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evaluation process by _ing his attention to the appropriate critical issues,
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p_, and ]) provide a foundation of appropriate Safety Analysis _rt (SAR)
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INT_K90DDI_C_AND

In 1959, r.heAtomic Ene_f Ccranlss£on (A_EC),the p_r t_ today's N_ear

P_atorf Cc_ssion (NRC), _ssued its firsT,c_ting license, No. DPR-I, tm

r2%e Valleclr_s Boiling Water Reac_cr. As issued, t_ license r_ tha_

Ge_ ElecT_ric (GE), the owners and ope_mtcrs, su_ for AEC approval, every

modification aral test or experin_2rc nc_ explicitly approved in the Licensing

Documents. These summi_tals w_uld r_quire AEC ap_ral prior to t_'_.ir

implementation. To suppor_ the experimenual pr_ of t_a vallec__cs pr_gec_,

GE had t_ m/_m/t several filings a mcr_ to the AEC. _ ar_ was

dnaccepr_le to bor/%the AtcmllcEnerwf Cc_%mlssionand General Electric [6].

Ln 1960, GE asked for, ar_ r_K=elved a i-ecc_ldez-a_ic_1of these r__. GE

and the AEC then dz-af_ a new agr_m_.r,t. After formal AEC review, tha new

agi'EM_n_T_was issued as an at_.r_:_entt_ DPR-1 on a _z-_ and order daT_ 2

N_ven_, i960. The a/__ clearly suar_ t_t GE had c_leta fr_ tm

make _anges within the par-amer__rsof the te_cal sp_cifica1:icms, provided t2lat

no _ived safety question was i/NDlved. (

Pecocjnizing the widespr_ applicabili=y of th/.s ap_ch to r_gulatirg chan_

tc licensed facilities, t/m AEC _ pr_ rule lOCFR50.59. The pur_ of

t._is new rule was t_ define r.heexten_ t_ which the licmnsee could make c_ulc/es,

and perf=rm tests or ex_iTeurcs tha_ _ n_ specifically alluw_d for i_ the

__ra_ir_ license. Four m_ attar it was p_, Title l0 of the Omre of

Fe_ar_l Rec_ulat.icnspar_ 50 sexiest 59 (I0_0.59) b_cm_m effective un A_

9, 1962.

T_ay, all licensed nuclear facilities are subjec_ t_ IOCFR50.59. This

r_.,_lation is valuable both to the lic_nse_m an_ to the NRC. For the

_wners/cperar_rs, it all_ws the frssdmm t_ opera_ and cc_l their facility.

The NRC finds the r_aticm valuable because it mair_ _ original li_nm_

basis of the facility. NevarT.hala-_, the impl_t_icm of this z-egulati_n has

caused a gr_a_ deal of ccitt/sign, bc_ with %he licmnme_s and the NRC [6]. T_e

cliffic_It-y_ in the __ic_ of t/_ ckx=umm_,*:and t/_ i=%ml__u_n of



Specifically, i0CFR50.59 perm_r.s r/he lioe.nsee t_ make _es to the faci!i_f or

prEcedul'_, and to _c'_ ten--cs or experirenr_ withcx/1: prior NRC appl-Dval

pr-prided tha_ the c_ange, _, or experLTen_ meets certain criterza.

criteria are:

l) The pr_ ac=ivit-y mms= no= involve a c_e in t.he _cal

specifications and,

2) The pr_ ac=ivit-y musZ nc_ involve an unl_vi_ safety quesT_ion.

The f"r_c of these _ criteria is_,rn._har straight fcrwaz_ and r_dundant sinc_

NRC approval is _ for %11 tI_m/cal specification c_ancjes. The difficxllt-y

comes in the _a_cerp_nicn of _ihe secDnd. The dsfiniUicm of an "unreviewed

safety ques=ion" pruv:ded by the NRC in 10CFRS0.59 is state_ as follows:

10CFRS0.59(2)

A p_ chan_e,test, or experimentshall ba _ t_ involvean
_i_ safety question if;

i) the pruhabiliry o_ _ or the cor_ez_Jer_m_ of

an acciden= or m_,l_icn of equipmen'¢ im_rtar_ to

safety previously, evaluated in the Safety Analysis
Report may be _ased or,

ii) a possibility for an acciden_ or malfuTLT.ion of a

d/ff_ Type than any evaluated _£ously in the

safety az-_ys:_ r_4:x:_rt may be created or,

iii) the marqi_ of safety as defined in the basis for any

ta_Inical specificaKion is _ [2].

