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WASTESEPARATIONSANDPRETREATMENT
WORKSHOPREPORT

J. R. Cruse
" Westinghouse Hanford Company

, R.A. Harrington
Kaiser Engineers Hanford

N. O. Quadrel
Battelle, Paciftc Northwest Laboratory

ABSTRACT

This document provides the minutes from the Waste Separations and Pretreatment

Workshop sponsored by the Underground Storage Tank-Integrated Demonstration in

Salt Lake City, Utah, February 3-5, 1993. The Efficient Separations and

Processing-Integrated Program and the Hanford Site Tank Waste Remediation

System were joint participants. This document provides the detailed minutes,

including responses to questions asked, an attendance list, reproductions of

the workshop presentations, and a revised chart showing technology development

_ctivities.
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EXECUTIVESUMMARY

The primarypurpose of the workshopwas to explore opportunitiesfor
- collaborationand teaming betweenthe three participatingprograms"

UndergroundStorageTank-lntegratedDemonstration(UST-ID),Efficient
Separationsand Processing-lntegratedProgram (ESP-IP),and Tank Waste
RemediationSystem (TWRS). All three are currentlyconducting technology
developmentprojects in the area of waste separationsand pretreatment.
A number of workshop participantsnoted this was the first meeting they had
seen in which the EM-30 (TWRS)and EM-50 (UST-IDand ESP-IP) programswere so
well represented,and it was an encouragingbeginning in this kind of
interaction.

The workshop began with summariesof the three programs presentedby the
contractorprogrammanagers. This was followed by individualpresentationsby
UST-ID principal investigatorsand selectedprincipal investigators
representingESP-IP. The workshopwas then divided into four breakout
sessions: (I) ProgramCoordination(R.A. Harrington,Facilitator),
(2) Supernate/SaltCake Processing (W.G. Richmond,Chairman), (3) Sludge
Processing(J.E. Helt, Chairman),and (4) ComprehensiveProcessingand Systems
Analysis (C.P.McGinnis,Chairman).

The ProgramCoordinationsessionwas a valuable interactionbetween the
programmanagementrepresentativesof the three programs. Discussionfocused
on three perceivedmajor challenges: (I) communication,(2) "how do we manage
jointly?",and (3) managing uncertainty. No clear solutionsto these
challengeswere establishedin the session; however,the group agreed to
pursue severalaction items toward improvingcommunicationand collaboration.
The actionswere as follows: (I) G. Mellinger,develop a distributionlist
for documentsand other items to improveawareness, (2) T. Fryberger,evaluate
the benefit of periodicmeetings in this technicalarea (similarto this
workshop,but with more EM-30 principalinvestigators),and (3) J.C. Peschong,
evaluate establishinga pretreatmentcouncilto assist in overall integration
of this work.

The technicalbreakoutsessions (Supernate/SaltCake Processing,Sludge
Processing,and ComprehensiveProcessingand SystemsAnalysis)were also
productive,facilitatingopen interactionand opportunitiesfor teaming and
collaboration. Each sessionchairman summarizedthe results of the session to
the combinedgroup during the final wrap-up session of the workshop. In each
case, opportunitieswere noted for future collaborationin work efforts.

- The wrap-up sessionof the workshop includedclosing remarks by the
sessionchairmen,programmanagers,and representativesfrom the
U.S. Departmentof Energy,Headquartersand Richland OperationsOffice. Most

" noted the meetingwas beneficialand a good first step in jointlymanaging and
integratingthe three programs. Further,the attendeesdecided that more of
these kinds of meetings were needed and would be pursued.
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WASTESEPARATIONSANDPRETREATMENT
WORKSHOPREPORT

1.0 AGENDA

The agendafor the workshopis provided in Table 1-1 that follows. It is
important to note that significant changeswere madeas late as 15 minutes
before the start of the workshop. The original intent of the workshopwas to
begin the "breakout sessions" muchearlier in the sequenceand allow people
more timeto interact.

Table 1-1. WorkshopAgenda.

