PNNL—1‘1609'
V UC—607; S

b .5,":Determmatlonnof Curie Contentf’and;;

Pacific Northwest

National Laboratory

Operated by Battelle for the
U.S. Department of Energy

_';?134/137Ce51um Ratios by ! Gamma
fg;;,‘Spectroscopy of ngh Burnup e
e Plutomum-Alummum Fuel Assembhes

1 D L Haggard

s ] E Tanner S | R&\EIVED |

G oJmerwr

S duis 1993

DlSTRtBU?lON OF THiS DOCUMENT iS UNLMTE@

Prepared for the U S Department of Energy g S
under Contract DE—AC06—76RLO 1830 FC T R e e




DISCLA!MER

”‘.Thrs report was prepared as an. account of work sponsored by an. agency of the :
. “United States Government. Neither the United States Government nor any- agency.
- thereof, nor: Battelle Memorial. Institute, nor-any of their: employees, ‘makes any
S warranty, expressor. rmphed .or assumes any legal liability or responsrbnhtyforthe‘ -
- -accuracy, completeness, or usefulness of 'any information, apparatus, product,or
- process disclosed, or represénts that its use would not infringe prlvately owned EENS
- rights. Referenceheremtoany spec:ﬁc commercial product process, orserviceby e
SR ',trade name, trademark, manufacturer, or. otherwnse does not necessarily constltute o ,
or_imply its: endorsement recommendatron, or favoring by the United ‘States = -~ -
. ‘Government or any agency thereof, or Batteﬂe ‘Memorial Institute Theviewsand: -
- .- opinions of authors expressed herein do not necessanly state or reﬂeét those of the‘ :
R (Umted States Govemmem or any agency thereof S , '

PACIHC NORTHWEST NATIONAL L ’EORATO;RY«
o operatedby L e
£ BATTELLE
S forthe
UNITED STATES DEPARTMENT OF ENERGY

o 4 under Contract DE AC06-76RLO 1830

Prmted in the Umted States ofAmerrm : B

SRR e : ' A : lable to DO'E and DOE contractors fromthe '
LT "'Off ce of Screntrﬁc‘and Technical Informanon, P.O. Box 62, Oak- Rldge, TN 37831
T pnces avallable from (615) 576—8401 L :

IR Avallableto the publrc from the Natronal Techmcal Informahon Semce, S
S U.S Department of Commerce, 5285 Porl Royal Rd., Sprmgﬁeld VA 221 61

creg T

& The document was prined on recycled paper.




DISCLAIMER

Portions of this document may be illegible
electronic image products. Images are
produced from the best available original

document.




Determination of Curie Content and
B34/137Cesium Ratios by Gamma
Spectroscopy of High Burnup
Plutonium-Aluminum Fuel Assemblies

D. L. Haggard
J. E. Tanner

June 1997

Prepared for the U.S. Department of Energy

by Pacific Northwest National Laboratory at
Richland, Washington 99352 under Contract
DE-AC06-76RLO 1830







Executive Summary

Nondestructive assay (NDA) gamma spectroscopy techniques were used to measure 134/137Cs
- ratios on nine PuAl Mark 42 fuel assemblies. The purpose of the ratio measurement was to confirm
theoretical burnup calculations. 134/137Cs ratios were determined from the measured activity based on
corrected net peak area counts for the 605 keV peak from 134Cs and the 662 keV peak from
137¢s/137mBa. - Assembly #2 134/137Cs ratio measured on 4-15-92 was 0.19. The measured
134/137Cs ratio was decay corrected to be 2.11 on 8-1-84 based on the half lives of 134Cs and 137Cs.
The measured 134/137Cs ratio range was 1.90-2.14 for all nine assemblies. These measured values
compare to a theoretical ratio of 1.7 on 8-1-84 determined by burnup calculations.

Total cesium curie content was also requested and determined using the NDA direct
measurements. Gamma spectral data were. measured on the nine sectioned Mark 42 fuel assemblies.
Measured cesium curie content, decay corrected to 8-1-84, ranged from 18170-24480 curies of 134Cs
and 8620-11646 curies of 137Cs. Theoretical cesium curie content as of 8-1-84 was 15200 curies 134Cs
and 8973 curies 137Cs.

Direct assay cesium ratio is 12% to 26% higher than the predicted ratio of 1.7. The measured
134Cs data indicate between 20%-61% more activity than that predicted by the burnup code, whereas the
measured 137Cs activity is between 4% less to 30% more than the predicted activity.

This information may be used to address issues concerning criticality safety, storage, and
shipping of this type of material.
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1.0 Introduction

Nondestructive assay of nine highly radioactive irradiated fuel assemblies was completed at the
Radiochemical Engineering Cells (REC) located in the 324 Building at Pacific Northwest National
Laboratory in Richland, Washington. The REC was chosen to conduct this work because of its ability to
accomodate the high dose rates associated with these fuel assemblies. The four feet thick high density
concrete cell walls provide more than adequate shielding. Remote handling equipment, manipulators,
cutting equipment and experienced operating personnel were available and used for this project. The

. NDA effort was focused on obtaining total cesium contents of the fuel assemblies, and 134/137Cs ratios
to confirm burnup calculations.







