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Project Objective and Motivation

» Develop thermal data libraries for selected
isotopes in MCNPG6 to support on-the-fly S(alpha,
beta) sampling for temperature ranges applicable
to nuclear criticality safety

v

Enhance the physics treatment in MCNP6 so
that it can perform fast on-the-fly sampling of
S(alpha, beta) data at arbitrary temperature
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A General Random Walk Sampling in MCNP

Interface

Cell 1

% Rensseler

Need double differential x-sec
at T, to sample the outgoing
Cell 2 energy and direction

Need x-sec data at T, to
sample the collision

distance Thermal neutron scattering
dominated by S(alpha, beta)
T, scattering law
: o, |E
E—>E, uT)=-—" \F‘ﬂﬂs BT
o( H1,T) T\ EC (a,p.T)

a: momentum transfer  B: energy transfer

)
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Current Data Storage Format for MCNP6

= NJOY is used to create correlated energy-angle
distributions for inelastic scattering.

= These consist of two parts.

— A set of equally probable final energy bins for each incident
energy.

— A set of equally probable cosine bins for each incoming and
outgoing energy pair.

= This is done for each temperature.
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Current Data Storage Format for MCNP6

--ﬂ N A

Eq #cm‘u ﬂcorm Ilcnruv

E, E'y; E'yn
A RE o B E'mny Ei Weprma H cpFmn H cpFmN
Ey E'mi E'yn E'yn Ey Wcprma H cpFMn W cpFMN
| T, | CDFy | .. | CDFy | . | CDF |
(Ev,E't) Wepria M1 H 11k P11k

l"m,n,k l"m,n,K

(Emt E ,n) u,CDF,m,n I'llm,n,l

(EmE'N) Wceprmn Hmna B MN K MmN K

\
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Current Sampling Procedure in MCNP6

1. Determination of target’s temperature (T).

2. Find data sets at nearest temperatures (T,<T<T,,1).

3. Sample outgoing energy based on T, and T,,, data sets, and
then do interpolation to obtain outgoing energy at T.

4. Similar procedure to obtain outgoing angle at T.
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Data Storage Requirements by MCNPG6
= To be able to sample thermal ¢

scattering, MCNP stores all the Be (Metal) 28
thermal data directly. A0 EETEEE 3.5
Be in BeO 69.5
. Fe 28.9
= This Iead§ to a large amount of — P
data that is needed. D in D,0 30
_ . Hin ZrH 116.3
For example, in the thermal Hin O oo
energy range: 24 MB per 0, in UO, 75.1
temperature for graphite or H in Oin BeO 57.5
Water H in Polyethylene 19.6
Si in SiO, 41.6
— For a realistic reactor, 50-100 U in UO, 50.5
temperatures are needed Zrin ZrH 56.1
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How to Decrease Data Storage for MCNP6?

= Any better way to improve the storage requirement
(and associated sampling procedures)?

lB_E'—E a_E+E’—2y\/EE'
kT AKT
B: energy transfer a: momentum transfer

E — E', then (EE) > U
E — [, then b —>a
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Data Storage & Sampling Methods in MC21

= Sample momentum (a) and energy ([3) transfer
directly.

—a and 3 can then be converted into E' and u

 2E + kT (B — Aa)

B=Etpd "o 2.JE(E + BkT)

= MC21 implements this strategy.
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Data Storage & Sampling Methods in MC21

= Coupled a and (3 distributions are created.

— A table of incident energies versus CDF values that
contain 3 values.

— A table of a versus [ mesh values that contain function
values, which serve as a memory reduction technique
where the function values are used to create a CDFs on-
the-fly.

= This is done for each temperature.
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Data Storage in MC21

Ty | CDFy| .. |CDF;| .. [CDFy@T:i| B | .. | Bv
Ey P11 Bin Bin a1 F(ay,Bq) F(ay,Bn)
Em Bm,l ﬁm,n ﬁm,N A F(amwﬂl) F(am:BN)
Ey PBua Bun Bun am F(ay B1) F(apy, Bn)
am
F(am'ﬁn) = J S(al' ﬂn)eﬁn/zda’
0
VE + \JE — BkT
Amax = AkT
e ———

acpr(a|fn, E) =

F(a, ,Bn) - F(amint IBn) VE — JE — BkT
F(amax: .Bn) - F(amin» .Bn) Tmin = AkT

C. T. Ballinger, "The Direct S(alpha, beta) Method for Thermal Neutron Scattering," Knolls Atomic Power Laboratory, Schenectady, NY, 1994.
T. M. Sutton, et al., "The MC21 Monte Carlo Transport Code (LM-06K144)," (M&C + SNA 2007), LaGrange Park, IL, 2007.
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Sampling Procedure in MC21