Time ............ Item/Subject Presenter
O0.... NVESTIGATORMEETING7: p.m. PRINCIPALI

213/93 Weekly Highlights J.M. Cruse
PTSMonthly Report and Content J.M. Cruse
ProTech Information System M.J. Quadrel

i i ini lillil i ju.8:00 a.m. Introductions M. Cruse
2/4/93 R.A. Harrington

i i immmllll C i|l8:15 SUMMARIESOF FY 1993TE HNOLOGY
DEVELOPMENTPROGRAMS

UST-ID R.L. Gilchrist
ESP-IP O.R. Norrey
TWRS/WHC J.N. Appel
TWRS/PNL L.K. Holton
TWRS/LANL K. Thomas

i i i i

10:O0 TECHNOLOGYPRESENTATIONS
CesiumExtraction CPU W.G. Richmond
Resin Development J.P. Bibler
Biological Nitrate Destruction G.F. Andrews
NACProcess A. Mattus
SodiumTitanate Ion Exchangers N. Brown
Electrochemical Destruction of D. Hobbs

Organtcs/Nl trates
i i

12:00 p.m. LUNCH
ii iiiiiii i i llml nI:00 TECHNOLOGYPRESENTATIONS(Cot'd)

. TRUEXModelDevelopment G.F. Vandegrift
TRUEXModelValidation C.P. McGinnis
TechnicalExchangewith CEA (France) R.T. Jubin

. Statusof SludgeTechnology J.E. Helt
Sludge Washingand Dissolution B.Z. Egan
Calcination/Dissolution S.A. Colby
Unit Process Definition and W.H. Kuhn

Evaluation
Global Evaluation of Separations S.E. Seemen

Processes
Tank WasteProcessingAnalysis E.G. Baker

iii i i i

2: O0 BREN(FORDINNER
,,, ,, _

1-1



WHC-EP-0642

Table 1-1. WorkshopAgenda.

Ttme " Itm/Subject Presenter

'7:O0 ' BREAKOUT'SESSIONS ....... .
Supernate/SaltCake Processing
Sludge Processing
Comprehensive/Systems Analysi s
Program Coordination

I III II I IIIII I I iii I iiiiii

9:00 END FIRST DAY
II II I m I II i

8:00 a.m. BREAKOUTSESSIONS(Cont'd)
2/5/93
i0:30 .......RETURN TO COMBINEDSEssIONAND BREAKOUT .........

SESSION SUMMARIES
Supernate/Salt Cake Processing W.G. Richmond
Sludge Processing J.E. Helt
Comprehensive/Systems Analysis C.P. McGinnis
Program Coordination J.C. Peschong

I .H I I II I I I ii i i

11:30 SUMMARYANDWRAP-UP
RL/EM-30 Comments J.C. Peschong
DOE-HQ/ESP-IP Comments J.R. Morrey for

T. Fryberger
DOE-HQ/EM-30Comments G.B. Mellinger
DOE-HQ/UST-IDComments R.L. Gilchrist

for S. M. Gibson
Roundtable R.A. Harrington

I I I III rl I1' II i

_ 12:30 p.m. ENDMEETING
ill ill i I I , Illql II. I

CEA• Camisssrfet k L'Energ/e At_ique
CI_ • ¢entrnt procwaing unit

OOE-i_ = U.S. Oepartmnt of Energy-Headquarters
RL = U.S. Oellertamnt of Energy-R|chLand Opermt|onl Office

ESP-IP = Eff_c|ent Separmt|onl end Proceu(ng-lntegrated Pro_rss
FY = f|lcal year

LANL • Los A|lme Mmt|onlL Llkw)r|tor_f
I_C n nitrate to umonian and ceramic
PIlL = BettetLe, Plcif|c MorthBmt Labor|tory

ProT_:h • Proepeot|ve technology
PTS a Progress Trloking Systi

TRUEX• transurMIc extract|on
11dill • TIIk WIItO Rlmidilt|on _flltlll

UIT-ID • Undergr_lld Storage Tank-lntegrlted Dalonltrlt|on
BIC • I_mt|_ I_mford C_xmy

1-2
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2.0 DETAILEDIIINUTES

. The following sections provide the detailed minutes for the workshop.
Wherenotable questions were asked, they were recorded. Following the
workshop, these questions were fo_arded to the presenters for a written

- reply. The questions and replies are included herein with any other
discussion of the presentation.

