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1.0 PURPOSE

Tha purpose of this analysis 13 to assess the potentiel for boron
ditution of the TMI-2 reactor coolant system, Revision 0 of tals
analysis 1dentified methods of 1solating the RCS that provide a high
degree of assurance that & dilutlon event will ot occur. Reviston O
considered severa) plant operations that have been iapaortent to recovery
operations to date. The Isolation methods recommrnded in Revision O
wero {eplemented through approoriate plant procedures.

Revision 1 of this anralysls was Issued primarily to consider the effects
of criticality analyses which Indicated that 4 higher boron concentration
(4150 ppe 8) was applicadle under .ome circumstances than wis atsumed in
the Revision O (3500 ppm 8). Other changes n Revision | included the
4ddition of references that descrided the mizing charactertatics of o
potentlal dilution Inflow and @ more refined analysts of dilution/
mitigetion capabliity. Nodifications mede 1n Revision | are Indiceted Dy
o vertical line with the numder °1°,

The purpase of this reviston V3 to consider the boron dilution potentlal
associated with operation of the Defueling Water Cleanup System (OMCS),
The OWMCS analysis I3 provided o & new appendix, Appendix E;
m0d1fications to preexiiting sections of the repert are indicated by a
vertical Hine with the numder °2'. It should be noted that, dve to
schedular constralnts, only minor editorfal changes were mede in report
tections other than Appendix €. Thut, the main Dody of the report has
not yet been epd!fied te Include specific additional Issues st requested
by vartous groops {e.9., Oesign Englineering, TAAG, $86); It 13 planned
that an additienal revision will de mede to Include these fssues. The
OMCS analysis in Appendiv € 13 not affected Dy modifications to be made
1n other sectiens of (h)1 report.
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A new f10tretion and lon exchange syites for processing #CS weter will be
added to 81d defuaiing cperations. This system V3 termed the *Defueling
Mater Cleanup System® (OWCS). Two modes of OMCS oberation say be uied 1n
defueling. The first sode wtilizes only dedicated OMCS components for
fi1tration and fon ezchange: the 1econd mode utes dedicated DWCS
components for fiitration and the SOS System for lon eschenge. Thls
revision considers the potentie) for ACS boron dilution that Vs
associated with OMCS operation a3 wil a3y the diiution potentie)
associated vith other plant condittons.

The main Dody of this report covers plant operations durierg static
conditions while in the leve) control mode &3 descrided by Tmi-2

Operating Procedurs OP 2104-10.2. A&SItiona] Plant meneuvers/conditions
are covered In the appendicas. as ndtcated delow,
#CS Feed and Blved (0P 2104-10,2; Secticn 4.2) Apperdis A
1IF FAY) (0P 2108-10.2 Section 4.3.2) Apgendix B
fefue)ing Canad F11) (OF 4210 Do 3254.01) Aogendis €
1IF Processing (0P 2104-6.19) Appendiz 8
WS Processing Appendix €
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3.0 SUWAAT OF RISULTS

References 16 and 17 {adicate that tre mintmm sccePtable boroe
toncentration cntil the start of core a)teretions 13 500 opm. Reference
13 tadicates that ¢ concentration of 4350 ppm wil) ascure sedcriticality
e the presence of intentional fued disturdesces. T prodedility of
occurrence of @ ¢ilution event 13 a funciion of tee aditity to tielate
the ACS 4nd act of the accepiable Doroa concentratica. The predesiiity
of & large éllutlen rate eveat octurring Gurtng static tonditiont was
foued to be very 3mat1 (=3 x 10°% per year); tae predanidity of &
32011 rote dllotion was samewhot Narder (=55 1072 per year). Tre
prebability of a dilutlon occurring during particelar plant manegvers
varies Decawse the mmter of Dotential diluitos paths varies; tve
provatility of a dilution occurrieg during each seneaver 13 presentec lo
the aporcoriate 29pmelr. 1t a €ilution eveet wery to &ccur, the
orodabll ity of terminating 1t before 1t Decomet a tafety concera 18 2
fusction of the alnimm dccrdtable boron concentration er, tecouse
there 3 signIficant sargin betwern either minimsm scceptedle borpe
concentration and the acteal RCS concestratiea af 5030 (¢ 100 pre), as
appropriate detection/mitigation progres can dDe Cevelooed for ¢Vther
einimm concentration. Ceasidering the detection/mitigation casadiiities
along with the occurrence probadility, the prodability of en Inadvertent
dVatien cacileg o criticality was fognd te Do togligidle (abeut 10"
per year) for 0lazned operalion: antil the start of defeeling.

Isoletion boundaries for the RES Guring static coné¢itions ané varioes
plant maneurers have Deen recommnded. The 110lation Doenddriet in thiy
report generally veflect the fegut of the Safety Review €700D ang Site
Operations and are incerperated into approprlate plant Procedsres.
Sewpling and {avectory moattorieg frequencies have alic Bree
recommnded. Thete recowwendations were iaorporated inta S(R
comitments or ave already contistent ith plant prectice (W.B. Afrer
start of TIf procetstng, LONS comnitted to a more freGuent 38801109
freguency than that recasmended in thVt TeEovt (g order to reduce
wncertainties adout mizing of the potential diduent,)

Detatted contluticas and recommwnditiont are preiented 1n Sections 5.0
a4 §.0, reipectively.
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4.0 ARALYSIS
4,1  Introduction

Sorca dilution of the resctor coolant systee 13 a concern ot INI-2
becavse of 1ts potentlal to couse a criticality with possidle
perionne) and public safety llollullons.‘ Thus, RAS has
performed o plaat specific analysis of the boron @ilution potential
ot TR1-2. Section 4.2 provides a summary of tho analysis

sporoath. Section 4.3 summarites the assumptions wsed and the
Timitations ef the snalysis. Section 4.4 provides the detatlls of
the calcelstion,

1 To 94atn & perrypective on the significance of this Iisue, 3 swmary ov
(ndustry experience IS Melpful. Based oa actual induitry es
probability of an ynplanned baron dilution of & PR during mainte
and refueling Ras BDeen estimated os 0.09 reactor-yesr (Reference 1),
The WAC estimates the prodsdiiity nl an |n|6v0runl criticality lut to s
Soron @11ution event to be 2 » 10°3 to 2 x 10°¢ per year depending on
the neutron monitoring tn use at & plaat (Reference 2). Of additiona!
Interest st TMI-2 13 the prodadliity of &a unplanned d)laticn of o
Dorated Tank. which has been estimated, Based on Industry esperience to
be adout 0.) per year (Reference V). (Quipment Fallures were the couse
eof 703 of the RCS Doroa d1letion eveats; BOT were the reselt of personnel
error. Interestingly, 81% of the Puron dllutioa events were “otner than
those postelated n the design analyses in the PR FSARS ...°

1).
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The boron d11ution analysis cen be sommarized by the feilowing
. tasks:

{1). Lldentify the potentiad poiats of water Injection to the RCS.

Thete points ware {dentified By review of csrront #8105 and
xnoviedge of temporary connections. Biletion through any
part of the O0CS was considered, e.9. Core flood tants,
pressuriler, RC pump seqls and vessel nollles. The secondery
s$ide of the steem generators was aise considered a potentis)
RCS 1n)ection point. Detalls of this task are provided ia
Section 4.4.1.

{11) Track each potential BCS injection point to potentiad
@1lution sources.

Cach tnjection point 1dentified In Tesk [ was tracted to
determine potential Goron dilution sources fer thet point,
The petentia) Doron dilution sources found 1m tAls minner @y
be 1solatec either Dy Barriers near the sources themielves or
by barriers ossoctated with the RCS Injection potnt, Detalls
of the tesk are Provided in Section 9.4.2.

(111) Jdentify 1s0Vation barriers fer eech d1fution source.

J10lation barriers were fcentified for the fajection poin(y
fdentified o Task I. (As eqoivalaet isefetion Sarrier could
bo sied {7 there are oporations) prodliems with the Parrier
forming the Dasis of this ana'ysls.) An additiona] esasere
of protectioo could be gained by isalating the d1lution
sovrcas 8% well o3 the Infection points. The detetls of thls
tait are presented in Section 4.4.3.
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{1v) Determice prodedility of Fallere of fsolstion barrier
cealiguretion.

4o analyvis wvas performrd to sisess the prodadblility of
fallere of variout dilatton Darr.ers 1dentified fo Tosx Iff
e to Nardware faslts 30 buman srvor. TRIs enadysis It
preseeted In Section 8.0.0,

e total plant Derua diletion petentia) wes estimated
conyideriog the sumder of fnjectton patds, the reliadility of
each fsalation Barrier, 8ad credit for opereter error tw
detecting ond termingting o Borva dilution ereet, Mits
andlysis 13 presented te Sectiom 4.4.5.
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Recent analyses have indicated that an #CS boroa
coacentration of 4350 ppm should be the Besis for some
recovery oparations, At othar times, 3500 ppe remding the
einimum acceptable boron concentration. The actea) BCS boron
concentration 1s being mafntained 4t an administrative Vtait
of 5050 ppm (& 100 ppm); recent monthly average borea
concentrations have deen over 5100 ope. Thus, 1t ves assumed
thal the leitial boron conceatration for » postulated
dVution ovent 13 3050 ppm and that tersisating ¢ ¢ilution
evont prioe te foaching 3500 or 4350 ppm, as epprupriete,
atseres that there 18 Aot g safety tapact from the event.

The analysis was porformed for sration 1a beth static
conditions during the Yevel contro) mode and far veriows
plant msneevers. Potential @¥lution through gn open vessel
heed wes Judged te have 8 negligidle prodadility for the
scopa of this snalteals Decause of (1) the Yow prodedility of
an {n-containment fire coupled with personnel errar that
wanld direct Flow ever the RCS, (1) the Yow prodedility of
fnadvertent centaimmnt spray actestion and, (1911) the
presence of the [IF wart platform which would Innidit o
dtution event through the vessel head,

The asalysis doet Aot tete Inte sccoent wator thot may be
stered n piping. MNowever, the approsch esed In the enalyrils
whereby fs0lation s generslly achieved “closn® to the RCS
stnistres thls potentiel Cencern.
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To calcolate dilution times, Rev, O asiwmed thet a pPotentlal
dllutlon low woul8 aix uniforely with the borated voluae tn
the reactar vessel: no credit wis taten for water in the RCS
10008, Since then, the aizing characteristics of a potentlal
diletion Inflow have Deen anaiyzed in more detadl (References
11 and 12). 1hete analytes Indicate that the diletion laflow
13 1ikely to flost to the opper plemsm and 11 regions
througn the cald fit-up gap rather thea proceeding dowe the
CSA enneivs end through the coro. This effact s dwe to the
density differance betwren the lighter diiution tnflow and
the berated water 1n the vestel. Taese anadytes 1adicate
that the core region 13 1lkaly to be the least arve of the
vesse) to see @ dilution flow; thws, the walfore aieing
av3umption represents a downding condition.

To assure comptilonce with SER commitments, dowdle barrler
1solatlon of ot) didution paths with eppropriste
adninistrative contro) must be demonstrated. In Fact, meny
more closed velves, pulled speotpieces, elevetion
dilteronces, etc., may be ta place which prohitits dilutien
threugh o particular path. In some of these cases, nelther
verification of barrler poaitien nor adeinistrative control
could be stsured and no credit wes glven to these barriers.
T™hus, the onalysis mey be somewhat conservative for meny
potential ditution paths.

™o quantification performed in this analysis was Desed on
poiat astimstes of hardusre fallare and Aumsn errer
prodebilities: i.e. error bands were not Dropegsted threegh
the calcelation. This approach hes Deen vied in other
analytes (e.4. feacter Safety Study Methodology Applicatiens
Progrea) for drauing comcleilons adout relative end dominant
risks,
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In 1213 section, the detally of the Dorms $1lstiv. analysis are
proviéed, They taciede (dontification of €CS tujection poiats,
1deatification of potestis) diletion seartes of the 8CS. estimites of the
faitars predudtiity of Indtvides) iselation darrien. asd an eattaste of
the teta) plant borem €110tien predadility,

4.4.) Poteatia) GCS Dilution Petels

Points of poteantis) ¢ilution of the BZS were 1deetified Dosed
on & reviov of MID’s. At tais 3tage, ¢ilstion thrvepn aoy
part of the 8CS wot comidervd, o.§.. Coro (lasd tosks,
sressuriger, 6C PED souls 008 vesse) merzles. The potats of
potentia) ¢1lelion of the BCS primery side ore Vistes
Toble 4.4-) 0ng 300mm scheantically o Figeve 4.0,

The secoadary side of the stesm geesrators wol 8Vse
caasidered 8 polat of potentiel) BCS didetion. Altimeyd the
$t200 geuerster tedes pruvife & Doerdery frem the Primsry
YItFR, tHey were sot credites ot & dilution Barvier Becosse
thelr tategrity edove ¢levetisa 313 B2t met Doce
Gemaitrated For severs! yrary tedd, the SIPrvach sted
1a thls 3nalysis wvas te provwmt the o6ditien of wsborted
wter te the stese geeeretor itielf. 1tclatien of the Stesa
greorater 11 11lestroted 1a Figure 4.2. e Reve concliuded
thet Che nember of Serriers Isalating tae geeeretors o
their 1a0)) erPotere te sperator errar result ta o negligidle
contribution to the prodadtliity of £CS diletion frum the
Steee geuerater secoadarty side. Asditional detaily af the
1tees geasrator 0nsliytin are provided to BAS Celcolatioe
0830-90-007,
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01lation tarcwgh the top of the opra vesse) wes mot
esplicitly onslyzed becovie the predadility of soch a0 event
iy Judped te bDe escredingly smald). This Judoment was Desed
on the following considerstions: (1) the vesse! wil) only be

, ooea for o shert Interval beturen rvadval of the head and
fastallgtion of the IIF wert platfore, (11) d1lation with
Fire fighting equipment reduires the eccurreace of 8 fire and
nisoperatioe of the eQuicmsnt ané {111) dilation via the
butiding sprayt requires sultiple componcet fallures or humss
orrory.

4.4.2 Potential Diletion Sources

After the potential RCS dilution polats wers 1deatified,
flowpatts te there peints wre tracted Bact throvgh the plant
wti) 8 peteatial dilation source was reached. Theie sowrces
consist of tamks. ctoalers, domineralizers, evaporaters,
heaters, clored conling wvaler syttems gnd the fee) pool,
1.0., sny collection of water that could be a potential
source of Durea dilatlon. These d1luticn seurtes ore showm
in Teble 4.4-2. B comideration vas made of the fact thet
fone seurces may ealy be Fi1led to a partiel copacity or mey
save wter barated to 1o Yevel below the einiawm scceptadle
burea conceatration; 1t 13 assummé that tasy coeld do ful) of
saterated water or other 19geid at some ties. {(An escestion
13 the BST which was Judged net credible to dilste becavie
of the swvet of water thot wuld Mve te be 2dded withest
detection.) Whenm tracing petestial paths from o dilutioa
source, flov vas considered possidle through either direction
of o pive, Credit wis not glven te complete prevention of
flow Py 0 check valve Soteuse 1t dilution flows may net be
sdeguate te s11ere 100ting of the valve: Pwerer, 8 check
ealve ws credited o3 pravesting ful) Backflov throvgh &
pipe. Paths leading te drales, atmmspheric vents, locol
sem9Ving petats, hete noziles ond 1WD3 were astumed net to
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be sotentiat diletio. Poths to the ACS ond were mot tracked
fartber. Tho traching of the flow paths to the dilation
sources 13 pretented Im 0AS Calcowlation €430-84-07,

One method of reducing the £CS borom d)lution probeditity s
to 130late the 1ewrces shown in Todle 4.4-2. Nowever, tince
most sources couwld communicate with severs! ACS Tnjection
points, 1solation of & tingle source covwld require mare than
a dozen Y3elation barriers. Therefore, becaute frver
barriers were reqoired, isolation was generslly recommanded
4t o BCS injection point. Iselation In this asnner hag the
offect of Yselating o111 ACS diletion sources, regerdless of
thelr volume ond minimizes concern adout endoreted water in
p1ping, (As noted 1m Section 4.4.5.2 130lation of severa)
sources which Mve the volume to ¢11ute the ACS and are at
sufficient elevation te gravity feed inte the vesiel would be
am §dded preventative aeasure,)
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TABLE ¢.¢-1

o o —

ASKE Cade of Valve

ASAL Code Relfef Valve

[nOY with PORY

Pressurfzer Sproy Line

Pressurizer Oroin Line

Pressurizer Vent Line

Pressarizer Sespling Line

Preossorizer Sempiing Line

Pressurizor Orals Ling

LPI Pressurizer Sproy Lise

Pressurizer Broln Line te BC Oraln Tamk

Stess Coneretor 1A Primsry Orefe

Stesa Generater 10 Primery n
6. VA uy Primery nketing Sepply and Veat

18 7 Primary Dlenteting Sepply and Venst

or Coalant Pump Celd Leg Draftes

Sown Wortie (RCP-1A Cold Leg Oratm)

tor Yosse) Catket Lestage Becovery Brain

Decoay Neat Orop L§

Core Flood & l.': Worale A

Care Floed Norzle A Orain
Cere Flood Mo22Ye B Grain

LP) Bozzie B Orain

Core Flood Tank 1A Orein

Core Flood Tank 18 Oraln

WPl Injection Mozzle

AC Pump See! Injection Returns
¢ Amp Seal Tajecticn Sepply
Gecay MWeat Line Broin

Cere Flood Tant Vent

Core Fleod Tant 010ed Line
Core Flood Tank FANY Line
Stesa Coneratar Tubes

12 .

aC-vISS

0C-V104A

AC-v1048

0C-V1004

2C.v1008

ac-vitgA, C G O
aC-vi21 & eC-viiR

CF-v10 & BH-v4d
CF-vi21A
cF-vI0
cr-ving
CF-v1024
CF-V1028
W-ItA,
W-YI,
W.va154
M-vI59A
CF-IA, 38

CF-v2A, 9

CF-v142, viaa
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Cere FloodIng Make-Up Tank (CA-T-0)
Rain Condenters (CO-C-1A, 18)

Sodius Mydroxide Sterege Tank (OM-T-2)
Becay Meat Rem. Coolers (OM-C-1A, 18)
Oeain, Weter Sto Tonk (OM-T-1)
Yocuum Degosifier (OM-T-2)

Unit #1 Demin, Water Storage Tank
Rare-Up Tank (MU-T-1)

Letdown Coolars (MU-C-1A, 18)

RCP Seal Mater Coolers (MU-C-24, 20)
Speat Fael Coolers (SF-C-1A, 18)
Spent Fus) Oseineralizer (SF-K-))
Fuel Transfer and Storage Pools
Reactor B1dg. Sum

2C Oleed Tanks (WOL-T-1A, 18, 1C)
Nisc. Baste Holdup Tank (WOL-T-2)

RC Oraim Tank (wOL-T-3)

MAP Demineralizers (MU-X-1A, 18)
Condensate Store. Tonts (CO-T-1A, 18)
€land Steam Condenser (GS-C-1)
Teeduater Orain Coolers (M8-C-1A, 10)
Feedwater Mesters (FW-J-SA, S8)
Feeduater Meaters (FW-J-4A, 40)

Ing. CCW Coolers (IC-C-1A. 10)

Rue. Service CCW Coolers (NS-C-1A, 10)
Asmpnium Mydroside Feed Tank (AM-T-1)
Wydrazine Feed Tank (AN-T-2)

Amzon tum Nydraside Nia Tank (AW-T-7)
Boric Acld mia Task (CA-T-1)

Lithium Mydroxide Mie Tank (CA-T-3)
Sed. Thio. & Cavte. Mia Tank {CA-T-$)
Sulphuric Acid Mis Tank (CA-T-9)
Off-Spec. Water Rec. Bat. Tonk (CC-T-1)
Regeneration Tank (CO-7-2)

Nieing & Sterage Tank (CO-T-3)

Kot water Tank (CO.T7-4)

‘Reactor Coolaat {veporetor (WOL-I-1)
Oebor. Demineralizers (WOL-K-1A, 10)
Clean-cp Bentneratizers ( -?A n)
(vap. Cond. Desln, (WOL-R-JA, 30}
Avz. Bldy. Sump llnl (\Qt-!‘i)

TABLE ¢.4-2

-

Centeriine Capacily adove
Llevati

333°0°
28241
30
ZII'V

Alsrm

1,964
1,41

A
25,150
)

A
3,98

..
5
%5
ESEEEEEEEE

b3 - H
< 5 s
-3 -» - et =
SEEEGERREEEEEER
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TABLE 4.4-2

Cvep. Cond. Tanks (MOL-T-9A, 98)
Spent Ravin Storo. Tenks (WOS-T-1A, 10)
Concentrated Wasto Tant (W0S-T-2)

Clearvell Tank (WT-T-2)

Coustic Feed Tank {WT-T-§)

Sodlue Selphite Store. Tank (WT-T-11)
fAlzed Bed Deatnerslizers (VT-X-3A, 3D)
Clean Mater Receliving Teak (CC-T-2)
S0S Moniter Tanks (SOS-T-14, 10)
Processed Mater Store. Tonks (PW-T-1,2)
Mech. Draft Cooling Tomer (CW-C-2)

2,616 ea.
.08

50
1.2689 ea.

132,489
12,000 ¢a.
500,000 eo.

A

Centerline Capicity adove
!l't_ntln Alsra

291°0° [}
A

Represents the auximm volume of 119uid that could be remeved from
dilution source befere a leve) glorm 3 activated,

alarm ¥ te wte.

-1~

"SA° msent thet ne
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.3

Isclation Barriers

Prevesting fiow threwgd o)) of Cde BCS {ajection Poini:
10 Tadle 4.4-1 will pryvret dilaticn of the BCS thrveph
piping 1aterfaces @ering static cosditions. Vo prevest
soteatiot taflow, the TRI-2 Salety [velastion Repurts
(SZ8s) have comitted ts 8 Gadle Barrier configerstion
contisting of a comdinaticn Of rvamved sPoOlptecrs,
cloted valves, beat eschinger tudes or PomDs (with
elevotion or 8ead @Vffereace). Tias, 8 flrtt priority of
thls analyils wes te eetsre that the SIR commitavel wet
mt. Where po13idie, we mployed Che aéditioar)
constraist TAat the barriers Do "lIndrymafest” which, frem
a reliad 1ty vinwotiat, sinisiles coocers abeut commra
mode felleres @oe eitser o PRY1ics) nPfecty or operator
error (Reference 9).

1a the Yeve) contre) mnde. with so wmter processing
(static conditions), tt wvas feund 0hat there are D4
paths Tt requice clotere to $3elete atl of the BCS
1njection potats. Tde 11cletion of the 40¢ RS 1Ajecticn
paths 13 achieves with o teta) of 123 componeaty whlch
are 16eatified In Tadle 4.4-3. Tadle 4.4-3 represeats &
set of compowets which Aave dere agreed to By A3, SBG
and S1te Cperutions ead Dave Drve Placed oo 3 2¢ Dowr
check11st for 150loticn af the IS dering atetic
conditions. This checklist 13 Appendia C to Operating
Procedury 2104-10.2. (Alse lac)ieded 1n &opendia C to
2104.10.2 ore valev) recomwrnded 1a Aspewdices A and 0
Wiich 11elate Gering [IF 7111 and feedlewd.)

To Tedle 0.44, the togyeited fteloticn Sarviers are
STouDed according to the foncitemal 2rve of the BCS with
which they are assoclated. This growing Illmtrates the
dosdle barrier V30latica achiceed foe eoch poteatial
dilation path.

-7 - 1053 RA



5-1a
£3-v30
5-v134
63-¥1294
05-v1293
CA-V304
CA-viOY
ca-n1
CA-¥12
CA-¥136
CA-v138
Ca-v140
Ca-viny
CA-Y175
CF-via
cr-v10
CF-¥IA
Cr-v3e
CF-v107
CF-¥114a
CF-viNen
(<8 1)} ]
CF-v143

CF-v146
oN-v3
On-vda
D-ven
On-vSA
[ 2t ]

[ 220}
om-vie
ON-v3008
DN-¥1008
on-v100
o%-v120
BN-v128A
BM.V1208
ON-v1344
on-v1348
oH-v10?
-v1004
o-v1018
On-v19$
B-v227
O-y 220
OU-ve6S

Table 6.8-3

-V164
w-vies
-
m-v180
Y10
m-v25
m-v27
n-v28
w-v36
m-v37
m-Y107A
n-v1079
m-127
m-v133
m-vidda
n-vieen

w-visee

n-vILY
U-v2244
U-v2240
-Y22%
-2
-v294
n-v319
W-¥316
»-v178
"y-v439
-y52
Y104
K-
©-n22
€c-v123
$F-N122
5F-v133
SF-vine
5F-v214
SF-y217
S8-vI82
Sas-v0

-0 -

sns-v8)
SRS-v128
SKS-v140
SN3-¥150
SHs-vise
we.v2
WOG-v199
Wt-v22
wL-v208
WOL-Y298
wWoL-v3?
WoL-vse
WOL-VE5A
WOL-Y8tA
woL-v818
MoL-Y118A
woL-viiss
MOL-Y1$3A
MOL-¥3214
MOL-Y5218
MOL-¥S21C

WoL-vs23

WOL-Y343A
WoL-vS438
MOL-Y994

WBL-v96

MOL-Y109)
WL-v1092
MOL-Y128
wL-v1182
MoL-¥1171
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Tadle 4.4-4

ouble Becriec Inplaica

Iytengle)

{The barrier comdinatioas In this table are composed of various

1. BIULS

A.

comdinations of the valves Visted ia Table 8.4-3)

RU-Y16A == M-YI44A
M-Y16A = M-Y1440
MI-Y16A == RI-VI4LC
MI-V16A — MU-V289
R-Y16A == W-Y133
W-YI6A == W-Y127
M-YI6A ~ CA-YI0?
m-Y16A -~ CA-Y1I2
M-VIEA —~ SH-VI02
M-YI6A == NU-YO
MU-VI6A == KU-Y10
M-VIEA == W-YIIY
WU-YI6A — CF-YI4S
MU-YIBA == CF-VI46
M-VIGA == CA-Y1T5
MU-YIO8 == MU-YId4A
M-V — WU-YI440
MU-YI60 == MU-YI44C
M-YI8 ~ M-V28Y
M)-V148 ~ M-YI33
M-V180 - W-YI2?
M-Y160 — CA-YI0?
MW-YI6R == CA-YII2
M-Y168 — SH-¥IQ2
m-YIeE —~ -2
-VI68 - W-Y10
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1. MIILLS (continued)

2.
.
9.

