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Simulation and A nalysis of Plutonlum Reprocessing Plant Data*

Tom Burr, Alton Coulter. und Larry Wangen
Safoguards Sy stems Group, MS T35, L.on Alunmins National Laboratory
Los Alumos, NM 87548

Abstraot

It will be ditticult for large Guwoughput reprovessing
plants to meet Intermauonal Atomic [inergy Agency
(JAHA) detecucn goals lor protracied diversing of plu-
tonium by matenals accounting alone, Therolie, the
LAEA 18 considering supplementing traditional mutonal
halance analysis with analysin of solution monltoring
dat (freguent * napshds of such solution paramotors as
level, donmty, and temperaturo for all mayor proocss ves-
»ols). Analysts of sojulion monitonng data will onhanco
safojuards by improving anomaly dutection and rosolu.
tlon, maintaining ovnlinully of knowledgo, und validat-
ing and Improving invasurement crror madols, Howeser,
there are cosis avociated with aceeaving and analyzing
the Jdata. To mimimize thesa coals, analyain imathads
shild be ax complete aa pasalhlo. siniple 1o nuplement.
and require Iutle hanan efort, Ax u slep Wward that
goal, we have iniplemenied simplo unalysia mathada fur
use tn an “ufl-ling™ nituation, These methods vee solu-
tm level to recognise majr tank uctivities, sauch a4
tank-lo-lank teansfers and sampling In this papor. we
deacriba their application 1 realistic simulatyd data (the
nothods were duveloped by ustug nth real amd simu.
latud datal, and we prasgul sunw Quaniitiable benehis ol
selulion ontlofing,

1. Introduction

‘I'he dow of using provany dala (rom Lhe facilily upotator
luf saleRuards purpuscs has heen advocatud by yume 1y
& number of years.! 'or naleguards purposes, we Jdofine
yulultnn montorng s the exseatially centtMinnis mont
g o) the lesel, dematy, amd temperature nf viiuny
th all tunks i the proicess that contain, af civuld venhan,
vajegnandt signipeant guunhnes of awvlear mn ral.
| hese iMemsurviments should he uthenlicuted and tnde
pendently veritiel.

We hase ddevehged amd evaluated metlnads hia anals 2iny
slition mettting bt inwder the Loadlawing westinge:
tandl'yg 1
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s c¢heh tank s equipped with pressuty-measure:
ment dip tubes that provede a densliy (D1 and
level (1.) Mmensurement,

¢ temperature (T in alvo mersured;

o (L.D.T)dsta wre revorded froquondy (avery 1.5
nunutes) for all key waks thig contain ur could
contain 4 sigmifivant ameunt of Pu;

*  the volume (V) is obtained (rom the 1. invas-
urements viu a tank calibrstion provedure; and

¢ tha Py concentrution |3 mensured. elther in.ling
or perivdically (overy week or »0) off-line.

Thiv paper Is organized as (ollows: Section 2 describes
vur upproach w the simulation and upalywis ul salutson
mopitnng das. Sevtion VY gives a briel descnption of
mur simulstion and analysls sufiware. Section 4 eaplain,
the uanlitiable benetlis of' solution momtonng, end
Section $ 1 8 summary.
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2, Solution Monitoring

2.1 Data Analyzed

We simulated |8 days of continuous monlivring In 2
hypothetical PURAX roprocessing plant (simulatinn
derails are 1n Secuon 1), We conardor hero only the frst
Gwed tanks. 0 simplify the preseatation. The liest 25
hours of duta for these tanks is plotted In Flg. 2. and &
simnplified prucexs diagram i given In Fig. J.

2.2 Approach

We have developed algorithma to analyss wilwtion mon-
itoring Jdala amd algorithma 10 implemant computer.
aided manual investigation 0 confirm same of our
1exulnn, We have cunventrated un firkding and clasmifying
all tank evenls thal invedve the maveinent of nuclear
nterial, e.g , sapling and transfer evemts. The (1D
ilna wee recorded in every vewel at appronlmately
Smilnute Intervals Onn analysm assumes that the basi:
Medswe readings have been callected and trmsformed
<111 amd vidume (V).

