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ABSTRACT

From January to December 1985, the Los Alamos Safeguards
and Security Program was involved in the activities described
in the first four parts of this report: Safeguards Operations,
Security Development and Support, Safeguards Technology Devel-
opment, and International Support. Part 1 covers efforts of
direct assistance to the Department of Energy (DOE) and Nuclear
Regulatory Commission (NRC) licensee facilities. This assis-
tance includes consultation on materials accounting problems,
development and demonstration of specialized techniques and in-
struments, and comprehensive participation in the design and
evaluation of advanced safeguards systems. In addition, a
series of training courses in various aspects of safeguards
makes the technology more accessible to those who must apply
it. Part 2 treats activities aimed at the security of informa-
tion and computer systems. Our focus this period was on con-
tinuing the activities of the Center for Computer Security,
which provides the basis for encouraging and disseminating this
emerging technology, and on the development and demonstration
of secure computer systems. Part 3 describes the broad devel-
opment efforts essential to continuing improvements in the
practice of safeguards. Although these projects are properly
classified as developmental, they address recognized problems
that commonly occur in operating facilities. Finally, Part 4
covers international safeguards activities, including both sup-
port to the International Atomic Energy Agency (IAEA) and bi-
lateral exchanges. Enrichment plant safeguards and interna-
tional safeguards for reprocessing plants required a signifi-
cant portion of our resources. All of these efforts are begin-
ning to provide substantial returns on our investment in tech-
nology transfer, not only in raising the level of safeguards
effectiveness but also in our benefiting from field experiences
in operating environments.

Although most projects described in this report were spon-
sored by DOE Office of Safeguards and Security (DOE/OSS), safe-
guards-related activities that have other sponsors are reported
in Part 5. The final part of this report lists titles and ab-
stracts of Los Alamos safeguards R&D reports, technical journal
articles, and conference papers that were published in 1985.



ACRONYMS

ACDA

ADC
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ASTM

ATR

AVLIS

AWCC

BWR

CBNM

CHUM

CMC

CNEN

CRLF

CSER

CWAM

DBMS

2

Arms Control & Disarmament
Agency

analog-to-digital convert-
er

advisory group meeting

at-line solution assay
system

active neutron coincidence
collar

Argonne National Labora-
tory-West Area

American Society for
Testing and Materials

advanced thermal reactor

atomic vapor laser isotope
separation

active well coincidence
counter

boiling water reactor

Central Bureau for Nuclear
Measurements

chip burner filter uranium
monitor

confirmation measurement
counter

Brazilian National Nuclear
Energy Commission

carriage return and line
feed

computer security
enhancement review

crated waste assay monitor

database management system

DEC - Digital Equipment Corpo-
ration

DoD - Department of Defense

DOE - Department of Energy

DOE/AL - Department of Energy/

Albuquerque Operations
Office

DOE/OSS - Department of Energy/
Office of Safeguards &
Security

DOR - direct oxide reduction

EDL - economic discard limit

EEC - European Economic Commu-
nity

ENEA - Agency for Nuclear and
Alternative Energy

EPSRG - Enrichment Plant Safe-
guards Review Group

ESARDA - European Safeguards
Research and Development
Association

EURATOM - European Atomic Energy
Community

EURI - Enriched Uranium Recovery
Improvements

FASB - Fuel Assembly and Storage
Building

FAST - Fluorinel and Fuel Storage
Facility

FBI - Federal Bureau of Investi-
gation

FBR - fast breeder reactor

FEC - Fa'brica de Elementos
Combustiveis
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FPF

FRG

GCEP

GDP

HEU

HLNCC

I&E

IAEA
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ICF

Fuel and Materials Exam-
ination Facility

Fuel Production Facility

Federal Republic of
Germany

Gas Centrifuge Enrichment
Plant

Gaseous Diffusion Plant

highly-enriched uranium

high-level neutron coinci-
dence counter

inspection and evaluation

International Atomic
Energy Agency

instrument control
computer

instrument control
function

LFUA

LIBS

LINAC

LLNL

LWR

MASS

MBA

MC&A

MCA

MCNP

MCP

INEL

IR

ISA

ISRD

JRC

KED

LAN

LAS

LAVA

LEU

Idaho National Engineering
Laboratory

infrared

DOE Office of Inter-
national Security Affairs

Institutional Supporting
Research and Development

Joint Research Center

K-Edge Densitometer

local area network

low-solution assay

Los Alamos Vulnerability
and Risk Assessment
Methodology

low-enriched uranium

MLIS

NSR

NTS

OPSEC

Limited-Frequency-Unan-
nounced Access

laser-induced breakdown
spectroscopy

linear accelerator

Lawrence Livermore
National Laboratory

light-water reactor

Materials Accounting and
Safeguards System

materials balance area

Materials Control and
Accounting

multichannel analyzer

Monte Carlo Code for
Neutron and Photon
Transport

measurement -control
program

molecular laser isotope
separation

MOX

NBS

NDA

NMC&A

NMO

NRC

mixed oxide

National Bureau of
Standards

nondestructive assay

Nuclear Materials Control
and Accounting

Nuclear Materials Office

U.S. Nuclear Repulatorv
Commission

New Special Recovery
(facility)

Nevada Test Site

Operational Security



PC - personal computer

PDS - Protected Distribution
System

PIV - physical inventory
verification

PNC - Power Reactor and Nuclear
Fuel Development Corpo-
ration

POTAS - Program of Technical
Assistance

PUR - pressurized-water reactor

PXP - powder transfer piping

R&D - research and development

RAM - receipts assay monitor

RFP - Rocky Flats Plant

RIMS - Resonance Ionization Mass
Spectrometry

RMC - Remote Mechanical C line

ROI - region of interest

RSD - relative standard
deviation

SAF - Secure Automated Fabrica-
tion (facility)

SALSA - Secure Albuquerque Systems
Architecture

SIS - special isotope separation

SGS - segmented gamma-ray
scanner

SNM - special nuclear material

SONGS - San Onofre Nuclear
Generating Station

SPRT - sequential probability
r™.tir test

SRL - Savannah River Laboratory

SRP - Savannah River Plant

SSAC - State Systems of Account-
ing for and Control of
Nuclear Materials

TASTF.X - Tokai Advanced Safeguards
Technology Exercise

TNC - thermal neutron counter

TUI - Transuranic Institute

VA - vulnerability assessment

WBCN - Wide Band Communications
Network

WIPP - Waste Isolation Pilot
Plant
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PART 1. SAFEGUARDS OPERATIONS

I. FIELD ASSISTANCE

A. Albuquerque/Los Alamos

an Lni-Edge1. Installation of
Densitometer (M. C. Miller, D. GV'Lang-
ner, Q-l; N. G. Pope, S. F. Marsh,
MST-12). We installed an Lm-edge den-
sitometer1'2 at the Los Alamos Pluto-
nium Facility to provide enhanced
analytical capability for nuclear ma-
terials accountability and process con-
trol. The densitometer provides an
in-house capability for rapid deter-
mination of elemental uranium and/or
plutonium, either individually or si-
multaneously in plant process solu-
tions, and independent verification of
results obtained with other nondestruc-
tive assay (NDA) instruments. To in-
crease the dynamic range, of solution
concentrations that can be assayed
with high precision in a reasonable
time, the densitometer accepts two dif-
ferent sizes of sample vials.

Before installing the densito-
meter, we did a solution vial study to
determine dimensional variations in
vial diameter and the magnitude of the
"solute concentration" effect (a phe-
nomenon where matrix solution, in this
case nitric acid, is lost through im-
perfect sealing of the vial's cap, as
well as actual migration through the
vial's wall). Dimensional variations
were found to be about 0.3% for the
small vial (14-mm i.d.) and about 0.4%
for the large vial (24-mm i.d.). Al-
though the small vial showed art in-
crease of about 0.4%/wk in uranium con-
centration (matrix loss), the large
vial had a much lower increase,
0.01%/wk, in uranium concentration as
a function of time. Because samples
will be drawn and analyzed the same
day, this potential source of error
will be minimized.

We also calibrated the densitom-
eter for assay of uranium concentra-
tion based on a set of well-character-
ized standard solutions obtained from
Los Alamos group CHM-1. Nominal con-
centrations of the standards were 0.2,
0.5, 1.0, 2.0, 5.0, 10.0, 20,0, 30.0,
50.0, 70.0, and 90.0 g/i uranium
in a 4M nitric acid matrix. We estab-
lished a calibration constant (Figs,
la&b) for uranium analysis in each
vial size, from multiple assays of the
standard solutions.

The instrument has been installed
at the plutonium facility, process
personnel have been trained on its
operation and on the physical princi-
ples of the densitometry measurement,
and calibration for assay of plutonium
solutions is under way. Pi^liminary
results of the calibration are encour-
aging.

Plans include a performance evalua-
tion of the densitometer for uranium/
plutonium mixtures and concentrations
that will provide a calibration for
such mixed actinide solutions. In
addition, we are modifying the instru-
ment's software to improve data analy-
sis by incorporating the linear fit
method3 as well as the difference
technique currently used and to in-
clude enhanced measurement control
features. Becaus;e the instrument ac-
commodates two different vial sizes,
the new software will facilitate opera-
tion of the densitometer in this dual
mode. We expect: to obtain valuable
data as a result of the installation,
including long-term instrument perform-
ance data, assay verification by com-
parison with the results of destruc-
tive chemical analysis, and quantifi-
cation of the effects of matrix varia-
tion. Much of this data also will be
used to validate predictive computer
code simulations (see Part 3, Sec. 1.
A.2).
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Fig. 1. Calibration constant,
iX, vs uranium concentration
of solutions in (a) small
vials and (b) large vials.
Each point represents the
average of 15 1000-s assays,

2. Thermal-Neutron Counter (TNC)
Upgrades (H. 0. Menlove, J. E.
Swansen, P. Collinsworth, 0. R.
Holbrooks, Q-l). To improve neutron
detector performance and reliability
at the Los Alamos Plutonium Facility,
we are upgrading their double-ring
coincidence counters to incorporate
the new high-counting-rate elec-
tronics.4 The new detector head
contains six channels of AMPTEK*
amplifiers with three in each of the
two sections. We measured performance
parameters for the first of the
modified double-ring 3He tube coin-
cidence detectors in the development
laboratory at TA-35.

The original plutonium facility
NIM-type shift register was uded for
bias measurements, but the HEC-100**
shift-register time-correlation logic
system was used for deadtime measure-
ments .

For the case of very high totals
rates, there usually is a small nega-
tive bias in the measured coincidence
rate. We measured this bias using
pure AmLi sources giving counting
rates up to 400 000 counts/s. It was
only 0.0002% of the accidental rate
and, for ordinary applications, can be
neglected.

Deadtime measurements were made by
adding an AmLi neutron source to a
fixed 2S2Cf source. The coinci-
dence rate (R) can be corrected for
deadtime using the equation

R(corr) = R(meas)e5T(meas>,

where T is the totals rate and 5
= a + bT(meas) :,

*AMPTEK, Inc., 6 DeAngelo Drive,
Bedford, MA 01730, USA.

**IRT Corporation, P. 0. Box 80817,
San Diego, CA 92138, USA.



Our measurements gave the following
values for a and b:

6a •=> 0.672 us and b = 0.217 x
10" /is.

The totals rate deadtime is smaller by
a factor of four. That is,

5(totals) - 5/4.

3. Gamma-Ray Monitor for Inlet
to Caustic-Waste Solution Tanks (R.
Siebelist, Q-l). As an added fea-
ture to the instrumentation already
provided for the piutoniun facility's
caustic-waste solution holding
tanks,5 we installed a gamma-ray
monitor on the main inlet to these
tanks to verify that the plutonium
concentration in this waste stream
remains below a tolerable value. This
is one of two such units being
provided for this facility and
consists of a 3- by 3-in. Nal
gamma-ray detector coupled through a
collimator shield to the inlet pipe.
The 414-keV region of the gamma-ray
spectrum is examined with a single-
channel analyzer whose output is sent
to an alarming rate meter. The alarm
level is set to close the main inlet
valve to the waste solution holding
tanks if the plutonium concentration
exceeds a preset level of ap-
proximately 1 g Pu/i. We calibrat-
ed the instrument with solution
standards in sealed sections of pipe
identical to that used in the caustic-
waste solution line and measured
instrument response at 0.48, 1.0, and
1.34 g Pu/i. The instrument will
begin operation when the caustic-waste
solution holding tanks are Drought
on-line.

4. Measurement Control Program
(MCP) for Thermal-Neutron Counters (A.
S. Goldman, Q-4). We proposed a MCP
for TNCs used at Department of Energy
(DOE) facilities. Data provided by
the Los Alamos Nuclear Materials Ac-
countability Group (OS-2) for 11 TNCs
in use at the plutonium facility were
analyzed to develop the proposed MCP

procedures. The data analysis showed
that

• instruments demonstrate a high
level of stability;

• bias in measurements on stan-
dards is typically about 1% and
ranges from 0.2 to 2.7%;

• historical standard deviations
for measurements on standards
are typically about 2% and range
from 0.1 to 3.7%;

• the power function is an ade-
quate calibration equation;

• measurement data tend to be nor-
mally distributed;

• trends indicate the presence of
instrument drift, suggesting the
need for more frequent calibra-
tions (instruments are typically
calibrated once each year); and

• sensitivity of the current ac-
curacy test could be improved by
using historical data to compute
estimates of standard deviations
and biases.

We suggested the following tests:
• a. control chart based on the

historical standard deviation
and bias to test instrument ac-
curacy ,

• a precision test that uses a
control chart on the standard
deviation, and

« diagnostic tests on normality
and trends.

The results of the data analysis
lead to the following recommendations:

• Instrument operators should
count small 2 4 0Pu gram-effective
items for 500 s instead of
8000 s. The shorter counting
times will allow the operator to
perform more frequent calibra-
tions . This recommendation has
been implemented.

• Control charts should be based
on historical estimates of meas-
urement variance. In addition,
control chart data should be
corrected for measurement bias.

5. Measurement Control Program
(MCP) for Solution Assay Instruments
(A. S. Goldman, Q-4). Our document,



"An Assessment of the Measurement Con-
trol Program (MCP) for Solution Assay
Instruments at the Los Alamos National
Laboratory Plutonium Facility," receiv-
ed wide circulation among DOE facili-
ties and should assist those facili-
ties currently establishing an MCP.
We suggested improved procedures for
bias estimation, data entries, and
trend analysis.

Bias tests are based on comparing
monthly MCP data with standard values
and assessing the effect of differ-
ences on materials accountability.
Daily precision tests combine se-
quences of 15 daily measurements to
compute an estimate of the standard
deviation, which is compared with the'
"known" historical value to detect
changes in instrument precision.

Direct data transmission involves
hard-wired communication between the
instrument and the computer terminal.
Operational safeguards personnel are
aware of the benefits of direct trans-
mission; however, the cost is prohibi-
tive at this time.

Trend analysis requires plotting
measurement data on a month-to-month
basis. A non-zero slope of a straight
line fitted to tliese data indicates a
trend.

B. Albuquerque/Rocky Flats Plant (RFP)
(H. 0. Menlove, P. A. Russo, M. S.
Krick, J. K. Sprinkle, Jr., J. E.
Swansen, Q-l)

1. Confirmation Measurement Coun-
ter (CMC) for Shipper/Receiver Measure-
ments. We completed initial tests
and evaluation of the CMC, which meas-
ures shipper/receiver neutron yields
from plutonium salt scrub alloy shipped
between RFP and the Savannah River
Plant (SRP). Two idenrical counters
were fabricated by RFP for use by both
che shipper and receiver.

The detector system uses the new
AMPTEK hybrid charge-sensitive pre-
amplifier/amplifier/discriminator6 to
permit high counting rates. The salt
scrub alloy has a very high neutron
yield from the 24lAm (o;n) reactions in
the salt matrix. A typical 30-gal.
shipping container holding four alloy
buttons has a neutron yield of about
4 x 106 n/s resulting in a count-
ing rate of about 500 000 counts/s.
The small AMPTEK circuit is placed at
the base of the 3He proportional
counter to improve the signal-to-noise
ratio.

TABLE T;. DESCRIPTION OF STANDARD SAMPLES FOR SALT
SCRUB ALLOYS

Sample
240

Pu (%)
PuF4(g Pu)' PuO2(g Pu)'

MSE-2
MSE-3
MSE-4
MSE-5

MSE-6
MSE-7
MSE-8
MSE-9

6.523
6.523
6.523
6.523

6.43
6.23
6.04
6.12

24.75
72.80

117.90
197.30

38.4
53.4
37.5
7 3 . 1

0
0
0
0

8.4
17.2
60.3
76.9

The tag mass values were obtained from gamma-scan data.



Although the CMC counters current-
ly are used in the fingerprint or sig-
nature mode to compare the total (T)
and coincidence (R) counting rates at
the shipper and receiver locations, we
are developing a procedure to use the
self-interrogation of the plutonium as
determined by the R/T ratio to measure
the actual plutonium content in the
samples. A set of salt alloy stan-
dards (Table I) has been fabricated at
the Los Alamos Plutonium Facility and
will be shipped to RFP in early 1986
for calibration of the CMC. The resul-
ting calibration curve can be used to
measure the quantity of plutonium in
the salt scrub alloy in addition to
the usual fingerprint application.

2. Measurement of In-Process Pluto-
nium in the 771 Rotary Calciner. On-
line counting of coincident neutrons is
used to assay calciner plutoniuu hold-
up at the PUREX plant of the Rockwell
Hanford Corporation in Richland, Wash-
ington.7'8 A similar application is
being explored jointly by Los Alamos
and the Rocky Flats Safeguards Systems
Group for the rotary calciner at the
771 scrap recovery facility at RFP.

The 771 calciner was scheduled to be
dismantled and replaced by a unit of
identical design in the spring of
1985, which provided a unique op-
portunity to perform measurements be-
fore disassembly and cleanout of the
old calciner and to measure plutonium
standards in the new calciner line be-
fore it went hot.

Figure 2 shows the 771 rotary cal-
ciner: wet plutonium peroxide is fed
into the 15-cm-diam, 230-cm-long rotat-
ing tube by an auger drive mechanism,
dried in the furnace section, and
collected in a product hopper at the
opposite end of the rotary tube. Fig-
ure 3 shows the feed section in great-
er detail. The wet peroxide is driven
into the rotating tube 32 cm down-
stream from the beginning of the rotat-
ing cavity. Accumulation of feed mate-
rial in the rotary section upstream of
the feed location can result in signif-
icant holdup of plutonium in this sec-
tion of the rotary tube because, once
packed in, this material is not moved
toward the furnace section by addi-
tional feed material. Because we
expect a nonuniform accumulation of
holdjp in the calciner, an important
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Fig. 2. Mechanical design of the 771 calciner at RFP.
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design goal is a coincidence-counting
efficiency that is independent of the
location of plutonium along the calci-
ner axis. A continuous slab detector
with a length that exceeds that of the
holdup axis will satisfy tnis goal.

Little information was available
about operating procedures at the 771
facility, the radiation environments
aC the calciners, and the characteris-
tics and typicn.l amounts of holdup.
Although the design of the two 3He
slab detectors available at Los Alamos
was not optimum, these detectors were
adequate to investigate the feasibil-
ity of the meehod for the 771 calciner
and to establish design parameters for
a permanent instrument.

Each 50-cm-tall by 100-cm-wide by
8-cm-thick polyethylene slab contains
ten 90-cm-long 3He tubes and is
covered with cadmium on all surfaces.
Figure h shows a vertical cross sec-
tion through one of the slabs mounted

on its cart against the calciner line
in the holdup measurement geometry.
The detectors were calibrated for
assay of plutonium at Los Alamos early
in 1985 and shipped to Rocky Flats in
March. They were first used to count
coincident neutrons from plutonium
holdup in the old 771 calciner during
its final shutdown period, before
disassembly and removal. Plutonium re-
covered from the calciner was assayed
to provide a holdup reference value.

The first measurements on the new
line were performed in April, before
the calciner went hot. A 2-kg pluto-
niura oxide standard was mounted inside
the glove box along the calciner axis
to confirm the Los Alamos calibra-
tion. In December, a second set of
measurements was performed on the new
calciner during an inventory shutdown
period after a thorough cleanout.

Figure 5 shows the slab detectors
located at the old and new calciners

I I

OXIDE STORAGE

CALCINATION f ™ R O U G H 3 ' 8 5

(BEGINNING 5/H5
FURNACE

HYDRO-
I FLUORINATION

Fig. 5. Location of calciner and slab detectors in the 771 aqueous
recovery area.
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along with part of the process lay-
out. Figure 6 is a top view of the
slabs and the calciner with details of
the holdup measurement, geometry. The
locations where the 2-kg plutonium
oxide standard was measured on the new
line before it went hot also are
shown.

Figure 7 shows the normalized
coincidence-counting efficiency for
the slab counting system as a function
of position of a fission source; placed
along the holdup axis. The +15SS oscil-
lations are a measure of the uncer-
tainty in the holdup assay if the loca-
tion of the accumulation along the
axis is unknown, or if the holdup is
not uniformly distributed along; the
axis. The results of off-line measure-
ments of the* 2-kg plutonium oxide
standard at Rocky Flats ave also plot-
ted in Fig. 7.

Because of the possibility of large
accumulations of plutonium oxide within
the calciner tube, the measured coinci-

dence count rate must be corrected
for multiplication.8"10 The use of
stream values for fluorine in the cal-
ciner feed material to obtain the
(<s,n) neutron component for this
correction creates a large uncertainty
(+25%) in the multiplication-corrected
results because these stream values
are imprecisely known. Furthermore,
the need to define the ratio of the
real coincidence count rate to the
total neutron count rate for the cor-
rection procedures introduces an addi-
tional large uncertainty (about 20%)
because the background value for the
totals rate is a large fraction (up to
50%) of the totals rate resulting from
che holdup material alone and can only
be determined by varying the measure-
ment geometry.

The on-line assay procedure ap-
plied to the 2-kg plutonium oxide
standard positioned in the new cal-
ciner line (before this line went hot)
gave results for plutonium mass that

CO

O

-140 -100
32

i (centimeters)

-60 -20 0 20 60 100 140

24

16

8

0

-8

-16

-24

-32

I T I \ T I I I i

PRODUCT HOPPER

BELLOWS

1

RIDING RING
BELLOWS

FURNACE

DETECTOR 1
\

'S .1 S 2
FEED HOPPER

i 2 DETECTOR 2

'1 L ; i

i i

80

60

40

20

0

-20

-40

-60

-56 -40 -24 -8 0 8

t (inches)

24 40 56

Fig. 6. Top view of calciner measurement geometry showing locations
(£) along calciner and distances (D) from calciner center axis.

u)
CD
0)

§

-80

12



-140 -100
1.24

1.16

1.08

-60

i (centimeters)
-20 0 20 100

1.00

0.92

0.84

0.76

0.68
-56

140

-40 -24 -8 0 8

I (inches)

56

Fig. 7. Relative real coincidence rate (F2) vs location {$.) of the
fission source along the holdup axis for the calciner measurement
geometry. The solid and open points correspond to slab positions
on the same side and on opposite sides of the holdup axis. The
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were within 10% of ttit. -•aference value
for the standard. This excellent
agreement was possible because back-
grounds were very low and were deter-
mined by removing the standard from
the line rather than by varying the
measurement geometry. In addition the
impurity levels in the oxide standard
were low and well defined, and the
location of the oxide standard on the
holdup axis was known.

The on-line procedure applied in
April to the assay of plutonium holdup
in the old calciner gave a value that
agreed with the reference value, deter-
mined by •'ub.cc.quent external assay of
the plutonium recovered from the line,
within a few kilograms and well within

the uncertainty assigned to the online
assay value.

The on-line procedure applied in
December to the assay of plutonium
holdup in the new calciner after a
thorough cleanout following the first
6 months of operation gave a value of
1 ± 2 kg. The large uncertainty in
this value is a result of the rela-
tively large background count rates in
this very low count rate situation
caused primarily by the nondirec-
tionality of the slab detectors.

Redesign of the detectors for this
on-line application of neutron coinci-
dence counting will reduce the measure-
ment uncertainties in several ways,
We will modify the slab geometry to

13



decrease by half the magnitude of the
oscillation in counting efficiency as
a function of position along the hold-
up axis. The new slabs will be direc-
tional so the efficiency for detecting
background neutrons will be reduced by
an order of magnitude relative to that
for the neutrons from the calciner.
Furthermore, we will provide a small-
sample coincidence counter to assay
nonmultiplying amounts (a few grams) of
material removed from the calciner to
deduce the (a,n) contribution to the
neutron count rate, thereby avoiding
the need to rely on stream values for
the impurities. The redesign will
take place in 1986. Meanwhile measure-
ments will continue using the existing
slabs until the new equipment is in-
stalled.

3. Development of Instrumentation
for Measuring Plutonium in the 771
Hydrofluorinator. The hydrofluorinator
in the 771 scrap recovery facility
converts plutonium oxide to PuF* in the
presence cf HF gas. The feed material
is the calciner product stream. The
product PUF4 is subsequently reduced
to metal.

The mechanical design of the hydro-
fluorinator is nearly the same as that
for the 771 calciner (Figs. 2 and 3).
However, because of the large fluorine
content of the material: in the hydro-
fluorinator, neutron coincidence count-
ing cannot be used for on-line meas-
urements of holdup in this process.
The geometry required to give a practi-
cal coincidence efficiency would result
in prohibitively large total neutron
count rates caused by the large and
dominant (a,n) contribution. Online,
real-time measurements of neutron to-
tals rates from the fluorinator at the
Los Alamos Plutonium Facility have
been documented11 and show a pre-
dictable dependence of the totals
rate on the reaction progress and sug-
gest that quantitative information can
be obtained.

A cooperative effort between Los
Alamos and the Rocky Flats Safeguards
Systems Group will determine whether

neutron totals measi rements can be used
to obtain quantitative estimates of
holdup in the 771 hydrofluorinator.
Preliminary measurements of the hydro-
fluorinator were made with a new port-
able automated neutron counter12 after
the fluorinator had been thoroughly
cleaned. The primary objective was to
determine if the totals measurements
were feasible at all. The background
count rates exceeded the signal rates
by at least an order of magnitude
because the line adjacent to the hydro-
fluorinator (to the left of the hydro-
fluorinator in Fig. 5) is a storage
vault that contained several hundred
kilograms of material at the time the
measurements were performed. During
1986, the automated portable neutron
counter will be modified to be more
directional, and we will measure the
neutron totals count rates at the
hydrofluorinator before, during, and
after operation and, if possible,
before and after cleanout.

4. Design of Area Holdup Measure-
ments for the 371 Precipitation Can-
yons. Throughout 1984 and 1985, RFP
personnel engaged in activities to
evaluate plutonium held up in the 371
processes after completion of pilot
operation campaigns. Malfunctioning
of equipment in the two precipitation
canyons where plutonium is precipitat-
ed from nitrate solutions as plutonium
peroxide caused large amounts of solu-
tion to be spilled onto the concrete
floors. Access to these areas for
cleanup and recovery of material or
for measurements requires supplied air
and is permitted only under restric-
tive conditions.

Holdup on the precipitation canyon
floors was measured on two occasions
using a sodium iodide detector with a
single-channel analyzer. The first
set of measurements was made at con-
tact, and the second set was made with
the detector withdrawn from the floor.
Backgrounds were measured in both
cases. The two sets of NDA measure-
ments agreed and indicated several
kilograms of plutonium holdup on the
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precipitation canyon floors. Similar
NDA procedures and equipment were used
for holdup measurements at other loca-
tions in 371,

A program of sampling and destruc-
tive analysis confirmed the NDA holdup
results in that the holdup was found
to be equal to or greater than the NDA.
predictions in all cases but that in-
volving the precipitation canyons. In
this case, the NDA predictions exceed-
ed the sampling results by an order of
magnitude.

Because there was no obvious mecha-
nism to explain how the NDA results
could overestimate the holdup, and
because the accuracy of the confirma-
tion procedures used was uncertain,
RFP was asked to make a third set of
NDA holdup measurements in the precipi-
tation canyons. These activities are
costly because the program must be
very carefully planned, training for
supplied air is required, equipment
must be sacrificed, and the exposure
and contamination risks are very
high. To ensure that a fourth itera-
tion on the measurements will not be
required, RFP requested Los Alamos to
participate in the third measurement
campaign.

We reviewed the interpretation of
the holdup data from the previous hold-
up measurements in the precipitation
canyons and found that holdup could
have been overestimated by as much as
20%.

We designed and fabricated the
equipment for the third set of
precipitation-canyon holdup measure-
ments. It consists of a shielded,
collimated Nal(Tl) detector and a
portable multichannel analyzer (MCA)
with some automation capability. We
will calibrate the instruments at Los
Alamos, and the calibration will be
verified at RFP. The new equipment
also will be used to verify the stan-
dards RFP used for previous calibra-
tions .

RFP personnel will make the holdup
measurements in the precipitation can-
yons, while wa collect and reduce the
data remotely in real time using the
automated MCA. Final analysis of the

data will be carried out jointly by
Los Alamos and RFP. Two sets of hold-
up measurements, separated by a clean-
up for partial recovery of material,
are scheduled for January 1986.

C. Idaho/Idaho National Engineering
Laboratory (INEL) (G. W. Eccleston, H.
0. Menlove, T. Van Lyssel, Q-l)

We are continuing operational
check-out of the dual-assay shuffler
at the INEL Fluorinel Dissolution and
Fuel Storage (FAST) facility. This
facility receives, stores, and dis-
solves zirconium-clad fuel from govern-
ment research reactors and the U.S.
naval nuclear ship propulsion program.
The shuffler nondestructively measures
the 2 3 SU content of irradiated,
highly enriched uranium (HEU) fuels
and of waste solids from fuel dissolu-
tion.

A large (3-mg) californium source
was obtained from the Savannah River
Laboratory (SRL), shipped to the FAST
facility, and installed in the shuf-
fler. Operational check-out, cold
start-up measurements on unirradiated
fuel, and operator training have been
completed.

Cold start-up testing of the facil-
ity involved moving unirradiated fuel
pieces, containing known j quantities
(up to 10 kg) of Z 3 SU, into the disso-
lution cell and batching this material
to the dissolvers to check the chemical
process. Before dissolution, several
fuel pieces were scanned through the
shuffler to obtain delayed-neutron
measurement data. Plots of delayed-
neutron count rate vs uranium content
show a curve for unirradiated fuel with
a slight band caused by self-shielding.
The scanning procedure for measuring
delayed neutrons was successful and
showed the shuffler to be capable of
measuring unirradiated HEU fuels.

Hot start-up of the facility will
consist of dissolving irradiated fuels
and currently is scheduled for late
1986. Assay measurements to develop
irradiated fuel standards for calibra-
tion of the shuffler will begin with
hot start-up of the F*-ility.
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D, Nevada/Nevada Test Site (NTS) (P.
E. Fehlau, K. L. Coop, C. E. Moss, C.
L. Hollas, D. A. Close, Q-2)

1. Special Nuclear Material (SNM)
Vehicle Portal Monitor. During cal-
endar years 1983 and 1984, we de-
veloped and evaluated a prototype
microprocessor-controlled SNM vehicle
monitor to be used at the NTS assembly
areas.13'14 In 1985, we purchased a
commercially made duplicate monitor,
operated it, corrected a few faults,
rewrote parts of the manufacturer's
manuals, and shipped the monitor,
along with the prototype, to NTS. We
coordinated plans for the construction
work required to install the monitors
with Holmes and Narver and REECO per-
sonnel at NTS, and that work is almost
completed. We expect both monitors to
be installed and operating by mid-
February 1986.

2. Test-Device SNM Verification.
We are evaluating a technique based on
interrogation by electron linear accel-
erator (LINAC) produced photon radia-
tion as a means to verify the SNM con-
tent of a nuclear test device. Our
initial 10-MeV photofission experiment
irradiated a natural-uranium target at
10-Hz pulse rate and observed fission-
product prompt-gamma radiation between
LINAC pulses. The detector, a high-
purity germanium detector that was
well shielded from the LINAC, required
25 ms to recover after each pulse and
then operated for about 35 ms before
the next pulse. We plan to continue
our evaluation with interpretation of
the initial data, after which we will
irradiate other target materials.

E. Oak Ridge/Y-12 Plant (P. A. Russo,
J. K. Sprinkle, Jr., E. A. Kern, S. F.
Klosterbuer, M. M. Stephens, Q-l)

1. Operational Status of Previous-
ly Installed NDA Instruments. The
EUREKA instrument, the evaporator moni-
tor, and the 2300 system monitors have

been in routine operation at Y-12 in
the 9212 scrap recovery facility
throughout 1985 and, thus, have been
in continuous use for 3 yr. All rou-
tine operations, including measurement
control and verification, are super-
vised by the staff of the Nuclear Mate-
rials Control and Accounting (NMC&A)
department at Y-12. These routine
operations have been described previ-
ously. 1S

Our participation in the operation
of these instruments occurs only in
cases of unusual maintenance or in re-
sponse to requests for assistance with
extended or nonroutine use of the
equipment. Only one hardware failure
occurred with the EUREKA instrument
during 1985. The problem was ad-
dressed initially by resetting regions
of interest to permit completion of
the inventory measurements and was
solved subsequently by replacement of
a commercial electronics module. The
use of one instrument, the evaporator
monitor, was extended beyond its ini-
tial application by providing the
near-real-time assay results from the
monitor by serial communication to a
remote computer equipped to automate
the evaporator operation. Evaluation
of the automation scheme, which was
devised by the Y-12 Development Divi-
sion for the Process Control Restora-
tion Project, is still in progress.
There has been no interruption of rou-
tine monitor operation.

An extended use for the 2300 sys-
tem monitors that was implemented
during 198416 to assist the Y-12
Development Group in its evaluation of
automation schemes for the secondary
solvent-extraction systems is still
under way. We provided more informa-
tion to Y-12 on the design of the 2300
monitors, which have been specified in
the Enriched Uranium Recovery Improve-
ments (EURI) project design.

2. 9212 Chip Burner Filter Uranium
Monitor (CHUM). The CHUM instrument17

was installed at 9212 in September.
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Fig. 8. Vertical cross section through the center of the chip
burner filter housing and detectors. The filter housing is
0.3-cm-thick stainless steel.

The ability of this instrument to moni-
tor the rapid, erratic, and unpredict-
able buildup of HEU in two air filters
mounted inside a stainless steel
housing will be evaluated throughout
1986.

Figure 8 is a vertical cross sec-
tion of the filter housing, which
shows the four collimated Nal(Tl)
detectors of Lhe CHUM instrument mount-
ed in their normal locations. Detec-
tors 2 and 3 are positioned to assay
only HEU in the HEPA filter. Detector
1 monitors the prefilter HEU and the
HEPA filter HEU attenuated by the pre-
filter HEU. Detector 4 monitors break-
through HEU at the bottom of the fil-

ter housing. The CHUM instrument
starts and stops data acquisition for
the four detectors, stores and ana-
lyzes the data in the four spectra,
prints ths results, and activates an
alarm system. The continuous assay
cycle period can be varied upward
from 1 min. The spectral data can be
stored automatically on a floppy disk-
ette.

The CHUM electronics are located
in the 9212 NDA laboratory, approxi-
mately 75 m (cable distance) from the
filter housing. A remote alarm panel
is located adjacent to the filter
housing to alert the operator (visu-
ally) to the buildup range and to
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sound an audible alarm when the build-
up exceeds a specified level (about 1
kg). Figure 9 shows the electronics
interconnections.

The CHUM assay was calibrated
empirically in May with filter stan-
dards fabricated at Y-12. The stan-
dards are 60- by 60-cm-square flat
surfaces coated uniformly with HEU ox-
ide and placed on clean HEPA filters
or prefilters. The filter standards
were mounted inside the housing before
it went hot, and the collimated CHUM
detectors were mounted in their normal
positions for acquisition of the cali-
bration data. The data reduction pro-
cedures used for the CHUM assay cali-
bration were the same as these used by
the CHUM instrument, but the data were
acquired using portable electronics

that are equivalent to those in the
CHUM instrument. Figure 10 shows the
calibration data obtained with detec-
tor 1 counting HEPA filter and prefil-
ter standards. Similar data exist for
the other detectors. The calibration
data were fitted with polynomials up
to order 3.