An en_in__ra_m_in_ _= mmlua_a a _ m=_ifi=ani=n,_ or

mm= f_ d_._m_ several_ _. _c%=ns lik_
{

i) khat _ is "i_=rcar_ to saf_.3_,?

2) _= is r_e safetyAnalysism_um?

3) What is meant by "evalua_ _immly in t_he safety analysis

4) 9_at is a 'h_ry//1 of safety as defined in the basis for any

_cal speci ficar_ion"?



be _ before the engineer may proce_ [6]. _ _ no these

quesni_ns will differ d_y_rd/n_ on the facility and utility to w_ic_ they are

ackiressed. For _le, t_e SAR is a brx_ad term that can r_fer to an

grm_ of dc_ants that were submitted to the NRC for ap_Ex_al. It _Isually

includes the Final Safety Analysis Rs_or_ (FSAR), the ta_%nic_l specificar_icms,

and the basis for the _c_ll specificmtic_s, but it can also _ude c_sign

_mses and dssiqn criteria docu_-n_s. Tna SAR also includes all __mn_s

dccuT_-nT_din a Safety Evaluat.ionRep_z1: (SER). _%e S_ is a _ written _y

r.ha NRC t_ suppcr_ the ismmnce of thm opermtir_ license and is based on

information provided in the SAR.

_e determirmnicn of _ether an _ived __afety question (USQ) is created by a

pr_ mcdiflzn-.ion is pr-_a !y the mos= difficult of all the i_ to

resolve. T_e =irs_ step is the apprupriate application of th_ criteria. Only

c_n_e_ _nd test or expari.nenns tj%at affec_ the lic_msin_ bases of the

facility should be subjected t_ th_ USQ criteria. _ess of the safety

ttmt may be raised by the pr_ ch_e, test or experiment, if that

activity does not affec_ the licensing _3sas of the facili_.."then it carux_ be an

USQ [6]. The difficulty is in deter_lir_ if the ctmu_e, tes_ or experi_.n_

bein_ evaluated _cts the scope of the SAR and thus the licensing bases.

A successful application of the IOCYR50.59 criteria tm a p_ c_, _ or

experirenu rsqu_ ntmt the ir_ividual perfomx_ng the review _e knowle_eaDle of

the licanslr_ do_2__nts _associated with the patrick.at facility, as well as the

facility and all its safety ralated systsms. This r_gu/_*_s an ammun_ of

expar_isa that usually precludes any one individual fr_ being knmwl_e in

a_l areas. Thus in m_ _mes, _ engineer performing the review _ _a_

with several othersystem engineers tm properly evaluate the pr_ activity.

If a i0(_J_50.59 evaluation is dcr_ i_3r_erly, the results can be v_ry serious.

Aside from finms that c_id be _, there is a pmtm_ial for the cr_ati_n of

a _ _t to the safety and health of the public that could go under.

