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PREFACE

This repurt was prepared for the U.S. Nuclear Regulatory Commission,
Office of Nuclear Regulatory Research under Interagency Agreement
No. AT(49-25)-9009.
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ABSTRACT

This report is a review of the third quarter, (February 1, 1978 thru
April 30, 1978), of a long-term NBS program sponsored by NRC to
up-grade national measurements and standards capability for nuclear
materials safeguards.

The overall approach that NBS is utilizing to provide for development
and dissemination of a consistent set of national measurement standards
for nuclear materials safeguards is presented. It should be stressed
that a great deal of work needs to be done to provide the standardi-
zation base for alternate fuel cycles. Many materials sucn as thorium,
Uranium 233, and plutonium or mixed oxides "spiked" with fission
products might well be found in future alternate fuel cycles. The

NBS program is aimed at providing both the standards for today's

needs and the standards for future fuel cycles.

A summary of the progress for each of the five tasks in the project
is given.
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OVERVIEW OF NBS PROGRAM

An adequate measurements and accounting system is necessary for the
detection of and protection against surreptitious removal of special
nuclear material by persons having authorized access to facilities.
The sensitivity of this type of detection depends directly on the
uncertainties of measurement. The NBS program will assure the
availability of the standards, reference measurement methods, and
quality assurance methodology for the adequate control of measurements
for safeguards. Domestic and international dissemination is required.

The goal of the proposed NBS program is:

To assure that timely measurement of special nuclear
material in both today's fuel cycles and in future
alternate fuel cycles, can be performed at reasonable
cost with accuracy sufficient for the safeguarding of
nuclear material. These measurements of enriched
uranium, plutonium, and related materials need to be
made by both inspectors and the industry.

The NBS program in measurements and standards for safeguarding of nuclear

materials consists of three related parts: (1) calibration standards,
reference measurement methods, sampling schemes, statistical treatment
of data and data generation; (2) dissemination mechanisms to transfer

the standards and reference methods and data to the users; and

(3) mechanisms to directly assist inspectors and the nuclear industry

to ensure that their measurements are of sufficient accuracy.

In order to carry out the tasks assigned to NBS in a timely manner,
NBS must continually assess the advancing needs for national measure-
ment standards. NBS must also provide the broad technical base

that is needed to carry out the program. NBS has received substantial
guidance and input from NRC as to standards needs. Continued input
from all appropriate NRC offices (NRR, NSS, SD, IE) will be extremely
helpful and are solicited.

N8S is using a multidisciplinary, matrix management approach to carry
out the program. Under the new NBS reorganization, work is being
carried out in six line organizations: Center for Radiation Research,
Center for Thermodynamics and Molecular Science, Center for Analytical
Chemistry, Center for Materials Science, Center for Applied Mathematics
and the Center for Mechanical Engineering and Process Techno? gy.
Researchers with backgrounds in analytical chemistry, mass and volume,
nuclear and radiation physics, thermodynamics, mechanics, etc. are

part of the program team. NBS is also supplying a substantial amount

of equipment, both old and new, that is needed to carry out the program.



Task I:

PROGRESS OF TASKS

DEVELOPMENT AND IMPLEMENTATION OF MEASUREMENT ASSURANCE
PROGRAMS AND STATISTICAL SUPPORT FOR NUCLEAR MATERIALS
SAFEGUARDS

Principal effort this quarter was devoted to the accountability
tank volume ca'ibration effort. Several statistical techniques
are under investi~ation: the jackknife, nonparametric model
fitting, and Sche ‘fe's approach among others. Programs were
written, and other. are being obtained elsewhere, to compare
these methods. Preliminary results were presented to two
groups at NBS concerned with volume calibration. Investigation
of possible implementations of the Measurement Assurance
Program (MAP) concept in volume and liquid flow measurements
will begin “ext quarter. Also a new computer program for |
spline fit.ing will be obtained and tried out on actual in-plant |
volume calibration data. |

Dr. H. H. Ku, NBS Statistical Engineering Division Chief, was |
appointed to the SALE Steering Committee. He will participate

in the meeting of that committee, and another statistician will 1
participate in the general SALE meeting in May. Following |
these meetings, efforts will be started toward utilizing the

SALE machinery to expedite the measurement assurance approach ]
in these measurement areas.

