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Ih-LINE MEASUREMENT OF PLUTONIUM AND AMERICIUM IN

T. K. Li
University of California

Los Almos National Laboratory
Los Al~os, NM 87545

MIxED SDLUTIONS*

ABSTAACT

A solution assay instruw!t (SAI) hts been
developed at the Los Alwnos Ndtiondl L~bor~tory
and installed in the plutonium purtfic~tton Md
dnwicim recovery process drea in the Los Almnos
Plutonium Processing Facility. The instrunt
is designed for tccur~te, timely, Md simultane-
ous nondestructive bn~lysis of plutonium Md
afRrlciwn In process solutlons that hsve a wide
r~ge of concentrations and Am/Pu ratios. For &
25-mL s~lc, the assay prscision is <1%, both
for plutonium and for mriclum ;,dving concentr~.
tions >S g/L wlthln a 20WS count tine,

INTAOCUJCTION

Ouring the pist seversl years, the Plutonium
Processing Ficili;y at the Los Alanos Nttlmal
Laboratory hts prepard ccrmic-grade plutonium
dloxidc in production QuMtitle$ by purifying im-
pure plutonlun wthl to plutonim oxide.1
Large ~u4ntit!@S of Mericium end other impuri.
tiW are remved fr~ the nlut~ni~ t~ ~roXi~
filtrctcs in this praess. Becauta of tho ln-
crus!ng demand for the use of umricim In oil.

*II ]Ogging inStr~fItS and othur uses, routine
OpbrtticnS to recover the ~rlci~ have been da.
veloped and inplmnted.2 Figure 1 shavs par-
tial flow d~agrms for @ plutonium purtflcation
procass based on se}ect~ve ?-ec\p!tatlon and an
americium recovery and purification process based
on ton exchengc Md onalate precipitation.

The solutions generated frm the plutonium
purtftctttm bnd mrictm recovery Processas
have a wide range of total (pluton~um Snd bmr-
iclwn) concentrations md Am/Pu rsttot: for 80-
lutlOnS generated fr~ the plutonium purlftcatton
process, th~ tottl concentrations rmge fran 0.1
to 5~ g/L Md the Am/Pu ratios vary frun a few
ptrts per mtllt~ to ]0; for ~olut~on~ eMr,t~

11frm the Uwricium rwowery process, t e totdl
Ctmcentrationl ren e frm 0.1 to 50 g/L Md tht

!Am/Pu rbtfos vtry r~O.5 to 100.

It 1$ t ortmt to both g;ecidl nuclear MS.
7’tcri~l contro end protets ccntrol to determtn~

m !5 @rk wts perror~ w*r t~ ~uspice~ of
the US Departmentof Energy,

the plutonium and mericim content of these so-
lutions accurately end rapidly. The assby pro.
cedure needs to be M SiMple bs possible for rou-
tine Operdtion by process technicians, An in-
line solution assay instrwnent (W) that satis-
fies these criteria has been !lesign@d at Los
Alamos and installed in the plutonium purifica-
tion bnd -rlciun recove~y process areb in the
Los AIJMOS Plutonium Praessin9 Facility, Solu-
tim t~es, with totbl Cacentration end A IPU
rbtiOS, are shmn at the ~] IIWbSUMIWIIt pOiIItS
in Fig. 1.

MEAS’JREMENT METHO

Thd 5A] is based upon high-resolution gbnsna-
ray messuruments. Becbuse the plutoniun in the
purification process is of known isotopic com-
position, the total plutoniun concmtrbtion of
the solutions cbn be det rmined b
413.7-ktV gbmnb rtys frm $39Pu. {he%:ic%
cnt:ellt”ation ~s determi~iedby b @ighted bvera

$!4;
based on the measured intensities of the 3 -
kev (after remval of the contribution from
bt 375 keV) end 419-keV gmnb rbys frun 241Am!
The recson for not u*in9 high-intensity lou-
energy gemb rhys (for WA

T
lQ, 125 kev, 129 kcV)

is becbuse the correction bctors bnd uncertain-
ties bec~ very lbrge; the trbnsmisslon of iw.
enwr