' 30.
.
%n.
.
n.
3s.
36.
n.
8.
3.
40.
4.
.
Q.
qa“,
4s.
6.
4.
49,
o,
%0,
.
s2.
83,
s,
$S.
S6.
0.
s9.
9.

-Y188 — W-V318
V188 — CF-V14S
nU-Y168 — CF-V146
M-V160 — CA-VIIS
W-Y16C — MU-viddA
W-YI6C — MU-viedD
M-VIEC — MU-VIAEC
WY1 — MU-v289
W-V16C — W-YI3)
-V16 — M-V12?
M-YIEC — CA-VI0?
M-YI8C — CA-VII?
W-YIEC — SH-vIZ2
W-Y16C — W-v8
M-VI6C — W-Y10
MYIKE — -V318
W-YIL — CF-YILS
W-VIEC — CF-VI4b
M-Y16C — CA-¥1IS
MU-VIED — Mu-VIddA
W-V160 — M-YI44D
W-YIED — W-VIdeL
W-V160 -~ -V200
W-¥160 — W-V133
W-Y140 — W-112)
MW-V160 — CA-VI0?
MW-Y160 — CA-VII2
W-Y160 — SB-VI82
W-160 — NU-V9
W-v160 — R-Y10
W-¥160 — M-vIl9
M-¥160 — CF-¥14S
W.V160 — CF-¥144
M-V180 - CA-V1IS

104$v ’A



1. BULLES (contteced)

n.

-¥10 — RU-v164A
o-V18 — W-VIeg
-V — R-VINC
- — -V
-8 — N3
~-v1 — -V122
R-¥18 — CA-¥I10?
M-V18 — CA-WIT2
-0 — SA-VIR2
-1 — -8
W-v18 — R-Y10
W-v10 — RJ-Y310
-v10 — CF-v148
m-v18 — CF-V146
W-Yie — CA-N1T8

0. (91 and Core Flood:

1.
2.
3.
..

..

N-Y8A — BN-¥I0Y

M-veA — D-VI20

0n-¥eA — BN-NI28A

ON-YuA — N-VIZ8D

MN-veA — BN-VIA

OH-VeA — BN-V1D

O4-¥8A ~—~ SK3-VS3

OH-YeA — SE3-VI28

ON-V6A — SRS-V130

VA — SES-VISH

DH-VeA -~ Bu-V218

ON-VeA — DV-VeES

ON-VEA — FTR-2-1A (teder)
DV — IOR-Ax-18 (teder)
-Vl — DN-VI08

M-va) — O-NI0
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1. EIULS (continwed)

.
.
1.

S,
.
.
n.
2.
2s.
2.
2
.

C. Letsown:

0N-¥48 — DN-VI28A

OH-vi3 — ON-Y1288

ON-v40 — ON-¥7A

D-v4D — DM.VI0

DH-¥4D — SH3-¥S3

ON-V4D — SNS-W) 29

0H-v48 — SE3-VI40

OM-V48 —~ SE3-VIS0

ON-V4D — DM-V238

ON-¥48 —~ OW-Y&ES

Di-v4$ — KO%-KE-1A (tudel)
ON-V48 -= RON-KE-IB (tudes)

W-v176 - CA-V1D8
M-¥376 — CA-VI40
Y276 — CF-VI07
n-¥316 — M-2)
VI8 — M-S
R-¥376 = MI-Y10
RI-VI76 — R-YIOTA
W-278 — RI-YIO73
n-1276 - R-VIEY
W-1I76 — R-V220A
1176 — R-¥228
R-VIT6 — W-V276
-6 — m-v290
w-VI78 - W-v219
R-VI78 — SF-¥214
M-¥318 — VOL-V208
W-¥176 — WOL-V299
W-Y376 — WOL-¥2?
RY-¥IT6 — WOL-¥$9

- -
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1. ROINES (continued)

20.
.
2.

Un.
2,
2.
2.
.

W-VIT6 — WOL-YESA
WU-YI76 — MOL-Y01A
W-VI16 — WOL-VB1D
R-¥I76 == WL-YVIIEA
-1376 — WOL-VI180
Y326 — WOL-VISIA
MU-Y376 — WOL-YS21A
W-YI76 — WOL-YS210
W-Y316 —= WOL-YS21C
M-¥II6 == WOL-YS2)
W)-¥326 == MOL-YS43A
-Y316 -~ WOL-V5428
MU-¥I26 ~ WOL-V994
MJ-¥3T6 == WOL-VI96
AU-¥I76 — WOL-VION
MU-Y376 — WOL-V1092
M-Y376 — WOL-YIIRS
M-¥I76 == WOL-VI152
MU-Y376 = WOL-YI1)1
n-v376 — WOL-T-10

M-C-14 (tudes) == IC-V3
RL-1A (tudes) -- IC-v4
MU-C-1A (1udes) == JC-YS
n-L-10 (tubes) — IC-V3
MU-C-10 {tudes) -~ IC-V4
L0 (tudes) ~ IC-VS

Oropl ine:

0%-¥) —- DH-YI00A
OM-Y] — DH-Y1008
0¥ - SN3-¥§3
OH.Y] -~ SN3-Y120
OH-Y3 o~ SNS-Y140

*2) -
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6. ON-v) — SNS-vVISE
7. OH-Y) — ROH.HI.TA {tubes)
8. DH-Y) — POH-MZ-1B (tudes)
Doe. YY) — Dv-v23s

10, OM-Y) — OM-ViES

A. Bleed:

V. CF-YIA — CF-VIIS — (CF-Y107) {check valve)
2. CF-¥18 — CF-Y11$ — (CF-¥107) (check valve)

0. FiIN:

1. CF-YIA — CF-Y14§
2. CF-YIB — CF-Y145

g =
1. ON-VID) — DH-v128A
2. ON-VIB) — OH-NI288
.. Ron g L |

A fajection (via M-¥330, 378, and 30)";

1. W-v218 - W-VIdlA
2. WY — M-viatL

Ssrrier comdinations 31 through 219 provide doudle barrier itolation of
potentis) {njection paths throwgh MU-Y3I30, The seme darriars alse
reswit 1n triplo Barrler 110128900 of AU-VIIE and MU-Y4IY. Further,
these Barriars act as an additiona) Derrier for pathy throwgh MU-Vi6's,
M. . 1058 Y RA



3. W-VI — M-V
4. -V —~ W-N209
S. W-V310 —~ W-VIN3
6. W-VII0 — R-VI27
7. W-V318 — CA-VI0?
0. W-VII8 —~ CA-¥NI2
9. W-NIIE —~ 3N-NIR2
10. R-VII¢ — -8
N, NI —~ W-v10
12, W-I — W-VIY
13. W-VII8 —~ CF-VI4S
. W-V318 — CF-¥186
15. W-V318 — CA-Y1I$
5. W~V — W~V
1. W-v4)9 —~ -V
19, -V — WU-VIC
19, W-va)y — W-v20%
0. WYY — W-VIN3
20, W-VEYY —~ W-VI27
22. WU-V439 = CA-VI07
23, VY9 — CA-VIY2
20, W-VLYY — Sa-vI2
5. W-VLYY —~ W-V3
26. R-V4Y9 — R-VI0
27, R-v41Y — N-V3le
M. W-v439 — CF-VI4S
. W-V4YY —~ CF-VI4E
30. W-V439 — CA-NTY
3. R-VI4EA — BN-VSA
32. M-VI44A -~ In-VSE
33, RU-VIAA — ON-YIA
3. M-VIA = BH-VTD
35, W-VIEtA — -TI28A
36. MU-VINEA — DN-VITED
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s waca, MATER (continued)

RU-VI04A — DH-C-TA (tudes)
W-VI40A — D-C-10 (tudes)
M-V144A == OH-¥139
R-VIQ8A == DH-Y1I0A
R-VISIA — OM-V1I4B
VIR = SF-N122
MI-VIO0A — SF-V133
M-V144A o SF-YIBE
V14 — SF-v214
m-V148A — SF-¥217
R-VI00A — SF<C-1A (tudes)
M)-V144A == SF.C-18 (tudes)
w-v1eaA — 5oz
-VI40A — §S-TIA
M-YVG4A — BS-YVIB
M-YI48A = W)-N12

M- V184A — W-V36
"O-VILIA — ON-¥120
V14 — CA-Y1IS
M-VIIA — D-V195

M- V1B o DH-VSA
AY-¥1440 — DN-¥S8
AU-VIAIE — ON-VIA
WI-VIAEE — On-¥ID
RU-YIELD — O-V109
-V1440 — D120
R-V1440 — DN-¥IZ0
R-VIEI — DH-VI298
RE-VI4E0 — DH-¥I3IA
R-VI40 — DH-YIJAB
W-V1800 — OH-L-1A (tudes)
M-V1440 — DH-C-10 (tudes)
V140D — 85-VIA
R-Y1448 — 83-38

Represents compordnty 1A vent hesder syites vhich must fa!l to allow
flow, (0.9.. check valves) Dut cannct De placed on a datly checklist,

P

10557 RA



n.
J2.
n.
14,
8.
76,
",
70,
1.

Q.
.
0.
.
8s.
0%,
n.
as.
09.
90.
”n.
2.
9,
",
9.
%,
”.
9.
9.

101,
102.
103,

2l (cont inued)

W-V1040 — CA-V1S
M-V — OM-VI3S
W-VIE — SF-n22
V1040 — ST-v133
WU-VI4eB — SF-VIEh
N-VI4D — SF-V218
V1D - SF-V217
MU.YI04D = SF-C-TA (tubes)
MU-VID —- SF-C-10 (tudes)
VI — W-VI2
WU-VIEED — MU-¥36
W-vIap — sr-k?
MU-VIIC — BH-VSA
WU-YIEUC —= DH-VSB
M-VIIC — DH-YIA
-VIC — DH-V7B
MU-VI4EC — DH-VI0Y
W-VI44C — DH-V120
W-VI04C — DH-VIZEA
MU-VI4IC — DH-VI208
M-VIAAC — DH-VIZEA
M-VIIC — DH-VIND
MU-VI0IC — DH-C-1A (tudes)
M-VI4C — DH-C-18 (tubdes)
MU-VIEEC - B5-VIA
-VIEC — B5-VIB
W-VIIC — CA-VIIS
M-VIIC — OM.¥13S
AVIIC ~= SFoVI22
WU-VIEIC —= SF-VI33
m-VINIC — $F-VING
M-VIUC - SF-v2l4
W-VIC — SF-¥212

Eepresents components §n vent header system whlch must fail to allow
flow, (0.9.. check valvet) but cannot De placed on & datly checklist,

-7
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T T e ]

104,
108.
106,

100,
108.
.
no.
nt.
na.
m.
ne.
ns.
ns.
n.
19.
ne.
120,
.
.
2.
ue,
s,
126.
127,
128.
129.
1%0.
.,
e,
133.
e

MI-VI4EC — SF-C-1A {tudes)
RI-VIGEC — SF-C-18 (tudes)
V184 — SF-g-1%

W-VIC — m-VY2
RU-V144C ~— RU-¥36
R-V0 ~— CA-V13§
RU-V8 — CA-YII0
W-V8 -- CF-¥10?
-V — R-Y10
R-¥8 ~— RU-VI0TA
-0 — W-Y1078
-0 — RU-VI6Y
R-Y0 — M-V224A
YD — M-V22¢0
-V — W-¥228
Y0 -~ W-VIU
n-v8 — W-v31y
)-v8 - SF-YV214
RU-V0 ~— WOL-V208
K-V — WOL-V298
W-V8 - WOL-YI?
M-Y0 -~ WOL-V3P
RU-¥0 ~— MOL-VESA
-V -- WOL-YOIA
RU-Ve - WOL-Y010
-V — WR-VIIMA
RU-V0 — WOL-VIIEE
-V — WOL.VIS3A
-V — WOL-YI2IA
M-Y0 — WOL-V$218
R-VE - WOL-YS21C

Repretents components 1n vent hesder syites whtch must fall to allew
flow, (e.2.. theck valves) byt cannot be placed on a dally checklist,
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135, R-VE — WOL-VS23
136, RAYE — WOL-YSaA
137, MU-VE — WOL-VSANR
15, W-vE — WLV
M. -8 — WOL-vINE
160, se-vE — WOL-VION
1), R-vE — WOL-VI092
102, W-VE — WOL-28
3. M-VE — WOL-VINS2
180, R-V8 — WY NN
145, R-ve — wor-1-18?
100, R-V209 - RIC-24 {tedes)
Y, 209 - RI-C-20 (tedes)
0, VI - Ov-v22)
Y. V1 — VI
10, WYY - V22
151, V133 - m-v2s
152, W-V133 — RE-VI4Y
15, W13 - 11
150, W-V12T = CA-VI3S
155, CA-VIO? — CA-VIO4
156, CA-VIO? — Ca-viNl
151, CA-VNI2 — €A-VIOA
WL CA-MN2 - CAVITE
159, M-V10 — CA-VISS
160, W-VI0 — CA-VID
181, M-VI0 — CF-VI0Y
162, V10 - M-VI6Y
163, W-V10 - m-v2N
1. W-V10 - SF-v2te
165, W-VI0 - WX-v2sD
186, W-VI0 — WL-V2R
182, V10 — Wot-v2?
160, W-VI0 — VOL-¥3Y

fepretontts componeats fa vent header tystes whteh mutt f411 to ollow
flov, {0.0., Chct valves) But Connot De Ploced on & dally checkitat,

e



189, -VI0 — WOL-VESA
170. M-VI0 — WOL-YEIA
170, m-vI0 — MOA-YOIB
12, m-v10 - wL-v1I8A
173, W-VI0 — WOL-VIIOD
174, WU-V10 — WOL-VIS3A
175, MiVI0 — WOL-VS21A
176. M-VI0 — WOL-VS210
177, W-VI0 - WOL-VS21C
170, ®-V10 — WOL-V$23
129, -V10 — WOL-V$43A
180, m-vI0 — WOL-YS4)8
100, MU-V10 = WOL-Y936
102, M-VI0 - WOL-YII6
103, M-¥I0 == WOL-VION
108, M-vI0 — WOL-VI092
195, M-VI0 == WOL-V212S
186, WU-V10 — WOL-VI182
107, M5-V10 — WOL-VNI 1)
180, WU-VI19 — CA-VIIS
109, W-VIIY — CA-VIO
190. W-vII9 ~ CF-VI0)
191, -9 — m-IE9
192, W-VII9 — MU-¥296
193, -V — SF.N214
1948, -9 — WOL-V288
195, W-v219 — WL-¥290
196. R-v319 — WOL-YD)
197, A-VI19 — WOL-VS9
W-¥319 — MOL-VESA
RU-Y319 -~ WOL-YBIA
200. MU-VI1T — WOL-VOIR
201, m-V3I9 — WOL-VIIBA
202. W-I19 - WOL-VIIES

-0 - 10557 RA



20). MU-¥219 — WOL-VISIA
204, W-VI19 — WOL-VI21A
205, W-YI19 — WOL-VS210
206, W-VI19 — WOL-VSNC
207, W-VI19 — WOL-V$2)

208, MWU-VI19 — WOL-YSAIA
200, WU-¥219 — WOL-VS43B
210. W-Y219 — WOL-VI9E

2. W-YI19 — WOL-VI96

2. MW-¥N9 — WOL-YION
203, M-YII9 — WOL-YI092
214, MU-YIN9 — WOL-VII2$
215, WU-YII9 — WOL-YI1 52
216, W-VIN9 — WOL-YII
217, CE-YI45 — CF-Y1)4A
218, CF-VId6 == CF-Y14B
219. CA-VII$ — CA-YIT3

0. Slscharge:
V. M-v2S — W-v209
2. M-v2§ — W-v2?
Y Y28 - -2}

4, M-¥2S — M-C-2A (tedes)
5. M-¥25 — M-C-28 (tudes)

A. Steauw Generators and Pressurizer:

. WN-YI04 — 94-Y52 — (elevation difference)
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8, Core Flood Tanks:

1 CF-VIl4A = MX-VI04 — (MX-V52)
2. CF-VIIB == BN.YVI04 — (W-¥S2)

vi. saneying (Iu(s
A. Pressuriter:
V. RC-VIIY - SHS-Y20 -— (SXS-V23)
2. RC-V1I} — SHS-¥50 — (SA3-VISO)
3. RC-V122 — SH3-VI0 - (343-¥23)
4. RCa¥122 e SN3<V$0 == (SHS-VISD)

8. Letdown:

T RC-VI23 = SN3-VZ0 - (S5A3-V23)
2. RC-VI2) - SW3-¥SD -~ (SNS-VIS0)

vil. yrues
A, Steam Ceneratcec Sag Pressuriter:
b WOG-Y2 - VOG-V199 — (elevation difference)
5. Core Flood Tanks:

V. CF-VIA — CF-VIA — (WG-V2)
2. CF-VI8 ~- CF-V3D - (WOG-V2)

VI, Qeiley
A, RCS Oralin Lines:

1. WOL-¥22 — WOG-¥112%

-32 -
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O-YI00A — 63-V1394 — (33-VIA)
OW-V1018 —~ BS-"I98 — (BS-V3B)
VA - B3-VI34
OW-v4l — B3-VIM4

-3l
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Secavse of the PoISIDITity tASE sema Pittvayt mey Mave
a¢ditiona) barrfers 10 place at variows tines. or that
could mot De accownted for, It wes a31umed that the Doroa
@ilutica prodadility for a psthay 13 rquivaleat to the
fallure prodadiiity af the $deatified Isotation Derrier
coafiguration for that patmay. This prodedtiity 13 &
function of BarGwere fzolts and Buman error. NHerdwere
favits are the estler of the two to estimate:

TANE 4.4.5

! r = =
MARDMARC

paegqe | = I | e
lemoved Spooiplece: Negtigible (713
Cloted ROV agy:!

Leak 6.3 2 10" V/yr XPRO AD2/AD3

Reptere 10-57yr WASH-1400, Tadle ItI 2-1

Circuit Short to Pover 8.8 x 10-5/yr WASH-1400, Tadle IIL 4.2
Closed Ranuat Yalve:

lesk 6.3 2 10-Y7yr WPRO A02/A0)

Reptere 8.0 x 10-5/yr MASK-1000. Table 111 4.2
Pomp:?

Circuit Short to Power 0.0 2 10-5/yr MASH-1400, Tedle 117 4.2
Kest Cxchonger: Coolers:

teat 2.0 2 10-2/ye NPRD A02/A03

! ROV - Retor Operated valve; AV - Alr Opersted Valve
2 dump regeired Becsuse of elevation/pressure ¢1fferential; s Dump 13 mot
considered a barrier 1¢ gravity Feed 13 possidle.
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Kuman error 15 the more d11ficull to astets. The attesiment 13 comiicated
because of the vartety of "performince shaping facters® that ezist over the
range of conditicas that suit Be encompitsed by this analysis. Fer ezample,
tome valves which ore wied o3 1s0dation Berrlers may De similar In appearance,
locotion, position, etc., to other valves vAIch are msntpulated for varlovs
recovery ourlglws: thus the potentle! for operator errar 1a these Cases 13
Mgher than for 1s01ation valves which are in remote Yocatlions end could not
Yoglcally de essociated uith recovery operations, A detalled 4nslysis s net
feasidle for each particular 130lation barrler. Rather @ generic analysis wes
perforaed for each type of barrier viing characteristics that apply to ol
berrlers of that tyoe. Thus, In many cates the results may De contervative
for a particular bareler.

The human error of concern 13 that plant personnel will occidentally defeat an
1selstion barrler. Three categories of error can Ba postulated to defest an
fsalation t.srier.

Tyos It Operetor errontously selects an f30Yotion barrier vhen he
Intends to Interact with another component.

Type 1l:  Operator foils to completely or correcily |@plraent precedure.
Type 110: Crrors §n the proparation of plant procedures.

Other possible errors exist when an operator Interects with & velve dut thelr
prodabiiities Mave Been Judged to De smal) relative to those of the above
categories. One such error 13 the *reversal® erroe, 1.0. an operator cycles
1he desired volve a3 directed dut cYoses it Instead of opening §t, or vice
versa. For this te result 1n aa Incorrect velve position, twn errors would
fave to occur. First, the velve would have to Ba ta an Incorrect or
wnerpected position Initlelly and second, an operator must fall te recegnize
that it wat already Ya the position he desired. This vrror wal estineted te
Rave g negligidle prodadility 1n MURLG/CR-1278 (Chsvter 14). The other
poisibie error 13 referred to o3 *stuck valve®, o0.4., the PO13IbINIty that &
valve may Aot De fully shut efter en atleept te shut $t. The detection of
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thls type of error is & function of the valve tyDe, {e.9., riting tlew), orf
whether there ¥s position indication. In BUREG/CR-1278, the probedility of o
valve sticking Tn this manner wo3 astimsted a3 0.00) per gemand; follore to
detect this error for 8 valve with peither o rising stes or position indicator
wvas estiaated (Tadle 14-2, WURIG/CR-1270) a3 0.0)/drmand. Tals error woultd de
sore 1ikely to-be detected In valves uith potition indication. Yhus, the
probadility of this type of error shou1d be no Bigher than 1075/ per
valve vhich 18 small in relation to the Type [ 3election error. At TMI-2,
there s the unique case I1n wnich the detection of partially open volves may
be d1771¢alt Decause checting requires 3 Msn res exposure thus some valvey
are not checked routinely ia order to keep expoture as Jov 81 reatonedly
achievadle. WIth the pastege of time, fever of thete valres wil) be
considered to have ALADA concerns which wil) assure that the prodaditity of
this type of ervor remsias segligidle.

) [J&§

The fellowing table provides Information wied to determine the applicadle
husan error probediiities for @ Type 1 error, The siterisk indicates the
generic value uied for tAls stedy.
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TASLE 4.4-4

erFTDuNCT

pasefe

ROV; ADV  Valve contrels tdentified
by Tadels only

Yalve coatrels in well
delineated functional §rowos

valve contrels part of well-
defined ataic legout

Rarsa) Clearly and wasdigwowsly
Yalve Tadelled: tot apart from o\l
valves with any similarities
in 17e. Shape, ttate. Presesce
of tagr

Clearly and sneadiguneily
Tabelled, part of a valve
grosp with gt ritles s woe
of the follow! size, shape,
stete, prevesce of tagh

At above, bet with ®level 1
teneieg*®

Onclearly sr eadigets1ly
Tabelled, part of o velve groep
that 13 ttettar ta 311 of the
following: stee, shape, 3tate
presence of tagy

Spaoiplece Unclearly or 3mdigeon ly
TadelVed, tot apert (rom 1poe)
pleces that are statler 1 all
of the following: size, hepe,
preteace of tag

Uaclearly or smdifvomly
ladelled, port of o groep of
pleces that are slaller te ome
of the felloving: size, 3ape,
pregence of tegs

-3 -

PeBARlt ITY OF

3 x 10-3/¢rmanc
1 x 1073/¢rmande
5 u 10~4/0raand

1 2 107 Y/¢eaane

3 210-3/¢ramnd

1 x 10" V/¢emang

T 2 102 denand

S 1 10-37¢rmand

0 1 10"3/¢rannt

Soact oF
SV &

Tedle 20-12
mREOTE- 1278

Tadle 20-12
mRr/Te-127

Todle 20-12
AW{OTI-1270

Table 20-1)
asfece-1210

Tedle 20-13
mRUC/CR-1270

Tasle 20-1%
RRCCTI-1278

Tadle 20-1)
naceTe. 12

Table 20-13
AMAR- 12N

Tadle 20-13
ARCTI-1270
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TABLL 4.4~ & ¢ fived)

s O0A8ILTITY OF
panejes A L
Same 0% 2beve Dot ort et € 35 107 5/dcaang®
for 308 recovery foctors ¢« -
each.of: (1) the require
cpening of red tagsed and
1destified valves srvend th
speoipiece; (11) physical
effects soch 23 woter flowie
80t flowing 1o expected
locattons
Neat WA
Lachanger
Pamp Pup controls tdemtified Oy 3 2 10°3/demand Table 20-12
Tabels onty WURCC/CR-1278
Amp contrals n well defined t x 10-3/draend® Table 20-12
functions) growps BRLL/CR-1278
Pusd controls port of weld 8 2 10°4/3emand Teble 20-12
defined ninic layout BUREL/CR-1270

® Gereric valwe foreing the basis of the analysis: Rovever, value wes
sonetimes @dified to reflect plant specific conditions e.g. numder of
valves ea & coatre) penel.

*® The 24 Mour checklist procedure, by which red-tagded valves are cheched

anafnst a 24 boor valve 1ineup 11st, wet Judged oquivalent to the “teve) 1°
tegging scheaw defined 1 a MURIC/CR-1270.
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The mainteaance of the RCS and al) plant manevvers reQeired for the recovery
ore perfermed In accordance with written procedures. A Type II error refers
te two coteguries of errurs relating to tho Incorrect sse of procedures which
coutd defeat an 1s50)ation barrler. Specificelly, Type 11 errors are (1)
selpcting and fmplesenting an Incorrect procedurs, referred to as Type (32 oné
{13) skipping a step or steps In the correct proceduce, referred to a3 Type
ttb. These errors are of particuliar Concern becawie more than & single
1solstion barrler may be sffected; 1.¢.. 0 commn mode fallore.

