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The lifetime of the National Bureau
of Standards Reactor (NBSR) will be
coming to an end sometime in the
middle of this century.

NCNR hosts over 2,000 researchers
annually

70% use cold neutrons in their
experiments.

Feasibility study for a Low-Enriched
Uranium (LEU) reactor underway
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Cold Neutrons

Type Energy Range Wavelength
Range (A)

Fast 1 MeV - 20 MeV .0003 - .0001
Thermal .025 eV —.625 eV 1.8-.04
Cold <.005 eV >4

Note: 1A=1x10"10m

 Materials with structural spacings on the order of 100 A have become more prominent in

science and technology (Ex. Polymers).
* With their low energy and long wavelength, cold neutrons are better suited for probing

these materials.
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Producing Cold Neutrons

Unit 2 - Existing LH, Cold Neutron Source

* To increase the production of cold neutrons
from a reactor core, a cold neutron source
(CNS) is used.

* Cryogenically cooled to around 20 K to shift the
spectrum of neutrons to lower energies.

* Atoms with low Z (Example: hydrogen or
deuterium) make ideal moderators.

°The new CNS design will be filled with liquid Advanced Hydrogen Cryostat
Deuterium (2021). B Liquid Hycrogen
1 Hydrogen Vapaor

B Heavy Water Coolant
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Neutron Moderation

* Neutrons collide with the atoms of the medium
they reside in much like air molecules colliding in
the room around us.

Liquid Hydrogen

* Their kinetic energies depend only on the .
temperature of the surroundings according to the
Maxwell-Boltzmann Distribution.

* D,0 Moderator = 300 K

* LD, Moderator = 20 K

; Heavy Water (D,0) -'

Probability

Hot Graphite

0 5 10 15
Neutron velocity v (km/sec)
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Why Switch to Deuterium?

e Spectrum shifts to lower

Relative Fluxes of LD-2 vs. LH-2 in CT Port

energies.
10
. * Gains of up to 2 for the
8 ' . ¢ Existing LH-2 Source longest wavelengths.
5 . " 38-cm LD-2 Source * Up to a 50% loss at 15 meV
::, * 7 . (2.5 A).
2 .
§ 4] m . * Conversion of NBSR to LEU
* : .t will result in 10% reduction in
21—« " n : * oaﬂﬁ thermal and cold neutron
llllllﬁ beams.
0 ‘ . .
0 5 0 " " * New CNS/guides intended to

make up for this reduction.
Energy (meV)
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Existing LH-2 Source

38-cm LD-2 Source

Energy (meV)

Relative Flux

Relative Fluxes of LD-2 vs. LH-2 in CT Port
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Large

Small

Energy (meV)

Gain

Large vs. Small LD-2 Source Gains wrt Unit 2
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 Energy 

		Liquid Deuterium Source Gains (wrt Unit 2)

				Current Tally 31:

				3rd Cosine bin 0.9998 - 1.000

				Energy bins of 1 meV

		E (mev)		unit2*e-8		bige20		gain		fate20*e-8		gain		tunae		gain		maxo22		gain		ld8120		gain

