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11/26//2007 (AK) (OP) 
We estimated the total thermal output of the PWR CSNF assembly using reactor 
campaign, assemlbly irradiation history, and assembly parameters from "PWR 
Source Term Generation and Evaluation, Rev OB, 2004" DOE AMR. These data was 
used as input for ORIGEN-ARP code. Inputloutput files are stored on DVD. 
#10/01/07 
ORIGEN-ARP depletion model developing for heating tally estimation based on South Texas reactor 
campaign based on data available from "PWR Source Term Generation and Evaluation, Rev OB, 
2004" AMR 

I. Assembly Type and its Operating Parameters 

Source: 

Pages: Page 24 of 33 

PWR Source Term Generation and Evaluation 
Document Identifier 000-00C-MGRO-00100-000-00B 

The moderator tem peratu re 
Density of the moderator 

Thermal Reactor Power 
Assemblies in a core 
Power/Assem bly 
MTU per Assembly 

578 K 
0.71 36 g/cmA3 

2568 MWt 
177 
14.50847 MWt 
0.46363 MTU 

Assembly '15 x 15 for Babcock & Wilcox and 

Enrichement: 
See: PWR Source Tern Generation and Evaluation, Document Identifier: 000-00C-MGRO-00100- 
000-00B Page 27 of 33 

Average PWR assembly: 
Maximum PVVR assembly: 5.0%, 80 GWd/MTU, 5 years cooling time 

4.0%, 48 GWdl'MTU, 25 years cooling time 

Maximum PWR assemtilv: 
BurnUp 
BurnUp Days 

Averaqe PWR asse r rm 
BurnUp 
BurnUp Days 

78.25865 GWd/MTU 
2500.81 8 days 

48 GWd/MTU 
1533.9 days 

Fuel Type is selected from the list of fuel types and is input for all compositions listed on the first 
composition screen. 

The fuel assembly types include: 
i3 x 8 (for BWR fuel),PWR fuel). 
14 x 14 (for ABB Combustion Engineering-type PWR fuel with large water holes) 
vi1 5x1 5 
17 x 17 - Westinghouse-type 

15 x 15 for Babcock: & Wilcox and 

No new entries on this page 
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Code 
A8 
A14 

#10/02/07 
OrigenARP calculation cases developing for different assembly types for average and maximum 
PWR assemblies. 

OrigenARP InputlOutput 
Orinen ARP\A8.inp; Orinen ARP\A8.out 
Orioen ARP\Ald.innr Oriaen ARP\AIl.out 

Table 10/02/07-1. OrigenARP Calculation Cases for Different Assembly Types for Average and 
Maximum PWR Assemblies 

ABB Combustion 
Eng ineering-type 

BWR PWR fuel with Babcock & Westinghouse- 
Assembly Type: fuel large water holes Wilcox tY Pe 

ge 
8x84 ~ 1 4 x 1 4  ~ 1 5 x 1 5  ~ 1 7 x 1 7  

Burnup / Enrichment: 8 14 15 17 
Calculation Case Codes 

Average PWR assembly 
(4.0%, 48 GWd/MTU) A A8 A I  4 A I  5 A I  7 
Maximum PWR 
Assembly 
(5.0%, 80 GWd/MTU) M M8 M I 4  M I 5  MI7  

A I  5 
A I  7 
M8 
M I 4  

# I  0/03/07 
OrigenARP calculations performing and verifying for spectra, nuclide densities and total gamma 
energy release rates estimation to be inputted into the MCNP software 

Orinen ARP\AIS.inp; Oriaen ARP\A15& 
Oriaen ARP\A17.inp; Oriqen ARP\Al7.out 
Oriaen ARP\M8.inp; Oriqen ARP\M8.out 
Orinen ARP\M14.inp; Oriaen ARP\M14.out 