2.1 PRINCIPALINVESTIGATORMEETING

The UndergroundStorage Tank-Integrated Demonstration (UST-ID) principal
investigators met with programoffice staff and the U.S. Department of
Energy-Headquarters (DOE-HQ)programmanager(S.M. Gibson) in the evening
before the workshop. The following subsections summarizethe discussion for
each of the agendaitems. Table 2-1 showsthe attendance of this session by
the individuals' affiliations.

Table 2-1. UndergroundStorage Tank-Integrated Demonstration Principal
Investigator Meeting Attendance.

i i H.,i i i i i .,,

Topic Principal Investigator
i llll t , ii i i i im=

Cs Extrlction CPU W.G. Richmond/J.P. Bibbler
iii ii ii i iii i

Calcination/Oi ssolution S.A. Colby
• n nn nin Iml n I I iii iii n i m

NACProcess A.J. Mattus
nun nil I n i nnl i inll n n I nn n

TRUEXModel Development G.F. Vandegrift
u UlUlll i n nn nl , i,,i

TRUEXModelValidation C.P.McGinnis
-- i iii iN i I iiiii iii ii n i iiii

Technical Exchange R.T. Jubin
i i i i im ii i

Sludge WashingandDissolution B.Z. Egan
un n ilUlllnllll I nl in

BiologicalNitrateDestruction G.F.Andrews,A.j.Tien,G. Matthern
nun I n ii nll iillllm in nn iii

Tank Waste Processing Analysis E.G. Baker
inU i u ii luum nln u =iN mmmmST-ID ProgramOffice R.L. Gilchrist, L.K. Holton,

N.J. quadrel, R.A. Harrington
Hli III Ull I,m I IIII ni m __

DOE-Headquarters S.H. Gibson
i inn innn II I ii i ii

CPU m compact processing unit

Cs - cesium
" NAC= nitrate to ammoniaand ceramic

TRUEX= transuranic extraction

2.1.1 Weekly Ht9hlt9hts

Weeklyhighlightsubmittals for the separations and low-levelwaste (LLW)
portion of the UST-ID have been sparse. Morehighlights are needed. The
highlights are a "win/win" for the author and the program. They keep
U.S. Departmentof Energy (DOE) operations offices and Headquarters people

2-1
i
I
I



WHC-EP-0642

informedand aware that good things are happeningin the program. Based on
success in the characterizationand retrievalarea, the followingbasic
sequencewill be implementedfor highlightsfor separationsand LLW:
(I) principal investigatorssubmit input to the UST-ID ProgramOffice
(J.M. Cruse), (2) ProgramOffice compilationreview, (3) highlightssubmitted
to the DOE RichlandOperationsOffice (RL) and DOE-HQ, and (4) highlights
distributedto all principal investigators. In this way the principal
investigatorswill see what was submittedand the modificationsmade so that
future submittals can be tailored.

2.1.2 Progress Tracktng System Honthly Reports

The Progress Tracking System (PTS) is EM-SO's system for monthly
reporting. The reports submitted in the past have been very general and many
times i;ot consistent with the guidance and direction as established by the
approved TTPs. The UST-ID would like for the principal investigators to focus
some quality time to the reports each month. The situation is similar to the
weekly highlights; i.e., it is in the best interest of the principal
investigators to submit excellent reports. To that end, the UST-ID would like
the principal investigators to consider somedetails to discuss with;n the
existing PTS report structure. Table 2-2 that follows provides the PTS
structure. The bracketed items are the details to consider as the report is
prepared.

