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Absu"act , Insteadofusingastationarymeasurementplusascan
fortheverificationoffuelassemblies,a singlescancan

Enricheduraniumfuelassemblieswere measured sufficeifitisslowenoughthattheerrorfromcounting
withanActiveWellCoincidenceCounter(AWCC) atthe statisticsisaslowasrequiredforthetypeofverification
BeloyarskayaNuclearPowerPlant.SpecialAWCC in.sens, beingdone.The activelen_histhennotneededforthe
electronics,and softwarewere used.Stationaryand verificationof the total235U content.(The scan,
scanningmeasurementswere performedto establish nevertheless,automaticallyprovidesthelengthaspan of
calibrationsandperformancespecificationsfortheassayof theanalysis.)As before,thecranespeedmustbeknownor
235Uand23SU/creforBN600 fuel. measured.

In thisexerciseboth stationaryand scanning
I.Introduction measurementswereevaluated.A moredetailedreporton

thisexercisewillsoonbeavailable/2/.

A measurementexercisewasconductedattheBN600
reactorfacilityattheBeloyarskayaNuclearPowerPlantto 2.MaterialandMethods
evaluate the Active Well Coincidence Counter(AWCC)/I/
for the nuclear safeguards verification of enriched uranium _acili_ and Fuel
fuel assembfies. The normal AWCC technique is to induce
fissionsinthefuelwithneutronsfrommmm,icium-lithium The BN600 facility/3/isa 600 MWe fastbreeder
(AmLi) isotopicneutronsourcesand to count the reactornearthecityofSverdlovsk,USSR. The enriched
coincidentneutronsfrom thefissionswithcoincidence uraniumfuelassemblieshaveenrichmentsof17%,21%,or
circuitry.Onceacalibrationisestablished,thecoincidence 26%. The enrichedassembliesusedforthisexercisehave
countratedeterminesthe 235U contentof thefuel. 100-creactivelengthswith adjacent30-credepleted
However, becausethe enrichedregionof the fuel regionsateachend. A simplifieddrawingof a fuel
assembliesismuch longerthantheirrsdiafionregionofthe assemblyisshowninFig.I.
AWCC, a sinjzle,sta6onarymeasurementof thefuel The assemblieshaveanhexagonalcrosssectionwith
determinesthe"235Umassperunitlength;thelengthofthe 9.6cm acrossthefiats.Theoutercladdingisstainlesssteel

0.2cm thick.The enrichedassembliescontain127UO2enriched region (the active length) must be measured
separately to determine the total z_U mass of the fuel.,,, fuel pins with an outer diameter of 6.9 mm; the fuel-pin

One method for measuring mc active lengm or mc cladding is stainless steel0.4 mm thick. Figure2 shows the
fuel is to manuallyscan the fuel assembly with a collimated cross section of an enriched fuel assembly.
gamma-raydetector.The disadvantageofthemethodfor The 235U massesof the assembliesvaryfrom
nuclearsafeguardsisthatthegamnm-raymeasmmnentonly approximately4700gtoapproximately7200g.
determines the active length of the surface of the fuel. The
operauonal disadvantages a_ that the safeguards inspector Detector
must handlemeasurementequipmentcloseto thefuel
assemblyalongitsactivelengthandmusthaveameansfor "_hedetectorisastandardAWCC modifiedforuseat
markingandmeasuringthedistancealongtheassembly, theBN600 facility.Thenormalendplugs,nickelreflector,

Another method of measuring the active length is to and cadmium liner were removed and replaced with a
scan the fuel assembly with the AWCC. In this method the custom insert for the BN600 fuel. A 15-cre diam
fuel assembly i_ lowered by crane through the AWCC and irradiation channel at one side of the polyethylene insert is
the total neutron cott_t rate is measm_ in short counting for the fuel assembly. A 4.2-cm diam hole in the
intervals. The advantages of the method are that the fuel polyethylene insert is for the AmLi sources; 1.0 cm of
assembly does not need a wrapper fen"protection and for polyethylene separates the AmLi sources from the 15-cre
marking, inspectors and hand-held equipment do not need diam irra_ation channel. Figure 3 shows vertical and
tobe closetotheassembly,and themeasurementand horizontalcrosssectionsofthemodifiedAWCC.
analysis are largely automatic. The di:'a|dvantageis that the The 15-cre diam hole is lined with cadmium 0.4 mm
crane speed must be known or measun:d, thick to prevent thermal neutronsfrom escapingthe

polyethyleneandinducingfissionsinthefuelassembly;
*LosAI-,.,,.,_,.... ,-,-,u,.,,,._,T'_"_--"I.aL_L_.._.....y.._ ....... ..,._.++..,.L.. " ,i,,,awc"r ;¢ ¢_rne.T_t_elin the f_tm___e. Becal]_ the_LILt._at _U_J[_JIL4,_ U_r LII_ w _ , ,,.._, • .........................
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•' S_at!onary .M¢_surcment_

