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NOP!DESTRUCTIVE ASSAY OF l:IGHr)”fENRICHHI SPE~:T FUEL*

J. R. Phillips, S. T. Hsue, C. R. Hatcher,
K. Kaimla+, and E. G. Fkrlina

Las A1.amos Scientific Lah;;;~;ry
Los Maims, New Mexico

Abstract— ——

Passive gamiia-ray and neutron measurements have been
made m irradiated }ITR fuel at the Omega West Reactor. De-
tectors utilized include a Ge(Li) for gamma spectroscopy, a
u-235 fission chamber for thermal neutrons, and a smaller u-235
fission chamber with a beryllium photoneutron converter for
detecting gamma-rays above 1.7 MeV. Measurements confirm khat
burnup can be closely correlated with the Cs-134/(!s-137 ratio.
A comparison of activity profiles taken with the three de-
tectors indicates that the method based on (lrn) reactions in
beryllium is a promising technique.

Background

U@er ~OE sponsorship, and also under the U.S. Program
for Technical Assistance to IAEA Safeguards, the Los Alamr)s
Scientific Laboratory (LASL) has become involved in both
international and domestic aspects of safeguarding spent
~PilCtH3t fll~lo Our primary objective is to develop improved
rncthods for nondestructive as:;ayof L!~Rfuel. There is a need
for ruggdizud portable instrumentation for use by safeguards
inspectors who munt verity the content of spent fuel storage
faciiit.ies. And, there is also a growing need for perma~iently
installe”l instrumentation which achieves better assay accuracy
with perha s some trade off in size and complexit .

? Y
Operatcrs

of commerc al power reactors have shown interest n the non-
destructive assay (NDA) of spent fuel, tn part because of
safeguards considerations, and also because of possible
economic implications. We recently completed measurements on
DWR fuel assemblies at a Consumers Power facility (Bjg Rock
Point Nuclear Plant) and on PWR assemblies a~ a Commonwealth
Edison facility (Zion Generating Station). However, the first
mea~urcrnents under this program were made on MTR fuel at the
~ega Ifest Reactor in LOS Alamos.

NDA methods have been applied to spent. fuel for a
number of years? and there are ceveral rev c *
contain comprehensive lists of references. l,hp?=p:::~w::ch

* Work perfo.=med under direction of the Department of Energy,
Office of Safeguards and Security.
+ Visiting r,ASLstaff member from Japan Atom{c Energy I?cnearch
InstlLutc.



OWR Spent Fuel

Durnup Dct.orm~n.~tion.—— —— -...-—



C5-137 formation is proportiona~ to total integrated neutron
flux, Cs-134 formation is proportional to the integrated flux
squarecl. The advantages 01 using an isotopic ratio as a burnup
indicator (rather than a single Isotope) are clear: the ra~io
is independent of the amount of material in the as=cnbly and
independent of detector solid angle. Furthe~more, by choasing
gamma rays of nearly the same energy, gamma absorption in the
assembly can be neglected or handled with a small correction.
For determining the Cs-134/Cs-137 ratio, the 605 keV line of
CS-I.34 and the 662 keV line of CS-137 were used.

Fig. 3 shows declared burnup for tbe ten MTR fuel
elements studied in September, 1977 as a function of the
Cs-134/Cs-137 activity ratio. The activity ratio has been
corrected for cooling time using the declared values shown in
Table I and the half-lives of CS-134 (2.06 y) and CS-137
(30.12 y). No correction was made for differing irradiation
histories, and no correction was made for gamma absorption in
the fuel assembly or beam attenuator (5.0~ cm Pb).

In addition to a least squares fit to a straight ltne,
Fig. 3 shows 95% confidence bounds. The bounds may be inter-
preted as defining a range of burnup values within which one is
95% confident that a burnup value will fall, given a measured
Cs-134/Cc-137 ratio. These results indicate that the burnup of
OWR fuel elements can be predicted using Cs-134/Cs-137 ratio
techniques with a precision having 2.1% standard deviation
(lU). Measurements made on the same ten fuel elements, using
the Eu-154/cs-137 isotopic ratio, ~ho~~ed a slightly larger
standard deviation, 3.3% (la). This 1s somewhat better
precision than previous investigators have re ortecl for MTR

zfuel, in which gamma-ray spect a were recorde for a Single
position on the MTR element. 5,i

■

Activity Profile Measurements

Gamma-ray and neutron activity profiles give a measure
of relative bu nup as a function of axial position alortg the
fuel.assembly. f A combination of the activity profile and
the Cs-134/Cs-137 ratio measured at one point on the assembly
can be used to determine absolute burnup for the total as-
sembly. For many lnspeccion situations in which time is
limited and/or experimental geometry is fixed, performing
burnup measurements in this way is more practical than scanning
complete assemblies using high-res~].ution gamma spectroscopy,
even if there is some loss of precision. Thus, there is a need
for both neutron and gamma-ray detectors for measuring activity
profiles. For inspection

$
urposes, such detectors should be

rugged and reliable, shoul provide rapid data collection, and
~houl.d give an activity profile that is kno~n to he propo~-
tional to burnup.



