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ABSTRACT 

Isotopic characterization of spent fuel via depletion and decay calculations is necessary 
for determination of source terms for subsequent system analyses involving heat transfer, 

radiation shielding, isotopic migration, etc. Unlike fresh fuel assumptions typically employed 

in the criticality safety analysis of spent fuel configurations, burnup credit applications also rely 
on depletion and decay calculations to predict the isotopic composition of spent fuel. These 

isotopics are used in subsequent criticality calculations to assess the reduced worth of spent fuel. 

To validate the codes and data used in depletion approaches, experimental measurements are 
compared with numerical predictions for relevant spent fuel samples. Such comparisons have 

been performed in earlier work at the Oak Ridge National Laboratory (ORNL). This report 

describes additional independent measurements and corresponding calculations, which 
supplement the results of the earlier work. The current work includes measured isotopic data 

from 19 spent fuel samples obtained from the Italian Trino Vercelles pressurized-water reactor 
(PWR) and the U.S. Turkey Point Unit 3 PWR. 

In addition, an approach to determine biases and uncertainties between calculated and 
measured isotopic concentrations is discussed, together with a method to statistically combine 

these terms to obtain a conservative estimate of spent fuel isotopic concentrations. Results are 

presented based on the combination of measured-to-calculated ratios for earlier work and the 

current analyses. 

The results described herein represent an extension to a new reactor design not included 

in the earlier work, and spent fuel samples with enrichment as high as 3.9 wt % u5U. Results 

for the current work are found to be, for the most part, consistent with the findings of the earlier 

work. This consistency was observed for results obtained from each of two different cross- 
section libraries and suggests that the estimated biases determined for each of the isotopes in the 

earlier work are reasonably good estimates, as the additional measurement/calculated ratios 

resulting from the current work tend to confirm these estimates. 

vii 
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1. INTRODUCTION 

The isotopic composition of spent fuel discharged fiom a commercial light-water-reactor 

(LWR) is a key factor in the design, licensing, and operation of radioactive waste transportation 

systems, interim storage facilities, and a final repository site. An accurate estimate of the time- 

dependent radionuclide inventory in spent fuel is necessary to evaluate many spent fuel issues, 
including (1) neutron multiplication for criticality safety concerns, (2) neutron and gamma-ray 
source terms for shielding analyses, (3) decay-heat source terms for temperature distribution and 

heat-transfer concerns, and (4) radiological and chemical toxicity terms for environmental impact 

considerations. One of the functions of the SCALE (Standardized Computer Analyses for Licensing 

Evaluation) code system' is the capability to predict the isotopic composition of discharged LWR 
fbel. Recent applications of nuclide depletion and production estimates for LWR fuel include 

criticality analyses for the evaluation of spent fuel shipment or storage packages2& The ANSUANS 

8.1 criticality safety standard' recommends the validation of the analytical methods used in these 
spent fuel criticality analyses. This report describes efforts to validate the capability of Version 4.2 

of the SCATX system to predict isotopic concentrations as part of a larger effort to validate SCALE 

for the criticality analysis of spent fuel configurations. Nevertheless, the results presented here 

should be applicable to other aspects of spent fuel analysis, as mentioned above. 

A study of the use of SCALE-4 depletion analysis methods for pressurized-water-reactor 

(F'WR) spent fuel was recently cond~cted*~~ by Oak Ridge National Laboratory (OW). The earlier 

work was based on a comparison of predicted (calculated) with measured isotopic concentrations 

for 19 spent fuel samples from 10 fbel assemblies representing three different PWRs. The current 

report will present results of fbrther SCALE-4.2 depletion analyses"~" for 19 additional PWR spent 
fbel samples, obtained fiom 5 he1 assemblies of 2 additional PWRs not included in the earlier study. 

The report will focus on the development of assembly-specific depletion models for each of the 
unique assemblies studied in these analyses and a comparison of isotopic concentrations predicted 

using these models to measured concentrations for each fuel sample. This report will also include 
a statistical combination3 of the current results with those reported in refs. 8 and 9 to obtain an 

improved estimate of error associated with isotopic predictions. 
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The 19 fuel samples analyzed in this work were modeled based on the operational data 
available for samples obtained fiom the Trino Vercelles PWR (Italy) and the Turkey Point Unit 3 

PWR (U.S.). Trino Vercelles was selected because of the relatively high (3.9 wt %) enrichment of 
one &el sample and because of its significantly different core design; Turkey Point was selected 

simply because of detailed data that were readily available. Comparisons were made for selected 

isotopes measured via radiochemical analysis of each fuel sample. The isotopic measurements for 

Trino Vercelles spent fuel were conducted by the Ispra (Italy) and Karlsruhe (Germany) facilities 

of the European Joint Research Centre and provided data for 14 fuel ~amples.'~''~ Burnup analyses 
for the five Turkey Point Unit 3 spent fuel samples were performed by Battelle Columbus 
Laboratory (BCL) with direction provided by the Hanford Engineering Development Laboratory 

~ L ) . ' s ~ ' 6  Data collected under these programs did not fall under the quality assurance standards 

in place for this document, and are therefore not considered explicitly qualified. However, these 
data are felt to be implicitly qualified because (1) the nature of procedures for handling, processing, 
and storage of nuclear materials is inherently consistent with quality assurance principles, and (2) 

the data reported have received several levels of technical review in multiple publications.12-'6 
The parameters of the problems analyzed in this study cover a fairly wide range. The fuel 

burnups are in the range of 11.53 to 3 1.56 gigawatt daydmetric ton U (GWd/MTU). The initial fuel 

enrichments vary fiom 2.56 to 3.90 wt % ='U. The two PWR designs are significantly different; 
as a result there are significant variations in assembly-specific powers (7.15 to 33.12 MWMTU), 

015 K), moderator densities (0.73 to 0.80 g/cm3), and other effective fuel temperatures (915 to 

pertinent operating conditions. 

For consistency with earlier ~ o r k , ' ~ ~  the results reported here were produced using the 

SAS2H" control module in Version 4.2 of the SCALE code system. SAS2H is a multicode 
sequence that determines the isotopic composition of spent fuel using the ORIGEN-S code" for 
depletion and decay calculations and a one-dimensional (l-D) neutronics model of a LWR fuel 
assembly to prepare burnup-dependent cross sections for ORIGEN-S. The details of SAS2H 

depletion calculations are provided in Appendix A. All calculations were performed on an IBM 
RS/6000-580 workstation under AIX Version 3 Release 2. 

The nature of the neutron cross-section data used in fuel depletion analyses by the SCALE 

system is a significant aspect of a validation effort. Two different cross-section libraries were 
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applied in these analyses: the hybrid SCALE 27-group burnup libra$ and the more recent 44-group 

library. The 27-group cross-section library has actinide and light-element data derived from Version 

N of the Evaluated Nuclear Data Files (ENDF) and fission-product data processed fiom ENDFB-V 

files." The 44-group library'* applied in these analyses was derived fiom ENDFB-V data, with the 
exception of three nuclides. The cross sections for l6O, '%Eu, and '55Eu in this library were obtained 

fiom ENDFB-VI files. The ENDFB-VI files provided data with a significant change to resonance 

region cross sections for '%Eu and I5'Eu (ref 19) which result in improved predictions for '55Eu and 

ls5Gd (ref. 9). The l60 change involved improvements in the scattering kernel and is insignificant 

in the analyses described in this report. 
The reactor configurations and SAS2H models used to represent each fuel sample are 

described in the following section. In the subsequent sections, comparisons of the predicted and 

measured nuclide compositions are presented and are combined statistically with the results of the 
earlier to obtain best-estimate and conservatively bounding estimates of nuclide 

concentrations in spent he1 based on SAS2H isotopic predictions. 

3 



2. DEVELOPMENT OF FUEL ASSEMBLY MODELS FOR DEPLETION ANALYSES 

The 19 spent fuel cases selected as a basis for SCALE4 depletion analysis in this validation 

study were obtained fiom radiochemical assay data for spent fuel samples fiom the Trino Vercelles 
and Turkey Point Unit 3 PWRs. The initial ='U enrichment, accumulated burnup, axial location, 
and cooling time are basic parameters in characterizing the analyzed samples of spent fuel. Table 

1 shows these parameters for 14 samples obtained fiom 3 Trino Vercelles assemblies and 5 samples 

fiom 2 Turkey Point assemblies. The parameters in this table, in conjunction with the similar data 

described in ref 9, are representative of a large percentage of the current PWR spent fuel inventory. 

The following subsections provide, for each reactor type, the fuel assembly design data, pertinent 

control rod data, and operating conditions assembled from various sources'2-'6*2G22 in order to 
perform the depletion calculations for this study. 

2.1 TRINO VERCELLES PWR SPENT FUEL DEPLETION MODELS 

The Trino Vercelles Nuclear Power Plant is a 825-MW PWR located in Italy and operated 
by the Ente Nazionale per 1'Energia Elettrica (ENEL). The steam generation plant and fuel were 

designed by Westinghouse Electric Corp. The reactor is based on one of the earlier Westinghouse 

designs and is unlike most PWR designs in the United States. However, its design is similar to that 

of the U.S. Yankee Rowe PWR. Use of this uncommon design in this validation will serve to 

demonstrate the relative insensitivity of isotopic depletion methods to PWR reactor core design. 
Radiochemical assay data obtained from the analysis of three fuel assemblies were used in 

this study. Two of the assemblies, numbered 509-104 and 509-032, were irradiated in the core 

during the first cycle only. The remaining assembly, identified as 509-069, was irradiated during 
both the first and second fuel cycles. 

The Trino reactor core contains assemblies with two different configurations, square and 

cruciform. All square assemblies contain fuel and are based on a 15 x 15 lattice of fuel pins with 
16 of the outer pins excluded to accommodate cruciform positions, as illustrated in Fig. 1. This 
figure shows the details of the assembly and core layouts for the Trino core. As indicated in the 

figure, square assemblies are surrounded by a stainless steel channel tube. The center position in 
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No. 

1 

2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

15 
16 
17 

18 
19 

Table 1. Basic parameters of the 

Unit name 

Test 
assembly 
(pin No.) 

Trino Vercelles 

Trino Vercelles 

Trino Vercelles 

509-104(Mll) 

509-032@11) 

509-069 (El 1) 

509-069 (E5) 

509-069 (L11) 

Turkey Point Unit 3 DO1 (G9) 
DO1 (G10) 
DO1 (H9) 

DO4 (G9) 
DO4 (G10) 

Turkey Point Unit 3 

Initial 
enrichment 
(wt % "'u) 
3.897 

3.13 

3.13 

2.556 

2.556 

'Height of sample above bottom of fuel. 
bIsotopic values were adjusted to discharge time. 

easure 
Axial 
level 
No. 

7 

4 
7 
9 

1 
2 
4 
7 
4 
7 
4 
7 
4 
7 

NA 
NA 
NA 

NA 
NA 

spent fbel 
Axial 

location" 
(cm) 

79.2 

158.5 
79.2 
26.4 

237.7 
211.3 
158.5 
79.2 
158.5 
79.2 
158.5 
79.2 
158.5 
79.2 

167.6 
167.0 
167.0 

167.6 
167.0 

B m u p  
(GWcilMTU) 

~ 

12.042 

15.377 
15.898 
11.529 

12.859 
20.602 
23.718 
24.304 
23.867 
24.548 
23.928 
24.362 
24.330 
24.3 13 

30.720 
30.510 
31.560 

3 1.260 
31.310 

Cooling 
time (d) 

lob 

lob 

1 ob 

927 

927 
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Core Iayout for Cycles 1 and 2 

& 509-032 (1st cycle) 
5 509-069 (1 st cyde) 
t] 509-069 (2nd cycle) 

509-104 (1st cycle) 

Dummy assemblies (2nd cycle) 

Configuration of “square” and 
cruciform assemblies. 

Cruciforms may contain fuel 
or absorbers, but each is 

uniformly loaded with one or 
the other. 

@00000000000000 
000000000000000 
@00000000000000 
@00000000000000 
~00000000000000 
0000000 00000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 L 0000000000000000 ~ 

Locations of Fuel Rods Containing Samples 
0000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
0000000 000000 

000000000000000 
000000000000000 
000000000000000 
00000000000000 

509-032 

0000000000000080Q000@00 
0000000000000000 

1@0 8 0 8 0  0 0 0  ++ 
o Cruciform Assembly Element (fuel orcontml rod) 
o Square Assembly Element (fuel rod) 

El  1 
0000000 

00000000000000 
00000000000000 

’ 0000000 000000 
000000000000000 
000000000000000 

111 
509-069 

00000000000000 

000000000000000 
000000000000000 
000000000000000 
0000000 000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
0000000 

509-104 

Fig. 1. Core, assembly, and sample he1 pin configurations for Trino Vercelles. 
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each assembly is used for instrumentation and was assumed vacant for depletion calculations. 

Cruciform assemblies can contain either fuel rods or Ag-In-Cd absorber rods. Cruciforms 

containing absorber rods are partially inserted from the top during operation; the remaining volume 

below the absorber cruciform contains coolant. Design data for square fuel assembliesI2 and 

cruciform fbel and absorber are given in Tables 2 and 3, respectively. 

Spent fbel samples from the Trino Vercelles PWR were obtained from three square fuel 

assemblies. Initial enrichments varied between the three assemblies; initial isotopic compositions 

based on these specifications are given in Table 4. Initial =’U enrichment was given in ref 12; 

initial 234U, ”%, 238U concentrations were estimated using empirical relationships.*’ 
During cycle 1, two downtime intervals occurred prior to the end of the cycle. For this 

reason, cycle 1 was represented as three distinct subcycle periods. Cycle 2 was completed with no 

downtime, hence it was represented as a single operating period. 

Operational parameters for cycles 1 and 2 and for subcycle periods I, 11, and I11 of cycle 1 are 
given in Table 5 .  Burnups given in the table for each period or cycle were used to determine the 

relative specific power for each assembly during depIetion steps. The exact specific power used for 
each individual sample in a given assembly was determined from the final burnup of the sample 
(given in Table 1). Note that assembly-specific burnups were supplied for assembly 509-069 only. 

These data were not given for the other two assemblies; relative burnup per depletion step for these 

assemblies was assumed based on total core burnup data. 

As was indicated in Table 1, isotopic measurements were based on a 10-day cooling time. 

However, this 10-day cooling time was an assumption made in this work. Measurements were 

actually performed several years after shutdown, but isotopic concentrations reported in ref 12 were 

adjusted back to “time zero.” It was not clear whether the adjusted time represented actual shutdown 
time or discharge time, which is usually several days after shutdown. Typically, such adjustments 
are made to put a number of measurements on a common basis; these adjustments are calculated, 
and are generally performed to estimate isotopic composition at discharge time. Assuming this was 

the intent of original experimentalists, a 10-day cooling time was taken to represent the time 

between shutdown and discharge. Thus SAS2H calculations reported here include a 10-day post- 

irradiation decay period. Note that a longer post-irradiation discharge time (20 to 50 days) would 

not significantly affect isotopic compositions, However, a shorter decay period would affect 

7 



Table 2. Design data for Tnno Vercelles square fuel assemblies 

Parameter 

Square fuel assembly data 
Designer 
Lattice 
Square assemblieskore, cycle 1 (cycle 2) 
Number of fuel rods 
Number of inner holes 
Assembly fuel, kg UO, 
Water pressure, kg/cm2 
Average coolant temperature, "C, cycle 1 (cycle 2) 
Inlet/outlet temperature increase, "C 
Assembly tube outer side, cm 
Channel tube thickness, cm 
Channel tube material 

Fuel rod data 
Type fuel pellet 
Stack density with no gap, gkm' 
Rod pitch, cm (in.) 
Rod OD, cm (in.) 
Rod ID, cm (in.) 
Active fuel length, cm (in.) 
Clad material 
Clad temperature, K 

Data 

Westinghouse 
15 x 15" 
120(112) 
208 
1 
353.81 
140 
279 (269) 
30.0 
20.1 
0.06 
S S-3 04 

uo2 
10.079' 
1.303 (0.513) 
0.9786 (0.3853) 
0.9020 (0.355 1) 
264.1 (104.0) 

570' 
SS-304 

T h e  lattice is a 15 x 15 array with 16 pins excluded in the outer rows or columns to 

'Computed from the fuel mass and volume listed in this table. 
%lad temperature was not available in literature. Temperature data for a similar design 

accommodate space for cruciform assemblies (Table 3). 

(Yankee Rowe PWR2') was used. 
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Table 3. Design data for Trino Vercelles cruciform fuel 5 

Parameter 

Number of cruciform assembliedcore 

Cruciform fuel assembly data 
Number of assembliedcore 
Fuel weighdassembly, kg UO, 

Cruciform control rod data 
Number of control assemblies/core 
Neutron absorber composition, wt % 

As 
In 
Cd 

Absorber density, g/cm3 (lbdir~.~) 
Number of absorber rods/control rod 
Absorber rod OD, cm (in.) 
Absorber rod clad thickness, cm 
Maximum control group insertion (Period I), % 

Id control rod assemblies 
Data 

52 

24 
44 

28 

85 
15 
5 
10.159 (0.341)" 
32 
1.001 (0.394) 
0.0432 
30 

"Absorber density was not given. Applied the density data for the same Ag-In-Cd ratios that 
are listed in FSAR for Sequoyah Nuclear Plant Units 1 and 2. 

Table 4. Initial composition of Trino Vercelles fuel assemblies 
Uranium Assembly ID 
isotope 

wt % usu 3,897 3.13 3.13 
0.028 wt%=U 0.035 0.028 

wt % =u 0.018 0.014 0.014 
wk % 96.050 96.828 96.828 

509- 104 509-32 509-069 

9 



Table 5 .  Summary 
Parameter 

Cycle 
Period 
Starting date 
Uptime, d 
Downtime, d 
Coolant average temperature, ' C 
Control rod insertion, % 
Average boron, ppm (wt) 

Core burnup," GWdJMTU 
509-069 burnup, G W W U  

If general operations of cycles 1 and 2 

1 
I 
1 OJ23 J64 
226 
86 
282 
30 
1175 
2.726 
2.260 

CycleJp 

1 
I1 
8f3 1/65 
263 
51  
278 
4d 
850 
4.927 
4.085 

od data 

1 
I11 
7/11/66 
292 
1117 
278 
4d 
325 
6.327 
5.245 

2 
All of cycle 
5/20/70 
416 
0 
269 
0" 
650b 
7.720 
NA 

T o t  given, assumed to be insignificant. 
!Not given, assumed average of cycle 1 range: 1,300 to 0 ppm. 
"Applied to the cycle 1 burnup for assemblies 509-032 and 509-104. 
dNot modeled, assumed to be negligible. 

isotopes whose inventory comes in part from the decay of short-lived parents. The nuclide most 
significantly affected by this decay period is u%'u, which increases in inventory by roughly 1% 

during the first ten days post-irradiation due to the beta decay of uv and =4\Jp (e.g., 239U(T,, = 23.5 

m) - ?Np(T, = 2.350 d) - "qu]. 
The SAS2H Pass A pin-cell calculation was based on the nominal fuel pin dimensions and 

pitch as specified in Table 2. However, the Trino Vercelles assembly lattice is more complex than 

those of PWR configurations analyzed in earlier work; channel tubes and external cruciform 

assemblies are not present in conventional PWR designs. Although cruciforms loaded with fuel 

result in a near-uniform assembly lattice, cruciforms loaded with Ag-In-Cd absorber rods result in 
an asymmetric assembly configuration. In addition, axial symmetry is defeated by the partial 
insertion of control rods during operation. This problem is aggravated by the fact that control 

assemblies may be moved vertically during irradiation. Hence, one must make assumptions and 

approximations in the development of a 1-D SAS2H Pass B model to approximate the assembly 

layout. 
Because of the 1 -D nature of SAS2H models, assembly lattices are generally approximated 

by a 1-D radial model. Thus it is necessary to determine effective radii that can account for the 

presence of significant material in a manner that conserves masses. Figure 1 illustrates the locations 
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of each of the rods from which spent fuel samples were obtained within each assembly: E l l  in 

assembly 509-032, E5, El 1, L5, and L11 in 509-069, and M11 in 509-104. Each of these fuel rods 

is located roughly halfkay between the center and the edge of the assembly, and thus will be well 

approximated by the average behavior of a circular ring of heVmoderator mixture surrounding the 

vacant position at the center of the assembly. The form of the 1-D representation is shown in Fig. 
2, centered around the vacant center of the assembly. This figure is drawn to scale, and shows the 

relative size of each different zone in the 1-D approximation. Table 6 lists the contents and effective 

radii of each zone. 

A complication encountered in this procedure was introduced by the fact that although 

detailed information was provided for most core parameters, these data did not include the exact 

location of control rod and fuel rod cruciforms in the core. All that is known is the total number of 

each type of cruciform. Some assemblies might effectively contain 224 fuel pins (208 square 
assembly pins + 16 cruciform fuel pins), while others could contain as few as 208 fuel pins and 16 

control rod pins. Thus it was decided to base each assembly model on the average number of 

cruciform fuel rods and cruciform absorber rods per assembly in the core. With 32 fuel 

pins/cruciform assembly and 24 cruciform assemblies mixed with 120 square assemblies, there are 
6.4 cruciform pins per square assembly. Since SAS2H requires an integral number of fuel pins per 

assembly, the average assembly was assumed to contain 2 14 (208 + 6) fuel pins. 

The effective area of absorber material per assembly was calculated knowing the size and 

number of absorber rods present and dividing by the number of assemblies in the core. However, 

since the control rods were only inserted by 30% during Period I of Cycle 1, the effective area of 

the control rods was reduced to 30% of the total area. Because of the l-D nature of SAS2H, 

absorber material placed in the model simulates a fully inserted rod (since axial uniformity is 
implicit in a l-D radial model); however, weighting the area of the control rod area by the fraction 
of insertion helps to compensate for this approximation. For Periods I1 and I11 of Cycle 1, control 

rods were inserted 4% of full length, and were completely withdrawn during Cycle 2. It was 

assumed that the 4% insertion was negligible during Periods I1 and 111. Thus it was assumed that 

no absorber material was present during these exposure periods, and the effective area of absorber 

was replaced with moderator for these periods. 

1 



Abrutkr material is p-1 oalv during 
1+ii0d I of q c l e  I k x n m u n i n i  burnup 

pcnods. Zouc 3 mnmns modcralor 

Fig. 2. One-dimensional assembly approximation for Trino Vercelles assemblies. 

Table 6. Effective dimensions determined for 1-D SASZH assembly model 

Radial 
zone Composition 

Cumulative Effective 
Area (cm’) area (cm’) radius (cm) 

1 Borated moderator 1.698 1.698 0.735 

2 

3 

Homogenized fuel, 
clad, and borated 
moderator 

363.332 365.030 10.779 

PeriodI, Cycle I :  
homogenized Ag- 
In-Cd absorber and 
clad 2.034 367.064 10.809 

4 

Remaining Perioh 
and Cycles: borated 
moderator 

Borated moderator 32.136 399.200 1 1.273 

5 Stainless steel 4.810 404.010 1 1.340 
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Zone 4 of the radial model accounts for all moderator around and below each control rod. 

The final radius represents the total thickness of stainless steel in the assembly and cruciform 

assembly channel tubes. Calculations were performed using a reflective boundary condition beyond 

the outermost zone. 

As was shown in Table 1, spent fbel samples were obtained from a variety of axial locations 

within the cores. The 14 different Trino Vercelles fbel samples included in this study were taken 

from the fuel pins identified in Table 1 and located as shown in Fig. 1. From each fbel rod, up to 

four samples were studied, each at different axial heights. In characterizing the rod axially in the 

original radiochemical assay work, the length of the rod was subdivided into ten equal-height levels 
where levels 1 and 10 are located at the top and the bottom of the rod, respectively. The sample 

pellet locations were identified by level number and were taken from the midpoint of the 

corresponding level number. The exact axial location of a pellet is not important neutronically since 

axial uniformity is assumed in depletion calculations; however, efforts were taken to match pellet 
locations to the expected local temperatures and moderator density corresponding to that height. 

Axially dependent material temperatures and moderator densities are given in Table 7 for each axial 

location. Water temperatures were computed using data given in Tables 2 and 5 along with the 
axially varying temperature formulation used in the previous validation study.g The water densities 

were derived from correlations’ based on cycle operating pressure data and the calculated water 

temperature. The effective fuel temperatures were computed from resonance-effective temperatures 

given in operating data for the similar-design Yankee Rowe PWR.20 

Table 7. Axially dependent effective fuel and water temperature and water densities 
Level Effective fuel Effective water Water density, 
No. temperature, K temperature, K gkm’ 

Cycle 1 Cycles 1 and 2 Cycle 1 Cycles 1 and 2 Cycle 1 Cycle 2 

1 915 915 567 563 0.7365 0.7555 
2 968 968 565 56 1 0.7407 0.7595 
4 1015 1015 557 553 0.7554 0.7730 
7 1001 1001 543 540 0.7795 0.7953 
9 927 927 537 534 0.7885 0.8032 
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Power histories for each sample are listed in Table 8. The burnup given in this table is the 

burnup at discharge and was determined experimentally from the measured 14’Nd concentration. 

Although burnup estimates were also experimentally determined by other methods, burnup data 

based on 14’Nd measurements were applied in this study for consistency with burnup estimates 
performed in earlier validation cal~ulations.~ The specific powers for each depletion period were 

calculated using the burnup for each sample and the relative power in each period inferred fiom the 

period burnups given in Table 5 .  

SAS2H input cases for each of the 14 Trino Vercelles fuel samples are given in Appendix 

B. These input cases are for calculations using the SCALE 27-group burnup library, known within 

SCALE as “27BURNUPLIB.” Calculations were also performed using the SCALE 

“44GROUPNDF5” cross-section library, using identical input with the exception of the cross- 
section library specification, and the material specification for Zircaloy (which must be specified 

explicitly by nuclide for the 44-group library in SCALE-4.2). Light-element masses were computed 
based on the assembly’s Zircaloy content. (Note: Input specifications for the cadmium component 

of the Trino Vercelles absorber rods were found to contain an error after completion of these 

calculations. The error is corrected in the Appendix B listings. The effect of this error was 

subsequently determined to be negligible. The nature and effect of this error are discussed in 

Appendix F.) 

2.2 TURKEY POINT UNIT 3 SPENT FUEL DEPLETION MODELS 

The Turkey Point Unit 3 PWR, operated by Florida Power and Light Co., was designed by 

Westinghouse Electric Corp. The fuel assembly design is based on a 15 x 15 square lattice, with 

2 1 positions containing control rod and instrumentation guide tubes. Design and operating 
 parameter^'^^''*^^*^ providing the key relevant characteristics of the reactor, fuel, and fuel assembly 
configurations are given in Table 9. 