P
gmIS rbys decrebses drmtically M the

toth Cmcentrbtion
!hY$Hbp~prj~j~w~~~~r

f~5j}f$fi~at&t% the sc,uttonsb,com very
hi h, tht Cmpto,

O1
c~ttnuuo fram the tntense

~,e-keV gmt ray Mbkw th~ lower efidrgy unusb-
. To mbnimizo the SA1’s sensittvlty bnd pre-

Ci8iOn bt both 10U Md hi9h Concentrbtims for
such high rdtios, b 0,76-~thick twigsten filter
wbs instbl led in fret of the detector, The
filtm reduces the low energy portim of the

!
ma-ray Spectrm Qnd provides 4d@qubte rsduc-
ion of tht 416-kek sw pebk thbt results fr~

$3#PY’$!s ‘%ei~?~X:~
pileup of the 20B-km’
with the 413,7-keV
Si~ correction ts mbh by counting g~b ra s

[mitted frm bn eaternbl transmission tourc~ a
?&g nick~l-plbted plutoni~ metal disk) thr’w h
the sbmple, !Corrections for rtte-relbted co~m -
tng IOSSCS bS b rMUlt Of debftt ’,W bnd PilC-Up

are Mdm by cou itins the 88-keV S-O rbys



amltted frm a l~Cd source attached directly to
the detector housing.

The gaivna-ray net peak areas are calculated
by using a straight-line back round subtraction

fmethod. Both the 413.7- and 19-keV gwmna rays
are clean single peaks, while thp 376.6-keV ganmm
rays are part of an unresolved doublet that in-
cludes the contributlom from 23gPu at 375 keV.
The mnerlclum content determined frcsn the un-
resolved doublet can be expressed as follows:

1 1Am(9) -*; -+@39Pu(9) ,

drere

1(375), 1(376.6) ■ sp~cific activity of
375-, 376.6-keV gamma rays, respectively, (in
Yig/s)*

1 . 1(375) + 1(376.6),

R = count rate of (375 ● 376.6) unresolved
peak (In counts/s) with the corrections of trans-
mission and rate-r?lated counting losses,

239PU . 239PU content (in g) in the sample
as determined by the intensity of 413.7 kcV,

K ● calibration constant (in counts/G/s),

and

w~m1375 “ 239pu(g) +~x 241 Am(g),

lhe SAI hardware, software, and
dure have been described @lS@Iere.

ysy~;~;:

the W consists of a mnplt chamber, a gmtanium
rmector and assoctatod .l@ctronlcs, a NOVA 2
(i!aK of 16-bit mnmry) minicomput~r-based mult-
ichannel analyztr with a digitally ttsbilized 4K
analo -to-di ltal convWt@r, a dual magn9tic-tOe
cass,!te un,!, andattrminal. lhes~lech=
bcr hous~s a polystyrwt sample bottlt snd 4 ro-
tating tungsten shutter. The s~lo bottle ts a
right circular cylindrr (10 cnw by 4 cm) with
a msximum solution volunw of 40ml. For routine
a$scys, 25-mL solutiw s~les are dram through
clean calibrated Outomatic pipett~s by process
techn!clans, The shut,tnr is locatod above the
sam 1 tottl and { pnaumntically oporatod under
c~uler control: tt. transmission SOWCP i, ~en.
tered on one s~o~ of the shutter. The gwmnium
detector, tiich has a rmolution of 1.S5 kev Qt
413.7 keV, is located outside the glov?bom, di-
rectly I#Ider the swld bottle, No modifications
M?C necotwry to the 4,75--thick stcinlass
ste~l qlovoboa flwr.

An automatic datrn-arquiultlon-Md-@41ysis
Progrm uritton in int?.acttve MSIC languaqa
oivts timple instructions for the antsy procodure
and ams the Oporotor to re8pond to di.playad

questions by entsring numerical codes at the
terminal.

The assay protedure includes a background
run, a transmission-source run, a transmisslon-
source-plus-ssmple run, and a sample-only run.
The backgromi run and the transmission-source
rim are required once a day; the data are stored
in the c~uter. The transmission-source-plus-
sample ruy and the SMIPIGWly rwi are performd
for ●ach semplc; the system autunatically cmn-
blnes the resultlng data with the stored back-
growd rnd transmission-smrce data for calculat-
ing the final assay results. The data collection
times for the conccmtrated solutions rere 1000-s
(5CD-S each for the transmissi~n-plus-sample run
mld for the smple-onl,y run). For low-concentra-
tion solutions, the data collection times were
20CH3-S (lW-s for the transmission-plus-sample
rtm UId 1903-s for the SSMple-OnlY run).

