d  the 

spargcr arms in the fedwater sprgers at MUlstmc, Dresckn-2 d KKM. 

These wcm caused by flow indued vibrption stmwe~) orf m i n g  from iowe 

f i t  of thc sparger feed lhmat into the reactor pnssum vessel nozzle, A fix 

has k e n  devised which involves welding the sprger t h m l  to the vessel mzzle 

instcad of using r d i p  fit. 

Movement of the tips of the sparger arms dong the circumference 

drrcctiun uf the ve~sel  is permitted by use of a pin sliding in a slotted bracket, 





bukim or bwiw. Channel lifetimes am tdlmatd to k between 3 a d  10 

years dtpcndhg on reactor type, c h n d  fabrication pncstlurem and 

channel wall th icbss .  

DBC- 

Since rtplrcemnt time for m y  men fuel bundle ir 4-5 ywra t b  Me- 

lime d Zirealoy cbmelr rmst be at W tblr - hqmfully lnt-1 

trrultiplts d this time (a. o. 8-10 yearr, 12-15 years, etc, 1. M ta tk 

costs of chiamel r e p l a c e m  are the wedid mbmu wUh &roil Mid 

a p r a t h  plus tk a&ed mdWLon b e 1  for ctmtrOa rod drive msWenmce 

c a d  by sp~lled mrrusioa prodrret rttULg in the drive rrsr. 

The buw ond proMcrn hu ban atta&ed by intreasiyt the 

cbrmel wall thlekneu a d  b e  the1 rtiffnesn. BWRZ and 3 reactors 



with C lattice h v e  10Q mil channel mile and BWR-8 reactorr have la0 mil 

channtls. TM8 latter derlgn L predicted to emu- an 8-10 y w  u hr 

88 channel buuiey ud bowing is eonctrnsd, 

The BWR-1 reactors (Dresden-I, Tarawr a d  Garigliand hmd 

Zkealoy-2 chwumb ;ud these have &own nu evidence of splhtion carrmb. 

In BWR-2 &rigma, hmwer, a chm#e -8 made to Zircakuy-4 in order to 

reduce the pcmrbUUy d hydrldc cmbrittkmsat mer hag-time oped im 

Tbtm early Zeircaloy-4 ehnnrslr have u a d e m  r d d i v d y  m@d g t n t ~ l  

corroaim reea~ltw in the dtwclopmcat d a fluffy white &e which bqgtmr to 

-11 wbm it mebea a thickness d 3-4 milm after 2-3 year8 d agsrotiorr. 

Then is f m t e $  mme evidence that later pmduetim Zr-4 brs more uniform 

d-kn d f b r  t n k r ~ l l i c  comparnds a d  may be lea8 swesgtibh to 

corraah, Tbim impnrrem may not bc mdfici- to enmure h g  cbrnntl 

we, -8~. 

Tlure i8 tmw rt- cr#cncc that .rrbrturti&l med c a r r o r i n  remime@ 

~ ~ k p ~ L I I Z i r # ~ - 4 ~ ~ p i d e o o ~ f m m t k o + 9  ~ o r f m m r l l  

9. A r i g o m  w a r n  b & m y ,  maperPtlvs batreen Sari J-, W i l m i q t o n ,  

a d  CRD, to k r e b p  a c ~ ~ 8  vertical inbucttcm bating ;lad npLd quenching 

process ta supplement tk p r e M  promvelian p.war& and yield a amre highly 

corrosion resistant produd. TRc gal is  mrt d production by 1976 a d  pro- 

myp chanvln have w inrcitsd ir Nine Yila Point in April '74, Milidone, 

CkWwr '74 a d  V t r d  Yankee, N w e m b r  '74. A&litimal tad cbrmrlr w i l l  



chPnnr1s will mt be available until - after the pmpcmed pnxhction dPte for the 

new t rcatmcnt process, however. 

I1 rs clear that the present &si@ modiIIcat ia  and heat treatment 

h-vcr, the objective of an 8-10 year life seems too limited, and carsideration 

s b l d  be given to a back-up program wtth a goal d a 20 year We, Increased 

c-is should &so be placed on the pcssible usc of Zirtmlw-2 rather than 

modified conrpiticm. 

parts. Examples are control rob drive tuks and thin control W. 

inidability and &vdop improved proctalrin~ pnrcdures to minlmitc it. 



DISC USSlON 

T k r e  appear to be problems at Wilrninglm in maintaining sufficiently 

precise dlmenr1on;rl tolerance In lorrg, thin staicrbsa atml components. This 

results in h-r I h n  desirable scrap loss and ~ n t ~ u c e s  the p s i b i l i t y  of 

further ckpfiure from dimensha during service. In 1974, for earam*, 

about 40 uut of 1000 tdws were rclected for bowin# and the record so far 

in 1975 is  15 rejects wt d 150 t-s. 

Heal treatment in the rawe 750 ' - 1200' F or slow cmling t h r w h  

lhia m w  will result in sensitization to Bfrt88-corr~sion cracking. Thus, 

available stress reliming treatments are limited. We need to dcvtiop more 

inlormation concern@ the effectiveness of low temperature stress relief 

trsatmcds 1700" F a d  behd and more Infarmation m reaidual dress distri- 

Mion from utraigMtning and nitridhag opcrptins. 



all avarlrWc h r d  facing alltryn uwi to ormnize a testing and &velopment program 

to ensure the wailability of effective cobrlt-fm hrd  facing mattriala for w e  

in BWR primary wattr loops. 

Thc desirability of cdmlt reduction in the aystem is d i rc r rsM else- 



&rbrlal..i w i l l  p r thbly  bc himy desirable. In any event, the establishment 

of in-house competence m hrrd facing and e w i m  resistant materials seems 

essmlhl far mintemnee and inrprovtmtnt of BWR aystem reliability. 

Need for Gasket, Seal and Packing Expertise 

FINDINGS 

For MI in-hwe murrtbrctured components such as control rod drivee 

DWSglON 

The high frequency of failure encountered Ln wk&, suds or p4ckhg 

in valves, pmy ud control drive8 indicates am oppodunity for improved 

reliability through impraved sealing materials a d  their application. Most  d 

t k t w  malsriah arc prupriehry vtndctr-dcvelaped item. The development of 

i n - h s c  expertise undmwtanding cmcerning these materials should, at 

the h a d ,  prwide NEPD with improved ability to apwify  optimum materials and 

J trrM t w l d  lead to ~mpmved compositions with better prformmce char~cteristics. 



IrrPldequate Knowledge of. PmptietUy Vendor Prme8ues 

FMDMGS 

In at least me case (Electrolyzed eont ml rod drive spud) NEPD is using 

a pmprretary vendor process withut adequate knowledge of the cornpsition 

1. Wnplc. control rod drive latching spuds chrome plated by the 

"Elcrtrdyze" process should be destrutrtively examined to determine the 

cmct nature of the coating includhg chemical cornpition,thicimeas of coating, 

rnetaUognphic structure, etc. Advanced techniques such as scanning elect mn 

micmmiiphy s h d d  be used. 

2, mndard control tests should be be- to be used for 

quali ly control un a continuing &is. 

3. An altemte vendor source shuuld k qualified. 

Whale the "Electrolyzed" chrome pkte rppllcption a m  to be 



I .  MATERIALS INPORbaATKIN 

SYSTEM AND CONTROL 



NUCLEAII HEACTOk STUDY 

SUB-TASK CHAIRMAN REPORT 

TASK OBJECTIVE 

l t ~ v i e w  DWR structural materials information and rontrol, mscss 

t.7 rblCecl on plant rriiabililv, safety, prformanrs and life and identify areas 

A. SCOPE. 

This review covered the n aterials and prncesaes umd In the BWR 

s t w  r u  supplv svs tc~ l~  and the major operating problems, design problems and 

nrsrnufac-turinl: prchtems asmriated with Iheee materiats and processes+ 

Thc sperific scope of this  task covered the role of materials engineer in^, 

the develi~pm~ni, analysis. maintenance and design use of materials data, 

materrals and process design documentation and control and quality assurance 

that design requirements are being met. 

The scope does not cover fuel, or any eircaloy structures or the 

furls wg;r nizal ion. 

; I )  The r r v i ~ w  was conducted prlrrtarily by E. D. Sayre, with 

in~luts hum a11 other wb-task grmp members, 

bl The wirk  was conducted by reviewing NEPD organizations, policy 
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malr r iak  test data. v ~ n d o r  ~ c r t s ,  planning cforumcnls and technical reprts .  

Ihst.u~uinns were hrbld with various individuals and plant lours were completed 

at San h a e  Curtner Labs, Vallecitos Labs, Wifmington Plant ard Chicago 

Drrdgr % Iron Nuclear Plant. 

r )  Thcrc w t w  only a few interfiice~ with other task ~ ~ D U P S ;  

these w r e  in person and by reviewing repxts .  

Il l .  FINIIWGS AN11 RECOMMENDATIONS - Materials Information 

and Control 

The Hole of Matcriais Engineering 

FINDINGS 

Tha* role nf Materials Engineering needs strengthening in RWRO. 

The ~ ~ r a t r r i a l s  function is diffused throughotnt the engineering: and development 

organization. Materials and processes policy, planning, and integration 

between nuterials engineering requirements and materials and process 

dwr.lnpnwnt should be improved. The materials engineers are eubordinate 

in d e s i ~ n  ~ q i n e e r i n g  and stronger materiale leadership is desirable. 

RECOMMENDATlONS 

Thr  entire materials  funrtion inr!luding materials enginerlng and male- 

rials and prncesses development fur both structures and fuels and water chemistry 

s h i d  b~ organized under a materials and pmcessee laboratory manager 

r~pnrtiag to the Mana~er BWRSD. 



lllS(: 1iSSlClN 

It is  the rwllsril1sus ill all nienibers of the task forcr and virtually 311 

4 t tbr* ~ ~ l r q ~ l c  iut t~ r r lpwCd f hat Ihe ralp d ~rl;iteri;ils enginrering and the 

~lr r l r~ l -mls  Iunctlurr r w ~ d s  strenh4hening. The function i s  spread out through 

t h c b  rwl:a~rizatitrn ;it r p k t ~ v p l y  IUW lwei and has insufficient authority for 

i~~:rdwshlp. A Il t w  t ~ r i ; r  Is applirwtion en~ineers and nratcrials development 

r w ~ i r l r w x  are ; ~ t  the? rlngitwet cw unit levcl and there is only one materials 

tbnKitieet .at the sub-sertian Level in fuels. 

Strong top ~ l u n ; ~ ~ c m e n t  of the materials and procpss function is required 

lor dr~veloprt~ent at effcctivs policy nnd short and long range phns. A ccntrr~lized 

1;drtmrtory control i .  necessary in order to establish priorities in accordance 

with overall plans. 

tiE NEPD should develop a position of stature in the nizterials industry, 

It shm~ltl :wsunle ;I leadership role in code camrnittees and other professional 

b d w s  wttlch estabtish standards that aff~ct GE and i ts  prtdurrts, 

With a rliverw low level matcr~als function, it is difficult to attract 

a d  retain high caliber p~uple  sinw therv is not enough (byportunity for p g o ~ ~ l  

t n i n i n c  and cwwth. 



' I ' h r b  r r ~ l ~ a h l i t y ,  litr, yw.rlorni;trwc~ and cc~st effwtivrnesu of ;I product 

depnds upon the materials used in its constructi~n and thr  interaction of the 

malerials with the design and the environm~nt. The materials organization 

must rlrbt nnly haw the terhniml  ability and stature to selert the best materials 

i rnd prwesws of fatrricaticm, but must also trave r major contribution in the 

rntegratirm d t h ~  materials proprties with the design, Generally, the higher 

Ihc dibgree of I c c h n o l r ~ y  in the product, the greater the i~nprtance d the 

111:dvriaIs-dcsicn intcrart ion. The h i ~ h e r  the degree of Company 1Sability or 

risk in the product, the greater thp importance of the nmtcirials technology. 

The staturr of the materials and process function s h d d  reflect this  impcwtance. 

In order Tor the materials and process function to bc effective, the 

manager must Iw high enough in  the organization to be integrated in the top 

nlanagerrwr~t d the product and to have a complete cwerviw of the rnatc~~als  

and yrflccss rquirements. A l l  uf the materials and process functiors should 

b~ u n d w  one organlz3tion so fhc  nrarucr!r can inte~rate nmterials and proress 

applic-.rtirms and ranlrul and the long .and short range rwearrh and development. 

Iir n~us l  Iw  rrsp~nsat~l t~  for the I r m ~  and trhurt r;ingr pl i innin~ af Iwogranrs for 

thr. I ~ I I I S ~  r4fiwtjvt* ut i l i7. l t1rm of t h ~  r rbwur res  av;lilablt~. 





R E a M M E  NFIATIONS . - 
Immediate studies a h l d  be made, and plans should be made and 

implementml as soon as possible for an intqgrated materials and processes 

hbratary at San Jme. 

Dt9qJSSlON 

There were numernus rernmmendatians by materials application engineers 

and n~alerials and praress devclnpnlent en~inccrs a b u l  the need for laboratory 

rrLlritiss and irnprwed arccssibility to the facilities now in place. As an 

enample. the srannmg elertron microsrope ISEM) and lrarrsn~ission electron 

microsrope ITEM 1 are at Valletitos. These are used frcquentlv by many 

met;rllurgir;rl engineers for bilurc anrllvsis fractwraphy. structure aailysls, 

~ t r .  hut it  ib a hlf day trip to go to the facil ity for ;c few ~minutcs use of the 

srctlpe. A mini-SEM has been c m  the investment h t ,  hut has been canceled 

e m r i l y .  F u r t h ~ r  ar~essibil i ly problems result from the fart that r11;ileri:tls 

drw~lr~l~nrrni ewinerra arc at  Pullman Way and their labs are at Curtner. Un- 

d m b l r d l y .  therca a r r  engineers at Curtner that have nn labs Chat could trade spares 

wirh Ihrt 11lalrlrii11w ~wijplr at Pullnun Way. In order for ;I rnaterinls a d  protness 

pwmncrr I r t  Iw rwnl t*ffectiw, he mukt 1~ located r * l o s ~  tu his lab. 



Art inteeratrd nl~trrial and process laboratory as well a s  an inte~rated 

trr~anizdion and effort ;irp keys  to suclress in meeting BWR reliability, life 

i d  prfor nnnce requiretnents. 

h iln~in$,.tan .-----..- qual i ty  .mcl Manufacturing Process Laboratory 

FINUINGS 

The W i l n ~ i n d m  plant i s  initiating ;i structural n ~ a t e r i i ~ l s  quality rrrntrd 

1allor;rirrry ta make m ~ t a l l u r ~ i c a l  evsrluatinn of incoming nrnterial, welds, 

i t  . This function had been handled by Eqineering. Plans are 

underway to put into place a manufacturing process development and control 

laboratory to transition new materials and processes to the shop floor, ta 

develop process ptramcters, shop h W s  and provide technical advice to the 

shop 

Establish a Reactor Equipment Manufacturing and Fuels Quality Control 

and Manufaeturirig Process Laboratory at Wilmhflon. 

- 

Wilnlington Reartor Equipment Operation needs ;i ttwtallurgical laboratory 

to evaluate quality of their material a~td to providc data far the rontrol of shop 

prwersaes such as welding, rnachinirlq, coating, heat treating and forming, 

t{EO ;also n e d e  a hhoratnry to dev~?r)p and eontrol processes for the shnp. 

Thp Idlrnvinc: ;ire the r d r s  of the Manufilcturin~ Tcchnd~wv Lab. 



1. When new allovs are k i n p  int r d u c e d  ,complete integration with 

Engineering M& P lah to pain the barkground lechnical knowledge to: a I 

develop welding p t n  meters for a 11 fabricated components, b) establish heat 

trentrn~ and other thtrnlal process pwanleters and con4 rols, c )  rlcvolop t~lachining 

pnri1nle4ers and dl develop cleaning and finishing processes. 

2. Transition new processes that have been develaped to the shnp 

floor; demrmstrate m s t  elfectiveness and establish p r a  nwters and rnnt r . 0 1 ~ .  

3. Develop new metal remov;rl nlethods and ev;rlu;itv new rutting and 

grinding materials. 

4. Provide expert adviceandguidance tothe shopfloor. 

This aame requirement apptks to fuel productron. While somp of the 

aforementioned elements are in place for fuels i t  needs 10 be expanded. It 

m a y  be advantageous to combine the two facilities and rhe organizations. This 

was not studied thoroughly enough lo make a recommcndat ion. 

Horizontal Communicat Lon 

Many p m p l ~  sug~esled that horizontal rommuniralinn on ;i daily basis 

shwld be improved across the materia 1s hindion. 

It is rt~omrnended that it daily Item of lnfarmatbn system be established 

whirh wmld cwer topics of interest concerning field failures and other results, 

dcvrlnprnrnt results, program status and other items of interest as they occur, 



It may he wise to  extend this to the entire deprtmtnt, but that requirenlent 

was not explored. 

Pmple in n u t ~ r i a l s  development need to be informed early of iiclli 

d~fficultics a d  changes in design in order to permit t imely ~nput.  Pertinent 

data flc~wing from materials developnlent to materials t*ngintwrin~ could help 

keep ihcnt abreast of MU* data, 

Idornu1 (Without Fsrmil Change Control) Changes to Reactor Vcsscl 

Purchse Specifications 

FMDMS 

After Reactor Vessel Purchase Specification 21A9477 Rev. 1 was issued 

on May 21, 1973, a numher of documents called "Accephbie Intcrpret:itlon, 

Clarification, or Exce#inn to CE Speriliclrtion 21A947'1, Rev. 1 As A g r e d  To 

I4y Cnl Nuclear C a n p n y  and General Electric Company*' were wri i~en and 

signed hv one enpineer and one purchasing man in CE and rrne man in Cnl 

I A number o f  these documenls persisted as runt racl specification 

; ~ g r w n ~ t w t a  until they were all  included in a f ~ r i ~ l i a l  change notice, approved. 

.id ri~ade revisicr~ nunibcr 2 to 21A9477 in Ocl. 1974. Whilc it is recogntzm 

that 18 months i s  too long for then1 to exist. 

all thv infwmai docunwnts in n ehitn~c contrnl docultwnt for fortml review 



prwesscs tr, bc applied in production without a formal review by design 

ewinwting and mteria 1s engineering. 

Insl;illitw Internal St rurtures at CHI Nuclear 

FIN DINGS 

l'hr Task Forrw was told that the installation nf internals in Cht- HanZord 2 

vwsc l  w:ls thr first experienre with mstalhtion at CEJl Nuelcar and there was 

no f i rm plliry yet ronrerning their continued installrrtion in house rat k r  l h n  

in the iield. 

It i s  recommended that the p l i c y  of i n h u s e  installation of 

whcncvt~r the v ~ s s e t  r a n  tw compietd in-house be adopt&. 

nterna 1s 

if the Murh better material and process control can be maintained 

installation of internals i s  done inhwse. Other advantajies include lower cost, 

ar.5 W t ~ r  quality k rause  of ahli ly to establish a Learning curve. 



and p l i r i e ~  an the use of data. The materials engineering function i s  n d  

takin~: Ihr d e s r r d  degree nf Leadership in developing and revising spccs and 

data la nrecl changing technolctgy and requirements nl our business. 

A Materials Data Unit should be established with responsibility for 

the fnlbwing. 

I I Control of aII b t a  used in BWR desiqns. 

2) Continued ana~yais of data used, 

31 Otvriopn~ent of materials data slan&rds and policies. 

41 Education d Materials Engineera and Design engineers in use 

of &ta and materials - design - environment rnteradion and 

5)  Representiog NEPD in materials data code committees. 

DISCUSSmN 

In  any kind of engineered system, as won as we demand prtormanre 

levels, reliability and life that push the limits of the I e r h n d ~ y ,  the materiats 

desrl:n data must k rdrefuIly understood ~ n d  cont ro 1 led. Whcn cnv ironnwnta i 

plwarmrfvtsr orrur which promote high cycle Cat igue. I r ~ w  rvr le fat kwe. rrrep 

;IIILI S I L ' ~ ~ S H  currosicm at the s a m e  trnw, f h e  materials behavior under each of 

I hpw r~nd i l  ions ;r~d the interaction with dcsim must be u n d e r s l ~  by the 



t b t  h s  Lkc. rapability and aggressiveness to take 1 b  leadership in d~volopiry: 

data. revrhing specs and pbl iahd data to meet the l e r h n o l ~ y  requirrrnents and 

~stahlish srl-rds and policies in the use of the data. This same Leadership 

a d  cndrs. Mort. cffertive cammunieatian should a lso  be eslrbli8M with other 

GE organlutlons such am Aircrln &I@IH Business Group, Stam Turbine - 

FDINGs 

A r t b  icrr m s  made of the quality assurance system at Wihinp$on to 

asmrt  t h t  all -&rial and pra~cssing requirements of the drawir~; for the 

pt plmp a d  three campmtnts were mat. Everything w a s  found to be in order. 

T h  wart ice of wekl bead drawing or straigMtniw oi the jet pm;l .rnd riser 



' I 'tw ruterral.+dcsi~n of the jet pump was reviewed at Sari Jose and 

ehrev c-rln~pwnls wcrc h m e n  for a rtlanufacturing-qualit v procurement review 

at W i l n i i m ~ n .  The r-onrponents seiected were; 

a) A cast cmaponerrt doawiry: No. 730E893 cast elbow. 

b) A forged campent  drawing No. 921M62 beam (forgin@, 

e) A r d l d  and welded component drawing No. 11 7C3246 shell. 

A review was made af the quality manual and system for controlling t k  

murcnwnt of nuteri.rl and mntrol (sf processes in the shop. A review was 

rnud~  of sprcific ckwuniells used to prurcure material and process these three 

compnmtzs. Evtrythiw m s  found ta be In order. The system and the artion 

does suppofi the rt~quircnltnts of the specificaticms and drawings. 

The jet pump ~nstalbtion in the lionford 2 reartor t.esse1 was &served 

at CBI Nuclear. A great amount of we# bead drawing was being done on the 

risers to krd t b m  into position to meet the drawing tolerances. The veld 

bead drawi* spec and process was discussed with the nlatcrials engineer at 

CBJ Nurlear and at an .bse who helieva it prcftmble to mechanical bendiw 

and alknmtd. A ddailtd study cif the mrlts  of tbesc two procesees is 

w g c s t d .  Of corirse, a rephrement for 301 stainless steel that is  nd 

wsr~plible to stress clorrosion crackiw could be subj~cted to weld bead 

dmwiw with no cmwrn. 



New Management Planning, Manufaclur ing Control and Document Cant rol 

System at Wilmmgtun 

A new Mrwement  Pknning, Manufacturing and Materials Control 

~ysterri  and a new document control system ate  being put in place in Wilnlirt@on. 

Whilc some ~ r t s  are yet to be developed, these systems appear to have exrcllenl 

Wential for increased cost effective management at Wilnlingtan. and improved 

cost, qualM y and delivery. 

I DlSCUSSlON 

I 
The author was very impressmi with these systems rnd teals the 

I 

I Wilmingfon people shorcld be commended on theif rpprwrh. 

ProbLcm in Fix* Final Design for Manufacture 

Madaclurinq: mmmgers at Wllmimon indicate the desirability of 

gettiw dmelopilacnt changes minimized and the design of a new romponent 

f LICIY~ for nunufarture as early as pssiblr. Manufacturing ~ * c n ~ l d  like to see 

t)le d e s ~ ~ n  drawiws and specs f irm Idore t h e y  go into production. 
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RECOMMENDATIONS 

When a new component is designed and devebpn~ent starts, a final 

qualiricat ion test and date should be established, sinli1;lr $0 MQT or FAA 

certification test of an aircraft gas turbine component. When the qualification 

lest is completed, the  ateria rials and processes drawings and specs that were 

used Lo make the qualified part should b Itxed for production and any further 

cha~ges s b l d  go through the formal change system. It is also sug~ested 

t b t  nmterhb eq&wers a d  nianufacturirg engineers should s ign the drawings. 

DISCUSSION 

It is important that &signs be firm before they po i n o  production In 13rder 

lhat materials and processes, and their rontmls can be established prior to 

ppdurtim rclease. The best r a y  to do this is to have a scheduled qualification 

test and qualification date (a Wnufacluri~,g Qualification Test) so that everyone 

involvedknows that everything must be done to complete the test ronrponent on 

time, that if thc compwnt  qualifies, that t b  design and all materials and 

proresses used to ~ n ; r k ~  tk qul i f iert  romponen1 are fixed for production. and that 

subseclutmt rhngrs  ~llust En through c-hawe rontrol. This should stcrp last 

~r~ inu le  drasign d w ~ e s ,  after the part is commitled for produc4ion. 

11 ts n l m  a q n d  p r l i r y  to have the matertals engineer and manufarturinc 

mytrlrt-r inv~rtvcd SiCtb the drawings a l o n ~  with lhe desicn engineer. Th is  sags 

th lhv ;ill ;rcrPr that thC dcsipn c r n  tre rrude with the nuierbdls and processes 

+ ~ I . I J B w I  a t  tM agreed upon rtbst and meel i ts  design requirements. 



FINDINGS 

Thp major materials of con8truction In the boiling water steam supply 

s y d c m  are more significant in the reliability, maintainability. and life of 

the system than was arigimlly perceived. It appears that the range 01 

proprties of stainless steels processed to ASME and MEPD specs permit 

variable behavior in the system environrneilt. For example. there is a vide 

range of yieki strewh. rold w r k ,  surface finirh and chemistry in the 304 

stainless steel pmcesscd over the past few years but ail within existing 

s p t d i c a t i ~ .  

FTCOUMENDATIONS 

Tighten specification control of critical materials, establish approved 

sources clf maltrials ard maintain closer contact with critical materiais 

suppliers. 

DISCUSSKlN 

With growirq awareness 01 the critical aspect of materials in the 

h l i n g  mter  reactor sleam system, it becomes obvious that greater control 

of the raw material ~upplitr is dad .  Control of source of materials has 

k e n  nurntamed by campnnent vendors and the only requirement on the material 

was t h i  ik supplier could produce a certificale which stated the material met 

t k  ASMF: C d e .  Cen~rally spaking, industry specificat ions are dominaled 







1t;idio;wtivity and Water Chemistry 

1. TASK OBJECTIVE 





Efforts bv lhe Nuclear Energy Products Divikion to reduce or rr.srl i~.i l  t lw 

radiation prddcnr could be intcnslfled. Work to date has beibn addrrssrrt 

to solution of short term operat mnal problems with l t t t h  d f o r t  appliwl lm 



Dccmtamination is nol r tmurea lor high radiation levels in a reactor 

temporary reduction uf lcvels, and may damage same jkrnt components. 

Work to rcduc'c radioactivity buildup in reactors, cf WCC~BSIU~, will 

uneliomtc the mdmtican -ern. Whether impmcnrcnta will be possible 

or sufficient to avoid the wed for decontamination wall tbpcnd on the ~ucccss 

of such studies and cm the type mud location of mahtrrunce or inspection work I 

Wehistobedme.  

If reactor oprPting des  are tightened significantly (i. e. , permissible 

worker eqmmure is &ced by an or&r of magnitude or more frequent detailed 

inspections a m  requid), dccmhmination will becomc a rquired adjunct to 

most sh-. Even such ~ ~ v e s  may rrat be sufficicnt, urd complete 

r&iw to permit more ;rutorruled inspections and maintcnuree may be requhd. 

For existjbg plants and Uroge where denim is already fixed: 

1 To reduce the imp~ct of high radiation levels on the maintainability 

d BWCL;, increase efforts to improve accessibility of equipment 

in radiation zones and decrease working timc for rep~irs by 

provrdinlr: Wter Look, plnns yd procedures for maintenance. 



Ikvelup r greater &rstamling of the ~ c m t m m a t i o n  of 

UWRs by d t w s m ~  methods and p~rticiptting in deconta~~~inarion 

work by ci~mmcrcial venclors. The resuMin~ mrcasc m knclwicdw 

tan bc applicd lo &wick tUure reactor &saws a d  lo advrsc dhcr  

'or operaiorri m mducinfi mduticm problems. 





11. M67HQO 

A.  SCOPE 

The radiation histories and trends includinc ctmprat ivc~ data U I I  

BWRs and PWRs were rcv iewd and compared. The prr~lnble effects and 

n d e d  correetivc action of radialion buildup on RWRs w r c  considcrcd. Thc 

prdxable effcet of the desim of the Mark 1U conhinrncnt (with rcspcrt to radiation 

exposure) and t r e d s  of hrldup of radrwrtivc ccmhminatiun 111 turbinc wcrc 

considered. 

B. APPROACH 

Simmary r~ports of radiation trvrds in nuclear reartors were 

reviewed. While many reports on aspects of t h ~ s  auhjer t . b r t a  available. tho 

d;rl and cunclu8ions of those reviewed were consistrrnl . tleslbm data un the 

bWR 8 design were catsidered relative to radiation prd~hrrls in  ventilation 

2ml in the turbine. 

FIND1Wcs 

air 



RECOMMENDATIONS 

I .  lnercase efforto to improve the accees~l~ility ot equipmmt in 

radiation zones. decrease working time for repairs, provide better tools. 

prmcdures and plans for maintenance, 

2 .  Supply plants wiU1 equipment that needs Lcss maintcnancc. W p l i ~ s .  

and in-aervicc? inspchon,  and retrofitting. 

3 .  h s h  work on the rrctivattd cnrrrmirm prrrdurt problcm to sccurc 

rPr)mrO ;rrnt41oratmn of Ihc trenda of cantrnuwsly incrvas~nr: artivity lcveis. 

hb-T;rak 11). 



4. Increase k n o w l d w  of decontamination, rrrvicw potential impart 

m edating and new draigns, Pnd prepre to establish a GF: posturr rcblativt. tn 

thca c o n t i m y .  

DISCUSS iON 

Thc upward trmd of radiation expsurc for occupatinrul wark~rs r-t~u~lltri 

with t h t b  prohblc lnwcring of permissible rlrrpomrc Irvrls fur such w o r k ~ r s  

flag$ a seriws problem lor tuture reartor opration. Thc inrrvasinc: radl t r i c m  

levels d the plants are due primarily to the buildup of nrl ivatrd rrrrrosml 

p d u c t s  in the primary reartor eyslern, but arc influenced lo some dcgrer Irv 

CiasSm produets from defective fuel - particularly w l m  w r y  p r  fuel 

prbrmanee h expritnced. 

Changing the tred of increasing radiation levels will not he easy. Littlc 

progress has k e n  made in the p a t  20 years 80 that i t  i s  unlikely that any anc 

cure wrll bc found. While it is tme that little wark was du11t3 on 13UTls until rlv'rb~tlly 

extensive work by lhe k v y  on PWR type reactors has, reportedly, not ~dent i f ird 

any single pmess solution to their radiation problenls. For Ctiu reason a11 

approaches that can p ~ s i b l y  reduce rrdiatron exposures lor workers must be 

examined carefully. and emn, so that conibinatim of incrmsing radiation iiclds 

ud lowering of prmissiblc radiation doses d w a  wt lead la an untcnrrblc 

ribation. Lmming to livc with radiation in present reactors by automation, 

better toola, kttcr training and better planning of maintcnawe has the most 

prdbcbbte pyofl. Design of future reactors to simplifv or prmit  the usc of 

lbo prccfding uprrati-1 in~provcrncnta also w i l l  d v c  c c r h i n  improvements. 
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Itvrnrw+i L r d  t.rdioactivity h y  derontamination looks, In :I superficial w ~ y  + to 

b a curt* Cnr the radiation problem; huwcver, it rs cqwnsivc and risky and oftcn 

docs nut *atbin t h ~  results which arc expected. Decantaminatlon of nWHs w d s  

be trsp.rially difficult bwausr material rhoices and system layouts dwinc d e s w  

were n d  male with decmtanrimtion in mind. In addihoq, most cxpericncr i s  

with detimtamirating PWRs where the corrosim layers to be removed differ 1~ 

their chemical ttate frwn those in the WNFb. me approart. of redurlr:: thc 

t t e d  04 radltim buildup by controlling the i n p l  of corroslrm p d u r  ts. 

especially cobalt, has Ole lov~at  probability of succc.ss. but the highest p p f I .  