A case in point, _ at the _ Nuclear Plant. An examination of the

plant's design baseline identified a _ of essan_ial calculations ttmt had

been _ invalid as a result of plant mcdificaUiuns. _ila reviews ware (
\



perfcrmzO on _ Er_ineeru_ _e Notices (_:_s) _ia_ad wi_ t_asa changes,

their _ial im_c_ upon certain calo_.ations was no_ r_x=jniz_. To pr_amt

rz_/rr_nce of this ccrziiticn,a ro_c cause analysis was performed. _3%isanalysis

c_ncludsd that the la_je _z and diversity of t_he calculations involved

preclude any one er_ineer fr_u beir_ knowle_le of the omnten_ of than all

[I]. It was also ec_cluded that, even if s(xnmone ore/ld be knowle_jeable akxmlc

the _ of all calculations, there would still ba a comsideraDle v_r_ili_y

t_ how er_ineerir_ ju_ w_uld be _isad in safety reviews perfcrmB_ fm=

similar modifications. This saomr_ fir_ ex_%rz_s_ the task of d_fin_

_ive ac_:ion from one of pr_rJid/r_ better roalrf__na/x_of the c_lcu%lations,

= t_ the broaOer _ of pr_vid/2_ a _ t_ help the en__ pmrfor_

co_r_.nsive and consisTs_hzsafety r_vi_ws.

Analysis of the need in this broader _ quickly r_vealed that possible plan_

mo:Lificatimus _ so very diverse in na_/r_ and inv_lve_ so many possible

influences _ safety, that they exceeded the _ of knowledge of any sit,le

individual. For years, c_ecklists w_re used to guide r_viewers th_ _ir

omnsidermticn of a proposed modification. Unfo_rm_ly, all de_ f_

cannot be _Iy represented usir_ a check list.

SOLUTION

_na m_ o_ safety _i_ _ _at Lndivi0_Is p_ZonuU_j

ealua_i_nz _ krowl___/%__hle in _any areas of engineering. D_lua_rs musU be

familiar no_ only with licensing do:_r_s, _ also with the facility, and

specifically with safety re/arid sys_m_. Clearly, t2_ am_ur_ of informar.i_n _o

be pz_,_m_d is o_nsideraDle. H_noz, an ex_ _ can si_nificz_.ly asmist

in Uha __i_n of thesa r_views.

SvWo_

An exper_ _ is an application pro_am that a_ to mimic human j_

by applyin_ _ial knowle_ of specific areas of expmr_isa to solve fini_a,

well-def_ pr_Dl_ns. By ca_ in _ code the e__ of hi_y
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qualified individua&s,prt_lemm wnicm rv.sidein the same domain can be solve_ by

_it±vely applying tha same knowledge.

An _ _ typically cunsiats of two _,__, an inZz_ce en_ina ar,ia

knowlec_ebase. Tna inferenceengine _atners infarmatimn,_ saaz_=_,

draws inf_ mased On the stra_ pr_rammmd into it. Once cmnclusians _ave

been _, r-__ndati_ns ar_ presented along with _xplanations cn the bases

for the comclusions.

"_heknowledge base of an expert system contains the e._ - collecta_ frt_

experv.s,books and publications - usm_ in prt_iding advice under a variety of

ocrglitions. _ exper_lse descr,.besa methcdolc_y_for solving a prt_lem as a

h_Tan exper_ w_lld solve it. The knowledge is _ usir_ rllles,fz-ammm,or

other __ for kncwie_e _43_=&entaticnand is manipulata_dby tku_infererg_

engine to provide advice and _ticns.

are_ _mefits_ be d_aineafromtheuse of _ sysCm_. Ohm of [
the pressing and most significant_rt_lems in decision ma_-ingis the face tha_:an

exper_ cmnn_c be available at all slr_._at all times. Exper_ systa=_ mak_ it

possible to deliver expertise to rmTm_e loca%icr_ where experts are nc_ al%_ys

available. It is al_o a_ that aside frtm provid//_ advice, e._:_r_

become _i_cr&es for unckx_mented knc_leck_ which omuld otJ%erwisabm i_-_

__.

_=vious a_e is that _xper_ _ do noC g_c _ oz"c_.t_

the _ load inc_ses. In the eav_ of a nuclear power RlanC, _

aff_-U_ _, m_:iorm, _, and o_m_r f_-Cc_ whic_ a_uld in_luar_

decisions [3]. E_m=_ _ can provide expert advice and rapid ao=mm Co

da_ and other vital information.