%L [1e

Toch operating procedure at ™I-2 13 derigned to maintain the plant 1n a sefe
condition, Thus. the implementation of any single procedure wil) ot reselt
In aligrment of a diiaticn sourco to the ACS. However, the concern with o
Type 1la error 13 that the valve Vineup assoctated with an Incorrect procedure
may de pdrtielly teplearated before the Incorrect proceders 18 recognited,
That vaive Yineup comdined with the valve 1lnevp attocioted with the correct
procedure may result 1n inadequate 130)etion of the ACS,

There seeos to De 1ittls Information In the human factors 1iteretere
describing the Type (1o errar. The closest error having any reletionship to o
Type 11a thet has Deen analyzed 13 one 1n which the operator muit mate &
d180n0stic decislon In responte te an gRrgrmy) event. I8 these events, the
asdlan prodediiity of ispreper ¢legnosis By the entire contral roam steff,
given on eatended time period Ter seking a decision. con spproach 10°° per
ect. 04104 oa discuisions with operating pertonnel, & THI-2 procedure con be
telected and inplemented Dy & single control room operator; this epproseh
tends to sake 8 Type [la error more probeble then {f a procadure selection
vere confirmed by & second persen. Nowever, the telection of an operating
procedure 13 made wnder low strets, procticed situations, which would tend te
sininlize the Type Ile error. Fuether, the 1mpleseniation of an \sproper
procedure should mot cacir a baron diletion event In the absence of other
errers, Once the selection of an Incerrect procedure 13 18entified, 1t Is
presumed that the eperators will restere the plant to its original
contiguration dafore (mplementlng the spprosrinte protedure. Shus, given the
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Tow Mielihood of tos (nIt1a) errer and the Possibtlity for recovery of that
error, & Type 318 error i3 Judged te De 1mall relative to other coatridutors
to the doron dilotten prodadility,

e

A Type IID orro'r assumes that the correct procedure I3 1a wse, Dat the
operster does not fallow 1t: for example. & itep 13 skipped or o section of
the procedure 13 onitled. In many cotes, the proceduro 1tep that 13 stipped
asy s180ly Rave besn to vertfy that o Derrier vai ta its proper condition. Is
other cates, Dovever, the omitted 1tep may have called for closing o valve.

§0 an eatlre tection of a procedure {3 omitted, tererel {3clation Darriers auy
be affected. The most vulnerable isolation barrier coalfiguration for which
the lepact of thls ervor would he significant i3 oee favolving oaly MOVs ar
m4nus) valves becense the error of o single Individus) coutd reiult te defeat
of the configuration. The Teast veinersdle 13 2 conflguration v ich relies on
physical conalitions, e.9., Heat eschanger tubes oF an olevation difference.
Thase types of coafigurations wil) aot De defeated by a Type IIb error,

Falture to comply with or Follow & procedere 13 often Iaflvenced Dy the extent
of operator confidente I the procedure and vhether the operators Find 1t easy
to wte and cosoredensive. from WORIG/CR-1278, the predadility of plint
personnel omitting an 1ten when 1epTeasnting a procedore 1a which a writtea
chechlist 13 vsed hes Deea estimeted o3 0.002. This prodadility can bDe
1mpraved by vp te & facter of 10 with the wia of *wll derigned writteo
procedures and checklists®, 1.0., thote that ellainate the following facters
that have Deen found as deflciant In many procedores revirad throsghout the
industry,

(3} Serfous delfliciencies 1n content and format

(ny Inconsistencles Detween namenclsture 1n procedurss and on
panel components
[$11}] Instructions for control actions that don’'t indicate the

espected 1y1ten ro1ponse,
($13] Cxcesstve barden on operater thart-ters sewnry
(v) Charts and grephy mot tategrated with test
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() Lack of & clear 1deatification of wAlch procedures apply te
which situations

[CL1)] %o forma) meses of getting operstor laput inte wpdates of
procedure and
(v118)  Beficienl iritroxtions for aisliting coeraters la glagnoyimg
. the problem.

A precedure tatk force Mt reviewed key recovery procedures to sislalze some
of the adove deficiencies. Other deficiencies s2oeld B¢ alolaized by the
Indause reviev procets which tactudes consideration Dy an isdepeedeat Safety
feviev Growp. Coavertely, poer valiGaticn of the procedsres prier ts thelr
fepleasntation fer & fecovery tatk can facrease the prodadility of ecrem o
execeting & procedere. A tuggeiled method of velidstion 13 a trisl *want
through®; often 19ch walt thruegdl detect deficisecies la the precedure.
Thete walt throsghs alto 1azrease eperater Taaillarily with the procecsre
WhICh tonds to redece Rt chance of ezeceting 1t improperly, lacrense Bit
confidence fo 1t, and emadle him to recoyaire wira & part of the prexedure
night not dave Deen performed corvvctly. For thly asnalysis. a gveeric valer
of .0003 per act was ssrd to deplct the Prodedility that & centrel rooe
oparator would 11p a part of & procedere sad 0.003 per sct that other plant
personne] would ttip a procedure tection. The difference 13 dor to the
MRLE/TR-127D observetion that “Reactor cperaters are mare tikely to wie
writien procedures (cerrectly) tham are c3lidratien techniclans o, i tern,
are eore 1ikely to use thea thin meintenance perisanel®. Thly @istisctioa 1t
made in the snalysls of darriers operated 1o the control rece (or & conlrel
pane)) e.9., MOV3 and DU verses darriers operated lecally, ¢.9.,
spootpieces, manvatl valves.

A common @ode fallere prodadility wet Judged to exlst oaly for Birriers of
ke t1nd, 0.9.. tvo MOV, two manes) velves. The Basiy fer this 15 thet,
generelly, 1ndivideal steps of & precedure e st miz volve typet. Thet i3, o
1ingle Drecedure step may ¢a)) for cloting a groop af walves, Dut that step
would tactude only control roam valves. A separele step wuld ®Reve pericanel
eater 2.8, 3nd perfore the Following valve 117w, wAICA would 1avolve soving
teversl mensa) valves. Thet, twe different velve typet would ;e be sudect
te 8 siagle error. The retultant ercar cater are thewm on Vabdle 8.0-7,
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[TLuil)

WOV or ATV

with 9o0d precedures
ucns)

Seealpiece

Meat [xchanqor

L]

ROV - ROV

Nz 9ecd Brocederes
Y - tanunl

with good procederes
Y - spoo)pisce

oY - pemp

AGY - beat eschanger

Rasas] -~ Mamusl

® Toe

VABLE 4.4-7
F 1

reoRARILITY OF
PeORARILETY OF SImGLL [ 8,{ 18 44 D Of mOR{
== 1 e aaacd L\icsi s i
0.0 [ wa
0.0003
0.003 WA A
0.001°° WA aa
A "A A
0.003 A nrh
s tow 1.5 5 04
w“a 1.8 1 10°8
(12} =) L
wa megligihle
A Sone Negligidle
[ 17) sone Regligidte
A Sone Negligidie
(/) Semp a3 ROV; WY

1 5-3
we(c/Ce-1270
lable 13-3
matc/cr-1210

melc/ce-10

P9. 10-2¢
meLc/CR-1210

WAC/CHI2IN

RO(G/CR-1272
ROLC/Ca-1278
WOLG/CN-1270

®e(G/C2-128

stes)ly assumw fero dependence whon 03flmating the srrer

cythery of Wutl
groded 1Vities fer carryting m 1-llvuul 3teps 1m0 written procedure.’

te be o factor 6f 3 Tess 11kely Ao moveasst aof an MOY becovie replecearnt

reuirgs work aotherization pepers.
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T™he Type 111 error applies to 8 varlety of arrors that could occur In the
preparation of written procedures, for exemple, an error by the procedure
writer §n the accuracy or completeness of a valving checklist, From
NUREG/CR-1270, -

*There are no means to quantify the prodebilities of (these) types of
inadeQuacies in written astertals, Such errors reflect fallure to
test the procedures {n a dynamic s1tuation ... as well as fallure to
anticipate the full scope of tituations In which the proce:
be o308 (the TR iIncldent).®

Within those limitations, MUREG/CA-1278 did assign a probabiiity of 0.003 to
the probabllity thet an \tea Intended for a procedure will elther be omitted
or misrepresented. At 1NJ-2, procedurss are revieved Independently by the
Safety Reviev Group tn addition to the Interna) checks assoclated with the
orlginating organizations. A recavery factor of § was credited for these
revin detecting 8 single item deing left of f of the procedure. Thus the
prodabdliity of a tingle itea peing left off the procedure and not belng
1dentified 1n the raview procest wey judged ta be 0.0006.

The possibiiity for a common mode fallure of 8 complete barrler configuration
ex1sts for a Type I1] error; « the procedura preparer leaves beth
components of the configuration off of the procedure. [n RAS Calculation
4430-24-07, the probabtility of lesving a complete barrier configuration off of
8 procedure was estimated as 1.1 z lo" per proceduro,

[ -t L, ak

The f1na) sted in evaluating the brobadility that particuler berrier
configurations wi1) be defeated {3 to sum the contributors from the hardwere
and husan error fallure aodes.
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This was done with the following genersl equation, WAlch 13 completed n
detal) 1n RAS Colculation §310-84-07 for each barrier conliguration:

P (doth barriers fall) « P tbarrter 1 fa1)3) o P {Darrier 2 Totls}
5 + P {Comon mode 139lure)

o P, (larhare o Type 1 ¢ Type 1L ¢ Type 111)
o P, {Marchars ¢ !mz * Type 11 o« Type 111}
. ". (Type II © Type 11}

The reselting Fallure prodadilities for varices barrier con onL are
thown ta Tadle 4.4-0 which Includes the range ssseciated with virlon
mearcvers 85 vell 85 static coaditions. Table 4.4-3 8110 locledes the fallure
prodabilities for velves that are exPosed to error more thin 68Ce per yvar,
Thes, 8 Judpment of the number of times each Darrier could De exposed te error
vt made 6nd used to convert “per demand® fallure retes to yearly fatlere
rates.
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TAMLE a.2-8

MOVY; Beat Cachanger

ROV Spoolplece

Ranual; Ranval

Ranea); Pump

Rasual; Mest Cxchanger

Resual; Spoolplece

Pmp; Weat Exchanger

Amp; Spealplece

Reet [zchanger; Spoolplece
Triple Sarrier Configurations v

FAILORE PeOmABILIlY®
(L8 TD)

7.2 11075 to 1.9 5 107)
7.5 2105 to 2.¢ x 10-3
1S x 10°%
1.6 x 16
Sz 108
2z 10-8
1.8 210"
1.7 ¢ 10
(AR ]
0.4 2 10°8
2.6 x 10°8
142104
1.2 210°7 te 5.8 = 10°%

® Fallure prodadility varies dve to varying samder of vipesarvs te eperater
error asd d1fference Detwees leak and rupture fallgres.

Amp reguired Decanme of elevatioa/pretiure ¢ifferential; o pemd 13 not
contidered a barrier tf gravity Feeg 13 possidile,

=¥ Triple barrter configerationt consitted of comdinationy of the adove
barriers a1 well a1: tasks vhich hold an Yasdequate volume to dilete the
(3. valvet WA ICh are knoun to be closed From “eperstisaal verificotion®
oF “documeatal evidence®, gatecut veat Resders and etder Barrieri watch
4re 4noun 2o Do Preieat Byl aTv Bet Placed on & 24 hewr chextlist (e.9..
Appeadia C to 0P 2104-10.2). Leis credit v givea for these Barrtem

Deconse they are mot chected rrguiarily.



4,4.5)

[stimate of Plant Soroa Oilution Probability

In Section 4.4.3, an estiaste veas made of the prodadiiity
of fallere of each of the configurations vsed to 1solote
tbe IN1-2 LS from & boron dilotion source. In this
section, the total plent doron dilotion probability 1s
ostineted. To do this. the following factors sust be
considered:

(1)  volume of wnborated water that aust be
Injected into the BCS to have & potential
safety impact.

(15) oflotion rate
(141} potential detection and mitigation.

(Iv) Tota) prodadility of eccurrence found by
suaning all potentiel dilution paths.

Dilutien Yolume

The amwnt of wborated water necessary to dilute the ACS
concentration to a coacentration that 13 & safety coacarn
13 & function of (t) the fnittal RCS Boron concentratton
(11) the minimum scceptadle beron concentration (111) the
characteristics of the dilution faftow and (Vx) the aCs
processtng sistes (1.e., static or Brocesstny mode).

The BCS 13 currently being maintained ot a boron
concentration of 5050 ppm (2 100 ppw). The messured
averate concentration for o recent two week period wes
$152 ppe (Reference 15). Thus, 3030 ppm 13 an
apprapriate as:umtion for the initiel ACS boron
concentration for s dilution event,
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The minimum acceptadle boron concentretion that assures
suderiticelity 13 currently 3500 ppm. Recently completed
onalytes (Reference 13) indicate that a boron
concentration of 23S0 ppm miy de required to 0tsure
suderiticality for some recovery operations, including
derueling. Thus, the dilutton volome that could reselt
1n criticality wil) vary according to the recovery stago.

The characteristics of the dilution Inflow, specificolly
sizing of the underborated Inflow with the ACS volume,
affects the dilution volome ostimste. fRecent Insignts
provided 1n References 11 end 12 Indicato thet
wnderborated weter 13 Jikoly to flost directly to the
internals indexing fixture (I1F) rather thon being drawn
down throvgh the CSA annulus and then to the core. Those
references tuggest thet the cere region 1s probabdly the
lait volome that wil) see o difution wAich would suggest
that & very large d1lution volume would be neceisery to
dilute the core region, For this enalysis, Rowever, it
13 sssumed thet {nlflow Into the RCS mizes uniformly with
the entire vessal and [IF volume. VYolumes in tho RCS
Tegt (with the exception of the volume between the
dilution Infiow point and the vessel itself) are not
otsumed te Bix with the dilution flow.

The fourth consideration 13 estimeting tho volume to
dilute the RCS 1s the RCS processing stetes, (f the RCS
13 In & stotic condition, 1.e., with 80 weter processing,
the dflution 13 simply an edditiea of weter to the
system. 1f water 13 belag moved into end cut of the RCS
(for ezemple, &% part of a cleon wvp) then an exponential
=i21ng equation aust be wsed,
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4.4.5.2

From the above considerations, 1t was determined that &
dllytion inflow of approsinately 15.900 g2lloas ef
unboreted water 13 required to dllute the veisel te
3500 ppe during static conditions and approximately
13,700 gailons during RCS processing. Olletion ta

4350 ppm requires 5,800 g417ons daring static conditions
ané 5,310 gallons during processing.

A tpectrwm of diletion rater i3 possidle depending on the
driving force associated with each dilotion path,
However, an upper bound on a credible dilation rate can
be eitimsted Dy physical conslderations such as the
affects of 1lne size In Vmiting flow, pump cepacitier
and elevation differences. The maximum credible rate can
alse be bounded by prodadiiistic considerations such as
the numbder of faults redeired to Input undorated water
via a particular path. Thete considerations resslt In a
maximus credidle d1lution rate to the 2CS of adout 150
qom, Thls flow could occur If there 13 a alsalignment of
a flow path connecting one rumning deaineratized wter
pum to the RCS, A flow of this magnitude coold also
oceur by a path siseligrment ressiting in gravity feed
from several wat #5 WAch are at elovations sdove
the BLS injection point and have sufficlent capacity to
s1gn1ficantly dilete the 0CS. (Ia these cases flow i3
Tmited by the minlnus plpe t1ze throvgh which the flow
st pe1s.) These wvater sources dre:

Sodium Mydrexide Storage Veat (ON-T-2)
Deolin. Water Storage Tant (OW-T.1)
Processed Mater Storage Tants (A-T-1,2)
Unit 1 Dealnerslizer Mater St, Tenk
Foe) Transfer and Storege Pools
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Ritc. Waste Moldep Tenk (WOL-T-2)

Condensate Storege Tank (CD-T-1A)

Comdemate Storage Tank ((D-7-10)

0fF-Spec. Maste Recelving Bateh Tast (CC-7-9)
Clean tater Recelving Yaok (CC-T-2)

In Sectien 4.4.5.4. the Prodadility of eccarvvace of the
mazlace credidle flow rate (s te 190 goa) 13 ettismsted
a3z w0 per yrar Guring the 3tatic conditions.

it prodaditity 15 3o smed) tAat we JeoGe that so
s0e<ific sitigation ceniiderations oeed ta be sade for
thls event. (Tais jedgmrot 13 Dated oo guidance previded
by the ¥2C for safety goals ot Ruclear powwr plants,
Relerence 16. Too guidence bay Dees adchted to iz
analysis 23 8 Quideline Far the exteat of BCS iselatien
ang d\letion ¢etection capadility toat it be
previded.) Bowever, the ate of the BCS teve) tadication
and alarm, WAich are ¢eacrided In Section 4.4.5.),
Provide & capadility te detect o larye rste dilutice
avent s tise to allow the eperreters te 1solate the BCS
before & safety Vait 13 reached. As an efditicmal
preeseiative acssure (21thosgh the rwindts provided berw
indicate that 1t 1t emneceisary), e Predadility of
gravity foed from e other gllxtion sasrcet Yated coald
be reduced even forther by adding 1inlation Birelers for
8 jeurce to the 24 Doer checkllnt, drataing the ssurte oOr
borating the jowrce, v appropriate. The Ferl Trenster
and Sterepe Peolt con De 1tolated by puttisg the
follewieg valves ea the 23 Boor chectlist o be cloved:
SF-V150, SF-VI2$, SE-VIST and SF-VIOS. Coademate
Sterage Tonk 1A can De 1selated Oy: (F-vo, CD-¥TWA,

D V268, CO-VEBA and CO-TIER. The DIf-Spec Yomk, CC-T-1
can De 11alated By cloting ALC-VO4, ALC-VOI), ALC-WDII,
ALC-VORE end ALC-¥0SD., Curvently, CO-Y-18, €C-T1-2,
0-T-2 and WDL-T=2 ¢o nat tontiin ¢2ougd wrdoreted water
to dliute the verted,
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In Section 4.4.5.4, the prodadility of @ lower rate
dligtion eveat 15 estimated to be more Vikely thie the
mazimm rate discersed adove. A lower dilutioa rate w3
foord to be mere likely thas ide meximm rote Decavse
(1) the prodadility of cowmpoasat falleres resulting In
Yeskage s moth greater tham fur passing fell flow (Tadle
4.6.4), (11) tae prodadiltity of dilution through tAe
sampling Tloes wiich are meaipelated often s Migh
relative to other paths snd (111) the potentin] ealsts
for diletice via campoaent seal water wbich 13 desigesd
for some Inlestage (1mportant during plant meneuvers).
Therefore, provisions must be takeo to osiwre thet the
2CS wil) not de diluted to the minimum acceptadie beron
concentration by the lower, bet more probable rates.

From Reference 10, the mezimm flow through the 3/8°
dismstar seapling Yines 15 no greater than about

oight gpm, Reference 7 stetes thet mazima 1¢a) weter
Inleskage vould not typice)ly exceed o fov gallont per
day (sea) wuter InTaakage would be 3 concern oaly during
processiag). There 15 mo sbsolute definition in the
Indestry for the distinction between leatage and gress
valve fadlere. In this report 1t wes essumed thst
pessage of 103 or more of mariem flov would be termed
°gress® or “rupters”® fallure. Ten percent of the sszimm
credidie flew 13 1S gom. This flow rate encomosses the
potentie) sampling end ses) water flova. Thes, It i3
recommrnded thet this flow rate be wied te et inventory
woaitoring freqeencies during stetic conditicns.
(Sebsequont to the 1ssuance of Rev. O, RAS Ret conteited
with the manufoctorers of savers) types of valvers wsed ot
T™i-2. The manelacterers Indicate thot the 103 leakage
sssumtion Is contervative. It wet afse neted that the
pressere for vhich the volves were qQualified yenerally
exteed the drmend placed on them at TRI-2, thvd redecing
the poteatiel for lestege acrots the valve.)
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4.4,5.

Oetection end Nitigation

Ritigation of & doron difution event consists of
tersinating the event prior to reachiog the Tech. Spec,
boren concentration 1imit. Mitigation of Borun dilution
prior to reaching the Tech. Spec. llmit requires
isolation of the #CS from potential dilution paths, ooce
the dilation 1s detected. Therefore, credit for
nitigation 13 hesvily dependent on the detection
capabdility. At TNI-2, tha means of detecting a boron
diloution event are summarized below.

(1) Ruactor Coolant Level Monitoring

On SPC Panel 3 in the control roos, there 13 digital
RCS tevel monitoring and pressure Indication (which
can be ysed even dering drain down to Indicate &
Jevel based on the weight of watar). Level
instrusent RC-11-100A and the pressure readout are
ba1ed on a single Jevel transaitter/instrument,
RC-LT-100, connected to the ACS hot leg, The
instrument 13 ratad at an accuracy of & 3 Inches for
weasurement of an adsalute witer level. Howaver, o
Jeve) differentinl of & 1 Inch can de read, vhitch
corresponds to an ACS voluse of Tr3s than 160
gallons. A second leve) instrument, RC-11-102, has
recently Deen installed and may Do read on SPC

Panel 3, Instrument RC-11-102 monitors the leve! in
the J1F and 13 physically Independent of the
1nstrumsentation connected to the hot leg. The ACS
Yeve) 13 checked hourly end recorded on the *Station
Bally Leg Sheetd.

g5 1055Y RA



AS R beckup 2o the control rcas iadication, the RCS
Tevel con be reid on a Sarton meter. RC-LI-1014A,
Tocited at the 282° elevation of the Fuel andling
Butlding er 1n 8 tyson tede located cutside the

D ring In the Zeactor Suilding.

An 2CS Tevel alarm has deen Installed wiich i)
alarw {n the control room {F the RCS Tevel chenges
2 6 Inches from the operational level in the I1F.

(11} moaitoring of S1letion Scurces

In Tadie 4.4.2, & nomDer of water collrction peints,
(tanks, coolers. etc.) thet could act as dilution
sources wvere 1dentified. Some of these sources are
nonitored Dy Yow and RSgh Yeve) atarws and/or (0}
verification of level vis *Primery Aux Operator
Chect Sheet®. Level Alarwn may Do indicated In the
contro) reas directly: or a 1atellite slars may be
1a the coatro) room with spe-ific Indication on @
Tocal pane). The Primary Awxillary Operator Check
Sheet 15 ezecuted every shift by am auz1lery
operator and checked at the end of the shiftdy s
reactor operstor and a senfor reactsr operator.

A reviev of the Primery Auxiliary Operator Chext
L1st showed that meny of the diletion sowrces In
Teble 4.4-2 vere not on that ¥03t. Alce, Tadle
4.4-2 shawx that many alarm setpoints are not set
adequately high to De osefu} in detecting o loss of
the volome of witor required to d1lste the vestel.
YAere would de 1ome valoe 1n alareing a1l ¢)lotien
sources In Table 4.4-2 or placing thew on a NIt
checkiist. Nowvever, the 1122110008 of detecting o
di%ution 1n thls manner i3 very small given the wore
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direct ingications evalladle. Furtder, there are
some 100colt practical prediews associated with
s eporoach, 0.9. sccomting for water wse by
TRI-V fros the Unit | Deaineralized Muter Tank.
Thet, 8o credit 13 gieve for detecting 8 ¢ilutice
eveat by this mwthed.

Rass Galance

(o) Per Procedere €301-51, Adpemdix 8, & mass
salance calcelation i3 performed every 24
hours. In the Tevel control unde Do
sNghtly differeat Cichalgues are wied.
These calcalations vild indicate e BCS
dorue cencentretion.

()  Every 2¢ howrs the BCS 13 1related for 4
Mours te perfore o Yesk test, from
discvittons vith plast pericams), these
calculstions wil) detect an nlestage as low
a1 adoat 0.6 ym. (Mowever, the wse of Ty
test for delecting & diletion evest 13
Vimitee for plast masyver: decanie the
1selation of the BCS mwy Vtsel{ Pryvent
contisved ditution.)

Toe position of valees, pumps 0nd Drwdten that are
1maortast teo the tmplearatstion of certets plaat
procedures are aonitared by coatrel rece peroanel
svery 24 hours Per Agprmdis C to Operatisg Procedure
2104-10.2, *Primery Plant Opereting Procedure.®

This aonitering 13 eccomplished By checking the
poiition a1 Yadicated ta the contrel rece, Checting
8 109 1a Wiich charges {n stotus of “red-tegged®
canponrots 1t Rept, or directly serveping the
temponsets.
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(vl)

Newtron Detecticn

A potentie) f1fth Indication of e deron difution
evest 15 the coeradle source ringe Neatres
detectors, Ri-) ond NI-2. These Indicators are
checked Mourly and resdingt ore recorded oa the
Stetiom Detly Log Sheet. SRowever, there i3
encertainty abow the significance of the tource
range responie. Althowgh thete Indicsters mey trend
increated sevtron fiux 1a & range very close te
criticality, there mey to mo significent response os
the boron concentration epprosches the minimm
scceptadle RT3 boron concentrotion wsed 43 a basis
for this emalysis. This is Decavse conservatiimm
exist {n the referenced criticelity anslyses asting
it Vkely that sigaificent shetdown mergia remsing
at the minfmm acceptable Doron concentration for
anit core configerations. Thus. me credit was given
fer ¢etecting @ dilution event by this seans prior
te reaching the miaimum acceptadis boron
concentretion wied In this snalysis.