Two fuel assemblies of each enrichment _.¢re
centered in the AWCC and measured in the stationary

"' position. Most measurements were I000 s long. A I1_(_)s
measurement produces a coincidence-count-rate standard
deviation from counting statistics of 2.0% for a 17%-

,_ enriched assembly and 1.5% tor a 26%-em'iched assembly.

" The six calibration data points were fit by least
squares using the Deming code /6/ and a cali[aration

P. equation of the form

am
R =l +brn ,

where R is the coincidence rate, m is the 235U mass/cre, and
l the calibration constants are a and b. The calibration cur_e

is plotted with the data points in Fig. 5.

Si0w Scan_

For the slow scanning measurements, the fuel
' "_ assemblies were lowered through the AWCC with the slow

crane at a speed of 0.23 cm/s. The SR4 coincidence circuit
_ was cycled with a 3-s measurement time and the raw data

' _ I / were stored for each cycle. During the scan the totals count

L / rate was plotted vs time on the computer display, so thet

progress of the scan could be observed. The totals count
rate distribution for a slow scan of a 26%-enriched
assembly is shown in Fig. 6; the totals rates are averaged
over three cycles to smooth the distributions.

Eight slow scans were done with six different
assemblies; all three enrichments were used.

The totals rate is not used directly to assay the 235U
Fig. 4. BN6OOfuel assembly being positioned for lowering mass of the fuel because the totals rate depends strongly on

into the AWCC. the scattering and absorption effects of the fuel on the
AmLi source neutrons as well as on the 235U induced
fission rate. The totals rate scan, however, easily identifies

measurements, the raw data from an SR4 circuit are almost the enriched region of the fuel and determines the active
the same as those from a JSR-11. length; the coincidence counts obtained in the active region

The SR4 was set to a pre.delay of 3 }.tsand a gate can then be used to assay the total 235Umass of the fuel.The enriched region of the fuel assembly is indicated
length of 64 its. in Fig. 6. The lower count rate above and below the

A custom data collection and analysis program for enriched region is caused by neutron scattering and
IBM PCs was written to perform the stationary and absorption in the depleted uranium, which does not
scanning measurements. The SR1 coincidence module has contribute a significant number of induced fission neutron:s.
no manual controls; it is operated from the computer via a The complex distribution above the depleted region is
9600 baud RS-232-C serial port. Because the data transfer caused by scattering and absorption effects from the end of
time is short, the raw data from the SR4 can be displayed the fuel assembly and the fuel-handhng hardware.
on the computer display in near real time. Figure 7 shows the coincidence counts measured fix

For stationary measurements, the counting rates, the same scan; there are statistically significant coincidence
results, and errors are updated and displayed about once a counts only from the enriched region of the fuel assembly.
second as the measurement proceeds; for scanning The integral of the coincidence counts determines the total
measurements, the total count rate is plotted on the 235U mass; an cffc(tire coincidence rate is calculated for
computer display as the scan proceeds, the scan and the mass is obtained from the stationary

Experimental Fuel Handlin,, calibration curve.
- The shape of the curve of the totals rate vs time

Two cranes were used for the scanning measure- during the transitions between the enriched and depleted
ments; each crane had a fast and a slow speed. The small regions of the fuel is determined by the AWCC irradiation
crane (5-tonne capacity) is the normal fuel-handling crane characteristics and the crane speed; the average absolute
and has a downward slow speed of 3.6 crn/s. The large slope of the totals rate curve in the transition regions is used
crane (30-tonne capacity) has a downward slow speed of to calculate the crane speed. The width of the totals rate
0.23 cm/s. The fast speeds of the cranes are about an order distribution, calculated as the distance between half-height
of magnitude faster than the slow speeds, positions in the transition regions, determines the active