Miscellaneous Items: Reviewed three papers for Nuclear Materials
Management and a Nuclear Regulatory Commission (NRC) draft
report, collaborated on analysis of data for certification of

SRM 950b, U304 for uranium assay, arranged for one statistician
to spend half time for one to three months with the Mass
Spectrometry group at NBS in order to become familiar in depth
with the procedures used so that we might better model the
measurement process, participation at several meetings,
interacted with flow calibration and UF; MAP effort, partici-
pated in program review at NRC, assisted with ASTM Committee

C-26 work, and were visited by A. Maimoni of Lawrence Livermore
Laboratory (LLL). This visit led to a small effort by Operations
Research personnel of the NBS Center for Applied Mathematics,
investigating the applicability of their skills to the validation
of models used to evaluate the effectiveness of safeguards
systems,

Personnel: C. Spiegelman joined the Statistical Engineering
Division (SED) and the safeguards effort on March 20, 1978.
Dr. Spiegelman was an assistant professor at the University
of Florida and a member of a consulting firm. Several other
candidates were interviewed for the vacancies remaining.
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Task I1:

Projections for next quarter, not mentioned previously:
Continued C-26 committee activity, including finishing
the draft Pu0, powcer sampling document before the C-26
meeting in July; attendance at the Institute for Nuclear
Materials Management (INMM) meetings, including the
working groups INMM &.1, 8.2, and 9.4; presentation to
INMM 8.2 on the nonparametric calibration work now going
on at NBS.

Investigators for this task are J. Lechner, C. Spiegelman,
H. Ku and C. Reeve.

STANDARDIZATION OF DESTRUCTIVE ANALYTICAL CHEMISTRY METHODOLOGY
FOR NUCLEAR MATERIALS

A. Measurement Assurance Programs

1. Alpha Spectrometry-76

Evaluation of the National Bureau of Standards and Euratom's
Central Bureau for Nuclear Measurements (CBNM)'s data for
the isotopic characterization of four plutonium samples for
the Alpha Spectrometry-76 interlaboratory test has been
completed. The values determined by thermal ionization mass
spectrometry were used as the baseline to which all counting
experiments were compared. A close examination of the mass
spectrometric data (Table 1) indicated a systematic difference
for the ?*®Py composition of three samples. The most apparent
causes are residual “*®U which was not removed by chemical
purification, ??®U from the filament material, or an organic
background peak. Present efforts to determine the source

of the differences may require reanalysis of these samples
as well as other materials. Even with the small discrepancy
in the **°Pu measurements, it was found that the agreement
between the two laboratories was satisfactory in all cases,
and especially in light of a preliminary evaluation of the
alpha spectrometry data of the participating laboratories.
These results indicate large and unacceptable levels of
uncertainty by some of the participants in measuring Pu
isotopic composition.

2. Safeguards Analytical Laboratory Evaluation (SALE)

NBS and New Brunswick Laboratory (NBL) are jointly characterizing
SALE materials to determine the "true" value for use in the

SALE program. Samples of depleted SALE uranium metal were
received from NBL for both isotopic and chemical assay
characterization. Both the SALE uranium metal and NBS

SRM 9€0, a high purity metal of known uranium content, have

been reduced to the appropriate size for assay by coulometry



and the modified NBL Davies-Grey titrimetric method. At
present, samples of SRM 960 are being analyzed by coulometry
and the NBL method prior to analysis of the SALE uranium

for which there is a limited amount of material.