The CHUM assay relies on the 235U
186-keV gamma ray. The CHUM assay pro-
cedure first calculates grams of HEU
in the HEPA filter. Then the measured
count rate in detector 1 is corrected
for the HEPA filter contribution, and
the first iteration result for grams
of HEU in the prefilter is computed.
The HEPA filter count-rate contribu-
tion to detector 1 is corrected for
attenuation by the prefilter HEU, and
a new corrected count rate for detec-
tor 1 is used to compute the second

~75m-

ALARM
CONTROL

ALARM PANEL

D
AC

TO
DISTRIBUTION
PANE

DISTRIBUTION PANEL

TT7
(HV TO DETECTORS)

SIGNALS

\ \ \ \
(SIGNALS FROM

DETECTORS)

REMOTE

ALARM
CONTROL

HV

iTO AMPS.

HARD
DISK

FLOPPY 1 M

FLOPPY 2 UPROC

ALARM PANEL

PRINTER

CRT
TERMINAL

g S S 3 8 8 S

HIGH VOLTAGE POWER

AMP AMP AMP AMP
4

MX-
ROUTE
• O •

•

ADC

MEM

LOCAL

Fig. 9. Hardware block diagrams of the local and remote electronics
racks.

18



0.050 0.100 0.150 0.2Q0 0.250

NORMALIZED 186-koV COUNT RATE, DETECTOR 1

Fig. 10. Grams of HEU in the filter
standard as a function of the nor-
malized 186-keV count rate in detec-
tor 1, The standards were positioned
on the prefilter and the HEPA filter.

(final) iteration result for grams of
HEU in Che prefilter. Breakthrough
HEU is determined from the detector 4
count rate. The assay results are
printed for the prefilter, HEPA fil-
ter, breakthrough, and total.

Calibration measurements to deter-
mine the prefilter HEU attenuation of
the HEPA. filter rate were made with
excess amounts of HEU in the prefil-
ter . This procedure was based on the
Y-12 experience that large particles
are generated by the burning process,
so the coarse prefilter is expected to
get most of the accumulation, and accu-
mulation at the surface is expected
for the HEPA filter. However, when
CHUM was installed, the chip burner
had not been operating and therefore
only small accumulations, resulting
from transfer of HEU powder in a glove
box connected to the same filter sys-
tem, were present. The particle sizes
also were very small and passed
through the prefilter completely and
accumulated to depths greater than

expected in the HEPA filter. Thus,
the CHUM calibration proved invalid
for these accumulations.

Evaluation of CHUM for HEU accumu-
lations that result from the chip-
burning process will take place during
1986. The filters will be removed from
the housing and assayed externally by
the segmented gamma-ray scanner (SGS)
in 9212 to obtain reference values.
The recent installation of cyclones on
the chip burner exhaust upstream of
the filter system could cause even the
HEU accumulations from the chip-
burning process to be much finer than
expected. If this is the case, it
will be necessary to re-evaluate and
perhaps modify the assay method. Eval-
uation of CHUM is a joint effort by
Los Alamos and Y-12 NMC&A.

3. 9212 Powder Transfer Piping
(PXP) Holdup Monitor. The PXP holdup
monitor17 is a portable Nal(Tl)-based
instrument designed to assay HEU
holdup in the powder transfer piping
of the Y-12 fluid-bed converter system
at 9212. The instrument is designed
to allow a single user to make a large
number of measurements on long lengths
of variable diameter piping that is
not accessible by arm reach from the
floor. Figure 11 shows an arr<iy of
horizontal pipes that includes a por-
tion of the powder transfer piping of
the 9212 fluid-bed converter system.
The system includes approximately
100 m of piping that feeds, empties,
and interconnects the fluid-bed con-
verters .

The PXP instrument gives an imme-
diate readout of specific and cumula-
tive HEU holdup (in g HEU/cm and g
HEU, respectively). The assay system
is automated to manage a large number
of measurements performed in a short
time, to accommodate different calibra-
tions for the different diameter
pipes, to apply measurement control
tests to each spectrum as it is ac-
quired, to automate the measurement
and subtraction of background and the
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Fig. 11. Overhead piping, which includes part of the powder-
transfer piping of the Y-12 9212 fluid-bed converter system.

assay of the HEU working standard, and
to reduce the operator interaction to
simple responses to easily understood
prompts. The PXP instrument is one of
our first efforts in this kind of auto-
mation for portable holdup measure-
ments .

Figure 12(a) shows the PXP instru-
ment before shipment to Y-12. The
equipment consists of two shielded,
collimated Nal(Tl) detectors, with
shielded hangers for attachment to the
piping, four sections of extension tub-
ing that interconnect and connect to
the bases of the detector shields, a

MCA, a portable computerportable
interfaced
holds all

to the MCA, and a cart that
of the equipment. Figure

12(b) shows a demonstration of the use
of the detector for the holdup measure-
ment of a horizontal section of pipe.

The. user can support the detector with
one to three 80-cm sections of the ex-
tension tubing to reach to heights
that are inaccessible from the floor.

The PXP instrument with a prelimi-
nary software package was shipped to
Y-12 in October 1985, and test measure-
ments were performed on the powder
transfer piping. Figure 13 shows the
measured response (the relative inten-
sity of the 186-keV gamma ray from
2 3 5U) as a function of position along
the 2.5-cm-diam piping that transports
UO2 powder between the fluid-bed con-
verters. Each set of data points was
obtained in approximately 10 min. The
two sets of data points correspond tr
measurements before and after, vibration
of the pipes and blowout of the powder
from the pipes (V and B). Data of this
type were obtained for all of the
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Fig. 12. (a) Cart holding the shielded detectors mounted with hangers on
the extender tubes (background), the MCA ( le f t , foreground), and port-
able computer fright, foregoand) of the PXP instrument, (b) Demonstra-
tion of the v.se of the PXP instrument for pipe holdup measurements. The
detector adapted to measure smaller-diameter pipes is being held.
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BEFORE VALVE

AT "C" CONVERTER

Fig. 13. Measured relative intensity
of the 186-keV gamma ray (R) vs dis-
tance along the pipe between the "A"
(U03 to UO2) converter and the "C" (U02
to UF4) converter. The "A" converter
is at 0 cm. The two sets of data were
obtained from measurements before and
after vibration and blowout (V and B)
of the pipes.
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small-diameter piping (total length ap-
proximately 65 m) of the system, which
includes U0 3, U0 2, and UF4 lines.

During 1986, powder standards for
empirical calibration of the assay
will be prepared by Los Alamos and
Y-12, the software for the PXP instru-
ment will be upgraded, and evaluation
of the assay method will take place.
The evaluation will include PXP meas-
urements on isolated pipe sections fol-
lowed by blowout, recovery, and exter-
nal analysis (to give reference val-
ues) of the powder contents. The same
pipe sections will be remeasured by
the PXP instrument after blowout.

We designed the PXP instrument spe-
cifically for use during monthly inven-
tory to pinpoint locations of HEU
powder buildup for removal and to
assay the holdup for accountability
needs. However, the approach has nu-
merous additional applications at Y-12
and elsewhere. The Y-12 NMC&A Group
is exploring other applications at
Y-12 while the PXP evaluation is in
progress.

The PXP evaluation is a joint
effort by Los Alamos and Y-12 NMC&A.

4. Confirmatory NDA Measurements
for Y-12 Category I and II HEU Re-
ceipts and Shipments. We are inves-
tigating category I and II SNM re-
ceipts at Y-12 in terms of satisfying
the 10-day rule for HEU. Because Y-12
receives nearly all types of materi-
als, this facility represents the
general case for HEU. The term con-
firmatory measurements is not yet well
defined but generally can be inter-
preted as implying that the measure-
ment has high precision with poor
accuracy. For the present investiga-
tion, we will require a nominal 1%
precision but not expect better than
10-20% accuracy. It also is possible
that adequate confirmatory information
can be obtained from signals originat-
ing from the minor isotopes of the
SNM.

Having taken a brief look at the
large variety of receipts, we imposed
the following constraints:
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• a minimum number of different
techniques;

• measurements in shipping con-
tainers, whenever possible; and

« assemblies excluded from pres-
ent consideration (at the re-
quest of Y-12).

These constraints will simplify proce-
dures for the facility and require
less purchasing and development.

The most likely candidate measure-
ment procedure, which will confirm
more than 90% of receipts, consists of
a combination of weighing and multiple
gamma-ray measurements. We believe
that an active neutron-counting tech-
nique or opening shipping containers
may be required to verify some of
the remaining items. Candidate tech-
nique^) will be evaluated experimen-
tally during FY 1986.

F. Oak Ridge/Portsmouth Gaseous Diffu-
sion Plant (GDP) (H. 0. Menlove, Q-l)

In support of the Portsmouth GDP
NDA instrument upgrade, we provided
data for Martin Marietta Energy Sys-
tems, Inc. cost-benefit assessment of
proposed equipment. NDA systems that
were evaluated included a SGS, an ac-
tive-well coincidence counter (AWCC),
and the Crated Waste Assay Monitor
(CWAM). We supplied instrument per-
formance characteristics; calibration
requirements; estimates of measurement
accuracy and precision, measurement
time, and maintenance costs; and opera-
tor training. Fourteen different mate-
rial categories were considered. To
help in the evaluation, Portsmouth per-
sonnel provided 12 standards containing
235U, NaF, MgF and activated alumina,
packaged in 12.6-cm-diam by 61-cm-high
canisters typical of the waste contain-
ers at Portsmouth.

Initial measurements showed that
containers leaving low Z35U density could
be assayed accurately with the CWAM or
the AWCC operating in the thermal-neu-
tron interrogation mode. The SGS pas-
sive gamma-ray method also worked for
this category of material. However,
for higher-density uranium loading,



these instruments suffered from consid-
erable self-shielding, and it was con-
cluded that a fast-neutron interroga-
tion system would give more accurate
results. The High-Density Waste Shuf-
fler, recently completed for the HEU
Assay Instrumentation proj.. ct at the
SRP, should be able to measure the
majority of the Portsmouth sample cat-
egories. This system uses fast-neutron
interrogation to measure 2 3 SU content
in 200-.8 waste drums.

We currently are assisting Ports-
mouth personnel in their evaluation of
the 2S2Cf shuffler for their general
NDA requirements.

G. Oak Ridge/Gas Centrifuge Enrichment
Plant (GGEP): Crated Waste Assay Moni-
tor (CWAM) (J. T. Caldwell, W. E. Kunz,
E. D. Stvunk, W. Bernard, H. F. Atwater,
J. M. Bieri, G. S. Brunson, K. L. Coop,
S. W. France, R. D. Hastings, G. C.
Herrera, Q-2)

The CWAM, Figs. 14 and 15, designed
originally for use at the GCEP, was
completed in 1985 as scheduled, and the
design goals were accomplished with a
demonstrated assay sensitivity of 20 mg
of 2 3 5U placed anywhere within a 4.5-ft
cube waste package centered within the
assay chamber.

It is currently proposed that the
CWAM in its present configuration be
used at the Portsmouth diffusion plant
for a variety of waste assay problems.
One proposal for this system's use at
Portsmouth is to assay three individual
trap waste containers simultaneously
within the assay chamber, obtaining in-
dividual assay values for each contain-
er. Experimental measurements in sup-
port of this application indicate that
three waste packages (assumed to have
dimensions smaller than the assay cham-
ber dimensions) placed at 120-degree
separations in the assay chamber can be
assayed simultaneously to accuracies of
about 10%. We have demonstrated exper-
imentally that 2 3 SU mass loading dif-
ferences of a factor of 20 or greater
can be tolerated among the three waste
containers and accurate results still
be obtained.

An additional waste assay problem
of interest is that of obtaining both
2 3 SU and 2 3 8U assay values in 208-.8
drums of trap waste. We have demon-
strated feasibility using prompt fis-
sion neutron detection for the 2 3 5U
assay (20-mg sensitivity) and delayed
neutron detection following 14-Mev fast
fission for 2 3 8U assay (0.5-1.0 kg
sensitivity). The prompt- and delayed-
neutron assay measurements are perform-
ed simultaneously.

As in most projects in which the
final product is used for other than
the original purpose, compromises are
necessary. We have determined, how-
ever, that the CWAM, as built, can
function as a general purpose assay in-
strument in applications ranging from
the assay of 2 3 SU or 2 3 9Pu in waste or
scrap packaged in small containers to
20-mg fissile sensitivity screening
measurements in very large bulk waste
packages--up to 5-ft cube sizes weigh-
ing thousands of pounds.

H. Richland/Fuel and Materials Exami-
nation Facility (FMEF): Secure Auto-
mated Fabrication (SAF) Line (R. G.
Gutmscher, J. L. Walker, H. S. Vaccaro,
Q-'O

We constructed a computer model and
simulated operation of the powder and
pellet operations of the SAF line to
assist Westinghouse Hanford Company in
the design and evaluation of the mate-
rials accounting <--'stem. The SAF line
is designed to produce a minimum of
6000 kg of mixed oxide (M0X) fuel annu-
ally and will go into operation in
1987. As input to our model, we used
data from revision 7 of the process
flow sheet. We had previously per-
formed computer modeling and simulation
on revisions 2, 4, and 5 as the process
design evolved. For our work on revi-
sion 7, Westinghouse engineers provided
their best estimates of equipment fail-
ure rates and mean repair times. In
the simulation, equipment failures were
allowed to occur randomly. Ten 1-year
simulations of the powder and pellet
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Fig. 14. The crated waste assay monitor (CWAM) has a demonstrated
sensitivity of 20 mg of 2 3 SU in a 4.5 ft cube waste package.
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Fig. 15. The CWAM can be used to assay diffusion plant trap waste
for both 2 3 5U and 2 3 8U.



operations gave the results in Tabla
II. These results should be compared
with a product output of 7688 kg and
133 completed batches with no equipment
failures.

Failure data for the two runs at
the upper and lower extremes of the
range are shown in Table III. Analysis
of these results shows that the in-
creased number of equipment failures in
binder addition, lubricant addition,
and conveyor loop A are the main con-
tributors to reduced throughput. Apart
from the debinding and sintering fur-
naces, the binder addition operation
constitutes a major pinch point, mak-
ing redundancy of equipment desirable.

TABLE II. SIMULATION STATISTICS (10 RUNS,

50 WEEKS EACH)

Product output

Batches completed

Mean

6257 kg

108.4

Range

5945-6465 kg

103-112

TABLE III. SIMULATION STATISTICS--FAILURES

Run 1 Run 7

Batches completed

Product weight, kg

Blending failures

Binder addition failures

Lube addition failures

Loop A failures

Loop B failures

Pellet storage failures

112

6465

6

11

S

5

6

6

103

5945

7

12

Q

7

5

4

Copies of the fully documented computer
models were furnished to Westinghouse
Hanford Company for their use. Comput-
er modeling and simulation of SAF line
operations have proved valuable not
only for design and evaluation of the
materials accounting system but also in
the process design and in evaluation
of the reliability, availability, and
maintainability of the process line.

We identified measurement points
and methods and estimated the associ-
ated measurement errors. Error propa-
gation and calculations of the loss-
detection sensitivity of the materials
accounting system have been completed.
We are preparing a final report cover-
ing all of our work on the SAF line.

I. Richland/Hanford PUREX Rotary Screw
Calciner Holdup Monitor (T. W. Crane,
Q-D

The passive neutron coincidence
holdup monitor has continued to see
service at the ends of campaigns at the
Hanford PUREX Plant. The capability to
monitor plutonium and moisture buildup
during a campaign has not been used be-
cause operation of the detector banks
restricts use of the calciners. In-
stead, the holdup monitors are used
routi-nely at the Hanford Z-plant. Cal-
ibration of the detector banks has been
accomplished at the Z-plant, and an ad-
ditional set of monitors has been re-
quested for the Z-plant to eliminate
transferring the banks between the two
facilities.

J. San Francisco/Lawrence Livermore
National Laboratory (LLNL): Diversion
Sensitivity Analysis for the Atomic Va-
por Laser Isotope Separation (AVLIS)
Facility (D. Stirpe, Q-4)

At the request of LLNL, we per-
formed a diversion sensitivity analysis
for the proposed AVLIS facility. The
analysis was based on design parameters
established in early 1985 for the full-
scale, 13-million-SWU-per-year plant.
With the stipulation that the uranium
fraction of the tails ingots could be
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measured to 0.1% (If), the detection
sensitivity for a 95% detection proba-
bility was approximately 112 kg of
U-235. This detection sensitivity is
almost the same as the value obtained
in similar studies performed for the
Advanced Gas Centrifuge Enrichment
Plant.

K. Savannah River/New Special Recovery
(NSR) Facility (S.-T. Hsue)

X. Introduction. A new plutonium
scrap recovery facility, the NSR, is
being constructed at the SRP. We are
collaborating with SRP personnel to de-
fine and develop an integrated system
of modern, automated NDA instrumenta-
tion that will provide nuclear materi-
als accounting and process monitoring
information to the operators of the
NSR. The goal is to provide an ac-
countability system that is capable

of drawing frequent materials balances
with minimum reliance on laboratory
measurements of analytical samples.

Advanced instrumentation is being
designed and fabricated by the Los Ala-
mos National Laboratory, LLNL, Mound
Laboratories, and SRL. Los Alamos is
serving as system coordinator, combin-
ing the individual components into an
integrated package with 12 NDA instru-
ments reporting to a central Instrument
Control Computer (ICC), which in turn,
is integrated into a facility computer
network that includes other computers
dedicated to process control and nu-
clear materials accounting functions.
Figure 16 shows the ICC network of NDA
instruments. The Los Alamos developed
instruments are described below.

2. Neutron Coincidence Counters
(M. S. Krick, J. E. Swansen, P. J.
Polk, M. P. Kellogg. Q-l). We devel-
oped two neutron coincidence counters

LLNL ntOCEtt CONTROL

H W I U E H T

COUNTER

SRL/P

LANL

MOUND

tASTE TRANSFER (WON TANKS TANK! TANKS TANKS
ASSAY LINE COLUWt l i t . He. i l l . He.

NCC >in nut tori mrs mn *>n

_£«_

T > TERWUL

B = WR CODE 3EA0EB

SAaSAIIPLE ASSAY

FA = FEED ASSAY

Fig. 16. Network of NDA instruments to the central Instrument Control
Computer (ICC) for the NSR project. Instrument developers are
indicated.
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for the NSR system. The feed coinci-
dence counter (Fig. 17) was designed
for passive neutron coincidence count-
ing of feed material containing up to
2.23 kg of plutonium and. will be used
in the feed assay room. It can handle
high count rates (up to 500 kHz) and
gives uniform response throughout the
sample cavity. The coincidence count
rate from a sample varies only +1% from
the bottom to the top of the sample
cavity; a sample moved 1 cm off center
in a radial direction changes the coin-
cidence rate by +0.2%. The sample car-
rier accommodates sample cans up to
8-in. diam by 12 in. high.

One special feature of the counter
is the electric elevator for lifting
the upper end plug. Samples are in-
serted into the counter by raising the
elevator and opening the cage door,
which is electrically and mechanically
interlocked to prevent the elevator
from moving when the cage door is open.

The counter has been calibrated for
measurement of pure PuOj powder, and
assays can be performed with or
without neutron multiplication correc-
tions. There is room in the software
parameter files for many more sets of
calibration data to accommodate other
measurement problems. These files are
easily created or modified by a user
who has the supervisory access code.

The second neutron counter is the
waste coincidence counter (Fig. 18).
It was designed to measure large cans
of plutonium waste and scrap--up to
14-in. diam by 16 in. high. The re-
quired assay accuracy is 1 g plutonium
or 25%, whichever is larger. Samples
are placed into an elevator in the
glove box and are lowered into a glove-
box well, which is surrounded by the
coincidence counter.

Measurements with a small plutonium
sample showed that the worst-case posi-
tions in the sample carrier produced
coincidence rates -18% and +16% rela-
tive to the central position. Count-
ing-statistics errors are small unless
the background is extremely high. For
example, when the totals background
rate is 13 counts/s, a 1-g PuOj sample

Fig. 17. NSR feed coincidence
counter.

Fig. 18. NSR waste coincidence
counter.
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(0-12 gram-effective a*°Pu) produces a
counting-statistics error (la) of only
3% in a 1000-s measurement.

The waste counter was calibrated
with a small plutonium metal standard;
the reference coincidence rate is 15.7
couixts/s/g 2 4 0Pu at the center of the
sample carrier.

Both counters have been in opera-
tion at Los Alamos for several months;
the stability has been excellent and no
detector failures have occurred. They
have passed the 100-h acceptance tests
and are ready for shipment to Savannah
River.

3. Low-Solution Assay (LAS) In-
strument (J. K. Sprinkle, Jr., S.-T.
Hsue, K. L. Junck, Q-l). The LAS in-
strument (Fig. 19) is designed to assay
solution from the effluent stream of
the anion exchange column. This stream
ordinarily contains the majority of the
process impurities (americium and 2 3 7U)
and some residue levels of plutonium.
The design goal of the instrument is a
relative assay bias of lass than 5%.
The desired assay precision is 20% or
better in 2000 s for a 20-mg/i sample.
We selected the 414-keV gamma ray as
the appropriate assay peak for these
effluents. Although plutonium has
higher-intensity gamma rays at lower
energies, the presence of large quanti-
ties of 2 3 7U, which emits an intense
208-keV gamma ray, precludes the use of
the lower-energy gamma rays. Pulse
pileups resulting from the summing of
the 208-keV gamma rays are corrected.

The LAS instrument was calibrated
and tested with nine standard solutions
to explore the performance of the
instrument under adverse conditions.
These standards were prepared and char-
acterized by Los Alamos group CHM-1;
plutonium concentrations are known to
better than 1%. Table IV describes the
standards and gives the results of our
measurements. The LAS measurement is
the average of 29 to 40 2000-s assays.
All of the average values agree with
the known concentrations to better than
5%, thus satisfying the bias design
goal. We also exceeded the 20% pre-
cision criterion for 2000-s counts at
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20 mg/2 (fifth column). We varied sev-
eral solution parameters to demonstrate
assay insensitivity. Acid molarity was
changed from 3M to 5M; one solution had
a very high concentration of aluminum
nitrate, and two solutions were spiked
with americium (at 3 and 10 times the
plutonium concentration). These varia-
tions represent possible contaminants
in actual process solutions.

We operated the instrument at Los
Alamos continuously for several months
during which measurement control foils
were assayed daily. Although the tern-

Fig. 19. The computer, Series 90 MCA,
signal-processing electronics for the
LAS.
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Std

1

2
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4
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IV. LAS

H(NO3)
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3

3

3

3

3

5

5

5

5

RESULTS FOR CALIBRATION SOLUTIONS

Nominal

Plutonium

Concentration

(mull)

33.70

100.10

227.6

321.2

21.24

U.33

41.75

159.34

LAS

Results

(nw/i)

11. 44

32.02

104.10

236.7

327.6

22.30

40.50

42.17

172.73

LAS

Precision

(2000-s Count)

50*

12

5

3

5

18

12

11

3

LAS/Horn

1.00

0.95

1.04

1.04

1.02

1.05

o oa

1.01

1.02

Comment

10:1 Am/Pu

3:1 Am/Pu

lm Al(No 3)

perature and humidity fluctuated widely
throughout this period, the standard
deviation of the foil value was only
2%, demonstrating high instrument sta-
bility.

In September, duPont personnel ob-
served LAS during a successful 100-h
test for endurance and performance.
After the test, it was moved to the
staging area for integration with the
ICC.

4. Nal Monitor Array (P. M. RI-
nard, C. M. Schneider, J. D. Atencio,
Q-l). We developed an array of 13 Nal
monitors for the NSR facility to assist
in process control and criticality
safety and to assay holdup. The sys-
tem's electronic rack is shown in Fig.
20. We use the gamma-ray complex be-
tween 375 and 450 keV to assay the
amount of 2 3 9Pu in various tanks and
transfer lines. Each Nal detector has
an 241Am aed whose peak is used for

• automatic amplifier gain con-
trol,

• comparison after every assay
with standard values to assure
that the monitor is functioning
properly, and

• correcting deadtime losses re-
sulting from high count rates
and pileup.

External check sources also are availa-
ble for some of the monitors to provide
another means of assuring that the mon-
itors are functioning properly.

The monitor system is controlled by
software that allows operators and su-
pervisors to perform the required tasks
easily and to modify parameters. As-
say results are communicated to the
NSR process control computer for fur-
ther analysis.

Special lead-filled collimators en-
sure that only gamma rays from the
region of interest enter a detector.
For example, in the case of an anion
exchange column, the collimator con-
sists of a set of carefully positioned
slits that flatten the response of the
detector to arbitrary distributions of
plutonium within the column.

We examined the stability of the
system under varying conditions. The
241Am seed peak and a 137Cs peak can
change because of variations in count
rates, high voltages, gain settings on
the amplifiers, and the temperature of
the Nal detector and electronics, and
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because of age. However, with the
automatic gain stabilization, the peaks
were quite stable over a range of para-
meters typical of plant operation.

The system underwent a series of
tests administered by duPont and
Savannah River personnel. Several per-
formance tests were followed by a con-
tinuous 100-h acceptance test. The
equipment passed all of the tests and
is ready for shipment to Savannah Riv-
er.

Fig. 20. Electronics for the Nal moni-
tor array.

5. Instrument Control Computer
(ICC) (A. L. Baker, G. L. Barlich, W.
Ford, M. J. Roybal, Q-4; T. A. Kelly,
C-3). We are providing both the hard-
ware and the software to support the
NDA instrumentation being developed for
the NSR process. The ICC will inter-
face with the NDA instruments, transmit
assay results to the process control
computer, and archive data for later
analysis.

The software development phase of
the instrument control function (ICF)
is complete. We have tested the esiroiu-
nication protocol by ptv-ne line with
the Data Managemei.c Computer, which
is currently located Ln Baltimore,
Maryland, and are testing the communi-
cation and message traffic between the
ICF and the NDA instruments as part of
the staging of the integrated system.

6. Staging cf the Integrated NDA
System. All of the instruments de-
scribed above have been moved to a
staging area for system integration.
The staging area simulates their even-
tual arrangement at the NSR, and, in
addition to the Los Alamos instruments,
contains eight instruments developed by
LLNL, Mound Laboratories, and SRL. The
12 instruments are connected to the ICC
by RS232 communications.

Figure 21 shows the assay systems
that will be in the NSR's Feed Assay
Room. The systems consist of a pluto-
nium isotopics device, a calorimeter
system with four assay chambers, and
the feed coincidence counter. These
systems will measure the plutonium con-
tent of feed materials. Figure 22
shows the assay systems that will be in
the Sample Assay Room. The systems in
this room will assay all solution sam-
ples generated in the facility. They
include two x-ray fluorescence units,
two passive gamma-ray assay devices,
and the LAS system. In addition, there
are a density meter and a turbidimeter
to check the integrity of liquid sam-
ples. Because both of these rooms have
the potential for becoming contaminat-
ed, the electronics portion of each
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Fig. 21. Nondestructive assay systems
to be installed in the NSR Feed Assay
Room.

Fig, 22. Assay systems to be installed
in the Sample Assay Room for liquid
samples.

instrument is to be located in a sepa-
rate Instrument Equipment Room (Fig.
23).

Staging of the integrated system
will test communications between indi-
vidual NDA instruments and the ICC and
then will exercise the entire system.
The communication test includes check-
ing hardware, connections as well as
communication software and the messages
transmitted between each of the instru-
ments and the ICC. We were successful
in bringing all NDA. instruments on-line
to the ICC, and testing of the entire
integrated system is in progress.

L. Savannah Rlver/HEO Assay Instru-
mentation (N. Ensslin, L. R. Cowder, E.
L. Adams, J. Baca, C. Bjork, S. C.
Bourret, P. R. Collinsworth, T. W.
Crane, F. A. Duran, D. C. Garcia, D. L.
Garcia, M. N. Hykel, E. A. Kern, T. K.
Li, G. 0. Ortiz, J. L. Parker, T. E.
Sampson, G. M. Schneider, M. P. Kel-
logg, S. F. Klosterbuer, S. M. Sim-
monds, and J. E. Stewart, Q-l; J.
Kresge, Service Academy Research Asso-
ciate; D. J. Hoard, CHM-1)

1. Summary. We continued fabri-
cation, assembly, testing, and deliv-
ery of 10 instruments for the assay of
HEU at the SRP. Fabrication of cali-
bration standards is completed, and
measurement programs with the stan-
dards are finished or nearly so for

most of the instruments. First drafts
of many of the user manuals and hard-
ware and electronics manuals are done
or are nearing completion. Nine in-
struments have successfully completed
100-h acceptance tests at Los Alamos,
and four of these have been disman-
tled, shipped to Savannah River, and
reassembled. During the first half of
1986, the remaining instruments will be
shipped to Savannah River and the 100-h
acceptance tests will be repeated.

2. Software Development. We have
carried out a strong software develop-
ment effort in parallel with the fabri-
cation and testing activities. Each
of the 10 instruments contains a DEC
Micro-11 computer, which controls the
counting electronics, computes assay
results, and communicates with the
plant operators through a local termi-
nal and with the plant accountability
system through a VAX communications
link. The software that performs these
operations is developed from a generic
package that includes measurement con-
trol, file transfer, data logging, and
VAX communications options. Each soft-
ware package is then specialized to
perform the control, analysis, and di-
agnostic features required for that
instrument.

Software packages are complete for
the nine instruments already tested:
the High-Density Scrap Shuffler, the
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Fig. 23. Electronic racks in the Instrument Equipment Room.

Finished Product Shuffler, the High-
Density Waste Shuffler, the Low-Density
Waste Assay System, the four At-Line
Solution Assay Systems, and the Re-
ceipts Assay Monitor. The software
package for the Solution Assay Systems
operates two detector heads and two lo-
cal terminals simultaneously with a
single Canberra S90 MCA and a single
Micro-11 computer. Software develop-
ment is under way for the tenth instru-
ment, the Low-Density Scrap Assay seg-
mented gamma scanner.

3. In-Lire Californium Shufflers.
The High-Density Scrap Shuffler and

the Finished Product Shuffler, both de-
signed to fit under glove boxes, are
shown in Fig. 24. In June, both shuf-
flers passed 100-h acceptance tests of
the hardware and software. Measurement
performance war determined by assaying
actual cans of finished product. The
assay accuracy for this material, ap-
proximately 0.15% in a 1000-s counting
tip.- for both instruments, represents a
substantial improvement in the state of
the art for shuffler measurements. The
improvements are obtained for homoge-

neous materials by using a californium
source strong enough to provide 0.10%
counting precision and by careful at-
tention to design and operational de-
tails . For inhomogeneous materials,
the shufflers will provide matrix cor-
rection factors, but the assay accuracy
(still to be determined) probably will
be in the range of 1 to 5%.

After the 100-h acceptance tests,
the shufflers were dismantled and
shipped to Savannah River. During
July they were reassembled and fitted
to their glove boxes. Acceptance tests
of the shufflers in their final config-
urations will be repeated in the spring
of 1986.

4, High-Density Waste Shuffler.
This instrument (Fig. 25) is a large
californium shuffler that can accommo-
date 55-gal. drums of machine parts,
piping, and other dense materials. It
features a rotating sample platform, a
tailored source-scanning procedure, and
two neutron flux monitors to correct
for matrix effects. The sample chamber
is lined with cadmium to help maintain
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Fig. 24. The in-line High-Density Scrap Shuffler and Finished Product
Shuffler as they appeared during 100-h acceptance testing before shipment
to Savannah River. Glove-box mockups are attached to the top of each
shuffler to hold the pneumatic sample chamber loading mechanisms.

STEPPING MOTOR

SOURCE STORAGE
SHIELD

SOURCE TRANSFER
TUBE

NEUTRON DETECTORS

DRUM ROTATOR
PLATFORM

Fig. 25. Artist's illustration of the High-Density Waste Shuffler for the
active assay of 55-gal. drums containing highly enriched uranium waste.
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a harder neutron spectrum as a compro-
mise between sensitivity and penetra-
bility.

The 100-h acceptance test of this
shuffler was conducted in October, and
the shuffler was dismantled, shipped to
Savannah River, and reassembled by De-
cember. During the 100-h test, meas-
urement performance was judged by as-
saying small, modular uranium standards
placed at various locations inside mock
waste drums containing sand, salt, sug-
ar, iron, graphite, or raschig rings,
or combinations of the above. Average
sensitivity was determined to be about
0.3 g 2 3 5U in 1000-s counting times.
For noncombustible matrix materials
typical of those expected at SRP, the
assay accuracy was about 10% (lc). For
a wide range of combustible and noncom-
bustible matrix materials, the accuracy
was about 30% (ICT).

5. Low-Density Waste Assay System.
The Low-Density Waste Assay System
(Fig. 26) monitors cardboard cartons of
light, combustible waste in a far-field

geometry. A large germanium decector
is used for good sensitivity while
maintaining the ability to diagnose
sample matrix problems by using peak
ratios. The first application of this
new technique is the use of x-ray peak
ratios as a flag for uranium clumping
within the waste material.

The 100-h acceptance test of this
instrument also took place in October,
with shipment to Savannah River in De-
cember. Small modular uranium stan-
dards again were used inside cartons
of simulated low-density combustible
waste. The sensitivity in 1000-s
count-ing times was better than 0.5 g
2 3 SU. The assay accuracy is affected
most by the vertical position of the
uranium in the carton and by clumping
of the uranium. The effect of vertical
position usually is less than 10% but
can be as much as 25%. The effect of
clumping is not yet fully determined,
but extreme cases are flagged by the x-
ray peak ratios.

Fig 26. Photograph of the Low-Density Waste Assay System showing (L'rom
left to right) the electronics rack, the instrument terminal, a mock waste
carton inside the assay chamber, the duPont-designed automatic carton
ejection mechanism, the turntable rotation motor, and the side-looking
germanium detector.
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6. Low-Density Scrap Assay. Fab-
rication and mechanical and electrical
assembly of the segmented gamma scan-
ner for the assay of low-density scrap
is complete. This instrument uses two
microprocessor-controlled stepping mo-
tors, one for vertical scanning of the
sample and one for control of sample
rotation. Rotation allows rectangular
filters to be assayed at 0° and 180° ,
and in the future it may be possible to
map the angular location of uranium
clumps within scrap containers. During
the past year a set of 2-i calibration
standards ranging from 1 to 300 g of
2 3 5U war, prepared. Laboratory measure-
ments of these standards, studies of
corrections for sample self-attenua-
tion, and 100-h acceptance testing are
now scheduled for the first half of
1986.

7. At-Line Solution Assay System
(ALSAS) (J. L. Parker, T. E. Sampson,
E. A. Kern, D. L. Garcia, L. R. Cowder,
Q-l). The ALSAS will measure the 23SU
mass in solution samples with concen-
trations ranging from 10"* g/£ to over
400 g/X, a dynamic range of almost seven
orders of magnitude. This is accom-
plished with two coaxial germanium de-
tectors that measure two different sam-
ple sizes using transmission-corrected
passive gamma-ray assay of the 186-keV
2 3 SU gamma ray. Ytterbium-169 is used
for the transmission correction, where-
as 241Am is used for rate-loss correc-
tion. A sample volume of 30 m2 is used
for high-level samples ranging from 1
to more than 400 g U/£.

Very stringent requirements for
system precision and accuracy are de-
sired by SRP. The principal require-
ment driving system design was a re-
quest for 0.1% measurement precision
and accuracy in a 1000-s count time.
Our .'nitial conceptual design indicated
that 0.1% relative standard deviation
(RSD) measurement precision for uranium
concentrations above 200 g/Jt probably
is possible, but overall system accura-
cy will likely be about 0.25% (la).
Both of these values represent a con-
siderable advancement in the state of
the art for solution assay.