A8 
A I  4 
A I  5 
A I  7 
M8 
M I 4  
MI5  
M I 7  

26.2 
26.1 
26.1 
26.1 
40.6 
40.6 
40.6 
40.6 

M I 5  
MI7  

I Orinen ARP\M15.inp; Orinen ARP\MIS.out 
I Orinen ARP\M17.inp; Orinen ARP\M17.out 

Table 10/03/07-2. OrigenARP Total Gamma Energy Release Rates after 100 Years of Decay 

Release Rates, 
100 Years Decay 
Time 

attslbasis 

No new entries on this page 
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# I  0/04/07 
Track length cell energy deposition tallies investigation as a MCNP primary method for heating tallies 
calculation 

[MCNP5-manual-V(3L-Ili.pdf, p. 2.831 

C. Track Length Cell Energy Deposition Tallies 

The F6 cell heating tallies are track length flux tallies modified to tally a reaction rate convolved with 
an energy-dependent heating function instead of a flux [I ] .  The derivation of such modified track 
length estimators aloing the lines of the derivation of the track length flux estimator in subsection B.l 
on page 2-82 is straightfmvard. The heating tallies are merely flux tallies (F4) multiplied by an 
energy-dependent multiplier (FM card); the equivalence is shown in this section. 

MCNP computes heating as specified in [I], with a heating function [/-/(E) or Q] modifying 
a track length reaction rate tally. In other words, the average energy deposited for all reactions at 
the incident particle energy is used in the tally, regardless of the actual reaction that might be 
sampled at the next collision. 

The heating functions are tabulated in the nuclear data by incident energy. 
Great care should be taken to understand exactly what the heating functions include and how 
they were computed. 
The functions /-/(E) from I:l]are generally defined arid computed for tabulation in the data tables as 
follows: 
F6 Photons 

3 

:= 1 
Where 

i = 1 -> incoherent (Compton) scatterin with form ,factors 
i = 1 -> pair production; ,?/out€ = 2moc = 1.0220115 MeV 
i = 3 -> photoelectric absorption; 

9 

pi€ 
€/out€ = average e:xiting gamma energy for reaction i at neutron incident 
energy E. 

= probability of reaction i at gamma incident energy E 

All energy transferred to electrons is assumed to b,e deposited locally 

The photon heating tally also can be checked against the *F8 energy deposition tally by dividing 
the F6 tally by a unit mass with the SD card. Results will only be statistically identical because the 
tallies are totally independent and use different estimators. 

No new entries on 1:his page 



SN No. 916E, Vol.1 maintained by Oleg Povetko 

#10/05/07 
MCNP calculations cases developing for different assembly types for average and maximum PWR 
assemblies and different source distributions 

Table 10/05/07-1 MCNP Calculations Cases for different Assembly Types for Average and Maximum 
PWR Assemblies and Different Source Distributions 

Absorber 
Case Phys:(N/G) Assembly Source' Years plates*' 
Neutrons 
N-M-P-Y100-APBI 1 N M P 100 B11 
N-M-C-Y100-APBI I C 
N-M-P-Y500-APB11 P 500 
N-M C Y500 A P B l l  C 
N-M-P-Y2000-APBI 1 P 2000 
N-M-C-Y 2000-APBI 1 C 
N ~ M ~ P ~ Y I O O O O ~ A P B I  1 P 10000 
N-M-C-Y 10000~APBI 1 C 
N~M~P~Y1OOOOO~APBI 1 P 100000 
N-M-C YlOOOOO~APBl1 C 
Photons 
G-M-P-Y100-APBI 1 G P 100 
G-M-C-Y100-APBI 1 C 

G-M-C-Y500-APB11 C 
G-M-P-Y2000-APBI I P 2000 
G-M-C-Y2000-APBI I C 
G ~ M ~ P ~ Y I O O O O ~ A P B I  1 P 10000 
G ~ M ~ C ~ Y I O O O O ~ A P B I  I C 
G-M-P-Y 100000~APBI 1 P 100000 
G~M~C~YIOOOOO~APBI  1 C 

