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ADAPTABILITY OF IZUTRON COWTTIG

70 THE RECUPLEX PROCESS

Introduction

In July, 1956, a program was initiated concerning the feasibility of applying

a neutron counter to various Recuplex process streams. The program originated

as the result of a suggestion by C. F. Setbecken and D. J. Brown of the 234-5
Manufactur ng Instrument Department. The suggestion recommended that the CAW
(Recuplex axtraction column waste) and the CCW (Recuplex orgaric column effluent)
critical mass control he monitored by a neutron counter as a replacement for the
originally installed photoelectric cell (the latter did not work under Recuplex
conditiora), With the development of the CAW=CCW neutron detector other possible
Recuplex applications became apparent, such as, neutron counting ol powders to
increase batch size, transferring Pu solutions to critically unsafe tanks with-
out laboratory analysis, in-line monitoring of Pu product solutions (CCP), and
accountability sampling of Pu slurry solutions. This report summarizes the

work carried out to date and recommends future studies.

Summary
1. Initial work wac carried out with CAW spiked samples using the "Big Berthah
Final Inspection Chamber. Favorable results led to a program which involved
fabrication of two new ~ounting chamhers (see Figures II and III).

2. Additiomal CAV samples <p'ked with Pu and impurities, CCW samples, CCP
(Recuplex solvent sxtraction product stream) samples, Slag and Crucible
filtrate samples, slurry’ samples, and Task I supernate were some of the
solutions studiei using the new chambars. Results wers favorable (see
Tacles I, II, 1. I, aad IV, and Figure I). x\ccm'a.cy of CAW samples with
treir variacle impurity levels was set at £ 25%¢ in the range of 1 g/l Pu.
SC filtrate sampies could be detected within Z 25% in the 0.1 to 0.5 g/l
?Alg;ngm UCP samples &t the 10 - 20 g/l Pu range could be detected within

3. Task II, II1I, and I” powders, as well as other miscellaneous dry solids,

were checked in the eutron counter. As a result of these studies, more

solids per run could be charged to a Recuplex dissolver without exceeding
critical mass limitations.

L. Factors sffecting the accuricy of neutron counting are background, light
elenent impurities, and moderation between neutron probe and sample.
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"'\t theory behind neutron counting is explained in DUH~-10,012 (1) and LAMS-934 (2).
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celves ard, ‘n order tc rroduce sufficient ionization, advantage is taker of
the following reaction:

B0 £ N ———> 117 £ He}

BF, gas is placed in an ionization tube (BF3 probe) and the above reaction takes
rlace, ziving charged narticles which induce ilonization.

Neutron emissions are usually accompanied by gamma snd beta emissions. The
latter can likewise produce ionization in a BF4 tube. To distinguish between
these different energy level particles, the be%a. and gamms induced ionization
must be minimized, This is done by varying the voltage range sc as not to
accept garma or beta pulses to the count rate meter (CRM),

Solutions and solid material containing Pu give off two types of neutrons, the
spontanecus emissions from the Pu itself and secondary emissions from alpha-
neutron reactions. Alpha particles contacting light elements such as boren,
fluorine, oxygen, stc., cause reactions resulting in secondary neutron emissions.
It i3 this latter emission which limits the accuracy of the neutron counter

unless the amount of light element impurities remains relatively constant or
is known.

Eguipment

Initial work was carried out using the Final Inspection facilities. Seudacken
and Brown, with the advise of R. E. Isaacson, Product Inspection Supervinor,
tested 20 ml samples of Recuplex CAW spiked to a 1 g/l Fu concentration :n the
"Big Bertha,™ the Final Inspection neutron counting chamber. The "Big Se:tha®
is a paraffin-water moderated chamber. A definite count above backgrov:l was
noted and results were reproducible.

Based or. these encouraging results, a neutron counting orogram was initiatad

ard powders, simulated CAW solutions, CCW solutions, CCPF solutions, SC Iiltrace
solutions were courited in the chamber as sketched in Figurs II. However, Task i
supernates did not give camparable results with the cadmium and paraffin used as
moderators (see Figure II). A new chamber constructed as in Figure III essenti:ully
eliminated moderation between sample and probe. With this second chamber, a gcod
correlation was cbtained between supernates and other type samples, for example,
SC filtrates. The reason reduced moderation between tube and sample was necessary
is not known. It is postulated that the moderation present in the original
chamter allowed only a small percent of the neutrons caused by the o ,n reactions
to eventually become ionizations. However, SN's, with their high gamma energies,
activated the ) ,n reactions sufficiently to product ionisation. Removing the

moderation caused the g ,n reactions to induce ionizations when testing filtrate
samples a: well as . samples.

