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The use of tlle SCALE 3.3 [I]  and the ITS 3.0 [2] codes by -4tlantic Xuclear Senices Ltcl r:-LYSL): for the Point 
Lepreau Generating Station !'PLGS:!: offers an eEcient and accurate means to solve radiation transport problems 
many diverse areas, including health physics, plant operation and accident anal>,sis. Two recent studies (cu~rently in 
progress), demonstrate the usefulness of these two code suites for solving highly complex problems in1~01~;ing !:aj 
channel decay heat follo\ving shut-dow21 and (b) hydrogen radiolysis in containment, follo~sing a loss-of-coolant 
accident (LOCAj. This paper summarizes the application of the SC-UE 4.3  and ITS 3.0 codes in modelling and 
simulation in these studies. 

The objective of the decay heat study was to determine tile distribution of heat in the fuel channel and its surrouldings, 
after a reactor shutdowl. Following a reactor shut-down: the primary source of in-core heating is from energy 
deposition by gamma-rays and beta particles, originating from decaying nuclides (composed of fission products etcj 111 
the fbel. Historically, it has been assumed that the spatial distribution of energy deposition in the reactor core is the 
same after shutdown as during typical reactor operating conditions. This is a poor assumption, however, as during 
normal reactor operation, the primary mechanism of ener,o): deposition in-core is the kinetic energy lost by fission 
firagmerlts in the fuel (zpproximately 80% of fission energy is released via tlle kinetic energy of fssion fragnents). It is 
reasonable to conclude, therefore, that spatial distribution of energy deposition in-core should be markedly different 
before and after shutdoivn. The solution to this question requires that two problems be addressed individually - the 
energ): spectnun of radiation (for gamma-rays and beta particlesj emitted from a typical fie1 bundle, as a h c t i o n  of 
time, must be determined and tlle spatial hstribution of energy deposition within the core must be simulated, via Monte 
Carlo techniques. -4s will be discussed subsequently, the SCALE and ITS codes were used to address the former and 
latter problems, respectively. 

The purpose of the study of hydrogen radiolysis occurring in contairment: folloc~ing a LGCA was to determine the 
production rate of hydrogen gas in the sump water in the reactor building. ,After a LOCA, for a worst-case scenario, it 
is assumed that the mechanical integrity of a given fraction of fuel bundles will be compromised. Izl terns of hydrogen 
radiolysis, the worst-case scenario is that all of the radionuclide it~vento~y released from the fbel, into containment, 
ends up being dispersed throughout the sump water. To determine the amount of hydrogen liberated fiom the sump 
water via radiolysis: the energy deposited in the water by gamma-ray and beta-emitting nuclides must be determined via 
Monte Carlo simulation. Sirnilar to the atady of decay heat, a solution to the hydrogen radiolysis problem required a 
means of generating the Lma-ray':beta particle source term and a radiation transport code to simulate energy 
deposition in the sump water. The SCALE and ITS codes were again utilized to address these problems. 

The SC-4LE 4.3 code is an integrated, modular code system for performing Standardized Computer Analyses for 
Licensh Evaluation. In our studies, the ORIGni-S [3] module of SCALE was employed to calculate "source terms" 
for 37 element Cah\9U fbel budles, using C-XSDU specific data libraries, developed by N3CL.'AXL [3] .  In this 
contexT, source terms refers to both t;uclide i~~ientories and the correspondmg gamma-ray and beta-particle enervey 
spectra (both dfferential and integral, with respect to time). In the study of decaj, heat, ORIGES-S \-+:as used to 
compute the decay inventory of radioactive nuclides in the fuel following shutdotin, and the resulting gamma-ray and 
beta particle spectria (both integral and differential w.r.t. time). The calculation of beta spectra was made possible by 
tlle use of a new SCALE code module (to be released in the nex? version of the SCALE code), appropriately named 
BETA-S [5], obtained from .CCL:J\'RL. hl tlle hydrogen radolysis study, the ORIGEK-S code was first used to 
generate the nuclide it1r;entor-y in the fuel at the time of L0C.A. Fractionai release data (supplied by PLGS), for all the 
nuclides in the fuel im-entorq., were then applied to determine the radiol~uclide itlverltor): released from the ruptured fuel 
bundles into containment. OlUGEX-S was subsequently used to calculate the time-dependent radionuclide inventoq. 
that was released into containment. Gamma-ra!. aid beta eners  spectra (integral and differential n-.r.t. time) were also 
generated via ORIGEX-S. Ltl both the decay heat and h!.drogen radiolysis studies: the gamma-ray and beta particle 
energy spectra generated by ONGEX-S.BET.\-S %.ere used as source terms for the hlonte Carlo radiation transport 
analysis, performed with the ITS code. 

