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Goal:	
	Improve	simula1on	of	complex	nuclear	

reactors,	in	par1cular	the	Transient	Reactor	Test	
Facility	(TREAT)	and	the	Advanced	Test	Reactor	
(ATR),	both	at	Idaho	Na1onal	Laboratory	(INL).	
•  Coupled	Serpent—MOOSE/BISON/
MAMMOTH	

•  Func1onal	Expansion	Tallies	
•  Weighted	Delta	Tracking	



Coupled	Serpent—MOOSE	

Built	off	of	prototype	provided	by	Ville	Valtavirta	
•  HeatToMoose:	transfers	the	Serpent	fission	heat	generated,	

per	element	volume,	to	the	MOOSE	mesh.	Simula1on	must	
start	with	ini1al	“guess,”	which	can	be	accomplished	by	
running	standalone	Serpent.	

•  ElementTransfer:	averages	the	MOOSE	temperature	solu1on	
field	for	each	element,	transforms	this	to	an	OpenFOAM	
mesh,	and	transfers	this	to	the	Serpent	interface	input	file.		

•  RunSerpent:	runs	the	Serpent	calcula1on	and	updates	the	
fission	heat	distribu1ons.	
		



Coupled	Serpent—MOOSE	II	

Process	
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GeneratedMesh	with	dim=3	and	
elem_type=PRISM6,	with	sides	numbered		
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Coupled	Serpent—MOOSE	III	

Meshes	
Serpent	

	
	
	
	

OpenFOAM	hexahedron	ver1ces,	faces,	
and	edge	numbering	

Four	separate	files:	
–  points	
–  faces	
–  owners		
–  neighbors		



Coupled	Serpent—MOOSE	IV	
Code	Modifica1on	
•  Protect	header	files	from	mul1ple	

defini1ons;	
•  Extern	global	variables	declared	in	

header	files;		
•  Create	C	file	to	define	those	global	

variables;	
•  Change	main	to	cmain;	
•  #define	OPEN	MP	and	NO	GFX	

MODE;		
•  Create	DATA	EXT	MODE	op1on;	
•  Add	extern	clause	to	all	*.c	and	

*.h	files;	
•  Fix	Newton’s	method	bug	in	TMS.		
	

	
	
Compiling	Op1ons	
•  Makefile	
•  In	src/	directory	



Coupled	Serpent—MOOSE	V	

Single	Fuel	Pin	



Coupled	Serpent—MOOSE	VI	

Single	Fuel	Pin	Results	



Func1onal	Expansion	Tallies	

What	are	Func1onal	Expansion	Tallies	(FETs)?	
•  Typically,	Monte	Carlo	codes	score	tallies	in	
spa1al	bins	arranged	in	some	type	of	regular	
mesh.		

•  Rather	than	score	tallies	in	a	finite	number	of	
bins,	FETs	score	the	contribu1on	of	each	
tally	to	a	handful	coefficients	which	
correspond	to	con1nuous	basis	func1ons.		

	
		



Func1onal	Expansion	Tallies	II	

Why	implement	FETs	in	Serpent?		
•  Structured	to	unstructured	mesh	conversion		
•  Only	have	to	store	a	handful	of	coefficients		
•  Data	transfer	speed	up	
•  Implemented	successfully	in	OpenMC		
•  Con1nuous!	
	
		



Func1onal	Expansion	Tallies	III	

Legendre	Polynomials	
	



Func1onal	Expansion	Tallies	IV	
Zernike	Polynomials	
	



Func1onal	Expansion	Tallies	V	
Calcula1ng	the	coefficients	
	



Func1onal	Expansion	Tallies	VI	
First	15	Zernike	Polynomials	
	



Func1onal	Expansion	Tallies	VII	
Mul1physics	Interface	
•  New	to	Serpent	2		
•  Standardized	input	and	output	file	formats	for	reading	in	

temperature/data	and	wri1ng	fission	power		
•  Support	for	regular	mesh,	tetrahedral	mesh,	

unstructured	mesh,	and	more		
•  Type	3	interface	’User	Defined	Func1onal	Dependence’,	

allows	a	user	to	pass	in	an	arbitrary	number	of	
parameters	and	modify	userifc.c,	the	source	file	that	
interprets	the	parameters		

	



Func1onal	Expansion	Tallies	VIII	
Reading	temperature	and	density	data	
	
	
	
	
	
	
	
	
Outline	of	UserIFC()	func1on	using	nz	Legendre	polynomials	and	nr	
Zernike	polynomials.	Note	that	*f	is	a	pointer	to	either	temperature	or	
density	at	loca1on	(x,y,z).		

	



Func1onal	Expansion	Tallies	IX	
Wri1ng	fission	power	data	
	
	
	
	
	
	
	
	
Modified	ScoreInterfacePower()	func1on	using	nz	Legendre	
polynomials	and	nr	Zernike	polynomials.	The	coefficients	are	stored	in	
nz	×	nr	bins.		