There arc m r a l  prornlsing avmuea that s h d  be examined; these shrnrld 

be ubrdied as quickly as prssible. Finatly, better he1 pcrfornlancr is requircul. 

The position d RWHs versus PWRa with regarb to radiation elqnbsurri 

differs berrauae of the heal exthanger problem of the PWlas. The old i m a p  

of the RWR of high of@s release and high levels in the radwsste i s  still ;a 

handicap that rill only be rwercorne when the new systems demmstntc that 

they can control the pmbleanu. 

Wimctive Carror~ron P r h t  Buiklup 

I- SUB-TMK OBJECTWE 

Crllically review the NEPD prqgrarns on the study of the bui ldu~ of activated 

corruemi product.8. methacia d contrnl nr reduction. Fvaluatrr the impart 

mdiallorr bui Cdup m plant maintenance and availability. 



I t .  METHOO 

A. SCOPE 

Pwress  on the reactor chemiatry program WAS rrwrr~wcd :rid key 

ronrlusiona were identified. The impxt  af both activatd rc wrosion products 

and released fbaion prducta on buildup of radiation levels was rrssessd. Areas 

where erpaded studies are required were ideatifid. 

B. APPROACH 

The reactor chemistry work was discussmi with the development chemists 

ud their management, Reports. summarizing results to date, were reviewd. 

A  ti^ ua8 attended by the chemists participatiw in the joint NEPD-utilic:. 

n b r  ehemirtry pugram. 

F'tmINGs 

1 .  Thc NEPD wattr themistry program designed to understand the 

b b v i o r  of activated C Q S ~ I W / ~  p m l u ~ b  a d  to provide the basis for controlling 

their transport is gmeratlng interesting rearlt~, but the effort is  limited to 

uumitorlnq: ~JUI interpreting trends, a d  progress is  slow. 

2. More w r k  needs to be done in BWRs apcifically to eontral the 

pmesrts related to corrosion prdurt formation and behavior. Restrir lion of 

cormiorr pmMh~ct inplt ha8 h n  8uc~tssh l  in limiting deposits on fuel heat 

trmafer aurhtea. 

3 No may wrlutian to the activatd crud problem is apparent. 

Ilespile cxlcnrive effortm wer a l m ~  period, it appears that the Navy has not 

elinlimtd this problem; unfortunately, na definitive data nn the Navy work w e n  

known. 
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4 Onlv  :I f c w  cllucs are available to p i &  effnrts to reduw the 

mhermt upward trends r ~ f  a4-t ~ v i t y  lrvels due to them nrahlrials. They derive 

mainly frnm enlplriral dlsrrv;ltrons rathcr than an undc~rstanbinr: of prrwsserr 

and tncchanisms ~ r l  v d w d  In the formal mi and hchaviw u f  tt,e nlatwials .  

5 .  Thc rharaclcristirs of existing plants rand t h n ~ ~ l  undcr ronst ruct t o 1 1  

arc f ixrd.  s i n r ~  thrir designs and materials are dtlterrnincd. fly 1880. ;ipyrox- 

~rnatuiy 60 RWRs wi l l  be in scrv iw and thc rnherwt nrtivitv huildup trends of 

U l c s ~  stat hrlns can be predicted frum existing data. Onlv plants stilr in thc 

rmceplual staw thsl t will  come on stream 5-10 years hcnw could be changed 

cnuu~+ to display different behavior. 

6. The b w t  possrtli h t y  lor cuntrolling the radiation buildup problem 

of I lW l ts .  opcratin~ or undcr construction, lies in dwelopinc: processes relatecf 

itr th~c w a t w  cht~nnstry that w i l l  ~t -move  radimctivity or its smrces. 

7. Tbc problcn~ of activated eotrnslon products and the deposit of 

their ~ a d l ~ d : t l V i @  in  out-of-core components ia  rornnmn t c r  all water cooled 

warhws. 

ItECOMMENnATIONS --- - 

1 .  lit. kry anqmrtanre of reduring radiation lcvcls dictates that 

rhv prrrcr t nl an water rhemistry must hc accelerated, 

2. IBrocresues tllat should lw inrsatigatecl ;trr. 



a)  l n p t  - Redurc swrc. tbs  ~ k f  cobiilt 1))' unlnt: :rllt)us 

in e~b;rtt as demonstrated in the Clskarahamn r e a ~ t a r  

(see k h u n  oh Material Se1ec:ion). 

I,) Tranupwt - I f  sr~rncthin~ can be donr2 111 wlfcrTt~rr with 

the transpurt or rninrnme thc tend~ncv for We transprlrd 

s p t i e s  to cxchanjic or deposit on rnrt of core surfaces, 

i t  would rcduce activity levels. Fur e~a~np lc .  the transvrt  

of cobalt as an ionic species cauM theuretwally be inhltlitc-d 

sipuficantly by a small chanke hn pH. A long ranEe studv 

debdop some i n ~ i g h t  to this tylw of aplmxrch. 

c l l)clpsition - The deposition uC activity on mt 11f C O ~ C  surfac~s 

i s  inf lucncd by t h ~  nature and t h i r k w s s  of the corrosion 

film. lhc a w i h b i l ~ t y  d cxchangtl si trs  irml easp of exchang~. 

A n  effort to identitv k w  p r  ramelers l ike  ~~rd i ln~ iryr ,  

t h n i r t g  cw p l ~ ~ i ~ i t t h ~ l i  rmld dcvclop PrullC rorrt?ttive 

t reatnrents. 

d )  Rt~~navnl - The mrcirhnw that the r:id~o.lr. I 1vit4 1s r m s t m t  l y  

tranaprted by thv rcartw water s u ~ c r ~ s t s  that l t  r w l d  Iw 

removed by reactw waler deanup. 'I 'hru N K P f )  t r w s p r t  

m d P l  ~ u ~ y e s t s  ma1 two-thirds of I II~I r*drIr;tll I S  rllriudy 

ri*rnovPd: terhrrlqut.~ t r ~  vnllanrc mr-11 rmrtwal rtruld he 

profitable. 
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3,  The program for monitor~irg radiation buildup in operating phnta 

shtlulrl htt L~rmdcned m that Iurther r n r r p l ; ~ t i ~ n s  of radiation levels w t h  vary in^ 

feedwater condlt ions, r ~ a r t o r  wzrtcr cbr)nt rd, half ti hie far reaclr~r watw clean- 

up. and rrtactor nuterials ~ o u l d  be d ~ v e l o m .  PWRs w d  tlw Navy dab .shrwld 

d m )  t ~ ?  e~aluted.  

4. Mass i trpl t  of material into the reactor ahmld be m i n i m i z d  hv 

optimum contrnl of f ~ d w a t e r  purrty at uli times, inrhd in~:  startups+ 1 h t  

forwad plmpinl: c y d e  lor  feedwater hcattlrs generates additional input into 

Ure reactor: i t s  adoption sharld he re-emmined with the help of tJlc coolant 

chemists. 

DISCUSSION 

The deposition of radwaetc corrosion prortucts and fission products in 

i reactrrr piping a d  rompnents with t h ~  resultant buildup of radiation Ctwels 
I 

has h w n  rrcofinizd a.s an operating problem for some trmc-. Little work had 

M e n  dlbnrL Io characterize and understand the problem until recently, when i r  

becrtrnc char that the conflicting trends of increasinc radiation levels and 

decreasing permissible mdlation errposure would kqve major difficulties and 

mpensa to ope tat in^ rcactarrr. Among proarama whtch wrrc tnitiated is a jornt 

I water- chrmistry program with interested utilities to obtain more definitive 

l n b r r ~ t i o n  on corrosiun pradud inpit and deposition. The program is addressed 

i 
I tn ncmitiwinl: corrosion produds in varioua water streanrs and to devclnp a 

nroclrll l r r  cxpiain o b ~ c r v a t ~ ~ ~ ~ s .  Thp timc period of over twcj ycars for collect in^ 









EtECOMMElUDATlONS 

I .  Enrphasizr the present program to dcfint~ thr* ri~lationship o f  

olryCtblr rhlcrrrdc on stress rorrosion cracking of stainkss stecls. 

2 .  11 the stress corrasion crarking prnhknr does not appar  resolvable 

by s ~ l c c  t ion of apprfiprtrrtp alloys, r m l u a t ~  the ycxmt~il~h of rh;tn:ir~i: the rrartrtr 

water chemiatrv to n m  -uxy~enat& m t c r .  



ftrwlcw ava l la lh  inlnrrnatm~r 4111 ciwontarnrmtim t r r  detcmt~nc i f  such a 

prrwlrbss wr ll scltvrh I1111 r.dl .t r c m  bulld=rp prddenl irr I IU ' l ts  Assess thc tr n ~ l i  - 
I L ~ - S ~  d f l ~ ~ ~ ~ - ~ q m ~ ~ n I  (11 iw msa rv i u f ~ ~ r  n ~ i t  IOII for .~ppI~r, i !  I ~ I I I  th t -  dt+twrit.amnat ion 

t ~ f  ~ i . ~ t . h  i t  plant 







~ E C O V  31 C I ~ A  nms . - 
1. Initrile zr prq,y;lnt r 11inrcdhtc.1y to dewlop a provcn approarh to 

deconlanrinate DWRs and be prepred to ~rnpicnient i t .  

2 .  For new plants. plan the svstem for deconbrn~natim add mlnmri- 

zatim of crud t rap .  

3 .  Min~nlizt  cause for dwontamrnatrm. Immediate steps requrred 

1 selere ~naterlals to mmimrze cohlt ~ n p t t .  

h) Assure abilrty to mspert the reactor vessel remotely 

(per C d e  - Sec non XI). 

nwc1:ssIcm 

k'rom the cmvth oi radlvtirm l~ve l s  In DWRs. i t  is amrent that decon- 

tslnrrmtlrrn w i l l  Lw ~ t e d t d  lor strrnr 01 the reactors now In openllon. Kot enwch 

. ~ t t 4 - i 1 t t t m  i y  t y r r m  t d s  dr-cuotatnrnrtwn erther rn d e s ~ ~ ~ i  r w  development. I n  

da~~t*hq~l?te'llt. th. dt*r~nt;Lr~~~~~at  ~ w i  1 1 l t ~ t t w . i  must be dcveIupd to naect ncar terwl 

mtds ; rrd t r r  pnwdc8 cwld;lnr*tb to dwilln relatwe lo sgstrnr rcqwrcments and 



n r  1 In i lr.sl:y~. ,~ttcnlwn st~ould In\ tpvrw ti1 svstrrll ~ l v m t  t r ~  

f m a n  I .  . . , , ~titium~t dead l i y q  3rd r ; - ~ ~ d  t r a p  I ~ic-l>dt. 

drdm 1ant.s. arid to nutr~rlaL s c l e c t l t r ~  :(I assa.icqrw c m ~ p t t i l d l ~ * ;  vith dr.c.onts:;lir~;~r~ts 

T ~ L  rmpct d the ASME. IVessur~ \'csscl Trdi . Stbrt~urr Kt. nn ~ C I S S L ~ ~ ~ C ~  

decunhnirnahorr n c d s  of present martors has 1wr.n CI ven Ilttle attenr mi. Whlltb 

present naactors are err ludd from thc requrrc~rwnts r d  Ihc Code. thvv arc  

tn b* r r v w r s d  ;lssur~ that tfrtav dl) r i r l t  represent any undue n s k .  ;Rert~iure. 

r t  wnuld Iw p d c n t  la dwebp ['rack dthtwt~on terhnlqu~s I l lkc  aeuustir enrissmn) 

as  w l l  as to pnwe wI a decontam~nahnn rliethod hw nH'ICs 4 t ~  meet posaihlc 

~n-tam requ~remcnts Wh11c pruv I S ~ I B I ~  lsf drwrntii~nrnatit~r: for reactors IS 

rn crn b e y d  t h ~  scope d SE PI) respunsltlllr y , the inip.rLbt of  dtvmt.~n'iinal+t 

plant ava~kbil i ty rs ..;uffiri~ntJs- w,t t  ~ t ~ t t  i t  1s hikhl? l Ic*+ir .rt~le  thzt NE PD k ahle 

to ;dvlsc their custonicrs elfr.rr:velv this rlrca. 



1 - WR-TASK OBJECTIVE 

Asses8 chr! pwsent radmste system r t h t i v e  to its capbility to opratc 

A .  SCOPE 

i c C  the rmpmvenwnts in solving present -rating problems was rmsldcred and 

uttlt!:; arceptance of the appmch was sampled. 

R. APPROACH 

i u n ~ m a r w s  of the RWR 6 nd-aste design were revrewed. The development 

rirst-usswns w ~ t h  their cchcnrists. Srhenmtics of the system were s t . ~ L e d  and 

A.  me imymved ndwastp system for BWRs to be offered for htrcrc 







rnMmXiS -- - -- -- 
A .  I k t t r .  s.tlrnf;lctury rnin~nmalam of r a d r t u r t ~ v i t v  m h s c  tn lh 

cdfwa system Ius  t w w r  rrcornphdrd rn rmrnt years h v  thw devekqmmt uf tk 



h e y  dway,  This system or  an equivalent system is Inatalld or on order for al l  

but nrw I lWI1  (exrreption UI Rig liwk). It is estimated that a11 of the new svstemrr 

will lw iqrrative m me or  tw years. 

. T h r r ~ b  arcL na major areas of concern relaltd to t h ~  Rechar desim. 

~f lilt. phnt npmtcs w i t l m  dc.si[g l i m  l s  . The hiiawing consrd~rations du apply: 

I . Sirwe prrwmc~ssiar: of the ms requires several oprrrticms. 

sunre non-rrr~hcal opuratinc pmblenbs can In! anlicipatd. 

2. No fundamental safety problems were found that rwM lead 

to rratastmphic release af stbred radioactivity. For 

emample, the system is constmcted to tonbin an Ha-01 

explrrsian: inactivation of the charcud I d  by water akrpticm. 

if i t  orcurs. will br gradual and can Iw ~trrrwtcd: and mpturc 

t ~ f  (htb rharcml M s  w w l d  relcasc sonw of the stord st~cous 

rrrlivity Irrbsorbed I-ses wwld be released slowly uvcr hurrs 

to days), but shmld hobd any solids on Ihe charcoal. 

3 .  Gas inleakage to the system must be cmtrolled. *sign 

 as now of 30 cfm w i l l  ~.lue a decmtamination factor of 39,000. 

I f  inleakaye rncreasrs to 60 cfm rm a continuing basis. the 

dccodaminatiori factor i s  reduced t o  3. 100, still a factor of 

10I) imprwermwt w t h r  the earlier offgas 8ystcnl o~i a s~mplc 

30 min. hddup, hut lower than d c ~ i r a t l l ~ .  



released k r a u t l  of p m r  fuel performrae will he renlovcd 

d i m e t i v i t y  levels of veidihling air. For examplc. ~ h c  

Pilgrim plant which IS mplm with a Ht?char systt-nr w;ls 

reccntly derated to 30'; of normal p w c r  because of such 

leakage to the ventilating air. 

C, Dwclopment in SEPD is cantinutn~: on an in~prmed R c c b r  unit 

th t  will r e w e  all tissim gases from the offgas. Sbch a system rill kw n w r d  - 
only for very s p c h l  circumstances. 

D. With the s0121tim of the activity rctlase problem tn the @Ifgas. 

cases. which a n  tho gland s#l eshaust a d  ventruting air diachrjies. 

Thv remuval a ~ i  fission q s c s  hy absorpt~un on rharccml M a  in the Rcrhar 



nlScussm 

T k  Rechar system was dev~luped to r&e the level of radiaaetivrty 

relcaaed as from thc nWRs. The development was wwess fu l  L I ~  prxidcs 





TASK FORCE F 

plants, cornpwrents pro%-ured fmrr outside vendors, and the field erectim of tk 

nurlear steam supply ..;,! a m  (N55S) . An overview of the findings indicates 

-;lnglc t~cept ion ts fuel and the problems here relate to engimeer- 

inq and *sign rLrmer than manufacturing. Them are, hawever, 



1. IN-HOUSE MANtlFACTI IRED COMPOhENTS 



PmLtFERATION OF DESIGNS 

OeSERVATION W 2  

Proliferation of designs of fur 1 and reactor components adds cost and control 

Im\ernent pl ans to have only m e  size fuel rod and o m  s i ze  

fwl p e l k t  In manufacturing at Wilmington at any point in 

t ime. This means phasing cut of pmserrt 8 x 8 fuel design 

before phasing In BWR 6 fuel design. It is mr un&rstanding 

that th i s  1s the present NED plan. 

Wake standard design of fuel md at Witmiqtons and make 

up varrat~ms W r ~ 1  arrangement of mds fby en~ichment) in 

tundle make up. 

&view the declqton to educe the BWR 6 fuel pellet  diameter by 

.OW," and reduce the fuel rwd wall thickness by .002**. The 

technical p e l e r n  of fuel  rod leaks must be re-evaluated. 

*If a second rod slze 4s veluil-ed to reduce fuel failure (increased tubing wall 
rni~kms.5 awl smaller U 0 2  pellet diameter for use at highly stressed c o m r  
(,051tim t r i  the fuel bundle), rt can Le accomplished by Wilrnington manufacbring- 
but at a cost penalty for rnaintainiq product c,egregatim, separate tooling, and 
f~uali ty m!ahu~emerrfs. 



persmrrel . For example, could all systems and test engineerinq p e r s o n 1  be 

located at 5an Jose ard all cornpamnt &sign persome1 be located with the 

pfoce55 development and manufacbrinq pet-smnel at W?\mingtm? 



OBSERVATION #4 

I Present zircatoy channel walls  deFom under W Lmgosed hy- 

draulic load and orridire under ambient conditions. 

rn Difficulties have been encountered in forming .l2W9 wall 

channels to present drawing t o l e r e e s .  

a Binding d cmtml d s  Is a p ~ s t b i l t l y  resulting f m  channel 

creep. h t i n e  periodic measu~ments  of scram H m  provides 

early warming of this potential problem. 

rn Change mmfzturing tolerances rn d - r m l  bending requirements 

to enable manufacture and use of m6n cmsp resistant thick wall 

channel { - 1  20"). 



OBSERVATION +5 

Prmgscd C B I  mow$ to RaletghIChrhsm wl l l  have adverse 

availability, Celtvery and cost due to: 

Move while iw vasrng output 

Move whilc intrmhc~ng new p w c t  

irrwnct on plant capability, 

Training of new exemptsfiocrrly (50% of e n g i m e r i q  and 

mmufacturing erernpt wil l  not move) 

3000-mile comm.Aarge number engineering c h ~ g e s  

Back-to-back stage schedule 

a Mul ti-millic*, additional cost to move 

Ocrr hrstory has shawn that a move such as this one - which 

mvolves a new p-ct, a new plant, a new work force and a 

new location, carpled with a fast build-up in production 

schedrlc 

- 15 the sure formula fop failure 

Expzmd in San Jose by: 

0 Leasing space fop . . . 

a IJbe spar;c made available ~n buildings i 

- %-/Test 



OBSERVATION 

< h h t  Fuel rranufactumnq 1 5  wnstmtly ~nzreasing h e  to design changes, 

I la., cost m d  steep increase rn owhead costs. CHshore reload o d e r s  

we i n (  rwastngly berng suppl~sd P y  offshore fabrlcatcws. 

,--. 13cvl1.1 g a strawqy to retain domestic and inkrnatrunal re- 

I c ~ d  fwl n r d e r r ,  - t~ assure a profitable long range operation 

r ~ f  the 'hil1n:ingtan Plant, 

f;. Lar-efully control fijture capacity oriented investment programs. 

. Suppoft quality ~rrrprmernent programs. 

0 .  Reduce er,qinerrlnq and man~facturing costs by early design 

7t;lndardlrdtlon - rcduc tion of char.gc?s. 





hED = h w l d  tmplerncnt a program to Improve quality of Wilrnington-pWced 

LI rc  tubing from jtandyoint of: 

A. Ab~lity to maintam r msisterstly round tubing and I .D. 

tolerance.;. 

t 3 .  AbrlCty to el!rnmat.e <;mall surface flaws, 

L . IITI~POV~-  meahwing and gauging equipment used in inspecting 

tubing. 







I ! .  + 

Implement the design .vrd suppl~cr qualificatio~ requirement:, 

L i f ~  test such r ritical valves 11s the main steam isolation valve, 

Ihe requirements far, i f . ld  %ope and depth of dt-3iqn reviews 

should be r s w ~ 3  in an errgineering section instruction. 



jcont'di 

After full qualification of a new crrt~cal component the procum- 

went actiwty could then be asstgned to the normal NED 

purchasrng orqan~zation. 

1: a Standardi:c or1 one design f o r  each application to aid castrng 

and capacity availability. 

Perform detall resource loading studies prim- to placing new 

valve orders .  

Perform an ~n-depth stu* of me nuclear quality casting 

industry, GE needs s . ? r w s  potentral suppliers. 

I .  FJmcure,  a*. par t  of the original component order, selected 

r r t tca l  spare parts whtch expe~ience has shown to be needed 

durlnq plant start up (valve packing, pump seals, valve 

a ,  P C .  I .  These spave oar& shuuld be delivered cm-  

r urrent with U v  original e q u i ~ .  , ent. 





problc?n- s . 
- Vendor manufacbring capacib is rnarqlnally adequate, 

- c;F cnntributed v,?Iuc in the NSS System 15 too IW for a 

p~nTitab1e bu=.lnc.ss and r. adi iy  t t b  c~ontml ?uality of cr i t ical  

compments of the N5Ss. 

Init'qte a pvograrn a i ~ i ~ d  at "owning the design" of critir a1 GE 

rcspcmsible valves and pumps. 

4;nnsider manufacturtrq in-house those cri  tlral components 

&ere -1 iable outside sources a- not available. Use best- 

~;uited util ity q m u p  facility for this purpose. 

Inibate in-house manufacture of compments whew major cost 

reductions and fast payback opportunities exist - such as 

~nstallstion of tbe proposed solvent extraction system for  ne- 

claiming U@ scrap, at the Wilmingtm Plant. 



I l l .  PLANT 1 ON5 T KCJL TION AND SERVICE 

Orunswlck + t and WZ 
Southpa~t, N. C. 

PLANT A V A I L A D I L I N  - t j l  K3RT RANGE IMPROEMENT 

OBSERVATION a12 

Outage tirr., &ring a w f u e l ~ ~  ryc'lc? (averaging 60-70 days) i b  s major loss 

to power plant availabil~ty. 



PRODck, TlVlTv AT =Ac. TOR SITE 

I m s t m i  tmn efficiency, schedule>, plant costs  and cag&~lity,'availab~~~Jr, f he 

scope and wsponsibilitres of . . . 
1 . Contractor 
2. A.E. 

. 4  NEe-/ G . L .  
4 .  I&St 
5 Utility 

a m  not 3 s  clearly defined a d  documented as necessary for achievement of these 

RECOMMENDATIONS 

The "aprd rrcre;Lse in new plant cm;tructlon and existmg plant r~ fue l tng  cycles 

t 40,'yr. by :%01 rcuulres a c l a r t f i c a t i m  of plant site msponsibility for greater 

operating effir, iency . 

s i t e  installation and service to a single organization instead 

sf dividrng it  between two as i t  is at present. I&SE has fifty 

yeam of experience in the rnstatlation and service of power 

plant equipment and pePforms this work at n u c l e a ~  plants for 

turbine generator and electrical equipment. 

'7 , Therefore, c msideratlm should be given to acc-elerating the 

t ransfw nf responsibility md p e ~ s m n e l  from NED to [&SE for  

the rrianagement and technical d ~ r e c t i m  of ~mtallatian and 





OBSERVATION +14 

New p-&re for staping and testing carrphbs PGEEFJuclcsrct System at 

C&1 mamfecrurirg plmt shcmld gr+stly mduce A d d  chmges and delays m 

BWR 6 plsnts, A r r v h r v  of field chang+ sys-rn sharld k mads - with d3jective 

d rmAtcrng time w i m d  to boEumnt Held ch-s in NED draruiqs. 



SUB-TASK GROUP C 

MAIN REPORT 

OVERVIEW 'F NUCLEAR ENERGY DIVISION'S 
QUALITY CONTROL SYSTEM 

(Companion Rcpart Titled "Survey of tSpcchl Strengths' in the 
Quality Central Syatcms mf Selected GE Components" i s  Attached] 

John F. McAlliutsr 
Lawrtnc. J. Utrig 
July A, I975 
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T1.lrl.c of thr h i s ~ > r ~ * r t - i  ! l i r c r a i t  F.nginr, Prdnancr  $ n t ~ ~ - ? r ,  r v l  
:\pirlloh s t rrasrd  t h i r  furmally t i f~c.~mentcd.  r rnpr&r.n*i-.c q.~.tlt!;  
ciwttr:d t i  1 5  in I 1 a p i  s t .  ' Td, D 4 i r l  n*)t I ! . a r c  . 
T~~rhinr--C;~+nt.;~at~,r anrt 51 . b r  int Turbine -rnd Grnrb and <me x . ~ n r l r  r = . 7 i?*- +rl-+.. . .r  d ? ~ ) e a r s  t u  br  a s  f r r l l r b ~ ~ .  . . . t bv  b isin~*ie- an4 
F)TI '~!L:<~S l n v o l v r d  arr  lcmq-rutal11ishc.I and r r 1 a t t v 1 - l y  w!ire- c!~?n(eir.r. 
l ' l rc ir  qlu l i ty  c ~ ~ t ~ r r o l  sys t l - r sr  s 3 r -  r r l a t i v r l y  4 a h i l i ~ r d  an+ tuned t 
thr n ~ + d s  at the b;l*incrs, K m  perrclnnrl arc YCI long rnperirncr!  
that Itnowled~c of r r d  crrnformancr with the fivstrrn arc  " s e c  un4 
nature. " A c c o t d i n ~ l y .  the +y stcm t+nds to be r e a r r d r ~  r 9 r n ~ t i : r r l  
nr rnutine "wry d l ife.  ' and nut in it srtf a " s w b  ral st rqer d t h .  

E - f f c k . : i r t .  rr..anlpr:~:c.nt rPairrhrcs r +\- h t t ' r : ~  I. :I* r r.?t 1 .19 rf 
tL*- t . . t r ; : ~ \ '  r b f  wl.dt t s  r-quirrd and thr r:*-an- j r 1. i.ie . i :  : 
i f ;  i .  r-, , thr ' prcrdu~t" must  b r m  . t*...v. 4 4 3  t 1 , : .  n-=b*-? ?I! 

ny r t r m e .  rubry sttmr, rtr. . dc,ur. t h r a ~  l ~ h  cquinm-.rr*ct i. 
ctbmmn+nts. and mat t r ia ts ;  c a i : ' r r ~ ~ r l r ( d  i n 2  * ~ % , -  ? *I 

. . iri t!l- prnd?rrt r y d t r r .  krr(rcturr. t r . * r a '  . r -u-*  '1.- .t p r  . C . - ~ ~ T  , 

? ~ . ! ~ p - ? ~ r a ~ ~ .  vtt . .  . l o  - - .  ~ n . a g -  i t>  * , \ - . (  . ? I # . ?  1: . 1 :::r: 
intc rfacrs,  





fdtntifying major availability u p ~ r r d i n ~  meed# and opportunitiem. 



SUB-TASK GROUP G 

WAtN REPORT 

(Campalrim Report Titled "Suruq ef '+&I !5trra@b+' in the 
Quality Coatrd Slstmrns of !hbdsd G& -8" ir Atbehad) 



SUB-TASK GROUP G 

O v e r v i r w  of N D '  s Quality Control Sy mtom 

8wr~pt la t *  in i i lht o€ the findings that r m r g e .  

METHOD 

I. Covrrtd: the syatcanl \car cxarrrincd far r f f ~ c t i v t n c r r  in c o n l r d l i q  
bMh tat thr quality of prtarrtt .. and sers;ices which hED affera for 
application in nuclear prir-cr planta, and (hl the quality of nuclear 
p u r r  plants which incorporate NED-furni*hrd nuclear steam 
aup$i*+. F'or this stubv, the quality attribute o€ ban~icurnt concern 
uas ' pknt availabi l i ty'  . . . . i. t., tkr. ratirr of the a n n u l -  
t inrrr-arc-tlgr of p !~nt  dc- I i~t -rcd power to plant r a t 4  power. 

2, :;ot co-mrrrd: s r r  item B 1. 1 bclor. 

Iuhn F. Ytr ,Sllis?r-r, s t a f f  ):terutivc-Pr0?1~~ t Quality, 
Corporate Exrcutivc Staff 

b w r c n c a  J .  Utzig. Consuttant-Product Quality Control 
Product Quality Staff. 
Corporrtr Erecutive Staff 

fetarvirrs ware earductrd witb appraxCmrkly farty rdectcd 
rrunrgerr and i d i v i d u l  cantributarw b Bdling Water Reactor 
Operatiarm. Xuclear Energy International Qpr r t ions ,  a d  
Inrtallattam and S r w i r e  Engineering Burher+  Opt rat ions. 

Xlanntr of Ccmducting Wurk 



idsnlrficrtlun w a s  tcr r ~ v r r  view the rtrtur af phnr for 
fultlllmrnt of quality a+senthl  tcchndoyisal r q u i  rcmmtr 
h y  those directly r~rponr ib lv  fur ddng  M U ,  Lnromuch &8 

other Sub-Task Gruuph were rraigned rerponribility for 
avcrvCrwln~ much "quality cclnrrd opsrrtiry work. ";.. 
Irutrrd, for this Sub-Task Gro~ip, the purprm warn ta 
dr-~arrnina, in light cf the nature of the rfiajor terhnulo$fcal 
problame identified, thm cmturm of thm major amedr, i f  any, 
for "quality control r r r u r m c t " ~  ard "qudlty contrd  
fiymtam d o ~ ~ n # r n a i n t + m n c d t *  mtramenicc#. 

Quality Control Syatcm Over v i e r  

rn E f f r c t i v r n e s a  of the quality cmtrol ayrt8ms avotall. 
and the trend ir. buch rffectivtnrrr 

+ Quali ty  and r nmpletrnar r of sy sterna documc~tCm,  

The mechanism for field infurmation krdback and t b  
program for r*xpluiting it were crumincd. 

3. 5 ScU Audit, 

1974 quality auditr conducted by Prduct Qrulity a d  Quality 
Asaurrnca Opr8tlon werm rr h w d .  

Saverrl c u n b l ~ ~ L u n s  dr-cnwd r rhvmt  to NEb'r prduct 
yurhty situation wri re dr~wcn frum the " S u t w y  of 'Special 
Stre~.yt;.u' in the O u ~ l i t y  Luntrol Syrtcnrr d Sula-ctrd GE 
Cumpmwntr, " r l t a c h ~ d  hcrcto r r cwnprnlon rrrport. 



The prdurt  quality c m t r o l  uystwr l  f a r  any product ~ i f c r c d  on a con- 
tinuing h a i a  c a n  be inudn-led a s  dn itrrativr loop involving 8 cycle of 
a c l i v i t i r s ! e v m : *  rnnging ftdm pcrt.r*ptian of curtomtr ncrda and 
cxpcc?rticmr t h r w g h  ri. sptmrp to informar ion fecdbck from the field, 
tn an idral quality catrtrul bystern. each act ivi ty has the resource8 
(human and physirnl. d o l h r s  and t in~tb tu mrcccsrfully cwrcutc i t #  role. 