S Seron Samte

A weetly 2CS boron sample is taten as regmired by
Techaical Specifications. Bep on the time at
wvhich o d1stion svent would occor, o d1lution rate
of about | gpm cowld camie & ditation Delow the
@1aimm sccoptadle boron cencentretion Defore the
Tech. Spec. seaple is takem. Thuy, 1ittle credit
con bo given for this seaple detecting Inlesdage of
ondoreted water, It Goes, Snarvee, provide a
periodic check oo the 5350 edalnistrative Viaft and
prevides some ssserasce that o phenamseslegical
offect {e.9., stratification) 15 pot eccerring.
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Given the other meont of detecting a dilution event,
1t 13 Jugged thet thare 13 not a slignificont eist
reduciion galned by Increesing the boron samling
frequency durlng 3tatic conditiont, However,
3empling 13 o wseful mesat of detecting diletion
during 1ome plant mansevers.

Drtection Bellability

™o RAS Judges TAet & simultaneovs RCS d1lutlon and Teok of the sese sagnitude
13 not credidle. Thus, any éilotion event during statle conditiont will
result 1n a changing BCS leve). fThe fallure to ®see® this level change 13 0
function of the capability of the leve) Instrumenss. fedundant Inttruments,
RC-LI-100A and RC-L1-102, provide level resdout In he control roos. Level 13
read and logged hourly and a level alarm 13 set to detect a level deviation of
siz fnches. [n the event of fallure of the remote indication, BCS level may
be reed from o Yoce) Instrument at the 202° elevation of the fuel Mandling
beliding (RC-LF-101A} or from a tygon tube cutilde o *D° ring. Instrument
RC-LI-101A uses the same tip from the *3° 3team genersior hot leg a3 conirol
rcas Iaitrusent RC-L1-100A, [Instrumeni RC-L1-102 yses tads In the Infernsls
indezing fature. The tygon tute 13 connected to fhe RCS pump 24 cold leg and
thut, 13 physteally Independent of the other initrumentation. Under norwsl
ctreumitances, Indication owtside of ihe contro) roos 13 not relied udon on a
refular Basis. (Currontly, 0dditions) level Instrumenistion, RC-17-100 and
2C-11-102A, 13 arsoctated with the SPC system; this Instrumentation uies the
same tranwaitiers a1 the contro) room indication.} Thus. thero ere thres
independent chennels snd one dependent {Birton meter) chennel avallable for
wie tn defermining RCS level. The follure causes of muitiple chonne)
tnstrumentation stringt con De grovped Into two broad categorles: comdinations
of Independent cevses and cammon cause follyres, These contridutiont can be
quentified and tumned to obtain the teta) prodatility of losing ltevel
Indication,

A Yeve) Instrumeniotion string typically Pas on unsvalladility eof better then
3 5107 /yesr: this 1mplies TAST the probability of the TAI-2 level
indication becoming univalledle due to Independent fauits 13 less than

3¢ 10 5 /year.
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Comson cavse fallure modes for Yosing level indication alio exlit. Nowever,
no credible common cause has been identifled at THI-2 that would resolt in
simyitaneous loss of a1} level indication currently instalted. The potentlal
common cause contridution to level Indication fallure 13 redoced ot THI-2 over
wist 13 normally encountered due to the diveriity asong chanesls, 1.9
that exist for a common caote loss of devel iadication are:

{1) Loss of power ~ tranimlitter RC-LT-100 ond associated Irdicotors RC-L1-100
and RC-LL-100A are powered (rom PNL-2-12R while transmitter RC-LT-102 and
astoclated Indicators AC-11-102 and RC-LI~102A are povered f(rom PHL-2-22R.
These panels are supplied By power traini 1A and 1R, respectively. tLoss of
power to both trains concurrently without comwn cavie (e.9., 1013 of offsite
power) 13 unlikely. In the event of a lois ef offslite power, the need for
Tevel Indication 13 reduced becavie the probability for a borea dllutlon event
conditiona) upen loss of of fsite power 13 megligidle. Asditionally,
AC-L1-10TA (the Barton weter) and the level reading from the tygon tube are
not dependent on power 1o they suy 3till be osed for Indication. The
contribution to the lass of level indicotion from Yoss of power can de boended
by 2 & 10 S 2year,

(2) Loss of seniing oressore to traniaitter or fallure of tramsmitter - the
to1s of sensing pressure coold occyr If any 1ine to the prestore tranimitter
13 dlocked or Teaking, TAis could de coused by closed or plugged valves,
Tesking f1ttings or in the case of RC-LT-100, fallure of the nitragen systea.
The roat valves, and to a lesser extent the Parter fittings at the
transaitter, are vulnerable to hwmdn error. In fact, RC-LT-100 may have been
unavalladle for a short time period due to an 1nzdvertent closlng of ity root
valve {1ER $0-320-84-047). A1 a retuit, plant personnel were slerted to suth
% problem and 00 NOF OPTRAVE® tags ere now placed on key valves to minlaize
this occurrences. lots of prover level Indication could alto result from
blocked senting 1ines (e.g,, Dy core dedris) or if the tranimitter Mself
falled. Simultanecus plugging of all seasing 1ines, Rovever, 13 not Jueged to
be credible as subitential differences in tap locations exist, 1he Comson
coute contribution from this category 13 estimated to Be less than

4 510" 90r,
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(3) Riscalibrated Inttroments = The tramssitters and Indicators are
perlodically (once & year on different schedaies) colldrated ender Procedure
Q221-M1-3420.01. The tontridetios frum altcalibration errors 13 reduced by
the differlag equipment desig™ and Opergting principies. ttaggered maintenance
schednling, and different Dersonne) Perforeing calidretion ming cliverly
wrilten proceduces. The centridution te level onavalladtility from the
category 13 estimated to be § x 10” Y7year.

Reny of the posteteted failore eodes di3cwized would sot reivit in an emafe
fallsre (1.e.. ndication Falle€ a3 13 wiile Jrvel 13 rising). Another foctor
reducing the wnavailability i3 that of immeciate feecdack (1.0.. conflicting
resdings 2s089 chaaneit) te the operster. Ignering the deaeliclal effect of
these two factors produces a valee for 1o1ing all teve) Indication of

95 110" yvar. The bounding vales of .001 oied fn 113 report for
wnavel1ad11ity of 8)1 BCS level moaitoring therefore can De tonsidered A%y very
coaservative.

frgalar 1empling of the RCS 13 another primary @eans of detecting a éiletica
event before 1t Decomes & safety concern. SamDle frequeacy 13 8 function of
the Rinimm acceptadle beren concentration. the potentis) flow rate That must
de detected ond the aixing characteristics of the dilutica Inflow. There i3
no Jurtification for lmplementing 2 3aepling prograe during static conditions
or To detect the largest potential dilatfon Iallowx soecified tn Sectioa
4.4.5.2 given the l1ow prodability of occerrence 4nd rolladility of the level
Indication., Under t10me procestiing circumstances, bowever, 8 semple progrea
10001d Do wied o provide detection capedility vhen semitivity of the level
1ndications may be lott. The recommnded 10e0110g frequeacies are Provided 1a
the apprepriate appendices. A 1280)ing progrem can 2130 be iwolearnted {F
Tevel tndtcation 13 wmaveiladle lor awy resson.

The reltadility of the semdle 13 o function of ity Fepresentativesels and the
implementation of proper snaiyils techaigues. The current aethod of taling an
€S tample 13 to drew TArOwgh & Path from the RCS semple PamD to the 1emOYe
sink. A recest Liceniee Cvent Report {LER 94-102) Ingicated that jome 30w0ley
|y Not Aave deen repretentative of the EXS Decamie of 4 aitleterpretation of
8 meter. TN Droblrm hay Dees corrected and 1t 13 erivEwd that 13e0ling 13
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now Tepresentative. There i3 also a possibility that a particuler sssole may

te analyzed incorrectly so thet am 2CS concentration that it lew is

lacorrectly foené to be within specifications, #lant personnel Indicste there

have ders Two Incorrect s8aples in approximetely 250 weekly Tech Spec.

samples. Uiteg thls exparience and assvalng that any sample ¢rror will reselt 1
fn fallure to dbtect a dilution In progress, the prodibility of fallure to

dlagnete a dilotion event because of erreneous analyses 13 less than 0,01,

As stated previowsly, so credit was Qfven to Che mevtron monitors, the weokly
Teen. Spec. sample snd the once per shift check of dilution sources fer
detecting @ dilution eveat 1n'progress. Checking the valve lineup 13 & means
for recovering froe a valve mfsalignment ond credit wes epplied In the
estimates for Darrier faflure 10 Section 4.4-4. The mess 2slance calculation
will provide inforwmatioca on the current RCS Borea concentration every 28
Pposrs. Therefore, a contervative astimite of the failure to detect ¢ dllution
can be made 2y considering only the wnavailedility of the level monitoring and
sampling freQuency.

nigtestion

Aitigation of an event recuires that an operstor act vpon the detection and
2ske the proper ections to fiolate the dllution source or the RCS its21f. The
fellowing general equation desceibes the prodadility of faflure fo detect and
sitigate a dilution event:

P {rallure to detect and mitigete) = P {railure to detect) o P {fotlure to
attigate given that event §3 detected}

In the previous tudiection, the Prodabdility of failure to detect 2 dilutioa

ovent wsing lovel {ndication or borea sampliing wes estimsted. Fatlure to

aftigete 8 dilutton could o¢cur by cperator failure to respond, operator error

18 responding er Dardwire faults. Secaese of velves 1n Serles. there ore

severa) ways by vhich the RCS could De isolated from s dilution flow, Thus,

the fallure to sitigate an event §3 dowineted by operator fallure to retpond

or as incerrect oprrator response, The operator responte {s affected By the 1
amder of coatrol roos demands and the tise required for the respinse.
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The THL-2 plant stete 1s now much simpler In comperison to en Opereting
reactor 1o terms of parameters that must be sonitored. Thus, o boron ditution
will not resoit 1o sany contro) roos elarms 1a o shart time perlod as may be
characteoristic of an focldent ot on opereting resctor. Ratder, 1t will e
1dentified By o single snnuncietor, tuch as o Yeve) olarw er on wnacceptsdle
=13 balerce, l’l vhich en operator mdy fecus hiS responte, Thus, the
estimites provided In WURCG/CE-1278 for operetor responte $0 & single
annunctistor provided the basls for o Judoment of the effectivenets of eperator
retponse to o éllution. NURIC/CR-1270 noted a difference 1n opereter reiponte
to on eVarm depending on whether s plant was In 4 pover generetion or
meintenance tonditton, The difference betwson the two operattons) ¢oaditions
wat that during the seintenance mode, control rooe pertsanel might erpect
olerms that are due to msfntenance activities in the plant and thes de less
cencorned; conversely, during pover generation each alare would de taten mere
serlously. The éifference 13 o foctor ef 10; feflure te respond to o single
slarm during power generation was estimated as 0.0001 and during aaintenanco
a1 0.001. At T™I-2 It might be espected that alarss ot enytime would bDe
purtued with equal concern because they are not ay frequent as In en operating
plant. MHowever, for contervatisa we assumed that the odserved difference In
retponse between the pover generetion and maintenance modes would correspond
to o éifference In responie during octus! mencuvers (o.9.. IIF processing) and
ttatic conditions, respectively,

An Incorroct operetor response 1% due to an operator error Im selecting the
correct camponent when o decition 13 made 1o act; thete orrors vere descrided
44 Type I errory In Section 4.4.4. At IN1-2, {solation of the RCS can be
ochieved by movesent of MOYS from the control room; the error rate Judged
sppiicatie In Tadle 4.4-6 te the selection of the wrong velve was

12 107 /drmans. his analysis used this e1ttmate 4¢ the *nominal® velue
for on incorrect operotor retponie. An additional factor that Influences the
prodsbiiity of en Incorrect operetor responte 11 the time In which Mo eust
re1pond to mitigete a éilotion. This fector s considered by modifying the
noning) operstor error prodedilities to reflect significant verletions i the
required ection time. That 13, o3 the period to respond decomms shorter. the
nominel opereter error probebiiities are Incrested until they eventuelly
approsch one: as the responie time lengthens, operator error prodabilities
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tend to decrease until iome plateau 13 reached. As noted earlier, there 13 &
1pectrum of possidle dilution rstes, esch with a correlpanding time to ditute
the vesiel to the minimus acceptable boron contentration. The prodadliity of
the largest rate dilution events (greater than 15 gpm up to 150 gmm) 13 <o
tmall that no spectfic mitiqation meesures dre required. although there i
t1ome enisting capabdlitty for mitigation. The moit estrewe rate of @ilution
scendrio (150 gom Inlestage during & fexd and bieed tyDe operation with
detection Dy the level atarm) provides adout 1 1/2 hours after detection for
the operator to 13olate the vessel befors the concentratlon reaches 30 pom.
1n our fuaguent, nominal operator error racs couid de tacreased by & factor
of 10 for this unlitely scenario. If the lowe:= boroa concentration i3 dsiumed
to be 4350 ppm, under the same worst cate condit’ons, there would only be
about 172 hour for action after detection by tevel alarwm. Becsuse of the
relatively thort operator responie time, the operator error rates used (or
this scenario were tncreased by a Factor of 100 over the nominal error rates.
{n.B., The actions that could be taten to terminate thls untitely dilution
event are not o3 extensive as those that could be accosolished in a lonqger
time, Rather than proceed through an ivolation checkiit, 1t |3 recommended
that the conslderation be given to 110lating the deaineralized water puSDy and
the large water sources identified In Section 4.4.5.2, 1P this event Iy
observed.) For the smatler and sore Vliely dilution rates, the moit extreae
situation (IIF processing tn the automatic acde, thus, 1imiting the abiifty of
the level Instrumentation to detect & change) o 3awling frequency can be
developed (sre Appendix 0) to asture adequate time for operator action. The
operator error rate in responding to saneling or tevel indications for the
sore 1itely, smaller dilution rate events 13 the nominal value, 0.001/demand.
As a conservatism, no credit 13 given for a recovery fagtor that would tate
Into actount the 1oAg response time allowed for most dilution sventy and the
supervision of ienlor control rooe pertonnel.

? (fadlure to mitigate given that event i3 detected)

o P (fadlure to respond ¢+ operator error ta responding o Nardwire
faultsy
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Fron the previous disceition. tevers) estimtes of the Drodedility of fetlure
to mitigate can be developed te bound Aumercus plant titeatices. Thete
estimates can be comdIned with the prodadility of fellare to detect o Gllutice
te form the prodadility of fellure to detect sad mitigate a potestiel cilution.

Congition . P (te1lure to nitigete glvea
fetection) (per) i,

Statie, 3500 poa 220 1121077
Processing, 3500 ppa 1.1 x 107 ta 1.0 £ W2
Stetic, 4330 pem 22103 ter.0x 07"

Proceisiag, €350 ppa 1.0 21072 to 1.0 2 10°"

4.4.5.4  Prodability of RCS Dilutlen

P {faflere to estect ane
s SiTaeel (Per demina)
3awder2z10?
V21w w2.0207
3210 to 1.0 210"
10 2107 to 1) =2 107

The totel probability el ditetton of the ECS below 2
ninims acceptadie concentration 13 the sem af the
prodabilities of ¢ilution Throegn the tagividua) pathy
(or, vavivaleatly, of the fallure prodadiiities of
1ndividust @Vtution darriers) maltiplied Dy the
prodadility of the operater Fallure ta detect and
witigete the event. The prodaditity of &xCp-vyace of o
dilution event of a0y magnitede dering static conditiont
wet estimated as 5.4 21073 per year. i 45 due
eleont enticely to the “Iretage® prodaditity of S.1 ¢
1077 par yoor: the reptere or “grets® leslage

prodabidity contridotes 2.7 2 107

por year, (The

prodadility of the grots reptery 15 3o small thet w
Judge that mo 31pecific Bitigatice coasiderations need de
mge for this event, Dised wa WUC guidance

{eeforence 18).)

The contridutioss are tommecized In Vadle 4.4-1 according
0 the types of fislation and the hemder of PATRAL with
that fsoltation. It shoutd De moted that altdough adeut
400 Barrier configurationy are frquired to 130%ate the
BCS Guring 1tatic conditions, anly 375 componenty qre
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regeires.
the 1solation of more than one peth.

This 1S Decouse many compoaents contridute to
Triple barrier

1s0lation 15 mot cyERiryd for ACS iselation, Roveaver, 1
asty cases, triple barrier 1solation occurs during stotic
coaditions Decavie Appendiz C to 2104-10.2 combines the
valves required for "doudle barrier® isoletion during
voriows Processing amanssvers vith ehose raqeired for

static coaditioat.
duriog static coadit foms.

They, there 1s additional 1solation
Triple tarrier iselotion was

recamseded for some paths bDecsvse of the numbder of

potentia) exposures to buman ¢rrer.

finally, althowgh

SCR comitagets require double Barrter i3alaticn to De
odainistratively coatrolied by Appendix C teo 2104-10.7
{or 1t5 equivaleat for 1IF processing), the relladlity
analysis was able to take credit for Barriers which are
kocun te ralst Dut cannot de Pleced on ar (solation

checklist,

(An s2zam01e wuld be a vailve 1m 8 Aigh

rodiation arva wiich 1s known closed by *cperational

verification® or *documented evidence®.
9iven for these types of Barriers.

4430-84-007 for mare detefls).

NOV-AQV-RAR
ROV-RAN-RAN
wISC. BOVBLE®
RISC, mMINL®

1.6 21073
3.0 1103
9.7 x 107
7.0 x 1074
3.0 1 10¢
3.5 x 107!
2.9 51070

Lats credit was
See RAS Calculation

® Hiscelloneows Dorriers comtitt of valves wsed 1a conjusction with Meat

Lachangers, Relief Valves, Mose Comnections, Spool Pleces and Tonks,
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Taking Into account credit for oporator mitigation results in an
estimate for the Prodadility of dilution to 3500 pps during static
conditiens of 2 x 10" 37year, VAICh can be termed negiiaidle.e
(The prodadliiity of dilution to 4350 Pp® was estimated to be sdout
$ 1 1075/y00r, WAIZA con 8150 be teraed neg

'
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$.0 comutLusiONS

Tals sectica summarizes the conclustons from the smala report and the
appendices,

(L)

()]

(£

'
The.ute of the valve 113ts s0gqgeited In this report ond {ts
appendices assures that the S(R commitment for doudle barrler
fiolation 11 achieved.

T™e prodatility of o boren dilution eveat of any magnitede
oHeuceing during static, level contro) cenditions witn the vesiel
was estinated o3 5.7 2 1070 per year. This prodabilfty wes
dominated by poteatia) Ruman errors dttociated with valve
potitioniag,

T'he additionat prodadility of dilution that §s incerred during IIF
procesiing (Vhich may de perforsed up to about SO days per year)
wes estimeted 8t S x 1073 per year. The additiona) prodadtisty
of é1lution during 3IF P110 and feed ond bieed Operations (which
are uipected to be performed much less fregquently. If at all) was
estinated as 5.8 x 10" and 1.3 1 1072, respectivery.

The detection mechanties doscrided In Section 4.4,5.3 allow for
sigaificant credit to be given for eperater action In tersinating o
dilution event prior to reachtng the minimm acreptadle boron
concentration, The prodaditity of failure to detect and mitigate 2
d1lution varled according to the RCS wetar procesting conditions
ond the RIntmm sccoptadle boroa concentration.

T™he Drodbadility of a boron dilutioa occureing and diluting the ACS
from $050 ppa to 3500 ppe withowt beling tereinsted wvat eitimited as
2 2 10°3 per yoar during static conditions: the prodadility of o
d11ution to & miniaum conceatration of 4350 ppe vay ettimated oy

8 5 1073/7yr quring static condittoms. The addittonst

prodadilities of dlution thst are attociated with possidle
manevvers renge from abovt & x 10°° to ¥ £ 10”5 per year for »

- 1055Y A



alalmm BCS concentration of 3500 pom; the rasge 13 1.0 2 10 te
1.3z w? for o sintmum BCS concentration of 4350 pom. These
sre consistent with the safety gsal gutdance provided by the WET
(2efereece 13). Thut. wo conclede that the potential fer boren
cnu'u- preients & ainieg] ond scceptadie risl to Cde recwwery.

A spectnumof potential dilstioa Iaflowy to the 2CS 13 pessidle.
Prevention aad exiiting Yeve) moaitoring iastrumntation provide
adequate prolection for a broad spectrum of potestial dilstioa
1aflovs and plout conditions. Mowvever. enfer 3ome conditions,
3000118 and/or taveatory woaiterisg (e.9.. mass Dalance) asy be
required; 1a these 3iteations. the Freguency 3hoelt De Bised oa 8
diTution rate of w to 1$ gom,

S R 1095y A
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0.0 R{COMINDATIONS

e folloving suamarize the me Jor recommntations of the report. Kore
detalled recammendetions ere In the *Concluiiont/Zecommendstioni® section
of goch appendix.

2

e )]

)

(s)

Assure that the "Itelation valve List® presented as Tadle 8,4-3 13
Smplemmted ond thet the Barriers oa that 11st, or an equivalent
alternative. are placed on 8 24 Rour checklist. [selatlon 113ty
fer particular plant meneuvers gare provided ia the sppropriate
appendices te thls rrport and should €Vt De impiewwnted and placed
on 8 M boer check)ist. The appropriate checklists are expected to
o¢ Appendtn € to 7104-10.2 and Appendis 6 to 2104-D.10.

Assere that recommended monitoring fraqueacies for static
conditions ond planast mececvers sommarized In Table -1 ore 1
feplreented. (Oetalls are provided In the sppendices.)

8. Assure that the swwryency procedure for respending te o
¢1lution event speciffes that 811 procetsing be terminated and
roforences oappropriote actions te iselate the ACS 1a the event
d1lvtion occors. Appendin € to 2104-10.2 towld be sied to
130late the BCS.

D. Considerstion thould be given to addiag g step In [mergency
Procedere 2202-1.2 to trip off a reaning desineralized water
pump 1 o d1lutice event 13 Yo progress or 1f the PLS connot 1
e 1s0%eted 1n 8 timely menner. {This action vil1 eMainate
the sotrt Viely driving ferce for o dilution.)

Assure TSt Operetors Rave the oppertunity to *walk-tarough® ell
sev protedures peior to taeir Implemmntation.

Msure that Ine detalled recammmdations pretented 1a the

‘Concluiions /Recommondations® section of soch eppendix are
1oplrmented.
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RCFERINCES

MURLG/CR.2190, *Evaluation of (vents Iavolving Unplenned Borom Dtlwtion
in Buclear Powver P1ants®, €. W. Kagen, July 1982,

tnclotuen (Inadvertent Soron Dilution) I letter to Dr. Rodert [. UhPi9
Florids Powver 6 Light, from Rodert A. Clark, USERC, dated Aprtl 26,
1982, Oochet %o, $0-33S.

KUREG/CA-1270. *Mandbook of Muman Bel1ability Analysls with {eohasls on
Wuclear Pover Plant Applications®, Fina) Report, Amgust 1933,

WASH-1400. °*Reictor Sifety Study = An Assesiment of Accldent Risks in
U.S. Commercial Nuclesr Power Plants®, Octoder 1975.

WPAD AD2/ADY Reports, TNPD §2-029, °1981 Anaual Geports - Annua) Reports
of Cumulative Syvtes and Component Geliadbility®, Novesder 1992,

GPY Remo §4420-834-0010, *Spoal Plece 1dentification and Oesignation®,
G. A. Kunder to S. Levin, dated fadrusry 12, 19684,

GPU Remo §4300-88-0197, °*Tlimination of Potential Boroa Diletica
Pathays®, 0. 0. Buchenen to S. Levte, dated Karch 73, 1984,

GPU Remo £4400-04-0101, *t8xS Recommendations oa ACS Boron Ssmpling
Frequency®, 2. L. Larion to 0. K. Ranga, dated April 13, 1904,

GPU Reso £4430-00-0053, “Baoron Oflution Pathvays Criterta,® J. J. Curry
to J. [, tarson, dated Mareh 22, 1984,

Crine Technical Paper Mo, 410, °Flow of Flelds Through Valves, Fittingy
and Pipe,® 1900.

€M Rema £4430-88-0232, *Flow Distridution for Boron Dilution Eniide
TA1-2 vessel,® €. 0. Foller to R. [. ROQen, dated August 27, 1904,

GPU Remo §4342-04-0100. °vent Valve Opening,® W. €. Awitie te 0. R,
] dated Sep 0, 1.

*Criticality Report for tho Rractor Coolent Syvtes of TMI-2,* October
M

GPU Reaod 4600-88-0219, "Kafntenence of Sedcriticaltty,” B. (. Rogen to
Aistridution, dated Octoder 25, 1924,

GPUN Remo J4000-94-5-436, *THI-2 Qiwveedly Stgnificant Cventt Report for
Poriod €nding Octoder S, 1984,° F, B, Standerler to P. A. Clark,
Octoder 19, 1964,

*Rethods and Procedures of Analyals for TMI-2 Criticality Coltolations to

Sepport Recovery Actirvities tArowgh Nead Rrumval®, BAN-1130, Jene 1902;
Add. 1, Octoder 1902; Add. 2, Oeceader 1902.
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1.

STRI-2 Criticality Analyies for @ bedvy 1004 870p Accidest 1a Sepport of
Recovery Activities through Reactor Vessel Mead Rempval®, BAw-11-314
6493-00, Oecewder 1983,

Weclear Gegulatory Comistion, *Salety Coal Developmwnt Prograe,” Federal
Gegister, Vol. 45, Bo. SO. March 14, 1950.

#0911cob e’ Procedares:

™i-2 Operating Pﬂxum 2104-8.18. Revislea O (024FY), °IIF
Processing YD rowgh 3OS

TRI-2 Operating Procedere 2124-10.1, Revision 8, *Operation of the
Setondary Plant Syites®, Fedrwary 21, 1904,

TR1=2 Operatisqg Procedure 2104-10.2. Rsvisien &, “Primary Plant
Operatisg Procedsre®, Fedrwary 13, 1964,

Applicadle Brawvings:
Ourns § Roe Drawing $2002, Revisioa 33, "Ralo and Erheat Stess®.
Buens & Roe Orewving #7004, Revision 26, *Amxillary Stesa®,
Sarms § Roe Broving 2005, Revision 36, 'Feedrater & Condentate®,

Burns G Roe Drewing #2006, Revision 26, "Makesd Water Sreatment &
Cendensate Pollshiug®,

Berms U Roe Drawing F2007, (Sheet V), Revisloa 25. *vac. Begasitier
G Demin. Service Mnter T/8°.

