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ABSTRACT 

This report documents the code nodule Bl'RNLR for nu:lear reactor 
exposure calculations. The computer requirements are shown, as are tJu' 
reference data and interface data file requirements, and the protrar.ntv. 
equations and procedure of calculation are described. The operating 
history of a reactor is followed over the period between solutions ct 
the space, energy neutronics problem. The end-of-period nuclide concen
trations are determined Riven the necessary Information. A steady state, 
continuous fueling model is treated in addition to the usual fixed fuel 
•Jiodel. The control options provide flexibility to select among an 
unusually wide variety <>r pr< eramp-.vl pro.*-hires. The code also provides 
user option to make a mrober of auxiliary calculations and print such 
information as the local gamma source, cumulative i xposure, and a fine 
scale power density distribution in a seie:--ed .'.one. The code is used 
locally in a system for computation vhich contains the VENTURE diffusion 
theory neutrorics code and other modules. 
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COMPUTER CODE ABSTRACT 

Identification: BURNER is a code nodule for exposure calculations. 

Function: This code is designed to solve the nuclide chain equations 

to estimate the nuclide concentrations at the end of an exposure time 

and also after a shutdown period in a compatible code system. 

Method of Solution: The explicit chain equation solution is cast in a 

general form for application. Alternatively, by user option, either a 

difference formulation usin? average generation rates or the matrix ex

ponential annroach may be applied with selected chains also treated 

explicitly. Given the necessary cross sections, (n,gamma), 'n,a), 

(n,2n), (n,p), (n,d), (n,t), and (n,f), transmutation products may be 

detei. ined, and fission product yield fractions may be incident-energy 

dependent. Nuclides at both a zone and a subzone level are exposed to 

the zone-average flux. The usual fixed fuel model is treated and also a 

steady state, continuous fueling model. There is a provision for a 

fine-scale exposure to be calculated with'.n select-d zones, and the 

gamma source and cumulated exposure inform ition may be obtained. 

Related Material: Code blocks satisfying the basic requirements of 

the DOE reactor physics code coordination effort will interface with 

this module by way of defined external data files. 

Restrictions: Data arrays are variably dimensioned and allocated disc 

space only as necessary for effective application to a wide range of 

problems, with a reasonable use of memory. 
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6. Computer: This code has been run on IBK computer aodels 360/75, 91, and 

195. 

7. Running Ti~; The coaputation time varies approximately as the number of 

depleting zones and as the square of the nuaber of nuclides in a zone. 

For typical production type probleas for which each zone contains a nuaber 

of mesh points. the exposure calculation for a aodest nuaber of nuclides is 

trivial corcared with that required for solution of the neutron flux 

problea. 

8. Prograraing Languages: FORTRAN language is used with a few extensions 

to th£ ASA 1966 Std., especially in the service routines. The source 

deck contains approximately 24,000 cards. 

9. Operating System: The OS-2*>0 IBM operating system is used under HASP 

with a FORTRAN TV, H level compiler version 21.8, not extended. 

10. Machine Requirements: A «4,000 word core is needed, and preferably 

considerably more for usual application (total requirements are 

usually governed by the neutronics code used). Auxiliary disk 

storage is required for up to 10 sequential scratch files and 4 

direct access scratch files. 

11. Authors: G. W. Cunningham and D. R. Vondy, Oak Ridge National 

Laboratory, P. 0. Box X, Oak Ridge, Tennessee 37830. 

12. References: 

a. D. R. Vondy and G. «J. Cunningham, "Exposure Calculation Code 

Module for Reactor Core Analysis: BURNER," DOE Report 

0RNL-5180 (1979). 

b. D. R. Vondy £t al., "A Computation System for Nuclear Reactor 
Core Analysis," ERDA Report ORNL-5158 (1976). 



ix 

c, G. E. Bosl«r et al., "LASIP-III, A Generalized Processor for 

Standard Interface Files," ERDA Report LA-6280-MS (April 1976). 

13. Haterial Available; FORTRAN source deck card images are included in 

the package submitted to the Argonne Code Center. 
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SECTION 01: GENERAL DISCUSSION 

Introduction 

This report documents the code module BURNER which calculates the 

effects of exposure. Given neutron flux values as dependent on material 

location and energy, the nuclide concentrations at the end of an exposure 

step are predicted from those at the start. BURNER has been developed 

to serve in a computation system with other compatible codes developed 

in the DOE reactor physics area, especially those such as VENTURE or 

SYN3D which solve the neutron flux problems. This module is in operation 
c on the local computers at ORNL in the system which contains the VENTURE 

code. 

In the local computation system there are a number of modules, each 

designed to perform specific tasks. They are accessed in accordance with 

user instructions along a prescribed path of calculation, under the direc

tion of a control module. As the development effort continues, the capa

bility is being enhanced to treat more sophisticated and complicated 

situations. For example, a relatively simple control module is in use 

at the time this is written. We expect to add to the system another con

trol module which will effect a desired calculational path and automatically 

a D . R. Vondy, T. B. Fowler, G. W. Cunningham, "VENTURE: A Code Block for 
Solving Multigroup Neutronics Problems Applying the Finite-Difference 
Diffusion-Theory Approximation to Neutron Transport, Version II, "Oak 
Ridge National Laboratory report ORNL-5062/R1 (1977). 

C. H. Warns, "SYN3D, A Single-Channel, Spatial Flux Synthesis Code for 
Diffusion Theory Calculations," ERDA Report ANL-76-21 (July 1976). 

CD. R. Vondy, T. B. Fowler, G. W. Cunningham and L. M. Petrie, " A 
Computation System for Nuclear Reactor Core Analysis," Oak Ridge National 
Laboratory report ORNL-5158 (April 1977). 
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exercise control over instructions to the calculational modules from 

simple, global instructions by the user for reactor history calculations. 

A neutronics module is of course essential for solving usual depletion 

problems. Other modules are necessary to perform specific tasks as allo

cated in this system. Certain modules process user input data to generate 

Interfacing data files, including an input data processor that originated 

at LASLa which has been modified and extended to serve local requirements. 

A particular advantage of a truly modularized computation system is its 

flexibility; given the necessary data files already in existence or 

generated from user input data, the exposure module may be used without 

access of other calculational modules. Thus given flux data, the changes 

in an initial set of nuclide concentrations may be determined for a period 

of exposure. A disadvantage of a modular system for routine application 

to simple situations involves the calculational path: a viable calcula

tional procedure must be specified as defined by the path through the 

modules. The processing of user input data and computations must be 

properly sequenced. Normally the user input data must be processed first 

to supply data, and then a neutronics module must be executed before execut

ing the exposure module, in order to supply it with neutron flux values. 

Method of Solving Problems 

This exposure module was designed for application to the longtime 

reactor exposure problem, with emphasis on those aspects associated with 

assessment of reactor performance. Typically a neutronics module is 

executeJ to determine the neutron flux distribution at come point In 

• 
*G. E. Bosler et al., "LASIP-III, A Generalized Processor for Standard 
Interface Files," ERDA Report LA-6280-MS (April 1976). 

i 
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tiae for the reactor model, given nuclide concentrations or a state con

dition to be satisfied. Exposure to this flux over an interval of time 

causes the nuclide concentrations to change. The periods between suc

cessive reactor fuelings are treated by alternating between neutronics 

and exposure calculations. This separability assumption is necessary 

when large, time consuming neutronics pi. "- involved. To hold 

down computation cost, a relatively long expc iod is required 

between neutronics problems. Techniques are use* E-'-<» a reliable 

calculation over a long exposure period. The ' . may be read

justed to effect the desired average power level, aiw reexposure may 

be done to use average flux values over periods during which shifts can 

occur, as due to control rod positioning. The objective is reliable 

analysis under the severe burden of high computation cost forcing rela

tively coarse approximations. The analyst mu3i. choose from among the 

large number of alternatives available to describe a problem in detail 

so as to satisfy the primary objectives of the calculation. The primary 

considerations often include the requirements to predict power density 

peaking, reactivity effects of changes in the concentrations of those 

nuclides contributing significantly to the neutron balance, and fuel 

nuclide accounting in the mass balance sense. 

If 20 nuclides are considered in 1,000 zones, there are 20,000 

nuclide concentrations to follow; if 1,000 nuclides were considered in 

10,000 zones, there would be the burden of following 10,000,000 nuclide 

concentrations, unreasonable in the present state of the art of compu

tation. Problems must be tailored to emphasize the more important as

pects and methods implemented which utilize the available computation 

capability effectively. 
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Selection of appropriate methods must be based on a number of 

considerations. We see the need in application over the range from a 

very simple treatment to a sophisticated one. There has been wide use 

of the elementary finite-difference solution. Given the linear chain 

equation 

dN (t) 
— £ - — = - a N (t) • P (t) dt n n v ' n 

for a very short time interval A, 

Nn(A) = Nn(o)(l-anA) • j [Pn(o)+Pn(A)J 

where N is the concentration of a niclide, a is its specific loss rate n n r 

(neutron absorption plus decay), and P is its generation rate from all 
n 

possible sources. This formulation allows for complicated chain relation

ships, but unfortunately there are many situations where it is quite in

accurate. Since 1 - a A is an approximation of exp (-a A), the next term 
n n 

2 of an expansion would be + (a A) /2, so the error of the expansion decreases 
in proportion to A. It is often Inadequate to take many short steps, so 

we implement a precise solution of this differential equation using average 

generation rates. 

Alternatively, the conventional matrix exponential technique is 

offered on demand. Also, there is provision to solve the nuclide chain 

equations exclusively with an explicit solution, or with only special 
designated ones to supplement the application of one of the other schemes. 

Each scheme has advantages and disadvantages, and cost of computation 

bears consideration. We only hope that the analyst will not become bogged 

down testing all of the possible alternatives! 
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In usual application for reactor core analysis, only a few energy 

groups are treated to make the multidimensional neutronics problems 

tractable. Typically each nuclide has several sets of aicroscopic 

cross sections to account for spatial dependence of neutron reaction and 

transport. The data requirements for exposure calculations are compacted 

significantly by associating the chain equations and data such as fission 

yield with absolute nuclide names. 

The analyst is given full flexibility over the problem definition, 

which does place the burden on him to make certain that those aspects of 

importance in a specific application are treated. A reasonable amount 

of experience is essential for reliable application; soce of this neces

sary background can be established bv application of the methods to simple 

models at reasonable computation cost. Such calculations are usually 

essential as backup to costly three-dimensional calculations in order to 

assess modeling and aspects of importance including power density peaking, 

reactivity behavior, and the estimates of the fuel enrichment required 

to satisfy criticality and physical design constraints. 

In this report we discuss a number of aspects to support application, 

present information needed for efficient Implementation and verification 

at other installations, show the mathematical equations programmed, and 

document input requirements. 

END OF SECTION 



SECTION 02: USER INFORMATION 

The user is reminded that exposure calculations are lone on a micro

scopic scile. Only changes In those nuclides identified in the cbain 

specifications will be calculated. It is possible to lump together 

nuclides and datu for treatment in the macroFccpic sense only if associ

ated exposure effects are not to be treated. Thus, structural material 

may be represented by a mixture of the isotopes. Take care, however, 

that such lumping does not cause the loss of the ability to produce the 

desired results. Care must also be taken to effect true neutron absorp

tion rates, integral Crt so usually pseudo nuclide concentrations can 

not be used (deplete B , not natural Boron). It is the integral ~; 

which must be correct; smeared nuclide concentrations can be used to 

eliminate fine geometric detail. 

A diagram of the flow of an exposure calculation is shown in 

Figure 02-1, hopefully self-explanatory. The three implemented methods 

of solution are in parallel for selective application per user instruc

tions. As shown, a supplemental explicit chain solution is available 

for application when this method is not applied exclusively. Instructions 

for a calculation are contained in the record for this module (EXPINS) in 

the file CONTRL, and special data, including chain descriptions, are in file 

EXPOSE (see Section 04). 

This module is designed to perform a task which may be very simple 

or rather complicated. The nuclide concentrations are estimated for the 

end of an exposure period, a shutdown period, or both. The results (final 

concentrations and exposure data) depend on the instructions for the 

calculations, the reference data supplied, and the neutron flux and nuclide 
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ENTERS-
ACCESS KEY INFORMATION FROM INTERFACE FILES 
ALLOCATE STORAGE, SELECT INPUT/OUTPUT 
PREPARATORY PROCESS INTERFACE DATA 
SELECTIVE DOCUMENTARY EDITS 

CALCULATE SPECIFIC REACTION RATES AS NEEDED 

jr.* 
CALCULATE EXPOSURE (see inset) 

LOOP OVER ZONES, SUBZONES 
- RENORMALIZE POWER LEVEL 
- SPECIAL EDITS 

LOOP OVER EXPOSURE TIME STEPS 
- EDITS, WRITE INTERFACE FILES 

CALCULATE SHUTDOWN (see inset) H 
- - LOOP OVER ZONES, SUBZONES - SPECIAL EDITS 

LOOP OVER SHUTDOWN TIME STEPS 
- EDIT RESULTS, WRITE INTERFACE FILES 

RETURN FOR FINE SCALE, POINTWISE CALCULATION 
EDITS, WRITE INTERFACE FILES 

^ ^ EXIT 

'~E MATRIX EXPONENTIAL ̂  AVERAGE GENERATION RATE 

EXPLICIT CHAIN 
(all or Supplemental) 

INSET 

Figure 2.1. User Flow Diagram of BURNER Module. 
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concentrations accessed. It is of special importance and concern to an 

analyst to make certain that the details under his control are consistent 

and adequately present the problem he desires to be solved. Some veri

fication testing, including the solution of a simplified version of the 

problem, is usually desirable. The same interpretation of external in

terface data files must be made by all modules used and by any other 

codes involved as to generate data files or to process results. 

It is not intended that some weird combination of the procedures be 

applied to a single problem. Octher, a procedure should be selected from 

those available. The user should resist the temptation to produce edits 

of all possible results and should carefully select only those really 

needed; more elaborate results may be obtained at any point in a cal

culation by supplying special instructions for that step of the calcu

lation. 

The provision for treating an exposure period in more rhan one step 

is made primarily to allow the flux level to be renormalized at tlie end 

of each step to effect the desired average power level. 

If a single exposure period is to be considered, then the BURNER 

module need be accessed only once. Usually a neutronics problem must be 

solved first. If several exposure periods are to be treated, then usually 

a neutronics module and this mod'tle are accessed one after the other. 

A single set of instructions for BURNER may be used, or a new record of 

instructions can be made available in the file CONTRL when desired. The 

system admits access of other modules along the calculational route as 

desired. For example, a final neutronics calculation may be required to 

establish end-of-cycle conditions, and may be desired for special results 
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such as to solve the adjoint flux problem. Quite generally, nuclide concen

trations can not be changed arbitrarily during the period between fuel-

ings. However, a separate module could be used to alter specific nuclide 

concentrations to simulate control rod positioning and also perhaps to 

account for temperature and coolant density changes; similarly the concen

trations may be changed with new input data in order to effect refueling or 

control rod positioning. 

There is provision to do an auxiliary exposure calculation on a fine 

scale within selected zones which impacts the data requirements and places 

additional demands on the neutronics code. 

The user is reminded that the exposure calculation is done without 

accessing the geometric description of the problem. End-of-exposure step 

nuclide concentrations are obtained for each zone and subzone, without 

reference tc geometric details. However, the calculation may depend on the 

zone volumes provided (when the flux level is renormallzed), and edits of 

results depend on volumes, so they should be consistent. User beware! 

Recommendations on Chain Equation Solution Metrod 

Generally for simple nuclide chains we recommend the explicit 

solution method. This method is not recommended for treating situations 

where there is significant feed-back (that cannot be represented simply), 

nor for elaborate, complicated coupling situations (reliable elaborate 

descriptions are difficult to write). 

For elaborate, complicated coupling situations, the matrix exponen

tial method with intermediate nuclides having large loss coefficients 

assumed to be at equilibrium, is recommended. 

The average generation rate •nethod can be used to produce reliable 
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solutions, but it is deemed to be cost ineffective and is recommended 

against generally. 

The full matrix exponential method implemented is rather expensive 

to apply, and so its use should be limited to testing specific situations, 

benchmarking, or possibly the situation where the concentrations of the 

nuclides far up the chains must be determined accurately or at least 

spot checked. 

Quite generally it is desirable to treat a long exposure period 

(between neutron, flux solutions) in two steps rather than one to effect 

the desired power level on the average. Alternatively, as when control 

rods mu*t be considered, it may be necessary to repear the exposure 

calculation using a weighting between start-and-end-of-exposure-period 

neutron flux estimates to produce accurate results. 

For the reverse exposure problem, exposure with a negative time, 

we find t'.iat an exposure period should be short and that only simple 

nuclide coupling should be treated avoiding intermediate nuclides, 

limiting the value of the largest loss coefficient (tfo (E)*(E)dE) to 

less than 1.0. It may be necessary to discard false values of nuclide 

concentrations which can lead to unrealistic results (not programmed). 

END OF SECTION 
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SECTION 03: PROGRAMMER INFORMATION 

We consider basic documentation to be the FORTRAN source deck 

listing, available elsewhere. Coarse documentation of the prograa 

routines is presented here. Table 03-1 identifies the roles of the sub

routines and call references; service routines are identified. For 

documentation of the service routines, see ORNL-5062. Table 03-2 

identifies a recommended overlay structure. 

Basic information about the use of scratch f*les is shown in 

Table 03-}. 

Conversion 

For conversion to other computers, care must be taken to avoid loss 

of integrity. Conversion to a long-word machine is best done with a 

FORTRAN source deck processor to eliminate the double precision and 

references to doublr precision library routines, and also to convert 

the use of apostrophe to delineate Hollerith strings (limited to service 

routines). Detailed conversion recommendations will be provided with 

the code package. 
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TAPI.E 0 1 - 1 rXFGWATTOK A8O0? SUBROUTINES 

£ * • • • • • • * • • • * * * • * * • • « • * • • * * • « • * • • • * • * • * • * • * * • • • • • • * * * • * • * * * • • * * • * • • * * • • • -
C 
C BURNER S I P P C n r i S E DESCRIPTION 
c 

c 
r ANCP DETFPBINF NCR1 OF SATRIX 
C AP?I SIS INVENTORY AND »EACTI0N RATES (ABSOPPTIO", FISSION, 
C PRODUCTION, AID CAPTORS (N,G) ) PT ABSOLUTE NUCLIDE 
C XTT*: WRITE CONDENSED EDIT 
C EPIJT NC?*AL E7POS0RE CALCULATION 
C BGXS PROCESS NEXT-TO-LATST GRUPXS 
C BIN? INITIAL ITTEPFACE PROCESSING (ED*SRF, GEODST, GRUPXS, 
C AND EXPOSE) AND DATA PREPARATION 
C BNCV CONTINUOUS FUELING EXPOSURE CALCULATION 
C BPIA CONTROL GEOMETP.Y (GBODST) AND POIBT FLUX (RTFLUX) 
C PROCESSING FOR POIMT CALCULATION (HETHOD 1) 
C P P I P CONTROL POINT FLUX (8ZFLUX-HODIPIED) PBOCESSIWG 
C POP POIF.T CALCULATION (NETHOD 2) 
C P P I C I N I T I A L DENSITY PREPARATION, COBPUTE REACTION RATES AND 
C SETUP STORAGE FOR POINT EXPOSURE AND SHUTDOWN 
C CALCULATION 
C PPIN CONTPOL SETUP FOP »OINT EXPOSURE AMJ SHUTDOWN 
C BPCI OBTAIN EXPOSnPE CONTROL INFORMATION PPOH INTERFACE CONTBL • 
C BR^S SETUP DYNAMIC DATA STORAGE SPACE 
C BR"?A COSPDTE SPECIFIC REACTION SATES FOR ABSORPTION, F I S S I O F , 
C B T * F I S S I O N , ( N , G ) , ( N , A ) , ( N , P ) , ( N , 2 N ) , ( N , D ) , AND ( B , T ) -
C PPSD EDIT SPECIFIC REACTION P*TES 
C 3RWF SETOP INTERNAL CROSS-REPEREBCIBG INFORNATIOH FOR ABSOLUTE -
C NUCLIDE, NUCLIDE CLASS, AND ZOBE CLASS 
C BPNO PREPAPE AND EDIT FINAL SUNHART TABLE 
C PSNS DETERMINE STORAGE REQUIRED AND NODE OP SOLUTION AND 
C I N I T I A L I Z E DIRECT ACCESS UNITS I F NEEDED 
C «PN^ PPE-WRTT? DIPECT ACCESS UNITS I F NEEDED 
C BPVV EDIT CONTENTS OF EXPOSE FILE - CSECRS DECAY, YIELD, AN») 
C NATRTX DAT* FOP ERRORS 
C BPHX SETUP DECAY CONSTANTS AND CORRESPONDENCE BETWEEN DENSITY -
C AND EXPOSURE DATA 
C BRNY EDIT ATON DENSITIES 
C PRNZ PROCESS 2NATDN AND WRITE INITIAL DENSITIES OB SCRATCH 
C ONE ZONE/SnBZONE AT A TINE 
C PRN1 OVEPAT.T. CALCULATION CONTROL 
C B P m PROCESS PZFLUX AND WRITE ZONE AVERAGE FLUX ON SCRATCH 
C ONE GROUP AT A TINE - PERFOPS INITIAL POWER ADJUSTBENT 
C BRN<» CHECK NUCLIDE NABES AND CLASSES PRO* 2 SOURCES 
C PRN7 COPY PRINCIPAL CROSS SECTIONS FROB GBUPXS TC SCRATCH 
C BRPF CONPDTE SPECIFIC REACTION PATE FOR F I S S I O N IN ENERGY 
C RANGES OF YIELD DATA FOR POINT CALCULATION 
C BPTF COBPUTE SPECIFIC REACTION RATE FOR F I S S I O N IN ENERGY 
C RANGES OF YIELD DATA 
C BURS CONTROLS EXPOSURE AND SHUTDOWN CALCULATION 

(CO NT) 
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r BZIN 
c c c BZT1 
c BZT2 
c CHE* 
c CROV 
c CRPR 
c CHPI 
c CPH1 
c CPS2 
c DEEP 
c c DOST 
c DO PC 
r c DOSH 
c DORR 
c ECU* 
c EDED 
c EDEP 
c EPPD 
c c EPH2 
c ESZT 
c c ETAB 
c EXPH 
c FERR 
c FLOC 
c FLUE 
c FOUL 
c GCHK 
c c GH7C 
c HQU? 
c ISTR 
c c 1X20 
c c IX1D 
c c JAGT 
c JAOD 
c c JERY 
c JOCT 
c LAGY 
c LAOD 
c 

ADDITIONAL INTERFACE PROCESSING (FZPI.OX AND 2HATD5) »KD 
C0BP3TE REACTION PATES AND SETUP STORAGE FOR 
EXPOSURE AND SHJTOONN CALCULATION 

DETERNIHE IF Z1TESP EXISTS AND CHECK INPUT DATA 
PROCESS TEMPERATURES PROR TNTERP 
DEBUG Pint CHECK FOR POINT CALCULATION (METHOD 1) 
CHECK NUCLIDE SET REFERENCES FOP COHTINOOOS FUELING flOrEL 
COMPARE 2 HOLLERITH ARRAYS 
CONPAPB 2 INTEGER ARhATS 
COPT ONE SET OP EYPOHT DAT* FROR OFB WRIT TC AKOTHER 
EDIT 0*S SET OF EXPORT DATA 
SETUP ART) CHEC* INPUT PARAHBTEPS FOP CONTINUOUS FUELING 
HOD EL 

EXPOSURE "T VARIOUS HETHODS 
SCRATCH FILE DATA TRANSFER RARAGEHERT FCR SPECIAL ACCESS 
HFTHODS (HOT SEQUENTIAL) 

SHUTDOWN ET VARIOUS RSTH09S 
SHOTDOWf CALCULATION 
CHECK NEUTRON EHFRGT GROUP STRUCTURE 
EDIT SECONDARY ENEPGY DEPOSITION DATA FROR EXPOSE 
SETUP FOR SEC0NDA3Y ENERGY DEPOSITION EDITS 
SET DEFAILT VALUE POP BNERGY/PiSSICH AND ENERGY/CAPTURE 
1° RECESSART 

EDIT RAXIR&RS AND SYSTEH TOTALS OF EXPOHT DAT* 
DETERRIRE WHICH BN»HGY GROOP NURBER IS CDTCFP AND 
FRACTIOFAL PART FOR FLDENCB CALCULATION 

CALCULATE AND EDIT SECONDARY ENERGY DEPOSITION 
SETOP AND CONTROL FOR RPITIRG INTERFACE EXPOHT 
WRITE FATAT. ERROR RESSAGE ARD STOP 
FONCTIOR TO DSTEPNINE (PLOX)*(EXP0S3RB TIRE) CONSTANT 
SOU ZONE FLUX OVER RANGE OF GROUPS SPECIFIED 
EDIT RONITERING INFORRATION 
CHECK FCP IRPLERENTED GEORETRT FOR POINT CALCULATION 
(HETHOD 1) 

OBTAIN ZONE CLASSES FROR 5E0DST 
CHECK FOP UNIQUENESS IN LIST OF HOLLERITH HARKS 
FUNCTION TO ASSIGN A REAL YARIABLE TO AN INTEGER VARIABLE 
LOCATIC" WITHOUT TYPE CONVERSION 

FUNCTION TO DETERRINE SUBSCRIPTS OF A TWO-DIHENSIONAL 
ARRAY, GIVEN DIRENSIONS kfO POSITION IN ARPAY 

FUNCTION TO DETERNINE SUBSCRIPTS OF A THREE-DIRSNSIONAT 
ARRAY, GIVEN DIMENSIONS AND POSITION IP ARPAY 

AVERAGE GENERATION RATE SOLUTION PUR EXPOSURE 
SETUP OFF-DIAGONAL HATRIX ELERENTS FOR RATRIX EXPONENTIAL 
AND AVEPAGE GENERATION RATE SOLUTIONS (EXPOSURE) 

SETUP RATRIX EXPONENTIAL SOLUTION FOR EXPCS03E 
EXPLICIT CHAIR SOLUTION FOR EXPOSURE 
AVERAGE GENERATION PATE SOLUTION FOR SHUTDCVN 
SETUP CFF-DIAGONAL RATRIX ELEHEFTS FOR BATF.IX EXPONENTIAL 
AND AVERAGE GENERATION RATE SOLUTIONS (SHUTDONN) 

(CONT) 
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c c LENT 
c LUCY 
c HAIR 
c KIT 
c HF1A 
c c NBPA 
c c NESA 
c HESB 
c NETS 
c HNRP 
c HSHK 
c c HSHO 
c c NSH1 
c c NSH3 
c NXRP 
c NRCF 
c c c 0?XP 
c OPIX 
c OHOV 
c CONN 
c PA5I 
c c PDPT 
c POST 
c PPIX 
(•* PGEO 
c c PLOC 
c c PNAN 
c c PONI 
c POWL 
c POWN 
c P01P 
c PPOB 
c c PRNA 
c c c PRND 

FUNCTION TO COMPARE (LT,FQ,GT) T'O PEAL NUHEERS 
WITHIN FPSILO" 

SETOP NATRIX EXPONENTIAL SOLUTION FOP SHUTDOWN 
EXPLICIT CHAIN SOLUTION FOR SHOTDOWN 
INITIALIZE TNPOT/OUTPUT UNITS 
MATRIX EXPONENTIAL SOLUTION 
RATPIX EXPONENTIAL - ELININATE NUCLIDES ASSOHBD TO BE IN 
BQ0ILIBPIOM 
NATRIX EXPONENTIAL - COHPUTE DENSITIES FOR NOCLIDES IN 
EQUILIBRIUM 

HATRIX EXPONENTIAL 1 TERN H^THOD 
HATPIX EXPONENTIAL 2 TERN "!ETHOD 
NATRIX EXPONENTIAL - TRANSPOSE NATBIX ELEHFNTS 
LOCATE SMALLEST POSITIVE ?AL0E IN AP ARRAY 
CHECK COARSE HBSH DATA FROH GBODST FOR POINT 
CALCULATION (METHOD 1) 
SETUP COARSE HESH PARAMETERS FOR 1-D AND 2-D GECHBTRIES 
FOR POINT CALCOLATION (S^THOD 1> 

CALCULATE PINE HESH DISTANCES FOR POINT CALCOLATION 
(METHOD 1) 

EDIT FINE MESH SPACING FOR POINT CALCULATION (HETHOD 1) 
LOCATE LAPGEST POSITIVE VALUE IN AN ARRAY 
CONVERT REGION ASSIGNHENTS FOR COARSE NESH INTERVALS 
TO REGION ASSIGNMENTS FOR FINE NESH INTERVALS FOB POINT 
CALCULATION (METHOD 1) 
EXPOSORE CALCULATIONS (FOR OVERTAX CONVENIENCE) 
NOPHAL EXPOSURE CALCOLATION (FOR OVERLAY CONVENIENCE) 
CONTINOOOS FUELING EXPOSURE (FOR OVERLAY CONVENIENCE) 
SHOTDONN CALCOLATION (FOR OVERLAY CONVENIENCE) 
EDIT START AND END OF STEP INVENTORY AND REACTION BATFS 
BY ABSOLUTE NUCLIDE 

CALCULATE POWER DENSITY 
POWER DENSITY STATISTICS FOR POINT CALCULATION 
POINT EXPOSURE CALCULATION 
PROCESS GEODST GBOHBTRY FILE FOR POINT CALCOLATION 
(HETHOD 1) 

LOCATE POINTS WITHIN SELECTED ZONES AND CCHPOTE 
POINT VOL0HBS FOR POINT CALCOLATION (HETHCD 1) 

WRITE POINT NUCLIDE DENSITIES CN INTERFACE FILE PTATDN 
FOP POINT CALCOLATION 
EDIT FEED AND DISCHARGE RATES IN KG/DAY 
ACCUMULATE POWER AND LOCATE MAXIMUM POWER DENSITY 
POINT SHUTDOWN CALCULATION 
ACCUH1LAT2 POWER ALONG PATH FOR CONTINUOUS FUELING HODEL -
EDIT POWER, ACTINIDE FEED RATE, AND EXPOSURE BT ZONE PATH • 
AND SUBZONE PATH FOR CONTINUOUS FUELING MODEL 

CONFUTE SPECIFIC REACTION RATES FOR ABSORPTION, FISSION, 
NU*FISSION, (f,G), (N,A), (N,P) , (N, 2N) , (N,D<, AND (P,T) 
FOR POINT CALCOLATION 

EDIT SPECIFIC REACTION RATES FOR POINT CALCULATION 
(CO NT) 
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c PRNS 
c c c PRUT 
c c PRMY 
c PPN7 
c ?Rin 
c c PRPP 
c c PRPF 
c c PRTD 
c PRTH 
c PRTI 
r PRTS 
c PRTT 
r PTAT 
c c PTNS 
c c PURN 
c PZT2 
c QWAT 
c QUA* 
c PEED 
c PEHT 
c PEOR 
c c PITE 
c ROXT 
c ROXT 
c PSTI 
c c SEEK 
c SSFN 
c SKER 
c SKHU 
c c c STOR 
c TIMER 
c c c TPlfE 
c c VOLP 
c c XEQC 

DETERMINE STORAGE REQUIRED AND NODE OF SOLUTION AND 
INITIALIZE DIRECT ACCESS UFITS IF REEDED FOR POIBT 
CALCULATION 
PFP-WPITE DIRECT ACCESS URITS IF REEDED FCP POIHT 
CALCULATION 

EDIT ATOM DEBSITIES FCR POINT CALCULATION 
SETOP THTIAL DENSITIES POR POINT CALCULATION 
PPOCESS RTFLUX AND WRITE SELECTED POIRT FLOXES OR SCPAT'R 
ORF GROUP AT A TIME FOR POINT CALCULATION (METHOD 1) 
EDIT SPECIFIC REACTIOR RATE FOR FISSION IN ENERGY RANGPS 
OP YIELD DATA FOR POIRT CALCULATION 

EDIT SPECIFIC REACTION RATE FOB FISSION IN ENERGY FANG'S 
OF YIELD DATA 
PRINT DOUBLE PRECISIOR ARRAY 
PRIFT HCLLEPITH ARRAY 
PRIST INTEGER ARRAY 
PRINT REAL ARRAY 
PRI^T HOLLERITH TITLE 
OBTAIN REFERENCE ZONE NUMBER? FPOR PTATDN IF IT EXISTS 
FOP POINT CALCULATION (METHOD 1) 

DE-ERMINE NUCLIDE SET AND INITIAL DENSITY INDEX (ZONE OR 
SUBZONE) FOR POINT CALCULATIOr 

CONTROLS POINT EXPOSURE AND SHUTDOWN CALCULATION 
PPOCESr TEMPERATURES FRO"! ZHTEHP (POINT CALCULATION) 
WRITE INTERFACE FILE QNATDN 
WRITE INTERFACE FILE ZNATDN (CONTINUOUS FUELING EXPOSURE) 
ERTPY IN RITE - DATA TRANSFER (EXTERNAL DEVICE TO HEHOFY) 
CALCULATE REACTION RATE TYPE DATA FOR ~XPCHT 
CHANGE VOLPME AND LOCATION DATA ORDER POR PCINT 
CALCULATIOR (EETHOD 1) 

DATA TRANSFER (MEMORY TO EXTERHAL DEVICE) 
ENTRY IN RITE - SPECIAL ADDPESS INITIAtIZATION 
ENTRY IN DOPC - SPECIAL ADDPESS INITIALIZATION 
FUNCTION TO ASSIGN AN INTEGER VARIABLE TO A REAL VAPIAPLK 
LOCATION WITHOUT TYPE CONVERSION 

INTERFACE FILE RANAGEHENT 
WRITE INTERFACE FILE PROCESSING ERPOR MESSAGE 
WRITE SEPR RELATED ERROR HESSAGE AND STOP 
DETERMINE NUCLIDES IN SUPPLEMENTAL EXPLICIT CHAINS 
NOT TO BE TREATED WITH MATRIX EXPONENTIAL CR AVERAGE 
GENERATION RATE RETHODS 

HOVE ARRAY Y TO ARRAY I 
HULTI-PUPPOSE ROUTINE TO PROVIDE CPU T H E , CLOCK TIHE, 
CPU TIHE REMAINING, I/O COUNT FEHAINING, COMPUTER MODEL, 
JOB RARE, DATE AND TIHE INFORnATIO1! 