The main taee algonthms. which are demgned 1o
t111ind all wnk evonis, (2) classlfly all tunk evemts, and
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(1) pertorm consistency checks on all 1ank ¢vonts, aro as
ollows;

* ‘The Kvents Flader module wdennifivs a signiti
cant change tn an L measwenwnt us an
unspecitied “event” and finds the approximale
start and stop point of that “event.”

The Events Claasitlvr module classites the
ovents found by Hvenrs Finder by comparing
the 1. bohavior 10 4 small ibwary of recognlzed
L. hohaviors. Kor oxample, sampling events
shauld exhidl a modest deop i 1., [nllowed
within wbout 3) minutes by a return in noarly
the ariginal L.

The Events Reconcller ixdule tries (o recom
cile wuwch wvent with un wvinnpanying cvent,
either 1n the sume funk (for simnpling evenin: i
in wmnher wnk o daaferst For exungde, the
recuinciber will uturmpt i find the recoiver taak
for emch "ship-to-wnh” cvent. The valymie o
sy fmaxs = Voo D3 shipper 1ecevem differ.
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Fig. 4. Flow diagram of mawa process arcd at Feprocessing plan.

We have wniten these indides 11 have huh generw und
facility-specilic feutures We une hotl geperne “rhange-
detection” methods and (aclity-specilic threshuld val

nes fur event durmtion« and volume o i losses

2.2.1 The Bvents Finder Module

1Me Evenis lnnder module 15 designed to lind shiort lerm
vhanges in level, such as would oecur dunng a sampling
or transler avenl. 'The main steps (ollowed by |he currenl
moddle are the lollowing:

1. COn ihe busty of previnus voluets), furecast the
curtent L valug tthe ditfetenc. between lhe
current value and the ferecaxt ts the currenl
h““‘ ’“ll

2. Cwinpure (ng KERROR w 1th uver dutined tiresh-
Jlds tu determing whether the change i sulfi-
1ent i stgnal an Cevent

v 1 an evenl sgecurs, determiine the st thne
1and daly pom indes s of the event,

L Iatemung the stap' e 1and data prunt indea)
il the event

We have othien serens of the Ruent. Bpler mesile tha
cul.ulute, th adbineen, a ctutts e sonn g PRRVIES Ly

evenin thut nwour more slowly But bechuse all of vut
legimuie evenis curtently mvoive valy abrupt chunges,
wet 1l not prevent here any delml abowut there itlier ver
s, Inviend, dunng eawch non-event Jata section, we
apply u vingle tand-imtinl check for any sluw y--~npes
Jduring thal sectunt. Both the sistt und stop tnws i an
cvent may e determined by diffevent eritena, ¢ g . wuc
cossive L changes that we winall o n signiticant change
In slope e primaey suput of Hvenis Finder s an
teventy Rle” Gir each wank, whuch commny infurmatin
about events 1 Iabie | shiw an example fiv ine tlra few
Tank 1 eventsy Civen o lupler resalism pha, ihie i
pue Al nchintes well plentitied st amd sy onls es
Ui vl event

2.2.2 The Bvents Ciassifier Modute

The Bwents Claaadler msdile sigempis 1w ogge
telasaity s eawl event fiuml by Bognt Pl B oogen
iy e Jutmtse o e @vent amd dw -t moiecsl wils
Wit wenibl e ugpasotel s dis Basis ot e ally
slnep vl cdemges e on plimess i shieciss e Gl
Pond o moent bow sl s e vk Do vovneen ety o e
corim iy o Liaatend alere e e it ygweneeng e