G-M-P-Y 500-APBI 1 P 500 

Average Assembly 
Neutrons 
N-A-P-Y100-APBI 1 N A P 100 
N-A-C-Y100-APBI 1 C 

N-A-C-Y 500-AP B I 1 C 
N-A-P-Y 2000-APBI 1 P 2000 
N-A-C-Y2000-APBI 1 C 
N ~ A ~ P ~ Y 1 0 0 0 0 ~ A P B 1 1  P 10000 
N ~ A ~ C ~ Y I O O O O ~ A P B I  I C 
N~A~P~YIOOOOO~APBI  1 P 100000 
N~A~C~YIOOOOO~APBI  1 C 

G-A-P-Y100-APBI 1 G P 100 
G-A-C-YI 00-APBI 1 C 

G-A-C-Y500_APB 1 I C 
G-A-P-Y 2000-AP B 1 1 P 2000 
G-A-C-Y2000-APBI 1 C 
G ~ A ~ P ~ Y I O O O O ~ A P B I  1 P 10000 
G ~ A ~ C ~ Y I O O O O ~ A P B I  1 C 
G ~ A ~ P ~ Y I 0 0 0 0 0 ~ A P B 1 1  P 100000 
G ~ A ~ C ~ Y 1 0 0 0 0 0 ~ A P B I  1 C 

N-A-P-Y500-APB11 P 500 

Photons 

G-A-P-Y500-APB11 P 500 
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.* "C"-Fuel Rod Sources in Central Channel; "PW- Averaged Sources in Peripheral Channels 
*** 11 mm Neutronit A.978 analogous to 304B6 with 75%% B-10 and B-I 1 

"M" - Max; "A-Average 

# I  0108107 
Started MCNP Input 1 Output files producing for the track length cell energy deposition tally 
calculations 

Table 10/05/07-1 M C X  InputlOutput files 
I Case --- I MCNP InputlOutput files 1 

I Neutrons -- 

No new entries on this page 
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12/06/2007 (AK)(OP) 
The content of the entry below is a Technical Progress Report submitted by Alex 
Kouznetsov. Beginning of entry. 

Assembly Decay Heat Generation Rate Evaluation 
For the Pressurized Water Reactor (PWR) Assembly 

With a Wide Range of Parameters 

1. Introduction 

Report provides a procedure that specifies proper interpolation for a data base of computed 
heat generation rates. 
Analysis has been performed in the four-dimensional space of parameters: 

Assembly Fission Heat Rate in diapason from 28 to 80 kW/kgU (5  values); 
Burnups in diapason from 10 to 78 GWdMTU (8 values); 
Initial Enrichments in diapason from 1.5 to 5.5 wt ‘YO U-235 (9 values); 
Cooling Times in diapason from 5 to 25 Years (3 values); 

0 

0 

0 

0 

(See Fig 1. Space of Parameters for Heat Generation Rates Analysis) 

SCALE-5 “=arp” sequence has been used for an element’s thermal power evaluations. 

The software specifications are as follows: 
0 Software Title: SCALE 

0 VersionRevision Number: Version 5.1 

SCALE 5.1 has been installed on Pentium-4,3.0 GHz CPU, 1.5 GB of RAM with OS 

Windows 2003 Data Center, on mirrored Drive “C:” 80 Gigabyte. Required registration via 

the Internet has been successfully completed at the beginning of Scale 5.1 installation. All 

needed verifications have been completed. 

