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Abstract

At the Savannah River Site (SRS), large quantities of ration process. A recent study at West Valley Nuclear
radioactive liquid waste are evaporated Io reduce volume Services showed that fissile material had accumulated in a
before eventual processing through the In-Tank Precipita- waste evaporator. The SRS waste chemistry and evaporator
tion process (ITP). Actinides in the liquid waste are only design and operations are ','e_3'different ftore those a_ West

slightly soluble in the highly alkaline waste solution. Since Valley. In particular, the SRS liquid waste is maintained at
some of the actinide isotopes are fissionable, the quantities much higher hydroxide concenlratio_s. This greatly

being processed through the evaporator system are of reduces the solubility of the actinides in the salt solution_ To
interest. To better quantify the concentration and mass of address the questions associated with the West Valley issue,
fissionable material entering the evaporator system and a reevaluation of the quantities of actinides entering the

eventually deposiled as salt, analysis of the actinide evaporator system was required, thus the need for the
elements were necessary.. The predominant fissionable analysis of uranium and plutonium.
actinide isotopes of interest ,arel_I_s and Pu :'_9. To enable the
reliable measurement of these radionuclides, the Central

Laboratory has developed high speed separation techniques Background
to measure t.l2_ content by Isotope Dilution Mass Spec-

trometry and Pu239'2"u_by alpha spectrometry. Due to the high At SRS, the mission of the Waste Management group over
the past 30-35 years has been the safe storage andradioactivity levels in the samples ali separations are

performed in shielded analytical cells. Uranium is purified evaporation of high level liquid waste. In the near future,
and concentrated using a high speed extraction ctuomatog- processing of this waste will occur which will remove the
raphy technique that employs applied vacuum and columns waste from the t_mks,convert the waste to a glass form in the
containing tri (2-ethylhexyl) phosphate (TEHP) solvent Defense Waste P_ocessing Facility, and convert the decon-

coated on a snaall particle inert support (SM-7 BIO--- taminated liquid as concrete in the Sahstone Facility.
BEADS:M). The titanium method enables measurement of During the processing of this waste it is necessary to know
[.1:_sconcentrations to 1 x 10'a g/t,. Plutonium is purified the quantity of fissionable material being processed to
and concentrated usimg a high speed anion exchange assure criticality safety.

technique (BI() RAD r_ AG MP-I 200-.400 mesh resin).
The Pu method enables measurements of Pu 2-_9'24°to 2 x 10-_

g/t.. Separation Methods Developed
To enable the measurement of trace fissile material in high

activity waste, rapid and versatile sepaLafions methods ate
Introducti0 n required to separate the urani um and plutola,ium. tligh speed

The Savannah River Site stores apl:_roximately 35 million separation techniques were developed by the SRS (?entral
gallons of high level v,,aste as sludge, saltcake, or salt Laboratory. Table 1 shows the typical composition of the
solution. The salt solution is evaporated to reduce volume liquid waste. The methods wexe developed so that samples
before the eventual processing through the In-Tank Precipi- can be analyzed over this wide range of varying smnple
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parameters without cbanging sample volumes or spike with TEHP solvent filled to 15 mm above the bottom 20 _.tm
additions. The methods are rugged enough, for ex,'mlple, to frit. Applied vacuum is maintained at 5 inches of mercu_3'.
accommodate a range of sodium hydroxide concentrations controlling the flow rate to 5 io 10 milliliters per minute.
from 0,1 molar Io 1 l molar. A high stx_ed extraction Twenty milliliters ()f 5 molar nitric acid is added to remove

chromatography-isotope dilution mass spectrometry fission products, mainly cesium _7 and strontium '_. The
(IDMS) method was developed to measure fissile uranium columns containing the purified uranium are transfened to a

A high speed anion exchange-alpha spect1ometD' method radiobench and the uranium is rernoved using a modified
was' de(,eloped to measure trace plutonium. The level of Spe-ed lVlateT_avacuum extraction system. "l'he slainless
detection required ['or the evaporator feed solution is less steel wall,a of this extraction system have been coated with

than 1 x 10a g/L for uranium and plutor, ium because of the Teflon TM to prevent corrosion. The uranium is eluted with
low solubility of both in solution. To achieve these levels 10 milliliters of a mixture of 0.02 molar nitric acid and ().02
of detection, minimal dilution of the sample is required molar hydrofluoric acid. The purified uranium solution is

during the analyses. These methods provide minmml cycle evaporated to dryness under a heat lamp, redissoived in a
times for the required analyses and generate no contain[- volume of acid that ,,,,,iii yield approximately 1 btg of"
naled solvent waste. A set of four samples, in duplicate, uranium, and evaporated onto a rhenium filament.

along with quality control synthetics and blanks can be
analyzed within a 12 hour shift.