The BF, tubss were assembled at the Hanford 20C Area shops. The tube consists
of a standami aluminum slug-can filled with eanriched BF, gas (96% BLC, 4% BL1)
at a pressure of 25 cm Hge The positive slectrode is the center of the

tube and (s 1 mil in thickness. The negative electrode is the aluminum can.

- RIS
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Iir the sei~up used here, the BF: tubss are subjecied o 2100 volta by means

of seven 300 voit baiweries. The impu.se from the iomiszation in the BF5 tube
is pre-amplifiad by =eans of a cathode-follower pre-amp. The signal was then
further amplified by a Detectola: (DA 3’ amplifier and sent to a Victoreen (670)
count rate meter where the read:-g was nade either by use of the indicator on
the CEM, or from a Brown recorder connected tc the (5

Results

CAW. Tigure I depicts the data rom Table I concerming the spiked CAW samples.
Three different setiings of gain ard discriminator gave the 3 parameters shown.
Sirmilated CAW samples were placed in d-inch stainless steel tubes holding about

4O cc of sample. The original chamber, as shown in Figure II, was u1sed in all
CAW experiments.

Figure I shows good linearity for constant purity results except for the 3 g/l
sample, and this saxple was beliered tc He low in make-up., Where the CaW
solutions were spiked with impuritzies, the following conclusions can be made:

-+

1. 0,35 M of excess fluoride increases the C/M reading 20 - 50% (see points_b_
on Figure I).

2. Addition of 0.5 M Mg(NO3)3 to the 0.35 M fluoride solution gave little

changs in C/M (see points_a on Ficure I).

3. 0.1 M of excess fluoride increases the C/M by 15 - 30% (see points_d_
Fisnr‘ I)o

L. Doubling the normal amount of ANN present in a CAW batch increases the

C/M by ca. 207 (see points_c Tigure I).

S5 1 g1 Puins N HNO; solution gives about the same reading as synthetic

CAW containing 1 5/3 Pu.

The 0.35 X fluoride is a larger excess than should ever occur in Recuplex. It
can be concluded that impurities present in Recuplex CAW sh not effect the

neutron monitor accuracy of a 1 g/l CAW solution by wore than £ 25% if calibrated
properly.

Table II sumnarizes the CCW and CCP data. Samples were placed in 3/4=inch
stainless steel tubes {75 cc) and were counted in the chamber as shown in
Figure II. With 75 cc of sample, good linearit - is evident not only in
comparing organic ssmples but in compering organic with aquecus samples
(1 &/1 CCW sample gave 360 C/M and 10 g/1 CCP sample gave 3750 C/M).

Table ITI indicates the ability of the neutron counter to monitor an actual
process stream. JStandard analytical sacples were tsken from the Recuplex
Slag and Crucibie fil:rate tanks. Before sending the sample to the laboratory
the 25 cc polythene sample bottle sealed in plastic was placed in the neutron
counting chamber (as in Figure II). A l.4l g/l sample was used as a standard.
ALl results checked within 0.1 g/l of the laboratory result. All af the
filtrste soiutions monitored originated from aged solids. When Tasx I super-
nates were blerded with aged solids in the Recuplex dissolvers, SC filtrate

neutron cownting remalty were no langer comparable
m




*Lrulpment” itove, “he “rowilae tAms toc muah noderiatiy, A new chamber (Figure 111),
N y 3

tentalil.g a manimum of modaration betwean SF 3 Frove and sample, was constructed
ard reascnably good correlaiions were madas.

Table IV shows results wren camparing Task I supermatas a;-::mst the same st—a{zdard
used in SC fil:prate test= (sae Table T . The aceuracy I .14 g1 average ' was
"ot as good a= that indicated in Table ITT bur still sufficiently accurate for

M - )
¢ritical mass sontrol.

Many other Iecuplax samp_es were tested, such as slurry samples, organic samples,
nd feed samples. All of these canpared favorablr with laboratory results, howaver,
it was necessarr to establish a new standard in the case of sluvry samples, the
stardard being a nomal slurry sanple with a mowr Fu value. 3ince only sparse
amounts of data were availshle at tne time of this writing, =o zables were

reported.

Weste solids from the Fu purifica-ior plant were also monitored in the neutron
eounter in an effort to ¢ larger quantities of powders to the Recuplex
dssolvers (lef. H~46518 (3)) and to mix powders with Task ITI fragments in a
2ingle charge. The method of counting was based upon a "fail-safe™ principle.
Pure Pu emits an'y spontaneous neutrons. If the came amount of Fu was in a
PuF, Jom, not only the spemtaneous emissions, but 3lso the d ,n reactions
w ™ Iodece londzations. Therefore, if relatively pure Pu is used for a
STe and, anT waste from the Mu purification plant must alwers cound on the
“2 aincg these wastes contain light elemert impurities.
Tov vy iz PR ilegafen arrangement was adequate for critical mass control, it
Hte NUAR the neutron counter might be used for actual accontability of
Fv il oo wriginating from the Pu purifieation plant. For this reason a com-
arisor v was mede of monitored values s, actual values, The actual
viines were determined ¢ material balance of the solutions fram dissolved
owier: and their residues.