Barns & Roe Oraving 2007, (Dreet 2). Revitioa 23, ‘Oraln. Sarv.
Nater Auz. Coat., Serv.. & Reacter 0149.°.

Serns & Poe Orowing J2000, Bevition 25, *Feetuater Meater Dratms®.
Surat & Roe Prawing §2013, Revisiea %, “damritic Weter®.

:-v:t ! Soe Brawing 7015, Revisiea 18, “Secontery Plast Semlisg
yites

Serms & ho lrnll' 2010, Revision 22. “Secondary Services Closed
Coeling W

Surat § Poe Brawing §207), Revisioa 27, "Ctrculatieg U Secontory
Servictes Mater®,

Buras § Boe Bravisg 2025, Revision 19, "(heaica) Asditieac,

20‘-; . l«‘luv!n #2026, Reviztoa 30, *Speet Feel Coaling L Decay
a
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Applicable Drowings (Comtinaed)

Surna & Roe Drawing #2027,
Cootant Liquie®,

Serst & Roe Orovisg #7020,

Seras & Roe Drevisg §2023.
Cooling watere,

Surms & Roe Oreving #2030,
Cooling Matere,

Surns & Roe Oreving #2031,

Burns & Roe Oreving 2033,
eter®,

Jurns § Roe Orewing 92034,
Spray & Core Floeding®,

Surns & Roe Draving #2038,
Hater®.

Surns & Roe Orawing 82016,
ReOuaste Syitem®,

wuras § foe Oraving #2039,

Barns & Roe Oraving #2045,
Klscelloneous Liguids®.

Suras & Roe Draving #7048,
Coolirge,

Surns § Roe Drowiag #2401,
Recirc. & Cooling Mater®.

Surns & Roe Orewing #2604,

Burns & fos Orawing #2419,
Side vents & Drainse,

Serns & Roe Dreving §2626,
Presserizetion Cas Systees

Surns & Roe Orawing §2032,
Coolant Leskage Recovery®.

Surns & Roe Breving MO0,
Liquid Cleanwp Systeme.

fevision 27,

Revision 27.

Revision 26.

Beviston 27,

Resiston 16,
fevision 26,

Revision 20,

Revision 20,

Reviston 19,

Revision 19,
Revision 23,

Revision 10,

Reviston 11,

*Ladwaste O¥sposal Resctor

‘Lacaste Dispose) - Cast,
*latermediste Cloted

*Nocleor Services Closed

°Sam011n9 Buclesr Systea®,
“Buciear Services River

*Reactor Building {mer.

“Decay Meat Closed Cooling

*Nitrogen for Nucieesr and

“Radweste Disposal - Soll¢°.
*Recwaste O¥sposel

SResctor 81dg. Mormal

*Resctor Coolant PumD Seel

Revision 9, "OTSG Cleoning Syistea’.

fevition 20,

*Stean Cenerator Secondary

fevision 9, Lad and Penetration
ang Wydrogen for M) Tante,

Bevision 9, ReGueste Disposs) Resctor

fevision V17,

-0 -

*AuxSitary 0169, [mergency
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Appifcadle Orawings (Continved)

Burnt & Roe Orawing MOOI4, Revision 1S, *Fue) Poo) Matte Storage
Systee®,

Buras & Roe Braving MMO22, Bevision 28, *Standdy Pressure Coatrol
Sritea®,

Gurds & Roe Drawiag fMOLY, Bevision 11, *Ninl Decay Neat Resmoval®,

Surnt & foe Oreving MOLY, Gevision 6, *Tewporary Buclear S4mplIng*
(Sheet 1)

Bechle) Drewing #2-M75-0MBCS, Bevisfon 2, *Schemstic Blagram IIF
Precessing Systee®.

Gechto) Oraving 02-M13-0MC02, Bevision 2, ®Scheamatic Blogres 1IF
Precesstng Systee®.

Beehte) Drawing §2-P10-0MCO1, Bevisfon 6, *Oefueling Maler Closnup
Systes Resctor Bullding®,

G1dert Drawing #C-307-692, Revisioa 22, °Liquid Waste Disposal®.

B4 Drawing #42-40-002-01, (Revisfon § Not Discernidle - File
#1-00-0216), *Sea) Systes Schewstic Throttle Sushing Arrangement®.

PV Draving 020-930-21-001, Reviston 4, "PB10 Composite Submerqed
Oemineralizor Syites®.
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APPENDIX At MCS FEED AND BLEED

A1 SCONE

Wile 1 t;n static, leve) contro) mode, it may e advantageoss te
perfore a *feed and Dleed” optration before Dead rvmmval in order to
redece the OCS activity or after hesd rvaovel 1f JIF precessing could aot
be conducted. This maneuver would de perforurd 1m accordsace with
Section 4.7 af Operating 'rvn“r; 2104-10.2. The boroa dllution
potentlal directly associated with this manesver conttitutes the 3cope of

this ana
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The flow poths oted for feed and Dlesd are descrided separately in the
calcalation. The feed pothusy drawn f7UB the *A° Bleed 2aak throwgd the
rdr snn'o and 19)ects 1ate the OCS via valves MO-VI6A, 8. Cang 8. The
Sleed pItd draws from the mormm) letdown Vine tArOwyd NO-VINE, the WOL
Systea and fate the °C® bloed task. The Feed ed Diced cooratien differs
from the static, level coatrel situation In the following asDects:

({}] Ratewp valves M-V¥IT6, ~VI01, which Drovide Tislatiea
onder 1tatic conditions amst be oproed for the Dlred poth.

o) Mo velves MU-YI4A, B, C, B end ~¥1ES which provide
iselatien wnder static conditions, amit De opreed far the
feed path.

(") The ability te nterpret & diletica eveat by moaitering
CS Inventory change mey be affected 1lace o1thowyd the
Tevel 1Mould teeally rvamin constaat, 1t 13 sedject teo
fluctuations by the malure of the mamewver.

1} The 1n1t14} conceatration of dorem fa the RS
and the °A° Dlewd tama V3 3OS0 soml,

2} The *3° dDleed tant s either ewpty eor fall of
93 grede wter.

O1ts. M2



3

4

)

)

A "dllution event® involves a drop i doron
conceatration to a ainimum acceptadle
conceatration.

A1) Barriers which were $a offect during the
stotic, Vevel—contrelled mode are also
asintained during feed and Dleed excopt those
required Oy the mascaver: t.0., W-VI6A, O, C,
9, -v3%.

Teed s»8 Dred asy be required Defore Mead 117t
and 13 not ¢xpected to be required after hosd
M0e. To estimete exposure of certala berrlers
to operaler arror, a frequency of once per yesr
wat atsomed for feed and Diced operatioms.

Type 1 selectfon arrors on valves opersted from
the costro) roam were gives 8 recovery factor
of 10 to accoant for the auster of qualified
perienas) witnessing operations, Type § errory
on velves Opereted from the Rachaste Panel were
given 8 recovery factor of 5 to account for the
gonora) vie of a ninle Board; less credit was
given for recovery tbam for valves opersted
from the control recm. Type I selection errors
on asnual valves were given a recevery factor
of 2 to sccount for operaler recognition of an
error from the system effects of the error,
Foed rates are about 10 gom or less (based on

ezperience during draindown).
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A.3 CALCULATION

A.3.9 Prevention of O3lution - Blesd

To cf-nun for the Yoss of 1solation barriers atsoclated with
opaning valves MY-YI76, WOL-VE6 ead WOL-Y963 Fer tde letdoun Path,
8 Aev groep of 105 1s0letion barriers wes tdentifled. These
barriers ore provided as Table A.). The valvet 1a Tadle A are

somerized fa Table A.3. It {s recommended that the valves ia

Tadle A.3 De 4dded to those 1a Tadle 4.4.3 of the maia repart to
form the 1s0lation berrier checklist 1a OP 2104-10.2,

e 0t63x RA



w-Ite

woL-veb

woL-v9§3

TABLE AD
LIgp awp =

2P Demineralizers
AP Oeainerelizers

Osberating Dentnerolizors

SF Syvtes
M-T-1 Brain

Core Flood Tank Glesd
ond Semle

v
2C Bratn Wesder

Recirculation Line
Mitrogen

Satte Gat Yent Meader
and Cas Analyzer

(R2AGLTI0N

R-V226, -VI28A, ~V2248,
-V, -Y88

MU-Y1074.0; WF Sytem OFF,
M-008, X1

WR-VOIA, -YBlG
MOL-VI0A, 708, 724, 128, YO9A,

1098, 109C, 1090, 1104, 118D,
;g:. 1430, 1904, 1908, $32a,

#-v18
ST-¥122, 188, 217, DW-vi0®

-viee
AU-¥12,12,27,20.133,R-T-1

r-vio?
F-viaa

MOL-V$33
woL-vIoN

woL-vaz
woL-vN2s

Ruit be open for procesting
Mutt de open for procesiing
Rutt De open or procesting

Letdoun Rellef Yalve Oischarge Must be open fer processing

016S: oA
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4.3.2 Prevention of Dilution - Fred

Teo comprusate for the 1o1s of 11020tion Barriers atseciated with
open)oq RateUp valves MU-V16A.0.C end D for the matewy (fred) poth,
s SO of sew 110lation Darviers w3 Témmtified. Thete barriers
are provided as Table A.2. The valrves 1a Todle A.2 arv summarized
1n Todble A3, It 93 recammeaded that the valewy tu Toble A3 De
addet to thote T Tadle 4.4-3 te form the 13elation berrier

check st for OF 2104-10.2.
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TABLL A.2

I L - -

M-¥164.0,C.0. W-P-14,5.C Discharge W-¥1444, -VIaLD, -VILC,
W-v36, V12, DM-VI9S,
SF-K-17, BS-Y)A.0. DN-V5A,0,
ON-Y1004,0, -V7A,0, -VI1204,0,
V3109, ~¥120, -V13¢4,0,
OH-C-1A,0, SF-¥217, -Vise,
-¥214, -Y122, SP-C-1A,0

Not fleqaired fer Boron Ditution

CA-V11S
CA-N17)

CF Tenks CF-¥1144,0, -V1A,0, -VIi§
CF-VIeS, V46

-8y
-L-24,9, M-YI1, OM-va2?

m-v133
M-¥12,13,27,20,069, M-Il

CA-T2 4, -20, -3 CA-Y107; -v112

CA-P-1 off, CA-P-2 off
CA-T-) w-vi2r

CA-v130
Pretieriier S2mpling SA-vi82
Seturn Cot & Copoed Plpe
Oodorating Beming \OL-YII0A, -¥I00
WOL-K-1A, -10 MOL-¥109A, 1098, 109C, 10v0,

304, 108, 124, 128, 1834,
1930, 014, €1, 3324, $320,
34, 1909, BM-UI1Y, UG,
WoL-U0)

WOL-Y543A
WOL-¥SE4A

WoL-Y5430
WOL-Y5440

® fseletes vent hesder: (oilure of fselation requires tank overflov.
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WoL-v40

WOL-V33A

woL-v18?
WOL-Y21A(C)

woL-yn

WOL-Y294A (C)

® Jsolates vent header:

CA-T-1

OV Connection

'

: Other WOL Sources
Isotetion of WOL Soveces
from Recirc. Line

Soric Acld Pump Bischarge

Isolate Sawling from
Recirculation tine

Oenin, ater Flosh

1tolatlion of WOL-T-18

from Injection Path

2t Orafn Tank

WOL-T-Vant Keader and

Cas Analyrer

Maite Cat Dischorge Meader
Nitrogen Line

Mateup Tank Redlef Ofscharge

Decon

8C Cvaporator

RC Cvaporator

“¢ Tank Yolume Yimits diTotion potentiel.

fatlure of 1s0lation

EEacecad

CA-¥130
CA-P-4A,8 off,
CA-¥135,136,154, CA-T-g*

w-v94
Ou-ve?

WL.¥178, ¥
woL-¥1I5, V59, -v4l

WOL-V6SA
WOL-VBS8, ~V2044.8

CA-Y138

CA-¥-1334, -¥1338, -¥13S,
Y158, CA.T.@*

WoL-v3)

SH5-v53, 140, 150, 23, 1,
SHS-T-4%, hote nest to
SKHS-V139 or SN3-VI39

wOL-¥523
OW-v223

WL-v2¢8, 200
WL-viiie

MOL-V11434, N63C
WOL-V1092

Nast De open for processing

Nait be open for precessing
Nuit De open for processing
~-0
W-¥12,13,22,26.200, 169,
m-T-10

MOL-VIBA, -VIBC
SKus-v97, -¥120

WOL-YI8A, 10C, WOL-Y42

wL-¥11?
WOL-vS21a, S21C

requires tank overflow,
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ACTION

: : PATH
8C Cvaporator

WOL-T-9A,.8

O Fluth throvgh
RCF Systre

RGN

WOL-Y138
MOL-YBSD, -¥1370

MOL-Y959
WOL-Y$21A, $21C

RCF System Discommected &
ResovTed
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During feed and Dleed, the operater may net de adle to recognize
that a Dorva dilution eveet 13 occurrisg by ¢ devistica frum @
constent leve) indication. Forther. siace Veed 304 Dleed requirmy
the avvvarnt of large volwmei of water i a matter of boers, msny of
the sdmialstrative contrals witch are perforeed oace per ANIFL or
once per day could not he drpended WHOS to detect & potestial
dilution event.

In order to previde the capsdility to detect a Dorem dilulion evest
during fred and Dleed, 1t 13 recammweded that:

1}) Tmmediotely ofter procetsing, 1omle the ECS to rvestadlisn @

% For mal of the system at an acseptsdle Soron

concentration.

2)  Shee processing more thse 10,000 gallens and the Rlnimm
acceptadle 6£3 doroa concentration 13 3300 pom, tsmple the 23
prier te njection of 10,000 gallons to verify the Corvectoess
of the volve Vinewn. (IF the alntmum ecTeptedle concentration
13 4350 ppm, 15m Ve Prier te tnjection of SO00 Qellent.) WML
will 311w Fer corrective action te be toten Prier to
18jection af emouyh weter to dilete the veite) to the ainimm

eccedtadle concentration,

A-10 014%a 1A



3) A =433 Batance calculation 1imilar to thet descrided fn
Procedure 2108-0.18, Appendix F, should be perforaed hourly
WAro sore thas 10,000 94116as {5000 galleas for 3 mtaima
‘lunlnlo conceatration of 8350 ppa) 13 Deing processed.

s} Rositer the RCS level every Nowr during feed and bleed
processing te verify BCS lovel 15 pot changing bryoad ths
norasl e1prcted voriotion,

6) Perform 1solation Barrier check dally In eccordance with
Procedsre 2108-10.2, Appendix €, to verify barriers Mve aot
besn bresched and previde recevery potentie} from any

afsslignasnt.

n Perform bDoros concentration estimste dally In eccordance with
Procedure 4301-51,

A.3,4 Protadility of Boren 21letion Ouring Feed and Bleed

For feed ond dieed operatioces, there are 392 barrier configurations
1n sdeition to thase fa the Daseline analysls (Tedle 4.4-4). It {3
a15umed that feod end Blired will be perforued only ence Defore hesd
311t, therefere the frageency of demand 13 taden to be Once por year
per Bareler. Tho mamber of each barrier type wot mslitiptied dy the

0145z RA



follure/demand/Dereier type as given Io Sectioa 4.3 %aking the
incressed frequency of demand fata account to yleld a faflure
prodadility af 7.3 10 2/year. THIS 13 the prodadility that at
Teast one of the darriers will be dredche€ with the poteatial to
(l.ll’lﬂ 2CS doron dilotica. Multiplitatica af the prodadiiity of
tareler fallure By the Prodadility that an operator wiil fail te
detect and proprly mitigate the dilntion will yleld the prodadiitty
af diloting the BCS doron conceatration delow o atnimum scceptedle
boron concentration during o feed and Dieed operation. Tais
prodabiisty hes been colculated to be about .5 & 10" S/year for
dilution to 3500 pom and 1.3 & 10"*/yeer for dilution to 4330 ppm,
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A4 COMCLUSIORS/RECOMSINDATIORS

L

)

e predadility of o doron diletion assumiag during feed and
bleed operations 15 estiasted as 6.0 1 1072 yr"
ond 5.5 0 1077 ) ror reptere. s prodadiiity I dew

to the required isolatlon of ebout 30 additiona) paths for

for lest

the atneuver. Considering detection and mitigation
capabllity, the prodadility of d1letien to 3500 ppe dee ?0
LAl sanuever vas ertiasted as 8.6 x 2073/, e
prodedility of dilation te 4350 poa was estimaled a3 2,3 &
10" 7ye.”!

Table A.3 supplrments Tadle €.4-3 1o that 1t provides
130Y4t10n of the RCS to compeosato for the valves opened by
the feed and Dlead precedsre. Thus, the valves te Yadle A3
$h00ld be added to Appendix € to 2101-10.2; this wil) atsvre
comp 1 fance viIth the SER Comitseot for doudle barrlsr

1saletion.

Sampl1ag of the RCS shou)d be peeformd after completion of
the operation to benchaark the RCS boren concentration. If
the ainimum scceptable boron concestration i3 3300 ppm, 18aple
petor to feeding 10,000 gallons, 1If the alnimum scceptadle
concentration 15 4350 ppa, 188010 Prior to feeding $000
sedlons,
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4) Ronitor the BCS Vevel hourly te detect varfations that exceed
W\t ey be exp

S) .‘l\. curreat froqueacies of execoting Aopendiz C to 2104.10.2,
“ the ¢¥lution source check 1n t3e Primery Asx. (veraters Owel
Sheet, the boroe concentration colcelation fa 4201-3) and

stean geserater level checks are acceptadle.

4) A ma31 Dalance calcwlation simtdar to that descrided
0F 2104-8.18, Gppeadiz F, shoeld De perfsrmed Rosrly wies
10,000 9aY10nt lor 5000 gatlons 17 4350 pom 13 the mlolem

sccoptadle concentration) or more 1t Deing precessed.

AN



TABLE A.) BARRILR LIST FOR FECO AxD BLECO

(Feed and Dleed 13 accomplished per Secticn 4.2 of Operating Procedure
2104-10.2. Protedere 2106-10.2 13 structured soch that 81 valees required
for 130lation Guris) s14tiC conditiont or for sny msacuver cavered by
2104-1.02 are Placed 0n & $1n9le checkiist - Appendix C to 2104-10.2. Thm,
the folloving valves sre recommanded to be Placed on Appendisz C te 2106.10.2
1n eddition to ThOte 1n Tadls 4.4-) of this report. The valves 1isted here
fsolate the process flow Path.)

CA-¥1334 VoL-V103C
CA-v1238 WL-Y1090
CA-v128 MoL-v11T?
CA-Y15¢ wL-¥138
cr-vide MOL-Y¥163A
O-v92 wL-¥1640
-¥223 wL-v17$
-via wL-n26
w-vid WOL-Y130A
us- WOL-¥1%08
a3-v9?) WOL - V2064
WOL-YI8A WOL-Y2040
WL-VIBC MOL-YS324
woL-vé} OL-Y5320
WL-ve2 woL-Y$33
WOL-Y658 WOL-YS44A
WOL-Y10A WoL-Y5440
WoL-Y708 WoL-v939
WL-Y12A YOL-YITS3A
wL-Y220 WOL-YI153C
WL-YI0MA WoL-¥1170
wL-Y1090
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APPONDIX 0: IIF FILL
9.1 scorf

After lnl'll)lnun of the Internals Indexfng Fiatore {IIF), the RCS wator
Tevel wil) Do raised to approaimately 144°. This msneover 13 performed
per 3ection 4.3.2 of Operating Procedure 2104-10.2. The Doren dilutfon
potentis) directly assoclated with thls msneever constitutes the scope of
this enalysis. 1t 13 expected that thals will be a one time caly
procedure, After 118 completion, BCS Teve) adJustments wil) be made with
the 1IF processing system or 3 feed and Diced oporation. Thoi, the

nilnimm acceptadle RCS daron concentration 13 assumed to de 3500 ppm.
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8.2 INTROOUCTION

e (ow poth wsed for TIF 7111 wil] be tbe same a3 that wsed for
previous reril) and foed mancuvers: 1.e.. draindown fromRC Dleed tanks
A or C and RCS 1nfection through matewp valves 16A, B. € and D using o
WL pomp. e detalls of the IIF TIT maneuver differ from thote

analyred for the static, level control siteation in the fellowing atpecis:

(1Y} Rakevp valves 164, B, C end/or D vAICh provide 11alatien
wnder stattc conditiony may be opened for the IIF P1V).

[$1}) The adility to interpret a d1lution event by monitoring
any RCS inventory change 13 affected Decause the IIF 1AV
produces an increasing level by design.

The IIF 0190 entalls increasing the RCS lTeve) from 12 ¢ 3 inches to
144 2 3 inches, or the injection of sbout 11,500 gallons. The inttrument
accuracy (2 3 Inches) correiponds te abdout ¢ 478 gadlons,

In performing this analysis, It has Bren avsomed thet:

1) the Inittal concentration of deron n the RCS and 1Mo tource
bleed tank 13 3050 ppuld.

2)  The °1° Dleed tank 13 oither eapty or foll of (S qrade wter,

3) The dllution event of concera involvey a drep fa the 3CS doren

concentration delow 3300 ppw.
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9

AN Barriees wilcd were 1e effect Guring the static,
Tevelcontrolled mode are olso maintsined gerieg NIF 1IN
exerpt those required By the msovsver ¢.9. R-VIEE.

1The IIF 011) cperation will de performed oaly emce.

Therefore, 8 frequeacy of bacrier velve manipelation of 1

r" vt oviemed.

Type I 1election ervors oa valves cperated from the coatro)
roos wvere gtven a recovery factar of 10 to account for the
sumbder of @ualified pectonael witneising eperetiom. Type |
ervory on vélves operated from the Radwaste Pane) were gives 8
recovery factar of $ to accownt for the geaers) wie of a mle'c
board; lest credit vas given For recovery thas Por valves
opersted From the control roam. Tyve I ervors ea sames)
valves were ¢iven o vecovery factor of 2 te acteont for
cperater recognition of an error from the effects of o velve

aluligment.

3 Bapt: BA



0.3 CALCULATIOM

0.3.) Prevention of Bllwtica

Te t;wmun for the Yoss of fsolatiom Barriers assoclated with
oprotng the JIF 1111 pota, g ¢rovp of fselation darriers wat
1éeatified. This groep i3 provided o3 Tedle B.7. The valves in
Tadle 0.1 are sommerized In Table 0.2. It i3 recommended that the
valves fe Table 0.2 be added to Chase {n Tadle 4.4-) of the mein
repart to form the ftciation barrier checkiist {n OP 2104-10.2.
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m)-viEA
SPC-ves

® f40lation vent header;

TANME 8.0

Eoasas ool

M-P-14,0,C O1scharge

3PC System

CF Mateup

CF-Tanks

Sea) Raturn Cooters

Makevp Tank

8¢ Dleed Mold-Up Tanks
ue Oedorating Oeming,

[ )

SPAGATIN

RU-VI44A, ~V1440, -VIAIC
-6, -'l?. OM-¥199,
1004.8

-v109, -'l?ﬂ-
Sr-v213, 106,
-V?“.

~¥122, SF-X-), 83-V34,0,

{is0lstion not required for
boron ditetion prevention)

CA-W1S
CA-¥11)

CFe¥US, =V CF-¥IA9,
-V, -VilaA,D

m-v289
MU-C-24,28 tudes, -VI7, ON-V22?

n-v13)
U-¥12,13,21, 20,
w-T-1%,169

nN-v3

MOL-Y1A,0,
m.-vrm.
SF-v214 IJ-VI“. ‘er- -yior,
m-vm. -Vité, -VI7,
V11T, WOL-VIIS2, -V¥823,
-V‘S!l. =vi09}, ~YI3A,
-v230, WOL-V208,
=¥521A,0,C, CA-Y1D§,
MOL-T-18,°

falture of 1z0latton rmirn tank overfiow,
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n-v10

WL-v40

WOL-VIIA

wL-v1§?
WOL-V21C(A)

QEECCIID PATY
CA-T-24, =20, =3

CA-T-1
’
< M-K=1A, =18
RCS Letdown Coolers

Dedarating Demtns
WOL-K-1A, ~1B

CA-T-1

O™ Connection
Other WOL Sewrtes
fs0lation of WOL Sowrces

from Recire, Line
Soric Acld Amp Bischarge

I1s)ate Samling fram
Recirculation Line

-4

{IICHTY
CA-v107, V112
CA-P-] of F, CA-P-2 olf

-2
CA-vIse

-8
M-VI07A,0, -V2244.0, -V226

n-ve
n-y376

WOL-YNIBA, -V1100
WOL-YI24, -VI2B, ON-U31). <014
0, -Vi094,0.C,0,

wWi-5438
WoL-5448

CA-Yu0
CA-P-4A.0 off, CA-VI3S,
=V138, -Vi34, CA-T-8°

AU-V294
D-v92

wL-vi76, -YIIN
WOL-VITS, -vi9, -Y4)

WOL-VE3A
WOL-V58, -V206A.B

CA-V136
CA-VI33A,0, -V13S, -VIS4,
eA-T-9°

WoL-Y3T

SRS-V138, SKS-140, SmS-S3,
SR3-T-§°, SRS-V2), -V, Mose

mext to SNS-VII9 or SKS-VI3Y 1
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crice
wL-va

wot-v2et{a)

o) P
Demin Mater Flwsh
l10latien of WOL.-T-18
from fajection Path

v
© RC Protn Vamk

Gellef Valtve Letéoun
tine

SOL-T-Veot Besder and
Gas Amalyzer

Waite Gas Discharge Meader
nitrogen Line

Makelp Tank Relle? Oischarge
Secon Connection

8C tvaporetor

RC Cvaporater

WL-T-94.8

O-Flsth Threweh
KT Systee

-7

ST

WL-¥323
o-223

WL-V208. -780
WL-VI043

MOL-VIVE3C, -V11S38
WL-v1092

w-a3
w-vI0TA.0. R-2N8,
-Y2244.8, 3T

fsit be open for precesning

it be opea for precesiieg
M3t be cpen Tor preceisisg

-,
295-¥12,13,27.20,789, 189,
FO-T-1®

WOL-V18C(A)

Sa5-97, -V128

WL-Y117, -V184.C
WL-VS21C, S21A, V2

WR-VIY
WL-vesa, N

[ )
WBL-vS21E(4)

T Sntea
Biscommected ond Braved
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Suring 315 £411, the operater 13 not able to determine that o
¢1Tution event 1% eccarring by o devistion from 4 constant Teve)
lniénnu. further, the JIF £11) requires increasing the Teve)
from 72 ¢ 3 Inches to 744 & 3 inches at & rate of adowt 30 gpm.
This resvits 1s completion of the JIF F11) muneever Ia about 6 1/2
Mours., Tet, becavie mcat of the adninistrative contrels descrided
1n Section €.4.5.2 are performed on 8 shift or dsily dasis, the
only detection of » dilution would be o o level 2larmon o
dilation sosrce. Mowever, tRis does not present @ significent
Doron diletion Nszard Decsuse the tale) volume sdded 13 not encugh
to dilute the vessel concentration to 3300 ppw.