Radiochemical assay data obtained from the analysis of two fuel assemblies, identified as 

DO1 and D04, were used as a basis for models developed in this study. The initial fuel isotopic 

compositions for each of the two assemblies is given in Table 10. Initial 23SU and 238U enrichments 

were given in available references; initial 234U and 236U concentrations were estimated using 
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Table 8. Fuel burnuo and o 
Assembly ID 
Fuel rod location 
Axial level no. 
Burnup," GWdMTU 
Powers,c MMYMTU: 

Cycle 1, Period I 
Cycle 1, Period I1 
Cycle 1, Period I11 
Cycle 2 

Assembly ID 
Fuel rod location 
Axial level no. 
Burnup," GWdMTU 
Powers,' WNTU: 

Cycle 1, Period I 
Cycle 1, Period I1 
Cycle 1, Period I11 
Cycle 2 

c-. 

509- 104 
MI I 
7 
12.042 

10.390 
16.138 
18.663 
- 

509-069 
El 1 
7 
24.304 

13.509 
20.982 
24.268 
20.785 

:rating power histories for Trino Vercelles PWR pellet ! 
509-032 
El 1 
4 
15.377 

13.268 
20.607 
23.83 1 - 

509-069 
E5 
4 
23.867 

13.266 
20.605 
23.832 
20.41 1 

509-032 
El  1 
7 
15.898 

13.717 
21.309 
24.639 
- 

509-069 
E5 
7 
24.548 

13.645 
21.193 
24.512 
20.993 

509-032 
E l  1 
9 
1 1.529 

9.947 
15.45 1 
17.868 
- 

509-069 
Ll1 
4 
23.928 

13.300 
20.657 
23.893 
20.463 

509-069 
El 1 
1 
12.859b 

7.148 
11.101 
12.840 
10.997 

509-069 
L11 
7 
24.362 

13.542 
21.032 
24.326 
20.834 

lmples 
509-069 
El  I 
2 
20.602 

1 1.452 
17.786 
20.571 
17.619 

509-069 
L5 
4 
24.330 

13.524 
2 1.004 
24.294 
20.807 

"Burnup based on measured I4*Nd concentration, unless otherwise specified. 
'Burnup based on measured 13'Cs concentration because there was no analysis of 148Nd for the sample. 
Towers determined from the above burnups and the specified uptimes and burnup distributions in Table 5. 

509-069 
El 1 
4 
23.718 

13.184 
20.476 
23.683 
20.283 

509-069 
15 
7 
24.3 13b 

13.514 
20.990 
24.277 
20.792 



Table 9. Turkey Point Unit 3 PWR assembl 
Parameter 

Assembly general data 
Designer 
Lattice 
Number of fuel rods 
Number of guide tubes 
Number of instrument tubes 
Average 3-cycle water pressure, psia 
Water temperature at sample axial location, K (OF) 
Water density at sample axial location, g/cm3 
Soluble boron, cycle average, ppm (wt) 
Assembly mass, kg UO, 

Fuel rod data 
Type fbel pellet 
Stack density with gap, g/cm3 (% TD) 
Rod pitch, cm (in.) 
Rod OD, cm (in.) 
Rod ID, cm (in.) 
Pellet OD, cm (in.) 
Active &el length, cm (in.) 
Effective fuel temperature, K 
Clad material 
Clad temperature, K 

Guide tube data 
Inner radius, cm (ID as in.) 
Outer radius, cm (OD as in.) 
Tube material 

and operating data" 
Data 

Westinghouse 
15 x 15 
204 
20 
1 
2083 
570 (567) 
0.73 1 
450 
456.9 

uo* 
10.235 (93.38) 
1.4300 (0.563) 
1.07 19 (0.422) 
0.9484 (0.3734) 
0.9296 (0.366) 
365.76 (144) 
922 
Zircaloy-4 
595 

0.6502(0.5 12) 
0.6934(0.546) 
Zircaloy-4 

"Sources: refs. 15, 16, 21, and 22. 

Table 10. Initial comoosition of Turkev Point fuel assemblies 
Uranium 
isotope 

I Assembly ID 

I DO 1 I d04 

wt % 
wt % 234u 
wt % u6u 
wt % 238u 

2.556 
0.023 
0.012 

97.409 

2.556 
0.023 
0.012 

97.409 
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empirical relationships.21 Both assemblies were present in the reactor during fbel cycles 2 through 

4; cycle lengths and downtimes are shown in Table 1 1. In the spent fbel assays, a single sample was 

taken from each of five different rods; all samples were taken from a location of either 167.0 or 
167.6 cm above the bottom of the fuel, as shown in Table 1. The assembly, rod identification, and 

burnup for each sample are supplied in Table 12. Figure 3 shows the configuration of the 15 x 15 

assembly design and illustrates the position of each of the fuel sample pin locations within the 

assembly. As with the Trino Vercelles measurements and those reported in ref 9, burnups for the 

Turkey Point fuel samples were determined based on measured ‘“Nd concentrations. No data were 

available indicating the operating power for the assemblies or core on a cycle-by-cycle basis. 
However, other fbel assemblies for which power histories were available during cycles 2 through 

4 varied by less than 8% from the average power.” Thus it was assumed that the reactor was 
operated at a constant power over all three cycles; average specific power was then computed for 

each sample based on the total length of the three cycles and the final burnup of the sample. These 
average powers are also given in Table 12. 

The 1-D assembly model for the Turkey Point assemblies was developed assuming a water- 
filled guide tube surrounded by a cell-equivalent volume of water, surrounded in turn by the 
equivalent material corresponding to a homogenized fbel-pin cell. Since the fbll assembly consisted 

of 21 guide tubes intermixed with fuel cells, the l-D approximation was based on a single guide tube 

cell surrounded by the volume equivalent of 9.714 fuel cells. This value was obtained as the ratio 

of fbel pins to water holes (204/21). This proportion results in the same water cell to fuel cell ratio 

as existed in the actual assembly. 

SAS2H input cases for each of the five Turkey Point fuel samples are given in Appendix C. 

These input cases are for calculations using the SCALE 27-group burnup library, known within 
SCALE as “27BURNUPLIB.” Calculations were also performed using the SCALE 

“44GROUPNDF5” cross-section library, using identical input with the exception of the cross- 
section library specification and the material specification for Zircaloy. 
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Cycle Cycle start 

2 121 1 6/74 
3 12/23/75 
4 1/16/77 

Cycle end Uptime, d Downtime, d 

10/26/75 3 14 58 
11/15/76 3 27 62 
11/24/77 3 12 927b 

Assembly Rod 
ID column 

;ample data 
Burnup, 

G W M U  
Rod 
row 

30.720 
30.510 
3 1.560 
3 1.260 
31.310 

DO 1 
DO 1 
DO1 
DO4 
DO4 

Power (avg.), 
MW/MTU 

G 9 
G 10 
H 9 
G 9 
G 10 

32.235 
32.015 
33.116 
32.802 
32.854 
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1 4 0 0  0 00 0 0 0000 0 0 00 
1 3 0 0  Q 00 Q O  0 0 ~ 0  0 Q 00 
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1 1 0  0 0 0 @ 0 0 0 0 0 63 0 0 0 0 
100 0 @ 0 0 0 a0 0 0 0 0 @ 0 0 

~000@000~000@000 

~00@000000000@00 

9000000~~0000000 

7000000000000000 

~0000~00000~0000 
40000000~0000000 
3 0 0 ~ 0 0 ~ 0 0 0 ~ 0 0 ~ 0 0  
2000000000000000 
1000000000000000 
A B C D E F G H I J K L M N O  

@ Control Rod Guide Tube Positions (Vacant) [20] 

@ Instrumentation Tube Position (Vacant) [l] 

Fig. 3. 15 x 15 assembly configuration for Turkey Point Unit 3 PWR. 
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3. PREDICTED AND MEASURED ISOTOPIC COMPOSITIONS 

Comparisons of spent PWR fuel isotopic compositions predicted by SCALE4 calculations 

to those measured by radiochemical assay analyses are provided in this section. Percentage 

differences between the computed and measured values for all isotopes selected for assay analysis 
are given for each sample. Also included in this section are the average percentage differences for 

each of the two reactor types, both for the set of analyses included in this study and for the combined 

results for this and earlie? validation analyses. Comparisons are made based on results obtained 

using the two different SCALE cross-section libraries described in Sect. 1 : the SCALE 27-group 

bumup library (27BURNUPLIB), and the SCALE 44-group library (44GROUPNDFS). Additional 
comparisons listing measurements, computed predictions, and percentage differences for each 

isotope of each sample are included in Appendix D for Trino Vercelles and Appendix E for Turkey 

Point unit 3. 

3.1 TRINO VERCELLES PWR ISOTOPIC RESULTS 

Radiochemical nuclide analyses of the Trino Vercelles spent he1 samples were conducted 

by the Ispra and Karlsruhe facilities of the Joint Research Center. Thirty-nine samples from 14 
different fuel rods were analyzed at one or both facilities; approximately half of the cases selected 

in this study were analyzed at both laboratories. Isotopic concentrations for all the major uranium 

and plutonium nuclides were measured by both laboratories for most samples. The average 
concentrations measured for the 14 samples selected for this study are listed in Table 13. This table 

also indicates the isotopes and samples for which only a single measurement was performed. The 

compositions were reported in several different types of units; each type of reported concentration 

is included in the table. However, all data were converted to units of milligrams per initial gram of 

uranium or curies per initial gram of uranium for consistency with the previous validation study. 

Measured (sample average) and computed nuclide concentrations are listed in these units in 

Appendix D for all Trino Vercelles samples. 
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Table 13. Averac measured irradiation composition" of Trino Vercelles P W R  he1 
509- 104 509-032 509-032 509-032 509-069 509-069 509-069 
MI 1 El 1 El 1 El 1 El 1 E l  1 El 1 
7 4 7 9 1 2 4 
12.042 15.377' 15.898' 1 1 S29' 12.859' 20.602 23.7 18 

Assembly ID 
Fuel rod ID 
Sample height, level number 
Burnup: GWd/MTU 

Nuclide 
21'U 
2 3 6 ~  

2 1 8 ~  

239pud 

z40pu 
241Pu 

c 242pu 
242Pu 

w 

2 4 2 m h  

2 4 3 h  

242Cm 
244Cm 
IwRu 
134cs 
l3'Cs 
'"Ce 
I4%d 
Is4Eu 

Units of reported analysis 

depletion as kg/MTU (initial) 
atoms/atom 2 3 8 ~  (final) 
depletion as kg/MTU (initial) 
kg/MTU (initial 
kg/MTU (initial) 
kg/MTU (initial) 
kg/MTU (initial) 
atomdatom 239pu 
atoms/atom U (initial) 
atomdatom U (initial) 
atoms/atom U (initial) 
atoms/atom U (initial) 
dis.s.'/g U (final) 
dis.s-l/g U (final) 
dis.s'l/g U (final) 
dis.s"/g U (final) 
atoms/atom *.'W (final) 
dis.s*'/g U (final) 

1.2345 x IO' 
2.900 x IO '  

4.586 
7.165 x IO' 
3.475 x IO' 

6.750 x IO' 

- 

- 
- 
- 
- 
- 
5.291 x 10% 
1.029 x IO9' 

2.179 x IO'& 
I .469 x 109~ 

- 
- 

1.402 x IO" 
2.990 x IO" 

5.266' 
1.118' 
6.140 x IO'' 

1.620 x 10" 

- 

- 

- 
- 
- 
- 
8.029 x 109' 

1.765 x 109' 
1.876 x IO9' 
2.716 x IO1& 
- 
- 

1.469 x 10'' 
2.890 x I O "  

5.234' 
1.137' 
6.180 x I O "  

1.790 x IO2' 

- 

- 

- 
- 
- 
- 
8.584 x 109' 

1.869 x 1 09' 
1.902 x 1 09' 
2.660 x IO1& 
- 
- 

1.113 x IO" 
2.630 x IO'' 

4.418' 
7.550 x IO" 
3.690 x IO"' 

- 

- 
8.500 x 10-3" 
- 
- 
- 
- 
5.846 x 109' 

1.021 x io9@ 
1.369 x io9' 
2.098 x IO'& 
- 
- 

1.184 x IO" 
2.580 x IO3' 
9.610' 
4.580' 
8.400 x IO"' 
4.000 x I O "  
4.600 x IO2' 
- 
- 
- 
- 
- 
- 
9.410 x 10% 
1.486 x io9' 
- 
- 
5.170 x IO" 

1.694 x IO' 
3.515 x IO' 
1.6495 x IO' 
5.755 
1.520 
8.850 x IO' 
1.720 x IO' 

1.365 x IO" 
2.345 x I O s  
1.740 x I O '  
4.560 x 

2.312 x IO" 
2.418 x IO" 

3.900 x IO4' 
1.398 x 10% 

- 

- 

- 

1.882 x IO' 
3.835 x I O '  
1.894 x IO' 
5.895 
1.755 
1.030 
2.435 x IO' 

2.090 x IOw 
4.440 x IO" 
2.395 x 10' 
8.795 x IO" 

2.914 x IO9' 
2.775 x 10" 

4.500 x IO4' 
1.779 x IOw 

- 

- 

- 



Assembly ID 
Fuel rod ID 
Sample height, level number 
Burnup: GWdiMTU 

Nuclide 
2 3 S u  

2 1 6 ~  

2 3 8 ~  

239PUd 

Z4OPU 
241Pu 
242Pu 

N 242mAm 
2 4 3 h  

242Cm 
'"Cm 
'"Ru 
'34cs 
'" c s 
'44Ce 
'"Nd 
1 5 4 E ~  

Units of reported analysis 

depletion as kg/MTU (initial) 
atoms/atom 238u (final) 
depletion as kg/MTU (initial) 
kg/MTU (initial) 
kg/MTU (initial) 
k m T U  (initial) 
kg/MTU (initial) 
atomdatom U (initial) 
atoms/atom U (initial) 
atomdatom U (initial) 
atomdatom U (initial) 
d i s s  -'/g U (final) 
d i s s  *'/g U (final) 
dis.s"/g U (final) 
dis*s"/g U (final) 
atomdatom 23Bv (final) 
dis-s -'/g U (final) 

Table 13 (continued) 
509-069 509-069 509-069 509-069 509-069 509-069 
El 1 E5 E5 LI 1 L11 L5 
7 4 7 4 7 4 
24.304 23.867' 24.548 23.928' 24.362 24.330' 

509-069 
L5 
7 
24.313' 

1.8955 x IO' 
3.865 x IO3 
1.912 x 10' 
6.070 
1.825 
1.060 
2.575 x lo-' 
2.220 x IO6' 
4.490 x IO'' 
2.620 x lo'' 
9.660 x lo6 

2.987 x IO" 
2.818 x lo9' 

4.610 x IO4' 
1.650 x IO& 

- 

- 

1.839 x IO" 

1.913 x 10" 
5.950' 
1.760' 
I ,050' 
2.400 x IO'' 

3.740 x 10-3' 

- 
- 
2.280 x 10." 
8.740 x 10" 

2.939 x 10" 
- 

2.788 x 109' 
- 
4.520 x I O 4 '  
1.765 x 10% 

'Adjusted to the shutdown composition, except for 23'lpu. 
bBurnup, based on measured 148Nd concentration, unless otherwise specified. 
'Bumup, based on measured "'Cs concentration. 
dCompositions of 2 3 ~ u  include '?J and 23%p at shutdown. Source: Ref. 12. 
'Measured at Ispra only. 
Measured at Karlsruhe only. 

1.909 x 10' 
3.765 x IO3 
1.9955 x IO '  
5.980 
1.785 
1.055 
2.540 x 10' 
2.400 x 
4.520 x l o '  
2.470 x I O '  
9.190 x IO' 

3.054 x IO" 
2.909 x IO9' 

4.650 x I O 4 /  
1.919 x 10% 

- 

- 

1.848 x IOv 
3.990 x IO'/ 
1.980 x lov 
6.060' 
1.79d 
1 .osd 
2.470 x I O v  
1.930 x 
4.360 x lo5/ 
2.750 x I O v  
8.930 x 10'' 
- 
- 
- 
- 
4.540 x 10'' 
- 

1.905 x IO '  
3.685 x IO3 
2.010 x IO' 
5.995 
1.810 
1 .OS5 
2.590 x IO' 
2.155 x lo6 
4.160 x lo5 
2.425 x 10' 
9.495 x I O 6  - 
3.048 x lo9' 
2.881 x lo9' 

4.620 x IO' 
1.718 x IO& 

___ 

1.833 x 10" 
3.690 x lo"' 
1.960 x IO" 
6.060' 
1.770" 
1.060' 
2.440 x 10"' 
- 
- 
2.480 x IO" 
9.290 x IO& 

2.939 x 10% 
2.821 x lo9' 

4.590 x lo" 
1.768 x IO& 

- 

- 

1.899 x IO" 
3.800 x IO"' 
2.109 x IO" 
5.970' 
1.790' 
1.060' 
2.500 x IO" 
- 
- 
2.440 x 10'' 
8.570 x IO* 

3.005 x 10% 
2.862 x lo9' 

- 

- 
- 
1.849 x IO& 
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The percentage differences between measured and calculated concentrations for each isotope 

of each sample are given in Tables 14 and 15 for the results of calculations using the 27-group and 

the 44-group cross-section libraries, respectively. These tables also provide the average difference 

for all samples. 
As was noted earlier, an error was identified in the specification of the absorber rod contents 

for all Trino Vercelles calculations, and has an effect on the values reported in Tables 14 and 15. 

However, the effect is very minor and may be neglected. The nature of the error and its effect are 

described in Appendix F. 

3.2 TURKEY POINT UNIT 3 PWR ISOTOPIC RESULTS 

Radiochemical isotopic analyses of five pellet samples fiom two spent fuel assemblies of the 

Turkey Point Unit 3 PWR were analyzed by BCL for the Climax Spent Fuel Test.” The measured 
post-irradiation nuclide concentrations are listed in Table 16 as reported, in terms of atomic 

percentages or as ratios to 238U atomic content. Again, the concentration data were converted to 

units of milligrams of the nuclide per gram of initial uranium; measured and computed 

concentrations are given in these units in Appendix E for all Turkey Point samples. The,percentage 

differences between measured and calculated concentrations for each isotope of each sample are 
given in Tables 17 and 18 for the results of calculations using the 27-group and the 44-group cross- 

section libraries, respectively. These tables also provide the average difference for all samples. 

3.3 SUMMARY OF COMBINED ISOTOPIC RESULTS 

Average percentage differences between measured and computed isotopic concentrations 
combined fiom both Trino Vercelles and Turkey Point data are given in Table 19. This table also 
provides the number of samples used to calculate the average and the minimum and maximum 

differences for all cases. These results are also illustrated in Figs. 4 and 5 for 27-group and 44-group 
results, respectively. The results for all samples described herein were combined with those reported 

in ref 9; Table 20 summarizes averages from the current study, the earlier study, and the combined 
average, for both cross-section libraries. Figures 6 and 7 illustrate the results for the combined samples for 

each isotope for 27-group and 44-group results, respectively. 
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Table 14. Percentage difference between measured and computed nuclide compositions for 
Vercelles P W R  samples and averages (27BURNUPLIB library) 

509-069 
(3.13) 

Trini 
509-032 
(3.13) 

Assembly 

Burnup, 
GWd/MTU 

(wt % 235U) 

509-104 
(3.897) - 

24.3 13 
Average - 

23.718 - 
3.8 

-5.5 
co.1 

2.4 
-4.1 
6.3 

-8.5 
23.4 

- 18.0 
-2 1.7 
-28.4 - 
-16.8 

1.1 

-1.7 
- 

19.0 

12.042 15.377 23.867 24.362 12.859 24.548 15.898 11.529 20.602 24.304 23.928 24.330 

Nuclide 
2 3 5 ~  

236u  

238u 

239Pu 
240pu 

h) 2"PU 
-b 242pu 

2 4 2 r n h  

2 4 3 h  

242Cm 
244Cm 
Io6Ru 
134cs 
'3'CS 
144Ce 
I4'Nd 
1 5 4 E ~  

1.7 
-4.9 

<0.1 
-2.1 
-6.2 
4.5 

-8.5 
15.3 

-13.4 
-25.8 
-29.2 
- 

-15.7 
2.0 

-1.6 
- 

33.6 

1.2 
- 10.4 

0.1 
-3.7 
-7.0 
-4.5 

- 19.2 
- 

3.4 
-7.8 

< 0: 1 
-1.2 
-4.4 
2.9 

-1 1.3 
- 

5.1 
-2.4 

<0.1 
-1.3 
-3.1 
5.7 

- 12.3 
- 

1.4 
-14.5 
< O . l  
-1.8 
-4.0 
-0.2 

-12.6 
- 

-0.1 
-5.4 
-0.1 
2.5 
1.7 
7.7 

-3.4 
- 

1.9 
-5.0 

<0.1 
0.9 

-3.6 
3.2 

60.4 
-8.3 

-4.2 
-2 1.4 
-27.5 

-20.2 
0.3 

- 

- 
-1.6 
13.0 

-0.2 
-2.8 

< 0. I 
1.7 

-3.8 
5.1 

-5.8 

1.8 
-1.8 

<0.1 
-0.4 
-3.2 
6.4 

-5.0 
7.8 

-11.0 
- 19.5 
-22.0 

0.2 
-8.7 

<O. l  
-0.1 
-5.2 
5.5 

-7.9 
35.0 

-14.0 
-30.5 
-26.5 

2.2 
-0.1 
0. I 

-0.8 
-5.3 
5.3 

-8.5 
19.1 
-5.8 

-19.4 
-27.1 
- 

-16.9 
0.2 

-1.5 
- 

29.1 

-2.4 
-0.4 

<0.1 
0.4 

-2.6 
6.7 
-3.0 

1.9 
-3. I 
0.2 

-0.5 
-4.4 
4.6 

-5.6 

1.6 
-5.2 

<0.1 
-0.3 
-3.9 
4.2 

-8.6 
26.8 

-1 1.1 
-2 1.7 
-25.6 
-4.5 

-20. I 
1.4 

-2.5 
-1.5 
20.9 

- 
- 
- 

-10.5 
-23.0 

3.5 
-5.0 
- 

- 
-16.6 
-25.8 

-37.7 
1.2 

-1.5 

- 

- 

21.5 

- 
-20.0 
-23.7 

- 
-20.2 
-20.0 

-15.9 
- 

0.7 - 
- 

19.6 

- 
-7.8 

-23.3 
1.1 

-2.6 

- 
- 1  .o 

-19.9 
3.5 
1.5 

- 
1.5 

-19.5 
1.4 

-3.9 

- 
-15.8 
-0.1 

-1.4 
- 

17.4 

- 13.3 
2.0 

-1.0 
26.2 

- - 
-1.6 
- 

- 
8.7 

"(Calculated/measured - I )  x 100%. 
SAS2WORIGEN-S analysis sequence and 27-group cross-section library of SCALE-4. 



Table 1 5 ,  Percentage difference" between measured and computedb nuclide compositions for 
WR samples and averages (44GROUPNDFS library) Trino Vercelles 

509-004 
(3.897) 

509-032 
(3.13) 

Assembly 

Burnup, 
GWd/MTU 

Nuclide 
2 3 s u  

(wt % 235U) 

236u 

2 3 S u  

239pu 
240Pu 
241Pu 
242Pu 
2 4 2 m h  

2 4 3 h  

242Cm 
244Cm 
I'Ru 
134cs 
I3'Cs 
ld4Ce 
I4'Nd 
ls4Eu 

509-069 
(3.13) Average 

12.042 15.377 15.898 
~ 

23.718 20.602 24.304 23.928 24.362 24.330 1 1.529 12.859 23.867 24.548 

1.1 
-1.9 

co.1 
co .1  
-1.3 
-0.8 
0.8 

-24.6 
-7.8 

-30.0 
-11.3 
- 

-18.8 
-0. I 

-1.3 
-23.5 

- 

24.3 13 

1.2 
-3.1 
0.2 
-0.1 
-2.5 
-2.4 
0.1 
- 
- 

-30.7 
-9.0 
- 

-19.0 
0.7 
- 
- 

-22.0 

1.2 
-10.6 

0.1 
-4.1 
-6.4 

- 1  1.9 
-14.5 
- 
- 
- 
- 

-8.7 
-26.0 

1.1 
-2.5 
- 
- 

3.9 
-8.1 

co.1 
-5.3 
1.7 

-1.4 
1.6 
- 
- 
- 
- 
2.3 

1.4 
-22.5 

-4.0 
- 
- 

1.3 
-14.6 
co .1  
-2.0 
-3.5 
-8.1 
-8.6 
- 
- 
- 
- 

-11.5 
-25.5 

3.5 
-4.9 
- 
- 

0.5 
-5.8 

<0.1 
-1.5 
8.2 
3.6 

10.3 

2.5 
-5.2 

<0.1 
-3.6 
2.3 

4 .O 
19.3 
7.3 

-1.6 

-28.0 
-9.6 
- 

-23.2 
0.3 
- 

-1.5 
-26.2 

4.5 
-5.7 

C0.1 
-2.4 
1.6 
1.1 
3.5 

-9.0 
-8.7 

-28.1 
- 1  1.6 

-20.1 
1 .O 

-1.6 
-23.8 

- 

- 

1 .o 
-5.0 

e0.1 
-1.7 
-4.4 
-2.5 
-2.9 

- 19.4 
-10.3 
-35.5 
-19.4 
- 

- 18.7 
2.0 

-1.5 
- 12.8 

- 

0.5 
-3.0 

< 0.1 
-3.1 
1.9 

< 0.1 
6.6 
- 
- 

-23.4 
-8.5 

-40.2 
1.2 

-1.4 
-22.3 

- 

- 

1 .o 
-8.9 
0.1 

-4.8 
0.5 
0.3 
4.2 

-0.5 
-4.2 

-36.2 
-9.4 
- 

1.5 
-0. I 
0.1 

-0.4 
-3.4 
-1.7 
-2.9 

- 16.7 
-2.4 

-29.9 
-17.1 

-19.9 
0.2 

- 

-1.7 
-0.6 

< O . l  
-4.3 
3.2 
1.5 
9.8 
- 
- 

-26.5 
-6.0 
- 

- 16.7 
2.0 

I .7 
-5.4 

< 0. I 
-2.5 
-0.3 
-1.9 
0.3 

-8.5 
-4.3 

-29.8 
-11.3 

-5.0 
-23.0 

1.3 
-2.4 
-1.4 

-21.3 

4.8 
-2.6 

co.1 
-1.2 
-1.8 
-2.2 
-7.4 
- 
- - 
- 

-2.1 
-22.7 

3.5 
1.6 - 
- 

- 
-25.9 

0.7 
- 

-1.5 
- 

-1.4 
-15.8 

- 
-1.0 

- 19.4 
- 

-25.6 

"(Calculatedlmeasured - 1) x 100%. 
'Using SAS2WORIGEN-S analysis sequence and a 44-group ENDFB-V cross-section library with data for I5'Eu and '55Eu taken fi-om ENDFB-VI. 



