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UCD/ MNRC Irradiation Facilities

Unperturbed neutron fluxes and heating at 1.5 MW operating powe

Facility h (0.1 eV) st  1MeV) Heating (Al)
(n/cne.sec) (n/crsec) (W/Q)

CIF (void) 1.5 * 103 7.6 * 102 0.16

PTS (void) 7.6 * 102 3.7 * 102 0.084

NTD (void) 4.6 * 101 1.7 * 1010 0.0041

NIF (void) 1 MeV Si eq. flux = 1.5 * 1® n/cm.secat 1.0 MW

0
th 0.1% of 1 MeV Si eq.
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Pneumatic Transfer System (PTS)

The system is designed to quickly transfer indigickamples into and out
of the reactor core. The sample vials are placeidena polyethylene
holder called fabbit’. A “rabbit” can accommodate four 1.5 c.c.
polyethylene sample vials.

The rabbit is then sent to travel through alumirtubing between the
receiverin the processing hoodnd theerminus in the reactor core

A blower assembly, moving compressed air throughsistem, moves
and pulls the rabbit between ttexzeiver and theterminus.
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Group A Group B

(Top) void void

#3 #6

#2 #5
(Bottom) #1 #4
Sample #3 and #6: ??? and ??? mgadg.H,O powder
Sample #2 and #5: ?7?? and ??7? mg Zr foils
Sample #1 and #4.: ?7?? and ??7? mg Ni foils

(remember to calculate target nuclide content)

PTS Irradiation
20 seconds @ 1.5 MW

Simultaneous Gamma Counting
Na,CO,.H,O @ DET25 at 10 cm
Zr @ DET50 at 10 cm
Ni @ DET99 at 10 cm

(counting efficiency equations to be provided)
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Na (n, ) and Zr (n, ) Reactions

Target Isotope S 0.0253 eV. th S g Product Product
Nuclide Abundance (barns) (barns) Isotopeg, T
Na-23 1.0000 0.513 0.303  Na-24 14.96 hr
Zr-94 0.1738 0.0530 0.268 Zr-95 64.02d

Zr-96__0.0280 0.0213 5.28 Zr-97 16.74 hr
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S 0.0253 eV, th

Neutron capture (n,) reaction cross sections for 0.0253 eV thermal
neutrons with an average velocity of 2,200 m{s&iculated “thermal”
data) Effectives, at T (=50°C) =S gp53 0y, 1n* 1/ 1.128 * (298/ T9-~.

S g/;

Neutrons above the cadmium cutoff energy, 0.1 ehiclwinduce (n,)
reactions are usually called the epithermal ormasoe neutrons. The
resonance integral cross sections are definedeogxpressios 5, =
S(E) dE/ E (from 0.1 eV t&).
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Ni (n, p) Reactions

Target Isotope S avg Product Product
Nuclide Abundance (barns) |sotope 1Al
Ni-58 0.6827 0.113 Co-58 70.82 d
Ni-60 0.2610 0.00210 Co-60 5.27 yr
S

avg :

When neutron energies >100 keV, (n, p), (n, n, etactions must be
considered. Above certain threshold energy, thescsection exhibits an
energy dependence asd,, is the average cross section for fast reaction.
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Radioactive Isotopes

Isotope T %2 Energy (keV)  Gamma Abundance (%)
Na-24 14.96 hr 1368.60* 100.00
2754.00 99.94
Co-58 70.82d 810.77* 99.45
Co-60 5.27 yr 1173.24* 99.90
1332.50 99.98
Zr-95 64.02d 724.20 44.15
756.73* 54.50
Zr-97 16.74 h 743.33* 97.90
* Gamma energy recommended for use in activity datmns. All nuclear data

quoted from “Tables for Neutron Activation Analysiyy Michael D. Glascock, Missouri
University Research Reactor (MURR), 1996.
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J>

0, Na 23S N1 -€e'T)

=i oozs3ev.th* S 0o2s3ev. it R FSRIN(@L—€T)
=C/[€'7*BF * e]

. isotope activity at the end of irradiation,
. total number ofarget nuclei,

. irradiation time,

. count rate registered,

. decay time after the irradiation,

. branching factor or gamma abundance,
. detector efficiency, function of energy.

o

O WHO-HAZ>
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MNRC'’s core spectrum is a typical one for a thermaleactor, i.ej] g,
» 9% 0fl] os3ev n BEWAre that g, is epithermal neutron flux per unit
lethargy, i.etotal epithermal neutron flux divided by In (10°/ 0.1) =

13.8
13
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A_q, Zr-95 y |
=i oo0zs3ev.th" S 002530V th, zr-oaT] RIYS Ri zroa) N (L —€'T)
=C/[elTd*BF * ]

(insufficient countgluring this experiment)

A_q, Zr-97 g |
=i oco2s3ev,th" S 0.0253ev,th, zrosH] R ¥S Rizres) N (L —€'T)
=C/[elTd*BF * g]

Solving simultaneous equations will hgvg 55 v @Nd] g, determined.
More importantly, solving the A ,,_ o, equation will determing g,
provided thaj g, » 9% 0] o253 ev,

A_q, coss3) S N (1—é”i)_
:.K] fast*s avg) N (1_éITI)
=C/[e' T *BF * g]

Average fast neutron flux can be determined. o



