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Nuclear Safeguards Research and Development

NEUTRON INTERROGATION AND NONDESTRUCTIVE ASSAY

OF FISSIONABLE MATERIALS

Delayed-Neutron Assay of Fissionable Material in
1-Gallon Recovery Cans

R. H. Augustson and H. O. Menlove

For the application of delayed-neutron assay
techniques to fissionable materials in large sample
containers, it is important to determine the effect
of the nonfissionable matrix materials on the assay
results. This information should make it possible
to minimize the sensitivity of the assay technique
to the physical form, chemical composition, and
spatial distribution of the material. The present
investigations are being performed with gallon can
containers, because of the large number of these
cans containing Pu scrap at the Dow Chemical

Facility, Rocky Flats, Colorado. (1)

Due to possible neutron background from
17O(n,p)17N delayed neutrons (in addition to the
19

Ffa,n) background), it is desirable to interro-
gate the fissionable sample using a neutron moder-
ator which will increase the delayed neutron re-
sponse and decrease the neutron background from

O. To this end, a moderator with a Pb (2-4 in.
thick) core and a graphite (3-6 in. thick) reflector
was used. The 1-gallon can sample was placed in
the interior of the moderator in a Cd-lined cavity
with 1-in. thick steel walls. The purpose of the

steel and Cd was to harden the energy spectrum of
the interrogating neutrons, and thua improve pene-
trability. The Cd ratio in the sample cavity for Pu
fission was •»• 1.3, and the delayed-neutron re-
sponse from 1 g of Pu was equivalent to the re-
sponse from 2000 g of oxygen. The presence of the
neutron moderator increased the delayed-neutron
signal by a factor of •»• 14 over that with no moder-
ator "and decreased the O background neutrons
by a factor of ~ 2. 3, thus improving the signal-to-
background ratio by ~ 32. An additional advantage
of the moderating assembly was that the delayed-
neutron response was relatively flat throughout the
volume of the sample cavity, thus making the
assay relatively insensitive to the spatial distribu-
tion of the fissionable material.

The interrogating neutrons •vere produced by
Accelerator I with a "- 50% duty cycle. * and the
delayed-neutron response was measured per moni-
tored source neutron using the thin slab detector
described on page 13 of this report. In order to
measure the effect of the various matrix materials
on the Pu fission rate in the can, two types of fis-
sion probes were used. A small Pu fission cham-
ber was placed in the moderator cavity along side
the gallon can at 90* to the accelerator beam axis.
In addition, a 1-mil-thick 2?SU foil was wrapped

cf. Rocky Flats Trip Report,
Report.

this Progress LA-4070-MS, pp. 4-5 (1968).



around the exterior of the can to act as an "in-situ
add-a-gram" probe. The fission detector response
indicates the change in neutron flux produced by
the matrix material in the can whereas the de-
layed neutron response from the in situ add-a-gram
reflects both the change in the interrogating neu-
tron flux as well as the delayed-neutron absorption
by the matrix material.

The different materials that were investiga-
ted are listed in the first column of Table I, and
the second and third columns list the delayed-
neutron response from the add-a-gram foil and the
Pu fission detector response, respectively. Both
of these responses have been normalized to unity
for the case of an empty can; thus the deviation
from unity represents the net effect of the added
matrix material.

It can be seen that the perturbation in the
in situ add-a-gram response is roughly a factor

of two less than for the fission chamber response.
This is due to the moderation and absorption in the
matrix material of the delayed-neutrons from the
add-a-gram foil. The larger matrix effects are
caused by the hydrogen content in the samples and
the first column of Table I gives the effective
hydrogen density (P..) in grams hydrogen per unit
volume for some of the samples.

To observe the delayed-neutron response as
a function of position in the can, irradiations were
performed where a thin metallic Pu disc (0. 01 x
2-in. dia) was moved throughout the volume of the
can and the can was slowly rotated about its axis
of symmetry. Figure 1 shows a plot of the
delayed-neutron response as a function of radius
for the different matrix materials. It can be sees
that there is very little radial variation in the re-
sponse for cans which do not contain hydrogen.
The delayed-neutron response increases for in-

TABLE I

MATRIX MATERIAL EFFECTS ON DELAYED-NEUTRON RESPONSE

OF FISSIONABLE MATERIAL IN 1-GALLON RECOVERY CANS

Matrix Material

Empty Can
Pb Shot
Metal Parts *
C»rbon Pellets
Sand-Blag-crucibles *
Concrete *
String-flo-filters *
Poly-cbips (fLj = 0. 0093 g/cc)
Poly-chips (Pu = 0. 027 g/cc)
Plastic-benelux-leadglass *
Water (PH = 0.11 g/cc)

Normalized
2 3 5U Foil

(add-a-gram)

1.00
1.00
1.04

1. 15
1.23
1.30
1.96

1.89
4.08
5.00
5. 12

Response
239Pu

Fission Detector

1.00
1. 12
1. 11
1.32
1.41

1.69
3. 13

2.80

7.75

10.0

13.6

* Matrix materials supplied by Dow Chemical Corporation, Rocky Flats, Colorado.
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Fig. :. Measured delayed neutron response-vs-
radius for J -gallon cans with Pu distributed in
various matrix materials (representative of those
found in some industrial nuclear processing and
recovery facilities).

creasing amounts of hydrogen, tending to satu-
rate for the full density (PR = 0. 11 g/cc) case. It
should be noted that most of the matrix materials
contained in gallon cans at Rocky Flats corres-
pond to the region of the lower four curves in
Fig. 1. In practical assay applications, a cali-
brated fission chamber placed next to a gallon can
would indicate which response curve (see Fig. 1)
should be used to determine the amount of fission-
able material in the can. To investigate the uni-
queness of the fission response at the exterior
surface of a can to the delayed-neutron response
in the can's interior, low density polyethylene was
added to a can so that the Pu fission chamber re-
sponse was identical to the case of the slag and
crucible can. The delayed-neutron response was
then measured throughout the volume of both cans
with identical results for both materials.

It was concluded from these investigations
that for the materials in gallon cans to be assayed

at Rocky Flats, a fission detector probe at the
surface of the can will ee adequate to correct for
the effects of unknown matrix materials. For
example, the delayed-neutror. response for the
lower four curves in Fig. 1 is quite flat as a
function of position, and the fission response at
the boundary gives the response in the can1 a inte-
rior, so it should be possible to assay the contents
of an unknown can to •>- * 10%, and where good
standards are available, assay accuracy to within
a few percent should be attained routinely.

In view of the demonstrated effectiveness of
this delayed-neutron technique for large sample
assay, a Pb-C neutron moderating assembly Simu-
la- to that described in this report is being design-
ed for use in the Mobile Nondestructive Assay
Laboratory.