	



Func1onal	Expansion	Tallies	X	
Serpent	Detector	Cards	
The	fuel	pin	was	par11oned	into	10	equal-width	
axial	zones	and	20	radial	zones.	The	func1onal	
expansion	tally	was	carried	out	to	5th	order	
Legendre	and	4th	order	Zernike	polynomials.		
	



Func1onal	Expansion	Tallies	XI	
Axial	Fission	Power	Distribu1on	Comparison	



Func1onal	Expansion	Tallies	XII	
Radial	Fission	Power	Distribu1on	Comparison	



Weighted	Delta	Tracking	
Woodcock	Delta	Tracking	
		



Weighted	Delta	Tracking	II	
Woodcock	Delta	Tracking	Process	
		



Weighted	Delta	Tracking	III	
Woodcock	Delta	Tracking	Advantages/Disadvantages		



Weighted	Delta	Tracking	IV	
Implicit	Events	



Weighted	Delta	Tracking	V	
Weighted	Delta	Tracking	



Weighted	Delta	Tracking	VI	
WDT	Scaqering	



Weighted	Delta	Tracking	VII	
WDT	Process	



Weighted	Delta	Tracking	VIII	
WDT	Scaqering	Summary	



Weighted	Delta	Tracking	IX	
Homogenous	TREAT	fuel	cell	



Weighted	Delta	Tracking	X	
Homogenous	TREAT	fuel	cell	FOM	



Weighted	Delta	Tracking	XI	
BWR	



Weighted	Delta	Tracking	XII	
BWR	FOM	



Future	Work	
Serpent—BISON	coupling	
•  Analyze	Serpent—MOOSE	coupled	fission,	thermal	
•  FETs	implemented,	op1mized	in	coupled	Serpent	
•  Serpent	FETs	à	BISON	
•  BISON	func1onal	expansions	à	Serpent	
•  Serpent—BISON	coupling	op1miza1on	
•  V&V	
Weighted	Delta	Tracking	(WDT)	
•  Replace	some	surface	tracking	with	WDT	
•  Test	on	TREAT	



Acknowledgements	
Thank	you	to	Jaakko	Leppänen,	Javier	Ortensi,	Ville	
Valtavirta,	Yaqi	Wang,	Frederick	Gleicher,	Maqhew	
Ellis,	Tuomas	Viitanen,	Rachel	Slaybaugh,	Cody	

Permann,	Andrew	Slaughter,	John	Peterson,	and	Benoit	
Forget,	all	of	whom	provided	expert	direc1on	and	

discussion.	
	

This	study	was	carried	out	under	the	auspices	of	the	
U.S.	Department	of	Energy	at	Idaho	Na1onal	

Laboratory	under	Contract	No.	DE-	AC07-05ID14517.		
	



References	
•  M.	Ellis,	B.	Forget,	and	K.	Smith,	“Con1nuous	temperature	representa1on	in	coupled	OpenMC/

MOOSE	simula1ons,”	PHYSOR	2016,	Unifying	Theory	and	Experiments	in	the	21st	Century,	Sun	
Valley,	Idaho,	May	1–5,	2016.		

•  M.	Ellis,	B.	Forget,	and	K.	Smith,	“Preliminary	coupling	of	the	monte	carlo	code	openmc	and	the	
mul1physics	object-oriented	simula1on	environment	(MOOSE)	for	analyzing	doppler	feedback	in	
monte	carlo	simula1ons,”	ANS	M&C2015,	Joint	Interna1onal	Conference	on	Mathema1cs	and	
Computa1on	(M&C),	Supercompu1ng	in	Nuclear	Applica1ons	(SNA)	and	the	Monte	Carlo	(MC)	
Method,	Nashville,	Tennessee,	April	19–23,	2015.		

•  J.	Leppänen,	“Performance	of	Woodcock	delta-tracking	in	layce	physics	applica1ons	using	the	
Serpent	Monte	Carlo	reactor	physics	burnup	calcula1on	code,”	Annals	of	Nuclear	Energy,	vol.	37,	
pp.	715–722,	2010.		

•  J.	Leppänen,	V.	Valtavirta,	and	T.	Viitanen,	“Unstructured	mesh	based	mul1-physics	interface	for	
CFD	code	coupling	in	the	Serpent	2	Monte	Carlo	code,”	PHYSOR	2014,	The	Role	of	Reactor	
Physics	toward	a	Sustainable	Future,	Kyoto,	Japan,	September	28	–	October	3,	2014.	

•  L.	Morgan	and	D.	Kotlyar,	“Weighted-delta-tracking	for	Monte	Carlo	par1cle	transport,”	Annals	
of	Nuclear	Energy,	vol.	85,	pp.	1184–1188,	2015.		

	