Mus, ths following recomendation aro made:

{1) Sample the Bleed tank froe which the 1IF will Be filled
prior te stert of 1111,

(2) Saaple the 8¢S after completion of JIF F171 to
re03tad1ish the SO0 ppm denchasrk.

{J) Perform & mats Dalance of the #CS end sourta Diced tonk

overy hour to fdeatify dSscrepanties Whick covid Indlcate

e diletion event in progress.

-0 040%s /A



0.4 CONCLUSIONS and ACCOMIENDATION

",

n

2)

3)

T™he probadiiity of a beron dilution occurring that I3
assectated with IIF 137 13 estimated a3 $.2 « 10~ far

Yeats and 3.9 x 10°* for rupteres. Tals prodadility ts due

to the required 1zolation of 363 paths. m'mmm
copadidity associeted with the 13F F111 results In @
prodadility of boron dilution to 3300 ppa Cue to thSs maneuver
to be about 6.6 1 10°5 por yeur.

The valves 1isted in Tadle 0.2 should be added to Appendin €
to 2104-10,2. Thete valves provide st Yeait deudle darrier
1solation of the IIF F11) path to cocepenidte for the 1solation
valves that are opened for the asneuver. The 1solation velves
1n Appendtx € to 2106-10.2 that are mat explicitly required
for the IIF 110 msst remain closs. 1o stture doudle Darrier

1s0tation.
Seaple the bleed tant from which the 117 wil) be FiYled prior
to the start of the 7111 (since the tetal 111 volume 13 Vess

than that required to dilute the veise) to 3300 pom).

Perforw Pourly mass Daleaces of the RCS end Dleed tanks during
the mensuver,
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(FA10ng of the IIF 1s accomplished per Section 4.2 to Operating
Procedure 'IIOI-IO.I. Procedure 2104-10.2 13 struectured sech that all
valvet required for 1selation during static coaditioas or for any
meneuver covered ender 2104-10.2 are placed on & s1ingle checkliist -~
Appendix C to 2104-10.2. Thus, tBe follewing salves ece Pecommended to
e placed oa Appendiz C to 2104-10.2 In additioa to thote 1a Table 4.4-3
of this report. The valves 1isted here Vtolate the process flow path.)

MU-Yea wL-viiy
nu-ves WoL-v139
SNS.v24 WOL-V1§48
SNS.¥9? woL-v176
WOL-VIOA WOL-Y208A
WL-v10C WOL-V2048
WoL-v20A WOL-¥$32A
WOL-v20C WOL-Y$328
WOL-Y29A MOL-VISY
WOL-V29C WoL-YI8)
woL-v&) WOL-Y168
WoL-vas MOL-¥11834
WoL-va6 WoL-V1153C
WOL-V39 WL-v1120
WOL-¥I2A

WoL-¥I28
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After the instaliation of the taterasls Indexing fiztere (11F), there 11
a coatiogeecy plaa to FI1) the refeeling ceaal 1f & Yeat fa the IIf 100l
vere to develop. The mamesver wulé be perfarued by Operating Procedsre
4201-093-3254.0). The poteatin) for ditution of the 2C3 uhen comdecting

this senguver conttitutes the scope of tals asalnils,

The mott Ytkely time For 3s IIF spal leak would have Dece {amdintely
alfter initallaticn, WAIch wet part of the head 1112 speration. For Dead
MIt, the ainloun acceptadle BCS borsa cenceatration wat 3500 pom.
Although » tesk of the 117 410 nat eccsr; and therefore, the 1MkeliNood
of F111Mag the refeeling ciaa) 13 now dimtnithed, thit appeadix Mt decs
wpdated to Inclede the Deron dilutica hazard of 71111ng the relueling
camal 1f the mintawm RCS boroa concentration were 4330 Opm.
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€.2 IntrOCUCTION

tnder this coatiogescy, the refurling cenel 13 to be filled to
.nnmnl'-ly the top of 30 IIF. ™3 corresponds to an elevilion of
327 feet and requires the traasfer of sboot 105,000 gallons from the
BSI. The manewver mey Do conducted with pump SF-P-1A, SF.P-18 or
FEC-P-2. whichever pump 13 esed, Cthe reduirsd flov pata 13 from the BWST
throvgh porticas of the decdy deat and spent fuel systems and throogh
flezibTe Bosing {conected &t FCC-U-2) Into the canal.

The conal 111) asnewver differs primerily from static conditlons in thet
1t 13 more difficult te detect o d1lutioa ovent by level change when 2
flooded cansl cammnicates with the 2CS. This 13 becavie a one inch
fecresse In wvater feve) ot ress oa the 8CS teve! Indicators corresponds
to roupdly 915 gallons e the conal 1s Filled versus adout 160 gallons
17 only the 11F were f111ed. from o ¢10utIOR vievpetint, the additional
water 1n the canad Bas Vittle Deaelficia) offect Becansa 1t swit o
Assumed that & dilstion throegd & piping Interfece will mot alz with the

cessl velume Defore resching the core,

The lass of Yeve) monitoring sensitivity becomes more Impartant for slow
divtfon events (.15 gp@). This s Decowse, ot faster diTution retes
the operaters mey be abple te Judte that o é1lution event I3 fo progress
by the enorpitted 7912 at VASCA the cena) I3 Detng 1110 or If the
ilutien rato 15 Dy o piping interface, by & surge 1a the JIF lavel.
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C.3 CalCUuLATION

There are three aspects of the étiution potential thet are associated
with the cana) 1911 msneuver: (1) the potentia) for ditution Into the
canel 1)) pathvay during the 1111 taelf, (2) the potentia) for dllution
of the RCS from a diluted canal volume after the 1411 13 completed and
(3) d4lution of the RCS through ACS piping Interfaces after the cansl 13
f111ed,

In the first cate, the concern 13 that a portion of the flev into the
conal i3 unborated vater. AS mentioned $n Section C.2, it 13 Vitely that
8 d1lution flov that ws comparsdle to the desired F111 flow would de
dotected Dy a greatly Increated cana) 1111 rate (or a relattvely slowly
decreasing BT lovel), Hovever, flovy tignificantly less than the FIN)
rate would probadly go unnoticed in this asneuver. In any event, Vf &
cone) tample were toten prior to overflowing Into the shillow end, any
dllution event covld be detected before affecting the RCS.

In the second ¢ase, the refoeling cons) velume acts as an additional
alzing volume to 1nAIdIL dilutien of tho RES. The water 1 the cans!
1tielf 13 approxzimstely three times that 1a the rosctor vestel, TJo
dilute the volume af both the vettel and cane! to 8 boren concentration
of 3500 {€350) ppe would require approximstely 40,000 (22,500} gollons,
wAleh woutd correspond to 8 canal level Increase of over § (2) feot. It
13 extremmly unlitely thst this aaount of additione] wvater would go
sndetocted.
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1he potential ef d)lution via RCS PIPIng Interfaces after the cona) 13

f1112d  represents the tIrd, and sost restrictive, case. The

prodad )ity of a d)letion occurrence throogh plping fnterfaces 11 mot
related u‘wmhor the refueling canal 1s f111ed. Rovever, the abldity
to detest juch am occurrence 15 more d1ff1cuit Becasse of the lovsy of
Tevel tnttrument teniitivity with the conal f11Ved (or porttally €11 )ed)
with water, Further, Jhe conal volume cannot count 43 a mizing volume
fer any uaborated water through piping tnterfaces decause 1t st be
assumed that the weter above Jhe vessel wil) not aiz before the wnderatesd
wvater wil) reach the care. In this case, the level Increate before o
pelential diletion to 3500 ppm would be adout 33 iaches (915 gallons/fuch
conal volume). At eny credidle diletion rate {see mata report), this
would require at leest an hour. For the more lixely rates, diletion
would pot occur Yo Yess than about 13 howrs, MHowaver, If the sinima
acceptadle GCS doron concentretion 13 4150 ppe, the volume of weter
required to @llete the veise) te this concestration would result In 2
Tevel Increase of only 19x Inches. Thue, the cerrent Yevet alare
10tp0Ints are not epprepriste for detection of a dilstion under thete
circomstances. In the event of canal 1)) with the minjaum RS
concentration specified st 4350 ppm, (1) the leve) alarm shovlé be retet
to £ 2 ImcMes or (2) an.BCS ssmling program with a frequency of 2 hours

or Yess should De =plemented to Provide tisely motificatien of o 1
patential ditutien dering 1tatic conditlons, 1f BCS procesing must De
wndertaken with & Fi11ed cana), there are additlonal moaltering

reqeiresents asiociated with each cparation. Thete tdditional

requirreents are specified {n the apprepriate appendix,
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{0etatled quantification of the dilutioa potestial assoclated with the
canal f11] mangever s oat performed Decsuse the risk wes Judged ts De
...mm-'. gives the Touw kel ldood of occervence of the contisgency
cans) 1117, the Tov Prodadility of @1lstica sccureing and 1he Getection
capadility. The domiasat rist sttoclated with the mencsver 13 Jodged ta
occur theoogh piping faterfaces sfter the cansl 13 filled Decacse of the
Tois of sensitivity of the Tevel fastrumreatation. Rovever, 10 this cate,
there will de adrdvate time for cperator reiponie ta aa eveat of any
credidle Flow rete (see sale report). The prodadilities of eccurrence of
a dilution throegd pising interfaces are the tome 2t estimsted far plaat
conditions 1a other sectiony of this report.
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Sanple the cons) prisr to F1131ng the desp end te atsure that the
B
wter with the desired concentration 13 befng added.

Provise 130)stion of the canal 7111 patmay. In tAls regird, Rev.
0 of 4210-073-3244.01 wvas revinwed ond verified that, with the
sstedtion neted Delow, f1seletion of the canst 7170 path I3
athirved vith the valve Vineup presented 1A the procedere. (N.B,
TRIs 113t 6o mot provide °dosdie barrier® fsoletion of the F111
path, Nowever, this 13 mot reqeired from s reliedility standpaint
given that fajection i3 fste the conel and that s sample wil) b2
toten Juit prier te F111ing the sPallow end. §f dowdle barrier
130tation 13 required doe te SER comitaents, on 130Tstion )13t
which schiaves this 13 avallebla n RAS Calcolation 4430-84-007.)

Yolve SF-v222 n Section 7.3 of 4210-0P3-3254.01 3hoeld be clesed
to 1selete the flow path. Ma Indfication of the correct potition s
shown.

Jo the ovest of cana) 7110 with the BCS ainimm acceptadle doren
concentration of 3500 ppe, assere that the BCS level olarw i3 set
te detect o Tove) Incrosse of no more them sbout & taches; tafs
will sllov fer epereter action ta {tetate the BCS from dflution
throwgd piping Interfaces, [o the oveet of conel F11) with the 8CS
oinfmus scceptadie concentration of 4350 ppm, {1) the BCS leve)
alare teipeint should Be ples twe Inches or (2) & $4m1ing program

vith @ frequency of two howrs or Yess shestd be Isplemwnted,
* -+ 048%: AA




APPENOIK O

B mm s o e e e i e

0.1 scort

ThIs sppendia descrided the doron dilution peti directly associoted
with the operation of the 11F processing system. For the purposes of
this enalysls, a draft procedure for 11F procesiing wvas wsed (2104-0.10).

Since most of Ihe adeinlistrative contrals vhich are In place ender
2104-10.2 w111 ols0 de 1n place under tAls procedurs, this enalysls
addresses those cparstions which diverge From the Yeve) control aode, or
wrich §n soms way Influence the controls which were toten credit for la

the daseline analysis.
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9.2 INTRODUCTION

Operotion of the NI Processing Syttem tmpacts the baseline (static 9CS)
atsensment 1n the folloving vam:

'

1) Openleg of W-Yiid

2)  Iastelletion and operation of DWC.P-)

3)  fanual seinterance of tevel 1a the Reactor Coolant Syitea from
the Racwaste Pane)

For each of these changes teo the baseline sssessment for Dorom d1letlen,

compentating and/or »it1geting measures have been evaluated.

To compeniate for the opening of M-VISE and the operetion of DWC-P-),
additiona) valve closeres Mave Deen recommended and appropriate accident
equences Nave been postulated.

Ve compensate for the potential te accammdate 0nd mast 6 11l enderated
njection By the Teve) controller, an Increosed $amR11INg frequency s

recommnded, Mo credit NS Deen taken for operation of & beronomster.

Given the post head 11t sxperience, 1t 13 anticipated that the 13F
procossing syttemvill) cperate #0 sore TAAR SO days betwren Pead 111t and
stert of defueltng, TRis tronslates to ¢ mezimm of odout mine batches
on o yeorly basis. A batch comsfats of ebout 30,000 gellons of OCS
water, An estended (>0nrs) thutdown 1salation Tist wosld be 1n0Tenented
ot the end af sach bateh per Section 6.1.10 of 2104-8.1D; o treporary
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shutéown 11010t1ee 1t tepiemmnted on o dolly Dasis during The Datch
process per Section 6.2 of 2104-2.18. Shutdowns ensble epereters
to mate thelr deily Yestrate chachs and to Sandle amy teaporyry
odnoraslities which asy be encaeniersd Ta the S3S 3yiten. Ore syitre
trip mmity was 8750 estemed.

WA reipect to mansal malatensnace of Tevel, 1t was assumed thst this
mstotensace would be Perforeed oaly sn the meteep 31de from the Radwmste
oanel and tast letdown flovw throwgh SUS would rvaaie comitest.

In perforuing 1nis endlysis tt Ret 8110 Deen assumed that:

1)}  The faittal concentration of Doroa fa tha BCS and the Dieed
tent wied far mateup 13 SOS0 pomB.

2)  The *0° Blpee tant 13 either ewpty or full of 0£S grade water.

3} A Sdidetion event® Savolvei 3 ¢rop I Doroa cencentratien to
the eporeoriate BXS misimem acceptable Baren tonceatretion ef
3500 ppe or 4350 pom.

4) AN Barvlers WAICh were 1a offect during the static,
Tovelcontrolled made are 2118 malatalned during 1IF
processing eacept thete Darelers Tovelving MI-YIA, O, €, O,

S} Type J selection errers o valves eporeted frem the cestret
roas were glvea a corvection foctor of 10 to actonnt for the

nambor of QUtiT1ed pertonsel witseyiing eperationt,



LY

-1

Type I selection errors on valves aperated from the Radweste

Pane) were 9lven a correction factor of S te account for the
e'aic Soard and the potential for operater recognition of
errors becawie & maneuver aigat Rave failed folloving MiL

,' velve liseep.

Type § selection errors oa mimsal valves were given &
correction factor of 2 to account for operator recognition of
errors Decaute a mantuver aight Rave falled following M
velve 1inewp.
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0.3 CALCULATIONS

Operation of the Internalt Indexing Fizturs Processing Systee Introduces
o nrv pathwey which 13 not present dering the mormal, VYeve

aode of ptant operation. It can be viewed a3 an extension of the RCS
from the vetsel through the SBS syitea, Into the RCBT's ond Deck to the
veste) via the Make-Up and Purlfication Systea. Intruiion of the RCS
systee 13 made fn two places Which must De compensated for By the
{solations eleng the Dath vhlch mstes up the JIF Processing Syites.

0.3.t Prevention of #1lution

The additional risk due to the operation of the 1IF procesiing

systea 13 posed of two ts:

1) 8Vletion walle processing and
2) OHlutlon efter processing hes ceeted, or detwean tatches.

The tete) prodebilities of 1eak end cupture dtivtions have been

*Y yr) and 8.0 1 10! yr". l 1

ce® lated to De 4.4 1 10
respe.. vely. The specific comonents of these mmbers are

discosted 1n the sections to follow.
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0.3.3.0 Letdown During Processing

e First Sntrusion 13 asde on the top of the TIF where
reactor coolant 13 pumped owt s the FKO, throwgh the SBS
JSysten, and Snio the basesont of the Ausilfery Bulléing to
WL-T-1A{C). Compensating valve closures are Visted in Todle
0.1, (Cxcept for the first two Rose coanections, only the
Tirst 130%atien Doundary 13 113ted oa the Yetdown path. Shown
there are 20 aanca) end 13 MOV valves, each of which 1t
comdined with & MOV's to aste 136 darrier configurations,
Three of the four ROV's (294(C), 204(C). 943(944)) Nave an
adjacent sanua) valve (MOL-YI6LA(C), 296(994)), wAlch 1t s
23somed wou'ld be cycled during 1oA) term thutdown. Al
mentioned, 1t 13 attvmed that one telp per Yeer would demand
FCC-VDA3 as & darrier in comdination with each of the 13 MOV

and 20 manual valves.

When the IIF Syitea 13 oberating, the oaly mesnt of €S
dilution en the letdown (S3S) side of the systea i3 by
Inadvertent 11na-up of the WOL PvBO to the wrong dleed tamk,
or by Yetdown to the Dleed tank Delng wied for mstewp (Yiven
that & dilution sccurs on the Yetdown path).

[ 2] 0490 M



Since the frequeecy of operatien 11 the ¢riving foacter whice

incresses the rodadility of dlletics for letsomn, o talre
valve for these MTha vl required to reduce this
prodadility.

.

The Yest ond TeDtyry compovats dwe to the Yetdown side during
processisg are 2.6 x 107 ,r" ona 2.3 11070 yr".

respectively.
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Open FCC-VDO3
De-() 1/2°)

Open CN-Y-0C-18¢

C8-v-2C.363

CR-y-Fi-1

Cu-y-FL-3
cu-y-FL-1¢

TAMLE DY

I1F PROCISSING - LETDOMM

——

Frem cansl érafn pwao
(1 172° note)

from sum swcker (1° hose)
Frum Service Mater Syitem
“rotn (3/4%)

Flysny Coma. (3/4°)

Return Vine from Woniter Tants

{30S-1-14, -10)
0ff-gss Vine
8¢S Cleon-vp menifold sump

Nigh-Pad (11ter manifold sump

WG-P-) discheryge

Flush connection

Y, ACET
w Srites
flush Cona.

Ssmle cona. b vent
Vent & sesple conn,
Seple Vo § vent

(onrfeztion

Fec-voo2
Bisconnect pup

Fcc-voor
Dlsconnect pump

3.4

Step ¢.2.3 of OP 2104-9.30
precludes coanection of
{lushing apparatus during
processing

CR-0C-362

Co-v-0C-362

Cn-v-2C-342

€N-v-0C-362

oe-¥11

Step 4.2.3 of OP 2104-2.10
srecludes connection of
flwining apparates during
proceIsing

L 2]

Wy, V9§

Ste9 4.2.3 of OF 2104-0.70
precivées connection of
Mushing apparatus during
processing

ot credidle for dilution
Mot crodidle for éilution

Mot credidle for ¢ilution

0690z A



ACTION
C-v-FL-§

CN-v-0C-369

CH-V-[R-25(26)

CH-V-IR-29{31)

CN.v-1K-30{32)

|TEETETY ST §
Yent line & 30mpie Vine

WG-p-1 ditcharge
RaiT & RCOV
Flush conn.

Demin Mater
$03-T-1A, 8

Fluth conn,

Hi-Rad seeple glove bex

Flush conn,

Flush conn,

Tie-1n to MOR
ULty weter swpply

flush connection

Roniter tonk (393-T-14, 8)
Flesh Conn, for Sampling
MMT and Nedwaite System

Bot credible for dllution
MG-Y89
WC-Y6y

Step 4.2.3 of 0 2104-3.10
preciodes connection of
Mushing apparatus during
processing

WG-ve9
CN-v-C-346

Step 4.2,3 of 0P 2104-0.18
preclodes connection of
apparatus for flushing
during processing

Mot a credible sourte for
ditution

Step 4,2.3 of 0P 2104-0,18
precivdes connectton of
1Yushing apparstus during
processing

Step 4.2.3 of OF 2104-0.10
precludes connection of
MNuihing spperstus during
processing

Tle-1n not mede
cn-y-32-%0

Step 4,2.3 of 0P 2104
preclodes connection of
Mwihing apparates dvring
processing

CN-Y-PF-02

CH-¥-3A-79¢, CH-Y-PH-190

Cn-v-1%-102
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&rom  AFFECTED PATH (1 LGV

SF-v158 Spent Fuel Syites SF-v150
SF Poo) SF-vi58
fuel Stersge Poo) SF-Y161
$P-v125 ' semple Line SF-v12¢
ON System SF-v240
SF Syitem SF-v240
ON Letéown SF-v122
SF Systes SF-Yi1A
SF Systes SF-v1218
SF-Y214 Core Flood Tank Bleed Cr-v107
and Sample
T WOL-Y1091
8¢ Orafa Neoder WOL-¥-112%
W-R-1A, 0, WOL-K-1A.8, WOL-YR1A,8, M-8, -YI02A.8
Mtelp Systre -Y226, -Y22AL, ~VITS
Makevp Tenk -v169
WOL-VILI(-VI6)) Iiolate Letdown Tamt vm-v-zu(c). -v2%a(C), -¥$3I
from Rakoeup Line/Tank WL-YI68A
e
Isolate WOL-T-18 from WL-vI9$
Letdown Line

0-10 04902 AA



The srcond {atreiton to the 8CS 13 made by makisg w fres
WAL=-T-1C(a) throegh WOL-Y40 and MU-VI6B. Compewiatisg valve
:ln.'f“ are 1i1ted 1n Tadie 0.2 yleiding dowdlr valve ltolation ts
any endoreted wmter source. The Path 3 traced frum M-VI43 Dack
threvgh the MAP Systea sad the Liguid Eadmmste Syitem te the Dleed
tank WOL-T-1C{A).

e frequency of asalpuletion for thete compratsting valves 1y
ettemed to De Bnce Por year. That mmam that oo allcwence fhas deen
attemed for mvisg valves arcend on the sskeep 11de of the INten
during shutdowm except at the bleed tank,

The rotuiting Teak and ruptere Prodadilities Car the 400 darrier
configurations on the matevp sVde durlag processiing are

e 03yt ane 1.0 21070yl repectivety.

040 A



TABtL 0.2

W-V164,0.C,0 -P-1A,0,C Discharge
SIC-vae

$KC Syiten
CF Maketp
CF-Tanks
m-v151 $e¢1 Betern Coolers

Makeup Tank

Deborating Deatns
m-v149 CA-T-24, =20, -3

CA=T=1

my-£-14, -8

S Letdown Coolers

* Tenk volamw Viuits poteotial for diletion.

0-12

1 UGAI]

MY-VI4CA, -V1443, -VI4eC
NU-V36, -VI2, OW-VISS

Jtolation mot required to
present doron dilution

CA-VI?S
CA-v1ny

CF-vI45, -Viae,
CF-¥1144,0, -V1A0, -VUIS

-8y
RU-C-24,0, W-V3T, ON-V22?

m-vi313

nU-v12,13,27,20.16%,
m-1-1e

-ve,

WOL-VE1A,0

CA-vi07, 112
CA-P-1 oft, CA-P-2 off

w-v123
CA-v130

y-vo
MU-vI07A,0, -V2744,0, -VI26

w-ve
R-YIT6

0490z A



mu-vi18

M-y

woL-v40

WOL-YI3A

WoL-¥16]

WL-YIA

WOL-Y29C(A)

®  Tank volome Vimits potential for diletion,

Al cad PATH

Oeborating Oesing
wWoL-X-1A, -1B

CA-T=1

0w Connection

Other WOL Sources
Isolation of WOL Seurces
from Recice. Line

Isolate WOL-T-18, -T-1A(C)
from Recire. Line

Borfc Acté Pump Discharge

Isotate Sampling from
Reclrculation tine

Oenin Mater Flush

Itolatton of wOL-T-1A(C)
from [nJection Path

Isolation of WOL-TIE
frem Injection Path

RC Brafn Tank

ar

WOL-V11BA, -VIiBB

WOL-VI24, -V12D, DM-VBA
WOL-¥$J24,8, -¥1094.0,C,0,
=V70A,B, -V1634,0, WOL-VBIA,D,
=V190A,0, WOL-UI01

WOL-V$43A,8
WOL-¥5434,8

CA-vI0
CA-VI133A, I =1135, -VI136, -ViS4,
T3 *

y-v244
N-v92

WOL-V116, -VITE
WOL-Y17S, -¥59, -v&1

WOL-V$SA,
WOL-V$$0, -Y2084,0

WOL-Y963(964), -VI0A, VS21C
WOL-V996(994), 5214, 8, WOL-T-10°,
-V18C, MOL-T-1A(C) *, WOL-V99$

CA-v136
CA-V133A,0, =V125, ~Vi54, CA-T-D ©

WoL-v3)
SHS-VISe, Sks- VIID, SMS-¥SY, -v23,
. =¥), sEsS.Y)

WOL-Y523
Oon-y223

WOL-Y29A{C). V28A(C)

(AY) st 1solation barriers used
for letdown) oee,

WOL-Y168A(C)

WoL-Y298, =208
WOL-v1662

WOL-Y1183C(A)
WOL-Y10%2

®se Triple barrier 1s0lotion $3 reGuired dua to Ausin errer vulneradility introduced
Ry freguent valve mantpuletion,

8-
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Reliaf Valve Letdown Line

WOL-T-Yent Weader and

63 Analyzer

Matse Gas Bischarge Keader
Ritrogen Line

Ralevp Tant Relief Bischarge

Oecon Connection

RC Cvaporator

RC Evaporetor

WOL-T-94, ®

Ov-Flvsh Throvgh
OCF Systen

* Tank volume 1inits potentia) for dilution.