Delayed Neutron Assay of Safeguards Inventory

Samples

A. E. Evans, R. H. Augustson, H. O. Menlove,

andR. B. Walton

In order to check the accuracy and reliability
of the subthreshold-neutron-interrogation, delayed
neutron-response technique for assaying small
samples, the eight plutonium inventory verifica-
tion samples received from the New Brunswick
Laboratory were assayed several times, using
interrogating neutrons of different energies and
testing various geometrical arrangements. Some
of the results (for PuO, and Pu metal oxidized
samples) are presented in Table II, together with

prior results from passive gamma scanning for
239

Pu content and from passive coincidence neu-
tron counting for Pu content.

Subthreshold neutrons were produced by
bombarding 200- or 400-keV-thick lithium targets
with 2. 1 or 2.4-MeV protons from the N-6 Van de
Graaff. The relative neutron yield was monitored
using a BF, proportional counter. Samples to be
assayed were placed 10-cm in front of the target
and were irradiated with 40-msec pulMS of n«u-



TABLE II

COMPARISON OF ACTIVE AND PASSIVE ASSAY RESULTS FOR

Pu INVENTORY SAMPLES FROM NEW BRUNSWICK LABORATORY

P u O 2

PuO2

PuO2

Pu

Sample
(No.)

powder (Pu#I7)

powder (Pu#645)

powder (Pu#646)

metal (Pu#605)

Total Weight
(g)

2. 2908

2. 0835

2.0821

1. 3529

239Pu Weight
Delayed-Neutron

Yield (g) a

1. 64 ± 0. 024

0. 98 ± 0. 03

1. 12 ± 0. 03

1. 11 ± 0.02

414-keV Y
(g)

1. 95 ± 0. C80

0. 93 ± 0. 047

1. 12 ± 0.061

1. 16 ± 0. 064

240Pu Weight
Passive-Neutron

Coincidence(g)

0. 244 ± 0. 0037

0. 054 ± 0. 0008

0. 062 ± 0. 0062

0.078 ±0.0011

The delayed-neutron results were obtained with interrogation neutrons having average energies of
both 250 and 450 keV using the N-6 Van de Graaff accelerator.

trons, followed by 10-msec "wait periods" and 50-
msec counting periods. Delayed neutrons were
counted with a slab detector centered 5-cm from
the sample and oriented either at 0* or at 60° to
the axis of the beam. Neutrons from spontaneous
fission of Pu and from fa, n) reactions were
measured by preirradiation neutron counting of the
samples.

For each assay run, the delayed-neutron
count per gram of plutonium per BF3 monitor

count was determined by irradiating a standard
239sample containing 1. 65 g of Pu, encapsulated

in the same manner as the inventory samples.
The standard was counted at the beginning and at
the end of each run.

Similar assay measurements are being car-
ried out on PuO.-UO- pellets, powder and scrap
received from the New Brunswick Laboratory.
The effect of the depleted uranium on the assay of
these samples requires further study, following
which complete assay results on all New Bruns-
wick Pu samples will be reported.

Cf Source for Neutron Interrogation and Assay

D. B. Smith and H. O. Menlove
252 9

A 1-mg Cf source (̂ 2 x 10 it/sec) has
been acquired by Group N-6 and a program is
underway at the LASL Nuclear Safeguards Research

252Laboratory to investigate Cf as an interrogating
neutron source for the nondestructive assay of

fissionable materials. A series of measurements

and computer calculations have been undertaken to
252Cf

(3)
determine the spectral characteristics of
neutrons in various moderating assemblies,
as well as the possibility of using energy-biased
neutron detectors to count prompt fission neutrons
induced in the fissionable material by the Cf
source.

The absolute neutron yield of the •» 1-mg
Cf source was recently measured by a direct

comparison with a 0. 1 |ig Cf source which had
been previously calibrated in the Los Alamos

LA-4315-MS, pp. 6-7 (1969).



Graphite Pile. ( 4 ) A 2 3 8U spiral fission chamber

was used to compare the two neutron sources giv-
252 9

ing a Cf yield of 1. 66 x 107 (±10%) n/aec (on

January 8, 1970) which can be compared with the
n

yield of 1. 90 x 10 n/sec predicted by ORNL from

measurements prior to the source encapsulation.

For many assay applications, it is impor-

tant to know what fraction of the bombarding source

neutrons comes directly from the Cf and what

fraction comes from "room-return" neutrons. To

obtain this information, fission detectors contaln-
235 238

ing back-to-back foils of U and U were sys-

tematically positioned at various distances from
252

the Cf source which was located •»- 1 m away
from the nearest wall in the hot cell (3.4 x 5.2 x

15.2 m). If there were no room-return neutrons,

the counting rate ratio of the two fission detectors

would remain essentially constant as the source-

to-detector distance is increased. However, when

room-return neutrons (degraded in energy) are

present, the counting rate ratio of U/ U

increases with increasing source-to-detector dis-

tance. The results of the measurements are shown

in Fig. 2 and it can be seen that at a distance of

27 cm (no Cd) about half of the total number of

fissions in a U sample would be induced by

room-return neutrons.

Several calculations and measurements have

been made to investigate the possibility of detect-

ing prompt fission neutrons resulting from irrad-

iation of a sample by the Cf neutron source us-

ing a suitable spectrum-tailoring assembly and a

biased neutron detector. Two moderating assem-
(5) 9

blies were considered: a 20-cm radius Be
assembly having an internal irradiation position

A. C. Graves and D. K. Froman, "Miscellan-
eous Physical and Chemical Techniques of the
Los Alamos Project", p. 107, MaGraw-Hill,
New York (1952).

LA-4315-MS, p. 6 (1969).

DISTANCE FH0M* t tCf SOURCE (CM)

Fig. 2. Measurements of room-return neutron
contribution for 252Cf neutron interrogation source
in hot cell facility of the LASL Nuclear Safeguards
Research Laboratory.

and a Be-Pb assembly with external irradiation,

i. e., in the leakage spectrum of the assembly.

The present investigation has included computation

of the response of two possible biased detectors

(a U fission chamber and a He proportional

counter) to prompt fission neutrons and background

source neutrons in the spectra of both the above

assemblies and in the internal spectrum of an addi-

tional Be assembly having 0. 5 in. of polyethylene

on each side of the sample-detector position. The

computations assumed one gram of U and a 2-

cm sample-to-detector distance. The resulting re-

sponse ratios for the two assemblies having inter-

nal sample-detector positions are shown in Fig. 3.