Two identical two-detector ALSAS
systems have been built. Each two-
detector ALSAS uses a single MCA with
two analog-to-digital converters (ADCs)
and a single computer. Four measure-
ment heads are used (Fig. 7'!',.

During the past year the systems
were assembled and have undergone ex-
tensive testing. Issues peripheral to
the main assay procedure proved to be
very troublesome. These fall into
three categories:

• sample container nonuniformity,
• sample depth variation, and
• chemical characterization of

sample uranium mass.
The sample vials are made from

polypropylene, which has excellent re-
sistance to chemical attack but does
not have the necessary dimensional sta-
bility. Because of the short sample-
detector distance (about 3 cm for the
high-level detector), the assay is very
sensitive to changes in position of the
solution sample. Variation in the bot-
tom thickness of "the sample vial and
bowing of the bottom of the sample vial
are sufficient to affect the assay. We
have observed both types of variation.
The assay sensitivity is s.uch that a
0.001-in. change in vertical sample
position will cause an 0.08% change in
the assay18 so only a very few thou-
sandths of an inch variation in sam-
ple vial dimensions can be tolerated.
Extensive physical measurements were
necessary to choose a consistent set of
sample vials for calibration solu-
tions. The non-uniformity of sample
vials probably will preclude achieving
0.1% assay accuracy in routine opera-
tion.

Sample-depth variation is another
problem. SRP will use an ultrasonic
depth measurement to control filling of
sample vials. Fortunately, the effect
of variations in sample depth on assay
accuracy is less than the effect of
sample position and can be correct-
ed if the depth is accurately known.
However, a 0.001-in. variation from
the nominal value will cause a 0.033%
change in the assay of a high-level so-
lution,1' and the potential exists for
large variations, perhaps as much as
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Fig. 27. ALSAS measurement head.

0.050 in., which will cause serious er-
rors if not corrected

Our third major problem has been
obtaining reliable calibration solu-
tions. We have found deviations from
the stated value that exceed 0.5%.
This has made it necessary to under-
take lengthy far-field measurements
(sample-detector distance - 20 cm) to
attempt to separate the effects of
sample-vial dimension variations from
those of solution characterization.

In spite of these problems, we have
shown that under well-controlled condi-
tions, the system is capable of the re-
quired 0.1% precision and accuracy.
Figure 28 shows the assay accuracy of
the high-level system as a function of
concentration in. the range 5 to 400 g
U/i. The variation in the total cor-
rected count rate per gram of uranium
for these highly enriched uranium solu-
tions is 0.07% (la) over this range.
In routine plant use, assay accuracy is

• 1 2

-* i 2 1- -f-^*-

1 10 100

U CONCENTRATION ( Q / £ )

Fig. 28. ALSAS accuracy under
controlled conditions can be
than 0.1%.

well-
better
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likely to be poorer because of the sam-
ple variability discussed above. How-
ever, we still expect it to be as good
as or better than the 0,25% predicted.
Figure 29 shows the system precision
(lcr) over its entire 7-decade concen-
tration range. For all practical pur-
poses, the 0.1% RSD precision figure is
achieved for solutions having concen-
trations greater than 200 g/2. For the
low-level head, the measurement uncer-
tainty is dominated by the relatively
poor counting statistics for solutions
with concentrations below 0.1 g/2.

The system's software introduces a
new measurement procedure that opti-
mizes each sample's assay precision for
the two-pass transmission-corrected as-
say in the presence of a decaying
transmission source.

The system will ba ready for in-
stallation at SRP in early spring 1986.

8. Receipts Assay Monitor (RAM)
Development (J. E. Stewart, S. C. Bour-
ret, L. R. Cowder, N. Ensslin, M. P.
KellogR, J. J. WeinRardt, Q-l). The
RAM (Fig. 30) will directly and com-
pletely verify the 2 3 SU mass in Model
5A UFs cylinders received at SRP. It
is the first instrument with this capa-
bility. The assay method is self-
interrogation of 235U by 19F (a,n)22Na
neutrons.19'20 Induced fissions in
2 3 SU are detected using neutron coinci-
dence counting. A fill-height correc-
tion is made using a movable cadmium
liner. A calibration exercise at the
Portsmouth GDP in October showed the
l-(7 assay accuracy of the RAM to be
2.8% of the 2 3 SU mass in the cylinder.
After additional testing at Los Alamos,
the RAM will be shipped to SRP in the
first quarter of 1986.

M. Ad Hoc Field Assistance

1. Argonne National Laboratory-
West Area (ANL-W) (J. V. Barnes, Q-4;
R. C. Bearse, Univ. of Kansas). ANL-W
requested our advice and assistance in
improving and automating Materials Con-
trol and Accounting (MC&A) in their
Fuel Assembly and Storage Building
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Fig. 29. ALSAS precision (la), 1000-s
count cycle.
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Fig. 30. Cutaway
Assay Monitor.
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(FASB) materials balance area /(MBA).
Because we already were developing
software based on personal computers
(PCs) for use at DOE facilities to au-
tomate materials accounting, we were
able to respond quickly. The software
is written in dBaselll and is derived
from the operational materials account-
ing and safeguards system code used at
Los Alamos. In December we demonstrat-
ed capabilities of the code to ANL-W
personnel and discussed modifications
to meet specific needs of ANL-W. A
first version of the code was transmit-
ted to AN'L-W for review.

We also are conducting a materials
balance variance analysis of the FASB
MBA so that ANL-W may better understand
the characteristics and detection sen-
sitivity of their system. This input
will be used to identify improvements
that might be considered for future
upgrades. A preliminary analysis dem-
onstrated the capabilities of the
technique, and ANL-W is now developing
the data required for a more complete
analysis.

2. Savannah River Plant/Fuel Pro-
duction Facility (FPF) (K. E. Thomas,
Q-4). The FPF, which is scheduled for
completion in 1989, will prepare ura-
nium-aluminum billets to be transferred
to another SRP facility for extrusion
into fuel tubes. We were asked by the
DOE/Savannah River Operations Office to
review the proposed MC&A system for
FPF. We completed our review of exist-
ing documentation in August and devel-
oped a set of questions and comments
that were forwarded to SRP for review
and subsequent discussion. We also
were asked to perform an error propa-
gation analysis for the FPF for 1-month
accounting periods. We completed the
analysis in October and discusspd the
results with FPF personnel. A final
report is nearly finished and will be
distributed in early 1986.

In the report, we

• estimate the inventory differ-
ence variance,

• estimate the magnitude of mate-
rials holdup and its potential

impact on the inventory differ-
ence , and

• identify critical sources of
measurement error and assess the
impact of alternative measure-
ment procedures.

Future activities of mutual inter-
est to SRP and Los Alamos include
sub-MBA materials accounting at 24-h
intervals, measurement control soft-
ware , error propagation and inventory
difference evaluation software, holdup
modeling, computer security, and inte-
grated safeguards.

II. SAFEGUARDS TECHNOLOGY TRAINING (H.
A. Smith, Q-l; J. J. MaUnlfy, Q-2; J.
T, Markin, R. G. Gutnacher, Q-4)

The 1985 DOE Safeguards Technology
Training Program comprised four labora-
tory and two lecture training courses:

• Attributes and Semi-Quantitative
Measurements of Nuclear Mate-
rials

• Neutron Assay of Nuclear Mate-
rial

• Fundamentals of Nondestructive
Assay of Nuclear Material

• Advanced Gamma-Ray Spectro-
scopy Assay for Nuclear Mate-
rials Accountability

• Materials Accounting for Nuclear
Safeguards

• MC&A for DOE Inspection and
Evaluation (I&E) Personnel

This training program, together with
the NDA schools and simulated physical
inventory exercises for International
Atomic Energy Agency (IAEA) inspectors,
as well as the international course on
State Systems of Accounting for and
Control of Nuclear Material, accounted
for 13 courses in the 1985 training
schedule (see Fig. 31).

The Attributes and Semi-Quantita-
tive Measurements of Nuclear Materi-
als course was presented for the first
time on March 18-21 for 23 students.
The course began with lectures on the
general nature and specific applica-
tions of attributes measurements, fol-
lowed by an all-day laboratory in which
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Fig. 31. Calendar of Safeguards Technology Training Activities at Los
Alamos during 1985. Courses in shaded boxes constitute the Los Alamos
National Laboraf.ory/OOE Safeguards Technology Training Program.

the students were given the opportunity
to perform measurement exercises:

• Characterizing Unlabeled Samples
• Verification or Confirmation of

Inventory Batches
• verification of total fissile
mass in uranium samples us-
ing active neutron coincidence
counting

• verification of uranium en-
richment by gamma-ray spectro-
scopy

• plutonium isotopic attributes
through high-resolution gamma-
ray spectroscopy

• plutonium sample verification
by passive neutron coincidence
counting

• sorting of uranium and pluto-
nium by neutron coincidence
counting

The succeeding two days were de-
voted to in-plant holdup measurements
(one day) and waste characterization
and portal monitors (one day). In the
holdup laboratory, realistic distribu-
tions of uranium and plutonium were
provided in nocked-up glove boxes, pip-

ing, duct work, and storage tanks, as
well as miscellaneous pieces of process
equipment. Students were oriented on
basic instrument and geometry calibra-
tion techniques and then were required
to measure as many holdup cases as they
could in the day's time. At the end of
the day, the class compared measurement
results and discussed measurement prob-
lems.

The waste characterization labora-
tory was a half-day, in-depth demon-
stration of active neutron interroga-
tion of large, containers to categorize
the waste for burial. Gamma-ray meas-
urements and x-radiographic measure-
ments of waste were also demonstrated
and discussed. The students spent
another half day working with a full-
scale portal monitor to understand its
operating characteristics, operating
procedures, and measurement limita-
tions . The morning of the fourth day
comprised three lectures on topics re-
lated to attributes measurements:

• field experience with shipper/
receiver confirmation measure-
ments ,
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• confirmation measurements during
physical inventories at Los Ala-
mos , and

• a case history of the character-
ization of an unknown radiation
source.

The Materials Accounting for Nu-
clear Safeguards course was presented
April 15-19 and addressed methods for
designing and implementing conventional
and near-real-time accounting systems
for safeguarding nuclear materials.
Lecture topics included

• Fundamentals of Materials Ac-
counting

• The Structure of Safeguards Sys-
tems

• Measurement Technology*
• Measurement Control
• Statistical Basis of Materials

Accounting*
• Decision Procedures for Materi-

als Accounting*
o Process Design and Safeguards

Systems*
• Modeling and Simulation
• Materials Accounting Systems
• International Safeguards

In addition to lectures, workshops were
presented on the topics indicated with
asterisks in the list above. Each
student participated in all of the
workshops and was provided an opportu-
nity for extended hands-on experience
with selected NDA instrumentation, ex-
ercises in measurement statistics, and
materials accounting software.

The Neutron Assay course was pre-
sented on July 29-August 2 to 18 stu-
dents and emphasized neutron-based NDA
techniques for nuclear fuel and bulk
samples. The course dealt with both
active and passive assay measurements
of uranium and plutonium. Introductory
lectures covered the principles of neu-
tron interactions in matter, neutron
sources, and detectors. Laboratory ex-
periments included neutron coincidence
counting, delayed neutron measurements,
photoneutron interrogation, and neutron
generators. The course ended with a
workshop during which the students were
given selected assay problems and were
asked Co discuss with the instructors

their measurement approaches and expec-
tations, based on the information gath-
ered during the week.

The HC&A for I&E Personnel course
was presented on September 9-11 at the
request of DOE for 15 members of their
I&E team. Course topics included MC&A
fundamentals, relationships among MC&A/
physical protection/operational activi-
ties, the role of statistics in MC&A,
chemical and nondestructive assay meth-
ods for nuclear materials, measurement
control and quality assurance for nu-
clear material measurements, materials
accounting for a plutonium process,
portal monitoring, and materials ac-
counting practices at Los Alamos. Two
lectures by a representative of DOE
Office of Safeguards and Security (DOE/
OSS) dealt with subjects of immediate
importance to inspectors, and a lec-
ture/demonstration was provided on the
Los Alamos Vulnerability and Risk As-
sessment program for computer security.

The Fundamentals course was pre-
sented September 30-0ctober 4 to 33
students and provided an introduction
to neutron and gamma-ray NDA of nuclear
materials. Although designed primarily
for professional-level scientists and
engineers with little or no background
in NDA, the course also is useful to
materials accounting supervisors, NRC
inspectors, and NDA technicians. The
course consisted of lectures and labo-
ratories on gamma-ray and neutron in-
teractions, uranium enrichment measure-
ments, transmission-corrected gamma-ray
assays, and neutron singles and coinci-
dence counting. The course concluded
with a workshop, similar to the one in
the neutron course, where students ap-
plied their newly acquired knowledge in
neutron and gamma-ray assays to select-
ed measurement problems and discussed
their results in a general session with
the course instructors.

The Advanced Gamma-Ray Spectroscopy
Assay course was offered December 2-6
for 24 experienced students interested
in becoming familiar with advanced NDA
techniques typically used in in-plant
instruments. The course emphasized the
use of high-resolution, computer-based
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TABLE V. SUMMARY OF ATTENDANCE AT LOS ALAMOS/DOE

Attendee Affiliation

Argonne
Sattalle
Brookhaven

DOE
duPont (SRP)
EG & G

GE Knolls
Goodyear Atomic
LLNL

Los Alamos
Mound
Martin-Marietta. Paducah

HF3, Erwin
HLO

HBL
Oak Ridge, GDP
Qak Ridae. Krl2

Rockwell Hantord
Rockwell International
Rockwell, Rocky Flats

UNC Ricbland
Wostinghouse Hanford
WIN. Idaho Falls

CEA, France
CEC, Luxembourg
Japan

TOTALS

Attributes

March 18-21

0
0
0

2
A
1

0
0

6
1
0

1
2
a
0
0
2

0
1

o
o

o

o
o
o

•23

MC&A

April 15-19

0
0
0
2
3
0
0
0
2

6
0
0

0
2

3
0
0

b
6

3
0
0

0
0
2
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SAFEGUARDS TECHNOLOGY TRAINING, 1985

Neutron

July 29-Aug.

0
1

2

1

o
o

o

8
0
0

0
0
I

o
o

o

0
0
0

1
0
0

1
1
0

18

2

I&E Fundamentals

Sept. 9-11 Sept. 30-Oct.

o
o

o

15
0
0

0
0
0

f)
0
0

0
0
rj

0
0
0

0
0
Cl

0
0
0

o
o

o

15

1
1
1

1
1
0

1

0

13

2

0
1

0
1

1
2
0

0
1
1
0
0
0

33

4

Advanced "/

Dec 2-6

0
0
0

3

2

0
0
0

q
0
0

I)
0
u

c
f)
0

0

z
0
0
0

0

0
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gamma-ray spectroscopy systems in ap-
plications such as uranium and pluto-
nium isotopics measurements, bulk and
segmented transmission-corrected assay,
absorption-edge densitometry and x-
ray fluorescence. The course concluded
with a description of the gamma-ray
measurements used in physical inventory
verifications and a general summary
of the NDA techniques covered in the
course, their range of performance,
their limitations, and the nuclear ma-
terial samples to which they could be
realistically applied.

Table V summarizes training course
attendance for 1985. Each course (ex-
cept the Attributes and I&E courses)
has been given several times in previ-
ous years but is updated each year to
include the latest measurement tech-
niques, commercially available instru-
ments, and materials accounting proce-
dures .

The 1986 DOE Safeguards Technology
Training Program will include the fol-
lowing four courses:

• Materials Accounting for Nuclear
Safeguards

• Attributes and Semi-Quantitative
Measurements of Nuclear Materi-
als

• Fundamentals of Nondestructive
Assay of Nuclear Material

• Advanced Gamma-Ray Spectroscopy
Assay for Nuclear Materials Ac-
countability
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PART 2. SECURITY DEVELOPMENT AND SUPPORT

I. COMPUTER SECURITY

A. Center for Computer Security

The Los Alamos computer security
research and development (R&D) program
is intended to solve problems that a-
rise in trhe DOE community and to aid in
the identification and installation of
the solutions. Los Alamos operates the
DOE Center for Computer Security, which
is designed to promote computer securi-
ty R&D, encourage computer security a-
wareness, support computer security ac-
tivities at DOE facilities, and act as
an information clearinghouse for com-
puter security projects.

1. Center for Computer Security
Newsletter (D. G. Harder, S. L. Hurdle,
Q-4). Since its inception, the Center
for Computer Security has prepared a
newsletter to distribute information of
interest to the DOE computer security
community. The mailing list for the
newsletter has grown steadily and now
exceeds 1200 addressees. Efforts to
reduce the mailing list have shown that
most of those on the list wish to con-
tinue to receive the newsletter. We
consider this a compliment to the qual-
ity and quantity of information being
provided.

The format of the newsletter was
modified late in 1984, and the change,
which includes tutorials on specific
topics, has received considerable field
approval. The synergism in the DOE
Center for Computer Security continues:
newsletter articles and feedback from
computer security enhancement reviews
(CSERs) have been mutually beneficial.

2. Security Products Database (S.
J. Bogenholm, R. M. Tisinger, Q-4).
The DOE Center for Computer Security is
compiling and maintaining a list of
computer security products and vendors
for use by the DOE computer security
community. This list provides informa-

tion on a wide range of commercial
products designed to enhance the secu-
rity of computer systems. The current
listing includes 296 products from 186
vendors. Although the products were
selected primarily for use with small
systems, many are potentially useful
for larger systems.

The Center obtained names of vend-
ors from articles and advertisements in
newspapers, magazines, and trade publi-
cations; from publicly available data-
bases; and from personal contact with
vendors. In each case, the vendor was
the source of the compiled data. No
attempt has been made to test the prod-
ucts to verify performance, and inclu-
sion in this list does not constitute
endorsement by the DOE,

We have arranged with the National
Bureau of Standards (NBS) to merge our
database with the similar NBS database.
The Center will continue to update the
merged database with direct contact
with vendors and will periodically pro-
vide the updated version to NBS. NBS
will make the information available to
the general public through their dial-
in "Computer Security Bulletin Board,"
and we will publish information about
the database in the computer security
newsletter.

3. Security Education and Training
Listing (M. Dresback, Q-4). As compu-
ter security has gained public recogni-
tion, the market for classes on this
subject has grown, and several indi-
viduals and organizations now provide
computer security training. However,
although many of these classes are
worthwhile, some are limited in scope
and applicability. The DOE Center for
Computer Security has compiled an anno-
tated list of available computer secu-
rity education and/or training classes
that includes comments from DOE person-
nel who have attended the classes. We
hope that this list will enable people
to choose courses to meet their needs.
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4. LAVA: An Automated Vulnerabil-
ity Assessment Tool (S. T. Smith, Q-4),
Over the past three years, we have been
developing a methodology for performing
automated risk assessments on systems
that are characterized by a set of
safeguards protecting a set of assets
from a set of threats. This methodol-
ogy is called LAVA, an acronym for Los
A,lamos Vulnerability and Risk Assess-
ment Methodology. LAVA is a qualita-
tive/quantitative methodology based
upon classical probability theory,
decision theory, event-tree methods,
fuzzy-set theory, utility theory, and
hierarchical multilevel system theory.
We have used LAVA to model several
different systems: computer security,
physical protection, property control,
government contracts, and transborder
information flow. LAVA applications
are implemented on personal computers
that are compatible with the IBM-PC/-
XT/AT class of computers (we know it
runs on COMPAQ, COMPAQ-T.86, Zenith 150,
Tandy 2000, Data General One, GRiD
Case, Leading Edge, Kaypro 16, Corona,
AT&T 6300, and an unidentified NBI
model).

Our most extensive project to date
has been the computer security applica-
tion, which has been implemented for
the past three years in response to DOE
Orders 5636.4 and 1360.2. The first
limited software release of LAVA was in
December, although we had subjected it
to rigorous beta-testing for nearly two
years before that time. Beta sites in-
cluded Sandia National Laboratories/-
Livermore, Lawrence-Allison Associates,
Lovelace Biomedical Inhalation Toxicol-
ogy Research Institute, the Federal Bu-
reau of Investigation (FBI), and Los
Alamos National Laboratory. The NBS
uses our implementation of LAVA for the
computer security risk assessments it
performs for other government agencies.
The U.S. Nuclear Regulatory Commission
(NRC) has used LAVA for computer secu-
rity risk assessments since September

1984 and has applied it to seven major
NRC computer installations. The Na-
tional Computer Security Center recom-
mends LAVA when asked for advice about
available risk analysis software pack-
ages.

The computer security implementa-
tion of LAVA is executed interactively
by a team of In-house experts. Median
interactive time required for executing
the vulnerability assessment portion is
the equivalent of two full days; median
interactive time for executing the con-
sequence analysis portion is one day.
The automated report usually can be
printed in less than three hours. A
single risk analysis performed by con-
sulting organizations typically takes
three to six months and costs about
$250K. When compared with this, LAVA's
performance looks very good indeed,
particularly when we realize that LAVA
can be used over and over for as many
analyses as are required.

There is still much development to
be done on LAVA; however, the off-site
human threat model has yet to be devel-
oped, and the optional dynamic (time-
dependent) threat model has yet to be
implemented. No work has been done at
all on the cost-benefit analysis por-
tion of the methodology, nor has the
development of "what-if" capabilities
been started, nor has a way been de-
vised to allow users to alter the ques-
tionnaire correctly. All these are
necessary for a finished risk manage-
ment package.

We held the First LAVA Workshop at
Los Alamos National Laboratory in De-
cember to distribute the first limited-
release version of LAVA and to instruct
those who received it in its proper
use. We invited agencies that had ex-
pressed interest in obtaining LAVA, as
well as numerous DOE facilities. We
limited attendance to thirty. The re-
sponse from the attendees was uniformly
positive, and we have received many re-
quests to hold additional workshops.
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We were Invited to present the LAVA
methodology at the First Federal Infor-
mation Processing Systems Risk Ana-
lysis Workshop (Montgomery, AL, Janu-
ary 1985); as an outgrowth of that
workshop, experts in numerous govern-
ment agencies worked together to search
out suitable and acceptable methodo-
logies for performing the risk assess-
ments mandated government-wide by
Office of Management and Budget's Cir-
culars A-71 and A-123. The Second Fed-
eral Information Processing Systems
Risk Analysis Workshop was held at
the NBS (Gaithersburg, MD, October
1985) for the developers or vendors
of the methodologies deemed acceptable
by these interagency experts to pre-
sent their methodologies competitively.
LAVA was judged to be the outstanding
package.

We gave LAVA briefings to many
organizations including The MITRE Cor-
poration, the NBS, Headquarters Space
Command, LLNL, the Intelligence Commu-
nity Staff, the Federal ADP Users
Group, the DOE I&E team, representa-
tives of the French government, and the
quarterly meeting of the Department of
Defense (DoD) Computer Security Evalua-
tion Group.

In addition, we discussed LAVA with
computer security experts in several
non-DOE organizations: the National
Computer Security Center, the Intel-
ligence Community Staff, National Secu-
rity Agency, the Air Force Computer
Security Project Office, the Defense
Logistics Agency, the Department of
State, George Washington University,
Carnegie-Mellon University, and Honey-
well Information Systems.

B. Secure Computer Networks

1. Secure Local Area Network (LAN)
(S. M. Mniszewski, R. S. Morel, E-8).
During 1985 the DOE Center for Computer
Security installed, in a test-bed mode,
an Ungermann-Bass LAW. This LAN is
used as a baseline for studying the ap-
plicability of secure LANs within the
DOE. The security study of this par-
ticular network is under way by person-
nel from the DOE Center and the RFP.
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RFP currently has an Ungermann-Bass
network installed in a secure mode and
wants to expand its utility.

The network also will serve as a
test-bed for development of tools and
techniques for use in secure local
networks throughout the DOE. The
Ungermann-Bass network was selected be-
cause of its frequent use within DOE.
It consists of a broad band communica-
tions medium (coaxial cable) with net-
work interface units connecting various
computing resources. We are investi-
gating the applicability of this kind
of network to DOE security environments
as well as to multilevel security envi-
ronments .

2. Wide Band Communications Net-
work (WBCN) (B. W. Burnham, R. E.
Lewis, Q-4). The WBCN is scheduled to
become operational in March of 1986.
This required the development, in 1985,
of a master security plan for the WBCN
and of an outline for site-specific
security plans. A staff member from
the DOE Center for Computer Security
chaired the task groups that wrote
these plans and assisted in obtaining
their approval.

3. WBCN Test-Bed (R. E. Lewis, W.
Ford, Q-4). As part of the WBCN sup-
port effort, the DOE Center has estab-
lished an operational test-bed for the
WBCN. This test-bed includes several
VAX computers and the equipment to
network them together. It provides the
capability to evaluate security re-
quirements in an open area without en-
dangering secure information. We will
upgrade the test-bed to reflect any
changes in the WBCN.

4. Albuquerque Operations Support
(R. E. Lewis, Q-4; L. H. Baker, Q-DO/-
SG). In support of the DOE Albuquerque
Operations Office (DOE/AL), we assisted
in reviewing the security plan for the
Secure Albuquerque Systems Architecture
(SALSA). This network is expected to
replace the hard-wired Protected Dis-
tribution System (PDS) currently in op-
eration in the DOE/AL complex. Because
of the multiple partition nature of the



Albuquerque operation, it was necessary
to evaluate the security implications
of specific phases of the SALSA imple-
mentation. We also reviewed the imple-
mentation plan for SALSA and assisted
in the development of the network secu-
rity requirements for DOE/AL.

II. OPERATIONAL SECURITY (OPSEC) AND
VULNERABILITY ASSESSMENTS (VAs) (T.
Bearce, Q-4)

Since our first VA in July 1982,
both the DOE OPSEC program and the Los
Alamos involvement have grown consider-
ably. In 1982, Los Alamos' primary
OPSEC function was to provide a team
leader for the VA team. Since late
1983, Los Alamos has provided project
management, personnel resources, and
initiatives that resulted in the estab-
lishment of the DOE Center for Opera-
tions Security at Los Alamos at the be-
ginning of FY 1985.

The responsibilities and functions
of the DOE OPSEC Center, as promulgated
by the DOE/OSS, for FY 1985 were to

• coordinate and establish the VA
schedule;

• coordinate, schedule, and con-
duct six pre-VAs and VAs;

• coordinate, schedule, and con-
duct OPSEC education and train-
ing;

• produce, publish, and distribute
the DOE Security Operations Bul-
letin;

• produce, publish, and distribute
OPSEC guidance; and

• coordinate, schedule, and con-
duct the annual OPSEC workshop.

To accomplish these tasks, we
staffed the Center with three Los
Alamos personnel and used three con-
tractor firms to perform selected ac-
tivities. In addition, personnel
from the DOE Center for Computer Secu-
rity were used as needed to provide
computer VA assistance during the con-
duct of VAs. Invaluable technical
assistance in the form of individual
specialists from various DOE and DOE-

contractor activities, as well as non-
DOE federal agencies, was provid«;d to
the Center during the year.

A. Vulnerability Assessments

VAs were carried out at
• Nevada Operations Office/Nevada

Test 5>ite — October/November
1984

• Sandia National Laboratories,
Livermore — January 1985

• Pinellas Area Office - GENDD ---
February/March 1985

• Argonne National Laboratory —
May 1985

• Idaho Operations Office - INEL
--- July 1985

• Los Alamos National Laboratory
— September 1985

The VA activity included conducting
pre-VAs and presenting post-VA brief-
ings at the facilities, DOE Field Of-
fices, and DOE Headquarters.

B. Advice and Assistance

Advice and assistance was provided

to
• Sandia National Laboratories
• DOE Savannah River Operations

Office and contractors
• DOE/AL
• Brookhaven National Labor '.';ory
• Mound Facility
• duPont
• Bendix, Kansas City
• San Francisco Operations Office
• Los Angeles Area Office
• GA Technologies
• TRW
• Wackenhut Services, Inc.
• Strategic Petroleum Reserve

Office
• ANL-W
• DOE Oak Ridge Operations Office
In addition, we worked with the FBI

to provide OPSEC advice and assistance
to several other organizations. We al-
so provided OPSEC advice and assistance
to the U.S. Coast Guard and to OPSEC
organizations within the U.S. Army,
U.S. Navy, and U.S. Air Force.
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C. Education and Training

OPSEC educational activities car-
ried out by the Center included the
preparation and/or presentation of

• VA Video Tape (Bendix)--produced
during FY 1984 and distributed
during FY 1985

• unclassified OPSEC program over-
view briefing

• classified threat briefing
• classified generic vulnerabili-

ties briefing
• Mound OPSEC seminar
OPSEC training activities included

"he initial course development for a
3-day VA training course and a 1-day
OPSEC management course.

We distributed the Procedural
Guide, Volume II (Threat) and research-
ed and wrote a draft Coordinator's
Handbook.

We conducted the OPSEC workshop
held in October 1985, including devel-
oping the theme, agenda, speakers, and
workshop material. Center personnel
also gave workshop seminars and presen-
tations .

D. DOE Security Operations Bulletin

We modified the format of the DOE
Security Operations Bulletin and pub-
lished two issues in 1985. The Bulle-
tin included articles concerning OPSEC,
Counter Intelligence, Computer Securi-
ty, Terrorism, Document/Information Se-
curity, and other topics of interest to
managers and security personnel.

Publication of additional issues of
the Bulletin was suspended by DOE Head-
quarters .

E. OPSEC Guidance

The OPSEC Procedural Guide, Vol. II
(Threat) was published in 1985, as
was the OPSEC Coordinator's Handbook.
These documents are designed to assist
OPSEC personnel in carrying out their
responsibilities.

F. OPSEC Workshop

The OPSEC workshop entitled "OPSEC
Implications of the SDI Effort," was
presented in October and was attended
by approximately 300 people from
throughout the DOE community.
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PART 3. SAFEGUARDS TECHNOLOGY DEVELOPMENT

I. EQUIPMENT DEVELOPMENT AND ENGINEER-
ING

A. NDA Technology Development

1. Evaluation of a Commercial Mer-
curic Iodide (Hgl2) Detector (M. L.
Brooks, Q-l). We tested a "research
level" Hgl2 detector for resolution
performance and adaptability to a com-
pact L-edge densitometar. The speci-
fied resolution.of the room-temperature
detector was 478-eV FWHM at 5.9 keV
compared with about 200 eV for the liq-
uid nitrogen-cooled germanium detector
previously used with the L-edge instru-
ment. Despite the poorer resolution,
the Hgl2 detector is a desirable adap-
tation of the instrument because it is
so compact and does not require cool-
ing.

We found the resolution of the de-
tector to be somewhat worse than speci-
fied- -about 700 eV rather than 478 eV
FWHM at 5.9 eV--but the detector was
still able to produce consistent assay
results with the densitometer. The
measurable energy range of the detector
was limited by incomplete charge col-
lection from gamma rays above a certain
energy at short pulse-shaping times.
For example, the 59.5-keV peak of 241Am
did not appear in the spectrum when the
amplifier pulse-shaping time was less
than about 4/xs.

We used the densitometer to assay
uranium solutions from 30 to 90 g/,2 and
got results that were good to about 10%
(ICT). The poor precision can be at-
tributed almost completely to the poor
resolution of thei detector and can be
expected to improve significantly if a
detector of the specified resolution is
used rather than our test detector.

The detector has been returned to
the manufacturer for further evalua-
tion.

2. Computer Simulation of the L -
Edge Densitometer (D. G. Langner. Q-l).
Since 1977, we have been designing and

demonstrating Lin-edge densitometers.
The operation and performance of these
instruments are well described in the
literature.21'22 They are used to mea-
sure uranium, plutonlum, or a uranium/
plutonium mixture in solutions whose
concentrations typically range from 1
to 100 g/i. Ideally, a system will have
a linear response to the SNM in solu-
tion over the entire range of concen-
tration. However, in both field and
in-house tests of uranium solutions,
the system's response has been observed
to be linear except for a small, but
statistically significant, nonlinearity
at high concentrations.

The nonlinearity is no greater than
1 to 1.5% but has been persistent
enough to invite wide speculation as to
its cause. Because of the expense of
generating standard solutions, of chem-
ically analyzing them after measurement
on the densitometer, and of decoupling
the many physical parameters identified
as possible causes of the nonlinearity,
it has proved difficult to identify the
sources of the nonlinearity experimen-
tally. For this reason, we used a se-
ries of computer simulations to analyze
the L m-edge densitometer's response.

The simulation approach made it
possible to compute assay values for a
large number of solutions while varying
instrument and measurement parameters
one at a time. The large database gen-
erated in many field tests of the den-
sitometer served to tie the simulations
to reality. In particular, the Lm-edge
densitometer tested at the New Bruns-
wick Laboratory1'23 was used as a stan-
dard for these calculations.

The densitcmeter's operation was
simulated in three steps. First, an
incoming beam function was computed,
transmitted computationally through a
reference solution, and convolved with
a detection system resolution func-
tion. Then, the incoming beam function
v;as transmitted through a solution con-
taining uranium, plutonium, or both.
Finally, the calculated SNM solution
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Fig. 32. Calculated response of the
Lm-edge dens i come ter Co increasing
amounts of small-angle scattering.
These calculations are normalized to
the response at 50 g/i. of uranium.

spectrum and the calculated reference
spectrum were input to an analysis pro-
gram, which produced an assay result
using the same data reduction tech-
niques used by the L -edge densitom-
eter's analysis ro^'ines. In each of
the first two steps, calculational as-
sumptions were kept simple so that all
computations could be made on a
PDP-11-60 computer in reasonable proc-
essing times.

From the simulations, we determined
that the nonlinear characteristic of
the LII]:-edge densitometer's response is
the result of a combination of the ef-
fects of small-angle scattering and the
detection system's response function.
The shape and magnitude of the nonline-
arity are influenced by the densitom-
eter's geometry, by its electronic com-
ponents, and by the analysis technique
used to reduce the data.

Figure 32 shows an example of the
calculations performed to evaluate the
effect of small-angle scattering. The
amount of scattering affecting the in-
strument is a function of a geometric
parameter, i/d, which is the ratio of
the distance between the sample and the
detector to the detector aperture diam-
eter. The smaller this parameter, the
greater the scattering into the detec-
tor and the larger the effect on the
calibration response. However, even

without scattering, the calibration re-
sponse is nonlinear because of the ef-
fect of the detection system resolution
function.

We also found that while the L "
edge technique is quite insensitive to
elemental contaminants in solution with
the SNM to be measured, it is sensitive
to the molarity of the solvent matrix.
This sensitivity is greatest for low
SNM concentrations. In addition, for
mixed solutions, the Ljn-edge densitom-
eter's response is a function of the
uranium/plutonium ratio of the solu-
tions. Although relatively few mixed
solutions have been measured by the
densitometer because of the difficulty
in obtaining such solutions, the meas-
urements that have been made hinted at
the existence of such an effect but

- were not sufficient to determine its
magnitude. We hope that future mixed-
solution measurements will demonstrate
this dependence on the uranium/plutoni-
um ratio so that we can determine the
magnitude of the effect and improve the
assay accuracy.

We also found that the assay re-
sults obtained with the L-.j-edge densi-
tomccer can be improved by using a dif-
ferent data reduction technique. The
edge-extrapolation technique suggested
by Brooks, Russo, and Sprinkle2* ap-
pears to be less sensitive to the ef-
fects of both small-angle scattering
and the response function than is the
differencing technique currently used.
The edge-extrapolation technique also
is less sensitive to changes in the mo-
larity of the solvent matrix. We plan
to compare the two data analysis tech-
niques experimentally.

Complete results of the computer-
simulation study are given in Ref. 25.

3. Robotics Applications of NDA
for Assay, Verification, and Process
Monitoring (P. A. Russo, G. W. Eccle-
ston, C. W. Bjork, S. M. Simmonds, Q-l;
R. F. Ford, V. L. Hesch, W. D. Powell,
MST-9; C. A. Ostenak, MST-10).

a. Development of Gamma-Ray Meth-
ods for the Direct Oxide Reduction
(DOR) Robotics Project. Plans for
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automation of the process for direct
conversion of PuO2 to metal include
implementation of robotics for physical
manipulations that are now performed
manually in metal-production glove-box
lines at the Los Alamos Plutonium Fa-
cility. The Los Alamos DOR process has
been described previously:26 the pro-
duct, a plutonium metal button physi-
cally bonded to a calcium salt block,
is broken out of the MgO reaction cru-
cible, the button is split off, and the
salt block is broken up and collected
in canisters for disposal or recovery
of residual plutonium. High personnel
radiation exposure in these physical-
manipulation phases of the process is a
major reason for implementacion of ro-
botics.