COMP{NSATION

-3,
M-¥107A.0, W-V226,
TU-V224A,0, -VIT6

Sequired to de open for
processing

ReQeired to De open for
processing

Cequired to be open for
procesting

-2,
»-v12, 13, 2, 28,
289, 189, W-1-1°

WOL-V18C{A); I
SHS-¥9), -VI2G, WOL-v42

wL-v?
WOL-VS2IC(A)

WL-v139
woL.véss, Y1170

WOL-V959
WOL-¥S21C(A)

RCF Systen
Oisconnected ond Bemoved

0u0x M



On the mateup tide of the tystem. all potestial ¢ilution soerces

are 11012ted By at deast two Independent Barrieri. There are 284
potentsal tajection points. 210 of wtich mwet the Two fsdepeadent
velve closure criteris ¢uriny womretion eof the [1F. Whes the
Systea teips. there 18 an 0d1tional Barrier (W01-vad) fur toe WL
barriers all of which sre witress of WOL-VED. Therefore. the more
coatervitive aticiimeat of Dorus dilution predability comey from

the scenarie fm whiCh the IIF procesiing systea 13 1a sporatioa,

0.3.2 Probadility of a Dilution ~ lspact of Shatdoun

The calculation of o Doren dilution event Yaittation after
procesiing ket ceated, or detvern Dalchet Nt Deen Perfermed By
determnining the tncrease in velmeradility Geo to 3tarting ang
stopping the processing system, This detersination was arde

separately for Yetéoww ond matewo.

0.3.2.7  lepact of Shatdowm o the Letdown Path

When the syitem 11 \hetdonn Tor an esteaded (>3 Ary) ttee,
FCC-¥00) forws four triple darriery with Sw3-vl, DE-¥2;
AS-V1, NE-¥: ICC-VO01, pwmp; FIC-VOOY, swmp. IV T5-¥2 coa
De 8d0ed to the traporary shatfown Migt, then the calculution
for traporary shutdown will incerporte eutended

0-18 LN T



shetdown for the Tetdown Path except for 33 Darrier

configurstions. Assuming Gally tesporary shutdowns for esch
workweek (1 Batch tetes eppruximately 8 week 1o Drocess), the
llut and rupture prodadilities of doron dilution throwgh the

4 ana 52070,

"« Yetdomn poth during shetdowm are 1.1 x 10
respectively, Triple darrier configurations were needed to

Seep this probedility scceptadly low.

Agolu, the systen 13 sssumed to dDe 1hutdown -0 times/yesr

for an estended period (> B Bours) 1F the systes 13 opersted
for a year. On tde aatewp (Injection) side of the system,
N-Y169, M-V9, MI-YIO wil] De cloted ¢n addition to the
1s0Vations alreody In effect for processing. Allovance has
Oven mude for manipulation of the vélves upitream of MI-vI0 In
erder to prepare the Dleed tanks for farther processing, That
campoant 18 IneTuded In the calculation for dilution dering
brocesting, Thereforo, Che oaly additions) componeat to the
risk 13 that due to the manipelation of three valves (MU-VI6D,
=YY, ~Y10) for cach Tong ters thetdown. The Jeet ond rvpture
provadiiities for thIs component are 0.5 x 10°° yr™' snd
262108y
prodedility 11 slesit twenty times the Teak prodedility, ene

« raspectivety. Woting that the rvpture

concludes thot this Fallure mode 13 Gominated Dy human ervor,
oving te the BIgh fraquency of valve mealpuletion,

|t



Wile the system 15 shutéown temporarily (<3 hri), allowance

hat not Deen mede for the minipulation of procesting lsalation
barriers. Only valves 1° *he process stress will de
.-nmmn. having negligidls fmpict on tha risk of
cdiution. AN 1s0)ation barriers which were in place during
processing wil) sti0) De in place during teaporary shutdown,
39 the calcvlation of dilgtion petential during processing has

teken core of this componeat.
0.3.) nitigation

As discussed In Section 4.4.5.3. thero are severa) potenttal
methods for detecting o dilution event. The methods for which
reliadility credit con be Qiven during I1IF processing are discussad
below:

(1} Level monitoring: TYhe abiiity of the Yeve) instnmentstion to
detect o dilution event Aas some 11nitations during IIF
precessing. This i3 Decause the water movement into and out
of the vesse) requires some throttiing of the makeup source to
aeintain a constant leve) In the IIF. (The thrott)ing mey be
manua) or svtomatic. fros the standpoint of borea &ilution
srevention, €irect oporater belancing of the flow 13 proferred
te the action of an avtomstic Yeve! contrulier. This i
decause the eparator msy be able to mate & Judpment thet the
@egree of throttiing Vs eacessive for Balancing the process.)

-7 i 0490z RA



)

This throttling allows the postidility of o dVlution Inflow
being mized with the desired astesp flow te maintain tevel.
As 8 worst case, the entire matesd flov tould de an wndorated
weter source; this enboreted vater faflow weld reastn
-'ummm by the Tevel 1adicaters wat)l 1t exceeded the IIF
processing outflow. 17 the Inflew exceeds the cutflow, o
rising RCS Teve) w111 detect the dilution event. (zperience
with the IIF processing indicates that 1t wil) prodadly not be
operated 4t Qeester than about 1S gpm, which, coincidentally
15 the dbownding rete fer mest dilation events a3 dlscusied in

the main report.

Soron sempling: Toe compentite for the 1oss of sentitivity of
the level indication during 117 processing, & doron 1em9ling
progras vill provide the capadility to detect a dilaticon
event. Becavse the ¢itution role that could be *Aidden® fros
1he leve) Indicetion 13 & Punction of the owtflow, er IIF
processing rate, the sempling frequency vartes with the
processing rate, (Coincidentally, the mast Vikely renge for o
dilution event. O to 1S gpm, corresponds to the rangs at which
processing wiN) be cenducted. If processing exceeded 1S gpm,
the beron samling Prequency should be set to detect o
diletion nleatage of 15 gom.) The sempling Frequescies
recommended are Provided in Tadle 0.3,

[ ] ] 0490x RA
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The above tadla Nvitrates the dilferesce tn The 33mpiing

freguncy retuliting from ditTerent ainimm sccestadle Doroa

tonceatration. The froguwvmies 1a Todle 0.3 aniemm

(1) mo operster action 7 the 128 e retulty are 4950 som or
greater {(n.b.. not to be confered with the atremed
1aitls) BCS Doroa comcentratian of 3030 pom)

€2) tlae allowed for t2@p)e 2nalyses 11 three hosrs

(3) ties atiowed for operator action 11 oes howr.

The 3mpling frvquesctes can be Teagtheswd 1f auy of thete
saEpticat were relazed. ¢.40.. 8 redwced 10851 M2 IyINL ttme
may de POTS1BYe for seme peried of operatioa.

Rass Balence: Per appeadia F te 2104-0.1D, & water nventory
Satance detween the BCS and the Teacter coulont dlred tamy
vil) be perfermed every hosr during precessing. Precesning
will be trrainated 1f there 15 2 mimsatcdh of @ore than 35000
f0lleat. This setbod will ¢etect 32 {nlflow of vater iate the
procest syttems and thuy 15 a Bacisp te IS j0m0 11,




0.4 CONCLUSIONS AND RTCOWINDATIONS

Clves the asssOtions stated in 0.2, 1t Bas Besn calcoloted that the IIF
_processing eperatioas can be inplemented and carried out safely with an
u:nui!’llu ritk of @lluting the boron concentration below the minima
sccoptable RCS Doron concentration. TRe caleulated prodadi Vities of leak
and rvpture dilation taitiations are 4.4 2 1072 yr™* saq 5.0 2 107°

yr". respectively, Accomnting for eperator mitigation of the event,

the prodability af dilution below 33500 ppa doring [IF procersing wet

estinated te be 6.8 x 10°°

yr ta addition to tbe Daseline risk: the
prodability of dlletion below 4350 pom wat estisated te e an addtttons)

1.0z lO" per year auve the baseline risk.

1) The valves I9sted in Table D.4 showld be melintalned clesed
during cperation of the JIF processing systes.

2) The applicsdle RCS Doroa tamling frequency froe Teble 9.3 s
proceduralized ond {mplesented.

J) Valve SW5-YZ shoeld be added te the tveporary shytdowm 1ist in
Section B.2 of 2104-0.10.

0-20 0490¢ RA



TABLE 0.4 BARRICA LIST FOR IIF PROCESSING

{IIF processing 95 accomolisbid per Operating Procedure 2104-0.10. Procedure
2104-0.10 13 structered suth that 810 valves required for Ysolation dering any
¢ placed on checklists for periodic verification. Chechlists

0 §1F processing are Appendix € to 2104-10.2 and Appendiz G (to de
veloped) to 2104-0.10. Thus, the fallowing valves are recommnded
to e placed on.one of these chech)ists In addition to those in Teble 4.4-3 of
this report. The valves Visted here 13olate the process flow path.

CA-YI33A® SF-v121A WOL-Y29¢C WOL-Y190Ae
CA-vI330° SF-v1218 WL-v42¢ WOL-VI908*
CA-YIas* SF-v126 WOL-v6$8° WOL-V2044¢
CA-VI54° SF-1150 WOL-VI0A® WOL-V2043°
CA-P-1o OFF SF-v149 WOL-V708° WOL-V332A°
CA-P-2° OFF SF-v181 WOL-YI2Ae WOL-Y5320
CN-v-1X-$B SF-¥240 WL-Y128¢ wL-v333
CN-v-1X-102 SAs-vie WOL-Y109A® WOL-V56dA®
CN-y-PF-42 H3-vere WOL-V1090* WOL-VS4d4D®
Cu-V-PR-196 SAs-v139 WOL-vI109C* WL-v59°
C-y-RC-362 SM3-v6 WOL-v1090* WL-vIb)
CN-Y-RC-J66 WL-VIpA® wWL-v117e WOL-VIkee
CH-Y-SA-294 WOL-V18( WL-v8 WDL-¥99%
Ou-v84* WOL-Y28A WOL-VI8)A® WOL-V1153A°
-V WoL-v28C WL-YI838e WOL-V1183Ce
-v223¢ WOL-Y29A WL-YI64a WL-¥1170¢
1¢C-v00! WL-VIbee* WL-Y301 resoved
1€C-Y002 WOL-VI88C* Ww-Vie
(Pumps WOL-VII$e -y
dliconnected) WOL-VI?6* w-vIse* 11

* Valves vhich have slready Deen Incorporated iato 2104-10.2, App. €.
**Valve removed and pipe capped



€. Score

This appeadiz describes the boren dllution potential directly assoclated
with the operation of the Defuellng Mater Cleanup Systes (DWCS) oy
descrided by Operating Procedures 4215-0PS-1525.01 (Reactor Vessel
portion), 4215-0P$-1525.03 (FTC/SFP portion) and 4215-0PS-1525.04 (Early
Defueling DMCS coeration). Since most of the administrative comtrols
required by Operating Procedure 4210-03.3200.02 (forwerly 2104-10.2)
will ressln agplicedte, this analytis sddreites only thase oferationt
which vary from the static condition, or which tn 3ome way Infiuence the
centroly which were applled during static conditions. The boroa dllution
potential directly atsoctated with DsCS operation congtitutes the scope

of i, analysls.
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Mnea fully coeraticnal, the Oefoeling xater Clepug Systes (DCS) atl)
provide the capadttity to readve Sarticulale matertal or radtomcitCes
from reactor vette] witer or water in the Fuvel tranifer Canal and ilent
fuel pool A, Durlng early cefuellng, the SOS Syitws wild de utidlzea tn
Nes oOf Cedicited DMCS lon exchingers, Cxcept for coeration Coring early
Cefueling, the flow Daths uted for Sefeeling water cleamsp are
independent of thote used for Feed ané fleed, LIF Fi11, ang IIf
Procetsing. The DMCS wtillzets two ctoi1dd 100D £rocessing fioe gat™s, One
for the Seactor Vetsel. and a seccnd for t2e Fue! Tranifer Canal CFTC)
and the Soent Fuel Pool (SFP). Teo Tr3mer3tSle cumpy (deed well tyved
MNyve deea dedicated to each volume of sater [l.e.. 2 total of € pumos).
The two PUDT FOr the Reactor Vettel cleasud traln are Intalied In wells
tocated in the Fuel ttorage plit (3outh Of the reactor vessel) la thae
t1hallow end of the Fuel Tranifer Canal. The FICZSFP 1000 ncludet t™e
teo pURD1 located In the deed end of the Fuel Tranifer Cans) and % two
pumpt Inttalled 1n the Spent Fuel Pool. Each Pomp hat 4 capcity ef

200 grm and recircalates 20 GPR to Rrotect the pwmD moter from rwncat.
™is arrangemsnt allows each 1000 to fllter 200 or €00 §o@ froe the
Reattor Vette) and Foel Transfer Camal/Spmt Fuel Poo! deceedlag on
whether One oc tvo PVt 11 cperating, Mg defurlirg water Cleame
procetsing @1Ffery from the static. level control «de OF cperation (n
the fallowing aspects:

(1) Reactor cooltant water 13 clrculated throvgh filters ang, 07
necestary, theoegh a dedicated OWCS Ton exchangeets). Ouring early

04 &2
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the C4CS unt!! Ingtaliation cf She CiCS 10n @schange Jocos e

comieted.

After DMCS filtratton, grocess water Generally wti) e returred
directly to the vessel. An esception to this Is tne use of tre SOS
fon eschangers, either for “early defueitng® purposes or tO resove
radlonuciides not rewoved Dy the (MCS lon eechrange resing.

Although the saspling patts used durtag seatic conditions will
also be avaltlably durlng 0KS cperation, sempling points nave also
teen Incorporsted Into the CHMCS detign which will serve et the
prisary method of RCS boron saepling during OMCS Cperstion, The
various 1am0Te points are routed tO two 148Dte glove BAses which
are tocated In the Fuel Mandling Butiding. It I3 planned that the
Boron concentration of the ton exchanger effluent In the RV Cleanup
Systes wiil be constantly sonitorad and displayed st a Vocil

control panel.

™e iInltial concentration of boron In the Reactor Vesse) I3
S0S0 pom; the Fuel Tranifer Canal/Spent Fuel Pool A I4 4330 ppad,

A1l RCS 130letion berriers which wvers tn ploce during the static,

Tevel-control @ody as defined tn operating procedure
4110-075.1200.02, are 2110 matntained during defueitag water

ords A
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110late the ONCS process stream will te verifled cn & catly pasis.
Scse of thete birriers aay be removed If required for operstional

reatons, ¢.9.. Vine flushing.

Criticality anslyses of the defueling canisters In thelr storage
racks have been performed (Reference TER 15737-2-G0J-114, “Tul.2
Technical Evaluatton eport for Defueling Canisters®), These
snalyses indicate that 4a array of canitters wiil e subcritical in
unborated water. Thus, d11uticn of Fuel Pool A or the fuet
teanifer canal vat not considered 20 B & tdfety contirh dnd was

not jacluded within the scope of this analysis.

Typical cperations may not require the DNCS to be operating at
manlmum capicity, 1.e.. both fliter and fon exchinge loops (elther
dedicated OMCS 1on exchinge loops or SOS 1an exchange 10009).
Additionsl valving would be cloted 1f only a portion of the DWCS
were operating. For the purpose Of estimating the dllution
grodadiiity, this analysit assumed the DMCS was o¢erating at
aarimum copicity; thus, the largest numder oF potential ditution

pathwayt wat considered.

The SPC Charging Mater Storage Tank (SPC-T-4) 15 assUmed to contain
RCS 9rade (5050 opad) water at all Rimes when the OuCS s
operating, SPC-T-8 13 equipped with leve) sensors which
continwously Indicate the water level and actuite an alarm when the
level reaches 31T (~ 1600 gallons) of capscity.

€-4 071er A&
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SALLLATIONG

Operation of the Oefueling Mater Cleanup System Introvuces asditional
potential dllution patheays which were nat present durlng the static,
level.control mode of plant cperation. The nev pathwiys IntO the Reactor
Vetsel are through the lateraals Indexing Fisture (IIF) which resty on
tha top of the Reactor Vessel. Str separate lines, boe.. two suction

{ines and four return llnes, enter the IIF via the work platform,

Section €.3.1 descrides the prevention 0F baron etfution by the tsolation
of the process stream. Teo methody of DICS processing are considered.
One method uses dedicated DMCS cosponents: the second eethod uies DuCS
flitration {a conjunction with SOS lon exchange. Section €.).2 discusses
the capability to detect and mitigate a dllution event during OMCS

operation.

E.3.1 Dllution Pravention

s section descrides the prevention of borom dtietion; preveation i1
achieved By use of barriers which 1sotate the OMCS process stress from
other fluld sourcel. Two sodel of OMCS operation are contidered: one
uslng only dedicated DMCS components, the other yilng the ONCS 1n
conjunction with the SOS 1ystea,

.5 0714 RA



Processing of XS water uting cedicated DHCS (Omocmer?t 13

Mown schematically in Figure €-1. Several potemtlal
00ints At wAIIA oAdCrate? vater COuls t¢ irlrodates it
the procesting ttream were Tdeatifieg. e.3.. flesh limeg,
reacter coolant Bleed tamk feed lices, and samling linet.
Ooudle Barrler 1zotation 3 the coccess Streds niy Dees
1¢entifies for eath Cf thete Interface colaty.

The potential 2olaty of letred:iction of cndorates water dns
thelr astoctated 1101at100 darriers are Erovised Ia Tadle
€.1. Barriers to ¢ilution tRTOUL) these POIntt Save deea
choten In Table E.1 dited on reltadliity contiderations
SuCh ag diveriity of dentgn and coerational requireasety
SVCh 81 accessiBility for potition verification. Rowewer,
other 13501at1on darriers which have Comparedte relladidty
could be tulitituted, At aoted in Tadle €.1, trere are 19
tarrier configurations required to Itolate tre RV
procesting toop: these configerations are formed with a
totel of 21 sumeat valves and 4 atr coerated valves. Tre
1tolation valves 10entilied In Tadle €.1 are tuwmarized In
s1pha-aumri¢ order In Tadle €. of Section €.4,
“Cmclution and Recammedations®.

-8 AT T 1Y
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loocp, tne following assuzations were made In adaiticn to

the assumotiens identifled In Sections 4.) and E.2;

1) The Fiiter 100D OF the DWC System 1% a3sumed toO de
operating continucusly escest during Filter change

over and during systee modification or repalrs.

CIt) It wat assumed that flow will de circulated
continually through oae ion sechanger. When the lon
eschangers (KD, K3) dre being utilized, a boronomter
(AE.17) which will moaitor the boron conceatration of
the vater Teaving the lon aichingers may be In

service.

(111) The borated vater flush itnes are used only during
fitter/ion enchanger chinge over or systee

aaintendnce to reduce eacessive radiation fevels.

{1v) Operationatily, a third valve must be closed on the
sasple itnes to avold an erroneous semple. In
¢alculating the dllution prodabliity through these
PAtAS credit was given for tAls Barrier. [t was not
required, hovever, that its position be verifled on a
dally Basis.

-9 07de A



the DMCS wis esticated o3 2.0 « 10°* ger year: tats
probad!iity 15 atmott entirely due to the “leak™ tyce of
dilytion as defined In the sain report. The “rypture”
eltution event probadiiity »as estieated to be 7.3 ¢ 10°*

per year.

0Nas M
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Qeactor Coctant Bleed Tams

(OL-T-1a, T-18, T.10)

Borated Water Flush, RV Fliters
F-4)

(OMC-F-t, Fa2, F.3,

Borated ntw Fluth, OxC fon

Sesole Line. ¥V Filters

OC-f-l, F2, F-3, F-)

Samle Line, DC Puspt
(OC-P-20, 281

Saxple Line, OXC [on
Cachengers Ditcharge
COMC-K.1, K.3)

Sample tineg, OOC lon
Exchanger Teod
(W X1, K

Saspte Reture Line

LELUE 439

BC-¥0E3
OxC.¥01), VO7)

DC-V0)aA, Y018
[ 8 {1 }]
OnC-V251

OnC-V106, V11, V&
vi21, vi22, v323

-OnC-VOTA

OC.v0)3A, VOIS
(LT

OuC-VOa18
OWC-VOA2A, V0423
(C-vIE*

DHC-V062
VIR
(C.vITE. VITH*

. VOES
OC-VIT$
(OC.V17), VI7Q)®

CF-vizsa
cr-viiaa

* Valvet wAlch are not on 24 Rour check1Vit dut are roraally cloted.



For “early cafueling® the Subserjed Cestneralizer Systen
(S0S) may de utllized In 1teu of tre OMCS lon eschande Yooo
1n accardance with Opersting Procedure 4215-0PS.1525.04. A
3190 stream (< 30 909 Is to te taken from the RV
f11tration 1000 and processed througn the 505 1n & sanner
simller to LIF processing (see spcendis 0). The SOS
offiuent then flcws Into the basement of the Auelligry
8104109 to reactor co0lsat Dléed tank MOL-T-1ACC). A
simolifled schesstic of RV cleanup using this process Is
shown @9 Figure E-2. To compansate for the resavsl of
borated water from the redctor vessel, reactor gride wvater
18 fed from snother dlend tank (e.9.. elther WOL-T-IC (A))
through KOL-V40 end One of the makeyp *16° valves
{typically WU-V-168) to maintain a constant tevel in tre

reactor vessel.

The askeup path to the AY is the same as that used In IF
processing; thus, the Isoistion barrlesr conflgurations
shown In Table 0.2 are sti1) sppropriate. The Jetdown tide
of the IIF Processing connections Aave been aodified for
vse of 305 with the OCS, This modification requires new
fsolation darrier configurations as shown in fedle €.2.
fhe {solation valves tdentifted In Tadles D.2 end €.2 are
summarized elphe-mvumrically in Tadfe E.4 of Section €.¢,

“Conclustons and Racommendetions®,

€-1






configurations are largely tre ti®e &t w=itn IIF procensiag;
only the valve Gesignation nysBery change. (Mate: Scme
Blnoe operational changes hive deen wate. For esasole.
FCC-V002 will be open Guring normal procesting ehile
FCC-VOOS 1t closed. Valves SF-VI2S ang VZ14 eyt Be Closed
to glve doudle vatve 130lation from the Scent Fued Cooling
1ystea and from the modifications being aade to supdart the
FIC/SFP cleanup partion of the OMCS systes. A new valve,
CN.V-12.6]. has Been adsed. TNIs valve sust resaln ofen to
altow SOS effiuent to flcw to the MOL-T-IA, 1B and IC bleec
tanky; 1ty fallure does not influence the boron dilutton
probadllity.) Therefore. the estimate for the dilution
probabiiity uting the early defueling procetsing scheee 13
bated on the value calculated 18 Appendis D for IIF
processing and the additlionel modifications for DMCS
operationy, The probadility of “lesk® and “rupture®
ditution svents are $.2 x 10°° yr=’ and

S 3 10°* yr-', respectively.

€.3.1,3 fyel Transfar CanaliSpent Fuel Pool (FTC/SFP) Cleamup Systea

e FYC/SFP Cleanup Syttem T3 enpected to be operating
continuously except durtng Pilter change. retln change or
system modification/regalr. Saspling for boroa
concentration will Be perforsed weehly on doth the Pllter
100p and Yon erchange 1009, Ottution of the fved transfer
canal or the tpent Puel podl Is Aot a nucliear safety
concern In itsell, based on the resulty of criticality

. 01121 RA



sgrice _
Open FCC-VORQ

Ogen IMS.VY

Open SNS-V2

C%.V-RC.36¢8

Open ON-V.RC.382

Open CN-V.RC. 366

CH.v-RC.J6Y

POTENTIAL PATH FCR
S

From camal drain puee
02t rosed

From 1uso tucter
«° hote?