RESULTS AND DISCUSSION

The instrnnt was calibrated with solution
standards prepared bj the Analytical Chemistry
Laboratory at Los Alsmos. Six plutonium stan-
dards, having cmrentrations ranging frcm 0.45
to 261

!
Pu/L, @re used for the original pluto-

nim ca ibrati
Plutanlum assa~ ‘he ‘~ic’l Precision of thewas <0. 5% for concentrations
>30 g Pu/L within a 10WS count time and ’41 at
0.5 Pu/L within a 200-s count time.

‘1
Four

am clun standards, hcving concentrations rang-
ing frm 0.1 to 4.5 gAm/L, were used for smerlc-
iun calibration, The precision of the awriciun
analysis was <1X for concentrations wl,5 g Am/L
atd ‘4$at 0.3 g AmlL withtn d 2000-s count ~ime.

The perforwncc of th 5A] In assayin plu-
tonim wocess solut,ons~ has bten ava!uated
by cmparing results fran its analyses with re-
sults frm chmlcal enalyses (photometric titra-
tion). The res~lts agrmd very till for pluto-
nlun solutions that wmre free of p~rticulate
rotter.

The SAl eccuracy for stnwltaneous analysis
of ~riciun md ~lutoniwm in m~xod solutions
fran praess samples is tested by comparing the
$AI results with those of radloanalysis. Radto-
enslysis, drtch is routinely used for analyzing
process smples, determines (1) plutoniwn content
by alpha counttng ifter the plutonium is ea-
tractti with 2-th no 1 trifluoroacetone and (2)
~rici~ c~t@nt~ ‘y ~h~g~~~ti;~u~~ti!d!y~
activity ebove 32 keV,
the rtiioanclysis fs ‘1 to 5% for @nericium and
-5 to 10%for plutontun, Preliminary results for
15 prams ssmples are smsartzed in Table 1.
The radioanalysls results W thetr associated
uncertainties m the smns and man deviations
of t- Htsuraments, respqcttvely, Although the
plutonium concontratlons tire rolativcly 1-
(<1.2 gPu/L) and Am/Pu rattos uere relatively
hi h (frm O,tl to 34.9) the avcrh~ relattve

!dl ference between the SA] md radloandlysls re-
sults was 0.21#, uhtch indicates that there is
nO Significant bias between tha, However, an
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TABLE I

CWARISON OF SAI RESULTS HITH RAD1OANALYSIS RESULTS FOR SIMULTANEOUS
AMERICIUM AND PLUTONIUM MEASUREMENTS

Am Concentration (g/L)
@ SAI A%b

0.90* 0.0? 0.86 ● 0.02 -4.4

0.41 0.39 ● 0.02 -4.9

3.10 ● 0.07 3.06 ● 0.03 -1.3

5.15 4.07 ● 0.05 -5.4

3.10 2.68 ● 0.03 -13.6

1.56 ● 0.06 1.54 ● !3.02 -1.3

2.39 2.20 ● 0.03 -7.9

3.95 3.87 ● 0.04 -2.0

1.90* 0.07 1.85 * 0.02 -2.6

2.36 2.39 * 0.04 1.3

3.81 3.73 ● 0.04 -2.1

4.41 4.10 ~ 0.04 -7.0

3.43 fi 0.04 3.35 ● 0,04 -2.3

3.25 3.~ ● 0,03 -7.7

0,049 0.044 ● 0.01 -10.2

PuCacentration (g/L)