One irnportrnt ' 'dl tli.ity !event" in the loop i n  thr tstrblirhrrlrnt of the 
"dcscripti:.e p r b d r ~ ~ t  sperifiration. " andlor "product plan, " i. e m ,  
statements which srt Earth the set of custurner-sipificant product 
parameter. that must br fulf i l led in the design and production of tbc 
product. It  is n o t ~ r l  tl:at h i n c r  t h r  t i m ~  01 i t s  beginning. thc U.S. 
ntrclcar stcant supply ir:'iu.itry has ccrn~rt~ittrd itself to product plans 
rt.q..irinp! a rate  of tcr h r u l l q i c a l  pruprpss that. in combination with 
thr c. i~qnitude of p r i v n ~ c . 1 ~  r i s k r d  f in  inrial resources  at stake, is 
prulubly without prc-ccdr-nt in any other industry. I t  is furtbcr noted 
that the overaIE q w l i t y  i r c  h i t -vr : rner , t  on nuclrbar plants ha8 been i r n -  

P C C S S ~ V C .  ~pe~ially LL ith rrgdriJ t ~ ,  I ~ I C  S P E ' C ~ C ~ C '  q u a l i t y  attribute- ''5afr:ty. " 

an4 that the quality attribute "a~.a i la tr i l i ty ,  " while not a s  high a3 dt-sired. 
is abil.rt r - ~ j ~ a l  to that r l f  prrst -nt  d.ry fuss i l  plants be+ i d  whir h h a s  b ~ ~ n  
a h m - i t  a t e n t t ~ r y  o f  t *  4 ! ~ n ~ , l ~ ~ g i ~ . ~ ~ l  rh~t=ltq1rnrtii+ 

Su!,-l'asJ- Group C did nut a d d r ~ s s  thv complex at  rattgic i s -ucs  
involved in committing to wctrr-mrly ambitious product capability, 
e i t h e r  by indvstty as a whulr ur by NCT) in particular. Insofar 3s 
HWt'li 1 t h r o u ~ h  6 are cencrrncd. the cunmritmcnts arc "w4tt.r cver  
the dam, " and the burden of their fulfillment now fall& mainly on 
tho.;@ rtoporrribk for pruduct dcn i~n ,  prductiua, en#inacrcd 
equipm~nt procurement and inatrllrtlan, and field support. 

Presentations to the Main and Sub-Task Graupr l e r v e  little dollb? a m  to  

which of there four work rctivit itr i s  hardest preraed to accompLisrh 
r s u i p c d  reapoaaibllities in fulfilling the Divlrhntm availability g o a l u .  
Major Identified rvaihbi l i tp ptoblerns on B W R  t thraryh 6 art - not 
centered on imahility of manufacturing ZuncLionm to p r d u c e  p r d u c t e  
in cunformity with d c s i p  rtquiremvnt 8 .  inability of Engine c r t d  Equip- 
mcrt r3racur+ment and In~trl lat ion to purchase mrtcrialm in conformity 
with design SF&-lfication, or tr,  rignificant mhortfalls in what i s  ~ x p ~ c t c t l  
Ciwri field support. Instead, ma ja r prublerrrr exprricncerl on p l ~ n t *  
already rrmatructcd (muria r r  pellet rlrd interrctEon, flow induvrd 
v i b r a l  icmlr,  burnup warranty mhmrtfatl, en~inecred cpuipmsnr unrrli- 
i th i l i ly ,  r t c .  and trlsjwr conccrnu un plirntr on order  (.arch a s  lhnlsr 
r l r rad )  mentiand. plrrri, for thc H t'J h l 4 ,  ot lrr-ru 4 o w r r d  i r i  t tw rr*prrrt s 
crf athvr Sub-Tawk C i c w p a I  r r e  r u r  h lha l  t h c i r  rzvrdutian drpr:irda on 

irrrprwit-4 dtp*i,p of q i r ip tnen la ,  ~natcr ia ls .  prtrc i - rut l r ,  anrl uyrtrm 
~ ' v f i t  P'II .  



2. Quality Contra1 S y ~ t e n l  Qvervir!w 

Compared to mast GL b u n i n ~ s o t r  e t r  ving the private vector ,  NED 
hrr r a  impress1 v t  quality control  syrtcrn. The reornanidaticln of 
Oetobcr 1973, which bruught the rabsponribility Car desiqn. manufac- 
ture. inrtrllation and service of scope products for d m l e l t k  p l i a a  
under a ringlr Deputy Division ?.ianagr+r. and e s t r b l i b h d  J Department 
level  'S3raduct and Quality A #  surance Operation. wPrc imp9 rtr fit steps 
in enhancing the contra1 OE and rrnpllasi& on quality, With v e r y  few 
txrrptionu, a11 r e r p ~ n d ~ n t s  felt thlt since itnplenicntittiun of these 
two measurer. the qual i ty  "vet tors" in  all components uf Rft7HO' 
have h e n  headed in  t h ~  r ig id  directtar . ,  and the c l m ~ e r a l l  rate of 
progrr o r  definitely enhanced. 

Formrlircd documentation is C Y I ~ I I S ~ V P .  It can b r  \-isua!i;rrd r 5  a 
hierarchat dructure with Division polit- l i n s t r u ~ t i o n s  at thy top, 
proceeding dawnwa rr! t h rrrugl~ n r p  ~ t y  Di viaion and nepd r t n ~ e n t  
prdic icm ~instructionm, and ult imnt rl y fanning out in manuals o f  prac- 
t i c e s  and proccdurer applirabltl to  v r r ~ i n e ~ r i n g ,  r n a n u f a ~ t ~ l r i n g .  
engineered equipnrcnt . prnjt-ct naa:lag.*mrnt, and site i n e t  allaticrn work. 

In qume instanr:es. howt-VPP. thi. writtvn proecdurea need itlrurovcd 
clarity. conmistency. or completrnros. This rituatiun appears to apply 
more to BWRSD's Manual of Engineering Practices a d  Proccdurco 
than elmewhere. which is not rurprising, in v i e r  el the e t t  remely 
b r a d  reope of this Departmrnt's  des ign r c t i v i t i c ~ ,  

The argrnizition of quality control asnuranre effort within the Division 
i& "deerntralired" a s  oppobrd to "ca+ntralir.ed. '' There are advantages 
a d  diaadwantsgem in such arran~wncnt .  An advantqe of decentrdized 
erganirrtiorr i s  that q r ~ i l i t y  a ssurancr rpacialistr operating from within 
a conrpancnt a r e  m u r e  l i b +  to tce rtbgardvd an supportive members crf 
thr. tt-arm t h ~ n  "out side inqr i ih i tura";  P disadvantage ir that unlers thv 
rnanvgrrr to whom qlra l i ty  rssurar?rre ronrponerst reports uees i t  as fu l l  
f i l l i ~ n  an inlportnnt r r > l r . .  il i b  not l ike ly  tu art  r#gr t f i rs ivc ly  or with 
nr us h int3i~enrc-. 





FINDItUG #2: THE STAFFING A M )  ORGANIZATIONAL STATUS OF 
DESIGN ASSURANCE EFFORT IN B W R S D  IS NOT SUCH AS TO 
OPTIMIZE ITS EFFECTIVENESS ACROSS ALL DEVEWPMENTI 
DESlGN ACTIVITIES OF THE DEPARTMENT, 

.'Shortly before finalizrtian of th ia  report, NED announced aeverrl 
orpnhr tbn  chrngtr, of which one had thm mLiact af rmprfiting BWRSD 
into two deprtmrntr .  Thema chrngcm, whit .  have not bcsn rmflmeted 
in thin report, do not affect /Cn basic i tndinp o r  mcomm~ndationr, 



1. Acquiaitlon and UtilCart ion of Field Perfarmanca Data 

Thc ultimate trmt of produd quality i m  what happen' after plrnt atartup, 
Cumtorncrr m y  order once on the h ~ i a  of etxpectrtlnna or ir ing from 
nupplier'r claims and repremtntatimr rt time nf offer, but they wilt 
not order twice unlrms experience with the product confirmm their 
expectation that it optimally fuEfiIlm their  need^, 

Diviuion ma.rr#ement hae clear perception of how important i t  i a  not 
only that NED-furnished equipment perform reliably in aervicc, but 
t h l  overall plant a a  wel l  (both In abaalute term,, a d  rektiv+ te  
P W R ' s ) ,  In the part year there ham been increrrin# emphomio an all 
of the Idlowing: 

( a )  Prlbmpl a c c r s s i f i ~ ,  repnrting. and anr lyh is  of problems at al l  
€ X  plants worldwide (daily major happening reports,  weekly 
rr.prlrcr, monthly summa ricc), 

I L I  Hespmding  promptly ta field rmergency prolrlrms. 

ick t .+tsblishing cnginet-ring work program6 to rolvc generir 
r l  (Somr 20 Engince ring Work Authorizations aimed 
r t  r rsolv 'ng field prcrblrrns w r r c  identified. l 

~ r ! )  1 )~ 'vr .hp ing  utiderstandings!agrarmtnts with Installatian and 
S ~ r v i c e  Ensincering Burinaas Oparationa to c~pita l izc  on it# 
nationwide resourccr and rtpuhtion for quality ~ o r v i c c ,  

(el Dr-veloping robware packrges inrtructing uti l i ty customers 
un effective mrtnlcnrnce rn.&na@qment. 

t Eitablianin~ plant availability #arlr, &ad amripdry rcaponri- 
bility far their rehievemrnt. 

~ l thuugh  it im thim SubLkGraup'a judgment Uut thr Didmian ir 
rntlviw in the right direction on all the forepinfl, borne haw mnly 
rec~rrtlyr been instituted a d  thete t m m a i n r  a lory way ta He. 

Ltrm (f). apecificatly, t a  on the "leunchhg p d "  am oppomrd to br?in~ 
in "full flight. t t  An aagrsrsiva plant availability program calls for 
t r rnslr t ian of the term "plrnt availability" into dsalgn-rlgnifieint 
pi ra rn~ te rs . .  . . i. r p .  , catihlirhmcnt of quantitative rlrquircnrents, an 
rr.li,rI,ility {rrirran-tirnc-bctwcon-failure or n o e c ~ s r r y ~ m a i n t c n a n c a )  
: c r d  t i ~ i ~ r  -toer~paSr-or -maintain rrn cvcry rystem, mubayatem, 
rqdripnwnt, cotnpvn~nt, r t c .  that gocr into the plant, and holdtnp thr? 
n b ~ i ~ a y r * r s f  i d i v i c l u r l  cunt ributcrra who d c r i ~ n  cach mtrm, n u b  
riy:,twn+ rqdpnrtmt, cu~lrponlri:t, etc.  rcspcrnrihle lor. Ihair fulfill-  
, Jt rlar, ra i l s  for  rontinurrua r a p o t t l n ~  rrf actual field expuricncr? 



and detailed rnolysir there01 in order to ertablirh real-world v a l w r  
of the Corcr~winfl, understanding uf prec i se  ciurer, rational prioritha 
on improvement needm and oppurtunitier, and optimum i i .  8 . .  rhut- 
down mlnimlriny~ repair proeedurer and maintenance l~g to t i co .  

Similar to the situation an derisn asmurance, there im no component 
in BWRSD mo mtructured a8 to have acrorr-the-board reaponslbility, 
authority, and accauntabElity for "rslirbility mrnagrmcnt, " an 
arrangement which ia now typical in GEBr dmfsnar burinerr h v d v s d  
with m u r i v e  projects, rrpM technological change, and atringant 
prrformrnolrrltrMlity requtrernrntr, A term of reliabllfty rprcirlimts 
im ia p k c e  La BWRSD, in r Subrectlon reporting to the Manr8rr-Dsdgn 
Engiueering, whom primary function i a  to provide expert eonrubtion 
on rrhbil ity matters to the varioum d a r i ~ n  groupr. but it fr theat 
yraupa themralvaa that catablish prioritler within their individual 
respomsibillty scopes, met gprls, and appraise dadan rslcrrer for 
comai8tency wikh the p a l m ,  

FINI)INC I 3 A :  IN THE PAST Y E A R  EIWRO HAS TAKEN MANY ACTlONS 
TO STRENGTHEN A h !  BROADEN THE PORTION OF ITS PRODUCT 
QUALITY COfWROL SYSTEM CONCERNED W I T H  ACQUIHlNG AND 
RESPONDING '10 FIELU INFORMATION FEEDBACK. PROGRESS IN 
T #IS A R E A  HAS SPECU L SICNIFCCANCE IN THAT TIIE KNOW LEDGE 
AND CORRECTIVE ACTIONS T H A T  RESULT APPLY DIRECTLY TO 
IMPROVING THE AVAILABILITY OF EXISTING PLANTS, AND 
iNDIRECTLY TO ALL FUTURE PLANTS, 

FINDING 38: THERE IS NO ENGINEERING COMPONENT RESPON- 
SIBLE FOR ACROSS-THE-BOARD '*RELIABILITY PLANNING, " 

Under the Atomic Energy Act c ~ f  1954, r Iicenra war required far the 
cmnstructCon and operat im of cornmeteid nuclear power plantr, and 
the Atomic Energy Chmrnimrion wao the licensing authority. Purmwnt 
to m u c h  authority, the AEC war authorired to promulgate replitions 
to immure thrt such plant8 would serve  r useful purpos*. and would 
be u a k  and safely oparotcd. The cvrr-mounting body of such regulr- 
iisrnr are ret forth primsrtly in I OCFRSO, titled "Llc~nslng of Ptoduc- 
tion and Utiliratlon Facilitie a, " and r p p c n d k ~ m  thereto, 

4bCPR54.55 rsquir+m the holdcr uf i con~truction pcrmik to notlfy the 
Cummloslan withCn 30 dayr uZ each d d i c l c n c y  found in dejian and 
conrtructlon which, wr? r r  it to have rrnrilinr*d uncor rt!stcd, could have 



adversely affected the r a f t  operatLon af the plant thrau~houe it8 
expected Lifetirnr , and which reprtmsntr: 

a A rlgniflcant breakdown in any portion of the q u l i t y  
+mauranee propram required by Appendix B. 

r Si#niClcmt d t fk ieney  in ematruction or damage to an 
equipment rspuirin# mxken#iue effort to reestablish or 
reaffirm itr mrftty. 

Sipiflcrnt deuirtien f tom ~pecif icrt lon requir in# ex- 
tenrive effort to teertabllah or raaffirm orfsty, 

Appendix B to Part 50 of the rtgulatimr ertablirhea qurlity rsrur-  
rnce requirements applying to tho design, canatruction, and opera - 
tion of the structure.. ayatema, and components af r l iranatd faci l i ty.  
I t  rt€pulatc+ requirements pertaining to t'18 elementrt' of r quality 
rsmurrnce praurrm a+ follawr: 

1. Organization 
2. Quality Aasurrncc Poolram 
3, Domign Control 
4. Procurrtmcnt Ilocummt Control 
5. Instructions. Proccdu rcs, and Drawings 
6 .  Document Control 
7 .  Control of Purchased Material, Equipment, and Services 
8. Identification and Control of Materials, Par t r .  and Components 
9. Control of Special Proceases 

10, Inspection 
11, T e s t  Ccrntrul 
12. Control of Measuring and Test  Equipment 
13. Handling, Staragc. m d  Shipping 
14. Inspection, Test, and Operating Status 
15. Non-conforming Materiala, Part., er Compnentr 
16. Got rrctive Action 
17. Quality Amrurrnce Racordr 
10 A d i t r  

1 OCFRSO. S5r identifier an rrrortmtnt of "voluntary'' Cadcr and 
Standards and maker compliance therewith i evernmtntal rcquircmrnt. 
T h i s  insludra .rvsr&I A S H C  ~NSf,%nd IEE#'*eDdem and standards 
applyin# to design, Cabr~rrtion, i n s t i l h t h n ,  tartinn, and Cnrpcctiun 
~ , f  prt-rrurrm brrsrl8, ptermuru! pipha. pumps, valver, protcrt im 
a y c t ~ n i c .  ctc .  Certain of there coder and rtandrrdr rcquirr that 
r cmip l ian~u  be certified by ~uaLif is4 permns, and depzndmg on start? 
o r  local law,  such persona may hare to be r tprercnta t i~  e s  of. and 
operatre in rccnrdance with procedure+ prcacribtd by, at;ltv err 

In4titutr of E l e r t r i c * l  and Eleclronic Enalneers 
0 



U d e r  thr Act of 1914, tha licenose CutilUy) bere dirmct rraparmlbi1- 
ity far compliance with ill rm~ulatlonr. h principle, barrmvrr, a11 
l ~ p p h t 8  wrrr r q d l y  hound, r h c r  thm licename war rmquirmd to 
amrut+ that rupplierm c ~ d a r m t d  to the arm* rr$ulaUanm rpplyiw ta 
him, Accordin&. virtrull~ d l  trehnicrl work pmrtormrd by NED 
bar bamn rubjrtt to audit# by utilitimm, thm AEC, a d  #tat* a d  lmcrl 
aaancir 6. 

fail@ to comply with the Act of 1954 or m y  rppltcablr r m p h  
tion rmlrting to mubnkntlal rafaty harrdaar 

r c-tabr 8 defect which could crmats r rubrknt t l  aafmty 
b u r d m  

The rrqdrcmcntm af S t 0 6  be promtruntly posted on the prcrnlmtr 
of ircilitier fiecnmed or othcrwirm teguhkmb by t b  Act of 1954 r r  
r u n d d .  
The N R C  brr rutharity to conduct b a p m c t b l  and rdarce- 
mant actidtier to rrourt complhncm. 

T h  most recent developrncnt of nipniflcancr are the tequbtioar 
prupasd by NRC Car implementing Sactlon 206. Among t h e m  arsr 

A bread definitinn of the term "dskct. " 

rr A ddinttian ei "Srnmcdiate notification" {within 24 hourr) and 
#he infarmation to bc rupplied. 

r A reqdr+mcnt t h d  all vendor procurement docurr~antr an 
b r d c  componen4r r p ~ r . i l y  ~pplicability of SectLon 206 of the 
Fnsruy Wcor#aniz~tion Art .  



rn A requireme-rt that any f irm supplyin1 bsmic can~ponentr 
permit Nt:C rnspactbn of prerninem. recarda,  rctivCtics, and 
basic I rrtnponcnts, 

0 A tcquircrncnt that suppliers maintain ~ u c b  d e a i p ,  manulac- 
lurc .  iahrlratinn. tbrc,,  rcc:mrrls as may be required. 

Stipulatirrn that if thv individual who shuuld notify thc IURG 
of ;r v i o l r t i ~ , ~ ~  ar d ~ f e c t  knowingly and conrcioudy fails to 
do so, he shall LC* wubject to a c i v i l  penalty of up te  $25,000 
for offenses in a 3 0  day period, and that he rhrll not be re- 
imbursed directly o r  indirectly by hir firm. 

The foregoing rdde up to an awt-snme challenge to anyone in the 
nurlciir strarn supply business. V i r tual ly  any development, design. 
p r w u r e m e n t ,  p r d u c t  i on ,  installation, ctc. activity ir. the cwcrall 
cianub tturinq prrlcrsli whish can be claimed to bear on safrty must 
1,. ahlc* tu .iurlive "goldfirh huwl" examination.. ..not only directly 
t ~ j  th;. KRC, but in  v iew d thr public diorlorure criteria undcr which 
i t  opPrdtc?s, indirect ly  in thr puhlic fururr;. 

Thrqrr i~ nu nccd t o  dwell  on how cr i t i ca l  i n  the role assigned BWRSU's  
four  k:rlcir~c-t.ring S ~ ' ~ . t i b n s  in  ar h i c k i n s  nuchnar plant safety and avai l -  
a l l i l i t y  . ' I ' r ~ ~ c t h c r  thvy implement the entire design procc us, ranging 
f r o r r t  R : ~ * J L ~ L I L ~  h s i c  S C I ~ T I ?  i f i t -  k n o w 1 1 . d ~ ~  at t h e  beginning to maint.~iningl 
plirr?t r *,nfigh:rat iun d ~ ~ c  urnentation at t h ~  end. 'Thc prorestr muat 
r;r.r 1 - b  %drily  I r e  highly discip1inc.d. i~rbth twcau sr uf the c n o r ~ n n u s  enqi- 
nr*r.ring wrbrk scopr invnlved rnd the fact that SO much of i t  murt pro- 
~ - * - r . d  on t ~ i - s t  a - ~ ~ i l s i d e  judgnrcnt a s  oppaseb to real-lifc hating. From 
a 11-pa1 starrdpuint, if  not Ode OI star:cr prudence, i t  i s  not sufficient 
! h t  the* design dioripl inaa practiced merely be luch or  to eatirfy the 
dr -mads  of individual engineering manager a. Nor, under the here 
and ntrw inqwtativcs that exist in thir burinens, can the Dlvirion 
afford euposure to the failurcs implicit in a reward-for -nuccers/  
plmiwh-for-failure approach lu  ranformance with eatablimhed 
rstar,d~tdn of diuciplirre. Instcad, i t  i s  emrtntial that BWRSD h a v e  
r?ffrr-t ive  rnednr fur drmonstratin~ much cmiorrrlanct at a l l  t imcs  and 
c d , ~ ~ i k n t m t l y  .IS. ~ C ~ I I Y  al l  rn&werilrg crrmponantn. 

J-'iI';I>I?iG 44: COVEJt N,lik;NTA I* IIEQIICItEMENTS APPLY Ih'G TO NUC LEAH 
L~l,4h"I StrE'rLlEHS A H k  SEVEIIE AND EXPANDING. ALCING WEl'i! 
Pt:NAL'rlCS FOII VR3IATION. IT IS F:SSF.NTlAL THAT DISCI;PLtrES 
14 t:Q tllS11'F: 'TO COMPLIANCE HE KSTANLIStIEI) A N D  MAIN?'AINFLI. 



The BWRO Product and Quali ty  Arrcutance Oprtatisn {PQAO) rmducta 
ruditr in confatmancc wish nivir ion Optratin1 Palky Gutdm 70-29, 
"Quality Aamurancc lnternrl Audits, " which i t se l f  i m  reiponmiw to 
elmmat 10 of the quality rrsurrnce criteria Ilrted lm Appendis B af 
IOCFR 50 r r  follows: 

"X YIIL AUnlTS. A comprehcnrtvr aystsm of planned 8nb 
periodic rudita shall be carried out to verify tompliance 
with all aspect* of the quality rarurance prsgrrm and to 
determine the efftct&veness of the Frogram. The audits 
ohrll be performed in accordance with the written procedures 
or check lists by appropriately trained personnel not having 
direct remponsibilitiee in the areas being audited. Audit re- 
rultr shalt be documented and reviewed by manapmtnt having 
rcspetmibility in the area audited. Follow-up action, Including 
re-audit of deficient areas, shall be taken where indicated. " 

P Q A O m s  audits normally address two issues Ear the sxbject at hand: 
[ I !  whether documented practices/pr~csdureb/in~tructTonr are being 
fellawcd, and ( 2 )  whether dacumentaii~n is adequate in scope and 
clarity. Upon tompktion crf each audit, findings art reviewed with 
management uf the act ivi ty involved, and a report titled f 'Carrectivt  
Action Reques t"  is prepared for each confirmed deficiency. I t  
idcntifie. the deficiency, the corrective action recommended, the 
corrective action committed to. and provides space for fdlouv-up 
and cloueout. 

In view of the nature of major quality pr~blern8 [see Findina 41)  the 
findings of PQAQ'o Product Assurance Auditr wetu  of special interest. 
Amon# these wsrr  the fdlowlng: 

r Calibration p r r c t i t c s  on inrtrumcnta and pugar  (used in the 
Ibvelapmtnl Engineering Section for b d c  teat purportr~ 
w r t e  rmt formally documcntcd or eontroU=d, 

+ Instanter werc naied in which d m i p  review&, dacumsntatiurr 
thereof, and dcctgn data boak mrinlcnrnce werc not in con- 
Larmrncc with rpplicrbb Engineerin# Ptrcticer and Proccdurae. 



+ Tn mame instancar ha rdwrre doeurnmntrtian cantral war such 
thrt it warn not pomrlbla to  dstwmlne which documrnt 
reviaionm applied to which plrntr. 

In nome inmtrncer anginsarm werr unhmilkr rlth the mraurl 
prtrcribing the practicer and protedur'mr to be followed. 

Corrective actienr on these and other matter8 h a w  been initirtad if 
not completed. The point of rC8nificancc ir that PQAO'r audit 
pracerr was raquirad La gat thr problamr Ln thr q n ,  and p ~ a c i p b t e  
r c t i m  for their carrsction. 

The G ~ n r t r l  Manrpr of B W R S b  and hi8 four Enginaaritq Section 
Managerm a r e  under intrnae premrute not 8nIy te ''producs" new 
designs for BWR 6)Mark 111, but to generate engineering mlutianr 
to the r t ~ e a m  of problems continuourly ariring an plrntr already 
operating, in mtartup. or in conntructian. I t  41 thir Sub-Talk Croup4* 
view that in endeavoring to fulfill blvidan commitmsnts within avail- 
able rereurccr in people. facilitien. and timm, they have aver -con- 
renlratcd their manpower rarources on executin~ anglnrering daaign 
"operating work. " afid applied l e m m  than optimal nunpower t e m u r c e ~  
tn engineering deaign "8smuranct work. 'I 

FEXDING k5A: RECENT - A 0  AUDITS H A V E  HEVEALED INSTANCES 
OF S~JX-CONF;'ORMANCE TO BWnSD ENGINEERING 'PRACTICES A N D  
PROCEDURES SOME INVOLVIKC ISSUES THAT ARE BAStC TO 
ACHIEVEML'NT OF DESIGN INTEGRITY. THE PRESENT ALLOCA- 
TION O? ENGINEERING RESOURCES DOES NOT PROVIDE FOR 
OPTIMUM BALANCE BETWEEN ENGINEERING DESIGN "OPERATING 
WORK" AND ENGINEERING DESIGN "ASSURANCE WORK. '' 

In discuasihg the PPAO audit. with BWRSD personnel, the Sub-T ask 
Group noted that respmdmtm' apprairrlr oi the procare ranged from 
rrtraightforward. if rcirnetirnaa gritdgin~. acknawlcdgmcnt that i t  hod 
f r r r c  o r 1  ~ ierdcd design assur rncr  inrprovemrnt s. to l o l i n g o  thrt thr* 
intvnsr! i l l  w i l l  grnctated acted to detet. instead of motivate. adoption 
r r f  i l ; t  rcformr rrcommendt?. Rightly or wrongly, P Q A O  WJI 

v n r i r ~ u a l y  r r i t i r i t r 4  am being untactful in an activity which inherently 
rrrlCir fur rnwh tartfutncss. 



6 .  Cogcluejoqr F r o m  Campatden Study 

The purpose of the companion study war to identify mpecial rtrenllh 
elmrncntr in  the quality contra1 mystems of relactcd Company campo- 
nrntr having outstandin# reputation lor quality ercellencc, in order to  
appri,ia* whether Cncorporrtion of or Lncreaaad smpharir on much 
alrmanta miaht better armure NED luUillment af itr nuclear pwrr 
phnt predutt qurlity objsttivea. Thm cornponants mslected (and the 
rbbrevirtionr used in thia report for demi~nating tbcm) were: 

Aircraft E n ~ i n e  Buainera Group (AEGI 
Ordnance Systems Product Dcparhent  (OSD) 
h r g e  Steam Turbine-Generator Depa rtmcnt (LSTG) 
Apollo Syatcm Department (ASD) 
Marine Turbine and Gear Products Department (MTGD) 

The conclusions drawn frum the companion study are as f d l o w r :  

6.1 The f i v e  component e selected for this Companion Study all had 
effectivs, cornprchenslivs ryrtems in place for controlling 
product quality. The fact that 8 particular element was not 
represented aa r "major r t r ~ n g t h ' ~  carrier no implication that 
it vrr n d  in p b c t  and implrmented to an extent conri8tant 
with the necdr of the burincrr. 

6.2 Three of the businesse~ [Aircraft Engine, O t d ~ n c e  Systsmn, 
and Apollol s trsrred their formally documented. comprehensive 
quality control myrtem am in itsall  r "rpeciat rtrclyth. " Two 
did not ( U r g e  Turbine-Generater and Marina Turbine and Gearl 
and one wonder. why. The anewer appears to be a s  foliows.. . , 
thc burinersecr and prducta  involved are Irrng-crtablirhtd and 
relatiucly slaw changin~.  Their quality control syatemm i r e  
relatively stabilized and tuned ta the needs of tbe budncrr. 
Key psrronnal are r o  long experienced that knowledge of and 
conformancv with the system are "occand nature. " Accorbinglv. 
the rye tem lcndr to bc regardcd r s  a natural or  rrutlnr: ''way of 
111~. 'I' and not in i t  self a "npcclal st r c n ~ t h ,  " 



6.3 The nuclrrr electric power budnelrm ir neither mature nar 
t i  Marmwrr, it inua lve~  a rrtm of tachnalogicrl 
8dv&nce, magnitude of financial rraoureer, and impact on the 
public weifare mare typical of major boD(NASA projacta than 
there normally undertaken by private indurtry in msrvh# the 
privatm mmctor + 

Since World War 11, DoD h a m  expsrimentmd throu~h r ruccamaion 
of pracuremtnt pdiciemlpractiee+ in reekkg way# to h d d  the 
coatm of mrmmivs urrdertakin~e within predictable and vrlum- 
jumtifiad limita. Three lcmronr, or precrptm. that appear to 
hrvs emerged from 811 thir erperience ate: 

+ To achieve project ruccemr at towmrt Us-oi-the-project 
Comt, the "product'' muat be made t'ri~ht" right from the 
beginning, 

+ Effective management requires a rymtsrnic purception of 
the totality oi what i s  required and the means for achieving 
it; i. r., the "product" mumt be virwed am cornpored of 
systcrnu, subrcystema, etc,. down through equipmcntm, 
c~rnponents, and materials; correrpondlng to each "box" 
inthe product myatern rtructure '%redr mu6t be r pro@rrm, 
subprogram, etc., ta manage it r execution including 
interfacer. 

r la arder far *ark t~ prmcmd mirnultarumurly and 
effectively an all "boxsa, *' 15 mumt bm c d u c t e d  in 
codormity with a rtprmua ryeturn af quality control, 
which itulf regularly murt bm auditad for eftacthwasam. 

Tlu validi&y af thmm thrmr preeaptr h a m  b a n  Inermrriryly 
relnewhd#ed in bob/NASA procurement centerr, and by 
manrprm d GE burinramrm which rpecialhe in rrrvtry tham. 
The fact that thay camps1 hiah cartr dutCn# tha dmmlp/produetian 
phase a l  the project (which are rubarqusntly offast by uvmm 
throughout useful Uial creater no problem fur the GE buain~raem 
involved *o loma r r  the curtomer undsrsbndm that ultirrutr 
bencibm outweigh high initial coslm, and on that recaunt im 
willing to pay for them. 



4 In a11 f i v e  of the c~rnpunents rslectud far thia study, repreran- 
t a t i v c  s i d a n t i f i d  a cler  r statement of the cnmwwwnt'r product 
qua1 i t y  object ive.  qnd the top manager'* manifest per rond 
r a ~ ~ r n i t m t n t  to k t ,  ar, r3rsential ar extremely important to 
achia;.inp/maintainlng the objective. Although the Study Grouu 
did n d  conduct an +'Attitude Survey, " it did aense, on the badis 
uf randma cantmcts through theme organizations. that ernploycc.~ 
were t h e r n r c l v c ~  s t r i v i n g  far excellence, and crad~t lng  others 
with striving far axcel lrnce,  becrurs " i t ' s  what the 9rr  s 
insists on. '+ 

6.5  A l l  component4 tmphauizcd the importance of meanin#ful 
mea r~trementr in rchievingl maintaining high product qwlity  
Although appropriate in-procerr mmrmurernentr a r e  necrrsary.  
measurements applying to Eicld erperkance with the product 
owerr11 are indlrpenaable for identifying crurcs of disrrtirfac- 
tlan and planning optimum correction programs. 

6 .  A l l  melectad ctsmpclnsntn identiEied l ' r~n imunica t ion ' '  a s  an 
important requisite to unifying the quality artivities sf key 
managers and profesrionals in a11 lunctionr of the businerr. 
Tho rapid discremination af current f ield or in-house quality 
problem infcirrnatiun. along with periodic cnn~pariaonr of 
product quality +tatus versus  goal^. war el and by thernmrlves 
relarded as cataly  tin^ and channeling cunetructive actlens. 