with {ur data on) similar events tor rules 10 be con-
structed tn characterize the event. For exaniple, transters
ftom Tank | (0 Tank 2 mught be knnwn W alwnys
mvolve approximately 6500 L. but the expecied
transter-volume range around 6500 L should also be
used wn the rules. This module. then. is essentially a pat-
tern classitier that uses an "expert system™ approach
based on histortcally observed events, Eveats currently
recognized by Livents Classitier are stupments, receipts,
shipments to sample, receipts from sample, aud
unknown, "Slupment” and “receipt” reter 10 transters 10
and from wther nks or to and [rom the plant, Events
Classilier adds an “Event Class™ column to the data et
produced. ax shawn in Table 1. As our understanding
evilveys and i hustineal database ot solution munttonng
inturmnunn beenmes available,  clwr evenls can he
added to the Find and Classily modules,’ such as s
g, sparging, cviparation, and chemical ilustinents,

2.2.3 The Evanis Reconclier Module

Tho Cvemts Reconciler mnwdule processes each event
funnd by Bvents Finder and clasaltied by Events Classi-
ticr atd attempts 1o tind anothier event with which it will
be conistent, o rgeonctled. Reconcilimtinn is bised un
nemdelined Allowed ervars in asses (o volumes)
shapped uy compared 1 those fecened. 1t s assumed
thid these errors aro related to huw well we mcaswie the
levels, densities, and solumes, Transfers und smnphng
evetts cate be recoticiled an the Tusis of culicr imass
wi vahue. o reconcile one ovent with aunther, the
naslitie anst thinl that both ok plive within o spociticd
tite intcrval. Given approprinte assumptioms and his-
1ary, levels Gould alaw be used ns b tists Tul reconoilias
son. I an event cantiot be reconciied, it o Hagged as
sush for investigntiom by the inpectac The teturn value
frotn the Bvents Recondler module fur o given ¢vemt

may be Trie, False, or Possible. in Tuble 1, all events are
reconciled, sn the entry tron the Bvents Reconciler
mundule is Teue. ("Possible” would mdicate that another
event occurred within the specitied time window but the
masses ur volumes of the two events did not agree
within the specttied limus —alhough they did agree
within somewhat larger limits.) Whenever an event s
reconciled, Events Reconciler also identities the ofker
event (and the ollter tank: see Oudertank colann n
Table 1) with which this event was recoticiicd :nd pro-
vides information on the voluitics atd/nr masses trasi-
ferred. 30 it recards  of  differences,  including
cuthalative differences, can he kept. Such infortmatinn
can be used lor evaluation ol tank calibrations and pipe
holdup tpipe holdup s matertal Vst remans in tie pipes
ihat cannect the tanks),

To chech our sesults, we use mteractive grupliics o
“anually” Gnd and clussify nll tunk ¢vents; we dwn
copine thiose results with the resalis of Event Find,
Evem Clasaify, und Evem.Recinile.

3. Software Implementation
and Functionality

Simulated L o VY dati are avinlable o Tunetions
within onr toulkit, More detauled stmalated it that
accuatately depict 1D amd T ace avartnble irom the smula
tivn winde PieSun

3.1 Program FaoSim for Simulation

Qur wark «r based on a design o8 a reprocessitye plam
Waving u thtoughput capacits of 3 mettic s of uri
ntutn rer day. We considersd anly the part nt the facibite
from the leed tank tor the input sccounmbibity 1ank

TADLFE 1. TARLE 1. The Flisl 8 Fvente Fipnl by Events Fludee Menlude b Tank |

e i g ———— —— e S7 e e i s s e - b e g— .-
I Kvent. | ludex, [Indox. Time. Tinte, Bvent. | Event. i U Other,
3 . . 3 " . L) . .

i Number * Start ' Stop ! san Stop Class ! Reconedle @ Siatue ¢+ ook

ter mma. e mS-calem-utmaa .- Al cabeaer. . teme o) e L cmmm e o I EERTIE SEN IR L B Ty BN ! [ - ..
[:! I 17 ' ina AN £4) 28 ) Reveny , Die A !