Operations personnel now rely pri-
marily on visual inspection of the re-
acted charge to judge the location of
the button/salt interface and the qual-
ity of the reaction products. Gamma-
ray NDA will be used in the automated

process to locate the interface, evalu-
ate the salt block for plutonium con-
tent (that is, screen for discard cri-
teria) , and locate the button and
chunks of salt within the glove box.

We investigated the feasibility of
locating the interface and screening
for discard criteria experimentally
(Fig. 33). We placed a cold salt plug
(CaO and CaCl2) into a MgO crucible
that contained lead shot to simulate
the metal button and used a shielded,
collimated Nal(Tl) detector to measure
the transmission of 662-keV gamma rays
from a l37Cs point source through the
crucible as a function of height. A
portable programmable MCA was used to
acquire and reduce the data. Figure 34
shows the relative transmission at
662 keV as a function of height. As
the gamma rays approach the interface
(at height - 17 cm) from the salt plug
side, the measured transmission in-
creases because of small-angle scatter-
ing of gamma rays from the surface of

CaO + CaCI,
CRUCIBLE

SERIAL

Fig. 33. Experimental setup to examine the feasibility of using gamma-ray
transmission measurements for locating the metal/salt interface and meas-
uring plutonium (screening for disposal criteria) in the salt plug. The
lead-shielded Cs source is shown to the right of the crucible. The
lead-shielded collimated Nal(Tl) detector is shown at the upper left. The
tiortablfe MCA is shown below the detector. The dashed line indicates the
gamma-ray transmission path.
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Fig. 34. Relative transmission of Cs 662-keV gamma rays through the filled
crucible as a function of crucible height.

the lead into the detector collimator.
The subsequent reduction in the trans-
mission locates the interface.

We plan a transmission-corrected
gamma-ray assay for the salt block
screening. The magnitude of the rela-
tive transmission of 662-keV gamma rays
through the salt plug (about 15%) is
reasonable for disct-rd screening. When
we replaced the 137Cs source with a
239Pu source, we also found the trans-
mission of the 414-keV gamma rays
through the salt plug (about 10%) to be
adequate for discard screening.

The equipment for implementation of
NDA for the DOR automation will be sim-
ilar to the experimental setup. The
portable MCA will be automated by seri-
al communications to an external micro-
processor. The l37Cs source and
Nal(Tl) detector will be mounted in the
glove box on opposite sides of the re-
action well. The reacted charge will
be scanned vertically as the robot re-
moves the crucible in its tantalum can-
ister from the well. Rotation of the
crucible during the scanning also is
planned.

Mechanical design of the prototype
hardware is complete. The holder for

the shielded Nal(Tl) detector allows
removal of the detector by the robot so
it also can be used for locating the
plutonium button and oxide chunks on
the glove-box floor.

Plans for automation include a cold
demonstration of the automated DOR
process in which lead oxide will be
converted to metal. The automated cold
tests will include 662-keV transmission
measurements and passive measurements
of a small 2 3 9Pu check source. Designs
for the required Nal(Tl) detector col-
limator/shield and the 137Cs source
holder/shield are complete. A second
set of prototype hardware will be fab-
ricated for use in the (hot) glove box
of the manual process line to prove the
principle of the measurements with plu-
tonium and to identify potential prob-
lems with on-line hot operations. The
automated cold tests are scheduled to
begin in late FY 1987. Measurements on
the manual (hot) process line should
begin during CY 1986.

b. Automated Working Vault Design.
We are collaborating with Los Alamos
MST Division groups on the design of a
new working vault for the Los Alamos
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Plutonium Facility to assure adequate
space and optimum layout for planned
NDA verification equipment. The new
vault will be automated for storage and
removal of items by a stacker/retriever
robot to minimize personnel radiation
exposures. NDA verification of pluto-
nium content and matrix type for criti-
cality safety screening is planned for
each item before it is placed in the
vault for storage. In addition, the
possibility of installing a fingerprint
NDA device to verify the identity of an
item (previously assayed for accounta-
bility and fingerprinted before stor-
age) in conjunqtion with pick-and-place
automation is being considered for rap-
id inventory verification of vault con-
tents with minimum personnel radiation
exposure.

The materials management room of
the new vault will house the NDA equip-
ment planned for verification of items
before vault storage. If NDA also is
used to implement automation of the
vault inventory verification process,
the necessary equipment probably will
be located in the vault (storage) area.
We will identify appropriate NDA
methods for these applications during
1986. The target date for completion
of the construction of the new vault is
early in calendar year 1988.

4. Pulsed Neutron Interrogation of
Pressurized-Water Reactor (PWR) Fuel
Assemblies (R. B. Stuewe, H. 0. Men-
love, G. W. Eccleston, J. E. Swansen,
J. D. Atencio, Q-l). As part of the
program to develop techniques to assay
spent fuel, we constructed an experi-
mental system to interrogate PWR fuel
assemblies using a pulsed neutron
source. The system uses a Sandia Model
MA165 neutron generator that produces
approximately 106 14-MeV neutrons per
pulse at rates of 1-100 Hz. Pulse
widths are about 15/JS. Fuel assemblies
are positioned in a vertical tank
(22-cm-square cross section) that can
be filled with water to allow thermal
neutron interrogation and measurement.
Neutron detection is provided by an ac-
tive neutron coincidence collar (ANCC),
minus the source. The neutron genera-

tor tube, the ANCC, and the fuel assem-
bly and holder are located in an uncon-
taminated hot cell. This portion of the
system is shown in Fig. 35. All con-
trol and data acquisition equipment is
located outside the hot cell.

The ANCC contains 18 3He detectors
divided into three equal banks on the
side and rear faces of the assembly
relative to the face where the genera-
tor tube is located. The ANCC and gen-
erator tube are centered on the verti-
cal axis of the assembly. Detector
output is connected to an AMPTEC pre-
amplifier whose signal is the count in-
put for a Canberra Series 80 MCA oper-
ating in multichannel scaling mode.
Data manipulation and analysis use an
LSI-11-based computer system.

We have measured a 15- by 15-rod
PWR fuel assembly array loaded with
various combinations of 0.20% 235U-en-
riched (depleted) fuel pins and 3.2%
23SU-enriched fuel pins. This is equiv-
alent to a 2 3 SU loading of 380-5000 g.
The measurements were made by interro-
gating the assemblies for 100 s using
a pulse race of 50 Hz. Neutron counts
were collected during the time period
from 9 to 10 ms following each neutron
pulse. Figure 36 shows a typical plot
of the counts recorded vs the number of
grams of 2 3 SU per centimeter length of
the assembly. The solid line in Fig.
36 is a second-order polynomial fit to
the data, with the dashed lines repre-
senting the 95% confidence limits.

We are developing a method of sepa-
rating the prompt- and delayed-neutron
components of the measured time distri-
butions to obtain additional informa-
tion about an assembly's fissile con-
tent. We also plan to make measure-
ments with the assemblies submerged in
water.

5. Evaluation of t^e Active Neu-
tron Coincidence Collar (ANCC) for
Measurement of Low-Enrichment, High-
Density Samples (M. C. Miller. M. P.
Baker, Q-l). We initiated evaluation
of the suitability of a collar-type,
active neutron coincidence Instrument
for the assay of low-enrichment, high-
density uranium samples in anticipation
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Fig. 35. The neucron generator
Cube, accive neutron coincidence
collar, AMPTEC preamplifier, and
fuel assembly holder in typical
measurement configuration inside
the hot cell.

2.10

0.90

GRAMS 235U/cm

Fig. 36. Sum of counts recorded from 9 to 10 rns following each pulse for a
total of 5000 pulses vs the grams of 2 3 5U per centimeter of the PWR assem-
bly. The solid line is a second-order polynomial fit to the data, the
dashed lines are the 95% confidence limits of the fit. Measurement error
bars are the same size as the data points.
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of future domestic and international
safeguards requirements for the pro-
posed AVLIS uranium enrichment proc-
ess.27 We expect a measurement of the
2 3 5U content of uranium tails billets
to be required for verification of
the operator-declared materials bal-
ance, should an AVLIS plant be of-
fered for international safeguards by
the IAEA. This is not, however, the
only potential use for such techno-
logy, because we think extension to
p ,duct and feed billets from the AVLIS
process as well as orher measurements
that involve high-density samples con-
taining small amounts of 2 3 SU will be
straightforward.

Our measurements used the ANCC28

and depleted uranium PWR fuel rods.
Fuel rods were assembled in a 12- by
16-rod array (roughly 5 by 7 in.) to
determine the response characteristics
of the collar. The average uranium
density of the array was about
5.4 g/cm3. A measure of the uniformity
of response was obtained by removing
eight or nine rods from various loca-
tions within the array (Fig. 37). The
coincidence count rate from the induced
fission of 2 3 SU obtained when rods were
removed was compared with that of a
full array. Table VI shows the results
of the measurements in terms of the
relative response per rod deviation
from a full array when the fuel rods in
a given region were removed. The rela-
tive difference in response per rod is
defined as

Relative difference *\

where Rp is the coincidence rate of the
partial array, Rp is the coincidence
rate of the full array, n is the num-
ber of rods in a full array, and x is
the number of rods removed. The stan-
dard deviation of the relative differ-
ence was within 1% (absolute) through-
out the array, with the corners near-
est the AmLi source and the sides be-
ing the most responsive. The back
section of the collar appeared to be

1 2 3 4 5 6 7 8 9 10 11 12

Fig. 37. Region map for rod removal.
Areas 1, 2, 3, 6, and 7 represent the
average value for that region. Region
9 is shown by shaded areas.

TABLE VI. ROD REMOVAL

Region

1

2

3

4

5

6

7

8

9

Relative

0.009

-0.005

-0.013

0.015

0.015

0.003

-0.003

0.005

0.013

Difference

+ 0.007

+ 0.006

+ 0.008

+ 0.008

+ 0.005

+ 0.008

+ 0.007

+ 0.008

+ 0.005
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the least responsive area of the ar-
ray. Because we observed significant
decreases in coincidence count rate
(compared with that of a full array)
for all regions, we concluded that the
collar technique is sensitive to 2 3 8U
throughout the array. We will continue
our measurements to better characterise
the response to rod removal.

Figure 38 is a contour plot of the
data in Table VI. In addition to the
regional rod removal, entire rows or
columns were removed to simulate sample
dimensional variation effects. Results
were similar to those obtained for re-
gional removal, with the front (closest
to the AmLi source) and sides being
more sensitive than the back. Figure 39
shows the rows/columns removed, with
the relative response per rod differ-
ence from a full array when that row/
column was removed.

Future plans include
• measurements using depleted ura-

nium "bricks,"
• determining the collar response

function vs enrichment,
• measurements of an actual bil-

let, and
• an instrument design study to

optimize the collar for a par-
ticular geometry/sample type.

Data obtained from these activities
will provide a more precise definition
of the collar response vs 2 3 SU location
as well as the effect of voids in a
uranium billet.

6. Neutron Detector Design Calcu-
lations (J. E. Stewart, S. M. Simmonds,
Q-l). In designing neutron detectors
using 3He proportional counters and
polyethylene moderator, we must know
the effect of the amount and location
of the moderator on intrinsic counting
efficiency. We carried out a generic
set of MCNP29 calculations to determine
variations in counting efficiency from
all practical combinations of front and
back (relative to a 2S2Cf source) poly-
ethylene moderator thicknesses in slab
geometry. The detector geometry is
shown in Fig. 40. The 3He counters
have a 25.4-cm active length, 4-atm

Fig. 38. Contour plot for rod remov-
al . Location of the AmLi source is
designated by an asterisk.
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Fig. 39. Row/column removal map. Data
are relative differences when that row/
column is removed.
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POLYETHYLENE

—40.0 cm-

Fig. 40. The geometry used for a series of Monte Carlo calculations of de-
tector efficiency. In the calculations, thickness of polyethylene in front
of and behind the two 3He counters was varied.

fill pressure, and 2.5-cm diam. The
Watt fission spectrum for 2S2Gf sponta-
neous fission neutrons was used in the
calculations. The parameters and geom-
etry represented typical values encoun-
tered in actual neutron detectors.

Results of the calculations are
shown in Fig. 41. Because thickness is
measured from 3He counter centers,
total slab thickness is the sum of
front and back thicknesses. The poly-
ethylene slab configuration for highest
efficiency is 6 cm in front of the 3He
counters and 8 cm behind. If slab
thickness is constrained to 10.2 cm,
which is a typical thickness available
from U.S. vendors, the 3He counters
should have 4.6-cm polyethylene in
front and 5.6 cm behind for highest ef-
ficiency.

7. Timer Sealer Module Evaluation
(J. Swansen, Q-l). We evaluated a
small modular timer sealer (Hitachi
63PO1M1) that has been developed for
applications where TTL pulses must be
counted. Count capacity of this unit
is 2.4 • 109 counts; it is capable of a
maximum counting rate of approximately
4 • 10s counts/s.

The module is powered from a +5-V
supply and requires about 10 mA. In

addition, it can supply 100 mA to an
external load (for example, an AMPTEK
amplifier and high-voltage supply).
This external load can be turned on and
off by remote control. The module,
having no display of its own, is read
out and controlled by an RS-232 serial
port. It responds to the following
ASCII commands:

BREAK Initialize microprocessor
S START timer and sealer
H STOP (Halt); also resets cycle

mode
Z RESET (Zero) timer and sealer
R READOUT - print time and counts
X Print STATUS
T Set PRESET TIME
C Set CYCLE mode
P POWER DOWN - standby mode

The commands are single ASCII char-
acters transmitted from a terminal or
computer by an RS-232 serial port to
the module. A carriage return and line
feed (CRLF) are not used to terminate
the commands. The module acknowledges
the receipt of valid commands by echo-
ing the command character. Successful
completion of the command is acknowl-
edged by a CRLF. Invalid commands are
acknowledged by an ASCII "BELL,"
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Fig. 41.
ficiency

Relative 2S2Cf
functionas a

detection ef-
of front and

back polyethylene thickness for the
small slab detector illustrated in Fig.
40.

8. Infrared (IR) Imaging (N. Nic-
holson, Q-2). We demonstrated that
containers with substantial amounts of
Plutonium (300 grams and greater) emit
enough T.R radiation to be imaged easily
using commercially available IR cam-
eras . The ability to detect the radia-
tion depends on the type of container,
the internal insulation or wrapping a-
round the Pu, the emissivity of the
surface of the container, and the pres-
ence of other sources of IR radiation
that obscure the signal. These prelim-
inary results were obtained using a
light-weight, hand-held thermal imager
(Fig. 42) employing a 48-element linear
array of PbSe detectors, which are
cooled using a four-stage thermoelec-
tric system. Figure 43 shows a func-
tional block diagram of the unit.

The potential applications of a
passive system such as this to a number
of safeguards problems have encouraged

CONTRAST
EYEPIECE
FOCUS

BRIGHTNESS

FOCUS
POWER

Fig. 42. A commercial infrared camera used to evaluate safeguard applica-
tions.
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Fig. 43. Functional Block Diagram

us to explore the "mass limit" of de-
tectability of the system. Gram quan-
tities of plutonium contained in di-
lute solutions were placed in small
vials and observed with the IR imager.
The results of these obseirvations, al-
though inconclusive, led us to be-
lieve that small quantities of plutoni-
um in dilute solutions could be de-
tected using IR imaging techniques. The
IR detectors used to image these small
amounts of plutonium are inherently
noisy because of a number of short-
comings in the equipment design. We
are surveying other available thermal
imagers to determine whether equip-
ment can be procured with the neces-
sary sensitivity and low noise charac-
teristics to detect very small thermal
emitters. There are applications to a
number of safeguards problems, such as
vault inventory verification, holdup
in labyrinths of plumbing, and verifi-
cation of various process lines that
contain plutonium.

B. Containment and Surveillance Tech-
nology Development (P. E. Fehlau, K. L.
Coop, C. Garcia, Jr., Q-2)

1. SNM Monitor R&D. We are inves-
tigating neutron detection in existing
gamma-ray pedestrian and motor vehicle
monitors and in specialized neutron
monitors as part of our continuing ef-
fort to improve the detection sensitiv-
ity of SNM monitors._ We found good
neutron-detection efficiency in the
large plastic gamma-ray scintillation
detectors used in most new pedestrian
and vehicle monitors. Although the
gamma-ray background in the plastic
scintillators limits a monitor to de-
tecting relatively large quantities of
shielded plutonium by neutron emission
alone, under worst-case conditions, a
walkthrough pedestrian monitor still
easily detects 100-g of low-burnup plu-
tonium in 1-in.-thick lead shielding
weighing about 2.5 kg. A walkthrough
neutron pedestrian monitor costing
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about three times as much as the gamma-
ray monitor could not do as well at de-
tecting low-burnup plutonium in a
2.5-kg neutron shield.

A neutron monitor that does seem
worthwhile is a neutron vehicle portal
monitor. We estimated that a single
detector monitor would detect the same
amount of low-burnup plutonium shielded
by a 5O-kg neutron shield as the NTS
portal would detect in a 5O-kg gamma-
ray shield. A two-detector portal
should be able to detect a signifi-
cantly smaller amount of shielded plu-
tonium. However, the neutron portal
would not replace the gamma-ray portal;
the gamma-ray portal has better sensi-
tivity for bare plutonium and, of
course, for other materials that do not
emit neutrons. The combination of
gamma-ray and neutron detection should
provide the best sensitivity to bare or
shielded plutonium because of the dif-
ficulty of shielding both gamma rays
and neutrons.

We designed a prototype neutron ve-
hicle portal monitor (Fig. 44) that has
neutron-chamber detectors and a vehi-
cle-monitor controller that uses a se-
quential hypothesis test to detect neu-
tron sources. We performed Monte Carlo

calculations to establish the specifi-
cations for the detectors and control-
ler. The detectors achieve maximum
performance at minimum cost by trapping
thermalized neutrons in a chamber con-
taining 3He neutron proportional coun-
ters. Our calculations selected the
optimum type of detector, the optimum
moderator, and the optimum chamber
size. Two detectors have been fabri-
cated to form the prototype vehicle
portal. The specified controller has
been commercially fabricated. We ex-
pect to assemble and evaluate the pro-
totype monitor at Los Alamos and other
DOE facilities during 1986.

2. Vehicle Monitoring Stations.
Last year we reported completion of the
Pajarito SNM monitor, a high-sensitivi-
ity SNM vehicle-monitoring station.30

This year saw the application of the
technology to operational security at
Los Alamos with the purchase of three
such monitors from a commercial manu-
facturer for installation at three Los
Alamos sites where nuclear materials
are stored or processed. In addition,
we carried out measurements at the re-
quest of two other DOE facilities to

Fig. 44. The neutron SNM vehicle portal monitor uses large-area neutron
chamber detectors that trap thermalized neutrons in a chamber containing
a few 3He neutron proportional counters.
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determine the effectiveness of the Pa-
jarito monitor for detecting particular
forms of uranium. Results of the meas-
urements allowed us to supply Goodyear
Atomic and the SRP with recommendations
for vehicle monitors that are similar
to the Pajarito monitor.

3. Commercial SNM Monitor Evalua-
tion. We evaluated two new commer-
cial high-sensitivity pedestrian SNM
monitors and began evaluating a new
commercial vehicle portal monitor. Our
evaluations of the pedestrian moni-
tors31 did not reveal any actual ad-
vance in performance over existing
equipment. Each monitor used its manu-
facturer's own design for signal condi-
tioning and analysis circuits, which
did not work as well as they should: in
one case suffering from, severe deadtime
loss of signal intensity and in the
other, from excessive false alarms and
inaccurate pulse height discriminators.

Our evaluation of the commercial
vehicle portal monitor also disclosed a
severe excess of false alarms that lad
us to terminate the evaluation The
manufacturer later redesigned the cir-
cuits and retur"^d the monitor to us.
We believe the problem has been correc-
ted and are now completing its evalua-
tion.

4. SNM Monitors at DOE Facilities.
We continued to consult with DOE con-
tractors on SNM monitor applications:
assistance was provided to Argonne Na-
tional Laboratory and ANL-W, RFP, the
Pantex Plant, the Oak Ridge Y-12 Plant,
LLNL, and Sandia National Laboratories -
Albuquerque. Information on available
SNM monitoring techniques and calibra-
tion methods for commercial SNM moni-
tors is most often needed. We have
written and are now publishing an ap-
plication guide for pedestrian SNM mon-
itors, which will make general informa-
tion on SNM monitoring more readily
available.32 In addition, we prepared
a calibration manual for one commercial
SNM monitor33 and are working on anoth-
er for the new monitors at RFP.

C. Chemical and Isotopic Analysis

1. Plutonium Assay with Automated
Controlled-Potential Coulometer (R. M.
Hollen, D. D. Jackson, W. E. George,
D. J. Temer, CHM-1). Accurate and
timely plutonium assay is vital for
nuclear material accountability, and
controlled-potential coulometry is one
of the methods most often used. This
method is capable of precision of
better than 0.1% RSD for a single de-
termination at the 5-mg plutonium level
but requires significant time of a
skilled analyst. We previously con-
structed a prototype automated instru-
ment for the controlled-potential cou-
lometrlc determination of plutonium,
which should provide more timely data,
The prototype instrument was installed
in a glove box in the Los Alamos Ana-
lytical Chemistry Group for evaluation.
Samples submitted by the Plutonium
Processing Facility were processed by
the automated instrument concurrently
with measurement by the usual manual
methods. Initially, precision of the
plutonium measurements by both methods
was very good as calculated from dupli-
cate analyses, but there was a differ-
ence in the results from the two meth-
ods . While we were investigating the
cause of the bias, minor equipment
problems with the automated instrument
caused a deterioration in measurement
precision. We found a problem with the
stirring mechanism, which is suspected
of causing the loss of precision: the
stirring motor would occasionally fail
to attain the correct speed. We con-
structed an improved measurement sta-
tion head and replaced the stirring mo-
tor. Evaluation is continuing.

2. Advanced Automated Controlled-
Potential Coulometric Analyzer (R. M.
Hollen, D. D. Jackson, CHM-1). We
have nearly completed construction of
an advanced automated controlled-po-
tential coulometric analyzer, which in-
corporates many improvements for in-
creased accuracy, reliability, and ease
of maintenance.
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Experience gained in operating the
prototype automated instrument in a
corrosive environment (see Part 3, Sec.
I.C.I) pointed out the desirability of
keeping as much of the instrument as
possible outside the glove box and con-
structing the instrument components re-
quired to be in the glove box of more
chemically resistant materials. We de-
veloped a completely pneumatic system,
which is much simpler and smaller, to
replace the original pneumatic/hydrau-
lic system. The pneumatic control sys-
tem is located outside the glove box.
Components that must be inside the
glove box are constructed of Teflon or
similar materials wherever possible to
increase their resistance to corrosion.
The aspirator assembly, a vital part of
the system for cleaning the cells and
other components that contact the sam-
ples, was redesigned to improve relia-
bility. Additional interlocks also are
expected to increase reliability.

The control system is based on an
HP-85B desk top computer and an HP-3497
data acqui~;tion/control unit. The new
control system improves reliability and
provides greater versatility with fewer
components for less cost. Most of the
electrical and electronic components of
the control system are in a chassis
outside the glove box. Construction of
the control system is complete and
testing is under way. The completed
automated instrument will be tested by
comparing its assay result with highly
reliable manual measurements.

3. Automated Weight Titration Sys-
tem for Plutonium Determination (R. M.
Hollen, D. D. Jackson, CHM-1). One
method that is routinely used for as-
say of pure plutonium metal is weight
titration of Pu(III) to Pu(IV) with
Ce(IV). The endpoint is determined
photometrically. The method is capable
of precision for a single determination
of about 0.03% RSD; however, achieving
this precision requires a skilled ana-
lyst and good technique. We are devel-
oping an automated apparatus to carry
out the titration and locate the end-
point, thereby eliminating bias among

analysts and freeing them from the time
required to carry out the titration.
For minimum disruption for the analyst,
our initial effort has been to automate
the titration using the same quantities
and cellii as used in the manual method.
We have constructed and satisfactorily
tested a prototype apparatus for the
titration. Iron was used as a stand-in
for plutonium in the tests. The titra-
tion is carried out automatically with
a Methohm 655 Dosimat automatic burette
controlled by an HP-85 computer. A
probe colorimeter interfaced to the
computer measures the changing absorb-
ance of the solution during the titra-
tion, and the endpoint Is determined by
the computer and printed out with a
sample identification number. Titra-
tion of Iron samples, each containing
about 70 mg of iron (equivalent to 250
mg of plutonium, the amount usually
used in the manual method) gave a pre-
cision of, better than 0.03% RSD. De-
sign and construction of an automated
instrument are In progress.

4. Characterization of Thermal
lonization Mass Spectrometry Sources
(N. S. Nogar, CHM-2; 0. D. Jackson,
HM-1). Most isotope ratio measure-
ments are performed with thermal ioni-
zation mass spectrometers using either
single-filament or triple-filament
sources. Although this technique is
quite accurate, little is known about
the mechanism for sample vaporization,
atomization, and ionization. There are
recipes for the preparation of many
types of samples, but for the most part
these procedures were developed in a
pragmatic fashion with minimal scien-
tific basis. Metal overcoating is an
example of this practice. In many
cases, it is found that electrodeposit-
ing a metal coating over the sample and
thermal filament improves performance:
atomic ion signals are more stable and
of higher intensity.

We carried out a study of the fun-
damental processes occurring in thermal
ionization sources, using Resonance
Ionization Mass Spectrometry (RIMS) for
the characterization of atomic, ionic,
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and molecular species. Initial efforts
were devoted to uranium samples deposi-
ted on rhenium filaments. We examined
samples in which uranium nitrate solu-
tions were deposited alone and codepos-
ited with platinum, using an electro-
deposition process in an effort to
determine what effect the platinum
overcoat has on sample evaporation
rate, speciation, and spatial and ener-
gy distribution.

In our initial experiments, n/e mon-
itored uranium atoms with a three-pho-
ton, doubly resonant photoionization
process, using photons of 5915A. This
accidental double resonance allows ura-
nium atoms to be ionized (producing U )
with photons from a single laser, thus
simplifying both the experiment and its
interpretation. Observation of the
time-of-flight spectra revealed that
U0 + ions also were being generated
at this wavelength for both the un-
coated and overcoated samples.

Subsequent studies of power-depend-
ent RIMS - generated signals for U+, U0 +,
and UO2, also performed at 5915A, used
a sample produced by evaporation of a
uranium nitrate solution onto the rhe-
nium sample filament. The atomic ion
exhibited first-order dependence o.n the
laser intensity, indicating that both
resonant transitions are saturated
throughout the intensity range explored
(1 to 50 mW). Both the monoxide and
dioxide ion signals showed approximate-
ly second-order dependence on intensi-
ty. This information can be used to
characterize the relative populations
of atomic and molecular species evapo-
rated from uranium samples that are
both codeposited and overplated with
platinum.

In a RIMS investigation of plati-
num- overplated uranium samples, we
found (1) overplated samples produce
a signal caused entirely by uranium a-
tomic ions, in contrast to the exten-
sive oxide formation observed with e-
vaporated samples; (2) there is a sharp
temperature threshold (1500°C) for sig-
nal production; and (3) above this
threshold, the signal varies only weak-
ly with temperature.

Further characterization of plati-
num- overcoated uranium samples was car-
ried out in an attempt to measure the
velocity distribution of uranium atoms
evaporated from this source. These ex-
periments were conducted by measuring
the transmission efficiency of the mass
spectrometer as a function of applied
voltage across deflector plates arrang-
ed to retard the velocity component
normal to the sample filament surface.
It appears that for a given surface
temperature (measured by optical pyro-
metry), the distribution of velocities
of the escaping uranium atoms is great-
er for coated than for uncoated sam-
ples. This implies that the platinum
overcoat is providing a physical barri-
er to desorption that can only be over-
come by particles with relatively high
kinetic energy.

In summary, we have obtained the
following results concerning the role
of metal overplating of thermal ioniza-
tion mass spectrometry uranium samples:

• The total flux of uranium-con-
taining species is greater at a
given temperature for the un-
coated samples.

• The flux of uranium atoms is
greater for the coated samples.

• The velocity distribution of de-
sorbed atoms is skewed to higher
velocities for the overcoated
samples.

It is tempting to speculate that
the greater stability observed previ-
ously for overcoated samples is caused
by the lower total evaporation rate of
uranium-containing species and by the
evaporation of (primarily) a single
species having a constant ionization
probability.

D. Standards Development

1. Consensus Standards (R. G. Gut-
macher, Q-4; C. W. Bjork, Q-l). We
continued to participate in the stan-
dards-writing activities of the Ameri-
can Society for Testing and Materials
(ASTM) Committee C-26 on the Nuclear
Fuel Cycle. A Los Alamos representa-
tive chairs the NDA Task Group. The



Task Group's first standard test meth-
od, C1030 "Determination of Plutonium
Isotopic Composition by Gamma-Ray Spec-
trometry," appears in the 1985 Annual
Book of ASTM Standards. Volume 12,01.
published in September 1985. 3<

During 1985, the NDA Task Group
completed work on a method for deter-
mination of SNM in low-density scrap
and waste by passive segmented gamma-
ray scanning, to be submitted for bal-
lot in spring 1986. The test method
includes the determination of 2 3 5U,
238U ( 237 N p > 239pu> a n d 2 4 1 ^ , W o r k

has begun on a test method for the de-
termination of SNM in scrap and waste
by passive-neutron techniques.

2. Modular Standards for HEU Waste
Assay. (N. Ensslin, E. L. Adams, W.
Atencio, L. R. Cowder, H. R. Dye, M. N.
Hykel, Q-l; B. D. Baker, MST-6). A set
of modular HEU standards have been fab-
ricated in support of the waste assay
instruments that we developed for the
SRP. The instruments (see Part 1,
Sec. I.L) will measure high- and low-
density waste containing cmall amounts
of HEU. High-density waste containing
pipes, pumps, or other heavy objects
will be assayed in 55-gal. steel drums
using an active neutron technique--a
californium shuffler. Low-density waste
containing paper, filters, ash, or oth-
er light materials will be assayed in
36-gal. cardboard cartons by far-field
passive gamma-ray counting. We have
carried out a standards-development
program for these two instruments so
that their performance could be evalu-
ated and optimized in the laboratory
and then assessed during 100-h accep-
tance testing. The standards also will
be shipped to Savannah River and used
for the initial in-plant calibration of
the instruments.

Development of standards that are
truly representative of actual waste
matrix materials can be very costly and
time consuming. In addition, the final
quantity or distribution of uranium in
the waste may not be well known because
of mixing or settling problems. In the
case of these two instruments, actual

process waste is not yet available at
Savannah River. For these reasons we
prepared modular standards -consisting
of small uranium-bearing cans that are
lowered into vertical tubes fastened
into barrels or cartons of simulated
waste. In this way the amount and lo-
cation of uranium are always known but
variable. The mock waste matrices do
not simulate actual process waste, but
rather the various effects of waste on
NDA. Thus, the effects of vertical ef-
ficiency response, radial efficiency
response, sensitivity, neutron scatter-
ing, neutron moderation, neutron ab-
sorption, and gamma-ray attenuation can
be studied independently.

Table VII summarizes the physical
properties of the uranium-bearing cans
and the simulated waste matrices. The
small containers are 1/2-pint (about
300-m^) tin cans that are empty except
for a strip of uranium metal foil fas-
tened to their inner walls. The foils
are about 1.5 mils thick, with some
oxidation on their surf.ices; they have
been coated with about 1/4 mil of a-
crylic paint to prevent further oxida-
tion. The 2-g standards each contain
one 2.3-cm-wide by 21-cm-long strip of
foil (one circumference of the contain-
er) . The 4- and 6-g standards contain
foils that are proportionately wider,
and the 12-g standard contains one
6.8-cm-wide by 42-em-long foil, which
is wrapped twice around the circumfer-
ence of the can.

The advantages of using metal foils
are that the quantity and distribution
of uranium is fixed and dilute enough
for both epithermal neutron interroga-
tion and passive 186-keV gamma-ray
counting. Thus, one set of standards
can be used for both waste assay in-
struments. One disadvantage is the
presence of some self-absorption in the
foils. For gamma-ray counting, self-
absorption varies from 15 to 28% and,
while independent of waste matrix, is
dependent on viewing angle. For epi-
thermal neutron interrogation, the
self-absorption effects are less but
are dependent on neutron moderation in
the waste matrix. Another disadvantage
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TABLE V I I . MODULAR HEU WASTE STANDARDS

Uranium-

bearing cans

9 each

1 each

1 each

1 each

High-Density

Wastfc Drums

1 each

1 each

1 each

1 each

1 each

1 each

Low-Density

Waste Cartons

1 each

1 each

1 each

Container
size

Mass o£
2 3 S U C g )

7 cm d. x B.3 cm h 2.0

Conta iner

s i z e

55 g a l . (208?)

Container

size

36 g a l . (136.?)

4 . 0

6 . 0

12.0

Matrix

Empty

Poly Shavings

Paly Chunks

Iron

Sand, Sa l t

Sand, S a l t , Sugar

Matrix

Empty

Shredded Paper

Shredded Paper

Effect ive 2 3 5 U

mass (g) for

186-keV gamma-rays

1.7

3 . 3

'.. 7

8 .6

(let. Wt (kg)

0 . 0

12.2

68.4

239.0

239.0

212.2

Met Wt (kg)

0 . 0

4 . 5

13.6

of using foils is that the uranium and
the waste matrix are not truly mixed.
Also, the three vertical access tubes
in each simulated waste container
(about 8 cm in diameter and located in
the center, halfway to the edge, and
near the edge) create an appreciable
gap in each matrix.

Laboratory measurements with both
waste assay instruments showed that the
modular standards were very useful for
determining sensitivity and efficiency
profiles and for establishing matrix
effect correction factors. It is not
yet known how well these results will
represent actual process waste measure-
ments , but the modular approach is

flexible enough to allow for rearrange-
ment or mixing of the uranium cans and
the simulated waste materials at Savan-
nah River.

3. Wide-Range Working Standards
for Gamma-Ray Uranium Enrichment Meas-
urements (J. L. Parker, Q-l). At the
present time, no wide-range set of cer-
tified standards exists for the gamma-
ray spectrometric determination of ura-
nium enrichment (23S*J atom fraction).
The only set of certified standards a-
vailable is the set jointly issued by
the NBS and the Central Bureau for Nu-
clear Measurements (CBNM).35 This set
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(NBS SRM 969/CBNM ECNRM 171) covers on-
ly the range from 0.3 to 4.5 atom %.
Because of the lack of certified stan-
dards and the desirability of investi-
gating the accuracy of gamma-ray en-
richment measurements over a wide range
of enrichment, we undertook the repack-
aging and recharacterization of 19 ex-
isting lots of uranium oxides for use
as working standards with 12 enrich-
ments between normal and 90% 2 3 SU.
Each lot consisted of about 1 kg of ox-
ide. The 19 lots of oxide had been ac-
quired over a period of about 15 years
from several sources, were in poorly
characterized cans, and in most cases
were labeled with only routine-quality
determinations of isotopic ratios and
uranium fractions. We thought that re-
packaging and recharacterizing these
already-acquired oxides would provide
an economical and useful set of working
standards for the investigation of the
limits of gamma-ray enrichment measure-
ment, as well as for other applications
of gamma-ray NDA. The number of cans
at each of the 12 enrichments, along
with the nominal enrichments and urani-
um fractions, is given in Table VIII.

