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ABSTRACT

An instrument was developed to measure non-
destructively the lithium content of target
slugs for the SRP reactors. The slugs con-
sist of e¢ylindrical pleces of Li-Al alloy,
approximately 0.8 inches in diameter and 12
inches 1in length, c¢lad with aluminum. The
instrument utilizes neutron transmission to
determine the L1 content in the range three
to seven per cent Li,.
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MEASUREMENT OF LITHIUM IN TARGET SLUGS
BY NEUTRON TRANSMISSION

INTRODUCTION

An Instrument was required that would measure non-
destructively the lithium content of the SRP target slugs.
The slugs consist of cylindrical pleces of Li-Al alloy,
approximately 0,8 inch in diameter and 12 inches in length,
Jacketed with 0,035-inch aluminum. The most commonly used
target slugs must contain 3.5 t 0,3 per cent lithium by
welght., Since no commercial instrument is manufactured for
this type of measurement, the development of such an Instrument
was undertaken.

SUMMARY

A Tester was developed that nondestructively
measures the lithium content of target slugs. The target
slug 1s interposed between a source of essentially thermalized
neutrons and a neutron detector, and the neutron transmission
of the slug 1s measured., Good correlation is obtained be-
tween the neutron transmission of the slug and the actual
lithilum content as determined by chemical analysis. With a
10-curie Po-Be source and a counting time of 12 minutes, the
lithium content is determined to an accuracy of 500 parts
per million.
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DISCUSSION

A tester was reguired that would nondestructively
determlne the lithlum content of canned target slugs. W. P.
Overbeck suggested that neutron transmission would be a
sultable basls for a test.

THEORY

The apparent sensitivity of the neutron transmission
to variation in lithium content of the slugs can be estimated
from elementary considerations. If a beam of monoenergetic
neutrons of intensity I, is directed through a slab of Li-Al
alloy of thickness x, the 1ntensity of the transmitted beam
is given by:

- -2x
(1) 1 = I.e
where Z 1s the total macroscopic cross section of the alloy.

Iif = and ZL are the macroscoplc cross sections of the
alum%%um and 1ithium in the alloy, then £ = 251 + 211 and

(2) 1 =1,e7(Ea1 " ZLa)x.

Differentiating (2) with respect to Zr4 and then dividing
by (2) yilelds: :

dZ; s
(3) (—i—I]-:- =“XdzLi :-'XZLi ( Ll)

214

The fractional change in cross section of the lithium, dzrg

Z
is very nearly proportional to the fractional change in L
concentration of lithium, gEJ where C is the concentration of

lithium in the alloy on a weight basis. Therefore,

()-I—) %_.:E = —XZLi _.d_'g.u

Equation (%) 1s only an approximation of the prac-
tical case. If the neutrons are partlally or completely
thermalized in a moderator, they will not be monoenergetic,
but will be approximately distributed in energy according to
a Maxwellian distribution. Moreover, the neutrons do not
form a parallel beam. Finally, the cylindrical slug of
lithium alloy is poorly represented as a slab.

Applied to the case in hand, equation (4) gives the
following sensitivity of the test:

For slugs of 3.5 per cent Li and 0.8-ineh diameter,

s .
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an increase in Li content of 0.1 per cent will in-
crease the concentration of lithium by:

dcC 0.1
== = 2= = 0,028,
C 3.5

The effective thickness of the slug 1s approximately
_ig.times the diameter, or _l%.- 0.8 = 0.71 inch '

= 1.8 cm._ The density of the alloy is approximately
2.4 gm/omB. On the basls of a neutron creoss section
of 67 barns for lithium, Z;; 1s computed as 0.48 cm~!
for 3.5 per cent L1 alloy. %he estimated change in
transmission for the 0.1 per cent increase in Li is:

9%_ = -(1.8) (0.48) (0.028) = 0.02L4 or -2.4 per
cent.
The approximations that enter into the foregoing

calculations are such that the sensitivity 1s overestimated.
In practice, a lower sensitivity is to be expected.