vme e v e e e ame s e T L e e s me | mm et '

] borg) {0 (TR el TR JRLS ' Ntpunen T e ' 3 i
:-u - v--_:u A . e | Semme e oo eanmes o saenda 3 e m - M . e Memdad s - :“u S -1
v A i A% LY nid dg nan 18 Ve ten - Frne i '
| H ' . anaple H . . ‘
H [ S, o - P | -— e . . I [ | - ] 1 f
| U hA UKD , GGl ravrs Slagment 5 Lo S ! '
! ! | : ' ' ' ' !

s !bl IR e ety 2y Reven TR ' L .
. | { ; ' | - -8 t
ty Yty T T L R LI SMupweemt ! lae - LoNample

[ | | | | ' .
y AR LA I DLt sy N Mec im0 b, ' Lt
H ' . . Y waphe :

. t [ . . . ] 1

A 1% ] 1 L (N1 bt L e N TS '

- L. VoL v — ) C - .



{IAT| chrough the output accountability tank. This pro-
<¢38 ared comprises several tanks. a codecuntaminativn/
separation cycle, twu purification cycles, and an evapo-
rator (sce Tig. 3). Because the design hax relatively lew
tanks amd the oulpul accountability tank is emplied
frequently, the process area haw a ruther wmall in-
process pluloniunt Inventory for a facility having this
througliput.

Operation of the design facility was simulated by means
of the Safeguards Systems Group's program tacSim.
FacSim u a continuous/discrete-cvent simulation pro-
gram developed for evaluuting provesa. and matenals-
accounting oporations at facilitics that handle nuclear
material. It 18 (acility-independent, wntten n C++. and
aperatos on 18M PC compatible computers. We hawo
previously reported on other FacSim applications (for
cxumple, sc¢ Refs, 2-41.

The uperation of the facility is determined by s series of
discrete eventy—namely, the Inltiatlon and termination
of flows through pipes. Between these discrele events,
the vystem cvalves continucusly in a wiy determined by
u comnplex set uf hydiodynamic and clicinical provesses.
In ihe simulstion it is sssumed that wining in tanky is
efflicient, s i w tauk's siput comeenirstions of solu-
tivm cimniiiuenis iy the sunve uxs the ink's Insantaneous
wvernge concentrutions wf those constituents. In whii.
tinwn, it s assminid it il outpet comcentistivan fin
1ulsed columiny are propontivgal to their instuntaneuy
aveiige concentiatioms, with proportionnilly cansisan
tha vepend 0 u eolumn’s function, Thi awumption
alliws the cvotitloneof the amiemaof pricess vovsels 1o
e Jewerlbed by sysiews of wdingy differentlal cogua-
tivas Finally, it w weuined tliad o pipe’s imput comeen-
tativas are equnl 1 i lnput concentistinns ot the tine
the wimensl enteied the pipe. This assuingiion inte
dikces 1osne moandiwibity intn the equations ilesenbing
the syniem, but vare that con e nested fanly simply by
suy S histogles of diTerential ¢ imivens solytinms

Anomaly detechion in PURLN pracesses ty complicaled
fiv the fact that Husd volumes ulten are 2ot conserved in
Howe ipouph piper and duougch veasels. T ts becaupe
steamv/atr et tsedd lor fransiers ¢an tnerense/decreuse
the valunte ot Huul wransferred, and hegause sclution
veeuineas ate nonhiaear lunclvins of the guantity ol
welute. 1hese ellevls are taken it acorunt, tis Jn de
st cadent, wthe <imatien,

Cpwratiom ol the Jenign Laling wac sunndutesl G a
petoal o 18 dav e bepimming willi preparatom ol e
eulwal Cnmne gk 140 ot bt Tnaterials 1yt Miaas

Ihe evapnwatir inventary reached appriuipiale eguihib-
rinm 1 less than 4 days. The las 10 duys of the simu-
lated operation were used fin the «olution-monitanng
sninlies; Juring thix perind of “steady-state” operation,
the total in-provess plutmiun inventory vanes between
about 100 und 160 kg of plutonium Glepending on the
phase of the inpuviunpan cycle), about 7 ur 12 kg ot
which is ir pipes.