A 1-2 tinned steel can with a flat
bottom was selected for repackaging,
and the thicknesses of both the lias
and bottoms were carefully measured by
the Los Alamos inspection shop. The 19
lots were then repackaged into the new
containers, and 6 samples of approxi-
mately 2 g were taken from different
parts of each lot. From available in-
formation, especially on the eight
highest-enrichment lots, there was no
reason to expect any significant iso-
topic inhomogeneity within the lots,
and we decided not to blend the sample
material before repackaging to avoid
possible contamination between the
lots. In retrospect, that decision was
unfortunate, for clearly discernible
differences in isotopic ratios among
the various samples from a given lot
were discovered in several cases.

Of the six samples removed from
each lot, three were given to the Los
Alamos Analytical Chemistry Group for

mass spectrometry, uranium fraction a-
nalysis, and emission spectroscopy for
the most common contaminants. Two sam-
ples from each lot were sent to the DOE
New Brunswick Laboratory for mass spec-
troscopy and uranium fraction analy-
sis. Each laboratory divided its sam-
ples in two, so that mass spectrometry
was done on 10 different physical sam-
ples (each of about 50-mg mass) from
each lot. This provided an extensive
database with which to judge the iso-
topic uniformity within the various
lots. The sixth sample from each lot
was retained as an archival sample for
possible future analysis.

While the analytical work was pro-
ceeding at the laboratories during the
latter part; of 1985, we began gamma-ray
measurements on all the repackaged lots
at Los Alamos. We also made compara-
tive measurements with respect to NBS
SRM 969, the low-enriched certified

TABLE VIII.

No. of Cans

2

2

2

2

3

1

1

1

1

1

1

1

1

URANIUM OXIDE

CATE WORKING

Nominal

at.I 2 3 5 U

0.7

0.7

2.0

3.1

10.2

11.9

13.5

17.5

27.1

38.0

52.5

66. <.

91.4

SAMPLES USED TO FAERI-

ENRICHMENT STANDARDS

Nominal

Uranium Fraction

(I)

85.2

87.6

87.8

86.9

84.3

84.9

84.6

64. 7

84.4

84.6

84.6

84.6

84.2
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standard. The analytical work on char-
acterization and gamma-ray measurements
will continue into 1986, so no final
report can be made yet on the compari-
son measurements. However, preliminary
results show that, in 4 of the 19
cases, evidence of isotopic inhomoge-
neity was found at an apparent level of
greater than 0.1%.

Though final analysis remains to be
completed, it appears that we will a-
chieve a set of working standards that
will allow us to investigate our abili-
ty to do gamma-ray enrichment measure-
ments at the 0.1% accuracy levoL over
essentially the full range of 23S)j en_
richment. Such a capability requires a
considerable physical preparation of
sample materials and analytical effort
to gain the necessary confidence in the
enrichment values associated with the
standards.

4. Calibration of the Neutron Co-
incidence Collar Using Exxon Nuclear
Standard Fuel Assemblies (H. 0. Men-
love, Q-l). The in-plant calibration
and evaluation of the neutron coinci-
dence collar for the measurement of
light water reactor (LWR) fuel assem-
blies were completed in December. The
calibration work was a joint project
involving Los Alamos and the Exxon Nu-
clear Company, Inc., with the measure-
ments being performed at the Exxon fuel
fabrication plant, in Richland, Washing-
ton, during the period from September
1984 to November 1985.

The purpose of the calibration ef-
fort was to obtain an assay database
for boiling water reactor (BWR) and PWR
fuel assemblies, covering a wide varie-
ty of fuel loadings and rod geometries.
Also, the stability and reliability of
the High-Level Neutron Coincidence
Counter (HLNCC) type of neutron-count-
ing electronics could be evaluated over
an extended period of in-plant use.

To accomplish the calibration, all
of the fuel assembly types produced by
Exxon during the 12-month evaluation
period were measured using the collar.
Measurements were performed on four or
five fuel assemblies of each reactor
type immediately following fabrication.

To obtain good counting statistics
(0.2-0.4%), most of the fuel assemblies
were counted for long intervals (1-
10 h). Cyclic data were collected to
obtain statistical, information on the
stability of the detectors and elec-
tronics .

The fuel assembly types that were
measured are listed in Table IX for
BWRs and Table X for PWRs. About one-
third of the assemblies were BWR type
and two-thirds were PWR, with a wide
range of fuel rod configurations and
thermal-neutron absorber (Gd20a) load-
ings.

The evaluation of the data is under
way, and a report on the calibration
results is scheduled for mid 1986.

II. MATERIALS CONTROL AND ACCOUNTING
(MC&A) TECHNOLOGY AND APPLICATIONS
DEVELOPMENT

A. Advanced MC&A Systems

1. Automated Prevention, Detec-
tion, and Resolution of MC&A Transac-
tion Errors (H. S. Vaccaro, Q-4). We
have long recognized the importance of
accuracy in MC&A data and are investi-
gating the role of human error as a ma-
jor contributor to inaccuracies in MC&A
databases. We are using the databases
generated by the Los Alamos Material
Accounting and Safeguards System (MASS)
as a basis for this investigation.

At Los Alamos, as at many other DOE
facilities, the MC&A system serves dual
purposes; it is a means, of course, of
enhancing safeguards but also provides
a process management database. Satis-
fying both needs requires that the sys-
tem capture more information than ei-
ther requires alone. Although this
dual purpose increases the likelihood
of introducing errors into any database
transaction, it also offers the oppor-
tunity for improved error detection.

Transaction records for the MC&A
system at Los Alamos contain several
essentially duplicated data fields and
others that are closely related This
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TABLE IX. EXXOH NUCLEAR BWR STANDARD FUEL ASSEMBLIES USED FOR CO.U.AR

CALIBRATION

1 8 x 3 63 133.24

2 8 x 8 62 144.0

6 9 x 9 79 133.24

7 8 x 8 62 11,1,.Q

16 8 x 8 62 144. Q

P e l l e t o .d .

( i n . )

0 .405

0.405

0.3565

0.405

0.4Q5

Average

Enrichment

3.08

3.26

3.35

3.09

3.24

235
U/cm

( g )

14.16

14.98

15.19

14 .29

14.93

UO
2

(kR)

180.

191.

174.

191.

192.

5

4

1

6

0

No.

Absorber

Rods

6

8

a

6

8

Gd 0
2 3

(wtZ)

3 . 5

4 .0

4 .0

3 .0

4 . 0

TABLE X. EXXON NUCLEAR PWR STANDARD FUEL ASSEMBLIES USED FOR COLLAR

CALIBRATION

BWR Size Rods ( in . )

3 14 x 14 179 132.0

4 14 x 14 179 132.0

5 14 x 14 179 144.0

8 15 x 15 208 131.8

9 15 x 15 216 131.8

10 14 x 14 176 124.7

11 14 x 14 176 124.7

12 14 x 14 176 128.0

13 15 x 15 204 132.0

14 15 x 15 204 132.0

15 17 x 17 264 144.0

17 17 x 17 264 144.0

Pel le t o.d.

( in . )

0.3505

0.3505

0.3565

0.350

0.350

0.370

0.370

0.370

0.3565

0.3565

0. 303

0.303

Average

Enrichment

3.82

3.80

3.40

.3.26

3.24

3.60

3.60

3.80

3.73

3.56

3.83

3.83

235
U/cm

38.11

37.87

35.24

37.68

38.86

39.35

38.73

41.54

43.96

43.08

41.99

41.99

UO
2

(kg)

379.5

379.4

430.03

439.0

455..0

392.8

390.4

403.2

448.3

445.6

455.1

455.1

No.

Absorber

Rods

0

4

0

0

8

0

8

0

0

12

0

20

Gd 0
2 3

(wtZ)

0

4.0

0

0

4 .0

0

4 .0

0

0

4 .0

0

B,C rods
4
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duplication and correlation make it
possible for safeguards experts to de-
tect most errors in any data entry by
careful examination of daily transac-
tion logs. Thus, it should also be
possible to create intelligent, auto-
mated error detection programs to flag
potentially incorrect data.

Basically, an error detector should
know when "something is wrong."
"Wrong" covers two distinct situations:
(I) the transaction does not properly
describe what actually occurred, and
(II) the transaction accurately de-
scribes an activity that was not sup-
posed to take place. A third class of
transactions also will appear erroneous
to most error detection schemes:
(HI) the transaction accurately de-
scribes an activity that was unusual
but nonetheless proper.

We are investigating several alter-
native approaches to error prevention,
detection, and resolution programs.
The simplest involves predefined, sin-
gle-field checks that are standard ca-
pabilities in many database management
systems. However, the more interesting
approaches use knowledge-based programs
that permit multifield checks for con-
sistency and that can handle fuzzy
rules capable of incorporating what we
call "experience" and "common sense."
Among the knowledge-based approaches we
are examining are the use of LISP, bi-
nary-tree structures, and sorted linear
structures for holding the knowledge
database.

We are evaluating two opposing
methods for acquiring the knowledge
base itself. One depends upon system-
atic interviewing of experts on trans-
actions for a specific database follow-
ed by automated consistency checking to
pinpoint problems in che rule base.
The other uses automated analysis of
historical transactions and automated
rule generation. These rules are sub-
sequently pruned and augmented by ex-
perts .

The ideal error detection scheme
would

• automate the creation and
maintenance of its rule base;

• run in real time;
• find class I, II, and III

transactions;
• distinguish between them; and
• for class I, indicate what the

transaction should have been;
and

• for class II, indicate what
the action should have been.

We have developed experimental
software to create a rule base to de-
tect class I, II, and III transactions.
The software can run in real time,
checking one or two transactions per
second on a portable computer. It does
not distinguish between the classes
(that still requires human interac-
tion), but it does provide substantial
assistance in resolving errors for
class I and II transactions.

The error detection codes, presump-
tuously called WISDOM and SENSE, have
been tested on actual MC&A data (from
1983) and on fabricated data. In both
cases, the programs detected most class
I errors deliberately introduced into
the data bases. The rate of false
error indications caused by class III
transactions is controlled by setting
program thresholds.

With a well-behaved fabricated da-
tabase, 99% of class I errors were de-
tected with about 20 valid transactions
flagged per 100 flagged errors. The
results for tests on actual historical
MC&A data have not yet been quantified.
Deliberately introduced class I errors
were nearly always detected, but a
large number of other transactions typ-
ically were flagged as well. Perhaps
as many as 80% of these are actually
class III transactions. During 1985,
we will test WISDOM and SENSE on cur-
rent transactions, tuning the program
sensitivities and attempting to resolve
all flagged transactions. Based on
this test and evaluation, the programs
will be modified into a prototype error
detection and resolution package.

2. Distributed Processing in Ad-
vanced MC&A Systems (R. M. Tisinger, W.
J. Whitty, W. Ford, R. B. Strittmatter,
Q-4). Recent advances in data pro-
cessing and communications technology,
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coupled with rapidly declining costs,
have made possible a new era in the de-
sign of advanced MC&A systems. Net-
working and distributed processing
hardware and software have the poten-
tial of greatly enhancing transaction-
based MC&A systems, both from safe-
guards and process operations view-
points. We are investigating the role
of distributed processing technology in
improving the capability of transac-
tion-based MC&A systems. In this phase
of the research, we developed a prelim-
inary design and assembled hardware and
software to test our design concepts.
The minimal MC&A system of interest
should perform the following tasks:

(1) Data collection from in-line
instrumentation,

(2) Validation of transaction data
on entry,

(3) Data reduction and storage,
(4) Local MC&A functions, such as

tracking material, and
(5) Global MC&A functions, such as

reporting to DOE and resolving
shipper receiver differences.

In our distributed system, the a-
bove tasks are performed in computers
at various levels: low-level machines
participate in tasks (1), (2), and (3);
intermediate-level machines participate
in tasks (3) and (4); and the high-
level machine participates in tasks
(3), (4), and (5). The logical struc-
ture of the system depends heavily on
MC&A requirements, the characteristics
of the data, security considerations,
and the information flow among applica-
tion components. If near-real-time re-
sponse has a high priority, the user
should be able to carry out real-time
MC&A functions without degrading system
performance. This impacts the data ac-
quisition systems, the database system,
the network, and the user's software
interface. The logical structure we
selected for a preliminary configura-
tion was based on these considerations
and on the hierarchical reporting
structure for an integrated safeguards
program.

The system is designed as a network
of computers using a database manage-
ment system (DBMS). Distributed DBMSs
are not readily available commercially,
so we interfaced a single-user per-
sonal-computer product with communica-
tions products to provide data transfer
between computers. This does not sat-
isfy the criterion of a transparent
distributed DBMS but is more than suf-
ficient in this application, It is not
our goal to design a computer network,
but rather to use commercially avail-
able products. Therefore, the simplest
communication scheme was chosen for in-
itial evaluation. In later stages, we
will incorporate more elaborate commu-
nications schemes and truly distributed
DBMSs.

The primary reasons for using dis-
tributed intelligence are

• more accurate data,
• improved system response, and
• decreased vulnerability to

computer malfunction.
In an environment with high transaction
activity, multiple computers provide
parallel input and processing of data.
If the host computer fails, the low-
level computer can continue to process
transactions while buffering data for
later update of the host computer's
database. Much of the activity of the
low-level computers is routine house-
keeping, such as screen generation and
data validation, which should not bur-
den the host computer. Low-level com-
puters serve for data input from the
operators and/or on-line instrumenta-
tion, such as balances, bar-code read-
ers, and NDA instrumentation. Screen
menus guide operators through the
transaction processing. Intermediate-
level computers serve as data buffers
and repositories for data relating to
single MBAs. They also provide comput-
ing power and resources for process
control, materials control, and other
integrated safeguards functions. The
high-level computer holds the official
copy of the materials database collect-
ed from all MBAs. This database is
used for data analyses and generating
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official reports. This concept de-
scribes the design of an extended sys-
tem for a large facility.

Our first implementation included
only the lower- and intermediate-level
computers. This should be adequate for
small- to medium-sized facilities. The
general philosophy and procedures can
be extended relatively easily to sys-
tems with additional levels. System
hardware consists of an IBM PC/XT for
the low-level processor connected (by
an RS-232 link) to an IBM PC/AT inter-
mediate-level processor. A multiport
board on the PC/XT provides connections
for on-line instruments, such as a bal-
ance, a bar-code reader, and an NDA in-
strument emulator. Because these in-
struments will be used in glove boxes,
control must be simplified to require
minimal effort on the part of the oper-
ator.

dBaselll was selected as the DBMS
for this first implementation because
it is a seasoned product with a very
powerful language. The major portion
of the package is an adaptation of the
single-user system described in the
next section.

3. MASS Translation to PC-DYMAC (R.
C. Bearse, R. M. Tisinger, W. J.
Whitty, Q-4). The MASS system was
developed by Los Alamos Group OS-2 for
nuclear materials control and accounta-
bility in the Los Alamos plutonium fa-
cility. It runs on a Data General
ECLIPSE computer, which costs about
$750 000, and handles in excess of
20 000 transactions each month. We are
translating this excellent accounting
system for other computers and are well
on the way to converting it to a
VAX/780 series computer using the rela-
tional database system INGRES. We al-
so believe that an abridged version of
MASS that can be implemented on a PC
might find application in smaller ac-
counting areas at Los Alamos or other
laboratories. In addition, experience
gained in the adaptation should give us
greater insight into accounting proce-
dures, ideas on error checking, and
perhaps the design for a front-end

processor for a distributed accounting
system.

Recent advances in hardware and
software for PCs led us to consider
adapting MASS to an IBM PC using
dBaselll, a widely available and so-
phisticated semirelational database
system. We used the PC-DYMAC code that
we adapted from the VAX version last
year as a starting point, and OS-2 sup-
plied a more recent version of MASS so
we could incorporate their improve-
ments .

We made the operating assumption
that only general and supervisory
transactions would be necessary on the
PC; that is, that the nuclear material
officer's transactions would be handled
from a larger, perhaps central, comput-
er. We have translated the codes need-
ed for these transactions, which in-
volve more than 70 programs. We have
successfully run the general options
and are still debugging the supervisor
codes.

One change has been introduced to
the MASS system. A password must be.
entered after each selection of a
transaction. This prevents an author-
ized user from signing on and leaving
the system active for a different, per-
haps unauthorized, user.

The system worked adequately, but
slowly, on an IBM PC-XT and we have ac-
quired an IBh PC-AT that allows the
program to run at a more satisfactory
speed. We also have connected a bal-
ance to the AT and demonstrated that
measurements can be read directly by
the program rather than having them
manually transcribed.

In addition, we demonstrated that
this set of programs can transfer rec-
ords to a central VAX computer and that
the VAX can be directed by the PC to
run a program using those records.
This is all that is needed to construct
a distributed network.

Thus, we have shown that PCs can be
used as data entry stations connected
directly to a measurement instrument
and sending only finished transactions
to a central computer. This releases
the central computer for handling more
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transactions and doing more with them.
We are now adapting this system for

demonstration at Argonne National Labo-
ratory's FASB facility in Idaho Falls.

4. PC-Based Measurement Control
Program (G. L. Barlich, B. Fazal. R. B.
Strittmatter, Q-4; K. Campbell, S-l).
We are participating in a cooperative
affort with the Oak Ridge Nuclear Mate-
rials Control and Accountability De-
partment and the Statistical Applica-
tions Group to develop a PC-based meas-
urement control analysis code and dem-
onstrate the code at the Oak Ridge Y-12
Plant. The code will provide rapid and
automated analysis of measurement con-
trol data and will refine the implemen-
tation of decision analysis and statis-
tical tests. After testing at Y-12,
the code will be made available to oth-
er DOE facilities and will be imple-
mented on a PC work station as part of
our development of distributed process-
ing for automated nuclear materials ac-
counting.

The algorithms we are using are
based on the algorithms and software
for the Savannah River NSR project.
Analyses included in the PC-based code
are

• control charts for measurement
bias,

• control charts for measurement
precision,

• tests for randomness and nor-
mality, and

• tests for shifts in the mean
and variance.

The design and use of standard control
charts for measurement bias and preci-
sion provide for visual inspection of
the data and enable an alert reviewer
to identify problems before they are
detected by statistical tests. The
statistical tests provide analytic sup-
plements to the visual inspection of
control charts. They are of value in
automating the detection of departures
from the controlled state or from un-
derlying assumptions such as normali-
ty. The Shapiro-Wilks test36 applied
to predetermined sample sizes of
n = 20, 30, 40, and 50 is implemented

as the test for normality. The test
for randomness is based on the von Neu-
mann ratio.37 Sequential decision a-
nalyses have been developed to automate
the detection of departure from accept-
able bias.

The code will be tested in the NDA
Laboratory of the Y-12 Uranium Recovery
Facility. The instruments used for
nondestructive assay of HEU at the Ura-
nium Recovery Facility include segment-
ed gamma scanners, a solution analysis
system, and a neutron interrogation
system. A detailed description of each
of the measurement techniques, the
types of materials measured, and cali-
brations and confidence test results
are presented in Ref. 38. The assay
systems are controlled by a central
PDP-11/34 computer operating under
TSX+, which also maintains a central
database for the NDA assay results.
The IBM PC with the measurement control
code will interface to this computer
allowing file transfers in a batch
mode. The file transfer protocol
KERMIT, available for most operating
systems, will transfer data between the
two computers.

B. MC&A Technology Development

1. Shipper/Receiver Issues for
Plutonium: Options and Recommendations
(C. A. Coulter, Q-4). U.S. DOE Orders
require that 'when Category I and II
quantities of special nuclear material
are transferred from one facility to
another, the receiver must ordinarily
measure the quantity of material trans-
ferred within ten calendar days of re-
ceipt. This requirement has been dif-
ficult for DOE contractors to satisfy
in practice; consequently, the DOE/OSS
asked us to determine whether other,
more practicable requirements could be
devised that would afford comparable or
better safeguards for the transferred
SNM. Our suggested approach was to
consider using an appropriate set of
NDA confirmatory measurements by both
shipper and receiver to test for dis-
crepancies in SNM quantities trans-
ferred. We also suggested that initial
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effort be restricted to transfers of
plutonium in desirable forms (for exam-
ple, relatively pure oxides and metal).

We examined the technology avail-
able for confirmatory measurements of
plutonium and their potential effec-
tiveness and concluded that diversion
of plutonium in desirable forms indeed
can be detected with high probability
by appropriate NDA confirmatory meas-
urements performed by the shipper and
receiver, and that a combination of
such confirmatory measurements with a
receiver's accounting measurement of
the material at the time it is needed
for processing can yield a safeguards
effectiveness equal to or greater than
that provided by currently mandated
procedures. Consequently, we recom-
mended that consideration be given to
amending the DOE Orders governing
transfers of Category I and II quanti-
ties of plutonium in desirable forms to
incorporate the following requirements:

(1) The receiver may elect to (a) per-
form his accounting measurement on
the material received within ten
calendar days of receipt or (b) ar-
range with the shipper for a set. of
NDA confirmatory measurements to be
made on the material by both ship-
per and receiver. In option (b)
the shipper's NDA confirmatory
measurements preferably should be
performed immediately after the
material is canned (or otherwise
packaged), and the receiver would
be required to perform his NDA con-
firmatory measurements within ten
calendar days of receipt of the
material.

(2) When procedure (l)(b) is chosen,
the shipper and receiver must se-
lect a set of NDA measurements
whose raw measurement results are
technically so difficult to imitate
with bogus material or bogus items
that such a substitution scenario
is not credible. The weight and
total and coincidence neutron count
rates for individual items are rec-
ommended as a set of confirmatory
measurements having good safeguards

effectiveness. However, the ship-
per and receiver should be permit-
ted to make confirmatory measure-
ments on material in other configu-
rations (such as on multiple items
in shipping containers) or to use
other measurement combinations, if
desired, so long as they demon-
strate that successful counterfeit-
ing of the set of measurements
chosen is not technically credi-
ble. In any case, the shipper and
receiver must perform the same
types of measurements (for example,
weights of individual cans, neu-
tron count rates for items in ship-
ping containers) and must exchange
calibration samples and compute the
uncertainty of raw measurement val-
ues for the NDA measurements se-
lected. If the shipper's NDA con-
firmatory measurement is not his
accounting measurement, then he
must verify by standard statis-
tical tests that the material a-
mounts inferred from the NDA con-
firmatory measurements are in a-
greement with those obtained from
the accounting measurements, when
the combined uncertainties of the
two measurements are considered.

(3) If procedure (l)(a) is selected,
the statistical significance of
shipper/receiver differences in the
two measured values of the material
transferred must be determined. If
procedure (l)(b) is selected, the
statistical significance of the
shipper/receiver differences in NDA
confirmatory measurement values is
to be determined. A statistical
procedure for determining signifi-
cance in this latter case is sug-
gested. In either case, differ-
ences determined to be statistical-
ly significant at a level to be
stipulated by the DOE Orders must
be investigated and, if possible
resolved, according to current re-
quirements .

(4) When the shipper/receiver differ-
ences determined by either proce-
dure (l)(a) or procedure (l)(b) are
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found to be not statistically sig-
nificant at the stipulated level,
or are resolved, the transfer docu-
ment for the shipment is closed,
indicating that all transferred
items have been received with no
evidence of loss of material at the
shipper's facility (as indicated by
comparison between the shipper's
accounting and confirmatory meas-
urements) or in transit (as indi-
cated by the comparison of the
shipper's and receiver's confirma-
tory measurements). The present
DOE Form 284, or a modification of
it, may be an appropriate document
to use for closing the transfer.

(5) When procedure (l)(b) is used to
accept the shipment, the receiver
shall carry the received material
on his books at shipper's value
pending his accounting measurement.
After the receiver has made his ac-
counting measurement, he shall cor-
rect his book value for the mate-
rial to the value given by his ac-
counting measurement and shall re-
port the corrected value to the DOE
Nuclear Materials Management and
Safeguards System, perhaps by using
the present DOE/NRC Form 741 or a
modification of it. The receiver
shall also verify by standard sta-
tistical tests that the material
amounts inferred from the account-
ing measurements are in agreement
with those obtained from the NDA
confirmatory measurements performed
at the time of receipt when the
combined uncertainties of the two
measurements are considered. The
difference between shipper's and
receiver's accounting values shall
not be allocated to either shipper
or receiver.

(6) The receiver shall examine the sta-
tistical significance of the dif-
ference between shipper's and re-
ceiver's accounting measurements
for material transferred by means
of an accepted statistical proce-
dure, possibly of a sequential na-
ture. If the test indicates that a

significant difference exists at a
level to be stipulated by the DOE
Orders, the appropriate DOE Opera-
tions Office shall be notified and
an investigation of the difference
initiated according to current re-
quirements. The primary purpose of
the investigation shall be to de-
termine the cause of the difference
and -o take corrective action to
reduce future shipper/receiver dif-
ferences; previously recorded ship-
per and receiver measurement values
will not necessarily be amended as
a result of the investigation.

A draft version of the report de-
scribing our study was circulated in
July 1985, and comments have now been
received and evaluated. Most of the
suggestion? are minor. A final version
of the roport will be prepared in
FY 1986.

2. Variance and Covariance Calcu-
lations Using EXPERT (D. Stirpe, Q-4).
Earlier MACSYMA programs used to carry
out variance/covariance calculations
for the determination of diversion sen-
sitivities were converted to TURBO-
PASCAL to achieve PC portability and,
in addition, were combined into a sin-
gle program called EXPERT. EXPERT is
an interactive computer program that
can perform a variety of variance and
covariance calculations necessary for
obtaining detection sensitivities of
fuel fabrication or processing facili-
ties . This program already has been
used extensively to help carry out a
sensitivity study for a mixed-oxide
fuel fabrication facility, a task spon-
sored by both the DOE and the- Arms Con-
trol and Disarmament Agency (ACDA). In
addition, EXPERT was used in a similar
study for the FPF at Savannah River.
To the extent possible, we anticipate
using this program for a proposed di-
version-sensitivity analysis for the
redesigned AVLIS facility. Because
general interest has been expressed in
EXPERT'S capabilities, we are preparing
an instruction manual for this program.
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3. Symbolic Evaluation of Inven-
tory Difference Variances (C. A.
Coulter, Q-4)• Facilities that proc-
ess SNM must calculate the statistical
variance associated with an inventory
difference determination so that it may
be decided whether the inventory dif-
ference is significant. Calculation
of the variance requires that one

• determine all sources of meas-
urement error,

• evaluate the random and corre-
lated variances for each meas-
urement error source, and

o combine the variances for the
individual measurement sources
to obtain the variance for the
inventory difference.

A computer program can often be used
effectively to aid in the third stop of
the calculation. However, most pro-
grams designed for this purpose are
fairly awkward to use and require that
the user be conversant with both proc-
ess information and statistical proce-
dures. It would he convenient to have
a variance calculation program that
could be used by a person who knows
only process and measurement informa-
tion. In addition, the analysis of
contributions to the variance would be
simplified if the program could calcu-
late the variance in both symbolic and
numerical forms.

We are developing a program of this
kind that will operate on an IBM PC-XT
and/or an IBM PC-AT. To manage the re-
quired symbolic manipulations with rea-
sonable ease, we decided to construct

the program in a dialect of LISP. It
seemed desirable to formulate the oper-
ational part of the program before de-
signing the user interface; consequent-
ly, our initial work has focused on the
procedures necessary to determine a
variance symbolically from a materials
balance equation expressed in terms of
measurement results. These procedures
include routines to convert expressions
in algebraic notation to the inverse
Polish notation of LISP, symbolic par-
tial differentiation routines, and rou-
tines for simplifying algebraic expres-
sions. We have developed and tested
many of these procedures and have con-
structed procedures to manipulate and
evaluate symbolic summations.

Program development was suspended
temporarily to await the availability
of LISP compilers for the IBM PC-clasa
computers because execution speed with
interpreted LISP was somewhat slower
than desirable. Two LISP compilers for
the IBM PC now have become available.
In addition, the advent of the IBM PC-
AT, with its speed advantage of approx-
imately three over the standard IBM PC
and its much larger maximum memory
size, has considerably extended the
capabilities of desk-top computers for
sizable LISP-based programs. In
F*{ 1986 the LISP procedures previously
developed in an interpreted LISP dia-
lect will be converted to PC Scheme
(one of the compiled LISP dialects now
available for the IBM PC) and program
development will resume.
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PART 4. INTERNATIONAL SUPPORT

I. ENRICHMENT PLANT SAFEGUARDS

A. Limited-Frequency-Ur.announcsd-Access
(LFUA) Inspection Strategy (J. C.
Pratt, D. A. Close, Q-2)

We recently developed an entirely
new technique to measure the enrichment
of gaseous uranium in the pipework at
centrifuge plants. It was developed
through bilateral discussions with col-
leagues at the Atomic Energy Research
Establishment at Harwell in the United
Kingdom and is based on a unique geo-
metrical configuration and a computer
program that, makes statistical deci-
sions.

Our technique solves a complex ver-
ification problem for inspectors--that
of measuring gaseous product enrichment
in the pipework at centrifuge plants.
Measuring the enrichment of the gas in
cascade header pipes is difficult be-
cause (1) the low pressure of the ura-
nium hexafluoride gas gives a very low
gamma-ray count rate, and (2) the de-
posit on the inside surface of the pipe
interferes with measurement of the gas.
The deposits form as the uranium hexa-
fluoride reacts chemically with impu-
rities on the inside surface of the
pipe. The new technique corrects for
the deposit contribution from the pipe
wall by incorporating specially design-
ed collimators to limit the field of
view (Fig. 45). The technique ad-
dresses the low count rate by incorpo-
rating into a computer program a new
statistical process that optimizes de-
cision making based on the measurement
of available counts.

Existing techniques for determining
uranium enrichment measure the 185.7-
keV gamma ray from 2 3 SU, which is an
excellent identifier for the 235U iso-
tope. However, che uranium must be
sufficiently thick that a gamma ray
originating at one side has only a
small probability of escaping from the
other side. The thickness is about

0.04 in. for most uranium compounds,
such as metal or oxide, but for gaseous
uranium hexafluoride in cascade header
pipes, this thickness is about 2000 in.
Because cascade header pipes typically
have a diameter of 4 in. or less, ex-
isting measurement techniques are inad-
equate. Moreover, existing techniques
do not correct for deposits because
thei': contribution to the total signal
usually is negligible. However, for
centrifuge enrichment plants, the de-
posit signal can be 85% or more of the
total signal. Obviously, a new tech-
nique was neeoecl to measure the enrich-
ment c." low-pressure gaseous uranium
hexafluoride.

An enrichment measurement requires
two quantities: one that is specific
to a particular ieotope (235U in this
application) and one that is specific
to the element (uranium). The enrich-
ment is then the measure of the amount
of 2 3 5U divided by the total uranium.

X-ray fluorescence measures the
total amount of uranium in the sample.
In x-ray fluorescence, the sample (ura-
nium hexafluoride) is irradiated by a
source (gamma rays from 67Co radio-
active source). The x rays excited in
the sample are counted by the detector,
and the count. indicates the. amount of
uranium in the sample. In our measure-
ment , both the irradiating source and
the detector are collimated to restrict
their fields of view to the middle of
the pipe (Fig. 45). The detected fluo-
rescence is a measure of only the total
amount of uranium in the gas; deposits
on the pipe wall are ignored.

To isolate the amount of 2 3 SU in
the gas from that in the deposit, in-
spectors take two measurements of the
185.7-keV gamma ray emitted by the
2 3 SU. The first measurement is uncol-
limated with the detector flush against
the cascade header pipe. After this
measurement is completed, at the preset
time determined by the computer, the
inspectors place the collimator collar
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around the header pipe and reposition
the detector for the highly collimated
second measurement. Both measurements
count the 2 3 5U from both deposit and
gas, but the deposit and gas propor-
tions are different because of differ-
ent geometrical factors. (The two geo-
metrical factors, one that determines
how much of the signal comes from the
gas and one that determines how much of
the signal is caused by the deposit,
were previously determined from labora-
tory measurements.)

The computer automatically calcu-
lates the ratio of the measured gaseous
2 3 SU to the measured total gaseous ura-
nium. This ratio is the enrichment of
the uranium product. However, the com-
puter does not inform the inspectors of
the total uranium and 2 3 SU measure-
ments, which may be proprietary infor-
mation. A statistical decision program
in the computer then either ascertains
that the enrichment is within the range
declared by the plant operator or indi-
cates an anomalous operation, which re-
quires further investigation (see Part
1, Sec. I.A). If the enrichment of the
uranium hexafluoride meets inspection
criteria, the computer displays the
characters LEU for low-enriched uranium
(less than 20%), which is what the in-
spectors would expect to find. If the
enrichment is greater than 20%, the
computer displays the characters HEU
for highly enriched uranium.

The Los Alamos measurement tech-
nique uses portable equipment that in-
spectors can carry on an airplane. It
consists of a high-purity, high-resolu-
tion germanium photon detector; an
x-ray fluorescence source holder and
detector collimator collar; and a port-
able computer.

The photon detector and the port-
able computer (Fig. 46) are both com
mercialiy available. Special shields
incorporated into the detector prevent
extraneous radiation from adjacent cas-
cade header pipes from entering the de-
tector. The computer was modified by
its manufacturer for data collection
and analysis and to incorporate the

DETECTOR
COLLIMATOR

PHOTON
DETECTOR

PIPE CROSS SECTION

COLLIMATED SOURCE HOLDER

"•COBALT-57 SOURCE

Fig. 45. The collimator collar con-
sists of a collimated source holder and
detector collimator rigidly connected
at a fixed angle. The overlap of the
two fields of view isolates a volume of
gas in the middle of the pipe away from
the wall deposit. A tiny 57Co source
to irradiate the gas is inserted into
the hold'r on the end of a screw.

Fig. 46. A portable computer analyzes
the gamma-ray data detected by the pho-
ton detector to determine whether the
uranium enrichment is below 20%. A
contoured shield that excludes radia-
tion from adjacent header pipes allows
the detector to fit flush agr.inst the
pipe being measured.
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Fig. 47. A typical array of cascade header pipes in a centrifuge facility
is simulated in a full-sized scale model. Inspectors place the collimator
collar around the header pipe for the highly collimated x-ray fluorescence
measurement.

special statistical analysis program.
The x-ray fluorescence source holder
and detector collimator collar was de-
signed at Los Alamos.

At the cascade header pipes, in-
spectors set up their apparatus. The
inspectors are guided through the meas-
urement process by a series of inter-
active prompts from the computer. A
typical setup (Fig. 47) shows the x-ray
fluorescence source holder and detector
collimator collar placed on a header
pipe model; the photon detector and
computer are in position for a colli-
mated measurement. Inspectors have the
option of displaying qualitative inter-
mediate calculations to ensure that the
equipment is operating correctly.

Inspectors have on!}- a relatively
short time to ™ake their measurements--
approximately 30 minutes. Large errors
accrue during short counting times, but
an accurate enrichment measurement is
not necessary for this inspection pro-
cedure. Inspectors need nnly verify

that the enrichment of the product ura-
nium hexafluoride gas is less than 20%;
they do not have to guarantee 3% pro-
duct enrichment. Laboratory experi-
ments have demonstrated that the new
measurement technique for verifying
uranium enrichment is effective and
reliable.

B. Confirming Low-Enriched Uranium
(LEU) in an LFUA Environment (R. R.
Picard, S-l)

In accordance with the conclu-
sions39 of the Hexapartite Safeguards
Project, enrichment measurements made
in an LFUA inspection regime for cen-
trifuge enrichment plants must provide
a quick "go/no go" confirmation that
the enrichment is In the LEU range,
(that is, below 20%). Confirmation of
LEU must be made with 95% confidence.
Preliminary results indicate that fast,
accurate "go/no go" decisions can be
reached under anticipated measurement
conditions (see Part 4, Sec. I.A).
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Our task is to determine whether
the actual enrichment does or does not
exceed 20%. The decision procedure
based on observed measurement data must
generate a binary result--either a
"yes" or a "no"--to that effect; in
other words, the ideal detection proba-
bility "curve" is a step function, with
the step at 20% enrichment. Moreover,
it is desired that the decision be as
timely as possible, be easily auto-
mated, and be such that the raw data
need not be revealed.

