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MCNPX Simulation of a Passive Gamma System to be Used in a Spent Fuel Plutonium Assay Strategy
Jack Douglas Galloway
Michael Lorne Fensin

Abstract

MCNPX has been used to simulate the response of a passive gamma system used in the assay of
spent nuclear fuel. This talk, presented for the Next Generation Safeguards Initiative (NGSI) review
committee, first addresses source set-up and transport simulation challenges and methods, and then
examines how signal emission ratios from fission products can be used to quantify attributes of spent
nuclear fuel. Specifically examined in this presentation are B4¢s/™Cs as well as **Eu/™’Cs ratios from
specific spent nuclear fuel assembly burnups, initial enrichments and cooling times. Results show that
ratios can be used to effectively ascertain state-point information.
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SNF Source Characteristics

= SNF gamma emission signal is dependent upon the spatial and temporal
behavior of the radioactive constituents within the fuel

¢ This behavior is dicta
ratic
+ Energy emission atfects attenuation
~ Cg (795.8 keV), Y'Ca (661.7 keV), "WEu (1274.4 keV)

d by fission yleid, capture cross seciion. aclivity and branching

= Leverage the N-4 SNF library

« M L Fensin, et al, "A Monte Carlo Linked Depletion Spent Fuel Library for Assessing

Vaned Assay T for Nuciear S ° ANFM IV, (2009)
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PG Simulations

Initial runs had 1E-4 contribution
threshold
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= Referenced to maximum peak {¥7Cs

peak for this library) b

= Due to computational limitations at E
the time .

+ Cut-oft chosen from adjacent plot s
w

*D Reily, N Eneelin H. Smith, sd 5.
Kevimor, Passiv Nomdestrucind

v of
Necoas Listersals, NUREGCR- 5590,
Wshingion, DC (1991)
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Passive Gamma

= Spent fuel assemblies {actinides and fission products), among
numerous radioactive releases, also emit:
« Spontaneous, delayed and (a,n) neutrons
« Gamma rays during the decay of fission product

= These assemblies are termed as a “source” of neutrons and

gammas for further transport calculations

» Active interrogation: exposing the fuel to some external source of particles
and analyzing the resultant spectra
— Provide a snapshot in time

» Passive interrogation: particles and interactions that occur as a result of
radioactive decay of the assembly and analyzing the resultant spectra
— Provide time integrated effects up to snapshot

= Passive gamma (P J is the detectlon and Interpretation of
gamma lines emitted spent nuclear fuel (SNF)
A
LosAlamos
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PG Source Generation

+ The count time is relatively short
compared to the prior decay time
leading to the count {S.S. picture)

+  Only the most significant lines are
important
— FPs from SNF that have large
signal to background ratic

A" BR,
tf — B 5 ¢ then keep emission energy

Avaxr* BRyaxsr
zn o(‘u- 21 o8 [l.r)
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PG Simulations

Passive gamma counting system

« HPGE detector — —_— -

- 7.5 cm crystal
= 1 mm thick Al window
— 254 cm lead shield

+ lon Chamber

= N2 7600 tor

- 1.8 cm diameter

- 1488 cm length

- 1 mm thick 55 casing
5.08 cm radius pipe

= 1mm S8 thickness
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PG Simulations
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PG Results - Fission Yields
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PG Results - Gamma Spectrum

= Activity at 30 GWd/MTU, 5% enriched
= Function of cooling time

e =20 —Wyp
* Only produce most

important immediate daughter
lires from Tier 2 fission product
masses

» Cs-137 Is the only available
line above background at 80
¥1s

*All other peaks are less 130 140
than 1E-4 of "¥Cs
oo
=y
» Los Alamos
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PG Simulations

= ~100 PG cases run to quantify capability of PG to detect fissile mass
+  ~33 dwersion cases
+ 84 non-diversion cases
— Unigue combination of
Burmup: 15, 30. 45 and 60 GWanu
Inftial snrichment 2. 3, 4, and 5%
Cogling time: 1. 5. 20 and 80 years

[ transport depend upon linear attenuation coefficient of

transporting medium
« DBorated H,0 used
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PG Results - Fission Yields

= Drastic difference in isotopic fission
fyrevys

ool s
Mass yields for [y =
25 and 2Py with 4 = %
respect to A=154 § o
are quite similar, & JT
yet isotopic fission fring!
yields for '4Eu are iia b
“ oW o g o e

drastically different

PG Results -~ Gamma Spectrum

Activity at 5% enriched, 5 year cooling time
» Function of burnup
* “Eusignal (1.597 ) less than 1E-4 of *¥Cs at 15 GWd/MTU. line not included
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PG Results - Cesium

