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Abstract

A K-absorption-edge plutonium solution den-
sitometer has been developed by the Los Alamos
Scientifjc Laboratory for in-line test and eval-
uvation in the process line at the Savannah River
Plant. The design features of the measurement
system, the measurement principles, and perfor-
nance data are presented.

1. Introduction

The K-edge Pu solution densitometer for in-
line test and evaluacion at the Savannah River
Plant (SRP) has been fabricated and is undergoing
final testing at LASL. The instrument is to be
used 1in a cooperative test ard evalvation exer-
vise by LASL, SRP, and DOE and 1is scheduled for
shipment to SRP during Aprjl, 1980. It will first
be install d off-line for preliminary testing
before receiving approval from SRP for full in-
line ins-.allation. The eventual assay task
involves the meas:rement of the total Pu concen-
tration in the precipitator feed aolution while
it resides 1in the cation exchange holding tanks
~f {he product line at SRP.

2. Measurement Principles

The assay instrument employs the technique
of K-edge absorption densitometry, which messures
the total concentration of an individual element
in a sample of well-defined geometry. The Pu con-
centration assa” by the SRP densitometer involves
the use of radicactive sourcen of 75Se and 57Co
which provide gamma rays of energies 121.1 and
122.1 keV, respectively. These Ramm. rays pasa
through a eample cel: containing the Pu solution,
facilitating the measurement of th: differential
transmission of photons across the 121.B8-keV Pu
K abjorption edge. The fraction (T) of the inci-
dent photon intensities at 121.1 and 122,1 keV
which are transmittad by the sample material are
dnterygned by mparinon of theae sample mpectran
with /“Se and Co spectra acquired previously
during a regular measurament control run with an
smpty cell. From the photon tranamission above
the Pu K adge (T ) and below the K edge (Ty),
the Pu concnntrntinn in tha sample asolution ia
given by kIn(T/Ty), wiere k ie a matrix-indepen-
dent calibration conatent datermined by the pho-
ton abaorption charscteriatica of Pu and the
Raomstrical features of the sample cell.

Tha iaotopic composition of tha asmple ma-
tarial can be inferred from pasaive gamma-ray
counting of the solution through an snlargad
collimator. The moat useful gRamma-ray anerpy
renfe for this densitometer ia limited to he-
tveen 60 and 300 eV by detectar efficiency and
window thickneasea in the instrument. In thim

and L.B. Baker

energv range it is poesible to cobtain relative
weight ger cent ratios for 238Py/239%y ang
241py/239Py by measurement of the raclos of the
areas of the following pamma-ray peaks (aftcr
correction for sample self-absorption):

153 keV/129 keV and 148 keV/129 keV, respectively.
The total solution isotopic compcsition is then
determined by first pestulating the 23%u wergiit
per cent and using isotopi: correlations to sh-
tain the 240py and the 242py weight fraciions.
Then all of the isotopic wright per cents are
computed (including a re-comnutatlion of the *39Pu
fraction), subject to the conaistency nf the
result with the measured 238/239 and 241/239
ratios. This procedure 18 repeeted untll sonver-
gence is achieved. With the relatively nar-ow
range of isotopics to be encountered at SRP, this
method 1s expected to work quite well with very
few iteratior cycles.

3. Instrument Design

The radiouctive sources are positioned on a
wheel which shares a commen axle with a second,
collimator wheel and is driven bv a motorized
Geneva drive mechanism. Pu prncess solution is
pumped from one of the holding tanks into a stain-
189 steel transmission cell which is situated 1in-
side an extension uf the process cabinet contain-
ment barrier. A achematic illustration of the
complete in-line installation is shown in Figure
1, where the process holding tanks, solution

SAP DANKTORITIN
SCRLNATIC F TR S-LBN T-RAY ADORPTION-0D6I DORLITORITIS
0 T LEBARL STVER PLART

Fig. 1. Schematic of the in-line
inatallation cunfiguration fo>

the Pu solution dJdensitomater at
the Savannal River Plant.



plumbing, and measurement station are indicated,
The sample cell and its contcinment extension
are located between the sourcr and collimator
wheels, in a standard tiansmission geometry, All
cmaponents of the assay instrument except the
aample cell are located outside the proceas cabi-
net ccntainment for convenient acceesibility and
minimal ccnramination of the instrument. The use
of che K-edge technique peruits the use of sturdy
rentAainment Larrjera oelween the sample cell and
tha instrument, becsuse ¢f the emphasis on gamma
resdiation with adequete peneirability. A sketch
of the measnrement statiouw is shovn in Fipure 2,
where the pusition ¢f the ascerbly on a modified
panel o€ the procmse cahiner is depicted. The
antir2 structure uhown wiil be supported at a
helght of twe weters frem tno floor, on the
opecrdations side of the process cabZaet, thereby
allcwing adequaice iwad room for operaiions per-
sonnel. Puise-procesming ¢ ‘entrcnics, along with
the data uralvsis and display equipment, will be
located acrose frem the process cabinet.