238
The U fission chamber is ''naturally" biased at

238the U fission threshold, and thus its response

ratio does not change with "bias" energy. The

He proportional counter takes advantage of the

broad resonance in the He cross section at about

1. 1 MeV; this produces the peak in the response

ratio at a bias energy of about 1. 5 MeV as shown

in the figure. The response ratio for both detec-

tors is larger in the tailoring assembly haying

polyethylene adjacent to the sample, since -this

configuration will tend to increase the low i
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Fig. 3. Ratio of prompt neutron response from
fission of one gram of 235JJ relative to the back-
ground of source neutrons in a ^52Ci moderator
assembly for two possible biased detectors. (Sche-
matic of geometry shown below.) The two lower
curves refer to a 9Be moderator (20-cm radius)
surrounding the ^52Ci source; the upper curves
are for the same moderator with one-half inch of
CH2 on each side of the sample-detector position.

flux and thus the fission density in the sample.

To measure the signal/background ratio us-
Z38

ing a U fission detector, a Be pile with a CH,

reflector was set up in the hot cell which contains

the 2 2Cf source. For the irradiations, the 252Cf

source was placed in the center of the Be pile and

a thin Pu sample was positioned in the moderating

assembly •»- IE cm from the Cf source. This

gave a signal/background ratio of 0. 78 for a 1-gm

Pu sample, which compares well with the calcu-

lations.

The curves shewn in Fig. 3 include U

fissions occurring at all neutron energies. The

corresponding ratios for epi-cadmium fission only

are an order of magnitude or more lower. Thus,

it appears that this technique could be practical

only for samples in which thermal neutron pene-

tration is not a problem.

The computed detector signal/background

ratios were a factor of two or more lower for
a

irradiation in the leakage spectrum of the Be-Pb

spectrum-tailoring assembly than for either of the

assemblies shown in Fig. 3, and do not indicate a

very practical technique. However, irradiation

outside the moderating assembly should permit

shadow-shielding of the detector from the source

neutrons. This possibility will be investigated

during the next quarter.

In addition to the above computations, a

series of transport calculations has been under-

taken to investigate the design of a combined mod-
252era tor and shield assembly for the Cf source.

It is proposed to irradiate small samples at some

position within a moderatingassembly surrounding
252the Cf source. These samples would then be

transferred from the assembly for delayed neu-

tron (or activation-gamma ray) counting. The

material surrounding the moderator core would

serve as personnel (and perhaps also detector)

shielding and as a reflector to increase the neutron

flux at the irradiation position.

This series of calculations was performed

using the one-dimensional neutron transport code

DTF-IV with spherical geometry and the 16-group

Hansen-Roach cross sections. Three modera-

tor-shield configurations have been considered.

The first consists of a 15-cm-radius beryllium

moderator followed by a XO-cm-thick polyethylene

reflector-shield; the second is similar but has a

10-mil sheet of U between the beryllium and

G. E. Hansen and W. H. Roach, LA-2543-MS
(1961).



the polyethylene to take advantage of neutron pro-
duction from fission of the U and thus increase
the fast neutron flux in the moderator. The results
of these two calculations are given in Figs. 4 and
5. The two solid curves in Fig. 4 show the total
neutron flux per unit source as a function of radius
in the assembly for neutrons having energies above
and below the cadmium cutoff energy. The verti-
cal line at 15-cm in Fig. 4 shows the position of
the Be-CH interface. The dashed curve indicates
the sub-cadmium flux in 15-cm of Be with no

reflector. This flux falls off rapidly near the edge
of the moderator as expected. The addition of the
reflector not only increases, but also very effec-
tively "flattens" the sub-cadmium flux throughout
the moderator. The epi-cadmium flux decreases
by several orders of magnitude across the moder-
ator. The addition of the U foU at the Be-CH2

interface is expected to increase and "flatten" this
epi-cadmium flux near the edge of the Be moder-
ator. The expected effect does occur, but a single
10-mil foil does not sufficiently increase the epi-

Id4

id*

•fl 1

10 r-

K) IS

RADIUS (CM)

2 5 2 ,Fig. 4. Neutron flux produced by a Cf fission
source in a moderator-shield assembly of beryl-
lium and polyethylene. The dashed curve indicates
the sub-cadmium (En < 0. 3 eV) flux in a beryllium
moderator having no polyethylene reflector.

id4

Bt»-
jto-m. u m

RAOMJS {CM)

252,Fig. 5. Neutron flux produced by a Cf fission
source in a moderator-shield assembly of beryl-
lium and polyethylene having a 10-mil thick layer
of 2 3 5U between the Be and CH, as indicated.



cadmium flux, as seen in Fig. 5. Several foils of
U separated by layers of moderator should,

h iwever, produce a very effective multiplier for
thi 252'Cf source. This possibility, as well as

other possible multiplier configurations, will be
pursued in the course of further studies on Cf
as a neutron interrogation source.

The third moderator-shield configuration
c msidered was similar to the first with a 5-cm-
r; dius lead core replacing the first five centi-
meters of beryllium. The lead was added to pro-

252
vide shielding for the Cf spontaneous-fission
gammas. The results of the transport calculation
indicate, however, that the substitution of lead
reduces the sub-cadmium neutron flux in the mod-
erator region by nearly a factor of two, and it
appears more profitable to shield the gammas
exterior to the Be or perhaps the entire modera-
ting assembly.

Delayed Neutron Assay of Rover Scrap Material

T. D. Reilly, M. M. Thorpe, and R. B. Walton

In the continuing program of developing meth-
ods for nondestructive assay of Rover scrap
a rather large discrepancy between chemical and
nondestructive assayarose in the case of one scrap
container (recovery can No. 101). Rover scrap,
it will be recalled, is a 4-20 wt% mixture of en-
riched uranium in graphite dust. The amount of
uranium in can No. 101 as determined by nonde-
structive assay of the entire can differed signifi-
cantly from that obtained by chemical analyses of
small samples taken from the can. The contents
of the can, which had been carefully blended, were
sampled using a twelve-chute riffler. Pour of the
five samples taken were analyzed chemically and
the fifth was assayed using nondestructive techni-
ques. The results on all five of these samples
agreed within ± 2% in the determination of grams

7 LA-;i62-MS, pp. 10-12 (1969).

uranium per gram sample. However, the nonde-
structive assay of the entire can gave a value
which was more than 25% higher than that indicated
by the small sample assays.

In an effort to resolve this inconsistency, a
passive gamma ray measurement of material
from three of the cans was performed. For this
experiment, material from cans 101, 102, and
220 was repackaged in a 12 in. diameter by 2 in.
thick disc containers which provide good ("thin"
in one demension) geometry for both gamma count-
ing and delayed neutron measurements. Cans 101
and 102 consist of actual Rover scrap, while 220
was a standard prepared by mixing enriched ura-
nium (U,O.) with graphite flour.