3.2 8-PLUS Toolkit for Analysis

Our 1oolkit is written 1n 8.PLUS, an nbjpect-agiented sta-
tistical and graphical prugramming langunge. We huve
working versions for bith UNIX wurk stmtions and fiw
PCa with Windowi 3.1, 3.11, 9%, or NT Oaly Ihe UNIX
and Windows 3 11 vernons have heen tested. Bovuuse
we anginally planned t unplement the toolkit in C# &,
we do have some C++ clanses designed that could be
uscd at somo later stage. Qur (oalhal 1» “betier than we
necd for inhouse use” bul not yet avallable s gencral
use.’ The “driver” menu, called roadmupi), is shwiwn in
Fig. 4 (the () notatism ndicates that rowdieapd) in an
S-PLAS function) The rowdinapt) subinenu item “spe-
cialized analyscs™ 15 shawn in g S, We uw the "™
chotee tn estimate stupper-recever JuiTercnves (SRI
for cach tank 10 tunk transfcr lor the anulyses given 10
Scction 4, The three modules deacribed 1n Section 2 are
undor 1w roadmap( | aubineny “prehinubiary analyses”

4. Quantifiable Benefits of
Solution Monitoring

There ure muny proposed benelits of salimtion ansmitar
ing fram a saleguards perspecuve, but heee we disauss
only sume of the quantitiuble benefis.

1. partiully \alidate measurement srmur txdely it
a lage watenals balanve IMB1 secur, we do
ful wa Lo queativn whether g, 1w Uien
retival standard devianon ol the MB that
includes all sourees ol ieasuteent eme- 1y
understated. We show tn Rel. 6 that <elution
wenilonig ¢an provite conuderatle asairange
that mensutemnent error inudels are acceplable;
therefore, provilad the sulvim e pospapanon i
e perrectly, e estimute ot g bl by
winie pansly;
ettty e spnaliny o measenms,
Vo ulennity all notial vvepis atie g e andludueen

v etk suclC o omg e o ar,
Al aliengst B desine lias e vank
wlin

L AT HIN By
calilnntivae thely seduog oy,
imgrasces honaletes g praduiinhity ol
eabaittate Jwabsbags v prga s Tt i ks
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Fig, 5. The “specialized nnalvses™ tuhmenu of roddma ).

Une heaehl ol identifying cach tank-to-Luk transler 14
thal vach tank cun ho treated an o sub MUA tmienal
laldnce arca). That allows un o do several Uungs,
including t 1 Jishinguish between a mnliuaction in the
teanuretienl eqaipinent ahd an actund thatertat liss and
12 tdu Blaa carrecuom.”

Lonaddenennn guadability is Dglet o d liss ot s
iy tatth s vt pioale oy of o wconrs ||mlllu W bank's
natefer nasle, Ievanse during, wa ades, we el
detect o Jdunge vy e vodwing s s By steiiatin
ity ol e Sl or I mcasatemienl will cancels
Wyl a nibe b adetection dunne ‘Tank 1o Tank 2

tranifers. for sunplicny, we Wil ¢orader momtinng
only 1 yolume luss 1bee Ket. & Lot tuither Setatla.

eve s atypucal covvm b | b the Vobwene SR danigg

a k- Lo Bk - i

SR - v, vy

\'“ Uy ~Fyu By, i Y il

whers V=V iothe ue el stapped b T
alnd tecenvwd By Bank .‘. "|‘|'| YRLL the avaleiatie Gl

ame veeae Ler ok 1L TUTIE ihe 11 lune



errort for Tank 2, and similary for the Thnk 2 er-ors.
Note that we usc a simplificd model thal assumes the
absolutc errors are proportional W the tru.: volumes and
that Vr is the same for all shipmenin. W also assuine

that all measurement ervors are approximately normally
dismbuted.