= Cesium ratios
« 'Csand '%Cs are dominant contributors
= Ratio have been examined for quantifying bumup
~  S.T Fuue T W Crane W L Talbart J. C. Les. Nondestructive Assyy Mathods for iradiated Nuckes:
Fuels.” LA-6923, Loa Alamas. N (1873)
- C.5 Teac endL K Pan, Reevalustion of the Burmuan of Spent Fuasl Fina by the Activity Ratio of
YHCArTICn,” Appieation of Recsaton andisciopes. 44, pg. 1041.1045 (1983
~  C.Wiliman A Hakarsson. Q. Ouifo, A. Backiin, 5. J. Svard, “A Nondestrucsive Methad for Dincriminating
MOX Fusl fom LEU Fusl for Safeguarnds Purpesses.” Annuls of Nuciesr Energy. 33, pg. 786-773 (2000).

« Entire significantly contributing '*Cs signal used
— 8 of most prominent peaks considered
0.475.0.563. 0 569, 0.605, 0.796. 0.802. 1.168, and 1.365 MeV
« ~2 year half-life of 1*4Cs reduces usefulness wilh increasing cooling time

= PoweroCZ,"®
* Inverse refationship between macroscopic fission cross-section and fiux tor a given
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PG Resuits - Cesium

Goveming equation for '37Cs production:

1wy 2 ary, M aaree P aargem 27 g, € flux independent
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Goveming equation for '3Cs production:
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PG Results - Cesium i I L 2l
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134Cs/137Cs ratio 1 & 5 year cooling time L ---"—-—__- e

Ssrmup [AWD/MTU]

| 1MCs/'37Cs ratio 20 & 80 year cooling time |

1MCsMYCs varies 16-30% as a function |
of |E for given BU; 58-65% as function of |
BU for given [E (1-5 yr cooled) |
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PG Results - Europium
= Govemning 1 for '¥7Cs producti

w7y 22 g 220 v, 2%, argem 267 apy ¢ flux independent
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= Govemning equation for "Eu production:

“HIN [ Y3
139gm —— 33Lu(n, y) M Eu 2, 1460 ¢ pux dependent
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PG Resuits - Europium

= Europium ratios
= '™Ey has ~8.6 year half-life
= '™Eu production depends on fission product yield
— TPy fission produces ~1E6x as much '€y as 25
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uNELARAIFIND

PG Next Steps

= Spent Fuel Library #2
» Eachplnin % reflected assembly burned
- Fuel rotated in a “realistic™ core shulfling
sequence
— Investigate asymmetric effects
= Apply the same approach for PG
simulations to SFL #2

+ Detector tallies on source from 3 sides
(symmetric about one mid-plane axis (HPGE

#1 3 HPGE #3)
i uwcLaRRIFitD
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PG Next Steps

= Increase the number of lines tracked to ensure all important lines are
included

= Tally only gamma flux at detector surface planes
« These will lead to Increased computational effort
« Significant cluster upgrades since initial work afford reources for these
catculations
= Assess ability to infer
» Bumup
= Initial enrichment
+ Cooling ime

= Excel macro converted to Perl script
= One script execution generates detector response — a "go” button!

PG Next Steps

= Spectra comparison
= "Onginal” refers to the resuits from the 1E-4 threshoid simuiation approach initialiy
adopted
+ “Modified" refers to the no threshold version of initial approach, including
significantly more enesgy lines
—  Still source ion quite ¥ (time required for source
generatlon << time required for MCNP executlon)

= Comparison with old method used to validate
= Comparison spectra determined with simulation approach developed by V Mozin
for DG research

2
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Conclusions

= Use of PG for determination of burnup, initial enrichment, and cooling
time ...
= Has been assessed for infinitely reflected assembly
— Something on transport/source generation method
— Something on fission yields (fock at independent yield)
Something on ratios; fiux dependence/ integrated fissicn dependence

w Beling evaluated for asymmetrically bumed assembly
+ Impro duetoi resources ..
— Stili allows for efficient source determination
— Includes greater number of gamma lines

= Continuity of k g intained through with Mike Fensin
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PG Next Steps
PG Method Comparison
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= Extra slides follow
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PG Simulations

s HPGE Crystal Configuration
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Par = sp Limitations

= MCNPX 2.7.A new passive gamma feature
= Generales a spontaneous photon source based on cell activity
« Source sampling -> activity*emission for a time integrated decay
» Linked to delayed gamma capability

= Caveats
» Delayed gamma capability calculates the mult-group emissian
spectra for both neutrons and photons regardless
« All CDFs are not banked in MCNPX 2.7 4
— CINDERSO is run for every source particle
— Only certain FP decay chains are prebanked
Simple muiti-cell lattice test with actinides took too long for practical usell
These limitations were fixed in MCNPX 2.7.D0
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