Collcetivcly. the foregoing findingm lead the Sub-Task Group to the fallowing 
trcomrnendrtionr: 

1. In each Department of the D i d r i m  responsible for dasijp of any portion 
of the Division'. product offering. ertrbliah a design assurance 
component. principal tcrponsibilitier of which shall be to farmulate, 
document, administer, and appraise conformance ta ptrctiecs and 
procedurcr essential to or t f iect ivc in assuring design excellence. 
The component shall be sr) j)!ac~d in  the Dcparfmen!'r orgrniaatianal 
structure & a  ta clearly  affirm that i t8  d e r i ~ n  r8aurrncc resp~nmibilitiss 
apply to the Departrntnt'r total scope of preduct design rsmponoibility. 

Three activities rtcornrraanded for immtdiatr emphasis by such 
cumpanent a are: 



2. Eatablirh 8 "rellrbiMty l t  componmnt within BWRSI) rmapoariblm for 
ry mtamr avrilabllity plrnnLn#. , . , i. a. . fort 

Relirbility/nuintrilubilib modalin# by ryatrm. aubrystem, 
mquipmrnt, cornponrnt . etc. 

Ertablirhim~/mrLat.ining rpplicrble analytic mathodr and 
cmmputrr coder. 

Identifying major 8 vailability upgrading needr and opportunitiaa. 

Rscomnnmdbg availability Lnpravrment draign prourrrns, to bm 
uadmrtakea by any of the Eryinarring Sectionr, r l o q  with 
prtoritbm bared on potentla1 far Impravcmrnt. 
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SUR-TASK GROUP G 

Con~prnion Report Summary - 
I. COMPANION SUB-TASK OPJECTIVE: The purpoae of the cornpamian 8tudy 

was to identify apeda l  strength elements in the quality control systems 
of releeted Company comptments havina outatanding reputrHtm for quality 
excellence, in order to apprrire whether incorporation of or increased 
emphrris an much tlumentr miaht better ammure Nuelerr Energy Divimion 
{NED) fultrllment of its nuclear power plant product quality objectiver. 
Tho compansnts releetad (and the abbreviation8 uaed in the report for 
designating them) were: 

AircraCt E.rg;na Rusino i is  Group (AE'G) 
Orrlnsnc*. Systems Product Department iOSD) 

rn Large Scam Turbine-Gc~erator Department [LSTG) 
I h o w  di scantinued l A p d l o  System Department [ASD) 
rn (now dircontinuedl hLrintr T u  rbinc and Gear EJrd rct s 

Department IhlTGD I 

I. Cavcrr - i ;  omLy t h ~ l i s  t l c t t ~ c n t s  of the tluality rrmtrcnl systt:nl t:.hich 
key persmncl  of the selected eornpunents characterii..rd ;IS ' 3 s i ~ ~ 1  

cia1 strengths. " or "especially significant" in p r c ~ e n t l y / ~ r r c v i o  :sly 
contributing to quality objectives fulfillment, w e r e  investigate(! ; -  

order to psrteiva the manner of application and the basis  ior t h :  r 
sipificmee, 

The fact that a typical quality control ryatern element, such as 
 endor or surveillance" or "rigorou?l product configuration contral" 
w a s  not claimed a c  a "spncial strength" by component spokesnlt-n 
~ I i d  rrnt imply absrncc, t;nimpnrtancs, a? wvakness of that cten~~:at 
in  t h v  compmwntts eystern,  [n fact, it i s  fa ir  to say  that eac): C U ~ T I -  

p:~nent selected i j ~ r  th i s  study has (or had) a ~ ~ y r c h e n a i v e  qr~a; - 
i t y  crmtrol b y ~ t c m  in place, that thrir spn',):esrncn trndrd to regard 
this c i r e t ~ i n ~ t a t a c t ~  r r  a r w t i n ~  "way of l i f e , "  and that in cnlphir- 
fiizin,: spacial clt -nwnts thcy were rnerely being ~'esponsiva to t:5*- 
~ ~ ~ ~ ~ - T i l s l :  C;ro!tjtts reqtrest for identification of "sprwAiil strength'' 
u l t . l ~ rv rLs .  



El. Approach 

1. Workley Pmrromtl (S+r U i n  Raport tor b r i d  bio~rrphicrl  data) 

2, hhuicr of Conducting Work: intmrdrrrs of rslccted i n H d w l r  
were  eoadueted by Mcerra, McAllirtrr and Utrig to iacartrin 
I 1 ) the dements of the component' r quality cmtral  t ystem which 
ware judged of special rtrtn~th  or signtficance in fulliUin@ prod- 
uct quality objectives and ( 2 )  whether ruch judgments were #war- 
ally rupportsd by d e r  key cmptment psrsaanel. Additicmrlly, 
evidence 3f ruch atrengthm was ccdirmed by short plant t w r m  
and cunriaation of pertinent docummntr. 

3. Interfacm -itb Other Sub-Tarka: for tbia pod- d the rt- p r -  
formed by Sub-Talk Grmp G , there rrr  m n r d  t o  1atmgr.k d- 
forts with mthr aub-tarkm. (Twa mmmbmrr of th, BWA 5 t d y  
Group, Mesars, Elmt on md Hemsworth, wars i a @ e r v i r w d  r r  
authoritative reprssuntrtiver of thrir rmapmctive camp-ate, JS@ 

ar membrrr of the Study Group. ) 

STATEMENT CONCERN' 

RECOMMENOATlONS APPLICABLE TO NED'S PRODUCT QUALITY CON- 
TROL S Y S T E M  ARE SET FORTH IN THE SUB-TASK GROUP'S hWN REPORT 
TITLED "NET) QUALITY CONTROL SYSTEM OVERVIEW. " NO SEPARATE 
RECOMMENDATIONS A R E  MADE HEREIN. HOWEVER. SECTION V OF 
'I'IIIS REPORT, TITLED "CONCLUSXONS DRAWN, " (PAGE 31 ] SUMMAR- 
I Z E S  A SET OF CONCLCISIONS WI? Ei WHICH RECOMMENDATIONS OF THE 
LlAlrI REi'ORT Ai E CONIPATIRLE. 



IV. FINCINGS AND DISCUSSION 

1. 1 Recl-Tima Communication of "Items of Interest'' 

Findinp - Each D i v i r i ~ n ,  Department and Section level man- 
ager, with feedback from lower levd managers, prepares a 
drily rmport of "Items of Interemt" for eomrnunieatian ta Mr. G. 
Neurnann rrrd otbr Managerr at Lynn and Evendale. This corn- 
rnunication #tmr UP and down a d  atror r program8 and functions. 

-- Nearly a11 of the persons interviewed cited this re- 
part and i t s  high value in keeping people inform< d of problem 
occurrence, key events, program status and other items of s i g -  
nificance to the daily conduct of their jobs. With the d z s ,  d i -  
versity, cornplewity and orgrnizatiorul dispersion of the A i r -  
craft Engine Group, a superimposed, relatively formal system 
is deemed nercssary. to communiertc the important daily happen- 
ings to  the many individuals and organizational entities in  need 
of the informatim. Al~hough the mechanism is repeatedly chal- 
lenged nn grounds of the managerial time it consumes, managers 
having special concern for product qual i ty  describe it as a "majsr 
strength" in serving their needs, and it has remained in place 
for mcveral vcars. 

1. Z Canao~ i t r t e~  Quality Am m~raaee Management 

I .  2.1 Ccmmulting Engineerin#. . . . . . uprttearn from design rtlaa s r  

1.2.2 Graup Quality Control.. , . , dwnrtrerm from design rclca se 

rimding 1.2. 1 - The C h i 4  Engineer - Consultinfi Engineering has - 
the primary rerporrsib~litv f t reviewing dcvtlopment designs and 
pians to a r sure fulfillment of produet requirements. Thi ,< incl1:dL*s 
rrrpon*ibiJity for aasuring utilization of cstahlished design prac-. 
tices, prior AEC cxpsri~ncc and l a t t s t  design findings and cnlle:.t-  
ime from outside the Graup, 



Drsign Rcvi ews 

The pruerdurc u r c 3  to obtain design assurance involves r aerier 
of diociplinad. carefully structured design and program reviews 
by highly qualified personnel. These review8 utilize the h o w l -  
t d p  md skillm available both from within A E G  m d  fram eutaida 
aaurcer when deemed appropriate, Darign reviews are carried 
out on coneeptud designs, major rsdeoigns, new design& of 
product8 or procrwrcs, and majar problem so1utions~carra~- 
tive ocliona. 

Factory dcvclopmet prohlern reports and field aervicc report8 
are reviewed rO assure that potentially significant problems and 
the responsive actions are recognized m d  resolved at the earl i -  
est opportunity. 

Frequent informal design consultations are conducted cm rpeei- 
fic derign problems. 

The Chief Engineer - Cansrrltiny Engineering: 

Otttrnlirrer the need for rcvicw i n  coopsratirm with the 
Engineering P r  oeram Manager 

Establishes the  plan for the review 
 define^ the rev iew team and rsrigns r Conrultiag Engi- 
neer as team captain tu conduct the review 

Either teaches agreement with tho Engineering Program 
Manager on designiprogram action plans or seek. reso- 
lution by the General Manager - Engineer in& Dmvdopment 

Provides final de8i  gn direction when necessary 

The scope of tlre d e r i ~ n  rcvicw is eomprahenrivs and focursd on 
assuring t h t  beot avsil iLle experience and knadc.d@e ha* been 
umed to fulfill tho Pruduct Requirement Specification {the dacu- 
mcnt which giver official expro~rion ol customer's needm and 
expcctationr). The  scupe inctudeo: 

Technical R equi rcrr~tntr)SpcciCicatisn~ 
Corrfip,ura~im/Corlrp~ncntr Description 
h a n m  6tratur /Cnrrrpncnt Expcricnca 
Rationale for Cmfiyrrratirrn (trade-off rtudics] 



EnglnelInrtalCed Perfomrnca 
Ccmtralm, Syatcmr and Acce*sori as 
Cuatctmmr Interhet r 
Cycls Temperature r and Preswurcz 
M d a I  Temperatures 
Strb8res vr, Material Properties 
Material and Praccrres 
Aeromechadcal Conrideratien* 
Life/Dcfect Tdcrrnees 
Pradurikility 
R t l i a b i l i ~ / M a i n t r i r t r b i H t y ~ R t p a i  rrbility 
Test  Result - 
Mrr#ias 
Cost urd Weight 
P&&lem or Worry  Ittnrr 
Status v6. Requirtnirnts 
Plaar to Meet  Requirements 
Camplianct with Engineering deri gn manual 

Finding I .  2.2 - The irnportaace d product quality tn the succtss 
d thm Aircraft Engiam Buaiamrr Grwp has bem emphr.ir+d ~ l y  
the ertrbtishment of r Group Product Quality Oper&m r.port- 
jag ta h Grmp Eucutive. 





Military rnd ccammsrcid enpiaer muat pars biilitary or Id- 
a r d  Aviaticm Agency [FAA I qudiflcrtion tmrt r + g ~ 4 t e m d ,  
Sornd 'Ly  4 r i d e  ramp of flight canbltCm " p t d i l e ~ "  u+ mbru- 
lrted durinl much qurlificrtisn teats. 





Findin# - A l t h a u ~ h  d l  purchased matmrlrl t m  cantrrrlled by AEG, 
the degr, e sf ccmtrol vrriau by the criticality of the material 
preturd.  The AEG "rmurce rubrtrnti8Hon" system for c t i t ied  
mrterirlm i s  hiahly dirciplined symtem with conmidetabte in- 
volvcmrnt by Enginmering to rmfcqurrd the into8rity af dmriln 
*en "SQU~CCS' '  are! cbaa&. 

Ditcurrian - - A11 purchamcd material pracured for AEG prducts  
ir  rubjcrterl tn Quality Ptanr which provide for appraisal to en- 
lure conf~~rmmtcc to Eng~ncering and protevs r r g ~ ~ i r e n ~ e n l s  as 
defined in the purchr st order. The requi remsnt r are supplied 
ta the wettdar prior to or rC the tams of placement of the purchase 
mrder ,  Ca the iarm af drawings, specificrticlnr, dardr rdr ,  a d  
purchrsr order mtatemnts, 

The term v d a r ~ s o u r c e  i s  tnteadcd to be c m q w e h m e i v r  a d  in- 
cludes m y  prdutrr, manufacturer, contractor ar subcontrittor 
perfarmin# q e r a ~ a n s  or prwcs8cs. It rpplism to internal rhopr 
r r  re11 IS o u t s i b  vendorr. 



Jn esoentc the my h e m  i s  as follow8.. , . . . Durign bglnrrr ing 
i rlentifit- J r r w i n a r  rcquiri nH urnrrcc rubulrertirtipn, mpecifir 8 

thc nuninwnr technierl  requirsn~sntr to approve tha prtt?rmrce 
curt~!~ination a d  qualifies the initial part#rw+rm combination. 
Vendor r providing much mataria1 hrvr thdr quality control r yr - 
tern evdu8tcd fbr cd0rmak1~8 to thm Grsup hiUtd8ttUth& be- 
partmcnt lGMDl &fini th i  of m adequate rydmrn prior ts t h m  
plrcem* nt ol a purehas* order. Suck ruppMarr murt luva r 
quality cantrol ayrtmrn which hrr been adjudged rccqlab l r  to 
GMD d must have demand trkd thdr murutrttrcriry c r p d l -  
ity by providln# r first articlm which mrds  thr sccrpkPca er i -  
trrir. To enmat* tke catiaurncm d #+ integrity d t h m  ruppli-. 
fdw-on myatem evdurtims and product e v d d - r  arm con- 
ducted on A s c b d d d  badm. Failure to kkr  effective corrrc- 
tivc &an in rerpoare to deficisacimr m a d  in tbr ayskrn or 
product evikatioar couid result in &a terminatian 04 @he Manu- 
facture? rr  a m d i r r  tm CUD. 

Tbs csnlrol 4 rpecial processes w e d  by veada~rr on rourcr sub- 
stantiation i t m m  ir rtlrintriad by ccrtificatim r q u i r c n ~ m t s ,  
vendor survey, a d  pracrr s camtrol emgiase ring in the vendur's 
facilitr Ra cnsarr continurd camformaace to rcquircmentb, Re- 
appraisal d the vendur  result^ i s  caaducted to provide eorrcla- 
tron of interpietatian a d  assurance d cunformawc. 

Comprehensive Q d i t y  laforn~ation FerdhrcL  Sys tam 

Findjq - Field p r d ~ d  performamce dik in AEG ir canprehrn- 
rive, timely, and r valuable tool for rncarr~riq product quality 
prlarmmca treads d for correctin# quality problcmr, 



The reports i r r  ued by this  sryr -~ i  ;sation have many values. 
They arm mrnrgemcnt orientad, and r l lw rapid rrsrrsrnent of 
product quality performanem from the custornar point of view, 
At thr rrme time they provide a tool for problem arulyrin urd ' 

eorreetiue rdCon. Much backup inlormatian ir rcc~rnulated in 
prrprrlna the rmpwt which i a  r v a i l r b h  for determining thm mmmi 
far -&ins redmalam or ptotasa change, ar usad in eonjunctisn 
with Eryinrrriw develnpment data in drat ~n rsvicws or in 8s- 
tablimhing quality g d r  on new progrrmr. 

Emuetttbl to the validity uf the report arc thc Ciuld r+r,dce and 
technical representatives located in the United States and off- 
shore at  ma jar ovc rhrui f.icilitics. majur tcrmimlm and ma jar 
rr l l lnc htadguarte rr, Althuu#h thrse individual*, as wel l  r r 
Project personnel, feed daily information t~ their respective 
otaaai+rtionm and indepndcr.t action r c m u l t r  from these can- 
trctm, their Inputs a r c  also captured by thc Produrt Atralydu 
Section to formulate thr unly official repurt uf A L C  ow-rall 
ensine p r f o r m a n i . ~ .  

Findiny - The Ordnxncc Sy b t r m s  I)q~artn,rnt w o r k s  clusely 
with the  custuttrcr as a t t m r  to develop program 2nd rystcm 
requirements and to rlm.ana:e the program frorz~ "Design through 
Custanrcr ue, + '  inctudr ng c u n t i n r i q  csperatioraal support. 

Discuarian - The "partmerrhip" ashblishcd wit!i the custorncr 
(Navy Spzcirt Projects OfiiceJ from the arrly military - indrrs- 
trial Caamr initiated by Admiral  Raborn to the present arrrngc- 
ment ubder Admt ral Smith enabler Ordnance Sy sturns Program 
Mamgcment  and Sy rtarrir Engineering ta war:. rlnscly with cus- 
tomer ~ n g i n e c r r  ta dcitne the reguirerrre.ztn fur the Fire Cuntrul 
5ydhtr: and subrcqucntly te  arr ive at r iinai drrign for the rym- 
tern and a l l  i t s  p.rrta. S y s t r r r r r  E n ~ i ~ w c r i n g  intrrroteo designers 
{what e r n  Ire donel &nil the technical arm nt the ct:storrlrr (what 
he wants d m e  1. 



I?, rsrcnrp, r l i s t u m c r  rsquircmcnta arm not finalired until r 
mean3 t r f  1 b r m  iding thcm 11.1 hcrn determined and than they a i r  
dcfinrd jo int ly  hy thc c~~s to n l er  and Ordn~nca Symternr Engliwer- 
i n  Overal l  syutum and rt~lr-systems are partitioned such that 
cquiprnont and cmgurlsrtional interlace compl*niHmr are mini- 
mized.  Vary tilht tontrol  over hitarface parameters i m  main- 
tained, both between OSD and other cahtrrctora and within the 
Fire Control System itrelf. This perrnlta indrpmdrn4 dmaian, 
mrnufreturo and teat  of tach mquipmmt mntity and irnpravrr 
the efketivcnrr r in meeting ay .tern. overall rcgui rements. 

The effort d e s c r i b d  above i s  aimed at helping the customer 
lfrom his  dawpoint) planlww tn opand hia money wirely,  He 
knows the mission requirerrmnts {firing rats, acctltacy, range, 
t 1. l i t  needs help in deciding how best to accamplish it. 
Thim is don* through r "team" rather thrn an adversary rslr- 
tianrhip, an exemplified below: 

"C1t5trJl::e~ i s  wi l l ing t t b  pay for engineering and i s  81- 
l a w ~ . 4  to deal directly with d t s i y n c r s  - -dtcirio~is arc? 
driven rrlhrr b y  reliability and lire cycle costs instead 
uC c+~t.t  of imnicdistc product; eurtonret understands the 
red pral l tms.  " 

"Custorntr i 6  highly teclrnisal; withhoIdo design i p p r o ~ d  
until saCinCi~d even with details--catfie. over from Ord- 
nanc e Systems to its rubcontractur o. " 

"Cudturner technical interfate with Ordaancc Syrtama 
harm't cha~gmd mince the bc~inninp of the Polarin proararn 
--canre curbrncr tngineerr and mme key GE capinesrs," 

The rn:;tually t~eneficia! Ordnance Syrtemm/Navy Syccial Projects 
partne-ship r t l v t i o n s l ~ i l r  that laas hcon carefully drvclopod f~nlma 
IWarIm day5 through I'a-cirtw to the prcscnt Tridctst program i s  
1he f e u n h t i o n  on which i l l  t lrv uther USD htrvngths dcscrihed herein 
w e r e  b l ~ i  it. 



Jliacuuaiun - il'eithvt the c u r t t m ~ e r  nor QSD f i ~ l n a r r l n p  ~ o e 9  oe- 
ymd the  stat^ ~f the a r t "  whcn &thin# rsquiremantr. This 
rperifrcatiun philorophy couptcd with r conrervrtivr derign rp- 
proaeh and high l e v e l  of derign r~uurrncm minimismr quality 
risk. Enginemring designs critical slarnantr ef t f i . 9  hardware 
ryrtem (primarily high u m g s  rnndulrr of thr malag and digital 
circuitry1 an i ''wmat-cr  se" brrfr, ree~finiring that dutarlarr- 
tion will  take place. This i a  rccomplirhsd f i r s t  by theoretical 
analysis  using wwrd-case canpnnrnt tolrrancsr and than through 
breadboa tbi r.ig mcldulc s and evaluating the design thoroll ghll-, 
changing cm-iponents and rn~xlifying circuitry a# rcquirrd to  oh- 
trim the desired derign margin, 

Strndrrdisatioa ir  rmphrsi zed on all components (circuit mod- 
ules, cwmect~rs, relays, eahlcm, charri*, inrludina vendor 
equipment. SysCenrs in the fleet arc nmdificd, as d e s i ~ n r  are 
upgraded, to  n~akc tlretu the same awl ta enhmcc mnfi~uratie~t 
control. Electromechanic~l  comptmants a r e  n ~ i n ~  nri zed in favor 
of p I + l ~  trclnic c i  rcuitry Cnr r~nretiabiiit y rcawws.  

E)lrr.rati oual rerrlinesr i s rtnphasized, wi th  Lrtilt - i n  .ell-eiiocking 
and diagnostic hardware, Gritit a1 sqrliprnent6 are duplicated. 
(Therr are twn entire channdr o Fire Control equipment plus 
cnnqidrrahl~ redundancy within c . th channel. ) 

Fmdint - K e y  peapla in i l l  f u e t i m r  of OSD have r combination - 
of Img e w r i e n e e  and conryetsner. Thin ltttngth ir further en- 
hamcect br a lmw turnover of key cuatmerperr3anel in the Navy 
Special Projects office resulting in ruvtainsd nrutlrrl involvemcnt~  
w c r  r lung time period. 



Tlii n Iuw turnover of key people i r truc within Manufacturing, 
Quality Control,  Field Service and Progranl  Management an 
well.  

2.4 Fully Integrated Temt Plan and Tert  Equipmvnt D e m i ~ n  

I ) i m c u m r € a m  - The barim far definina thr maad for apacial t c ~ t  
equipment on the Firm Control ptoeram i r  the OSD drvmlopd 
Governmeat ~ p p t w e d  integrated tert plan, covrriag the pro- 
pram from the R&D r t a ~ c  thrsugh the operitiortal rt.y., Test 
objective8 are deEintd at every level a d  integrated tert require- 
mentm ore atated from which test procedures and tert equipment 
art developed, 

dualiiication testing of cwrponcntm and rub+rs+cmtlie~ is per- 
formed by Engineering to meet sub-rymtcm berign rtqujremmtr 
as wel l  or  curtomer military r?nvironmcntal opceiiieatioar (da- 
vclopd for the prugratil by GE in  conjunction with the Naval 
Avionic. Facility at Ibdianayoli m). Thi+ tecting i o accmptished 
Iwiore cornmittrnu the deoign to production, 

Funetionrl sub- mystem devdspmmnt and qudificrtiom t e n t 6  are 
run by Engineering prior to r fun-reale myatem rvrlurticm kst. 
Engineering i s  rorrpmd blc to make the f l r d  myrtrm work the wry 
i t  war  intended to  work. They are rmrponsibh for the fhmt mystem 
t e s t  with participation by Field Service and Quality Ctmtrol ffor 
trainin8 putporas). The engineers can rue the outcwns firmt h d  
an4 Ieara directly by their mirldter, 



The t e s t  eqrri~~nwnt d v a i g n  rystem i s  fully dacumcnted from thir 
tn:it t - q ~ i i  prnetit propoaa! phase thrnugh tr rt equipment drrlgn 
apccificatios. d c e l p n  doctrrnentation, eonrtructi~n, checkout and 
e~rluatlarl ~ r i l ; r S ~ a .  Tcvt equipment dsr i~nr  r r a  rudewed by 0s- 
rign Enginmarina and the customer, Ouarall accurrci~m of 10 to 
1 muat be maintained batwam the tolaranem of the psrrmmtsr be- 
ing temtsd and the tart msrmurmment accuracy i t d f .  

Operatian, catibration, m d  rnalntmmcm procaburea arm pro- 
d d e d  for all test  equipment. Op+ratIcmal proofing of the teat  
sgdprnent requires that accuracy, n~aintrtnabiiity m d  reliabil- 
ity abjtctlves and requircrnents be demonstrated. 

Carrelatran of test r o d t m  i a  accomplished by providing duplicate 
equipment at the various locations (venbora, OSP field, Nav) 
facility, etc. I where the same or rimihr itemr a r e  tasted. Cali- 
bration at duplicate equipment urd comparimn of dilierent test 
cquipnrnt i a  dune I J ~  a regular ochdrlr? with rtandard rrtdula*. 

The intshgratrrd teatan y awl tcst cqrripnmnt design sy:item includes 
checks and balances thruughuut, rrmurin~ that a11 rcqrrirements 
arc I ncl~iried ; i d  that the uberall plan I r cost - d f ~ c t i v ~ .  

In  rurrirrlsry the strengths in this ayntetti arc: 

4s) C;crvzrmlrent requirement and lunding for  terting at 
all pertinarrt p i n t s  in the funttianal hardware system. 

(b) A wel l  thowht out, comt-rffectivs, inteerated taot 
plan cuverinu d r s i p ,  produeti- a d  fimM bat ing 
rirrwd at meeting perfarrmmce, rrlirMIHy and rnrin- 
tainability objectiver, 

Ic) A suphi~ticatrd, dmurnunted quality control myrtenl 
fat dcrigning, building and e v d u r t i n ~  the tcst tquip- 
ment (coanparable, in  fact, to the quality cnntrrrl syv- 
t r ~ n  l o r  thr tactical hardware), 

Oweralf, OSIj hab perhapa the ~r~rrct raphi hticrtcd "test contra1 
s ~ P ~ c ~ I , "  i n  t h ~  Currlpany. 



Iliricuasion - 'Ch* Ordnance Syrtemr'  approach to p r o g r a m i n g  
the constructinn and installation of equCpmrnt in a major In+trllr- 
tion (approximately $200 n~il l ion inrtrlled price 1 l f i  dernon*trrtd 
by the program management af "Trfiinins Syatmrnr.mt OSD i a  re- 
sponrlble rr pro8r.m mrnrprr for irkegrating th8 rctivi#am of 
hckhmrd, Wertinghousr, Sperty Rand, ate,, am wel l  ar tharm 
nacemrrry to prduco  their mquipmmt, and to install evmry- 
thing in r five-story building which totally rtmulatem tha amelmar 
rubmarine weapon control mystam. Thm muhrg+rnmnt rymkm in- 
cludes toardination with Wmponm Proarrms, Fir+ Cantrol?Trab- 
ing programs and Opetatiaarl Support, and iavalvvs cwnplmx arm 
gmni zational inter +ay r equirina procedurd guideliner m d  rr ;r - 
t utcmemts for succo s d u l  program rxeeution, Tcckiiywr ob- 
served included work brerkduwn rtrusturin~ for every reapon- 
rible actidty. ''what-if" planning, inkerface documenkticm, 
co J l b u d ~ e t i n ~  rneasurtmentr and revierr, ttifiger point& a d  
derr~onstraticmr that requirement. h a v e  been met for all ~ t a g e a  
from concept and contract definition thraugh oparrt iod support. 

Use of the a h v c  approach to design, cmrtruct and equip a train- 
ing iaciHty for Polarir and Pomsidan hrr rerulttd in no misre4 
end bates and nu cost ovarrunm, and i n  anticipated that thm rmme 
pcrfarmancr wi l l  be demonstrated an Tridmt, 

L. 6 Overall h s i g n  a d  Maintenance of tfrr Quality Control SyrLcm 

Fincliq - Although not tatally docwnent+d, the overall quality 
conkrol mystern at OSl3 i s  w e l l  deoigned m d  maintained with proper 
di vciplincr in plrcm in Proatam Mamagemant, En8inaw4n8, Mrau- 
facturiq md Prduct  Service urd Support. 

Discussion - The Ordnance: Syrternr Department quality corrtral 
s y ~ t e m  i s  divided into v ix  majar catsgaris& (Proponat, D+aigm, 
Prncurzmtnt, Production, Data Heporting and Corrective Actim, 
and Factary and Fictd Suppottl. Extenwive ptoeedural documen- 
tatif~n exists in all of t1.o phases, much at i t  required by eonbract. 



Raemtly, brcrurr of both ert~phamlm at Corpaorte l a v d  an the 
multifunctimtal rrpmetr of quality cantrol, and increamins tun - 
torner rcquiremantr en dedgn  control, t h m  Managar - Engineer- 
In8 arr ipsd m individual w+thin Eaginmwing to be thr tbcaC 
pdat for documantation of dhciplinmr urad by Caginrrring to 
provide dmrign qublity rrruranar. TW8 Individual will iutsurrte 
cloa+ly dth thr t d i n a p r  - QurUty Contrd in developing myr- 
tumr m d  in rrrpmding to cur$ommr requirernontr in the pro- 
yerrl  stage. 

3 Latgs Steam Turbine-Generator Departmmt (LSTGD) 

3 1 Commitment to Quality Leadership 

Findin& - The qurlCty policy of the Steam Turbine-Generatar 
Product Division i r  to supply producta that are  "intended tu be 
aupsriaP to that of competitive pruducts in  mading cumtomer 
needs and expectations. This policy is a dominant fertuts in 
the Deportment's businesa planning. Nothing in  the conduct of 
the l r u s i n c u ~  is allowed to jrsopardixc: the product quality leader- 
ship position prenently enjoyed. 

Di rscnssion - I f i  ~tarically Chne ral Electric hag had a reputation 
in thc ttirhine- ene err tor businesa fur engineering leadership. 
GE did most new things f i r s t  anal better than competition, and 
customers expect GE to continuc doing so. Thim has reruttcd 
in  a Iring-standing preference b y  the curtomor lor purchming 
new, Larger rated units fram General Electric. Tr>day'e busi-  
ne so phnnt ng capitalizes an thia heritage of technological laad- 
er ship, It calls tor total value lcadcrmhip, making Gaaarrl 
Eloctrirta intent to do thiu vi rible to the customw, and earning 
r profit consifitmat with the rimkhvtolment involved, 

Priccfi are ertahliahod and maintained at a level consistent with 
product valtrt, the i r tvenhent  arrd riakr tu the bucineor, and the 
aclricvemsr~t d h ~ ~ ~ i n e a s  chjecti~es. Price levels  to a(/ p u r t h ' ~ -  
rerr in  a r ~ y  t i m r !  perirrd arr- the mame lor identical hardware.. . . 
a pricing policy which, in thiu burincsn, ir virtually withnut 
precedent, l ~ r r t  t r )  which the 13ivi:;iorr srrqmfourrly arihercs. 

S~IL'C.~?  7 sf i l l  i rvp l~r~ i i *n ta t i  r m  of Li1sinc-5s plan b d c p m ~ i  5 nn nui I t -  

titrn, p a r t i c ~ l l ~ r l y  in thc arean uf ~ r t ! r t c f i t  n~catiurr!~lt: value l r a  

r ~ s c t r s  ( r u l i ~ l l i l i l y  ant! sufltnirtrbcl c i f i c i ~ . n c y j ,  at111 nrr ;ult~?~-c_usy 

b + J ~ n d . r : . '  -hcrc btsncc. d tliu worth uf them: t I r l r r ~ r ~ ! r ~ c c s .  - - - - J - - ~  ---,- .--- 



Frrm an analys is  of total LiCc cycln costs to r utility, tha faltow- 
ing vaC~ic! ( h i  perdr l rnuncc!  wad cuncltrdsd: 

Rclialrility - 1 % ~  in forced outrye rate = 
15 to 2 0 % ~  in purchars prier 

Efficiency - l k ~ i n  Hal t  Rats = 
10 to 2 0 % ~  in purchme price 

The marketing thtuat to obtain ordarr ir to ~rnphrr i zc  GE'e high 
dtn~u.rrlraped product periurmancr in t e r m s  of reliability and n u s -  
taincd efficiency, on-t in~e  shipment a d  sui~erior service Irnm in- 
rtallation tlrrough the life uf the machine. 