Table 16. Measured irradiatio 
Assembly ID 
Fuel rod ID 
Sample ID 
Sample height, cm 
Burnup, GWd/MTU 
Atom % burnup 

atom % 
235U atom % 

atom % 
238U atom % 
z8Pu atom % 
=9Pu atom % 
*4Opu atom % 
"'Pu atom % 
242pu atom % 
148Nd/u8U atom ratio 
u9pu/238U atom ratio 

DO 1 
G9 
15 
167.6 
30.720 
3.200 

0.014 
0.619 
0.342 
99.025 
1.561 
55.107 
25.701 
11.984 
5.647 
5.66 x IO4 
5.07 x 10-3 

composition 
DO 1 
G10 
4 
167.0 
30.510 
3.179 

0.014 
0.599 
0.342 
99.045 
1.545 
54.757 
25.846 
11.988 
5.864 
5.62 x lo4 
5.07 x 10-3 

of Turkey Pc 
DO 1 
H9 
7 
167.0 
3 1.560 
3.288 

0.013 
0.590 
0.334 
99.063 
1.592 
54.806 
25.41 1 
12.177 
6.014 
5.82 x IO4 
5.17 x io5 

it Unit 3 PWI 
DO4 
G9 
9 
167.6 
3 1.260 
3.256 

0.012 
0.5 82 
0.332 
99.074 
1.535 
54.654 
25.553 
12.329 
5.929 
5.76 x lo4 
5.18 x 10-3 

fuel 
DO4 
G10 
7 
167.0 
31.310 
3.262 

0.014 
0.598 
0.342 
99.046 
1.570 
54.574 
25.85 1 
12.113 
5.892 
5.77 x lo4 
5.02 x 10-3 

"Radiochemical analyses conducted after a cooling time of 927 days. 
!Based on measured 148Nd concentration. 
'Per final 238U atom. 
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Table 17. Percent; 
for Turkey P 

Assembly 
(wt % Y J )  

Burnup, GWd/MTu 

Nuclide 

TJ 
=6v 
=T.J 
=*PU 
=VU 
"Vu 
"'PU 
242pu 
14%Nd 

e difference between measured and computed nuclide compositions 
nt Unit 3 PWR samples and averag 

DO 1 
(2.556) 

30.720 

4.4 
-7.1 
3.0 

-0.1 
7.3 
5.0 

-5.2 
9.4 
2.5 
1.6 

30.5 10 

4.8 
-2.9 
2.8 

-0.1 
6.2 
4.9 

-6.9 
8.1 

-3.4 
1.6 

3 1.560 

10.9 
-7.1 
6.5 

-0.1 
8.5 
3.3 

-4.7 
7.4 

-0.6 
1.6 

; (27BURNUPLlB library 
DO4 

(2.556) 

3 1.260 

20.8 
-4.2 
6.8 

-0.1 
9.8 
3 .O 

-6.3 
4.7 

-1.6 
1.6 

~ ~~ 

31.310 

3.4 
-7.0 
3.7 

-0.1 
11.0 
6.3 

-4.5 
10.0 
2.3 
1.6 

Average 

8.9 
-5.6 
4.6 

-0.1 
8.6 
4.5 

-5.5 
7.9 

-0.2 
1.6 

"(Calculated/measured - 1) x 100%. 
SAS2WORIGEN-S analysis sequence and 27-group cross-section library of SCALE-4. 
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Table 1 Percentage difference " between measured and computed nuclide compositions 
for Turkev P 

Assembly 
(wt % ='u) 

Burnup, GWd/MTU 

Nuclide 

=5U 
=6U 
=*U 
=8Pu 
=9pU 
"OPU 
"'PU 
242Pu 
I4*Nd 

nt Unit 3 PWR samules and averag 

30.720 

1.8 
-5.8 
3 .O 

-0.1 
1.4 

-0.6 
0.5 
2.8 

13.9 
1.7 

DO 1 
(2.556 ) 

30.510 

2.2 
-1.5 
2.7 

-0.1 
0.4 

-0.7 
-1.2 
1.6 
7.3 
1.6 

3 1.560 

8.1 
-5.7 
6.5 

-0.1 
2.6 

-2.3 
1.1 
0.9 

10.4 
1.6 

I (44GROUPNDFS librar 
DO4 

(2.5 5 6) 

3 1.260 

17.7 
-2.8 
6.7 

-0.1 
3.8 

-2.6 
-0.6 
-1.6 
9.2 
1.7 

31.310 

0.8 
-5.7 
3.6 

-0.1 
4.9 
0.6 
1.3 
3.3 

13.6 
1.7 

1 

Average 

6.1 
-4.3 
4.5 

-0.1 
2.6 

-1.1 
0.2 
1.4 

10.9 
1.7 

"(Calculatedmeasured - 1) x 100%. 
%sing SAS2WORIGEN-S analysis sequence and 44-group cross-section library with data for 

ls4Eu and "'Eu taken from ENDFB-VI. 
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Table 19. Summary of percentage differences" between measured and computed 

Nuclide 

"W 
=U 
=U 

"SPU 
"9u 
"'PU 
242pu 
2 4 2 1 n h  

2 4 3 b  

242Cm 
244Cm 
'%Ru 
lacs 
l3'CS 
' Y e  
'48Nd 
'"Eu 

Number 
of 

cases 
~~ 

5 
19 
19 
19 
5 

19 
19 
19 
19 
6 
6 
9 
9 
4 

13 
13 
4 

13 
9 

mpositions in this study as averages 
27BURNUPLIB data 

Average 

8.9 
-0.3 
-2.6 

< 0.1 
8.6 
1 .o 

-4.4 
5.2 

-6.3 
26.8 

-1 1.1 
-2 1.7 
-25.6 

-4.5 
-20.1 

1.4 
-2.5 
-0.3 
20.9 

Max Min 

20.8 3.4 
5.1 -7.1 
6.8 -14.5 
0.2 -0.1 

11.0 6.2 
6.3 -3.7 
1.7 -7.0 

10.0 -4.5 
2.5 -19.2 

60.4 7.8 
-4.2 -18.0 

-16.6 -30.5 
-20.0 -29.2 

1.5 -10.5 
-13.3 -37.7 

3.5 -0.1 
1.5 -5.0 
1.6 -1.7 

33.6 8.7 

id spreads 
44GROUPNDF5 data 

Average 

6.1 
0.1 

-2.8 
0.1 
2.6 

-2.1 
-0.2 
-1.0 
3.1 

-8.5 
-4.3 

-29.8 
-11.3 
-5.0 

-23.0 
1.3 

-2.4 
-0.2 

-2 1.3 

Max Min 

17.7 0.8 
4.8 -5.8 
6.7 -14.6 
0.2 -0.1 
4.9 0.4 
0.6 -5.3 
8.2 -6.4 
3.6 -1 1.9 

13.9 -14.5 
19.3 -24.6 
7.3 -10.3 

-23.4 -36.2 
-6.0 -19.4 
2.3 -11.5 

-16.7 -40.2 
3.5 -0.1 
1.6 -4.9 
1.7 -1.6 

-12.8 -26.2 

"(Calculatedmeasured - 1 )  x 100%. 

29 



5 
?Q 
P 

&I 
0 

vez-n 

xz-n 

gcz-n 

8cz-n 

8€Z-W 

6€Z-W 

ZPZ-W 

901 -nx 

Percent Difference (CalculatedlMeasured-l)xlOO% 
rj 
0 

I 

E; w 
0 



Cm-244 

Cm-242 

Am-243 

Am-242m 

Nd- 148 

Eu- 154 

CS- 137 

CS- 134 

Ce-144 

Ru- 106 

Pu-242 

Pu-24 1 

Pu-240 

Pu-239 

Pu-238 

U-238 

U-236 

U-235 

U-234 

n 

B 
' 5  

t3 
0 

d 
d 
W 

a s 
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Table 20. Combination of the current and previous validation summaries, 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

- 

listing perce 

Nuclide, 
isobar, or sum 
of nuclides 

"?J 
236v 
238v 
"8Pu 
"9pU 
2% 

"'PU 

"'Np 
U 242p 

2 4 1 b  

2 4 2 m h  

2 4 3 b  

242Cm 
243Cm +244Cm 
244Cm 
I4C 

"Se 
9 r  
99TC 
'O6RU 

12%n 

IBI 
'33cs 
134cs 

age d 

Total 
cases 

14 
38 
38 
32 
24 
38 
38 
38 
34 
13 
9 
6 
6 
15 
9 
15 
3 
9 
9 
13 
4 
6 
3 
3 
16 

- 

erences between measured and computed compositions 
Average percentage differences - -  

27BURNUPLIB data 

Current * . Previous ' Combined 

8.9 
-0.3 
-2.6 
co. 1 

8.6 
1.0 

-4.4 
5.2 

-6.3 
- 
- 

26.8 
-11.1 
-21.7 
- 

-25.6 
- 
- 
- 
- 

-4.5 
- 
- 
- 

-20.1 

4.7 
-2.9 
0.7 

-0.6 
0.7 
5.3 

-5.8 
5.0 

-10.3 
19.2 
-5.9 
- 
- 

-18.7 
-15.8 
-22.7 
-14.2 
14.1 
6.1 

15.8 

230.3 
-10.8 

1.9 
-8.1 

- 

6.2 
-1.6 
-1.0 
-0.3 
2.4 
3.1 

5.1 
-5.1 

-8.1 
19.2 
-5.9 
26.8 

-11.1 
-20.5 
-15.8 
-24.4 
-14.2 
14.1 
6.1 

15.8 
-4.5 

230.3 
-10.8 

1.9 
-17.8 

- 

44GROUPNDFS data 

Current Previous ' Combined 

6.1 
0.1 

-2.8 
<o. 1 

2.6 
-2.1 
-0.2 
-1.0 
3.1 
- 
- 

-8.5 
-4.3 

-29.8 
- 

-1 1.3 
- 
- 
- 
- 

-5.0 
- 
- 
- 

-23.0 

1.8 
-1.9 
0.6 

-0.6 
-4.6 
-0.6 
-0.3 
-1.2 
-0.2 
6.4 

-11.0 
- 
- 

-25.0 
-2.3 
-7.1 

-13.8 
14.0 
6.0 

16.3 
- 

229.8 
-10.8 

2.5 
-11.4 

3.3 
-0.9 
-1.1 
-0.3 
-3.1 
-1.3 
-0.2 
-1.1 
1.7 
6.4 

-11.0 
-8.5 
-4.3 

-27.9 
-2.3 
-9.6 

-13.8 
14.0 
6.0 

16.3 
-5.0 

229.8 
-10.8 

2.5 
-20.8 
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Table 20 (continued) 

No. 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

- 

- 
"(Ca 

Nuclide, 
isobar, or sum 
of nuclides 

lSSCS 
I3'Cs 
W e  
143Nd 
' W d  
'"Nd 
'&Nd 
'%d 
'%Id 
14'Pm...147Sm 
'&Sm 
I4'Sm 
"'Sm 
1s1Sm...'5'Eu 
'"Sm 
lS3Eu 
*%EU 
'54E~...1s4Gd 
15sE~...'sSGd 

