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Mz, T. J. Rowland, Ditector

“est Vallev Project Uffice

U.S. Department of Energy

M5 .DOE

P.O. Box 191

Wwest Vallay, Mew York 14171.0191

Deatr Mr. Rowland:

Attenrion: J. A. Yeazel

SUBJECT: Suwmary of the Irvestigation of Fissile Accumulation in the Liguid
Wwaste Treatment Svsiem (IWTS)

Transmitted for vour information is a report Attachment A) which presents the
resulis of the investigation of fissile material accumulation in the Liquid
Waste Treatment System (LWTS). The report details the tachnical review and
cenclusions, and discusses chemical cleaning and final condition of the
SYSTOmS .

During November 1990 it was observed that an increase in the concentration of

rlutoniam in the liquid in the high-level waste (HLW) Tank 8D-2 had caused
| material to accumulate downstream, presumably in the LWTS. WVNS performed an
| extersive review of this situation and commissioned ;everal teams ot
independent outside experts to assist in the final cesolution. It was firs:
established that there was nv safety question nor was theie a criticalicy
concern: because of the small quantities of Plutonium and Uranium invol.ed: it
was further concluded that this processing phenomenon was not an Un-eviewed
safecy Question (USQ). A nitric acid cleaning was performed on the tanks.
pipes, and «/aporator ir the LWTS to collect >he f{issile material and .lean
the system. The acid cleaning was successful in removing the majority of
fissile materis; as shown by .bemical analysis of the cleaning selution

The acid cleaning vas effective In removing 251.8 grams of fissile plutonium
from the starcting fissile plutonius inventory of 291 grams. The difference,
39.2 grams, serves as the starting inventory for continued processing.
Analysis of the LWTS influent and effluent flow streams will be used as
process controls on accumulation in the future. This, in addition %o cantrols
on STS pH and the use of T(-Treated Zeolite will assure that recurvencs of
chils phencmenor, is preverited
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Mr. T. J. Row,and

I1{ there are any questions in this matter, Flease contact the undersigned at
4504 or G:. A. Smith at extension 432%,

Sincere.y,

-
1 a1 : A /1
/ } '/ /{ ) - r’ 4
{
A, J/ Howell, Manager
Cperscions Tar  1ical Suppert

Wewet Valley V... aar Service Co., Inec.
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Summar: of Investigation and Resolution of Flssile Accumulation in the Ligquid
“aste Treutnent S;stem (LWT.)

G. A, Smith
A, J. Howeil
R, F. Cesgsner

BACKGROUND

Tha West Vallev Demonstration Project (WVDP) iz a cleanup effort wnich {s
a:tively removing liquid high level nuclear wvaste from an underground tank,
extracting radicactive cesium from the liquld using an ion-exchange system and
stabilizing cthe resulting low-level waste (ILLW) in an NRC-endorsed cement
waste fora. This process takes olace in the Integrated Radwaste Treatment
Systemw (IRTS). 1In May 1968, the tank contained approximately 550,000 gallens
of 1iguid high-level nuclear waste containing about 19 weight percent totsl
dissolved solids (TDS) left from the first commercial spent fuel reprocessirg
opevation in the United States. Since Mav 1988, WVDP has successtully
processed over 420,000 gallons of hi, -level radicactive waste, resulting in
19,394 ceament drums with an average susface radiation reading of 2% wi/nr.

On November 14, 1990, the IRTS was placed in standby because n-going sam:!ing
and testing associated with compiecing the liguid high-level waste :reatment
{udicated that dijucion of the supernazant caused dissolution of fissile
materisal out of the sludge which has [ormed beneath the ligquiu. Sample
anulysis of the liquid reflected very slowly increasing concentration of
fissile material. Associated with tnis concentration increase was sowe small
accumulation of fissile material in the IRTS components downstream of the
Supeinatant Trestment System (STS). The szcumulated fissile material and 1l
solution concentrations were siznificantly below the site’s criticalicy
operation safety requirements, and no operations cccurred outside any site
safety limit or ligiting condition for operations. However. the IRTS was
placed in standby while a full assessmert vas coampleted to assure a thorougb
understanding of this phenomstion and an occurrence report (Referencs 1) was
issue.

A strategic plan (Reference 2) was issu ' te the Jest Valley Project Office
(WVFD) on December 17, 1990, The plan was set up with three major goals to be
completed before the resumption of I[RTS Operations -ould commence.

L. Characterize changes {n Tank 8D-2 supernatant and the discribution of
figsile waterials across the IRTS.

rr

Make a dic 2 .- as to the need to access the evaporatey intetrnals.

3. Prcvide an assessment of this situation to determine £ it was an
Unreviewed Safery Question (USGH).
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INVESTIGATION

A, Characrerization of Liguid

WVNS characterized the changes In the Tank 80-2 supernatar ¢ and the
distribution of fiscile m cerisls across the [RTS The focus of this step of
the investigacion was two-fold One was to datermine the exact changes thats
had eccurred within Tank 8D-2 during 2 1/2 years of processing the Liquid: and
second, to determine the consequences of these changes throughout the IRTS,

This work was (nitiated with extunsive sampling (Flgure 1) acruss the IRTS
systems.