Zmz,m'C _ and n_'_amtim,,,10",,m__,-Prt,_-_,_, T_m basic diffai"_,_ k_mmn

expert _ and ccnvm_tional _ p_,.__ is V/mt ex_.r_

manipulate knowledge while c_n_ticnal _ manipula_ da_a [5]. In a (
\

_



conventional com_irmr lancjuage, _i_ns to be _ are prmsmTcad

_uen_ially _ are highly _. _ is an alg_riU_m to be

follc_d, and execution of the p_ implies a logic flow frcr_one _on

to the nex_ as presented in the coda sequence. Tna expert, sTstam style of

p_og_L,_ing has furdammnr_tlly _ the way we give _ons t.m the

computer and h_ the machine _ those _ons. Insmnm_ons are

logically ccrmecued - not saquen_ially - and as long as there is a logical link

between the _ and the conclusions, the inference engine will eventually

arrive aU a r_n/it.

The separar/mn of knowlec_.e and inferzr_ techniques in an _

simplifies greatly the task of updating knowledge bases. Since knowle_ja is

srxucCured _ently, it remains _inc_ and legible and my be deleTJKi,

changed or included in a system witho/c _ive logic r_design. In

cmnventicnal corm/tar p_, in _-c, the knowledge is _en with the

pzzrg-am logic and __ru_, ard _-hanges ar_ bound to _ the behavior of the

An expar_ syWcem _ins a decjree of self-_ or self-knowleck_ that

allo_s it to reason about i=s own operations. This self-kno_rledo/a gives an

exper_ s_ the ability to provide explanations on its decisions and to

glrm_ratestatus determi/_tion infol-mar_icnn.

Expar_ _ also have the ability to manipulate uncmr_n, or fuzzy data.

m_ults that are unambiguous. How_, when informaUion is r_ _,

in=,_1,te,missir_or _=nfliC_n_,_ _ can _ _ a

_onclusi_n or solution _ the use of cmnfid_ncm facTxEs. 13n_er

cmrELitions,an expel: system will give ths '_c _le" solution or the "b_m_"

_lution,but not necessarilythe _ solution[3]. _ az_ sommt/_.m

forced to mak_ subjectiv_ evaluat/or_. Such _ectivit_ may be emmily

__ _ an _ _ usingconZimmoe_ac_=s.

_li_c_t/ons of _ $y_--_, The impact of the _Ioo/I of expert

has k_mn felt in many areas of science, education, and ir_. In ths las_ T_n
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years, devalc_men_ efforus have resulted in the implemannation of a great

of applications now cTm_razicnal, or in the _ _. In the

nuclear _, there are many areas in whic_ exper_ _ c_uld make

significar_ __ons. Exper_ _ are foresean as _idir_ promisir_

solutions for pr_Dler_s in _ tz-ainir_, plan_ mAnaqm_er_ and safe_y

evaluation.

The amili_y of expert _ tm gm__ra_ s_atus det__inaticn informar_i_nand tm

p_Dvide explanations on the bases of their ccrc_i,_sic_s,zan be used in

tr_Dlir_ of pel-so2%nel[4]. A_kliti_.2_aulb_efits are t_ be ga_ fl_znt.heclesiqn

ar_ impl__ion of the sysram it__alf, w_ich will force the dsvelc%ummr_ and

dmmm_elTcaticn of decision makir_ policies.

In the managing_noand q_raCion of nuclearpower planUs, _ _ can _

o=_ri_u_ as_ __ = U_e _C_rs, as _ni_:in_ _ valida_%n_

for sensor_ana, and as on-lineaccesssy_V_mfor performanceand safz_y

data. CE_vicusly, the rudeST.heSSand ccmpl_ of the _ tm he dmvelm_md

is of critical _.

_e Safer7Revi_ Aevis_

The SafeTy Review Advisor is an expert _ t_ aid in IOCFR50.59 evaluations.

In bu/idin_the SRA, w_ at--um_ t_ m_late the _ _cess of a revimmr.

TO accmmplish this, the expez_ _ must ask _ q_mst_iunm t/nat the en_inmmr

wmuld _ a__ically. Far _m_le, t.be en_inmmr evaluatin_ t/_ pz_m_mm_

acT/vit'y mus_ firs_ da_.zmine _ t/_ acT.ivit'yis a _su_)m, cr a tmm_ or

experiment and than apply the aL_r_pz-iate criteria.