TheJntegrated Tiger Beries (ITS v3.C!j code suite is a p o ~ t r h l  and user-friendly soflware package wllich permits state- 
of-the-art Monte Carlo solution of linear time-independent coupled e1ectrol~'photon radiation transport problems in 
multi-dimensions and multi-materials. The three-dimensional version of the ITS code, called .ACCEPT, ivas used to 
perform beta particle .and gamma-ray transport sirnulatior~s~ for the purpose of determining energ deposition. For the 
decay heat study: the distribution of energj7 deposition from betas a ~ ~ d  gammas emitted by the fuel was simulated, using 
a realistic three-dimensjonal reactor file1 channel lattice. The -4CCEPT code was modfied to provide spatial source 
sampling (for both betas and gamma-rays) from all 37 elemcnts of the he1 bundle. This permitted veq- accurate 



simulation of the spatial distribution of energy deposition i l  the reactor core. In the study of llydrogen radiolysis, the 
reactor building was modelled as a simple cylir~drical concrete structure, filled to m appropriate level wid1 a 
D,OiH,O~radionuclide mixture. The ITS!-ACCEPT code was used to determine the fraction of source enera  deposited 
in the sump water mixt~u.e, b!- the gema-ray arid beta-emitting ~ruclides, which mere assumed to be uniformly 
dispersed throughout the sump water. 

hr summaF, the SC.CE r v3.3 j and ITS ( ~ 3 . 0 )  codes 11a1.e proven to be veq useful mal~tica! computatiollal tools in our 
work and for use 111 the lluclear industq-, irr general. These codzs suites have been benchm.arked 2nd \:alidated 
estensively in many diverse nuclear appiications. Many marl years have gone into their development to provide not 
,nly reliable and usefill computatior~al tools, but also a relatively -user friendly" en\.ironme~lt. These codes run 01.1 a 
variety of computing platforms, ranging from PCS to L%?M engineerins n-orkstations. Together, or individually, the 
SCALE and ITS codes ha1.e provided PLGS and Ah-SL xith a cost-effective, accurate means of obtaining solutions to 
many complex problems of current interest to C-Xh'DU operations. 

REFERENCES: 

1 .  SCALE: A l\lodulal- Code System for Perforniing Standardized Coniputer Analyses for Licensing 
Evaluation. ?'~lls T-ID. 3'C'REG!CR-030O2 Rev. 4 (OmZ.%TC7iEG!CSD-3d'R4): Apnl 1995. Al9ailab!e farm Radiation 
Shieldi-lg 2: F. .Tenter at Oak Ridge Sational Laboratory as CCC-545. 

3. J.-A. Hali . '. r' ' Kensek, T.X. Melhom G.D. Valdez, S.LI. Seltzer, hl. J. Eerger, ITS l'ersion 3.0: The 
Integrated TIGLK St rics of Coupled Electron/Photon Monte Carlo Transport Codes, S-aDY1 -1 633. T-32-405, 
Sandia National T.:;iIxlraton~s, March 1993. 

3 ,  0.11:. Fernz~...~ h '.: -.'.- i - 1  .-;,! : c:QTrJE-U-S: SCALE SYSTEM 3IODLXE TO CAJ.,CLXATE FUEL 
i ' i :.' I 1 (.)J, TLhmf: ' rR.~ '\ -, ' I  I LTXTIOX, FISSIOX PRODUCT BIXLDLT .L\i DECAY, ilSD 

.-\.i\l t i  i xTED RADLITIOX' Sj ) I'RCE TER%IS, Draft user documentation for release of SC-XE 4-3, O W  
re?:;.zrr _\?,?IEG/CR-w2r?O, rzvlsicc 5 ,  \ralume 2, Section F7, CR.U,'%7_JXEG.'CSD-3;\~3. RS [DRQ-Tj, September 
1 995. 

4. I.C. Gauld, K.-- , i .  1-erification and Validation of OIRGEX-S Code and Suclear Data Libraries, 
.4.Ea,WRL COG-l-ri - 1 50, Ki- 1 429, Research-Reactor Technology Branch .Atomic Energ, of Ca~ada, li'hiteshell 
Laboratories, Aug 1993. 

3. I.C. Gauld, S.G. K1113. BETA-S: A Code to Calculate 3Iultigroup Beta Spectra, -4ECL TA?iL report COG-96-33- 
L RC-1561- Resea.r~h-Re.~lctor Techulolog Branch, .Atomic E n e r ~  of Canada, Whiteshell Laboratories, April 1996. 