Ali scanning measurements were made using the slow length.
crane speeds while the fuel was being lowered through the
AWCC. For this exercise the AWCC was positioned over a FaintScans
fuel-transfer hole in the floor of the room. The 100-cre
enriched region of an assembly passes through the center of The short measurement time for fast scans (about 30 s
,_.,.,,,,.,, x̂x,,¢-,o,,,_,.. in ,,,,,,,,,_'""'.,,,ans '";'_'-,,,.the ,,,..,,¢"_'c_ne ,,,,,""a,,,;",,,,,,,,,"_""' for the active region) produces large measurement errors,
7 rain with the slow crane, but the fast scans can still be useful for verifying the active
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Fig. 3. Diagram of vertical and horizontal cross sections
Fig: I. Simplified drawing of a BN6OOfuel assembly, of the modified AWCC.

TheAmLi neutronsdonotproducetta] coincidencecounts,
but increasethe error of the tta] coincidencecountsby
increasing the random neutroncount rate.

A photograph of the modified AWCC in use at the
BN600 facili_ is shown in Fig. 4; a fuel assembly is being
positioned for a scanning r_asutcmcnL

Two AmLi neutron sources are used to induce
fissions in the fuel; each has a yield of about 50 000
neutrons per second. The two sources are placed in a
custom, polyethylene source rod that slides into the source
hole shown in Fig. 3.

Electronics and Software

The AWCC has AMPTEK /4/ preamplifiers in its

preamplifiers and +1680 V for the 3He proportional
counters; the output is standard TI"L logic signals,
consisting of neutron pulses 50 ns wide.

11.3 cm _ The standardJSR-11" coincidencecountingcircuit 151
was not usedfor this exercisebecause short measurement
and readout times were needed for the scanning

Fig. 2. Cross section of a BN600 fuel assembly with measurements; the shortest measurement time is 1.0 s for
enriched uranium fuel. the JSR-11 and the readout time is about 2 s.

Instead of the JSR-11, a new Los Alamos prototype
NIM coincidence circuit, designated the SR4 (Shift
Register, 4 MHz), was used because ii has a minimum

is not satisfactory because of the poor thermal-neutron measurement time of 0.1 s and a readout dme of 22 ms.
penetrationinto the fuel The SR4 circuit will be described in a future publication,

Cadmium is not used as a liner around most of the but the operating principle is the same as that for the
polyethylene insert so that the detection efficiency of the JSR-11. At low count rates, such as obtained from AWCC
AWCC for induced-fission neutrons is high; however, a
small rectangle of cadmium (about 10 cm wide by 20 cm
long) is glued to the outside of the inert next to the ,AjnIA
sourcesto reduce the countrate from the AmLi sources. "JomarSystems,LosAlamos,NM,USA,87544
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Fig. 6. Plot of the totals count rate for a slow scan of a 26%-enriched fuel assembly.
The totals rate is plotted vs thz cycle number; each cycle is a 3-s
m_asurem_nt.

lengths in connection with stationary measurements or for Seventeen fast scans were performed, ten of which
performing gross defect measurements. In general, the were consecutive repetitions on a single 21%-enriched
measurement and analysis of fast scans is the same as that assembly.
for slow scans. The main differences are that the crane The average active length initially measured from the
speedis 3.6cm/s instead of O.23cm/s and the measurement 17 scans was 96.8:1:1.2 cre, so the half-height to half-
time _ cycle is 0.5 s instead of 3 s. height analysis of the totals distribution underestimates the
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Fig. 7 Plot of the coincidence count rate vs the cycle number for the same scan as
shown in Fig. 6 for the totals count rate.

active length by about 3% for fast scans. A correction difference between measured and accepted values is 14.9%
factor of 1.033 was introduced to account for this bias. and the average mass difference is -0.4%. The sample

standard de_ation of the active length measurements is
3. Resul_ 5.1% and the sample standard deviation for the crane speed

is 13%.
_A_onary Measurements

_anma_
Calibration constants were established for the

stationary assay of enriched uranium BN600 assemblies. Table II summarizes _,; final results by giving the
The standard deviation of the assay mass for a 1000-s standard deviation in pe.-cent tor the measurement of mass,
measurement is 2.8% for a 17%-enriched assembly, 2.5% active length, and crmle speed for the three measurement
for a 21%-enriched assembly, and 2.4% for a 26%-enriched types: stationary, slow scan, and fast scan. For stationary
assembly, measurements, the mass refers to the 235U mass per unit

length of fuel, whereas for the scanning measurements the
mass refers to the total 235U mass in the assembly. The
mass standard deviations are given for the three