The intensities of the 0. 765 MeV and 1. 001
233

MeV lines from the U in each disc container
were measured with a 50 cc Ge(Li) detector at a
distance of one foot. Typical counting statistics
were ± 1.4% for the 1.001 MeV gamma ray and
± 2. 4% for the 0. 765 MeV gamma ray. The atten-

238uations of the observed U gamma rays were
derived from the measured attenuations of 0. 511,
0. 835, and 1. 275 MeV gamma rays from Na and
54

Mn calibration sources. Corrections for atten-
uation, which were small, were then applied to the
count rates to obtain numbers proportional to the
238

U mass in each can.
To determine the total uranium content from

238 23ft

U assay results, one must know the U iso-
topic fraction in each can. These values were ob-
tained from mass-spectrometer analyses furnished
through Group CMB-8, LASL.

The results of the experiment are summa-
rized in Table III. The total mass of uranium in
each of the cans, 101 and 102, was obtained by
normalizing to the known mass of uranium in the
standard, #220. The delayed neutron assay results
were obtained by neutron interrogation of the disc
containers using the N-6 Van de Graaff accelera-
tor as the neutron source and monitoring neutron



TABLE III

STUDY OF ASSAY METHODS FOR ROVER SCRAP

U Mass Ratio
(Can 101/Can 102)

Mass (Can 101)
Mass (Can 102)

Ratio to Gamma Assay:
Can 101
Can 102

Chemical
Analysis

Passive Delayed Neutron Assay
Gamma (V. D. G. Source) (14-MeV Source)

0.94

974 g
1036 g

0. 82 ± 0. 04
0. 96 ± 0. 05

1. 10 A

1184
1074

1,
1.

:0. 06

* 63
± 58

00
00

1

1
1

. 09 ± 0. 03

1240 i 30
K 4 0 ± 27

. 05 ± 0. 08

. 06 ± 0. 08

1.13

1326
1172

1, 12
1.09

flux with two U fission chambers. Also includ-
ed in Table III are previous delayed neutron assay
results (14-MeV neutron interrogation) obtain-
ed when the Rover scrap was contained in the orig-
inal recovery cans.

The masses obtained from passive gamma
ray and delayed neutron measurements agree with-
in statistics and are consistent with chemical
assay for can 102 but differ substantially (~ 25%
larger) for can 101. The good agreement between
the small sample assays, as well as the good
agreement between the various passive and active
methods of nondestructive assay of an entire can.

(note particularly the agreement in the U mass
ratio, can 101/can 102) suggest that the riffle-
sampling procedure, although quite consistent,
may introduce a systematic error or bias into the
assay result. More experimentation (perhaps an
analysis involving the complete dissolution of the
entire contents, 6 kg, of can 101) is required
before definitive conclusions can be drawn. Addi-
tional cans of Rover scrap will be repackaged in
the 2-in. thick disc geometry and assayed nonde-
structively in order to further examine this prob-
lem.

PASSIVE ASSAY TECHNIQUES AND APPLICATIONS

208,2. 6 MeV Tl Gamma Ray Signature

T. E. Sampson (W-7), J. T, Caldwell, J. J.
Malanify, and C. N. Henry

The possible use of 2.6 MeV gamma rays
emitted from Pu and enriched U materials for
assay purposes is being investigated. This gamma
ray results from the de-excitation of the first ex-

208cited state of Fb which is populated by p decay
208

of Tl. Any higher isotope satisfying the rela-
tionship A = 208 + 4 n (n = an integer) can pro-
duce this activity via successive a and p decays.
In the U and Pu regime, the possible 2.6-MeV

6
parents would be 232U. 2 3 6 U , 2 3 6 ' 240.

etc. Calculations of relative contributions from
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Fig. 6. Tl activity vs time after chemical
separation of parent 23 2u.

these parents show that only U and Pu con-
tribute significantly. The specific activity (dis-
integrations per gm per sec) of these isotopes as
a function of "grow-in" time is shown in Figs. 6
and 7. Assuming U or Pu concentrations
of •»• 10 , an activity of ~- 10 disintegrations per
sec per gm total U or Pu material is reached in
only 1 to 4 years, with equilibrium values of a few
tens of disintegrations per sec per gm. Prelimi-
nary measurements using some typical Pu and en-

235riched U material verify that the specific 2. 6

MeV gamma activity of both materials is •»• 10 per
sec per gm.

Both U and Pu are produced as a re-
sult of fast neutron reactions. In the case of

U which is present as a minor isotope in en-
riched 235U, it is likely that most, if not all, of
the production results from Pu decays (T =

2. 85 years} following fast neutron irradiation of
238

U in a reactoi. This implies a rather compli-
cated production history for the subsequent 2. 6
MeV gammas, and possibly a characteristic uni-
que specific activity for each different production
batch of Pu and 235U. Since the specific activity
is a function of time, some idea of the history of
the materials is necessary for proper interpreta-
tion of a measurement of specific activity. How-
ever, the possible use of this activity as a tag
does appear worthy of further investigation, and
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208„
Fig. 7. Tl activity vs time after chemical
separation of parent 23°Pu.

work on the 2. 6 MeV gamma ray as a possible
safeguards signature is continuing.

235
U in Some Project RoverPassive Assay of

Discards

R. B. Walton and A. C. Dumrose (CMB-8)

The utility of portable passive instrumenta-

tion for field applications has been further demon-
235

strated in the assay of U content of miscellan-
eous discards from a recent overhaul of LASL's
CMB-6 press facility for U-graphite fabrication
(Project Rover). These measurements were sim-
ilar to the Pu assay of stainless steel containment

(8)spheres reported previously. An Eberline
PRM-5-3 portable unit, which contains an ampli-
fier, single-channel analyzer, high-voltage supply,
and a rate meter, together with a 2 x 2 in. Nal
probe was employed. Although a smaller Nal

8 LA-4162-MS, pp. 12-13 (1969).
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crystal <•* 1 in. x i in.) yields optimum signal-to-
background for U, the available probe proved
adequate when appropriately shielded. The probe
was placed inside a lead collimator with an angu-
lar aperture of ~ 55°. In addition to shielding the
crystal from background radiation, the collimator
defined the scan area, i. e., the area from which
gamma rays would be accepted for detection.
Because the collimator weighed ~ 20 lbs, it was
attached to a steel rod which served as a handle
and a "walking-stick" support. The single chan-
nel window of the analyzer-rate-meter unit was
set to bracket the photopeak of the 185-keV gamma
ray from U, and the unit was subsequently cal-
ibrated absolutely over a range of angles and dis-
tances with a 1.7 gm U foil. The minimum

sensitivity of this detection system under field
conditions (near the fabrication building and ad-
jacent to the large pile of discards under investi-
gation) varied from 30 mg at a sample-detector
distance of 1 ft to - 0. 5 gm at 4 ft.

For most of the discards, which were pri-
marily ducts (of lengths 2 ft to 10 ft), work hoods
and filters, the gamma-ray attenuations, as deter-
mined with the 2 3 5U calibration foil, were small.
The complete assay of 24 items was performed in
2t hours. Only one item contained sufficient U
to warrant, economically, its removal from the
discard batch for future recovery. The total U
measured in this assay, 57 ± 25 gms, will be
credited to the LASL Rover SS materials account.