There were 5 x 8 x 9 x 3 = 1080 OrigenARP inputs produced to perform complete 
calculations for the total set of parameters. Total set of calculation cases is provided in Table 
4.1, 
SCALE Input/output files are in Attachement 1 and the EXCEL file with calculations linked 
as: 
SN9 16E SupportingFiles\SN November 2007 TAD Proiect.xls 
No new entries on this page 
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- "I Q) Fission Heat Rate 

ichment 

Cooling Time 

Figure 1. Space of Parameters for Assembly Decay Heat Rate evaluation 
No new entries on thi!s page 
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Assemblv Operating Parameters 

Source: 
Document Identifier 
Pages: 

PWR Source Term Generation and Evaluation 

Page 24 of 33 
000-00C-MGRO-00 1 00-000-00B 

The moderator temperature 578 K 

input average boron concentration 552.63 16 PP" 
Density of the moderator 0.7136 g/cmA3 

Operational history of the assembly in the reactor 
100 days 
Thermal Reactor Power 2568 MWt 

one cycle and new libraries at least every 

Assemblies in a core 
PowedAssembl y 
MTU per Assembly 
Power/Assembly 
Assembly 

177 
14.50847 MWt 
0.46363 MTU 
3 1.29332 kWt/kg 
15 x 15 for Babcock & Wilcox and 

Fuel Type is selected from the list of fuel types and is input for all compositions listed on the 
first composition screen. 
The fuel assembly types include: 

8 x 8 (for BWR fuel) 
14 x 14 (for ABB Combustion Engineering-type 

15 x 15 for Babcock & Wilcox and 
17 x 17 - Westinghouse-type 

PWR fuel with large water holes) 
~ 1 5 x 1 5  

No new entries on this page 
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m 7 3 6 6  7000.659636 32.29416488 
m 3 4 6  9272.81 0387 42.60338295 

--- 96.;’787%84 11 590.8289 53.12309836 
__-- I 17.81 85003 13908.89474 64.1 6900463 
--- 139.3846005 16226.9974 74.68910671 
--- 160.951 0433 18545.1 3688 85.20937588 
-___ 183.0438166 20863.31 31 8 95 72981215 
--- 23181.5 106.7762865 
227.2299004 25499.71838 11’7.82291 13 

2. Fuel Material Compositions 

456540.8943 62333.58694 463630 ~ 

454238.8469 62337.16473 463630 
451889.2693 62341.27085 463630 
449539. I 178 62345.44775 463630 
447188.9289 62349.62471 463630 
444838.7027 62353.80175 463630 
442487.91 32 62357.45286 463630 
440136.587 62361.55927 463630 

437785.2288 62365.66573 463630 

Materials for the Babcock & Wilcox Assembly Type with 0.46363 MTU per assembly for 
different enrichments used for OrigenARP calculations are listed in Table 3. 

Table 3. Materials for the Babcock & Wilcox Assembly Type with 0.46363 MTU per 
assembly for different c:m-ichments 

U-235 -71 --- U-235 U-236 Ox en U-Total 
11-234 --- 

# Enrichment . 

9 

No new entries on this piage 
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3. Orinen AWXzilculation Cases 

Total set of the OrigenARP inputs and outputs which consists of 1080 Calculation Cases is 
listed at the Table 4.1. 

Table 4.1. 1080 Calculation Cases of Assembly Decay Heat Generation Rate for different 
Assembly Fission Heat. Rate, Bumups, Initial Enrichments and Cooling Times for the 
Babcock & Wilcox w 15x 15 Assembly Type 