In this regard, a "Value Story,'' develnpcd around the above value 
of performance has bren uti l ized which presents and evaluate# yer-  
formanre dilfercnccs in a ttrditl le  and meaningful niarurer an3 
bvhlch cnddes and e n c w r r 3 t . s  cuatoniers to perLudn similar analy - 
ses u s i n g  their own data and analytical  techniq~itu,  

r i n d i r b ~  - Thv t.STi; pradurt s ~ l p p l i r d  to utilities, from a design -- 
~ ~ o i n t  of vie-w, is devuid uf exccrlsIvc quality risk. It uti1;zer; dc- 
sig:is that a m  p r w e n ,  dr) ncjt overstretch the current state uf file 
art, and fur which comprohcnsivc data exist8 i n  L S T C  Design 
Data R w A  5 ,  



r r s u l t a  tor the utility andustry. tn this  regard, cu ot~rrnsr rs- 
quircrncntr thrt cwcee? LSTG knuwn product dedgn perfcwmanca 
are not accepted, and orders  c~wtulning there rsqutramant~ are 
not quoted r~nlcsa it i rs dcte rmined that premsnt or p r o p s c b  engi - 
nearing development programs can provide the krcaarhdgm re- 
q ~ i r t d  to succt rdully  maintain or insprove the product quality 
trvel, Erctssive design r i s k s  arm never taken by Enginemring 
an their own or farced upon them by an ag#temrive mrrkmtinl 
atganization. In  fact, thcrc  i s  a ' l s e l f -d i sc ip l In~"  regarding un- 
due quality rirk thrt p e r v a d r . ~  the entire organixation (Sales, En- 
gineering, Manufxturing,  Product Service, etc. 1 that ham been 
cngenb:red thr nrigh o t ~ s ~ r v i n g  the nu c c e s e  of the LSTC business  
s tratc~y  and design appruach shce the late I96O1m. An outward 
manifestation of this vclf-diaciyLne in Marketing i r  their dsmon- 
strated conviction that "being conlpetitive" does nat mean promis- 
ing everything campctitors promi me. R rthsr, challenging the 
claims of competition frnm a prodrret reliability point of view i a  
more the rulr. 

Two d p ~ c i f i c  n > ~ ~ l ~ ; r r r i ~ r r r ~  are  u s r r l  by  LSTC to  enhance thir 
frmttiona' self-di rziplina. They arc (1 ) thr I3rcduct Policy b a r d  
and (21 t?w internally a6:rverl upon "q~roting l t r ~ ~ i t u "  an praduct rd- 
quirc~rcnte.  Hllth a l  thcsc. place liliritatians on new businsam. The 
E-lrorhct t'rdicy Iloard i s  a nrechani mi intended to insure the proper 
"aitlnq" of views regarding new busincs s prnpmralr. It includes 
thr n!anagrrs nf Markrting, Engineering, Division Operational 
Planning, the LSTG IJeyrartment Genrral Manager and the Division 
Manager. T h i  i loard is chaired by the Manager of Division Oper - 
ational Planning and meets periodically to taview special situations 
in order to decide the, condit~ons for quoting or whether to quote at 
at1 un a particular order o r  to review the nesd?mtahw d product d 2 -  - 

. . 

f r , ~ ~ ,  tt i m Th*lr.~rti. vnf l r r ~ l l c y  to cstalrlirtr I t ~ ~ r i t ~ t i o n a  within thr! 
r.-lrrr..nt h t . ~ f + .  '14  t 1 1 ~ .  a r t  r t r h  prrdmrltcr~  with r e g a r d  t r ~  starting and 
f a j d r t l . r  g ,  8 r!,dcitb ;~:ith I~rbat*r.s n d ,  l i ~ r l i t s  *rn stertrr  pra#surt  rtd 
ir. l l .p,.r-tlr~r+., ~ t c .  It ~11 (~y i ld  I ) a  nrntcd thrt the* lirrlitations drfinb!d 
I J , , W ~  r,r cbu.ci~c.rl r ~ r r r t -~ l t  i n  I rhtry  standards.  



Findinfi - Thm LSTO Dqaartmcnt quality nrroursnmntr are cur- 
tomrr -bared, tdatrd to  rnnuai and long-term palm, with rpeci- 
fie Lndividuala hmld rccountrble far idmntifiablr, qurntttr#vs 
"pi+crsQ' of the #ad, a d  formal remi-mnurl review# by the Cam - 
err1 Murrpr of trmnd and progrere rplnmt the #ode. 

Dimcurmion - The pr+acnt Large Sham Turblne-G+amrator Prod- 
ucts Dmprrtmmnt poltcy on product quality containr the fdluwily 

"Semi-uanud Quality Rev iews  will be held with thm Ds- 
partment Gmrrit Muroasr  md WI ntaff to  ravicw the 
rtvrrd measurer of Product Quality, critical quality 
prabtcrnr a d  pragtemr of carrcctive action kksn, 

Quality msrrurer include minrrfacturina lorscs, incom- 
plete work requiring rdditianal job-rite wsrk a b  corrcc- 
tive rctimr mhortagas, ate. 

Mer #urea of quality rher delivery of the product t~ thc 
customer1 r site include Field Service Reportr, Com- 
plaints, Start -up Rsporta, and Jab-Site Audit r, Once 
the unit is operational, con~ptiints, availability ratem, 
forced outage rate* and perlormmce vermus ~ u r t r a t c e  
become the brain far mmr~remmnt.~~  

The wordw rra Lacked up by numbcrr, For mxampIe, the Depart- 
ment ham established the Mlsrving acdr  for reliability md avail- 
ability with guaranteed efficiency and 8 life axprctrncy d 34 yeare: 

Reliability: Turbine >98, 8% [MW Weighted) 
Cmneritor >99.6% " 11 

Tat81 UnCt >98.4% I' I I 

Avrflability: Total Unit > 94% 

The entire reliability g o d  for turMnsr I r  rarignud to the Manager 
sf Engineering and hc, in  turn, rcmriflns partionr of the p i 1  to the 
apprupriatu dusiyn engineering aub-uactlon, of which he h ~ a  two. 
The scrlr-suctwn pod o a re  in turn rrub-dividmd and am danmd t u  tho 
firrk lrvcl unit managers, of which there are r i w ,  



A separate rcliatility engineering unit i r  the reorekmeper in the 
system, ar a-ell 88 8 cantrilmtor of advanced akLII8 tn m;ttl~oniati- 
cal methods of prcdlcting future lsvalv fii reliability far turbine 
componrntr md complete syattrnr. Thh unit irsuom manthly a 
''Farced Outage Report by Turbine Orgmizitiand Componmnt. '' 
It l iats  evarv Inreed outage accurrenca year-to-date, itm eatc- 
gory, identifier t i r e  Enuimcering unit r t rponrible, and provide, 
m analydm of iigniticrnt information. Engineering trrckm every 
forced outage an every one of over 800 writa in operation that 
were built in Schcnsetady and for which LSTG retains service 
responsibility. These are l a r ~ e  unit9 that reptcsont about half 
of the utility generating c a p ; c ~ i t y  i n  the nation. Each turhInr! 
forced out ipc  i s  categorized by root cause and l istad by program 
c r t e p r i e r .  By program is ~ncmnt the program required to mini- 
mize or diminatu i future forced outage rcrulting from a spcci- 
€ic caure, The program may involve any or  all of ( I  I devctopnient 
in the Irtaratorier; ( 2 )  investigative work in the Iicld: and (3 )  rc- 
dcrign and mdificrtion of units in aarvice. Over half of tha ex- 
penditures for praduct devclopnwnt in LSTC are initiated aa a rc- 
sult of forced o u t q e r  and are needed to improve des ign  knowledge 
t r l  c o r r r c t  n t h c ~  unite i n  srbrviec or to incwporatc  into the dcf i i~n 
d future units,  

An in~portant clemmt of their syrtern ir the rapid feedback fro.?: 
thc f ic ld when a unit tauses  A forced outage. Each forced ot l tag~  
is phc~ncd to t h ~  I'roduct Service  organization located at  t11e fac- 
tory a s  r o w  a s  it i s  brm~ght to the attentiam at the Licld service 
engincars located in the district. At the faclury, a lorced o u t a ~ e  
Idter is pcrs:mally ddivercd to the Manager of Engineering. t h e  
Departnltnt Manager and the D i v i r i m  Vice Prcaident,  d t e u  
uitlr n irtwrr- ui tEr arcti rrener:. lnvest ipat ion hy the Eietd s e r v i c e  
organization, and when repuirtd, by engineers from the factory 
t r a v c l i n ~  to the site. aenerdly l*adm to prumpt diapnoair and as- 
surtb.+ shnrtest possihlc o u t ~ g e s  for whatrvrr circun~~tances exist, 
'rile r?!trnday i e  ruc of thc 7'-G Ilaily Nc:u.a, whish got+ t r r  all n, l n a -  
ger:;, l i ~ t p  al l  the unitr on forced a u t a ~ r  a s  of th.'lt rlstc. Thc.;c 
ate c t i n c u ~ r d  at the waehly Engineering rtalf meetings to aj surc  
t h d t  prrb;wr action is taking place. 



Diucurdon - A rignificant otronyth in LSTO I r the high laud of 
experimcs and campetcnce that eriatm Cn Deaign and bavalsp- 
nrent Enginenring. Turnover of ksy pmtaonnrl hrr been very 1- 
ovsr the year*. Many of the managmro have Rrown with the buri- 
nea 8 and lava helped sfitibli rh the "quality rxcmllsnca" &em@ 
that, since the late eixties, i s  now hdng sxplaitd in the nu*&- 
place through bettar customer comrnun<catioa and lqirnproved 
viribility" program#. Th8 low turnovmr mdrts in m a y  kry Mam- 
factwin8 podtlona 80 well, with incumbente wha are equally con- 
vincrd of Ulr valua in the product Isaderahip stratmay rad e l  & m i r  
ganuina commitment to  it. 

A "aharmi" growth has b e s o  experienced alro by the key vradorr 
of the Department, Theme vendarm, primarily ruppliorm d criti- 
cal cartingr ot forgingr have bssn ccmditioned ovsr the yarrr to 
provide 8 quality product am i condition af remaining 8 pr-r 
with LSTC, Otlginrl involvement by Eqinearing to approve than 
a8 8 routcs of supply war rctompanitd by continual Quality Con- 
trol aurveillanca and attention by Enginaering when prablana 
arorc or when developrncnt proprms indicated that changer were 
necessary ar dsrirable, 

All of the Demign Engineering Unita, in addition to  their epreific 
dc~kgn rerponr i t i l i t is~,  are rrtoponsitla for rupparting Quality 
Control In eatrbli shinu required product apprrl B ~ S ,  dirgaaring 
rou4 cruses of field ptoblema in their arriplrd arsrr, 8p9dfyhg 
corractiva actions to be takm un particular unite and defidng th+ 
complete program to be lollowed for rach field ptobtem crtraory 
to miuimi7.e ttauble in the future an d t r  in rervice. Parformaace 
r p p r r i d r  for dl l r v d r  af Enginesriw mma~mmmtt ate heavily 
wsI#htrd by their performance i n  achilviag their reliability guslr, 

4+  Sfrtem Managemeat d the Apdlo  Program 

4.1 Rigorwa Total Quality Control System 

Fidinfi - A8 part of it8 quality reuponsibilitie~. CE dovatoped 
the tdd, docummtrd, llrciplined approach to iattprata 111 qual- - ity arprctr ofi the Apnlto program. 



tierr of their vendor,, wart! integrated afid diaciplinad by a far- 
ma1 myrttm of documentalian. The & # g r a p h  DE policies, prog- 
rrm dirsctivra, and procedure# comprfrrd Quality Control Syr- 
tom fmrmdiring reticur Irom the "tap't man tn Natimrl Amrsnau- 
t i e r  and Space Adrninirtration [NASA) dawn to  thm lowart Imvd of 
aLpi fkrncr l  

The program requirmment r evolved from M i l a -  9888 to fit thr 
Apollo program and were doeurnentad in the NASA LOO and 250 
.%riea of Spccifiertians dcvelopmd by GE far NASA. Much of 
this i r  now incorporated in the NRCbr Quality Amrurrncr repla- 
t i a r  m e t  forth in 1 QCFR 50 Appendix Be 

Quality program plans were generated by each cmtrrctet and 
major supplier covering tho hardware md the rdtware required 
to tomplate the m i s s i m .  

Sevetrl program reviswm woere c d u c t e d  by the Apollo Pragram 
Manager at key points in the eyele, There usre detailed, com- 
prehensive reviews rqu ir ing  a cnnriderable amount of praprtr- 
tian by tach participant in order to qatirfy the Review Board and 
the Program Manager that the stated quality milestme had bucn 
accomplished ar problem. rdved. R e v i s v r  were held ar fallowr: 

Preliminary nerign Reviews 
Critical Dedgn Rmrisur 
Dmrian Csrtificrtiom Rmvhwn 
Curtommr Aecrptrncr Rardinesr Raviewr 
Flight Rmrdin+mr Raviw* 
Fliaht Ananrly Raviewr 

Thesa r+vlewa are indiertivr of tap mrnapment'm cmom far 
quality, rnd i t s  rmrdutim that, hnrvrver intenre thr t imelrnonvy 
pteurures invdvcd, quality cofitrol operating wark hat  to be 
carried out conrimtent wi th  emtahhahsd direipliner, 

Tup m a n a g ~ r ~ l - n t  support and direction enupled with mtrong myatern 
planning, r*xce l l~nt  s y . ~ t w ~  dncr~rncntation ( a p r a t i a n  ~naniiaIs, 
i+rrr i l i~r izat icm n~anli-rls, s y n t e n ~  rcql~irarnrnts ~ n d  procedurah, 



Findinp - The dsaign approach unad on Apollo warn to utilize rru 
defined sub-system interfaces, iunc#mri redundancy, emtrwvr-  
t i w r  detail de rign, and extsnriv+ brrign varification. 

Macur sion - The d d g n  and d~cummntrtimn el the A p d b  proarm, 
from myrtern down to componantr and matmrials, war,  firat of am, 
in rccardance with the requirsmrntr of the Quality Control Symtam 
Pracrdurea. B a r k  deoign sp~clficrtCanr were written to dafine 
the Individual aub-mystems that madm up the total hardwars aystrrn, 
witll w d l  defined requlrementr m d  coatrrctor respondbilitier far 
e a ~ h  rub-system and r t 'clta+" ddidtian a€ tha interfacur. The 
number ol intaraettve functirrllll inturface requirmsnta war mini- 
mired to reduce potential Management a d  overall s y r t e m  reliabil- 
ity prohlrmr, The only iunctlun that ram thrsugh a11 sub-syrtcmr 
wan the Emurgency Frotactitam System, 

Technologier utilized wcrc well within the state of the art and de- 
signs were prwen to be "right" before thsy were  finalisad. This  
rnay have rcqui red ssvcral iterations. Mr. Ledbetter commented 
that am r ~enurr l  rule i t  took three ( 3 )  g a d  "eutr*' to yet a good 
dr mign. 

Although the primary mi r sian of tbr Apdlo proB+rm war lading 
mrn om the moon, key prioritimr wsrm: 

{b) Making the flight cquipm+nL r 8 f r i l ~ d m  r r  p o r a l b h  

In keepink with thcoe priuritirq, early in the draign phase i n  ex- 
haurtivt analyrir was rnarfo to determine p r d b l e  modes of failure 
and thmir d f 8 ~ t 8  on nlirdbwL uhiectiver m d  ctsw aafcty, The and- 
ydSi+ was conducted at the uy stem, rub-rynt-nr and component k v e l r ,  
Special arntyticrl terl~niquar far avoiding n~achonical and dactric.tl 
frllurcr werc dmwlopcd. Ilrlnran c r t o r  analy++?r werc made ta as- 
sure covbriduration of the human factor In systcins aperation. The 
primary o!~!rciiva o i  thrsu rratry rum W A S  to idcalify pntcntial p t d l -  
ltsrnr and krr c w m t t  t l ~ t ' r n  p r i o r  to t rmt in~ in urrlur 1a1  minimifie the 
rink ut nrirrion Irillrrc. ~ ' a i l u r u  airdsn and e l l w t r  analymin w a r  J 



major techniqur ured to datarminm tha ~ + + d  for fumtilwrd redun- 
dancy. Back-up ryatrmr, whore nardsd, wrra  d r r i p d  to r a -  
rure mission abjectivra and w e t s  not fmctlonrlly idrnticrl to thr 
primary ryatema in ardmr t~ reduce tha likrliboad d dmultmawr 
failure f r m  Olr arm* crur+, 

Far irrutancr fit damign intent, mrteridr relectsd fat urm wmru 
tully evaluated by analyrim ant t o r t i q .  Formal, mthmduled dm- 
rian revitma were parformed and derign practtcam wrrm mtindird- 
Ctd rh+rcvrr  porai5le. During thm dsvrlspmsnt phase, raliabi1- 
i ty  and durability demonstration testa wmra cmductd  ta fully 
quality the design. 

Care and Aktcntim to batail Durinp Prductiorr 

Findin& - During the produetian phase, i n  a l l  lacations where pru- 
currntcnt or fabrication was taking place, str ict  clisciplinem were 
irnplenrentcd under thc grneral heading8 a€ "cam" and "attcntim 
to detail. " 

n i s ~ u s s i ? n  - Carc anrl a t t en t io~  to detail ~ k o w u  1 trp in many ways 
during the ~mwhction phase. Tho ovrrrali appruach to  the r t l i a l ~ i l -  
i ty  ~ r f  A ; d l n  war to uti l izr a highly disciplined, systematic cunccpt 
of d c s i ~ n ~ n f i  reliability intn the hardware and then preventing d r -  
gradation ul  the design througlmut the product cycle from procure- 
mrnt and fabrication to end true, One ptoccdure which crempEificd 
this w a s  thc. "rcrubbing" of waiver* and deviations. Final appmva1 
to *live deviations from test requiremento ur hardware sptcifica- 
tionr was given only when the waiver had been thoroughly examined 
by qualifird rnginaetr to determine that no rignificrnt potential 
problems wauld rerult. 

Extra care taken in mattrial mlscticm, in approving vmdorr, 
and in proving the ability of cmtrrctorr to trace material back to 
the amaree. 



Monitoring of prrformrnce w r e  intanra and cwrtinuour at 811 
!curls uf the Apuilo program, with a our-aver-en*-over-one rp- 
proach that wan both cumplots and cEtscMvr ftom aub-contractor 
lovcl through prime contractor, flight canter, to headqudrter 
level. Thir nlcurt a frequent over-tha-shoulder look while the 
work wrm bein& perfarmad In  additton to auditing tha myrtumr and 
procedurr m. Vendor rurveiLlmncm war iatmrs. Mstrolqy prog- 
ram, 4 rU tanttactorm and ripificrak rub-camtrretorr wmre 
hmavlly audited, and rtrict configuration central with traceability 
to  thr lowmnt rtgddcant part or mrtmrirl lwml war srtablirhed 
md maintained thraughwt the prmgrarn. 

Ih rdditien tu the system planning and auditing performed by CE, 
the operationr isld work of the contrastorm and their key ruppliera 
ware aubjscted to evaluation, review, audit rurvey and inspection 
by ths cu&ra~r. The nprcifis areor af porform&ce monitcrring 
were detailed in the curtmtrwm quality am mururce program for 
cautrrctorr (NHB 5340,4(18) m d  the curtom+rlr reliability prep- 
ram far cantractors (Mil3 5300.4{lA). Examples af much perform- 
ance monitoring by the cumtomer are am fallcmr: 

RelhbUity and quality program plano required NASA 
approval prior to implsm~nta#imn, 

Peridie rmporting ef reorgurltaion and key psrmonnel 
cbuy em, 

Rspurtr af vendor releetian, aupplier rurvaym a d  
procurmlent dscumeat review 8 .  

Parta, dauicsm and mrterirl application rmp~tta ,  

Earrtr, devices and material grrrlificrtion reportr, 



Clareri Loap Prohlcm Analygi r and Corractlvm Action 

Findink - NASA and GE parformed thammmlvsm a d  required all 
contractors to prrferm in  depth problem and "potential" problam 
matyai r  a11 through the program. 

Direurrion - Bath Mr.  Lshmann and Mr. Lsdbatter felt that mns 
mf the mort aignlficmt mtrtngthr of thm quality ry mtm ured um 
Apallo was tha indepth anrlyair of all known and/or potmnHd 
quality problsma. 

The c~tz+tm-mr W Q ~  ld not accept randarn lailurum and insirtsd that 
contractaru keep d i ~ b i n g  until the phyaicm 01 failure and the rocbt 
causer were identified and appropriate correctiue action taken. 
A l l  rcddent and "near" rceidcnt/incldent event# had to be docu- 
mented and prcrduct quality and procedural causative faetorm 
idcntilied a d  eliminated, Since the quality and reliability prog- 
rams had top curtwner management vldhility, contractors 
thought twice about mbnding failure teportm that did nat adequately 
identify the root errire rnrl the nacrssary rctionm taken to prcvmt 
reoccurrence. 

Thc cu+tonlcr had an "upen" rviialmility prngrani and inbisttd that 
all major quality and relialaility yroblornr be rubr i t ted  to them 
for review a d  comment. This policy precluded the contractors 
iram "hiding their dirty linen." 

Findinp - Intr~rrtad teat program* were dmvrlopsd m Apolla to 
raruts eampat#biSity of the ternti ng perfcarmod during dsrign devcl- 
opmcnt, accqeancr la p r d u a a n ,  field ehrck-wt d Irunoh, 

Dimcussion - A Hatinwrhing feature ef the test prqram us& m 
Apallrr war itr tharuqh in'.egratian Cram dseian through fli#ht 
red ineas  (rinbt up to the timr a l  liunthL Another wks th* re- 
dundancy in acceptance testing, 



part of r sub-ryatmrn test. Ground t*&L and flight anomaly 
programs were urad to verify that a11 knonm dsllcirnelrr ware 
r tedved ,  and flight rardinvr Y revlawr wrrm held to provide 
disciplined, Intagratad rcruttny al pramtatad prrm+terr, 

I)ircuqsion - Althoulh covered romswhot in the prsvioum liv.! 
point#, "comm~nicrtim'~ de mstvlu special mentian. The p r t  10 
program war mrsmivs and complex and peapfe involved wtere gee- 
@raphieally widely dispersed, Thur there war r compelling need 
to ~aftatantly emphami ze canmtunicrtions. In rddi ti an to thr  many 
reports mentioned previouuly, weekly reports were issued tly 
"every~e~' QR curtent pruUernm, +vents m d  atatus. Monthly 
quarterly reviews were held with major contractors, Class 1 
railurec were an a 24-hour reporting systcrn, Telephone con- 
fcrcnces and tclacopicr transmiasions ware daily mcurrr.nr~-s. 

ft wasn't easy, but it w a r  vital to the aucceso of the pwgram that 
ycrtinent cunrmunication be laat ,  accurate and complctr, A n 

great as Mr. Lahmrnntr empharim w a r  to ''CARE, " Mr. Lcd- 
better's u 8 B  to "Communication, Communication, Communica- 
tion. " 

(Forbnar) Marine Turbine and Gear Praducto Department 

Unlike the approach ured with all other coniponcnts eelacted for this 
Campaniua Study, the Sub-Tark Group did mrt vimit MTGD and coltcluct 
extended interviews. It war considered sufficient to r d a e t  hS~11lifihL;i 
from the account yrrnsnted to  the Main Task Force by Mes8ra,  Bennr-tt 
m d  Rohdc cmccrning Clra nature oi thcir husinesr mad their major quai- 
i ty  "sttmflhr, " 



Finding - MTGn ham nrrncd a rmputatim for prop:ddon c g d p -  
mrnt quality Isaderrhip world-wide, and management emphas~ ze r, 
both in its burinem& planning md in Urn cammrm~crtton to amploy- 
ear, its dmtwmination Lo mainbin thN rrpukt4en. 

Dircursion - MTGP prsrently ebtiinr 100% of the ti. S, Navy 
stcamehip market, 88% of the rlamemtic merchant rhip market, 
and 32% at the world-wlde aterrn+hip market for propulaim 
equipment. Thim makes it the world'r # l  srtpplier, m d ,  in the 
opinion of it3 rninagors, the reason ir rtraightforwrrd , + . ,it 
d i e r r  world's highest product quality. (They claim 2 I years 
MTEF on turbines, and 163 years MTBF on gearm, khe defini- 
t i a m  of failure being "any forced reduction from full powar for 
more Uun t O  minutcs."I All  perrcmr in the Department are 
motivated to ruppofl i t s  product quatit y reputation, 

5.2 Prudent Limitation pn Technical Risk 

Fiad in~  - The h1TGD yrorlucl from r design ycint nt' view, avddr 
arcemrive quality risk or cornpromires in design margin. It 
camhinos designs that are mature with infrequent, rnodarrta 
stepups in pnwct rating of the largest unita. 

Direursicm - The caascqucncca 01 propubion outage to tha m e r /  - 
leaser of a large rnsrthsnt verse1 are rimilar to those of r nllclear 
steam supply outage to the owner of nuclasr powar plrmkm.. , . irn- 
manse unr+covered capital cash SSip a n e r r  waat tdiability, 
and MTGb cnrmmirms reliability in its drr ip,  praductio, amd 
mlem apptorth. Althargh t h r e  ham b r a  con ti nu in^ wolutla.2 to 
larger pmwer ratingr, MTGO anticipated the trend a d  ~tayrd  
h e i d  of it witSonA srcersive tethnaloglcd risk or dsmiga m r r ~ i n  
crcmpromirs. (An ealabli~had approach i r  ta make rslrtivaly in- 
frequent, moderate step-ups in the rating of their lrrgert unit, 
m d  then combine it with prsviwnly produced units in m upward 
ruccessiol~ of power rrtingr. Alma the bepattmrnt capitalires on 
the state-&-art advances and slrtonrivm tmrrting frtndad by Navy em-  
tract, AdditIunally, h?TGP i r a w a  on the know-hnw d Large Sitam 
'r!rrhin~-Gnfif i tatr~r nepartrrrchnt and thr IIi%.i s im's  jixtcriirls an,l 
IJrucri: .cs L - ' ~ . ) t a t ~ r y .  



F i n d i q  - K e y  people in MTCD, arpecirl ly in the Engineer; r.:; - 
Section, have been with the Dsparhant for many year,, Thia 
low turnover has produced benefit8 of mxceJl+nt tachntcil relation- 
rhipr with the cuatmar ,  highly rdiablm drrisnr without & eom- 
plox delian qrirl ity am rlrrance eyrtern and an efficient and mffee- 
tive prdlmm solving capability. 

an avenue of 28 ycarm' rsrvice, m d  urrit mrnaprr an average 
oZ 20 yaarr, Similar statirtics apply in o t h r  fur~tions, Key 
pe6ph atm inbred with thc quality tradition af the buaincs A, in- 
timatsly familiar with it o lora, and elrprrirncmd in reaponding 
to crisis ritutionr. They hawe developed peramal  irimtd*hips 
rcrusr the indumtry lnjval architect ea~inearr, rhipbufldsrs, 
Navy Buahips, ctc. ) and have the cdidracs  of cur tmsrr  in 
ttauble mituatfoa+. 

fin dim^ - Product Service far AfTGD p t d u c t a  i s  avrilablc world- 
wide and rrnpamiue to custmer ntsds, 

bi rev8 mion - MTGD operates r world-wide h a i r ,  rad empha- 
&her  the importamem d i t s  rerdinesr ta proddm rsrvier tm a 
watld-wide h d r .  Par rchduled repair a+ mri&mrncr, i t  
uses IhSE and Apprratur Service Shops dwrrrmtierlly, md GETSCO 
or its lie+nrcd mrwfrcturing araociatrm off-&or+: in ~ m r g m t i e r  
it dirpatchms engineers ts any p r t  in the world. It hrr emtsblishcd 
a Lynn warrhouse far typical replacement parts 3arrg+ with 24- 
hour cuatomcr actess, and ham innovated rrraa~ernentr whereby 
a broker {on his invtrtmee~tl maintains ewymnrive, long-ha&ime+ 
ccldom nccded but if-needed-ur~entlb-needed rcplocwaent part, 
{ W J C ~  as large rotor crctings) to  which large fleet ownerr or 
y r w p s  0 -  %mail owners Irauc accrras ria the equirrtcnt of "insur-  
ance prenmiurr~" payments. 





+ In a r b ?  fur r m r k  to proceed dmultarr+clrly ubd &m#ively 
am a l l  "baxea," it r i a s t  ha conductmd in canfamiQ rlth r 
rigorour a y a t m  of quality cantrd, which iLarU t m p b r l y  
must be audited far dfective~sa. 
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SUB-TASK 11 MWAGEMENT/ZHPORHAT~W SYSTEMS 

I,  Task Objectives 

A. To determine whether at not  adequate formal proce- 
dures and management syrtcms are in place and are 
being properly utilized to  inteqrrte and control 
Boiling Water mactcrr 0p4ratianr ( B R O )  in t h e  follow- 
ing areas af activityt 

Construction Man8q.ment 

rn Startup Procedures 

rn Oprrtlnp Plant Infarmatian Feedback 

8,  To review the effectiven~an of praunt effortr to 
imprave the 'capability' af GE-supplied nuclear 
mystems and to meet the goal af increased availability/ 
reliability far the curtanerr' plantm- 

A. scope - basically coverad the  t o m i  procmduraa and 
rystcms which have hen instltutrd i n  the & event8 
involved after Muclear Energy Harketing Dmpartmnt 
(UBIQ1) turns wmr an *A8 Sold* plant t o  8Ult Projects 
Dcwrwnt, m l y t  

ConstrucLion [Wnpharir an Technical Dfrrction 
af Instollatian, Project Manmgarr* and Site 
Hanagers' Functions and RcsponsSbil4tier], 

Startup, 

Turn w e r  to the Custmer, 

Warranty Service provided by Operating Plants 
krvker a d  
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NED m n a p m n t  myst- and procedures C#nd/or 
any shortcominqr they ray Aavrl arm nbt 
significant contributor to the Division'r burl- 
nor8 and praduct problem$ with th+ awerptim of 
the need for r System8 Enginearing function, and 
r canprehmnriv~ Deriqn Rwiw pr@C@88. 

Zn general, there rems to  b reasartabh undmr- 
standinq and camplianco with the  extensive 
procedures and nanaqem+nt mystems Imphnentd 
to date within WRO. 

A RWRO Change Control m r d  ham berm organiaed 
recently to  monitor and authorlte chanpra, with 
an appraisal of the overall d t e c t  of changer 
on all projects. Lt i.a too early ta rrrm8r the 
~ffectivrnsss of t h i s  board. 

Fie ld  Construction Managemmnt rdequrtaly parforms 
the limited R c a p c  of GE'r remponmibility as vsry- 
ingly specified i n  present cantractr, 

Project Mnagsra are propsrly operating within 
the limited scope of t h e i r  authority and +a- 
npanalbiLSties, as ertrblishd by the 8llR Prsjsctr 
Department . 
The rang+ and eamplexity af the BWlt burinmma have 
o u t g r m  the capabilitier o f  c x h t i n g  munagmmt 
infarmatian 8 y ~ t - s  to pravida mufficicnt "real- 
t i m e a  control data* Extenmive plmnr to  mtremlinc 
and update the managcatant information r y r t a  mrs 
currently under wry, 

Adequate p~occd~rdS,  nanaqaant sy8t-s and ex- 
perienced trained personnel w i t h i n  Operating P l a n t s  
-rvices arc available ta conduct preoperational 
snd startup testing as scheduled. 

Operating Plants  Systems a d ~ u a t a l y  m n i t o r  plant 
prfammnce, repart preblms, and plm corrective 
action. 