_,m this d/s_inc_i_n has been m_, t_ _ineer begins Cn evalua_ the

pr_x_d acTiviTy in greater detail. If the pr_ acclivity is a c_, the

en_irmer mu_c determine _ the _han_e will affect mnly the facility or will

also _ a c_ tm a pz_ce_ur_. HZm_wer, _ pcm_ibilities mus_ be

evaluated sinc_ either omuld _ NRC a_val prior tm impl__i_n.

(



Figure i _ the block cLiaqr-amof the logic used in our approach to solvin_

Pr_=lem. Since cur efforts are Presently _ _ the cumst-l-uc_/cnof a

proof of principle prutmrype, the SRA deals exc/_sively with c_'_es tm the

facility. Specifically, %_e pru_ry_e acEh-esses _ d_y aff_ the

Standby Power _ of the Sequoyah Nuclear facility. F_ 2 _ t2_ block

A full scale _, as depi_ in fic_L--el, would address _ to _ th_

facili_f and p_, as well as the possible effects of _ _ eT

ew4_-ri/Tent-s.C_r _-_oiceof which b_ tc mm=_i was based cn cx_versations with

TVA personnel. _hey indicated than the majority of their evaluaui_-_s, and t.ha

ones with the mos_ P_r..en_ial i._::_c_ _n salary, wQre Perforred on p_ cf_T'4em

tc the facility. The Sta_ Power systam was _ because it has very fw

interZaaes with _-_ar systems. The few _ of /aUerfaces alluw_ for a more
r-aplddevelq3_._t of the p_.

To evaluate a p_ change tc a facility, an engineer must determ//m which of

=_esa:etvr_a_ _ or _ w_.idbe __tY af_V._ by thec_nW.
The engineer mus_ also d_ the pmssible effects the c_nge would have un
uther _ that LTcarface with it.

our p_ takes a similar approach. _ SRA firsu _mmm2_s t_e _ on

which the P_ ct_n_e will he performed. T_e evaluaU_r selecus U_e

a_r_V:iaUe _ fz_m a list of plant _. A full scale version of this
w_uld allm_ the engineer tc

mm_ than _n_ of the _ I_.

mo_ificaticms may d_y affec_ sawel-al _. The _ cn

miner hand, only allows tha sal_c_icn of the Standby power _.

The S_A t.tmn a_ to narrow the _ of a_'r.en_on by _ an _tm

su_-ystem thai: the m_dificaticn will affeCc. In the _ _ _ t.hez_

aretwomajor_. Them at,the Zmmm,,uZStandbyAC rowersw_ly andthevitalrx:l_wersu_iy.
the appr_priata sumsysram The revim_r must them salect one of the t_. Onmm

different lis_ of choices based cn the rr'vie_ar,s _.
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_ prov_z_e sufficientlynarr_-_ u_ fo_s t_ a particular com1_cwmrmcr

gt_x_ of o_a_n___, "-_esystem res_ wiv.__ appz_p_-_a_ information.

Ln_crmation Uncludes d_s_gn crm_er_a re_ezenoes, SAR z_.Z_, an_ oY.ham

erraticalir_or_aticn ("r_lesof tKu_") _.levantto _ _,_mn_nt. For _,

if _ r_vie__r were evaluatir_ V2_ possible _dificanicn of the diesel

_n_rator's beat _, U_e _5_e would list all U_ __ SAR

ref_ U_at _ U_e _eat excr_n_m. 1_e SRA _d _ u_e

a_riat_ _ set f=rt_ in the _,_s_Inc_iWmma and d_i_jn m_ms

doc=m_, _nd i_. _uid also pr_-_idezules of _ used _y v._ diesel c_rat_r

e_ in evaluatL_._ performance of _._ c_ (such as "only 15% of

_',Desmn v__ heat e_. may be plumed witbam..'V,affectlr_ ins heat r_sm_L

_°'). _ _ _Id also _ a z_c_e_Ida__%c__ the _ITy

of perf_ a 5afeT/ D_aluaui_n_ cn _he r_vie_er's y_pc_Ise.