		1		1.92		3.98		2.073		4.2		2.1875		4.48		2.333		4.09		2.130		4.07		2.120

		2		4.64		8.65		1.864		9.2		1.9827586207		10.2		2.198		8.74		1.884		8.45		1.821

		3		5.74		9.17		1.598		9.2		1.6027874564		10.8		1.882		8.82		1.537		8.71		1.517

		4		5.94		8.4		1.414		8.35		1.4057239057		9.65		1.625		7.93		1.335		7.91		1.332

		5		5.41		7.26		1.342		6.99		1.292051756		7.88		1.457		6.72		1.242		6.69		1.237

		6		5		6.02		1.204		5.61		1.122		6.2		1.240		5.26		1.052		5.54		1.108

		7		4.05		4.59		1.133		4.3		1.0617283951		4.66		1.151		4		0.988		4.11		1.015

		8		3.7		3.94		1.065		3.49		0.9432432432		3.87		1.046		3.39		0.916		3.49		0.943

		9		3.01		3.22		1.070		2.89		0.9601328904		3.04		1.010		2.79		0.927		2.92		0.970

		10		3.1		2.88		0.929		2.5		0.8064516129		2.65		0.855		2.37		0.765		2.47		0.797

		11		2.55		2.36		0.925		1.96		0.768627451		2.05		0.804		1.89		0.741		2.02		0.792

		12		2.67		2.11		0.790		1.69		0.6329588015		1.77		0.663		1.58		0.592		1.89		0.708

		13		2.19		1.73		0.790		1.4		0.6392694064		1.44		0.658		1.38		0.630		1.58		0.721

		14		2.31		1.61		0.697		1.2		0.5194805195		1.23		0.532		1.15		0.498		1.39		0.602

		15		2.01		1.37		0.682		1.03		0.5124378109		1.03		0.512		1.02		0.507		1.16		0.577

		16		1.99		1.32		0.663		0.96		0.4824120603		0.98		0.492		0.9		0.452		1.17		0.588

		17		1.9		1.17		0.616		0.83		0.4368421053		0.88		0.463		0.82		0.432		1.03		0.542

		18		1.6		1.02		0.638		0.76		0.475		0.77		0.481		0.72		0.450		0.93		0.581

		19		1.46		0.91		0.623		0.68		0.4657534247		0.72		0.493		0.67		0.459		0.85		0.582

		20		1.24		0.84		0.677		0.67		0.5403225806		0.66		0.532		0.64		0.516		0.83		0.669

		0 - 5meV		23.65		37.46		1.584		37.94		1.6042283298		43.01		1.819		36.3		1.535		35.8		1.514

		6-10 meV		18.86		20.65		1.095		18.79		0.9962884411		20.42		1.083		17.81		0.944		18.5		0.981

		11-15 meV		11.73		9.18		0.783		7.28		0.620630861		7.52		0.641		7.02		0.598		8.03		0.685

		16-20 meV		8.19		5.26		0.642		3.9		0.4761904762		4.01		0.490		3.75		0.458		4.82		0.589

		tot 0-20		62.43		72.55		1.162		67.91		1.0877783117		74.96		1.201		64.88		1.039		67.21		1.077
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Gain: Unit 3 with respect to Unit 2
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Unit 3

Wavelength (A)

Brightness (n/cm^2/s/A/ster)

Brightness: Unit 3 vs. Unit 2
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Brightness v lamda
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Unit '3'

Wavelength (A)

Brightness (n/cm2/s/A/ster)

Brightness vs. Wavelength for 42 x 42 LD2 Source
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 Gain Unit 3 
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Gain 38
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Rev 3

		erg (MeV)		lamda(A)		midpoint		tal101-u2		B(lamda) u2		t101-ld8120		B(lam) u3		gain						Wavelength		B(lam) u3		Gain