Offshore projcctm tend to be much more -Turnkey 
)ro)ectm-wfmtd brtaure of customer dcntads+ 
?reject hbagmgm mtfC4YI b v a  mre tnvo lvmnt  
rad g n a w  n l t 4 t h h w y  -all thm a s t i c  
?reject -=r 



The BWRSD epmrrtfon could be improved signif- 
icantly by mmtablirhing a Total Plant Syrtems 

approach. D d g n  ck.ngma applied' 
to  caponants or rubmystmar, without r 
rigorous analyrim and evaluation to deternine 
thm effmt on the marall plant opmrationm, 
1-d to murprisma, loss of design margin, and 
r e d u d  plant rmliability. I t  i s  mrr+ntirl 

Although the  pc+-t Eaginmring Prrcticmr 
and Procrdumm CtPGP) ?h. 5.39 ir  k i n g  mot, 
it is prmsently limited to cmpnmnta and 
rub-rymtas- !rm bm 4 more mttmetiw t-1, 
the dmrign review that are prsrrnlly Irmdld 
on an informal brim shauld be m3~p.nd.d in 
dmpth ud -* T k m a  r w i m  r h u l d  k 
forrarlly uhmduled am prrt of ovrr@ll program 
planr and rhwld rrpremnt cmprmh~nrivr 
B y r t w .  k r i g n  U w i k  by an indrpndent and 
highly  qualified term a t  k e y  mile8tansr 



8.  uecif ic F i n d i n g s  and Recommmdat i~n~  (cont. ) 
.+- 

Df -  cussi ion:; - {cont. ) 

~ a f c t y  of t h e  integrated Reactor System 
shoultl be carefully rcvicwed by NED. 
This S y a t c ~ w  Dcs i  n R ~ v i c w  s h c ~ u l d  include 
;I 1 1 cGsG~iTr- & & ~ d ~ s ~ n s  and drawings 
t t ~ d t  can a f  f ~ c t  the operatinlh and 
m,ilnt tqn,rncc capabi l  i t  ier. crf the *Nuclear 
1s;  1 and.  " 



I. S p m i f i c  Findings and Recpmmcndrtionr (conk.) 

1.2 Design Standardization 

There appears to be no clear-cut program or 
assiqncrl r ~ ~ i p o n ~ i b i l i t ~  f o r  achievinq a 
Standard or Rcfercnce BWR/6 dariqn t h a t  w i l l  
provide incrsrsed performance ~ r g i n a .  

Appoint a separate design team w i L h  strong 
leader to develop a BUR16 Standard or Reference 
BWW6 design fif significantly increased 
"CWABILITY.* 

+ andependent of, and in parallel with, other 
ongoing desigr, .~?tivities, develop a s ingle  
mar-optimum dcsign uith increased perform- 
nncc margins. The resulting des ign  can 
than be used for comparison review of current 
designs, to phase in block design changes, 
and t o  reduce the number of different plant 
designs.  

rn GESSAR and STRIDE Programs will a a a i b t  the 
effort toward standardization of the BUR16 
Design by establishing a s i n g l e  plant 
configuration that  should greatly reduce 
customer insietence on "custom designn 
opt iona . 
The current "Design Freeze Processw apprarr 
to be a "forchg" effort by WltPD to arrive 
a t  BUR16 rtrndrrdizatim. A t  present, thim 
process is ineffective becaure there arc too 
many technical designs  yet t o  complete. 
Further, the rchedule for cotnpletion of the 
technical  designs has not been eatsblishad. 

r Design Engineers have concerns t h a t  the G85SAR 
approach could lead to a non-aptimize4 design 
by freezing the BWftl6-238' design. Thm longer 
k t  take8 to solve the BWR/6 des ign  problems 
t b  greater w i l l  be the d i f f i c u l t y  i n  making 
ebamgm8 in the --approved GESSAR demign. 



Pcsiqn enqi~ l rcrs  , I r a h  i s t r l i r t ~ d  from c u r r e n t  P i c l r l  
C o n r ~ t r u c t i o n  and Operating P l m t  Problems. 

Recommendation - -- 

Establish a rot.ationa1 traininq prowam ro in-  
crease t h ~  "real  world know-howm of ha rduarc 
design cnq i n~crs. 

Discussion - - 
The furma1 profjr.m should i n c l u d e  running 
at l e a s t  5 0  ~nqinetnrs per y e a r  t h r o u g h  both 
classrnom and -. f i t - l d  --. - aeciynment  t r a i n i n g *  
~ ~ ~ n i i i i  assiqnrncrlt-s should inclrldr. the  
Oporstinq p l a n t  ~ t ! r v i c c  T r a i n i n s  Course.  
Selectccl f iclci assiqnmmit s should rrovtar 
1dnt ccmrtruct i o n .  cftulpLvn_l i n s  ta l la t i -on ,  P . , -  ----... .- 

start-up tcstlnq, and r c t w r  izq stwtdowne. --. - -- - - ----- 

+ Candidate s  for  t h c  program should include 
selcctcd unit man;rc;!rs, as well as cnqineera 
with 2-3  yedrs  cxpericncc i n  Nuclcar 
Engineerinq . 

a There is a need €or Nuelcar Steam Supply 
System (NSSS] d e s i g n  engineers to g a i n  a 
greater understanding of t h e  realitie~ of 
nuclear plant des ign ,  construction, and 
operation. Many needed lessons can be 
learned by seeing t h e  actual yroblemr faced 
by the Architect/Engineers IA/E's) and t h e  
Constructors and the  Utility operators. 

Symposia cmductcd  a t  San Jose by f i e l d -  
cxperianctd cnq i twers far other cnqineera  
not p~rticipatinq i n  the  f i e l d  t ra in inq  
program can brwden the  l a s e  of knowledge 
of plant  construct ion and operation, 



1 Verification of Calculational Mdeb 

Finding - 
TMr+ rpperrr to bm no nmsirt+nt program 
for verification of crlculatimrl Web. 

Invertigatr u&yr to gat rddit icmrl  q m r i n n t r l  
data t o  ch+ck cakulatienal M a l a .  In addition, 
c4lculationrl modela mhmld k ravi+w+d mrc 
thoroughly for cansistmncy of prmdietlonr with 
other modslrn i n  uam, priar t o  rrhr# to dariqnerm, 

Con~idcr the rppliemtion of m r e  inrtrumenta- 
tlm during rtart-up t e r t h q  m n d  aelaeted 
phrrer of subrequrnt operrtionm. 

Xnuartigato tort/beneiita of rddit1on.L 
cmpnent t eat inq . Encourage Covermen t 
Laboratories to expand relatM experimental 
studha. 

fnvtrtigate the p r r l b i l l t y  of learning a 
utility-owned reactqr ( ex .  Bip Ilack Paint )  
for experimcntsl verification af key nualear 
calculational models. 





High Perccntige of Control and Inatrumwntitim 
Field Chrnqes 

lnvartigata cruses and mmtablimh 8 corrective 
act ian program such aa : 

Advance t h e  nchedule far establishing and 
rel+rslng Pralirinary Syr tmr  Spaci- 
fieations and R e q u i r a ~ n t s ,  no that C r I  
w i l l  be provided with marlier atsrt. 

Review t h e  man-loading for C r I  dtrign and 
manufacturing t o  datamine whether 0r net 
adequate A a n m r  a d  required mki2lr ara 
i n  pl-, 

Conmidmr thr trrnmfer af rdditianil C&f-  
+~prrirncod pmrmennml to Quality Amrurrnce 
to pravidm indepndrnt rwisw eapabili ty. 

1, Circulating an updrtsd quaationnaira to 
Uaterrinm what rpacif ic data rrl  infer- 
matinn u a  rsquirsd by CLI fmm tha h/ECr 
n d  on what schdula,  ta enable C&f  to 

gg.pht& mystma en time. 



P. Specif i c  Findings  and Reconnrendrtions Econt . ) 

+ The latonoas af C & I  enginecrfng and 
manufacture has temulted in nhipping 
Incanpletc units in order to :,ninimi.tc 
i n s t a l l a t k m  dalsyr. This resul ts  in 
site personnel being diverted from 
normal s i t e  a c t i v i t i e ~  such as QC/QA 
t o  complete C&X un i ts  at a late date, 
which tends t o  impact unfavorably on 
scheduled site activities, 
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. Specific Findings and kcarrrrundrtion% Icant .) 

2.2 GE scopa of Technical Direction 

Finding - 
There appear to bat too many mmbiquitiaa in 
contract scope of *Technical Direction of 
lnwtrllationm ta ht p r w i d d  by GE. 

Recoarnnbrtion - 
tvaluatm thr fmarlbility of including a 
clearly d~tinad n o r u l  or extended acorn 
"Teehnical Direct ion  of fn~trllrtion* package 
in tha canttact am a condition of r r l m .  

Diseursian - 
a Cansidrr requiring every contract t o  includr 

a minimum CE "Tachnical bizectian of Instal- 
lation* packaga that  i s  cmprehenaivm in bath 
d e t a i l  and scope, consistent uikh #ED reliability 
improvcmen~ objectives, a d  that can be uni- 
formly applied t o  any custemcr'm ME and/or 
Constructor. 

r The specific work to be accmpliuhd under 
"Technical Direction of fnstallrtlonm har 
b a m  inadequately defined in centractr, and 
has lead to mirunderatandinqs, dslryr, and 
some c u n t m e r ~ c o n r t ~ u c t ~ r  dissrtimfretion. 

Contractual language apparrm to have been 
deliberately vague for the purponw of pra- 
viding maximum flexibility in thr application 
of man-months specifid and to avoid petenti.1 
liabilitioa/rcrpnsibilitiem in providing 
technical asmistance. 



Project Mannqr-mcntl E acecsr t o  Architccr - 
E n y i n e a ~  dravinqs and sc3eduler appear# to  
bc 41 furrctim af thc Ji/E exp~ricnea, c x p ~ r t i a e  
and degree of cooperstion. 

BpcciIy wntractua l ly  the A/r: brawings and 
sch~dulcs to be pravfued to NrD. 

a NED is provided with only  certain A/E 
Urawinqs m d  spwi f icat ions  for equip- 
ment t h a t  interfaces with the NSSS, under 
terms of tho contract, 

N o t  a l l  of t h e  e sbcnt ia l  customc? and 
W E  drawings and equipanant specifications 
required to emduct an avers I f  Systcrrr 
bsiqm Review nf *h* "Nuclear ?rlandv rru 
rupplicd to NED. 

Contracts ~ h ~ u l d  specify tho d e t r i l d  list 
of M E  drawings and specif icationr to be 
supplied tb NFD, rlang with scheduled 
aval~rbility, t o  pernit HEP ravim and 
ana lys i s .  





- 
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8. Specific Finding8 and Recommendat ianr tcont.) 

4.0 Owtall 

4 - 1  Division Qurlity~Relirbility Goals 

P i n d i q  - 
IB& doer not h a w  a positive Pivision- 
vide high-visibility ~cliability 
Imprwement Progfam to  achieve incrcared 
plant avrilrbility~capacity factors. 

Recarmendation - 
Set realistic reliability improvement gorlr and 
eetablirh a Division-wide program to achieve 
on a measurable basis and expedited sehedulm, 

D i m ~ ~ s . ; i ~ n  - 
Starting with  more realistic Reliabilfty 
Goal of B S t ,  establish sub-goals far each 
W E D  organization cmponent. These cmpantzt 
goals should contain rrsiqned nmericaX re- 
Iiability improvment targets for each 
element af t h e  total ?:SSS hardware. It 
each level in a11 cxganizatianr, establish 
the w t h d s  to  nthieve the assigncb goals, 
the s c h d u l e  of proposed aecomplirlm+rtt, 
and the tschniqucr to mtasure and report 
the dwrmm of rehirumteat, 

Although a high visibility, Divirion-uibe 
Reliability Proqram i a  not evicbnt, BW?SP 
has identified 4 2  speific goal8 far 1975 
aimed a t  achiwinq r reliability goal of 
76a for 1975. Xndividwl rtspwsibilitirs 
for mehiwing t h i s  objet t iva arr r t l l l  in 
negotiation. 

bWRPb has ertrblishd an Operating Flrnt 
Perfomme4 fmprovment Plan which consists 
of a b u t  22 tor) 8 which have bemn -assigned 
to individuals In Operating Plant Service*, 
&t prawnt, there ta sks  arc rt various stages 
96 iq8-Wiml 

r, a - r d  tap 









nutlcar p u r r  r r a  complex and number i n  the R d r c d s .  ?bst 

retulrtary requirentmts have frtr t o  ~ o d  justlfieatlon. Hang 
r t c l y  transform mis t ing  voluntary prrctim into undr tas ,  A 

fw a n  both p m r l y  justified md are mmtay to  the industry but 

rttcrptr to &age  them hawe k e n  mnsucces~ful. 

Wuttim m f  p lmt  wdlrbility a d  p e r  lhitatisnr d u  t o  w m -  
watrl n ~ l r t h n r  account fmr 2 4 %  lams ef a ~ t l l ~ ~ 1  alaett%ed 

m c r ~  ~ m r a t i m  capability. a d  U- th typ ica~  mriurr tm -iS 
+curt81 mn p1rM pnaancl than L f  ruth rapfati- mn h m t .  
m r a  i m  ao i d i e a t i m n  that sbe esc.alrtion rt m p l a t u v  rrpurrrntm 

l a  rlrckening, rltkougb Rhe -re r r e m t  m t s  arm, w the averme, ' 

Ins w u p i r y  a d  m8ra detailed than the marlier 8-8. 



Substant fat inn of  14etrnatnl: Sithlkl~tals  
A-- 

WED has m u t i n c n  failad to corrcttly Identify m d  evaluate thc 

type and rrrunt of supportfng work which would be n c e t s s a q  to cub- 

r t o n t f r t t  r design rubaittcd tor 1lcun*. int .  It $8 clcar that r t  chr 

t i m e  af f i r r t  suba i t ta l  for licensing mast &signa A l l  be ln r 
prclininary statc .  Imdced, r standard requircacnt af DRC for many 

years has b r a  I lirtina of tlu dawlapnent progrsr vhich the 

l i censee  plan* i n  etdcr to validate t h e  u l & m p t i 0 ~ #  u d c  i d  hte  

preliminary design, Wac hm happened is that L u  oot bacn 

adequately perceptive in davaIopinp much l i n t # .  Tb result  has  bcca 

that .desitn (md therefore liccnsirr;;) prsbJetm havm tumwd up at 

mborrarringly l a t e  timer in the project cycle, nr+ess i tr t iry  design 

c L ~ ~ F ~ s  and even cl~mges I n  concrete a d  steel already ia p k c c .  

mi+ chrractrrisrlc o f  I E D  lca& to the f a m r  af the tua princ ipa l  

reccuawdations of th i s  repart. Wmcly: mD should r & p ~  r policy 

af r w f d m c a  a i  msubatant i r t rd  rqrerrntatisnr in l i u n s l a g  daementr, 

mr, where such aveldaace Is uut compl~tely p s s i b l +  much mprcsentaticrts 

ahauld be highlighted to the WRC, and rubstmt i r t fq  wrk rhotrld be 

caw4tted t o  in trrnr l ly .  A ryst8matIc, d8t-t.d r d w  sf each 

importnr l f tmsin~ a d l i t t a l  1ku1d be M& t m  u s m e  t h ~  the 

ritrri ficmt are+s m d  p r o g r  are carrtetly i&ntifieU. 





1. 1hmWcTlm -.---- 

? h i s  is the fiuml r e p r t  of Sub-Tuk I of tL. Wrrlerr Reactat St* 

rrdcr Dr. C .  K. W. 









Fl>snl?X5 AYP ffLi:flF4EM)ATIQNS 
-----A _ _ _ 
2.1 F a s t  and Present Rccirlatary C o n s i d c r r t ~ m ~  

The nlrtionships bcturen r gavernmcntrl re~ulrtary agency and 

thr organitrtimn i t  mgulrtcc 4ra not l i k e l y  to  be unlfomly 

hnnmlaus . lnavitrbly , the rc8uIrted sremirrtiaa feels thrt 

it. jud;..arnt in tethnicr l  mattars ir superior t o  thrt of the 

trplrtmrs, u indeed I t  usually i s .  tkmvhila, t h e  r q u t t o r r  

feel t # p . l h d  te p r c h  aver mare h p l y  into rach i s s w  , 
&uebpina their om cosrprtencc in tk procesr and perhapr coring 

tpan m accmional wrmr ar wirsiom on t h  part ~f thr regulated 

urganirathn. The result i r  8 .art af p e ~ t u m l  dvenary praters 

l a  wUeh rwh party puts fmrth its eun rim md ruidmcr,  but 

ln M e b  tb rqulrtorr r l m m  m&e tlu flml jrdprat,  







h) No dtsm~asicln of rct,tul~tory i r ; p ~ t  uoulb be cmpletr! 

wi thout  I t l c h \ i ~ h r i a ~  Seetion 206 of thc E n e t a  Rcor$ani- 

ration Act of 1974. A1 i t  rppllcr t o  BED t h i a  1au cmfers 

pcraonol respona1bilfty on the  bivisian Crnerrl  rtrnagcr 

tor repcrrtln~ t o  NRC any safety ptoblca ossaeirtcd with 

cquip~nr wMch NED h a s  mupplicd, unlcs$ he knows I t  h . ~  

been rcportcd a l r ~ a d y  . Clvf l penalties can t e  rsrtssed 

for intentional fai lure t o  comply. The f u l l  sL&nificrnce 

of the lau is mot yet clear. URC h u  recently Imrued, 

f o t  mment, r proposed regulation taplemmtin~ the lav. 

WED h u  painted out numerous flaws in thim proposed 

reguLstlon. 

i)  lo appreciable lrLaelrening in the irrumce rate af new 
regulatians has been noriced and none in axpetted i n  thc 

near future. Rtccnt rcrpulations tmd t o  bn more detailed 

but less tweeplng than some tac l i t r  ones; h w v t r ,  sono 

c n t r e e l y  signfficaur p o t c n t h l  rcgulrtions are under 

considerrtion. 

j) WED has been invalwd ia r ~uccrss~on 91 mguhrorp con- 

troversies with WRC over the yearn. Xa ereme af these 

llED prevriled and in seat URC p r ~ a l l d ,  In  am^ of the 
latter cases rubsqumt dcvclopnmtr shoud the BRC position 

to  be r o d r  than that of HED. 



algnif icartt l y  revise iaforniation already rubmttted, and baa 

resulted i n  muharraasln~ and di f f i cu l t  cwtomcr aiturtionr 

when r k s l g n  had to be w d l f i e d  in ardcr t o  p t  i t  llcmnsed. 

Changes in concrctc or sttc l  already in plate or on order havc 

ncc~trtd aha. I t  rhould not t c  inferred frua thir that MED has 

always pstpancd dcdjin tonfirmatoy work u n t i l  forced by N X  

to  do it, but such postpanement is not uneonroan. E n m p f t s  are 

t h t  various problms which havc tare up on the Hark I17 con- 

t r i m c n t  md the WR/6  reactor. Addititma1 p r o b l w  of t h i s  

type i n  comcctian with them products arc to  br expecttd. In  
$om caner i t  has more 8 matter of BED a8t rtco&nbin$ 

the need for design mubatmtiatim than of NEB Intmtianrl ly  

pomtponing needed wok of  thia type. The result, hwwat, is 

much the r u t .  k ~ i g n  changes md a~metimer hrckftttiq follov. 

A lems r irky palicy rauld cmprire the rwidrncr of uruubtaatSrted 

d t a w n t r ,  +r at  tlr rrq l c u t  b f g h l i ~ h t ~ ~ g  meh rorituatr 

und d i s p l q f n ~  the prosram rrtd rehedule for r&rtratiating thrr .  

Tbe alctrnativcr t m  the ucuubrtintiated dmi-, rbauld it. 8ub- 
r t m t l r t h u  later be fwd t o  be impractical rbould br rkrrly 
entablmhed l a  iat&nal doerrntatloo. h h i r t d l y ,  th. grawit 

ploticy hrr the cbarrccterimtic thrt the -st sf daiq wrk to 

rubstmtlmte license rubaite8lm ' is deferrd 8s 1-8 6s possgbb. 

It is doubtful, bbutver, thrt th is  rrvm m y  money ia the long rum. 



kcanyendat ..- ---- ton : 

#CU should adopt r pglicy of rmidancc af  unsubstmtfatcd 

d c s i ~ n  teyresentatfons in I icensin& hcunentr ,  or where 

much avoidsnte i s  not complatel]r possible such reprcfieirtotions 

should be higlrltghted t o  the WltC a d  the program and rcl~r:tl~tlr 

for their %ubstsntlation should be displayed. ?lie rlter- 

n a t i v c s  to t h e  uns~bstant latcd denign, rhauld i t 6  sub- 

atantiation later prove impractical, should br clearly 
astablishcd i n  i n t c r n a l  docmmtrtion.  Systematic, 

docmcnted detailed r w d y  at each d c s i ~ n  proposed t o  ba 

aubmi t t c d  far licensing rheuld prteedc much mubmirt~l , 
and manr~mnent rhauld at that  t l m t  cornit rupport ta thc 

programs agreed t a  be neccssay t o  mbatnntiate the d e s i ~ n .  

2.2 Future Regulatory Impact - 
The number of pet tn t ln l  futute rcgulatfonn rlrrrby in might rpprorches 

100. I t  is the purpose af t h i s  section 8f thia r a p r G  t o  i d e n t i f y  

mme possible future regulations of major importance and t a  recomcnd 

when and whotber NED should make preprrrcienr for thm. 

Need t o  Anticipate Rc~ulatory Act iaw-  

]lev rcaulatmy r q u i n m t n t n  mre rtldok 4 murprirc t o  the WED 

Lieemin8 ~~pomnt. Mouevet, other pmtts ~f the argrnizrt im 

rcldem take specific action on 8 t i m n  prospct iue  tequireaent 

until t h e  repuirment bcccmrn firm, even though ttr eventual 

advent i n  iwv i t sb lc .  The result 18 that tho Design and 

Development Loolpnentr rrt not infrequently i n  the posi t ion 

+f bring unprepared ta tmphmmt 1 requirmumnt. Section 2.2.2 

of thim report lists nine rignifieant eubjectm upun vhich i t  is 



wry LiLuly that tc&ulntary rtquircmtnts will be irsucd 

i n  tlw next f i v e  ycaxs. A l l  these rubjetta have been under 

d i ~ c u s a I a n  i n  NED for r year or mere, but l i t t l e  preparation I 

to  deal u i th  them aa lleenring l s ~ u e s  has been rmda. If  

adequate prtparations ate mode i n  advance of their  btcminy 

mquircms.nts, NED may avoid sold@ expensiva dtr ipn  clranges at 

backfitting due t o  there iasuar , The appropriate preparmtory 

action varies froa cart t o  case. In roar carer d e r i p  rtudfas 

rhould be uncle; i n  others wt l t  ahould be r ta t t td  uith vrndors 

of key equipment; i n  ethtrs arptrlccntal work i r  acrdcd. 

.BED should adopt the practice of fotmrlly arid ryfiturti- 

cally i d e n t i  fylng probable future replatory requi reartntr , 
and estrblimhing pragtmru t o  hpl-at, is r t intLy m d  

cconorical garhion, those future raquirramtr which am 

judged t o  ba rtuanabl* or Inevitable. 3retlma 2.2.2, 

2.2.3 rad 2.2.4 of ibis r w r t  pmvida more detai led 

pidance to a m 8  rubjretr which, I t  now rppartr, should 

be corrrd i n  th i s  fuhian a d  vhrt 8hnvld bm done in 

each c u e .  

Sinaiflornt Regulrto-rn Irauirmmtr Probable I n  W ~ x t  Five Perrr 

The 1011ming re&tioa ara l i k e l y  t m  k at&llshmd i n  tha 

nrrt f i ve  y a m  and to  require rpecif ic rttrnttoa by ICEP. 

Although m r t t a t p c  h u  been mads to  include the rarr ri@fiunt 
af &he m a n y  future =&ul8CiOmS which are l i k e l y ,  thir l i r t  i n  

rare il lurtrrtiuc o f  t h  pwaible tuturc rqulrtory l r p r c t r  

dram it i r  mchrurtive of them. UED nut thrrefars liat ccmfina 

itmelf t o  t h i s  l i r t ,  but rwt  la& a t  mid mvalurtr a l l  the 



So s p c t - l f i c  .rcr:ulatSan nrrv exists t o  contra1 t h c  jimm 

(or n c u t r a t ~ )  radiation levels  external  t o  the plant 

and a r i s i n p .  by direct t ranrmiswion through etructurc:-. 

around t h e  rcactar and s t ~ m  p ~ t h  or  by rcattcring fro;!; 

plmt structrrres or tht- atmoophcre. An annual dose t o  

any tn~mhcr of the general publ ic  f o r  the entire fuel 

ryclc  not  grcatcr than 25  mren has h e m  prlvrtely 

m r c i ~ t i o t ~ ~ A .  TOP EPA i s  preparing a draft r e p u h ~ i i ~ n  on 

t h i s  for pt ihl lcat ion I n  the Federal Regl~tcr tmt;lch w i l l  

c a l l  fer  60 mrc.n/year L-hole body s i te  boundary "fence 

pos t"  d u w .  h major publf t hearing may ensue. Direct 

or s c a t t t ~ r ~ ~ d  radiation o r i ~ i r t a t i n ~  from the turbine 

tam be 3 problem f o r  BIJRs .  I t  may he necessary t o  

placc t lw  mi sturc separatarlrchrzter under the turbinc  

deck for shfeiding. 

The general subject of "W8' Irwttricting public 

ewpomure t o  t r b f r t i o n  1+vrls "as leu u pracfleable") 

i r  probably not r closrd irrue. The limit8 apprapriata 

t o  each plant at n multiplant r i t e  w i l l  pmbrbly bm one 

irrue. WD rpparm to bm d r a l i ~  with *rrttmL graupr 

effectively oa u t t e r #  ruch u thir .  

WED rhauld uaura that STRIM dadgnm are ruch w 
t o  provide t x t e m r . l  rrdirtlan k v e h  well  brlw 



60 rarrdyt a t  tho elemart r i t a  boundary l i k e l y  to 

be licensable by MRC. The b u i e  method by which 

thim i r  accmpll.*hcd should also be furnirhed t o  

A/t?s on tlSSS eontrrcta, and t o  conmartim partners. 

2.2.2.2 . Limit - on __ _- Annual Han H e m  Pat Plant 

Althuuptr individual a p l o y e e  rxponures are cmtrol lcd 

by HRC rrpulation, na rp8eific rc~ulrtian now e x h t n  t o  

control tlrc total annual man rem doargc received by 

nuclear power plant  cmploycem and by mplaycer of con- 

tractors b m q h t  in t o  =gist durinp, rduel i4g  and 

ruiatcnance outnger , Car s o l i d  r d u u  tt handling, 

inapcetian, =pair, ete. Umordr of such mperurc are 

kept md reported to  mC, h w v r r .  

A t  snr plant  radiation s x p a u r c  over revera1 years 

hu bcen increasing by r b w t  1OO man n m l y r ;  t h i s  

includes the rndirtion rrccived by the rruerrl 

hundred men bri,ught in from outsidr th8 organi6rt im 

t o  assist duriqq major outages. A t  thin plant, 
axpasure of individual esphycer almo ham be- increasing 

r ign l f i cmt ly  aver the  rrw prriad, rlthowh r t i l l  under 

the regulatory l i m i t .  T h m  r u  situation probably a r h t 8  

i n  a l l  Wlb I l i f i h t  urttr rtrctaor) which haw been in 

operation far r feu ymrm. 

Ia thin coanection f t  may b r  noted that brt.urm m f  the 

mdl8tien s m a i t i v i t y  at  tb frtw S t  i s  &wrrrlly mgrred 

that prtgnmt w m a  rhauld bm rrrtrlctrd t o  radlatiea 

h r y r  equal to  thorn* rcuptrblm far wnrrrl population 

e x p ~ u t c  rvrn tbwh tbay m awploymd i n  sccuprtimn 



whrc they rcccivr rodlatian, I . a . ,  their annual dmc 

rliauh! not exceed 300 mrmfyear rhrrem t h e  occupatianaf 

dose 1 h i t  is 5000 mrcm/year (with nome qulrlifications) . 
Nw under r q u h t a y  ransidarrtion i r  thr p o s a l b i l i t y  

that the 503 arc~r, /yr l i m i t  rhould apply t o  a l l  fcr t t le 

w w n ,  s ince  a f c r t i l c  nay be pregnant f o r  s o m  

tine without the fact b c c a r i w  known to  hat emplwcr. 
And fu-th&.r, the "tqunt rights" princ ip le  is taring 

invoked by s m a  anti-nuclear persona t o  require that 

ncl tlrcr sex Ec d i s e r i d n a t o d  against ,  and tlrat thc lip1 t 

for hoth sr-xrs s!wuId therefore be 500 mredyr.  Suc!i 

a L i m l t  uould be  esscntfaily i a p t s l b l e  to  l i v e  with i n  

most existing nuclear f a c i l i   tie^, 

However, qultc apart [ram such syccioris argu~cnts i t  is 

likely drat NRC: will eventually issue "guidelinen" which 

u i l l  tend t o  linct man rmfplmt year expaeurt. Such 

"gu ide l iws"  usually haw t h e  force of regulatlono, The 

problein will become mom serious u plantr ~ e t  older due 

ta buildup o f  long-lived radioactivity. To a large 
degree tlrr solution t o  the problem i n  I n  the hands of 

the plant  m e t  uh8 m u s t  devise working procedures and 

control hia personnel. But mame contributicm t o  o 101utic~ 

can be made by NED i n  $tr role as designer and au?plicr. 

Two major rources of ucperure are r ~ c ~ g n i ~ d .  They are 

a) Defrtcrd Fuel, which ralermer f i r s i o n  products 

b Activation praduetr o f  eorrmion or wmar products. 

The went offender 1. CbW whleh mulcm I r a  
rctivrtimn of cobalt-bearing urrr f r w n t s  of such 
utrrirlm u Stmllitt, ured i n  hard aurfaee f a c i n ~ s .  



also addressins this subject ftm r t e t l ~ n i t d  pbtnt 

of view, but thm impltutions of  thw farraotng 

rtatcwnts r t r  clrar. 

Ratum&a tAon : 

MED rhauld adapt the p r r c t i n  of rrtabliahiey r 
r d k a t l e n  a u p s u n  b-t to  tach e y a t n ,  arm, r t c . ,  

md nhauld not cmridrr r piece af &sign wrk cm.plct+ 

unt i l  $t ern ba rhwn thrt the dcmtgn i m  such thrt 

by wing p r a c t i r r l  wrkfly prserdurrr, the plant 

mnat cur elrpret te  kaeg annual m m  m crperun with2 

thr budget, thret@tout tb u u t u l  l i fa  of the plaut. 

This receemandrtibn ham prrtlcular rppl i  cabil ity t a  

STRIDE, but ahauld apply to  a l l  plrntm l r .  A$& G t  

fumirhra the rrmctor. 

2.2.2.3 Period of Safmty of Unattended Rea-c~or 

Pruent IED product a r W y  rtmdrmh requite thr t ,  in 

the r-a? of 8 tmctor upart or aceitknt, a11 acttom 

lhecewary i n  th W r l  10 minuter ta &IUI.+ that thm 

reactor i r  i n  r eafa :mditlan (i ,a,, that thr core eaolin$ 

l r  uintrinrd) taka plam rummatldly, r o  thrt the 
aprracor n e d  t a b  no act ion h i r u d f  wtil 10 minutem 

h l e d  i f  t h e  A propomrd ICU) rrvirisn t o  th i r  

mquiremnt, bud prtt ly  an sbranmd aperator mapoar* 

ta unxpected cventr, ir; thrt the Whmb-in-pockmtr" 

period ahodd k lrwthmed to 30 minutre. 

Caman m d  Swiss rrgulrtioru, hwrsnr, nw require a 30-hour 

'%dm-in-pockmtr" pariold, an the bmim thrt the hypothrticrf 



R e r ~ w n d r t l  on: -- 
NED rhould undrrtake ta artablimh r loaical b ~ s i r  

for the ntnimm length of  time that a rtmctrrr s l i m ~ l d  

he capable of safely r m a i n i n ~  vithaut hrwtn intcr- 

v u n t i m ,  end i f  that time Ls longer tlrad 30 rinrltua 

rltould eqtnklish a profiram far iapleilrnttng t l ~ c  

rcquf remnt Lhus imp1 Lcd. 