Calculation Case 

PWR P28 W15 I 
PWR P28 W20 1 

PWR P28 W45 €310 

PWR P28 W55 B 

PWR P28 W35 B30 

PWR P28 W35 B40 



SN No 

PWR P28 W45 = Y5 N 
PWR P28 W50 B40 Y5 N 
PWR P28 W55 B40 Y5 N 
PWR P28 W15 B50 Y5 N 
PWR P28 W20 B50 Y5 N 
PWR P28 W25 B50 Y5 N 
PWR P28 W30 lB50 Y5 N 
PWR P28 W35 ]B% Y5 N 
PWR P28 W40 lB50 Y5 N 
PWR P28 W45 B50 Y5 N 
PWR P28 W50 1350 Y5 N 
PWR P28 W55 1350 Y5 N 
PWR P28 W15 1360 Y5 N 
PWR P28 W20 I360 Y5 N 
PWR P28 W25 I360 Y5 N 
PWR P28 W30 B60 Y5 N 
PWR P28 W35 B60 Y5 N 
PWR P28 W40 I360 Y5 N 
PWR P28 W45 B60 Y5 N 
PWR P28 W50 1360 Y5 N 
PWR P28 W55 I360 Y5 N 
PWR P28 W15 1370 Y5 N 
PWR P28 W20 B70 Y5 N 
PWR P28 W25, 1370 Y5 N 
PWR P28 W30 E370 Y5 N 
PWR P28 W35 E370 Y5 N 
PWR P28 W40 EE Y5 N 
PWR P28 W45 El70 Y5 N 
PWR P28 W50 El70 Y5 N 
PWR P28 W55 El70 Y5 N 
PWR P28 W15 El80 Y5 N 
PWR P28 W20 BE30 Y5 N 
PWR P28 W25 El80 Y5 N 
PWR P28 W30 El80 Y5 N 
PWR P28 W35 Bl80 Y5 N 
PWR P28 W40 B80 Y5 N 
PWR P28 W45 B80 Y5 N 
PWR P28 W50 B80 Y5 N 
PWR P28 W55 ~ 8 0 ~ 5  - N 

-PWR P28 W15 ~ 1 0 ~ 1 5  N 
PWR P28 W20 BTY 15 N 

- PWR P28 W25 ~ 1 0 ~ 1 5 ~  
PWR P28 W30 ~ 1 0 ~ 1 5  N 
PWR P28 W35 B G 1 5  N 
PWR P28 W40 ~ 1 0 ~ 1 5  N 
PWR P28 W45 ~ 1 0 ~ 1 5  - N 

916E, Vol.1 maintained by Oleg Povetko 
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PWR P40 W30 B 2 0 Y 5  N 

PWR P40 W40 B%FY5 N 
PWR P40 W45 B20 Y5 N 
PWR P40 W50 B20 Y5 N 
PWR P40 W55 B20 Y5 N 

PWR_P40 W35 B20 Y5 N 

PWR P31 W55 S T Y 2 5  N 
PWR P31 W15 B60 Y25 N 
PWR P31 W20 B60 Y25 N 
PWR P31 W25 B60 Y25 N 
PWR P31 W30 B60 Y25 N 
PWR P31 W35 B E Y 2 5  N 
PWR P31 W40 B60 Y25 N 
PWR P31 W45 B60 Y25 N 
PWR P31 W50 B60 Y25 N 
PWR P31 W55 B E Y 2 5  N 
PWR P31 W15 B70 Y25 N 
PWR P31 W20 B70 Y25 N 
PWR P31 W25 B70 Y25 N 
PWR P31 W30 B70 Y25 N 
PWR P31 W35 B70 Y25 N 
PWR P31 W40 B70 Y25 N 
PWR P31 W45 B70 Y25 N 
PWR P31 W50 B70 Y25 N 
PWR P31 W55 B E Y 2 5  N 
PWR P31 W15 B80 Y25 N 
PWR P31 W20 B8O Y25 N 
PWR P31 W25 B80 Y25 N 
PWR P31 W30 BSO Y25 N 
PWR P31 W35 B80 Y25 N 
PWR P31 W40 B80 Y25 N 
PWR P31 W45 B80 Y25 N 
PWR P31 W50 B80 Y25 N 
PWR P31 W55 B8O Y25 N 