2.0 Measurement Plan

2.1 Fuel Assembly Positioning In REC

Gamma measurements were performed on nine Pu-Al fuel assemblies, identified as numbers 2
through 10. As shown in Figure 1, each assembly contains PuO7-Al fuel; with cladding, target-sleeve-
housing, and end fittings all made from Type 6063 aluminum. Each original assembly was cut into eight
equal lengths of approximately fifty centimeters each. These sections were placed into separate 304L-SS
canisters. Each canister was placed into a measurement rack which had five equidistant measurement
positions along the vertical centerline of the fuel assembly section.

2.2 Collimators

The unattenuated gamma radiation emitted by a canister would overwhelm a gamma
spectrometer, so dose rate reduction was required. This dose rate reduction was accomplished by
inserting a collimator into a special access port in the cell wall, as shown in Figure 2. The collimator
design was based on the theoretical curie content of the fuel assembly and physical limitations such as
the thickness of the cell wall. Overall physical dimensions of the access port are 137-cm long, 10-cm in
diameter. A centered 2.5-cm diameter pipe was used as the initial collimator. Six collimator inserts
were fabricated from 5.0-cm diameter stainless steel rods. Two of these collimators have 0.95-cm holes
drilled along the centerline; two had 0.635-cm central holes; and two had no central holes (for use in
background measurements). Each insert is 27.5-cm long, 2.5-cm in diameter for nine inches and stepped
to 5-cm at the exterior end. This stepped design prevents possible radiation streaming effects at the
collimator - insert interface. The collimator was back filled with steel shot. Alignment measurements
were conducted on the collimator with all collimator inserts using a low power neon laser.

2.3 Measurement Equipment

The gamma ray spectra were obtained using a coaxial hyperpure germanium (HPGe) detector.
Physical dimensions of the Ge crystal are 49.7 mm diameter, 54.7 mm length, with a 0.5 mm beryllium
window. Performance specifications for this crystal are full-width-at-half-max resolution of 1.82 keV,
peak-to-Compton ratio of 52/1 and a relative efficiency of 21.5% at the 1.33 MeV peak of 60Co.

A cadmium filter was placed over the detector to prevent any neutrons emitted by the fuel from
striking the detector. This cadmium filter was backed by a copper filter to shield against any x-rays
created in the cadmium.
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Figure 1. Cross section of the fuel assembly
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Figure 2. Collimator drawing details

Gamma ray spectra were acquired using a multichannel analyzer with a 100 MHz 4096/8192
channel analog-to-digital converter. The acquired spectral data were transferred to a laptop computer.
The spectral data were then analyzed and subsequently archived on 3.5", 1.44 MB floppy disk.



2.4 Calibration And Measurement Control

Measurement system calibration was accomplished using a mixed standard of 50 pCi 137Cs and
20 uCi 60Co. The standard was prepared from calibrated stock solutions. A uniform volumetric sealed
source standard was required. A 2.5 cm high by 2.5 cm diameter aluminum container was chosen to
house the standard material. The standard solution was pipetted onto 2.2 g of aluminum oxide in the
container and dried under a heat lamp. Resin was added and the mixture stirred until the resin started to
gel. A screw cap was affixed to the top of the standard container and sealed with resin.

A series of measurements were taken at various distances from the standard, with and without
the collimator, CD-CU filters and collimator inserts. These response measurements were taken at the
cold side of the cell prior to collimator placement into the cell porthole. ‘

Background measurements were taken with the 0.635 cm collimator insert on the hot side and
the 0.635 cm and solid collimator inserts on the cold side. The shielded cell has an enhanced 137Cs
background (~3 counts/sec) remaining from previous REC activities. »

During the course of the assembly measurements, measurement control of the counting system
was maintained by counting a 133Ba standard traceable to the national institute of standards and
technology prior to each measurement session. Rate-loss correction was monitored using a 60Co
standard affixed to the HPGE detector housing. Counts on the 0Co source between fuel canister
changes provided continuous measurement control data. Cobalt-60 was an excellent correction source
for this study since sources of 60Co do not exist in the assembly.

2.5 Data Collection And Analysis

Gamma measurements on the assemblies were taken using the 0.635 cm(0.25") collimator
inserts. There were eight, 50.8 cm long fuel sections per assembly. Each section was measured at five
equidistant locations along the canister rack, as shown in Figure 2. Counting eight canisters per
assembly at five rack positions resulted in a total of forty measurements per fuel assembly.