~ _ _ _ _  

ulatedmeasured 

Total 
cases 

9 
26 
4 
3 
3 
3 
3 
16 
3 
3 
3 
3 
3 
3 
3 
3 
9 
3 
3 
) x  1( 
- 

~~~ 

Average percentage differences * 

27BURNUPLIB data 

Current Previous Combined 

10.9 
0.9 

1.3 
0.1 
0.4 
0.4 
0.3 
3.2 

-4.5 
-15.9 
-30.3 
-0.5 

- 

26.1 
17.3 
-4.8 
- 

30.8 
96.0 

10.9 
1.1 

-2.5 
1.3 
0.1 
0.4 
0.4 

-0.2 
3.2 

-4.5 
-15.9 
-30.3 
-0.5 
26.1 
17.3 

20.9 
30.8 
96.0 

-4.8 

%. 

44GROUPNDFS data 

Current * Previous Combined 

5.7 
0.8 

0.4 
0.5 

-0.3 
1.1 
0.4 
3.4 

-2.8 

- 

5.7 
1.1 

-2.4 
0.4 
0.5 

-0.3 
1.1 

-0.1 
3.4 

-2.8 
-16.9 
-35.9 
-1.5 
28.1 
20.2 
5.0 

-2.1 
-24.4 

- 

-16.9 
-35.9 
-1.5 
28.1 
20.2 
5.0 

-21.3 
-2.1 

-24.4 

'Summary of current study (as in Table 19). 
'Summary of previous study, in ref. 9. 
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Cm-244 
Cm-242 
Am-243 
Am-242m 
Am-24 1 
Eu-155..Gd-155 
Eu- 154 
Eu-153 
Sm-152 
Sm- 15 1 ..Eu- 15 1 
Sm- 150 
Sm- 149 
Nd- 148 
Pm- 147..Sm- 147 
Nd- 145 
Nd- 143 
CS- 137 
CS- 135 
CS- 134 
CS-133 
Ce-144 
RU-106 
TC-99 
Pu-242 
Pu-24 1 
Pu-240 
Pu-239 
Pu-238 
U-238 
U-236 
U-235 
U-234 

a g z 8 a a o q q g  CI 

b 
2 
.- c( 
Q) 

% 

s 
c 
P 
.- 
E 

ui 
ob 

Fr, 
.a 
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Cm-244 
Cm-242 
Am-243 
Am-242m 
Am-24 1 
EU- 1 55 ..Gd- 1 55 
EU- 154 
EU-153 
Sm-152 
Sm- 15 1 ..Eu- 15 1 
Sm-150 
Sm-149 

Pm- 147. .Sm- 147 
Nd- 148 

Nd- 145 
Nd-143 
CS-137 
CS- 135 
CS- 134 
CS-133 
Ce-144 
RU- 106 
TC-99 
Pu-242 
Pu-24 1 
Pu-240 
Pu-239 
Pu-238 
U-238 
U-236 
U-235 
U-234 

a 8 ~ ~ s a o q g g  M c( 

oo~x(  ~ - p m s e a ~ e p q q )  a3uarama a2hquaxad 

a 
2 
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4. STATISTICAL COMBINATION OF MEASURED-TO-COMPUTED 
ISOTOPIC RATIOS 

Differences between calculated and measured isotopic concentrations for any given fuel sample result 
from biases and uncertainties in both the calculational method and in the original experimental measurement. 
Isotopic uncertainty is a consequence of the variation of physical parameters in a random fashion relative to 

modeled parameters, combined with the random error associated with experimental measurements. Isotopic 

bias, on the other hand, is the offset between the measured nuclide concentration for a given nuclide and the 
corresponding calculational prediction of the concentration of that nuclide after accounting for uncertainties. 

Isotopic bias can result from both the method used in experimental measurements and from the assumptions, 
data, and method used in computational prediction of nuclide densities. 

Reference 3 describes a statistical approach in which the bias and uncertainty terms associated with 

the prediction of the concentration of a given isotope are estimated from a set of measured-to-calculated 

ratios. Although the details of this statistical approach are provided in ref. 3, the key aspects are summarized 
here to provide a basic understanding of the computed parameters provided later in this section. 

In this statistical approach, calculational bias is represented by the term K, which is defined as the 
average measured (M) to calculated (C) ratio for a number of comparisons (n) made for a given isotope [i.e., 

X = (1h)E M,/C ,]. Thus, based on a sufficient number of measured-to-calculated ratios, the "expected" 
isotopic concentration, e, that would be experimentally measured for an additional fuel sample may be 

estimated from a calculated concentration for that sample, Cy by the relationship e = C.X. This is a best- 

estimate approach for predicting actual spent fuel contents; however, this does not account for the effect of 

the uncertainty associated with ?(. The upper and lower bounds on e, E*, are defined as Ei = C.( 2 * T-s), 
where s is the standard deviation associated with S, and T is a tolerance factor selected for a desired 

confidence level; the definition and significance of these terms are provided in ref. 3. The term (2 f T-s) is 
a bounding correction factor for C and is often referred to simply asf: 

In a criticality calculation, conservatism would require selecting an upper bound for estimates of 
productive (va,/u, > 1) isotopes (also called fissile isotopes) and a lower bound for nonproductive (va,/a, 

l), or absorber, nuclides. Thus there are two definitions off; depending on whether it is calculated for a 
- fissile or absorber nuclide:J;,,,, = X: + T-s, andfabsorber = s - T-s. 

Additional conservatism can be included in this approach by prohibiting compensating effects. 
(Compensating effects can occur when the correction of one nuclide results in a positive increase in system 
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reactivity, while the correction of another nuclide results in a negative offsetting change in reactivity. Hence 
the negative contribution compensates for the positive effect.) It is mathematically possible that the most 

conservative correction factor for a given isotope will result in a value of E that is less conservative (in a 
relative sense) than the calculated concentration. In other words, for a fissile material, if&!,$ c 1, then E will 

be less than Cy and C represents the more conservative value (because C would result in increased neutron 

production). Conversely, for absorber isotopes,f,,,, > 1 means that E will be greater than Cy and again C 
represents the more conservative value (in this case, C would result in less neutron absorption). Thus to 

disallow compensating effects, a modified correction factor,f’, is defined asfk,,,  = mas[( F + T-s), 11 for 

fissile isotopes, and f ibrber = min[(F - T-s), I ]  for absorber isotopes. The modified correction factor, f’, has 
been developed specifically for the needs of burnup credit  application^.^ 

Based on the measured and computed nuclides provided in Appcndices D and E for Trino Vercelles 

and Turkey Point Unit 3 fuel samples, respectively, and those provided in ref. 9 for 19 other fuel samples, 

Table 21 provides the values of n (number of independent fuel samples), X, s, T,f, and f ’ for each of the 

isotopes for which both calculated and measured values are available; calculated values were obtained using 

the SCALE 27-group cross-section library. Table 22 lists the same parameters with calculated values 

obtained using the more recently developed SCALE 44-group cross-section library. Note that in both tables 

T is a tabulated value determined as a function of n for a %0/0/950/0 confidence level. The value of n ranges 
from as few as 3 samples to as many as 38 spcnt fuel samples. The value off calculated based on the earlier 
subset of measurements (for a more limited set of nuclides) is given’in the final column of each table. Note 

that because no additional measurements were included for most fission products in the current work, f 

remains unchanged for these nuclides. However, for nuclides for which additional measurements were 

available, f i s  seen to improve, for the most part. (Improvement is determined as a revised fvalue that is 
closer to 1.0 than the earlier value.) 
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Table 21. Best-estimate and conservative correction factors for 27BURNUPBLIB results 

Isotope n X S T9995 f f' ffearlier work)' - 

I4C 
"Se 
9 r  
99TC 
06Ru 

lz6Sn 

133cs 
'"CS 
lSSCS 
I3'Cs 
'-Ce 
'43Nd 
144Nd 
I4'Nd 
46Nd 

14%d 
' '?Nd 
'47Pm...'47Sm 
'"Sm 
14'Sm 
lsoSm 
lS2Srn 
1s1Sm...'5iEu 
Is3Eu 
Is4Eu 
154Sm...i54Gd 
1s5E~...i55Gd 
234U 

236U 

237Np 
238Pu 

240Pu 

242Pu 
24 ' Am 

243Am 
242Cm 
243Cm+244Cm 
244Cm 

1291 

235u a 

2 3 8 ~  

239pu a 

241pua 

2 4 2 r n ~ ~  

3 b  
g b  
9 b  
13 
4' 
6 b  
3 b  
3 b  
16 
g b  
26 
4' 
3 b  
3 b  
3 b  
3 b  
16 
3 b  
3 b  
3 b  
3 b  
3 b  
3 b  
3 b  
3 b  
9' 
3 b  
3 b  
14 
38 
38 
32 
13 
24 
38 
38 
38 
34 
9 b  
6' 
6' 
15 
g b  
15 

1.1726 
0.8842 
0.9422 
0.8767 
1.0494 
0.3085 
1.1230 
0.98 14 
1.2285 
0.9022 
0.9892 
1.0264 
0.9909 
1.0034 
0.996 1 
0.9993 
0.9997 
0.9549 
1.0346 
1.1755 
1.3892 
0.9923 
0.8361 
0.7703 
1.0369 
0.830 1 
0.7603 
0.5272 
0.9564 
1.0175 
1.01 19 
1.0027 
0.8467 
0.9780 
0.9708 
1.0536 
0.9522 
1.0908 
1 .os00 
0.8016 
1.1279 
1.2609 
1.1934 
1.3250 

0.109 
0.087 
0.01 1 
0.106 
0.062 
0.046 
0.055 
0.007 
0.128 
0.027 
0.014 
0.029 
0.008 
0.006 
0.002 
0.006 
0.0 18 
0.017 
0.047 
0.03 1 
0.378 
0.048 
0.008 
0.036 
0.057 
0.053 
0.04 1 
0.069 
0.128 
0.039 
0.048 
0.005 
0.084 
0.07 1 
0.036 
0.02 I 
0.029 
0.059 
0.164 
0.107 
0.066 
0.068 
0.094 
0.052 

7.656 
3.03 1 
3.03 1 
2.67 1 
5.144 
3.708 
7.656 
7.656 
2.524 
3.031 
2.275 
5.144 
7.656 
7.656 
7.656 
7.656 
2.524 
7.656 
7.656 
7.656 
7.656 
7.656 
7.656 
7.656 
7.656 
3.03 1 
7.656 
7.656 
2.614 
2.141 
2.141 
2.197 
2.671 
2.309 
2.141 
2.141 
2.141 
2.176 
3.03 1 
3.708 
3.708 
2.566 
3.03 1 
2.566 

0.338 
0.62 1 
0.909 
0.594 
0.730 
0.138 
0.702 
0.928 
0.905 
0.820 
0.957 
0.877 
0.930. 
0.957 
0.98 1 
0.953 
0.954 
0.825 
0.675 
0.938 
0.000 
0.625 
0.775 
0.495 
0.60 1 
0.669 
0.446 
0.000 
0.622 
1.101 
0.909 
0.992 
0.622 
0.814 
1.048 
1.009 
1.014 
0.962 
0.583 
0.405 
0.883 
1 .086 
0.908 
1.192 

0.338 
0.62 1 
0.909 
0.594 
0.730 
0.138 
0.702 
0.928 
0.905 
0.820 
0.957 
0.877 
0.930 
0.957 
0.98 1 
0.953 
0.954 
0.825 
0.675 
0.93 8 
0.00Od 
0.625 
0.775 
0.495 
0.60 1 
0.669 
0.446 
0.00Od 
0.622 
1.101 
0.909 
0.992 
0.622 
0.814 
1.048 
1 .ooo 
1.014 
0.962 
0.583 
0.405 
0.883 
1 .ooo 
0.908 
1 .ooo 

0.594 

0.928 

0.820 

0.930 

0.98 1 

0.675 

0.000 
0.625 
0.775 
0.495 
0.601 

0.000 
0.509 
1.115 
0.955 
0.990 

0.830 
1.033 
1.013 
1.016 
1.006 
0.583 

a Fissile isotope. 
'Based on measurements reported in ref. 9 only; not measured in current work. 
'Based on measurements reponed herein; not included in ref. 9. 
dFactors less than zero are set to zero, as negative concentrations are meaningless 
'From ref. 8. 
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Table 22. Best-estimate and conservative correction factors for 44GROUPNDFS results 

Isotope n x S T95/95 f f' f(ear1ier work)' - 

I4C 3 b  1.1677 0.108 7.656 0.341 0.34 1 
"Se 9 b  0.8850 0.087 3.031 0.62 1 0.62 1 
9 r  9 b  0.9432 0.01 1 3.03 1 0.910 0.910 
99TC 13 0.8732 0.106 2.67 1 0.590 0.590 
'06Ru 4' 1.0563 0.070 5.144 0.696 0.696 
12%n 6' 0.3088 0.045 3.708 0. I42 0.142 
1291 3 b  1.1224 0.055 7.656 0.701 0.701 
lS3CS 3 b  0.9759 0.009 7.656 0.907 0.907 
'"CS 16 1.2752 0.133 2.524 0.940 0.940 
135cs 9 b  0.9471 0.029 3.03 1 0.859 0.859 
137cs 26 0.9894 0.014 2.275 0.958 0.958 
Y e  4' 1.0256 0.030 5.144 0.871 0.871 
143Nd 3 b  1.0000 0.005 7.656 0.962 0.962 
' W d  3 b  0.9993 0.007 7.656 0.946 0.946 
I4'Nd 3 b  1.0032 0.004 7.656 0.973 0.973 
46Nd 3 b  0.9925 0.007 7.656 0.939 0.93 9 

14%d 16 0.9992 0.018 2.524 0.954 0.954 
"%d 3 b  0.9535 0.01 7 7.656 0.823 0.823 
147Pm...'47Sm 3 1.0170 0.042 7.656 0.695 0.695 
I4*Sm 3 b  1.1891 0.029 7.656 0.967 0.967 
I4'Sm 3 b  1.5095 0.406 7.656 0.000 0.000 
lsoSm 3 b  1.0018 0.050 7.656 0.619 0.6 19 
lS2Sm 3*  0.8162 0.008 7.656 0.755 0.755 
's'Sm...'SIEu 3 0.7584 0.033 7.656 0.506 0.506 
'"Eu 3 b  0.9395 0.039 7.656 0.64 1 0.641 
'%Eu 9' 1.2735 0.070 3.03 1 1.061 1 .ooo 
'54Sm...154Gd 3 1.0144 0.035 7.656 0.746 0.746 
1ssEu...155Gd 3 1.3586 0.10') 7.656 0.524 0.524 

14 0.9829 0.133 2.614 0.635 0.635 
38 1.0104 0.035 2.141 1.085 1.085 
38 1.0132 0.048 2.141 0.910 0.910 
32 1.0026 0.005 2.197 0.992 0.992 

237Np 13 0.9484 0.094 2.671 0.697 0.697 
238Pu 24 1.0338 0.077 2.309 0.856 0.856 

38 1.0142 0.029 2.141 1.076 1.076 
240Pu 38 1.0030 0.027 2.141 0.945 0.945 

38 1.01 19 0.035 2.141 1 .OS7 1 .OS7 
242Pu 34 0.9875 0.064 2.176 0.848 0.848 
241Am g b  1.1420 0. I76 3.03 1 0.609 0.609 

6' 1.1 181 0.177 3.708 0.462 0.462 
243Am 6' 1.0491 0.066 3.708 0.804 0.804 
242Cm 15 1.3916 0.087 2.566 1.168 1 .ooo 
243Cm+244Cm g b  1.0266 0.063 3.03 1 0.836 0.836 
244Cm 15 1.1090 0.053 2.566 0.973 0.973 

2 3 4 ~  

235u  o 

2 3 6 ~  

238u 

239pu a 

241pu a 

2 4 2 m ~ ~  

"Fissile isotope. 
bsased on measurements reported in ref. 9 only; not measured in current work. 
'Based on measurements reported herein; not included in ref. 9. 
"Factors less than zero are set to zero. as negative concentrations are meaningless. 
Trom ref. 8. 
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0.590 

0.910 

0.859 

0.962 

0,973 

0,000 
0.619 
0.755 
0.506 
0.641 

0.524 

1.104 
0.956 
0.991 

0.5 19 

0.871 
1.092 
0.957 
1 .os0 
0.91 1 
0.609 



5. SUMMARY 

Knowledge ofthe isotopic composition of spent commercial LWR fuel is important in many 

aspects of transportation and storage of the fuel. Because it is not feasible to destructively assay 

every spent fuel element removed from a reactor, it is necessary to use computational methods to 

estimate spent fuel contents. The ultimate goal is to provide an adequate prediction of isotopic 

contents of PWR spent fuel assemblies based solely on calculational methods and to provide an 

estimate of the uncertainty in that prediction. Thus it is necessary to perform validation studies to 

assess the accuracy of a computational method relative to reality, where reality is gauged by 

experimental measurements. 

The results presented in Sect. 3 of this report demonstrate the accuracy of the SASZH 
sequence in SCALE-4.2 for prediction of isotopic concentrations. As illustrated in Table 20, in 

comparing the current and the earlier work, no major differences in the ability to predict specific 

nuclide concentrations are noted. In other words, those nuclides which were predicted within a few 

percent in the earlier work were predicted within a few percent in the current work, and isotopes for 

which errors were greater than a few percent in the earlier work were found to be in error by 

comparable amounts in the current work. This consistency was observed for results obtained from 

each of the two different cross-section libraries that have been used in the validation studies. This 

consistency suggests that the estimated biases determined for each of the isotopes in the earlier work 

are reasonably good estimates, as the additional measurementkalculated ratios resulting from the 

current work tend to confirm these estimates. The fact that the more recent results are taken from 

different reactor types and facilities and were based on measurements performed by different 

organizations than those of the earlier work indicates that the biases are largely independent of other 

factors or modeling. 

In general, the prediction of nuclide inventories for uranium isotopes is within about 1%, 

with the exception of which is generally predicted in the range of 2 to 6% (this relatively broad 

variation may result from the correlation used to estimate the initial loading of this isotope, since 

these data are not generally directly provided in available references). Predictions for plutonium 

isotopic concentrations vary by isotope. Plutonium-23 8 and -242 show the largest variation between 

measurements; hence these isotopes show the most significant variation between earlier and current 
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averages. This may be due in part to the small amount of each nuclide present in spent fuel relative 
to the other plutonium nuclides. Plutonium-239, -240, and -241 are predicted on the order of about 

5% using the 27-group library, and within 1 to 2% based on calculations using the 44-group library. 
Much of the improvement in plutonium prediction for these nuclides using the 44-group library may 

result fiom the fact that the group structure for this cross-section library was specifically tailored to 
capture the 0.3-eV resonance in 239Pu (which, due to low energy and lack of resonance data, cannot 
be properly modeled via the SCALE Nordheim Integral Treatment module NITAWL-11). This 

improved cross-section representation not only improves the prediction of 2 3 ~ u  depletion, but also 
the production of 2 4 ~ u  and 241Pu, which are daughter products by absorption. 

This study has provided calculation-to-measurement comparisons for a number of important 

actinides not included in earlier work. Specifically, data are available in the current work for 24zmAm 

and 243Am, both daughter products of plutonium isotopes by beta decay, and additional 

measurements for 2aCm are included. The majority of earlier measurements of 244Cm also contained 

243Cm; the current work contains nine new measurements of 244Cm only. Unfortunately, little 
measurement data are available for fission-product nuclides so that the range of validation data for 
most fission products is unchanged in this work; however, additional data were included for 134Cs, 

I3'Cs, and I4*Nd, and data for three new fission products, '06Ru, 144Ce, and '"Eu, were introduced. 
Section 4 of this report provided the means by which spent he1 nuclide concentrations 

calculated using SCALE-4.2/SAS2H and either of the two cross-section libraries (27BURNUPLIB 

or 44GROUPNDFS) could be converted to a best-estimate prediction for actual spent fuel contents 

or a conservative representation of the spent fuel isotopic concentration. The latter is conservative 

in terms of a subsequent criticality analysis (i.e., use of conservative correction factors would result 

in an upper limit in the multiplication factor computed based on spent fuel contents). Use of best- 
estimate isotopics (i.e., isotopics corrected via multiplication by K) should provide a more realistic 
estimate for the reactivity of a given spent fuel system; however, it must be recognized that (1) 

nuclides for which no measurement data exist cannot be validated and are of unknown error, and (2) 

omission of such nuclides would result in a conservative estimate in total neutron multiplication as 

these nuclides are neutron absorbers and act to reduce the reactivity worth of the system. 
Much work remains in the arena of validation for spent he1 isotopic prediction methods. 

Although the primary actinides are considered to be well characterized by the up to 38 comparisons 
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performed, trending analysis as a fhction of burnup, initial enrichment, and cooling time have not 

been performed rigorously; such trending analysis may highlight fimctional dependencies in the 

data. In addition, large uncertainties are associated with the prediction of fission-product 
inventories. Calculation of fission-product concentrations have greater uncertainties due to larger 

uncertainties in fission-product cross-section data. Thus it is imperative that many more 

measurements of fission-product nuclides be performed for spent fuel samples in order to validate 
computational methods and data for estimating fission-product contents in spent fuel. 
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APPENDIX A 

DESCRIPTION OF THE SCALE SAS2H DEPLETION APPROACH 

SCALE is a wellestablished code system that has been widely used in away-from-reactor 

(AFR) applications for spent fuel characterization via the SAS2H analysis sequence.A.‘ SAS2H 
is a multicode sequence that determines the isotopic composition of spent fuel using the 

ORIGEN-S cod&” for depletion and decay calculations and a 1-D neutronics model of an LWR 
fuel assembly to prepare bumup-dependent cross sections for ORIGEN-S. Isotopic concentrations 

used in the subsequent spent fuel criticality calculations are based on the results of SAS2H 

calculations. 
The SAS2H control module was originally developed for the SCALE code system to 

provide a sequence that generated radiation source terms for spent fuel and subsequently utilized 

these sources with a 1-D shielding analysis of a shipping cask. However, in addition to the 
calculation of source terms, SAS2H is now often used to obtain decay heat and spent fuel 

isotopics. Within the scope of validation activities described in this report, SAS2H is used solely 
for the prediction of spent fuel isotopics. 

Six different modules are invoked by the SAS2H sequence for performing a complete fuel 

depletion analysis. The SCALE-4 system driver provides automated data handling and code 

execution for each step of the process. This procedure begins with the SCALE Material 
Information ProcessorA” which generates number densities and related information, prepares 

geometry data for resonance self-shielding and flux-weighting cell calculations, and creates data 

input files for the cross-section processing codes. BONAMIA.4 applies the Bondarenko method 

of resonance self-shielding for nuclides which have Bondarenko data included in the cross-section 

library. NITAWL-IIA.’ performs Nordheim resonance self-shielding corrections for nuclides that 
have resonance parameters included with their cross-section data. XSDRNPMA.6 is a 1-D 
discrete ordinates code that performs radiation transport calculations based on geometric data 

passed to it by SAS2H and produces cell-weighted cross sections for fuel depletion calculations. 
The COUPLE  ode^.^ updates cross-section constants included on the ORIGEN-S nuclear data 

library with data from the cell-weighted cross-section library produced by XSDRNPM. 
COUPLE also uses the XSDRNPM-computed weighting spectrum to update nuclide cross 
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sections for remaining nuclides. Finally, the ORIGEN-S code is used to perform nuclide 
generation and depletion calculations for a specified reactor fuel history. 

The process used by SAS2H in calculation of spent fuel isotopics is illustrated 
schematically in Fig. A. 1. The calculation starts with input-specified data describing a fuel 

assembly as it is initially loaded into a reactor. The initial composition, average temperatures, 

geometry, and time-dependent specific power of the fuel assembly are required. The SAS2H 
sequence performs 1-D neutron transport analysis of the reactor fuel assembly using XSDRNPM 

and a two-part procedure with two separate unit-cell-lattice models. The first model (Path A of 