EDIT POWER NORHALIZATION FACTORS, EXPOSURE SUBSTEP TINES, 
AND SHUTDOWN SUBSTEP TINES 

COMPUTE REGION VOLUMES AND ZONE VOLUHES FRCH POINT 
VOLUMES FOR PCINT CALCULATION (METHOD 1) (DEBUG ONLY) 

INITIALI7E AP ARRAY WITH A CONSTANT 
(COPT) 
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c YEXC 
c XEYC 
c c TPTC 
c 7CPI 
c c c 7P*P 
c c ZP"!V 
c c 7F^3 
r c r ZIGY 
c 7RAW 
c *!0RD 
c 70HT 
c 70CT 
c zncz 
c ZZPD 
c ZZPF 
c r 

•3LTIPLY APRAY X BY A CGRSTAHT 
HOVE DATA PROB ARPAY Y TO APPAY X AHD 10LTTPLY BY A 

COKSTAHT 
ADD ARRAY Y HOLTIPT.IED BY A COBSTART TO ARRAY X 
SCJH BY ZORE CLASS ABSORPTIORS BY RTCLTDF CLASS, 

FISSILE ABSORPTIOWS, FERTILE CAPTURES, FISSILE 
DBSTROC-IOR RATE. AHO FISSILE IWfERTORY 

PROCESS RZFLTX (B0DIFIE9) FOR ZOHF 1TB9ERS ARD POIRTS 
PER ZORE PCR PCITT CALCTLATIOR (HTTROD 2) 

DOHHY YOL7H? ARD LOCATIOR DATA FOR POIWT CALCOLATICR 
(HETHOO 2) 

PROCESS RZPLHX (MODIFIED) ARD WRITE ?OI»T PLOXBS OR 
SCPATCH ORE GR03P AT A TI5E FCP POIFT CALCT!LATIOH 
(RETHOD ?) 

SFTtlP IHTEGRATIOH RAHGE FOR FISSIOR «>EACTIOH RATE 
VRTTE ITTERPACE FILE ZRATDR 
EDIT ATOR DERSITIBS FOR ORE ZOHE/S0BZOHE 
ACCHBULATB PASS RATES IR KG/SEC 
CHECK ARD EDIT EXPLICIT CHAIH DATA 
DETERBIHF HAIIHOH "TPLICIT CHAIR LERGTH 
EDIT ZORE POREP D5RSITY ARD BRITE IRTERPACE PILE ZRPCHD 
CALCOT.ATE ACTIRIDE PEED RATE JKG/SEC) BY PATH FOR 
CORTIROOOS F1ELIRG HODEL 

(CORT) 
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BORRF.R SOBROOTIRF DESCPIPTIOH (SPECIAL) 

A 
S 
S 
S 
« 
s 

f 
t 

CLOSE DIPECT ACCESS SCRATCH FIL? (OPEHED WITH DEFILE) 
ERTPT IS CRIT - DISHY - *)ATA TRARSFEF FXTEHDED CORE TO 

FAST COPE 
DOHHY - DATA TRA1SFER FAST CORE TO EXTERDEC CORE 
OPE- DIRECT ACCESS SCPATCH FILE (REPLACES IB* 
DEFIHE FILE STATESEHT) 

IBH FORTRAR H LIBRARY 
D01HY 
EHTRY 
ERTPY 
EHTRY 
ERTRY 
ERTRT 

- LOCAL I/O PACKAGE 
IR FBSAH - OOHHY - LOCAL I/O PACKAGE LOCAL I/O PACKAGE 

LOCAL I/O PACKAGE 
LOCAL I/O PACKAGE 
LOCAL T/0 PACFAGE 

C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
r 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

CLOSDA 
CRED 

CBIT 
DEFILE 

ElfIT 
PBS AH 
FCHSC* 
FDISP 
»PHTP 
FPOIRT 
FEE AD 
FRECOR 
P»E» 
PRSI 'S 
GETCOR 
ICLOCK 

IR FBSAH - 91HHY 
IR FBSAH - DTHHY 
IS F3SAH - DOHHY 
IR FBSAH - D"HRY 

RELEASE DYRAHICALLY ALLOCATED STORAGE 
ERTPT IR FBSAH - 01HHY - LOCAL I/O PACKAGE 
ERTRY IH FBSAH - D1HHY - LOCAL I/O PACKAGE 
DTRAHIC STOPAGE ALLOCATIOR 
FORCTIOH RETOPHS C°0 TIHE IR HOHDREDTHS OF SECOFDS 
(TRTEGEP**) 

I9AT SOBPOOTISE RETORHS THE DATE HH-DD-YY (RPAL*8) 
IHCEDIOS IBS FORTRAR H LIBRARY (DIFPESSHT FOR H EXTERDED) 
IHCOATBL I*H FORTRAH H LIBRARY (DIFFERERT FOR H EXTERDED) 
IOLEFT SOPROOTIRE PETORHS THE I/O COOHT PEHAIHIHG FBOH AH 

INITIAL ESTIHATE (IRTEGER»») 
FORCTIOR RETORHS THE CLOCK TIHE IF WHDREDTHS OF SECORDS -
(IHTEGEP**) 

SOBROOTIRE RETORHS THE JOB RAHE (REAL*8) 
FORCTIOR OR SOBROOTIRE RETnRFS THE REHAIRIRG JOB STEP 

C?1 TIHE FPOH AH IRITIAL ESTIFATE (IRTEGER*«) 
t *ODBL FORCTIOR RETORRS THE COHPOTER HC"BL ROHBER (75,91,155,195)-

(IR'EGER**) 
t TIHE SOBROOTIRE RETORHS TI12 OF DAY HH.HH.SS (REAL*8) 
t ROT SOPPLIBD IH PROGRAH PACKAGE 
A ASSEMBLER LARGOAGE 

ITTIHB 
JOBROR 
JSTIHB 

(COHT) 
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c 
c 
c 
c 
c 
c 
c 

BIRRVR SITBROTTIRE CROSS -R*PERERCE 
c 
c 
c 
c 
c 
c 
c 

cr m n i M i 

c 
c 
c 
c 
c 
c 
c AROP 

• CALLS 

c »RRI 
c ftflXE 

c BPIX »PRI BRRC BRRT DOEX P1PI PDPT PORL 
c REED STOP XEQC XEXC XPTC ZCPI ZBAH 
c ZZPD 
c »GXS BRRR CJIPI PRTI PBTT liEED RITE SZPR 
c SERB 
c RIRP BGXS PPRP BRRR BRRX *»RBR BRR7 BZT1 
c EPPD PERR C R T PRTT PEED SEP? SRER 
c SKRO STOR ZIGT 
c BITOT »RRI PRRC PRHT DOEX 112D i»ARI PDPT 
c PORI PORL PORP PPOE QPAT QRAR PEED 
c RITE STOP XEQC XEXC XETC ZCPI ZOHD 
c ZORI ?ZPD T7PP 
c PPIA CHER P3E0 PRR1 PRTI PPTR PTAT PTRS 
c BEOP STOR 
c BPir. PRTT PPTP PTRS ZPflP 7PH? ZPH3 
c BPIC BRPP PRRJI PRRD PRRS PRRT PRRZ PRPP 
c PZT2 
c PPIR PPT A RPIB BPIC 

c BRCI PERP REED SEEK SKER 
c BROS BRR1 DOPC ROXX ROXT *RECOP SETCOR 
c 3PR» SEED RITE 
c BRRD REED 
c BRRP 
c PR BO 
c BESS DOPC PERR 
c BURT RITE 
c BRRR ZOCT Z0C2 
c BRRX HQrfE 
c BRRT 
c BRBZ LEGP REED RITE SECT SPPR 
c BRR1 «»I»P BPIR BTJRR B7IR ''"PR POOL PURR 
c BRR3 ISTP REED PITP SEEP SEER XEXC 
t BRRR CHPB CHPI PRTH PRTI 
c BRR7 REED RITP 
c BRPP REED RITE 
c BRRP REED PITS 
c BIRR AOXE BRRT EDEP EXPH CEXP OCRR TPRE 
c XEQC 
c PIIR BRRA BRRD BRRS BRRT BPRZ BRR3 BRRP 
c BZT2 CHOT DEEP PERR PPRP 
c 17.T1 REED SEER SERB 
c BZT2 PRTR PEED 
c CHER IX3D PRTI PRTR REED 

(CORT) 
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c cnni II2D 
c CBPH 
c CBPI 
c CPH1 PEED PITE 
c CPH2 PRTP PEED RSTI 
c DEEF 
c DOEX JAGY .1PBY .TTTT 
c DOPC FE*F FREW REED RITE SEEK PESAB FDIS] 
c CLOSOA DEFILE renter c DOSH LAGY LEBY L1CT 
c DOVH PP«Y DCSH STOP zimv c PCHK 
c EDED 
c EDEP EDED ETAB REED SEEK SKEP 
c EPPD 
c PPB2 
c ESET 
c ETAB REFD TEQC XEYC 
c "XPH CPH. CPH2 ECHK KPH2 PS FT Ptnc Fi.nE 
c LEGP HXBP REED PSHT PITE SEEK SKER 
c STOP I ETC IPYC 
c PEFR SEJ>K 
c Pine 
c FLOE PEEP 
c font c GCHK 
c r.nzc FEPP BR?D SEEK SKEP STOP 
c K03P 
c I STB 
c IT2D 
c inn c JAGY JA^D 
c JAOD 
c JEBY JAOD 1EIT 
c •?*JCY 
c LAGY LAOD 
c H O D 
c LEGE 
c LEBY LAOD BEIT 
c LOCT 
c fMIN BPCI PRDS DOPC TIBER 
c BEIT A HOP HERA REPA JESA BESP BETS PBTD 
c BEBA 
c BEPA 
c BESA 
c BESB 
c BETS 
c HUP? 
c BSPK PRTD PRTI 
c BSHO 
c BSH1 PPTD 
c BSB1 

rCOBT) 
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c HIPP 
c SRCP REEP PITE 
c CEXP OFIX CTOf TE3C 
c o n x BPII 
c onov BHOR 
c 0 0 « l DORR 
c PUP I 
c PDPT 
c POST HHRP HXRP PRTR 
c prix DOEI PDPT PDST PH»R PPRY REED STOR 
c XEQC TEIC XEYC 
c PGEO GCRK •fSHR HSHO *SH1 HSH1 RRCF PLOC 
c PRTI PRTP RS»D RITE SEEK SERH STOP 
c TOLP 
c PLOC REED 
c PVftff REED RITE S".*K SEHH STOP 
c POM 
c post 
c PORS DOSH PRAW PRRT STOP 
c PORP 
c PPOP PRT° 
c PRH» REEP PITE 
c PRRD REEP 
r PRRS DOPC 
c PR»T PITF 
c PRRY 
c PRKZ CHPI LEGE PRTI SEED ?ITE SEFK SERH 
c p p i n PRTR »EED RITE SEEK SERH XEXC 
c PRPP REED 
c PRR» REED 
c PPTD 
c PPTH 
c PFTI 
c PRTR 
c PPTT 
c PTRT PRTI PEED SE^K SEPH 
c PTRS 
c PORR PFIT PORH PRHT 
c PZT? PRTR ''EEC 
c QR»T REED RITE SEER 
c QRJIR REED RITE SEEK SKER 
c RBHT PRTR PEED XETC 
c REOR 
c RITE CRED CRIT FERR PRER FPRTR FREUD PCHF 
c FPOIST FiRITE 
c RSTI 
c SEEK REED RITE 
c SERH 
c SKER SEER 
c sunn 
c StOR 
c TIMER I DAT TIBE MODEL I CLOCK IOLEFT ITTIHE JOBR 
c JST1HE 

(CCRT) 

L 
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c 
c 
c 
c 
c 
c 
c 
r 
c 
c 
c 
r 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
r 
C 

c 
r 
C 
c 
c 
c 
c 
c 
c 
c 
c 
r 
C 
C 
C 
*• 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c* 

TPBE 
TOIP 
XEQC 
XEXC 
IETC 
XPTC 
*>CPI 
2 M P 
"P^T 
?.»«n 
7.IGY 
t i n y 
7 0 H 0 
7 0 m 
'OCT 
20CZ 
77PD 
Z7PP 

PEED 

PPTT 

PPTP 

PEED 

P9TP. 

PRTP 

PEE? 

»ITE 

?ITE 

FEED 

PITS XEXC 

SSSP 

BHPHEB S1BP0TTHF CP0S5-PE»EPF!IC» (SPECIM.) 

5npFrtn""HE • • • • • • • • • • • • • • • • C A L L S !. I P P P T T I I F • * • • • • * • • • * • * • • • • • • • • * -

cLosnn 
CRI" 
!>PFIT.E 
FXIT 
FPSA" 
FCRPC* 
FDISP 
ppWTP 
"POTKT 
P*EJW 
PRECOR 
PPEM 
PWPTTR 
r.ETCO? 
ICLCC* 
IDA! 
IHCEOIOr 
IHCHATBL 
IOLBPT 
ITTTRE 
JOPWU* 
•TSTIBE 
HODEL 
THE 

(S) 
IHCSDTO"; I:IC'!AT*I. 

r) 
IS) 
( s i 
(si 
(») 
PXT" 
(^) 
(S) 

(Sj DEUf'TES STOP 

(COHT) 
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c EDEP B9BR 
c BPED BIRP 
c EPH2 BX?H 
c BSE* FX»R 
c •TAB EDEP 
c PXPH BORR 
c PERR BIRP B»CI 
c PITE 
c PLOC EXPR 
c FLOE SXPR 
c POOL BBF1 
c F!WX>» BROS 
c GCR* PGEO 
c GETCOR BR rS 
c GWtC BIF? 
c HQOE BRRX 
c I STB BB51 
c 1X20 BRO? CHOf 
c IX3D CRER 
c JftGY 00 EX 
c JiOD JIGT JEBY 
c JERY OOSX 
c JUvT DOPX 
c L»GT POSH 
c t»CD LAGY I FRY 
c LEGE BRH7 ETPR 
c LP«IY DOSH 
c LtlCY POSH 
c HAIR 
c REIT JERT LEBT 
c JEIU REIT 
c HEP* REIT 
r RES* RSIT 
c RESB REIT 
c RETS REIT 
c RRPP POST 
c RSHR PGEO 
c HSHO PGEC 
c RSH1 PGEC 
c HSH3 PGEO 
c RXBP EXPH POST 
c •PCP PGEC 
c OEXP BORR 
c OPIX OSXP 
c OHOT OETP 
c OOWR BORR 
c PARI BPIX BHO? 
c PD»T BFIX PRO? 
c POST PFIX 
c PPIX PORR 
c PGEO BPIX 
c PIOC PGEO 

ERRS BSRl 3ZIR DOPC GR7C 

PRRZ 

PFIX 

(CORT) 
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c PRA« p?ix POWR 
c PORI BRO? 
c POML BPIX BJOT 
f- ?0»* P«JPR 
c PORP BSOf 
c PPGE BHOT 
c PFRA BPIC 
c PRRD BPIC 
c PRKS BPIC 
c PRST BPIC 
c PRRY PFTX P9RR PWR 
c PRRZ BPIC 
c p»«n BPIA 
c PRPP BPIC 
c PRRF BZIR 
c PRTH IIEIT PSHK HSH1 
c PFTH BRR« 
c PRTI BGXS BPI» BPIB BRR« CHEK HSHR PGEO 
c PRR7 PTAT ZPHP 
c PRTR BPIA B*»TB BZT2 CHER CPH2 POST PGEO 
c PPOE PRR3 PZT2 REHT ZFBP ZFH3 ZZPD 
c PRTT BGXS BIRP 
c PTAT BPIA 
c PTRS PPIA PPTB 
c PT1RH PRfll 
c PZT2 BPIC 
c QHAT BHO? 
c QRAR BHOV 
c REED 3PIX BGXS BITJP 3 ROT BRCI BRRA BRTD 
c BRPZ BRR3 BRR7 BRPP BRFF BZT1 BZT2 
c CHEK CPH1 CPH2 DOPC EDFP ETAB EXPH 
c FLOE GRZC RRCF PFIX PGEO PtOC PRAR 
c PRHA PRRO PRRZ PRR3 PFPF PRRF PTAT 
c PZT2 QUA? QHAR REHT SEEK ?CLP ZPHP 
c ZFF3 7 RAW 
c FEHT EXPH 
c REOR BPIA 
c RITE BGXS BRO? BRRA 9R*T BRR? BRR3 BRR7 
c BRPP PRRF CPH1 DOPC EXPH RFCF PGEO 
c PRAV PRRA PRRT PRRZ PRR3 QRAT ORAW 
c SEEr ZPH3 7 RAM ZZPD 
c ROXX BROS 
c »OXT BROS 
c RSTI CPH2 
c SEEK BGXS BIRP BRCI BSRZ BRH3 BZT1 DOPC 
c EDEP EXPH FERR GRZC PGEO PRAR PRR7 
c PPR3 PTAT QRAT QRAR SK*« ZRAR ZZPD 
c SERB BGXS B*T1 PGBO PRAW PPRZ PRR3 PTAT 
c SfER BKP BRCI BF1Z BRR3 EDFP EXPH GRZC 
c QRAW ?1A» 
c smn BIRP 
c STOR BFIX BIRP BHOV BPIA DORR EXPH GRZC 
c PFIX PGEO ?RAW POWR 

(CORT) 
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c TIRES HAIR 
c TPHE BORR 
c fOLP PGEC 
c XEQC BFIT 8 HOT BOSS eTAB OEXP PFIX 
/* XEXC PFIX "ROT PHB3 PFIX PFR3 ZFH3 
c XETC BFIT BSOT ETAB EXPH PFIX PEHT 
c TP1C EXPR 
c 7.CBI »BFIX BROT 
c ZFHP e?IB 
c ZFR?\ BPVf 
c ZFB3 v- BPI* 
c ZIGY ». BIRP \ 
c 7WAB . BFIX N>OH* 
c 70HD *B0» 
c 70RI BRO» 
c Z9CT BRRV 
c zncz BRW 
c ZIPD PFIX BBOY 
c 
c 
c 
c 
c 
c 
c 
c 

ZZPF EHCT c 
c 
c 
c 
c 
c 
c 
c 

EORRER SOE9COTIRE CROSS -REFER M C E (SPECIAL) 

c 
c 
c 
c 
c 
c 
c 
c 

SOBROOTIIIE *•**•**•*•**** CALLED FSOB SOEFOUTIRE • *•• 

c 
c 
c 
c 
c 
c 
c 
c CLOSDA DOPC 
c CRED RITE 
c CRIT PITB 
c DEFILE DOPC 
c EXIT PRECOR GETCOR 
c PBSAH DOPC 
c PCHECK DOPC »ITE 
c FDISP DOPC 
c PPRTF RITE 
c PPOIWT RITE 
c PRBAD RITE 
c PRER DOPC BITE 
c PWRITE RITE 
c ICLOCK TIBER 
w IDAY TIBER 
c IHCEDIOS DE»IL5 
c IHCOATBL DEFILE 
c IOLEPT TIBER 
c ITTIBE TIBER 
c JO8R0B TIBER 
c JSTIHB TIBER 
c HODEL TIBER 
c TIHE TIBER 
c 

* * • * * • * • * • * * * • * * • * -

c * * * * * * * * * * * * * # * * * * * * • * • • * • » • * • * • • • • • • • • * * • * • * * • * * * • * * * * • • » • • « * * * * • • * * * * . 

(CORT) 
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\ 

r 
c 
c 
r 
c 
r 

prjp«|j»p C O M O * 

• • * PfFEPEHCED IS S1BR0TTIKE * • * • * • * • * * * 

r 
c 
c 
r 
c 
r 

COPIH01 • # » • • • • • * PfFEPEHCED IS S1BR0TTIKE * • * • * • * • * * * • • • • • • < 

r 
c 
c 
r 
c 
r ACES1 ezir EOEP EIPH OPIX OHOT 
C ACES2 BPIC P1RR 
c CPEED Bfoy BSKS BZIR CTOT DEEP QRAH 
c FACES BGir BIRP E?TA BPIB BPIC BP»S BOP* 
r P7IH EDEP EXPH OPIX cnoT OCRP PRRS 
c pi*N 
c GEODS PPIA PPIP BPIC PGEO PORK 
c HI.OBE AUXE PPIX BSXS BIRP BBOV BPIA BPIB 
c BPIC BPIR BHHO BRRS BB»H BPRX BRRZ 
c p?11 BRR3 BOFH BZTR BZT1 BZT2 DEEP 
c DOEX DCSH DOWR SDEP ETAB EXPR POTL 
c JAGY J?*Y J1CY LAGY IEHY LOCT BEIT 
c PAPI PPIX PGEO P H I PORI PCWP PPOE 
c PRRS "BUZ PRR3 P1BR PZT2 QRAT QBAW 
c REHT 7FKP 7P13 ZRAH 70RI ZZPO ZZPP 
c 5>APRS BIHP BPIC BRRS BIRR BZIR EDEP EXPH 
c OETP CPIX 010V OOBH PPHS POPR 
c PA?«Y BPIT BIBP BHOV BPIA BPIB BPTC BZIN 
c DCHK EDEP ETAB EXPH RAIP PPIX PRAW 
c PGRH PORR Q1AT QRAR PERT Z3AR ZZPD 
c PBfTBf BPIA BPIB BPIC PRRS PORP 
r POIRT BPIX PIMP BHOV BPIA BPIB BPIC BRR1 
c BORH BZIH DOEX DOSH DORR EDkP EXPH 
c OEXP OPIX 0<10¥ OORR PPIX PCRR POER 
c PBACX BPIX BIRP PRO? BPIC BZIR DCEX PPIT 
c POSR 
c BPTCL AUXF BFIX BSXS BIRP BflOV BPIA BPIB 
c BPIC B?IK BRCI BRRS BRRR BRBX BRRT 
c BR̂ IZ 9RN1 BRR3 BURR BZTR BZT1 BZT2 
c DEEP DOEX DOSH DORR EDEP ETAB EXPR 
c JAGY JEflT JTCT LAGT LENT LOCT BEIT 
c OEXP POST PPIX PGEO PRAP PORR PRRS 
c PRBZ PRR3 PURR PZT2 QRAT QRAR REHT 
c ZFHP ZPH3 ZIGT ZRAR ZZPD 
c OBITS BPIX BIRP BHOV BPIA BPIB BPIC BPIR 
c BRR1 BTJRR BZIff DOR* EDEP E T A B EXPH 
c FOOL HAIR PFIX PRAW PORR P O R R QRAT 
c QRAR REHT ZBAW ZZPD 
c dSRXD BRCI EXPH PRAR QRAT OMR Z R A R ZZPD 
c VCTRt BRCI 

(CORT) 
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C 
C BORDER CO!HC» (SPECIAL) 
c 

c 
C CORWI • • • • • • • • • RIFE9ESC5D I I SOBROntl 
c 
c cousin DOPC SITE 
C CTABtE FRECOR GETC.B 
C DEFILCO* DEFILE CLOSDA 
C "IGBTIO OOPC RITF 5B»K 
C 
c***»******•••*•••*••••••*•••••••••**••••••••• 

TABLE 03-1 E»D 
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TABLE 03-2 OVERLAY STROCYOPE 
C***» 
C 
C 
C 
C 
c 
c 
r 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

F'JPHE<? OVERLAY STRUCTURE 

PFO^RAH SIZS (DOFS NOT INCLUDE DAT* ARPAY OP I / O BUFFERS) 
WITH CV2HLAY 40500 WORDS 
ViTHOflT OVERLAY 9 2 5 0 0 WORDS 
INCLINES 7100 WORDS I3H FORTRAN LIBRARY 

RAIN 
BRCI 
PROS 
BR"1 
DOEX 
DOSH 
JB.1Y 
L2KY 
JAOD 
LAOD 
HEIT 
ANOS 
HESA 
"fBSB 
SEflA 
"IBPA 
HETS 
JOCY 
L1CY 
JAGY 
LA?Y 
PDPT 
DOPC(ROXY) LIBRARY 
RITE(REED,ROXX) LIBRARY 
SEEK LIBPARY 
PRTD LIBRARY 
PRTH LIBRARY 
PRTI LIBRARY 
PRTR LIBRARY 
PRTT LIBRARY 
IX2D IIBRARY 
IX3<> LIBRARY 
HNRP LIBRARY 
HXRP LIBRARY 
XtQC LIBRARY 
xzx<: LIBRARY 
XEYC LIBRARY 
XPYC LIBRARY 
STOR LIBPARY 
LF.GP LIBRARY 

(COM?) 
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c BRRR BZT2 PGEO ZF S3 PR»Z 
c ZOCZ BR!M CCHK 7.P!!? PB"T 
c ZOCY BRSD HSH0 PZT2 
c TIGT BRRP SSHK pvia 
c EPFD PRRP RSH1 PRflD 
c n**x SSR3 BRPF 
c HQ3E RRCF PRPF 
r SKRO TOLP 
C PLOC 
C PRP3 
c REOR 
c CHER 
c c c *••*••»*••••••••*•»•*•••• 
c * • • 
c OBXP EXPH BDEP oovw 
c PORL CPH1 EDED DORR 
c ABR* ECHK ETftB 
c ZCRI ESET 
c PARI PLOC 
c BRRO FLOE 
c REHT 
c CPH2 
c BPH2 
c c c •**•«*•••*•***••• 
c • • 
c OFI* 0«10» 
c BFIX BNOf 
c * 
c * 
c ***************** 
c • • 
c ZORD POII 
c ZZPP PPOE 
c ZORI Q»»W 
c PORP QR»T 
c 
C * * « * * * * * * * * * * * * * * * * * * • * * * • • * • • • * « * • • * * • • * * * • * • • • • * * • * • * • • • • • * * • • • • • • • • • -

TABLE 03 -2 EHD 
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TABLE 03-3 SCRATCH IIPBT/O0TPOT 

c 
C BORHER SCRATCH ISPOT/OOTPOT 
C 
c 
C DIRECT ACCESS 
C 

C 
C LOGICAL OBIT 2« (IDA2) SPECIFIC REACTIOI RATES BT ZOIE AMD 
C SOFZORE 
C BERBER OF RECORDS IZOIE • ISZ 
C LEBGTR OF RECORD IACT«IIS IORDS 
C OPTIORAL D'PERDIIG OR HEHORT STORAGE AVAILABLE 
C 
C LOGICAL THIT 27 (IDA3) SPECIFIC REACTIOI BATE FOR FISSIOR 
C IB EIERGT RAKGES OP TIELD DATA 
C BT ZOHE AID SOPZORE 
C RORBER OF RECORDS RZORE • RSZ 
C LERGTH OF PECORD ITER*IRS IORDS 
C OPTIOIAL DEPEHDIIG OR HERORY STORAGE AVAILABLE 
C AID PRESERCE OF ERERGT DEPERDEIT TIELD DATA 
C 
C LOGICAL OBIT 40 (IDA*) SPECIFIC REACTIOI RATES BT POIRT 
C I0RBER OF RECORDS IPT 
C LEIGTH OF RECORD RACT»IIS VOIDS 
C OPTIORAL DEPERDIIG O" HERORY STORAGE AVAILABLE 
C FOR POIRT CALCHLATIOI 
C 
C LOGICAL OUT 23 (IDA5) SPECIFIC REACTIOR RATE FOB F I S S I O I 
C I I EIERGT BARGES OP TIELD DATA 
C BT POIRT 
C ROBBER OF RECOPDS IPT 
C LEIGTH OF RECORD ITER*SIS WORDS 
C OPTIOIAL DEPERDIRG 01 HERORT STORAGE AVAILABLE 
C ARD PRESERCE OF EREPGY DEPERDEIT TIELD DATA 
C FOR POUT CALCOLATJOR 
C 
C SEQOERTIAL 
C 
C 
C LOGICAL O U T 52 (ISR1) ZORE AVERAGE FLOX 
C R1HBER OF RECORDS RGROOP 
C LEIGTH OF RECORD IZOIE WORDS 
C ALWAYS OSED 
C 
C LOGICAL OUT 46 (IS»2) IRITIAL DERSITIES 
C RUBBER OF RECORDS RZORE • ISZ 
C LEIGTH OF RECORO IIS IORDS 
C ALIATS OSED 
C 