2 . 2 4  ~&tp!lie*il;,Ctor;r~ - and Tranawr-t 

nlc handllnc., *torage mnd transfer of separated plutonir~ni 

i r  not of itself a matter of diract mncera t o  the 

rupplimrr or opurrtora of reactors. Houewr, the ~.conofiy 

of the fuel cycle depend8 critically an pkutanFum, 

Thus i t  I* o f  g n a t  importance Co NED that  the N I X ,  

t;PA and rsthcr bodlea arc i n  the precess uf ~reatttr~: 

regulaclons which cennnlvably e o u l d  mkc .YO2 fue l  eu 

uncc~nomlr aa tn preclude its lorhe a t r h  use i n  pmcr 

I'emctorm * 

Pour aspect8 of the plu tontu  cycla arc l i k e l y  t o  

be navereLy rc~ulatcdt 



Transyortation ~f Pi1 t o  thc i u c l  fabrication sit*, 

The hagardo cnvlsimcd by the r+gulrtoq authorities end 

ethers are: 

' Expooutc of employees to ha. Thir is perhaps the 

l c a r ~  traub1cmo;r~ hazard, In view of t h e  1-ng and 

n l a t f v c l y  rucercbful e x p e r i ~ n c e  of the KFC veapunn 

emtrblisbentm. 

Accidental envitonmntrl rmtaqinrt fon with Pu, 

occurring i n  the courre of its r c p a r a t i m  or its 

fabrieatlmi into feel ,  or i t e  transportation. Thtu 

? ~ a  Is prwertrblr by straight ionrrd ,  i f  rometirws 

~ p c n s i v e ,  amam. 

' The parribility of Pu theft  by td ics l  or enemy 

uroupr urb i t 8  ura in weapons, or it# um t o  eon- 

t r a l n r t e  titter m d  cause panic. A h o r t  u bad 

u actual theft  would br r claim by auch r group 
thrt i t  had rtolea #%I. If ruch r claim were credible, 

r terrorL~t 8mup ~ u l d  be i n  pwerful pornition 

t m  acc#pli&h i t r  aims by blnckmail. 

It rrrms clear thr t  very rigorour regulrtiaar w i l l  evolve 

i 1 a .  I t  ir l ikely  thrt t o - b c r t i o n  of aeprratl6a 

urd fucl fabricaeioa frc l l i t i c s  w i l l  be required, that  



spc,.ci,~l ~cclrri  cy prtcautioari r i l l  hc rcquirrd tor 

transport of Ho fuc!I hun.l lee,  and t i12t  unprecc*dc.nterl 2 
p-raul l on5 w i l l  be rcqui rcd l o  prevent t h e f t  o f  l'rr i n  

~ ~ o c c : . *  or i n  stnragc. 

The theft  of hf p,hly irradiated fuel cmtninjnp. Pu rnd 

i t s  clondcstine separation is hardly eredlblc,  of course. 

But unt rradlnt~d YO2 fuel ,  awaiting intreductiort into a 

reactor, may rcqulre speci~l srcurLty protrction,  which 

could imply that t h e  neu fuel  storwe fac i l i t i e s  st 

reactarb would have t c  be subatantial ly different than 

fin current derrian+. 

of M02 f u e l .  However, t h i s  asrnnclir har not y e t  advanced 

t o  t h e  t n ~ L u ~ l m  of  rhyaicrrl security fcaturcr: for the 

rctaraw o f  nm: NO2 furl  a t  reactors. 

Reromncndat i o n  : -- 
Wcw fuel storage provisions a t  reactors should be 

adaptable t o  the segre~rt ion ,  behind phystcr l  security 

barriers, of iwv W2 fuel .  I h l m  tactmeadatim i a  

prrt4cuIarly retevont t o  STRIDE. 

2 . 2 2  W&nn- t o  tdcnt i fy  md Inspect Failed Fuel 

Frcrently, the c*lrt*nce o f  f a i l e d  fue l  tn thm BVR i r  

&meted by aeawrelwnt @f the radieretivity sf tk 

af faasto e r t t i t d  out with tha atem. Thrat ~rarurcmmts 

rra wdc, Onr of them* i s  a t  the *tack,  which mrt of 

the offgmcl teach only r f t c t  m &lay af 30 minutes or 



s Ec-u minute* dmnstr*mr OF the reactor.  Thr! t h j t c t ,  

w h  lch I s  the ant urldr-1 cri t i  cicm by SRC, f s ,-I mc3r u r c : 1 7 . w :  

of tltc grntie Kamn radiati In nssnc1.1tcd w i t h  tlrc : : t c m  

ae LL Clown through t h c  d n  titran l i n e r .  Sinre Lhc 

s t e m  a t  t h i s  p i n t  nmrmnlly i n  stton~ly radioactiw due 
16 t e  nrutron reactions an water i t s e l f  Cnainly h' 1 ,  o n l y  

a s J ~ s t a n t l r l  burnt of f i ~ s i o f l  product activity r.m be 

aurcly detected, and there l u  mome question on thc p a r t  

of NRC: whether this meaaurcment is ~ u i f i c i e n t 1 y  scn~itive. 

The purpose of tlrc measurement at this paint i n  t lw 

a t e m  path lo t o  prbvide prampt dccccclan of a s u d h :  

m d  major fucl  in i lure;  accardlnply, a high radiation 

r i ~ n . ? l  from this sourer eaurrcs a scram. I t  is p ~ s s i f ~ l e  

that ~ m t  more sensf t ive detection metlrod m y  bc required. 

Far example, t h e  ~ i ~ n r l  due t o  8 particular rangc of 

g m  i r i w t g i e r  chrrrecteris t i c  of n ohort-lived f 4saio11 

product could be mearured. n i r  would tend t o  eliminate 

thanc o c c e s l o ~ l  occurrences i n  which a burst ef radlo- 

activity van recorded by the a t e m  l ine  radiation meritor6 

but p r o h b b  W u  due to cause8 other than f i r s ion  

product relcrsa. 

The poruibil ity axlatr aIro that HIE might require romc 

"improved" technique af laeating failed fuel .  No ma&nz 

of doing thtr  La k m m  which ir morm rans.ltiva than th* 

 ripp pin^" technique uau wed. Thim technique does requirr 
optainn up the reactor, but ma, of eaune, doer the 

r m v a l  of m y  f r i l rd  furl *lch mlaht be found by my 

other mrattr . Equipmatt f a r  locatin# failed fuel b u  b t m  
irutrllrd uul ham bem routinrly usmd for about 11 yr r rs  

mn am l l r p  rmneter (thm haCord I Rmrcter), but i 8  



fuel vIthout openltir: up the reaetor I s  unlfkrly. 

NED should take the  i n l  t fativr and deutl@p an inprweJ 

f a i l e d  fwl sensor. 

Over the 1 s t  cfght years dm11~st ic  BIfRa have u x p e r I ~ ~ ~ c e d  

f ive  Intidents or  groups of incidentr i n  which the c m c n  

elmenc uns failure of 304SS piping by h a t  is m p a r m t l y  

s~res . l -corrw. i~n  c r ~ r k i n ~ .  Am yet the precis? c a m e  ar 
causer of thew! incldentn arc #till bmlng davcloped. 

h'RC has most rcr-cntty undertaken its mm f nvr*tlgat Ion ,  

us in^ i t u  w n  13boraterfre mnd cansultmtm. Gcneral 
FlcrtrSc has  also, of course, utrdcrtaken i t a  
mote mormlve Invrstig&tim. But S t  i r  unllkelv thrt NRC 

uiJ1 f a i l  t o  produce mame type of "@dmn" which wllL 

i n  cfScct tell Canemf Electric what materials c m  be 

used i n  WR piping mystma. I t  will ba rurprising i f  



Pmctianrl Spsci fimtimnr for Pwmr crsd Sdf-Qprrtd  - 
Val wr 

Valrrr of thcar t;.pcr hrvm b n n  a f mi tfut m a r -  of 
wtr t iw  pr&l#r in bath a d  m. la  tha WR 

mymtm tb w i n  bad weom h a w  been the rafety rolirf 

vrlvmm, rid the main a t m r  i ro l r t ton  vrlwr, w2th ten- 

r i k r a b h  trwblm f r a  athar tmem of vrlrrcl. S p ~ t t -  

f i c r t i o r u  for ~ r f e t y  lr+l l e i  ralvem haw bean olitrrbt i s l r d  

by NED. 



)bwtvcr, Eurapcim thilrking in  tltia r r a r  extendm t o  t h e  

point  of t ty lng  to  thwart r r rbo tcur  imhs has a l t ~ . . r d y  pained 
entry to  the plant, who 1r carrying rxpTorlver,  mnd vhonc 

ob jcc~ iwe  l a  to  t8USe r mucleat accident (m  unceald 

rcrrel. Th* Europlan k ~ t u t i ~ n  t o  t h e  p r d l l ~ . ~  IPCM t o  

bc L O  $3 lay auc, wpar r tc  and pratuct chc redundnnt 

mrrbbrrs o f  cach r r f e t v  ayste? a- t o  asLure that thatr 

l a  r.6 paint at  uhich an expl~cian of p l r u r i b l t  ane--m 

s i x *  could ritU?I+ r i.rllrtre ts cc-nl thc core. Thin 

p h i l o y o ~ h y  ham y ~ t  ta be implcmtntcd, but i t  app+pra that 

auch cxpedicntr an wporste control  rooms (oaa 1 ~ s  cor?l+te 

than the  o t lwr ) ,  concrete b h t  bartiera and ~ m c u r i t v  

r-mpurtm:~ t 31 i zotl  an of phyr i cn t  qulpmcnt , pmet beard*, 

ecc, , w i l l  bc involved. 

U.S. requirement8 have not progress& chi8 far, and ray  

not for mom time. But i t  emmu dear that m a m  thinking 

of this type w i l l  b c w w  re~ulrtary rquirewut in  the 

m x t  feu y r r r a .  





2,2.3.1 Id-2 Safety bai-5 
C -  - 
Cur: ent NRC r q u i r c n m t ~  provide, la o f  fee t ,  that far 

any s i n ~ l u  arciJvnt  te~ecpt nrssivt verrcl rt:ptur~) 

whieh n l ~ h t  rcault I n  an urrcoolcd car+, two tsscrpcncy 

taolfn~ systrrw r.wt be avai ld le ,  either af which 

could by i t s ~ l f  cool t h e  {rhutdom) tare,  and both o f  

which have conslderrble internal tedundmcy. Ibu*, 

if W = nwbct o f  mer#cncy cool in^ mystem# a v r i h b l r ,  

i t  nay be said chat the safety  log ic  i s  #-1, r l n e o  t h r t  

i m  thr n m h r  o f  bo fe ty  rymtm Iailurer which e m  ha 

tolerated should ra went octur requiring thrt r r fe ty  

m p  tern rrrpund. C . m n  and Suimr ruthari t h a  rcqul rr , 
harcver, thrt in  ef feet them bm three backup s y r t m ,  

or  thrt the mafrty legic ba IS-2. TIM rra-t rms thr t  

aae backup r y r t o r  cntdd, at  ti-, be oot of action 

bmcrrue of -air uerk ar rurrrill- tmatima, thrt 

r mead muld fai l  to umrk kcrurm ef rn rnltnam &fmrt, 

#d that tk third w d d  then be rwllablr i f  mamded. 

URC ir  knovn t9 be ware of tbr Cmrma#Suiar philmsaphy 

mnd ta  b* ctrnmidcrinu r p w 8 t b h  tuture tinhttnirtg af 

U.S. rcquiremeatr i n  th i s  r u p ~ t .  I t  is ttur ahat 



Recnmrnbat inn: - - --- 
HED should make f t s  nun study ef the p*s fLle  n r ~ d  

l o r  an ?;-2 sa fe ty  lagtr. uslr .& actual p l a n t  

expcrlrnre am r bmlc  input t a  the rcudy, 

Rmnvablc Port tor  Ihtrrn!11 -. - - 
Certain I nt rtnal B?a ccmponenta , such as the shroud, 

the Imcr rorr suppcrt @rid, the je t  purp n u p ~ o r t  r ln#  

and the je t  pump d l f  f u w r  ma-ctions mr+ welded pcrmncrt Iu 

Ln plac t .  If, throueh rrdiatian d r r g e ,  €1- Inducrd 

vibrrtien, mtrerr carromiun crackin8 ar an after-the-face 

urnelusion char design strem8m had not been corr-ct l p  

mtlrrtrd, i t  should St neetmsrrg t o  r+placc such 

coa-pontnta I t  would h m earentially impasrible t&k 

i n  grestnt drr lgns d u r  to  the h i ~ h  level af induced 

rrdiarrctIvlty, In rt leaat one PUU (Trim Vrrcellrse) 

r situatfan af  thfm type (flow tnduwd v ibrat ion  d a ~ a g t )  

d i d  rtlw but,  becruse the interndm vr re  s o  d e s i ~ r ~ b  



UhAlc s p e c i f i c  NAC i n t e a t b l  to Arsur rcquitmene 

on ~ h l s  ~ u b j e c t  e m  be cited, them have b ~ n  problms 

w i t h  f r t  pump imtallatimr in the Wad t i t t e r  plmnt, 

and r .iqy of the parts  i n  question are made of 36455 

md u l l l  be rubject in BUR16 ta tut neutron fluences 

over a 30-40 y a m  prriod wt.:ch may ri8nificrntly &grade 

t b i r  atructur~l prop~rt ies .  WtlC mqulrm8nta for 

mncwohJlityr of carr i t  u r l r  rra hence ret unl11:tly.  

A l w ,  such terncrvabiltty srtarr 4 fare-rSahted engineer- 

In@ ptccautlen. 

d e s i ~ n  i n  which the interunls are rcmevabla, wi th  

the objective of using this design i n  later members 

of thr WR/b mcrtes, if psrsible, but in tha WR/h 

successor ia m y  event. 

l m t s  for design clianges i n  t h e  BUR16 plants  drerdy corrrlttcd. 



























T* H. 
July 1, 1975 



Exaeutiva mmmary 

action 

1 Rw 

B mimrl w n ~ ~ +  01 AVWUMQ air 

m 8crrlcaa 

rv ~ ~ l m  



Executive Summary 



A u h l d  be mad8 of the &qm 01 &pply ccnuideriqg fntmrfbce 
wlth dkrm (much ar AE'a) aa well a8 @&n now pvlppUs& T b  
intent ahauld b t b  Q t t r m W h  of tbs mod rmammbb =ope 
bmmhriea md opliarra prod&d by NED h a d  rn APrlitMlHy/ 
bh8Ulity. S O U ~ ~ B  of gnglll6ahg KnonLsldge, I M f k I t p  h AE 
Quality, stc. 





Flndin~s - Reactor equipment power Lin~itations represent most cau8es nf 
&rating and will continue to in the near future. 

An analyela was made of causes of power limitattons and availability 
in 1974. . . .30,4% of the total generation was unavailable- 

14.3% due to forced outages 
IS. 1% due to scheduled outages 

01 the remaining penamtion outprt. . . . 
1.82% war umvailable becauae of cuatcrrner rest rietiona 
4.488 was u n a ~ i h b l e  because of NSSS equipment limits 
7.93% WPI unavailabb because of BOP equipment limits of 

which 04% of these llmita were due :o 2 plants in 
startup or first year pmblema. 

Only 55,3% of the total possible generation (Kw hrs] was actually 
available. 

Most of the NSSS limitationlo were due to 

Fewhater Sparger Problems 
Off- 
Some PCXOMR effect 
Regulatory 
MPLHGR limita 
C ~ e l s  

With tha meible exception of PCIOMR, most of these limitations are 
generally fitat soluttanrr to potential equipment failures.. , . reducing 
the duty does reduce the potential for hilure and ultimate unavailability. 

Availability goo18 eho dd be revised to include total gene ration. 
Capsbtlity Fmctor (capcity factor plus customer restrictions) i5 
a more encornpassing criteria. 



Present BWR avttlaMllty g a l  not realistic. 

T k  irnmedhte hture regarding availability m d  capocity will be 
worse thma hiatorlcrlly seen. 

PWR's on r w q e  are generally wen wtth BWR'8 in arnihbility 
W - ie ahead of BWRva in eapmcity factor. 

BWRws arc clearly winning aminst the CE L B&W PWWs ~s regards 
avatlability and capacity hctor. 

The avaitabillty differences between GE 4 W is n d  stPtidica.ly 
relevant and won9 be br m y  years to ~ 6 %  ( n o  years] if 
the difference dosan't change. 

Most of the large W R ' s  (>BOO mwts) have been de&d by 
AEC, . . . this reduce8 their duty and improves their avaLlzbility, 





Eatablishmrcrt of the pmsent NED g a l  -8 based on pruvlourly 
cstablimhed fcmsl1 availability, But the design approach Cm mch that 
the prsunt -1 I 8  really not mlistle. 

The pmmt appmch to &sign is  to salve Wign pmbhmr; if 
improved auoihbility ocrcura, it is as r result, not as a goal or 
objective. 

A stat  istical analysis (multivariate regrersim) of availability was 
performed an the o p a r a t l p  p u t s  and the result8 ~ugwd that 
"8usims as Usual" will cause availability to improve for a few 
years and then go dotm. -- 
Since almost a11 of the units which are affected by the availability 
goals are nd BWR 6'5, one must ask what specific programs are - 
in place to achieve tbe impmvemertf. . +,over and above 'hbusinesa 
aa usual". 

802 tdal plant days reduction expected frcn! Product Improvement 
Pmgnrrul fumhd 

Thin difference is threticalty poi= to occur thrmgh design 
impmvemerrts.. , . but thlrr ia nd apparent from programs in place. 





Nndchga - Than Is very little rehtloruhip between the ppot utattntlcal 
hietory of mmlIabiUtg and capacity fretor and the futuns, 

Tbem am mom sources of unamilabiMty md power Ilmttoticmr that 
NED is juut seeing or haven't - seen yet. 

NED As jwt mtng 

Leaky R a U d  Valves 
Ma jar 

Leaky MSTV Valvea 



If the turbine-gewrrtor is eliminated r I w t i o n  of unamllability, 
tNs wmld be an imprwstnent to Westinghouse, If they 
mlve their turkhe problems,, , t h y  will b@ ahead tn 
terms af an amlhbllity advantage. I 
The Mvlsbn atntrgy of superior availrbility i s  in jeopardy. 



54"? r t n l l b l l i t y  improvements ma& by better rcrvicer during 
1974. 





Recommendat ion (con%): 

It is recognized that such efforts will require increased people, 
enginecrina, licld and spate parts s~ lyprt .  Such support sltould be 
provided with a higher sensr! of urgcnry and level uf funding than is 
prtscntly t a k i n ~  place. Special emptusis should be mado in 
strengt henins the urcanlzalio~~ (BWR Services) and its  Lrit erfaces 
within aird witlmut NED to carry wt this mission, including the 
addit ion of dedicated plant enxineering people to IW'R Services 
as we11 as the Spare Parts Operation. 

Selwlrcs offered oversear may open up unique opportunities and 
k l p  preserve the BWR, 

The customers feel isolmted from the engntcring effort but 
strenmhening the service engineering effort u-it11 dedicated 
engineers shmld help rtmlve that prohkm. 

One of the most in~porlant concepts should Be the sin-lm 
rtsponsibility for RVJn Services focused within the entire Division.. . , 
h m e s i i c  as well as International.. . .am organization should be 
responsible for Service and the dutiesshould not be split. 

In the long run, Organizational Plans should he d r a m  up Chat 
elerato BWR Services to a department -1ewl hnct ion within NED. 



















EXHIBIT A 

Nuclear Energy Mvtaim 

Atlocotian System 

1073 Cumulative Remlts 















RESULT: More arnpbrotr on 





5.79 Main 5- Lim 





NED 

N U C A T I O N  APPROACH 













1 Total 
Uwt her- 

l a 3  mw'r 12U.4 rnwrs 
11.8 2 4 4.7 

W3-9 mw'r WR4 mw'r 
41.0 74.7 410.2 85.6 

10.6 mw's 
3.5 4.97 

91 mw's 
1.3 1.7 

2'6.6 rnlr'r 19.8 mw'r 
8.9 0 2  6.6 5.0 

21.6 mw's 37.5 mw's 
10.0 1.0 10.8 3.0 

347.6 mw's S2.3 mw's 
49.7 6.0 37.5 4.9 



'In Sam rg 

I t s 6  mw'r 1-4 m a ' s  5 2  mw'r 53.2 mw's 568.4 rnw's 
7 7 SDP.a 56.2 1.7 43 17.7 3.1 1m.Q 1R8 1+7 

6229.9 mw's 5101.3 mw'r 111.2mcrv's 449mwba 888.4 mw'r 
4I5.3 BB.5 347.0 55.3 r.4 t.82 H.9 4 . a  58,3 7.m 11.95 



17 
Scrams 

No. of Rmcbn: 12 17 21 23 



Causes frw Errors 

Dispersed over wide area 

No predomtnant area 

Startup & shutlBDwn were predominant times lor ertarr 

73 en; ries oi operator errors 

Verification of Data 

Based on L. G. Frederick's report on BWR Opentlng Availability 

Wst Source - Weekly Operating Reports 

Verification back Lo sites 

- reluctance to give information 

- operator morale - potential problem i f  diacusdcd 
in detail 



CONTRQL -- m OPERATOR - .-- . ERRORS- 

rn Sarrce - Opr-r Error Crrm Compriron 



SlopOy Environment 

Por,r Prioritizing 

Very lw competed plaut mnagers 

"Few toreed d a g m s  am caused by control morn -rotor." 

Testing on me wit & afIectiw 2nd unit, 













cc:hP Bray 
Dl? B r g d e n h y k  
Pb J u d ~ e  
VG Crayhmk 
MI IPdtoff 
LLIt Wepfmr 
8 Lcvy 
A Rubio 

m a i t y  
TJ Slorek 
UE Ston* 
B? ltraupr 
#C Willatt 
St Wray 

During the f i r s t  100 ramsor-years o f  Bttll co;.~rcrcld eperothn, tha 
weraga cmulaciva operatfn~ avnilatflity has tccn about 72%, Tatal 
energy not gencrsccd for i i l L  rcmms has bccn a h u t  40X of total 
cepbi l i ty ,  uith about 8X lost durin$ reduccd pcncor aperationt, ond 
4% during pcriotis tttwn thr? pliant3 rwrr availshlc, but net on the lina. 
Tlhisi covere tho total  period E i - m  i i i d i ~ l d u ; l  p l i i ~ t  startup up through 
opprsximiltcly L ~ U  cnd 01 1373. 



3+ 'The refueling outage, wlrlch has bccn much mre o f  r main- 
tcnance than a rcfuellrtg outage ("Refueling-mlntcnance 
wtagcm . ] 

IIe can dmnst ra tc  credible elrpr.ctations for BN? G and future node?% by ts tab1 lsh- 
fng  goalsln the a h v r  threc areds. fly t h ~  yiwr 1930, i t  scms puitc possible to 
rchleve and d e m s t r a t c  h5Z f i rs t -cyc le  r v i l i l a b i l i t j  for the B1iR 5 and 6 plrnts 
that w i l l  be In the ftrst-eyclr!  duririq that year. I t  also s m s  quite p ~ ~ l l b k  to  
r c h h e  95% avallabil i l y  for tlte operat ing cyclc of  the JNR-2, 3, 4,  5 and 5 plants 
during that year, ( I t  m y  also be p o s i b l c  l o  dchieve 95:: operating-cycle a ~ a l l -  
r b i l  i ty for BIIR-1 plants, hut the cunficwa tions of tlrc CISR-1 plants sre so d l f f e r rn t  
frm "modernn plants t h t  the appl ic i lbi l f ty  o f  the msults as a demonstrrrtfon of 
future performance would bc o f  doubtful value.) 

I f  BSZ flrst-cycle and 95",peratlng-cycle availabil t ty  goals are met, an rddCtlma1 
15-day annual- rcfucllng outage, or equivalent (22 1/2 day for 18 aonth wlc) would 
yfeld o v a  plant opwating avai  l a b t l i  t l r  of  903. The refuel f ng-nufntownce out- 
age has taken an average o f  76 days $rt the past. Many of the factors tauslng ths 
extended outages have bccn Isrgcly  hepnd our control, H l t h  B!#-2, 3, 4 and 5 
ptant refudinq procedures and other fcaturcs, I t  I s  not r e a l i s t i c  t o  r % p U t  to  
rchf rue 1 W a y  refuel Sl~q-naintcnancc uu tzqcs. Ill l h  a very act1  ve program and 
imcreased 6): Involvment  with thc p lant  operator, It ~ h u l d  bc possible to achleve 
40-day outages for m~ture W!R 2,  3, rl and 5 plilnts. For BHR 6, 6A and ABUR, I t  
should be passlble to dewlop and sel l  thc canabllity_ for a 1S-day rcfuel lng-main- 
tensnee outage. I t  w t l l  not, hctwev~r, be boss-iblc to rlc1:lonstratc t h i s  by acrual 
camercial  opcrattons by 13902 thr w i l l  it lw pusslb!'cFIo ever achlerc 15-day 
outaass urrless tha ~ l i i n t  ~Dcriltors are n;ativatcd to  schedule the necesscr~ resources, 
)I&& provide prt'  or t h a ' ~  n o t l v e l i o t ~  hy ~ o w i n c i n g  our custapan that  \A have pro- 
vided the capabll I t y  i n  the b i i F d S q n .  

Ill though we cannot cxpcc t to  full  d~rransWa& 903 total  plant operatfng a v r l l  - -+ ability by 1960, we should bc ab c. G' l ibnvxcc our customnrs that the modern p h t s  
they are buying will provide a 90:: availability capability. We can accomplish 
thjs I f  we cah damnstrate: 

raqress tanrlrd and achi-xnmt o f  our goal5 fa r  1980 o f  85% P- --- 
f Irst-cycl  e and 95:; ~ p e r < ~  t inq-cycle avid lair i 1 i ty [see attached 
Reemendad Goa 1 Schedul e ;:or BtlR Ava l lab S 1 t ty ) , and 

the ca abl l  i t + far 15 day annual rcfucl Ing-mahtmanet outages 
on B l J h d n t i  nom. 

Ue a~us t ,  of course, also naf ntain an s ~ t  iur prarlt-am to  reduce refutlhg-mlntenance 
outage tim on opera t in9 plants (G!llh 2 t w u  5 )  beloti 440 days to  aclcfeve 1990 
overall plant  avs Clabi 1 i ty  o f  81C',', or hlrjiicr for BUR c1a;ses 2 thru 6. The lrccom- 
wnded Goal Schcdulc For [i?% A v r i l d ~ i l  i t y  1 i s t s  goals for refueling-maintenance 
outages through 1980 fo r  Ctlfls 2 thruugh 5 and for DHH 6. 
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C a p a c i t y  f a c t a r  s l a t l s t i  L a r c  a l w y s  somtwhat  lower than 
availability because o f  r c d u c r d  powcr a p c r ~ t I o n s .  We can 
expect  5-6X rcductiun duc  t o  l o a d - f o l  l o n l  ng ( c a w s  whcra t h e  
l o a d - d l s p a t c h c r  docs n o t  w a n t  f u l l  poircr). Mast o f  t h e  o t h e r  
reduced power opcrd  t i o n s  t l i~vc  bccn Juc t o  N555 equipment, fue l  
problenls a n d  AEC rcsguldtary rcs trf c t i o 8 l s ,  These f s t tors  a t e  
very much w i t h i n  our sphcrc a f  i n f l t r e ~ l c c  a n d  we should  t a k ~  
the necessary a c t i o n  t o  rcducc  these l o s scs  i n  BUR c a p a c i t y  
f a c t o r  t o  2 %  by 1980. (See a t t s t h c d  s c h c d u l a . )  

l n  e s t a b l f  shuient o f  g o d l s ,  a d  f n subscqucnt measurentent end 
a n a l y s l s  o f  y c r f o r m a n c e ,  c a r e  twst bc cxere5sed i n  the s c l e c t l o n  
and d e f i n j t i o n  o f  a j p p p r i a t c  ~ c a s u t c s  and d a t a  samples. The 
t fm i n  s t a r t u p  a t i w h ~ c t t  ='i ' ldbi 1 / t y  s t i ~ t i s f i ~ ~  s t d r t  b e i n g  
recorded,  and t h e  J r f f n I t S o n  o f  "100:; porter" are t w ~  c a s e s  o f  
s f g n l f t c a n t  v a r l a b i l l t y ,  Wa s h o u l d  a t t e m p t  t o  bc consfstent 
w l t h  industry  p r a c t i c e ,  irlfl u c ~ ~ c i n g  t h a t  p r a c t i c c  a s  much a s  
we can. t h e  A X  h a s  added c o r l ; u s i ~ n  t o  t h e  d c f i n i  t l o n s  o f  
avallabilrty s t a t h t l c s ,  Uc L w e  urgcd them t o  c o r r e c t  t h i s  
situation and a d o p t  t h ~  L E I  definitions ( u h k h  we use) .  We 
m u s t  c o n t i n u e  t o  influence t h c  A E C ,  thc E E 1 ,  and the  u t i l i t i e s  
t o  s c l c t t  t h e  m s t  pp_prn~Lldtc_ nrcasurcs o f  p c r f o r ~ ~ ~ a n c c  for  
n u c l c ~ r  p l d n t  a d  co;+at icct  x a l  l z b i l  i t y ,  n o t  ncccr s a r f  l y  
the nos t convenl  en t . 

,420 P 
fi.3. "*Lc"lsL ~ R.  3 .  Brase,  S p e c f a l i s t  

Sen jo r  Program L e a d e r  P lan t  Pcrformancc Cownunlca t I o n  
Q p e r r t I n g  R e a c t o r s  Integration Performarm A m l y s  f s  and 
P l a n t  A v a t  l a b i  l i t y  Progrdms Serv ice  Communlcat~ons 
t!/C 764  - E x t .  6988 UIC 140 - E x t .  6141 

k e c  



R € m E N D € D  OOAL M O U L E  FOR 111111 AVA#U#LITV'*' 
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YEAR _ ---_.., .._. ___ _ _ -  *-. - . - --.- . I- 
-. . . , , . . r! l .n -1.1. l .n. I .  s 7 n Tm .-.-.-- 

0 80.0 62.0 83.0 84.0 84.6 B&O 

Available Houn m S+nicr H a m  + R n m r  $hutdawn Hwn, whom 
Smite HOUR = Toed h n  qmmd with bm&m dmd to the alation bus, and 
Reserve Shutdown Hwrr a Tatd houri c w a  of -ation, but not op+rmtd lor 

uonomy w Jmilw maam. 
Note thal rvrillbility ir not dl- by ndrKsd.pmm ap+rationa, md wig) wa/l&lIity 
Iof metal plmu) is not mi#md by plmr rim. 
Fint.cycle ruril8biliry i t  rnmwmd duriq th parid from fint dmtrleitv (Iran mmtar 
s t a m )  until tha kglnning ol the thuadanm Car tint refurling. 
Lungtit in drys 01 t)n rusrw annual mtucliqmaintcmm autrp time, Crwm thm 
be@nning of W t h n  until the brerken am e l d  to the station kn tw until the phnt is 
luri lae tw rmkm). 
BWFI-B mature nluding-maintanmce outage is 15 t#wr First w w  30 drys, =und 20 
6 y q  third 16 d . y m  
Operrtingcyek wailability is mcrrrred during the period ktwuun dueling-mrintmarrm 
arm (alter tha fint r e f u d i n q - m d n t  w~gsl. 
T m nnurl nrilrbility gd is em- of the dements of lint.cyek ruailmbilitv, 
oclscmting tyek wmilrbility, and tofuding-mainten- art- tim, md is brwd on the 
lehcdule for plmt -ration w d m  in project dwhles cbtd If W ? S .  
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6 1  0.3 0.3 - 6 9 -6 

- NEGLIGIBLE - 

111 1 - Gras Annwd~~phct~on  IMWhr) for dl BWR-2, 3.4, &Q&.+ 
Z l [Merimurn dependable capaityl rr period hwn k r  all BWR-2,3,4,6, -m 

Whsce Maximum Dependable Cwacity is the main unit cqmi ty  during s g t m  period sr 
established by the ogerating utility. 