Fig. 1) is a unit fuel-pin cell from which cell-weighted cross sections are obtained. The second 

model (Path B of Fig. 1) represents a larger unit cell (e.g., an assembly) within an infinite 

lattice. The larger unit cell zones can be structured for different assembly designs to account 

for assembly-specific attributes (i.e., water holes, burnable poison rods, etc.). Problem- 
dependent resonance self-shielding of cross sections is performed prior to each XSDRNPM 

calculation using the BONAMI and NITAWL-I1 codes. The neutron flux spectrum obtained 

from the second (assembly) unit-cell model is used to determine the appropriate nuclide cross 
sections for the burnup-dependent fuel composition. The cross sections derived from 

XSDRNPM calculations at each time step are used in an ORIGEN-S point-depletion computation 

that produces the bumup-dependent fuel compositions to be used in the next spectrum 

calculation. This sequence is repeated in user-specified bumup steps for a complete assembly 

operating history. The buildup and decay of nuclides in the fuel assembly is then computed by 

ORIGEN-S in a final pass based on the assembly’s cooling time (i.e., the period of time after 

final exposure time). Note that ORIGEN-S calculations have no spatial dependence. The 
neutron flux used to produce the ORIGEN-S cross sections is based on a radial average of an 
infinitely long uniform assembly with characteristics per input specifications. These 

specifications (e.g., burnup, specific power, moderator temperature, etc.) can be representative 

of any axial location along the fuel assembly or an axial average of the fuel assembly. 

More than 1000 nuclides are tracked by ORIGEN-S during depletion and decay 
calculations. (Note that ORIGEN-S tracks all decay chains, but does not account for the loss 
of volatile isotopes; however, any released nuclides represent an insignificant fraction of the total 

fission-product inventory, and their inclusion should have an insignificant effect on the isotopic 
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Fig. A. 1. Flow path invoked in SAS2H depletion and decay sequences. 
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calculations.) Bumup-dependent cross sections are processed by SAS2H only for a select set 
of user-specified nuclides. These nuclides are those found to be most important for depletion 

calculations in LWR fuels and are listed in Table A. 1. Cross sections for remaining isotopes 

are obtained from the ORIGEN-S one-group LWR library and are adjusted with burnup using 
ORIGEN-S spectral parameters (THERM, RES, and FAST)*.* calculated using fluxes determined 
by XSDRNPM. The ORIGEN-S one-group LWR library available in SCALE-4 has been 

updated to use cross sections from the SCALE4 27-group burnup library for all I93 nuclides in that 

library. The update was performed by extracting one-group cross sections from the output of a low- 

burnup LWR-type fbel. 

Table A. 1.  List of fuel nuclides automatically included by 
SAS2 for neutronics processing" 

'%e 
133 c s  
T J  

TJ 
278U 

p7Np 

Pu 
39Pu 
240Pu 

Pu 
242Pu 
%'Am 

Wnless overridden by user input, these nuclides are added to the initial 
fuel mixture with a number density of lo-?" atomsh-cm. 

Sect. F7 of ref. 1). 
to calculate the THERM parameters applied in ORIGEN-S (see 
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APPENDIX B 

INPUT LISTINGS FOR TRINO VERCELLES SASZH DEPLETION CALCULATION 

Assemblv 509-104. Rod M11. Axial Level 7. with a Burnup of 12.042 GWdMITJ 
=sa& parn~'halt03,skipshipdata' 
trino vercelles pwr, 509-104, rod mll 7, 12.042 gwd/mtu, b4, July-95 

' Input File Name: trino104m1117b4 
I 

I 

1 
in reactor for cycle 1 only 

1 using ag-in-cd absorber in mix 6, estimated densities 
applying an effective control-rod mockup, period dependent, with u02 , 

1 tttttttt endf/b-4 tt*t++*+t 
' ........... S W E  Version 4.2p, /scale4.2p/ ........... 
1 

( - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

' mixtures of fuel-pin-unit-cell: 

27burnuplib latticecell 
uo2 1 dew10.079 1 1001 

co-59 3 0 1-20 543 end 
zr-94 1 0 1-20 1001 end 
mo-94 1 0 1-20 1001 end 
nb-95 1 0 1-20 1001 end 
mo-95 1 0 1-20 1001 end 
tc-99 1 0 1-20 1001 end 
rh-103 1 0 1-20 1001 end 
rh-105 1 0 1-20 1001 end 
ru-106 1 0 1-20 1001 end 
sn-126 1 0 1-20 1001 end 
xe-131 1 0 1-20 1001 end 
cs-134 1 0 1-20 1001 end 
cs-135 1 0 1-20 1001 end 
cs-137 1 0 1-20 1001 end 
pr-143 1 0 1-20 1001 end 
nd-143 1 0 1-20 1001 end 
ce-144 1 0 1-20 1001 end 
nd-144 1 0 1-20 1001 end 
nd-145 1 0 1-20 1001 end 
nd-146 1 0 1-20 1001 end 
nd-147 1 0 1-20 1001 end 
pm-147 1 0 1-20 1001 end 
sm-147 1 0 1-20 1001 end 
nd-148 1 0 1-20 1001 end 
pm-148 1 0 1-20 1001 end 
sm-148 1 0 1-20 1001 end 
pm-149 1 0 1-20 1001 end 
sm-149 1 0 1-20 1001 end 
nd-150 1 0 1-20 1001 end 
sm-150 1 0 1-20 1001 end 
sm-151 1 0 1-20 1001 end 
eu-151 1 0 1-20 1001 end 
sm-152 1 0 1-20 1001 end 
eu-153 1 0 1-20 1001 end 
eu-154 1 0 1-20 1001 end 
gd-154 1 0 1-20 1001 end 
eu-155 1 0 1-20 1001 end 
94-155 1 0 1-20 1001 end 
gd-157 1 0 1-20 1001 end 
gd-158 1 0 1-20 1001 end 
gd-160 1 0 1-20 1001 end 
h2o 3 den-0.7795 1 543 end 

, 

92234 0.035 92235 3.897 92236 0.018 92238 96.050 end 
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1 

arbm-bormod 0.7795 1 1 0 0 5000 100 3 1175.0e-6 543 end 
I 

1175 ppm boron ( w t )  in moderator 
I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

ss304 2 1 570 end 
arbm-ag 10.159 1 1 0 1 47000 100 6 0.80 543 end 
arbm-in 10.159 1 1 0 1 49000 100 6 0.15 543 end 
arbm-cd 10.159 8 0 0 1 
48108 0.85 48110 12.21 48111 12.63 48112 24.02 
48113 12.27 48114 29.11 48601 1-20 48116 7.72 
6 0.05 543 end 
' cadmium fraction corrected from 0.15 to 0.05 
end comp 
t 

1 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - - - - ~ - ~ ~ - -  
I 

I fuel-pin-cell geometry: 
I 

squarepitch 1.303 0.9020 1 3 0.9786 2 end 
I 

I ~ ~ ~ ~ _ ~ ~ ~ ~ ~ ~ ~ ~ - - - ~ ~ ~ ~ - - - ~ ~ ~ ~ ~ - -  

' assembly and cycle parameters: 

npin/assm=214 fuelnght=823.10 ncycles=3 nlib/cyc=l 
printlevel=4 lightel=8 inplevel=2 numztotal=5 mxrepeats=O end 
3 0.73514 500 10.779 6 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
power=10.390 burn=226 down=86 end 
power=16.138 burn=263 down=51 bfrac=0.7234 end 
power=l8.663 burn=292 down=lO bfrac=0.2766 end 

I 

o 135 cr 35.7 mn 3.5 
fe 121 co 0.20 ni 24 
zr 3.0 nb 0.71 

t 

I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I 

end 
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Assemblv 509-032. Rod El 1. Axial Level 4. with a Burnup of 15.377 GWd/MTU 

=sas2 parm'halt03,skipshipdata' 
trino vercelles pwr, 509-032, rod ell, level 4, 15.377 gwd/mtu, b4, july-95 

' Input File Name: trino32e1114b4 
I 

I 

I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

' cooled 10 d, axial-dependent h20 density & temperature , 
, in reactor for cycle 1 

t using ag-in-cd absorber in mix 6, estimated densities 
' applying an effective control-rod mockup, period dependent, with uo2 

I tttttttf endf/b-4 ttltt*ftt 
' ........... SCALE Version 4 . 2 ~ ~  /scale4.2p/ ...-....... 

I 

I 

I 

I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

' mixtures of fuel-pin-unit-cell: 

27burnuplib latticecell 
u02 1 den=10.079 1 1015 

co-59 3 0 1-20 557 end 

I 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 

zr-94 1 0 1-20 1015 
mo-94 1 0 1-20 1015 
nb-95 1 0 1-20 1015 
mo-95 1 0 1-20 1015 

rh-103 1 0 1-20 1015 
rh-105 1 0 1-20 1015 
ru-106 1 0 1-20 1015 
sn-126 1 0 1-20 1015 
xe-131 1 0 1-20 1015 

tc-99 1 0 1-20 1015 

CS-134 1 0 1-20 1015 
CS-135 1 0 1-20 1015 
CS-137 1 0 1-20 1015 
pr-143 1 0 1-20 1015 
nd-143 1 0 1-20 1015 
ce-144 1 0 1-20 1015 
nd-144 1 0 1-20 1015 
nd-145 1 0 1-20 1015 
nd-146 1 0 1-20 1015 
nd-147 1 0 1-20 1015 
pm-147 1 0 1-20 1015 
sm-147 1 0 1-20 1015 
nd-148 1 0 1-20 1015 
pm-148 1 0 1-20 1015 
sm-148 1 0 1-20 1015 
pm-149 1 0 1-20 1015 
sm-149 1 0 1-20 1015 
nd-150 1 0 1-20 1015 
sm-150 1 0 1-20 1015 
sm-151 1 0 1-20 1015 
eu-151 1 0 1-20 1015 
sm-152 1 0 1-20 1015 
eu-153 1 0 1-20 1015 
eu-154 1 0 1-20 1015 
gd-154 1 0 1-20 1015 
eu-155 1 0 1-20 1015 
gd-155 1 0 1-20 1015 
gd-157 1 0 1-20 1015 
gd-158 1 0 1-20 1015 
gd-160 1 0 1-20 1015 
ss304 2 1 570 end 
h20 3 den=0.7554 1 
arbm-bormod 0.7554 1 

1175 ppm boron (wt) 

arbm-ag 10.159 1 1 0 

t 

I - - - - - - - - - -  

end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 

557 end 
1 0 0 5000 100 3 1175.0e-6 557 end 

in moderator at start (1st segment) 

1 47000 100 6 0.80 557 end 
. . . . . . . . . . . . . . . . . . . .  
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arbm-in 10.159 1 1 0 1 49000 100 6 0.15 557 end 
arbm-cd 10.159 8 0 0 1 
48108 0.85 48110 12.21 48111 12.63 48112 24.02 
48113 12.27 48114 29.11 48601 1-20 48116 7.72 
6 0.05 557 end 
' cadmium fraction corrected from 0.15 to 0.05 
end comp 
1 

I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - - - - - - - - - - - - - - -  

, 
, fuel-pin-cell geometry: 

squarepitch 1.303 0.9020 1 3 0.9786 2 end 

I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

t 

assembly and cycle parameters: 
1 

npin/assm=214 fuelnght=823.10 ncycles=3 nlib/cyc=l 
printlevel=4 lightel=8 inplevel=2 numztotal=5 mxrepeats=O end 
3 0.73514 500 10.779 6 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
power=l3.268 burn=226 down=86 end 
power=20.607 burn=263 down=51 bfrac=0.7234 end 
power=23.831 burn=292 down=lO bfrac=0.2766 end 
o 135 cr 35.7 mn 3.5 
fe 121 co 0.20 ni 24 
zr 3.0 nb 0.71 

I 

I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

t 

end 
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Assembly 509-032, Rod El 1. Axial Level 7. with a Burnup of 15.898 GWd/MTU 

=sas2 parm='halt03,skipshipdata' 
trino vercelles pwr, 509-032, rod ell 7, 15.898 gwd/mtu, b4, july-95 

' Input File Name: trino32e1117b4 
$ 

I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

' cooled 10 d, axial-dependent h20 density b temperature 
1 

t in reactor for cycle 1 only 

1 using ag-in-cd absorber in mix 6, estimated densities 
' applying an effective control-rod mockup, period dependent, with u02 

1 tftttttt endf/b-4 t t f t f t t t t  

I 

I 

........... SCALE Version 4.2p, /scale4.2p/ ........... 
1 

I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

' mixtures of fuel-pin-unit-cell: 

27burnuplib latticecell 
1202 1 den=10.079 1 1001 

co-59 3 0 1-20 543 end 
zr-94 1 0 1-20 1001 end 
mo-94 1 0 1-20 1001 end 
nb-95 1 0 1-20 1001 end 
mo-95 1 0 1-20 1001 end 
tc-99 1 0 1-20 1001 end 
rh-103 1 0 1-20 1001 end 
rh-105 1 0 1-20 1001 end 
ru-106 1 0 1-20 1001 end 
sn-126 1 0 1-20 1001 end 
xe-131 1 0 1-20 1001 end 
cs-134 1 0 1-20 1001 end 
cs-135 1 0 1-20 1001 end 
cs-137 1 0 1-20 1001 end 
pr-143 1 0 1-20 1001 end 
nd-143 1 0 1-20 1001 end 
ce-144 1 0 1-20 1001 end 
nd-144 1 0 1-20 1001 end 
nd-145 1 0 1-20 1001 end 
nd-146 1 0 1-20 1001 end 
nd-147 1 0 1-20 1001 end 
pm-147 1 0 1-20 1001 end 
sm-147 1 0 1-20 1001 end 
nd-148 1 0 1-20 1001 end 
pm-148 1 0 1-20 1001 end 
sm-148 1 0 1-20 1001 end 
pm-149 1 0 1-20 1001 end 
sm-149 1 0 1-20 1001 end 
nd-150 1 0 1-20 1001 end 
sm-150 1 0 1-20 1001 end 
sm-151 1 0 1-20 1001 end 
eu-151 1 0 1-20 1001 end 
sm-152 1 0 1-20 1001 end 
eu-153 1 0 1-20 1001 end 
eu-154 1 0 1-20 1001 end 
gd-154 1 0 1-20 1001 end 
eu-155 1 0 1-20 1001 end 
gd-155 1 0 1-20 1001 end 
gd-157 1 0 1-20 1001 end 
gd-158 1 0 1-20 1001 end 
gd-160 1 0 1-20 1001 end 
h20 3 den=0.7795 1 543 end 
arbm-bormod 0.7795 1 1 0 0 5000 100 3 1175.0e-6 543 end 

I 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 

t 

1175 ppm boron ( w t )  in moderator 
l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~  

ss304 2 1 570 end 
arbm-ag 10.159 1 1 0 1 47000 100 6 0.80 543 end 
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arbm-in 10.159 1 1 0 1 49000 100 6 0.15 543 end 
arbm-cd 10.159 8 0 0 1 
48108 0.85 48110 12.21 48111 12.63 48112 24.02 
48113 12.27 48114 29.11 48601 1-20 48116 7.72 
6 0.05 543 end 
cadmium fraction corrected from 0.15 to 0.05 

l 

end comp 
1 

I fuel-pin-cell geometry: 
, 
squarepitch 1.303 0.9020 1 3 0.9786 2 end 
I 

I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - - - ~ ~ _ - - - - - - - - - - - - - -  

, 
' assembly and cycle parameters: 

npin/assm=214 fuelnght=823.10 ncycles=3 nlib/cyc=l 
printlevel=4 lightel=8 inplevel=2 numztotal=5 mxrepeats=O end 
3 0.73514 500 10.779 6 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
power=13.717 burn=226 down=86 end 
power=21.306 burn=263 down=51 bfrac=0.7234 end 
power=24.639 burn=292 down=lO bfrac=0.2766 end 

I 

o 135 cr 35.7 mn 3.5 
fe 121 co 0.20 ni 24 
zr 3.0 nb 0.71 

I 

I 

end 
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Assemblv 509-032. Rod El 1. Axial Level 9. with a Burnup of 11.529 G W d M U  

=sas2  parm='halt03,skipshipdata' 
t r i n o  vercelles pwr, 509-032, rod  e l l  9, 11.529 gwd/mtu, b 4 ,  ju ly-95 

' I n p u t  F i l e  Name: t r ino32e1119b4 
I 

I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

' cooled  1 0  d, ax ia l -dependent  h20 d e n s i t y  h t e m p e r a t u r e  
e 
t i n  r e a c t o r  f o r  cycle 1 o n l y  

I u s i n g  ag-in-cd a b s o r b e r  i n  mix 6, e s t i m a t e d  d e n s i t i e s  
t 

a p p l y i n g  an  e f f e c t i v e  c o n t r o l - r o d  mockup, p e r i o d  dependent ,  w i t h  u02 

t ttttfttt endf-b-4 ftlttfttt 
' ........... SCALE Vers ion  4.2p, / s c a l e 4 . 2 p /  _.......... 
I 

I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

m i x t u r e s  of f u e l - p i n - u n i t - c e l l :  
I 

27burnupl ib  l a t t i c e c e l l  
u02 1 den=10.079 1 927 

co-59 3 0 1-20 537 end 
zr-94 1 0 1-20 927 end 
mo-94 1 0 1-20 927 end 
nb-95 1 0 1-20 927 end 
mo-95 1 0 1-20 927 end 
tc -99  1 0 1-20 927 end 
rh-103 1 0 1-20 927 end 
rh-105 1 0 1-20 927 end 
ru-106 1 0 1-20 927 end 
sn-126 1 0 1-20 927 end 
xe-131 1 0 1-20 927 end 
cs-134 1 0 1-20 927 end 
cs-135 1 0 1-20 927 end 
cs-137 1 0 1-20 927 end 
pr-143 1 0 1-20 927 end 
nd-143 1 0 1-20 927 end 
c e - 1 4 4  1 0 1-20 927 end 
nd-144 1 0 1-20 927 end 
nd-145 1 0 1-20 927 end 
nd-146 1 0 1-20 927 end 
nd-147 1 0 1-20 927 end 
prn-147 1 0 1-20 927 end 
sm-147 1 0 1-20 927 end 
nd-148 1 0 1-20 927 end 
pm-148 1 0 1-20 927 end 
sm-148 1 0 1-20 927 end 
pm-149 1 0 1-20 927 end 
s m - 1 4 9  1 0 1-20 927 end 
nd-150 1 0 1-20 927 end 
sm-150 1 0 1-20 927 end 
sm-151 1 0 1-20 927 end 
eu-151 1 0 1-20 927 end 
sm-152 1 0 1-20 927 end 
eu-153 1 0 1-20 927 end 
eu-154 1 0 1-20 927 end 
gd-154 1 0 1-20 927 end 
eu-155 1 0 1-20 927 end 
gd-155 1 0 1-20 927 end 
gd-157 1 0 1-20 927 end 
gd-158 1 0 1-20 927 end 
gd-160 1 0 1-20 927 end 
h2o 3 den=0.7885 1 537 end 
arbrn-bormod 0.7885 1 1 0 0 5000 100  3 1175.0e-6 537 end 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 

I 

1175 ppm boron ( w t )  i n  moderator  
1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ss304 2 1 570 end 
arbm-ag 10.159 1 1 0 1 47000 100  6 0.80 537 end 
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arbm-in 10.159 1 1 0 1 49000 100 6 
arbm-cd 10.159 8 0 0 1 
48108 0.85 48110 12.21 48111 12.63 
48113 12.27 48114 29.11 48601 1-20 
6 0.05 537 end 
* cadmium fraction corrected from 0 
I 

0.15 537 end 

48112 24.02 
48116 7.72 

15 to 0.05 

end comp 
t 

I , _ - , - _ _ _ - - - - - - - - -  

fuel-pin-cell geometry: 

squarepitch 1.303 0.9020 1 3 0.9786 2 end 
I 

( - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

t 

' assembly and cycle parameters: 

npin/assm=214 fuelnght=823.10 ncycles=3 nlib/cyc=l 
printlevel=$ lightel=8 inplevel=2 numztotal=5 mxrepeats=O end 
3 0.73514 500 10.779 6 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
power=9.947 burn=226 down=86 end 
power=15.451 burn=263 down=51 bfrac=0.7234 end 
power=17.868 burn=292 down=lO bfrac=0.2766 end 

1 

o 135 cr 35.7 mn 3.5 
fe 121 co 0.20 ni 2 4  
zr 3.0 nb 0.71 

t 

1 - - - - - - - - - - _ - , - - - - - - - - - - - - - - - - -  

l 

end 
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Assemblv 509-069. Rod El 1. Axial Level 1. with a Burnur, of 12.859 GWd/MTU 

=sas2 parm'halt04,skipshipdata' 
trino vercelles pur, 509-069, rod ell, level 1, 12.859 gwd/mtu, b4, july-95 

' Input File Name: trino69ellllb4 
t 

I 

I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ - - - - ~ ~ ~  

cooled 10 d, axial-dependent h20 density h temperature 
I 

in reactor for cycle 1 and 2 

, using ag-in-cd absorber in mix 6, estimated densities 
' applying an effective control-rod mockup, period dependent, with u02 

1 t****t*f.endf/b-4 f t*tttt*f  

' ........... SCALE Version 4.2p, /scale4.2p/ ........... 
I 

1 

I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

' mixtures of fuel-pin-unit-cell: 

27burnuplib latticecell 
u02 1 den=10.079 1 915 

, 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 
CO-59 3 0 1-20 563 
zr-94 1 0 1-20 915 
mo-94 1 0 1-20 915 
nb-95 1 0 1-20 915 
mo-95 1 0 1-20 915 
tc-99 1 0 1-20 915 
rh-103 1 0 1-20 915 
rh-105 1 0 1-20 915 
ru-106 1 0 1-20 915 
sn-126 1 0 1-20 915 
xe-131 1 0 1-20 915 
CS-134 1 0 1-20 915 
CS-135 1 0 1-20 915 
CS-137 1 0 1-20 915 
pr-143 1 0 1-20 915 
nd-143 1 0 1-20 915 
ce-144 1 0 1-20 915 
nd-144 1 0 1-20 915 
nd-145 1 0 1-20 915 
nd-146 1 0 1-20 915 
nd-147 1 0 1-20 915 
pm-147 1 0 1-20 915 
sm-147 1 0 1-20 915 
nd-148 1 0 1-20 915 
pm-148 1 0 1-20 915 
sm-148 1 0 1-20 915 
pm-149 1 0 1-20 915 
sm-149 1 0 1-20 915 
nd-150 1 0 1-20 915 
sm-150 1 0 1-20 915 
sm-151 1 0 1-20 915 
eu-151 1 0 1-20 915 
sm-152 1 0 1-20 915 
eu-153 1 0 1-20 915 
eu-154 1 0 1-20 915 

eu-155 1 0 1-20 915 
gd-154 1 0 1-20 915 

gd-155 1 0 1-20 915 
gd-157 1 0 1-20 915 
gd-158 1 0 1-20 915 
gd-160 1 0 1-20 915 

end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 

ss304 2 1 570 end 
h20 3 den=0.7365 1 563 end 
arbm-bormod 0.7365 1 1 0 0 5000 100 3 1175.0e-6 563 end 

1175 ppm boron (wt) in moderator at start (1st segment) 
1 

f ~ ~ ~ ~ ~ ~ ~ ~ - - - - - ~ ~ ~ - - - - - - _ - - - - - - - ~ ~ ~  

arbm-ag 10.159 1 1 0 1 47000 100 6 0.80 563 end 
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arbm-in 10.159 1 1 0 1 49000 100 6 0.15 563 end 
arbm-cd 10.159 8 0 0 1 
48108 0.85 48110 12.21 48111 12.63 48112 24.02 
48113 12.27 48114 29.11 48601 1-20 48116 7.72 
6 0.05 563 end 
' cadmium fraction corrected from 0.15 to 0.05 
end comp 
I 

I 

1 - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

I 

I fuel-pin-cell geometry: 
I 

squarepitch 1.303 0.9020 1 3 0.9786 2 end 

I - - - - - - - - - - - - - - - - - - _ - - - - - - - - - - -  

' assembly and cycle parameters: 

npin/assm=214 fuelnght=823.10 ncycles=4 nlib/cyc=l 
printlevel=4 lightel=8 inplevel=2 numztotal=5 mxrepeats=O end 
3 0.73514 500 10.779 6 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
power=7.148 burn=226 down=86 end 
power-11.101 burn=263 down=51 bfrac=0.7234 end 
power=lZ.840 burn=292 down=ll17 bfrac=0.2766 end 
power=l0.997 burn=416 down=lO bfrac=0.5532 h2ofrac=1.026 end 

1 

, 
, 

o 135 cr 35.7 mn 3.5 
fe 121 co 0.20 ni 24 
zr 3.0 nb 0.71 

t 

( - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

end 
1 
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Assemblv 509-069. Rod El 1. Axial Level 2. with a B U ~ U D  of 20.602 GWd/MTU 

=sasZ parm='haltO.l,skipshipdata' 
trino vercelles pwr, 509-069, rod ell, level 2, 20.602 gwd/mtu, b4, july-95 

' Input File Name: trino69e1112b4 
I 

1 

1 ~ ~ ~ ~ ~ - - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

' cooled 10 d, axial-dependent h20 density 6 temperature 

in reactor for cycle 1 and 2 

I using ag-in-cd absorber in mix 6, estimated densities 
e applying an effective control-rod mockup, period dependent, with uo2 

I **et**** endf/b-4 t t f * t f * t t  

1 

........... SCALE Version 4.2p, /scale4.2p/ ........... 
1 

I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

' mixtures of fuel-pin-unit-cell: 

27burnuplib latticecell 
uo2 1 den=10.079 1 968 

co-59 3 0 1-20 561 end 
zr-94 1 0 1-20 968 end 
mo-94 1 0 1-20 968 end 
nb-95 1 0 1-20 968 end 
mo-95 1 0 1-20 968 end 
tc-99 1 0 1-20 968 end 
rh-103 1 0 1-20 968 end 
rh-105 1 0 1-20 968 end 
ru-106 1 0 1-20 968 end 
sn-126 1 0 1-20 968 end 
xe-131 1 0 1-20 968 end 
cs-134 1 0 1-20 968 end 
cs-135 1 0 1-20 968 end 
cs-137 1 0 1-20 968 end 
pr-143 1 0 1-20 968 end 
nd-143 1 0 1-20 968 end 
ce-144 1 0 1-20 968 end 
nd-144 1 0 1-20 968 end 
nd-145 1 0 1-20 968 end 
nd-146 1 0 1-20 968 end 
nd-147 1 0 1-20 968 end 
pm-147 1 0 1-20 968 end 
sm-147 1 0 1-20 968 end 
nd-148 1 0 1-20 968 end 
pm-148 1 0 1-20 968 end 
sm-148 1 0 1-20 968 end 
pm-149 1 0 1-20 968 end 
sm-149 1 0 1-20 968 end 
nd-150 1 0 1-20 968 end 
sm-150 1 0 1-20 968 end 
sm-151 1 0 1-20 968 end 
eu-151 1 0 1-20 968 end 
sm-152 1 0 1-20 968 end 
eu-153 1 0 1-20 968 end 
eu-154 1 0 1-20 968 end 
gd-154 1 0 1-20 968 end 
eu-155 1 0 1-20 968 end 
gd-155 1 0 1-20 968 end 
gd-157 1 0 1-20 968 end 
gd-158 1 0 1-20 968 end 
gd-160 1 0 1-20 968 end 
ss304 2 1 570 end 
h20 3 den=0.7407 1 561 end 
arbm-bormod 0.7407 1 1 0 0 5000 100 3 1175.0e-6 561 end 

' 1175 ppm boron ( w t )  in moderator at start (1st segment) 

arbm-ag 10.159 1 1 0 1 47000 100 6 0.80 561 end 

1 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 

l ~ ~ ~ ~ ~ ~ ~ ~ ~ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
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arbm-in 10.159 1 1 0 1 49000 100 6 0.15 561 end 
arbm-cd 10.159 8 0 0 1 
48108 0.85 48110 12.21 48111 12.63 48112 24.02 
48113 12.27 48114 29.11 48601 1-20 48116 7.72 
6 0.05 561 end 
' cadmium fraction corrected from 0.15 to 0.05 
end comp 
I 

1 

I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I 

1 fuel-pin-cell geometry: 
I 

squarepitch 1.303 0.9020 1 3 0.9786 2 end 
I 

I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  . 
' assembly and cycle parameters: 

npin/assm=214 fuelnght=823.10 ncycles=4 nlib/cyc=l 
printlevel=4 lightel=8 inplevel=Z numztotal=5 mxrepeats=D end 
3 0.73514 500 10.779 6 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
power=11.452 burn=226 down=86 end 
