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IDENTIFICATION OF IRIS REACTOR TRANSIENTS WITH
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Artiticial Neural Networks [ANNY are powertul toois that can be used 0 solve many of the Nuclcar
Engineering { NE) surveillance and diagnostic needs. in special those of the next generation of nuclear energy
svstems. [RIS. the International Reactor Innovative and Seeure. is an Integrated Primary Sys<tem Reavtor
(PSR} with innovative featurcs that can meet muny of the requirements set forth in the Generation 1V
Roadmap Study coordinated by the US Department of Energy (DOE}Y. The IPSR concepts are chaructenzed
by the inclusion of the entire primary system within a single pressure vessel. including the steam generators
and pressurizer. This paper presents a possible solution tor the mansients classification and wentitication that
can be used o develop tools to help the sufe operation of RIS, The upproach studied in this puper s hased
on self-oreanized maps {SOM). The initial resuits have shown that the use of SON 15 quite promising it the

dentificution of inttiating transients of the RIS reactor,
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I. Introduction

Nuclear engincers are working on the development of
new reactors concepts that can fulfill requirements such as
thuse detined by the Generation IV International Forum

(GIF) for the Nuclear Enerigy supply svstems of the future{ 11,

[RIS isx un nternational cooperation offort to desigh @
nuckear energy system capable ot meetng many ot these
requirenients, Westinghouse started the conceptual design atf
rhis new reactor o answer 4 DOE request under the NERI
program. (RIS whes  full advantage  of s mtegrad
cotmrlanration omplement o satery by destgn spproach 24
i meet chuflenging safery goals. Even with the prciple of
“aatety by design” und the complementary “satens feamres”
provided in the design. further anaiysis and creative tools
have e e conadered w demonstrate that (15 - naramount
safety” stands up wneng the other reeent reuctor concepts. In
recognizaing this uspect. every possible source ol "atety
wulnersmhrs™ has o be addressed and adeguarely coned
with

3. One of the most eritical aspeet connected with this
coneern ts reluted 1o human tactors and., cenamly. any
etfective soluton o work with human factors invoives
mfonmation and knowledge. Safety by design and the zatery
barriers recommended by the principle of defense in depth
can eliminate some and attenuate many ot the conseguences
of human factors 1 the operations. but to really cope with
this vulnerability, one must recognize that sate operation
will require the use ot the most modem tools e provide
“aped intormation” tor the operation ream.

This paper prescits @ promising solution for transiem
Classitication wnd identification, that ¢an be used fo develop
CPCTAOT supperting toals o help the safe operation ut [R15.
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The appreach is based on self-organizved maps (50M)
operating  on-line with  the  reactor. This  kind - ar
representation can allow to the operator w watch how a
given transient is evolving with respueet to s severity, as the
time path of the activated units is migrating towards the
border of o new chass of runsients.

The central 1dea is the identification and glassification ot u
speeific transient behavior in i carly stage, allowmg e e
aperator t be coneentrated i nther Tasks and able 1o react as
necessary, v reasonable <ot o ransent sinlaveons,
Jesertbed w1 terms o the Bime hislors of e key process
variables. was wsed 10wt the propesed SO aporoach.
Adthouzh me profect 1 i an explotators phase o dinension
the amount of efforts. prebminary sesaits abtained bave
siown thas the use of this echiigue serveil i nurpase in
identifving diftferent eperatiomtd transients uz the IRIS
TR 1A

1. IRIS Description

RIS o~ ¢ modular, integral, Lgir soater coolad, medium
power (335 MWemoedule) reactor which addresses the
requirements of proliteranion resestance. enhaneed  safety.
The techmeal
characteristics of (RIS are discussed in detnl morererences

improved cconomics and waste reduction,

[4-91 s “satery by design” approach. where acoidens are

“Jesigned vut” 1o the maxbmum extent possible. mstead of

cugmeering  how o ocope wih e coiseguences s
presented in [2]

The t.78%m outside diameter by 214w o eght RIS
nregral vesse] houses e releton cote, 1 support struerures.
upper intermabs, il sleany genuratoers. il sheclis,
pressurtsct and heaters, and @ehe reactor coolant puamps




thagl Do Hot coolaa rising from the reactor cote e the op of
ihe vessel is pumped into the steam generators annulus, The
megral vessel contiguration 1 essential 1o the satery by
destgn unproach ws shown in {9] and thus 1 ix key to satisty
the enhaneed satety requirement,
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Fig. i

IRLS: Integrated Primare Syvstems.