Samples were taken and analyzed for uraniua, plutonium, total dissolved solids
(TDS), and density. A plutonium chemisrry expert {rom Weutinghouse Savannsh
River was brought o VNS to perform an independen: veviaw of the wethsd used
at WVNS for pluronium cnalysis. The results from analysis of Tank 8D-2
Superiuatant weve compared to supernatant sample results from sampling
performed prior to IRAT: start-up in May 1983, The samp'.es fndicate the
piutoniim concentretisn of zae iiquid in Tank 8D-2 increased from 7.352 E.02
MCl/ml at 27.5 Wel TP to 11.4 E-02 4Ci/mL at 23 Weg DS, Thes: data were the
firat indicatior tlat the chemistry of 80-2 hadi changed. H. ?. Helcomb agreesa
with the method used at WVNS tor plutoniua analvsis and with the results
obtained, ceta‘led In his reporz (Heference 3).

. Sampling Components of LWTS

One of the first aspects of our study was to determine what effects. {f auy,
were cua.sed by the increase in plutonium concentration in Tank 3D-2. The
intense sampliirg plan was contlnued to sanple upstreum arc downstream »f all
me)nr process equipment throughout the IRTS. The sample roints used cre
outlined in Figure L. The resvics from this sampling determined that the
@vaporator and tunks in the Liquid Waste Treatment Svscem (LWTS) wrre
accunulating fisslie zaterial.

€. Evaporacion Test

A controlled full-scale test of the LWTS was conducted. Decontaminated
supernarant was analyzed fov plutonium befare aad afrer evaporatian
{(from 8.86 Wtl TDS to 41.03 WeX TDS). The uctual gross alpba in the
cencentrates of the evaporator wasr 1.35 £.01 uCi/ml as compared to the
caleulaced axpected value of 7.8: £-01 uCi/ml (Reference @)

A l4b stale bail-down test of evaparator feed material was inltiated te
furthiar check the theory that flssile material was being deposited (n the
evaporator. This test furcher confirmed the results given above.

JOOSDAL . LEY Ard
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. Testing Cemeuted Diuns

As a final ~heck, and to assess wherher excess fissile material had carcied
thru the evaporator ta the Cement Soliditication Gyscem (CS58) waste form, five
drums were samplei ‘o detesmine the amount of fissile mazerial in the cement
product One drum produced {n 1388 was zompated to fou.» drums produced in
1890, "™ results of this testing indicate that there was o unexpecred
incveares .f ficsile plutonium in the CSS waste form from (788 to 1930. The
data are listed in Table | (Reference 57,

An evaluation was made to assess how ~uch plutonium and urardum salts had
deposited in the LWTS tarks dnd piplng. 1Mis was accomplished by perforzing
mass balance calculations across the LWTS. For plutonius, gross «lpha

(one way of estimating plutonium’® data were available for every uvaporator
feed tank aud every evapurator concent:ates tank that had been processed
through the evaporator. This led to an cscimate of 359% 100 grams of zotal
pluron.um in the :vaporator ‘Seference &) Uor sraniuw only vne data point
existed Jor uranius across the evapariator. This data point led Lo an estimate
of 26 Kg of toral uranium in the evaporator (Reference 7).

RESOIUTTON AND RECCOVERY

A. Expert Reviews

The extensive sampling plan suggestsd that the LUTS evaporation (volume
reduction) operations were cuus.ng the fissile salts "o accumviiate. Tho next
£Lop was to deterwine Lhe best and saf~st wvay to recover from this processing
phencmens. To this er? two separare eagineering evaluations were mada, The
first was 3 plan to gsin accass to the evaporarner in.cecrnals vy pulling the
reboiler tube bundle. A survey of the evaporator and the surrounding area,
(Reference 8). -howed a general ares dose of 50 to 100 m&/hr and « 2 R/hr het
s7ot .n the evaporntor reboiler. Based on this survey, the in-cell locacion
of the evaperacnr, and the knowledge that the removal of the eVApOTATOr

rebof sr steam chest would be ¢ labor inrensive p-ocess, accessing the
eviparater was not rpe preferved wethio. 1ue ALARA reasons.

Tne second engineerinn assessment was to develop a method to chemically clean
the evaparator with nitric acid. Off.site ewperts H. P. Holcoah from Savanna)
River and R. A, Corbert frrm Corrusion Testing lacorvstories Inc. ware enlisted
tn help with the determinavion of the parameters to be used during the acid
cleaning. Holeort, « plutenium chemist, sugyested that as a minimun 1 molar
nluric acid should be used o remove the scale (Heference 9). Corkbacr, a
titaniua cacrecion expert, af:er examining the design data of the evaporator,
suggested the nitric acid not exceed 2 avlar (Referance 10).