power=17.186 burn=263 down=Sl bfrac=0.7234 end 
power=20.571 burn=292 down=1117 bfrac=0.2766 end 
power=17.619 burn=416 down=lO bfrac=0.5532 h2ofrac=1.025 end 

o 135 cr 35.7 mn 3.5 
fe 121 co 0.20 ni 24 
zr 3.0 nb 0.71 

I 

l~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

t 

end 
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Assemblv 509-069. Rod El 1. Axial Level 4. with a Burnup of 23.718 GWd/MTU 

=sas2 parn~'halt04,skipshipdata' 
trino vercelles pwr, 509-069, rod ell, level 4, 23.718 gwd/mtu, b4, july-95 

' Input File Name: trino69e1114b4 
I 

t 

' cooled 10 d, axial-dependent h20 density h temperature 
I 

I 

, in reactor for cycle 1 and 2 

, using ag-in-cd absorber in mix 6, estimated densities 
applying an effective control-rod mockup, period dependent, with uo2 

I 

I **tZi*t* endfIb-4 * * * Z * * * * *  

' ........... SCAtE Version 4.2p, /scale4.2p/ ..._....... 
1 

I ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ - - ~ ~ ~ ~ - - - ~ ~ ~ ~ ~ ~ ~  

' mixtures of fuel-pin-unit-cell: 

27burnuplib latticecell 
uo2 1 den=10.079 1 1015 

co-59 3 0 1-20 553 end 
zr-94 1 0 1-20 1015 end 
mo-94 1 0 1-20 1015 end 
nb-95 1 0 1-20 1015 end 
1110-95 1 0 1-20 1015 end 
tc-99 1 0 1-20 1015 end 
rh-103 1 0 1-20 1015 end 
rh-105 1 0 1-20 1015 end 
ru-106 1 0 1-20 1015 end 
sn-126 1 0 1-20 1015 end 
xe-131 1 0 1-20 1015 end 
cs-134 1 0 1-20 1015 end 
cs-135 1 0 1-20 1015 end 
cs-137 1 0 1-20 1015 end 
pr-143 1 0 1-20 1015 end 
nd-143 1 0 1-20 1015 end 
ce-144 1 0 1-20 1015 end 
nd-144 1 0 1-20 1015 end 
nd-145 1 0 1-20 1015 end 
nd-146 1 0 1-20 1015 end 
nd-147 1 0 1-20 1015 end 
pm-147 1 0 1-20 1015 end 
sm-147 1 0 1-20 1015 end 
nd-148 1 0 1-20 1015 end 
pm-148 1 0 1-20 1015 end 
sm-148 1 0 1-20 1015 end 
pm-149 1 0 1-20 1015 end 
sm-149 1 0 1-20 1015 end 
nd-150 1 0 1-20 1015 end 
sm-150 1 0 1-20 1015 end 
sm-151 1 0 1-20 1015 end 
eu-151 1 0 1-20 1015 end 
sm-152 1 0 1-20 1015 end 
eu-153 1 0 1-20 1015 end 
eu-154 1 0 1-20 1015 end 
94-154 1 0 1-20 1015 end 
eu-155 1 0 1-20 1015 end 
gd-155 1 0 1-20 1015 end 
gd-157 1 0 1-20 1015 end 
gd-158 1 0 1-20 1015 end 
gd-160 1 0 1-20 1015 end 
ss304 2 1 570 end 
h20 3 den=0.7554 1 553 end 
arbm-bormod 0.7554 1 1 0 0 5000 100 3 1175.0e-6 553 end 

' 1175 ppm boron (wt) in moderator at start (1st segment) 
arbm-ag 10.159 1 1 0 1 47000 100 6 0.80 553 end 

t 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 

I - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

65 



arbm-in 10.159 1 1 0 1 49000 100 6 0.15 553 end 
arbm-cd 10.159 8 0 0 1 
48108 0.85 48110 12.21 48111 12.63 48112 24.02 
48113 12.27 48114 29.11 48601 1-20 48116 7.72 
6 0.05 553 end 

cadmium fraction corrected from 0.15 to 0.05 
I 

end comp 

1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ - - - - - - - - - - - - - - -  

I 

I fuel-pin-cell geometry: 
I 

squarepitch 1.303 0.9020 1 3 0.9786 2 end 
I 

I 

assembly and cycle parameters: 
I 

npin/assm=214 fuelnght=823.10 ncycles=4 nlib/cyc=l 
printlevel=4 lightel=8 inplevel=2 numztotal=5 mxrepeats=O end 
3 0.73514 500 10.779 6 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
power=13.184 burn=226 down=86 end 
power=20.476 burn=263 down=51 bfrac=0.7234 end 
power=23.683 burn=292 down=1117 bfrac=0.2766 end 
power=20.283 burn=416 down=lO bfrac=0.5532 h2ofrac=l.023 end 
o 135 cr 35.7 mn 3.5 
fe 121 co 0.20 ni 24 
zr 3.0 nb 0.71 

1 

l~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

l 

end 
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Assemblv 509-069. Rod El 1. Axial Level 7. with a Burnup of 24.304 GWd/MTU 

=sas2 
trino vercelles pwr, 509-069, rod ell, level 7, 24.304 gwd/mtu, b5, july-95 

par- ' halt04 , skipshipdata ' 
I 

Input File Name: trino69e1117b5 
I 

* cooled 10 d, axial-dependent h20 density & temperature 
I 

I in reactor for cycle 1 and 2 

I using ag-in-cd absorber in mix 6, estimated densities 

t f * f t *+tt  endf/b-5 * * t t t * t f C  

applying an effective control-rod mockup, period dependent, with uo2 
t 

........... SCALE Version 4.2p, /scale4.2p/ ........... 
l - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

' mixtures of fuel-pin-unit-cell: , 
27burnuplib latticecell 
uo2 1 den=10.079 1 1001 

co-59 3 0 1-20 540 end 
zr-94 1 0 1-20 1001 end 
mo-94 1 0 1-20 1001 end 
nb-95 1 0 1-20 1001 end 
mo-95 1 0 1-20 1001 end 
tc-99 1 0 1-20 1001 end 
rh-103 1 0 1-20 1001 end 
rh-105 1 0 1-20 1001 end 
ru-106 1 0 1-20 1001 end 
sn-126 1 0 1-20 1001 end 
xe-131 1 0 1-20 1001 end 
cs-134 1 0 1-20 1001 end 
cs-135 1 0 1-20 1001 end 
cs-137 1 0 1-20 1001 end 
pr-143 1 0 1-20 1001 end 
nd-143 1 0 1-20 1001 end 
ce-144 1 0 1-20 1001 end 
nd-144 1 0 1-20 1001 end 
nd-145 1 0 1-20 1001 end 
nd-146 1 0 1-20 1001 end 
nd-147 1 0 1-20 1001 end 
pm-147 1 0 1-20 1001 end 
sm-147 1 0 1-20 1001 end 
nd-148 1 0 1-20 1001 end 
pm-148 1 0 1-20 1001 end 
sm-148 1 0 1-20 1001 end 
pm-149 1 0 1-20 1001 end 
sm-149 1 0 1-20 1001 end 
nd-150 1 0 1-20 1001 end 
sm-150 1 0 1-20 1001 end 
sm-151 1 0 1-20 1001 end 
eu-151 1 0 1-20 1001 end 
sm-152 1 0 1-20 1001 end 
eu-153 1 0 1-20 1001 end 
eu-154 1 0 1-20 1001 end 
gd-154 1 0 1-20 1001 end 
eu-155 1 0 1-20 1001 end 
gd-155 1 0 1-20 1001 end 
gd-157 1 0 1-20 1001 end 
gd-158 1 0 1-20 1001 end 
gd-160 1 0 1-20 1001 end 
ss304 2 1 570 end 
h2o 3 den=0.7795 1 540 end 
arbm-bormod 0.7795 1 1 0 0 5000 100 3 1175.0e-6 540 end 

' 1175 ppm boron (-1 in moderator at start (1st segment) 

arbm-ag 10.159 1 1 0 1 47000 100 6 0.80 540 end 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 

1 

1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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arbm-in 10.159 1 1 0 1 49000 100 6 0.15 540 end 
arbm-cd 10.159 8 0 0 1 
48108 0.85 48110 12.21 48111 12.63 48112 24.02 
48113 12.27 48114 29.11 48601 1-20 48116 7.72 
6 0.05 540 end 
' cadmium fraction corrected from 0.15 to 0.05 
end comp 
1 

I 

1 - - - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

I 

1 fuel-pin-cell geometry: 
t 

squarepitch 1.303 0.9020 1 3 0.9786 2 end 
1 

1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

t 

' assembly and cycle parameters: 

npin/assm=214 fuelnght=823.10 ncycles=4 nlib/cyc=l 
printlevel=4 lightel=8 inplevel=Z numztotal=5 mxrepeats=O end 
3 0.73514 500 10.779 6 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
power=13.509 burn=226 down=86 end 
power=20.982 burn=263 down=51 bfrac=0.7234 end 
power=24.268 burn=292 down=lll7 bfrac=0.2766 end 
power=20.785 burn=416 down=lO bfrac=0.5532 h2ofrac=1.020 end 

1 

o 135 cr 35.7 mn 3.5 
fe 121 co 0.20 ni 24 
zr 3.0 nb 0.71 

I 

( - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I 

end 
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Assembly 509-069. Rod E5. Axial Level 4. with a BurnuD of 23.867 GWd/M?zT 

=sass2 parm='halt04,skipshipdata1 
trino vercelles pwr, 509-069, rod e5, level 4,  23.867 gwd/mtu, b4, july-95 

' Input File Name: trino69e514b4 
I 

~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
' cooled 10 d, axial-dependent h20 density & temperature 
9 

9 

, in reactor f o r  cycle 1 and 2 

I using ag-in-cd absorber in mix 6, estimated densities 
' applying an effective control-rod mockup, period dependent, with 1302 

1 C * * t t t t C  endf/b-4 + t C * * C * * t  

' ........... SCALE Version 4.2p, /scale4.2p/ ........... 
1 

1 

1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

' mixtures of fuel-pin-unit-cell: 

27burnuplib latticecell 
u02 1 den=10.079 1 1015 

co-59 3 0 1-20 553 end 

I 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 

zr-94 1 0 1-20 1015 
mo-94 1 0 1-20 1015 
nb-95 1 0 1-20 1015 
mo-95 1 0 1-20 1015 
tc-99 1 0 1-20 1015 
rh-103 1 0 1-20 1015 
rh-105 1 0 1-20 1015 
ru-106 1 0 1-20 1015 
sn-126 1 0 1-20 1015 
xe-131 1 0 1-20 1015 
CS-134 1 0 1-20 1015 
CS-135 1 0 1-20 1015 
CS-137 1 0 1-20 1015 
pr-143 1 0 1-20 1015 
nd-143 1 0 1-20 1015 
ce-144 1 0 1-20 1015 
nd-144 1 0 1-20 1015 
nd-145 1 0 1-20 1015 
nd-146 1 0 1-20 1015 
nd-147 1 0 1-20 1015 
pm-147 1 0 1-20 1015 
sm-147 1 0 1-20 1015 
nd-148 1 0 1-20 1015 
pm-148 1 0 1-20 1015 
sm-148 1 0 1-20 1015 
pm-149 1 0 1-20 1015 
sm-149 1 0 1-20 1015 
nd-150 1 0 1-20 1015 
sm-150 1 0 1-20 1015 
sm-151 1 0 1-20 1015 
eu-151 1 0 1-20 1015 
sm-152 1 0 1-20 1015 
eu-153 1 0 1-20 1015 
eu-154 1 0 1-20 1015 

eu-155 1 0 1-20 1015 
gd-154 1 0 1-20 1015 

gd-155 1 0 1-20 1015 
gd-157 1 0 1-20 1015 
gd-158 1 0 1-20 1015 
gd-160 1 0 1-20 1015 
ss304 2 1 570 end 
h2o 3 den=0.7554 1 
arbm-bormod 0.7554 1 

1175 ppm boron (wt) 

arbm-ag 10.159 1 1 0 
I - - - - - - - - - -  

end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 

553 end 
1 0 0 5000 100 3 1175.0e-6 553 end 

in moderator at start (1st segment) 

1 47000 100 6 0.80 553 end 
_ _ _ - - - _ _ _ _ - _ _ - - - - _ _ _  
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arbm-in 10.159 1 1 0 1 49000 100 6 0.15 553 end 
arbm-cd 10.159 8 0 0 1 
48108 0.85 48110 12.21 48111 12.63 48112 24.02 
48113 12.27 48114 29.11 48601 1-20 48116 7.72 
6 0.05 553 end 
' cadmium fraction corrected from 0.15 to 0.05 

end comp 
I 

I 

. 
I 

fuel-pin-cell geometry: 

squarepitch 1.303 0.9020 1 3 0.9786 2 end 

1 - - - - , - - - - - - - - - - - - - - - - - - - - - - - - -  

1 

1 

' assembly and cycle parameters: 

npin/assm=214 fuelnght=823.10 ncycles=4 nlib/cyc=l 
printlevelrl lightel=8 inplevel=2 numztotal=5 mxrepeats=O end 
3 0.73514 500 10.779 6 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
power=13.266 burn=226 down=86 end 
power=20.605 burn=263 down=51 bfrac=0.7234 end 
power=23.832 burn=292 dom=1117 bfrac=0.2766 end 
power=20.411 burn=416 down=lO bfrac=0.5532 h2ofrac=1.023 end 

I 

o 135 cr 35.7 mn 3.5 
fe 121 co 0.20 ni 24 
zr 3.0 nb 0.71 , 

I - - - - , - - - - - - - - - - - - - - - - - - - - - - - - -  

I 

end 
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Assemblv 509-069. Rod E5. Axial Level 7. with a Burnup of 24.548 GWdMIIJ 

=sas2 parm='halt04,skipshipdata' 
trino vercelles pwr, 509-069, rod e5, level 7, 24.548 gwd/mtu, b4, july-95 
t 

Input File Name: trino69e517b4 
3 

1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~  

' cooled 10 d, axial-dependent h20 density 6 temperature , 
in reactor for cycle 1 and 2 

t using ag-in-cd absorber in mix 6, estimated densities 

t 1 C t t t f t t  endf/b-4 **ftttttl 
' ........... SCALE Version 4.2p, /scale4.2p/ ........... 

applying an effective control-rod mockup, period dependent, with u02 
t 

I 

1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

' mixtures of fuel-pin-unit-cell: 

27burnuplib latticecell 
u02 1 den=10.079 1 1001 

co-59 3 0 1-20 540 end 
zr-94 1 0 1-20 1001 end 
mo-94 1 0 1-20 1001 end 
nb-95 1 0 1-20 1001 end 
mo-95 1 0 1-20 1001 end 
tc-99 1 0 1-20 1001 end 
rh-103 1 0 1-20 1001 end 
rh-105 1 0 1-20 1001 end 
ru-106 1 0 1-20 1001 end 
sn-126 1 0 1-20 1001 end 
xe-131 1 0 1-20 1001 end 
cs-134 1 0 1-20 1001 end 
cs-135 1 0 1-20 1001 end 
cs-137 1 0 1-20 1001 end 
pr-143 1 0 1-20 1001 end 
nd-143 1 0 1-20 1001 end 
ce-144 1 0 1-20 1001 end 
nd-144 1 0 1-20 1001 end 
nd-145 1 0 1-20 1001 end 
nd-146 1 0 1-20 1001 end 
nd-147 1 0 1-20 1001 end 
pm-147 1 0 1-20 1001 end 
sm-147 1 0 1-20 1001 end 
nd-148 1 0 1-20 1001 end 
pm-148 1 0 1-20 1001 end 
sm-148 1 0 1-20 1001 end 
pm-149 1 0 1-20 1001 end 
sm-149 1 0 1-20 1001 end 
nd-150 1 0 1-20 1001 end 
sm-150 1 0 1-20 1001 end 
sm-151 1 0 1-20 1001 end 
eu-151 1 0 1-20 1001 end 
sm-152 1 0 1-20 1001 end 
eu-153 1 0 1-20 1001 end 
eu-154 1 0 1-20 1001 end 
gd-154 1 0 1-20 1001 end 
eu-155 1 0 1-20 1001 end 
gd-155 1 0 1-20 1001 end 
gd-157 1 0 1-20 1001 end 
gd-158 1 0 1-20 1001 end 
gd-160 1 0 1-20 1001 end 
ss304 2 1 570 end 
h20 3 den=0.7795 1 540 end 
arbm-bormod 0.7795 1 1 0 0 5000 100 3 1175.0e-6 540 end 

' 1175 ppm boron ( w t )  in moderator at start (1st segment) 

arbm-ag 10.159 1 1 0 1 47000 100 6 0.80 540 end 

I 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 

9 

1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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arbm-in 10.159 1 1 0 1 49000 100 6 0.15 540 end . 
arbm-cd 10.159 8 0 0 1 
48108 0.85 48110 12.21 48111 12.63 48112 24.02 
48113 12.27 48114 29.11 48601 1-20 48116 7.72 
6 0.05 540 end 
' cadmium fraction corrected from 0.15 to 0.05 
end comp 
1 

t 

1 ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ - ~ ~ - - ~ - - - ~ - - - - - - ~ ~ -  

1 

I fuel-pin-cell geometry: 
1 

squarepitch 1.303 0.9020 1 3 0.9786 2 end 
I 

I - - - - - - - - , - - - - - - - - - - - - - - - - - - - - -  

' assembly and cycle parameters: 

npin/assm=214 fuelnght=823.10 ncycles=4 nlib/cyc=l 
, 

printlevel=4 lightel=8 inplevel=2 numztotal=5 
3 0.73514 500 10.779 6 10.809 3 11.273 
3 0.73514 500 10.779 3 10.809 3 11.273 
3 0.73514 500 10.779 3 10.809 3 11.273 
3 0.73514 500 10.779 3 10.809 3 11.273 
power=l3.645 burn=226 down=86 end 
power=21.193 burn=263 down=51 bfrac=0.7234 
power=24.512 burn=292 down=1117 bfrac=0.2766 
power=20.993 burn=416 down=lO bfrac=0.5532 

o 135 cr 35.7 mn 3.5 
fe 121 co 0.20 ni 24 
zr 3.0 nb 0.71 , 

mxrepeats=O end 
2 11.340 
2 11.340 
2 11.340 
2 11.340 

end 
end 
h2ofrac=1.020 end 
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Assemblv 509-069. Rod L1 1. Axial Level 4. with a BurnuD of 23.928 GWd/MTU 

=sas2 parm='halt04,skipshipdata' 
trino vercelles pwr, 509-069, rod 111, level 4, 23.928 gwd/mtu, b5, july-95 
1 

Input File Name: trino6911114b5 
t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

cooled 10 d, axial-dependent h20 density & temperature 

in reactor for cycle 1 and 2 

using ag-in-cd absorber in mix 6, estimated densities 
applying an effective control-rod mockup, period dependent, with uo2 

t + C + + f f t  endf/b-5 t t t t t t t t f  

........... SCALE Version 4.2p, /scale4.2p/ ........... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
mixtures of fuel-pin-unit-cell: 

27burnuplib latticecell 
1,102 1 den=10.079 1 1015 

co-59 3 0 1-20 553 end 
zr-94 1 0 1-20 1015 end 
rno-94 1 0 1-20 1015 end 
nb-95 1 0 1-20 1015 end 
ma-95 1 0 1-20 1015 end 
tc-99 1 0 1-20 1015 end 
rh-103 1 0 1-20 1015 end 
rh-105 1 0 1-20 1015 end 
ru-106 1 0 1-20 1015 end 
sn-126 1 0 1-20 1015 end 
xe-131 1 0 1-20 1015 end 
cs-134 1 0 1-20 1015 end 
cs-135 1 0 1-20 1015 end 
cs-137 1 0 1-20 1015 end 
pr-143 1 0 1-20 1015 end 
nd-143 1 0 1-20 1015 end 
ce-144 1 0 1-20 1015 end 
nd-144 1 0 1-20 1015 end 
nd-145 1 0 1-20 1015 end 
nd-146 1 0 1-20 1015 end 
nd-147 1 0 1-20 1015 end 
pm-147 1 0 1-20 1015 end 
sm-147 1 0 1-20 1015 end 
nd-148 1 0 1-20 1015 end 
pm-148 1 0 1-20 1015 end 
sm-148 1 0 1-20 1015 end 
pm-149 1 0 1-20 1015 end 
sm-149 1 0 1-20 1015 end 
nd-150 1 0 1-20 1015 end 
sm-150 1 0 1-20 1015 end 
sm-151 1 0 1-20 1015 end 
eu-151 1 0 1-20 1015 end 
sm-152 1 0 1-20 1015 end 
eu-153 1 0 1-20 1015 end 
eu-154 1 0 1-20 1015 end 
gd-154 1 0 1-20 1015 end 
eu-155 1 0 1-20 1015 end 
gd-155 1 0 1-20 1015 end 
gd-157 1 0 1-20 1015 end 
gd-158 1 0 1-20 1015 end 
gd-160 1 0 1-20 1015 end 
ss304 2 1 570 end 
h20 3 den=0.7554 1 553 end 
arbm-bormod 0.7554 1 1 0 0 5000 100 3 1175.0e-6 553 end 

1175 ppm boron (wt) in moderator at start (1st segment) 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 

, 
1 ~ ~ ~ ~ ~ ~ ~ ~ - - - - - ~ ~ - - - - - - - - - - - - - - -  

arbm-ag 10.159 1 1 0 1 47000 100 6 0.80 553 end 
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arbm-in 10.159 1 1 0 1 49000 100 6 0.15 553 end 
arbm-cd 10.159 8 0 0 1 
48108 0.85 48110 12.21 48111 12.63 48112 24.02 
48113 12.27 48114 29.11 48601 1-20 48116 7.72 
6 0.05 553 end 

cadmium fraction corrected from 0.15 to 0.05 
I 

end comp 
I 

1 - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

f 

1 fuel-pin-cell geometry: 
I 

squarepitch 1.303 0.9020 1 3 0.9786 2 end 
I 

l ~ ~ - - - - - ~ ~ - - ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

I 

assembly and cycle parameters: 
I 

npin/assm=214 fuelnght=823.10 ncycles=4 nlib/cyc=l 
printlevel=4 lightel=8 inplevel=2 numztotal=5 mxrepeats=O end 
3 0.73514 500 10.779 6 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
power=13.300 burn=226 down=86 end 
power=20.657 burn=263 down=51 bfrac=0.7234 end 
power=23.893 burn=292 down=1117 bfrac=0.2766 end 
power=20.463 burn=416 down=lO bfrac=0.5532 hZofrac=1.023 end 
o 135 cr 35.7 mn 3.5 
fe 121 co 0.20 ni 24 
zr 3.0 nb 0.71 

I 

( - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I 

end 
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Assemblv 509-069. Rod L11. Axial Level 7. with a Burnup of 24.362 GWd/MTU 

=sas2 parm='halt04,skipshipdata1 
trino vercelles pwr, 509-069, rod 111, level 7, 24.362 gwd/mtu, b4, july-95 
I 

' Input File Name: trino6911117b4 
I 

l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ - - - ~  

* cooled 10 d, axial-dependent h20 density h temperature 
t 

, in reactor for cycle 1 and 2 
1 

I using ag-in-cd absorber in mix 6, estimated densities 
' applying an effective control-rod mockup, period dependent, with u02 

8 t t t*f*t*  endf/b-4 f t t C t t f t t  

' ........... SCALE Version 4.2p, /scale4.2p/ ........... 
I 

I 

1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

' mixtures of fuel-pin-unit-cell: 

27burnuplib latticecell 
1.102 1 den=10.079 1 1001 

co-59 3 0 1-20 540 end 

I 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 

zr-94 1 0 1-20 1001 
mo-94 1 0 1-20 1001 
nb-95 1 0 1-20 1001 
mo-95 1 0 1-20 1001 
tc-99 1 0 1-20 1001 
rh-103 1 0 1-20 1001 
rh-105 1 0 1-20 1001 
ru-106 1 0 1-20 1001 
sn-126 1 0 1-20 1001 
xe-131 1 0 1-20 1001 
CS-134 1 0 1-20 1001 
CS-135 1 0 1-20 1001 
CS-137 1 0 1-20 1001 
pr-143 1 0 1-20 1001 
nd-143 1 0 1-20 1001 
ce-144 1 0 1-20 1001 
nd-144 1 0 1-20 1001 
nd-145 1 0 1-20 1001 
nd-146 1 0 1-20 1001 
nd-147 1 0 1-20 1001 
pm-147 1 0 1-20 1001 
sm-147 1 0 1-20 1001 
nd-148 1 0 1-20 1001 
pm-148 1 0 1-20 1001 
sm-148 1 0 1-20 1001 
pm-149 1 0 1-20 1001 
sm-149 1 0 1-20 1001 
nd-150 1 0 1-20 1001 
sm-150 1 0 1-20 1001 
sm-151 1 0 1-20 1001 
eu-151 1 0 1-20 1001 
sm-152 1 0 1-20 1001 
eu-153 1 0 1-20 1001 
eu-154 1 0 1-20 1001 

eu-155 1 0 1-20 1001 
gd-154 1 0 1-20 1001 

gd-155 1 0 1-20 1001 
gd-157 1 0 1-20 1001 
gd-158 1 0 1-20 1001 
gd-160 1 0 1-20 1001 
ss304 2 1 570 end 
h20 3 den=0.7795 1 
arbm-bormod 0.7795 1 

' 1175 ppm boron ( w t )  

arbm-ag 10.159 1 1 0 
I - - - - - - - - - -  

end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 

540 end 
1 0 0 5000 100 3 1175.0e-6 540 end 

in moderator at start (1st segment) 

1 47000 100 6 0.80 540 end 
. . . . . . . . . . . . . . . . . . . .  
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arbm-in 10.159 1 1 0 1 49000 100 6 0.15 540 end 
arbm-cd 10.159 8 0 0 1 
48108 0.85 48110 12.21 48111 12.63 48112 24.02 
48113 12.27 48114 29.11 48601 1-20 48116 7.72 
6 0.05 540 end 
' cadmium fraction corrected from 0.15 to 0.05 
end comp 
1 

I 

1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

, 
I fuel-pin-cell geometry: 
I 

squarepitch 1.303 0.9020 1 3 0.9786 2 end 
t 

I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I 

' assembly and cycle parameters: 

npin/assm=214 fuelnght=823.10 ncycles=4 nlib/cyc=l 
printlevel=4 lightel=8 inplevel=2 numztotal=5 mxrepeats=O end 
3 0.73514 500 10.779 6 10.809 3 11.273 2 11.340 
3 0.73514 500 10,779 3 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
pawer=13.542 burn=226 down=86 end 
power=21.032 burn=263 down=51 bfrac=0.7234 end 
power=24.326 burn=292 down=1117 bfrac=0.2766 end 
power=20.834 burn=416 down=lO bfrac=0.5532 h2ofrac=1.020 end 

I 

o 135 cr 35.7 mn 3.5 
fe 121 co 0.20 ni 24 
zr 3.0 nb 0.71 

I 

~ - - - - - - ~ - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
end 
l 
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Assemblv 509-069. Rod L5. Axial Level 4. with a Burnup of 24.330 G W M U  

=sas2 parm='halt04,skipshipdata1 
trino vercelles pwr, 509-069, rod 15, level 4, 24.330 gwd/mtu, b4, july-95 

' Input File Name: trino691514b4 
I 

I 

I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

' cooled 10 d, axial-dependent h20 density & temperature 
1 

1 

1 

1 

in reactor for cycle 1 and 2 

using ag-in-cd absorber in mix 6, estimated densities 
' applying an effective control-rod mockup, period dependent, with uo2 
t 

1 e******* endf/b-4 * * t i c * * * * *  

' ........... SCALE Version 4.2p, /scale4.2p/ ........... 
1 

' mixtures of fuel-pin-unit-cell: 

27burnuplib latticecell 
u02 1 den=10,079 1 1015 

co-59 3 0 1-20 553 end 

I 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 

zr-94 1 0 1-20 1015 
mo-94 1 0 1-20 1015 
nb-95 1 0 1-20 1015 
mo-95 1 0 1-20 1015 

rh-103 1 0 1-20 1015 
rh-105 1 0 1-20 1015 
ru-106 1 0 1-20 1015 
sn-126 1 0 1-20 1015 
xe-131 1 0 1-20 1015 

tc-99 1 0 1-20 1015 

CS-134 1 0 1-20 1015 
CS-135 1 0 1-20 1015 
CS-137 1 0 1-20 1015 
pr-143 1 0 1-20 1015 
nd-143 1 0 1-20 1015 
ce-144 1 0 1-20 1015 
nd-144 1 0 1-20 1015 
nd-145 1 0 1-20 1015 
nd-146 1 0 1-20 1015 
nd-147 1 0 1-20 1015 
pm-147 1 0 1-20 1015 
sm-147 1 0 1-20 1015 
nd-148 1 0 1-20 1015 
pm-148 1 0 1-20 1015 
sm-148 1 0 1-20 1015 
pm-149 1 0 1-20 1015 
sm-149 1 0 1-20 1015 
nd-150 1 0 1-20 1015 
sm-150 1 0 1-20 1015 
sm-151 1 0 1-20 1015 
eu-151 1 0 1-20 1015 
sm-152 1 0 1-20 1015 
eu-153 1 0 1-20 1015 
eu-154 1 0 1-20 1015 

eu-155 1 0 1-20 1015 
gd-154 1 0 1-20 1015 

gd-155 1 0 1-20 1015 
gd-157 1 0 1-20 1015 
gd-158 1 0 1-20 1015 
gd-160 1 0 1-20 1015 
ss304 2 1 570 end 
h2o 3 den=0.7554 1 
arbm-bormod 0.7554 1 

' 1175 ppm boron (wt) 
arbm-ag 10.159 1 1 0 

I 

I - - - - - - - - - -  

end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 

553 end 
1 0 0 5000 100 3 1175.0e-6 553 end 

in moderator at start (1st segment) 

1 47000 100 6 0.80 553 end 
. . . . . . . . . . . . . . . . . . . .  
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arbm-in 10.159 1 1 0 1 49000 100 6 0.15 553 end 
arbm-cd 10.159 8 0 0 1 
48108 0.85 48110 12.21 48111 12.63 48112 24.02 
48113 12.27 48114 29.11 48601 1-20 48116 7.72 
6 0.05 553 end 
' cadmium fraction corrected from 0.15 to 0.05 

end comp 
t 

1 

I ~ ~ ~ ~ - ~ ~ ~ ~ - - - ~ ~ ~ ~ ~ - - - _ - - - - - - - - - ~ - -  