Sel-Ovrounmzcy Maps are artinicial neuril networks woth s
single Taver where the units wre placed moa 12D or 2-D gnd,
Bnoghe 2-D SOAL the s are placed inoo square ar
hexagonal latee (Fig. 2y, The training of the SOM is based
o the competiting learaing concept: — unies competc with
when u speaific pattern s
presented and the resuit is that just a single vt s really
qelve ulod The original idea of the
competitive learnmg —winner takes alh- was proposed m
1955 by Rosenblatt [10] but the most general model was
Jdeveioped in the 805 by Teuvo Kobhonen | 11].

The principle of the twopograpbical maps tormation. as
tormuluted by Kohonen is: the spatial locarion of an ondpui
M o o tepographical map corresponds o domain or
poetedien foattve cxiracied from the fapat space. This concem
reproduces one of the features of the brain: dre organizaion
nf -t sensorial ipas in the Bigher planes, represented by
foperrapiical mapy, The units in this gid are assigned to
specitiv setures of the input, producing wopographical maps
retated 10 specitic classes ot patterns. e the spatial

vielh other w0 ne activated

Lreen  moment.

logarions of the umts are indicative of the statistical features
of the inpur patterns. These indications can be seen as 1
non-linear  cereralization  of the Pronapal
Analvsas (1M AL

Lomponent

tritd of Chutput Looits

Inputs

213 SO

Fig.2

In the S5OM rhere are not any known ot desired outpur
The objeete of the neowoerk is o search semilarities among
putterns and 1o promote the classiticauon of the input data
Nty zroups, i g4 non-supervised  tearrung method. An
incoming pattern triggers a compention among the units and
the winner weights are updated w beeoime more close to the
input pattern, These maps are such that. patterns close w that
which have previously acnvated one unit. will either acovate
the same unit or one of its neighbors. The winner unit i< the
one whose weights vector 15 the closest to the inpu pattern.,
based on  a  Euciidean There  ure  lateral
herween the unis in the and. s ek abey
& nedghbarimod Facron, asuadly represented by o Caussiun
ke funcrion: :

distunee,
communicitions

- -
i

20

* wrEr [y R

where [ indieates the winner ust: e 07 is the Bucdidean
Jdistanee berween the unin ¢ and te winner unt, Gigr detines
the width o the neighborhonsd, wlhich stams oy wide s

possible and decreases with ereasing a2 Lo, with training:

oim=o. expl(—=-) (2)
T(T

The weights are updated according with:
woln+ D= (ny+niay| v —w ()} 13}
where vras is the nput vector. The Teanume rate, ovares ds

i1 funcenon ot the distanee between the unie §and the winner
untit thy the I function) and as tunction of the meyn:

non =1 exp(——=-3 1
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SOAT o an eveellent took tor the exploratory phase of data
analvsis, Boprojects 1he mnpur space 1o protoiypes of tower
dimensienaiits, Les into -0 or 2-D regulur-tu-shupe gerds
it vian he used o explore the data features. “Vizualizanon™
t-othe Brsr ostep o the pattern classiticution, and 11 1%
cennpletety dene by SOM o unsupersised mode, [n thus

oo the oot

. v
o0t

put duty owr
Textraction” o the
characternsiivs, The next step s elassitication.”™ when the
selected chaructensties of the nput data are assigned w
individual know that. wn the patemn
classification phase.  the pertormance is improved if the
sselection” 15 tollowed by a supervised classificaton. e it
is comenient the use ot an “adaptive patern classifier.” In
this work we huve used the leaming vector guantization
IV scheme proposed by Gersho and Gray, 1992 [12].
This  scheme  considers  that  the  SOM  resuits  in
approximations  of  the  Noronol  wvectors. After the
cotvergence phase. cach cell 1z assigned o a speeitic elass
according 10 11s response. in terms ot distunce. to a specific
taput. The classitication s effected it the supervised training
phase as tollows:

ahtatned. TSeleenionT s the

classes. frois

v eonsider i pw i represents the set of Voronol vectors
and that [x.; is the set of input vectors:

v find the Yoronoi vector, we, closest 1o the input xg:

¥ compare the Voronol vector associated class. &, with
the inpur ¢lass. &, and update the weights:

Yt B - &, then
uogn-1= ill. () +almy[x —w, (1] i3
v B = &.then

wo s b= (ap-ain)|x -0 (s th)

LI SVMEATNING v eelors are not upddated. Lo ey rermam s
they were at the end of the SOM unsupervised traming.