B. Standard Reference Materials

1. Natural Uranium Isotopic SRM

The grinding ard blending of a pitchblende ore which is to

be certified as a natural uranium isotopic SRM was completed.
The original bulk pitchblende, consisting of several large

rocks totaling 5 kg, was reduced to 4.9 kg of 200 mesh material.
The preliminary objective of pulverizing the rocks to a size
which could be ground was accomplished by placing the bulk
material inside a heavy plastic glove box where it vas broken
into pebbles. The pebble-sized material was then crushed by

an iron mortar and pestle to particles ranging from dust to
small sand-sized granules. A charge of approximetely 125 g

was loaded into a cryogenic grinding device. Since no difference
was noted between cryogenic and room temperature grinding, the
operation was performed at room temperature to avoid the
introduction of large amounts of water into the sample.

The l1oading and unloading of the grinder was conducted in
plexiglass boxes both to minimize contamination and to contain
radioactive dust particles. After each grinding, the product

was sieved by a 120 and a 200 mesh brass sieve set. All

materials passing the sieve were set aside and the remaining
coarse material reprocessed. This procedure was repeated

until only a few grams of coarse material remained for discarding.
The sieved material was blended in a twin V cone blender
according to a prescribed procedure and then stored in a

clean polyethylene container for final packaging.

2. Uranium Assay Reference Material

SRM 950b, a re-issue and replacement reference material for

the exhausted SRM 950a, is now available to licensees, DOE
contractors, and other qualified users. The new SRM is
certified to be 99.968 + 0.020 percent uranium oxide (U;0g)

and is intended as a reference material of known uranium
content. The certified data is based on material ignited

at 800 °C for one hour in an open crucible in a muffle furnace
and cooled in a desiccator. It is critical that the

materials be freshly ignited in the prescribed manner to obtain
accurate assay results.

SRM 950b was certified through a cooperative research effort
by NBS and NBL. The original assay measurements at NBS were
performed coulometrically and the assay at NBL by the NBL
titrimetric method. Since the results differed by more than
0.03 percent, NBS thoroughly investigated the coulometric and

e



titrimetric methods. After several modifications of the
coulometric method, SRM 950b and SRM 960a, uranium metal,
were analyzed. The assay results in Table 2 for SRM 960
agreed very well with the certified value of 99.975 + 0.017
percent and is indicative of a high degree of control on a
sample of known uranium content. The data (Table 2) for NBS
and NBL measurements of SRM 950b agreed to within 0.01 percent
and satisfied all statistical tests of a homogeneous group
which would permit certification at the desired level of
accuracy. The uncertainty of + 0.02 percent in the uranium
assay of SRM 950b includes an allowance for small inter-
laboratory differences in the NBL method and the slightly
larger imprercision of the coulometric method.

The isotoric composition of SRM 950b necessary to calculate
the atomit weight was determined by the joint efforts of NBS,
the Goody:ar Atomic Corporation and the Paducah Gaseous
Diffusior Plant, Isotope Measurements Laboratory. The NBS
measureme, ts are based upon a point calibration using calibra-
tion mixes of known isotopic composition. These calibration
mixes were prepared by gravimetrically blending aliquots of
highly enriched and depleted uranium. The isotopic abundances
of the SRM were determined by thermal ionization mass spectro-
metry and are shown in Table 3. Goodyear Atomic Corporation
and Paducah Gaseous Diffusion Plant used uranium hexafluoride
mass spectrometry to determine the “®°U composition. Calibra-
tion was achieved using two completely different sets of
standards. The Goodyear and Paducah values are 0.71970 and
0.71972 atom percent, respectively. Combining the data of

the three laboratories yields a set of values from which an
atomic weight of 238.0289 is calculated.

