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LIMITED-SCOPE PROBABILISTIC SAFETY ANALYSIS FOR THE
LOS ALAMOS MESON l’HYSICS FACILITY (LAMPF)

Mohsen SI-tarirli,John L. Rand, M. Kent %sser, and Floyd R. Gall egos
Los Alamos Natioml Laboratory

k Alarms, NM 87545

ABSTRA~

The reliability of instrumentation and safety systems
is a major issue in the operation of accelerator

facilities. A probabilistic safety analysis was

performed for the key st+fety and instrumtmtatiort
systems at the Los A]amos Meson Physics Facility
(LAMPF’ ‘n Phase I of this unique study, the
Personnel ..~fety System (PSS) and the Current
Limiters (~ Ls) were analyzed through the use of the
fault tree analyses, failure modes and effects
analysis, tind criticality analysis. T’base 11 [~f the

pro~warn was done to update and reevaluate the
safety systems after the Phase I recomrnendati(ms

were implemented, This paper provides a brief
review of the studies involvpd in Phases I and II of
tht’ prt)gram.

II :iNTRODUCTION

III 1990, lh(’ Enginw’ring and %fetj Analysis
Grt~up (N-6) with c(wpwati(m of Metlium [i-m’r~y
Physics Division (Ml’) perft)rrned a study of

I%rsonnel %f~’ty System (P%) and Current Limitws

(Xb) ft)r the Los Alamos Mes(m Physirs Facility
(l, AMI’F). Ibis study has lwen part (}f thv radiitti(m

safety and saft’ty evaluitti(m assl’ssmtmt for tht’ LAN

Alarms Neutron Scattering Ctmtm/Weapons
Nt’utr(m Research (LANSCE/WNR) f~cility, The
study, the first of its kind for an accelertttor f~cility,

involvod using t(n)ls such as fault trtw i~niily~isid
failurv modt’s and vffects analysis. lhest’ types [If
itnnlyslw have Iwvn used vxttmsively by dc’f(’nw

progrnrns, the comrnerciitl nucltmr in(lustry, spacv
pI ~grams, and the ;h~mi(:al industy. Illi+ study
std(~.”t(ki two !JyskVns- thv 1%S and tht’ Xl s- for this
pilot ~lrogram, l%w+t’ twt) syst{lms ar(’ Iw)th impor-

tant to safety and possess diverse characteristics (i.e,
P!% is a multifunction, large, expanded system that
extends almost one-half mile, whereas XL is a small
moveable unit), which resulted in choosing them for

this study.

Phase I involved assessing the feasibility of
applying probabilistic risk assessment (1’RA) tech-

niques to LA MPF. This assessment was acc(lm-
plished by performing a I’RA of the P!%, namely,

the transport beam plugs, associated intwlt~ks and
controls, and XLS. %veral important findings and
rec(~mmendati(ms resulted from tl-w I’RA analysis in

I’base 1. Phas~ 1was comp]etd in L_tobtlr 19Q(~.

‘ITw rect)mmendati(ms madv for ttw opwA-

tion and dwihm modifications fur tl-w XLS and for

PSS in Phaw I of tht’ study were incorporated and
implemented. When we ohtaintd inform.ati(m about

the reliability of rSS, we v~rifitd wheiht’r the mt~d-
ificati(ms resultwl in Any um’xpt~ttll incr(’asw in

unrt”liability and instc,td rt+ulted in gains in tht’
rdiability m,~rgins for the syst~’m. Phas(’ I I rt~’1’,il -

ut+ttd tht’ new dwi~n, with rntdificati(ms, (Jf th(’ 1’SS

and XL systvrns. In alidititm, tht’ I’htt\t’ 1 rt’p(~rt WAS

updatmi bdstd (m commtmts and suggl+titms [)1

accelerator facility pvrs4mnul. Ilw r{wvaluati~m
phase was c(lmpl,’t~l in %pt(’mlwtr i992.

l’h~sw I and II, and thv rt’suiting in~ights

and rwomm(’ll~ittlit)ns, i+rt’ discuwtyl in this il,lp’r
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off automatically if excess beam spill, fault equip-

ment, or open interl(wks are detected. There is also
a manual mode beam gate inhibit, which gives the

operator quick manual input to stop H– productitm.
The manual rnod~ also may be activated by the
beam-line computer software. Figure 1 is a simplk
fied drawing of beam-stop locations at LANSCE.