		2.1360E-10		19.5				1.39E+07		n/cm2-s-A-ster		2.87E+07

		2.3730E-10		18.5		19		1.69E+07		1.35E+09		3.47E+07		2.76E+09		2.05						19		2.76E+09		2.34

		2.6520E-10		17.5		18		1.91E+07		1.52E+09		4.46E+07		3.55E+09		2.34						18		3.55E+09		2.27

		2.9840E-10		16.5		17		2.83E+07		2.25E+09		6.06E+07		4.82E+09		2.14						17		4.82E+09		2.06

		3.3800E-10		15.5		16.0		4.57E+07		3.64E+09		8.20E+07		6.53E+09		1.79						16		6.53E+09		1.66

		3.8600E-10		14.5		15.0		7.70E+07		6.13E+09		1.75E+08		1.39E+10		2.27						15		1.39E+10		2.25

		4.4600E-10		13.5		14.0		9.03E+07		7.19E+09		2.61E+08		2.08E+10		2.89						14		2.08E+10		2.89

		5.2000E-10		12.5		13.0		1.28E+08		1.02E+10		2.59E+08		2.06E+10		2.02						13		2.06E+10		2.09

		6.1400E-10		11.5		12.0		1.83E+08		1.46E+10		3.29E+08		2.62E+10		1.80						12		2.62E+10		1.72

		7.3900E-10		10.5		11.0		2.72E+08		2.17E+10		4.94E+08		3.93E+10		1.82						11		3.93E+10		1.74

		9.0300E-10		9.5		10.0		4.89E+08		3.89E+10		1.17E+09		9.32E+10		2.39						10		9.32E+10		2.45

		1.1280E-09		8.5		9.0		7.42E+08		5.91E+10		1.48E+09		1.18E+11		1.99						9		1.18E+11		2.04

		1.4490E-09		7.5		8.0		1.29E+09		1.03E+11		2.56E+09		2.04E+11		1.98						8		2.04E+11		1.99

		1.9290E-09		6.5		7.0		2.16E+09		1.72E+11		4.23E+09		3.37E+11		1.96						7		3.37E+11		1.96

		2.6940E-09		5.5		6.0		3.92E+09		3.12E+11		6.42E+09		5.11E+11		1.64						6		5.11E+11		1.61

		4.0250E-09		4.5		5.0		7.14E+09		5.68E+11		1.03E+10		8.20E+11		1.44						5		8.20E+11		1.38

		6.6500E-09		3.5		4.0		1.20E+10		9.55E+11		1.42E+10		1.13E+12		1.18						4		1.13E+12		1.14

		1.3000E-08		2.5		3.0		1.72E+10		1.37E+12		1.53E+10		1.22E+12		0.89						3		1.22E+12		0.81

		3.6000E-08		1.5		2.0		2.00E+10		1.59E+12		1.62E+10		1.29E+12		0.81						2		1.29E+12		0.61

		3.2600E-07		0.5		1.0		1.04E+10		8.28E+11		1.27E+10		1.01E+12

		d(mu)=.002 for tally 101								2.28E+12				3.35E+12										3.35E+12





MB fit v Brightness
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M-B fit to T=28 K

Unit 3 MCNP

Wavelength (A)

n/cm2/s/ster/A

Calculated Brightness: Unit 3 vs. Maxwell-Boltzmann Fit (T = 28 K, Lambda-T = 6.8 A)
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Lambda fit data