During the next quarter it is anticipated that progress will
be made in the following areas:

1. Certification of a ?*°U spike.

2. Reso]utiog of the apparent systematic difference in
NBS-CBNM *°%Py measurements.

3. Assay by both coulometry and the NBL titrimetric
method of SALE enriched and depleted uranium metal.

4. Isotopic abundance determination of SALE enriched
and depleted uranium metal.

Investigators for this task are: E. Garner, L. Machlan,
J. Moody and J. Maples.
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Table 1. ??®Pu Atomic Composition for AS-76

(Corrected to 11-1-77)

Sample CBNM (GEEL) _NBS_
£131 0.204 0.205
D212 0.798 0.792
1 0.912 0.904
M31 1.651 1.652

Table 2. Uranium Assay Results

_SRM Assays Found (&)
960 14 99,971
950a 4® 99.938
$50b g 99.969
950b° 16 99.967
950b° 6 99.958

aIgn1t1on in muffle furnace

Phetermined by NBL

“Determined by Coulometry

0.5
0.8
0.9
0.06

0.005
0.003
0.006
0.016
0.022
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Table 3. Isotopic Composition of SRM 950b

23'0U 235U
NBS 0.0053 0.7200
+ 0.00012 + 0.00062
Best Value 0.0053 0.7198
+ 0.00012 + 0.00042

Atomic Weight = 238.0289

*stimated Uncertainty
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99,2747
+ 0.00072

99,2749
+ 0.00052



Task 111: STANDARDIZATION OF NON-DESTRUCTIVE ASSAY METHODOLOGY FOR

NUCLEAR MATERIALS

A. Gamma and X-Ray Spectrometry

The activities reported on last quarter have continued with
minor difficulties.

Final drawings and concepts for the Segmented Gamma Scan Unit
have been agreed upon and J. Langland of the Technical Support
Group for thz Center for Analytical Chemistry is to act as a
liaison with the NBS shops. This unit will be interfaced with
the multi-task, multi-user, computer-based multichannel analyzing
system and be capable of supporting either one or two hori-
zontal mounted Ge(Li) detectors for vertical scanning. In
addition to the vertical scanning capabilities, the unit will
also be able to accommodate a vertical mounted Ge(Li) detector
for horizontal scanning and K-edge absorption measurements.

In order to compile an archival gamma-ray spectrum library
of known ?°°U enrichment levels, counting standards were
prepared from the NBS SRM Uranium Isotopic Standards (see
Table 4). These standards were prepared with the help of
L. A. Machlan and J. S. Maples of the Inorganic Analytical
Research Division. The Ui0, stock material was fired at
800 °C for 1 hour, then a nominal 300 mg of material was
transferred into thin window Lucite holders and sealed.
Examples of the data obtained from these standards are
given in Tables 5-7. In addition to the counting standards,
a SNM gamma-ray nuclide library has been compiled for NDA.

Altnhough the work on the joint NBS-Euratom U;0s NDA standards
has been delayasd slightly due to difficulties with container
fabrication, the SNM import license has been obtained from NRC.

Finally, the INMM Task Group 9.3 of the ANSI Standards Committee
N15, with participation by NBS, has completed writing its
standard, "Physical Standards for Nondestructive Assay (NDA),"
and is now having it circulated for review.

The investigator for the gamma and x-ray spectrometry portion
of the task is S. Carpenter.
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Table 4

Uranium Isotopic Counting Standards

SRM# U304 Wt(mg) 235 Atom Percent
U-0002 300.93 0.01755
U-005 340.71 0.4895
u-010 311.44 1.0037
U-015% 222.48 1.5323
u-020 313.54 2.038
U-030 3°5.75 3.046
U-050 325.69 5.010
u-100 325.93 10,190
U-500 319.29 4 .696
U-930 330.93 93.336
u-970 332.76 97.663
Depleted Primary 317.63 0.0004
Enriched Primary 316.06 99.8195
950a 11,72 0.7198
Belgium Congo 326.30 0.720
Pitchblende

238 Atom Percent

99

98.
98.

97

96.
94.
89.
49,

5,

0.
99.

0

89,
99.