LEl. Tramsient Duta and the System Concept

As any nuchear reactor, [R1S can be subjected w difterent
inds ot ansients. In ths paper only tew of them e
vonsidered: posive and negative step load changes; ramp
load sariations: spurious SCRAM; inadvertent reliel valve
opemng: and an aruficiatly large step ot 50% o ull power,
Togerher with these transients. the trainmg data set contains
severd) steady state conditions patterns from 2% 1o 1359
wt tull power.

The response of the reactor systems o cach one of these
cransients depends on the control system. which is being
Jdeveloped, A this early srage of development. when the
contre] architecture and parameters are oot optimized.
stmphitied models wre good enough o provide hasice data

charucterize RIS behavior, Reference 13 describes the
stmplivied toods that produced the dat used i thes paper and
alse presents resudts for many trapsients. iz 3 ilustrutes the
PrCSSUTY FOSPORSC LOT U negative poswver <tep ot 1197 ftom tull
Power.
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Fig.3  Step Load of = 1H¥a: Pressure Response (R[S,

The Transient ldentification Systom ( TIS) was conceived
considering that few varlables can characterize a single
trunsicnt, Lor anstanes one can constder dic icactor and the
secondary sysiem power: the temperature at ditferent points:
and the prossurizer pressure. temperutuee and water Tewvel,
The central idea ix to provide o system, based on
self-orzamized maps. able to dentity which kind of mansient
is happening 1n its carly beginning. The system will have a
bufter to collect duta for fow seconds of the main variabies,
which will he the input for the SOM. 1t s expected that
FIS" wreen will Tight o single cell. previously assigned 1o
kind ot transient that @5 in course. The ddlagram of Flgd
detines the basic idea of TIS, Inoa nexn siep the svster sl
b nmnroved wiln g oaew soreatt il o continueus boundary
tur each trunstent ciasse In s nal verston the Tocation of
the digheed cell widl represent the statas ot the reactor plam,
ps tErthe plant o e speeiig e Teved at sieady sater or
1ar 1w hl“ﬂf_‘ ot ed ton sio et st s "-11i|\""__}“"l1§_‘_
i taskoransicnl: or e begmning of any kimnd of sboormal
cvent.

Althoueh we have tested tae ditferent-size butters with
ditferent acquistion mes. the duta used w0 the paper wis
Hmited only to the results tor o twemiyv-seconds hutfer,
CONtEnIng data of e Best teo nnuies of cach transicns
beginming, Nime vanables were selected: 11 reactor power. 2y
SG'S power. 2 ocore outlet temperarure. 4 riser wican
temperatere,. 3V SO mean  remperature. 01 downcorer
temperature, 7Y Oprimary sysiem  pressure. %) prossuriscr
temperature, and 91 pressurizer water lewvell It was used o
sampling interval of 2 seconds (RS Het duning |20 seconds
tor cuch tronsient. Fig 3 illustrates. for two warabies. o
“six-period” bufter sequence tor 30 different rransients used
en imtiak tests, These transients are detined in Table 1.
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Table 1| - Transient lisr,

I'ransients

| 30% Steady slate {7 1 Ramp 3% mn

2 A0 Sready s I 70" Ramp +5% min
350" Sready shute 19 B0%  Rump ~10%min
4 0% Stepdy staie 20 50%  Ramp —5% min
B A0% Seeads state 211007 Raap -1i%. min
B SIMG Steady slate 22 50%  Ramp - Eenin
T Ui Steady state 13 %% Ramp 1% min
% 1059, Sweady stare 24 90%  Ramp-1¥s min

Y TR Step -10%% 25 HB0%  Ramp-5%-min
I %% - Step + LRy 26 T0%  Ramp - 0% min

L] %% = Siep -HWG
12 0% = Step +5%

Mot normai

13 80% -» S1ep -3% 27 105> Step -5ii%
14 a0 = Siep 1 10% 28 Satety Valve Opening
I3 0 2 Step -i09% 29 Gy Smail LOCA
I S0% = Step 1l 30 100% SCRAM

As o sers i approach, the data was normalized only
with respeet e each variable value. although o pattem
nomualization  may  he aecessary 1o amprove  the
classification performance, considering euch butfer content:
tis approach wifl be taken in g future step of the present
wesrk.