(COIT) 
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C LOGICAL 15IT »3 ( ISP1) PPISCIPAL CrO.-. SECTIC1S 
C (LATEST VEPSIC-) 
C BHBBEP CP RECO?SS BGRQ1P 
C LEBSTH O? RECOP3 SP3CS WOfDS 
C AI.VAT3 ISP!) 
c 
C LOGICAL HBT* »9 ( ISP*) ZOSE AVERAGE FLTX 
C 1TBBER CP "ECGPOS BGROOP 
C LFHGTH OP RECORD B20"E VOPDS 
C riSED WHP1 TWO PZPT.OX PILES ARE SEA!) 
C 
C LOGICAL HBIT *7 (ISS*) I1ITIAL POIBT DEBSITIES 
C BIBBER OP PECOPDS BPT 
C LEBGTR OP RECORD B*S VOPDS 
C ALWAYS H3ED *CP PCI B? CALC1LATIOB 
C 
C LOGICAt TBIT •>« (TSP6) PRIBCIPAL CROSS SPJCTIOBS 
C (BEXT-TO-LATEST VEPSIOB) 
C "IBBEfi OP RECORDS SCROOP 
C LEBGTH OP RECORD BPSCS WOFDS 
C OSED BHPB TEBPPRATORE CORRELATION I S TO 3E DOBZ 
C 
C LOGICAL n»IT *5 (ISR7) STPOSOFE HI STOP. / DATA 
C BOBBER O" RECORDS 1 
C LEBGTH OP RECORD «»0 PORDS 
C PLOS 
C BIBBER Or RECORDS 1 
C LENGTH 0* RECORD BZOBE VOPDS 
C PLUS 
C BOBBER OP RECORDS « 
C LEBGTH OP RECORD BZOBE • BS2 WORDS 
C IP DATA PROB ALL EXPOSORE CALC0LA7IOBS IS TO BE SAVED 
C 10LTIPLY TBIS REQOIPEHEfT BT THE BOBBER OP PYPOSORES TO 
C BE DOBE 
C. USED BHEB EXPCHT IBTEPPACE IS BRITTEB 
C 
C LOGICAL OBIT «5 (ISR7) REGICB ASSIGBBEBTS TO PI BE HESH 
C BOBBER OP RECORDS BIBTF 
C LEBGTH 0» RECOPD BIBTI*BIBTJ VORDS 
C 03PD POP POIBT CHLCOLATIOB WHE* DATA IS TAPEH PBOH GEODST 
C ABD RTPLOX (3 -D OBLT) 
C 
C LOGICAL OBIT »5 (ISR7) POIBT PLOT 
C BOBBER OP RECORDS BGROOP 
C LEBGTB OP RECORD BPT VORDS 
C ALWAYS OSED FCR PCIffT CALCOLATIO" 
C 

(COBT) 
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LOGICAL 1SIT 53 (ISR8) 
B7BPER CP RECORDS 

ETPOSOBF. HISTCRT DATA 

LFB;TS Or RECOPD BZOBE • 0 » D S 
PLIIS 
BIBBER cr RECORDS 4 
LS5GTH CF RECCPO B205E • SSZ BCRDS 
1SPD BHE1 EIPCHT 1ST SRFACE i s HR:T??B 

LOGICAL !JSIT 5^ (ISF8J Pr-THT PLHI 
B1BBE? CP RFCCPQS BGPOTp 
LE"3TH CF FECOPD HPT 
1SZ0 FOP POTBT CAI.C1LATI0* WHES TWO 

WO°DS 
FL?>T F I L P S APF RFAD 

1 
1CGICAL "BIT SI ( ISP9) 

ST^BEP OF PECIPOS 
LEBSTH OF 3ECQPD KF5«(!I20SH 
USED BHF1 WEIGHTED MEPIUE EIPT 

HPI^TFH CS 71ATDB ITTE'F^CE 
1SE.7 FHEB «nLTTPLF PASSES APR DOME 

AVE CPREST PR5SITT APRAT 

• FS7) BCPDS 
IFF TFSSITIES ARE TO *E 

FCP rCBTIB"O0S FnELIHG 0 P T I 0 1 -

f.OGKAL aWIT SO ( I S M O ) DENSITIES TO 
I1TEPPACE 

170SE • SSZ 
•IIIS 
fUELIBG GPTIC1 

SIBBER OP 
LFSGTH OF 
*ISED WHE1 

PEC ;FOS 
PECCPC 
OBTTM1CTS 

FF H?TT"PB CH QBATDB 

VOPDS 
I S SPECIFIED 

C 
C 
C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
r 
c 
c 
c 
c 
c 
c 
r 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

DEPIBITIOHS 

IRSUP = 
BACT -
BPSCS s 

HGROrjp 
HI SO 
fAXCRD 
BPSCS 
BSTPPD 

IALF 
IBP 
IB2B 
IBD 
IBT 
BZOSE 
BS7. 
BBS 
BYBR 
BPT 
BIBTI 
BIBTJ 
BIBTB 

I ALP • INP 
» • IPS'JP 
(» • IPSnfl 

• I12B • IBD • IBT 

• 2*(HAT0RD • 1) • NSTPPD)*BISO 

B0B2ER OF EBEPGT 5P00PS 
B«J1BER OF B"CLID»S IB CROSS SECTIOB DATA 
*AXI1»M SCATTBPIBG ORDER 
LEBGTH OF PRIBCIPAL CROSS SECTIOB RECORD 

CP COORDINATE DIRBCTIOBS POR BHICH TRABSPOBT 
SECTIONS ARE GIfEB 
CROSS SECTIOB FLAG 

BOBPER 
CROSS 

(B,A) 
(B,P) 
(B ,2B) 
»B,D) 
(1 ,T) 
BOWER 
B01EER 

CROSS 
CROSS 
CPCSS 
CROSS 
OP 
OP 

SECTIOB 
SECTIOB 
SECTION 
SPCTIOB 

20BES 
S0B2OHES 

PL AS 
PLA3 
FLAG 
FLAG 

0,1 
0,1 
0,1 
0,1 
0,1 

BATIBOB BOHRER CP SOJLIDBS IB AST SET 
B7BBER OP EPBPGY RABGES POR YIELD DATA 

©OIBTS TREATED IB POIBT CAIXOLATIOB 
riPST DIBBBSIO!! PIBE BESB IBTERYALS 
SECOBD DIBEBSIOB PIBE HESH IBTERVALS 
TBIPD DIBEBSICB PIPE B»SB IBTERYALS 

BOBBER 
BOBBER 
BOBBER 
BOBSER 

OF 
OF 
OF 
OP 

TABLE 03-3 EPD 

END OF SFXTTON 



SECTION 

The external data files 

CONTRL (read only) 

NDXSRF (read only) 

GRUPXS (read only) 

EXPOSE (read only) 

RZFLUX (read only) 

ZNATDN (read/write) 

PTATDN (read/write) 

EXPOHT (read/write) 

ZNTEMP (read only) 

QNATDK (write only) 

ZNPOWD (write only) 

GEODST (read only) 

RTFLUX (read only) 

04: DATA INTERFACING 

addressed in BLTLVER are: 

Instruction records EXPINS, 
DVRINS, and PROINS 

Nuclide referencing data and 
nuclide concentration assignment 
data 

Microscopic cross section data -
group ordered 

Basic exposure data 

Zone average flux - aso flux 
values at selected points for a 
geometry independent Calculation 
(if modified) 

Nuclide concentrations (zone and 
subzone) 

Nuclide concentrations (at selected 
points) 

Continuously updated integrals of 
exposure conditions 

Temperature data (zone and subzone) 

Nuclide concentrations leaving 
the zones and subzones for the 
continuous fueling model (same 
format as ZNATDN) 

Power density data (zone and 
subzone) 

Zone class data - also complete 
geometry processing for a geometry 
dependent calculation at selected 
points 

Regular total flux - for a geometry 
dependent calculation at selected 
points 
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The primary zone expos-.ire calculation requires thst at least 

one version of the files CONTRL, NbXSRr, CRl'PXS, EXPOSE, RZFI.LX, and 

ZNATDN be available. 

Generally, and if not specified otherwise in the control record 

EXPIKS, the latest version of any file is used for reading. Also for 

files written, the latest existing version of a file is rewritten unless 

specified otherwise. 

Table 04-1 documents the BURNER control record EXPTN'S in file 

CCNTRL (page 06-3), and the special files EXPOSE (page 04-17), EXPffiT 

(page 04-24), PTATDN (pay.e 04-30), QNAT0X (page 04-33), ZNTEMP (page 

04-38), and ZNPOVD (page 04-40), and the modifl-d stanHr,r;; f;;<. K/.FJ IX 

(page 04-35). 



T»?LE 0 » - 1 HTE3FAC? FILE S P F ^ I F I C A T I ^ r 

SPECIFICATION PC? EXPIKS SECOPD I * TfTEPFACE FTIE CVT*! . 

r 
CP EXPCSHPF "OC1I.F I K S T F 1 C T I 0 1 S 
c 
n F X P I N S . ( T X ( i j , : = i , i f > 0 ) . ( i i ( i ) . : = i , i O ' ) ) 
c 
CK 101»""LT • 10" 
r 
CD EXPINS EX?1S?I?F HOD-V.E DATA I O E v T I . * I E ? ( ' H E i r i V T l 
C 
C1» OPTIC!! S"r Tf'PLEHEHTEB 
C*:»* C P ^ I ^ V i r - r PECCMEHDED 
C 
CO T X ( 1 ) EX?*S>!=E T U P STEP (DAYS) 
C D * * (A V E ^ A T I V T I B ? I S 1SED F r P S P F C I A L SITDATICT:?) 
r 
CD X T ( ? ) S H i T D ^ K r T H E STEP APTFP Z»POSOPE (LAYS AT ZERO 
CD Fl.fJXI 
C 
(.3 XXC») THE »ATIO OF EACH SHTTDOW? StJBSTS? TIFE IT^EPVAL 
TD TO THAT OF THE PREVIOUS SOBSTEP (APPLICABLE 
c? ONLY I P i x ( 7 ) . . ; T . i) 
Cn (DEFA'.LT TO 1.0) 
C 
CD XX (4) SErBPVPD 
c 
CD XX(5) PETEPVED 
C 
CD T X ( f ) P P I A T I V E POWER LEVEL (ALL PEACTION PATES APE 
CD " n f . T I P I . I E P BY THIS JACTOP I P NON7EP0 - PROPER 
CD SO REALIZATION OF THE PLOX LEVEL PY THE NEOTPOWICS 
rD CODE TC EPFECT SOHE PCWEP LEVEL I S PRE5>n"EC) 
r 
CD XX ( 7 ) RESEPVED 
c 
CD XX ( 8 ) PE^EPVFD 
c 
CD T f ( 9 ) PES3PVED 
C 
CD XX ( 1 0 ) WEIGHTING FACTOR POS a S E WITH TWO PLnX INTERFACE 
CD FTLES ( I F IT ( 1 3 ) . EQ. - 2 ) 
«. 
CD P H I ( U S E D ) = P H I ( L V ) • X X ( 1 0 ) * ( P H I (WTL?) - P H I ( L V ) ) 
CD WHERE P H I ( L V ) I S LATEST VERSION ( I N TIHE) FLOX 
CO WHERE P H I ( I T L V ) I S H E T T - T O - L A T E S T VERSION ( IK 
CD TIHE) PLOX 
CD f n P V L T 75 G . J > 
C 
CO XX ( 1 1 ) FLHENCE LCWE° BCOND POP F I ^ S T ENEPGY RAFGE ( E * ) 
C 
CD XX ( 1 2 ) FirrEHCE LCWER BOUND FOR SECOFD F.NF»GY RANGE (EV) 

(CONT) 

http://nf.TIPI.IEP
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CORVERGERCF LETEL POR BATRIX EIPORERTIAL BETHOD 
(DEFAULT TO 1 . 0 E - 8 ) 

LIWITIRG VAI/»E OF DIAGORAL TERR FOR BATRIX 
ETPOREHTIAL BETBOD (EACH SUBSTEP I S SUBDIVIDED 
I1TO AS BART TIRE IRCREBERTS AS REEDED TO REDUCE 
T»E TARTEST DIAGOBAL TERR TO TBIS LEfEL) 
(DEFAULT TO 1 2 . 0 ) 

MATRIX PXPORERTIAL TRAHSPORB. PRACTICE OP LARGEST 
DIAGOHAL TBRB 
(DEFAULT TO 0 . 5 ) 

BIRIRUR RUCLIDE DEBSITT ALLOWED 
(DEFAULT TO 1 . 0 E - 5 0 ) 

RAGHITUDP OP DIAGORAL TERB OSED AS CRITERIA FOR 
APPLTIFS TBE 30UILIBRIUR APPROXIFATICR TO A 
RUCLIDE RITR TBB BATRIX EXPORSBTIAL BETBOD 
{DEFAULT TO 1 0 . 0 * X X ( 1 « ) ) 

WEIGHTIRG PAC70R FOR EXPOSURE RUCLIDE DEBSITIES 
RRITTER OR IRTERFACE FILE (IP I X ( 3 1 ) . R E . 0) 
•2RAT0R' FOR ZORE CALCDLATICR 
•PTATDR* FOR POIRT CALCULATIOR 

R(RRITTER) = R(E) • X X ( 1 8 ) * ( H ( S ) - » (E)> 
• HERE 1(E) ARE DENSITIES AT EBD OF PXPOSOBB 
VHEPE B(S) APE DENSITIES AT START CF EXPOSURE 

(DEFAULT TO 0 . 5 ) 

AVERAGE SBREtATIO'V RATE BEIGKTIRG FACTOR FOR 
SOURCE TERR 

PRECURSOR DERSITT IS 
XT(19)»B(T) • (1.0 - XX(19))*»»(T*DT) 
(DEFAULT TO 0 . 5 ) 

CORVERGERCE CRITERIA 0* POREP LEVEL FCR CORTIHDOUS -
FUELIRG BODEL TO DISCOBTIROE PORER LETEL 
IRITIALIZATICR PASSES (APPLICABLE IF IX(51) .GT. 0 -
ARD/OR IX (52) .GT. 0 ARD IX (61) .GI. 1) 
(DEFAULT TO 0.005) 

RESERVED 

RESERVED 

RESERVED 

(CORT) 
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C 
CD XX(2«) RESERVED 
C 
CD T X ( 2 5 ) P»PEPENCE TEHPEPATDRE (DEGREES C) OF THE 
CD NEXT-TO-LATEST VERSIOB ' G P n P X S ' CRCSS SECTIC!! 
CD INTERFACE PILE 
C 
CD XX(261 RHPERFNCE TSSPERATTRE (DEGREES C) OF THE 
CD LATEST VERSION 'GPWXS' CROSS SECTION INTERFACE 
CD PILE 
C 
CD XX (27) CORRELATION PAHASE'ER FOP THE AFCTABGFRT 
CD DP.PESDENCE OF CROSS SECTIONS OH 7.01* 
CD TPBPBPATORES (LIJEAR CORRELATION I F 0 . 0 ) 
C 
CD XX (28) RESERVED 
C 
CD XX (29) RESERVED 
C 
CD XX (̂ 0) PBSERVED 
C 
CD XX (31-100) CORE . ' SIDE«tCE TIHE (DATS) FOR FACH 7CNE PATH 
CD FOLLOWED BT THE CORE RESIDENCE TIHE (DATS) FOR 
CD EACH SOBZONE PATH (I? ANT) - SEE IX (51) 
CD (DEPAOLT TO XX (1)) 
C 
C. OSOAL TALUES OF SC"E OF THE PAPABE-EPS APE SHCHB HERE IV. ( ) 
C 
CD IX (1) RESERVED 
C 
CD IX (2) COFDERSEO EDIT OPTIOR 
CD 0- TES 
CD 1- HO 
C 
CD IX (3) DEBOG EDIT OPTION (0) 
CD 0- JO SPECIAL EDITS 
CD 1- CROSS REFERENCE TABLES, EXPOSURE DATA, 
CD CHECK AID EDIT DATA FROfl 'EXPOSE* INTERFACE 
CD FILE, AND EDIT INTERFACE FILE PARAMETERS 
CD 2- HIGHER LEVEL DATA EDIT 
CD 1- PLUS STARTING NUCLIDE DENSITIES 
CD «- PL9S INTERMEDIATE LEVEL DATA 
CD 5- PLOS STARTING REACTION RATES 
CD 6- PLUS ALL EDIT OPTIONS ARE TORNEC ON 
CD 7- PLOS RATRIX EXPONENTIAL AND AVERAGE GENERATION -
CD RATE DEBOG EDITS 
CD 8- PL(!S ADDITIONAL HATFIX EXPONENTIAL DEBOG EDITS • 
C 
CN NOTE- OSE OF 6 , 7 , OR 8 «ILL PRODOCE RFAHS OF PAPER 
C 

(CORT) 
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CD I T {*) PP^EPTED 
C 
CD I X ( S ) T p T I C f 0"' BASIC C H A I * EQ1*""IC5 S O L O T I C * SETSO!) 
O (COWSISTEVT CHAIR DATA M S ? BE PRESEST O I 
CD INTERFACE PILE • E I P O S E ' ) 
CO 0 - MATPIX » T ? 0 » S ! l ? I A L 
CD 1 - E X P L I C I T C H A M 
O 2 - AVEPAGE GEHESATIOH 9ATE 
C 
CB ( I F IT(*>) . E 2 - 0 ASO B 1 A » X E ( » E T P O S E » ) . E Q . 0 ABD 
CT I . B F X C H ( « * X P O S » » ) . G T . 0 . DEFAULT TO 1 ) 
C 
rD IX1f>) K1?1BEP OF S * « S T E P EXPOSURE I 3 T ? P » A L S 
CD TT(f i ) . ^ T . t I S BORHAILT »TSBD 0 » L T » H E » THE PLOT 
CO LEVEL I S TO BE ADJUSTED ( S E E I X ( 1 2 ) ) 
CO (DEPA1LT » 0 1 IF TX(1) . !»E. 0 . 0 ) 
C 
Cf EXPOSURE HOT CALCULATED IF XX(1) -EC- 0 . 0 
C 
CI FOP C0BTTS000S PHELIBG BODFt SET IX (6) . E Q . 1 
C 
CD IX ( 7 ) «n«!BE? 0" Sf lPSTEP SHOTDOWH INTERVALS 
C> I T ( 7 ) . G T . 1 I S «fOi»."f»lLY USED OTLT TC PRODUCE 
rn EDITS »T pniaTs »i/)i'; SHOTDOHU STEP 
T"> (OEFA"LT "1 1 I " X X ( ? ) . G T . 0 . 0 ) 
f 
'•* SH"~0Oi»B MOT CALCCJLATFD I F t X ( 2 ) . L E . 0 . 0 
C 
O TT(^) OPTIOH CR V5SSIC1 OF B0CI.IDE DENSITIES AT START 
CO •7M»""DK» FOR ZONE CALCULATION 
O 'PTATOB' FOR POIBT CAIC0LATION (IF WOT AVAILAELZ 
CD DENSITIES WILL 3B EXTRACTED FRO* INITIAL ZONE 
CD DENSITIES) 
CD -1- Or.E 7ERSI0F WITH THE SAHE TIHE AS THE ZOSE 
CD fir,* FILE 
O 0 - 3 S E LATEST V 5 R S I 0 B (DSOAL) 
CD 1 - USE MEXT-TO-LATEST VERSION I F I T E X I S T S 
C 
CD IX (9) OPTIOF TO ACC00NT FOR THF DEPENDENCE OF THE 
CD C?OSS SECTIONS OR THE LOCAL TPHPERAT0RE, REQUIRES 
CO TWO »SR<JPXS« FILES, A 'ZNTEHP' FILE, ABD REFERENCE 
CD TEMPERATURES (SEE XX(25),XX (2fi), ANDXX(27)) 
CO 0- BO 
CD 1- YES 
C 
CD I X ( 1 0 ) RESERVED 
C 
CD IX(11) »n«!BER 0» .0BDIVISIONS OF EACH SOBSTEP FOR THE 
CD A»ERAC,E GENERATION RATE KETHrO (IF 7.ERC, THE 
CD CHOICE IS A1TOHATE0) 
C 

(CGWT) 
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c o i t ( 1 2 ) OPTIOS o» p o a s i AEBOVIALIZATIC* ( S O P S T E P S ) 
CO 0- ATTESPT TO SATISIPT DPSIPED POBPt LEVEL BT 
CD ADJQSTISG FlU LEVEL AT TIE START CP EACH 
CD STB STEP APT» "BE PItST 
CO 1- DC SOT A0J5ST TBE PLOT LEVEL 
CD 2- SORHALIZE TO THE IBITIAt POM* LEVEL AT THE 
CD START OP EACH S7PSTEP 
C 
CO 1 1 ( 1 3 ) OPTIOS 0 5 PL3X VAL1ES 
CO ' K m i ' POB TOSE CALCULATION 
CD • •TPLOI" POS PCI ST CALCTLATIOS ( I P 1 1 ( 7 3 ) .1"). 1) 
C D »RZPLOX» (nooiPiED) p o t p c i r r CALCOLATIOS 
CD ( I P 1 1 ( 7 3 ) . E Q . 2) 
CD - 2 - HEIGHT LATEST VERSIOH ABD SEXT-TO-LATEST 
CD VEISIOS (SEE XX ( 1 0 ) ) 
CO - 1 - 7SE A L I S S A I P l « A*PtOXI!!ATIOS HITB T I » E PPOH 
CD THE SETT-TO-LATEST VEISIOS PILE TC THE LATEST 
CD VESSTOS P I L E ( I P OSLT OHE E X I S T S . OSE I T ) 
CO 0 - OSE LATEST VSRSIOR ( « S " A L ) 
CO 1 - OSE SBXT-TC-LATEST 7 E 3 S I C S I P I T E X I S T S 
C 
CO I X ( H ) CPTIOS OH ZOSE(SHBZOHE) S 0 C L I D E DEBSTTT E D I T S 
CD (5TP0S0PE) 
CD 0 - SOBS 
CO 1 - BSD OP EXPOS3R2 STEP 
CD 2 - PSD OP EACH 5XPOS1SE S1BSTSP 
C 
CD I X ( 1 5 ) RESERVED 
C 
CD I X ( 1 6 ) RESERVED 
C 
CD I X ( 1 7 ) RES'RVEO 
C 
CD I X ( 1 8 ) OPTIOB OS SSCOSDART ESEBCT DEPOSITICB E D I T S 
CD 0 - SOSE 
CD 1- «>ECAT EBEPGT RELEASE OBIT 
CD 1- PISSIOB BSERGT RELEASE CBLT 
CD 1- CAPTOPE ESERGT AELEAS* OBLT 
CD •- OECAT • PISSIOS • CAPTOPE ESERGT RELEASE 
C 
CS IP .GT. 0, EOI73 BT 70BB A"D SOBZOBE 
CB I? .IT. 0, EDIT TOTALS OBIT 
C 
CD IX (19) RESERVED 
C 
CD IX (20) OPTIOB OB 20BE (STOZOBE) B C I I DP DEBSITT EDITS 
CD (SBOTDOBB) 
CD 0- BOBE 
CD 1- EBD OP SHOTDOBS ST"P 
CD 2- ISO OF EACH SH1TDOBB SnBSTEP 
C 

(crsT) 
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CD IX (2*) SPECIAL BOCLIDE DM SIT Y EDIT OPTIOI FOR A SIBGLE 
CD ZOBE PBOBLEH 
CD - 1 - COLOUR EDIT I f OPE15.6 FORRAT 
CD 0 - ROBHAL EDIT 
CD 1 - COLON EDIT IB 1PE15 .6 FOBBAT 
C 
CD i r (22) RESERVED 
C 
CD IX (23) RESERTBD 
C 
CD I X ( 2 « ) RESERVED 
C 
CD IX(25) OPTIOR OB WRITIBG IBTEBFACE FILE 'EXPORT' 
CD (FLOERCE ABD BBACTIOB RATE TYPE DATA) 
CD 0- BO WOT BBITE 
CD 1 - YES - SATE LATEST ABD HEXT-TO-LATEST DATA 
O 2 - YES - SAVE ALL DATA 
CD 3 - YES - SATE LATEST DATA OBLY 
CD * - YES - START OTEB A6AIB 
C 
CR IF .GT. 0 , BO EDI? 
CR IF . I T . 0 , EDITS OF COIIOLATIBE DATA BY ZOEE ABD 
C? S0BZORE 
C 
CI OPTIORS IX(2*),IX(27),XX(11), ABD XX(12) APPLY OBLY 
CR BRER 'EXPORT* FILE IS IRITIALLY «BITTER 
CW IF THE FILE EXISTS THE OPTIOBS SPECIFIED 
CR Or THE FILE ARE DSED 
C 
CD IX (26) FLOERCE DATA TO BE SAVED OF •EXPORT' FILE 
CD 0- ROBE 
CD 1 - TOTAL FLOERCE (ARD FIRST ABD SECOBD 
CD FLOERCE RAB6ES IF XX (11) ABD XX(12) ARE 
CD PROPERLY DEFIRED) 
C 
CD IX (27) REACTIOB RATE TYPE DATA TO BE SAVED OB 'EXPORT' 
CD FILE 
CD 0 - RORE 
CD 1 - FISSIORS ARD EXPOSORE 
CD 2 - PLBS EHEB6Y 
CD 3 - PLDS ORDBFIRBD 
C 
CD I X ( 2 8 ) OPTIOR TO EDIT EXPOSURE STEP AVERAGE ZORE(SOBZOBK) 
CD POBE1 OBESITIES 
CD P- BO 
CD 1 - YES 
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CO IE (29) 0PTI01I TO WRITE INTERFACE FI1E *ZRPORI>* RITR 
CD BXPOSHRE STEP AVERAGE ZCRE(SOBZORE) FORER 
CD DBBSITIBS 
CD 0 - RO ROT HBITE 
CD 1 - REPLACE T I B LATEST VBBSIOR OF %R OLD F I L E , 
CD I F RORB EXISTS WRITE RE* F I L E 
CD 2 - VRITE RE* F I L E 
C 
CD IX (30) OPTIOR OR ROCLIBE DERSITT FILE RRITIRG 
CD •TRATDR* FOR ZORE CALCHLATIOE 
CD •PTATDH* FOR POIHT CALCCLATIOR 
CD C- RRIT* OTER LATEST EHSTIRG FILE RITH ERD OF 
CD EXPOSURE DERSITIBS 
CD 1- RRITB fBR FILE WITH BBD OF EXPOSURE DERSITIBS 
CD 2- RRITE OFBR LATEST EXISTIPG FILE RITR BED OF 
CD SBOTDORR PBHSITIBS 
CD 3- RRITB RER FILE RITH ERD OF SHOTDCRR OBESITIES 
CD «- RRITF OVER LATEST EXISTIHG FILE RITH BED OF 
CD EXPOSORE DBSSITIBS ARD RRITE RER FILE RITH 
CD ERD OF SHOTDORR OBESITIES 
CD 5- RRITE HER PILE RITH ERD OF BXPOSORE DERSITIBS 
CD ARD RRITB HEW FILE RITH ERD OF SHOTDORR 
CD DERSITIBS 
C 
CO IX (31) OPTIOR TO RRITB REIGRTED AVERAGE EXPOSURE OBESITIES 
CD (SEE XX ( 1 8 ) ) 
CO *ZRATDH* FOR ZORE CALCOLATIOR 
CD •PTATOR* FOR POIHT CALCOLATICR 
CD - 1 - REPORT RORHAL EHD OF BXPOSORE TIRE 
CO 0 - HO 
CO 1 - REPORT REIGRTED T I R E 
C 
CD IX (32) OP*IOH TO CHECK AHD EDIT DATA PROR IRTERPACB FILE 
CO »EXPOSE* 
CO 0 - RO 
CO 1 - IBS 
C 
CD I X ( 3 3 ) OPTIOR TO EDIT IRITIAL ZORE(SOBZORB) SPECIFIC 
CD REACTIOR RATES 
CD 0 - HO 
CO 1 - YES 
C 
CD IX (3«) OPTIOR TO EDIT IRITIAL ZORE(SOBZORE) SPECIFIC 
CD REACTIOR RATE FOR FISSIOR IR H E L D DATA 
CD ERBRGT BARGES 
CD 0- HO 
CO 1 - TBS 
C 
CD IX (35) OPTIOR TO EDIT IRITIAL ZOHE(SOBZORE) HOCLIDB 
CD DERSITIBS 
CD 0- RO 
CO 1- TBS 
C 

(COHT) 
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CD T X f » i ) 0 ? T I O » TO FO°CE CALT1I .ATI0S ISTO I / O TOOE (HOPRALLY • 
CD !>*?EPBIBED BY CODE BASED OB KEHOPY AVAILABLE) 
CD 3 - KC I.11T01ATHD) 
T 1 - T?" 
r 
CO IT ( 3 7 ) CPTIOB TO INCREASE STORAGE PCR COOPUHG T » M S 
C? fOR BATPIX 5XPOSEHTIAL "ETHCD ( I B THE E*BHT 
CD STCP ft 321 OCCtJBS) 
CD <DEFAULT - BOBBER OP KUCLIDES i n EXPGSORE DATA) 
r 
CD** IX (38) CP-IOB TO SOLVE THE -RABSPOSE OP THE HATRIX FOP 
CD** THE BATPIX EXPOBEBTIAL HETHOD (THIS IS A SPECIAL 
CD** PEAT1PE - BOT APPLICABLE TO A PEACTOR CALC3LATI0B) 
CD** 0- BO 
rn** 1- YFS 
C 
CD IX(39) BATRIX EXPOBEBTIAL EQJILIBPIOH OPTICB 
CD 0- DEPA1LT, SAHE AS 1 
CD 1- APPLY EQUILIBRIOB ASSOHPTIOH TC HIGH LOSS 
CD RNCLIDES 
CD 2 - DO BOT APPLY E O J f l L I B P i r M ASStJHPTICB (REQ3IRED 
CD FOR HIGH ACCURACY (BEBCHBARKIHG) BTIT I S 
CD FXPEBSIYE I B TERHS OF ROBBIBG TIHE) 
c 
CD IX ( 4 0 ) "ATPIX BXPOBEBTIAL PORHOTATIOW OPTICB 
CD 3 - DEFAULT, SABS A" ft 
CD 1 - BO TRABSFORHATIOB, OBE TErB 
C^ 2 - TRABSFORHATICB, CBE T W RB 
CD 3- BO TRABSFORHATIOB, TWO TERH 
CD ft- T R A I S ' O R B A T I O B , TBC TFRB 
C 
CO I X ( f t 1 ) BATRIX EXPOBFBTIAL REPERFBCE BOHEEP CF TERHS 
CD IB BXPABSIOB 
CO (DEFAULT TO 60) 
C 
CO IT ( 4 2 ) WEBER OF S O B D I f l S I O B S OF EACH StJBSTEP t^i» THE 
CD MATRIX EXPOBEBTIAL BETHOD ( I F ZERO, THE CHOICE 
CD IS AOTOHATED) 
C 
CD I X ( f t 3 ) flPPF.R BODBD OH HOHBER OF S O B D I f l S I O B S OF EACH 
CD SUBSTEP FOR THE HATRIX EXPOBEBTIAL BETHOD. 
CD ( I F IX ( 3 9 ) . S Q . 2 ABD THE BOBBER OF SOBDIYISIOBS 
C COHPUTED BY THE CODE EXCEEDS I X (f t3) THEF. THE 
CO E O n i l l B R I O H ASSOBPTTOB WILL BE OSED) 
CD (DEFAULT TO 10000) 
C 
CD IX (ftft) RESERVED 
C 