DESCRIPTION OF THE TESTER

The three basic components of the tester are a
source of essentlally thermalized neutrons, a neutron counter
to detect the transmitted neutrons, and a scaler to reglster
the number of neutrons transmitted in a fixed time interval,
Other components include a high-voltage supply for the neutron
counter and a holder to malntain the target slug and neutron
counter fixed with respect to each other and to the neutron
beanm, The basic layout of the tester 1ls shown 1in Flgure 1.°

The thermal neutron source, called a "gfgtron howitzer",
is shown in Figure 2. An intimate mixture of Po and '
beryllium, contained in a small capsule at the center of the
howltzer, provides fast neutroni wilth energles of several Mev,
"Permanent” sources such as Pb<10 (RaD), with a 22-year half-
life, are preferable to polonium, but are prohlbltively ex-
pensive (~ $40,000/curie). Radium is undesirable because of
1ts high output of gamma radiation., Polonium represents the
best compromise although it must be replaced periodically as
i1ts half-1ife is 140 days, The fast neutrons from the source
are slowed to thermal velocities by the 1l2-inch cube of
paraffin moderator that surrounds the capsule,

A 1.5-inch thick biological shield, contailning three
parts Borax to one part paraffin, encloses the moderator and
serves to absorb most of the thermal neutrons that leak from
the moderator., The shielding is more than adequate for a
two-curie sources however, the leakage with a ten-curie Po-Be
source 1s such that the operator must work two to three feet

LNC SR D
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from the howltzer. This distance does not represent a problem
since the target slugs can be inserted and removed. from the
tester with a pair of tongs.

The entire assembly is contained in a box that is
made from sheet steel of 1/8-inch thickness. A rectangular
opening, 1.0 x 2.5 inches in cross section, extends through
the top of the box to the scurce, providing an exit port for
the thermalized neutrons. A holder, located over the exit
port and fastened to the cover of the box, maintains the
target slug and counter fixed with respect to each other and
to the neutron beam. ‘

The neutron counter is a BlOF proportional counter
manufactured by the Radiation Counter Lgboratories. This
counter acts like a Gelger counter over a certaln range of
applied voltage in that it has an apparent plateau. As a
result, the counter 1is relatively insensitive to fluctuations
in high voltage when operated at an appropriate voltage. The
relative 1lnsensitivity of the counter to fast neutrons and
gamma rays 1s an important feature. It was determined experi-
mentally that only 11 per cent of the total count measured by
the counter was due to fast neutrons and gammas.

The amplifier-scaler combination is a Model 1070A
"Multiscaler", made by the Atomic Instrument Compango This
instrument also provides the high voltage for the B F3
neutron counter.

The complete fester 1s shown in Flgure 3.

PERFORMANCE

The instrument was inltially evaluated in the
laboratory with a 0.8-curle Po-Be source. The Li-Al slugs
were inserted one at a time and the thermal neutron trans-
mission of each was determined. The slugs were subsequently
dlssolved and analyzed for lithium confent with a flame
photometer, The correlation between neutron transmission and
the chemically-determined lithium content is shown in Flgure
Y. The errors indicated on the transmission measurements are
the standard deviationsg (o) of the counts. The sensitivity
is a 1.3 per cent change in neutron transmission per 0.1 per
cent change In L1 content, in the region of 3.5 per cent
lithium content. This 1s about one-half the sensitivity pre-
dicted under "Theory".

The relilability of the 1lnstrument was determined
in the laboratory by making seventeen 20-minute counts of the
neutron flux from the open beam during a period of eight
hours. All counts fell within + 2¢ of the average count
even though a power-line monitor that was in operation during
this period indicated a considerable number of line transients
fhroughout the counting periocd. A 2KV ultrasonic pulser was

”“"“IA!“ SSIFIED
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also operated in the proximity of the tester wilth no apparent
effect on the count.

The instrument was evaluated in the Plant by the
Works Technical Department. A ten-curle Po-Be source was
used, The correlation between neutron transmission and
chemically measured lithium content was determined over a
greater range of lithium content (3.52-7.50 per cent) than

that used in the laboratory. Over this range, the exponential

characteristic of the neutron transmission is more evident.
The data shown in Figure 6 were furnished by J. I. Dick-pPeddie,
Good correlation is indicated by the smoothness of the curve,
The poinfs on the graph represent the average transmission of
each slug as determined by ten counts of one minute each,

The indicated error for each point is the maximum spread of
the ten counts, The fact that the spread was greater than

20 for some points on the graph 1is not considered of con-
sequence since all counts were for one-minute periodss; small
timer errors contribute a larger percentage-wise error in a
one-minute count than in a count taken over a longer time
interval,

The time requlred to make a determination of the
lithium content to an accuracy of 500 parts per million is
dictated by statistical considerations which in turn are
dependent upon the strength of the neutron scurce. A total
fransmission count of about 90,000 1s needed to give the re-
quired accuracy at the 95-per cent confidence level. With
the ten-curle Po-Be source, the transmitted count of a 3.5
per cent target slug was approximately 7500 c¢/mj; thus, the
counting time required per slug 1is twelve minutes.

4.4 -

A, H., Dexte
Instrument Development Division
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