30 
35 
40 
45 
50 
55 

PWR P40 W15 40 15 10 5 
PWR P40 W20 20 
PWR P40 W25 25 
PWR P40 W30 B10 Y5 N 
PWR P40 W35 B10 Y5 N 
PWR P40 W40 B10 Y5 N 
PWR P40 W45 B10 Y5 N 
PWR P40 W50 B10 Y5 N 
PWR P40 W55 B10 Y5 N 
PWR P40 W15 B20 Y5 N 
PWR P40 W20 B:20 Y5 N 
PWR P40 W25 B20 - Y5 N 
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- 
25 
30 
35 /VI P40 W40 B80-Y5 N 1 1 1 i! 1 1 1 

PWR P40 W45 B80 Y5 N 
PWR P40 W50 BSqY5 N 
PWR P40 W55 B80 _L Y5 N 

PWR P40 W45 B40 Y15 N I 
k l o ' i l 5  N I 

PWR P40 W15 B Y 1 5  N 
PWR P40 W20 B10 Y15 N 
PWR P40 W25, B E Y 1 5  N 
PWR P40 W30 B L f l 5  N 
PWR P40 W35 B10 'f15 N 
PWR P40 W40 B C f 1 5  N 
PWR P40 W45 B10 'f15 N 
PWR P40 W50 B r f 1 5  N 

45 
50 

I PWR P40 W55 B'LO_'f15 N I 

55 
15 
20 
25 

I PWR P40 W l S  B2O 'f15 N 1 20 I - 

50 

- 

PWR P40 W40 B l K f 1 5  N 
PWR P40 W45 B2O 'f15 N 
PWRP40  W50 -- B:!Of15 N 
PWR P40 W55 B2O Y15 N 
PWR P40 W15 B30Ff15 N 
PWR P40 W20 B30cf15 N 
PWR P40 W25 B30 'f15 N 
PWR P40 W3OB30Kf15 N 
PWR P40 W35 B30 'f15 N 
PWR P40 W40 B30 Y15 N 

-- 
-- 

45 
50 

PWR P40 W55 B30 Y15 N 

PWR P40 W20 B40 Y15 N 
PWR P40 W25 B~'u'15 N 
PWR P40 W30 B ~ p ' u ' 1 5  N 30 

35 I 
40 I 
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PWR P40 W25 E320 
PWR P40 W30 B20 
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PWR P40 W35 B Z , Y 2 5  N 

PWR P40 W45 B F , Y 2 5  N 
PWR P40 W40 B%,Y25 N 

PWR P40 W50 B z Y 2 5  - N 

35 
40 
45 
50 

PWR P40 W55 55 
PWR P40 W15 15 30 
PWR P40 W20 20 
PWR P40 W25 25 

-1- 25 - 



-1- 26 - 



SN No. 916E, Vol.1 maintained by Oleg Povetko 

PWR P60 W50 B40 Y5 N 
PWR P60 W55 B l F Y S  N 
PWR P60 W15 B F Y S  N 
PWR P60 W20 B F Y S  N 
PWR P60 W25, B F Y S  N 
PWR P60 W30 B z Y 5  N 
PWR P60 W35 B50 Y5 N 

-PWR P60 W40 B K Y 5  N 
PWR P60 W45 B50 Y5 N 
PWR P60 W50 B K Y 5  N 
PWR P60 W55 B50 Y5 N 
PWR P60 W15 B E Y 5  N 
PWR P60 W20 B 6 0 Y 5  - N 
PWR P60 W25 B E Y 5  N 

h 6 0  7 25 
30 

PWR P60 W35 B60 Y5 N 35 
40 

PWR P60 W45 B60 Y5 N 45 

PWR P60 W25 B80 Y5 N 
PWR P60 W30 B F Y S  N 
PWR P60 W35 S T Y 5  N 
PWR P60 W40 B 8 0 Y 5  N 40 

45 PWR P60 W45 B80YS N 
PWR P60 W50 BSO 
PWR P60 W55 B 

PWR P60 W15 B 
PWR P60 W20 B 
PWR P60 W25 B10 
PWR-P60-W30-B 
PWR P60 W35 B F  
PWR P60 W40 B F  
PWR P60 W45 B F  
PWR P60 W50 B T  
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I PWR P60 W55 55 1 PWR P60 W15 -- 15 70 
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PWR P60 W20 1370 
PWR P60 W25 1% 
PWR P60 W30 1% 