		lamda		C/lam^5		exp		prod

		1		1.11E+16		7.23E-21		8.06E-05

		1.5		1.47E+15		1.12E-09		1.64E+06

		2		3.48E+14		9.22E-06		3.21E+09

		2.5		1.14E+14		5.99E-04		6.84E+10

		3		4.59E+13		5.78E-03		2.65E+11

		3.5		2.12E+13		2.27E-02		4.82E+11

		4		1.09E+13		5.51E-02		6.00E+11

		4.5		6.04E+12		1.01E-01		6.12E+11

		5		3.57E+12		1.56E-01		5.58E+11

		5.5		2.22E+12		2.16E-01		4.78E+11

		6		1.43E+12		2.76E-01		3.95E+11

		6.5		9.61E+11		3.34E-01		3.21E+11

		7		6.63E+11		3.88E-01		2.57E+11

		7.5		4.70E+11		4.38E-01		2.06E+11

		8		3.40E+11		4.85E-01		1.65E+11

		8.5		2.51E+11		5.26E-01		1.32E+11

		9		1.89E+11		5.64E-01		1.07E+11

		9.5		1.44E+11		5.98E-01		8.62E+10

		10		1.11E+11		6.29E-01		7.01E+10

		10.5		8.74E+10		6.57E-01		5.74E+10

		11		6.92E+10		6.82E-01		4.72E+10

		11.5		5.54E+10		7.04E-01		3.90E+10

		12		4.48E+10		7.25E-01		3.25E+10

		12.5		3.65E+10		7.43E-01		2.72E+10

		13		3.00E+10		7.60E-01		2.28E+10

		13.5		2.49E+10		7.75E-01		1.93E+10

		14		2.07E+10		7.89E-01		1.64E+10

		14.5		1.74E+10		8.02E-01		1.40E+10

		15		1.47E+10		8.14E-01		1.19E+10

		15.5		1.25E+10		8.24E-01		1.03E+10

		16		1.06E+10		8.34E-01		8.87E+09

		16.5		9.12E+09		8.43E-01		7.69E+09

		17		7.85E+09		8.52E-01		6.69E+09

		17.5		6.79E+09		8.59E-01		5.84E+09

		18		5.90E+09		8.67E-01		5.11E+09

		18.5		5.15E+09		8.73E-01		4.49E+09

		19		4.50E+09		8.79E-01		3.96E+09

		19.5		3.95E+09		8.85E-01		3.50E+09

		lambda						M-B		MCNP		ratio

		20		3.48E+09		8.91E-01		3.10E+09

		19		4.50E+09		8.79E-01		3.96E+09		2993630573.24841		1.32E+00

		18		5.90E+09		8.67E-01		5.11E+09		3614649681.52866		1.41E+00

		17		7.85E+09		8.52E-01		6.69E+09		4952229299.36306		1.35E+00

		16		1.06E+10		8.34E-01		8.87E+09		6337579617.83439		1.40E+00

		15		1.47E+10		8.14E-01		1.19E+10		14761146496.8153		8.09E-01

		14		2.07E+10		7.89E-01		1.64E+10		21019108280.2548		7.78E-01

		13		3.00E+10		7.60E-01		2.28E+10		21178343949.0446		1.08E+00

		12		4.48E+10		7.25E-01		3.25E+10		27070063694.2675		1.20E+00

		11		6.92E+10		6.82E-01		4.72E+10		40605095541.4013		1.16E+00

		10		1.11E+11		6.29E-01		7.01E+10		95859872611.465		7.31E-01

		9		1.89E+11		5.64E-01		1.07E+11		120222929936.306		8.86E-01

		8		3.40E+11		4.85E-01		1.65E+11		208598726114.65		7.90E-01

		7		6.63E+11		3.88E-01		2.57E+11		347133757961.783		7.42E-01

		6		1.43E+12		2.76E-01		3.95E+11		523885350318.471		7.55E-01

		5		3.57E+12		1.56E-01		5.58E+11		839171974522.293		6.65E-01

		4		1.09E+13		5.51E-02		6.00E+11		1152866242038.22

		3		4.59E+13		5.78E-03		2.65E+11		1237261146496.82

		2		3.48E+14		9.22E-06		3.21E+09		1289808917197.45

		1		1.11E+16		7.23E-21				1031847133757.96

												1.01E+00



Robert E Williams:
second iteration constant



Brightness Rev 2 

		erg (MeV)		lamda(A)		midpoint		tal151-u2		B(lamda) u2		tal151-mxo		B(lam) u3		gain		t151-ld8120		B(lam) u3		gain						Wavelength		Gain

		2.1360E-10		19.5				4.42E+07		n/cm2-s-A-ster		9.12E+07						1.49E+07										(Angstroms)

