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Motivation for Reviewing Data

B Internal Review of SNM Inventory of Record.

= Complete QA validation of all data used in safety-related
or regulatory reporting applications.

= “Complete and accurate.”
m Multiple database transitions over history of sites.

= Multiple methodology transitions over history of sites.

m Draft ANSI N15.8

= “Refinement of the element and isotopic
computations...should be considered as new
technologies evolve.”
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Current Isotopic Methodology

m Depends on what site one 1s talking about.

® Oconee (B&W 15x15 PWR)
m Batch-average CASMO-3 (2D transport code) model.

m Calculates [sub]batch-average isotopic number densities
over range of burnups.

m [nterpolate on assembly burnup.

B McGuire and Catawba (Westinghouse 17x17 PWRs)
m Duke-internal utility codes ISOTAB/BURN).
m Calculates multi-variable dependent i1sotopics per kgU.

m [nterpolates on enrichment and assembly burnup.
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ARSI Ferinod Total L L-235 -238 Total Pu Total Pu Fissile Fu-242 | Burnup
BFJ0SKT | IMITIAL | 454990 | 17073 1] 437912 1] 1] 1] 1] 1] 1] 1]
FJ0EKT BOC 454856 | 170622 a 4377493 1] 1] a 1] a 1] a
FJ0SKT |BURMUP [ 452404 | 15307.2 33817 436761 T94.76 743,81 T40.42 45 66 a.34 0.24 34424848
FADEKT |BURRMUP [ 448241 124801 88025 434830 199093 174812 165596 | 23645 Q216 B.36 QT3 TIT
FJ0SKT |BURMUP [ 445431 | 10901.7 114549 433433 2642345 223224 204519 | 390249 187.06 19.81 14145048
FJ0EKT EOC 443427 | 49741.8 134654 | 4323249 anT2 16 252538 2268484 | 50975 270.44 A7.03 175651
FJ0SKT |BURMNUP [ 443316 | 963749 1356.91 432271 3091.04 2836.74 22621 516.06 274649 38.14 17759
FRADEKT |BURMUP [ 442832 | 942893 | 140003 | 432003 318063 25594 .09 229932 5432 294 77 4334 185805
FJ0SKT [BURMUP [ 442143 | 9062.87 | 146023 | 4316149 3306.72 267248 234873 | a81.84 32377 a1.34 197472
FJDSKT [BURMUP [ 441616 | 879149 [ 150717 | 431317 34037 273278 23857 B12.7 347.03 a8.22 20664
MJOSKT EOC 440225 | 30861 162287 | 430516 3639.34 2871.91 246539 | 69046 406,12 T 230304
FJOSKT BOC 440236 | 8074.88 | 162241 430539 J622.51 2886.14 245483 | B33ET 401.31 Ty 230804
RJDSKT |BURRMUP [ 438741 | 7252.09 | 1735.37 | 4296594 3846.43 297782 2817481 | 767.483 460.31 10113 | 257148
FJ0SKT [BURMUP [ 436735 | 644367 | 1876.86 | 428414 413592 a124.03 288514 | ar2 T4 538.83 13915 [ 2893036
FJDaKT |BURMUP [ 432945 | 493368 | 208714 | 4255924 4583.28 3310.42 264983 | 1047 86 | BRO.59 224 J6233.4
FJOSKT EOQC 431419 [ 439853 | 2145149 | 4248649 472812 J306.68 2645793 | 1108.56 Ga3.7 26288 [ 39061 .4
BRADakE | IMITIAL | 4594245 | 17047 a 437188 1] 1] a 1] a 1] a
MJ0akE BOC 454112 [ 170343 a 437077 1] 1] a 1] a 1] a
FJ0akE |BURMNUP [ 451712 | 148314 32844 436068 Fra.aq 734749 72692 4383 T.aT 0.2y 33r2an
FJ0SKE |BURMUP [ 447377 | 124592 263.14 434055 2019.41 176976 167385 | 24287 95,51 6.78 HO3T 449
FMJ0aks |BURRMUP [ 444467 | 107204 | 117308 | 432573 270111 2272 6A 207447 | 40647 198149 21.88 14621 6
MJ0akE EQC 442336 | 994116 | 137678 | 431418 3134.33 286397 227863 | 529.491 2845.249 409 181871
FJ0akE |BURMNUP [ 442109 | 94161 1397 .21 431296 3T4.02 2888.34 229349 42328 294 44 4343 185808
FJ0SKE |BURMUP [ 441142 | 890874 | 148208 | 430791 3350.44 2698.09 236229 | 29721 3354 8514 202394
FJ0akE |BURRMUP [ 4398313 | 823167 | 15994 21 429987 3580.72 2834 63 244178 | BTZ2.41 39285 7368 225484
FJ0SKE |BURMUP [ 438802 | 773478 | 167278 | 429394 3T3T.04 2921.484 243734 | 72643 433.71 a28.96 24325
MJ0akE EOC 436266 | A4 84 | 185524 | 427346 410617 a111.482 2877 61 aa49.a 533491 134858 | 288966
MJ0akE BOC 436275 | B552.3 184473 | 427363 4089.65 a097.a7 286977 | 84763 274 13445 | 283566
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Isotopic Validation Methodology

B Variant of “Oconee method.”
B CASMO-3 core depletions.

B Average cote conditions.

m RCS boron concentration important factor.
m Significant impact on U consumption/Pu production.

= At low BU, model with higher BOC concentration, then
transition to cycle average concentration.

m Average BP enrichment and pull ~20 GWd/MTU.