1. Determination of target’s temperature (T).

2. Find data sets at nearest temperatures (T,<T<T,,1).

3. Sample 3 based on T, and T,,, data sets, and then do
interpolation to obtain 3 at T.

4. Similar procedure to obtain a at T.
5. Convert a and 3 to outgoing energy and scattering angle at T.

", coF -] c0F, | cDFyer |- coFy QT | CDFy -] CDF, | CDFyur || CDFy-

E;y P11 B1in B1n+1 B1in E;y P11 B1in B1n+1 B1in
Em ﬁm,l ﬁm,n ﬁm,n+1 ﬂm,N Em Bm,l ﬂm,n Bm,n+1 ﬁm,N
Emi1 BPm+11 PBm+in Pm+in+1 Bm+1n Enmi1 Bm+11 PBm+in PBm+in+1 Bm+1n
Evy PBuma Bun  Bmn+1 Bun Ey PBma Bun  Bmn+1 Bun
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A Little Recap

(7, [ cDFy | . [cDFa| . JcOFu QT | By || B || Ew |

Ey E'i4 E'tn E''n E1 Hcpraa HcDFan HepFaN

Em E'ma E'mn E'my Ei Kcprma X cpFmn ® cpFmN

Ey E'm1 E'vn E'yn Em Kcprma ®cpFMn ® cpFMN
1, | coFy | .. [ CDFi | .. | CDFy

(EvE'y) Wepria Pi1a Wik Kk

(E m E 'n) #,CDF,m,n F-,m,n,1 ﬂ’m,n,k I"m,n,K

(EmE'N) Weprmn KEmaa WMk WMk s

T, | CDF, CDF; CDFy @ T, B1 Bn
T | CDFy] .. | CDF | . [CDFy @ Ti] B | .| Bn |

Ey P11 Bin Bin a1 F(ayBq) F(ay,Bn)
Em Bm,l ﬂm,n ﬂm,N A F(amrﬁl) F(amrBN)
Ey Bma Bun Bun am F(awB1) F(apm, Bn)

F(am,ﬁn) = famS(a',‘Bn)eﬁn/zda'

0
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Current Data Storage Techniques

= Key Points:
— Both MCNPG6 and MC21 interpolate scattering data in
order to account for temperature effects.

— Therein, a large amount of data is needed to ensure
accuracy.

= Any further improvement to decrease data
storage?
- We (RPI) have (or had*) a solution!

* [1] A. T. Pavlou and W. Ji, "On-the-Fly Sampling of Temperature-Dependent Thermal Neutron Scattering Data for Monte Carlo
Simulations," Annals of Nuclear Energy, 71, 411-426, 2014.

* [2] A. T. Pavlou, "An Adaptive-In-Temperature Method for On-The-Fly Sampling of Thermal Neutron Scattering Data in
Continuous-Energy Monte Carlo Codes," Rensselaer Polytechnic Institute, Troy, NY, 2015.
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From (E, E', u') Space to (a, B) Space

(7, [ cDFy | . [cDFa| . JcOFu QT | By || B || Ew |

Ey E'i4 E'tn E''n E1 Hcpraa HcDFan HepFaN

Em E'ma E'mn E'my Ei Kcprma H cpFmn ® cpFmN

Ey E'm1 E'vn E'yn Em Kcprma ®cpFMn ® cpFMN
1, | coFy | .. [ CDFi | .. | CDFy

(EvE'y) Wepria Pi1a Wik Kk

(E m E 'n) I‘-,(.‘DF,m,n F-lm,n,l ﬂ’m,n,k I"m,n,K

(EmE'N) Weprmn KEmaa WMk WMk s

T, | CDF, CDF; CDFy @ T, B1 Bn
T | CDFy] .. | CDF | . [CDFy @ Ti] B | .| Bn |

Ey P11 Bin Bin a1 F(ayBq) F(ay,Bn)
Em Bm,l ﬁm,n ﬂm,N A F(“mrﬁl) F(amrBN)
Ey Buma Bmn Bun am F(awB1) F(apm, Bn)

F(am,ﬁn) = famS(a',‘Bn)eﬁn/zda'