8. Juravieved Saiety Questior (USQ) Review
Using the knowledgo ol the processing phenc chat tad occutced in the IRTS,

WVNS conducted an iivestigarion to determi: .. there was an USQ with Tespect
to rhis avent
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After the completion of the acid cleaning «¢ LVTS, an extensive flushing of

all possible acld exrsgud plpes, pumps and vessels was dene, This flush was

inten 1 to return the .leaned LWTS ana all of ity eyuipment to a processing

feady covdition. [Finally, & survev of the avepirator and associated vessals

vas performed after the acid cleaning. This survey showed that the general

; tidiation fleld surcounding the evaporator vas reduced from 50 to 100 wR/hr to
9.9 aR/hr, and hot spots were reduced from appcoximatelv 2 R/hr to less than

, L0 mR/hr (ses flgure 1)

L&

Process Coucinl for Processing

i Te lover the concenirations of uranium and plutonium in the liguad [

Tank 8D-2 . twenty percent sodium hydroxide (caustic) was added to elevate the
PH. Testing perlormed at 'VUNS indlzated that at an elevated pPH the uranium
aud plutonium concentrations .n the +equld would decresse. Table Z shows Tank
2D-2 sample data from heforc and after the addition of caustic to the tank.
This addition readced plutonium concentration level in the liquid 15 times and
the uranim concentration level 17 times, Additionally as part of sludge
wasbing titanium treated zeolite will be used iu the Supernatant Treattent
Svstem (8TS) would further reduce the level of plucenium in the liquid.

Process cortrol procedures to menitor fissile meterial discributicas
throughout the IRTS, TR-IRTS-1l and OSR- IRTS-12 (Reference 19, 20), have baen
develoved to sonitog¢ the volume of Tank 80-2 liguid that flows through the
titanium treated column in the STS and track the accumulat!-n of fissile
sateriai in the LWTS evaporator. Both of these documeuts use extensive
sampling rlans te track volumes processed and fissile accwnulazlon. These
documents #lso include safe limits “or a) total volimes processed, and o)
flerile acoumulation in the respective areas.

The Haseline or imitial inventory of fissile material in the LWTS was
established as part of the process contrvl. WUNT conservative estimates for
plutonium and vranium in the LWTS were reported to be 3159 grams total

pluton .um (291 grams fissils) and 26 kilograms total uranium (455 grams

| fisaile). Subtracting the grams of fissile material removed from the LJTS
from the est.mated grams of flssile material yields che ‘ollowing values:
approxiaétely 19.2 grams of flss .e plutoniue and 243 grams 7 flssile
uraniam.  These values will be used as the initial {nvertsec € flssile
material in the evaporator par TR-1RTS-11.

] SUMMARY

WUNS characterized the o' unges in the Tank 83.2 Supernatant and the

1 distviburion of the fissile materials across the IRTS. This characterizaticn
determined that the evaporator and canks in the Liguid Waste Treatwent Sysceax
(LWTS) were accumulating Ciss.le material. An engineering analysis developed
4 merhod to chemically clean the LWTS with nitric acid. This chemical
cleaning was effective in removing 251.8 grams of fissile plutonium from the
starring flssile plutonium inventory nf€ 291 grams . Additionally, using the
knowledge of the processing phenomena that nad occurred in the [RTS. WVNS
“onducted 'm o investigetion that detevamined there was ne USQ with tespect to
this event. The investigation that took place here was an excellent example
of cooperation throughout the entire DOE system. WVUNS ceceived i{apus and help
from the DOE WVPO and DOE 1IN fleld offices and from teveral other DJE rites in
the form oy technical and peer review groups.
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Rrua Production
Dace

Oruw ¢#72830 i1/20/88
Radionuclide

Orum #819312 11/1/90
Radionuciide

Drum ¢#80949 20/29 /%0
Radionuvclide

Drum #7981s 7716790
Radionuclide

Drum #79953 7/1€,90
Radionuelide

VO0SDAL. LET

TABLE )
Sample Results Showing No Unexpected
Fissile Plutenium in CSS Vaste Form.

Gruss Alpha
Total Pu
Pu-241

Gross Alpha
Total Pu
Fu-241

Gross Alpha
Tozal Pu
Pu- 241

Gross Alpha
Total Pu
Pu-241

Gross Alpha
Total Pu
"u-2al

[

L VAR

" e oo

e

E-02
E-02
E-01

E-N2
E-02
E-01

E-02
E-02
E-01

E-02
E-02
E-01

E-02
£-02
E-0L
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E TABLE 2
Tank 9D-2 Sample Results Show Decreace in
Total Uraniwe ard Alpha Pluctonium Concentrations.
| nate 10/28/91 11/14,91
f Lao Log Number 9102073 9102216
J_ oh n 9% 12.6
; Total U 187 Ug/g 1.6 Ug/p
% Alpha Pu 238 uCi/ml 0171 uCi/ml
i
|
|
).
:
F
M
|
’
!
i.
t
i
!
i
|
i
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