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ASSAY OF LW-LEVEL PLuTONIW EFFLuENTS*

S. -T. Hsue, Faye Hsue, and O. F. Bowwsox
University of California

Los Almos National Laboratory
Los Almos, NM f17545

ABSTRACT

In the plutonlum recovery section at tlw Los
Alamos National Laboratory, an effluent solution
is generated that contt~ns Icm plutonim concen-
traticm @d relatively htgh mriciun concentra-
tion. Nondestructive assay of this SOluttOn is
demonstrated by measuring the passive L x rays
follwing alpha decay. Preliminary results tndi-
cate that an average deviation of 30. between L
m-rty and 81PM COuntlnQ CM be achieved fOr Plu-
tontun cmcentrations above 10 q/L #Id AmlPu
ratios of Up to 3; for plutontum concentrations
less than 10 w/L, the avertge deviation ts 40t.
lhe sensltikity of the L u-r-y assay ts ‘1 mg
pu/L.

INTRODUCTION

In the Plutonim facillty tt the Los Alemos
Natlonol L#hor#tory, tm U-ocesses we mloyed
t,o recover or purify scrap plutonl~: the loan
residue prncess Md the dissolver SOlutlOn ion

exchange prows. The typical ?ffluent Solutlon
generated frm tne8c Proccssel cmtttns lm plu-
to~!um roncmtratlon (cl(Xl qiL) end relatively
hign amr~clm concentrttton iAm/Pu c 20). 5e-
cwse this waste solution ts gt?ntrated tn qum-
tity, it is tqmrtwt frm tlw procms cmtrol
point of VWWI, u well M for W.gwdt, to have
timely MS*YSof the plutonlm coatent. Ch?mical
~nclys~s is too time-conmmtng:
tractlnq the Plutontua frm M. ‘tS’’c’t’S gi
wo*urtn9 the pluton~m contmt tIy alpha spec-
trometry,

mit Wh “ r’ ‘“ tinder the WSPIC08 of
tho US O&IMw&n of”fnergy,

Solutions the alpha activity fran americium domi-
nates, accounting for 80$ or mre 5f the t]pha
siqnal. be possible solution i% the USQ of L
x rays following the alpha decay. Because the L
x rtys frm thp decay of plutonium and eme,-iclum
are different in ●nergy, in princiPl@ thty can
be separated.

Figure 1 depicts m L m-ray spectrm frm a
plutonim~mrici~ mixed solution with an AmiPu
ratio of -2000 ppn. The spectrwn frm an amerlc-
iwn foii is also show In Fi9, 1. The plutonim
and americium emit urmium and neptunium # rays,
respectively, following the alpha decay, The
uranium i7.22-keV L-al n ray, as -11 as the
?O.17-keV L-T1 1 rcy, cdn be uSed to ImIltor
the plutonlum Concmtration, A Si(Li) detector
having a rosoluttcm of 20? eV at 5.9 keV was
used. (Note that x rays generated frm fluw@s-
cence do not have men ●ffect because they are
plutonim or wricim L x rays end are energy.
separated frm the uranim @M neptuni~ x rays
UW in the mawr~nt.)

In mve)optnq the passtve L m-ray technique
mto a au~titatlve assay of the Icm- level pluto-
ntm solutions t- technical Problems were en-
comtered: (a) ~~le s~lf-attenuation and (b)
americium Subtraction,

At low enerqies (here, 17 to 20 keV) and
plutomim ccmcmtratlons c1 g/L, tne smle self-
attenuatlon is dominated by the matrln concentra-
tion. By choostng a relatively thin SuIple
(O.S Cm), the effect due to Ntrln vartat\cm it
mtnimlzed. At 18keV, the correction factor (CF)
as a result of sample self-attenuat~on var\es
frm CF ● 1.245 to Cf ● 1.262, a change of 43:
hen the nttrlc actd normlity vartes frrm 2 to
? N, respectively. Because the rqu\red accuracy
for this ●ffluent 801ut10n 1s ‘20:, the Self-
attenuatton variation ts negl19ible, B

Tne mertctm subtracttcn ts mre compli-
cated. Al 17.22 md 20.1? keV, the mador peaks
are thg urmlm 1s1 end LT x rays, but theru are

\also contrlbuttons frm t e neptunim 1 n rays
fo11~tn9 the mrtcim Way. mm the Aml”u
ratio ts 81 the neptunfsm L R rays can contri-
bute a stgnlftcrnt portion of the 17,2?- md
20.l?-keV peek area8. Thsneptuntum contribution



TABLE I

~pECIFIC ACTIVITIES OF RAD]OISfjTOpES

Uwl?s

238pu

239PU

24L)P“

241PU

242PU

241Am

Alpha Specific
Activity
(a/s-g)

6.33 X 1011

2.30 x 109

8.34 x 109

9.15 x 107

1,45 a 10*

1,27 X 1011

Major y-ray Activities
Y Energy Actlvlty

J.!Q9-

43.5

152.8

52,6

129.3
375mo

413,7

45.2

160.4

148.6

--.