(COBT) 
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CO I f (45) EXPLICIT CHAIR HISSIRG ROCTIDE 0PTICH (0) 
O 0- TREAT SOBCHAIRS 
CD 1 - TBEA7 FIJST SUSCHAIH C5LY 
CD 2 - SKIP CHAIR 
C 
CD IX(«6) RESETTED 
C 
CD IX («7) RESERfED 
C 
CD IX («9) RESERVED 
C 
CD I ? (*9) 0PTIOR TO ALLOW EXPOSURE RITH ZERO »L0X AHD/GF 
CD ZERO • O R E V O L 1 H E 
CT> 0 - DO ROT TREAT THE ZORF(SOBZORE) 
CD 1- ALLOW (POH TREATIHG 00T-OP-COPE DECAY IH 
CO PALSE Z0HES(SnBZ0RES)) 
C 
CD IT (50) RESERVED 
C 
CD IX (SI) PALSE ZOHE JOBBER CORTAIPIRG PEED HATEBIAL 
CD CORPOSITIOR FOR ZOHB PATHS (OR THE FIRST IR A 
CD SFgOEfCE OP PALSE ZOEE F"HBERS IF IX(57) .BQ. 1) 
C 
C» IP IX (51) .CT. 0 ARD/OR IX(52) .GT. 0 THE STEADY STATE, 
CR CORTIR7O0S POELIRG HODEL IS TO EE APPLIED. 
C 
C!f THIS ZORF IS THE PEED BOX (OB THE FIRST OF A SET OP BOXES)-
CH HHFPE FEED HATERIAL FOR EACH PLOW PATH ORIGINATES. 
CI THESE ARE «*»LSE ZONES RHICH BUST BE RITHIR THE DATA 
C* DESCRIPTION OP THE PROBLEH, THAT ARE ROT ASSIGNED 
CM TO GEOHETRIC LCCATIORS FOR THE REOTRORICS CALCOLATIOR (THB-
C!f PL1X RILL ROT EE CALCULATED) , AND HAVE ASSIGNED ROBBERS 
m LESS THAR THE HAXIHOH ZOHE RflHBER IF THE FRCBLElf IP 
CR THE 'OVFRTR' SPECIAL IRP1T PROCESSOR I S USED. 
C* THE HUCLIDE DENSITIES ALORG A FLOW PATH CALCULATED IR 
C!f THIS HOOEL DEPERD ORLY OH THE FEPD HATERIAL, THE 
CR HEUTROH FLIT, ARD THE RESIDENCE TIHB, SO ALL HATERIALS 
CR IR THESE ZORES IRCLODIRG STRUCTURE, HODERATOR, ETC. 
CR HOST BE GIVER IR THE FEED BOX ZOHE (ZORES). IF THE 
CH DERSITIES OF THE HDCLIDES REPRESSHTI!»G STRUCTURAL 
CR HATERIAL HERE RCT SPECIFIED FOE T H E FEED EOX (OR BOXES) , -
C!» RORS H00T.D APPEAR IR THE REACTOR AFTER THE EXPOSURE 
CR CALCOLATIOR EVER THOOGH VALOES HERE ASSIGRED IRITIALLT. 
CR FOR SOHE STHPLE SITOATIOHS IT IS POSSIBLE TO SEPARATE 
CO OOT SELECTED HATERIALS OSIRG THE SOBZORE BEPRESERTATIOR 
CR (THOSE HATERIALS ACCOORTBD FOR ROOLD ROT BE ASSIGRED 
C!f COHCERTFATIOHS IR THE FEED BOX(ES)). IT IS DESIRABLE 
CH TO CARRY AT LEAST ORE ROH-DEPLETIEG ROCLIOE CONCENTRATION -
CR ALORG THE PATHS TO PROVIDE A HASS BALARCE CHECH. 
CW HATERIAL ERTERIRG A ZORE IS THAT LEAVIRG THE PREVIOUS 
CH ZORE ALCRG A PATH, RHILE THE AVERAGE BETREEH ERTERIRG 
CI? ARD LEAVIRG ROCLIDE DERSITIES IR EACH ZORE ABE RRITTER 
CI IR THE HER ROCLIDE DEHSITY PILE 'ZRATDR* FOR OSE BY 
CR THE REOTROHICS CODE TO ESTIMATE TH* FLOX DISTRIBUTION. 

(CORT) 
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CI TIB SPECIAL ISPOT DITI FOB TIIS PODEL IBB TBE BESIDEBCE 
CI TIHES ALOBG BLOB PITaS (XX(31) IP TO XX ( 1 0 0 ) ) , 
C9 XX(20). I X ( 9 9 ) , 1 1 ( 5 1 ) . 1 1 ( 5 2 ) , I X ( 5 3 ) . 1 1 ( 5 9 ) , I X ( 5 5 ) . 
Cl 1 1 ( 5 6 ) , IXC57), I X ( 5 8 ) , 1 1 ( 5 9 ) , 1 1 ( 6 0 ) . I X ( « 1 ) . 
C9 U D IX ( 6 7 ) . THE EXPOSOBB TIHE XX (1) BOST BI 
C1» SPECIFIED - I T HILL BE OSED POt BECOtD EEEPIBG I I D I T 
CB BILL BE aSED FOB EXPOSOBE OP IBT ZOBES 9 0 1 IB TBE PLOB 
C9 PITHS, EXCLODIHG THE PEEO BOX Z O B E f S ) , I S BI6BT BE OSED 
CR TO PBPBBSBBT I FIXED HLASEET. I B S TBB F I B I t BQCLIDE 
CI DEHSITIBS 1 9 THESE Z09BS BILL BE PLACED I B TBB BEH 
CB BOCLIDE DEHSITT FILE (WHICH BEQOIBBS I C T I 0 9 TO BE TIBEB 
CB TO P9EVBHT COBTIBBIHG BOILDOP PBOB BXPOSOBE I B I B 
CP ITEBITIOB PBOCBSS. 
C9 QOITE GB9EBALLT AB I T E 9 A T I 0 B PBOCBSS I S BBCESSABT 
CB (HEBTB09ICS, EXPOS79B) TO ESTABLISH A BEBTBOB FLBX 
CB DISTBIBOTIOB BBIC9 DEFBBDS OB THE HOCLIDE DBBSITIKS 
CB APTBB EXPOSOBB. TBB COBPOSITIOB I B TBB FEED BOX(BS) BBST -
CB BE ALTERED TO EFFECT A CBITICAL STATE. ABE TBB ITBBATIfB -
CR PBOCBSS BOST COBBERGE TO I SOLOTIOB FOB B F I I I B L E 
CB I B I L T S I S . I F TBB FEED BOX COBPOSITIOBS ABB BOT ALTERED, 
C9 A PSEODO STEADT STATE COBJlTIOH BESBLTS FOB A BBACTOB 
CB BBICH I S BOT JOST CBITICAL. A CAPABILITY EXISTS TO 
CR EFFECT TBE CBITICAL STATE FT APPLTIBG TBE CBITICILITT 
CB SEABCB OPTIOH HBBB TBB BEBTBOBICS PBOBLBH I S SOLVED. 
CB HATBBIALS I B TBB BBACTOB BBST BE CBAB6ED AS BELL AS TBE 
CB COBTEBTS OP TBE PEED BOXES. AFTER EXPOSOBE TBE BEACTOB 
CB COBTEBTS DEPEBD OB TBE PEED. SO TBE PEED BBST BE 
CB DETEBRIBED (CHABGIBG OBLT TBE FEED D0BI9G 1 
CB BEBTBOBICS CILCBLITIOB BILL BOT CBABGE TBB COBBBBT 
CR BSTIHITE OF TBB BEICTOB COBTEBTS SIBCE TBE FEED BOX 
CR L I E S OOTSIDE OF TBE BEACTOB ABD TBB BEOTBCRICS SEABCB 
CB PBOBLBH COOLQ BOT COBTEBGE) . 
C" HOBE THAB OWE PASS HAT BE HADE TBBOOGH TBB BEACTOB. 
CB HOLD-OP OOT-OP-COBE RAT BE ALLOWED BITfl FALSE ZOBBS 
CB BOT I B THE ACTOAL GEOHETBT ( I X ( 9 9 ) HOST BB SET . E Q . 1 ) . 
C9 BOTE TBAT TBB ASSIGBHEBT OF ZOBES ABD SQBZOEES TO TBE 
C9 GEORETBT HOST START WITH 1 FOB LOCATICBS BECEITIBG 
CR FEED IHD IHDEX OP ILOBG FLOW P I T B S . 
C* OBLT ORE EXPOSOBE S0BSTSP HAT BE REQOESTED FOB T B I S 
CB OPTIOH. 
C 
CR COBSTBAIBTS OB IBPOT: 
C 
CB IX (51) .LB. BOBBER OF ZOBES 
C9 IX(51)*IX(53)-1 .LE. BOBBEB OF ZOBBS IP IX(57) .EQ. 1-
C9 IX (52) .L». BOBBER OF ZOBBS 
CB IX(52)*IX(5«)-1 .LB. H9HBEB OP ZOBES IF 11(58) .EQ. 1-
CB II(55) *IX (53) .LE. BIB(IX(51) .IX(52) .BE.O) - 1 
CB I X ( 5 6 ) * I X ( 5 « ) . L B . EMBER OF SOBZORBS 
CB IX (53) • ! ! (59) .LB. 70 
CB STOP BILL OCCBB I F COBSTBAIBTS ABE BXCEEDED 
C 

(COBT) 
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o IIC52) 
CD 
CO 
c C9 II15^) 
c CI 
CF 
c CD IX(5») 
C 
CB 
c* CH 
c CO IX (55» 
c CO IX (56) 
c CO IX(57) 
CD 
CD 
CD 
CO 
c CD IX(58) 
CD 
CO 
CO 
CD 
C 
CD IX(59) 
C 
CD IX(60) 
C 
CD IX (61) 
CD 
CD 
C 
CI 
C* 
CW 
CW 
CB 
C 

PAISE ZCBE BIBBER COBTAIBIBG TCBD m m u 
COHPOSITIOM FOB SOBZOBE HTIS (OB THE FIFST IB A 
SEQOESCE CP FALSE ZOBE B0HBEBS IF 11(58) .EQ. 1) 
BOHBEB OF ZOBB PATHS TRBOOGB THE BEACTOR 
THE FIB3T ZOBE IB TBE PIBST ZOBE PATH IS ZOBE 
litBBEP 1, AID TBE PATH POLLOBS OP THE BQRBEBS 
• WIRES OP SOPZCBE PATHS THBO0GH THE 9EACT0B 
THE FIRST SOBZOBE IB THE FIRST SOBZCBE PATH IS 
SOBZOBE BTSBER 1, ABD TBE PATH FOLICIS OP THE 
BOHBEBS 

BQHBEB OP Z05ES AlOBG EACH ZOBE PATB 
BIBBER OP SOBZOBSS ALOBG EACH SOBZOBE PATH 
OPTIOB OB ZOBE FEED HATEFUL 
0- OSE ZOBE IZJ51) AS FEED FOB All ZOBE PATHS 
1- OSE ZOBBS IX(51) THBOOGH 11(51) *II(53)-1 

AS PEED FOB EACH ZOBE PATH (A DIFFEBEBT ZCBE 
FOB EACH ZOBE PATB) 

OPTIOB OB SOBZOBE PEED HATEBIAl 
0- OSE ZOBE IX (52) AS FEED FOB ALL SOBZOBE PATHS 
1- OSE ZOBES IX(52) THB006H II(52)*IX(5«)-1 

AS FEED POB EACH SOBZOBE PATH (A DIFFBBEBT 
ZOBE POB BACH SOBZOBE PATH) 

BSSBBfED 
RESERVED 
BOBBER OP PASSES TO ESTABLISH POBEB ISTBL REPORTED 

ET TRE BEOTBOBICS CAICOLATIOB 
(DEPAOLT TO 1) 

THE CALCOLATIOB I S DOBE THIS BABY TIHES (OR OBTIl TRE 
CORTEBGSBCf CRITERIA (SEE XX(20) ) I S SATISFIED) BITS 
THE PLOX LBfEL ADJ05TED AFTER EACH PASS ERICH IHPBOfES 
TBE POBER LEfEL ABD HAT ACCELERATE TRE COBfEIGEBCE BATE 
OF A OSOAL PEED SEARCH ITEBATIOB PBOCSD9BI. 

<COBT) 
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CO* I X ( 6 2 ) OPTIOH TO WRITE IRTB»»ACE PILE •QHATDR* WITH 
CD* DISCHARGE DENSITIES (POP COHTIBDOOS FOELIIG RODEL 
CD* OBIT) 
CD* 0 - DO HOT RRITR 
CD* 1 - REPLACE THE LATEST VFRSICH OF A l OLD P I L E , 
CD* IF WORE EXISTS WRITE 1E» FILE 
CD» 2 - WRITE HER PILE 
C 
CD IX (63 ) RESERVED 
C 
CD IX (6») RESERVED 
C 
CD 11(65) RESERVED 
C 
CD IX (66) RESERVED 
C 
CD I X ( 6 7 ) RESERVED 
C 
CD I X ( 6 8 ) RESERVED 
C 
CP I X ( 6 9 ) RESERVED 
C 
CD IX (70) RESERVED 
C 
Cn IX (71 ) RESERVED 
c 
CD IX (72) RESERVED 
C 
CD IX (73 ) OPTIOI TO PERFORM AOXILIART POIRT CAICOLATIOB 
CD OVER SELECTED TORES 
CD 0 - RO 
CD 1- TES - THE ZOWR R0HBERS SPECIFIED I' 
CD IX(84)-IX(93), HAXIHOH OF 10, ARE TREATED IF 
CD THE POIRT ROCLIDE DERSITT PILE *PTATDR* DOES 
CD ROT EXIST; IP THIS PILE EXISTS THE REFER EHCE 
CD DATA IR THE FILE IS USED TO CORTIHOI THE 
CD CALCOLATIOR FOR THE SAHE ZORES TREATED 
CD PREVIODSLT. PILE 'CfODST' IS ACCESSED FOR 
CD IDERTIFTIRG LOCATIOHS OF POUTS IR THE ZORES 
CD ARD POIRT PLOX VALOES ARE OBTAIRED PROH PILP 
CD •STPLIX*. 
CD 2 - TES - THE REFERERCE DATA I S IRITIALLT TAKER 
CD FROH THE FILE •RZFLOX' (HODIFIED) ARD THE 
CD POIRT PLVX VALOES ARE ALRATS OSED FROH TRXS 
CD PILE (AS HADE AVAILABLE FROH A COMPATIBLE 
CD REOTRORICS CODE). I P THE POIHTS DO ROT 
CD AGREE RITH AH EXISTIRG •PTATDB* PILE THE 
CD CALCOLATXOH RILL ROT BE DOHE. 
C 

(CORT) 
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CI ! • AB ATTE1IPT TO PARALLEL TIE IOBE CALC0LATIOB 
CI CPTIOIS I I ( 6 ) . 1 1 ( 1 0 1 , IX ( I t } , l i f t ) . 11(12) . 
CB 1 1 ( 1 3 ) , 1 1 ( 3 0 ) , AID I X ( 3 1 ) APPLY TC EOT! EOBE 
CI AID POITT CALCOUTIOBS 
C 
CI THE P*OCED0RE SBOOLD RAIBTAIE 1 SET Cf POIBT 
CI BEISITIES COBSISTEKT BITB TIP ZOBE DENSITIES 
Cf EOT CAB HOT ACCOOTT POB EXTEBBAL CBABCES IB 
CI TIE ZOBE DENSITIES (PROS A BEBTROBICS SEARCH, 
C» OP APTEB REP<IELIBe, OB REPOSITIOBIBC, PCI EXABPLS) 
C 
CI BCT DOIE IF IX(51) .GT. 0 01 11(52) .CT. 0 
C 
CD IX ( 7 « ) OPTIOI OB POIBT 9 0 C U D E DEBSITT EDITS (EIPOSBSE) 
CO 0- Bd» 
CD 1- EBD OP EXPOSOBE STEP 
CD 2- EBD OP SACB EXP0S9RE SUBSTEP 
C 
CD I t ( 7 5 ) OPTIC* OB PCI I T BtfCLIDE DEBSITT EDITS (SB9TDOBB) 
CD 0 - BOEE 
CD 1- EBD OP SR9TD0BR STEP 
CD 2- EBD OF EACE SROTDOBB STBSTEP 
C 
CD IX ( 7 6 ) OPTIOI TO EDIT I I I T I A I . PCIBT S P E C I F I C REACTIOB 
CD PATES 
CD 0 - BC 
CD 1 - TES 
C 
CD IX ( 7 7 ) OPTIOH TO EDIT I I I T I A L POIBT S P E C I F I C SEACTIOB 
CD RATE FOR P I S S 1 0 1 I I YIELD DATA EBERGT B A K E S 
CD 0 - BO 
CD 1 - TES 
C 
CD IX ( 7 8 ) O P T I 0 9 TO EDIT I I I T I A I POIBT BVCLIDE DEBSITIES 
CD 0 - BO 
CD 1 - TES 
C 
CD IX ( 7 9 ) DEBUG EDIT OPTIOI PCS POIBT CALC9LATI0I 
CD ( I B ADDITIOB TO THOSE BEQ9ESTED B I T ! I X ( 3 ) ) 
CD 0 - BOTE 
CD 1 - H I i m A L EDITS 
CD 2 - PLOS PLOX IBF03RATIOB 
CD 3 - PLOS V0L9HE IIFORRATIOI 
C 
CI 2 , 3 BAT IfCREASE STORAGE REQOIREHEBTS FOR 
CI 1 1 ( 7 3 ) . E Q . 1 
C 
CD IX ( 8 0 ) RESERVED 
C 
CD IX ( 8 1 ) RESERVED 
C 

(COBT) 
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CD I I C 8 2 ) BESEBVED 
C 
CD I t f t 3 ) • • S E I f E D 
C 
CD I I f t V - 9 3 ) If TO 1 0 ZOBB BBHBEES SPECIPTIIC TIE LOCATIOBS BIEBE-
CD Tfft POIBT C I L C 9 U T I 0 * I S TO BE DCIE 
CO (IP I I | 7 3 | .BO. 1) 
CD I P TIBBB ABB I ESS T U B 1 0 EBT1IES , TIB PI 1ST 0 
CD TEBIIIftTBS T I E LIST OP ZOBE VBIBEBS 
C 
CD I I ( * • - 1 0 0 1 BBSEBVBD 
C 
C 

fCOIT) 
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SPECIFICATIONS FOR INTERFACE F I L E EXPOSE 

C 
CP EXPOSE 
C 
CE DATA POR EXPOSURE CALCRUTXOES 
C 
CR TIE BASIC DATA REQUIRED POR S O L f l K THE CBAIR 
CR BQUATIOBS I D E R T I P I E S BUCLIDES, P I S S I O R I R G 
CR "UCLIDES, P I S S I O R PRODRCTS, AHD C I T E S DECAY, T I E L D , ERERGT, -
CR ARD COOPLIRG DATA 
C 
< ; • • • • • • • • • • • • • • • • • • • • • • « • * • • • • • • • • • • • • • • • • • » • • • • • • • • • • • » * * • • • * • • • • • • * • • • -

c 

CR P I L E IDEHTIPICATIOR 
C 
CI HRA*IE,(HUSE(I),I=1,2) ,IYERS 
C 
C» 3»RBIT • 1 
C 
CD HRAHB P I L E RARE ( A 6 | 'EXPOSE* 
CD HOSE USER IDERTIPICATIOR ( A 6 ) 
CD I T E R S P I L E TERSIOR RUBBER 
C 
CP fIBLT 1 POR L0R6 BORD, 2 POR SHORT RORD HACRIRES 
C 
c 

c 

CR ID P I L E REPERERCE IRPORRATIOR 
C 
CL N E X P 1 , B I S 0 E , B A H O P T , B T E R f R G E R , H P S L R , B P P R , R D C T R , R E X P 9 , B E X P 1 0 , 
CL ! I E X P l 1 , R R A ? X E , L S E X C H , L B E X C H , H E X P 1 5 , B O E D C T , B O E P I S , B O E C A P , 
CL WEXP19,HEXP20 
C 
CR 20 
C 
CR ORDBPIRED DATA IS RBSERTBD FOB FUTURE USB 
C 
CD RBXP1 DOCUHEBTIBG PILE REFERERCB ROBBER 
CD RISOE RBPERBHCE ROBBER OF RUCLIDE5 
CD HOST BE ROR-tBRO 
CD BAROPT OPTIOR OR BUCLIDE BARBS 
CD IF 0 - TBET ARE ABSOLUTE BARES 
CD IF 1 - TRET ABB USER LABELS 
C 
CR IB FILE ISOTXS, ABSOLUTE BABES ABE 
CR BABSID, RRILE 0SB1 LABELS ABE HI50RR 
C 
CR OBIQUE RAHES ABE BEQUIBED HEBE 
C 

(CORT) 
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en 
CD 
CD 
CD 
CD 
CO 
CP 
CD 
CD 
CD 
CD 
~D 

—CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C 
c— 

STEP 

NGEP 
NPSLR 

HPPP 
RDCTR 
REXP9 
NEXP10 
MEXP11 
NBATXE 

LSPXCH 

LBEXCH 

NETP1S 
IIOEDCT 

NOEFIS 

NOECAP 

NEXP19 
NEXP20 

N'lPBEP OF EN'PGY PANGES FOP TIELD DATA 
(GENERALLY Nr,N-7.E»0) 

N1BBEP OF EWPBGT PANGES FOF GA1«!A RAYS 
"TIBEP CP IDENTIFIED FISSILE NUCLIDES WHICH YIELD 

FISSION PROf>f»CTS 
N1HBEP r»P PISSIOH PRODUCTS HATIN1 YIPLD 
iriHBEP OP R1CI.IDES WHICH DECAT 
RESERVED 
RESERVED 
PESEP7ED 
OPTION IF - S T . 0 INDICATING THE NRRPEP 
OP flftTRIX EXPONENTIAL OUT* ENTRIES 
OPTION I P .GT.O INDICATING THE NTTRBER 
OF ENTRIES I!l THE S1PPLERENTING TABLE OF 
CHAIN DATA (1SED WITH HATRIX DATA) 
OPTION I P .GT.O INDICATING THE •rTHBEP 
OP ENTRIES IB THE BASIC TAELE OP EXPLICIT 
CHAIR DATA (USED OILY ALONE) 
PESERTED 
OPTION INDICATING r>ATA PCF THP 
I S TRCinDED POR GA1RA RATS AND 
OPTION INDICATING DATA POP THE 
I S IRCLnDFD POR GAS^A RATS ARt 
OPTION INDICATING DATA PCP THE 
I S INCLnDED POR GA1HA RATS AND 
PBSERTED 
RESERVED 

EXPLICIT 

DECAY PROCESS 
BETA PARTICLES 
PISSICH PROCESS 
PETA PARTICLES 
CAPTDRF PROCESS 
PETA PARTICLES 

C--
C» 
C 
CC 
c 
CH 
ri 
C 
CI. 
c 
CH 
c 
CD 
CD 
C 
CN 
CN 

2D TITLE AND NUCLIDE NATES 

ALWAYS PRESENT 

HEREAFTER ALL REPERE8CES TO NUCLIDES IV THIS PILE APP 
BT THE ORDER NURBEP TN THIS TABLE Op NAHES 

(HTL(.T), ,1=1,12) , (HRrtT(I) , 1 = 1 , HI SOS) 

BriLT*(12*NIS0E) 

HTL 
HRDC(I) 

DOCnHRNTING TITLE (12A6) 
NA1E OP NnCLTDf ORDERED I (Afi) SEE NAHOPT OPTIOP 

ALL NUCLIDES TO BE TREATED (EXPOSHPE CALCflLATED) *DST BE 
RARED IN THIS LIST (WORRALLT EXCLODE COOLART, STR1CT0RE). 

(CO NT) 
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C 
Cr WHFN THE AVERAGE GENERATION BATE 1ETHCD I S OSED, THESE 
CN S P E C I F I C A T I O N S APE PROCESSED i n THE CPDEP I S T H I S L I S T , r o 
C THET THnriLD PF OPCERED ALOIG C H A I N S , PONINATI »r, FCOTFS P I P ! -

CN ( F X A 1 P L E , 'I P n , T . . I E , X E . . C S ) , F I S S I O N P F O D f ' T S LAST-
t 
rri NUCLIDES : ; ? E C I F I F O HEFF BUT ASSENT IT; THE S V T E * OF COURSE 
r » APF NOT TRFAT C D - I1**ACT:*> APP DOCi"FNT I 'P FT SFWHPPP-
C - -
r 

c 

CP D̂ REFERENCE DATA 
C 
CC PPESENT I F NYEP*Ki;ER»NFSLR*NPPR»rDrYR . G T . 0 
C 
CL ( Y E R ( N ) , N ^ 1 , N Y E R ) , <GER(J) ,1 1 ,NGER) , f l P S L R ( K ) , K 1 r KFSLP) , 
CI. ( I F P S f t ) , I .= 1 , N F P P ) , ( I D r T P ( I ) . I = 1 , N D C T R ) 
C 
CW !ITER»PGE»»1F':LP»!IPPR»!«DCTR 

CO TEP LCHEP ENERGY OF RA?IGE OP INCIDENT 
CP NE'»TROK ENERGY (EV) , DECREASING ORDEP 
CP (LAST HIINBER T T P I C A U . T ZERO, SINGLE f A I . W ifSMALI.Y 0 ) 
CD OFF 1EAN OR EFFECTIVE ENERGY CP EACH PANGF 
CD OF DATA POR GAMA RAY ENEPGY DATA, CPDERED PY 
CO T1ECPEASING ENEPGY, P I P DOCflHENTATIor (EV PEP P A P T . ) 
CD IPSI.P PPFERENCF ORDER NIIFIBEP OF I D E N T I F I E D 
CD N'KM.IDES WHICH F I S S I O N 
CD I P P P REFERENCE ORDER » n * R E ? OF P I S S I O ? ! PFT.DtJCTS 
O (N'fCTIPES FOP WHICH P I S S I O N YIELD CATA I S GIVEN) 
CD IDCY" PPPBRENCP. OPDEP B1PIBEP OP N W I . I D E S WHICH DECAY 
C 
c 

r 

C° 00 DECAY DATA 
C 
CC PPESEPT IP NDCYP .OT. 0 
C 
CL (AL"!,/A<I) ,1 1,NDCYR) 
C 
C* NDCYP 
C 
CP AL*DA TOTAL DECAY CONSTANT FOR NUCLIDE CPDPRED I IN THE 
CD REFERENCE SET I D C Y R ( I ) (SEC-1) 
C 
c 

(CONT) 
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c 

CF SD PISSICH PRODUCT TIBLD DATA 
C 
CC PSESEHT I P RFSLR*BPP9*RYE* . G T . 0 
C 
CL ( ( ( Y F F P ( K . I , R > . K = 1 , R P S L P ) , L = 1 ,HPPR),H=1.RYER) 
C 
C« RPSLR*RPPR*RYER 
C 
CD YFPP(K,L,R) TIBLD OP PISSIOR PRODOCT IPPR(L) PRCH 
CD PISSIOR OP ROCLIDE IFSLR(K) DOB TO PISSIORIRG 
CO REOTROF. IR BBERGT BARGE P 
CD (ATORS PER SBCORD PER PISSIOR PER SECORD) 
C 
c 

C V 
CR 6D CHAIR DATA POR MATRIX EXPORBRTIAL O F N A Y E R A G E GEHERATIOH RATR-
C 
CC PRESERT I P HHATIE . G T . 0 \ 
C \ 
CL ((HATIE(J,I) ,J=1,3) ,IM,HnATXE) 
C 
CR 1*HPATXP 
C 
CD HATXE(1 , I ) SOORCE R9CLIDE 
CD H A T X B ( 2 , I ) PRODOCT ROCLIDE 
CD HATXE(3 , I ) SPECIFIES THE TRAHSH0TATIO9 PROCESS, 
CD 0 - HOT ALLOWED 
CD 1 - DBCAT 
CD 2 - (B,GARHA), OSOAL CAPTORE OP THE CRAIR 
CD 3 - (4,ALPHA) 
CD A- (R.P) 
CD 5 - ( R , 2 R ) , DORR THE CHAIR 
CD 6 - (R,D) 
CD 7 - (H,T) 
CD 8 - PISSIOR (DO ROT SPECIFY FOR A ISSIOR PRODOCT 
CO POR WHICH TIBLD DATA IS GITEH, THIS IS TREATED -
CD DIRBCTLT) 
CD 9- TOTAL CAPTURE, TOTAL ABSORPTIOH LESS PISSIOR 
C 
CR PARTIAL RATES OP PRODOCT GERERATIOR CAR BE CORSIDBRBD. THE -
CH PARTS PER HILLIOR I S EXPRESSED AS AR IRTBGBR ( 5 0 0 0 0 0 I S THE -
CR PRACTIOH 0 . 5 ) , ROORDBD TO THE DEAREST TEH (LAST DIGIT ZERO) ,-
CR ADDED TO THE ROHBBR FROH THE ABOYE TABLE TO SPEC IFT THE 
CI TRARSHOTATIOR PROCESS. POR EXAHPLE, I P THE PARTIAL CAPTOtE -
CR ROOTES OP P H - U 7 TO PH-1A8 AKO TO PH-1A8S ABB POTH TO BE 
CF COHSIDRRBD, THE FIRST AT P*ACTIO! 0 . 5 3 , THE APPROPRIATE 
CR BRTRIES TO IRDICATB (H,GAHHA) RBACTIOH PRODOCTS ARE 5 3 0 0 0 2 -
CR POR THE PRODOCT PR-IAS ADD A 7 0 0 0 2 POR P R - 1 M B . LESS THAR 
CR A TOTAL PRACTIOR OP 1RITY HAY BE SPECIFIED, BOT TARE CARB. • 
C C 

(CORT) 
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c 

CB 79 OIAIH DATA. S9PPL5HEWTAL EXPLICIT 
c 
cc PPESERT IF LSEXCH .G». O 
c 
CL (RSXCH(1) .I=: ,LS?TCH) 
c 
CB LSEICH 
c 
CD W5IC1 EHTRT I P THE S O P P L E W B T A L E X P L I C I T CRAIB 
CD DATA TABLE ( S E E DESCBIPTTOH BELCH) 
C 
c 

C 
C» 8D CHJIIS DATA. COHPLET* BASIC DATA TO APPLT E X P L I C I T -"OLIPriOa -
C 
CC PRESEHT IP LBEXCR .GT. 0 
C 
CL (iBXCHfl) ,I=1,LBEXCH) 
C 
CW LBEXCR 
C 
CD RBXCH SVTPT IB TB» BASIC EXPLICIT CRAIR DATA TABLE. 
CD OOTLIBED BEBE 
C 
CR THE P I B S T ERTRT I S THE P I B S T HBCLIDE I B THE P I B S T 
CB C R A I R . THE R E I T ERTRT I S THE TRAHSROTATIOB PROCESS POR 
CB GERPBATIOB OP TBE PRODUCT ( S E E THE VAL«ES OP R A T X E ( 3 , I ) I R -
CR THE TABLE A B O V E ) . THE BEIT EBTBT I B TBE L I 5 T I S THE P I B S T -
CB PtODIKTT IR THE P I R S T CHAIR. THUS POR 9 B B C I I D E S IR A C H A I R , -
CH THERE ABE 2 * ( B - 1 ) * 1 EBTBIES POR THE C H A I R . THEB THERE I S 1 -
CB ZERO EBTRT. DATA POLLOBS PO* THE REXT C H A I R . A PIBAL 
CB EXTBA ZERO I S PLACED AT THE EBD APTER TBE LAST CBAIB B B I J B -
CI PLAGS THE EHD OP CRAIBS. TBO ZERO EBTRIES AT TBE EBD. 
CR ERTE5 ACTIPIDE CHAINS PIRST. 
C 
CP REPEAT OP A R'ICLIDE REPEPEHCE IB A CHAIB IS ROT ALT OBED. 
CH GIVER A PIBST APPEARARCE IR ORE CHAIB, SOBSEQOEBT EBTRIPS OP-
CR A ROCLIDE BEP»REBCE IBOICATE OTHEB CEBEBATICR BOOTES RHICR -
CB CORTRIBOTP IHDEPPRDEHTLT. CARE HOST BE TAKER TO SOPPIT 
CR REASOXABLE SPECIPICATIOBS - ORLT THE ACTOAL CHAIBS SHOBB 
CR BILL BE TREATED, SO POLL SPETIPICATIOBS REQOIRIRG REPEATS 
CH ARE REQUIRED, ARD ORLT URITED BRARCHIRC IS ALLOBED. 
CB THE COBTRIBOTTORS ALORG A ROOTE THPOOCH THE CHAIBS ABE OBLT -
CB THOSE POR THE ROCLIDES ACTUALLY GIVER POR TRAT CHAIR. 
CR AS AH EXAMPLE, THE TABLE 
CR 1 t02 2 »02 3 «01 I »02 S 0 1 *02 2 *01 6 *02 -• *02 - 5 0 0 -
CR AI.LOBS TRC BOOTES TO BE TREATED POP GEREtRTION OP ROCLIDES -
CR BEPEBEBCKD * ARD 5. THE -« ARD -5 IB THE SECOBD CHAIB 
CH IRDICATE THESE CORTRIB0TI0RS ABE ADDIT10BAL. 