Tl <ituativin we cimpidder is ax foflows: assume wo have
Aprevious Shipmenis (at least 1) from Tank | 10 Tenk 2
that arc known 1o have zero true volume lass. Those pre-
vicus shipments can be used to bias-correct all future
shipments during the calibratlon period because 2y,
and Eyyn arc atsumed to be conatant during the callbra-
tinn period.

We demte the blascorrected  volume  difference
batwoen ¥ ; and I's ; as SKI, . The obvious bias
vorrection in the average SRD during the tppn i, ship-
ments, say SKDp,,,. . If we wiil an cimor model fivr

SRD

prev

SR prev = ""-A(I_EVS' 2- Fym) HEpp —l'lln\) A2)

we sec that if we ket SRD, » SR, ~SRD,, , . then

the systempatic errors would exactly cance! if
Fyr1 =fvra ® 0. Unfortunately, we can expset only

that t‘lkl -t"R: w(} because

Fyent “Cyra- N(O.(o’vm +o’wn)/n,.m! 1noe-

iinl with inesn 0 and apecified vurlance), Thereture,
the systemutle errurn only suppronlmately cunel,
lewving i wilh 0 new enllinute of the systematic errwr

b

varlunce equal to (o"vn 1 6 Vp?),'um". In con-

ciusion, 1f we lot SN, = SRD, - SRD pyq, 1 hen il

random error vananée will be the rume as that for the
nun-liasccarectald SRID, and the sysematic ertor van-

ance will sperhps winpriangly!y be detesinine] by tle
tnidonn erret chEniee niel (he npsber of previoos shig
wtets it e hivan we liace zevr colinne lange Ret
wren, e T has veniniples of bun vonectinms sl s ilnese
dieen bere vaml iy enanple i shightly iillecat fiom
i m Rel 7,

Next, we will presont a non-bias-corrected and a hias.
vorrected approach. Assume that we monitos ihe Tank- 1-
tu-Tank-2 shipments for cumulative (over 1 year)
volumes.

Case |: Nv Bias Correction
It is simple 0 show that the cummulive (anuualt
measurement-error standard devisinn i

GAV. cumulative *

' —_—
2 q,
vTulalx J‘US 18, ":Iupm..-nu’ : &)

where Vo i is lhe ttal irue valume stipped dunng

b
the vear, G'¢ s the tolal systematic cnar variance 1amg

»f violume memsurcment aysteinmtic einw vananves fin

both Tank | and Tank 2). and simlasly foc o Tin the

Tank-1-to-Tank-2 transfers (450 translers v 0300 Liyr
having a Pu cuncentration w( 3 g, tur un annual
theoughput of appmumately K800 kp of Pu)y, Fig. 14
BIVCE Or v wmulaine ™ 41400 L. Given e Pu cuncen.
tration of 3 gl the volume neaded 1o accumulate | SQ
18 Voprded = (SQWcunc) = 8YDOM < 2067 1.
Therelire, the needed volume is pnly ohout | 55
OAvs umudaniee Whith incans we cannot detect u luan of
this volume with sufficiently large probabillty—
because to detect u loss of 1 SQ with a 0.95 deteclion
probabllity and 0.08 fulse alarm probablllly, the
oeedod volume Is 3.13 2 Cyviumuum. (We have
upplied the comservalive Ronferronl correcting to
tukie multiple lesting Inle mecownit; we nvedl w pore
SRD filoe wlarm prubabillly of 0.08/45%0:, Hie, siwe
detection prvdability woomly 013,