To st the SOM capabilinv. a network with a 10x10)
square urray wis selected and trained in the unsupervised
mode tor 2000 épogues’. The abjective of this [est was 1o
serifv TS ubility to make clear distinction between three
xtnds of operating conditions: steadv-state, ramp transients
and step tramsienss, Atter this ol mming te sensibiling
g eell of the SOM owas tested and assigned o the
Tmost losest mansient classTL detining the Voronor vectors
mefers to the shortest buochidean
distaney of the cell w the wputs vre sferfost distnce o o

[Tgs most closest ginss”

spvertic o gty the Clasy namte o1 die iapna o the colf
ciasa. Ater associaring each cell toou class, TIS was
subimmitted o the supervised veetor guantization process for
new St epoques, Fig.o illustrates

the TIS sereen showing 1the sensibility of cach cell o g
=pecific ransienr class. considering the three clusses: /-
Ramp, aad 3- Steps,

Wter ranimg TS waos rested in the maonitoring mode
showmg what cell lights when a specific trunsient s
presented. In this test, cach rransient was presented as a set
o 32N 10 data (32 butter contents of 9 varigbles by wen
acquisition perzndsy. Each gequisition period was 2 seconds.
what means o total of 4 seconds for each transient. The
ot pumbet of patterns { full buffers) was 1332,

Fig. 7 allustrates the seguence of ocells highted for few
cxampics. The steady-state conditions —tfrom 30%, to (5%,
of fibl poswer- arce represenied by Alne-cefls, Observe that
ilwe sfow rump transients are characterized by the continoous

Stcad v stare. 2

{pagae means u simgle presentanen of the complete 1mining set

afternalion ot the flivived coff and the siep transients are
represenzed by almest strmght “jumps.

Two unportunt reatures were observed: samenmey one
cedf Hahes for more [en ove ransioit i, i mRy codi
sever feiits ar ail, These features can be assoctated with the
SeNstv Iy withysts method bassd only on the Fuelidean
distance: e Jovonol vectors produced s dhis oae s be
fire oot canses To ivestigarg thix problem o new method o
the  sensitivity analssis s

devised: the cefiy class
aesocialfon was dane O erms of Thvgnency of activation
1o the eell s assagned o the elass tiat most treguently

tights it Fig ¥ show the results for a 20520 network.

Fig.6 115 sereen: Cluss sensibulits tor the Airst rest.
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Fig.B 20520 TIS screen: Sensitivity by trequeney.

In respect to the never lighted cells.” the “blue-cells”
with a 707 class assoclation in Fig8, they did not “win” for
any input pattern of the traiming set. Although these cells can
respond to new patterns. they were not associated with any
vne of the tirst three classes. [t i3 nteresting to note that
these cells have oceurred almost always as a separation layer
Berween cell classes. Fig 9 shows the ¢lass association based
w1 the sensitivity-by-distance: where every cell s associated
il enie v the three clisses.
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Results for tew trunsients supervised by 1LY aller s
tramene. and  quantisation in the “weasidvinshi-rregueney
approgch’” are iliustrated 10 Frg 0 AdL of the seadv-state
patterns of Table | were anaiyred und the corresponding
cells assoctamed with cach one of them are presented o
Fig 0. showing its aligmment e Gragonal pattern, Also the
sequence of celbs fighted i the Srst L4 seconds of the
negative [O0% power step from tull power (Table b N5
represented by the brown line o left. The ramp up transent
from 30% ol power al o rte of 3 min ¢ Table 10N 20) s
represented by the hght-blue fine at right. also for the timst
(04 seeonds of the transient. which corresponds w the earby
beginning ot a transicnt,

Although Fig 10 presents few resulls, every iransient wis
analyzed showing that 4 each cell assignment to o speaific
class was correet; the initial phase of cach ransient toflowed
trajectories within its correspondent class region: and. by the
step rranstents,  characrerized by almost strwight”
trajectories within the “map.” can be differentiated trom 1he
runp transients not only because ol it different colored
regions. but uls0 because rwng  unsients ollow ey
sinuous lines. in o continuous alternution trom cell o celt.

Patterns uot present 1 the wraining et also were tested.
One ot these tests was the steady power operation at the
lewvel of 70, 1t was observed that o “blue-cell” e, u cedl
without a previous class association was lighted when this
pattern wus presented (see hotton of Fig ith. Although
“not-previously-classificd.” this cedl is within a “class-two”
region (sce Fig.9Y) and out of the “diagonal region ol the
steady-state cells)” what confirm the mminal doubt and means
that a more exensive rraining, i tenms of the patierns

trmmnyr set. miay he needed. The coase ot hand seems o
indicate that we need o Aner traiming sel in erms of ditterent
nower fevel steadvestares.