BASIC DELAYED NEUTRON PARAMETER MEASUREMENTS

Delayed Neutron Yield-vg-Energy Measurements

M. S. Krick and A. E. Evans

Measurements of absolute total delayed neu-
tron yields as a function of the energy of the neu-
tron inducing fission have been continued during
this quarter.

An improvement in experimental technique
over that used previously has been accomplished
by using Li metal targets to increase tha neutron
yield and by using a double fission counter assem-
bly to allow absolute yield measurements to be
calculated more accurately.

The excellent performance of the Van de
Graaff accelerator, even at accelerating voltages
as high as 3. 5 MeV, has been exploited to extend
delayed neutron measurements up to 1.8 MeV neu-
tron energy.

Measurements have been made on 239Pu
(Fig. 8), 2 3 3U (Fig. 9), and 2 3 5U (Fig. 10) from
0. 1 to 1.8 MeV. The short-term availability of a

highly enriched (99. 9%), 25 gm sample of Z4ZPu
enabled the first delayed neutron yield measure-
ments to be made on this isotope. Unfortunately,
the large mass, unsuitable geometry, and high
neutron background of the sample were not com-
patible with a precise yield measurement. In
addition, the lack of 2 4 2Pu fission counter foils
necessitated the use of available foils (235U) and

Fig. 8. Absolute total delayed neutron yields
from ^
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appropriate normalization from cross section data.
The results are shown in Fig. 11. Relative yield
errors are ± 10% and the absolute yield error is
•* 30%. The average value (0. 016 ± 0. 005) obtained
for the absolute total delayed neutron yield from

Pu is consistent with the value (0. 021) expected
(9)from delayed neutron yield systematics.

The average of the so-called "front-to-back
ratios" in the neutron slab detector were computed
to be 2. 17. 2. 21, 2. 16, and 2. 18 for 233U, 235U,
239Pu, and 242Pu, respectively, indicating that
the average energy of the delayed neutrons from
these species is the same within a few tens of keV.

G. R. Keepin, Physics of Nuclear Kinetics.
p. 101. Addiaon -Wesley. Reading, Mass.
(1965). See alco Nuc. Sci. Eng. 36. 202 (1969).

A summary of measurements of total abso-

lute delayed neutron yields from thermal to 3. 1
233U,MeV neutron energies for the elements

235U, 239Pu. and 242Pu is presented in Fig. 12.

Delayed Neutron Abundances and Half-Lives for
14. 7-MeV Fission

R. H. Augustson, L. V. East, and H. O. Menlove

The program to measure delayed-neutron
group abundances and half-lives from 14. 7-MeV
neutron induced fission continues to progress. To
date, data have been obtained for Th, 233U,
235U, 238U, 239Pu, and 242Pu using Accelerator
I as the neutron source. These data ar^ being
analyzed using the exponential fitting code de-
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scribed previously. Thia code is presently
being modified to include the necessary correction
for neutron pulse non-uniformities that were en-
countered for some irradiations. Measurements
using neutron sources and a random pulse genera-
tor have been performed to determine the neutron
counter dead time so that counting- loss corrections
may be applied tc the decay data. Such correc-
tions were not included in the 14.7 MeV fission
results for U and U previously given.

Preliminary results for Pu are presented
in Table IV. These results were obtained by
combining the data, from nine independent acceler-
ator runs using irradiation times ranging from
50 ms to 60 sec. The Pu data have been cor-
rected for spontaneous fission neutron background
and counting losses, but not for neutron pulse non-
uniformities and self-multiplication within the
sample.

TABLE IV

PRELIMINARY DELAYED NEUTRON ABUNDANCES AND HALF-LIVES
FOR 14.7 -MeV FISSION OF 242Pu *

Group
Index, i

1

2

3

4

5

6

Half-Life, T.
(sec)

53.7 ± 4. 3

21.6 ± 0.5

5. 3 =fc 0. 3

2. 1 ± 0. 1

C.71 ± 0.07

0.24 ± 0. 01

Relative Abundance
a./a

0.023 ± 0. C05

0. 170 ± 0. 003

0. 162 ± 0. 020

0. 362 ± 0. 010

0. 156 ± 0.010

0. 128 ± 0.010

* 99.91%242Pu.

NUCLEAR INSTRUMENTATION AND APPARATUS DEVELOPMENT

Delayed-Neutron Detector Optimization

H. O. Menlove and R. H. Augustson

For many assay applications it is desirable
to use a delayed-neutron detector whose efficiency
is peaked in the region of delayed-neutron ener-
gies (̂  0.5 MeV). To this end, a "thin slab"
detector making use of previously reported effi-

ciency optimization measurements has been
constructed and installed in the Mobile Nonde-
structive Assay Laboratory. Figure 13 shows the
thin slab detector containing 19 He counters in a
3 x 20 x 24 in. slab of polyethylene.

10

11

LA-4315-MS, pp. 18-19 (1969).

LA-4315-MS, p. 20 (1969).
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Fig. 13. "Thin slab" neutron detector containing
19 ^He Counters in a 3 x 20 x 24 in. slab of poly-
ethylene, and covered with Cd.

AVERAGE NEUTRON ENERGY (MeV)

Fig. 14. Measured absolute detection efficiencies
for "thin slab" and "flat-response" slab-type neu-
tron detectors.

The resulting efficiency was measured using
calibrated neutron sources located 1-m from the
front face of the detector. D, T neutrons from
Accelerator I were used to obtain the calibration
point at 14 MeV. Figure 14 shows measured ab-
solute neutron detection efficiencies as a function
of energy for both the thin slab detector and the
flat-response slab detector described previous-
ly. <12) It can be seen that the efficiency of the
thin slab detector is •»- 5.2 times greater for
delayed neutrons than for the 14 MeV background
neutrons from the neutron generator. This de-
crease in detection efficiency with increasing neu-
tron energies reduces (by a factor of 5) the "on-to-
off" ratio required for pulsed neutron interroga-
tion and precise delayed neutron assay.

It should be noted that because of saturation
effects in neutron capture by He, a reduction by
a factor of two in the number of counter tubes
reduces the total counting efficiency by a factor
of only ~ 1. 3 for the thin slab detector.