Gamma spectra were acquired on the multichannel analyzer with specific regions-of-interest
(ROIs) set up for the 605 keV gamma-ray of 134¢s, 661.6 keV gamma-ray of 137Cs/137mBa, and the
1332.5 keV gamma-ray from 60Co (for rate-loss corrections). The ROIs were recorded on computer
disk for each peak at each measurement location. The recorded spectrum for each measurement location

was then analyzed using gamma-peak-analysis software to determine the activity of 134¢s, 137Cs and
154y, . '

The activity of an isotope in a sample is determined from the isotope net peak area corrected for
container and matrix attenuation, branching ratio, and detector efficiency.

A =Pk /(BR*g) 1)
where
Pk = gamma-ray peak area corrected for container and sample attenuation (cts/s),

BR = gamma-ray branching ratio, and
g = detector efficiency at the gamma-ray energy of interest.




Container attenuation and sample absorption corrections are calculated using the following
formulas:

Pkc = Pk*CFcont*Cfsamp . (2)
where

Pk = net gamma peak area (cts/s),
CF¢ont = container attenuation correction factor, and
CFsamp = sample self-absorption correction factor.

The correction factor for the container attenuation is computed as follows:

CFcont = exp(-Hcont*Pcont ™ Xcont)s , 3)

where

Hcont = Mass-attenuation coefficient of the container material at the energy of interest (cm2/g),
Pcont = density of the container (g/cm_3), and
Xcont = container thickness (cm).

The correction factor (Augustson & Reilly, 1974) for sample self-absorption for a slab sample is
given by: : , :

CI:samp = 'Psamp* Psamp*xsamp/ [1'exp('usamp*Psamp*Xsamp)] 4)
where |

Msamp = mass-attenuation coefficient of the sample at the energy of interest (cm2/g),
Psamp = density of the sample (g/cm3), and
Xsamp = sample thickness (cm).

Branching ratios, half lives, and gamma-ray energy data were taken from RADDECAY (Grove
Engineering, 1987). Data on the cladding and PuO7-Al thickness, as well as assembly densities are
‘sensitive and will not be reported in this document. The pertinent data was incorporated into a
spreadsheet and the correction factors determined.

A second approach was taken to determine an overall correction factor by direct measurement.
Briefly, the technique (Morel, Chauvenet, Etchverry, 1987) can be used when there are multiple gamma-
rays detected from the same isotope. Apparent activity can be calculated for each energy and plotted as
a function of the inverse energy in MeV. The intercept of the plotted data is the "true" activity of the
measured isotope. The intercept represents a gamma ray of infinite energy and therefore no gamma
losses due to attenuation or absorption. Limitations attributed to this technique occur when you have low
energy gammas and high density absorbers. Attenuation correction factors, using this technique,
agree within 15% of the calculated correction factors.




3.0 Results |

Table 1 lists the net peak area counts, corrected peak area counts, and rate loss correction factors
for Assembly #2, the first assembly measured. Ratios for the two cesium radionuclides are listed by
activity at the time of the measurements and also decay corrected back to the date when the fuel
assembly was removed from the reactor. Figure 3 is a graphical representation of the net peak area
counts for the 605 keV peak from 134Cs and the 662 keV peak from 137Cs/137mBa decay as a function
of relative location along the fuel assembly for Assembly #2. Figure 4 is a plot of the activities at the
time of the measurement (15,16-Apr-92). Figure 5 presents the activities at the time of removal from the
reactor (01-Aug-84). Theoretical data suggests the 134/137Cs ratio from burnup calculations to be 1.7
for Assembly #2, which can be compared to the measured ratio of 2.11.

Appendix A provides data listings of all measured assemblies in a format similar to Table 1 and
Figure 5. The data in Table 1 and Appendix A are used to produce the values in Table 2, which lists the
decay-corrected measured cesium ratios and curie contents for all nine Mark 42 assemblies.
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Mark 42 Assembly #2
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Figure 3. Corrected peak area counts for 134Cs at 605 keV and 137Cs-137mBa 662 keV
as measured on 15-April-92

Mark 42 Assembly #2 Curie Plot April 1992
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Figure 4. Curie plot of 134Cs and 137Cs-137mB3 as measured on 15-April-92




Mark 42 Assembly #2 Curie Plot August 1984
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Figure 5. Curie plot of **Cs and *'Cs-"*""Ba decayed to time of discharge in August 1984

Table 2. Listing of Decay-Corrected Cesium Ratios and Curie Content for Nine

Mark 42 Fuel Assemblies

Assembly ID

w

O W 9 N N A

Curies Ratio
18171 8617 NA 2.11
19402 9184 NA 2.11
22343 10446 614 2.14
24480 11573 660 2.12
20567 10536 667 1.95
22492 11646 675 1.93
21501 10412 576 2.06
21201 10816 668 1.96
20652 10863 628 1.90




4.0 Conclusions

Nondestructive gamma assay, for cesium ratios, of PuAl fuel assemblies is a viable technique for
determining fuel burnup. The agreement between the theoretical and measured cesium ratio is within
30%. This method is cost effective compared to radiochemical methods which require physical samples
to be taken for analysis. '

11
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APPENDIX A.

Mark 42 Assemblies
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