1 

1 fuel-pin-cell geometry: 
I 

squarepitch 1.303 0.9020 1 3 0.9786 2 end 
I 

I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I 

' assembly and cycle parameters: 

npin/assm=214 fuelnght=823.10 ncycles=4 nlib/cyc=l 
printlevel=4 lightel=8 inplevel=2 numztotal=5 mxrepeats=O end 
3 0.73514 500 10.779 6 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
power=l3.524 burn=226 down=86 end 
power=21.004 burn=263 down=51 bfrac=0.7234 end 
power=24.294 burn=292 down=1117 bfrac=0.2766 end 
power=20.807 burn=416 down=lO bfrac=0.5532 h2ofrac=1.023 end 

I 

o 135 cr 35.7 mn 3.5 
fe 121 co 0.20  ni 24 
zr 3.0 nb 0.71 

I 

1 ~ - - - - ~ ~ ~ ~ - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

I 

end 
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Assemblv 509-069. Rod L5. Axial Level 7. with a Burnup of 24.3 13 GWd/MTU 

=sas2 parm-'halt04,skipshipdata' 
trino vercelles pwr, 509-069, rod 15, level 7, 24.313 gwd/mtu, b4, july-95 

' Input File Name: trino691517b4 
1 

8 

' cooled 10 d, axial-dependent h20 density 6 temperature 
I 

in reactor for cycle 1 and 2 

I using ag-in-cd absorber in mix 6, estimated densities 

I ******** endf/b-d ****t**** 
applying an effective control-rod mockup, period dependent, with u02 

t 

' ........... SUUE Version 4.2p, /scale4.2p/ .._......_. 
t 

1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

' mixtures of fuel-pin-unit-cell: 

27burnuplib latticecell 
u02 1 den=10.079 1 1001 

co-59 3 0 1-20 540 end 

I 

92234 0.028 92235 3.13 92236 0.014 92238 96.828 end 

zr-94 1 0 1-20 1001 
mo-94 1 0 1-20 1001 
nb-95 1 0 1-20 1001 
1110-95 1 0 1-20 1001 
tc-99 1 0 1-20 1001 
rh-103 1 0 1-20 1001 
rh-105 1 0 1-20 1001 
ru-106 1 0 1-20 1001 
sn-126 1 0 1-20 1001 
xe-131 1 0 1-20 1001 
CS-134 1 0 1-20 1001 
CS-135 1 0 1-20 1001 
CS-137 1 0 1-20 1001 
pr-143 1 0 1-20 1001 
nd-143 1 0 1-20 1001 
ce-144 1 0 1-20 1001 
nd-144 1 0 1-20 1001 
nd-145 1 0 1-20 1001 
nd-146 1 0 1-20 1001 
nd-147 1 0 1-20 1001 
pm-147 1 0 1-20 1001 
sm-147 1 0 1-20 1001 
nd-148 1 0 1-20 1001 
pm-148 1 0 1-20 1001 
sm-148 1 0 1-20 1001 
pm-149 1 0 1-20 1001 
sm-149 1 0 1-20 1001 
nd-150 1 0 1-20 1001 
sm-150 1 0 1-20 1001 
sm-151 1 0 1-20 1001 
eu-151 1 0 1-20 1001 
sm-152 1 0 1-20 1001 
eu-153 1 0 1-20 1001 
eu-154 1 0 1-20 1001 
gd-154 1 0 1-20 1001 
eu-155 1 0 1-20 1001 
gd-155 1 0 1-20 1001 
gd-157 1 0 1-20 1001 
gd-158 1 0 1-20 1001 
gd-160 1 0 1-20 1001 
ss304 2 1 570 end 
h20 3 den=0.7195 1 
arbm-bormod 0.7795 1 

' 1175 ppm boron (wt) 
arbm-ag 10.159 1 1 0 

r 

I - - - - - - - - - -  

end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 

540 end 
1 0 0 5000 100 3 1175.0e-6 540 end 

in moderator at start (1st segment) 

1 47000 100 6 0.80 540 end 
_ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _  
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arbm-in 10.159 1 1 0 1 49000 100 6 0.15 540 end 
arbm-cd 10.159 8 0 0 1 
48108 0.85 48110 12.21 48111 12.63 48112 24.02 
48113 12.27 48114 29.11 48601 1-20 48116 7.72 
6 0.05 540 end 

end comp 
1 

1 

l - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I 

I fuel-pin-cell geometry: 
I 

squarepitch 1.303 0.9020 1 3 0.9786 2 end 
t 

I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  . 
* assembly and cycle parameters: 

npin/assm=214 fuelnght=823.10 ncycles=4 nlib/cyc=l 
printlevel=4 lightel=8 inplevel=2 numztotal=S mxrepeats=O end 
3 0.73514 500 10.779 6 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
3 0.73514 500 10.779 3 10.809 3 11.273 2 11.340 
power=13.514 burn=226 down=86 end 
power=20.990 burn=263 down=51 bfrac=0.7234 end 
power=24.277 burn=292 down=1117 bfrac=0.2766 end 
power=20.792 burn=416 down=lO bfrac=0.5532 h2ofrac=1.020 end 

I 

o 135 cr 35.7 mn 3.5 
fe 121 co 0.20 ni 24 
zr 3.0 nb 0.71 

I 

I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I 

end 
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APPENDIX C 

SAMPLE INPUT FOR A TURKEY POINT UNIT 3 SAS2H 
DEPLETION CALCULATION 

Assemblv Dol. Rod G9. with a Burnut, of 30.72 GWd/MTU 
=sas2 parm='halt03,skipshipdata' 
turkey point 3 pur, assembly do1 rod 99, 30.72 gwd/mtu, b4, june-95 

cooled 927 days 
I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

in reactor for cycles 2, 3 and 4 

mixtures of fuel-pin-unit-cell: 
t 

I 

27burnuplib latticecell 
u02 1 den=10.235 1 922 

co-59 3 0 1-20 570 end 
zr-94 1 0 1-20 922 end 
mo-94 1 0 1-20 922 end 
nb-95 1 0 1-20 922 end 
mo-95 1 0 1-20 922 end 
tc-99 1 0 1-20 922 end 
rh-103 1 0 1-20 922 end 
rh-105 1 0 1-20 922 end 
ru-106 1 0 1-20 922 end 
sn-126 1 0 1-20 922 end 
xe-131 1 0 1-20 922 end 
cs-134 1 0 1-20 922 end 
cs-135 1 0 1-20 922 end 
cs-137 1 0 1-20 922 end 
pr-143 1 0 1-20 922 end 
nd-143 1 0 1-20 922 end 
ce-144 1 0 1-20 922 end 
nd-144 1 0 1-20 922 end 
nd-145 1 0 1-20 922 end 
nd-146 1 0 1-20 922 end 
nd-147 1 0 1-20 922 end 
pm-147 1 0 1-20 922 end 
sm-147 1 0 1-20 922 end 
nd-148 1 0 1-20 922 end 
pm-148 1 0 1-20 922 end 
sm-148 1 0 1-20 922 end 
pm-149 1 0 1-20 922 end 
sm-149 1 0 1-20 922 end 
nd-150 1 0 1-20 922 end 
sm-150 1 0 1-20 922 end 
sm-151 1 0 1-20 922 end 
eu-151 1 0 1-20 922 end 
sm-152 1 0 1-20 922 end 
eu-153 1 0 1-20 922 end 
eu-154 1 0 1-20 922 end 
gd-154 1 0 1-20 922 end 
eu-155 1 0 1-20 922 end 
gd-155 1 0 1-20 922 end 
gd-157 1 0 1-20 922 end 
gd-158 1 0 1-20 922 end 
gd-160 1 0 1-20 922 end 
' need the following to use endf/b4 library: 
zircalloy 2 1 595 end 

92234 0.023 92235 2.556 92236 0.012 92238 97.409 end 

need-the following to use endf/b5 library: 
'arbmzirc 6.44 4 0 0 1 40000 97.91 26000 0.5 50116 0.86 50120 0.73 2 1 595 end 
h20 3 den=0.731 1 570 end 
arbm-bormod 0.731 1 1 0 0 5000 100 3 450.0e-6 570 end 

' 450 ppm boron ( w t )  in moderator at start (1st segment) 

end comp 

I 

1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
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I 

1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

4 

t fuel-pin-cell geometry: 
, 
squarepitch 1.4300 0.92964 1 3 1.0719 2 0.9484 0 end 
1 

( - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I 

' assembly and cycle parameters: 

npin/assm=204 fuelnght=800.53 ncycles=3 nlib/cyc=l 
printlevel=4 lightel=9 inplevel=2 numztotal=4 end 
3 0.6502 2 0.6934 3 0.80679 500 2.5146 
power=32.235 burn=314 down=58 end 
power=32.235 burn=327 down=62 end 
power=32.235 burn=312 down=927 end 

, 

o 135 cr 5.9 mn 0.33 
fe 12.9 co 0.075 ni 9.9 
zr 221 nb 0.71 sn 3.6 

I 

( - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I 

end 
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Assemblv Dol. Rod G1O. with a Burnup of 30.5 10 GWdMl7.J 

=sas2 parm'halt03, skipshipdata' 
turkey point 3 pwr, assembly do1 rod 910, 30.51 gwd/mtu, b4, june-95 

cooled 927 days 
I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ , ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

' in reactor for cycles 2, 3 and 4 
I 

' mixtures of fuel-pin-unit-cell: 

27burnuplib latticecell 
u02 1 den=10.235 1 922 

co-59 3 0 1-20 570 end 
zr-94 1 0 1-20 922 end 
mo-94 1 0 1-20 922 end 
nb-95 1 0 1-20 922 end 
mo-95 1 0 1-20 922 end 
tc-99 1 0 1-20 922 end 
rh-103 1 0 1-20 922 end 
rh-105 1 0 1-20 922 end 
ru-106 1 0 1-20 922 end 
sn-126 1 0 1-20 922 end 
xe-131 1 0 1-20 922 end 
cs-134 1 0 1-20 922 end 
cs-135 1 0 1-20 922 end 
cs-137 1 0 1-20 922 end 
pr-143 1 0 1-20 922 end 
nd-143 1 0 1-20 922 end 
ce-144 1 0 1-20 922 end 
nd-144 1 0 1-20 922 end 
nd-145 1 0 1-20 922 end 
nd-146 1 0 1-20 922 end 
nd-147 1 0 1-20 922 end 
pm-147 1 0 1-20 922 end 
sm-147 1 0 1-20 922 end 
nd-148 1 0 1-20 922 end 
pm-148 1 0 1-20 922 end 
sm-148 1 0 1-20 922 end 
pm-149 1 0 1-20 922 end 
sm-149 1 0 1-20 922 end 
nd-150 1 0 1-20 922 end 
sm-150 1 0 1-20 922 end 
sm-151 1 0 1-20 922 end 
eu-151 1 0 1-20 922 end 
sm-152 1 0 1-20 922 end 
eu-153 1 0 1-20 922 end 
eu-154 1 0 1-20 922 end 
94-154 1 0 1-20 922 end 
eu-155 1 0 1-20 922 end 
gd-155 1 0 1-20 922 end 
gd-157 1 0 1-20 922 end 
gd-158 1 0 1-20 922 end 
gd-160 1 0 1-20 922 end 
' need the following to use endf/b4 library: 
zircalloy 2 1 595 end 
' need the following to use endf/b5 library: 
'arbmzirc 6.44 4 0 0 1 40000 97.91 26000 0.5 50116 0.86 50120 0 
h2o 3 den=0.731 1 570 end 
arbm-bormod 0.731 1 1 0 0 5000 100 3 450.0e-6 570 end 

' 450 ppm boron ( w t )  in moderator at start (1st segment) 

end comp 

I 

92234 0.023 92235 2.556 92236 0.012 92238 97.409 end 

t 

) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

, 
I - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - - - - - - - - ~ ~ ~ ~ ~ ~ -  

, 
, fuel-pin-cell geometry: 

I 

73 2 1 595 end 

squarepitch 1.4300 0.92964 1 3 1.0719 2 0.9484 0 end 
1 
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, assembly and cycle parameters: 

npin/assm=204 fuelnght=800.53 ncycles=3 nlib/cyc=l 
printlevel=4 lightel=9 inplevel=2 numztotal=4 end 
3 0.6502 2 0.6934 3 0.80679 500 2.5146 
power=32.015 burn=314 down=58 end 
power=32.015 burn=327 down=62 end 
power=32.015 burn=312 down=927 end 

o 135 cr 5.9 m n  0.33 
fe 12.9 co 0.075 ni 9.9 
zr 221 nb 0.71 sn 3.6 

I 

l~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

l 

end 
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Assemblv Dol. Rod H9. with a Burnup of 3 1.560 GWd/MTU 

=sas2 parm='halt03,skipshipdata' 
turkey point 3 pwr, assembly do1 rod h9, 31.56 gwd/mtu, b4. june-95 
' cooled 927 days 

' in reactor for cycles 2, 3 and 4 

' mixtures of fuel-pin-unit-cell: 

27burnuplib latticecell 
uo2 1 den=l0.235 1 922 

co-59 3 0 1-20 570 end 
zr-94 1 0 1-20 922 end 
mo-94 1 0 1-20 922 end 
nb-95 1 0 1-20 922 end 
mo-95 1 0 1-20 922 end 
tc-99 1 0 1-20 922 end 
rh-103 1 0 1-20 922 end 
rh-105 1 0 1-20 922 end 
ru-106 1 0 1-20 922 end 
sn-126 1 0 1-20 922 end 
xe-131 1 0 1-20 922 end 
cs-134 1 0 1-20 922 end 
cs-135 1 0 1-20 922 end 
cs-137 1 0 1-20 922 end 
pr-143 1 0 1-20 922 end 
nd-143 1 0 1-20 922 end 
ce-144 1 0 1-20 922 end 
nd-144 1 0 1-20 922 end 
nd-145 1 0 1-20 922 end 
nd-146 1 0 1-20 922 end 
nd-147 1 0 1-20 922 end 
pm-147 1 0 1-20 922 end 
sm-147 1 0 1-20 922 end 
nd-148 1 0 1-20 922 end 
pm-148 1 0 1-20 922 end 
sm-148 1 0 1-20 922 end 
pm-149 1 0 1-20 922 end 
sm-149 1 0 1-20 922 end 
nd-150 1 0 1-20 922 end 
sm-150 1 0 1-20 922 end 
sm-151 1 0 1-20 922 end 
eu-151 1 0 1-20 922 end 
sm-152 1 0 1-20 922 end 
eu-153 1 0 1-20 922 end 
eu-154 1 0 1-20 922 end 
gd-154 1 0 1-20 922 end 
eu-155 1 0 1-20 922 end 
gd-155 1 0 1-20 922 end 
gd-157 1 0 1-20 922 end 
gd-158 1 0 1-20 922 end 
gd-160 1 0 1-20 922 end 

need the following to use endf/b4 library: 
zircalloy 2 1 595 end 
' need the following to use endf/b5 library: 
'arbmzirc 6.44 4 0 0 1 40000 97.91 26000 0.5 50116 0.86 50120 0.73 2 1 595 end 
h2o 3 den=0.731 1 570 end 
arbm-bormod 0.731 1 1 0 0 5000 100 3 450.0e-6 570 end 

450 ppm boron (ut) in moderator at start (1st segment) 

1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ - - - - - - - - - - ~ - - -  

1 

t 

92234 0.023 92235 2.556 92236 0.012 92238 97.409 end 

I 

1 ~ ~ ~ ~ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

end comp 
t 

1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - - - - - - - - - - - - - -  

, fuel-pin-cell geometry: 
, 

squarepitch 1.4300 0.92964 1 3 1.0719 2 0.9484 0 end 
I 
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I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I 

' assembly and cycle parameters: 

npin/assm=204 fuelnght=800.53 ncycles=3 nlib/cyc=l 
printlevel=4 lightel=9 inplevel=2 nurnztotal=4 end 
3 0.6502 2 0.6934 3 0.80679 500 2.5146 
power=33.116 burn=314 down=58 end 
power=33.116 burn=327 down=62 end 
power=33.116 burn=312 down=927 end 

I 

o 135 cr 5.9 mn 0.33 
fe 12.9 co 0.075 ni 9.9 
zr 221 nb 0.71 sn 3.6 

1 

1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

8 

end 
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Assemblv D04. Rod G9. with a Burnup of 3 1.260 GWd/MTU 

=sas2 parm='halt03,skipshipdata1 
turkey point 3 pwr, assembly d04 rod 99, 31.26 gwd/mtu, b4, june-95 

cooled 927 days 
1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

in reactor for cycles 2, 3 and 4 

mixtures of fuel-pin-unit-cell: 
I 

I 

27burnuplib latticecell 
u02 1 den=10.235 1 922 

co-59 3 0 1-20 570 end 
zr-94 1 0 1-20 922 end 
mo-94 1 0 1-20 922 end 
nb-95 1 0 1-20 922 end 
mo-95 1 0 1-20 922 end 
tc-99 1 0 1-20 922 end 
rh-103 1 0 1-20 922 end 
rh-105 1 0 1-20 922 end 
ru-106 1 0 1-20 922 end 
sn-126 1 0 1-20 922 end 
xe-131 1 0 1-20 922 end 
cs-134 1 0 1-20 922 end 
cs-135 1 0 1-20 922 end 
cs-137 1 0 1-20 922 end 
pr-143 1 0 1-20 922 end 
nd-143 1 0 1-20 922 end 
ce-144 1 0 1-20 922 end 
nd-144 1 0 1-20 922 end 
nd-145 1 0 1-20 922 end 
nd-146 1 0 1-20 922 end 
nd-147 1 0 1-20 922 end 
pm-147 1 0 1-20 922 end 
sm-147 1 0 1-20 922 end 
nd-148 1 0 1-20 922 end 
pm-148 1 0 1-20 922 end 
sm-148 1 0 1-20 922 end 
pm-149 1 0 1-20 922 end 
sm-149 1 0 1-20 922 end 
nd-150 1 0 1-20 922 end 
sm-150 1 0 1-20 922 end 
sm-151 1 0 1-20 922 end 
eu-151 1 0 1-20 922 end 
sm-152 1 0 1-20 922 end 
eu-153 1 0 1-20 922 end 
eu-154 1 0 1-20 922 end 
gd-154 1 0 1-20 922 end 
eu-155 1 0 1-20 922 end 
gd-155 1 0 1-20 922 end 
gd-157 1 0 1-20 922 end 
gd-158 1 0 1-20 922 end 
gd-160 1 0 1-20 922 end 
' need the following to use endf/b4 library: 
zircalloy 2 1 595 end 
' need the following to use endf/b5 library: 
'arbmzirc 6.44 4 0 0 1 40000 97.91 26000 0.5 50116 0.86 50120 0.73 2 1 595 end 
h2o 3 den=0.731 1 570 end 
arbm-bormod 0.731 1 1 0 0 5000 100 3 450.0e-6 570 end 

' 450 ppm boron (wt) in moderator at start (1st segment) 

end cornp 

92234 0.023 92235 2.556 92236 0.012 92238 97.409 end 

I 

I ~ ~ ~ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

1 

l ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ - ~ ~ ~ - - - - . ~ - ~ - - - - - - ~  

1 

1 fuel-pin-cell 
I 

squarepitch 1.4300 
I 

geometry: 

0.92964 1 3 1.0719 2 0.9484 0 end 
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l - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

1 

' assembly and cycle parameters: 

npin/assm=204 fuelnght=800.53 ncycles=3 nlib/cyc=l 
printlevel=l lightel=9 inplevel=2 numztotal=4 end 
3 0.6502 2 0.6934 3 0.80679 500 2.5146 
power=32.802 burn=314 down=58 end 
power=32.802 burn=327 down=62 end 
power=32.802 burn=312 down=927 end 

, 

o 135 cr 5.9 mn 0.33 
fe 12.9 co 0.075 ni 9.9 
zr 221 nb 0.71 sn 3.6 

I 

I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  . 
end 
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Assemblv D04. Rod G10. with a Bumup of 3 1.3 10 GWd/MTU 

=sas2 parm='halt03,skipshipdata' 
turkey point 3 pwr, assembly d04 rod g10, 31.31 gwd/mtu, b4, june-95 

cooled 927 days 
I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ - - - - - - - - - - - - -  

' in reactor for cycles 2, 3 and 4 
I 

mixtures of fuel-pin-unit-cell: 
t 

27burnuplib latticecell 
uo2 1 den=10.235 1 922 

co-59 3 0 1-20 570 end 
zr-94 1 0 1-20 922 end 
mo-94 1 0 1-20 922 end 
nb-95 1 0 1-20 922 end 
mo-95 1 0 1-20 922 end 
tc-99 1 0 1-20 922 end 
rh-103 1 0 1-20 922 end 
rh-105 1 0 1-20 922 end 
ru-106 1 0 1-20 922 end 
sn-126 1 0 1-20 922 end 
xe-131 1 0 1-20 922 end 
cs-134 1 0 1-20 922 end 
cs-135 1 0 1-20 922 end 
cs-137 1 0 1-20 922 end 
pr-143 1 0 1-20 922 end 
nd-143 1 0 1-20 922 end 
ce-144 1 0 1-20 922 end 
nd-144 1 0 1-20 922 end 
nd-145 1 0 1-20 922 end 
nd-146 1 0 1-20 922 end 
nd-147 1 0 1-20 922 end 
pm-147 1 0 1-20 922 end 
sm-147 1 0 1-20 922 end 
nd-148 1 0 1-20 922 end 
pm-148 1 0 1-20 922 end 
sm-148 1 0 1-20 922 end 
pm-149 1 0 1-20 922 end 
sm-149 1 0 1-20 922 end 
nd-150 1 0 1-20 922 end 
sm-150 1 0 1-20 922 end 
sm-151 1 0 1-20 922 end 
eu-151 1 0 1-20 922 end 
sm-152 1 0 1-20 922 end 
eu-153 1 0 1-20 922 end 
eu-154 1 0 1-20 922 end 
gd-154 1 0 1-20 922 end 
eu-155 1 0 1-20 922 end 
gd-155 1 0 1-20 922 end 
gd-157 1 0 1-20 922 end 
gd-158 1 0 1-20 922 end 
gd-160 1 0 1-20 922 end 
' need the following to use endf/b4 library: 
zircalloy 2 1 595 end 
' need the following to use endf/b5 library: 
'arbmzirc 6.44 4 0 0 1 40000 97.91 26000 0.5 50116 0.86 50120 0.73 2 1 595 end 
h2o 3 den=0.731 1 570 end 
arbm-bormod 0.731 1 1 0 0 5000 100 3 450.0e-6 570 end 

450 ppm boron (wt) in moderator at start (1st segment) 

92234 0.023 92235 2.556 92236 0.012 92238 97.409 end 

1 

1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ - ~ - - - - ~ ~ ~  

end comp 
I 

1 ~ ~ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

1 

I fuel-pin-cell geometry: 

squarepitch 1.4300 0.92964 1 3 1.0719 2 0.9484 0 end , 
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I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I 

' assembly and cycle parameters: 

npinfassm=204 fuelnght=800.53 ncycles=3 nlib/cyc=l 
printlevel=( lightel=9 inplevel=2 numztotal=4 end 
3 0.6502 2 0.6934 3 0.80679 500 2.5146 
power=32.854 burn=314 down=58 end 
power=32.854 burn=327 down=62 end 
power=32.854 burn=312 down=927 end 

o 135 cr 5.9 mn 0.33 
fe 12.9 co 0.075 ni 9.9 
zr 221 nb 0.71 sn 3.6 

t 

I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

l 

end 
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APPENDIX D 

MEASURED AND COMPUTED ISOTOPIC CONCENTRATIONS FOR TRINO 
VERCELLES FUEL SAMPLES 

trino vercelles pwr 

measured and computed irradiated fuel composition 

fuel assembly 509-104, rod mll, level 7, 12.042 gwd/mtu 

run july 1995 

..compares cases using 27BURNUPLIB and 44GROUPNDF5 libraries. 

nuclide, z & name measured 27BURNUPLIB %diff 44GROUPNDF5 %diff 

units: milligrams/gram U 

92 u235 2.6626+01 2.695E+01 ( 1.2%) 2.694E+Ol ( 1.2%) 
92 u236 2.736E+00 2.450E+00 (-10.4%) 2.446E+00 (-10.6%) 
92 u238 
94 pu239 
94 pu240 
94 pu241 
94 pu242 

9.513E+02 9.519E+02 ( .l%) 9.519E+02 ( .1% 
4.586E+00 4.418E+00 ( -3.7%) 4.400E+00 ( -4.1% 
7.165E-01 6.665E-01 ( -7.0%) 6.704E-01 ( -6.4% 
3.475E-01 3.318E-01 ( -4.5%) 3.062E-01 (-11.9% 
3.135E-02 2.534E-02 (-19.2%) 2.680E-02 (-14.5% 

units: curies/gram u 

44 ru106 
58 ce144 
55 cs134 
55 cs137 

1.403E-01 1.293E-01 ( -7.8%) 1.281E-01 ( -8.7% 
5.777E-01 5.626E-01 ( -2.6%) 5.6333-01 ( -2.5% 
2.7286-02 2.091E-02 (-23.3%) 2.018E-02 (-26.0%) 
3.895E-02 3.937E-02 ( 1.1%) 3.9373-02 ( 1.1%) 

trino vercelles pwr 

measured and computed irradiated fuel composition 

fuel assembly 509-032, rod ell, level 4, 15.377 gwd/mtu 

run july 1995 

..compares cases using 27BURNUPLIB and 44GROUPNDF5 libraries.. 

nuclide, z & name measured 27BURNUPLIB Bdiff 44GROUPNDF5 Bdiff 

units: milligrams/gram U 

92 u235 
92 u236 
92 u238 
94 pu239 
94 pu240 
94 pu241 
94 pu242 

1.728E+01 
2*834E+00 
9.558E+02 
5.266E+00 
1.118E+00 
6.14 OE-01 
8.638E-02 

units: curies/gram U 

44 ru106 2.118E-01 
58 ce144 7.165E-01 
55 cs134 4.656E-02 
55 cs137 4.94 9E-02 

1.786E+01 ( 3.4%) 1.795E+01 ( 3.9%) 
2.614E+00 ( -7.8%) 2.606E+00 ( -8.1%) 
9.559E+02 ( .O%) 9.560E+02 ( .O%) 
5.201E+00 ( -1.2%) 4.9873+00 ( -5.3%) 
1.069E+00 ( -4.4%) 1.136E+00 ( 1.7%) 
6.32l.E-01 ( 2.9%) 6.055E-01 ( -1.4%) 
7.661E-02 (-11.3%) 8.772E-02 ( 1.6%) 

2.151E-01 ( 1.5%) 2.167E-01 ( 2.3%) 
6.886E-01 ( -3.9%) 6.877E-01 ( -4.0%) 
3.748E-02 (-19.5%) 3.606E-02 ( -22.5%) 
5.018E-02 ( 1.4%) 5.018E-02 ( 1.4%) 
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trino vercelles pur 

measured and computed irradiated fuel composition 

fuel assembly 509-032, rod ell, level 7, 15.898 gwd/mtu 

run july 1995 

..compares cases using 27BURNUPLIB and 44GROUPNDF5 libraries.. 

nuclide, z h name measured 

units: milligrams/gram U 

92 u235 1.661E+01 
92 u236 2.739E+00 
92 u238 9.558E+02 
94 pu239 5.234E+00 
94 pu240 1.137E+00 
94 pu241 6.180E-01 
94 pu242 9.487E-02 

units: curies/gram U 

44 ru106 
58 ce144 
55 cs134 
55 cs137 

2.263E-01 
7.012E-01 
4.927E-02 
5.014E-02 

27BURNUPLIB %diff 

1.746E+01 ( 5.1%) 
2.672E+00 ( -2.4%) 
9.556E+02 ( .O%) 
5.168E+00 ( -1.3%) 
1.102E+00 I -3.1%) 
6.530E-01 ( 5.7%) 
8.321E-02 (-12.3%) 

2.240E-01 ( -1.0%) 
7.114E-01 ( 1.5%) 
3.948E-02 (-19.9% ) 
5.191E-02 ( 3.5%) 

44GROUPNDF5 

1.741E+01 
2.669E+OO 
9.558E+02 
5.169E+00 
1.116E+00 
6.044E-01 
8.787E-02 

2.215E-01 
7.126E-01 
3.808E-02 
5.190E-02 

Bdiff 

4 . 8 % )  
-2.6% ) . 0% ) 
-1.2% ) 
-1.8% ) 
-2.2% ) 
-7.4%) 

-2.1%) 
1.6%) 

-22.7%) 
3.5%) 

trino vercelles pwr 

measured and computed irradiated fuel composition 

fuel assembly 509-032, rod ell, level 9, 11.529 gwd/mtu 

run july 1995 

..compares cases using 27BURNUPLIB and 44GROUPNDF5 libraries. 

nuclide, z h name measured 

units: milligrams/gram U 

92 u235 2.017E+01 
92 u236 2.502E+00 
92 u238 9.595E+02 
94 pu239 4.418E+00 
94 pu240 7.750E-01 
94 pu241 3.690E-01 
94 pu242 3.803E-02 

units: curies/gram U 

44 ru106 1.552E-01 
58 ce144 5.570E-01 
55 cs134 2.711E-02 
55 cs137 3.635E-02 

27BURNUPLIB %diff 44GROUPNDF5 

2.0458+01 [ 1.4%) 
2.140E+00 (-14.5%) 
9.593E+02 I . O % )  
4.338E+00 ( -1.8%) 
7.436E-01 ( -4.0%) 
3.684E-01 ( -.2%) 
3.324E-02 (-12.6%) 

1.389E-01 (-10.5%) 
5.29l.E-01 ( -5.0%) 
2.086E-02 (-23.0%) 
3.763E-02 ( 3.5%) 

2.042E+01 
2.136E+00 
9.594E+02 
4.330E+00 
7.476E-01 
3.391E-01 
3.477E-02 

1.373E-01 
5.299E-01 
2.020E-02 
3.763E-02 

Bdiff 

1.3%) 
-14.6%) 

.O%) 
-2.0% ) 
-3.5% ) 
-8.1%) 
-8.6%) 

-11.5% ) 
-4.9%) 
-25.5% ) 
3.5%) 
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trino vercelles pwr 

measured and computed irradiated fuel composition 

fuel assembly 509-069, rod ell, level 1, 12.859 gwd/mtu 

run july 1995 

..compares cases using 27BURNUPLIB and 44GROUPNDF5 libraries.. 

nuclide, z K name measured 27BURNUPLIB Bdiff 44GROUPNDF5 %diff 

units: milligrams/gram U 

92 u235 
92 u236 
92 u238 
94 pu239 
94 pu240 
94 pu241 
94 pu242 

1.946E+01 
2.453E+00 
9.587E+02 
4.580E+00 
8.4 00E-01 
4.000E-01 
4.600E-02 

1.949E+01 ( .l%) 1.956E+01 ( .5% 
2.319E+00 ( -5.4%) 2.312E+OO ( -5.8% 
9.581E+02 ( -.1%) 9.582E+02 ( -0% 
4.695E+OO ( 2.5%) 4.511E+00 ( -1.5% 
8.540E-01 ( 1.7%) 9.089E-01 [ 8.2% 
4.310E-01 ( 7.7%) 4.145E-01 ( 3.6% 
4.443E-02 ( -3.4%) 5.072E-02 ( 10.3% 

units: curies/gram U 

55 cs134 
55 cs137 
63 eu154 

2.494E-02 1.913E-02 (-23.3%) 1.847E-02 (-25.9%) 
3.939E-02 3.967E-02 ( .7%) 3.967E-02 ( .7%) 
1.370E-03 1.49OE-03 ( 8.7%) 1.019E-03 (-25.6%) 

trino vercelles pwr 