26.3

J.lMLL

2,5x 1#

6.4 X 106

6.2 X 105

1.4 x 105

3.6 X 104

3.5 x 104

3.8 x 106

3.5 x 104

7.3 x 106

-..

3.1 x 109

L X-Ray
Activitya

w

7.21 X 1010

1.06 x 108

8.42 X 108

---

1.23 X 107

4.6 x 1010

59.5

208.0

4.5 x 1010

1.0 x 106

aTabulated Is the totar-rav irtensltyi The L x-ray Yield
per alpha deciy 1s obtained f;un Ref. 2:

. .

to the 17,22-keV peak fs determln~d by the nep.
tunium LB] ak at 17.75 keV; the contribution
to the 20.lflkoV peak is detormtnod by the ncp-
tunim LT1 /eak at 20.78 kcV. The re]~tive
efficiency o the detector (including the relt-
t~ve s~le self-tttenuction) is determined by
tho Mptunium Ls1-, Ls -
ties.

+ , &nd Lv+ -line lntensl-
The system deadt w and p leup correction

dettrmtned by the 5,9.keV line emitted by a
~$e sou?ce vtmd by the detector.

.IIinvestig~te the plutonim ~~say by mefins
of the L x rays, w Vepar.d a set of Stmdard
solutions contclnin~ 10 to 2Wmg/L of plutontm
with Am/Pu rattos rrngfng from 6W ppm to 0,15.
The solutions, wtth thofr pltmnim md mrtctm
concentrattonm known to 1% we doubly contatned
tn g~l~ viols. Ftguro ~ shows tho g~le vt-
als, tht maple holder abova the St(Lt) detector,
md th, %hIeldtng housing. lh~ results of runs
Mde with tht8 W of solutions are shan fn
ftqo 3. Ihe results Indtcate that the plutonfm
CMCOWtt~OM cm be detwmhted to 21 for thts
sat of uell-characterlzd solutions.

[ffluent 8olutlons wra dreun frm ectual
processes in the plutonium recovery sectton, and
mefisurmts wre mede with the L x-rsy detector.
Ouplfcate s~les ~re sent for chemtcal antly-

Sis, which wcs performed approximately I day
Ister; two t~les of chemical analysis were r@-
qu@St@d, The first type includes pluto~ium ex.
trcction,’ evhperhtion of plutonium solution
on to M disk, and #lpha counting, The ~riclum
concentration Sf the original solution is deter-
mined by intellral counting of the signal abov~
30 keV. The claimed precision of the plutonlum
concentrattw determination ts -10’-, The second
type of chemical an~~ysis rtquested is isotopic
dilution mtss lpectr~try (1OMS), tiich has bet-
ter prectston f~pared to alpha counttng but re-
quire% bVW 4ntlM~S th. Becbuse we have not
~t roceivod the results from the INS analysis,
the L a-ray Fesults we c~cred wtth the alpha
counting; the ctmporison therefore should be con-
sidered preliminary.

The L x-ray assay prectsion is domfntted by
the -ricl~ subtraction (therefore the Am/Pm
ratio), and to a lesser degree, by tho plutonlm
ccmcentratton. Ftgure 4 sh~s the percent devlt-
tton M a ftmctton of t~ plutonim concentration
and also as a functbn of the Am/Pm ratto, For
plutonl~ concgntrtti~s tlO~/L, th? average
devtatfat is 429; for plutonim concentrstlc’s
dOng/L, the overt

r
deviation Is 30%. In each

Cese tho dwiatta! s gredter than that obtbinad
for the standard soluttons. The posstble reascms



for the larger devl~tions are: (1) Isotopic var-
iations between s~les, (2) higher Am/Pu ratio
thsn In the standara solutions. md (3) post-
precfpitation cf pluton;’a fran the solutions.
These causes are being lnb’estigated. An advan-
tage of the L x-ray system Is that by monitoring
the 26.3- and 59.5-keV g--ray peaks, the ~r-
Ictw ccnr~tratlon in the solution (frm 0.01
to 10mg/L) cen be determined accurately to a f-
percent. In conclusion, the L u-ray system can
provfda a tf~ly “go/n*go” naasurement for de-
ciding tiether to recover the plutonium or send
the solutlm to acid ●vaporatlom. As shm in
Fig. 5, both the L x-ray and alpha coun?.lng ar-
rived at the S- cmcluslom for the 13 s~les
c~arad. The sar,sltlvlty of the L x-ray system
ls-l qPu/L.
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L XRAY SPECTRUM (11-23 keV)
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Fig. 1. L s-ray smtrm frm plutmim imd ericiw betmm 11 and 23 keV.
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Fig. 3. Percemt &viation bet@en L ~-ray cwnting and chemical analysis for a set of standard
Solutimls.
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Flq. 4. C~cri son botw~n L n-ray and alpha counting (1) as Q functim of plutonium
Concoltrltfonsnd (2) as a functionof Am/Pu rttlos.
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Ffg. 5. Plutmfm Cawentratim by L x.r~y ~ting vs plu~im ~mmtratial by ●l-a camtf~. ~
diagonal line designatm perfect agreenmt betwen the tw uUIwls.