The mass, active length, and crane speed results for enrichments: 17%, 21%, and 26%.
the eight slow scans are shown in Table I. If the crane speed is known, a partial defect

The standard deviations for the mass measurements measurement of the fuel assemblies for total 235U mass can
are 3.9% for 26%-enriched fuel, 4.2% for 21%-enriched be done either by making a single slow scan fcc the total
fuel and 4.6% for 17%-enriched fueL The average absolute 235U mass or by making a stationary measurement for the
mass difference between the measured and accepted values 235U mass per unit length of fuel and a fast scan for the
is 3.9% and the average mass difference is -0.9%. active lengttt.

The average absolute active length difference between In etther case the measurement of the crane speed
measured and accepted values i_ 1.1% and the average from a single scan is not accurate enough for a partial
active length difference is 0.6%. The sample standard defect measuremenL If there is a possibility of crane speed
deviation of the active length measurements is 1.4%. variations, the crane speed can be checked with a stop

The eight slow scans were used to calibrate the crane watch during the scan.
speed measurements for slow scans, so the average crane More accurate measurements can be performed by
speed in Table I is approximately the reference value of combining a stationary measurement with a slow scan.
0.23 cm/s. The sample standard deviation of the crane A single, fast scan can be used for a gross defect
speed measurements is 6.4%. measurement.

Similar, but passive, scanning measurements could be
used for the assay of MOX fuel assemblies. Because of the
higher count rates, the precision of the measurements

The standard deviation of the mass measurements is would be better than those for enriched uranium
22% for 26%-enriched fuel 24% for 21%_nriched fuel and assemblies.
26% for 17%-enriched fuel. The average absolute mass



Table I. Slow Scan Results

Active Crane Accepted Measured o (Meas.
Sample Enrichment Length Speed 235UMass 235U Mass 235UMass) Ama

(%) (cre) (cm/s) (g) (g) (_) (%)
1 26 100.3 0.216 7198 6997 276 -2.79
2 17 99.5 0.238 4733 4818 222 1.80
3 21 98.9 0.245 5832 5938 247 1.82
4 26 103.2 0.237 7197 6922 270 -3.82
5 21 101.0 0.223 5832 5655 236 -3.03
6 17 100.3 0.216 4733 5125 225 8.28
7 21 101.7 0.216 7176 6512 259 -9.25
8 21 99.6 0.254 7176 7183 284 O.10

a

Am - measured235U- accepted235Umass x 100
accepted235Umass

,,,

Table II. Standard Deviatio n Summary /2/ M.S. Krick, et al., "Active Well Coincidence Counter
Relative StandardDeviadon (%) - Measurements of Enriched Uranium Fuel Assemblies

Quantit_ Method in Scanning and Stationary Modes," Los AlamosNational Laboratory report(to be published).
Stationary Slow Scan Fast Scan /3/ Brochure: "Beloyarskaya Nuclear Power Plant Named
(1000 s) 4--600s) (-60 s) After I. V. Kurchatov," V/O "Atomenergoexport,"

Mass(Ea=17%) 2.8 4.6 26 18/10vchinnikovskaya Nab., 113324 Moscow,
USSR.

Mass (E = 21%) 2.5 4.2 24 /4/ J.E. Swansen, "Deadtime Reduction in Thermal
Mass (E = 26%) 2.4 3.9 22 Neutron Coincidence Counter," Los Alamos National

LaboratoryreportLA-9936-MS (1984).
Active lena,rh -- 1.4 5.1 /5/ J.E. Swansen, P. R. Collinsworth, and M. S. Krick,
CraneSpeed -- 6.4 13 "Shift-Register Coincidence Electronics System forThermal Neutron Counters," Los Alamos Scientific
a E = Enrichment Laboratory report LA-8319-MS (1980).

/61 P.M. Rinard and A. Goldman. "A Curve-Fitting
4. Reference_ Package for Personal Computers," Los Alamos

National Laboratory report LA-11082-MS, Rev. 1
/1/ H. 0. Menlove, "Description and Operation Manual (1988).

for the Active Well Coincidence Counter," Los
Alamos Scientific Laboratory report LA-7823-M
(1979).