(COBT) 
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C 
C9 OWLY BQCLIDSS S I T E * I B THESE C H U B S B i l l RE TREATED 
CB (EXPOSED) . 
C 
c 

CF 9D DECAY EBERGT RELEASE DATA 
C 
CC PRESBBT IP BOEDCT .GT. 0 .ABD. BDCTR*(BiiER*'>) -GT. 0 
C 
CL ((EGAHAd, J) ,I=1,RDCYR),J=1,BGER) , (EBETA(TV,I = 1,R9CTH) , 
CI (BDCY(I),I=1,BDCYR) 
C 
CW RDCTR*(BGEP + 2) 
C 
CD EGAHA(I,J) THE AHODBT OP EBEP.GT RELEASED PER ATCBIC 
CD DP.CAY OP PAREBT SOCLIDE IDCTR(l) 
CD AS GARB A RATS IB EBERGT RAHGB J (ET) 
CD EBETA(I) THE AROOBT OP EREBGT RELEASED PER 
CD ATOHIC DECAY OF PAREBT BOClIDE IDCTR(I) 
CD AS BETA PARTICLES (ET) 
CD EDCY(I) THE ARODBT OP EBERGT RELEASED PER ATOHIC DECAT OP 
CD PAREBT BOCLIDE IDCTR(I), (EV) 
C 
c 

CR 10D SECONDARY EREPGT PROH PISSIOB 
C 
CC PPESEBT I P ROEPIS . G T . 0 . A B D . BPSLR*(BGEB»1) . G T . 0 
C 
CL ((EFGAH(I,J) ,I*1,BPSLR),Js1,RGER),(EPBAT(I),I=1,BP5LH) 
C 
CW RPSLB*(BGER*1) 
C 
CD EPGAR(I,J) TRP AROOBT OP EBERGT RELEASED PER 
CO ATC.1IC PISSIOB OP BOCLIDE IPSLR(I) 
CD AS GAHHA RATS IB E31RGY RABGE J (ET) 
CD EFBAT(I) THE AHOOBT OP EBEBGT RELEASED PER ATOMIC 
CD FIS5I0B OP ROCLIDE IPSLR(I) AS BETA PARTICLES (ET) 

C 
(COBT) 
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SPECIMCATICBS PO* INTERFACE FILE EXPORT 

C 
CP EIPOHT 
C 
CE RECORD OF EXPOSURE BISTCBT 
C 

C 

CS FILE STRUCTURE 
CS 
CS RECORD TYPE 
CS PILE IDBBTIPICATIOB 
CS 10 PILE REFERERCE IBPOBBATICB 
c s ••*•*•••»•(RiptBT FROH 1 TO IHIST) 
CS * 2D GERERAL IBTOBHATIOB 
CS • 30 TOTAL FLOEBCE 
CS * «D FLUEBCE BABGE 1 
CS • 50 FLOEBCB RBPGE 2 
CS • 80 FISSI01S 
CS • 90 "XPOS0RE 
CS * 100 ERERGT 
CS • 11D OROEPIRED 
CS •••***•*•* 
CS 
c 

PRESSBT IP 
======= === 
ALVAYS 
BLRATS 
ALBATS 
BPLOT = 1 
BFini = 1 
BPL02 = 1 
BBB1 = 1 
BBB2 = 1 
BRR3 = 1 
BRR« = 1 

c 
CR FILE IDERTIFICATIOR 
C 
CI HRAHE,(HUSE(I) , 1 = 1 , 2 ) ,ITERS 
C 
CB 3*R0LT • 1 
C 
CD HBARB FILB BARB (A6) •EIPOHT• 
CD HOSE T1SEB IDEBTIFICATIOB (A6) 
CD ITERS PILE TEBSIOI BDRBBB 
C 
CB HOLT 1 FOB LOBG BOBD, 2 FOB SBOBT BOBD HACHIBES 
C 
C 

c 

CB 1D PILB FEFEIERCE IBPOBRATlOB 
C 
CL E X P B 1 , B X P B 2 , B I P B 3 , B P L 0 1 , E F L 0 2 , I H I S T , I Z O B E , I S Z , 
CL BPL9T,BFL01 ,BFL02 , IXPB12 ,XXPH13 ,BBB1,BBB2,BBB3, 
CL BBB*,IXPB18,XXPB19,IXPB20 
C 
CB 20 
C 

(COBT) 



04-25 

CD EXPH1 
CD 5XPH2 
CD EXPH3 
CD EPL01 
CD EPL02 
CD H I ST 
CD MORE 
en ISZ 
CD RPLOT 
CD 
CD 
CD HPL01 
CD 
CD 
C 
CI 
CD 
CD 
C 
CD •PL02 
CD 
CD 
C 
Cf 
CI 
CI 
c 
CD IXPR12 
CD ITPH13 
CD 9*11 
CD 
CD 
CD 91*2 
CD 
CD 
CD HRR3 
CD 
CD 
CD RRR« 
CD 
CD 
CD IXPR18 
CD IXPR19 
Ct» IXPR20 
CD 
C 

5HD CP EXPOSURE TIRE (DATS) PPOH LAST SET OP DATA 
RESERVED 
RESERVED 
COTOPP BRBRGT (EV) POR PIPST PL0E1CP 
COTOPP ERERST |EV) POR SPCORD PLOERCE 
R9HRER OP SETS OP DATA 
ROHBEB OP ZORSS 
ROHBER OP SOBZORES 
OPTIOR PCR TOTAL PLOERCE 

0 - ROT PRESERT 
1 - PRESBRT 

OPTIOR POR PLOERCE IR PIRST RAHGE 
0 - ROT PRBSERT 
1 - PRESERT 

RHEH RPL01 = 1 , EPL01 HOST BE GREATER THAR 0 ARD 
LIE IR THE E9ERGY RARGE SPECIPIED IH THE 
CROSS SECTIOR DATA 

OPTIOR POR PLOERCE IR SBCORD RARGE 
0 - ROT PRESBRT 
1 - PRBSSRT 

RREH RPL02 = 1 , EPL02 HOST BE GREATER THAR 0 ARD 
LIE IR THE EREKY RARGE SPECIPIfD IR TRE 
CROSS SFCTIOR DATA 

RESERVED 
RESERVED 
OPTIOR fOR PISSIORS 

0 - ROT PRESBRT 
1 - PRESBRT 

OPTIOR POR EXPOSORE 
0 - ROT PRESERT 
1 - PRBSBRT 

OPTIOR POR ERERGT 
0 - HOT PRBSBRT 
1 - PRESERT 

OPTIOR POR ORDBPIRBD 
0 - ROT PRBSBRT 
1 - PRBSBRT 

RESERVED 
RBSBRVBD 
IRDICATOR HORHALLT « 0, BOT IS SET * 1 IP 
A DISCORTIROITT EXISTS IR EXPOSORE TIRES 

(COHT) 



Q/.-2*! 

C--
CP 
r 
CI. 
r 
CS 
c o 
CO 
CD 
CD 
CD 
r 
C* 
C 
CD 
CD 
C 
cs 
c 
CD 
CD 
C 
CN 
C 
CD 
C 
C* 
C 
CD 
CD 
CD 
C 
en 
C 
CD 
CD 
C 
C* 
C 
CD 
CD 
C 
CW 
c 
CO 
c 
CR 
C 
CD 
C 
C— 

2D GENERAL Itj'C»"ITIC!l 

(E?HT(li ,1 = 1.«0) 

•»0 

EPHT(1) 
EPHT(2) 
FPHT(I-IO) 
EPHT(II) 

BPH7(12» 

?PHT(U) 

EPHT(U) 

EPH?(15-20) 
EPHT(21) 

EPHT(22) 

EPHT(23) 

BPHT(2A) 

EPHT|25-»0) 

E1D OP FTPOSTRK TIRE (DATS) 
STA=7 OF EXPOSURE TIM (DATS) 
PErEPVED 
C7PREW TOTAL SYSTSH FISSTORS 

(fissions) 
DFFIRED SHBR RRR1 = 1 

C1FSEMT TOTAL SYSTES EXPOSURE 
f"EGA*ATT(THEP PAL) -DATS/KG) 

OtFIRED WHEW SRR2 = 1 

CIJPRE1T TOTAL SYSTEM EREPGY 
(HEGAVATT(THERMAL) -DAYS) 

DtFIRED SHES !IRR3 = 1 

C1PREHT TOTAL SYSTER OSDEPIRED 

DfFIRED WHER RRR* = 1 

RESERVED 
CD»iaLATI»E TOTAL STSTER PISSIORS 

(FISSIORS) 

DFPIRED RHEH ItRRI = 1 

CD^DLATITE TOTAL SYSTBB EXPOSURE 
(HEGA*ATT(THBRRAL)-DAYS/KG) 

DFPIRED WHER RRR2 - 1 

COROLATIVE TOTAL SYSTER FHEFGY 
(1BGAWATT(TRERHAL)-DAYS) 

DfFTRED WHER RRR3 = 1 

COHOLATITE TOTAL STSTER ORDEFIRED 

DfPIRED HHER RRR» - 1 

RESERVED 

(CORT) 
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c 

CP 3D TOTAL FLOPRCE 
C 
CC PRESERT I P RPLOT = 1 
C 
CL JPLTT IB) ,R=T,IZOP») 
C 
CR I70RE 
c 
CD PLOT CMOLATITE TOTAL PLOERCE BT ZORE 
CD (REUTSORS/C«!**2) 
C 
c 

c 

CR RD FLOPRCE TO PIPST COTOPP ERERGT EPL01 
C 
CC PRESERT IP RPLT1 = 1 
C 
CL ( P l i l f H ) ,H=1,IZOHE) 
C 
C» I^ORE 
C 
CD »L01 C010LATITE PLOERCE IR PIRST RARCE BT 70RE 
CD (REOTRORS/CR**2) 
C 
c 

C 
CR 5 0 PLOERCE TO SECORD COTOPP ERERGT PPL02 
C 
CC PRESERT I P RPL02 = 1 
C 
CL (PL02 <B),B=1,IZORE) 
C 
CR IZORE 
C 
CD PL02 COROLATITB PLOERCE IR SECCRD RARGE ET ZORE 
CD (RECTR0RS/CH**2) 
C 
c 

(CORT) 
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C* 6 D RESEITED 
C 

c 

CT 7D RESBBYED 
c : 

c 

CI 80 MSSIORS 
c 
CC PBESEBT I P E*B1 = 1 
c 
CI (RR1(HR),R!I=1,ITZSZ) 
c 
CI ITZSZ = IZORE • ISZ 
c 
CD BB1 COHOIATIVE P I S S I O B S BT ZORB ABO SOBZORE 
CO |FISSI0RS/CR**3) 
C 
c 

Ct 90 EXPOSURE 
C 
CC PRBSBVT I P BR92 * 1 
C 
CL (RR2(HR),Hfl*1 .ITZSZ) 
C 
CW ITZSI * ISORE • ISZ 
C 
CD IB2 COHDLATITE EXPOSURE BT ZORE ARD SOBZORE 
CD (BBCA1 ATT (TREE B A t ) - 0 1 T S / H C ) 
C 
c 

c 

CR 10D ERSR6T 
C 
CC P9ESEVT I P RBB3 * 1 
C 
CL CRR3|HH),BH*1,IT7SZ) 
C 
CR m s i - IIOII • isx 
C 
CD BB3 COHOLATITE ERSB6T BT tOHE ABD S U B M I T 
CD (HZCA1ATT(TI1E1ML)-D»TS/C!I**3) 
C 

(COIT) 
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C 
CR 1 1 0 OIDEPHED 
C 
CC PIESEET I P H M = 1 
c 
CL (•R«(^B),RR=1.ITtSZ) 
C 
CV ITtS2 = IS01E • 1ST 
c 
en t*» nmtrmv 

c 
C10P EIPOST 
C 

CCOET) 
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SPFCIFICRTIOBS FOB IBTE9PACE FILE PTATDB 

C*» 
c 
CF 
c 
CE 
c 

PTATPB 
POIBT SOCLIDE DENSITIES 

C--
CB 
C 
CI 
c 
c» 
c 
CD 
CD 
CD 
c 
CI 
c 
c— 

PILE IDEBTIPICATIO* 

•BABE, (RISE (I ) , 1 = 1 , 2 ) ,IIEBS 

3*HOLT • 1 

•BABE 
•OSE 
IFEtS 
BOLT 

FILE HUE (A6) •PTkTDf* 
0SF1 IDEBTIPICATIOB (16) 
FILE TEBSIOB JOBBER 
1 FCI LOBG VOID, 2 FOR SHORT IORD HACHIHES 

C~ 
cs 
c 
CL 
CI 
c 
c« 
c 
CD 
CD 
CD 
CD 
CD 
CD 
C 
CI 
c 
CD 
CD 
CD 
CD 
CO 
CD 
CO 
CD 
CD 
CO 
CD 
CD 
CD 
CD 

ID FILE REFE9PKCE IBPORHATIOW 

TIHE,XPTD2,XPTD3,PCY,BZPT,*PT,BBS,BBLKP?,IPTD9,IPTD10, 
•ZOIB,BSZ,BIBTI,«IBTJ,HIRTIC,IPTD16,IPTD1?,IPTD18,IPTD19,IPTD20 

20 

TIH5 
XPTD2 
XPT33 
•CI 
PZPT 
HPT 

HHS 
HBLKPT 

IPT09 
IPTD10 
HZOHE 

HSZ 

HIBTI 

BEFEIEBCE REAL TIHE, D1TS 
BESEHfED 
•ESERfED 
BEFEREHCE CYCLE BOBBER 
BOBBER OF ZOHES FOR WHICH POIBT DATA IS PRESEBT 
BOHBEB OF POIBTS 
BPT = BZPWT(I) • HZPBT(2) • • BZPET(HZPT) 
HAXIHOH BOHBEB OF BOCLIDES IB AWT SET 
BOBBER OF BLOCKS OF ATOH DEBSITT DATA 
(HOST DITIDE EVEBLY IWTO BPT) 
RESEBFED 
OPTIOB TO IfCLOOE FOLOHE IBFOBHATIOB IF .EQ. 1 
ROBBER OF ZOHES 
FOR OOCOHEBTATIOB (IF BOBZEBO HOST AGREE BITH OTHEB 
PARAMETERS) 
BOHBEB OF SOBZOBZS 
FOB OOCOHEBTATIOB (IF BOBZERO HOST AGREE RITH OTHER 
PARAHETERS) 
ROBBER OF FIRST DINERSIOW FIRE RESH IBTERTALS 
FOR DOCOHEBTATIOB (IF E0R7EB0 HOST AGREE BITH OTHEB 
PARAHETERS) 

(COBT) 



04-31 

CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C 
C— 

HIRTJ 

HTRTR 

IPTD1S 
IPTQ17 
IPTD18 
IPTD19 
IPTD20 

R1HBER OP SRCOSD DIHERSIGX FIRE SESH IRTERVALS 
PCD DOC0RERT1TI0R ( I P RORZPRO HOST AGREE «ITR OTHER 
PARARETERS) 
R01BER OP THIRD DIHERSIOR FIRE HESB IPTERVALS 
POP DOCOHEHTATIOR ( I P HORZERO HOST AGREE RITH OTHER 
PAR METERS) 
RESERVED 
RESERVED 
RESERVED 
RESERVED 
RESERVED 

C— 
CR 
C 
CL 
CI 
c 
CH 
C 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C 
CR 
CR 
CR 
CR 
C 
CR 
CR 
C 
c— 

2D GEREBAL IHFORHATICH 

(HZPHT(»Z) ,RZ=1,HZPT) , (RZPRT(RZ) ,RZM,RZPT) , 
(LZPRT(RZ) r HZ=1,HZPT) , (LOCPT (RP) ,HP=1,HPT) 

3*RZPT*HPT 

!IZPRT(HZ) ZCRE ROBBERS 
RZPRT(RZ) RUBBER OF POIRTS IR EACH ZORE 
LZ?HT(HZ) RnCLICE SET REPERERCE 

FOR DOCOHEHTATIOR 
lOCPT(RP) POIRT LOCATIORS IR THE RAHGE 1 TO HIRTC«HIHTJ*RIHTr 

POP DCCOHERTATIOR 
(HAT BE ZERO I F RIRTI #RXRTJ ARD R1RTK ARE ZERO) 

LOCPT = (K-1)»RIRTI*HIHTJ • ( J - 1 ) » B I H T I • I 
VHERE I IS FIRST DIHERSIOR IRDEX 

J IS SECORD DIHERSIOR IRDEX 
R I S THIRD DIHERSIOR IRDEX 

GIVER RIBTI,BIHTJ,HIHTR ARD LOCPT THE IRDICES 
I , J , K RAT BE DETERHIRED 

C — 
CR 
C 
cc 
c ct c 
CR 
c 
CD 
CD 
C 
C— 

3D VOLOHE IRPORHATTOR 

PRESERT IP IPTD10 .EQ. 1 

(VZPRT (RZ),HZ=1,BZPT),(TOLPT(RP) ,SP* 1,RPT) 

HZPT+HPT 

VZPRT(RZ) ZORE VOLOHB (CH**3) 
VOLPT(RP) POINT VOL0HE (CH**3) 

(CGHT) 
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C* «D POIBT 1QCLIDE DENSITIES 
C 
CI (<PDEI( l , .» , l=1 ,SBS) ,J= .n . ,JIJ) S?E STBOCTDIE BEtOt 
C 
CI IBS*(fBPT-1)/BBLRPT«1) 
C 
CC DO 1 H=1,BBLRPT 
CC 1 BEAD(I) *LIST AS ABOVE* 
C 
CC IITB n AS TBI BLOCK IBDEX, Jl= (B-1) •( (IPT-1)/IBUPT*1) *1 
CC ABB JO=B*|(BPT-1»/BBIJCPT»1| 
C 
CD PDEB(B,J) ATOHIC DEISITT OP BOCLIDE OBDEIED I II TIB 
CI> ASSOCIATED SET GIVE! II OBDBB FOB EACH POIBT 
C 

^ 
\. — 
CTOP PTATDB 
C 

(COBT) 
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SPECIPICATIOE* POP. IRTERPACE PILE QEATDR 

C*« 
C 
CP 
c 
CE 
c 
c*« 

QRATDR 

ZO»E<SSBZO«E) SOCLIDE DENSITIES (DISCHARGE) 

c— 
CR 
c 
CL 
c 
c» 
c 
CD 
CD 
CD 
c 
CR 
c 
c— 

PILE IDEVTIPICaTIO* 

RRARE, (HOSE(I) , 1=1 ,2 ) ,I?EaS 

3»B0LT • 1 

HRA1E 
ROSE 
IRERS 

BOLT 

PILE RARE (At) •QIATDE* 
OSER IDMTIPICATIO* (A6) 
PILE VERSIOR HORBEt 

1 PCE LCBG BORO, 2 POI SRORt RORD RACHIRES 

C— 
CR 
C 
CL 
C 
CR 
C 
CD 
CD 
CD 
CD 
CD 
CD 
C 
C— 

ID PILE REPEREECt IRP0R4ATI0* 

TIftE,RCT,RTZSZ,BWS,RBLKAD 

5 

TIRE 
RCT 
RTZSZ 
RRS 
RBL«AD 

REPERERCE RSKI *T!IE, DATS 
SEPERERCE CYCLE ROBBER 
RUBBER OP ZORES PLOS ROBBER OP SOBZCBES 
RAXIHOH ROBBER OP ROCLIDES IR ART SET 
ROBBER OP BLOCKS OP ATOB DERSITT DATA 
(HOST DIVIDE EVERIT IRTO RTZSZ) 

(CORT) 
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c 

C» 2 0 70RE(S1BZCHE) HOCLIDE DENSITIES (DISCHARGE) 
C 
CL MADE* ( * . J ) , R = 1 , H R S ) . J = J L , J 0 ) SEE STRICTURE BBIGM 
C 
C R*S*((*TZSZ-1)/HBLKAD»1) 
C 
CC DO 1 H=1,HBLKAD 
CC 1 *EAD(I) »LIST AS ABOVE* 
C 
CC WITH H AS THE BLOC* IR9EX. JL=(B-1)*((RTZSZ-1)/RBLKAD»1)•1 
CC AHD .10=H»MTTZS?.-1)/RBLKADO) 
C 
CD ADER(R,J) ATOMC DPRSITY OP RTCLIDE ORDERED R I « THE 
CD ASSOCIATED SET GIVER IH CRDEft FOR EACH ZORE 
CD POLI.ORED IR ORDER fOB EACH 3IIB70HE 
C 
c 

c 
CEOP ORATOR 
C 

(CORT) 
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SPECIFICATI0F5 FOR IBTS«I»»CE FILF »7PL 'T 

C 
CF 
C 
cs 
c 
cr 
c 
c*« 
C--
CR 
c 
ct 
c 
Of 
c 
CD 
CD 
C!> 
C 
CR 
C 
c— 

H2PL7I 

REGULAR "05E FLUf BT GRCaP. AtFRAGEC CfE? EACH ZORE 

AH ASTERISK IS CCLUIS 72 INDICATES ICCAL SODIFICATIGS 

PTtE IDPRTIFICATTOR 

HWAP.E, (HnsEfl}, 1=1,2) ,I»ERS 

3*«rJL1 * 1 

HWABP 
HtJS» 
ITERS 

H0LT 

FIL» RARE {A*) • I Z P i n i * 
USSR IDEWTIPICATIOf (A6) 
F i r E TERSIOR RUBBER 

1 FOR I.0TG WORD, 2 POP SHORT VCPO BACHIRES 

C — 
CR 
C 
CL 
CI 
C 
CW 
C 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CO 
CD 
CD 
CD 
CD 

X 
ID PILE REPERERCE I^PCRJATICR 

TI*E,P0WER,T0L,EPPK,EITS,9fCDS,TRL,TRA,TRSL,TPBL,TREAL,TIICRA, 
CP,CE,CR,CC,ITPS,RZ01IE,IIGR00P,RPf 

20 

T H E 
POWER 

TOt. 
EPFK 
PITS 
OKDS 
TRL 
THA 
THSl 
TRBL 
TUBAL 
TiCRA 

REPERERCE PEAL TIRE, HATS 
POWER LE?EL "OR ACTIJAL "IFfJ7R0WTCS PRCPLEH, WATTS 

THERMAL 
TOI.'MlE OTER WHICH POWFP WAS DETSRBIRF.D, CC 
H0LTIPLICATIOH PACT03 
PIGER»AI.r?E OF StARCH OP SfAPXH PROBLFR 
DERIVATIVE OP SEARCH PPOBLFB 
TOTAL »E«TR0R LOSSES 
TOTAL PEOTROK ABSORPTIONS 
TOTAL R'lJTUOR SflRFACE LEAKAGE 
TOTAL HEtJTROR BrtCKLIRG LOSS 
TOTAL WPHTFOR BLACK APSOPBPP LOSS 
TOTAL RE0TRO1 CONTROL ROD APSORPTIORS 

ICORT) 
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CO CP FRACTIOH OP CORE TREATED IB PROBLRH 
CD CE CCRVERSIOR FACTOR, RATIO OF T*»ERHAL ERERGT TO 
CD PISSIOR • CAPTORS EiiERGY AVAILABLE RITH 
CD THE CROSS SECTIORS 
CD CR ADDITIORAL DATA FLAG I P - G T . 0 (TRO RECORDS) 
CD CC RESERVED 
CD ITPS ITERATIVE PROCESS STATE 
CD = 0 , RO ITBRATIORS DOHE 
CD = 1 , CORVBRCERCB SATISFIED 
CD - 2 , HIT COHVRRGRD, BOT CCRVERGIRG 
CD = 3 , RCT COR VERSED, HOT COHVERGIRG 
CD RZORE HOHBBR OP GEOHETRIC ZORBS 
CD RGROOP HORBBR OP REOTROR BHFRGT GROUPS 
CD HPT BOMBER OF BLOCKS OP LOCAL, PIRE-SCALE FLOX TALOBS * -
C 
c 

C 
CR 20 PLOX TALOES 
C 
CL ( ( Z G P ( K , H ) , K * 1 , R G R O O P ) , H = 1 , R Z O R E ) 
C 
CH 2iGROOP*RZOHB 
C 
CD ZGP REGOLAF 70RE PLOX BT GROfTF, AVERAGES OVER ZORB 
CD »E0TR0HS/SEC-CH»»2 
C 
c , 

c 

CR 3D ADDITIORAL DATA, F I R S T CP THO RECORDS 
C 
CC PRESEHT I F CR . G T . 0 

CL (SHARES(I),1*1,100),(SHASF{X) , 1 * 1 , 1 0 0 ) , ( L X ( I ) , 1 * 1 , 2 0 0 ) 
C 
CR 1 > 0 * H O L T • 3 0 0 
C 
CD SHARES HEOTRORICS DATA FOR R E F E R B I C E 
C DOOBLB PRECXSIOR OR A SHORT WORD HACHIRE 
CD SHARE HFOTRORICS DATA FOR RBPBRBRCE 
CD LX REHTROHICS FLAGS POR REPERERCE 
C 
C-

(CORT) 
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c 

CD «D ADDITIONAL DATA, SECOND OP TWO RECORDS 
C 
CC PRESERT I P CR - G T . 0 
C 
CI (IWRS(I) , I=1 ,RGROOP) , (PRO ( I ) , I=1 ,RGROnP) , (BATA(I) , 1 = 1 .RCRCOP) 
C 
C« 3*RGROOP 
C 
CD IWRS REOTROJICS ITERATIOB FLAGS 
CD RHO REOTRORICS ITERATIOB DATA 
CD 3ATA REOTBONTCS ITERATION DATA 
C 
CP ROTE PGRSTARDAFD DATA TTPE ORDER 
C 
c 

THERE ARE HPV S E T S O f THE FOLLOWING TBO RECORDS 

c 

CR 5D LOCAL PLOX RECORD REFEREiCE DATA 
C 
CI (XP?( I ) , 1=1 , 19) ,»LP,BRZ, ( IPV(J) ,J=1 ,8 ) 
C 
C« 20 
C 
CD XPT(1) REFERENCE VOL0HE, CC 
CD XPV(2) REFERENCE POWER LEVEL, WATTS 
CD HIP ROBBER OP LOCATIONS POR WHICH DATA I S GIVER 
CD WR2 REFERERCE ZOWE ROBBER 
C 
c 

c 

CP 6D LOCAL BEOTROR FLOX VALOES 
C 
CL (fPLF(K,HJ , f - ' :*.«O0P» , S - 1 , R L P ) 
C ' 
CW WGRO0P*RLP 
C 
CD P t r LOCAL VAL*B OF THE BBHTROW TOTAL FLOX, 
CD AS ASSOCIATED WITH A SHB-VOLOHE WITHIB THE 
CD REFERENCE ZONE B I Z 
C 
c - -

C 
CBOF BZFLOX 
C 
c * * » • • * » • • * • • * • • • • • * • • * * • # * * * • • * • * * * * • » * * * • • * * • * • • * • • * • • • * * • * • • * • * * • * # • * . 