0
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A Better Strategy Than MCNPG6 & MC21

AAECAECE AEEEE R BEZAEIAECIN I
Ey E'iy E'sn E'in E1 Fepran Hepran Hepran E1 Bia1 Bin Bin @ F(ay,By) F(ay,By)
Em E'ma E'mn E'my Ei Wcprma ' cpFmn ' cpFmN
Em ﬂm,l Bm,n Bm,N 229 F(amlﬂl) F(am'ﬁN)
Ey E'ma E'yn E'vn  Em Wcprma K cprmn W cprMN -
| oon | oo || o] e e I | S
(Ev,E't) MWepraa M1 M1k M1k om
~ - - - F(am, Br) = S(“,vﬁn)eﬂ"/zda’
(EmE'n) Wepkmn Hmna Hmnk Hmank — \/

’
P mN K

Wunk

(Ew.E'N) Weprmn Huna

v

E, B(T)11 B(T)1n B(T)1n B1 a(T)11 a(T)1,n

E m ﬁ (T)m,l B (T)m,n ﬁ (T)m,N ﬂ m a (T)m,l a(T)m,N

Ey B(T)ma B(T)mn B(T)un Bwm a(T)m a(T)un

BT T T

— - e
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A Better Strategy Than MCNPG6 & MC21

= These B(T);un and a(T),,, €nable “on-the-
fly” treatment of temperature-dependence
(vs. interpolation between temperatures).

| CDFy .| CDFn | CDFn .| CDFy

Ey PB(T)11 B(T)in  B(T)1n+1 B(T)1n

Em B(T)m,l ﬁ(T)m,n ﬁ(T)m,n+1 B(T)m,N

Eni1t B(TMmi11 BMmiin B(Mmitnsr  B(Mms1n

Ey PB(M)ua B(Mun B(Mmn+1 B(T)mun
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A Better Strategy Than MCNPG6 & MC21

" Cor, | .. | ook, | .. |cory | 0 | .| bRy
Ey B(T)11 B(T)1n B(T)1n B1 a(T)1,1 a(T)1n
Em ﬂ (T)m,l B (T)m,n B (T)m,N ﬂm a(T)m,l a(T)m,N
Ey B(T)ma B(T)mn B(Mun Bwm a(T)ma a(T)mn
/

= How do we define these B(T),,, and a(T), 7

= This is where new research direction can jump in.
— Data Analytics Methods?
— Machine Learning Methods?

20
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On-The-Fly Strategy Data Storage Format

T T T T

Ey [by11--b11k] (b - b1,1v,]] B1 l[a111--a111] [aing - ainL]
Ey [bmit--bmik] (b1 Dmnk]l  Bm [@ma1-Amarl] [@nn1 - Amni]
Ey [bpiq--bmik] [byn1--bunkl Bm [Aami1--Qpmarl] [ayn1 - aAyni]
K L
B(Mmn = z b n ik X*(T) + const. A(T)mn = Z a1 X (T) + const.
k=1 =1

Where K and L are the orders of the fits.

o e

N M
One typical example: B(7T) = anT 7, a(l) = ZamT -
n=0 m=0
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On-The-Fly Strategy Data Generation

Beta Cumulative Distribution Function
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§ Beta PDFs for graphite at 1.0 eV
and various temperatures

Temperature Dependence of Beta, E=1eV

2
0 /f—-—— — —4
/—-—"“
-2 /./ — //’4
/
=4 //
6w e 02
=—a 0.4
a4 0.6
-8 +— 0.8

—1900 400 600 800 1000 1200 1400 1600 1800 2000
Temperature [K]

§ Beta CDFs for graphite at 1.0 eV
and various temperatures

b temperature fit meshes: E, Pg

)Rensselaer
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On-The-Fly Strategy Data Generation

Alpha Cumulative Distribution Function Temperature Dependence of Alpha, Beta=10

1.0 22
20
s ——cE > oo (0.2
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§ Alpha PDFs for graphite at p = 10 § Alpha CDFs for graphite at p = 10
and various temperatures and various temperatures

a temperature fit meshes: B, Pa
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Current and Future ...

= Contract with LANL was finalized (delayed by a
year) ...

= On-the-fly strategy driven libraries are being
developed based on ENDF/B-VIII.O.

= Will report more details on the next review
meeting.

= Any questions?

gﬁ Rensselaer 2022 Annual Nuclear Criticality Safety Program Technical Program Review Meeting



Rensselaer

why not change the world?®