Add-a-gram Apparatus for Scrap Barrel Assay

M. M. Thorpe, T. D. Reilly, and D. B. Smith

A complete description and discussion of the
"add-a-gram" apparatus for assay of fissionable
scrap in 55-gallon barrels is contained in the pre-
vious progress report. Several improvements
have been made with respect to the mechanical
operation of the add-a-gram system. The origi-
nal magnetic sensors have been replaced with
photosensors. This permits the spherical steel
casing for the add-a-gram U sample to be re-
placed by a much lighter ball of Kel-F (a hydrogen
free plastic similar to teflon but with better ma-
chining properties). A change in the orifice sys-
tem for pneumatic propulsion of the ball has *'e-

12

13

L. V. East and R. B. Walton, "Polyethylene
Moderated 3He Neutron Detectors, "Nucl. Instr.
and Meth. 72 161 (1969).

LA-4315-MS, pp. 8-10 (1969).
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suited in reduced air consumption and smoother from a spherical lead moderator surrounding a

operation. A test barrel has been equipped with a

set of tubes to facilitate the placement of U

samples throughout the interior matrix.

Initial measurements have been carried out

using an empty barrel and a barrel filled with rags

rubber gloves, etc. Other representative matrix

materials are being prepared. Measurements on

the empty barrel have dictated a change in the

detector arrangement. Originally the apparatus

was constructed using 24 He counters imbedded

in eight slabs of polyethylene which complete-

ly surrounded the barrel. In this configuration the

detector array was also to serve as a neutron

reflector, and in fact it provided too great an en-

hancement of peripheral response. An arrange-

ment which gives a flatter spatial response through-

out the barrel is an array of 19 He counters im-

bedded in a single polyethylene slab (20x24x3 in.)

placed diametrically opposite the 14-MeV neutron

generator target.

Another particularly noticeable effect in the

barrel filled with rags and rubber gloves was the

contribution of delayed neutrons from the CKn. p)

N reaction. Approximately 200 g of natural oxy-

gen produce the same number of delayed neutrons
as 1 g of U for 14-MeV neutron irradiation

energy. Since the threshold for the O(n,p) N

reaction is •>- 8 MeV, a nominal reduction in energy
of the 14-MeV source neutrons should greatly re-

duce the O-delayed neutron background without

appreciably affecting the penetrability of the inter-

rogating neutrons. A series of DTF-IV neutron

transport calculations was undertaken to investi-

gate the magnitude of the background reduction

that might be expected from the use of a lead mod-

erator around the 14-MeV neutron source. The

ratio of delayed neutrons produced per atom of

U to delayed neutrons produced in O per atom

of normal oxygen was computed at a position 12 in.

14-MeV neutron source. The radius of the mod-

erator was varied from 4 in. to 12 in. O was

assumed to be 0. 037% abundant in normal oxygen,

and a value of 21. 5 mb was used for the O

(n, p) cross section.

The results of these calculations are shown

in Fig. 15 as a function of the radius of the mod-

erator. It appears that 8 in. of lead should reduce

the O delayed-neutron background by more than

an order of magnitude. The ratios plotted in Fig.

15 are conservatively low since the cross section

for the O(n, p) reaction very probably does not

retain its 14-MeV value down to threshold (as was

assumed in the computations;..

I • A ' I ' I ' A • A •
UEAO TMCKNCM (INCHES)

Fig. 15. Relative number of delayed neutrons
produced in 2 3 5U and in normal oxygen (vi* 17O
(n, p) N) by a 14-MeY neutron source surrounded
by various thicknesses of lead.

14
15

LA-4315-MS. Figure 9 (1969).
LA-4227-MS, p. 16 (1969); see also H. O.
Menlove, R. H. Augustson, and C. N. Henry,
Trans. Am. Nucl. Soc. 12 742 (1969).
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Electronics and Instrumentation Development

L. V. East, M. M. Stephens, and J. E. Swansen

The design of several special purpose elec-

tronic instruments was completed this quarter.

The instruments are NIM-compatible and are

individually described below.

Clock Generator

This is a dual width module that provides

accurate timing pulses derived from a crystal

oscillator. Eight outputs are provided, giving

pulse periods from 1 jisec to 10 sec in decade

steps. The oscillator may be externally gated on

and off, if desired. This module is intended for

use as an accurate time base for the multiscaler

channel advance units previously described

and other timing applications. In addition, an

external input is provided that may be used with

pulse sources having an output frequency of 1-MHz

or less to give an accurate frequency division of

up to 10 . The unit contains its own internal

power supply (+ 5V), and requires only 110 VAC

from the instrument bin. Integrated circuits are

used throughout the module.

Four of these units have been constructed by

the electronics fabrication group (ENG-5).

Neutron Coincidence Unit

This instrument incorporates the necessary

logic in a single triple-width module to coincidence

count spontaneous fission neutrons using the 4rr
118)neutron detectors previously described. A

logic diagram of the unit is shown in Fig. 16. In

order to reduce pulse pile-up problems, four

independent input discriminators are provided.

The 0. 3 ixsec output pulses of these discriminators

are fed to an OR gate, the output of which triggers

the coincidence logic. The coincidence logic is

16

17

18

AEC Report TID-20893 (Revised), (1968).

LA-3859-MS, p. 14 (1968).

LA-4315-MS, pp. 20-22 (1969).

Fig. 16. Logic diagram for neutron coincidence
counting circuit.

similar to that used in a neutron coincidence cir-

cuit developed at Brookhaven National Labora-

tory. <19>

Output pulses from the discriminators are

delayed by the "Pre-Gate Delay" univibrator,

which in turn triggers the "Coincidence Gate" uni-

vibrator. The ON time of the coincidence gate can

be selected by a front panel switch to be 15 jisec,

25 (isec, 50 psec, or 100 psec. Subsequent pulses

from the input discriminators arriving during the

coincidence gate ON time are passed to the "Real

+ Accidental" output. The trailing edge of the

coincidence gate pulse triggers a chain of nine

delay univibrator s, and the trailing edge of the

last delay triggers an "Accidental Coincidence"

univibrator. These univibrators all have the same

ON times as the coincidence gate, and recovery

times of less than 5% of the gate width. Therefore

each input signal that triggers the coincidence gate

will also produce an "accidental" gate at a time

10 x (coincidence gate ON time) later. Signals

from the input discriminators arriving during the

accidental gate ON time are passed to the acci-

dental coincidence output.

The coincidence gate times are chosen to be

compatible with the die-away time of the particular

neutron detector being used. The length of the

"Pre-Gate Delay" is chosen to be roughly equal to

the length of the amplifier pulses feeding the input

19 R. L. Chase, private communication.
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discriminators. This delay is required in order

to compensate for a pile-up effect at high count

rates that would otherwise produce an error in the

number of "Real + Accidental" events compared to

the number of "Accidental" events.

A "Stop Gate" input is provided that can be

fed by a tinier or other device to control the

counting *ime of the unit. Outputs from each dis-

criminator and the coincidence gates are made

available for external use.

The module requires power supply voltages

of + 12 V DC, - 12 V DC, and 110 V AC (for an

internal + 5 V DC supply). Two prototype units

have been b:iiit, and four more are being construc-

ted by the LASL electronics group (P-l).