9823
99,

504
984
443

.933

915
915
704
711
380
5229
9996

.0789

2749
274



umuuﬂ

R R IRTRR TRT»

B U W Sy ——

R TGP | —— -

il B A e b

ENERGY WINDC
PK E IT CHANNEL LEFT Fu Ek.GND
10 © 249 19 1% 2141
20 B 4691 43 9 2166
FIT= 3 462922E 09
30 10 7.39 S1 45 4160
4310 70.13 51 4% 6184
S@ © 175 3% 171 18 e
60 0 183 95 185 9 TIB6
70 © 224 93 219 13 10946
8@ © 295 14 291 11 EEER)
98 8 330 44 318 25 19416
10 @ O 250 56 344 14 107a7
FIT= 2 9S5972E @0
11 © 10 395 g8 188 27 s271
12 © 19 401 99 188 27 2928
13 @ 18 4908 14 388 27 4521
14 @ © 467 63 454 9 2300
15 @ © 62 39 655 14 2802
16 B B 21 50 916 14 1822
A7 @ O 26532 47 €46 15 594,
18 @ © 2737 88 ;730 16 €48
19 ® @ 3578 07 3565 2 349
L PERK SERARCH COMPLETED

N TR R A T TR S s T T N & Teormr e

i

R T N e T T Ry

Table °
SRM U-0002 Counting Standard

*#*#*‘#0#****00#*040*44#**‘M##&***#*#***####**&#0****ﬁ&#NO**#*
DR R R R R R

Ll R R R R R R

11 MAY 1978 $5.20.57 PHM

S A A b o o A AR AR R R A R R e b

GAMMA=-- TEST

SHMFLE CHTE

TYFE OF SAHMFLE

SHMFLE OLIMNTITY
SHMFLE GECMETRY
EFFICIENCY FILE

‘***4*‘*000##000&@4&*#M*ﬂ*%#&0**&****0*0**#***'*%*####t’##&ﬁ‘.

ACOUISITION CARTE

PRESET TIMECLIVE)
ELAFSED REAL TINME
ELAFPZED LIVE TIME

THFRTS
SHIFPLE TOEMTIFICAT TGN

Usos

14
L=eniig

Rl

108 9339

P

S Cn

MNHME EFF THES4

19ARFRTE 7872
2608, SEC
2647 SEC
388 SEC

UNITS

»~

L = 2 R

*

FldHme 1
SENSITIVITY
SHHFE FPRFANETER
MNEF [TERATIONS

MG

e S

2

(SENE
b L %
20 8 X%
1

*****0#00@#%%*1#***44#$#$*QQ*****f&***#ﬁ*#0***06#*#00&tt#&O%Qt

DETECTOR  ORTEC
DATE CALIEBEFATED

KEV /U HMNL
OFFSET
Q. CUOEFF

GEIR=
THFRTE

@ 2793l

1423

B, 2968291 KEV

-3

TZ4E-DE KEV/Ceag

34

3

LIERAFY
ENERGY

ML

LIEm

TULERANCE

AELNOHNCE LIMIT

-

Y

* HALF LIFE FATID
™

*

»*

S0 A b o A o o o R A R e A

9. 817 TOQ

FhiHM

us

. a8

S
26
e

-
14
9%

a3
86
63
95
a1
9%
e
60
63

PREOLROFEOr SROSLRONE B

=10~

114e

189

AREA EMERGY

caz9

-
'

13

15

19

43
53

- -
L3

83,

92

98,

%11
1iz
il4
131
1895

ens 2
742,
TE8,

18960

DoTlEy PR AT IRT ) YT N
el o ol o U

e B el R o R Y

LT

(L

g

SYSEL

6ISE-G1

ZE4E-0L

2O0E K
SSIC=-01
H1ZE-Bl
edZE~-012
26 @l
SasE-0l
e21E &1
21SE @O

SS4E o
153E 08
SAdE-D1

. B42E~01

s

eZ3k-0l1
4A4E~-011
4AsE -2
TS1E-@1
142E-011

LERF
39
19 49
>
5 &
-4 4
9. 4
0oe
0.5
(S
3. %
1.9
< 9
4 0
en. B
& 6
129
. T
e
. 2












r4



























ACCURACY OF PROCESS
TANK CALIBRATION
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