From Service Mater Syitea
¢ratm ¢1/4%)

Flush Comn. ¢3/2%)

MG-P.) diteharge
Pre-filter Mnlet
OC Booster pump

Return Vlre from Wonitor
Tanks (SOS-T.1A, 81

Orf-gas l\ne (Bottoms pump)
RCS Clean-up manifold yump

nigh-Rad filter ainifolg
AL

Finai Cllter dlsehacge
Sample bot

WG-P-1 pump dischargs
Waatfold cosnection
Flush comn,

R1-Rad 1aspie giove dot

(3]}

COPENSATICK

FCC-¥001 ang gitcomrect 10F
procetting pump

FQC-V0O1 and gttconrect suvp

PG-V6 - DSV}

SNS-V4 and Flosh line comoeg.
tion, Aseialstrartvely
controtled Ry 24 Nour checkingy
ON-V-2C.I6) — WC-YN
Cn-V-2C-J6) . CS-V-FL-1
Cn-¥-2C-36) - DmC V23§

CN-¥-2C-160 — S5.v052

CR-V-RC.J80 -~ CN-V.¥A-2US
ROt & ¢redidle toerce

ot 4 credidte source

ON-V-RC.3§7 — ON-V.FL-§
CR.V.RC.IET o ON.¥-5A.288
CN.V-RC.I6? - WC-V29
CU.V.RCLIE? o COR.Y-2C-I72
N VIX-6Y o KoL tOnRection

Wt 8 credidle rource



POTENTSAL PATM FCR
acrice oA

CN-Y-12.25(26) Flush conn, C¥-V-[2-34 - Hote cornection
CA-v-[1-36 -~ Hote conmection
Flush conn, CN-V-1X-38 . HOte conmection
CN-V-IX=20 -~ Mose connection
Cn-v.(r-30¢12) Tte.tn to HOM Tie-in not eade

OMCS Return to FIC/SFP
OC-21, 2, ) Return

Flush connection

Monitor tank (S0S.T.14, 0)
Flush conn. for sawpling
e and Redwaste Systes
S0 Post Filter

Core Flood Tark Bleed
and Sssole

neit
RC Orala Neader
My-KJA, B

L-1A, 8

CN-Y~(X-38 -- CWC.VIO2

0C-v3) -~ OWC.V63
OMC-¥)) -- OMC-VI3

CRV-9F72 -2 CH.V.PE_N
CH-V.PF-62 oo CN-V.PF_68
OY=54-298 -« CN-V.PN-196
CHeYelXe102 -= CN-V-1X-103

© CHYPFT0 oo CN-V-PF.T2

CF-VI0T - CF-VId4

WOL.V1091 -. »OL-V51)
SOL-VIN2S - WOL-V22

HOL-VES - MU-VIOTA
WOL-V4E - MS-VI0?8
BOL-V46 -= MJ-V220A
WOL-V48 -- MJ.V22¢8
MOL-VA6 -= MJ-V226
MOL-V46 -~ MU-1376

SOL-V46 -- WOL-VBIA
OL-V4E -- MOL-VBI8
MOL-V1060 -- MOL-VBIA
OL-V1060 -- WOL-VBIB
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sgtice

Ch-v-[1-63
Cconginuedy

MOL-VIE4 (-V961)

POTENTIAL PATH FOR
UNBORATED LIQU10

Mikeup Tank Deatn

Spent Fuel System

Isolate Letown tink froe
Makeup linestank

Isolate YOL-T.18 from
sakeup Iine

f10)ate WOL.T.1B from
Tetsown line

E-16

COMPENSATICH

M-V169 -- M-VI2
M-V -= M-VIY
MI-VI6S -- M-V
WY-VIE9 - sU.VZR
W-Vi69 -- MmS-VH)

SF.V214 . SF-VIIA
SF-V218 -. SF-VI2IB
SF-V24 o SF-VI22

SFV2t4 == SFVI2S

SE-vate -. SF-v240
HOL.VI6EA(C) -~ MOL.VI8ACC)
WOL-VIEEA(0) -- WOL-V2IA(C)
MOL-VIEEA(C) -~ hOL-VS))

WOL.¥1668 - MWOL-VIE8
SOL-VIEEB —- MOL-¥298

SOL-V99S --BOL-VIES
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thus, optration of tne FTC/SFP Cleamnud System 18 4 congeen

only to the extent that It cculd te assoclated with

dilytion of the RCS. There are tvo sethods by which this

could occur; ong occurs tf the FTC/SF? acty a1 a source of

underborated water, the seccnd 13 a330¢t1ated with tre

the potsidility that the STC/SFP would act as an RCS

ditution tource during DMCS procesting |3 not considered

creditle, The dases for thiy conclusion are:

[$}]

(N

The comdined voluee Cf the FIC and spent fuel pool A
during defueling operationt wil | Be about 290,000
9allons: this volume of water will Be dorated to at
leart 4150 pom. A large amunt of wvater woulid de
required to dilute the FIC/SFP to a concentration
whteh sould represent & seantaqful RCS dilution
tource (e.9., ditution of the FIC/SFP to €000 pom
would Tequire the addition of over 25,000 gallons of
unborated vater),

Level !n the fuel transfer canal and fuel coo) A 1y

cheched each shift and

€ OThan QA



ang of the FTO). azditional comporent fatlerey te §..
4 3ultion hose drear, fallure cf toe Gcutle 1dNatien
between tre T¥ and FTC cleaned tyi2ew) Sust 2elur 2
S1lute tre &Y.

The cther mtchinite whice could Int—duce 31luted waler t2

toe BCS 3 tarough the FTIC/SFP Cleansd Systom BI0INy.  The

concers 13 the DOSSIBINILY that wedorsted flule couls eates

toe FTIC/SEP Cleanch Syites DIOING. e diverted Into the Ry

Cleancp Syttes piding and f10w Int0 the reactor vettel.

TAIS wat $od$e0 et RO Be a CrediSle ssemario fIr dtiuting

the RCS Sated on the FOllowing considerations:

Ocuble Barriee Itolaticn exists Detween the BV
proce1y 1000 and the FTUISFP £ooceit toce.  These
130tation Barriers will B placed ynder
adainistrative contro) and verlfled to e ccrrectly
positionsd on a Cally daits,

Ni3ing would octur Sotwees the 200 to &0 ¢o@ precess

flow and the dilytton 1aficw Into the FYCISFP locg:

thIT atuing sould minisize the ditytion rite tees By

€9 074 &



BESRSII8 i aaata; anbia lelicas ixy ¥
otver Cathadys 1§ nOt urler 42319132r 3T ve 23nTrals,
such valving ayst be 1n place 2o cenduct tre
operation. Thus, additicaal Sarrters Sesides these
uted to sedarate tre AV sn2 FIC/SFP cleanud looot are

tyoicailty In place ang

(1v) A dllution Into the ACS from the FIC/SFP taterface
would te detected Dy boron s4moling or a3 a leve!

InCreese Dy RV Jevel Instrumentation.

"o creditle Reactor Sessel ditutton scenario assoclated
with the FIC/SFP ras Geen Identifled. The FTC and SFP need
not be 1olated from a dilution Given the criticality:
analysis of canisters In undorated water, The vilver
required to Isolate the FIC/SFP cleanup loop from the RY
cleanup loop were Included 1n the overal) Isolation itcheee
for the RV clesnup 100D (see Tadle E.3). Thus, no further
actiont are needed to orevent dilution of the fuel transfer

conal or tpeat fue) pool A.

€-19 0714 RA




As discussed In Sectlon 4.4,5.3, there ire severd) nethods to

detect a dilution event: mitigation requives terabaation of the
ditution event prior to dilution of the RCS to 4350 po=8. An
analysis has been perforaed to detersine which contrals that are
avalladle for detecting 4 dilutton In the statlc condition are
applicidle during DWCS operatton. Ogerstion of the OMCS En each of
the teo ®odes vas conlldered. Operation with dedicated OMCS
companents was contldered in Section £:3.2.1: modified OMCS
Cperation which uses a slipstresa through SOS while siking up from

& reactor coolant bleed tank 1y described In Section £.).2.2.

€.3.2.0 Detection of & Potenttal Otlution Evenl During Operation of

Using Dedicated DMCS Compontnts

Noraa) operation of the DMCS results In clrculetion of RCS
witer from the RV through a closed 100D and return into the
RY. There are no slgntficant holdup points nor Is flov
balancing belween d1PPerent feed and dleed tources
required. Thus, DMCS ogeratiogs represents an essentlelly
stoady state operation 4and teve! instrusentation provides

an effective mains for detectlng o boron dilution event.

(.20 QNdr R



dueing CNCS zperation, Level Instrument RC-LI-130A uses
taps from the Cecay Heat peacval System drio )ine off of
the tteam jererator "8 hot leg and 11 redd In tae control
roce. Leve) Ingtruments AC.LT-102 asg 2C-L1S-10) ave
tutdler tyce Instrumeats scpplied Ty the save 1ensing tube
which uses taps in the TIF. Leve) ingtrument AC.LT-102
provides leve! ingication locally and 1n the control rooe:
RC-LIS-103 11 Interlocked with OMEE oceraticn. [nstrument
RC-LIS-103 w111 alara and telp the TWCS puves at a low
level reading of 63 Inches (el J27°1%) ang wi¥! alarm at 2
Righ leved of 69 inches (o) 327°97): the alarmy are
annunciated toth 1ocally and in the coatrol room. The RCS
Teve) V3 cheched Pourly and recorded on the “Statton Dally
LOQ Sheet®. At a Dathup to the Control Room Indtcation ang
The DCS 1oca) pared Indication, the RCS level can e read
on 4 Barton seter, RC-LI-101A, located at the 282°
elevation of the Fuel wanaitng Bullding or on a tygon tute
Tocated outilde the O-ring in the Reactor Suilding, Since
normal oferation of the OWCS 15 a closed system, a leve)
alare wil) occur only due To the unplanaed asdition or loit
of water due to an sb~greal condition, tuch as a8 dilution
event. (No feed and bleed type Of procesitng will be
perforsed eacept to sake adiuitments In boron conceatratica
or to mateud Inveatory 1ost by evaporation or defuelling

oberations.?
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ronitoring «tll Te urdsfectes or DuCS COM 3 12n. o0 aete

Techalcal Specifizatisn 1a®le §s uses ¢

IPRATR the

boron concentraticn oace eatn sesem 3935, 21N3n ma
addItIcne) $a%C11A5 WOu1a De reTutred sor normel coecation,
1t 15 nored tAat 4 dally poron Ta3C1e will te taen entle
cCerating the ONCS #1tter 20T 450 OACe ecery Twelve hours

while Coeratta§ the 10h evChinse 1008,

Tre crodedility of fatlure 20 detect a 9rictIoN event I3
etttmates at | « 10°° 20r demzad.  The Baves for Mg
ei1tiaute were 3riviSes In the BOAing amalysit for falture
tO Cetect a ANution @uriag TTANE SOAEIRISNG (tee

Section ¢.4.5.1). Tre major agpectt of OWCS ceeration

“hlch Juittfy ute of the dosmaIng estimite

1) Proceiting with oaly dedicited CuCS comoreaty
retyits In a tiemte reclirculation of RCS waters there
11 70 innereat characteristic whlch woolé matt a
atigtion Inflow te.g., a)ffereat Teed ang Sleed

fources. automatit level tontrollers),

110 There 11 redundant and diverse level ‘nytromentation
which 13 read In the control roaoe: Netsap
nTTrumentation wAich con de read Yocally 3s atzd

eattadle and



9085 MO eceed tre rate tlentifled for otter Srceess
condittons. Tee magnituce of this ditution rate Is o
function of tre dilutton source (e.9., size
llaitotions, pusping cacsbilities) and not of the

(4 ot ohich ACS vater fs circulated.

; The pressdility of sitigating o dllution event vas
estiaated as 2 « 10°7 por ceaand for & “leak® (¢ 1S gcm
type dilutton, based on the andlytes perforeed In
Section 8.4.5.3. (The prodadility of & °rupture” event
occurring was estimated a3 10 10w a3 Aot to require
toecific altigating actlons. Kowever, conslistent with
Seceion 4.4.5.). the prodadllity of cperator fallure to
witfgate such an event was ostumed to be 0.1 per desand).
The relevant aspects of this eitimste are the time allowed
for the required Opdrator actfon and the type of required
sctions. Because the potentla) dilution rite 1S comparsdie
to thet previously comsidered for the 1TatIC cate, the tise
allowed for actionprior 15 reaching 4330 ppm 13 also
comparable to the static condition. The required action
wcald Be to terslnate OMCS coeration and tehe additions)
actions to ldentify the dliution source and Isolete the
RCS. Teralnation of DMCS flov into the RV due to lov boron
concentration has deen procedoralized (1ee cperating
procadure $213-005-3823.02) and is accompliished by en
operstor stationed st the loca) control panel; edditions)
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ccerator actions hace been Srocecuralized Yn aggreoriate
ecergencty procedures (e.3., esergency procedure
4210-€A2-1300,901),

Comdining the detecticn fallure and aitigatica fallyre
prodadiiities ytelds a predsdility of fatlure to detect ond
j aittqste a dllution event of 3 = 10°° ger cemund for
“leax” type dllutions (0.1 per demand for “rudlure®
dilution rates). Coryining thls protadllity ultn the
dilution orodadliiity as determined 1a Sectioa €.1.1.1
ylelds a total probakitity of dlluting the RCS to 4150 pce
of 1.3 ¢ 10-" per year. Thus, the probablllty of RCS
dilution during operation of the dedicated DMCS RV Cleanup

System Is considered negligidle.

fhe analysis In tnls section took credit only for the
avalladle level (nstrumentation, It should de noted that o
continuous boron 34%011ng capedility may de avalladle dy
elther & boronometer $itusted in the Teeporary NuClear
Sespling Systes (INSS), Or a boronometer planned to de
tnitalled In the Yon erchange portion of the RV cleenup
system. The rellabliity of these boronometers has not been
estisated. Hovever, 9iven adequate stertup testing and
callbration a9alnst grad somples. It Is esgected that o
daoronometer will provide an additionsl effective detection
capability which 13 coeparable to eanual daron sampling
(see Section £.3.2,2), Thus, 4 baronometer eqy tubstitule

for an extended outeze of tevel Instrumentstion,

L.



Carly \n the defueling process. the 10 eschdnge loop of
the DMCS may aot be avalladle for Reactor Vesse!
processing, For this reason, as alternate proceising
®ethod Mas been develosed. Thly method tates a shipstreas
from the fliter tratn of the DWCS, procetses It through
S0S. and returns It to a Dleed temk: sIMItansout suteud to
the RV 13 from another bleed tink throvgn the NPE 1lmes.
This coeration Vs nearly 1dentical to the 11F procetsing
capadility described In Appendiz D, Malor characteristics

of the proceit are:

1) Resctor Coolant Systea water 1y belng recirculated
through particulate fliters at a flov rate of 2007400
gom: flov to the 1oa eschinge 100p will S¢ drawn from
the fiitration loog 4t a rate of £ JO 9pm, tnstead of
divectly from the RV,

) The capadliity for autosatic level control In the LIF
e1i1ts oting maheup from the reactor coolant dleed
tanks (SOS effivent Is returned to the Dleed tanks),
Thus, there 13 the POTSIDIIILY of mathing & d1tution

Infiow In & asnner sisltar to IIF operation; an
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GRIETRITAT AVTLTIIR AT 3 FAtE ITCAAT R %D e

4t WAKKA sater 18 retched By t@ 10N Rilhinge 1062
could occur. (Ihis potentlal eatding effect coute
2110 cctur a4t an cperater manually talances feed ane

bleed from the ciffereat dleed taats.)

b M) W unigue ¢llyttoa scurcet or drivieg forces were
1gentifted for thls moce ¢f coeration. Thuy, the
potential dllutlos rates re the sase as those

analyzed in the malm repdet.

One option to compentate for the POteatial tmamiitety to
Qetect & 1§ G0® undorated Injection rate with lecet
Ingtrumentation tt to Institate 3 boron saspling prograw.
SuCh 2 ssmpling program coutd Be accomitshed By taking
mAud) samples with sufficlient Prequency to detect 3
dllgtion before the vessel reathes the Techalcal
Spectfication Muit of §350 ppe. The frequency of the
12001109 program would vary according t0o the Drocett flow
rate. wAlch deteruines the masimm Inflow that could be
Ni@den fram the level Indication. The folicwing tadle
provides 1evolitng frequencies @1 4 fusction of process fisn
rate. The a1y1umtions vied 1a Geveloping the tadle are the
1099 a3 thote wied 1n Appendin Section 0.3.3.
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drziens Tl terzlie;

H
W% Otlastea Volue Feoguency

e (zallgng) tars)
$ 5370 2
5.9 s370 8
0 $310 3
24 5170 2
15 s370 1

The estimated prodadtiities of fallure to detect ang
aitigate & difution event vere based on the analyses
perforasd (n Section 4,.5.3. The prodadllity of an
erronecus Jrad $4smle was estisated a3 0.01: tre
prodaditity of cperstor error In resoonding to & “Teak”
type of dilvetion uas estisated o3 2 « 10°°. Comdining
these prodabiiities yleids an estimate of .2 1 10°¢ per
demind for fallure to ¢otect and mithgete a Tesk type
difution. In the rupture case, & higher operator error
rate of 0.1 was a3t1gned due o the shorter time for
operator action: this results tn & prodadliity of fallure
2o Getect and efti 'gate of 1.02 ¢ 10°* per demand.
Cowdining the leak and rudture prodabliiities with tae
detection and sitigation probadiiities ylelds a total
prodadility or ACS dilution to 4350 pom during DMCS
processing with S05 fon exchange; this prodaditity estieate

18 1.5 5 10°° per year.
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boronometer. Such an instrusent 1t currently insratiea In
the discharge of tne RV samole ousp In the TNS systen.

ThIs boronometer andlyzes a s4sole drimn from the core
cegion or the annvivs between the Inrer vessel wall and tne
theemal shleld, [t grovides 4 tocal readout of boron
concentration and & control roon slarw If the boron
concentration drops telow 4950 pps.  Eitrer the INSS
boronometer or the reguldr tam0ling program provides the
capath 11 ty to detest a boron dlluticn In tre atsence of
lovel Indlcacion. Mo tpecific relladility datd wis
availadle for TRSS boronometer. The fallure mode of
concern with the boroncemter 13 one In which the
boronaseter Indicates an acceptable simole result dut 14
fact a dllutton i3 occurring; tals Fallure swst also be
non-detectable normally (or elte a manval samoling program
would have deen Instituted to compensate for the fallure).
It 13 Judqed thst the boronosster, once checked and
calldrated, would have st least a reliadliity cosparadle to

that vted for the sanual 1a%9iing.
Another means to detect a dilution 15 to conduct an Nourly

ms19 balance to moniter changes In the inventory of the RCS

and dleed tanks, The precision of the edisting

Qllér RA



the adility to deteraire volume Chanjes to within
300 gallons. Mo estimate of the retladiiity of tals
detecRton method was mace 9iven the rellabdility of the

boron samoling sethods.
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This tection tummarizes tve conclustont ¢ng recOmeadations of tee

andlyils of the OeCS boron ditution potestial. e conclusions acted

herela aré contingeat vpon the asIumDtioNt uted tn the analytis ang

Iptesentation of the specified recummenzations.

€.4.1 Conclutlons

(3]

Q)

(3}

T™he prodadllity of &¥ ditutlon’so 4350 Die uring DCS
orocettirg wiing only ceditated OnCS comTnentt wag
ettimated 2s 1.3 v 10°* Jer year. whICh Can B¢ contideres
neqligibte. Thus, cperation of the DMCS with dedtcated

components Creteats & mialeal 3ad accegtadle risk.

The prodability of RV dilution o 4150 pou Quring DCS
procetiing uting the SDS FOr 10 euthange wat ettilaated o1
1.1 v 10°° per yrar walch can Be conilsered Aegligidle.
Thut. ooeration of the DS 1n conjwaction with the SOS
preveats & minisal and acceptabdle riin,

Dilytion of the reactor vetie) Gua to a ¢ilution ariocrated
vith the FIC/SFP Cleanwp Syttem watl ROt Contiered tredidle.



CasaBI 11ty during czecaticn Of tre CHCS «I2h desicate?
components. Elther an on.line baronometer or a sanuat
385p1Ing progrem provides acdequate cetection capadiitey
during DCS operation In conjunction with tre SOS.

The I1101ation tarsiers 1centified 1n Tadle £.) thould te
o18ces on a 24 Pour chackiist €0 verify proper pasiticatng
Suring coaration cf the dedicited component CWCS.
tOgerationsl difficuities or ALARA concerns say greclugde
the use Of the recommended tirriers; In such Instences, an

equivalent darrler may be used).

Mhen the dedicated component DWCS system 13 shutdown. the
RV syt be ls0lated from the assoclated DCS connections.
This can be 4ccoscl{shed by continued use of the Isolation
115t orovided in Tabie €.3 during shutdown. I[f the
position of the valves In Tadle L.3 will not be verified
when the OMCS 15 srutdown, altermative 130letion barrlers
@St be placed on the 24 Aour checkiist In Section 7.3 of
operating procedure $210-0P5-3200.02. An alternative
1s0lation 1152 13 provided at the end of Recomsendation a.

£t 07145 M



o The 150lation darriers Ideatifled ¥n Tavle €.4 should pe

elaced ca a 24 heur crecklist to verlfy proger pesitioalng
during coeration of the OMCS in conjunction with the SOS.
(Sudstitute dbarrlers eay be utes !f cgerationst
difficulties or ALARA concerns preclude the ute of the

recosmgnded Barrier),

4 Mhen the DMCS 1ystem 1§ uted tn conjunction with the SOS
systen. 1solation fros flav Cathy 1330ciated with this
ogerational eode eutt be 1n plate durlng shutéown, Thig
can be accosplished By continued use of the lsolation
chechllst provided in Tadle E£.4 during shutdown,
Alternstively, the alternate shutéosn 193t Identifiec below
syit be pliced In procedure 4210-0PS-3200.02.

= e

(Cquivalent valves may be used I operaticnal contdderationt
or ALARA concerns preciude use of the recosmended valves}

Oouble
*A* Fliter Train Suction DMC-V2B84A, DMC-ViA
*@' Fliter Train Suction OMC-2848, OMC-V48
*A* Fliter Traln Otscharge DMC-285SA, DMC-16A
‘8* Fliter Train Ofscharge OMC-2858, DMC.168
Samie Return Line OMC-v286, CF-vi258
fon Eschange Olscharge OMC.V287, MOL.VI09S
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($1}

Curing ONCS grocetsing with cedicszed OWCS comdaneats,
level tastrucentation shculd de utilized as the prisury
cethod of detecting a boron dilution eveat. During DWCS
operstion in confunction eith tre SDS, a boron simpling
program shoutd Be utilized at the Srismary setnod of
detecting a dllution: either an on.line borcnometer or the
mnual sampling program outlined In Section £.3.2.2 would

serve this purpote.
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RN e}
 ONLY_TEJICATED TWCS SYSTEM

Processing with cedicated DWCS coTOrents 13 actomplishe! per CReraling
procedure 4215-0P5-3525.01. The valves specified n tatg tanle srooze
Thus, 1t 1S reicme~de? 843 the walses 0

1sotation of the DvCS flcw Path.

this tadle be Dlaced on a 24 Pour Checkltt for 2osITioA veriftcation.

Tre

check 1132 may be Dlaced In Procedure 4215-005.3525.01 o 1a Section 2.3 of

grevesure 4210-0PS-3200.C2. “Prisury Plant Oceratleg Srocec:re.”

CF-v148
CF.VI2E8
O%-vi87

=

D82
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TANLE £.2

se  FOR EARLY OEFUELING PROCESSING ™

£ o= S |

Early defueling processing I3 accomolished wtd112ing $0S In dccordante with

Procedure 4215-005-1525.04 13

structured such tnat sl valves required for 'solation during eny aaneuver are
<

Coerating Procedure 4215.0P5.3525.04.

placed on chect)ists for pericdic vert

fleazton. Thus. tre follcwing va

are cocommend®d to te Placed on 2 checklist tn gddition to those In
Taole 4.8.3 of this report. The valves 11sted nere Esolate the OCS

filteation 1000 ind tee flow path througn SOS.

(3t should be noted that if

only tre OWCS flltration 100D were OCerated. Isofatlon of the SOS systea from
the filter lovg could be achieved with onty the closure of FCC-7002 and the

resova) of the associated Pose. MHowever.

It Is esDected that thls ulll not de

a frejuent occurrence. Th.s, this 0Bt10M was rat esplicitly presented In tnis

sppe-3is.)

CA-V')3A ° CN-V-SA-_98
CA-ViliE ° CN-V-YA-(&S
CA-¥IIS ° on-viay
CA.VISE ¢ On.vas ®
CA-P-l * GFf On.¥92 2
CA.P.2  ° OFF OM-v22) )
CF-v1238 OnC.¥33
Cr-1144 CnC.V32A
CN-7-35-34 OnC.v348
CN-v-11-36 DWC-V3%5A
Cn-v-[1-38 OmC-v398
CH-v-[X-20 OnC.valA
CN-V-[1-52 CC-vale
CN-v-1%-61 CxC-v42A
CN-v-1%-102 CwC-vez0
CN-Y-1%-101 0uC-v6)
CN.Y.fL-t CHC.v7y
CN-yY.fL-5 OC-v102
Cr-v-PF.62 CwC-v236
CR.V.P7.68 FCC-vo01
CR.Y-2F-69 FCC-vo0l
CN-V-?F-70 (PuDs Dl;w\rutcdl
CR.v-PF-71 SF-VI2!
CN.¥-9F.12 sr.vmc
CN-V-PH-196 SF-vI2S
(N-Y-RC-360 SF-v240
Cn-Y-RC-36) $05-vos2
CN-V.RC.]67 SHS.vi !
CN-V-RC-)74 Sws-v9? i
CN-¥-SA-253 SHS-y119 ¢

*  Yalve already Included Yn 4210.005-3209.02 check!list.

** Yalve remved and pipe Copped.

SWs-ve
S4S-v6
SKS-v7
HOL-VIBA
HOL-VIaC
HOL-V28A
HOL-¥28C
WCL-Y294

MOL-V161A
MOL-Y1618
MOL.VIE6A
MOL-VI668
WOL-YIS6C
MOL-VI?S

wL.vie

[-1%

LR R R I N R R SN R ST S S Y

HOL-V190A
WOL-v1908
HOL-V206A
MOL-42068
HOL-V512A
WOL-v31208
HOL-V513
HOL-YS44A
HOL-45448
HOL-V959
HOL-V96)
MOL-VIE4
HOL-V56$
WDL-V995
HOL-VI060
HOL-VI092
WOL-VI09S
HOL-VIISIA
MOL-VIISIC
OL.V1170

s ss e se N0
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