The scurce and cellimetor wheels ave
desipnyd with a thivd posit.un Iin which the radi-
oactive scurces are rotuted behind shielding and
the detector vicws the semfile cell through an en-
larged collimatar. In this configuration, the
Inptrurent ¢an acgquire 8 apecttum of the gamma
rediation cemictted by tha sample solution itself.
From theae data, the insrtrurnent acrts out the
contribntlons tu rhe rpectrun from each Pu iso-
tope and infers the sciopic cemposition of the
pymple by the mathod described above.
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Fig., 2. Illuatratiun of the masaursment
stacjon far the in-line Pu aclution
denai -ometar at the Savennah Rivar
Plant. The machaniam for the movament

of the source and cnllimator wheeln
(ahown st the left) atraddles the pro-
cean cabinat extension mo that the aam-
ple call (inmide the procema cabinat
containmant) ie betwesn the tranamismion
aourcea and the detectur,

4, Software Design

All asssy sequences are fully automated and
are administered by an LSI-11 minicomputer, which
is an integral part of a Nuclear Data ND/660
Multichannel Analyzer System. The computer-based
nature of this NDA instrument facilitates both
the avtomatic checking of the system for gain
shifts, detector efficiency and resolution sta-
bility, and also the application of corrections
to the raw data for source decays and rate-rela-
ted losses in the electronics.

The densitometer is connected to the pro-
cess through a computer-controlled bypass solu-
tion plumbing system which permits the transport
of the solution to the assay cell from either
of the holding tanks or from ar outside source.
Furthermore, provision 1s made for draining of
the cell contents into an intermediate reservior
after assay to allow the pulling of a sample of
the assayed material for off-line chemical and/
or mass-spectrometric analysis. The reservior
contents are then routinely drained back to une
of the holding tanks after computer verification
that this last drain will not fnterrupt the flow
of the process.

For every assav sequence, a specific set of
valve aettings in the plumbing system is expec-
ted by the computer. Eight of the ten valves in
the plumbing circuit are solenoid valves and are
operated bv the computer in accordance with the
assay task requested. There are also two manual
valves which are set by the operator in choosing
from where the sample material will be obtained.
Provision is alsc made, through an electronic
interface betweeun the computer and the plumbing
circuit, for manual operation of all ten valves,
should the need arime. The computer reads the
stntus of all ten valves through the electronic
interface and checks the mettings for correct-
ness to ensure the proper transport of solution
through the system without interference with the
process opuration. At each step in an assay me-
quence, if an incorrcct valve metting is noted,
the computer advises the operator of the fault
snd will not proceed until the correct valve
configuration is achieved. A sample assay
sequence is given below:

EXAMPLE ASSAY SEQUENCE

1. Operator types in password to unluck the
kevhoards, and the computer returns with
s requeast fur the asaay option.

2. The operatnr types in sn amsay request.
The requext can be made i{n one typewritten
line, giving all the necesmary aamny par-
ametera, or in a "computer-questiom,
operator-anuwe:'' dialog.

3. The computer types inatructiona to the
nperator concerning ths required man:al
vulve asettings, basad upon the operator's
asany requeat.

4. The computer verifiea the operator’'s valve
settingu and then aets the automatic
valvea for ths amaay asample material
requaated.



S. The pump is turned on, and a "solution
flow' signal from a flowmeter jr.dicates
that the sample cell has filled.

6. Solution is circulated for a brief period
to charge the plumbing lines and sample
cell with fresh solution.

7. Solution flow 1s then stopped by closing
all automatic valves and turning off the
pump .

8. The assay of the static cell contents is
carried out.

9. After completion of the assay, the oper-
ator 1is called back to the computer termi-
nal, and the cell coantents are drained to
the intermediate reservior,

10. The operator is given the opportunity to
pull a sample of the assayed material for
off-1ine analysis,

11. After the sample is pulled, or if the
sample 18 refused, the reservior is drained
back to the process, and then all valves
are closed.