Uranium Sample Preparation

Table 1. Typical Composition of SRS High- s,,,,,_).A_)_,u,),,..,,J_u.=__p,,._,n=._.
Act[vity Liquid Waste w,,,,,,"r,,,,,or,,.,

SM HKO), CJ

Conaponent Wt % Ran_e (Molar[t30 u,,,,,,,,,,,,,,,,o,,_ t..._'_ ,,,p,,,,t).,_,,t,o,,

_-- ........ --- _ .... - ..... : ' 0.O;_MHN03 - O,02M HF ,I 5M HNOa

NaNO_ 48.8 O.1 - 4
NANO2 12.2 0.1 -. 3 _._="'=.'"" -
NaOH 13.3 0.1 - l 1
Na,CO_ 5.2 0. I -- 2 __ 1"-"aO)a.mIri[

NaAt(OH)4 I 1.1 0.1 - 2 { _ s_.,Bion,_.

_5 mm D00. _00 MemhNa?SO_ 6.0 TE._e,,=,,_
Nal: 0.2 { =o._ ,,,
NaCI 0.4

| I _ Thocmlll )onl=atlon
NaeSi()_ O.1 w.,,, "_---7. _'.tJT"-. """ s_t,o,_,t_
Na2CrO4 0.2 i

CoOler-CollectionYl_l (Total U;anlum

(;;mm_a Radiation I_,evels: 10v- 10"_dpnVml

Figure 1. Uranium Sample Preparation

Uranium Sample Preparation

The high speed column extraction cbromatography tech- Plutollium Sample Preparationnique ermploys applied vacuum and columns containing
tri-2 ethyl-hexyl phosphate ('I'EHP) solvent coated on a The high speed column extraction chromatography tech-
small particle hydrophobic support (SM-7 BIO BEADSVM). nique employs applied vacuum and columns containing

Figure 1 illustrates the sample preparation and column BI() RADvMAC, MP-I 200---400 mesh resin, )fitrate form.
chromatography, which is performed in the shielded ana- Figure 2 illustrates the sample preparation and column
lytical cells. A known [.j2._._spike is added to a sample chromalograpl_y, which is performed in the shielded ana-

aliquot of 5 milliliter,,_. "f'wenty milliliters of 8 molar nitric lytical cells. A sample aliquo( of 2 milliliter is used. The
acid containing 0.125 molar aluminum is added to the caustic waste samples are first acidified to less than 2 molar

sample-spike mixture, The addition of strong nitric acid acid with 10 milliliters ot3 molar nitric acid. To ensure that
ensures complete oxMation of the uranium 2:_ to the (VI) ali of the plutoniurn is in the (IV) valence state the plutonium
valeace state, The add.itionai aluminum is added to complex is first reduced to the (I11)valence state wilh 2 milliliters of 2

any ions that could potentially complex uranium and lov,,er molar fetrous su[farnate. "l'en milliliters of concentrated
recoveries. Afterawait step to ensure ali the U?'_is oxidized nitric acid are added to oxidize the pit_tol_ium to lhc (iV)
tc) the (VI,) slate, the solution is; h)aded onto a column valence state and adjust the final sample acidity It)8 molar.