= Also impacts U/Pu characteristics.

m Calculate for range of assembly average enrichments for

each fuel assembly design (2.00, 2.50, ... , 5.00).

m Calculate over large, discrete range of burnups.
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Validation Methodology (Cont’ﬁ")"”@

B Sclection of fuel characteristics.

m Six different fuel designs used at McGuire/Catawba, no fewer than
fifteen distinct designs at Oconee.

m Must consolidate in order to make validation of entire SNM
inventory feasible.

m Consider “neutronic similarities” of varying fuel designs.
m BHx: Westinghouse “STD” fuel essentially identical to “REFA.”

m Selection of “intermediate” B&W fuel designs at Oconee to bound
entire inventory.

m For McGuire/Catawba, collapse six to fout.
m For Oconee, collapse over fifteen to one.

m Interpolate calculated number densities as a function of
enrichment and burnup.

m Dertve calculated isotopics based on interpolated
number densities.
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Validation Methodology (cont"(s'i‘)

m Validation of final (discharge) assembly burnups.

= All methods for calculating isotopics dependent
upon burnup of assembly.

m [f the burnup is wrong, the isotopics are wrong.

m Compare “measured” burnups in SNM database
to predicted values in core design calculations.

m Identity any discrepancies, replace burnups, and
correct 1sotopics accordingly.
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Validation Methodology (cont’d)

Parameter mbf MEBW Adv-MEBW
Fuel Temperamres (TELT) Al K 9405 K

MNoderator Temperature
(TIVOY)
Inter-assembly Pitch
(CHW)
Beactor Pressure (PEE) 151.7 bar 155 bar
Boron Concentration (BOR) Hgﬁﬁlﬂu 1400/ 800 ppm 500 ppm
Average .;P;%E Density | 31 59 wyau # EE 38.74 W/gU| 38.10 W/gU | 38.5 W/eU

Burmup Intervals 0,02, 04 05 1,3 510,15, 20, 25, 30, 35, 40,45, |0, 8, 9. 14, 13,
(GWd/MTL) 50, 35, 60 20,25, 30
Enrichment Intervals (wt. %o

TIT 1

J-235)

ST K 3843 K

2181 cm 21.504 cm

sl s I h

200 250 ....500 o




Validation Methodolog

For T7-235 and TJ-234:

}"'-'.zn: I:E'. )X ‘J;l"i"ri:-:u
Nyp_as (Eg ) AWy

M, (E;) = [ ] % My (Eg) Equation (1)

For TU-238. Pu-239. Pu-240. Pu-241. and Pu-242:

Nio (Ej ) x AW,
Ny (Eo ) x AWy_ggg

M, (E,)= { ] % My (Eg ) Equation (2)

Where:

M, (E,;) = 1sotopic mass at the specified burnup (E, ) .

Ni., (E;) = 1sotopic number density at the specified burmup (E, ).
AW, = atomuc weight of the desired 1sotope.

Npy:(Ey) = 1imtial (zero burnup) U-235 number density,

Ny Ey) = 1mtial (zero burnup) U-238 number density,

AW 5 = atomic weight of U-235,

AWy = atomic weight of U-238,

Mp_s(Eg) = tmnial (zero burnup) TU-235 mass,

My_ag(Eq) = 1mteal (zero burnup) U-238 mass,
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Validation Acceptance Criteria

m Comparison of calculated estimates to “actual”
isotopics in inventory of record.
® Two acceptance criteria:

m Statistically-normal distribution of deviation (bell curve) for
entire sample of given fuel design.

= Absolute percentage difference of no more than 10% for
individual assemblies.

m Some assemblies “on the line” can be statistically
excluded if 95/95 integrity of data set is preserved.

11



Validation Results (Oconee)

Percent Deviation vs. Burnup - U235, Oconee
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Validation Results (Oconee)

Distribution of Deviation - U235, Oconee
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Validation Results (W-OFA)

Percent Deviation vs. Assembly Burnup - PUTOT, W-OFA
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Validation Results Summary

m In total, eight “groups” of assemblies were identified as
having discrepant 1sotopic data.
m Four of the eight groups date to the 70’s and early 80’s.
® One group consists of lead test assemblies.

m Two consist of an oddball mix of blanketed and non-

blanketed fuel.

® One consists of a small set of assemblies (four) that

exclusively exceeded 50 GWd/MTU burnup.

® Seec any trends?

15
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Ancient and/or off-normal batches of fuel are
most susceptible to errant isotopic data.

WHAT A SURPRISE""

16
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Submitting Corrections to NMMS

m Action code “M” (on-site gains/losses) Form 741
submitted to NMMSS.

m Change Type Code 34 “Receipts — Miscellaneous™ for
positive adjustments.

m Change Type Code 54 “Shipments — Miscellaneous”™
for negative adjustments.

m Concise Note included to explain reason for making
adjustments.

= “RECALCULATION OF ISOTOPIC DATA DURING
QA OF SNM DATABASE”

17
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DOE /NRC Form 741 for XFV
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Conclusion

m Performing a full validation of historic SNM isotopics
is feasible using a relatively simple method.

m Multiple fuel assembly designs can be collapsed into a
few “similar” designs for comparison’s sake.

®m Oddball fuel batches (ILTAs, split batches) and older

data are most likely to be wrong.

® Submitting fixes to NMMSS for stuff like this is
relatively painless and makes you sleep better at night.

19
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Questions?
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