A decision procedure having the
ideal detection probability curve is
not attainable. For the particular
problem of enrichment monitoring, it is
useful to invoice a procedure called the
sequential probability ratio test
(SPRT) and attributed to Maid.*0

Using a modified SPRT leads to de-
cisions that are reached quickly and
with relatively little chance of a mis-
take when (1) the actual enrichment is
in the anticipated range (below 5%), or
(2) the actual enrichment is in the
anomalous range (20% or above). Per-
formance of the modified SPRT depends
on the underlying measurement condi-
tions .

One unavoidable aspect of decision
making in the presence of measurement
noise is that intermediate enrichments,
say from 12% to 18%, produce intermedi-
ate results. It is simply not possible
to construct a reasonable decision pro-
cedure for which Ihe detection proba-
bility curve is discontinuous. If, for
example, the probability of the deci-
sion "unable to confirm" is equal to
0.1% when the actual enrichment is 5%
and is equal to 95'* when the actual
enrichment is 20%, then the continuity
of the detection probability curve im-
plies that there is an intermediate en-
richment for which a 50% detection en-
sues. In some respects, this is dis-
turbing because certain sub-20% enrich-
ments generate "unable to confirm" de-
cisions with relatively large probabil-
ity. The situation is an inevitable
consequence, however, of achieving fast
and accurate decisions under condi-
tions (1) and (2) above.

To quantify the performance of the
modified SPRT, we carried out a simula-
tion exercise. Taken as representative
of potential measurement conditions
based on GCEP-related activities are
the following:

(a) a "clean pipe," where the
standard deviation a of each
individual measurement varies
(linearly) from 4% for 3% ac-
tual enrichment to 6% for 20%
actual enrichment; and

(b) a "dirty pipe," where the
standard deviation a of each
individual measurement varies
(linearly) from 10% for 3% ac-
tual enrichment to 12% for 20%
actual enrichment.

Results from the simulation are
presented in Table XI. Under good
measurement conditions, decisions are
fast and accurate. For sub-5% enrich-
ments , only one or two measurements
usually are needed to make virtually
error-free decisions. For 20% enrich-
ment, four to seven measurements usual-
ly are needed, and there is less than a
2% chance of erroneously concluding
"confirm LEU." As always, the slowest
decisions correspond to intermediate
enrichments, but only when the enrich-
ment is about 14-18% are all eight
measurements frequently (two-fifths of
the time) needed.

At the other extreme of measurement
conditions, performance of the modified
SPRT is not nearly as good. For 3%
enrichment, decisions require three to
four measurements, on the average, and
the decision error rate is about 0.7%.
For 20% enrichment, eight measurements
per decision are common. As would be
axpected, increased measurement uncer-
tainty means that "confirm LEU" deci-
sions cannot be made with high confi-
dence as frequently as when uncertain-
ties are smaller.

As used for this purpose, the modi-
fied SPRT is an effective decision-mak-
ing tool in the sequential measurement
framework. Its theoreti.ee"' foundation
has been well established in ths sta-
tistical literature for many years.
Simulation results applicable to the
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TABLE XI. PERFORMANCE* OF THE SUGGESTED MODIFIED SFRT PROCEDURE

Actual Enrichment

3Z 5Z 10* 15* 1BZ 20 Z 25*"Clean Pipa"

Probability o£

deciding "unable

to confirm" 0Z 0Z 0.3Z 56.1Z 92.2Z 98.0Z 99.9Z

Average number of

measurements required 1.0 1.2 2.2 5.9 6.2 5.3 3.7

"Dirty Pipe"

Probability of

deciding "unable

to confirm"

5Z

A c t u a l Enr i chmen t

10Z 15Z 1BZ 20Z 25Z

Q.7Z 3 . M 36 .51 8 3 . OX 9 5 . 8 * 98 . '.X 9 9 . 9 J

A v e r a g e number of

measurements required 3.3 3 . 9 6 .1 7 . 6 7 .9 7 .9 7 .8

*Basert on 10 000 simulated sequences; the "0Z" means either zero or one

simulated sequence resulted in an "unable to confirm" decision—in other

words. "0Z" should not be interpreted as implying there is absolutely no

chance of an "unable to confirm" decision.

LFUA monitoring problem indicate that D. Safeguards fCi. Uranium Atomic Va-
fast, accurate decisions can be reached por Laser Tsotope Separation (AVLIS)
under anticipated conditions. (R. B. Strittmatter, Q-4)

C. IAEA Verification by Attributes and
Variables Sampling (D. Stirpe, Q-4)

We have completed a computer pro-
gram to calculate attributes/variables
sample sizes by simulation of IAEA in-
spector measurements carried out at
both the attributes and variables lev-
els. Not only does the simulation pro-
cedure generally reduce the sample
sizes as compared with sample sizes
from similar calculations using pre-
viously reported (and approximate)
methods, but the program also permits
the study of verification/diversion
strategies as a function of both the
random and correlated error standard
deviations of the inspector's attri-
butes and variables measurement irstru-
ments, a feature not before avail-
able.41

In support of the DOE process se-
lection of advanced uranium enrichment
technologies, we provided technical as-
sistance on NDA measurements for safe-
guarding the AVLIS process. We review-
ed NDA measurement techniques that sre
potential solutions for the AVLIS waste
stream measurement problems and made a
preliminary assessment of the applica-
bility of NDA measurements to the de-
tection of HEU in AVLIS separators and
the measurement of uranium alloy tails
billets. The review was based on the
facility description used for the DOE
process selection. The significant
waste streams for domestic accounting
identified for NDA measurement include
MgF2 used in the process conversion
between UF6 and uranium metal and a
tails mold waste included in a graphite
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matrix. Two active neutron interroga-
tion techniques are available with the
required sensitivities and penetrabili-
ty for assaying 2 3 SU contained in 208-J!
drums of MgF2 or graphite matrix. Both
techniques, the 2 & 2Cf shuffler and the
differential die-away, have been used
to assay 2 3 5U contained in 208-i drums
and could be adapted to assay the ma-
jority of the AVLIS waste streams. NDA
methods to assay the 23bU content of
the AVLIS uranium alloy billets may be
required for international safeguards.
A possible method to measure directly
the 23SU content of the billet uses a
modified version of the neutron coinci-
dence collar currently used by the IAEA
for verification of unirradiated reac-
tor fuel assemblies. Although further
development and testing are required,
the application of the collar to ura-
nium billet measurements has been dem-
onstrated to be feasible for tails
material. Under the assumption that
the AVLIS production plant will be un-
der IAEA safeguards, it is anticipated
that a method for verification that the
facility is no*" mlsoperated for the
production of HEU will be required.
Methods that have been suggested for
the detection of HEU in the separator
include active neutron interrogation
using AmLi neutron sources to induce
fissions in the -3SU and passive gamma-
ray measurements internal to the sep-
arator. As the details of the AVLIS
facility design evolve, the application
of NDA for waste streams will be com-
pared with analytical techniques and
the necessity and the ability to apply
NDA techniques to the other measurement
problems assessed.

As a result of the DOE selection of
the AVLIS technology for continued de-
velopment and demonstration directed
toward production deployment, the AVLIS
Enrichment Plant Safeguards Review
Group (EPSRG) was created by DOE. Fol-
lowing the direction of EPSRG, Los
Alamos will (1) perform a feasibility
study of HEU-production detection meth-
ods and (2) investigate an NDA approach
to the measurement of feed, product,
and tails ingots. At this early stage
in the development of the AVLIS proc-

ess, the safeguards activities will de-
velop a broad technology base and avoid
plant design-specific solutions.

II. INTERNATIONAL SAFEGUARDS FOR RE-
PROCESSING PLANTS

A. Dounreay 2S2Cf Shuffler (G. W. Ec-
cleston, H. 0. Menlove, Q-l)

In late 1984, a 2S2Cf shuffler was
installed in the reprocessing facility
at Dounreay, Scotland. This assay sys-
tem was calibrated in early 1985 and
since that time has been in routine use
at the facility for the plutonium assay
of leached hulls and other scrap mate-
rials generated in the head end of the
reprocessing plant.

One minor repair was required on
the shuffler source-transfer system af-
ter about six months of operation. The
failure was caused by a mechanical in-
terference between the transfer cable
and the magnetic position sensor. This
repair was made by the facility staff,
and operation was resumed.

Data collected from the shuffler
are being analyzed at Dounreay and Los
Alamos. A status report describing the
results is being prepared at Dounreay
for presentation in the Unjced Kingdom.

B. Compact K-Edge Densitometer (KED)
(L. R. Cowder, S. F. Klosterbuer, R. H.
Augustson, Q-l)

In a three-party cooperative activ-
ity, the compact KED was installed in
the Transuranic Institute (TUI) , Karls-
ruhe, German Federal Republic (FRG).
The IAEA supplied the instrument, Los
Alamos provided technical support, and
the European Atomic Energy Community
(EURATON) inspectorate, Luxembourg, a-
greed to field-test the KED under plant
conditions. At TUI, inspectors were
trained in the use of the equipment,
and the instrument was calibrated. The
KED was then shipped to another facil-
ity and used during an inventory Veri-
fication by EURATOM inspectors. Fol-
lowing this series of measurements, it
is planned to return the instrument to

79



TUI and then send it to yet another fa-
cility.

Preliminary results are encourag-
ing. A report will be issued in FY
1986.

C. Tokai Densitometer II (J. K.
Sprinkle, Jr., S.-T. Hsue. Q-l)

In 1979, as part of the TASTEX ex-
ercise, we installed a KED to measure
product solutions from the reprocessing
plant in Tokai-Mura. Recently, the
Japanese purchased new hardware because
che original equipment was becoming ob-
solete and difficult to maintain. They
also felt that it would be advantageous
to combine the KED wich the Livermore
isotopics determination into one sys-
tem. The new hardware and the multi-
user requirements made it impossible to
use the previous software; they re-
quested new software be developed. We
undertook this effort as part of the
support program for the IAEA because
the densitometer has been used by the
IAEA to assay product solutions from
the Power Reactor and Nuclear Fuel De-
velopment Corporation (PNC) reprocess-
ing plant. It is expected that once
the new system is tested, it will re-
place the old system.

We encountered minor problems dur-
ing initial installation. These were
typical of the problems encountered
when the hardware (provided by the IOM
Company, Japan) and the software (pro-
vided by the U.S.) are assembled sepa-
rately, 10 000 miles apart, by differ-
ent parties. The prompt and expert as-
sistance of the IOM Company and con-
sultation with Nuclear Data in Chicago
greatly helped resolution of these ini-
tial difficulties.

After solution of the initial prob-
lems, we tested the control of the
hardware (MCA, digital stabilizer,
Geneva mechanism control, and so forth)
with the software and made several
minor hardware modifications. As a
whole, the hardware/software integra-
tion worked better than we had antici-
pated; the IOM Company should be com-

plimented on their workmanship and
their willingness to help. We tested
the new hardware to process the detec-
tor signals and the hardware to control
the radioactive sources; everything
performed indistinguishably from the
original Los Alamos hardware. We eval-
uated the detector resolution and re-
gions of interest (ROI) used in the
data analysis on both sets of hardware.
The detector was almost as good as when
it was installed in 1979, and the ROIs
still seem to be appropriate.

We took advantage of this software
update to make the program more user
friendly and provided the Operator In-
teraction Package, which both Los
Alamos and Li"ermore used to develop
their instruments. Consequently, the
use of the densitometer and the use of
the isotopics system are very similar.
The training of the Japanese operators
proceeded quite rapidly because of a
combination of the user-friendly soft-
ware and the diligence of the Japanese
trainees. During the training, some of
the software options were improved to
make them more consistent with the op-
eration of the instrument. They enjoy-
ed the flexibility of the new software
and demonstrated a high level of exper-
tise with the new system before we left
Japan.

One product solution was assayed
three times each with the old and new
systems. The two averages agreed well
within the measurement statistics.

The final drafu of the operation
manual is almost ready for printing.
We have received some measurement data
from Japan that we are evaluating.

III. FUEL CYCLE SAFEGUARDS
Markin, Q-4)

(J. T.

As the number and complexity of nu-
clear facilities increase worldwide,
resources available to the IAEA for in-
specting these facilities begin to
limit attainment of Agency safeguards
goals. One proposal for meeting this
increased demand for inspection effort
focuses on mere efficient allocation of
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Agency resources by using the structure
of a State's (country's) fuel cycle as
the basis for assigning inspection ef-
fort to each facility. This strategy
is a departure from the current Agency
practice of assigning essentially e-
quivalent inspection effort to facili-
ties of the same type independent of
the fuel-cycle context.

We have formulated a framework for
fuel-cycle safeguards that consists of
(1) the use of relationships between
elements of fuel-cycle information to
infer the safeguards status at one lo-
cation from data generated at other lo-
cations and (2) allocation of inspec-
tion effort across a State's facilities
based on a ranking o£ material attrac-
tiveness, a prioritized list of inspec-
tion activities, and criteria for at-
taining IAEA goals--all of which are
implicit in the Safeguards Implementa-
tion Report Criteria.

This framework will be used to de-
velop resource allocation algorithms
for realistic fuel cycles and to deter-
mine whether these allocations are more
efficient in the use of resources than
ths current facility-based method.

IV. INTERNATIONAL TECHNICAL EXCHANGES

For more than a decade, the U.S.
safeguards R&D programs have pursued
technical exchanges with similar pro-
grams in other countries. The goal is
to improve safeguards technology for
all participants. Many of the inter-
actions have involved loaning Los
Alamos developed equipment to a techni-
cal organization, which in turn field-
tests the borrowed equipment. The
measurement data are shared, and a
joint report describing instrument per-
formance is published. Other inter-
actions include exchanging expertise,
experience, and ideas in many safe-
guards-related areas. During calendar
vci 1985, Los Alamos worked with the
IAEA; EURATOM (both the Luxembourg in-
spectorate and the Ispra/JRC laborato-
ry) ; and technical organizations in the
United Kingdom, Brazil, Italy, and Bel-
gium.

A. Program of Technical Assistance
(POTAS) to IAEA Safeguards (R. H.
Augustson, Q-l)

1. Overview. This program, funded
by the U.S. State Department, continues
to benefit from the. basic R&D work per-
formed under the support of the DOE/OSS
program. POTAS provides support for
instruments and techniques that are
ready for implementation by the IAEA.
Los Alamos worked on 15 NDA tasks, 5
training tasks, and 1 quality assurance
task during this calendar year. The
NDA tasks covered activities ranging
from instrument development, upgrading,
and commercialization; calibration;
software development; and calculational
modeling of the neutron coincidence re-
sponse of a fast breeder reactor fuel
assembly counter. In addition, three
training courses were given for new
I£EA inspectors. One physical inven-
tory verification (PIV) exercise was
given at a LWR, and a second PIV exer-
cise emphasized inspections for a HEU
fabrication facility. The quality as-
surance task resulted in a recommended
standard for planning inspections at an
LWR reactor.

2. Quality Assurance for IAEA In-
spection Planning (J. T. Markin, Q-4).
The Quality Assurance Section at the
'AEA has a program to document standard
procedures for planning routine inspec-
tions at nuclear facilities. We com-
pleted the first part of this program
with the writing of a standard for
planning inspections at LWRs. The stan-
dard addresses administrative, techni-
cal, and management aspects of develop-
ing an inspection plan.

Administrative aspects of planning
include arrangements for travel, offi-
cial credentials, and telexes to commu-
nicate the inspector's arrival date.
Technical aspects of planning include a
preliminary estimate of the material
inventory at the facility; stratifica-
tion of the inventory; selection of the
verification method; calculation of
sampling plans; and writing of a sched-
ule of activities, inspector assign-
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merits, and estimated completion time.
Management aspects consist of the moni-
toring of the planning process through
pre-inspection briefings, where the
plan is approved by a Section Head, and
through postinspection briefings to
discuss difficulties encountered, anom-
alies detected, and suggested follow-up
correction actions.

The LUR planning standard outlines
these three aspects of planning with
references to appropriate IAEA docu-
ments for specific details and illus-
trates the use of the standard with an
example plan for a hypothetical facil-
ity. Future work will complete similar
standards for research reactors, CANDU
reactors, fuel fabrication facilities,
and reprocessing facilities.

B. Commission of the European Communi-
ties, Joint Research Center (JRC),
Ispra, Italy (R. H. Augustson, Q-l)

Much of this year's activity has
focused on the JRC Perla and Pre-Perla
Laboratories. JRC is moving ahead on
the construction of both facilities and
procurement of instruments. Exchange
visits included a visit to Los Alamos
by five members of the JRC and two
staff from the Agency for Nuclear and
Alternative Energy (ENEA), to discuss
licensing issues. The JRC is hoping to
hold the first training course at Pre-
Perla in the fall of 1986.

C. European Economic Community (EEC),
Luxembourg Inspectorate (G. E. Bosler,
S. F. Klosterbuer, Q-l)

1. Test and Evaluation of Spent-
Fuel Equipment. Another in the series
of joint EURATOM-IAEA-Los Alamos tests
of spent-fuel measurement equipment
took place at the Tihange reactor fa-
cility in Belgium. The purpose of this
exercise was to test a new preamplifier
design based on the AMPTEK chip, which
has the desirable feature of a good
signal-to-noise ratio. The measure-
ments indicated promising performance,
and the test will be repeated in 1986.
The first and second sets of neutr-n

and gamma-ray results will be analyzed
to determine if the decay rates are as
predicted.

2. Compact K-Edge Densitometer.
EURATOM has undertaken to field-test
the densitometer (see Part 4, Sec.
II.B). The joint evaluation should be
published in 1986.

3. Procurement of Equipment. EUR-
ATOM has ordered several neutron coin-
cidence-type detector systems. We pro-
vided technical assistance in accep-
tance testing of these units, and a
staff member from Luxembourg used our
laboratory facilities for part of the
testing.

D. IAEA Advisory/Working Groups

1. Neutron Coincidence Counting
(N. Ensslin, M. S. Krick, Q-l). The
United States sent three scientists to
this important advisory group meeting
(AGM), two of whom were Los Alamos
staff. The experts attending the AGM
heard reports on the status and prob-
lems associated with the IAEA use of
neutron coincidence counting. Based on
these reports and personal experience,
they formulated recommendations for fu-
ture R&D and implementation activities.

2. Reprocessing. This AGM is not
scheduled to take place until 1987 but
preparations have already begun. We

r rticipatad in writing the working pa-
per (STR 1.51) and reviewing its over-
all content.

E. European Safeguards Research and
Development Association (ESARDA)

1. Meeting in Liege, Belgium. Los
Alamos authors contributed nine papers
at Che 1985 ESARDA meeting.*2"50 Three
of these papers were co-authored with a
technical exchange partner.

2. Working Group on NDA (T. D.
Reilly, Q-l). We have a Los Alamos
member (observer status) on the group
and continue to participate actively.
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F. Agency for Nuclear and Alternative
Energy (ENEA), Casaccia, Italy

A staff member from ENEA, Dr. Mas-
simo Aparo, spent 10 months at Los
Alamos working on NDA measurements of
uranium and plutonium in nitrate solu-
tions. He HISO participated in train-
ing courses and neutron coincidence de-
tector development.

G. United Kingdom

1. Sellafield (G. E. Bosler and S.
F. Klosterbuer, Q-l). Discussions and
plans have moved ahead for incorporat-
ing ION-I technology into the Sella-
field reprocessing plant for monitoring
movement of spent fuel.

2. Neutron Coincidence Counter
Comparison (H. 0. Menlove, Q-l). In an
exercise at Sellafield, three different
neutron coincidence counter systems
were used to measure the same plutonium
samples. Participants included che
IAEA, the United Kingdom, and Los
Alamos. The results should be avail-
able in 1986.

H. U.S.-Brazil (K. 0. Menlove, Q-l)

A U.S.-Brazil bilateral safeguards
technical exchange program has been in
effect for about a year. The first
technical activity in the program was
the in-plant test and evaluation of the
neutron coincidence collar for the fab-
rication plant in Resende, Brazil.
This instrument is of the same; type
that has been approved by the IAEA for
use on fresh fuel. The collar was
installed at the Nuclebras FEC plant in
Resende in December 1984 by the Brazil-
ian National Nuclear Energy Commission
(CNEN), with the assistance of Los
Alamos staff. There followed five vis-
its to Resende by CNEN inspectors, dur-
ing which all 40 fuel assemblies in the
plant were measured. We participated
in the first visit and later with a
visit for training and documentation.
The accuracy of the measurements and
the comparison with the operators' tag

values agreed to within 1-2%. A draft
technical report on this exercise is
being reviewed by CNEN and the facility
operator. Possible follow-on activi-
ties include training of CNEN staff in
safeguards techniques and improving
NDA, as well as verification of spent
fuel assemblies using the Los Alamos-
developed fork detector.

I. U.S.-FRG Bilateral Technical Ex-
change (E. A. Hakkila, Q-DO/SG)

Discussions held this year in the
FRG have focused the activities on
safeguards approaches for the new re-
processing plant being designed, and in
particular, on the use of near-real-
time accountability for international
safeguards. A major technical meeting
will be held in the FRG in May 1986.

J. U.S.-French Bilateral Technical Ex-
change (E. A. Hakkila, Q-DO/SG)

Meetings have been held in France
and the United States that resulted in
agreements on a number of technical
areas (tasks) of mutual interest. In
November, a delegation of six French
scientists visited Los Alamos to ex-
change information on spent-fuel meas-
urements, waste assay, and near-real-
time accountability. An exchange visit
will take place in 1986.

V. INTERNATIONAL TRAINING COURSE (E.
A. Hakkila, D. Reilly, L. Robinson, H.
Smith, Q-l)

The Fifth International Training
Course on Implementation of State Sys-
tems of Accounting for and Control of
Nuclear Materials (SSAC) was held June
3-21, 1985. The course had 27 partici-
pants from 20 countries. The lecture
staff included six people from the
IAEA, which cosponsors the course with
the U.S. DOE. Other lecturers came
from Los Alamos, Brookhaven National
Laboratory, Sandia National Laborato-
ries-Albuquerque, Exxon Nuclear Compa-
ny, Inc., Southern California Edison
Company, Canada, Finland, Hungary, and
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Japan. Los Alamos organizes and coor-
dinates the course, which is presented
every 18 months.

The purpose of the course is to de-
scribe the nuclear materials control
and accounting requirements of the IAEA
as specified in the Treaty on Nonpro-
liferation of Nuclear Weapons and vari-
ous bilateral safeguards agreements,
Most of the participants come from the
nuclear facilities or control and li-
censing boards of countries that are in
the early stages of nuclear program de-
velopment. The course included 7 days

of lectures, group discussions, and
panel discussions in Santa Fe, New
Mexico (Fig. 48), 2 days of hands-on
nondestructive measurement experiments
at Los Alamos (Fig. 49), and 4-1/2 days
of lectures, tours, and workshops in
San Clemente, California. The Califor-
nia visit included 2 days at the San
Onofre Nuclear Generating Station
(SONGS) operated by the Southern Cali-
fornia Edison Company, Participants
learned about the actual materials con-
trol and accountability procedures used
at SONGS and toured the Nuclear Train-
ing Center and Unit 2 reactor, This

Fig. 48. Classroom scene at the Santa Fe Hilton, with E. A.
Hakkila, SSAC course Co-director, lecturing.
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reactor Is now under IAEA inspection.
The visit included a day of lectures on
MC&A requirements and procedures at the
fuel fabrication plant operated by
Exxon Nuclear and a 1-1/2 day workshop
to design a MC&A system for a hypothet-
ical country that has just acquired its
first power reactor.

The course was successful and very
well received by the participants. The
course proceedings are being assembled
qnd will be issued in mid 1986. The
next SSAC course will emphasize MC&A at
a bulk-handling facility and will be
presented in April 1987.

Fig. 49. Terry Smith (Los Alamos Group INC-5) shows the SSAC
students the Los Alamos materials testing reactor.
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PART 5. RELATED SAFEGUARDS PROJECTS

In this section, we highlight safeguards work that is related

to our DOE/OSS programs but that is sponsored by others.

I. REFERENCE MANUAL ON PASSIVE NONDE-
STRUCTIVE ASSAY (NDA) (T. D. Reilly,
Q-D

We are writing a reference manual
on passive nondestructive assay techni-
ques and instrumentation for the U.S.
NRC. The 700-page book contains major
sections on gamma-ray assay techniques,
neutron assay techniques, and techni-
ques such as calorimetry and irradiated
fuel assay.

The project has been delayed but is
now nearing completion. The neutron
assay section was completed and distri-
buted for peer review at the end of
1985. Other sections of the book will
be completed and submitted for peer re-
view by mid 1986. Photocomposition of
the neutron assay section should begin
by mid 1986.

II. MIXED-OXIDE (MOX) FACILITY SAFE-
GUARDS (K.K.S. Pillay, D. Stirpe, Q-4)

In June, the ACDA, through the DOE,
initiated a research project at Los
Alamos entitled "Safeguards for Pluto-
nium Fabrication and Storage." The
goal of this study was to assist the
U.S. Government in formulating clear
and concise statements on the elements
of IAEA safeguards approaches judged
necessary and sufficient for achieving
the objectives of INFCIRC/153 in imple-
menting international safeguards at a
generic MOX fabrication facility. The
scope of this project was limited to
examining timely detection of potential
abrupt diversions of plutonium. We
completed this phase of the project and
prepared a draft report for review.51

The reference plant was a multi-
product-line fuel fabrication facility
capable of producing fuel elements for
fast breeder reactors (FBRs), advanced

thermal reactors (ATRs), and possibly
light water reactors (LWRs). The data
and analyses provided in our report can
help both the facility operator and the
IAEA to identify key elements of safe-
guards for a MOX facility and develop
appropriate Facility Attachments to
achieve the goals and objectives of
INFCTRC/153 agreements.

During FY 1986, we will continue
this work under DOE sponsorship and
will examine both abrupt and protracted
diversion scenarios and perform sensi-
tivity analyses to detect such diver-
sions from an IAEA-safeguarded plutcmJ -
urn storage and MOX fabrication facil-
ity.

III. INSTITUTIONAL SUPPORTING RESEARCH
AND DEVELOPMENT (ISRD)

A. Laser-Induced Breakdown Spectro-
scopy (LIBS) (R. G. Gutmacher, Q-4; D.
A. Cremers, CHM-4; J. Wachter, G. W.
Eccleston, Q-l)

We have begun an investigation of
the measurement of uranium concentra-
tions in flowing streams using the LIBS
technique.52 This technique is non-
invasive because only optical access
(such as a window in a pipe) to the ma-
terial to be analyzed is required. It
should be possible to perform continu-
ous in situ analyses of flowing liquid
and gas streams that are not amenable
to analysis by other techniques.

In our basic experimental arrange-
ment (Fig. 50), a powerful laser pulse
is focused in a liquid or gas to pro-
duce a spark plasma. Characteristic
uranium emission lines are spectrally
and temporally resolved, measured, and
recorded using conventional methods of
atomic emission spectrometry. In our
initial experiments, we used a Nd:YAG
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laser chat emitted 100-mJ peak power
laser pulses at 1064 run with a 10-Hz
repetition rate. A 1024-channel diode
array served as the detector. Figure
51 shows a portion of the uranium spec-
trum obtained from 40 laser pulses
(total elapsed time 4 sec) focused in a
uranium solution of 50 g/i in 4M nitric
acid. The background spectrum from ni-
tric acid also is shown. Features that
are common to both spectri belong to
the cyanogen-band system, luc marked
lines belong to the spectrum of singly
ionized uranium. Uranium concentra-
tions of 10 g/i were readily seen with-
out any optimization of experimental
conditions.

We conclude from our initial work
that the application of LIBS to the
determination of uranium in liquid
streams is feasible. More work must be
done to adapt the laboratory measure-
ments to practical analysis situations.
We plan to optimize all experimental
parameters to achieve maximum sensitiv-
ity and precision in the measurement of
liquid samples and to extend our ex-
periments to flowing liquid streams
contained in a test loop that simulates
plant operating'conditions.

B. Arms Control and Treaty Verifica-
tion (K.K.S. Pillay, J. T. Markin, J.
R. Phillips, C. A. Coulter, J. W. Tape
Q-4)

In June, a new multidisciplinary
initiative was begun to explore poten-
tial applications of safeguards tech-
nologies to arms control treaty verifi-
cations. A large working group was or-
ganized drawing on the resources of
several technical groups at Los Alamos.
This working group has produced a con-
cept paper and a proposal for larger
participation of the Los Alamos safe-
guards RM) groups in arms control trea-
ty verification activities and to study
other issues that would affect national
security. We will continie to partici-
pate in this project during the next
fiscal year with support from both ISRD

, and the DOE Office of International Se-
curity Affairs.

BASIC LIBS EXPERIMENT

1 fOCUSlNC LENS

MOMOCHPOUAfOR

Fig. 50. Block diagram of basic LIBS
exper imont.

Fig. 51. Section of spectrum obtained
with 40 pulses of a Nd:YAG laser, 100
n.J peak power. Upper spectrum from 50
g uranium per liter nitric acid solu-
tion. Lower spectrum from 4M nitric
acid.

IV. NDA FOR THE SAVANNAH RIVER PLANT
H-AREA (S. M. Simmonds, M. P. Baker, P.
M. Rlnard, C. M. Schneider, T. Van
Lyssel, J. Leavftt, J. D. Atencio, Q-l)

We are collaborating with the
duPont Company on a sodium iodide (Mai)
gamma-ray detector array for the HB-
Line 239Pu enhancement project. Re-
quirements for the system are similar
to those of the F-Area NSR Project
Nal monitor array (see Part 1, Sec.
I . K . 4) .

The Hal monitor array for the SRP
HE-Line will measure plutonium in var-
ious vessels and pipes. The results of
these measurements will be used for
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process monitoring, criticality assess-
ment, and for estimating in-process
holdup. Fifteen detectors will be
mounted permanently in the process area
to monitor several dissolver, precipi-
tator, and holding tanks; raffinate and
product transfer lines; and anion ex-
change columns. In addition, 10 port-
able*monitor measurement locations have
been identified.

The gamma-ray complex becween 375
and 450 keV is used to assess the a-
mount of 2?9Pu in the various tanks
and transfer lines. Each Nal crystal
has a 24lAm "seed" that produces a peak
in the gamma-ray spectrum at a gamma-
ray equivalent energy of about 1 MeV.
This 24lAra-produced peak serves three
purposes:

• The stabilized amplifier uses
the peak for automatic gain
control.

• The peak counting rate is used
to correct for deadtime losses
and pileup.

• After each assay, the peak
parameters and area are com-
pared with standard values to
assure that the detector is
functioning properly.

Control of the system is provided
by a Micro/PDP-11 computer with soft-
ware that allows operators and super-
visors to perform required tasks and
modify system parameters when neces-
sary. The assay results are printed
when the result is greater than a pre-
set limit or is the nth assay.

Special lead-filled collimators en-
sure that gamma rays entering a detec-
tor crystal have originated only in the
container of interest, and the anion
exchange column monitors have carefully
designed slits to flatten the response
of the detector along its length. This
was done to help make the response more
uniform to the potentially arbitrary
distributions of plutonium within the
column.

The permanent detector system will
undergo acceptance tests early in 1986,
and shipment to SRP is expected in
March.

The portable system will be moved
around the plant on a cart to make
measurements in glove boxes. It is
still under sofcware development and is
expected Co be delivered in mid 1986.

V. SAFETY ANALYSIS REVIEWS (K.K.S.
Pillay, Q-4)

We have provided technical assis-
tance to the Safety Assessment Projects
undertaken by the Los Alamos Energy
Division for the past two years. These
projects include safety assessments of
materials production facilities at DOE
sites and safety reviews necessary for
license renewal of research reactors
under NRC jurisdiction. During this
report period, we participated in the
safety analysis of the Remote Mechani-
cal C (RMC) Button Line at Hanford.
The RMC Button Line project involves
the reactivation of a facility thai was
used for the production of plutonium
metal buttons from 1959 to 1973. We
were responsible for the safety evalua-
tion of the process design and process
operations and the preparation of rele-
vant chapters for Che Technical Evalua-
tion Review. Our contributions to this
effort were well received by DOE, and
most of our recommendations were imple-
mented for the start up of the RMC
line.

VI. TECHNICAL ASSISTANCE TO THE LOS
ALAMOS PLUTONIUM FACILITY

A. Waste Isolation Pilot Plani- (WIPP)

1. In-Line Segmented Gamma-Ray
Scanner (SGS) for Certification of
TA-55 Waste for WIPP (C. Bjork and G.
Walton, Q-l). Mechanical design is
nearly complete on an in-line SGS con-
sisting of an elevator and rotator
mechanism entirely vithin a stainless
steel well beneath a plutonium. glove
box. The design also includes separate
stands for the germanium detector jith
its collimator and for shadow shield-
ing, shutter, and transmission source
mechanisms. This SGS will assay 16-in.
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by 8-in.-diam cylindrical containers
and will be capable of a multiple iso-
tope assay. A Geneva mechanism will
allow a choice of transmission sources.
Both motors within the glove box will
be stepping motors with incremental en-
coder feedback. Installation is ex-
pected in 1986.

2. WIPP Thermal-Neutron Coinci-
dence Counter (M. S. Krick, J. E. Swan-
sen, and L. C. Osborn, Q-l). We also
are designing a thermal-neutron coinci-
dence counter for the Los Alamos Pluto-
nium Facility to measure the plutonium
content of waste intended for the WIPP.
Waste containers up to 8-1/4-in. diam
by 16 in. high will be lowered into a
glove-box well, which will be surround-
ed by the neutron counter. The counter
has a conventional design consisting of
3He tubes in a polyethylene moderator.
Although the main purpose of the de-
tector is to measure waste, large plu-
tonium samples also may be counted.
For this reason the vertical efficiency
profile has been flattened, an innet
cadmium liner is used, and six channels
of high-speed AMPTEK prearnplifier/am-
plifier/discriminator circuits are em-
ployed. The detector is designed as a
cylinder with a clam-shell geometry so
that the detector can be rolled under
the glove box and clamped around the
sample well.

B. Development of a Process Model (C.
A. Coulter and K. E. Thomas, Q-4)

We are developing a detailed proc-
ess model of the Los Alamos Plutonium
Facility for the Los Alamos Nuclear
Materials Process Technology and Pluto-
nium Metal Technology Groups. When
completed, the model will be used for
process optimization, for scheduling
optimization, for cost analyses, and
for studies of possible technology
changes. Because the Los Alamos Pluto-
nium Facility uses a variety of proc-
essing methods that are applicable to a
wide range of plutonium-containing ma-
terials, it is probable that the com-
pleted process model for this facility

can be adapted with only moderate ef-
fort to describe other plutonium proc-
essing facilities.

Development of the process model
requires

• collection of process/facility
information;

• formulation of a logical de-
sign for the model;

• choice of a computer language
for the model;

• construction of the model in
the selected language;

• debugging, testing, and vali-
dation of the model.

1. Collection of Process/Facility
Information. We have tabulated much of
the process information for the aqueous
chemistry section of the Los Alamos
Plutonium Facility including a list of
the unit processes, input and output
batch sizes, their processing times,
and a partial description of their in-
put and output material types. Addi-
tional information must be compiled on
the range of input and output material
types for each of the unit processes
and the production rates for the output
material types. In addition, more de-
tailed information about technician/op-
erator requirements for the processes
must be obtained. Similar information
must be compiled for all of the pyro-
chemical unit processes.

2. Formulation of a Logical Design
for the Model. A key goal in the logi-
cal design of the model has been to
place all aspects of the facility de-
sign and operation information in read-
able input data files because experi-
ence with other models has shown that
such a model structure greatly simpli-
fies experimentation using the model.
A second goal is to formulate the model
design so that the amount of detail in
the facility description can be varied
as desired, with gross-scale represen-
tations possible for long-term projec-
tions and detailed representations pos-
sible for process design and optimiza-
tion. Our logical design will allow
both of these objectives to be
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achieved. It requires that the input
data sat contain information on the
facility's operating shifts, input and
output material types, technicians/op-
erators, vault and in-process material
storage areas, and unit processes. The
design achieves flexibility by specify-
ing the form of the required informa-
tion for a unit process so the informa-
tion can describe a true unit process,
an agglomerated representation of a
large portion of the facility, or any-
thing in between. Thus the facility
can be described in any desired degree
of detail. The logical design is at
least 60% complete, with most of the
key elements of the design already de-
termined.

