LA-UR -91-2765

caon Aaras Natona | abornatury s

*J

LA~UR--91-2765
DE91 018044

rated by the Umiversity of Calitornid tor the Uimited States Department ot Energy under contract W 7¢05 I NG 36

TTLE A COMPARISON OF SPENT FUEL ASSEXBLY CONTROL INSTRUDENTS: THL
CADARACIIE PYTHON AND THE .08 ALAMOS FORK
AUTHORIS) i, Bignan, J. Capsi, J. Romeyer=Dherbey, and
.M. R inard
SUBMITIED 1O American Nue lear Soclopy
Albhuquerdque, NM
Sept. 29 = Oct, 4, 1991
DISCLAIMER

This repurt was prepared as an account ol work sponsored hy an agency of the Vmied Stales i . 10T
CGuwernment  Neither the United States Government nor any agency thered, nor any of *heir I A ” | r !
emplovees, makes way warranty, eapress of amphed, or assumes any legal liabihity ot respons v
bty Iy the accuracy, completeness, or usefulness of any inlormaten, apparatus, product, or
pricess dischined, o1 represents that ity use would not inlnnge privately owned rights  Refer. . .
ence herein (o any specihic commercl prduct, process, o serviee by trade name, trademark, b

manulacturer, or otherwise does mn necesanly comtitute on imply ity endinsement. recom
mendation. o tavoring by the Uinitled States Govetnment or uny ageny thereul The views
and opimony of authon expressed herein do oot necesanly siate or aetlect thowe of the
United Staten CGiaverament or any agency thereol

[ TN TR R T TR T T 1l v agn e thpt the b 'y Dovartmnnt solgoee,

L TR T I e A e TN BT Yoo o othpes, b iy

Ay L LI T T | EET R T TYP IR CEN A [ I B Y1) Pty bgue el phs

FILEY TR TRV ERTT SR e

EATALATLE FIRCYENIY LI PO 1] 1 boava g g ||.|||| whoe repnial. g w

fon 11" Gigesenmand gt poonaen

e en o s of R Y gt g 8P g,

NOSYNAMOS

ER DISTRIBUTION

MASTER

“ Los Alamos National Laboratory
¥ Los Alamos.New Mexico 87545

or THIS DOCUMENT I8 LINLIPALTL T


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov
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THE CADARACHE PYTHON AND THE LOS ALAMOS FORK
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ABSTRACT

Devices to monitor spent fuel assemblies while stored under
water, with nondestructive assay methods, have been devel-
oped in France and in the United States.

Both devices are designed to verify operator's declared val-
ues of exposures and cooling-time but the applications and
thus the designs of the systems differ.

A study, whose results are presented in this paper, has been
conducted 1o compare the features and the performances of
the two instruments. !

INTRODUCTION

The use of nondestructive methods (total gamma count-
ing, passive and active neutron counting) for spent fuel
monitonng presents some varied applications, which lead to
different designs.

In France, the need for a spent fuel control device comes
from cnucality-safety concerns during domestic ransporta-
uon and reprocessing. However, in the United States, the
work 15 1n suppon of the intemational nuclear safeguards
effort.

Nevertheless, the two devices presented here (Cadarache
PYTHON and Los Alamos FORK) are sufficiently similar to
compare and correlate.

After a brief presentation of these two devices, experi-
mental resulis of the comparison and interpretation are
presented.

PYTHON INSTRUMENT

The PYTHON device? cunsists of two detection heads
vaced n two pond racky and a spent fuel assembly 1y
wight o ot (Fig. D.

Acquisitions are being made while the assembhly iy
moved past the detectors (the counting time for one assembly
control 1s about 60X seconds).
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Fig. 1. The two detection heads of the PYTHON insirument are
shown from the sude, with 1he \nner componenis indicated on the left
head. An arsembly 1s broughi to the detector and moved vertically
hetween the heads whale newtrons and gamma rays «re (owded.

Three nondestructive assay (NDA) 1echnigues are avail-
able with PYTHC"

* (o1l gamma coonting which leads 1o the cooling time of
the irradiated assembiy;

» passive neutron counting, which leads to the burnup of
the irradiated assembly; ani




« active neumon counting, which leads to the effertive mul-
tiplying factor (kep) of the assembly 3

The external 252Cf neutron source necessary for the
active method is modulated to obtain passive and active
acquisiwons at the same ume (Fig. ).

The neutron detectors are fission chambers with 22 cm
active length inside polyethylene wrapped i1n cadmium and
boron carbide.

The gamma detectors are 1onization chambers sur-
rounded by lead collimators that pass radiation fromonly a
very short axial section of an assembly to obtain 4 profile.

Note; Due to the fact that an aciive inlerrogation is not
available with the FORK device, this featu-e was not
used dunng the comparison of the two instruments,

FORK INSTRUMENT

Safeguards require a transportable system and rapid
measurements. so the FORK detector? mounts on a pond’s
bridge and 1s placed by the user around a parially raised
assembly (Fig. 3).
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Fig. 3. The head of the FORK instirument is placed around 1 par-
tally-ruised assembly and pussive newirons and gamma rays are counied
by the GRAND-I elecironics unii. A compuier can be used for real-
time analysis of the data. 'he FORK 15 supporied by the pond's bridge
and is moved (o an dssembly's position for d measurement.