(COBT) 



<\L- \* 

S P E C I F I C ATIOH-; FOP H T E P P » C F F I I . F ZR7EKP 

r 
rn OPI-.IKM. sp»cr; PEVISED TO rirt^oE TTPZOIC DATA »HER BEEDFD 
c 
rF Z«IT?"P 
r 
C p ZO!*S - E « P S ? A " , ' ! P E DAT* 
C 

c 

CF FILE IDESTIPICATICR 
C 
CL H«A!«E, ( H I I S E ( I ) , 1 = 1 , 2 ) , I » E ? S 
C 
CK 3»HrjLT • 1 
C 
CD FFHAJE FILE BABE (Af») •ZRTEBP' 
CD HOSE n?,f.? IDERTIPICATIOB (A6) 
CD IVEPS FILE VEPSinil !»0!»9BR 
C 
CR BHLT 1 FCfi LCHG BOP.D, 2 "OP SHORT HOPD HACHIKES 
C 
c 

c 

CP P I L F PP.FERERCE IHPORHATTOH 
C 
CT R R Z , R Z T , ! I S 7 , J l l A f l ) , 1 = 1 , 1 7 ) 
C 
CM 20 
C 
CD RRZ JOBBER OF REACTOB ZO?»ES , HOT ZEPO 
CO RZT WOHBEP CF TSB.PEPAT1RES FOR EACH ZOWF .LE. 5 
CD !»SZ BIBBER OF REACTOR SHBZCHSS 
C!> WA RESERVED 
C 
C* OFTES A SIBGLE TEBPBPATORE HILL BE CARRIED HHICH SERTES AS A -
CR REP'REBCE, AS TC EXPRESS THE EFFECT Iff TEHPERAIUFE OF THE ZOWE-
CK WHICH BAT BE OSED S M P L T FOR SOCH P1RP05E AS CROSS 3ECTI0B 
CR CORRELATION. EVEH IF TWO TEBPERATORES ARE CARRIED TO IWCLHDE -
CR THE COOLATT TEHPERATttRE, THE FIRST IS IRTETIDED TO ADHIT SOCH -
CS SIBPLE APPLICATIOJI (LIHEAR IRTBRPOLATIOI OP CROSS SECTIOWS 
CF IS ADBITTEO *HICH HAT BE DOHE AT THE HACFOSCOPIC 1FTEL OSIRG -
CR TRO BICROSCOPIC CROSS SECTIOW SETS) . 
C 
C 
c 

(COOT) '•' 



0*-}9 

c 

C» ZOJE T»*P2?»TTJ?ES 
c 
CC ALWAYS PRES'Kr 
C 
CL ((ZTE*P(I,f),1=1,12-),B=1,1PC) 
C 
cs H7.T»RPZ 
c 
O TTESP TEF.PEBftTTPE OF BE'FRERCF I III ZCH? R (PFGFEES C) 
CD I aEPEEEUCE 
CD _ 
CD t A C T H I D E S («"1?L) RfFFPERCE 
CD ? CCCLART 
O ~> "ODEiATOP 
CD • S*FaCTOS*L 
CD 5 SPECIAL 
C 
#» -

c 

C? SOBZORE TE1PEPATTJSES 
C 
CC PBESErT I ? RSZ . !»E. 0 
C 
CL ( ( S Z T B J P ( I , « ) , 1 = 1 , R Z ? ) , H = 1 , R S Z ) 
C 
C» RZT»RSZ 
C 
CO SZTERP TERPEFATIRE OP REPERERCE I IR SOPZORE Fl (DEGREES C) 
C 
CR SEE ROTES ABOOT ZORE TEHPE5ATORE DATA 
C 
c 

( ; • • • • • • • • • • • « * • » • * * » » * * » • • » • • • • * • * • • • * • • » * • • * • • • • • • • * • • • • • * • * * • • • • • * • • • 
C 
CEOP ZRTE1P 
C 

(CORT) 
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'-.PP*"TprrfcTI1!l- F0» I«CTE°P*CE PILE ?B?C»D 

r 
CS CPIUHAL SPEC: PFVISED **) ISCLDSE S1E70«IE DATA WHEW *EED»D 
r 
CF zipc«r> 
r 
CP 7XHE AVEPAGE AKD PEA* PCHEH DE5SITT 
C 
C » • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • « 
c 

C° PILE IDERTIMCATTCW 
r 
CI. HBA1E, ( R I S E d ) , ! ? 1 ,2) VIVERS 
C 
rw ?»BTJL? • i 
c 
CO HRASE Pits WAUB (A6) •ZBPCBD* 
CD HOSE 3FER IDEBTIPIC%TIO* (A6) 
CD TVERS PILE VERSION » SBER 
C 
CI "1LT 1 FCR LOBG BOBD, 2 POP SHOPT BOPD HACHIWBS 
C 
r 

C--
CP 
c 
CL 
rt 
CL 
c 
cw 
c 
C9 
en 
CD 
CI) 
CD 
CD 
CD 
CD 
iD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 

ID PILE PEPEPEUCE MPORflATIOR 

POH,TINE,XZPD3,XZPDa,XZPD5,XZFD6,XZPD7,XZPD8, 
RZO*E,IZPD10,IZPD11,RSZ,IZPD13,IZPD14,IZPD1S, 
IZPD1*,IZPD17,IZPD1f l , IZPD19,IZPD20 

20 

POM 
TlflS 
XZP03 
XZPD* 
XZPD5 
XZPD6 
XZPD7 
XZPD8 
1ZORE 
IZPD10 
IZPD11 

PSZ 
TZPD13 

REPEREHCE REACTCB POWER LEVEL, BATTS 
PtPERERCE T H E IB THE HISTORY, DATS 
RESERVED 
RESERVED 
RESERVED 
RESERVE "• 
RESERVku 
RESERVED 
BIBBER OP REACTOR ZOFES 
OPTTOE FOR PEAR ZORE DATA 
OPTIOR OR PILE CORTERTS 
0 - ZORE POWER DERSITY IBCLUDES ART SIRZORE 

CORTRIBOTIGB (ALTHOUGH RSZ HAT BE ZERO) 
1 - ZORE POWER DERSXTT A3D 58SZOBS rottBR D E H i i r l 

CARRIED SEPARATELY 
ROBBER OP REACTOR SOJZOHRS 
OPTIOR POR RErERERCB IRPORRATIOR 

(CORT) 



04-41 

CD I2?514 RESERVED 
CC ITFD15 »»SER7ED 
cr IZPD16 RESERTSD 
CD I-PD17 RESE?*ED 
CO T1PD18 PP.SER1ED 
CD IZPD19 RESERVED 
CD 
c 

TZPD20 RE5ERTED 

c 

CR TO ZORE AtESAGE PCR1R DERSITIES (TOTAt) 
C 
CC PRESERT IP IZPD11 .53. 0 
C 
Ct (ZPCR (B) , R= 1, KTOPE* 
C 
C» RZORE 
C 
CD ZPOt ZORt ATPPAGE POHER DERSITY, RATTS/CC 
C 
CR ZPOHiR) = TPPA(«!)»ZPD(B) • STB (OVER J POF RZSZ(J) = R) OP 
C I fRSZ(J)*SZPD(J) 
C 
C-

c 

CF 3D PEAR ZORE PCVER DERSITIES 
C 
CC PRESERT IP IZPD11 .EQ. 0 ARD IZPD10 .EQ. 1 
C 
Ct (PZPOR(R), "1=1,RZORE) 
C 
CR RZ01E 
C 
CD TZPOR PEAR ZORE POWER DERSITT AT THE HESH POIIIT LETEL, 
CD RATTS/CC 
C 
c 

c 

CR «D ZORE AfBRASE PORK DERSITIES 
C 
CC PRESERT IP IZPD11 .EQ. 1 
C 
CI (ZPD(B),B*1,RZORE) 
C 
CR RZORE 
C 
CD ZPD ZORE AfEBAGE P01FI DERSITT, RATTS/CC 
C 
c 

(CORT) 
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c 

CR 5D jTPZOHE A7PRAGP PCBBP DPRSITIES 
C 
CC P3ESER? IP IZPDH ,EQ. 1 A*D SSZ .GT. 0 
C 
CT (SZPD(J ) ,J=1.SSZ) 
C 
CM ItSZ 
C 
CD SZPD SaEZOlE AVERAGE POHER DENSITY. RATTS/CC 
C 
c 

c 

CP 6D S1P70HF TC ZOR? CORPESPORDERCE 
C 
CC PRESERT IP IZPD13 .PQ. 1 AMD RSZ .'JT. 0 
C 
Ct (RZSZ(.T) ,J=1,RSZ) 
C 
CH RSZ 
r 
CD R Z S Z TORE C C R ^ A I R I R G S 0 9 Z O R E 
C 
c 

c 
CR 70 ZONE VOLORP IRPORHATIOR 
C 
CC PRESEHT IP IZPD13 .PQ. 1 
C 
CI (?0LZ(R) ,H=1,RZORE) 
C 
CW HZORE 
C 
CD VOIZ 70KE VOLOBES, CC 
C 
c 

C 

CP 8 0 fOLTJBE PR ACTIOS 1RP0RRATI0R 
C 
CC PFESERT IP IZP013 .EQ. 1 
C 
CI ( ? r P A ( H ) , t ! = 1 , « 7 0 R P ) f <?RSZ(J) , J=1 ,RSZ) 
C 
Cf RZORE • IfSZ 
C 
CO VPPA POLOHB P R A C T I O R S POR P P I B A P Y ZORE A S S I G R R E R T S 
CO P R S Z TOtf fRE P R A C T I O B 5 POP S C B Z O R I A S S I S R H B X T 3 
C 
c 

(CO IT) 
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C 
CEO? ZSPOBD 
c 

"•"IPtF OB-l F5D 
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Information About the Exposure Data 

The data which mist be supplied for the exposure calculation in 

file EXPOSE documented on page 04-17 is discussed here. The primary data 

required for reactor calculations are the decay constants, the yield of 

products froa fission, and the chain coupling information. Data to 

produce auxiliary information includes the energy produced from the 

various reactions or decay. 

The nuclides involved are Identified and the order number in this 

list is then used for further identification. These nuclides include 

the actinides and the fission products and any others to be considered, 

such as control rod or burnable poison components. The nuclides for 

which the generation of products from fission are to be considered 

are also identified. The fission products are identified. The decay 

constants and the fission products are specified for the identified 

nuclides. Note that fission product yield values are fractions (atoms 

produced per fission); these often sum to 2.0 or near about, but nay 

not under schemes of representing several nuclides as one or more lumped 

pseudo nuclides. 

Data for the matrix exponential or average generation rate methods 

of solution describe individual parent-product couplings. The program 

automatically couples defined fission products with the defined nuclides 

which produce them through fission, so these relationships are not to 

be specified. All nuclides in the supplied list of those having exposure 

data will be depleted, so leave out any not *.o be changed. Only speci

fied parent-product couplings will be treated, so all of these which are 

deemed significant must be specified. Thus it Is usual to include N p 2 3 ' 
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in the chain starting with U 2 1*, but usually U 2 3 S is ignored. (In the 

procedures, special action sust often be taken to treat nuclides having 

large loss coefficients leading to soae degree of approximation anyway.) 

For an explicit chain representation, consider the exaaple 
U2 38 

N p 2 3 9 - Hp 2* 0 

Here U 2 3 ' has been omitted. If N p 2 3 ' were left out, the loss of Pu 2 3' 

generation due to capture in N p 2 3 ' would be ignored, which would cause 

an overestimate of the fissile Pu' 3' generation. Since there are two 

routes to Pu 2* 0, two chain specifications are required: 

U 2 3 8 capture N p 2 3 9 decay P u 2 3 9 capture Pu 2 < ,° 

U 2 3 8 capture N p 2 3 9 capture Np 2 l f 0 decay (-) Pu 2* 0 

The dominant route to Pu 2" 0 is shown first. The secondary route brings 

in Np 2 l > 0 and a (-) is shown before the Pu 2* 0, indicating that this is an 

additional contribution. 

Additional contributions are described in the specifications by a 

negative product nuclide number. When this contribution to the nuclide 

concentration is calculated, it is added to that previously calculated. 

Further, no contributions down the chains are calculated from the initial 

concentrations of those nuclides having negative identification numbers; 

they should have been accounted for in some previous chain specifica

tion. This is not true if the first nuclide number in the chain is mad* 

negative. For those nuclides having negative numbers to the first posi

tive one, no contributions to them are calculated; but contributions 

from them to the first positive number nuclide and all thus* beyond are 

" % 
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calculated. This allows treatment of the primary actinides in one way 

with short chains, 

U 2 3 8 <• N p 2 3 9 •* Pu 2 r* -* Pu 2 1* 0 •* Pu 2" 1 -* Pu2**2, 

while a supplemental treatment could be used for the effects of down-chain 

contributions, avoiding long chains (useful for actinide recycle), 

(-)Pu2*0 - (-)Pu2"1 -* (-)Pu2*2 - Am 2- 3 - etc. 

It should be noted that when explicit chains are treated, the average 

between start and end of step fissioning nuclide concentrations is used 

to calculate yield rates. This reduces the amount of calculation required 

compared with that for full chain representations, and is a reasonable 

approximation for fixed power generation. Still, the actinide chains 

should be specified before the fission product chains in order to account 

for the effect of change in fissioning nuclide concentrations as the chains are 

processed in the order presented. 

The reader should refer to the second sample problem for a reasonable 

treatment of the actinides. 

END OF SECTION 
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SECTION 05: DATA HANDLING STRATEGY 

A rather involved procedure has been implemented for processing 

the data. This procedure is described here in some detail to convey 

sufficient information to an interested reader for assessment; it is 

possible to make changes to incorporate extensions, but they may 

seriously impact the code and integrity will be assured only after 

careful verification testing. Reference .aay be made to the user flow 

diagram, Fig. 2.1, page 02-2, and to the documentation of scratch 

input/output data files, Table 03-3 on page 03-21. 

The key data needed for allocating storage, defining the range of 

thr calculation, and majoi option selections is obtained from the data 

files initially and stored in memory. The nuclide referencing data are 

obtained from the NDXSRF file and he exposure data from the file EXPOSE 

and are stored in memory. The zone average neutron flux values arc ob

tained from the RZFLUX file and stored on a sequential scratch data file 

blocked over .'11 zones, one group at a time. The principal microscopic 

cross sections arc obtained from the GRUPXS file and restored in a 

sequential dati file, one tecord for all dafr at one group. 

When an 'interpolation is to be made between the data on two flux 

files, this is done by a subsequent access of the data in the second 

file and a new scratch data file is written. 

The initial nuclide concentrations are obtained from the ZNATDN 

file and stored in memory and also placed on a sequential scratch data 

file blocked one record for each zone and each subzone for later recovery. 

Specific reaction rates (cross section times flux, summed over 

groups) can be a large amount of data. These specific reaction rates 
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are placed in a direct access scratch data file for use during Che 

primary calculation, blocked one zone and one subzone to a record. 

A separate direct access file is used to store the fission rates when 

the fission product yield data has an incident energy dependence. When 

space is adequate, the specific reaction rates are kept in aeaory. 

The latest nuclide concentrations are always stored in memory for 

all zones and subzones. 

The nuclide concentrations are determined for »li zones after one 

exposure interval of the time. Specific reaction rates are adjusted by 

a running account of the factor which must be applied to the initial 

flux to approximate the fixed power level condition. Thus the reaction 

rate data must be reaccessed at each step when stored on a scratch file. 

The shutdown calculation is done with data contained in memory. 

Auxiliary calculations of cumulative exposure information and the beta 

and gamma source are done with separate accesses of the necessary data. 

The auxiliary calculation of local exposure is done on the fine scr.le 

for the selected zones as a subsequent pass through the basic procedure 

using the flux level information produced by the primary calculation. 

END OF SECTION 
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SECTION 06: SAMPLE PROBLEMS 

The first sample problem was originated at SRL by M. V. Gregory in 

a contribution to the ANS Mathematics and Computation Division benchmark 

problem effort.* Given an initial concentration of U 2 3 S and U 2 3", 24 

actinides and 9 fission products are considered for an exposure of 50 

days to a fixed fast flux of 6.1 X 1 0 1 % and a thermal flux of 2.5 X 10 1* 

n/cm2 sec. The chain relationships are shown in Figure 06-1. Note that 

as described there are a number of couplings which cause feedback in the 

problem. Shown in Table 06-1 is a computer listing that includes the 

input data cards showing all data, computation instructions, condensed 

results, and selected edits. The (n,y) capture routes to the excited 

state of the product nuclide have been mocked up as equivalent (n,t) 

reactions testing this provision in the code [alternatively these could 

have been equivalent fractional (n,y) capture]. The specifications for 

the explicit chain treatment include only the principle chain routes, 

excluding feedback mechanisms of a decay. 

Primary results of benchmark quality are shown for the matrix 

exponential and the average generation rate methods of solution in 

Table 06-2. It may be noted that a considerable amount of calculation 

is required to produce benchmark quality solutions. Results for other 

schemes, including the explicit chain solution method, are shown in 

Table 06-3. With the explicit chain method, the generation rate of 

fission products is taken as the average between start and end step 

values, which is often quite good for usual reactor evaluations but 

'"Argonne Code Center: Benchmark Problem Book," ANL-7416 Supplement 2 
(June 1977). 
See 0RNL-5158 tor user instructions. 
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Figure 06-1. Nuclide chains for the First Samplft Problem 
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Table 06-1. Selected Output for the Three Staple Problems 

?»TWBOT n m t »;r»ss • * • i«r»r •«?(»•» f s ra t r »»r»»» - J U T * . i *79» 

9o>»!» c » * r » i » • m »r : i u n rrnx or »»t i . a » . * i o»rr » • . m 

»r»i»rf?» twc««»«a» znwfifi T » » * I * 5 S H I T I O * I I T B T S S 

» 71 7 U » 11 7 7J (» 
•7t 

c» s»"»r< ?«$ aa-* cs» »o? BE *«e* n * • * w catdU'lOT) 
7» 2 >i « 1 1 i n « « i s m t 
79 / 
• -«o-si»«7> i m T m r»^»t»n tsruraaat* una, S»M i»,ri is ja.cia 
•727a B21« 9239 9217 9239 123* »»2l l 99239 a m * *92*» »*719 
•7073* M2a0 * *2a l HI2B2 Mf2aj a»7»1 »«2a2 I92a29*92a] «*?** C92B2 
•C»2a» CMaa ciTa* m * »•!»> -S1W *»ia7 M laT r i t a a ?»iaa«f»i»9 
•«»iaa a m • 

I . * 0 . " <•.<* «-9 7.BW.7 9.9*2«a 9.-» 
a* / 
•173a 973* "71* 0277 921* 721* »»717 9971* 9M79 «92af »9J1* 
a»*73* »»2al rvTai pn«'2 r i i o «*2ai « « a j i m i M U t i »«aa c*2a2 
•CP7»* CB2aa c*?a* H J * t e a l * c * l» * pplai ?»ia7 aftiaa *9 ia * * *9 ia i 
•5»»ea rat i . • 

f»*«l *} H I |aJTCWa| ! * • . 
71a.1 23*.9 23*.0 237.1 219.0 219.0 717.9 2*9.3 219.9 7aC. 
219." 2*9.0 2*1.9 2*2.9 2B1.0 2*7.3 2a2.0 2a2.3 2al.o 7aa 
791.? 2a* .1 7a*.3 11*.9 13*_0 71*.o ia7.o 1B7.9 laa.3 ia§, 
7*9.? 1C0.9 / »WS* 
?.r *** 9.9 *** / tmstK»rr 
o." i*a o.? 1*9 i.o 1*» / la.TBir.si^riT 

'.O ISP / »9ta* 
M i m i i M M i n i ' m u i ] ) 

2 It .J 
797." 
taa.o 

l> 7 
r o i o 

*!< 1.9 1*9 
33.*7* 
M . l a i 

•1 .999* 
• .9993 

9 
1 0 9 

CO 
$.a»72 

IS* / ioscT.ir)»»,i:ai 
1 * * / -;9<»9» i 
i * .9*9 1«.9*1 0.*12*a 0.a03i* 2a.072 *.2*a9 

O.f 7 . H 2 * 9.9**9 7««.oa 9.010* *1.921 11.930 
2.3191 20.01a 9L0*« 0.0 1.1292 9.90*9 12.12a 
9.0 2al.a7 9.9 9.9 131.39 11*9.a 2921.9 

0 .1 10*.95 1C.37* 
' . *21aa 12.371 0.1**69 0.17139 0.091339 3.27291 0.91997 
B». 912 0.0 9.0 1 . *91* ia.a03 ».*a933 29.999 O.alWO 
29.392 1.1139 11.137 109.79 0.1079* 29.192 9.0 92.299 
l . * *«3 37 .1 * * O.f 9.3 0.0 0.0 0.0 0.3 C.3 9,0 C.O 0.0 
» ." !*» 0.7 1*9 
9.0 i .902*01 0.0 7* 0.00ai9T2 0.9 0.009231*a 0.1 7»» 
0.0 1«a ».7a9* 0.0 121 117.a* 0.C *» 

<» 0.0 1*9 0.0 3*9 / 9900* 2 
7«. i«9 7».a20 1.aj99 1*7.12 0.731*1 9.1911 71.9*9 5*.«12 
l * .«*a 0.9 119.91 199.77 * 9 . * 7 * 1*2.2* * .1901 2 1 . * * * 

71.9*0 0.0 a.719* 97.1*1 3 . 9 * 1 * 92.972 
0.9 39.727 9*3.0* 7*91.9 J.3 23397.9 

a**.99 
.r o.e 

" J . 1 3 7 0.0 
?.9 10**7*0 
i * . a 2 * 
0 ." 1B9.19 1.0 0. 
0.0 ! . * * * » 1*9.99 
177* .* 0.0 *01.29 
0.9 9.0 9.0 0.0 
0.9 3*9 0.9 3*9 
?.0 3*9 
9 ." 1*a 39.S91 0, 

70 1 ! * t 1 3*9 / C9O09 1 

***12 0.0 a.2009 9.009*2*0 
9.91*7** 3*2.71 0.0 *9.9*3 
9.937*7 199.29 0.31107 *1T. 1* 

9.0 " .0 0.0 CO 

0 1 » 11.0*7 0.3 *9 

* * * .12 0.0 
2.3017 f91.*9 

0.0 0.9 

C 1 9 T 1 1 -
C0BT9L»> 

iMint 

SI6C1 
sicri 
SISC1 
SICC1 
steci 
*T6f1 
SI6P1 
SlCfl 
JlSfl 
$16*21' 
s:ecm 
SICC2 
SI6C2 
SICC2 
SI6C2 
SIGC2 
JIC77 
SX6*2 
$ I6f7 
SI9T2 

StS92«2 
STCC92 
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• » •>.* i%* 
»» » i%» ' i v / <fmt 2 
•9 n . i i%» 
7» s r w r r 
TB i i n i »•»» 
i s o.o i . i » 
*» 1 . " 1 1 
* » 1 
••» »o>*»r 

20 / 
•*m u n o n WIT n » ni» BMIT BMH i n n VIM r»2i* • 
• M l ) * »»2*9 T*2»l r»2*2 n i l ) M2*1 I I N ] l U i m U l l H 1 W CB2*2 • 
• n m t n » ci»i*% n n t t u % m m i > w « I M O O I M • m * * « r a i * i • 
• « ' • * f»Ll • 
• " j w 9i i% « H a n « H « H * » 2 » T w m i n n w i « t nm • 
• r *2»* r*2*>9 n u i • * 2 * i n n i i u » t » « « i m i i t i K i i «»2** C B 2 * I • 
•c«w» c m * * c»2*% m % i n n t r m * B I * T m i * ! r i m M I * O * » W I * 9 • 
» » ' • » m i • 

r.9 i«» / wrr 
71*.0 m . O J H . 1 217.0 214. 0 m . O 2»T.9 21*.0 211. 9 2*0.4 210.0 
214.0 2*4.0 2*1.9 2*2.9 2*1.0 JBi.O 2*2.4 2*2.6 2*1.4 2M.0 2*2.) 
2*1.4 2**.o M I m . t m . o n%.o 1*7.0 I » T . J I M . O m . i wo.o 
1 M . 1 100.f / »»W» 
1 1 ! I J ! H | ] M J I 1 I I I I I H M 1 
• * • • * • • • • • / «ctl 

i% o o « / BOH 
1 2 1 • % * T 0 » 10 11 12 11 1* 1* 1* IT 1* 1* 20 21 22 21 2* 2% 
7« 2* 20 2* » 11 12 11 1* 1% / BOS 
1 7 1 * * 4 T • • 10 I f IJ I ) H IS 14 IT 10 I * 29 21 22 21 2* 2% 
2» 2T 7* 2* W 11 12 11 J* 15 / BOB 

10 1.0 1.0 1 / n u , 1 1 H , l t t l 
0? ( N i l 
IB 0 . * 9 1 IS 1 
?B 0.0 0 . 1 W M 0.0 0.0 0.49149-2 7.9 19* 
Of t t t t O t 
IB 0 .9 1.0*4 1.0 1.0 0.0 0.9 1.4 1.4 0.9 *B 

1.0 1.0 0.9 9.0 0 1 2 0 
20 *.1>T*»B» 2.%07B*1* 
o» n^>sr 
IB 0 1% 0 1 0 • % 21 0 9 0 *4 0 220 0 9 0 9 0 9 
20 / 
• TBO-SBOor OCBUTIOB 999BUM |BtBC~ *«BR MO* Stl» |B,TI IS fB.SIB 
•0210 0215 0210 021T 0210 0210 BB21T BB214 BB214 B»2*0 BB2J0 • 
•F021* BB2B0 002*1 002*2 002*1 402*1 »«2*2 1B2*2**B2*1 »K2M COM2 • 
•c inoi r»7«a CB2*S i i?5 i t m c s m oei*T M » I BBWO M W I M I M • 
•«oi*o m i • 
10 0.9 / TTB 

2 5 12 1* / I fSIB 
20 21 11 20 IS / I f W 
24 27 24 10 11 12 11 » 4 0 « 19 1« 1* 10 21 / I OCT* 
11 IT 22 21 20 / IBCtl 4BBIB 

•B 2.07*-% 2.0*1-% 7.224-7 0.209-0 1 . I M - I 1.4T0-T 
1.424-4 1.1*0-4 • . • I S - * 1.029-4 1.010-4 1.S91-1 
1.400-0 1.004-% 1.1*%-% « . • • « - • / KL*0« 
2.SS0-10 S. 999-11 * .91»-0 4.040-10 1.250-0 / 4MB* (OOCO 

%0 0.0417 0.0S70 0.C491 0.0424 / 111% tlR-B 
0.402* 0.0012 0.0<>27 0.002* / 1111% 11*10 
9.011] 0.0210 0.0110 0.0120 / FOIM Tl t lO 
1 .02M 0.0200 0.020% P.0220 / R I M Ttf lO 
9.9919 o.ooto o.o**% 0.9010 / rru n i u 

Co / F O I L m r o n o»r» roo rrcBoac* rooctsstt 
1 2 3 2 1 2 1 * 2 • % 2 1 1 1 % * 2 4 9 1 
7 * 2 0 4 2 0 1 1 1 9 10 2 0 12 1 10 1 1 1 
11 12 2 12 11 2 t l 1* 2 1* IS 2 1 * 17 1 1% 14 2 
14 20 1 « 10 2 H 19 7 10 20 2 
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TABLE 0 6 - 2 . NUCLIDE CORCEBYRATIORS r O i THE : CC1STAB? PARAMETER 
POIRT 3SPLETICR PBOBLER RITR FEEDEACK 

BnClIDE RATRIX AVERAGE GERERATICR RATE 
EXPORERTIAL 

(570 S^EPS) 