		2.3730E-10		18.5		19		8.38E+06		1.33E+09		1.96E+07		3.12E+09		2.34E+00		1.88E+07		2.99E+09		2.24						19		2.34

		2.6520E-10		17.5		18		9.93E+06		1.58E+09		2.25E+07		3.59E+09		2.27E+00		2.27E+07		3.61E+09		2.29						18		2.27

		2.9840E-10		16.5		17		1.54E+07		2.46E+09		3.18E+07		5.07E+09		2.06E+00		3.11E+07		4.95E+09		2.02						17		2.06

		3.3800E-10		15.5		16.0		2.30E+07		3.66E+09		3.81E+07		6.07E+09		1.66E+00		3.98E+07		6.34E+09		1.73						16		1.66

		3.8600E-10		14.5		15.0		4.11E+07		6.54E+09		9.23E+07		1.47E+10		2.25E+00		9.27E+07		1.48E+10		2.26						15		2.25

		4.4600E-10		13.5		14.0		4.84E+07		7.70E+09		1.40E+08		2.22E+10		2.89E+00		1.32E+08		2.10E+10		2.73						14		2.89

		5.2000E-10		12.5		13.0		6.76E+07		1.08E+10		1.41E+08		2.25E+10		2.09E+00		1.33E+08		2.12E+10		1.97						13		2.09

		6.1400E-10		11.5		12.0		9.95E+07		1.58E+10		1.71E+08		2.72E+10		1.72E+00		1.70E+08		2.71E+10		1.71						12		1.72

		7.3900E-10		10.5		11.0		1.43E+08		2.28E+10		2.49E+08		3.96E+10		1.74E+00		2.55E+08		4.06E+10		1.78						11		1.74

		9.0300E-10		9.5		10.0		2.59E+08		4.12E+10		6.35E+08		1.01E+11		2.45E+00		6.02E+08		9.59E+10		2.32						10		2.45

		1.1280E-09		8.5		9.0		3.91E+08		6.22E+10		7.96E+08		1.27E+11		2.04E+00		7.55E+08		1.20E+11		1.93						9		2.04

		1.4490E-09		7.5		8.0		6.75E+08		1.07E+11		1.34E+09		2.13E+11		1.99E+00		1.31E+09		2.09E+11		1.94						8		1.99

		1.9290E-09		6.5		7.0		1.15E+09		1.83E+11		2.25E+09		3.58E+11		1.96E+00		2.18E+09		3.47E+11		1.89						7		1.96

		2.6940E-09		5.5		6.0		2.07E+09		3.30E+11		3.34E+09		5.32E+11		1.61E+00		3.29E+09		5.24E+11		1.59						6		1.61

		4.0250E-09		4.5		5.0		3.80E+09		6.05E+11		5.26E+09		8.38E+11		1.38E+00		5.27E+09		8.39E+11		1.39						5		1.38

		6.6500E-09		3.5		4.0		6.31E+09		1.00E+12		7.17E+09		1.14E+12		1.14E+00		7.24E+09		1.15E+12		1.15						4		1.14

		1.3000E-08		2.5		3.0		9.07E+09		1.44E+12		7.35E+09		1.17E+12		8.10E-01		7.77E+09		1.24E+12		0.86						3		0.81

		3.6000E-08		1.5		2.0		1.07E+10		1.70E+12		6.48E+09		1.03E+12		6.06E-01		8.10E+09		1.29E+12		0.76						2		0.61

		3.2600E-07		0.5		1.0		5.89E+09		9.38E+11		5.22E+09		8.31E+11				6.48E+09		1.03E+12

		d(mu)=.001 for tally 151





 Brightness 

		erg (MeV)		lamda(A)		midpoint		tal151-u2		B(lamda) u2		tal151-mxo		B(lam) u3		gain

		3.38E-10		15.5				1.01E+08		n/cm2-s-A-ster		2.03E+08

		3.86E-10		14.5		15.0		4.11E+07		6.54E+09		9.14E+07		1.46E+10		2.23E+00

		4.46E-10		13.5		14.0		4.89E+07		7.79E+09		1.41E+08		2.25E+10		2.88E+00

		5.20E-10		12.5		13.0		6.73E+07		1.07E+10		1.41E+08		2.25E+10		2.09E+00

		6.14E-10		11.5		12.0		9.92E+07		1.58E+10		1.70E+08		2.71E+10		1.71E+00

		7.39E-10		10.5		11.0		1.47E+08		2.34E+10		2.53E+08		4.03E+10		1.72E+00

		9.03E-10		9.5		10.0		2.60E+08		4.13E+10		6.42E+08		1.02E+11		2.47E+00

		1.13E-09		8.5		9.0		3.93E+08		6.26E+10		7.96E+08		1.27E+11		2.02E+00

		1.45E-09		7.5		8.0		6.77E+08		1.08E+11		1.35E+09		2.15E+11		2.00E+00

		1.93E-09		6.5		7.0		1.16E+09		1.84E+11		2.26E+09		3.60E+11		1.96E+00

		2.69E-09		5.5		6.0		2.08E+09		3.31E+11		3.35E+09		5.33E+11		1.61E+00

		4.03E-09		4.5		5.0		3.81E+09		6.07E+11		5.28E+09		8.41E+11		1.39E+00

		6.65E-09		3.5		4.0		6.31E+09		1.00E+12		7.16E+09		1.14E+12		1.14E+00

		1.30E-08		2.5		3.0		9.04E+09		1.44E+12		7.31E+09		1.16E+12		8.09E-01

		3.60E-08		1.5		2.0		1.07E+10		1.70E+12		6.46E+09		1.03E+12		6.06E-01

		3.26E-07		0.5		1.0		5.91E+09		9.41E+11		5.24E+09		8.34E+11		8.87E-01

		d(mu)=.001 for tally 151
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		18		18