PWR P60 WSO I 

PWR P60 W35 E 
PWR P60 W40 E 
PWR P60 W45 E 
PWR P60 W50 E!80 -- 
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PWR P80 W5.5 B50 
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4. OrigenARP output results 

Assembly Decay Heat Generation Rate are based on OrigenARP’ ‘element thermal power’ 
values output for the set of elements from Table 5.1 for the basis equal 0.46363 MTU. 
“Origen Output TrerztmenP’ software from Attachment 1 has been designed and written to 
automate output file treatment and improve reliability of obtained results. It gathered all 
OrigenARP’ Thermal Power values output data to summarize thermal output of all 33 
elements from Table 5.1 and produced just a nurnber for each OrigenARP’ output keeping it 
at the greed. “Origen Output Treatment” software can work with the set of output files to 
produce result as a vector for each series of input parameters. 

Table 5.1. Set of Elements for the Assembly Decay Heat Generation Rate Estimation 

fission roducts 

I 
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Two routines (“ConsoleApplication- TADChangePower” and 
“ConsoleApplication_BurnupTimes” ) have been designed to automatize preparing all 1080 
OrigenARP inputs and improving quality of obtained results. They are present at the 
Attachement 2. 

Table 5.2 encompasses all 1080 OrigenARP outputs and presents them as a table of Thermal 
Maps, so each row of the table presents data for the certain assembly’s Fission Heat Rate, 
and each column of the table present data for certain assembly’s Cooling Time. 
Thermal map axes are: 

Initial Enrichment (X-Axis), 
Burnup (Y-Axis) 

as shown at the Fig. 5.1 - Thermal Map Axes Values. 

Thermal maps have been created by 2-dimensional spline approximation for the OrigenARP 
output data for the set of input parameters (burnups and initial enrichments) by means of 
two-dimensional spline approximation implemented in PFA Software that presents at the 
Attachment 2 
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Table 5.2. Thermal Maps 

Cooling Time 5 Years Cooling Time 15 Years Cooling Time 25 Years Heat 
Rate 

28 
kWI 
kgU 

I 

Pmin= 128.5 I Pm~1639.5 I Pmin= 103.2 I Pmax=1235.0 Pmin= 222.8 I Pmaxz2786.8 

31.3 
kWI 
kgU 

1 '1- 
Pmin= 225.18 I Pma~2843.5 Pmin= 128.9 I Pma~1649.4 I Pnin= 103.52 I Pmax=1241.1 

Pmin= 103.56 I Pma~1254.1 

Pmn= 233.9 I Pma~3173.1 Pmm= 129.29 I Pm4699.2 Pmin= 103.8 I Pmax=1271.6 

c 

P m i ~  103.6 I Pma~1281.9 
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Figure 5.1. Thermal Map Axis Values 
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5. Heat Generation Rate Maps 

Heat generation rates calculated using OrigenARP output files provided at the Attachement 1 
for the set of elements from Table 5.1 are listed in the Tables 6.1. - 6.15 and show at the 
Figures 6.1 - 6.15 