A pressurized-water reactor assembly is usually exam-
ined at only one point aloug its axis: if the result is anoma-
lous, further measurements can be taken along the assem-
bly's length.

Counting times are 30 to 60 seconds and 6 o0 12
assemblies can be measured in an hour, depending on the
speed at which the assemblies are handled by facility opera-
tors. Two NDA technigues are available with FORK:

+ total gamma counting, which leads to the cooling time of
the imadiated ussembly and

+ passive neutron counting, which leads 1o the bumup of
the imadiated assemby.

The detector head has a polyethylene body in the shape
of a fork with two tines.

Each tine holds two neutron detectors:  one fisson
chamber (18 ¢m active length) surrounded by cadmivm-
wrapped polyethyiene and ancther one (same size) without a
cadmium wrap, Hach tine also hay one gamma detector
(onization chamber).



Note: For the companson of neutron signals between the
two devices, only the results with the detector sur-
rounded by cadmium we used.

THE COBRA TANK AND TUE ASSEMBLIES

Measurements were made with the FORK and PYTHON
devices at Cadarache in a water-filled tank called COBRA
(Fig. 4) constructed for instrument development purposes,

One side of the tank can hold a mock-up (80 ¢cm height)
of a fresh fuel assembly and the dctection heads. The other
side has a shielded 25-Cf scurce for active neutron mea-
surements, which was not used during these measurements.

It was impractical 1o measure irradiared fuel asserubly so
we measured fresh fuel assemblies. A 252Cr source
(emitting about 109 n/s) and a !37Cs source (emitting
109 y/s) were placed in the middle of a pin, which was
moved throughout the array of pins in the assembly. (The
I52Cf simulated the curium emission of spent fuel. while
137Cs is the actual dominant gamma-ray emitting isotope.
after a few months cooling).

The signal generated by a spent fuel assembly could be
simulated in this manner, with the advantage of learning the
relative importance of radiauons emiued from individual
pins.

Data were collected tor different assembly configuracons
1o r2present the detectors’ responses from the neutron and
gamma rays originating from different pin locations.
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Fig. 4. I'he compurative meaturemenis were made in (his waier fllled
tunk culled COBRA  'he ussemblies und deteciors vere pluced ia the
left sude of the tank  The righs side 13 designed to hold a <\2Cf vowrce,
which can be moved lo an irradiaiag position adjacent 10 an dstemhly
for active iaterrogalion studies, NS feature of the tank was noi wied (2
these measurements  T'his sketch shows d prototype detecior in u
holder For ihe present measuremenis. the FORK detecior hung from o
wpectal bracket and PYTHON was supported from the floor of CORRA
the detector holder thown ia (he Wheicn wils Aot wed

The different configurations studied were as follows:

* 17 x 17 array of pins with 3.5% 235U enrichment in
water,

+ 17 x 17 array with 3.5% 235U enrichment and additional
pins with gadolinium inseited in water channels,

« 17 x 17 array with 3.5% 235U enrichment with four
boron concentratons in the water, and

* 9 x 9 array of pins with 0.25% 235U ennchment (depleted
uranium).

NEUTRON MEASUREMENTS
Reference Assembly

__ The reference assembly (17 x 17 array of pins with 3.5%
235U enrichment in water) 1s presenied with the FORK
detector in Fig. 5. The numbers and letters along the erlge !
the array are used to identify columns and rows of pin loca-
tions.

The neutron source pin was placed in the 37 locations
throughout columns 1 to 9 marked by dots inside the pins of
Fig. 5. The typical measurement results are shown in
Fig. 6.

The FORK neutron coum rales are consistently higher
than PYTHON's (average ratio of 2.74) because. although
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Fig. 5. he FORK insirument v placed with (1t hack againtt the
fuel pins und radiation 13 de ected from opposite sides of the assembly
UAds view s looking downward from abuve (N equipment. Rows and
colwmis of pins were given ihe lubels shown here and ure wied else-
where in (his paper  Solid black circles renresent water ¢ hannels that
contdined either waier or poison rods. The corners of the assembly were
sieel tupport rodx and are thown av circles with hortiontal lines
Newiron and gamma-ray sourcet were placed wi the pin posituny maried
with dott, these pias could aivo be pulled upward 10 examune the effect
of different axal postions



NEUTRONS COUNT-RATES WITH FORK DEVICE WITH }.5%
ENRICHED URANIUM PINS (NO BORON)
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NEUTRONS COUNT-RATES WITH PYYTHON DEVICES WITH
1.5% ENRICHED URANIUM PINS (NO BORON)
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Fig. 6. One set of FORK and PYTHON neutron couni rates (counis
per second) ure compared in (M3 figure for the care of COBRA water
cOnIdIRIAg Ao horon. The rows and columas are lubeled us shown in
Fig 3

the FORK's fission chambers aie less cfficient, they are
placed closer to the assembly.