In the center of Fig. 4, we compare the 13e(y,n) fission
chamber activity profil~ with tkc CS-I.37 profile. The small
fission chamber is encasecl in a 2 cm polyethylene sleevn, and
placed on top of a De disc 9 cm in diameter by 2.54 cm thick.
In performing the cxperim~nt, the 13e(-f,n)detector was lowered
into the storage pond incide a vertical aluminum pipe and
placed on top of the fuel element. Gamma ray:;exceeding the
photoneutron threshold of beryllium (1.65 NeV) create neutrons
which are thermalized in the ~olyethylerlc and cletect~?fiin the
fission chamber. Phoboneutrons from De considerably nu::nuinhar
neutrons from the fuel elcmsntr giving a count rate at the
center of the activity profile of SO count~ -pnrsecond. An
can be seen frOm the gdm”nd c“’wctrLIdI in Fig. 2, the ~lc~;.vity.JL
protilc detcrmingcl vith thn 13c(-i,n)flctecl:orjs du~:I?:linl.yto
l?r-14fl. Consiclerinq th~ difljcrpnces in exp~riinnntal.cjwnctry,
the agrcein+nt bet’wem tileI]o(Y~n) activity pro~ile tIIvl the

Cs-137 activity profile is cxcal.lent.

Cone].usions—.——— i
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FIGURE CAPTIONS

llrawing of apparatus used with the Ge(Li) detector,
positioned for measuril~g activity profiles of OWR fuel
elements. The collimator was rotated 90 degrees for
burnup measurements to view the entire fuel element.
Water in the storage pond is 2.4 meters deep.

Gamma-ray spectrum of irradiated Omega West Reactor
fuel element. showing prominent fission products and.
nssoclated gamma-ray energ,ies. The data, taken with
the experimental arrangement shown in Fig. 1, was
recorded on a 4,0~6-channel annlyzer.

Plot of declarecl burnup values in grams versus measuuecl
Cs-134/Cs-137 ratio for ten OWR fuel elements. A
linear least squares fit and 95% confidence bounds are
also shown.

Activity profiles for OWR element #3133as measured by
three types of radiation c?etectors.



TABLE 1. 0~.llXAWEST REACTOR FUEL ELEMW’S S’?UdIED

Fuel
Element

356

359*

P 361
r-
ut
F1 363

M 364
al
3 368*

8 370*
m
: 371

372

378

357

359*

~ 373

Id
3

374
G 375
:

379

303

Cooling
Time (Days)

1352

1269

1205

1206

1092

948

892

892

725

556

1445

1.374

1053

997

856

341

603

661

513

Initial
235-u (g)

220.67

219.66

2zz.90

223.52

219.47

223.50

271.20

223.58

223.00

223.15

218.13

220.57

223.50

221.20

219.25

222.77

222.51

222.39

223.23

Declared
BurnuD (q)

73.87

69.46

67.12

69.27

63.40

65.15

61..36

61.36

70.28

65.37

71.64
69m.3~

65.15

6?..3(i

70.54

(i5.65

68.38

65.22

63.37



TABJZ II. DETECTOR CHANICTERISTICS

Ge(Li)

Volume: :; ;:3
Efficiency:
Resolution: 1.; keV at 1..33MeV
Manufacturer: Princeton Gamina-Tech

J3e(Y,n) Fission Chamber

Mass 93% u-235: 38.6 mg
Gas: 95% Argon, 5% Nitrogen
Active Length: 7.6 cm
Manufacturer: Reuter-Stokes

Larqe Fissiori Chamber

Mass 93% u-235: s.6 g
Gas: 95% Argon, 5% Nitrogen
Length: 30 cm
14anufacturer: Reuter-Stokes



Fig. 1 Drawing of apparatus used with the Gf~(Li) deteckorr
positioned for measuring activity pr~lfilas of O!iR fuel
Cl@iTl~titS. The col.1.imator was rotated 90 degrees for
burnup measurements to view tileenki.re Enel elmlen~.
Waker in the storage pond is 2.4 meters dc?ep.
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CHANNEL NUMBER

Fig. 2 Gamma-ray spectrum of irradiated Omega West Reactor
fuel element showing Prominent fission products and--
associated gamma-ray energies. The data, taken with
the experimental arrangement shown in Fig. 1, was
recorded on a 4,096-channel analyzer.
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Fig. 4 Activity pro~iles for O!YR element. #393 as mearur[~d by
three types of r~diatioa detectors.