It was apparemt that the major varichles affecting C/M were the amount of Pu
rrosent ardd *he ratio of Pa to total weight of powder. Hence a plot of
minitorad value vs actua’ walue was constructed with parameters of total
powder veizht/monitored {or "fail-safem) Pu value. Figure IV depicts curves
based on about 50 pouder rmms., Type of powder was also considered as a
variable., ATtar comparing many Task IT, Task IIY, and Task IV powders of
similar total weights, it was noted that the portion of the "fgil-safen

valve due =0 g ,n reactioms was approxinately the same regardless of type of
rowder, hence this variable was nezlected.

&p‘;:‘oximat.ei;r ten powders wmre checlked using Figure ITI. Accuracy was within
2 25%. Accuracy by the present method (by differencs estimates) varied from
a =70 Lo a £343%,

Uespi-e the Zavorable rasu’ts noted in this report, potential obstacles in

NeUIron counting are evident. They are /a) backgrourd, (b) light element

TUroty valuations, and (c) degree of moderation between sample and BF3
rrobe. Geometry is incorporated with item c.

- LSS
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Sacegrourd variations are caused b a varying neutron flux i -he area surrounding
*he counting chamber and by instruarent _mperfectio~s, Suffi .e~: moderation between
probe ard arcbient reutron flux ca- 7irimize background effects. If this 1s not
possible, frequent background checks using water or some other standard must be
made. Faulty BF3 probes, noisy amplifier tubes, etc., can increase the background.
Instrument check? should be made about once per manth to keep this source of back-
ground at z minimum., In approximately eight months usage of the ejuipment

described in this report, only twe 35’3 probes and 3 instrument tubes were
replaced.

Varying impurity levels car result in hamful inaccuracies. For ¢ritical mass
control these inaccuracies are not serious, but for powder accountability or
solution analvsia (in piace of laboratory analysis?, varying light element

impurity concentrat.ons could minimize the value of the counter for these
services.

As noted in the discussion concerning CAl samples, the addition of 0.l Mof a
ilight elemen*, such as fluorine, can increase the ¢ M reading by 15 - 30% if
n0 fluorine is present to begin wi+h, Increasing ie fluorine concentration
from 0.1 M to C.35 M further increases the C/} reading but rot linearly (only
about 10% average increase). Heavier elements such as aluminum and magnesium
have a lesser affect on CAW C/M readings. Fortunately, many lecuplex streams

which could benefit by neutron monitors (as a substltute for latorator:

analysis) have a constant purity level (e.g., the CCW, organiec siripping
column effluent),

Purity level in powders is a variable, but the effect of the variable is
differert from that encountered with solutions. or powders, the Pu concenirition
varies wideiy .:ith the rota? weight of material beinz counted. Stiraight }"uFl
powder, for example, is 757 Pu, whereas scrap: gs Tram one of the hoods may
contain cnly 9.1% ru. In sclutions, the ratic of Fu to total we_zht is alnost
constant for any one type of s0lution

‘s and even between different type solutions
the ratio is small and varies only a few percer:t,

In pure PuFL with the Pu surrownded by the light elemant f! :orine the number of
ionizations resulting from 9§, n reactions is large compared to the ionizations
resulting from spontaneous emissions. In powders containing mix-uraes of

i ange), for exanple, the

chances of an g ,n reaction are limited and the net re~vit is more ionizations

from spontanecous enizsions than fram d , reactions., }servation of Curve IT
shows this effect. If the ratio or tatal powder "eizht to monitored Pu value
{"fail-safe” value) is less than one, adout 80% o: tim C/M reading is due to

9 ,n reactions and 20% due to spontaneous emissions. If the weight /monitored

value is 5, about 7% of the C/M iz due %o spontaneous emissions and 33% to
9 ,2 reactions,

Moderation ang geometry between probe and sample ca  range the J/M reading.

& liter of posder in a gallon container vill give a .cer /M reading than the
same powder in a Guare cortainer, Both geamet:y and acderation play a part in
creating thiz differe-ce. Uniformit: of Tamnle geomeiry minimises this effect.
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Too much moderatior can give false reaaings since many o ,n induced jionizations
zou"d ba e imirated unles: {az po:-tulated under discu:sion on "Ejuipment')
sufticient gamma energy vas presen’t to Mactivate' tne 49 ,n reactions. Reduction
in moderation between probe and sampie minimizes the gamma effect.