Fig 10 TIS screen: Typical response to ditterent patterns.




Tire results ubosve showed that this unexpected behavior
wias ot observed when the sensitivity apabvsis method
fased on the Fucinlean distance und that the Voronad vectors
produced mthis way can be used without any doubt. A new
i with the complele set of dara of Table 1 was
perfunmed. constderting  four  classes  of  dutar 1)
steadyestate, 23 ramp o ransients, 3 steps, and 41 abnormai
transients. [he transtent classification process had generate
rhe topographic map shiwed in Fig.11, Fig 12 illustrates the
TS behavior when subjected to many ditterent transients,
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Fig.12  TIS screen: Transient response,
e steadv-state conditions of Table 1 were illustrated m
Figdl by “wlute-cells™ with the percentage of power

mdicated iy the blue-hoxes, The 0% af power vondition.
nat present i the framiag et was represented noa yeilow
vell. Atthouah this condition wias internally represented 1w
previously class-2 cell (defined by rams transions Jatas, i
postion was coherent with uli other steadv-stare comditions.
This fuet indicates that the sanuy wansionis may Tepresent
ondy o seyuence o guasy-sieady- st condittons, Now e
posttioning of the steadyv-late condinoms was in g round
counter-clockswise anis,

Onee  uguin  the FAMP TRANSICNTS Wil
characterized by the trequent abternation of cells lightning
while the step transtents was represented by almost stranght
Jumps. Most of the abnormal transients were chanacrenzed
by the initial] altemation of cells followed by an abrupt jump
ta a distant region: the oxceptions were lhe SCRAM
ttransient N. 301 and the 309, Step (N0 2710 It was evidem
that these jumps represent the abrupt power change due the
sudden power mismatch 1 the carly heginning ot the
TOnsIETHE .

The most remarkabie observation s tal 778 wmay He able

relavior ot

SdCRIREe a transfeit fupe DL carly Boeimnig,

IV, Conclusion

Although the work 15 in an exploratory phase, the
preliminary results reached up o now shows thut o TS
concept based on SOM. Hooks very promising, [ts capability
10 identifving diftferent kinds of transienss, specially normal
from abnormal transicnts, was demonstrated. Also the ests
pertormed woere sutticient to show the ditferent behavier ot
ramp and step wransients dentitied by T1S.

It was possible to observe that the behuvior of o reuctor
under operational transients is charactertzed by refatively
st processes. This observanon can adicae the
convenienee of using o omemum oumher of classes Lo 1S
ArCRITCCIURS: Fves fersses der scpaaletict 1t iterd [rOBE 1ol pearin
CVCHES W P of oo i,

This mitial work wied 1 evaluate the potental o1 ihe
coleept ik o anceser the nuin pronlems to be solved. s
Gt examphe, 1 was obsers ed that moest o3 the tine or guicker
ransients, as osteps o and  abnormal Gunsieness contiins
iformation identreai as that of ramp wanswents. when the
reagtor s approaching 1 seads-ste conchtion, tns et van
produce erroneeus cells class assocition. A possibility to
deal with this problem s to provide taning only durme the
vory short perods necessury tordenufy the trunsient class,

Twao ditterent grid sizes were tested but it i o carly
conclude anything about the grid size: &0 & cvpecred tha
greater the size, greater the mmbor of wnused codls, It also
can be expected that hexugonat crids may inprosve 1S
ctfecnveness. It is atse imporant we analyse the etleo of
“hutter content normalizaion.” o task considered tmportant
o anprove SOM perfonnance. Differont sets ofF vartabbes
s must be wsted Another importanr <iep wall be the
development of an algorithm 1o associawe the eeregular map
Lo A segudar regrons reisition map.




Nomenclature

ANN O Arnfic] Neurai Network

DOE L5 Department of Eneray

GIF - Generaton IV International Forum

I-NERI [nternationai Nuckear Energy Rescarch Initigtive
IPSR - Inteerated Primary System Reactor

1RIS - Intermational Reactor lnnovative and Seeure
1VQ - Learning vector quantization

NE - Nuclear Engineering

PCA  Principal Component Analysis
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