Each table presents data for certain values of the cooling time and the assembly Fission Heat Rate for the 15 
(The same fission heat rate for assembly during its depletion). 
Correspondence Theimal. Map representation is obtained by 2-D spline approximation of the Table’s data. 
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Table 6.1. Heat Generation Rates (Watts) for 15 x 15 Babcock & Wilcox Assembly With 
0.46363 MTU for Cooling Time 5 Years and Assembly Power Rate 28 kWt/kg 
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Heat Generation Rate Map 
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Figure 6.1. Heat Generation Rates Thermal Map for Cooling Time 5 Years and Assembly 
Power Rate 28 kWt/kg 
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Table 6.2. Heat Generation Rates (Watts) for 15 x 15 Babcock & Wilcox Assembly With 
0.46363 MTU for the Cooling Time 15 Years and Assembly Power Rate 28 kWt/kg 
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Figure 6.2. Heat Generation Rates Thermal Map for Cooling Time 15 Years and Assembly 
Power Rate 28 kWt/kg 
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Table 6.3. Heat Generation Rates (Watts) for 15 x 15 Babcock & Wilcox Assembly With 
0.46363 MTU for the Cooling Time 25 Years and Assembly Power Rate 28 kWtkg 

Heat Generation Rate Map 
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Figure 6.3.Heat Generation Rates Thermal Map for Cooling Time 25 Years and Assembly 
Power Rate 28 kWt/kg 
No new entries on this page 

-1- 44 - 



SN No. 916E, Vol.1 maintained by Oleg Povetko 

Table 6.4. Heat Generation Rates (Watts) for 15 x 15 Babcock & Wilcox Assembly With 
0.46363 MTU for the Cooling Time 5 Years and Assembly Power Rate 3 1.29 kWt/kg 

Heat Generation Rate Map 
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Figure 6.4.Heat Generation Rates Thermal Map for Cooling Time 5 Years and Assembly 
Power Rate 31.29 kWt/kg 
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Table 6.5. Heat Generation Rates (Watts) for 15 x 15 Babcock 8z Wilcox Assembly With 
0.46363 MTU for the Cooling Time 15 Years and Assembly Power Rate 3 1.29 kWt/kg 

Pmin= 128.9 P,,=l649.4 
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Figure 6.5. Heat Generation Rates Thermal Map for Cooling Time 15 Years and Assembly 
Power Rate 3 1.29 kWt/kg 
No new entries on this page 

-1- 46 - 



SN No. 916E, Vol.1 maintained by Oleg Povetko 

Table 6.6. Heat Generation Rates (Watts) for 15 x 15 Babcock & Wilcox Assembly With 
0.46363 MTU for the Cooling Time 25 Years and Assembly Power Rate 3 1.29 kWt/kg 

Heat Generation Rate Map 
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Figure 6.6. Heat Generation Rates Thermal Map for Cooling Time 25 Years and Assembly 
Power Rate 3 1.29 kWt/kg 
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Table 6.7. Heat Generation Rates (Watts) for 15 x 15 Babcock & Wilcox Assembly With 
0.46363 MTU for the Cooling Time 5 Years and Assembly Power Rate 40 kWt/kg 
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Table 6.8. Heat Generation Rates (Watts) for 15 x 15 Babcock & Wilcox Assembly With 
0.46363 MTU for the Cooling Time 15 Years and Assembly Power Rate 40 kWti'kg 

P,,,ay=l 670.6 
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Figure 6.8. Heat Generation Rates Thermal Map for Cooling Time 15 Years and Assembly 
Power Rate 40 kWt/kg 
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Table 6.9. Heat Generation Rates (Watts) for 15 x 15 Babcock & Wilcox Assembly With 
0.46363 MTU for the Cooling Time 25 Years and Assembly Power Rate 40 kWt/kg 

Heat Generation Rate Map 
Cooling Time 25 Years 

Assembly Thermal Power 40 kW/kgU 
90 7 

80 -. 

70 -- 

s 6o -; 
5 s 50 e 
$ 40 -! 

-- 

P 

s 
30 -- 

20 -1 

. 
1 1.5 2 2.5 3 3.5 4 4.5 5 

Initial Enrichment (wt% U-236) 
5.5 6 

Halt 
Generation 
R h ,  Watt 
1400 -7 

600 

400 

Figure 6.9. Heat Generation Rates Thermal Map for Cooling Time 25 Years and Assembly 
Power Rate 40 kWtlkg 
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