EXPORERTIAL 

(570 S^EPS) | 2 * STEPS) (100 STEPS) ( 7 6 8 STEPS) (1536 STEPS) 

n 2 3 * 0 . • 2 8 8 2 1 - 0 9 0 . * 3 2 7 9 7 - 0 9 0 . 4 2 9 7 8 8 - 0 9 0 . 4 2 8 9 * 8 - 0 9 0 . * 2 8 8 8 5 - 0 9 
0 235 0 . 5 8 3 3 9 0 - 0 * 0 . 5 8 3 3 9 0 - 0 * 0 . 5 8 3 3 9 0 - 0 4 0 . 5 8 3 3 9 0 - 0 * 0 . 5 8 3 3 9 0 - 0 * 
7 236 0 . 2 8 6 0 5 7 - 0 5 0 . 2 8 6 0 6 9 - 0 5 0 . 2 8 6 0 5 7 - 0 5 0 . 2 8 6 0 5 7 - 0 5 0 . 2 8 6 0 5 7 - 0 5 
1 237 0 . 3 5 6 7 8 0 - 0 7 0 . 3 5 6 6 1 5 - 0 7 0 . 3 5 6 7 7 3 - 0 7 0 . 3 5 6 7 8 0 - 0 7 0 . 3 5 6 7 8 0 - 0 7 
n 238 0 . 6 9 1 9 1 5 - 0 2 0 . 6 9 1 9 1 5 - 0 2 0 . 6 9 1 9 1 5 - 0 2 0 . 6 9 1 9 1 5 - 0 2 0 . 6 9 1 9 1 5 - 0 2 
R 239 0 . 7 1 8 3 6 0 - 0 8 0 . 7 1 8 3 9 6 - 0 8 0 . 7 1 8 3 6 8 - 0 8 0 . 7 1 6 3 6 1 - 0 8 0 . 7 1 8 3 6 0 - 0 8 
I P 2 3 7 0 . 1 0 * 7 3 9 - 0 6 0 . 1 0 * 6 2 3 - 0 6 9 . 1 0 * 7 3 3 - 0 6 0 . 1 0 * 7 3 9 - 0 6 0 . 1 0 * 7 3 9 - 0 6 
BP238 0 . 7 8 0 5 1 5 - 0 9 0 . 7 7 6 * 1 0 - 0 9 0 . 7 8 0 2 8 6 - 0 9 0 . 7 8 0 5 1 3 - 0 9 0 . 7 8 0 5 1 5 - 0 * 
W 2 3 9 0 . 1 0 2 9 M - 0 5 0 . 1 0 2 9 M - 0 5 0 . 1 0 2 9 * * 3 - 0 5 0 . 1 0 2 9 M - 0 5 0 . 1 0 2 9 « * - 0 5 
RP2*0 0 . 1 3 2 2 9 2 - 1 0 0 . 1 3 2 3 0 0 - 1 0 0 . 1 3 2 2 9 * - 1 0 0 . 1 3 2 2 9 3 - 1 0 0 . 1 3 2 2 9 3 - 1 0 
P0238 0 . 4 4 1 9 6 9 - 0 6 0 . 4 3 8 5 9 0 - 0 8 0 . 4 4 1 6 7 8 - 0 8 0 . 4 * 1 8 6 7 - 0 8 0 . 4 4 1 9 6 9 - 0 8 
PR239 0 . 1 0 5 7 * 7 - 0 * 0 . 1 0 5 6 0 3 - 0 * 0 . 1 0 5 7 7 5 - 0 * 0 . 1 0 5 7 7 9 - 0 * 0 . 1 0 5 7 * 1 - 0 * 
PS2*0 0 . 9 9 5 9 2 5 - 0 6 0 . 9 9 3 0 2 5 - 0 6 0 . 9 9 6 * 5 0 - 0 6 0 . 9 9 6 5 2 2 - 0 6 0 . 9 9 5 8 1 7 - 0 6 
PR2*1 0 . 3 3 * 2 0 * - 0 6 0 . 3 3 2 8 2 9 - 0 6 9 . 3 3 * 5 0 8 - 0 6 0 . 3 3 * 5 3 5 - 0 6 0 . 3 3 * 1 * 7 - 0 6 
W 2 « 2 0 . 1 6 3 7 * 3 - 0 7 0 . 1 6 3 1 6 6 - 0 7 0 . 1 6 3 9 7 8 - 0 7 0 . 1 6 3 9 7 8 - 0 7 0 . 1 6 3 7 0 6 - 0 7 
P02*3 0 . 1 3 6 3 5 6 - 1 0 0 . 1 2 8 7 9 7 - 1 0 0 . 1 3 5 8 9 2 - 1 0 0 . 1 3 6 5 * 1 - 1 0 0 . 1 3 6 3 2 1 - 1 0 
AB2*1 0 . 5 8 6 « 0 * - 0 9 0 . 5 8 * 2 2 3 - 0 9 0 . 5 8 7 2 2 7 - 0 9 0 . 5 8 7 2 2 7 - 0 9 0 . 5 8 6 2 7 3 - 0 9 
AH 2 * 2 0 . 5 2 0 9 9 8 - 1 1 0 . 5 0 6 5 6 2 - 1 1 0 . 5 2 0 9 5 9 - 1 1 0 . 5 2 1 7 3 2 - 1 1 0 . 5 2 0 8 7 6 - 1 1 
AH2«2H 0 . 5 0 * 8 3 1 - 1 1 0 . 5 0 3 3 3 * - 1 1 0 . 5 0 5 7 3 5 - 1 1 0 . 5 0 5 6 9 1 - 1 1 0 . 5 0 * 7 0 0 - 1 1 
AB2*3 0 . * 5 7 0 6 3 - 0 9 0 . 4 6 9 8 3 8 - 0 9 0 . * 5 5 2 l 7 - 0 9 0 . 4 5 7 8 7 4 - 0 9 O . 4 5 6 9 2 3 - 0 9 
Afl2«* 0 . 6 3 8 0 2 9 - 1 3 0 . 5 9 7 7 3 0 - 1 3 0 . 6 2 2 1 7 1 - 1 3 0 . 6 3 8 4 1 6 - 1 3 0 . 6 3 7 6 3 3 - 1 3 
CR2*2 0 . M 9 6 8 1 - 1 0 0 . * 3 5 9 6 2 - 1 0 3 . 4 4 9 7 8 R - 1 0 0 . * 5 0 5 1 * - 1 0 0 . 4 * 9 5 5 2 - 1 0 
CR2*3 0 . 9 5 0 9 7 8 - 1 3 0 . 9 2 2 9 8 1 - 1 3 0 . 9 5 1 6 7 8 - 1 3 0 . 9 5 3 1 * 7 - 1 3 0 . 9 5 0 6 6 * - 1 3 
CR2* * 0 . 2 0 6 7 * 8 - 1 0 0 . 2 1 6 0 6 6 - 1 0 0 . 2 0 6 * 5 * - 1 0 0 . 2 0 7 6 9 1 - 1 0 0 . 2 0 6 5 9 5 - 1 0 
CR2*5 0 . 2 * 3 3 3 3 - 1 2 0 . 2 5 8 5 3 2 - 1 2 0 . 2 4 3 0 8 1 - 1 2 0 . 2 * * 6 3 7 - 1 2 0 . 2 * 3 1 2 8 - 1 2 
I 135 0 . 8 8 2 7 5 2 - 0 8 0 . 8 8 1 3 * 4 - 0 8 0 . 8 8 2 7 * 6 - 0 8 0 . 8 8 2 8 3 2 - 0 8 0 . 8 8 2 7 3 7 - 0 8 
IE 135 0 . 9 1 * 7 5 9 - 0 9 0 . 9 1 1 3 * 1 - 0 9 0 . 9 1 * « 1 « - 0 9 0 . 9 1 * 8 2 8 - 0 9 0 . 9 1 * 7 * 0 - 0 9 
CS135 0 . 7 7 1 6 9 3 - 0 7 0 . 7 7 8 2 0 3 - 0 7 0 . 7 7 1 6 3 8 - 0 7 0 . 7 7 1 6 3 0 - 0 7 0 . 7 7 1 6 3 7 - 0 7 
ID 1*7 0 . 1 2 1 1 5 6 - 0 6 0 . 1 2 1 1 0 6 - 0 6 9 . 1 2 1 1 6 6 - 0 6 0 . 1 2 1 1 6 7 - 0 6 0 . 1 2 1 1 5 5 - 0 6 
PR 1*7 0 . 2 0 1 8 1 9 - 0 6 0 . 2 0 1 6 1 2 - 0 6 0 . 2 0 1 8 2 4 - 0 6 0 . 2 0 1 8 3 3 - 0 6 0 . 2 0 1 8 1 0 - 0 6 

mu 0 . « 5 7 0 « 2 - 0 8 0 . 4 5 5 2 5 3 - 0 8 0 - 4 5 6 9 8 9 - 0 8 0 . 4 5 7 0 8 4 - 0 8 0 . 4 5 7 0 3 4 - 0 8 
M 1 4 M 0 . 3 8 6 7 2 2 - 0 8 0 . 3 8 5 1 5 1 - 0 8 0 . 3 8 6 6 7 * - 0 8 0 . 3 8 6 7 5 7 - 0 8 0 . 3 8 6 7 1 5 - 0 8 

nm 0 . 1 9 9 6 8 2 - 0 7 0 . 1 9 9 1 3 5 - 0 7 0 . 1 9 9 6 7 1 - 0 7 0 . 1 9 9 7 0 0 - 0 7 0 . 1 9 9 6 7 8 - 0 7 
5(11 M 0 . 1 1 9 7 7 6 - 0 7 0 . 1 1 9 2 1 9 - 0 7 0 . 1 1 9 7 5 7 - 0 7 0 . 1 1 9 7 8 7 - 0 7 0 . 1 1 9 7 7 * - 0 7 
PPIX 0 . 1 * 5 2 2 7 - 0 * 0 . 1 4 5 1 6 4 - 0 * 0 . 1 4 5 2 * 1 - 0 * 0 . 1 * 5 2 * 3 - 0 * 0 . 1 * 5 2 2 * - 0 * 

M R 3 6 0 / 9 1 
CPO TIRE 

(S IC) 1 3 . 5 0 . 9 6 1 .62 6 . « 8 1 2 . 1 
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TABLE 0 6 - 3 . BESOLYS PPOR OTHER SCHBBES OP SOIOTIOB 

R-1CLI0B EXPLICIT CRftIR H8TBIZ EXPOBFrTHL 
ISSOHIBS EQOILIBBIOR 

EL%EOR»TE 
CSAIBS (33) 

PRIH88T CftilRS (15) (8 BOCLIDES) (6 B8CLIDES) EL%EOR»TE 
CSAIBS (33) 
(1 STEP) (1 STEP) (8 STEPS) (2 STEPS) 

J.128822-09 

(5 STEPS) 

0 234 0.128821-09 0.128821-09 0.828820-09 

(2 STEPS) 

J.128822-09 0.128822-09 
0 235 0.583389-0« 0.583389-01 0 .583388-0" 0.583390-08 0.593390-08 
1 236 0.286057-05 0.286057-05 0.286056-0J 0.286057-05 0.206057-05 
n 237 0.356780-07 0.356780-07 0.356780-07 0.356780-07 0.356780-07 
0 238 0.691915-02 0.691915-02 0.691918-02 0.691915-02 0.691915-02 
0 239 0.718360-38 0.718360-08 0.718359-08 0.718359-08 0.718359-08 
IIP 2 37 0.108739-06 0.108739-06 0.108739-06 i.108739-06 0.108739-06 
BP238 0.780515-09 0.780515-09 0.780515-09 0.780515-09 0.780515-09 
BP239 0.102918-05 0.102988-05 0.102918-05 0.102988-05 0.102988-05 
SP210 0.132292-10 0.132292-10 0.13229 2-10 0.132292-10 0.132292-10 
P1238 0.881710-08 0.111710-08 0.811710-08 0.181888-08 0.481870-08 
P0239 0 . 105786-08 0.105786-08 0.105787-08 0.105786-08 9.105786-08 
PO210 0.995920-06 0.995919-06 0.995928-06 0.996660-0e 0.996660-06 
P0211 0.33*203-06 0.338203-06 0.338208-06 0.338611-06 0.338611-06 
P!T212 0.163783-07 0.163650-07 0.163650-07 0.168081-07 0.164032-07 
P0213 0.136356-10 0.136279-10 0.136279-10 0.139598-10 0.139591-10 
M211 0.586803-0* 0.586803-09 0.586108-09 0.587813-09 0.587813-09 
MI212 0. 520998- -<1 0.520998-11 0.520998-11 0.558162-11 0.521915-11 
•112128 0.508831-11 0.818086-11 0.503888-11 0.505888-11 0.505888-11 
Ml 213 0.857063-09 0.156782-09 0.156818-09 0.17"! 053-09 0.471028-09 
tn29« 0.638028-13 0.637637-13 0.637722-13 0.659185-13 0.659150-13 
Cll 2*42 0.889681-10 0.889681-10 0.119681-10 0.191113-10 0.450717-10 
CH213 0.9509/9-13 0.950979-13 0.950979-13 0.105839-12 0.953659-13 
rm/2** 0.2S67W-1© 0-206525-10 0.206562-10 0.215155-10 0.215151-10 
CH215 <K 213331-12 01283213-12 o!213223-12 i>! 25*910-12 ol258898-12 
I 135 0.832002-08 0.832002-08 0.872511-08 0.883881-08 0.883881-08 
f?135 0.862199-09 0.862199-09 0.908186-05 0.915555-09 0.915555-09 
CS135 0.772908-07 0.772908-07 0.772677-07 0.778882-07 0.778882-07 
BD117 0.119566-06 0.119566-06 0.121082-06 0.121169-06 0.121169-06 
M l 47 0.203083-06 0.203083-06 0.202102-06 0.201837-06 0.201837-06 
PHI 18 0.860801-08 0.860801-08 0.157801-08 0.157096-08 0.457096-08 
PHI 188 0.389858-08 0.389858-08 0.387359-08 0.386767-08 0.386767-08 
PH119 0.193223-07 0.193223-07 0.198858-07 0.199708-07 0.199708-07 
SHIM 0.116169-07 0.116169-07 0.119519-07 0.122111-07 0.119790-07 
P P l l 0.185398-08 0.115391-08 0.185376-08 0.185286-01 0.145246-04 

IBS 360/91 
CPO TTHt 

(SEC) 2.52 1.38 1.62 1.08 1.14 
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rather poor when a desired power level is not maintained; the error 

caused by this approximation is shown to decrease when the exposure 

period is divided into substeps. The explicit chain treatments involve 

an elaborate representation involving 33 chains (799 chain entries) 

which includes the B decay of Am 2* 2 and only the a decay feedback of 
2 1 ,P\r+ 2 3*U, and a primary chain representation which requires 15 chains 

(229 chain entries) of which 4 are required to treat the fission prod

ucts. The matrix exponential method results shown in Table 06-3 were 

obtained by setting the nuclide concentrations equal to equilibrium 

values at end of step for those nuclides having a specific loss rate 

time? tru? time interval exceeding 24.0 and 120.0, respectively. For 

average generation rate results shown, the end of exposure s*ep gen

eration rates from a precursor were used (instead of the average of the 

start and end of step averages) when the specific loss rate times the 

time interval exceeds 2.3, e" < 0.1. 

Processor times shown are for total BURNER module access. 

The second sample problem is a two-dimensional mockup of a fast 
_ a breeder reactor in (r-z) geometry. The VENTURE code is used to solve 

an initial flux-eigenvalue problem. Then the period of the point of 

refueling is treated in three exposure steps, each followed by recalcu

lation of the flux-eigenvalue problem. Prespecified control rod position

ing in the sense of smeared nuclide concentrations is imposed with neglect 

of deviation from critical conditions. The nuclide chains which were 

considered are shown in Figure 06-2. The computer listing of the input 

data which documents the problem was shown in Table 06-1 along with the 

a0RNL-5062. 
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Figure 06-2. Nuclide Chains for the Second Sarnie Problem 
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condensed results and selected edits from the BURNER code. 

Much of the capability of the BURNER code is applied in this sample 

problea. Gamma heating calculations are done, exposure data is cumu

lated, and local exposure is done at each of the points in a zone. 

The third sample problea applies the steady state continuous fuel

ing model. The computer listing of the input data, the condensed edit 

and selected edits from the BURNER code are in Table 06-1. The problem 

is a reactor which is at steady state, with two types of pebbles in 

four streams passing through the reactor at rates defined by residence 

times. The problem is solved by an iterative process: a neutronics 

calculation which involves a criticality search on the fuel in the 

reactor and in an external feed box, and the exposure calculation which 

follows the material passing through the reactor, applied successively 

in an iteration loop. 

This problea was selected to denwnsfrrite «w»e of the capability 

implemented. The one-dimensional traverse is mocked up with a thin 

two-dimensional model. Fueled pebbles are introduced at the top of the 

core and fertile pebbles at the top of an inlet blanket. A density 

change occurs when the two streams come together, and change in the 

residence time (per unit height) of the fertile pebbles is accounted 

for by a change in the zone heights. The feed composition is fixed 

for the fertile pebbles while the fissile enrichment of the fueled 

pebbles must be determined in the calculation for the steady state 

condition. 

After terminating the iteration process, the multiplication factor 

is followed over a period of shutdown. 

END OF SECTION 
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SECTION 07: VERIFICATION TESTING 

This nodule has been subjected to extensive verification testing. 

All of the iapleaented options have been exercised, but not all combi

nations of then. A msaber of problens have been solved, and solved in 

different ways with B U M E R to prove that the parallel procedures produce 

sinilar results. Only a United anount cf absolute testing has been 

done. The appropriate problem frost OtNL-TM-3793 have been solved and 

acceptable results obtained. 

A nisaber of different situations have been described as input and 

results obtained over the range of the possible user options. These 

cases cover typical reactor problens, fast and thereal reactors, blankets, 

etc., and a variety of nuclide chain representations of the actinides and 

the fission products. Code Modifications were aade during this tin* mm 

deeaed desirable such as required to avoid Machine underflow and to inprovc 

the reporting of results. 

END OF SECTION 
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SECTION 08: HATHBUTICAL EQUATIONS 

The linear coupled first order nuclide chain equations are solved for a 

specific location in a reactor. Be consider thee here in the for* 

AN (t) 
-St" " - a nV t J * V t J * a . * ±V t J ' f«-» 

where N (t) is the concentration of nuclide indexed n at tine t, n 
M (t) is the precursor nuclide along a chain route, a depending on n 

and the nuaber of these depending on a, , 

Y (t) is the production rate of nuclide n froa fission as a fission n 
product (which nay be zero), 

L U 
Y ft) = Z N (t) E y(t.n.u) I o A , (08-2) 
" *=1 u-1 gCu *'*'* * 

where I refers to an identified f i s s i l e nuclide, 

a , . is i t s Microscopic fission cross section for energy group g, 
» » * t g 

$ is the local neutron flux, usually that for the start of a step, 
8 

but can be a linear weighting in time, 

y(£,n,u) i s the specific fission product yield fraction for a range 

in energy which nay span one or norc of the energy groups; 

a n ' * x , n , g V Xn (08-3) 

where a refers to the sua over all reactions which cause loss of nuclide 

n (not scattering!) , including (n,Y)» (n.o), (n,f), (n,p), 

(n,d), (n,t), and (n,2n) cross sections. 
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arm, or (08-4) 

where 
« Z O a . •,••11 (08-5) 

and x is the fraction of this reaction considered to produce nuclide n 
sr*n 

(often unity), 
o is the aicroscopic cross section for generation of the product: 

(n,Y). («»<*), (a,p), (n„2n), (n,d), (n,t), (n,f), or total 
absorption less fission* for group g. 

As presented, the nuclide concentrations are in units of atoms/bn-cm, 
specific rates are sec and the neutron flux having usual units of 

2 -24 2 
n/sec-ca must he Multiplied by 10 (ca /bn) to give units of n/sec-bn 
for use of cross sections having units of bn (barns). Time here is always 
in units of sec. 

Not shown above is th- provision to apply on deaand the Bondarenko 
correlation. Civen start of step nuclide concentrations and temperature 
information, the specific reaction rates are determined. Considering 
that these specific rates are assumed to hold over the exposure period, 
it aay well be appropriate to subdivide an exposure period to allow these 
rates to be calculated more than once. 

The Average Generation Kate Formulation 
Simplifying equation 09-1 Co the form 

d^o 
dt n n n (08-6) 

'Not implemented in the first release version. 
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where P is an effective or average generation rate, the exposure period 

T is divided into a fine scale of L intervals of tine A each, A * T/L. 

An elenentary finite-difference solution of equation 07-6 is 

dyt) 
dt 

X (A) - X (0) fN (A) • H (0 )1 

;•(£,) - x (0) n n 

I 
a .-. n 

2 

1 
a A 

AP 

I • 
3 A 

n 

or 

S (Al = N (o) JjL • M M P 
• L2*vJ 1/ vJ n 

(08-7) 

When appropriate, a A large, a higher order formulation is used which 
n 

coaes d irec t ly from integration of equation 08-6, 

N (A) - 51 (0)e n r» 
v- K) (08-8) 

Use of the higher order font i s especial ly desirable to avoid ser ious 

inaccuracy for nuclides which approach an equilibrium condition rapidly, 

dN i 
dt 0; N - - a 

n a_ 

To improve the estimate of the average generation rate, N (A) for the 
n 

-a A 
precursor is used to calculate P if « n < 0.1 for exposure calculations 

n 
or if 0,01 for shutdown calculations; otherwise nhe selected weighting is 

M(0,A) - ON (0) • (l-a) I (A), (08-9) 
n n n 
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where the parameter a may be specified, defaulted to 0.5. 

The equation coefficients do not change with tiae and therefore are 

calculated only once. Passing through the specifications, end of step 

concentrations will be the same as start of step concentrations except 

for those nuclides already treated, so the results depend on the order 

of processing. Ue expect the actinide nuclides to be treated first, then 

tV* fission products* 

As programmed, rhe user nay specify the number of intervals for an 

exposure period L. Unless otherwise specified, the largest specific 

nuclide reaction rate is selected, and L is set to 

L - SOOT (aax(a ) } 1 / 3 , n 
except that it is restrained to 

10 <_ L £ 100, 

and is always made an even integer when not specified. For a small, 
n 

the value of L * 10 nay not be adequate, requiring that the user supply 

a larger valve when application experience indicates this. 

The Explicit Chain Solution 

The general solution used for the chain equations allows simple chain 

coupling. It is assumed that the term Y (t) in equation 08-1 i* not tim? 

dependent; if the power level were constant, the fission product generation 

would be constant except as the fissioning nuclide concentrations shift and 

as these fission rites vary locally. The user is requested to specify the 

actinide chains first, and the fission product yield is determined from 

equation 08-2, except that N (t) i« replaced by 

1/2 1^(0) • Nt(T)J . 
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The equation prograaaed for an exposure period T is 

where 

N (T) 
n 

N„(0) n 

B - l 

•••'•'•(^) 

• I E [* (0)Q . • * U I . 

(08-10) 

n-1 
Q - « £ 

-a T -a 7 
e * - e n 

k«i < W ' 
Ma 

(08-11) 

and 

r. V l n-1 b. 
J ' n ' 1 L *n J . - i a . 

n-1 
T. 

a»i 

-a T -a T 
e » - e n n-1 b 

n 
k«i C V»J 

(08-12) 

The calculations are done in double precision on a short word computer. 

Significance tests arc Made and extraneous contributions (hopefully) are 

discarded. Mien two specific loss rates are found to be identical, they 

are automatically separated by slight adjustnents to prevent over'low of any 

contributions to the result of equations 08-11 or 08-12. 



0§-« 

To achieve the necessary precision, tens are changed fron the fora 

and the approxiaation of 

^•"-jCi-fd-fd-ld-Jc....)))))) . C«»-U) 
is used when e~ is near unity, x < 0.01. 

The Matrix Exponential Senear 
Consider a siaple situation Mhere a set of nuclide concentrations are to 

be obtained. Nithout interchain coupling, the generation rates do not depend 
on the nuclide concentrations, 

-j-"-* - a H • P . dt n n n 

After an exposure period A, the nuclide concentrations are given by 
-a & P -a A 

N (A) * II (0)e n • -?kl-e n ) . n n a n 

Expansion of the exponential terns gives 

NfA) » N (0)tl-a J ^ - . o ^ - k a A) 3 *.. . J n n n x n o n 

Mn(A) - N | | (0){l .a n Atl-y(a i | A)Il-5(a n A)ll- . . .n]} 

• P n AU-j(a n A)[ l -} (« n /OU-. . .n i . 
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Consider the meaning of e~ , where A i s a mat r ix ; 

-&A _ . , A 2 .2 A"\ i e = I - aA • -̂  A - T- A * — •i o 

(08-14) 

= r i - A A ( I - | A(I - y A | I - . . . H I -

If A is diagonal, the diagonal teres being a , then this operation produces 

the desired solution results. The operation AA simply squares the diagonal 

term. 

For the general problem, the off-diagnnal teres in A are coupling teres 

between the equations. 

Consider the set of linear equations, 

dN (t) 
n,n n " m,n'a "* ~ dt 

w> 

This set of coupled, l inear f i r s t order equation* eay be described in matrix 

notation as 

AJi « - K (06-15) 

where A contains both the a tens on the main diagonal (all positive), 
n,n 

and the -a term*. m#n, off the diagonal (all negative). This equation m fn 
has the solution 

SfM » e"AN(o) 
.2 , .3 , 

« {I -AA • j A* - J A • ... )N(0) (08-16) 

. (I-AAfl - | A [ 1 - | A [ I - . . . ) ) J > N ( 0 ) , 

for an exposure period A where I is the unit Matrix. A single tern (l-AA) 

can not be used because there is inadequate propagation through the coupling 
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tens. Indeed matrix A only contains near chain coupling. A increases this 
by one nuclide, so if the coupling band is n+1 nuclides, n couplings, one 
needs the tern A n to effect propagation through the whole chain, resulting in 
n terns containing A, a ninlnun. 

The advantage of this technique is that it properly accounts for the full 
coupling between nuclides; alpha decay feedback along a chain and Multiple 
routes can not be fully accounted for with explicit solutions for individual 
chains. It should be noted that the nuclide to nuclide coupling (transautation) 
terns include the fissile nuclide, fission product nuclide coupling, so the 
calculation of fission products is direct. 

The implemented procedure of calculation was selected to ainiaize both 
the aaount of storage required and the aaount of arithactic involved. Consider 
the solution cast in the fora 

N(A) = E r-l)j(Jr)(nA)jNrO) . (W-17) 

Let P. = AA, II. he a working column vector, and M. be the estiaatc of the 
i J 

solution column vector, where j is a running index of the sweeps through the 
equations. Setting 

M * II = N(0) , o o v ' 

" j ' - ( t , E V . • 
M. » M • H. . (06-18) 

An acceptable solution is identified, N(A) * M., and the calculation terminated 
at j * J when the ratio of any tern in H. to the associated solution estimate 
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( t e n in M ) is < 10 A minimum value of J i s allowed wtu<.h vv? have set by 
•I 

various ways, currently the solution of J * max(£a ) plus the square roar of 

the number of actinide nuclides plus the square root of the number of fission 

product nuclides. The matrix K * AA is not set up as a squa c Matrix, hut it-

two major components are stored separately: 

1) the diagonal entries £a , 

2) the set of coup lint terns .-*,b{«*n) plus the fission product yield terms, 

the latter typically 

Ab(tHc) -. :. z yfi.k.ui r, , : 
g=l U..R f ' f c ' U U 

Underflow is prevented by setting any entry in II. equ?I to zero if it is 

< 10" after it has been used fsummed into M.). 
J 

The convergence rate of the calculational procedure can be accelerated 

11 amount for usual problems by a simple transformation. We consider 

* * c 

Ae - = * J7 I c -I . 

where B » (A - n) ; 

N(A) « c"^fe" A BjN(0) . (08-19) 

The procedure described altovv is used with t * &(A - <i), and the solution is 
-it N(A) > c 'M.. The main diagonal term t is a selected constant, currently 

chosen by 
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a « ± max a (08-20) 
2 n 

The use of e evaluated precisely at the end causes a slight distortion 
Aa of the results, but an expansion of e to the number of terms used in the 

—Att calculation and use of its reciprocal instead of e was less consistent. 

Another procedure is of interest because of a slight gain in signifi

cance of the results for large coefficients at a slight increase in compu

tation cost. Consider the expansion 

2 3 4 -x . x x x 
" X 21 " 3! * 4! " ••' 

Grouping adjacent terms, 

3 
e" X - 1 • j? (x - 2) • Jy (x - 4) + ... 

By such grouping the result is obtained by sunning numbers which are not ai-

near the same magnitude. The integer subtraction is done precisely. For 

small x, the approximation monotonically dc.reases from unity and for large 

x it increases monotonically to a peak and then monotonically decreases. 

The procedure is as follows with the transformation introduced above. Let 

for i • 1, 

for i > 1, 

B » A(A - a) » 

M 
0 

• N(0) , 

E l - j ZN(0) » 

Y . 
l * Z E i - l • and 

E i l 2 i n 2 i - T ) B Y i ' 
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Then Fj = B - (2i)I , 

H. = F.E. , and C08-21) 

Mi = Mi-1 + H i " 

-aA 

The solution N(A) * M e is obtained upon truncation at required con

vergence, I * J/2 -1-1. An increase in the amount of calculation of about 

15 percent is incurred by this procedure over the siapler one above. Early 

teraination of the expansion Bust be avoided because the combination of 

successive terms way wake a saall if not zero contribution, so a ainiaua 

nuaber of terms is required to avoid false convergence indication, I > x/2. 

If an entry in A exceeds soae value, the results from these procedures 

would not have adequate significance due to subtraction of nuabers of 

nearly the same aagnitude. The problem is illustrated by the expansion 

2 -x , x 
e = 1 " X * 2 T " ' * * 

This expansion peaks when 

n-1 A ~ X 
n! (n-1)! • 

x ~ n , 

and since the signs of the successive terms alternate, the largest value 

Involved Is x n/n!, while the answer we seek is e . For alx-dlglt signifi

cance In e~ x, It Is required that the number of machine significant digits 

used to store the largest value be six more thao the desired remainder con

sidering the difference x n/nl-e' x. If x is 12, the difference Is 18614 -

0.0000061, a loss of 10 digits requiring 9 + 6 - 1 6 machine significant digits. 
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If the effect of coupling coefficients is considered and the largest tens 

is nearly equal to the largest diagonal (loss) tern, then x above is twice the 

largest diagonal loss coefficient, sun of the absolute values of the entries 
i t 

on columns of matrix A, or if x « 12, max (a ) » 6. (The e transforma

tion distorts the operator norm evaluation.) 

In simple situations it is reasonable to assume that a nuclide having 

a large value of a will take on the end-of-exposure steady state solution. 

The automated procedure is as follows. Given nuclide n having large a , 

for all m having coupling (nrm) and all J. having coupling (n-*£), replace 

all (n*?.) with coupling coefficients 

'" V^\ 
a r •. ~ a m, < m 

drop nuclide n frow the calculation, and finally set 

d.N 
n̂  

dt = 0 = -a N (A) • P (7.) , 
t=A n " 

N (A) = maxfJ-P (fi), e'V'N (0)) , 
n a

n n n^ (08-22) 

where P is the generation rate of nuclide n from all sources. It is 

possible to eliminate one through several nuclides in this manner. There 

is loss of conservation of mass in the amount of the final assigned con

centrations, that introduced by Equation (08-22). The full implications 

of this procedure applied to complicated situations is yet under study. 

The procedure is most applicable to core behavior during operation, not 

the shutdown problem at zero flux exposure. 
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The user may override the automated procedure for subdivision of an 

exposure interval into substeps over which the max (a .".) is small enough 
n 

to produce accurate results; this option may well be needed in those 

situations involving only a few ?.ones where the coefficients are large, 

but the calculation cost of this procedure may make it unattractive for 

certain applications. We expect use -o be made of the supplemental 

explicit chain capability when the coefficients are large (as for the 
I 1 3 5 - x l 3 5 - chain), e 

Example Problem 

As an example, a simple situation is treated, three nuclide equations, 

dN ft) 
----- - = - a l V t , 

dNJt) 
- 5 T - = - : , 2 N 2 f t ) + a i N l ( t ) 

dN ft) 
~ a r - - a 2 N 2 f t ) • 

There is no loss of natcrial because loss shows up as source to the next 

nuclide and the last nuclide has no loss. One measure of the accuracy of a 

calculation is the loss of material from the system. As initial conditions 

wc set 

Nj(0) = 0.7 

N2(0) =0.3 

N3f0) =0.0 

1.0 
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the explicit results for an exposure step T are 

N,rn = N (0). V 

S,fT) - N7fi»)c 
• a , » 

• NjfOJ •v V 
a r a 2 

[ l V C V . 2 >T] 

. 3 fT) = N^fD) 1-e I • X f0) I -

- a t T -a 2 T 
a 7 e -a e 

We consider T«1.0, a*0.4, a_=0.3. These data give specific reaction rates 

which are higher than those typical of application. An explicit solution 

of the equations yields the following results: 

Nj(T) = 0.46922403 

N 2(T) = 0.41964036 

N (T) = 0.11113561 

sum 1 • W 

For the average generation rate method we first consider the lowest order 

finite difference approximation, e = 1 - x: 

A,„ N?(t*A) = N2(t)(l-a2A) • a { j(N frt) • Njft+A)] 

a_A 
N3(t*A) - N 3(t) • -j- [N2(tUN2(t*A)J 

The results as dependent on the no., jer of steps taken over the exposure 

period are 
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In t e rva l s 1 2 4 8 

* , (T) 0.42 0.448 0.45927 0.464394 

N 2(T) 0.434 0.42465 0.421173 0.420604 

N 3(T) 0.1101 0.11150 0.111465 0.111349 

TOTAL 0.9641 0.98415 0.991908 0.996347 

Thus doubling the number of steps essentially halves the error in 

this example. This is a relatively slow rate of error reduction. Of 

critic.il importance for accurate results is that all a A « 1. 
n 

Next we consider the use of average generation rates with a precise 

integration of the differential equations, 

Nj(t*A) = Nj(t)c -v 
-a_A a -a A 

N 2(fA) = N2ft)e • 2^- [1-e J [Nj (t)*Nj ( f A] , 

The results as 

period are 

N 3(fA) = N,(t) • -f- [N 2(t)*N 2(fA)] . 

dependent on the number of steps taken over the exposure 

Intervals 1 2 4 8 

NjlT) 0.4692 0.46922 0.469224 0.469224 

N 2(T) 0.4243 0.42079 0.419928 0.419795 

N 3(T) 0.1086 0.11053 0.110984 0.111117 

TOTAL 1.0021 1.00054 1.000135 1.000136 

http://critic.il
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Note i •* much : aller error than with the very low order formulation, 

and a relatively fast rate of error reduction associated with the Indi

vidual nuclide concentrations calculated. Here doubling the number of 

steps essentially reduces the error by a factor larger than two. 