A. Description, desiLm, and operation of

the I%&

The PSS transport beam plugs and
associated interlocks and controls include pi~es of

equipment from many detection areas and contr(ds
to the Varl[)us beam plugs (the six major beam plugs
are OIBLl, TABL1, TB13L1, TCUL1, LDBLO1, and
LDUL02) uwcl in the analysis. The PSS includes

interlocks on exclusion areas, beam plugs, and
instrumentation desihmed to protect personnpl fr(~m

excess radiati[m. A fault of the PSS will interrupt all
three beams in the LAMPF accelt~rator and then
insert beam plugs to ensure that ml l-warn can reach

the area whert’ the fault t~curred.

r+cll>%~
TBBL1

/

The RP and F1’ systems are desiLm~i to
protect beam-line equipmtmt fri)m damage resulting
from errant hams and to limit beam spills to levels

be]ow the thrmhold t)f the PSS instrumentati(m,
Failure of the R1’ and IT systmm will not compro-
mise the protection affordtii by the I’SS. The PSS
system includes the beam plugs, a large number t~f
relays and contact pairs, ~’arious switches aru~ keys,
interk~ks, and controls that are involved in the

system operation. These interactive. ctlmpmenh are
distributti in various areas hat cou]d px~end out to
atxjut one-half mile at sc~me points. Figure 2 is a

representation of the LAN SCE/WNR P% safe-string
logic. l%e nodes in Fig. 2 indicate functi[ms and

systems for operation [)f the system.

B. Descripti{m, design, and :)per~ti(m of

the X 1.s

The XLS prt}vide a reliablp mwns to

m(mitor various areas .ind detect tht’ avera~r current
(tutside the threshold limit. The XL system functi(ms
as one of the m{~nit(}ring s(}urc-es that pr(~vidw input
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The rec(~mmtmdatilms in~’tdved suveral
modificatitms in hardw.+re as well as chan~es in
twting and maintenance ~nd prtmdures bawd in

tht’ hum-m reliability analysis, as follows.”



VI. CONCLUSIONS AND
RECOMMENDATIONS

The reevaluation study providti thousands
of cut ~ts [(lr PSS. It al.q) show~ a MS unrelirrbility

of 3.1 E~. Tfw uncertajn~ results indicated an error

factor of 2.1 (95th percentile/50th percentile). Also,

the results showed the mean and ‘he standard
deviation of (3.7E-4, 1.8E4), (3.7E-4, 1.8E+), (4.9E-9,
4.1 E-9) for the h)tal, singles, and others, respixtively.
For the total, the values of (1.6E-4, 3.4E-4, 6.8E-4) for

the 5th, .50th, and 95th percentile wer~ calculated. In
addition to the inf(~r-mati(m gaintd in the analysis,
some of the more sikmificant insi~;h Lshave been

discussed htw.

The prt)bability f{)r cut se~ started at very
low values. At a cut off of 1.OE-12, the anirlvsis ~~f
Phase I corrfiguraticm resultal in 797 cut sets and
system unreliabilih~ of 9.2E-4. The I’haw II retJ\’al-

rmti~m yieldtd 314-cut sets and a systvm unreliability
of3.1 E+, ‘Ibis sh(~wwl a 670/0 reductit)n in system
unreliahilitv and over a 60[}0 reduction in tf~hl cut
sl)ts with prt)b~bilitit’s higher than 1.01;-12 and
(Jrd6rs of 3, Thert, were aist) v,lril)us (~Lhw signif-

icant items including reductitm in hardw~rt, ancl

potential human t’rri)r.

The r~t)mmendatitms il~clu~it~ tht’ f(dl(}wing:

1, R~wntn:c’wrv remaining p~)tt)ntial t+rea~
for human Ljrror. Mt~st t~f thtl ittjms in

qm)sti(m ar~) hwketi ~nd hqqyd in the
appr(]prl(lt{~ c~hintlts, l’l,ins ill’t} umlt’r

way t~l implemtmt future inlpr(jv(’mt’nts.

7b. ‘1’hur~’h,lv~’ h(~’i] signi fic,int mt)~lific,h-

titms t[~ tht’ prort~lurt’s sinc”~’th~’ inili,ll
~nal~~i>; h(~w~’v(’r, c(mtin~l(<l upd,~tin~
()( tlu’ pnm~ Iurt’s is r~’c’i~nlnlimllt~i,
l’lans (tmlinu~’ tt) tNI inlpl~’mtvltt~l for
(Li$urt’ im~}rtlv(’nwnts.

-1. . (}lllt,r lnlprof,(,nl(,n[~ ill tll(’ .)r(’(is of

In(l(’p(m(l(’llt lh(wks ,IIUI lll(or})(lr,~tioll”

()! J S(Y(NI(I si~n+lf( bl(u’k ar(’
lt<i~nlrlltln~lt~i.

I:irl(]llv, ttu’ ,malvsi~ pr(wi(h~l inlp(~rtllllt
inf(~rnwtl(lll ftlr tht’ (lp{’r,lt~ws, ~1(’~ignrrs, ,Ilul tht’
>tr~ff Al l, Ahllll:. I’l,tll> ,Ir[) I(I UWI sirnil,lr Nuftit% f{~r
{Itl}t,r ,lr~,,l> t)[ tlu, f,l(illt~,, 1’1)(’,lnal}’~is ,llst~ prt~-

f’l(i(’~1 ll]t~~r[l~,l(l[}l~ to 11(’~h,~rtxl wrth t~llltm in Ih(’

accelerator community. A favorable review of F’RA

applications to accelerators was rixeivtxi at an
accelerator safety w~~rkshop hosted by LA MI’F and
attended by representati~’ti from all Department of
Energy accelerate facilities.
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