Variable Threshold Logical OR

Several applications exist for a logical OR

v. - ~uit having a high degree of noise immunity. A

single width NIM module was therefore designed

with four OR inputs, with a level discriminator on

each input. The input thresholds may be adjusted

by a single front panel control over the range of

0. 5 to 5. 0 V. Five of these units have been built

to date.

50% Gate Unit

A special single width module has been

designed to generate the neutron generaxor, pre-

amplifier, and sealer gating signals required for

the delayed neutron yield assay methods utilizing

repetitive neutron pulses. The functions per-

formed by this single module previously required

two or more modules.

An output pulse timing dissjram is shown in

Fig. 17. The pulsing sequence may be started

• 0 % MTC WIT TMMW OUMMM

« » • • • WO«t—Mac
I IMC I M IIMC

•rcwNTKuri

Fig. 17. 50% gate unit timing diagram.

and stopped by a front panel switch, or by an ex-

ternal gate. Timing is such that a complete irra-

diation-count cycle will be completed when the RUN

gate goes to the stop mode. Control pulses are

available for the three types of neutron generators

presently in use by N-6 (exclusive of the Van de
(21) andGraaff), as well as gated preamplifiers

sealers.

The irradiation time is continuously adjust-

able from 10 msec to 11 sec. The delay time

between the end of the irradiation and the start of

the sealer count is continuously adjustable from 1

msec to 110 msec. The sealer counting time is

equal to the sum of the irradiation and delay times

(hence the name 50% Gate Unit). If the delay time

is set longer than about 80% of the count time, the

neutron generator and sealer gates will be held in

the OFF mode.

Two prototype, units have been constructed,

and two more units will be assembled by ENG-5.

20 LA-4070-MS, pp. 4-5 (1969). 21 L. V. East, Nucl. Inst. and Meth. Tl 328
(1969).



MOBILE NONDESTRUCTIVE ASSAY LABORATORY

Construct'on and Instrumentation Procurement

J. H. Menzel, B. R. Dennis, and G. M. Worth

A detailed description of the planned MONAL

construction, components, and physical layout has

been reported previously. The successful

completion of the major construction phase (in

October) made it possible to exhibit the MONAL,

(cf. Fig. 18) at the AEC Symposium on Safeguards

Research and Development held at Los Alamos

October 27-29, 1969, and to perform a complete

demonstration of neutron interrogation and assay

methods on U graphite systems.

The large-sample ("barrel") handling sys-

tem (cf. Fig. 19) was demonstrated with eight of

its 16 cantilevered sample carriers installed and

functioning. The lift and vertical/rotational scan

functions of the large-sample (55-gallon barrel)

Fig. 19. Close-up view of the MONAL large-
sample (barrel) handling system. The magazine-
type conveyor positions the large sample or barrel
over the elevator platform (left) which then lifts
it into the shielded assay room, located directly
above, by passing through the cantilevered sam-
ple carrier ("bucket"). The sample carriers and
elevator are carried inside the cargo container
during transit of the MONAL.

* !

Fig. 18. The MONAL as exhibited during the AEC Symposium on Safeguards Research and Development
Kt LASL on October 27-29, 1969. The conveyor portion of the large-sample (55-gallon barrel) handling
system can be seen beneath the center section of the 10 ft wide by 50 ft long cargo container.

22 LA-4162-MS, p. 19 (1969).
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Fig. 20. Shielded interrogation chamber (4 ft-
wide x 6 ft-long x 7 ft-high) of the MONAL. The
elevator (left and below) is used for rotational and
vertical scanning of samples for both active and
passive assay. Shield penetrations (to right of
center) for delayed gamma measurements and a
small sample pneumatic transfer tube (upper
right) make this interrogation chamber an extre-
mely versatile assay facility. The neutron inter-
rogation source (center) is located at the end of
the neutron generator drift tube reentrant into the
shield from the rear equipment room (cf. Fig. 21).

elevator (cf. Figs. 19, 20) were also demonstrated

during the Symposium; certain improvements such

as fail-safe brakes, additional control switches

and safety interlocks are now being added.

The neutron shield was leak-tested with

pressurized air and then filled with water. A com-

plete neutron and gamma dose mapping of the

MONAL and surroundings for the designed neutron

source level inside the shielded interrogation

chamber (cf. Fig. 20) showed that the main shield

gave the expected (calculated) dose levels. How-

ever, shielding against ground-scattered neutrons

was not sufficient for the designed neutron source

level. Consequently, the neutron generator was

operated at reduced beam current during the active

interrogation demonstration. A thorough calcula-

tional and experimental shield study (see following

section) resulted in the required design parameters

of the portable ground-shield tanks which are
scheduled for completion by the end of February.

Performance tests of the MONAL neutron
generator (shown in the rear equipment room of
the MONAL in Fig. 21) indicated that the ratings
of some of the pulser components were very mar-

ginal. Consequently, LASL and Kaman Nuclear
have agreed on provisional acceptance of the neu-

tron generator predicated upon delivery of a new
pulser. The construction of the new pulser has
been completed and new performance tests are
scheduled for mid-January; final acceptance of the
neutron generator is expected by mid-February.
Also during Februarv, the design and construction

contract for a pcst-deflection system to increase

Fig. 21. Rear equipment room of the MONAL.
The rear doors of the cargo container have been
opened to show the forepump, high voltage supply
tank, and target cooling unit (left), the rear of the
14-MeV neutron generator on a movable support
(center), and the air conditioning/heating unit
(right).
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Fig. 22. Control console and data acquisition
area, located forward in the MONAL. The four
electronic racks contain (from left to right): the
multichannel analyzer, data acquisition NIM elec-
tronics, neutron generator controls, and radiation
interlocks and operational support equipment. The
Ge(Li) system (lower right) provides complete on-
board capability for high resolution passive gamma
nondestructive assay.

Q

the neutron "on/off" ratio to •»• 10 is expected to

be completed by Kaman Nuclear.

Figure 22 shows the control console and data

acquisition area of MONAL, as well as the Ge(Li)

passive gamma detector mounted on an optical

bench (at right).

In addition to the modifications and improve-

ments just described, orders for various elec-

tronic equipment and assay apparatus have been

placed, including a portable gamma scintillation

system, a personnel radiation monitoring system

and a complete fire protection system for the

MONAL.

Calculational and Experimental Shield Studies

D. B. Smith, J. H. Menzel, and B. R. Dennis

The shielding calculations for the MONAL

reported last quarter have been extended to two

additional shield-tank configurations, one of which

has been constructed and for which experimental

measurements have been made. As previously de-

scribed the full geometry of the primary neu-

tron shield and ground-scatter shields were mod-

eled in the three-dimensional Monte Carlo code

TDMC-1G. Dose rates were calculated at four

positions: interlock bar six inches above the floor,

operator's position six inches above the floor,

center of side door six inches above the floor, and

ten feet from the side of the MONAL opposite the

door, six inches above the ground. A neutron

source strength of 5 x 10 neutrons/sec was

assumed. The calculated dose rates are given in

Table V. Dose rate measurements ( also in Table

V) were made at the interlock bar and at the oper-

ator's position for the smaller shield tank. The

neutron generator was operated at an average

source strength of 1.43 x 10 neutrons/ sec, and

the measured dose rates were scaled to corres-

pond to a source strength of 5 x 10 neutrons/ sec.