_._, 12_ -any c'.nerut_lit:es, ,has designa_a_ en_u_sers t_ perform Safe_/

_zaiua_c,ns. Easy aau_ss u_ im/orma__zcnabau_ ea_m _ and _ major

c_n_s, '-r_idslg_Ifica_y _ t_e r_ear_ time r_ to perform v2m

evaluaUm, lt _Id also t_l.p allev_ta t_e _ a_rut _mU_7 m

per_rmanm of safety _valuatla_.

R_n_r_ SZ_T_

Dm_elap_.m: of the ERA _m_an in Januaz7 1989 _ it is __ly anm

cmmple_. T_e _ "an'sianof t_m _ _s crded in Trams _' PC

Plus foLlawu_ a ms_ular _jn plan. Damumlly eizm mmdUle of t_i SPA will

a differ_t Rlant sy_em. _ans _ _ am also

inc!udmd in the de_i_n. _ campier, the SRA will bl capable of addr_ssmn_

all mmd/ficar.zc:_tc _'s Sta_ Pa_.r _.

[



The feas_ility cf inco_tir,_ simplified plant _ _Uics _ the

prototype is _e_nq explored. _qm_.n_ to da_a has _ca_ that this

capability will be a necesslt-yfor i_l_tic_ of a large scale _.

If _ _ is to me _, it w_uld be advisaOle to transport tha s_ to

a =ore _ expert s_ enviz_mmnt or to c=_ tha SRA _y in a

prucg-_%ng lanc/ua@e. The size of a f%lll_e _ is _ tm cause a

significant _ in the time _ to rt_ a cEr_m/itat/._nunc_.rPC Plu_.,

One of the m_jor U_sues of a full sized _ _ _uld be iUs a_ilit7 to

incorporateCAD drawu,_s of plan_ SyS_mm and scnm_ui_. In a laz_e sysum,

capaDility will be a/rarestmandatory. C_mmmT_ from TVA _ who revi_

the _fstmn imdica-.ethat -.hereis a problem with consistent termir_logy. What

the s_ enguneer calls a 15 gpm pump, the engineez performixg tna r_vi_w calls

a fuel %vansfar _m_. _ individuals az_ cmrr_.'tb_muse on t-w_diff_

d1"awl.nc4sd/ff_ _ are given tc the same pump. Unl_ CAD drawir_s ar_

inucrpcl'a_ in a full scale s_, this pr_l_ will he _-avat_d.

C_N_USI_RS

The _ Safety Revme_ AdvUK= un_= develc_mmmt will address _mapcsed

m=lificatiuns to the Standby _ _. The prov.mtTpeis not a cure for all

_ that beset the _ineer a_m_i:w Vm evaluate a Fr_pcxs_ _,ilflcmUicm,

It ca_ ad_ all p_msible _, t_s_s or _mrimm_,s. The _ that can

b_ I_ for with the te_nclc=]yat _ is to _I_ an aid for rma engineer to

help him perform the evaluationsmore t/'#mmm_c9%l}.;--,=T_iStSmZ/yand eff_y.

If tn_ SRA were to be Cra_Ioped on a full scale, tha issue of the en_ir,_r's

c_m_'yc_t__t_uldhawtcbe_. __vv_-y_i_ _i_md

' sur'ic-.lyas a tool to assist en_Lnemrs un pmrform_ the evaluatimns. As wit2_

any other t-col,t21eold adage " y_/ me_d to be smazrer than the macfLir_y_maare

tryin_ tc c_a_.e " still a_plies. T_mr_ is cmnc_-n that such a s_ w_lld



a

czd.ate c_lacency _ the e.ngmneer. An e.r_inee_-truing an expez_ s-_ must

always be a_rareof the boundaries and li=nitsof _ a sym'tem. _ goal of the

is tc direct the r_vim__r's attention t_ pc_er_ial areas of _, n_c

to perfo=u tPa_ e_aluaticn.
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