3. Choice of a Computer Language
for the Model. The goals of the logi-
cal design require that the computer
language in which the model is formula-
ted have a flexible set of data struc-
tures and must be capable of dynamic
memory allocation. Furthermore, the
language syntax should allow the model
to be written in a form that can be
read and understood by a nonspecialist.
The general-purpose programming lan-
guages satisfying these criteria are
Pascal, Ada, C, and LISP. In addition,
there are computer languages designed
especially for simulation applications
that also meet these criteria and con-
tain built-in primitives for event
scheduling, statistics generation,
process interactions, and so forth.
Simscript II. 5 is the most widely used
and best supported of these and has the
additional advantage of being available
with an integrated development environ-
ment designed for the IBM PC and IBM
PC-AT. We evaluated PC Simscript II.5
and found it to have all the capabili-
ties needed to implement the process
model using our logic design. We will
use it, at least in the initial model
formulation.

4. Construction of the Model in
the Selected Language. We have defined
many of the data structures necessary
co implement the model's logic design

in Simscript II.5. The design of the
data file containing the facility de-
scription is largely completed. Sev-
eral basic procedures for parsing this
data file and creating the correspond-
ing data structures in the model have
been written and tested, and a draft of
the main process procedure for the
model has been constructed.

The current logic design of the
model must be expanded to include op-
tions for cost measures and simulation
output, and the task of expressing the
logic design in the Simscript II.5 sim-
ulation language must be completed.
However, the major task remaining is
compilation of the facility process in-
formation. The most difficult part of
this compilation will be the determina-
tion of the relationships between input
materials and products/byproducts for
each of the unit processes in the fa-
cility, a determination that will prob-
ably require a statistical analysis of
large amounts of process data for each
unit process. We will carry out this
analysis jointly with process person-
nel. The results should yield informa-
tion that will be of value not only in
the modeling effort but also for proc-
ess operation purposes.

VII. ECONOMIC-DISCARD-LIMIT (EDL) MODEL
FOR THE LOS ALAMOS PLUTONIUM FACILITY
(C. A. Coulter, Q-4; C. L. Sohn,
MST-13; and V. Longmire, MST-12)

In conjunction with an assessment
of plutonium production capabilities
and strategies, the U.S. DOE has re-
quired that each of the DOE plutonium
processing facilities construct a com-
puter model that provides a time-de-
pendent description of the facility's
metal, scrap, and waste production as a
function of material holdings and re-
ceipts and of the EDL specified for
plutonium. An initial version of an
EDL model was provided for Los Alamos
and each of the other facilities by
Patrick Reardon of United Nuclear Cor-
poration. We then enhanced and refined
the Los Alamos EDL model to improve its
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technical accuracy and the usefulness
of the information it generates in a
simulation run, and applied it to EDL
studies and other evaluations for the
Los Alamos Plutonium Facility.

Input to the final EDL model for
the Los Alamos Plutonium Facility con-
sists of

• a facility process description,
• initial vault holdings for each

material type,
• a schedule of expected material

receipts,
• beginning and ending times for

the simulation, and
• the economic discard limit for

plutonium for each year of the
simulation.

The process description is the most
complex of these input requirements and
is formulated by assuming that the fa-
cility is composed of six process
"paths," three using aqueous chemistry
and three using pyrochemistry. Each
process path is characterized by

• an annual plutonium processing
capacity,

» the fraction of this capacity to
be allocated to each of the
material types processed by the
path,

• the one-pass plutonium recovery
efficiency for each of the mate-
rial types processed,

• the scrap/waste generation rates
(as a fraction of plutonium
throughput) for each of the by-
products produced, and

• for each aqueous chemistry path,
an annual bulk processing capac-
ity (to indicate its throughput
limits for low-assay scrap).

The model permits many of these process
path parameters to change at specified
times during the simulation to model
the effects of technology changes, and
so forth. Finally, the model requires
two additional items of information for
the facility as a whole: a table of re-
coverable plutonium and bulk fractions
for each material type as a function of
plutonium value and a table of average
assays for each scrap type generated,
both derived from historical data.

When a simulation of facility op-
eration is run using the EDL model, the
progran. generates a set of tables that
describes all aspects of material flows
in the facility, by material type and
process path, for every month, quarter,
and fiscal year in the simulation peri-
od. In particular, complete informa-
tion is produced on the amounts of plu-
tonium and bulk material processed, the
amounts of scrap and waste generated,
and the quantity of metal produced.
Analysis of this information allows one
to identify problems, such as process
bottlenecks and under-utilization of
capacity, and to formulate and evaluate
strategies for eliminating these diffi-
culties .

The Los Alamos EDL model was vali-
dated by using it retroactively to pro-
ject material flows for the previous
fiscal year. The results agreed well
with actual process data for the peri-
od, within the limits of accuracy in-
herent in the structure of the model
itself. Subsequently, the model has
been used extensively for planning pur-
poses and for responding to information
requests from the DOE. Results have
provided interesting and useful in-
sights into interactions among the var-
ious process paths at the plutonium
facility. Informal comparison with
modeling efforts at other plutonium
processing facilities suggests that the
Los Alamos model is the most useful--
and the most used--of all the facility
EDL models. The three Los Alamos model
developers received a 1985 Nuclear
Weapons Program Award of Excellence for
their efforts in constructing and ap-
plying the Los Alamos EDL model.

VIII. NDA INSTRUMENTS FOR THE LOS
ALAMOS SPECIAL ISOTOPE SEPARATION (SIS)
PROGRAM (T. K. Li, P. M. Rinard, D. H.
Hyman, K. E. Kroncke, J. N. Leavitt, J.
D. Atencio, C. M. Schneider, R, Siebe-
list, J. K. Halbig, 0. R. Holbrooks,
Q-D

The Los Alamos Special Isotope Sep-
aration III (SIS III) facility, located
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at the -os Alamos Plutonium Facility,
is a part of the Lippizan Program. It
will demonstrate the first large-scale
separation of plutonium isotopes and
will produce special isotopes in sup-
port of the Los Alamos weapons program
by using the molecular laser isotope
separation (MLIS) process. SIS III
also is known as Phoenix, the mythical
bird that rose renewed from its own
ashes. The MLIS process separates spe-
cific plutonium isotopes from gaseous
plutonium hexafluoride (PuFe) using
two types of lasers. The PuFe gas,
prepared by plutonium metal chemically
reacted with fluorine, is mixed with an
inert carrier gas and cooled through a
supersonic nozzle to lower its energy.
The first laser irradiates the gas and
is tuned to excite a specific isotope
in the PuFe molecule. The second
laser then dissociates the excited
PuFe to form PuF4 in a solid form. The
solid PuF4 is collected on a series of
filters.

We have designed and fabricated NDA
instruments for the SIS III facility to
provide important process-control and
accountability information. The in-
struments include an in-line plutonium
enrichment diagnostic system to measure
plutonium isotopes in both solid and
gaseous phases, an in-line Nal monitor-
ing system, and two portable holdup
monitors. All instruments were in-
stalled in the facility in November.

The in-line plutonium enrichment
diagnostic system (Fig. 52) is designed
for automated, accurate, and timely
nondestructive analysis of the abun-
dance of 238Pu, 2 3 9Pu, 2«°Pu, 241Pu,
and 2*1Am _n fluoride samples contain-
ing 0.001 to 10 g of plutonium in ei-
ther solid or gaseous phases. Its two
measurement stations are controlled by
a single MCA/computer system. One
measurement station is to measure plu-
tonium isotopes in gaseous PuF6 from
the flow loop, or the product or tails
streams in a gas cell (about 400 cc
volume); the second station analyzes
plutonium isotopes in solid PuF4 prod-
uct or tails samples.
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The measurement is based on high-
resolution gamma-ray spectroscopy tech-
niques to analyze the high-intensity,
low-energy gamma rays at 43,48, 45.23,
51.62, 59.54, and 148.6 keV for 2 3 8Pu,
240pU| 239pUi 241 A m | a n d 241pu_ r e.

spectivel^ This technique has demon-
strated sensitivity in measuring small-
mass samples. Typically, in a 10-min
counting time, the measured precision
for a 15-mg reactor-grade plutonium
sample is 1.3% for 238Pu, 0.4% for
2 3 9Pu, 0.5% for 2 4 0Pu, and 6% for

The measurement system consists of
two high-resolution hyperpure germanium
planar detectors and associated elec-
tronics, a Canberra Series 90 MCA with
a 16-k channel ADC, and a Digital
Equipment Corporation (DEC) Micro-11
computer and peripherals. The MCA is
controlled by the computer, which has
128-k, 16-bit words of memory and is a
processor for data acquisition and a-
nalysis. the detectors have dimensions
of 1000 mm2 by 13 mm and a resolution
(full width at half maximum) of 560 eV
at 122 keV. Two automatic data-acqui-
sition-and-analysis programs are writ-
ten in FORTRAN under DEC'S RT-11 V-5.01
operating system in the extended memory
(XM) environment. The two detectors
can take measurements simultaneously by
running separate computer programs.
Each detector's program has its own
TI-703 terminal for operator's input
and analysis printouts. There also is
a system console that permits parame-
ters to be changed during data acquisi-
tion.

Communication between the system
and the central control computer by
means of serial lines using a standard-
ized communications protocol has been
successfully tested.

The in-line Nal monitoring system,
which consists of six Nal detectors,
provides process control information
and monitors 239Pu holdup in six compo-
nents in the flow loop. These compo-
nents include the feed bottle, the
feed-transfer cold trap, a compressor,
a heat exchanger, the collector, and
the tails cold trap (Fig. 53).



Fig. 52. The platonium enrich-
ment diagnostic system before
installation in the SIS III
Facility.
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Fig. 53. The In-Line Nal Monitoring System. The six detectors and
the monitored components are located in the process glove box.
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Each 241Am-seeded, 2-in. by 2-in.
Nal detector has a specially designed
lead-filled shield/collimator arrange-
ment that allows the detector to view
only gamma rays emitted from the compo-
nent of interest. The amount of pluto-
nium in a component is determined by
analyzing the 239Pu gamma-ray complex
in the energy range from 375 to 450
keV. Corrections for rate losses
caused by deadtime and pulse pileup are
made using a reference peak from the
24lAm seed. Each detector has its own
ADC and stabilized amplifiers that min-
imize the gain shift from the counting-
rate variation and photomultiplier tube
aging. By monitoring the position of
the reference peak from the 241Am seed,
the amplifier stabilizes its gain auto-
matically. The stabilized gamma-ray
spectra from six detectors are counted

and analyzed by a Canberra Series 90
MCA under the control of a Micro/PDP-11
computer. The results are communicated
to the central control computer.

The two portable plutoniujn holdup
monitors (Fig. 54) measure holdup of
plutonium in the flow loop. Each mon-
itor consists of a 3/4-in.-long by
2-in.-diam Nal detector with an 241Am
seed for stabilization and a thermistor
for temperature compensation, a David-
son portable MCA, and an Epson HX-20
computer. The MCA and computer are
mounted on a cart for easy moving to
each measurement location. The detec-
tor with its lead shield/collimator can
be attached to an adjustable pole that
is mounted in the front of the cart so
both horizontal and vertical positions
of the detector can be adjusted and re-
produced easily.

Fig. 54. The shielded and collimated portable Nal detectors.
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PUBLICATIONS/PRESENTATIONS--ABSTRACTS

A. L, Baker, J. W. Tape, R. R. Pi-
card, and R. B. Strittmatter, "An
Information System for IAEA Inspec-
tors at a Centrifuge Enrichment
Plant," presented at the 7th ESARDA
Symposium on Safeguards and Nuclear
Material Management, Liege, Bel-
gium, May 21-23, 1985.

An information system has been
developed to aid International
Atomic. Energy Agency inspectors
at the Portsmouth Gas Centrifuge
Enrichment Plant in the U.S.
This system will provide the in-
spectors with data storage, data
analysis, and evaluation and
decision capabilities with mini-
mal impact on the plant opera-
tions. The techniques and meth-
odologies developed for this
specific case are described with
discussion of their general ap-
plicability to other facilities. 3.

A. L. Baker, "EPIC--An Error Propa-
gation/Inquiry Code," presented at
the 26th Annual INMM Meeting,
Albuquerque, New Mexico, July 22-
25, 1985.

The use of the computer program
EPIC (Error Propagation/Inquiry
Code) will be discussed. EPIC
calculates the variance of a
materials balance closed about a
materials balance area (MBA) in
a processing plant operated un-
der steady-state conditions. It
was designed for use in evaluat-
ing the significance of invento-
ry differences in the Department
of Energy (DOE) nuclear plants.
EPIC rapidly estimates the vari-
ance of a materials balance
using average plant operating
data. The intent is to learn as
much as possible about problem
areas in a process with simple
straightforward calculations as-
suming a process is running in a

steady-state mode. EPIC is de-
signed to be used by plant per-
sonnel or others with little
computer background. However,
the user should be knowledgeable
about measurement errors in the
system being evaluated and have
a limited knowledge of how error
terms are combined in srror
propagation analyses. EPIC con-
tains six variance equations;
the appropriate equation is used
to calculate che variance at
uacb measurement point. Aftet
all of these variances are cal-
culated, the total variance for
the MBA is calculated using a
simple algebraic sum of vari-
ances. The EPIC code runs on
any computer that accepts a
standard form of the BASIC lan-
guage .

A.- L. Baker, "Integration of NDA
Instruments into a Savannah River
Plant Computer Network," presented
at the 1985 Winter Meeting of the
American Nuclear Society, San Fran-
cisco, California, November 10-15,
1985.

The Safeguards Systems Group at
the Los Alamos National Labora-
tory is collaborating with sev-
eral other national laboratories
in designing an integrated,
state-of-the-art assay system
for a new scrap recovery facil-
ity being constructed at the
Savannah River Plant. We have
focused our efforts on the de-
velopment of an Instrument Con-
trol Computer (ICC) that will
perform interfacing and communi-
cation tasks between small com-
puters controlling NDA instru-
ments in the Sample Assay Room
(SAR) and the Feed Assay R.oom
(FAR), the host computer for the
process control system, and a
computer controlling a storage
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vault. The nondestructive assay
(NDA) instruments in the feed
and sample assay rooms will be
integrated into the computer
network through an Instrument
Control Computer (ICC). The ICC
will receive all communications
from NDA instruments and will
archive the measurement results.
In addition to the ICC, the com-
puter network includes computers
concerned with process control ,
vault control, and materials ac-
counting. These computers as-
sist in the operation of the
process and provide the capabil-
ity of near-real-time materials
accounting. They exchange in-
formation using the DECNET com-
munications package.

Each NDA instrument is con-
trolled by a DEC Micro/PDP-11
computer, which initiates com-
munication with the ICC when it
has completed a measurement. The
ICC receives measurement results
and estimated uncertainties fol-
lowing routine assays, calibra-
tions and measurement control
checks. These results are ar-
chived by the ICC and passed on,
as required, to the other net-
work computers. The NDA instru-
ments are being provided by many
different suppliers; therefore,
it is imperative that a
straightforward protocol be es-
tablished as a standard for NDA
instrument/ICC communications.
The protocol chosen consists of
an ASCII character string that
includes a message tag, an in-
strument tag, date and time,
message content, and a block
check character.

The ICC has specific tasks to
perform with respect to the op-
erations of the feed and sample
assay rooms. The ICC will re-
ceive notification that a can to U
be fed into the process has been
removed from the vault by the
operators of the process. The

ICC will validate the informa-
tion (such as can ID number and
shipper's content value) with
the vault control computer to
assure that the can is a recog-
nized one with the proper amount
of material. The ICC will also
calculate the total plutonium
mass from a combination of the
NDA assays in the feed assay
room.

To optimize throughput in the
sample assay room, the ICC
will schedule solution samples
through NDA measurement se-
quences. The sequences are de-
termined by the location in the
process from which the samples
are obtained. The schedules are
presented to the sample assay
room operators on CRT monitors.
The ICC will compare the results
of assays of duplicate samples
to ensure that they agree within
control limits.

By the integration of NDA in-
struments and computers into a
network with the process control
computer, the vault control com-
puter, and the nuclear materials
accounting computer, the assay
results from the NDA instruments
can be used for both process
control and materials account-
ing.

This plan for implementing a
near-real-time accounting system
in a process environment repre-
sents a major step in the reali-
zation of the full capabilities
of modern NDA instrumentation.
We anticipate that the implemen-
tation of this integrated NDA
system will point the way to
further developments in the de-
sign of near-real-time materials
accounting systems.

M. P. Baker, "An Integrated Non-
destructive Assay System for a New
Plutonium Scrap Recovery Facility,"
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5.

6.

Proc. 7 th ESARDA Symposium on Safe-
guards and Nuclear Material Manage-
ment, Liege, Belgium, May 21-23,
1985, pp. 109-112.

A consortium of laboratories is
collaborating with the Savannah
River Plant to develop an inte-
grated system of state-of-the-
art nondestructive assay (NDA)
instrumentation to provide nu-
clear materials accounting and
process control information for
a new plutonium scrap recovery
facility. Individual microcom-
puter-based instruments report
assay results to an Instrument
Control Computer (ICC). The
ICC, in turn, is part of a
larger computer network that in-
cludes computers that perform
process control and nuclear ma-
terials 'accounting functions.
Integrated system design consid-
erations, integral testing, and
individual instrument measure-
ment funccions are discussed.

M. P. Baker, "An Integrated Non-
destructive Assay System for a New
Plutonium Scrap Recovery Facility,"
presented at the 1985 Winter Meet-
ing of the American Nuclear Socie-
ty, San Francisco, California,
November 10-15, 1985, Los Alamos
National Laboratory document LA-UR-
85-2235.

No abstract available.

R. C. Bearse, V. A. Longmire, and
N. J. Roberts, "Inherent and In-
duced Complexity in Los Alamos/Plu-
tonium Facility Accounting Data,"
presented at the 26th Annual INMM
Meeting, Albuquerque, New Mexico,
July 22-25, 1985.

Analysis of the data obtained in
one year of plutonium accounting
at Los Alamos reveals signifi-
cant complexity. Much of this
complexity arises from the com-
plexity of the processes them-
selves. Additional complexity

is induced by errors in the data
entry process. It Is important
to note that there is no evi-
dence that this complexity is
adversely affecting the account-
ing in the plant, but there is
ample evidence that process con-
trol and accountability are neg-
atively impacted. We have been
analyzing purged transaction
data from fiscal year 1983 proc-
essing. This study involved
62,595 transactions. The data
have been analyzed using the re-
lational database program INGRES
on a VAX 11/780 computer. This
software allows easy manipula-
tion of the original data and
subsets drawn from it. We have
been attempting for several
years to understand the global
features of the TA-55 accounting
data. This project has under-
scored several of the system's
complexities. Examples that will
be reported here include audit
trails, lot-name multiplicity,
apparent improper transfers,
etc.

M. L. Brooks, P. A. Russo, and J.
K. Sprinkle, Jr., "A Compact L-Edge
Densitometer for Uranium Concentra.
tion Assay," Los Alamos National
laboratory report LA-1Q306-MS (Feb-
ruary 1985).

A new L-edge densitometer has
been designed around a compact,
commercial x-ray generator
weighing less than 5 kg. The dc
generator x-ray spectrum was
tailored to produce a continuum
of x-ray energies from 14 to
20 keV. The x rays were trans-
mitted through uranium reference
solutions, and the measured
transmissions near the uranium
Lm-absorption edge were used to
compute the uranium concentra-
tion assay result. The range of
uranium concentrations in the
reference solutions included 5
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to 50 g/i. In this concentra-
tion range, the assay uncertain-
ty for short count times and the
flatness of the specific, assay
response were better than 0.5%.
Thus, the precision and accuracy
of this compact densitometer are
equal to those demonstrated pre-
viously for the L-edge tech-
nique. The compact dimensions
and optimized transmission ge-
ometry increase the practicali-
ty, versatility, and range of
the L-edge applications.

Glenn S. Brunson, "Time-Correlated
Pulse Trains," presented at the
Workshop on Subcritical Reactivity
Measurements, University of New
Mexico, Albuquerque, New Mexico,
August 26-29, 1985.

This describes the status of
some current work in the Ad-
vanced Nuclear Technology Group
at Los Alamos. We have at least
two distinct objectives in the
statistical analysis of neutron
signal streams. On one hand, we
want to identify spontaneous
fission neutrons in nuclear
waste as a means of measuring
the quantity of transuranic
material in a waste drum (or
other package). On the other
hand, we want to use the same or
similar techniques in measuring
reactivity in multiplying sys-
tems. These two applications
have much in common, but differ
in several important ways.

D. A. Close, J. C. Pratt, and H. F.
Atwater, "Development of an Enrich-
ment Measurement Technique and Its
Application to Enrichment Verifica-
tion of Gaseous UF6," Los Alamos
National Laboratory document LA-UR-
85-1286, submitted to Nuclear In-
struments and Methods in Physics
Research.

A technique has been developed
to verify the enrichment of gas-
eous UF6 inside cylinders.

This technique combines an x-ray
fluorescent measurement of the
total amount of gaseous uranium
with a measure of the 185.7 keV
gamma ray from 2 3 SU using two
collimators to obtain an enrich-
ment that is independent of the
pressure of the gaseous uranium
and independent of the deposit
that forms on a surface in con-
tact with UF6. This technique
has the required sensitivity to
determine whether the process
gas is of uranium enrichment
<20% or >20%.

10. D, A. Close, J. C. Pratt, H. F. At-
water, J. J. Malanify, K. V. Nixon,
and L. G. Speir, "Tho Measurement
of Uranium Enrichment for Gaseous
Uranium at Low Pressure," Proc. 7th
ESARDA Symposium on Safeguards and
Nuclear Material Management, Liege,
Belgium, May 21-23, 1985, pp. 127-
132.

X-ray fluorsscence determines
the amount of total uranium
present in gaseous UF6 inside
cascade header pipes of a urani-
um centrifuge enrichment fa-
cility. A highly collimated
source, highly collimated detec-
tor, and a very rigid, repro-
ducible geometry are required.
Two measurements of the 185.7-
keV gamma ray from 2 3 SU using
two collimators determine the
amount of Z35U present only in
the gas phase. The ratio of
the gas-only 23SU signal to
the total uranium gas-only
signal is directly proportional
to the enrichment of the process
UF6 gas. This measurement
technique is independent of the
deposit that forms on a surface
in contact with UF6. This
measurement technique is inde-
pendent of the pressure of the
gaseous UF6. This technique
has the required sensitivity to
determine whether the process
gas is of uranium enrichment
<20% or >20%.
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11. C. A. Coulter, "Safeguards Uses of
Confirmatory Measurements," pre-
sented at the 26th Annual INMM
Meeting, Albuquerque, New Mexico,
July 22-25, 1985.

An analysis is made of the role
of shipper and receiver measure-
ments in safeguarding special
nuclear materials (SNM) trans-
ferred from one facility to an-
other, with emphasis on the case
where the receiver requires an
analytical accounting measure-
ment of the transferred SNM and
does not need the material for
process purposes at th time of
receipt. Seven possible diver-
sion periods are considered,
ranging from the interval be-
tween the shipper's final ac-
counting measurement on the
material and the time it is
placed in the shipper's vault,
through the actual transport of
the material between facilities,
to the time the material is re-
moved from the receiver's vault
and placed in the process. The
detection power of various com-
binations of six possible ship-
per/receiver measurements for
these diversion opportunities is
then evaluated; the measurements
considered two possible times,
and various nondestructive assay
(NDA) confirmatory measurements.
It is concluded that all safe-
guards measurement objectives
can be met by a combination of a
shipper's accounting measurement
at the time the material is
removed from the process, an
appropriate shipper's NDA con-
firmatory measurement either im-
mediately after canning or im-
mediately before shipping, an
equivalent receiver's NDA con-
firmatory measurement immedi-
ately after the material is
received, and a receiver's ac-
counting measurement when the
material is placed in the proc-
ess. Furthermore, it is found
that a receiver's analytical ac-

counting measurement immediately
after receipt when the material
is not yet required for process
has dubious safeguards value.

12. T. W. Crane, "Liquid Sample Shuf-
fler," Los Alamos National Lab-
oratory report LA-10291-MS (January
1985).

A method for measuring either
the uranium nr plutonium content
of solutions has been developed
and tested on natural uranium
solution. The method involves
using an isotopic, 252Cf, neu-
tron source to induce fissions
and then counting delayed neu-
trons once the source is with-
drawn. The neutron source is
inserted into a port in the cen-
ter of the solution tank to im-
prove the chance of a source
neutron inducing a fission. De-
layed neutrons are counted with
high efficiency by detectors
placed in ports surrounding the
irradiation position. Because
neutrons are counted, instead of
gamma rays, radioactive solu-
tions such as those found in re-
processing plants can be meas-
ured. The ultimate detection
limit of this technique is bet-
ter than 1 mg/i of the fissile
isotope.

13. E. J. Dowdy, G. E. Hansen, and A.
A. Robba, "The Feynman Variance-To-
Mean Method," presented at the
Workshop on Subcritical Reactivity
Measurements, University of New
Mexico, Albuquerque, New Mexico,
August 26-29, 1985.

The Feynman and other fluctu-
ation techniques have been shown
to be useful for determining the
multiplication of subcritical
systems. The moments of the
counting distribution from neu-
tron detectors is analyzed to
yield the multiplication value.
We present the methodology and
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some selected applications and
results and comparisons with
Monte Carlo calculations.

14. E. J. Dowdy, C. E. Moss, A. A.
Robba, A,, E. Evans, M. C. Lucas,
E. R. Shunk, and C. A. Goulding,
"Radiation Dosimetry Through Spec-
tral E'efinition, " presented at the
ISRP-3 Third International Symposi-
um on Radiation Physics, Institute
Di Fisica Generale Dell' Univer-
sita' Di Ferrara, Ferrara, Italy,
September 30-0ctober 4, 1985.

We have developed a fieldable
instrumentation system for de-
termining from measured flux
spectra, both the neutron and
gamma ray dose rate distribu-
tions associated with radio-
active sources. This system in-
cludes the sensors, the com-
puter-based data acquisition and
analysis hardware, and the req-
uisite software for unfolding
the sensor response functions to
obtain the flux spectra, and for
folding the resultant flux spec-
tra with appropriate flux spec-
trum-to-dose conversion factors.
We use bismuth germanate scin-
tillators that have experimen-
tally measured and analytically
interpolated response functions
to determine the gamma ray flux
spectra, and a suite of neutron
sensors, based on proton recoil
and 3He capture, to determine
the neutron flux spectra. In
addition, gamma ray peak identi-
fication is done using HPGe sen-
sors. We describe the equipment
and procedures and present some
recent results.

15. G. W. Eccleston, L. G. Speir, D. C.
Garcia, "Source Storage and Trans-
fer Cask," Los Alamos National
Laboratory report LA-10398-M
(April 1985).

The storage and shield cask for
the dual californium sc 'ce is
designed to shield and transport

16.

up to 3.7 mg (2 Ci) of 2 S 2Cf.
The cask meets Department of
Transportation (DOT) license re-
quirements for Type A materials
(D0T-7A). The cask is designed
to transfer sources to and from
the Fluorinel and Fuel Storage
(FAST) facility delayed-neu-
tron interrogator. Californium
sources placed in the cask must
be encapsulated in the SR-CF-100
package and attached to Teleflex

The cask contains two source lo-
cations. Each location contains
a gear box that allows a Tele-
flex cable to be remotely moved
by a hand crank into and out of
the cask. This transfer proce-
dure permits sources to be
easily removed and inserted into
the delayed-neutron interrogator
and reduces personnel radiation
exposure during transfers. The
radiation dose rate with the
maximum allowable quantity of
californium (3.7 mg) in the cask
is 30 mR/h at the surface and
less than 2 mR/h 1 m from the
cask surface.

This manual contains information
about the cask, californium
sources, describes che method to
ship the cask, and how to insert
and remove sources from the
cask.

G. W. Eccleston, B. Stuewe, S.
Klosterbuer, and T. Van Lyssel
"Dounreay Shuffler Diagnostic Soft-
ware Operations Manual," Los
Alamos National Laboratory report
LA-1O47O-M (July 1985).

This operations manual describes
the test software for the Doun-
reay Shuffler. The Shuffler is
an assay systam, controlled by a
Commodore PET computer, that
measures the plutonium content
in leached hulls at the fuel re-
processing plant in Dounreay,
Scotland. The Shuffler contains
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a 2s2cf neutron source that
is moved between storage and ir-
radiation locations to obtain
measurement data. A stepping
motor control (SMC) module op-
erates the Shuffler and accepts
commands from the PET to move
the source. This manual briefly
describes the Shuffler and pro-
vides details on running and
using the diagnostic software
test program. The communica-
tions protocol for message
transmittal between the PET and
SMC is defined and a detailed
example of message sending is
presented in an appendix.

17. N. Ensslin, "A Simple Self-Multi-
plication Correction for In-Plant
Use," Proc. 7th ESARDA Symposium on
Safeguards and Nuclear Material
Management, Liege, Belgium, May 21-
23, 1985, pp. 233-238.

An improved self-multiplication
correction has been derived with
the help of an equation recently
published by K. Bohnel. The
simple correction is suitable
for use with existing neutron
coincidence counters if a hand
calculator or minicomputer is
available. Good results are ob-
tained for in-plant materials
when the contribution of neu-
trons from (a,n) reactions can
be calculated.

18. N. E. Ensslin, G. E. Bosler, E. J.
Dowdy, M. S. Krick, H. 0. Menlove,
A. A, Robba, J. E. Stewart, and M.
S. Zucker, "US Activities in Neu-
tron Coincidence Assay," presented
at the Advisory Group Meeting, Pro-
gress in Neutron Coincidence Count-
ing, International Atomic Energy
Agency, Vienna, Austria, October
7-11, 1985, Los Alamos National
Laboratory document LA-UR-85-3523.

No abstract available.

19. A. E. Evans, "Some Observations on
3He Neutron Spectrometry," present-

20.

ed at the International Conference
on Nuclear Data for Basic Applied
Sciences, Santa Fe, New Mexico, May
13-17, 1985.

The energy resolution of a 3He
ionization chamber, which varies
from 13 keV FWHM at 0 keV to ap-
proximately 30 keV at 1 MeV, al-
lows observation of false peaks
due to the presence o* scatter-
ing or absorbing materials and
due to accidental near-coinci-
dences of the rather long-rise-
time detector pulses, Pulse-
risetime distributions depend on
the neutron beam's angle of in-
cidence to the detector axis;
ability to separate 3He-recoil
pulses from full-energy 3He(n,p)
pulses diminishes for neutrons
of energy greater than 1.5 MeV
and incident normal to the de-
tector axis. When hj"h-energy
neutrons are present, measure-
ment at a grazing angle is rec-
ommended .

A. E. Evans and P. J. Bendt, "Neu-
tron Spectrum froniaarlron-Alumi-
num-Sulfur Fil£erTf' presented at
the AmericanT'Nuclear Society Meet-
ings" Washington, DC, November 11-
16, 1984.

The use of filters to produce
nearly monoenergetic intermedi-
ate-energy neutron beams is a
technique that has been around
for some time. Examples are the
2-keV scandium-filtered beam and
the 24-keV iron filtered beam at
the Brookhaven High-Flux Beam
Reactor. These beams are used
for neutron cross-section and
capture gamma-ray measurements
because, for most materials,
neutron cross-sections have a
fairly smooth 1/v relationship
with energy, as neutron widths
at these energies are much
broader and closer together than
at lower energies. For these
reasons, more useful spectro-
scopic data can be obtained with
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the kilovolt filtered beams than
are available at thermal ener-
gies.

21. P. E. Fehlau, "Radioactive Material
Detection in Vehicle Portal Moni-
tors," presented at IEEE 198!. Nu-
clear Science Symposium, Nuclear
and Plasma Science Society, Tan
Francisco, California, October 23-
25, 1985.

Motor vehicles are monitored by
detector portals that sense
transported radioactive materi-
als. Three factors compound the
tasks: vehicles shield both
background and source radiation,
monitoring analysis must accom-
modate a variety in vehicle
speeds, and outdoor natural
backgrounds are variable. Vehi-
cle portal monitoring, first ap-
plied to special nuclear materi-
al detection, now finds applica-
tion to port-of-entry monitoring
for detecting radioactive ma-
terials that cross national
boundaries.

22. P. E. Fehlau, "Special Nuclear Ma-
terial Radiation Monitors for the
1980s," Proc. 26th Annual Meeting
of the Institute of Nuclear Materi-
als Management, Albuquerque, New
Mexico, July 22-25, 1985.

During the two decades that
automatic gamma-radiation moni-
tors have been applied to de-
tecting special nuclear materi-
als (SNM), little attention has
been devoted to how well the
monitors perform in plant en-
vironments. Visits to 11 DOE
facilities revealed poor infor-
mation flow between developers,
manufacturers, and maintainers
of SNM radiation monitors. To
help users achieve jest per-
formance from their monitors or
select new ones, Los Alamos
National Laboratory developed a
hand-held monitor user's guide,
calibration manuals for some

commercial SNM pedestrian moni-
tors, and an applications guide
for SNM pedestrian monitors. In
addition, Los Alamos evaluated
new commercial SNM monitors,
considered whether to apply neu-
tron detection to SNM monitor-
ing, and investigated the prob-
lem of operating gamma-ray SNM
monitors in variable plutonium
gamma-radiation fields. As a
result, the performance of
existing SNM monitors will im-
prove and alternative monitoring
methods will become commercially
available during the 1980s.

?~i. A. S. Goldman, "An Assessment of
the Measurement Control Program for
Solution Assay Instruments at the
Loa Alamos National Laboratory
Plutonium Facility," Los Alamos
National Laboratory report LA-
10373-MS (May 1985).

This report documents and re-
views the measurement control
program (MCP) over a 27-imonth
period for four solution assay
instruments (SAIs) at the Los
Alamos National Laboratory Plu-
tonium Facility. SAI measure-
ment data collected during the
period January 1982 through
March 1984 were analyzed. The
sources of these data included
computer listings of measure-
ments emanating from operator
entries on computer terminals,
logbook entries of measurements
transcribed by operators, and
computer listings of measure-
ments recorded internally in the
instruments. Data were also ob-
tained from control charts that
are available as part of the
MCP. As a result of our analy-
ses we observed agreement be-
tween propagated and historical
variances arid concluded instru-
ments were functioning properly
from a precision aspect. We
noticed small, persistent biases
indicating slight instrument in-
accuracies. We suggest that
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statistical tests for bias be
incorporated in the MCP on a
monthly basis and if the instru-
ment bias is significantly
greater than zero, the instru-
ment should undergo maintenance.
We propose the weekly precision
test be replaced by a daily test
to provide more timely detection
of possible problems. We ob-
served that one instrument
showed a trend of increasing
bias during the past six months
and recommend a randomness test
be incorporated to detect trends
in a more timely fashion. We
detected operator transcription
errors during data transmissions
and advise direct instrument
transmission to the MCP to
eliminate these errors. A
transmission error rate based on
those errors that affected de-
cisions in the MCP was estimated
at 1 per cent.

2U, A. S. Goldman, E. A. Kern, and C.
W. Emeigh, "Sequential Test Proce-
dures for Inventory Differences,"
presented at the 26th Annual INMM
Meeting, Albuquerque, New Mexico,
July 22-25, 1985.

By means of a simulation study,
we investigated the appropriate-
ness of Page's and power-one
sequential tests on sequences of
inventory differences obtained
from an example materials con-
trol unit, a sub-area of a hypo-
thetical UF6-to-U30s conversion
process. The study examined de-
tection probability and run
length curves obtained from
different loss scenarios.

25. A. S. Goldman, "Sequential Test
Procedures for Detecting Protracted
Materials Losses," Los Alamos
National Laboratory report LA-
10319-MS, NUREG/CR-4107 (July
1985).