A Mod-6 Neutron Detector with 10 inch ball ("neu-

tron cow") was used for the measurements.

The good agreement between measured and

calculated dose rates lends confidence to the cal-

culations for which there are no comparable meas-

urements. It appears that the larger ground-

shield tank (3 ft thick) will adequately shield the

operator. It is anticipated that additional shield

tanks will be used at the side of MONAL to reduce

the dose in the vicinity of the door.

Visit to the Dow Chemical Company - Rocky Flats

Division

M. M. Thorpe, J. H. Menzel, and R. B. Walton

In preparation for the first field assignment

of the MONAL, three members of the LASL Safe-

guards staff (Group N-6) visited the Rocky Flats

Division of the Dow Chemical Co. on December 2,

1969. Extensive discussions ."ere held with re-

presentatives of the plutonium process facilities.

23 LA-4315-MS, p. 24 (1969).
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TABLE V

MONAL GROUND SHIELD STUDY

Shield Configuration

Ground Shield 2 x 4 x 9 (ft) - calc.

Ground Shield 2 x 4 x 9 (ft) - meas.

Ground Shield 3 x 4 x 9 (ft) - calc.

Bar

21 ± 9

21 ± 4

5.7 ± 1.4

Neutron Dose

Operator

3.5 ± 0.6

4. 2 ± 0. 8

1. 7 ±'0. 3

(mr/hr)

Door

18 ± 4

—

11 ± 2

10

28

32

23

ft

± 4

± 8 a

± 4

Interpolated from measurements at adjacent positions.

and with members of the Chemistry Research and

Development staff.

Rocky Flats has used passive nondestructive

assay systems for 55-gallon barrels and 1-gallon

cans for many years and is presently engaged in

expanding the capability of these techniques with

advanced Ge(Li) detectors and an on-line computer

system. Present passive assay techniques are not

entirely satisfactory for medium to high Z mate-

rials and for inadequately segregated scrap and/or

conglomerate materials (e. g., fire residues).

Considerable interest was expressed in the assay

potential of the active and passive techniques em-

ployed in the MONAL. Members of the Rocky

Flats staff provided an excellent summary of all

scrap and waste generated in their purification and

recovery operations, including material descrip-

tion, average sample weight, plutonium content,

etc. This information has already proved very

helpful in guiding LASL research on the develop-

ment of assay techniques for several categories

of plutonium scrap, metal-containing fire residues

and routine process waste.

AEC SYMPOSIUM ON SAFEGUARDS RESEARCH AND DEVELOPMENT

The AEC Symposium on Safeguards Research

and Development, held at the Los Alamos Scienti-

fic Laboratory on October 27-29, and at Gulf Gen-

eral Atomic on October 30, attracted an interna-

tional gathering of over 350 participants from in-

dustry, government, and R4D laboratories. Some

29 industrial exhibits presented state-of-the-art

equipment related to safeguards and nuclear mate-

rials management. A very full two-day schedule

(October 27, 28) of formal presentations and panel

disucssions provided a forum for fruitful exchange

of ideas and information among those groups most

directly concerned with nuclear safeguards R*D

and practical applications. Complementing the

formal presentations, technical briefing tours (on

October 29, AM) of the LASL Safeguards Labora-

tories at Ten Site and at Pajarito Site as well as

the Mobile Nondestructive Assay Laboratory (cf.
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Fig. 23) gave Symposium attendees a unique oppor-
tunity to see demonstrations of the advanced safe-
guards techniques and methods for nondestructive
assay being developed at LASL, A similar tour
(October 30) of the Gulf General Atomic facility
at San Diego, California, was attended by over

one-third of the Symposium registrants.

Editing of the tapes of the oral presentations
and panel discussions, a major step in the prepar-
ation of written proceedings for the Safeguards
Symposium, has been completed by the LASL Safe-
guards staff.

Fig. 23. The control room of the MONAL provides a focal point for technical briefings and a tour of
LASL safeguards facilities by AEC Commissioner Clarence Larsen (right) and his aide, John Griffin
(Center) during the AEC Symposium on Safeguards Research and Development, October 27-30, 1969.

ACCELERATORS, NEUTRON SOURCES, AND FACILITY DEVELOPMENT

Accelerator I Neutron Generator

R. H. Augustson

Two projects using a wide range of pulsing
cycles dominated Accelerator I usage this quarter.
The a.X. measurements utilized low duty cycles
(2% - 20%) while the Pb-C moderator studies were
performed using a 50% duty cycle. Throughout the
extended running time of both of these projects.
Accelerator I performed extremely well, with no
machine down time.

Van de Graaff Accelerator Facility

A. E. Evans, M. S. Krick, and J. J. Halvey

During the final quarter of 1969, the N-6
Van de Graaff Accelerator was operated for a total
of 98.6 hours. Of this time, 53.5 hours were
used for the measurement of delayed-neutron yield
of fissionable materials as a function of the energy
of the neutron inducing fission. Forty-five running
hours were used in developing monoenergetic neu-
tron interrogation methods for assay of the Pu
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verification samples from the New Brunswick Lab-

oratory.

The Phillips-ion-gauge circuitry supplied

with the accelerator has failed, leaving the accel-

erator without a vacuum-protective interlock. A

new transformer and rectifier sre being supplied

by the -.manufacturer, and will be installed immed-

iately upon receipt.

The vertical exit (energy-control) slits in

the beam-handling system have been electrostati-

cally shielded. As a result, some improvement in

accelerator stability has been observed.

To obtain, higher neutron yields and extend

target life, an electromagnetic target-scanning

system is being built to distribute more evenly

the ion beam over the surface of targets. At pre-

sent, the ion beam is spread by defocusing, with

a resultant nonuniform distribution over the target

face. Also in the planning stage is a feedback-

controlleo beam-centering system which should

improve the reproducibility of small sample

assays in which the sample must be placed so near

the accelerator target that small shifts in beam

position can result in significant experimental

errors.

Cockcroft-Walton Accelerator Facility

C. N. Henry and T. H. Whittlesey

During the fourth quarter of 1969, the N-6

Cockcroft-Walton was used about 60% of the time

for nuclear safeguards research and about 40% for

weapons related research. A failure in the light

link transmitter and receiver was traced to a de-

fective transmitting diode and phototube receiver,

as well as insufficient cooling for the phototube.

The diode and phototube have been replaced and

increased cooling capability for the phototube is

being designed.
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