121 Projection - Nnt ~rqdar aur conlral. 
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Plants Ot~ieretl By Start Up Year 
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BWR Model 
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No slpificaat observed diffemmc in R-IM outage distribution 
betwem forslgn ond domestic BWR plurtu, 

A, krcrereea with numbar of R-M outages (apposite 
af correlusicm 5) 



ANALYSB OF 

ANNUAL PLANT AVAILABILITY 

BWR PLANTS 

Paul F, Albrecht 
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February 21, 1075 



No. of Plrntr 

No. of Plrd Yearn 

Average P b t  Anlkb l l l t y  - % 

Stpndprd D+rWlon 

Data im eompl.de thmugh end of 1074. 

Domartic Foreign 

20 9 

80 62 

69.0 70.0 

la. 7 16.0 

as, a 

100 

Vlaut  Years'' hcludar start-up year as on8 year. 
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AVERAGE PLANT AVAILABI L l t Y  - BWR PLANTS 

', 1 

6 O All Plants t 
I - - Oa~nesr~c Plants 
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60 62 64 66 60 M 3 2 7 4 

Year 



AVERAGE PLANT AVAILABILITY -- BHlR PLANTS 
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Q-rn AII Plants 

1) -- --I bmestic Plants 
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AVERAGE PLANT AVAILABILITY - BYYR PLAIYTS 

=ART - UP SEQUENCE 8WR YODEL 



? h a  
- -- - .  .-. , - 

01 
BRP 
He 

GAR 
KRB 
T I  
t2 
OC 
NMP 
TS 
0 2  
F 1 

MIL 
NUC 

MOW 
D3 
01  
02 

K KM 
PI L 
VY 
8F 1 
FZ 

PB2 
COOP 

OA 
OF2 
PB3 
HAT 

24 F 1974 
25 IMY 1974 
28 M Y  1974 
27 ! A  1974 
a is 1974 
29 [ N  1974 





I .  Linear aw and start up sequence 

AV%I .66.4+ 1.2- 0.Mseq 
Variation explained - 6.5% 
Significance: 

Age F -; 5.8 
Sequence - F = 0.08 

2. Discrete age and rtar1.up year 
AGI = 02.1 + X 0, AGE, + 0 . M  YEAR, 

Variation enp la id  - 22.0% 
Signrficance: 

YEAR, F .Q.02 



AGE COEFFICIENTS - DISRET€ AOE -EL 



3. Climate Age And BWR Model; timar D m h  Ytlr  

Variation Expkinsd -- 24.1% 

Signifimnce 
W R  1 - F11.2 
BWR2-  Fz2.8 
BWR 3 - F m 2 . 3  
Onign Year - F < 0.01 {Not EnmrcdJ 



- E rpmen tial - E xp 1 -0.4 Age) 

8 -  - -1 Discrete (Origin Shitted To 
Match E rcponen tial I 

2 4 6 8 10 12 t4 
Aqe 



1. Separate unavailable titnu into refueling-nulntell~ncs and wrrtAng 
cyeh crtmrium. AaPlyze each category sqmrrtalyb 

2, Analyze availability va plant size, 



I. Them ia no obaerved diflere~rce irr diatributian of plant availability 
for [oreifin and domestic plants, 

2. There ia no uverall trend, up or down, la availability with 
either calendar year or sequence of plants installed. 

3. When AOE effect is removed there is an observed improvement of 
abnut f l  in avall:.lilitg for BWR 4 plants over BWR 1, 2, and 3 
phnts. 

4. There is a significant increase In avaikbllity with AOE, at 
least for the first several years aerdce, An exponential ~rowth 
model gives a reasunable fit to the misting data, However them 
Is  some indication of a decreaae in availability after about six 
years. Separate analysis of refueling mainternnee and operating 
cycle data may give better- insight into underlying trends. 



FindIngr - There ir very little relationship betws+n the psrrt strtistlcal 
hiatory of wwailability m d  capacity factor and the future. 

Thcre are more swreas of unavailabilLty and p m r  litnitations that 
NED Is  just ming or h r n r t  rean yat. -- 
We are jut m b g  







Ho. of Plrnta 

w8 Total 

Availability 

kt WH'n (00QBr) 

Haurm on Line 

Capacity Factor 

Rcactor Avrilabi 1 i  t y  

AC tur 1 MIX** 

X bcrrt, 

Avera~e Wm ., 
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Average WH1r (QOO'm)  

Averrgr Murr an Line 

Average MDC 

Unavailability X 

Farced Outage urte 

Scheduled Ilutrga Race 

CF x We 

' c ~ c l : . ;  s Indian Point t 

-1- dependable capacity 



F M  Charge Rate = 0.15 

are calculated, udm quation 1, to be 21,7868 M i l l / ~ w h  



A o w  point improvement in availability which can yield a capacity factor 
improvement (i. e. from .70 to. 71) results in a PGC of 21.4792 millu/ttah. 
Thus, a rrnc 'F improvement in capacity h c t r ~ r  lowers PGC by approximately 
0. S t  miIls/Kwh. 

The lollowing is a summary of the quantitative relationship of the dilfercnt 
measurements: 

Using the values shown in (41, a 1% RWR advantage in availability (C. F. ) 
could overtome a l l 8 ! ~ w  disadvantage in DOP, nr a 3. ~ / M B T U  penalty 
in fuel cycle. 

In an operating phrit the actual worth of an improvemerlt of 1 point it1 CF is 
primarily a function or reptacement powr fuel cost and reserve capacity. 

For omrnple, suppose a base loaded plant has to be shut dawn or dcrated. 
The utility would have to replace the energy normally generated by the unit 
with that 01 attother unit --- preferably the cheapest available. An Electrical 
Wnrld, December 15, 1974 article estimated "fossil fuels on the average, 
now, cost It. 6 rni l l s /~wh I - -  nearly six 5mes the cost of nuclear fuel at 
2.0 mills". 

us in^ these values and assuming a I000 MWe plant, the utility would be paying 

$/day .. (Replacement Fuel Energy Cost -. Nuclear Fuel Energy Cast)(Rating} 

Thus an itilprovement in operating plant availability which saves one day of 
rcplacament ehergy is worth, on the average at least $230,000, This Es a 
conservative estimate since it doesnTt involve present worthing the improvement 
over the life of the plant. 

Further, if  the umvaihbility or derating occurred during a peak period, gas 
turbines or very inefficient nlder fossil equipment would be used as 
replacement power.. . . this ccluld mean replacement energy costs clusc 
to 91 millinn a day. 
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tlme Lntarvalr t h t  the generator h m  not h e n  synchraniaed to the 
network.. . , awn though the plant and/or the tactor war rvallrblc, 
Thir definition I8 not rignlflcantly different in rumult from the NRC 
approach. 

Each outage tlme interval ir prorated to mrbum contributing 
causes or act lvit ies. . . . according to the juamsnt of the pcrron doing 
the uulyair .  The general prlneiple umd La to clmrpta time only for 
aetlvttiaa that require plant shutdown to perform; but to charge them 
even t-h they were not the caume of the rhuthm. 

An operat lng avlihMlity model h e  bean const meted and organized 
into three major area8 rsflectlng equipment Ln 1) Reactor Bulldlng, 
2 )  blame of Plant, and 3)  Outage rrctlvttle8 not reflecting equtpment. 
The first of t k s s  two equipment amar in intended to reflect tlmt 
equipment most closely related functlarolly to the reactor, and not 
preaent in P fosell plant. The hhnee of plant group fnctudea the plant 
compcmmts that would exist in a foa~il  plant. 

The results of the analybia I s  bared on 102 reactor y e a m  of data 
(so far) and accounts lor a11 of the BWR teactorar during ail of their operating 
1Lle. This resulta in a highly s m d M  m&l (me year's operation has 
an asymptopically decreasing impact over time on the ovtr~11 remlts aa 
the total data base gets algnificantly larger than any one yearb cont riht ion). 
The orighrl mason for all this grouping -8 to net enough dat:i In the 
m&l and sub-groups of the model to be crtatimtically significant, 

The Goals.. . . Tkrc have heen avafhb\lity gaala tn the p a t  (primarily tmaed 
on a cornperrim against fossil planta), but with the satrblishmsnt of 
the 'Quality Older Wrategy" of a highly rellable and avplhble product.. . , 
thew goals were made more viulblc to NED manmgement9. 

The availability goals were Wed an tot81 p h t  plant perlormance and 
I reportedly tkiiignad to be within reach and 8ubjeet to NED Influence. 
i Three different psri- at operation ware mearured 

11 From the flrrt ~unsrrtion of electricity to m i m i n g  of first 
refwling outage (flret cycle). 

2) The operating periods between aubmquent refueling outages 
l q r r t h g  cycle). 

3) T k  refueling-mrlnttnan outage. 



T b  g a r  rsflmctad a progresdvely higher wailability year ta year 
until 1980 when B W R ~ ~  corns# on line, First cycle g m h  ranged from 
78% in 1W4 ta 08% in 19110: operating cycle g u l u  went from I. 5% In 
1074 to 95% in 1980 md t b  R/M g a b  reflected outage periada of 
58 k y r  from mid4974 to 43 ckyr in 1980. Thim rsmlted in mu1 
avmCh#llty garb of 77% In 1974 to 04% in 1980. 

Independent of thia met of g a b ,  NED srtablirhad in 1971 as a 

""'T c objective, t b  Impmvemsnt of mvaihbtttty aueh t k t  there -8 
a f 4 avaltWUty advantage between CE and it8 eompstltorr. The 
fimmhl rignCfl#ncs of an rdvlultaga in avrlhbility m s  rucesrmfully 
p m n  in the t u r b h ( ~ m t a r  buhm In the nuclear bumlnm 1% 
in availability i. vorth .bout $10 mllllan in capitd coat or 3. dCblI3TU 
in fuel cycb cost and in maugh to ormeom@ mart eniuinm b f i c i t r  in 
W)P or bl cycle c d m ,  . , . il t b  differsnce fn rvailabllity m a  perceived 
to be them. 

Variarr urr lymr wre donc rqgarding avrikbllity of W R ' r  over 
the year8 rad by c o m m t .  

4#% ol ~ a i l r W l i t y  drw to mctur building 
19% dur to mfimllrrg t other outagar 
35% ckr to W e  of plant 



Bmaumt of the concern aver the "Alloeatim" of unrcvrflrbllity urad 
Ln the NED model, 8 Modlfid Forccrd Outage Approach war u r d  (Figure 1). 
Thin approach rrrmed that the eompnsnt thmt caumed the forced outage 
war chrged all t h  time of the outage, r s ~ d h m r  of what elre war done 
bring thr outage. Becaws d the numr of dstril waded only 1075 a m  
luulyred, EkmuUm ~harrrd that 

rn 80% w m  due to reactor bullding 
22% due to balance of pLnt 
18% W to Muding and other outrge8 

The m l y r i s  was done again wing the NED "Allocrtforr*' appmch 
but for 1973 only. Theme mrults were not unlilm the Modifisd Forced 
Outage m#uUa, W h  approrchea a h  lower tdal umvaikbility cornpred 
with the NED Cumuhtive Model, This ia primarily due to the inertla of 
the large &ta brrs of pa$t years in the nmcmthed NED model. + , i. e, the 
big pmbismr in prst yema are still reflected Ln the unavafhblllty nutllberr. 
Actual elqrsrfenet Ln recent para when viewed year-to-year ahows lower 
values of unrmihMlity. But, f he reactor stop ahow8 a much higher 
cmt ributlcm to w r ~ v a l l a b € ~ ~  

A ~tatlst icrl  a ~ J y s I s  (muklvariate regression) war performed on all 
BWR's with the htmt of underetanlng and correlattng other characteriutic~ 
of unavailability such as the refueEinp:/malntenance contribution to 
unavailability and he age, reactor class, and tima characteristics of # BWR'r in service . These atudies conchded: 

Regarding p h t  availability, there is a eignificant Lncrears in 
amihbhllty with the age of r plant at least for the first ecverrl years 
service. H m v e r ,  there LIB Borne inbicatim of a decrease in availability 
after about 0 years. 

Regarding the refueling-matntsmnce outage, i f  all data Is conaidered, 
there ir a bcrease in buration between fir84 and second refuelings, but 
i f  very long outages are excluded there is no observed decrease btween 
first and w a n d  R-M outages. 

A further study of these regression analyses would lead one to believe 
tlnr based on histrwlcal trends, there I s  no perceived utility learning curve 
tn reduce u~vatlabi!Cty. That ir, there would appear to be nn inherent 
forces within the utiCLties' c o n h l  that have reduced unavailability. Cn fact, 
the trend may be tnward increasing unamilnbflity! 
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Turbin Supply; Camhuan 

+ S m ;  Fsrdmtrr; Mein 

4.22 Mire. BOP O u m  

Figure 2 



C&pMlity Factor.. . . Jud because a reactor ir 100% wallable doean7 m a n  it 
will get output.. . .in fact, BWRVr (88 well a8 other vendor's rcrctord 
rwr average hrvs r continuing impct  of power limitations which reduces 
the hll c8gaMMty of the reactor. 

Figure 3 illustratar ths concept of "capability" graphically. It ia  
rapreaentd by r re c-le divided htr, two majar b e e ,  

The right hand box Lm "u~vailabllity" and is  further eubdlvided 
tnttu "forced outage" and "ecbduld outage", The slanted Line reprersents 
that portion of unavailability that is devoted to the refueling-maintenance 
outage. (A major portion of the R-M outage ia scheduled; a lesser portion 
in force&) 

The left hand box La a "quare" reprerenting the $ af a ~ i l l b i l i l y  
on t k  horizontal aide. The verticle 8 t h  a h c ~ ~ s  the eurn of the portion 
of available power thpt is loet to power limitations (NSSS, BOP, customer 
rest rictlons) and the power that i s  actually generated, Caprbllity factor 
is defined as wm of the actual generation and the cutomer r6smoions. 

An analysts was made of capability factor usinp; actual 1074 data 
(Figure 3)  a8 the base with the following results: 

An ;rtlditLonal 14T d effective capability factor was lost due to 
limitatirmrr em all cbmestbc BWP's. 

About 8% eapnMlLtg n m  due to customer rsrtrictiana.. . . l a d  
I o l ~ n g ,  atc. 

8% nu & to BOP Iimltrtiono; although thie value ir 
mkewed by 2 p h t r  la mtartup which rep re rent^ 64% of 
the 80P Umitrtianr. 

Only 55.3a of the total genentlon caprctty wae actually used for its 
original prrpue. 





Mom4 of tkre power restriction8 were due to 

One come8 to thc eonclueion that if "cap.bility" rather t h n  
'hvrilability" wore the criteria lor action, a more encornpaelnu apprm~h 
w w l d  result; but wlth no change in conclusions. . . . the rerc tor mope is  
still the largest source of problems. 

The FEA Re rt.. . . Aurociated wlth the Project Independence efforts, the FEA 
-nterageneY Task Group on Power P h t  Reliability with the 

braad objective of Improving the productivity of existing and pbnned 
fosdl-fired and nuclear electric power plants, The taek force was 
asked to identify the key problems and possible eorreettve act ion8 
sssahted with the reliability of nuelem unit8 P largcrized i y i l  
units from the standpoint of their prduct ivity and availability . 

Tb findings of €hie task group were no: surprlslngly diflerent 
than some of the above findings: 

Availability and caplclty hctors on on industry -wide baelsJ 
a x  hr  lean than b d  been expected. In recent years they 
have been declining. 

The quatlty of available statiatice on reliability and tirneEinera 
of publication are much better for nueleer units than far Coesil 
d t 8 . ,  , (but nd very gcmd). 

Although etrcmg limncia1 incsnt ivea for improving reliability 
are purported lo exist, evidence is lacking that ipuch tneentCvea 
art having a visible or measurable effect. 

Environmental and nuclear regulatory requirements, not withstanding 
their merits, reduce power plant productivity. 

The rapid unit eize escdation of thz 1980's has ceased, at least 
temporarily. 



Cuotomized plant derignr are prevalent and compcnwd the 
prchlems affecting reliability, Stuldrrdizntion and rspUcotian, 
etapeelally of nuclear unita, are incrmmbg and rrs txphetd 
to improve reliability. 

A merninghl tndeaff between inltirl comt and lifetime 
rsllabilit y i e  dllflcult becau8e cbpsndlrbk rellabilit y Qta 
18 kcking. 

Very Little of the Inducitry and Federal Gavsrnmentts current 
funding of energy dswlopment Ir a b c r t d  to solutions 01 
near-term enginserlng prablemr. 

Ttw tark group made many recommen&tima; those that would 
Intereat GE are: 

The utilities, in concert with equipment eupplCers should 
upgrade and expand their on-going efforts to identify and 
correct the underlying causes of plant outageu. 

The utilities should eetablhh industry -wide crt teria for 
aesesaing the merits of any proposed resumption of unit 
size eaealaticm. 

The F&A in coordination with other Federal agencies and Wth 
NARUC should develop and suggest means of stimulating 
utiiitiea tn achieve higher leveler of reliability. 

The FEA or other appropriate agency should undertake a 
detailed analysts and cornparisan of some very succerrsfurtl 
and some below average performance unite, 

The utilities should improve their reliability &ta h ~ e ,  

One would draw the conciurion that, in t b e e  dayr of h i ~ h  energy 
costs, the Federal Government 1s concerned a h t  the lack of 
productivity of the exiating power plants and if the utilities and their 
suppliers don't do something about i t . .  . .they will? 



Critical Findings 4 Some Recomnendatima 

The first criticiarn of the rather extensive reporting system Is that 
the quality and timclineea of the data is not ~ufllcient to apply the operating 
cx:leri+nee in lmpruvin~ derign in a timely manner. The data in general 
is not good enough to understand the root cauees of failures. Certainly 
it Is difficult ,o understand critical pat he in the Refueling-Malnlennnre 
Outage such that impmvemente can be suggested. In vtew of the h r p e  
crwt benefits for reducing outage time, there iu m case to be made tnr 
acquiring "perfect informat ion. *I 

Tlwa one of *he first recummendrttions ie  to phre one af Ihe higlilv 
qualified GE Startup Englneerrr into each nuclear plant and have h'm acr 
a s  an "availability engineer. " He will report on out ages, 1 heir cauees 
and the fixes made. H e  will also report on any power limilat Lrms and 
those components which mi~h t  cause that limitation. 

With such information. it shcluld be p s s i h k  t n  develop a cornpownl 
failure infrwmation systerr~ and avnllabiiit y tracking system 1 hat ident lties 
root causes of problems, and their impact on availability and capabilitv. - 
With such information, the extenrinn of the existing NED availability 
tracking syatema to accurately mnnltor nuclear p h t  avai lb i l i ty  a id  r a p ~ l M i t ~  
should be easy. 

The second r ritical finding la that the existing availabliity ~ c m l a  8 r C  

not realistic, The ergineeriw programs to achieve superior relirbilitv are 
mostly associated with BWR/B and very few aseorirted wlth opemtlng 
phnts. There are no I rnprovement pragramg aaaociated with BWR 4 15's 
If all the improvement program3 In place are entirely succesdul, only 
a 1 -4q 'Fmpmvement would be 8M~n. To meet the Mvislnn anllablllt p 
~oala, 12-157 i s  the necersrry availablllty improvement level required. 
The programs to do thie are not In pkcc, 

Further, Availability and Capability are probably go in^ to deteriorate 
rapidly due to severe problems associated with PCIOMR's, pipe cracking, 
relief valve failure and nther power l i m i t a t h a .  



Almaet no monitoring of PWR performance is done except as reported 
through the NRC. The PWR's performance (notwithstanding: deterlorating 
@team gencratnrs) could impraw aa they salve their turbine problems, thus 
putting the ~r rafegic objectives in serious doubt, But there haa been no 
system in NED to monitor the unavailabilCty d the 2-3'; difference In 
afailabllitv objective, even t h w ~ h  thls is  a at r~teglr issue. 

Analysihi using the Student -t Test sl~nws that if rio significant positive 
imprtrvertwnt occurs, there is no stat isticnlly relevanl differences between 
GE: and - Wand won't be for nunv yea-rs la crime (Fkgurcs 4 & 5). 

There has k e n  some examples of improved reliability by performing 
a better Services Function, In fact, lmpravement In the Refueling- 
Maintenance Outage has been substantial whenever better service plannin~ 
has been involved. Further, the cuatnmer perceives a "qunlity" image 
whenever NED and I&SE haw performed a eigniPlrant portion of the work 
during the R-h1 outage. . . . .and that perception precedes the "statistical" 
performance that the quality leadership strategy is based on. 

A final recnmmenclatlnn tmuld be to develop any npw measurement 
systems nr goals based on "capability Sactnr, " This represents the 
essence of what a utility desires,. . , the actual potential generation 
"cnpal~ility. " Power Limitations in the NSSS area are as  important to 
resolve as the 'h ava ihbt l l t y"  prablems. 



Summary of rlatrr - PWR 

1. I3y Location 

No. of Plant 

Number af Plant Years 

Average Plant Availability 

Standard Deviation 

11. Dy Manufacturer 

No. of 13hnts 

No. of Plant Ycars 

Average Plant 
Availability 

Standard k v i a t  iun 

Ikrm For A l l  

For Al l  -- 
34 

136 

63.5 

22.7 



To be statieticrlly relevant, the eonfldimr interval must b~ entirety 
positive. . . that la, the muat be right of the zero. 

Therefore the difference le not statistically relemnt and additional 
dculatiorur show that it won't be for many years (8-10 yearr). 



Letter to W. J. Roth~ from L, C, FreBsrieks & R. J. B n m  
htsd Augud 1, 1974.. . . Recommended Goal Schedule for BWR 
AvolillMUt g 

Statistical Anrlystr work &ne by Paul Albrecht, EUSED for bd 
Tark Force on Availability 

Work clone by Paul Albrecht on wen11 plant availability an8 the 
R'M outage 

FEA [rrterrgency Task G m p  in Power Plad Reliability; "Report 
on Improving the Productivity of Exiat ing and Planned Electrical 
Power Ptants" Final Draft; Febrwry 14, 1974, 



Objectivs - To determine the opportunities to imprave rvllhbility 
thrwgh e-nded servicss. 

A, Scope - An organizational examination OI the t nditionrl 
service argrnitatlons In the Nuclear Industry a d  h w e r  
Generation hctuetry was made, An amlyria of outagcn 
and service effort8 In 1074 and their contribution to 
avaiLaMHty wae also analyzed, 



Utlllty management PI operating plants may badly need impmvemsnl 
regarding owration and nuintenonce be+mme 

r Nuclear is more complex than t radltiorr~l fossil. 

r More pknrting is needs& 

a There is not enough qualified people, 



It i s  stronglv felt that the most meaningful action that can b t-n 
now la in the BWR Services area. In recognitim of wentially 
decrearring avabbllity of exi8tlng opemtirrg plants, a step etrPnge 
in the NED ssrvfee programs approach s h l d  be Irudd. 

Progrrms being put in phce or now in phce, 8uch a8 Admeed 
Maintenance Planning Service (AMPS 111, and RehsMng-Maintenance 
W a g e  Service, should be accelentd rt a faster pace. 

New programs ehould be p t  into place to accentuate the percelvad 
customer service by General Electric md increaae availability. 
Pmgrama that appear to have a hrgb potential for availability 
improvement include 

Extended Scope Start-up Service 

A Full-time GE Fbpmsantattve on Sits - an "availability 
engineer", MI to &peak 

E-drrd Outage Service8 

Engineering Field Change Services on all Backfit 8 

{manpwmr estimtee, plant eonditiona, procedure, toola, 
along with the equipment being supplied) 

Outage Control Center 

Better Tools 

Spsekal Programs for 

- Feedwater Sprger Replacement - Relief Valve Fhpalr or Redesign - MSIV Modifications - Piping Change Out 
C 

Systems to track component failure and redesign 



It is r s c ~ i z e d  that such efforts wlU require Cncrewcd people, 
enginetaring, field and apart9 parts supprt, Such support should be 
provided with 8 higher ~sr~ss of urgency and level of funding than is 
pmsently taking place. S ~ h l  e m p h d s  ahould be made In 
&tmngthening the orgmimtlon {BWR Services) and its Interfaces 
within and without NED to carry out this rnhision, including the 
addition of derticated plant enginemring people to OWR Services 
aa well a8 ths SpPm Parts Operatian, 

Service8 o f f e d  oversea8 may open up unique opportunities and 
M p  preserve th BWR. 

The customers fael isolated from the engineering effort but 
at mngtbnlng t b  service engineering effort with dedicated 
engineers should help resolve that problem. 

One of the most important cancepta should be the aingulor 
reapnsibility for OWR Servicee focused within th- Division.. . . 
Domestic as well as Intemtional. . . . one organization should be 
re~ponsible for Service and the duties=uld not be split. 

In the 1- run, Organizatial Plans q i , d c l  be drawn up that 
elevate BWR Services to a, deprtment-level function within NED. 



Peach Dottom 

Time Saved Estimates for Field Service 

Field Service Experience - 1974 

3 days 

Cooper U/T 

0-2 Sparger/Maintemncs Outage 

Q-1 (LPRM change out) 

Vermont Yankee U/T 

CRU DLAG 

Tarapur Outage Management 

General U/T coordination of pipe cracks 

20 days 
3 day8 

4 days 

8 days 

7 days 

14 days 

7 days 

40 days 

Ttlis resulted in improvement d 2 12 days/plant or about 3'6 
availability. 



Potential Prqgruna to Improve Service 

18% of Plant Time 18 Related to Schsduled Outrrgss 

Imptwement in avaihb&lity thmgh better service and p h ~ i n g  
could be ar much as 3 -5%. 

Field Availability Pmgnma 

Core Managemant Services - Ti% in P r c ~ ? e ~  Computer. + . + 

maks it easter 



Engineering Field Change.. . all Backflta 
' 

Manptnver estimates 
Required plant conctit ion8 
P m d u m s  
Tmle 
skills - 

r 

Design & Sell Outtge Control Centers 

Temporary Outage Personnel Facility 

New Fusl Sipping Tee hnlqw 

Develou Failure Mzgnoatic Techniques.. . L. e. Noise MonLtor 

Feedwater SyPrger Replacement 

MSW Modification 

P lp in~  Change-out Program 

*%. Jet Pump Pluggers 

Analyze each outage 

Emcut ion., . . Paople/Procedures/~oa~s 
Equipment Problems 
Planning 



I 
,,A ..,, , . ,  A 

Fluid f Care '~ lect  rical i 
j Sydsmsi .Anolyrlr ; Sydems d C 



m#etlvt - To ascertain the extent sf Nuclear Steam Supply System 
-dardlutiim. 

A, Scope - There were 3 independent approaches to this ana1yslb. 

a) A review of SonbPrrlizPtian hmd m AEC, EEI, and NED 
bra. This 8tudy covered NSB dandaldization, nuciaar 
plmt con8tructlcm cycle and avaitabflity verrnrs ytar of 
canstmctioa lad unit rating, 

c) A team of people from Prduct and Quality Assurance 
Operation from NED reviewed the Mvislon pmcticee & 
systems actually in opedim, 









WMch rerultm in.. . 

including the variations in Gadhtlinp Poison  rod^ 



GUl RlMK ( E K U .  aR. ) 2 

TYPES 
1977 
C_ 

111 

1 

2 

2 

25 

4 

1 

17 

4 



FCCUS : 

ttFO GOAL: 

PROWBLE FUTURE: 

BYR 4-S#BWR 6 

16 ROD TYPES C O Y E R t W  90% OF 

MU-GAWLIPJIA PROWGTION 

IOENT lCAL PELLETS 

10EtlTICAL TUBIIIG 

IDENTICAL FUEL RODS 



PROGRESS TOWARD ROO STANPARDU AT ION 



- 

F a #  - 
Exhibit A - While ths number of vessel 8hsr haven't rignincrntly 

krermd, there ir rt movement t m r d  morns stmbrdlmticm 
Cn the BWRh - 238" wrmel domedieally end the 218" maw1 
Cderrt 1-lly. 

Exhibit B - The B W R ~  backlog has 8 "etnndards", 

Exhibit C - The fncreaoing ~ i z e  of power phntr alone with the "cudam1~Ln.g" 
of plurt design ha8 lsd to longer and more expmnrlve con8tructlon 
p e r i a .  , . . a reason to opt h i r e  on she and rtanhrdizs l 



WIG 3,TANDARDIZATION H BTQRY 

-14 No, of Units 

1 LOO 1600 2000 2400 2 800 3200 3600 4QOQ 

Rating in megawatts lthermrll 

600 800 1000 

Rating in megawatts I r l e c t  ticall 



PROJECT 
r 

Grand Gulf 

- Skaq~ t 
r 

TVA X 
Central AIabrnd 
Ptrr y 
Douglas Poml 
Allens Creek 
Mon tague 
Sumervt 
Black FOR 
Fewmi3 
Z~rnmer 2 
Central iowa 
Grakn 

f 

K d w r  rugs1 

t e r t ~ t d d t  

Rwer Bend 

BASIC STANDARDIZATION 
EIWF18, Mk Ill 

No, 
Plmn 

f 1 i 
I s !  
! 4 j  
/ 2 1  
. 2 
2~ 

2 : 
I 2 j  
' 3 !  

1 
I 1 i  

I : I  
1 ! ; I  
t 

2 
Clmton 2 ! 218 
E nel 2 , 218 
Kuoshrny 2 ' 218 
Cotrentes 1 ' 218 
Sl~ar n i 1 2v8 

9 
i 1 201 
1 





BWR-6 Standardization 

Generally a c ~ e p t ~ d  fact that very little standarilirptlon, as meamred 
by extensive use of identical components, ha8 existed up through BWR-5. 

And, sinre only 10'; of EWR-6 syetem deaign has been frozen, very 
little of that product has been standardized either. 

tssuea are: 

1. What evidence exists that rtandarctleatit.ir can have 
value: operational reliability. 

2. What evidence ~upport.th~ an intent to standardize on 
DWR-6. 

3. What are threat% to standardization. 

Value of Stmdardization 

I. O p t o t i o ~ l  Reliability Value 

(Some examples exist e. g. Target ~~k SRVs, CRDs). 



Evidence of Intent to Standardize BWR-6 

I Engineering p h n  erctenslve use of identical hardware for DWR-6, 
mxhibit n) 
- Rut intent on prt of engineering mcaturcd primarily by bid 

speclfleation only - not detail drawlng. 

i And only 1~"i;f the backlog of buy coded now on order - att haugh 
esaentirlly all of each component now on ardor i s  placed wilh 
aiwte vendor. 

t BWR-8 ia first product o f f t j r l ~  to have formal engineering design 
freeze program IsstrbMshed Auguet 1971). 



Threat e to Strn&r&zat ion 

m Lack at field experience an most of "drndard" componentr 
(ExhlMt If I). 

Impact of field experience on gsnsrlc BWR deeign - e. g, 
material pmblemr, flow induced vibration. 



The opportunity ta atahilire rk product is  close and large 

- NED lmr r good start in product rtanehrdlntion, i. e. sxtenr Cve 
uae of I&ntlcal component8 on BWR-0. 

- The current procurement kckhg is of a magnitude nor 
Hkdv to be repeated for many yearr, 

However, reallzlng these benelita will be tough.. . 
- Many challenges to elabilily rnuat be reeolved: 

particvlarly the technical and quality 8horthlls d the produet. 

- A ckcllning work load I s  an unfawrabl~? u n v i ~ n m a n t  for 
gaining productivity from at andrrdltation. 

The etfurt to  stabilize musl be made, nevertheless 

- Requires non -disrupt iva merging of ineult able 1 ec hnical 
changes. 



Examples u1 
ct~mpunetits 

Cmtrul rnd drwe 
Steam separator 
Channel storage rack 
'Tip drive 

E4e;tctc)r assenlbly 
*F=w 
Sll tvud 
Main slaam piping 
1fI)C'S V ~ I ~ V P  
W1C pump 
Clcanup heat exchanger 
Filter deminenlizer 
LPUS pump O motor 

REIIZ h d  exchanger 
Fuel asuembhes 
Recirc Pump motor 

* srrttlple of DWR conip~ncntq with 
valve exceeding S50,00CI 



/ 
Change I --. 

Ftorn 
BWR J 4 

'r 6 