Cuse J. Bas Correton

“fu do n buas currection. the “catch” 12 that we nu<t have
al least une shipuient trom ‘lank | tu lank 2 lor which
we know there wius no true vetume chiange  Tor the
niethnd (o he ellecuive 1In reducimg the cunulatice
metsurement-emar stamiard des atien, we asuiae e
chipmienty 122 1 days of shipients and soe sgguivim e
608 s arort Tank | oo Tank 2 il uge kwown 1o
have e pue Suie fess Then B o Ve sl gpplies v
with e syacimiie e o pial b AR he
e Y - TICRL R IT LY PO ' It I T
e way, ‘.hn-la-l . vEY A, ity - il e shen
s paalsebdiny os festies Lign 905% 00 vua MIWA 1 ol



‘Tank 1 and Vank 2. If the MBA includes Tank 3 as well,
it s slighily more difficult w predict whether hias cor-
rection is & good idea, s we explain below.

More hmi-detection results, for several loss svenaniom,
are pruvidkd in Ref 5. As always, abrupt limsex are
cuxier 1 delect than protracied himsew—amd are caxier
still if we use sulution monitoring data. One imponiant
isaue Uit we will mt addrens hero is the rule of malerial
(holdup) in the pipex that connext the tanks. 1t ix best for
Youig detectlon if holdup quickly increases to n quasi-
oyuilibsium value and then fuctuates randomly arnumd
ik value with soine modest (10%. relutive) stendard
duviation, Another impurtant insue is thut tank transfers
from Tank 2 10 Tunk 3 are more challenglng because
‘Tunk 3 aperates in batch receipt, continuous ship mode
{R/IC), For example. the measurement uncertainty for
the amount received by Tank 3 nist include the uncer-
1ainty In our estimate of the amount that Tank 3 shipped
during iis receipt friom Tunk 2. For our 1R lays of sim-
niaed dale, the mandurd deviation af the Tank-1-10-
Tank-2 shipments in 7.9 (theoretical is 9.2), and fur the
Tank 2-10-Tank ) shipments It is 10.4 (theorstival is 9.2
plus a hard-to-quantify amount 1o allow for our metivad
of vslimating the amount shipped by Tank 3 during its
receipta). We would thorefore use 3.5 479223771 a
our threshold volume SRD for transfers from Tank |
Tank 2 and 36.4 1. for transfer from Tunk 2 1o Tank 3 10
moaltor Nuture transfers (using 0.05450 false alam
prohability) fiw luss. These volume thresholds coere-
spond W abwart 83 g aml 109 g, respectively, of Pu.
Using those tnesludds, we can detect abrupt lossey of
277, 854, aml R3.1 L (une, twa, winl thiree times the
threstild value) with probabilities af 0.50, 0.R4, and
0.97, 1empectiveiy.

5. Summary

We are sttongly in lavor of using salution monituring
data 10 enhance anleguards. We huve hogim (n asseinble
anafysls metusds 1o & toulkit tintended tor inchouse
uac at Uus stage). Our ninulation und analyais approach
prvided ang s -correction cxmnple that capliined o
what oxicnt b corroclions might reduce Osp W
cach lunk to-lunk trvaster, and uliimately, tor @4,y for
we chure MBA. 1 the MBA 15 Tank | und ‘tunk 3. vhang
may ¢yrected MBs 6 very atractive 1l e MUA
ieludes ‘Tank 2,1t 15 diittvult to predict haw well we can
buav-correct the 1bak-2-to- lank-3 chipments because
lank ' nperates 1n FC mode: the tandom error of our
eulithated vilyme SRD therefore increases, itx dies the
ssSlien; erey b ou bingeessttected SRD Further, i

currections are possible only il we know thal some rea-
xonable number of transfers have zero volume lows
There is at least one other bamer tor reducing 0,
pipe holdup betweon tanks. Finally, our wirk docs not
contradict Ref. 8. which concludes that there 15 no
advantage in terms uf protrawted loss detegtion in ¢los-
ing MBs frequently or around individual larks. OQur
Tank -1-to-Tunk-2 example 1n the "no-bias-comection™
case could have reiterated the Ref. ¥ result. The “bias.
comrection” case was aul considercd in Ref. 8,
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