measured and computed irradiated fuel composition 

fuel assembly 509-069, rod e l l ,  level 2, 20.602 gwd/mtu 

run july 1995 

..compares cases using 27BURNUPLIB and 44GROUPNDF5 libraries.. 

nuclide, z h name measured 27BURNUPLIB %diff 44GROUPNDFS %diff 

units: milligrams/gram u 
92 
92 
92 
94 
94 
94 
94 
60 
95 
95 
96 
96 

u235 
u236 
u238 

pu239 
pu240 
pu241 
pu242 
ndl4 8 
am2 4 2 
am243 
cm2 4 2 
cm2 4 4 

lf436E+01 
3.317E+00 
9.518E+02 
5.755E+00 
1.520E+00 
8.850E-01 
1.720E-01 
2.307E-01 
1.388E-03 
2.394E-02 
1.769E-02 
4.675E-03 

units: curies/gram U 

55 cs134 6.0598-02 
55 cs137 6.337E-02 
63 eu154 3.664E-03 

1.463E+01 
3.152E+00 
9.516E+02 
5.808E+00 
1.466E+00 
9.131E-01 
1.578E-01 
2.271E-01 
2.226E-03 
2.293E-02 
1.391E-02 

( 1.9%) 
[ -5.0%) 
( -0%) 
( .9%) 
( -3.6%) 
( 3.2%) 
( -8.3%) 
( -1.6%) 
( 60.4%) 
( -4.2%) 
(-21.4%) 

1.472E+01 
3.143E+00 
9.518E+02 
5.54 6E+00 
1.555E+00 
8.707E-01 
1.7 90E-01 
2.272E-01 
1.656E-03 
2.568E-02 
1.274E-02 

3.391E-03 ( - 2 7 . 5 % )  4.224E-03 

4.837E-02 (-20.2%) 4.651E-02 
6.356E-02 ( .3%) 6.356E-02 
4.141E-03 ( 13.0%) 2.704E-03 

( 2.5%) 
( -5.2%) 
( -0%) 
( -3.6%) 
( 2.3%) 
( -1.6%) 
( 4.0%) 
( -1.5%) 
( 19.3%) 
( 7.3%) 
(-28.0%) 
-9.6%) 

-23.2% ) 
-3%) 

-26 .2%)  
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trino vercelles pur 

measured and computed irradiated fuel composition 

fuel assembly 509-069, rod ell, level 4, 23.718 gwd/mtu 

run july 1995 

..compares cases using 27BURNUPLIB and 44GROUPNDF5 libraries.. 

units: milligrams/gram U 

nuclide, z h name measured 

92 u235 
92 u236 
92 u238 
94 pu239 
94 pu240 
94 pu241 
94 pu242 
60 nd148 
95 am242 
95 am243 
96 cm242 
96 cm244 

1.248E+01 
3.610E+00 
9.4 93E+02 
5.895E+00 
1.755E+00 
1.030E+00 
2.435E-01 
2.655E-01 
2 125E-03 
4.533E-02 
2.435E-02 
9.017E-03 

units: curies/gram U 

55 cs134 7.605E-02 
55 cs137 7.242E-02 
63 eu154 4.643E-03 

27BURNUPLIB %diff 44GROUPNDFS %diff 

1.295E+01 ( 3.8%) 1.305E+01 ( 4.5%) 
3.411E+00 
9.4 91E+02 
6.038E+00 
1.683E+00 
1.095E+00 
2.2273-01 
2.611E-01 
2.622E-03 
3.715E-02 
1.906E-02 

-5 - 5% ) 
-0%) 

2.4%) 
-4.1% ) 
6.3%) 
-8 I 5% ) 
-1.7%) 
23.4%) 
-18.0% ) 

3.403E+00 
9.492E+02 
5.756E+00 
1.784Ec00 
1.042E+00 
2.521E-01 
2.612E-01 
1.934E-03 
4.139E-02 

-5.7%) 
- 0 %  ) 

-2.4% ) 
1.6%) 
1.1%) 
3.5%) 
-1.6% ) 
-9.0%) 
-8.7%) 
-28.1% ) -21.7%) 1.75OE-02 ~ 

6.459E-03 (-28.4%) 7.9676-03 (-11.6%) 

6.326E-02 (-16.8%) 6.078E-02 (-20.1%) 
7.318E-02 ( 1.1%) 7.317E-02 ( 1.0%) 
5.524E-03 ( 19.0%) 3.538E-03 (-23.8%) 
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trino vercelles pwr 

measured and computed irradiated fuel composition 

fuel assembly 509-069, rod ell, level 7, 24.304 gwd/mtu 

run july 1995 

..compares cases using 27BURNUPLIB and 44GROUPNDF5 libraries.. 

nuclide, z h name measured 

units: milligrams/gram U 

27BURNUPLIB Bdiff 44GROUPNDF5 %diff 

92 
92 
92 
94 
94 
94 
94 
60 
95 
95 
96 
96 

u235 
u236 
u238 

pu239 
pu240 
pu241 
pu242 
ndl4 8 
am2 4 2 
am243 
cm242 
cm24 4 

1.235E+01 
3.638E+00 
9.4 92E+02 
6.070E+00 
1.825E+00 
1.060E+00 
2.575E-01 
2.71 9E-01 
2.257E-03 
4.584E-02 
2.664E-02 
9.904E-03 

units: curies/gram U 

55 cs134 7.7 93E-02 
55 cs137 7.352E-02 
63 eu154 4.305E-03 

1.255E+01 ( 1.7%) 1.247E+01 ( 1.0%) 
3.459E+00 ( -4.9%) 3.456E+00 ( -5.0%) 
9.488E+02 
5.941E+00 
1 - 711E+00 
1.108E+00 
2.357E-01 
2.676E-01 
2.602E-03 
3.968E-02 
1.977E-02 

( . 0% ) 9.490E+02 
( -2.1%) 5.965E+00 
( -6.2%) 1.744E+00 
( 4.5%) 1.034E+00 
( -8.5%) 2.499E-01 
( -1.6%) 2.677E-01 
( 15.3%) 1.820E-03 
(-13.4%) 4.112E-02 
(-25.8%) 1.719E-02 

( .O% 
1 -1.7% 
( -4.4% 
1 -2.5% 
[ -2.9% 
1 -1.5% 
(-19.4% 
(-10.3% 
(-35.5% 

7.015E-03 (-29.2%) 7.982E-03 (-19.4%) 

6.573E-02 (-15.7%) 6.335E-02 (-18.7%) 
7.502E-02 [ 2.0%) 7.500E-02 ( 2.0%) 
5-7536-03 1 33.6%) 3.753E-03 (-12.8%) 
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trino vercelles pwr 

measured and computed irradiated fuel composition 

fuel assembly 509-069, rod e5, level 4, 23.867 gwd/mtu 

run july 1995 

..compares cases using 27BURNUPLIB and 44GROUPNDF5 libraries.. 

nuclide, z & name measured 27BURNUPLIB %diff 44GROUPNDF5 %dif f 

units: milligrams/gram U 

92 
92 
92 
94 
94 
94 
94 
60 
96 
96 

u235 
u236 
u238 
pu239 
pu240 
pu241 
pu242 
nd148 
cm2 4 2 
cm244 

1.291E+01 
3.520E+00 
9.4 92E+02 
5.950E+00 
1.760E+00 
1.050E+00 
2.400E-01 
2.666E-01 
2.318E-02 
8.960E-03 

1.288E+01 
3.423E+00 
9.489E+02 
6.050E+00 
1.6936+00 
1.104E+00 
2.261E-01 
2.627E-01 
1.9336-02 
6.650E-03 

-.2%) 1.297E+01 
-2.8%) 3.4153+00 

-0%) 9.491E+02 
1.7%) 5.766E+OO 
-3.8% ) 1.7 94E+00 
5.1%) 1.050E+00 

- 5 . 8 % )  2.559E-01 
-1.5%) 2.628E-01 
-16.6%) 1.775E-02 
-25.8%) 8.200E-03 

( -5%) 
I -3.0%) 
( .O%) 
[ -3.1%) 
( 1.9%) 
( -0%) 
( 6.6%) 
( -1.4%) 
(-23.4% 1 
( -8.5%) 

units: curies/gram U 

55 cs134 1.028E-01 6.404E-02 (-37.7%) 6.152E-02 (-40.2%) 
55 cs137 7.277E-02 7.364E-02 ( 1.2%) 7.363E-02 [ 1.2%) 
63 eu154 4.607E-03 5.596E-03 ( 21.5%) 3.582E-03 (-22.3%) 
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trino vercelles pwr 

measured and computed irradiated fuel composition 

fuel assembly 509-069, rod e5, level 

run july 1995 

7, 24.548 gwd/mtu 

..compares cases using 27BURNUPLIB and 4 

nuclide, z & name measured 27BURNUPLIB %diff 

units: milligrams/gram U 

92 
92 
92 
94 
94 
94 
94 
60 
95 
95 
96 
96 

u235 
u236 
u238 
pu239 
pu240 
pu241 
pu242 
nd148 
am2 4 2 
am243 
cm2 4 2 
cm244 

1.221E+01 
3.540E+00 
9.4 83E+02 
5.980E+00 
1.785E+00 
1 + 055E+00 
2.540E-01 
2.740E-01 
2.440E-03 
4.615E-02 
2.512E-02 
9.422E-03 

units: curies/gram U 

55 cs134 7.959E-02 
55 cs137 7.5813-02 
63 eu154 5.001E-03 

1.243E+01 ( 1.8% 
3.477E+00 
9.486E+02 
5.958E+00 
1.727E+00 
1.122E+00 
2.414E-01 
2.702E-01 
2.630E-03 
4.107E-02 
2.021E-02 
7.350E-03 

GROUPNDF5 libraries 

44GROUPNDF5 %diff 

lf235E+01 
( -1.8%) 3.474E+00 
( . 0% ) 9.4 88E+02 
( -.4%) 5.983E+00 
( -3.2%) 1.761E+00 
( 6.4%) 1.047E+00 
( -5.0%) 2.560E-01 
( -1.4%) 2.704E-01 
( 7.8%) 1.840E-03 
(-11.0%) 4.255E-02 
(-19.5% ) 1.758E-02 
(-22.0%) 8.361E-03 

( 1.1% 
( -1.9% 
( -0% 
( -0% 
( -1.3% 
( -.8% 
( -8% 
( -1.3% 
(-24.6% 
( -7.8% 
(-30.0% 
(-11.3% 

6.703E-02 (-15.8%) 6.460E-02 (-18.8% 
7.577E-02 ( -.1%) 7.576E-02 ( -.1% 
5.872E-03 ( 17.4%) 3.827E-03 (-23.5% 

trino vercelles pwr 

measured and computed irradiated fuel composition 

fuel assembly 509-069, rod 111, level 4, 23.928 gwd/mtu 

run july 1995 

..compares cases using 27BURNUPLIB and 44GROUPNDF5 libraries.. 

nuclide, z & name measured 27BURNUPLIB %diff 44GROUPNDF5 %diff 

units: milligrams/gram U 

92 u235 
92 u236 
92 u238 
94 pu239 
94 pu240 
94 pu241 
94 pu242 
60 nd148 
95 am242 
95 am243 
96 cm242 
96 cm244 

1.282E+01 
3.753E+00 
9.485E+02 
6.060E+00 
1.790E+00 
1.050E+00 
2.470E-01 
2.676E-01 
1.962E-03 
4 - 452E-02 
2.7 96E-02 
9.155E-03 

1.2853+01 ( .2%) 
3.428E+00 ( -8.7%) 
9.489E+02 ( .O%) 
6.054E+00 ( -.1%1 
1.697E+00 ( -5.2%) 
1.108E+00 ( 5.5%) 
2.275E-01 ( -7.9%) 
2.634E-01 ( -1.6%) 
2.648E-03 ( 35.0%) 
3.829E-02 (-14.0% ) 
1.9443-02 (-30.5%) 
6.729E-03 (-26.5%) 

1.294E+01 ( 1.0%) 
3.419E+00 ( -8.9%) 
9.490E+02 ( -1%) 
5.771E+00 ( -4.8%) 
1.799E+00 ( 3%) 
1.053E+00 ( . 3 % )  
2.575E-01 ( 4.2%) 
2.635E-01 ( -1.5%) 
1.952E-03 ( -.5%) 
4.265E-02 ( -4.2%) 
1.785E-02 (-36.2%) 
8.296E-03 ( -9.4%) 
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trino vercelles pwr 

measured and computed irradiated fuel composition 

fuel assembly 509-069, rod 111, level 7, 24.362 gwd/mtu 

run july 1995 

..compares cases using 27BURNUPLIB and 44GROUPNDF5 libraries.. 

nuclide, z & name measured 27BURNUPLIB %diff 44GROUPNDF5 %diff 

units: milligrams/gram U 

92 
92 
92 
94 
94 
94 
94 
60 
95 
95 
96 
96 

u235 
u236 
u238 

pu239 
pu24 0 
pu2 4 1 
pu2 4 2 
nd148 
am2 4 2 
am2 4 3 
cm2 4 2 
cm2 4 4 

1.225E+01 
3.465E+00 
9.482E+02 
5.995E+00 
1.810E+00 
1.055E+00 
2.590E-01 
2.7223-01 
2.191E-03 
4 -247E-02 
2.466E-02 
9.734E-03 

units: curies/gram U 

55 cs134 
55 cs137 
63 eu154 

7.942E-02 
7.507E-02 
4.477E-03 

1.253E+01 ( 2.2%) 1.2443+01 ( 1.5%) 
3.463E+00 
9.4 883+02 
5.945E+OO 
1.715E+00 
l.lllE+OO 
2.371E-01 
2.682E-01 
2.609E-03 
4.001E-02 
1.988E-02 
7.094E-03 

6.604E-02 
7.51 9E-02 
5.781E-03 

-.1%) 
-1%) 

-.E%) 
-5.3%) 
5.3%) 

-8 * 5% ) 
-1.5%) 
19.1%) 
-5.8%) 
-19.4%) 
-27.1% I 

3.460E+00 
9.489E+02 
5.969E+00 
1.748E+00 
1.037E+00 
2.514E-01 
2.683E-01 
1.825E-03 
4.146E-02 
1.728E-02 
8.071E-03 

( -.1% 
( -1% 
( -.4% 
( -3.4% 
I -1.7% 
I -2.9% 
( -1.4% 
(-16.7% 
( -2.4% 
(-29.9% 
(-17.1% 

-16.9%) 6.3653-02 (-19.9% 
- 2 % )  7.518E-02 ( -2% 

29.1%) 3.770E-03 (-15.8% 
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trino vercelles pwr 

measured and computed irradiated fuel composition 

fuel assembly 509-069, rod 15, level 4, 24.330 gwd/mtu 

run july 1995 

..compares cases using 27BURNUPLIB and 44GROUPNDF5 libraries.. 

nuclide, z h name measured 

units: milligrams/gram U 

27BURNUPLIB %diff 44GROUPNDF5 %diff 

92 
92 
92 
94 
94 
94 
94 
60 
96 
96 

u235 
u236 
1.1238 

pu239 
pu240 
pu241 
pu2 4 2 
nd148 
cm2 4 2 
cm244 

1.297E+Ol 
3.471E+00 
9.486E+02 
6.060E+00 
1.770E+00 
1.060E+00 
2.440E-01 
2.706E-01 
2.522E-02 
9.524E-03 

1.265E+Ol 
3.458E+00 
9.485E+02 
6.085E+00 
1.724E+00 
1.131E+00 
2.367E-01 
2.678E-01 
2.016E-02 
7.271E-03 

[ -2.4%) 
( -.4%) 
( .O%) 
( .4%) 
( -2.6%) 
( 6.7%) 
( -3.0%) 
( -1.0%) 
(-20.0%) 
(-23.7% ) 

1.275E+01 
3.450E+00 
9.4 87E+02 
5.799E+00 
1.827E+00 
1.075E+00 
2.678E-01 
2.679E-01 
1.853E-02 
8.956E-03 

units: curies/gram U 

55 cs134 7.667E-02 
55 cs137 7.360E-02 
63 eu154 4.612E-03 

6.649E-02 (-13.3%1 6.387E-02 
7.507E-02 ( 2.0%) 7.506E-02 
5.822E-03 ( 26.2%) 3.719E-03 

-1.7%) 
-.6%) 
.O%) 

-4.3% ) 
3.2%) 
1.5%) 
9.8%) 
-1.0%) 
-26.5%) 
-6.0%) 

-16.7%) 
2 . 0 % )  

-19.4%) 

trino vercelles pwr 

measured and computed irradiated fuel composition 

fuel assembly 509-069, rod 15, level 7, 24.313 gwd/mtu 

run july 1995 

.compares cases using 27BURNUPLIB and 44GROUPNDF5 libraries.. 

nuclide, z h name measured 

units: milligrams/gram U 

27BURNUPLIB %diff 44GROUPNDF5 %diff 

92 
92 
92 
94 
94 
94 
94 
96 
96 

u235 
u236 
u238 

pu239 
pu240 
pu241 
pu242 
cm2 4 2 
cm244 

1.231E+01 
3.56 9E+00 
9.472E+02 
5.970E+00 
1.7 90E+00 
1.060E+00 
2.500E-01 
2.4 81E-02 
8.786E-03 

1.255E+01 ( 1.9%) 
3.460E+00 ( -3.1%) 
9.4883+02 ( .2%) 
5.941E+00 ( -.5%) 
1.712E+00 ( -4.4%) 
1.109E+00 ( 4.6%) 
2.359E-01 ( -5.6%) 
1.979E-02 (-20.2% ) 
7.027E-03 (-20.0%) 

1.246E+01 ( 1.2% 
3.457E+00 ( -3.1% 
9.490E+02 ( .2% 
5.966E+00 ( -.1% 
1.745E+00 ( -2.5% 
1.034E+00 ( -2.4% 
2.501E-01 ( -1% 
1.720E-02 (-30.7% 
7.995E-03 ( -9.0% 

units: curies/gram U 

55 cs134 7.823E-02 
55 cs137 7.4513-02 
63 eu154 4.814E-03 

6.578E-02 (-15.9%) 
7.504E-02 ( .7%) 
5.757E-03 ( 19.6%) 

6.34OE-02 (-19.0% 
7.503E-02 ( -7% 
3.156E-03 (-22.0% 
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APPENDIX E 

MEASURED AND COMPUTED ISOTOPIC CONCENTRATIONS FOR 
TURKEY POINT UNIT 3 FUEL SAMPLES 

turkey point unit 3 pwr 

measured and computed irradiated fuel composition 

fuel assembly dol, rod 99, 30.72 gwd/mtu 

run june 1995 

.... measured and calculated at 927 day cooling time .... 
..compares cases using 27BURNUPLIB and 44GROUPNDF5 libraries.. 

nuclide, z 6 name measured 27BURNUPLIB %diff 44GROUPNDF5 %diff 

units: milligrams/gram U 

92 u234 1.321E-01 
92 u235 5.865E+00 
92 u236 3.254E+00 
92 u238 9.502E+02 
94 pu238 1.365E-01 
94 pu239 4.838E+00 
94 pu240 2.266E+00 
94 pu241 11061E+00 
94 PU242 5.020E-01 

1.379E-01 ( 
5.447E+OO ( 
3.353E+00 ( 
9.493E+02 ( 
1.465E-01 ( 
5.080E+00 ( 
2.147Et00 ( 
1.161E+00 ( 
5.146E-01 ( 

4.4%) 
-7.1% ) 
3.0%) 
-.1%) 
7.3%) 
5.0%) 
-5.2%) 
9.4%) 
2.5%) 

1.345E-01 ( 1.8% 
5.522E+00 ( -5.8% 
3.3506+00 ( 3.0% 
9.495E+02 ( -.1% 
1.384E-01 ( 1.4% 
4.808E+00 ( -.6% 
2.278E+00 ( .5% 
1.091E+00 ( 2.8% 
5.716E-01 ( 13.9% 

60 id148 3.342E-01 3.396E-01 ( 1.6%) 3.397E-01 ( 1.7%) 

turkey point unit 3 pwr 

measured and computed irradiated fuel composition 

fuel assembly dol, rod 910, 30.51 gwd/mtu 

run june 1995 

.... measured and calculated at 927 day cooling time .... 
..compares cases using 27BURNUPLIB and 44GROUPNDF5 libraries.. 

nuclide, z h name measured 27BURNUPLIB %diff 44GROUPNDF5 %diff 

units: milligrams/gram U 

92 
92 
92 
92 
94 
94 
94 
94 
94 
60 

u234 
u235 
u236 
u238 

pu238 
pu239 
pu240 
pu241 
pu242 
nd148 

1.321E-01 
5.676E+00 
3.255E+00 
9.506E+02 
1.360E-01 
4.840E+00 
2.294E+00 
1.068E+00 
5.248E-01 
3.32OE-01 

1.385E-01 
5.512Et00 
3.346Et00 
9.4 95Et02 
1.445E-01 
5.076E+00 
2.137E+00 
1.154E+00 
5.071E-01 
3.373E-01 

( 4.8%) 
( -2.9%) 
( 2.8%) 
( -.1%) 
( 6.2%) 
( 4.9%) 
( -6.9%) 
( 8.1%) 
( -3.4%) 
( 1.6%) 

1.350E-01 
5.589Et00 
3.343E+OO 
9.4 96E+02 
1.365E-01 
4.805E+00 
2.267E+00 
1.085E+00 
5.634E-01 
3.374E-01 

( 2.2%) 
( -1.5%) 
( 2.7%) 
( -.1%) 
I -4%) 
( -.7%) 
( -1.2%) 
( 1.6%) 
( 7.3%) 
( 1.6%) 
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turkey point unit 3 pwr 

measured and computed irradiated fuel composition 

fuel assembly dol, rod h9, 31.56 gwd/mtu 

run june 1995 

.... measured and calculated at 927 day cooling time .... 
..compares cases using P’IBURNUPLIB and 44GROUPNDF5 libraries.. 

nuclide, z & name measured 27BURNUPLIB %diff 44GROUPNDF5 %diff 

units: milligrams/gram U 

92 u234 1.225E-01 1.359E-01 ( 10.9%) 1.324E-01 ( 8.1% 
92 u235 5.584E+00 5.190E+00 ( -7.1%) 5.263E+OO ( -5.7% 
92 u236 3.174E+00 3.381E+OO ( 6.5%) 3.379E+00 ( 6.5% 
92 u238 9.495E+02 9.485E+02 ( -.1%) 9.487E+02 ( -.I.% 
94 pu238 1.426E-01 1.547E-01 ( 8.5%) 1.462E-01 ( 2.6% 
94 pu239 4.930E+00 5.093E+OO ( 3.3%) 4.819E+00 ( -2.3%) 
94 pu240 2.295E+00 2.1883+00 ( -4.7%) 2.321E+OO ( 1.1%) 
94 pu241 1.104E+00 1.186E+00 ( 7.4%) 1.114E+00 ( .9%) 
94 pu242 5.477E-01 5.446E-01 ( -.6%) 6.049E-01 ( 10.4%) 
60 nd148 3.434E-01 3.488E-01 ( 1.6%) 3.490E-01 ( 1.6%) 

_______________ ~ ~ 

turkey point unit 3 pwr 

measured and computed irradiated fuel composition 

fuel assembly d04, rod 99, 31.26 gwd/mtu 

run june 1995 

.... measured and calculated at 927 day cooling time.... 
..compares cases using 

nuclide, z & name measured 

units: milligrams/gram U 

92 
92 
92 
92 
94 
94 
94 
94 
94 
60 

u234 
u235 
u236 
u238 
pu238 
pu239 
pu240 
pu241 
pu242 
nd148 

1.131E-01 
5.509E+00 
3.156E+00 
9.499E+02 
1.382E-01 
4.941E+00 
2.320E+00 
1.124E+00 
5.428E-01 
3.400E-01 

27BURNUPLIB and 44GROUPNDF5 libraries. 

27BURNUPLIB %diff 44GROUPNDFS %diff 

1.366E-01 
5.280E+00 
3.371Et00 
9.488E+02 
1.518E-01 
5.088E+00 
2.174E+OO 
1.177E+00 
5.338E-01 
3.455E-01 

( 20.8%) 
( -4.2%) 
( 6.8%) 
( -.1%) 
( 9.8%) 
( 3.0%) 
( -6.3%) 
( 4.7%) 
( -1.6%) 
( 1.6%) 

1.332E-01 
5.354E+00 
3.369E+00 
9.490E+02 
1.434E-01 
4.815E+00 
2.306E+00 
1.106E+00 
5.929E-01 
3.457E-01 

17.7% 
-2.8% 
6.7% 
-. 1% 
3.8% 
-2.6% 
-.6% 
-1.6% 
9.2% 
1.7% 
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turkey point unit 3 pwr 

measured and computed irradiated fuel composition 

fuel assembly d04, rod 910, 31.31 gwd/mtu 

run june 1995 

.... measured and calculated at 927 day cooling time.... 
,.compares cases using 27BURNUPLIB and 44GROUPNDF5 libraries.. 

nuclide, z & name measured 

units: milligrams/gram U 

92 
92 
92 
92 
94 
94 
94 
94 
94 
60 

u234 
u235 
u236 
u238 

pu238 
pu239 
pu240 
pu241 
pu2 4 2 
nd148 

1.320E-01 
5.662E+OO 
3.252E+00 
9 - 4 98E+02 
1.372E-01 
4.7886+00 
2.278E+00 
1.072€+00 
5.235E-01 
3.405E-01 

27BURNUPLIB Bdiff 44GROUPNDF.5 

1.365E-01 3.4% 
5.265E+00 -7.0% 
3.373E+00 3.7% 
9.488E+02 -.1% 
1.523E-01 ( 11.0% 
5.089E+00 ( 6.3% 
2.176E+00 ( -4.5% 
1.179E+00 ( 10.0% 
5.356E-01 ( 2.3% 
3.461E-01 ( 1.6% 

1.331E-01 
5.339E+00 
3.37OE+OO 
9.489E+02 
1.439E-01 
4.816E+00 
2.308E+00 
1.107E+00 
5.94 9E-01 
3.462E-01 

%di f f 

.E%) 
-5.7%) 
3.6%) 
-.1%) 
4.9%) 
.6%) 

1.3%) 
3.3%) 
13.6%) 
1.7%) 

c 
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APPENDIX F 

EFFECT OF INCORRECT ABSORBER SPECIFICATION 
FOR TRINO VERCELLES CALCULATIONS 

After completion of analyses included in this report, an error was identified in the input 

for all Trino Vercelles models. Specifically, the composition of the Ag-In-Cd absorber material 

was defined as 80% Ag, 15% In, and 15% Cd, rather than the correct composition of 80% Ag, 

15% In, and 5% Cd. Because the absorber material was specified in SCALE input as an 
arbitrary material, which allows considerable latitude in user input specifications, no error was 

detected by SCALE. Thus calculations were performed using 150% of the nominal cadmium 
content in the absorber material. However, despite the magnitude of this error, it was expected 
to result in very little effect on the isotopic predictions performed based on the erroneous 

speciiication. This appendix discusses briefly why no significant effect is expected and provides 
the results of supplementary scoping calculations performed to determine the net effect. These 

scoping calculations confirm that the effect of the error is indeed small. Because of the time and 

effort that would be required to redo all Trino calculations and revise the contents of the body 

of this report relative to the inconsequential changes that would result, it was decided to forego 

a revision and instead simply demonstrate that the effect of the error was negligible. 

As discussed in Sect. 2.1 and shown in Table 5 ,  absorber rod insertion was modeled only 

during the first of three subcycles in the first cycle; the absorber was not present during the last 
two-thirds of the first subcycle and all of the second subcycle. Thus the effect of the error was 
diluted by subsequent burnup. In addition, the error introduced by the overspecification of 

cadmium is likely to be on the order of error introduced by assumptions made in the 
development of the assembly model. First, absorber rod positions were not known explicitly and 

were assumed to be uniformly distributed around the core. Second, although the spent fuel 
samples were obtained primarily from axial locations distant from the partially inserted rod, the 

1-D nature of SAS2H necessitated the approximation of a homogenized 30% absorber/70% 

moderator material to represent the effect of a rod that was axially inserted by 30%. Thus 
models for samples located near the top of the core, and therefore near the absorber rod, would 
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see less absorber than was present in reality, while samples located hrther from the top of the 
core would see more absorber effects than were actually present. 

Table F. 1 lists the results of a revised calculation performed for a single fuel sample with 

the corrected cadmium fiaction in the input. These can be compared with the results listed for 

the same pin usmg the erroneous cadmium fiaction, as given in Appendix D. Table F.2 provides 
a side-by-side comparison of the results of the reported (body of report and Appendix D) and 

corrected (Table F.l) results for this fuel sample. Note that the corrected results are all within 
1% of the earlier results, and that for the most part the largest effect is seen for nuclides for 

which there is already a large uncertaintyhias between measured and computed isotopic 

concentrations (e.g., 242Am or 2"Cm). 
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Table F. 1 Results of corrected depletion calculations for 
Assembly 509-069, Rod El 1, Level 2 

trino vercelles pwr 
measured and computed irradiated fuel composition 
fuel assembly 509-069, rod ell, level 2, 20.602 gwd/mtu 

run June 1996 

..compares cases using 27BURNUPLIB and 44GROUPNDF5 libraries.. 

nuclide, z & name me as ur e d 

units: milligrams/gram u 

27BUWPLIB %diff 44GROUPNDFS %diff 

92 
92 
92 
94 
94 
94 
94 
60 
95 
95 
96 
96 

u235 
u236 
u238 

pu2 3 9 
pu240 
pu2 4 1 
pu2 4 2 
nd148 
am242 
am243 
cm.242 
cm.244 

1.436E+01 
3.3173+00 
9.5183+02 
5.7553+00 
1.520E+00 
8.8503-01 
1.720E-01 
2.3073-01 
1.3883-03 
2.3943-02 
1.7693-02 
4.6753-03 

1.4573+01 
3.1523+00 
9.5 17E+02 
5.78 7E+00 
1.4583+00 
9.080E-01 
1.5683-01 
2.2723-01 
2.1973-03 
2.2743-02 
1.3783-02 
3.3573-03 

( 1.4%) 
( -5.0%) 
( 0.0%) 
( 0 .5%)  
( -4.1%) 
( 2.6%) 
( -8.8%) 
( -1.5%) 
( 58 -3%) 
( -5.0%) 
(-22.1%) 
(-28.2%) 

1.4653+01 ( 2 . 0 % )  
3.1443+00 ( -5 .2%) 
9.5193+02 ( 0.0%) 
5.5233+00 ( -4.0%) 
1.5473+00 ( 1.8%) 
8.6563-01 ( -2.2%) 
1.7783-01 ( 3.4%) 
2.2733-01 ( -1.5%) 
1.6333-03 ( 17.6%) 
2.5463-02 ( 6.3%) 
1.2623-02 (-28.6%) 
4.179E- 03 ( -  10.6% ) 

units: curies/gram u 

55 cs134 6.0593-02 
55 cs137 6.3373-02 
63 eu154 3.6643-03 

4.8473-02 (-20.0%) 4.6603-02 (-23.1%) 
6.3593-02 ( 0.3%) 6.3583-02 ( 0.3%) 
4.1403-03 ( 13.0%) 2.7013-03 (-26.3%) 
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Table F.2 Differences between reported and corrected calculated isotopic concentrations 

nuclide Reported Corrected 
(2  7BURNUPLIB ) ( 2 'IBURNUPLI B ) %di f f 

units: milligrams/gram u 

u235 
u236 
u238 
pu2 3 9 
pu240 
pu241 
pu242 
nd148 
am242 
am243 
cm242 
cm244 

1.4633+01 
3.1523+00 
9.5163+02 
5.8083+00 
1.4663+00 
9.1313-01 
1.5783-01 
2.2713-01 
2 -2263-03 
2.2933-02 
1.3913-02 
3.3913-03 

1.4573+01 
3.1523+00 
9.517E+02 
5.7873+00 
1.458E+OO 
9.0803-01 
1.5683-0 1 
2.2723-01 
2.1973-03 
2.2743-02 
1.3783-02 
3.3573-03 

units: curies/gram u 

~ ~ 1 3 4  4.8373-02 4.8473-02 
~ ~ 1 3 7  6.3563-02 6.3593-02 
eu154 4.1413-03 4.1403-03 

0.41% 
0.00% 

-0.01% 
0.36% 
0.55% 
0.56% 
0.63% 

-0.04% 
1.30% 
0.83% 
0.93% 
1.00% 

-0.21% 
-0.05% 

0 . 0 2 %  

Reported Corrected 
(44GROUPNDF5) (44GROUPNDFS) %diff 

1.472E+Ol 
3.1433+00 
9.5183+02 
5.5463+00 
1.5553+00 
8.7073-01 
1.7903-01 
2.2723-01 
1.6563-03 
2 -5683-02 
1.2743-02 
4.2243-03 

4.6513-02 
6.3563-02 
2.7043-03 

1.465E+01 
3.1443+00 
9.5193+02 
5.5233+00 
1.5473+00 
8.6563-01 
1.7783-01 
2.2733-01 
1.6333-03 
2.5463-02 
1.2623-02 
4.1793-03 

0.48% 
-0.03% 
-0.01% 
0.41% 
0.51% 
0.59% 
0.67% 

-0.04% 
1.39% 
0.86% 
0.94% 
1.07% 

4.6603-02 -0.19% 
6.3583-02 -0.03% 
2.701E-03 0.11% 
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