12. The computer keyboard is locked and the
machine is returned to an ''id.e' state,
awaiting a password entry to initiate the
procedure again.

In support of this assay sequence, certain
measurement control procedures are available.
Pirst, periodic msasurements are made of the un-
attenuated /5Se and 57Co spectra (i.e., crans-
mitted through an empty cell). These empty-cell
measurements are compared with previous ones to
check the stability of the densitometer geomctry
and calibration. The computer reminds the oper-
ator of the need for a rcpeat of these empty-
cell measurements when two or more days have
elapsed since the last such run,

Verification of the unattenuuted gamma-rayv
intensities is followed by a densitometry measur-
ement of a standard Pu foil which is permanently
installed in the densitometer. The foil can t:
pulled reproducibly into an assay position so
that its effective Pu concentration can be mea-
sured and compared with a previously-determined
value. The foil assay procadurc aerves as a con-
venient secondary calibration check betwean full-
scale caiibration runs. Failure of a given foil
asany to compare favorably with the atorad value
will reault fn the flsgging of all aubaequent
densitometry results as questionable because of
failure of this measursment control test, This
labeling of the results will continue until the
foil tast is repssted and paseed succeasfully,

The densitometer softwara package has been
vwritten to raqnire minimal oparator interaction
and to facilitate reliabls operation of the in-
dtrument with negligible parturbation of the
proceas achaduie and maximum phyaical and yadia-
tion aafety for plant end operationm personnel,.
This ‘a accomplished by programming the automatic
application of a variaty of diagnostic teatas, the
claar counssling of tha oparatoyv if any of these
tests in failed and action is requirad, and the
execution of the aseay if the outcome of all of
thase tests ia poaitive., Thim sxtra measure of
human enginsaring expanded to accompliah thase
Roals constitutea the major componant of the
design afforta for this in-line inatrument.

5, Preliminary Test Results

Test assays at LASL of the standard Pu foil
over extended periods cf time have demonstrated
the overall stability of the instrument. Fcil
assay test data are shown in Figure 3, where the
0.3% instrumen: orecision shown was achieved in
assay count times on the crder of 30-40 minutes.
In ¥igure 4 we show some densitometry results
on test cells of Pu solution at LASL. Each data
point represents an average of several runs c-
samples st the solution concentrations indicated,
and thus reflect uigher precision than routinely
achieved in one measurcmesit. For a single densi-
tometry assay lasting 30-40 minuces, precisions
on the order of 0.57 or better can be achieved.
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Fig 3, Fluctuation in effective Pu concen-
tration measured for a (mecondarv)
standard Pu foil installed in the
densitome*er,
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Yig, 4, Dinsttometry results on mtandard
scintiona during pre-ashipment
cesta at LASL, The concentrationa
nged in these teat ru:n apan the
range of Pu concentrationa to be
enc.untoved ar SRP,



[It should be noted that, for a given set of
counting times, tetter precision is obtainec in
a foll assay than in a solution assay. This is a
result of the lower solution assay count rates
caused by the added gamma-ray attenuation by the
soluticn.]

Final isotopics calibration of the instru-
ment must be performed on SRP solution samples
to establish the proper isotopic correlatiuns,
However, preliminary isotopics calibration tests
at LASL show approximatelg a 15 X precision on
the measurement of the 23B8Pu/239py wright ratio
and apgroximately 2 % precision on the
241py/239py ratio in 20-minute passive counts on
weapons grade samples. These data indicate that
we can expect to be able to specify the 240p,,
weight fraction in assay samples with approxima-
tely a 3 X precision in the same counting time.

6. Conclusion

Pre-gshipment tests of the densitometer at
LASL have demonstrated the overall soundners of
the hardware designs, the atability of the assay
results, and the thcroughness and reliability of
the computer software. After shipment to SRP,
the instrument will first be installed on a
designated glove box in the SRP analytical laho-
ratory area, where all possible operutional
modes of the system and its interaction with the
process through the plumbing system will be test-
ed and where operations personnel will receive
preliminary training in its use. In-line instal-
lation 18 tentatively scheduled for late FY 1980,
after completion of all off-line tests.
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