Sequential tests are required
for detecting protracted
(trickle) losses of strategic

special nuclear materials from a
single materials control unit
(MCU) . We compared applicable
tests including modified ver-
sions of Page's test and power-
one procedures. We used simu-
lated data from a MCU in a
conversion/fabrication process
that took into account process
variations, materials holdup,
and measurement uncertainties.
Comparisons were made over a
60-day accounting period under
different loss scenarios. Some
important findings include

(1) No single test procedure is
best for all diversion sce-
narios .
(2) Power-one procedures are
best for protracted losses that
occur early in tVte accounting
period and Page's test is best
for late loss occurrence.
(3) If holdup and process varia-
tions are not included in the
Inventory Difference model but
are present in the process,
then assuming steady-state con-
ditions, false-alarm probabili-
ties can double.

26. A. S. Goldman, "Measurement Control
Program for Thermal Neutron Coinci-
dence Counters," Los Alamos Nation-
al Laboratory, Safeguards Systems
Group draft report Q-4/85-304 (June
1985).

This report is the third of a
series designed to provide
guidance on measurement control
programs (MCPs) in the six areas
mentioned in DOE Order 5630.2.
The previous reports [Goldman
and Marshall (1983) and Goldman
(1985)] dealt specifically with
analyzing MCPs at the Los Alamos
National Laboratory plutonium
facility (PF) for balances and
solution assay instruments.

The primary purpose of this re-
port is to propose an MCP for
thermal neutron coincidence
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counters (TNCs) based on modifi- 27.
cations of an established MCP.
A secondary purpose is to docu-
ment and review PF data obtained
from 11 TNCs over a 3-year peri-
od (June 1981 through May 1984) .
The results are intended to aid
DOE facilities in establishing
and operating MCPs for nonde-
structive assay (NDA) instru-
ments. The suggested MCP con-
sists of the following proce-
dures :

• an accuracy test based on the
historical standard devi-
ation and bias,

• a precision test that uses a
control chart for the
standard deviation, and

• diagnostic procedures includ-
ing tests for normality and
trends.

Our major findings concerning
the plutonium facility MCP for
TNC instruments include the fol-
lowing:

• instruments demonstrate a
high level of stability,

• bias in measurements on stan-
dards is typically -1% and
ranges from 0.2% to 2.7%,

• historical standard devi-
ations for measurements on
standards are typically -2%
and range from 0.1% to 3.7%,

• the power function is an ade-
quate model for the calibra-
tion equation,

• measurement data tend to be
normally distributed,

• trends in data indicate the
presence of instrument drift,
suggesting the. need for more
frequent calibrations (in-
struments are typically cali-
brated only once each year),
and

• sensitivity of accuracy tests
could be improved by using
historical data to compute
estimates of standard de-"•*>.-
tions and biases.

R. G. Gutmacher, G. W. Nelson, and
S.-T. Hsue, "Nondestructive Meas-
urement of the Uranium/Plutonium
Ratio in Mixed Oxide," presented at
the Karlsruhe International Confer-
ence on Analytical Chemistry in Nu-
clear Technology, Karlsruhe, German
Federal Republic, June 3-6, 1935.

Measurement of the uranium/plu-
tonium ratio on blended (U,Pu)02
powder is required for both
process control and materials
accounting to verify that the
correct ratio was achieved. A
nondestructive method of de-
termining the ratio would avoid
the need to take samples; pro-
vide results more rapidly, thus
minimizing production delays;
and permit analysis of material
in process vessels and sealed
containers.

We have investigated the appli-
cation of the "enrichment meter"
principle to determination of
uranium/plutonium ratios in the
range of 1.4 to 6.C. Measure-
ments were made on eight well-
characterized thick samples of
homogeneous (U,Pu)02 powders,
doubly contained. Several gamma
rays of 2 3 9Pu and 2 < 1Pu were
measured, using a GeLi detector.
Each material was counted for
10 000 s five times. Best re-
sults were obtained with the
375-keV gamma ray of 2 3 9Pu. The
gamma-ray spectra were corrected
for background and analyzed with
the GRPAUT program to yield ac-
curate peak areas. Peak areas
were normalized and then cor-
rected for the thickness of the
container bottoms and for the
decay of 241Pu and the increase
in 241Am. Peak areas of gamma
rays with energies of 345 keV or
greater were corrected for
finite sample thickness. Be-
cause uranium and plutonium have
different mass attenuation coef-
ficients, the number of gamma
rays from a plutonium isotope is
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not directly proportional to the
mass fraction of that isotope.
However, the uranium/plutonium
mass ratio may be calculated
using an algorithm that contains
a calibration constant. This
constant must be determined for
each gamma ray by measurements
on a single reference material
whose urarium/plutoniura ratio is
accurately known.

Comparison of the gamma-ray
spectrometry results with values
obtained by careful chemical
analyses shows agreement within
0.6% relative. Several materi-
als were remeasured about 3
weeks later. The reproduclbil-
ity of the measurements was from
0.15 to 0.33% relative, indicat-
ing no significant drift of the
instrumentation and adequacy of
the decay corrections.

We have shown that the "enrich-
ment meter" principle is appli-
cable to the determination of
uranium/plutonium mass ratios
from 1,4 to 6.0 in mixed oxide
powders with good accuracy and
precision. The technique may
also be applicable to recycle
LWR mixed oxides after it is
validated for higher urani-
um/plutonium ratios.

J. K. Halbig and J. C. Caine,
"ION-1 Technical Manual," Los
Alamos National Laboratory report
LA-10433-M (ISPO-240) (July 1985).

The portable gamma-ray and neu-
tron detector electronics
(ION-1) gives a digital readout
of the current-mode response
produced by gamma rays in an ion
chamber and of amplification and
scaling of pulses received from
a neutron detector. The primary
application is the measurement
of gamma-ray and neutron activi-
ty of irradiated reactor fuels

stored at a reactor or at a
storage pond away from a re-
actor .

ION-1 is the first such instru-
ment to use a design that allows
communication of procedures, re-
sponses , and results between in-
strument and inspector. It
prompts the inspector through
procedures, carries out pro-
grammed measurement steps, cal-
culates results and error esti-
mates , and performs internal
diagnostic checks.

This Technical Manual describes
adjustment procedures and limit-
ed technical information that
enable the inspector to trouble-
shoot at the board level.

29. J. K. Halbig, G. E. Bosler, S. F.
Klosterbuer, and P. M. Rinard, "Ap-
plications of a Transportable
Spent-Fuel Measurement System,"
presented at the IEEE 1985 Symposi-
um on Nuclear Power Systems, San
Francisco, California, October 23-
25, 1985, Los Alamos National
Laboratory document LA-UR-85-3735.

A transportable system for
measuring radiation from spent
fuel has been developed for the
International Atomic Energy
Agency. The system measures
gross gamma dose rates and neu-
tron count rates from irradiated
fuel assemblies. These data are
then used to verify various
spent-fuel parameters such as
exposure and cooling time. Aver-
age deviations between predicted
exposures and operator-declared
exposures have been as low as
1%.

30. J. K. Halbig, S. F. Klosterbuer,
and R. A. Cameron, "Applications of
a Portable MCA in Nuclear Safe-
guards," presented at the IEEE 1985
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Nuclear Science Symposium, San
Francisco, California, October 23-
25, 1985, Los Alamos National Labo-
ratory document LA-UR-85-3736.

The Safeguards Assay Group at
Los Alamos National Laboratory
uses an intelligent portable
multichannel analyzer (MCA) in
nuclear safeguards applications.
The MCA features application
programs with a high degree of
user friendliness designed for
use by the nonscientist in field
conditions. The MCA history and
applications are discussed.

31. S. -T. Hsue, M. S. Krick, J. K.
Sprinkle, Jr., and P. M. Rinard,
"Nondestructive Assay System De-
velopment for a Plutonium Scrap
Recovery Facility," presented at
the 1985 Winter Meeting of the
American Nuclear Society, San
Francisco, California, November
10-15, 1985, Los Alamos National
Laboratory document LA-UR-85-2229.

No abstract available.

32. M. 5. Krick, H. 0. Menlove, J.
Zick, and P. Ikonomou, "Measurement
of Enriched Uranium and Uranium-
Aluminum Fuel Materials with the
AWCC," Los Alamos National
Laboratory report LA-10382-MS
(ISPO-219) (May 1985).

The active well coincidence
counter (AWCC) was calibrated at
the Chalk River Nuclear Labora-
tories (CRNL) for the assay of
93%-enriched fuel materials in
three categories: (1) uranium-
aluminum billets, (2) uranium-
aluminum fuel elements, and (3)
uranium metal pieces. The AWCC
was a standard instrument sup-
plied to the International
Atomic Energy Agency under the
International Safeguards Project
Office Task A.51. Excellent
agreement was obtained between
the CRNL measurements and previ-

ous Los Alamos National Labora-
tory measurements on similar
mockup fuel material. Calibra-
tion curves were obtained for
each sample category.

33. M. S. Krick, H. 0. Menlove, and A.
Ramalho, "Birdcage Neutron Coinci-
dence Counter Manual," Los Alamos
National Laboratory report LA-
10430-M (ISPO-234) (July 1985).

A thermal neutron coincidence
counter has been constructed for
the assay of fast critical assay
fuel plates stored in birdcages.
Standard coincidence counting
electronics are used. This
manual describes the birdcage,
the measurement system, and its
performance characteristics.

34. T. K. Li, "Feasibility Study of
Plutonium Isotopic Analysis of
Resin Beads by Nondestructive
Gamma-Ray Spectroscopy," Proc. 7th
ESARDA Symposium on Safeguards and
Nuclear Material Management, Lie.ge,
Belgium, May 21-23, 1985, pp. 245-
248.

We have initiated a feasioility
study on the use of nonde-
structive low-energy gamma-ray
spectroscopy for plutonium iso-
topic analysis on resin baads.
Seven resin bead samples were
measured, with each sample con-
taining an average of 9 jig of
plutonium; the isotopic compo-
sitions of the samples varied
over a wide range. The gamma-
ray spectroscopy results, ob-
tained from 4-h counting-time
measurements, were compared with
mass spectrometry results. The
average ratios of gamma-ray
spectroscopy to mass spectro-
metry were 1.014 ± 0.025 for

o.996 ± 0.018 for

a n d o.98O + 0.038
for 241Pu/239Pu. The rapid,
automated, and accurate non-
destructive isotopic analysis of
resin beads may be very useful
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to process technicians and In-
ternational Atomic Energy Agency
inspectors.

35. J. T. Markin and A. J. Ahlquist,
"Quality Assurance for the IAEA
Inspection Planning Process," Los
Alamos National Laboratory report
LA-10476-MS (ISPO-239) (August
1985).

t'nder the provisions of the
Treaty on NonProliferation of
Nuclear Weapons, the Inter-
national Atomic Energy Agency
inspects over 400 nuclear facil-
ities each year to confirm that
their operation is consistent
with peaceful uses of nuclear
materials. Successful implemen-
tation of the inspections de-
pends upon planning for verifi-
cation activities such as com-
parisons of records and reports,
measurements of material inven-
tories, and employment of con-
tainment/surveillance methods.
This report describes the
Agency's inspection planning
process, including administra-
tive, technical, and management
aspects, and suggests methods
for applying quality assurance
procedures to maintain the
quality of that process.

36. H. 0. Menlove and N. Ensslin, "Neu-
tron Counting for Confirmatory
Measurements," presented at the
26th Annual INMM Meeting, Albuquer-
que, New Mexico, July 21-24, 1985,
Los Alamos National Laboratory doc-
ument LA-UR-85-968.

Passive neutron detection gives
a convenient confirmatory meas-
urement for plutonium samples
because of the high neutron
yields, detector simplicity,
and the neutron penetrability
through the sample and storage
or shipping containers. When
neutron coincidence counting is

added to the detection capabili-
ty, the measurement becomes re-
latively insensitive to neutron
backgrounds and rather specific
to the fertile (24OPu-ef-
fective) content. If in addi-
tion to the coincidence rate (R)
the coincidence-to-totals ratio
(R/T) is measured, then confir-
matory information is obtained
on both the fissile and fertile
content. In the past, the
normal procedure for making neu-
tron confirmatory measurements
war. to perform a simple coinci-
dence count. This procedure
works reasonably well for pure
PuO2 material. However, for
highly multiplying metal
samples, impure oxide, high
24lAm content samples, and salts
with high (a,n) yields, the pro-
cedure failed because of the un-
known multiplication and in-
duced-fission rates. Recently we
have improved the electronics,
detectors, and calculational
procedures so that more accurate
multiplication corrections can
be made for those cases where
the (ot.n) yields are negligible
for example, metal) or known.
For the special cases when the
(a,n) rates are very large and
induce a significant fraction of
the measured fissions, then a
new method has been developed to
use the R/T ratio, after cor-
rections for spontaneous fis-
sion, to directly confirm the
fissile content for specific
sample containers.

37. H. 0. Menlove, "Neutron Counting
fcr Confirmatory Measurements,"
presented at the 26th Annual INMM
Meeting, Albuquerque, New Mexico,
July 21-24, 1985, Los Alamos
National Laboratory LA-UR-85-2550.

Passive neutron counting can be
used to give a convenient and
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rapid confirmation of plutonium
content for shipper-receiver
confirmation. Different types
of neutron detectors have been
designed to accommodate a large
variety of sample containers.
When neutron coincidence count-
ing is used, the measurement be-
comes relatively insensitive to
neutron backgrounds and rather
specific to the fertile (240Pu-
effective) content. For samples
with significant neutron self-
multiplication, the reals-to-
total ratio (R/T) gives an ad-
ditional confirmation that the
induced multiplication is con-
sistent with the declared fis-
sile content. For samples with
a very high (a,n) yield, the in-
duced fission rate can be used
to directly confirm the fissile
content.

38. H. 0. Menlove and J. E. Swansen, "A
High-Performance Neutron Time
Correlation Counter," Nucl.Tech. 71,
497-505 (1985).

A new, high-performance neutron
time correlation, or coinci-
dence, counter has been de-
veloped for the measurement of
nuclear materials. This de-
tector is an improvement over
the high-level neutron coinci-
dence counter that was used
previously in that it has better
counting rate capability, elec-
tronic stability, noise resis-
tance, uniform counting zone,
and portability. The system
uses 3He gas tubes coupled to
the shift register coincidence
electronics through a new hybrid
charge-sensitive preamplifier/
discriminator. Counting rates
of 1.3 MHz have been obtained
and a counting stability of
0.002% has been measured. The
system has been applied to the
assay of plutonium content in
metal, PuO2, and PuF4, as well
as in uranium-plutonium mix-
tures .

39. H. 0. Menlove
Silvio G. de
de Almeida,
L. F. Conti,
de Paiva,
Evaluation of

Marco A. S. Marzo,
Almeida, M. Candida
L. Paulo M. Moitta,

and J. Roberto T.
"In-Plant Test and
the Neutron Collar

40.

for Verification of PWR Fuel
Assemblies at Resende, Brazil,"
Los Alamos National Laboratory re-
port LA-10562-MS (November 1985).

The neutron-coincidence collar
has been evaluated for the
measurement of pressurized-water
reactor (PWR) fuel assemblies at
the Fabrica de Elementos
Combustiveis plant in Resende,
Brazil. This evaluation was
part of the cooperative-bilater-
al-safeguards technical-exchange
program between the United
States and Brazil. The neutron
collar measures the 2 3 5U content
per unit length of full fuel
assemblies using neutron in-
terrogation and coincidence
counting. The 2 3 8U content is
measured in the passive mode
without the AmLi neutron-in-
terrogation source. The extend-
ed evaluation took place over a
period of 6 months with both
scanning and single-zone meas-
urements. The results of the
tests gave a coincidence-re-
sponse standard deviation of
0.7%(CT - 1.49% for mass) for the

active case and 2.5% for the
passive case in 1000-s measure-
ment times. The length measure-
ment in the scanning mode; was
accurate to 0.77%. The ac-
curacies of different calibra-
tion methods were evaluated and
compared.

C. E. Moss, "A Sophisticatad Gamma-
Ray Data Acquisition System Based
on an IBM PC/XT Computer," pre-
sent-d at the IEEE 1985 Nuclear
Science Symposium, San Francisco,
California, October 23-25, 1985.

It is easy to assemble and
program an automated gamma-ray

108



data acquisition system consist-
ing of an IBM PC/XT computer and
several computer-controllable
modules. Our system features
pattern recognition to determine
the energy calibration, auto-
matic gain setting, automatic
efficiency calibration, de-
tector-positioner control, and
source-changer control in ad-
dition to the more conventional
operations.

41. C. E. Moss, "Gamma-Ray Line In-
tensities for Depleted Uranium,"
presented at the International
Conference on Nuclear Data for
Basic and Applied Sciences,
Santa Fe, New Mexico, May 13-17,
1985.

Measurements of the gamma-ray
lini intensities from depleted
uranium allowed us to determine
which of two conflicting previ-
ous experiments was correct. For
the 1001-keV line we obtained a
branching ratio of 0.834 +
0.007, in good agreement with
one of the previous experiments.
A table compares our intensities
for several lines with those ob-
tained in previous experiments.

U2. C. E. Moss, F. J. Dowdy, and M. C.
Lucas, "Bismuth Germanate Sclntil-
tors: Applications in Nuclear
Safeguards and Health Physics,"
presented at the Sixth Symposium on
X- and Gamma-Ray Sources and Appli-
cations, Ann Arbor, Michigan, May
21-23, 1985.

Bismuth germanate (BGO) scintil-
lators are preferable to Nal
(Tl) sclntillators or germanium
detectors for some applications.
We depcribe two systems based on
BGO scintillators for applica-
tions in nuclear safeguards and
health physics. The first sys-
tem, which consists of eight
scintillators and a computer-
based data acquisition system,
is very efficient. The second,

which consists of one scintil-
lator and a small analyzer, is
less efficient but portable. A
computer code that uses measured
response functions and photopeak
efficiencies, unfolds the BGO
distributions measured with
these systems to determine
gamma-ray flux spectra and dose
rates. One application of these
systems is the accurate determi-
nation of flux spectra and dose
rates from containers of uranium
or plutonium. A second applica-
tion determined these quantities
from a replica of Little Boy,
the device exploded over Hiro-
shima.

43, T. W. Packer, E. W. Lees, D. Close,
K. V. Nixon, J. C. Pratt, and
R. Strittmatter, "Measurement of
the Enrichment of Uranium in the
Pipework of a Gas Centrifuge En-
richment Plant," presented at the
26th Annual Meeting of the Insti-
tute of Nuclear Materials Manage-
ment , Albuquerque, New Mexico, July
22-25, 1985.

The US and UK have been sepa-
rately working on the develop-
ment of a NDA instrument to
determine the enrichment of
gaseous UF6 at low pressures in
cascade header pipework in line
with the conclusions of the
Hexapartite Safeguards Project
viz, the instrument is capable
of making a "go/no go" decision
of whether the enrichment is
less than/greater than 20%. Re-
cently, there has been a series
of very useful technical ex-
changes of ideas and information
between the two countries. This
has led to a technical formula-
tion for such an instrumentation
based on X-ray spectrometry
which, although plant-specific
in certain features, neverthe-
less is based on the same physi-
cal principles. Experimental
results from commercially op-
erating enrichment plants are
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very encouraging and indicate
that complete measurement in-
cluding set up time on the pipe
should be attainable in about 30
minutes when measuring pipes of
diameter around 110 mm.

44. R. R. Picard, "Sequential Analysis
of Materials Balances: Fundamental
Concepts," Los Alamos National
Laboratory, Safeguards Sy^t *•:»..•;
Group draft report Q--»/8b-79
(February Ia35).

A br-•I summary of the concepts
underlying sequential analysis
of materials balance data is
provided. Related testing pro-
cedures described in the safe-
guards literature are reviewed
in the context of the Nuclear
Regulatory's reform amendment.

45. R. R. Picard, Application of Se-
quential Methods for Materials
Balance Evaluation," Los Alamos
National Laboratory, Safeguards
Systems Group report Q-4/85-244
(May 1985).

Computational methods for se-
quential analysis of materials
balances are discussed. Ef-
ficient routines for deriving
sequences of standardized inno-
vations are detailed, and theii"
use is illustrated in an
example.

46. R. R. Picard, "Confirming LEU in an
LFUA Environment," Los Alamos
National Laboratory report
LA-10596-MS (November 1985).

A standard sequential procedure
is adapted to a limited-frequen-
cy unannounced access (LFUA) in-
spection problem, where uranium
enrichment is monitored using
nondestructive assay instrumen-
tation. If the enrichment is in
Ehe low-enriched uranium (LEU)
range, rapid confirmation to
that effect is provided under
anticipated measurement condi-

tions. Decision thresholds are
derived based on the required
confidence level in an LEU con-
firmation. Also, the procedure
is easily automated and is such
that the raw ~̂_ta need not be
revealed.

47. K. K. S. Pillay and R. R. Picard,
"Learning to Live with Holdup," Los
Alamos National Laboratory, Safe-
guards Systems Group draft report
Q-4/85-300 (June 1985).

Plutonium holdup is recognized
as a materials control and ac-
counting problem at the Pluto-
nium Recovery Modification Pro-
ject (PRMP) at the Rocky Flats
Plant. This report addresses
issues relevant to procedures
for holdup measurements using
attributes and variables
sampling and developing models
of major holdup regions. Spe-
cific suggestions to develop
data for sampling plan develop-
ment and modeling are proposed
along with suggestions for de-
veloping a cost-effective plan.

48. K. K. S. Pillay, D. Stirpe, J. T.
Markin, and E. A. Hakkila, "Key
Elements of Safeguards Approaches
for a MOX Fuel Fabrication Facili-
ty," Los Alamos National Labora-
tory, Safeguards Systems Group
draft report Q-4/85-468 (September
1985).

This report presents the im-
portant safeguards approaches to
safeguard a mixed oxide (MOX)
fuel fabrication facility in a
country signatory to the Nonpro-
liferation Treaty (NPT) under
International Atomic Energy
Agency (IAEA) safeguards. The
goal of this study is to help
the U.S. Government formulate
clear and concise statements of
the elements of IAEA safeguards
judged as necessary and suf-
ficient for achieving the ob-
jectives of INFCIRC/153.
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49. K. K. S. Pillay and D. Stirpe, "Key
Elements for Safeguarding a MOX
Fuel Fabrication Facility Against
Abrupt Diversions," Los Alamos
National Laboratory, Safeguards
Systems Group draft report
Q-4/85-552 (November 1985).

This is the draft final report
of a project supported by the
Arms Control and Disarmament
Agency (AGDA) to identify the
key elements of International
Atomic Energy Agency (IAEA)
safeguards necessary to prevent
abrupt diversions of plutonium
from a modern multiproduct line
mixed oxide fuel fabrication
facility with an annual through-
put of about 3 Mt of plutonium.
The following key elements are
identified and examined in de-
tail:

( 1) materials accountancy and
reporting system approved
by the IAEA,

( 2) an agreed-upon set of pro-
cedures to verify records,

( 3) provisions to install and
maintain surveillance e-
quipment at strategic
points,

( 4) use of containment devices
for materials in storage,

( 5) use of near-real-time
materials accounting,

( 6) presence of an IAEA in-
spector onsite,

( 7) monthly verification of
operator's materials bal-
ance reports,

( 8) semiannual physical inven-
tory verification,

( 9) use of sampling plans for
verification measurements,
and

(10) attributes and variables
measurements to verify
transfers and all inven-
tories not under IAEA
seals.

Detailed sensitivity analysis of
materials accountancy was con-
ducted using a set of operator
measurements, and inspection

scenarios were proposed to de-
tect abrupt diversion of goal
quantities of plutonium on a
timely basis at specified confi-
dence levels.

50, D. Reilly and R. Augustson, "A Sim-
ulated Physical Inventory Verifica-
tion Exercise at a Mixed-Oxide
Fuel Fabrication Facility," Proc.
7th ESARDA Symposium on Safeguards
and Nuclear Material Management,
Liege, Belgium, May 21-23, 1985,
pp. 121-126.

A physical inventory verifica-
tion was simulated at a mixed-
oxide fuel fabrication facility.
Safeguards inspectors from the
International Atomic Energy
Agency (IAEA) conducted the PIV
exercise to test inspection pro-
cedures under "realistic but re-
laxed" conditions. Nondestruc-
tive assay instrumentation was
used to verify the plutonium
content of samples covering the
range of material types from in-
put powders to final fuel as-
semblies. This paper describes
the activities included in the
exercise and discusses the re-
sults obtained.

51. P..A. Russo, R. B. Strittmatter, E.
L. Sandford, M. M. Stephens, T. L.
Brumfield, S. E. Smith, E. E.
McCullough, I. W. Jeter, and G. L.
Bowers, "Automated NDA Instruments
for In-Line Accounting of Highly
Enriched Uranium at the Oak Ridge
Y-12 Plant," Los Alamos National
Laboratory report LA-10243-MS
(February 1985).

Two automated nondestructive
assay instruments developed at
Los Alamos in support of nuclear
materials accounting needs are
currently operating in-line at
the Oak Ridge Y-12 facility for
recovery of highly enriched
uranium ;;;^I). One instrument
provides the HEU inventory in
the secondary solvent extraction
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system, and the other monitors
HEU concentration in the secon-
dary intermediate evaporator.
Both instruments were installed
in December 1982. Operational
evaluation of these instru-
ments was a joint effort of Y-12
and Los Alamos personnel. This
evaluation included comparison
of the solvent extraction system
inventories with direct measure-
ments performed on the dumped
solution components of the
solvent extraction system and
comparison of concentration as-
say results with the external
assays of samples withdrawn from
the process. The function and
design of the instruments, and
detailed results of the oper-
ational evaluation are reported.

52. P. A. Russo, J. K. Sprinkle, Jr.,
and M. M. Stephens, "Uranium Con-
centration Monitor Manual, 2300
System," Los Alamos National
Laboratory report LA-10350-M
(Y/DG-17233) (April 1985).

This manual describes the de-
sign, operation, and procedures
for measurement control for the
automated uranium concentration
monitor on the 2300 solvent ex-
traction system at the Oak Ridge
Y-12 Plant. The nonintrusive
monitor provides a near-real
time readout of uranium concen-
tration at two locations simul-
taneously in the solvent extrac-
tion system for process monitor-
ing and control. Detectors in-
stalled at the top of the ex-
traction column and at the bot-
tom of the backwash column ac-
quire spectra of gamma rays from
the solvent extraction solutions
in the columns. Pulse-height
analysis of these spectra gives
the concentration of uranium in
the organic product of the ex-
traction column and in the
aqueous product of the solvent
extraction system. The visual
readouts of concentrations for
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process monitoring are updated
every 2 min for both detection
systems. Simultaneously, the
concentration results are
shipped to a remote computer
that has been installed by Y-12
to demonstrate automatic control,
of the solvent extraction sys-
tem based on input of near-real
time process operation informa-
tion.

53. P. A. Russo, J. K. Sprinkle, Jr.,
R. W. Slice, and R. B. Strittmat-
ter, "Uranium Concentration Monitor
Manual Secondary Intermediate
Evaporator," Los Alamos National
Laboratory report LA-10510-M
(Y/DG-17232) (August 1985).

This manual describes the de-
sign, operation, and measurement
control procedures for the auto-
mated uranium concentration
monitor on the secondary inter-
mediate evaporator at the Oak
Ridge Y-12 Plant. The nonin-
trusive monitor provides a near-
real time readout of uranium
concentration in the return loop
of the recirculating evaporator
for purposes of process monitor-
ing and control. A detector in-
stalled near the bottom of the
return loop is used to acquire
spectra of gamma rays from the
evaporator solutions during
operation. Pulse height analysis
of each spectrum gives the in-
formation required to deduce the
concentration of uranium in the
evaporator solution in near-real
time. The visual readout of
concentration is updated at the
end of every assay cycle. The
readout includes an alphanumeric
display of uranium concentration
and an illuminated, colored LED
(in an array of colored LEDs)
indicating whether the measured
concentration is within (or
above or below) the desired
range. An alphanumeric display
of evaporator solution acid
molarity is also available to
the operator.



54. R. Slice, "PDAC-100 Operations
Manual," Los Alamos National Labo-
ratory report LA-10383-M (May
1985).

The Programmable Data Acquisi-
tion and Control (POAC-100) sys-
tem was designed to provide data
acquisition and control func-
tions for dedicated in-plant
nuclear safeguards systems. The
PDAC-100, along with a detector,
peripherals, and input/ output
devices, functions as a program-
mable multichannel analyzer,
controls devices, acquires data,
analyzes the results, and dis-
plays computed values. The
PDAC-100 is packaged as a six-
wide nuclear instrumentation
module (NIM). The NIM standard
allows the flexibility to use
the optimum signal conditioning,
analog-to-digital conversion,
and stabilization electronics
required for the specific appli-
cation. The PDAC-100 uses a
Motorola MC6802 microprocessor
that executes a program stored
in read-only memory. The pro-
gram can be written in Motorola
6800 assembly, FORTRAN IV, or
BASIC language. As an analyzer,
the PDAC-100 uses an external
analog-to-digital converter and
an XYZ oscilloscope to acquire
and display spectra of 1024
channels.

55. S. T. Smith and J. J. Urn, "A
Framework for Generating Expert
Systems to Perform Computer Securi-
ty Risk Analysis," presented at the
First Annual Armed Forces Communi-
cations and Electronic Association
Symposium and Exposition on Physi-
cal and Electronic Security, Phila-
delphia, Pennsylvania, August 19-
21, 1985.

At Los Alamos we are developing
a framework to generate knowl-
edge-based expert systems for
performing automated risk analy-
ses upon a subject system. The

expert system is a computer pro-
gram that models experts' knowl-
edge about a topic, including
facts, assumptions, insights,
and decision rationale. The
subject system, defined as the
collection of information, pro-
cedures, devices, and real
property upon which the risk
analysis is to be performed, is
a member of the class of systems
that have three identifying
characteristics: a set of de-
sirable assets (or targets), a
set of adversaries (or threats)
desiring to obtain or to do harm
to the assets, and a set of
protective mechanisms to safe-
guard the assets from the ad-
versaries . Risk analysis evalu-
ates both the vulnerability to
and the impact of successful
threats against the targets by
determining the overall ef-
fectiveness of the subject sys-
tem safeguards, identifying
vulnerabilities in that set of
safeguards, and determining
cost-effective improvements to
the safeguards.

As a testbed, we evaluate the
inherent vulnerabilities and
risks in a system of computer
security safeguards. The method
considers safeguards protecting
four generic targets (physical
plant.of the computer installa-
tion, its hardware, its soft-
ware, and its documents and dis-
plays) against three generic
threats (natural hazards, direct
human actions requiring the
presence of the adversary, and
indirect human actions wherein
the adversary is not on the
premises--perhaps using such
access tools as wiretaps, dialup
lines, and so forth). Our auto-
mated procedure to assess the
effectiveness of computer se-
curity safeguards differs from
traditional risk analysis
methods. The safeguards system
is modeled as an interactive
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conversational questionnaire
that elicits information about
the presence and quality of sys-
tem safeguards; it is fully 56.
automated in natural language on
a portable microcomputer. At
the functional level, a set of
event trees links the question-
naire with the risk analysis-
each safeguards issue pertains
to one or more risk functions,
such as fire damage prevention
or software access controls; the 57.
vulnerabilities in the safe-
guards system are evaluated in
light of the risk functions. An
assessment is made of the safe-
guards vulnerabilities using a
linguistic scoring method that
takes into account the sensi-
tivity of the information proc-
essed at the computer installa-
tion. Specific pieces of equip-
ment , software, and documents
can be specified by the user for
a more detailed assessment, and
linguistic worths are placed
upon these items. Qualitative
impact measures are determined
for a spectrum of outcome
scenarios. The vulnerability
worths and impact measures are
then combined using a proba-
bilistic linguistic algebra to
provide a set of useful, func-
tional risk measures.

The automated vulnerability as-
sessment portion of this meth-
odology is currently in use at
the United States Nuclear Regu-
latory Commission, and is under
consideration by the Air Force
Computer Security Project
Office. It has been tested at
selected Department of Energy
installations ail over the
country as well as at the Feder-
al Bureau of Investigation. The
methodology is also being used
by the Institute for Computer
Security and Technology of the
National Bureau of Standards and
is being considered for further

development funding by several
other government agencies.

S. T. Smith, "A Government-Wide
Overview of Risk Analysis Method-
ologies ," presented at the Eighth
Computer Security Conference, Rich-
land, Washington, April 16-18,
1985.

No abstract available.

J. E. Stewart, N. Ensslin, H. 0.
Menlove, L. R. Cowder, and P. J.
Polk, "Confirmatory Measurements of
UF6 Using the Neutron Self-In-
terrogation Method," presented at
the 26th Annual INMM Meeting,
Albuquerque, New Mexico, July 21-
24, 1985, Los Alamos National Labo-
ratory document LA-UR-85-2567.

A passive neutron counting
method has been developed for
measurement of the 2 3 SU mass in
Model 5A cylinders of UF6.
The unique neutronic properties
of UFe containing highly en-
riched uranium (HEU) permit 2 3 5U
assay using only passive neutron
counting. The sample effective-
ly assays itself by self-inter-
rogation. Shipped from enrich-
ment plants and received at fuel
fabrication and conversion fa-
cilities, 3A UF8 cylinders hold
up to -17 kg ?>f 2 3 5U each. Field
measurements at the Portsmouth
Gaseous Diffusion Plant (GDP)
showed an average assay accuracy
of 6,8% (Iff) for 44 cylinders
with enrichments from 6 to 98%
and with a range of fill
heights. Further measurements
on 38 cylinders containing
97%-enriched material yielded an
accuracy of 2.8% (Iff). Typical
counting times for these
measurements were less than
5 min. An in-plant instrument
for receipts confirmation
measurements of 5A UFe cylin-
ders has been developed for the
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Savannah River Plant. The Re-
ceipts Assay Monitor (RAM) is
currently being tested and cali-
brated. It is designed to con-
firm declared fissile mass in
all incoming 5A cylinders con-
taining HEU in the form of
UF6. One of the computer-con-
trolled features is a removable
cadmium liner for the sample
cavity. The liner allows a
sample fill-height correction,
which significantly improves as-
say accuracy.

58. D. Stirpe and R. R. Picard, "Im-
proved Sample Size Determination
for Attributes and Variables
Sampling," presented at che 26th
Annual INMM Meeting, Albuquerque,
New Mexico, July 22-25, 1985.

Earlier INMM papers have ad-
dressed the attributes/variables
problem and, under conservative/
limiting approximations, have
reported analytical solutions
for the attributes and variables
sample sizes. Through computer
simulation of this problem, we
have calculated attributes and
variables sample sizes as a
function of falsification,
measurement uncertainties, and
required detection probability
without using approximations.
Using realistic assumptions for
uncertainty parameters of
measurement, the simulation re-
sults support the conclusions:
(1) previously used conservative
approximations can be expensive
because they lead to larger
sample sizes than needed, and

(2) the optimal verification
strategy, as well as the falsi-
fication strategy, are highly
dependent on the underlying un-
certainty parameters of the
measurement instruments.

59. R. B. Strittmatter, "NDA Measure-
ment Technologies for Enrichment
Approaches," presented at the 1985
Winter Meeting of the American
Nuclear Society, San Francisco,
California, November 10-14, 1985.

Most of the recent nondestruc-
tive assay (NDA) technology de-
velopment related to enrichment
plant safeguards has been di-
rected toward centrifuge enrich-
ment plants. NDA measurements
for domestic materials account-
ing, international verification
of operator's declared materials
balances, and the international
verification of the operator's
declared enrichment operating
range have been developed, re-
fined, or their error structure
further quantified. Enrichment
approaches in addition to cen-
trifuge technology currently of
safeguards interest include
gaseous diffusion, laser isotope
separation, and the aerodynamic
processes. The purpose of this
presentation is to review recent
developments in EDA technology
applied to safeguards of the
various enrichment approaches
and to identify NDA development
needs.
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