Two observations appear:

» The radial profiles frym PYTHON are flatter, which is
due 10 the higher sentitive length of the fission chambers
{with a maximum d'iference between [-1 and A Yor Q-9

sitions in Fig. 7 of 55% for FORK and 40'% for
YTHON).

» The anial profiles from FORK are narrower than
PYTHON's, which is expluined by the physical sizes of
the detectory and their positions relative to the assembly
(cf Fig. 8).
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Fig. 7. Two of the many response profiles are shown here fcr each
insirument, Each curve shows daia from a single column of pins (see
Fig. 5). column | i5 along an edge of the assembly while column 9 15
through the center. Count rales from each instrument have been nor-
malized 10 the count rae measured with the neuiron source 1n column 1
und row 1.
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Fig. 8. One of the many au.l response profiles is thown here for
each insirument. 'he newiron source was ia columa | and row 1. the
min was rawed above the plane of the newron detectors. Cown rates ure
normalizsed o the values foxd with the source in the plane of the detec-
tors.

Assembly With Gadolinium

Neutron-absorbing pins containiug gadolinium were
inserted into the simulated assembly to measure their damp-
ening effect on the neutron count rates. These absorbing
pins consist of depleted urnium peilets with gadolinium by
weight as follows:

Gda0y/ (U0, + Gd0y) = 8%

‘The ratio of the average neutron count rates with and
without gadolinium are 0.72 fur the PYTHON device and
.77 for the FORK device.

‘These results show that the influence of gadolinum is
almost the same for the two devices and that the effect hay 1o
be uker into account to understand the responses from spent
fuel and fresh mined-oxide fuel stored underwater with pou
son rods,



Effect of Different Boron Concentrations

Spent-fuel assemblies are often stored in water contain-

ing dissolved boron.

The uble below shows the etfect of concentration on the

effecuve muluplying factor (Kegp):

Count rates obrained for the two devices are shown
grapmcally in Fig. 9. As the boron concentranon increases,
the depression of the count rates is clearly seen. [t s inter-
esting to correlate the average count rates to the reactvity
(kgrp). The tabte below presents, for different boron con-
centrations, the Average Count Rates for the two devices
(ACR), and the product (ACR) (1-kgFg):

\
OQ\\)“\“

- - Boron A ACR ACR Cl-ker) | ACR (T-kep)
Boron Concenaation ke Concentrmsion | FORK | PYTHON FORK PYTHON
(ppm) (ppm) CS-1 CS-1 CS-1 21
580 O(TE‘}[IY?G 0 101.6 6.6 197104 51604
. ~ 74.24 7.34 n:2
{000 0.6507 500 \ 17.3 ‘1 621 49661
2000 0.5768 1000 62.35 14 43 21.78 5.04
AN 0.525 2000 §2.27 11.85 2212 5015
3000 47.20 10.67 22.42 5.07

Fig. 9. Muny newron responses such as those in Fig 7 create surfuces ihat thow cownt rates ai all row and columa posiiions  The
responses I8 columns 10 to |7 were tohea to be symmeiric with columas | to &, (Ihe ripples along the nght-hand (olumns in some

graphs wre wrifacts of the wwface-genaration algorihm)



The table shows that this product is constant (consider-
ing the uncertainties) and contirms that the relation between
Neutonic Emission (NE) and Neugon Count Rates (NCR)
15 as tollows:

NCR =C@ SE
ket

with C'¢ being the calibrauon constant.

Assembly With Depleted Uranium

Enough pins with depleted uranium were available o
make 19 x Y array. The experiment consists of comparing
the average count rate between 0.25% 235U enrichment and
3.5% 235U enrichment for a 9 x 9 array. The answers for
the two devices are similar and show a reduction in count
rate of about H)% because of the smaller multiplicanon of the
assembly.

GAMMA MEASUREMENTS

As In neutron medsurements, the gamma source pin was
placed in different radial and axial posiuons (the axial infor-
mation is not available with the PYTHON device because of
the collimation). As the source moved toward the center of
the assembly, both signals obtained with the two devices
decrease with nearly an exponential law.

These measurements show that a few more columns than
the first two or three should be considered for exacling
work.!

CONCLUSION

The development of devices for spent-fuel assembly
control by the United Sutes and France have led to different
designs because of different objectives and measurement
conditions.

Nevertheless, the experiments described in this paper
show that FORK and PYTHON devices have similar
responses and that three remarks can be made.

+ The FORK detectors generate higher count rates than
PHYTHON's because they are placed closer to ihe
assembly.

+ The radial profiles from PYTHON are flatter, due to the
higher sensitive length of the fission chambers and greater
distance from the assemblies. This 1s an advaniage, par-
ticularly for safeguards measurements, where diversion of
a pin from any position 1s important.

« The FORK's axial neutron profiles are more narrow than
PYTHON's because of the physical sizes of the tission
chambers and the relative position (o the assembly. This
is an advantage in safeguards examinations but not neces-
sarily in cridcaliry-safety measurements.
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