For the matrix exponential approach, we consider the matrix 

A = 

I - AA 

0.4 0 0 
-0.4 0.3 0 
0 -0.3 U 

0.6 0 0 
0.4 0.7 0 
0 0.3 1.0 

and the results as dependent on the number of terms taken in the expansion 

are 

Number 
of Terms 0 1 2 T 4 

Nj(T) 0 .7 0 .42 0 .476 0.468533 0 .469280 

N 2 (T) 0 . 3 0 .49 0 .4055 0.421417 0.419476 

N 3 (T) 0 0.09 0 .1185 0 .11005 0.111244 

TOTAL 1.0 1.0 1.0 1.0 1.0 

Note that there is conservation of the total. Measuring error as the square 

root of the sum of the squares of the differences of the final nuclide con

centrations from fact, the error goes down as 0.08843, 0,01732, 0.002194, 

and 0.000204 for increasing terms in the expansion; doubling the number of 

terms decreases the error by about a factor of ten after effecting full 

coupling. 
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The simple transfc.rr.ed matrix exponential method is now applied. 

Let . = -- max (a > = 0.2, 2 n 
! " » ' . - <> t" "J 

B = -f».4 0. 1 0 
: (i -('.5 -0.2 ' 

The results as dependent on the number of teras of the expansion are 

Number 
of Terns 
-=*_«»--«.-* 
x,n-i 

J\ 

0.4384S9 , 0.469931 ' 0.469187 i 0.469226 

(i.S ii.4303!): . o.4I~l43 j 0.419~77 ' 0.419633 
i t i i 

N . f l i ; o : 6.0~3<>8(. | 0 . 1 1 1 7 . " | O.Jl'HO.J | 0 .111138 

-' ' ! i ! I 
I TOTAL i 1.0 i o.98.2477 ii.9988.3I ! 0.999945 0.999999 

The expansion is more rapidly convergent, although conservation is 

lost (sum not ur.ity). For i = 0.3, the results obtained are 

Number 
of Terms 0 1 2 3 4 

NjfTj 0.7 0.4667 0.46931 0.469222 0.469224 

•S(T) 0.3 0.4297 0.41930 0.419649 0.419640 

N 3(T) 0 0.0667 0.10779 0.110863 0.111120 

TOTAL 1.0 0.9631 0.99640 0.999734 0.999984 

Here 0.2 is judged superior to 0.3 for a although this nay be obvious 

for this simple case; Increasing the value of a tends to reduce a weighted 

error in the results with termination at a set number of terms up to some 

point where the error grows, the optimum depending on the coupling coef

ficients and the concentrations. 

http://transfc.rr.ed
http://ii.9988.3I
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Shutdown and Negative Exposure Step 

Special routines have beer, implemented to treat a period of shut

down. For this calculation all flux-dependent reaction rates, loss, and 

coupling terms are ignored. The user may specify that results are to 

be obtained at more than one point in time. The input data allows the 

time intervals for the substeps to be varied. Generally there is Interest 

in short times immediately after shutdown, but in longer ones between 

results toward the end. The ratio of one substep to the previous one is 

specified, which means continuously increasing the i.irae interval with time. 

The ruclide concentrations calculated for the end of a shutdown period may or 

may not be used thereafter for subsequent calculations, depending on the 

selection of options for writing the interface data files. 

The coding 'ias been done to permit the treatment of a negative expo

sure time interval (not shutdown). This capability is not of interest 

for usual calculations, but does permit going backward from one fueling 

to the previous one given end-of-cycle nuclide concentrations. It appears 

that these end-of-cycle concentrations cannot readily be estimated unless 

produced from calculations for a rather simple nuclide chain treatment 

with adequate provision for spatial variation consistent with a desired 

refueling pattern. Special steps are taken in the procedures to handle 

large coefficients realistically without producing reasonably large 

nuclide concentrations* Still, assessment of results may be essential 

and application restricted to situations tor which the procedures 

produce reasonable results. 

aUnless the ratio is made less than unity. 
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Computat ion J ise 

The full matrix exponential method requires perhaps three or more 

t itaes as nuch computation as the other methods, and hence its use 

should be limited to testing. A reasonable balance of computation was 

attempted in setting the default procedures for the other methods, and 

testing has shown that typically they have the order of increasing 

amount of computation: explicit, matrix exponential (equilibrium 

intermediate), average generation rate. 

Power Level Renormalization 

The programmed procedure attempts to maintain the initial power level 

by adjusting the reaction rates (flux level) at the start of each sub-

step after the first one. Consider the initial power level to be P as 

calculated from the data available (with provision for adjusting it). 

After the first substep, the power level is calculated to be Py(l). The 

power level at the start of the second substep will be set at B(2) P . 
o 

Assuming a continuing linear change, the anticipated average over the 

two steps is set to the desired value, 

Po = J [ Po + P E ( 1 ) * 2 B ( 2 ) Po > P E ( 1 ) " Po)-

Pud) B(2) = 2 - B 

P o 

The power level is calculated from Integrated rate of fission times 

energy per fission plus capture times energy per capture. If the values 

Interval divided into SO substeps. 
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of energy per fission are all zero, they are set to 3.2 x 10 watt' 

sec/fission and energy per capture values are set to zero. Considering 

P to be the average over the past history, the general formulation 

used is to set B(l) = 1, and 

B(n*l> = i *{;-,) . JHI - |- [n P B • | P £(nj] , (08-23) 
o 

where 

F n = < ̂  > Fn * k £B<»> »-o * p
E « 3 * 

The user nay override this scheme, specifying no renormalization, 

or that the power level at the start of each substep be that at the s:art. 

Renoraalization is done on the basic substep scale for all solution tech

niques, not during the fine scale calculation used for the average 

generation rate formulation; the total exposure period is divided into 

a specified lumber of substep exposure periods. 

Use of Flux Values at Two Points in Time 

By option, zone average neutron flux values for two points in tine 

•ay be used for an exposure period. It is assumed here that both nuclide 

concentration and flux data files exist for the start of the step and that 

a second flux file is available for same later time. User options on ad

justing the flux level to effect a desired power level are not impacted 

by this calculation, although the bast choice from the possibilities may 

well be influenced. 

Given nuclide concentrations and flux values at time t, N(t) and 

v(t), a»i also flux values at time t + l, nuclide concentrations are to 
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be determined after exposure tims A. The flux values are initially 
weighted by the formulation 

$(£) * *(t) • A($(f£) - $(t)] . (08-24) 

where A is determined as I I if t > t»l > 0, or if 
only one flux file exists, 

j if t = t̂ il = 0, or otherwise. 

L (08-25) 
\ • - - • • -

2[(f4)-t] 

where t+fc and t refer to reference time information in the flux files. 
If only one nuclide concentration data file is available, it is used; if 
more than one version exists, the latest version having reference time t 
is used, but if none is found for this time, the latest version is used. 
It is assumed that the flux file having the latest (highest) version 
number is for time t+l and the next-to-latest version is for time t. 

Generally the exposure period needs to I. divided into substeps only 
if the flux values supplied will not effect a desired power level over the 
exposure period. 

Exposure of Material in Zones 
Generally the nuclide concentrations are processed for each zone of 

the reactor. These are smeared concentrations, averaged over the fine 
geometric detail of the fuel rods for the particular zone to make the 
problem tractable, both for the exposure calculation and the neutronlcs 
problem solution. A solution for the zone avers., nuclide concentrations 
does not account for the effects of local flux peaking in locations of 

Or a direct weighting factor may be used on option, factor B, and A - 1-B. 
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'ligh Moderation (rods near a reflector), nor flux suppression where 

absorption rates are high (as in the dramatic case in the neighborhood 

of a large resonance in a rod loaded with a fertile actinide). The 

calculation is of average behavior, hopefully representative of the 

average over local behavior. Care must be taken to properly represent 

these average conditions with appropriate nuclide concentrations and 

consistent cross sections which will allow realistic results to be obtained. 

Consider that a control red is depleted in accordance with the 

equation 

^ -- - S / 'J$(F.)dE , dt 

.,,., « M " A i ^(E)dF. (08-26) 
N(A) = NfO)c 

The change in concentration is dependent on the specific reaction rate 

integral over the energy range. For neutronics calculations, actu.il rates 

are determined as N S 0$(E)dE, so it is adequate to constrain No; B may 

be represented as natural boron, a decreased and N increased. The specific 

reaction rate would not be correct for the exposure calculation; the change 

in concentration of the pseudo material would be significantly underesti

mated in the illustrative case of B . If exposure effects are to be cal

culated properly, data for the important: nuclides of interest must be made 

available in such form that o<J> truly expresses the nuclide loss rate at 

the individual isotope level. By smearing out fine detail, one requires 

N2 V2°2*2 " N l V l ° l V N 2 V 2 " N 1 V 1 ' r e < l " l r l n 8 °2*2 * ai*l i n t h e l n t e 8 r a l 

sense. 

Depletion by zone is usually desirable when the geometric description 

of the reactor Includes an explicit representation of the fuel assemblies. 

http://actu.il
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Tnis is the case for most three-dimensional representations and thos^ one-

and two-dimensional ones which are simple traverses or cross sections 

through the reactor. Thus a problem may be a two-dimensional section 

normal to the axis (normal to the fuel pins); exposure would normally be 

done for average axial conditions to approximate average behavior, but 

there i; no direct way to account for behavior of an axial blanket. 

Many ca'culations are done which do not treat the full three-dimension

al problem. A point model, one zont, is a gross approximation of average 

conditions which has been widely exploited. Indeed blanket behavior can 

be approximated with disadvantaged cross sections (not disadvantaged con

centrations) to yield suitable specific reaction rates givt-'i •» point flux 

spectrum appropriate for the core on the average. Of course, this »., a 

very coarse approximation which will not pro«.:ce rest:'rs for assessment of 

power density peaking, etc. 

BURNER does not access ti.t detailed geometric description of the reac

tor. Only if the zone and subzone volume data is consistent with the de

tailed geometric description will renormalizction of the flux and edits 

of Integra'» be correct. 

Subzones 

By subzone we mean Chat a zone is considered to be subdivided into 

component blocks of nuclide concentrations. Only the zone average flux 

is available, so exposure of the materials in each of the subzones in a 

zone is to the same flux. The use of subzones is a powerful tool of analy

sis. Application is to the situation where the fuel assemblies are not 

represented explicitly - generally the geometric description treats less 

than the full three dimensions. Common applications represent the full 

reactor with a point model or an R-Z model, or occisionally a one-dimension

al spherical model. I 
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Consider an M-Z nodal. The untreated asinuthal coordinate would pass 

through feel sstaneliee coataining varied nuclide concentretione, except 

in the unusual cane where the representation is suite adequate, tree asiaa-

thai syunetry. Asinwthal syanstry is •••nnad for the calcolation and there 

ia no way for the calculation to produce uneyuaetry. The use of sub rones 

•Hows the accounting to be done for aclnuthal variation The ueutronics 

problen solves for the neutron flux using enasrsd nuclide concentrations 

averaged over the subsones associated with each rone. 

Sophisticated fuel uenaganent schenes nay be treated with a suhsone 

provision (fuel nenegenent ia not done by BURNER). Consider that one-third 

of the fuel aaaenblies in a reactor core are to be replaced each refueling 

in a randan or scattered sense. Vith subsones, accounting ia accomplished 

by assigning three subsones to each rone and replacing the notarial sequen

tially in one of the three subsones at each refueling. At son* refueling 

point in history, the three subsones in a tone will have been exposed for 

one, two, and three cycle periods, respectively. Thus the accounting of 

nuclide concentrations and nass balances ia accurate within the approxi-

nation of exposure to the sone average flux. There nay be a different 

nunber of subsones in one sone than in another, as nay be necessary to 

account for a schene of fuel uenageaent. Thus one-fourth of the assenblies 

in a radial blanket nay be replaced each refueling, while one-third of those 

in the core are replaced. Such conplaxlty as relocation of assenblies is 

accounted for by reassigning the proper subsones to new sones, hopefully 

consistently, but vhich is not done with the BURNER cede. 

There is a provision in BURNER for depletion at tha subsone level. 

Blocks of nuclide concentrations fsubcodes) nay be contained in a tone and 

exposed to the sone flux separately. Considering the general solution 
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*{L) « M(0) (08-27) 

where 1 is a solatia* aetrix dependent on A» when the flux and the cross 

sections are the sans, for blocks of nuclide concentrations (subzones with

in a sons), a single solution natrix is needed which would ainiaize the 

aaouat of calculation, however, for the aore general situation, the aicro-

scopic cross sections any be subsoae dependant, so this general capability 

is iapleatated rather than using Eq. 08-27. 

The situation where the aicroscopic cross sections depend on the zone 

location and not the subsone contents is deeaed usual. In the unusual 

situation, the aicroscopic cross sections depend on the subzone nuclide 

assignaents (not on the zone location) and this situation can not be 

handled by the above procedure. The exposure calculation is seriously 

iapacted because specific reaction rates aust be calculated for each sub

sone and the solution natrix B deterained independently for each; basically, 

the exposure calculation is increased by tha factor of the average nuaber 

of subxonts per cone. This «ituatlon also results when specific reaction 

rates depend on the nuclide concentrations with application of the Bonda-

renfco correlation. 

Local Detail Exposure 

BUKRFL has the provision to carry out exposure calculations on a fine 

scale for a Halted nuaber of zones. This calculation is auxiliary to the 

priaary problea for the purpose of producing auxiliary inforastion without 

sffectlng the priaary results. (The neutronlcs code calculates aacroscoplc 

cross sections for sotut-average nuclide concentrations.) The interface 

data file rcquireaents are significantly iapacted by this provision. 

Consider that results are desired in detail for a tone. The objective 
•ay be to establish the aaxlaua local power density in the sons. This sons 
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ia subdivided into a mil ir off snail eleaaatal voluaee (or a selected loca

tion nay •• treated, such aa when the sophisticated capability off tha uee-

tronics coda ia used to salact tha location off nawi—n initial local power 

density). A data file contains tha current nuclide concentrationa for each off 

these elenantal volunes. The •ipoams calcination is dona for each 

voleae and the nuclide concentration file ia updated for the end of 

atep conditions. The burden of producing tha appropriate elenental voleae 

group neutron flux values is placed outside of m n i | this data is hast 

produced by the neutronics code since it has tha necessary inforaatlon, 

including uncroecopic data and geonetric detail, to produce a consistent M 

ping of the flux over a sons, 

The selection of locations is dona by the neutronics code under 

control; values of the flux over energy and point are written on the z« 

average flux file. 

The procedure used for the prlnary calculation la also applied ia tha 

local exposure calculation. In tha at- ance off a local nuclide concentra

tion file (initially), one la generated froa the rone nuclide concentration 

file; identical concentrations by nuclide are asalgnad over a sona. There

after, tha contents of the point nuclide concentration file are used, and 

the file ia rewritten with the data for the end-of-expesure conditions, 

after a shutdown period if appropriate. 

Key results are obtained and reported for each exposure period. These 

Include peak power density Inforaation, and the tlae this peak occurs during 

this exposure period, and exposure data. A slaple average power density 

result is reported, 

1*** ™ W-JM 
p m -y » 

2V(n) 
n-1 
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Hhere the point volumes »(*) are defaulted to unity if not calculated. 
Statistical inforantion about the power density distribution is edited 

at the tine the peak occurs, gives the mexi=^» and minimum power density 

values. If there are less than ten poiccs involved, the power density at 

each is edited. Otherwise, a power density range of 20 intervals is 

selected, each interval of width 

AP - ^53 [ m P(«) - •*» ' W l » (08-29) 

starting at the lowest vslue nin F(n) - - AP, and the nunbcr of power 

density values lying in each interval is printed, giving a visual distri

bution. 

The Steady State. Continuous Fueling Model 

The BUMEx nodule contains an option to treat the steady state, con

tinuous fueling exposure problen. The sones nust have been numbered in 

ascending order along the individual paths (routes) through the reactor. 

Exposure for sones not in the flow path (higher numbers) is calculated 

normally. Recycle, once or more, is allowed, a* are multiple streams. 

Consider s one-dimensional model of a reactor core, an axial trans

verse. Feed material is introduced at the top, say, and moves down 

through the core. Dividing the core Into zones of equal thickness, the 

residence time in any tone is the core residence time divided by the 

number of these sones. Feed materiel is taken from an "extra" zone of 

the problems; the number of this sons is specified in the control in

structions and the some should be inactive: have no volume and no flux 

(be unused in a neutronlcs problen). 

The composition leaving the first sons is calculated by exposure 

of the external feed material to the average flux in this sons for the 
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tine of residence in the sons. This is a direct application of the fixed! 

material calculational procedure without any rate term additions and with 

no restrictions on the available options. The desired poser level cannot 

be effected by breaking the exposure tine into substeps, but the exposure 

calculations nay be repeated with the flux level adjusted to effect the 

desired power level. Usual reaction rates are calculated for material enter

ing a cone and material leaving, and the integrals of rhe suns of the 

averages are reported. 

The material leaving the first cone, end of exposure concentrations, 

is used as feed material for the next tone along the path. The average 

between the concentrations of the material entering and that leaving for 

each zone is obtained to approximate the son* average concentrations (before 

the shutdown calculation is done), and these averages are written on the 

nuclide concentration interface file for further use such ss for a neutronics 

calculation. Information about feed and discharge is made available in the 

edit, and the composition of the material leaving the last sons along each 

path may be obtained as an edit. The continuous fueling mode of calculation 

involves an estimate of the nuclide concentrations moving across the inter

face between cones and produces er estimate of the average concentrations 

in each cone. 

It is noted that the o/erall flux, eigenvalue, and nuclide concentra

tion distribution problem which must usually be solved involves iteration; 

successive neutronics and exposure cslculations sre performed with parameter 

changes made to drive the problem to a steady-state solution. A simple 

criticality search problem may be done at sach neutronics calculation la 

order to adjust the primary fertile nuclide concentration in the rssctor and 

in the feed. But, generally, sons control external from the exposure and 
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nemtronics codes will likely nave to be exercised to ad jest the resldeeee 

tines or the fraction of fissile notorial in the feed. This can be done 

•—mill, and likely also aw ton* ted, given a United nwnber of alternatives. 

Bidirectional feed in the one-dimensional sense can be treated by 

parallel flow paths. The neutronics nedel can be extended fron ©nc-

dinensional to two using two neshpoints in the second coordinate and a 

snail thickness to cawse the sane flex to be generated for adjacent 

rones for the average conposition. Alternatively, one coold esc the sub-

sons option discwased below. 

The nwlti-dinsnsional problem is a direct extension of the one-

dinensional problem with provision for nore than one path of notarial 

passing through the core. Residence tine along each path nay be speci

fied. 

The subsone option allows the specification of separate feed material. 

Residence tines along the paths sre defined by the ordering of the subsone 

numbers and association with zone numbers. This provision expands the 

class of problem which can be treated. For example, the flow cf two 

different particles at different rates along a path may be treated, 

possibly flowing in opposite directions. 

The block dlagran presented on the next page illustrates the 

exposure model. Rot shown is the implemented capability to assign a 

separate feed sons to each of the flow paths which allows variation in the 

fissile enrichment, for example, to effect reduction in the peak radial 

power density peak. 
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First Feed Zoo* 1 
Zona M + 1 Subzone M + 1 

Zona H + 2 Subzone H + 2 

Zona M Zone ZR Subzone 2M 

Tha flexibility of tha procraaaed treataent nay be exploited. One 

exaaple is a change in the zona average density (voluae fraction) froi 

zone to another. The reeidence tiae is constant in each cone and is rne 

core residence tin* divided by the nunber of sones along tha path. If tha 

Material in a zone is twice as dense am in the other zones, this ?one can be 

nede half as thick as tha other zones and the density change accounted for 

by tha core voluae fraction specifications. Making a zona half as thick 

causes tha sat residence tiae to apply to half the distance of travel* coa-

pensating for tha increased density. Thus pebbles could be introduced 

into an axial blanket where they have one density and associated flow 

rata and than pass into the core where tha available flow voluae is saall-

er and the traverse rate par unit height is faster. Such an exaaple la 

illustrated in Fig, 00-1 v where one atreaa of pebbles ia introduced at 

tha top of tha core directly and a second stress) of pebbles la Introduced 
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FERTILE PEBBLE FEEO 
(RECYCLE AFTER HOLOUP) 

INLET AXIAL 
BLANKET 

S 
ui 
Q. 

PRIMARY PEBBLE FEEO 
(RECYCLE AFTER PRO
CESSING, PARTIAL OR 
WITH EXTERNAL MAKEUP) 

FIXEO RADIAL BLANKET 
(FERTILE PEBBLES) 

PEBBLE OISCHARGE 
NOTE: 

THIS IS AN ILLUSTRATION OF ONF OF THE 
MANY POSSIBILITIES. 
THREE FLOW PATHS THROUGH AXIAL BLANKET 
AND CORE ARE SHOWN. 

Fig. 01-1. The Onca Through, Continuous Fualing Nodal 
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at the top of an inlet blanket. By using relatively snail fertile pellets 

it is postulated that vithla the core they can flow through the interstices 

between larger pellets at a controlled rate faster than the controlled flow 

rate of larger primary particles. Calculations have been done for this 

situation treating the primary pebbles as zone material and the fertile 

pebbles as subzone Material, with different core residence tines, higher 

density of the fertile pebbles in the blanket than in the core, and spatial 

variation in core residence tines. Son* care is necessary to effect a wholly 

consistent set of specifications for the sone thicknesses, densities (volume 

fractions), and residence tines. When seae thicknesses must be varied to 

account for variation in sone densities (volume fraction), care must be 

taken in selection of consistent sone heights to approximate region bound

aries. 

Also indicated in Pig. 08-1 is a fixed radial blanket. After the ex

posure calculation, zones containing fixed material (zones outside of the 

continuous fueling specifications) contain the material produced by expo

sure. Exposure time is additive when exposure continues through subsequent 

accesses of the BURREJt code. If an Iteration procedure is used to drive 

the conditions to a steady state, this additive exposure must be prevented. 

The computation system allow* the nuclide concentrations to be selectively 

changed prior to subsequent accesses of the exposure code. Care must be 

taken to effect proper Initial nuclide concentrations, ss of fertile 

material, and zero values for the exposure products, including fission 

products (see the use of the spsclal processor DOtttlf, report OxBL-5229). 

The implemented procedure admits the use of position dependent micro

scopic cross sections. Coirespondences between nuclide densities and cross 
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aactloaa are contained la the raferaaciag ffila nWSB* by unique aacllda 

U H I which have a fixed association with aoaaa and anheouea. nuclide 

coBcaatratioaa are accessed in tha order contained ia tha nuclide coucen-

tratloa flla ZHaTHL Material ia aovad fron one soaa to tha next by order, 

therefore tha identifying sets of nuclides aaat ba coaaiataat: blocking 

•net ba dona tha aaaa way and tha sane nurfeer of nuclides nust be contained 

in each blocked set over the zones along he flow paths and in the feed box 

son*, and likewise for tha swbsones and their feed box. Further exposure 

calculations are usually dona by absolute nuclide identification naae ( so 

theae oust also be consistent. Don't a w e tha concentration of U 2 , s from 

one zone to another where it will be identified as U 2 , a , or structural 

naterial, or anything else! 

It ia noteworthy that in parameter studies, converged solutions can 

ba obtained to the continuous fueling aodel auch quicker given the nuclide 

concentrations for <tiailar conditions than by atarting with unlfora concen

trations. Keep in aind that tha neutron flux solution satisfies tha nu

clide concentrations presented to tha neutronlcs coda; a search caa ba dona 

by tha neutronics coda to effect a critical condition, aa by adjusting the 

nuclide concentrations in the reactor zones, but tha faad zona notarial 

aust also ba altered to affect a change in tha exposure results. Along tha 

flow patha, the nuclide concentrations depend only on tha residence tine, 

the zone neutron flux values, and tha faad aaterlal. 

Under certain conditions it was found that successive eetlaatee of tha 

reactor state oscillated between two approxlaatlons. This was found to ba 

driven by tha successive estlaates of the average zona nuclide concentra

tions and the associated distribution of the flux (deepening the search did 
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not kelp aad tha probleas ooclllatad even wkaa tha aawtraaica coda siaply 

solved for tha aaltipllcatlea factor). Stability ahowld ha effected by 

averaging reaalta aa dlecaaaed below. 

averaglne, the Exposure seewlta 

Under very apectel conditlone it ia practical to produce aa the priaary 

product of the exposure calculation a file of the nuclide denaitiea which 

lie between thoee at tha atart and the after expoaure values. Consider 

that a fixed fuel reactor is to be treated for son* period of tine. Given 

initial concentration* and an eetlaete of the flux distribution for theae, 

end of exposure nuclide concentrations are obtained. If a slnple average 

ia taken of the initial and final concentrations, aid-exposure conditions 

should be well approximated, and a aore applicable neutron flux distribution 

la associated with theae concentrations. Than the original start of ex

posure concentrations can be exposed to this lnproved flux estlantc to 

improve the results. To use this option, special instructions anst 

be presented to the exposure nodule prior to each access to effect the 

proper control of access of the desired nuclide concentration file and off 

generation off tha new file. The calculation above would require alternate

ly producing aa average concentration file using the latest version concen

trations and than producing an end off exposure file (turning off the option 

under discussion) using the naxt-to-latast nuclide concentrations. 

This option any be useful for stabilizing the oscillation of problems 

applying tha once through, continuous fueling node! discussed above.8 It 

See also tha capability for averaging successive iterate flux estlaates 
and note tha repeat capability to effect the desired power level. 
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should be exercised selectively, only for that class of problem which 

require it, bacavaa tha rata of convergence of a problem which novas 

uonotonicelly toward a solution would likely ha significantly dacrcasad. 

Tha products of fission approach an asyuptote slowly with dsonant n§. 

Tha aquation applied on this option in for each naclida concantmtion 

in tha system, over all senna sad saitones, to ha weighted aa 

»«<•> - ̂ C« • » t\W - 1.CD1 . (Ot-30) 

i s after exposure, and H # ) i s tha weighted value. F i s a weighting 
n 

is after exposure, and * n(v) is the weighted value. F is a weighting 

factor supplied by the user which is defaulted to 0.5 if outside of the 

range 0 < F < 1, and the docunenting reference tine is incranantad by the 

nnount (l-F)T. note that M F + 0 , end exposure concentrations are used, 

not those at tha start. 

Integrals 

Basic ansa balance data and gross absorption and power generation in

tegrals are always edited for the exposure period. Integrated reaction 

rates are quite straightforward suae of the local contributions tinea 

volunee using sons average flux values. 

Mass balances are reported in kgss, 

«. " oOTH I \ {V« + *m if V«> «»-*> 
where A is the nuclide atonic weight, the constant converts the results to 

kg**, 
V it the volune in en 3, 

M is the nuclide concentration la atons/barn-cn, and 

i and ss refer to sons and subsons respectively. 
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Ike integrated reaction rate of a specific type is given by 

R *£{M * I ^ N }£• a n,x ^ n,i $ t»Y n » S I
 f f» z *»»»« 

where the requirement for proper correspondence between nuclide concen
tration, cone, or subzone, and cross section referencing has been ignored 
but hopefully not in die code, where 

4 is the zone average flux in group g, and 
a is the Microscopic cross section for the reaction of interest. x,n,g ^ 

Estimates of the Multiplication factor with exposure are based on a simple 
interpretation of reaction rates and other loss rates given in the zone 
average flux file, 

k(A) ^ m . (08-32) 
A(A) • L(0) i|§i 

uhere P(A) is the rate of neutron production, EKvQf+V, 
A(A) is the rate of neutron loss, EN[o -o(n,2n)]fV, 
L(0) is the start of step rate of losses other than due to reaction 

rates, and Vfcpr ** the ratio of the flux level for maintaining 
power level. 

Estimates of conversion (breeding) ratio are made in the primitive 

sense, 

ro tote of neutron capture in fertile , „ „ , 
c" Rate of neutron absorption in fissile ' w » J 

which requires adjustment to represent realism (as to account for any 
desired nuclide importance weighting, decay, capture in intermediate 
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notarial, and oat of com loaaaa), uhara fartila and final!* notarial 
idaatificationa ara takan from tha croon aaction fila. Sf*«larly, tha 
rata of fiaaila conaunptioa par unit energy generation ia calcvlatad. 

la deterained directly for a apacific energy 

F(x.i,T) « £ A I d . (08-34) 
AcT gei *•• 

where A ia an interval of tian la pariod T, EA • T, w u r inter-
polatioa dona within tha cat-off groap on tha hanla of la. dth. 

Siailarly, atonic daatractlon by fiaaion ia determined t_ 
D(x.T) - I A E H• Z a I . ( 0 8_ 3 5 ) 

AcT A n ' z g *'"»* *•• 
but with account takan of flux Intel chungee aade to affect the deeired 
power level. A alnple approximation of atart and and fiaaion rataa for 
the tine atap T nay be uaed. 

Account nay be taken of the dependence of croaa sections on the 
local temperature. For this calculation, two group-ordered nicroacopic 
cross section files GMJPXS ara supplied, each of which ia for a reference 
tenperature. Tha correlation applied to all croaa sections Is: 

0(T) - a(T x) + X lo(T2) - 0(^)1 , (08-36) 

where T. and T 2 nre tha reference teaperaturea for tha crosa section data, 
and T is the local sons temperature. Let 

|VM ' 
and if the correlating parameter a ia supplied, 

. . tan" 1 (OY) 
* -1 , ' ' (08-37) 

tan x (a) 
defaulted to X » y if a • 0. 
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Significance 

Or a short-word conputer (IW), the exposure calculation chain 

equation solution is done fully in double precision so that noma' ly 

results have adequate significance within the nunerical approximations. 

However, the flux values used, the nuclide concentrations and the basic 

data such as cross sections are in single precision. Significance tests 

are nade where deemed inportant, such as to avoid reporting a result (a 

change in a nuclide concentration) when the intermediate calculations lose 

significance. Regarding accuracy of results, a significant distortion to 

the solution of son* global problem can come from several sources in addi

tion to the numerical approximations used. Some of these sources are: 
1) the modeling in general, 
2) the approximation of the neutron flux for the steady state, 
3) the microscopic cross sections, 
4) treating exposure on a discrete tone basis, 
5) separation of the problem into neutronics problems with discrete 

exposure steps in between, 
6) selection of nuclides treated from the full set (consider that there 

are many fission products) to make the problem tractable, and 
7) feedback effects which can move the approximate solution away from 

the facts when recycle of material is treated. 

We are left with a serious challenge to access the reliability of a 

solution considering these many interrelated effects. 

One arbitrary action is taken in this code which may affect the re

sults. We do not consider it an acceptable practice to set results to 

sero when underflow occurs. To avoid underflow of numbers, action is 

taken which is illustrated for the simple situation by tha equation 
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at* "*" • 

Ji(A) « N(0) e" r A . 

He set any calculated value of R(A) < 1 0 - 5 0 « 0, and if rA > 60 we set 
-rA -SO 

e » 0. Thus nuclide concentrations calculated to be < 10 are 

reported to be zero. This action can iapact the use of trace concen

trations to produce auxiliary information and any liait the use of a 

shutdown tiae step to something less than hundreds of years. Although 

it is true that generally underflow during exposure calculations could 

be allowed, extreaely saall nuclide concentrations can cause underflow 

in other calculational aodules where such is not permitted. Also as the 

liait of machine capability to represent the exponent is approached, 

values obtained by series approximations become inaccurate and unreliable 

for use. 

ERD OF SECTION 
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