RAo SAI h%
o.~ ● 0.02 0,92 ● 0,04” 4,6

0.09B*0.W 0.116 *0.D4 18.4

0.60 0.55 ● 0.07

0.97 ● 0.02 0.09 ● 0.09

0.83 ● 0.D4 0.90 ● o.@7

0.06P * 0.02 0.053 ● 0.05

0.99 ● o.94 1.14 * 0.06

1.02 *0.05 1.03 * 0.06

0.057 ● o.a!2 0.053 ● O.osa

0,s7 ● 0.02 0,80 ● 0.07

1.15 ● 0.05 0.93 ● 0.DB

0.91 ● 0.04 0.70 ● O.OB

0.54 ● 0.02 0,535 ● 0.076

0.66 ● 0.01 0,59 ● O,O;

0.060 ● C.ol 6.079 A 0.035

aRadioanalysis r~sult$ and their associated uncortaintio$ tr~ rcm~sonted bv
.devihtioni, respectively, of two measurements, Mean deviationi”ci~ aii-n~t

‘5S negative bias was obtained between SAl and
Fadioanclysis results for amriciun concentra.
tions, The poslible explanation for the higher

~:d]~!~’~~s~~~;~u~t~e~Y be Que to CMt.tht,~n
i~ ‘::’~bfl{:ht::::;mmnl associated “with 2 Am

fresu ts for mmrlciwn frm radioanalysis, the
uranium needs to be separated fran the morlcium,
lnvesli~at!m is now under WOY to compare the
radioanalysis results obtained after the uranium
ts rammed,

ACKNWLLOGMINT

The autho! wishes to thank T. 01.?,, L,
Padella, H, Rmtsey, M, Haas, and all ?erlOnnel
involved with the Los Alamos marit~’~ recovery
proc~ss, Much of this work uouli oe Inposstble
without their asslstadce and cboperatlon.

REFERLNCE

1, L, H, ReesQ, G. L, Taylor, and M. Haas,
“Preparati~ of Cermfc Grade Plutontw Di-

2.

3.

4,

oaide for the Fast
Arnrican Chemical
Texas, March 24-30,

-4.4

-8.3

8.4

-22.1

15.2

1.0

-7.0

19.4

-19.1

-23.1

-0.9

-10.6

31.7

Aml} J

T5-

3.4

4.7

5,5

3.0

29,1

1.9

3.B

34.9

3m13

4.G

5.9

6.3

5.1

006

the means and mean
listed in the table,

FluII Test Facility,” 179th
s~~:;ty M@etlng, Houston,

.

P. D. R$mey, D. G. Clifton, S. U. Hayter,
~~A~fp~~man, and E. L. Christensen “Stat-

Am Recovery ana Purifica~ion at
the Los Alamos National Laboratory,” S p,

i’”on Industrial Scale-Prcductlon-Separat on-
Hecovery of Transplutonim Elmnts, Second
Chml~al Congress of the North Anmrican Con-
.iIWnt, Las VegaS, Nevada, Argust 24.30,
1960,

T. K. Lf, “Automated in-ltne Measurement of
Pluton~un Solution$ tII tha FFTF ‘ ‘onium
Purificat~on Prmess,” to bc pub 1 in
Nucl. Technol,

Joseph Bubernak, M. S. Law, and G, k, Mat-
lack, “Owtermlnation of Anwiciun in Pluto-
~~~wb~GmCountlng, “Anal, Cham,30, 1759



PLUTONIUMPURIFICATIONPROCESE

IMPunsP“OXID[

+

DISSOLUTION

I
Pu MROMIOI CAKt

A hEDlWOLU710N QPILYRAT[
0.1- 1 ,/L

AI#u-01-\O

PMOMALAT[CAR[

6CALCIMATION

PumPl[O PmOKIOC

I
I
I
I
I

;
I
I
I

I
I
I
I

I
I

ToPmnccovlnv

I

I
I
I

I
I
I
I

AMERICIUM PUI?JFICATION PROCEEE

25
FILTqAllON, WASH

& 01S80LUTION

NITRATE
1.10@r

AmPu -1.10

●

I
I
I
I
I
I

i
Toh nlcovEnY

I
I

oILUA7Q
>1OQN

AWPU -104 .10.2

Toh nl-cmnv

Ftg. 1, F1- ditgran of the plutontum purification process and the Mnwicium
recov~ry end purification process. Solutiun t~es, with total (P Iu-

tonium and anwricium) concentrations and Am/Pu rattot, are shoun it
the SAl mmurenmnt points.