Future Work

The work discussed in this report has been of an exploratory nature and more
develspment work is required to substantiate results found thus far.

Definite plans for future experiments with the neutron counter in Recuplex are
enumerated below:

l. An experimental probe will be placed in the D-~10 slurry tank. A special

stainless steel thimble will be made that will be surrounded by at least

3 inches of solution. Only one probe will be used. Slurry solutions of
krown composition will be placed in D-10 to calibrats the instrument.
laler, neutron counter readings will be compared with actusl laboratory
samples. If this experiment proves successful, probes will be placed in
the other slurry tank D-11, the 3C accountability tanks, D=2 and D=7, and
in a special bunilt tank between the He3 column and the K-~1 and K~2 tanks
which will monitor the Hecuplex organic streams. It is hoped that the
probes in D~10 and D=11 will take the place of analytical samples. The
D=8 and D=9 readings will be used for a critical mass control and the
probe between H-3 and K-1, K=2, should serve both as a criticality control
and as a substitute for analytical samples.

2. Supernates fram Task I will be monitored by an in-line neutron counter.
This instrument will be set up in Task I along with an alpha counter
(already under test) for comparison studies.

3. Further experiments using the present test set-up (chambers as in Figure II
and Figure ITI) will be made. Higher Pu concentrations of CCP solutions
will be tested Lo evaluate the feasibility of substituting a neutron counter
for the present gamma absorptometer.

Other items that should be investigated are:

l. The ability of the neutron counter to replace the presant system of determinin

the Pu in all dry solids.

2. The effect of spiking the neutron chamber with an impurity such as an

aluminum fluoride complex. A procedure such as this may minimize the
effect of impurities,

3. Further background and moderation studies should be made.
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TABLE 11

Equipment: Chamber for counting samples as in Figure II.
Samples: Contained in 3/a-mch, 1li-inch long stainless steel tubes.

Volume of samples - 75 cco

Solutions: (a) Recuplex organic spiked with Pu.

(b) Synthetic low concentration CCP.

SQLUTION Pu_(g/1) BACKGROUND (C/M) TOTAL C/X  SAMPLE G/
15% TBP - 857 CC1, 0,08 27 (@) 51, 27
15% TBP - 85% CClh 0.1 36 75 39
157 TBP - 85% CClh 0.5 36 210 174
15% TBP - 85% CC1,, 1.0 277 (®) 637 360
100% CClh 1.0 277 700 423
cep 10.0 600 () 4250 3750
ccp 20.0 600 8300 7700

NOTES: ( ) Scale was O - 300
(b) Scale was 0 -~ 1500

{¢) Scale was 0 - 10,000

= DECLASSIFED
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TABLE III

NEUTRON MONITORING OF RSCUPLEX SC FILTAATE SAMPLES

Equipment: Chamber as in Figure I.

Samples: 10 =« 25 cce of sample in pol-thene bottles.

3olutions are actual samples of Recuplex filtrate solutions.

Standard: 25 cc. of & l.44 g/1 3C filtrate solution.

1at. Besult (g/1) Mopitor Resylt (g/1) (a)
0.298 0.25
04400 | 042
0.368 0.31
0.526 0.53
Lokl 1.4 (®)

NOTES: (a) All samples were corrected for background and size of
sample.

(b) Standard 1.44 g/1 SC filtrate solution.

== JHLS
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TALE IV
NEUTRON MOMITORING JF_TASK I SUPERNATE SAMPLES
Equipment: New chamber as in Figure III.
Samples: 10 cc. samples in polythene bottles.
Standard: 25 cc. of a l.44 g/1 SC filtrate solution.
.
Lab, Result (g/1) (8) Monitor Resylt {g/i)

0.28 0,35

0.13 0.2%

0.18 0.37

Q.34 051

0.28 Oel2

0.27 (.12

034 Ceb2

D17 033

G.31 . Cell

144 (®) Lo,

NOTES: (a) All samples were corrected for volume and background;
however, background deviation was small.

(b) Standard l.44 g/l SC filtrate solubion.
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STIMA | R QLIDS AS
-r» « -
800 .
/ |
‘z
5
500 §
400

300 4 /

4
1
100 \ P
// ' | !
[3
1 i {
al ; E
:
Q i \
o 200 200 SO0Q 800 0O 1200

(Based on C/M as compared
C/M of pure pivtanium)

% Parameters are +otal weight of solids inqrams
divided by the moniisred Puidgroms.
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