containing SM-7 Bl() BEADS rM(2(X)to 4(X)mesh) coated After a wait step to ensure ali the plutonium is oxidized to
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the Pu (IV.) state, tile solution is loaded onto a colunm Solid state silicon surface banier alpha detectors wexe used

containing AG MP-I ion exchange resin filled m 15 mm tor both the total alpha and alpha pulse height analyses.
above the bottorn 20 lain fill. Applied vacuum,is maintained
at 5 inches of mercury, controlling the flow rote to 5 to 10

millilimrs pe, minute. A total of 20 milliliters of 8 molar Verification Testing and Results
nitric acid is added to remove fission products. The columns

containing the purified plutonium are transferred to a The uranium method was tested on a smmlated waste
radiobench and the plutonium is removed u,;ing a modified solution, holding the, U>_ spike concentration constam and
Spe--ed Mine TM w_cuum extraction syste)n. The plutonium is vm_.,ing the sample uranium concentrati(m. The optinmnl
eluted with 10 milliliters of a mixture of 0.02 molar nitric spike to sample uranium rati,, for the themml ionization

acid and 0.02 molar hydrofluoric acid. The purified mass spectrometer used was dt termined to be no more than
plutonium solution is evaporated to dryness under a heat 10: l for a spike to sample (or ,,,ample to spike) 1atio. The
lamp, redissolved in 1 milliliter of 3 molar nitric acid. A 50 method was tested at 15:1 ratios over the expected sample
to 200 lal., aliquot of sample is evaporated onto a plate for uranium concentrations. The results are shove|'l in Figure 3.
alpha spectrometric determination. The results show that total Ula|liutll call be measttred

accurately at the 1 x 10-_ g/L level. "l'he I,!:3s isotopic

Plutonium Sample Preparation concentration can be determined at eve, lower levels.

Initial S_mpl, e _cldlflo=,tlon, 3M HNO:I

UraniumRecoveryRl<luctlon o'I PU to PtJ III wffJaFerrou_ Sulfamlete

¢
Oxldmtlon to Pu (V with _M HNO_, AI Ullin_l_ Spike/SampleUr=NumR_tt0

15 7 4 2 I 0,3 0,1 0.06

Plutonium Removal rpurltles Elution

00ZM HNO3- O.O2M HF 8M H_O_, ra M_lln_t _11_

1.6 ¢m diameter L _i/L ra _m VCge l 10JI

Aa MP-1 Anlon
Exchtnge Resin 200 - 400

0.5 In

20 _m frll 100 T __ "1"

w.to_olu.o,,.. _j_ r_.r---_ Alp", Spect,ornetry I_

_!_ Collection Vi_I (Total Plutonium) = __ , • .a._..._..a... 1, = __ .....

0,16 0.33 0.64 1,0 1,7 @,7 '19,4 39

T0t_ UrlmlumConc#mtr¢lor_{pl)m)

Figure 2. Plutonium Sample Preparation

Figure 3. Uranium Recovery

Instrumental Analysis
A Finnigan MAT 260 thermal ionization mass spectr(mmter
is used to perfornl the uranium isotopic measurements. The I_lumnium method was tested on a simulated waste
Normal instrument operational paramelers were employed solution with known plutonium standards, The lesuits given

for the titanium isotopic measurement,,, usipq a rhenium in Tnble 2 showed an average standard recove U of 102%,
filament an-angement, with a standard deviation of 3.3 percent. The detection limit
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fo_ the plutonium method is approximately 100 disintegra- v,,ith some modification, may be expanded to solutions
tions pcr minute per milliliter of solution (approxinlately 1 associated with waste removal and processing.
ppb).

Table2. Piutonmm Recover3,' Acknowledgements
Known Value Measured Value Recover), The author wishes to acknowledge Leon Bush. Mat),
_ (dpn't/mL) ..._..(.___ _ Benton, Rhonda Roundtree, Becky Sturdivant, Solomon

5.01 E4. 5.00 E4 99.8 Spencer, and Jim Satkowski for their role in the develop-
5,01 E4 5.02 E4 l(K).2 ment of these methods. Also deserving recognition are the

5.01 E4 5.12 E4 102.2 shift personnei at the Central Laboratory for their efforts in
5.01 E4 5.47 E4 109.2 analyzing and measuring the many alpha plates required to5.01 E4 5.04 E4 100.6
5.01 E4 4.89 E4 97.6 completely test the plutonium method.
5.01 E4 5.30 E4 105.8
",.01 E4 5.11 E4 102.1 The information contained in this document was developed
5.01 E4 5.12E4 102.2 during the course of work done under Conn-act No.

DE-AC09-89SR18035 with the U.S. Department of En-

Average Recovery = 102.2% e/gy.

Std. Dev. = 3.3%
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