		20		20

		22		22

		24		24

		26		26

		28		28



0 - 1 meV
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Gain - Hole depth 
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0 - 1 meV

0 - 5 meV

5 - 10 meV

10 - 15 meV

Depth (cm)

Gain wrt Unit 2

Gains vs. Reentrant Hole Depth, 42 x 42 cm LD2 Source
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1
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1
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Sheet3

		Gain of unit 3 over unit 2 vs. reentrant hole depth

		inp = maxo:  22x19 hole from Ivan (12-04)

		depth		0-1 meV		G 0-1		0-5 meV		G 0-5		5 -10 meV		G 5-10		10-15 meV		G 10-15

		18		8.23		2.17		6.81		1.45		3.27		0.87		1.23		0.53

		20		8.17		2.15		7.04		1.50		3.42		0.91		1.33		0.57

		22		8.19		2.16		7.22		1.54		3.55		0.95		1.4		0.60

		24		7.78		2.05		7.28		1.55		3.65		0.97		1.5		0.64

		26		7.44		1.96		7.19		1.53		3.75		1.00		1.56		0.67

		28		6.71		1.77		6.97		1.48		3.75		1.00		1.63		0.70
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Optimizing the Cold Source Location

* Monte Carlo N-Particle (MCNP) computer simulations were used previously to perform flux
calculations on the new reactor design.

14

Thermal flux at the midplane of the core <10 Fast flux at the midplane of the core . 1[]14
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MCNP Neutron Brightness Calculations

* The quantity used to measure the performance of the cold neutron source is the Brightness.
* Units: n/fcm2-s-meV-ster or n/cm2-s-A-ster
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Optlmlzmg the Cold Source Geometry

* The effects of changing the size and shape of the re-entrant cavity
were investigated using MCNP. X

n Geometry (X x Y x Z) (cm)

1  Original (Trapezoid)

2 16x12x 20 Box

3 Cylinder:d=15,h=20

4  38° Cone (vertex @ center)

6 No Re-entrant Cavity

-
ad L

. Gaseous Deuterium . Liquid Deuterium

. D,0 Reflector D Beam Guide (Vacuum)
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Brightness Gain Compared to the /“
Original Deuterium CNS Design
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Brightness Gain Compared to the ===
Original Deuterium CNS Design

NEUTRON BRIGHTNESS GAIN FOR VARYING ELLIPSOID CAVITY
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Brightness Gain Compared to the - ===
Original Deuterium CNS Design

NEUTRON BRIGHTNESS GAIN FOR VARYING ELLIPSOID
CAVITY HEIGHT (DEPTH = 12 cm, WIDTH = 8 cM™m)
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Nuclear Heat Load

* The Deuterium Cold Source is more massive than the existing Hydrogen cold source, meaning it
will take on a greater nuclear heat load.

* MCNP used to calculate expected heat deposition rate in the LD, and moderator chamber with
an (8 x 12 x 8) cm ellipsoid re-entrant cavity .

* A new 7 kW cryogenic helium refrigerator is being installed to account for this threefold
increase in heat load.

. |Deuterium (3806 g) | Aluminum (2280 g)

Radiation Rate Heat (W) Rate Heat (W)
Source (W/g) (W/g)
WA 0.0716 777 .0081 4
4.32 679
1.53 1465 1.45 741
Subtotal 2242

Total Cryogenic Heat Load = 3666 W
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Conclusion

* An optimized LD, cold source is needed to recover the 10% loss in neutron flux due to the
switch to LEU fuel.

* The position and re-entrant cavity geometry were optimized to produce brightness gains
between 1.3 - 1.5 for the desired range of 4 - 9 A.

* (8 x 12 x 8) cm Ellipsoid re-entrant cavity consistently performs the best in terms of brightness
inthe 4 - 9 A range.

Plane View (Top) Plane View (Side)
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Future Research

* Cold Source re-entrant cavity has been optimized to within a few minor geometrical variations.
* The size and shape of the moderator chamber warrants further optimization research.

* This model must be adapted to the actual beam guide geometry.

Ellipsoid Sphere Annular
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