Table 2-2. Progress Tracking System Information Outline for
Underground Storage Tank-Integrated Demonstration

Principal Investigators.
uim item I I i i i

1. Significant problems and issues
2. Corrective actions
3. Summary assessment (brief statementof cost, schedule,and technical

status)
4. Cost status
5. Schedule status

[Principal investigators provide milestone status]
6. Technical status

[Use the following categories as a checklist; if you have something to
report in a category, identify it by using the appropriate subheading
in your report:
- Technical milestones
- Technical reports issued
- Technical exchanges, and reviews (Ell-S0, EH-30, professional,

university, industry)
- Technical planning products and results of meetings or workshops
- Procurement status]

7. Major accomplishments
[Report and elaborate on milestones achieved or other significant task
events and breakthroughs from the above list]

i i |m i i i I i i

Several principalinvestigatorsnoted a concernwith providing informa-
tion in the PTS system that has not been cleared for public release. The
clearance processrequires significantlead time, preventingthe timely report

2-2
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of significant events and breakthroughs if the information and data needs to
be cleared. The UST-ID took an action item to investigate this more fu]ly and
report back to the principal investigators.

2.1.3 Prospective Technology Information System

Prospective technology (ProTech) profiles are needed from each principa]
investigator as noted in the program guidance (i.e., February 28, 1993
deadline). The completed profiles will then be reviewed by a peer review team
that is appointed by the program managers. Also, principal investigators will
be interviewed with any questions that arise from the review process. The
goal is to complete the peer reviews and provide finished products by
March 31, 1993.

2.1.4 Roundtab]e Discussion

S.H. Gibson expressed a desire to meet "one-on-one" with each of the
principal investigators at somepoint during the workshop. (The need for this
was fulfilled by the techno]ogy presentations included in the February 4,
1993, day's agenda.)

J.P. atbbler and W.G. Richmondnoted a technical concern with the
perfomance of the resorcinol resin being developed by the Savannah River Site
(SRS) for the compact processing unit (CPU). The potassium content in the
waste of Hanfo_d Site tank 241-AW-101 has a significant impact on the resin
perfomance. This tank is currently targeted for demonstrating the CPU.

2.20PENIN6 REMRK$ AND INTRODUCTIONS

The UST-ID (J.M. Cruse) welcomed everyone and thanked all for their
attendance. The attendance at this meeting and at the Efficient Separations
and Processing-Integrated Program (ESP-IP) meeting was larger than expected.
At this meeting, about 55 persons were expected and a]most 80 showed up. The
agenda was changed based on the morning's direction from the customer. The
basic sequence of the meeting was the programmatic summaries per the original
agenda, followed by individual presentations by UST-ID principal investigators
and selected ESP-IP principal investigators. The breakout sessions followed
at a later time.

- A chart was developed as a first attempt to showthe technology
development activities in all of the programs. It was a first draft; the
group looked at it and provided input and comments. (See Appendix A for

- input, comments, and resolutions.)

The facilitator for the workshop, Mr. R.A. Harrington, took the floor
with someopening remarks using flipcharts. The content of the flipcharts is
provided in Table 2-3 and summarizes the discussion.

2-3
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Table 2-3. FlipchartPresentation.
-. i. i . | i. =,.,,, i,,., ,,i

PR_CIpAL OBJECTIVE

• Explore opportunitiesfor teamingand collaborationin TWRS, UST-ID,
and ESP-IP technologydevelopmentprojects.

• Technology breakout session and chairperson expectations
- Chair and facilitate

- Record minutes
- Obtain consensus (build team)
- Report status (Friday session)

• Program coordination breakout session expectations "
- Make it happen
- Address impacts to programmatic coordination and integration
- Support action plan(s) for followup

Howwe do business today is fine--"key is, can we do it better"

GENERALGUIDELINESANDEXPECTATIQNS

• Active listening
- Let the person finish before questioning
- Question for clarity_ criticism

• Identifyfacts vs. perceptions

• Be succinct--makepoint

• Exchange information

• Create synergy and build teams
- Seek to understand, then to be understood

• Agreed-to changes require approval--develop plan for proposals

• Expect frustration--stay with it

• Open sessions,except program coordination
ii ii i iii i

TWRS= Tank Waste Remedlation System - "

2.3 PROGRAHSUIIMARIES

Contractor programmanagers summarizedthe programs representedat the
workshop as noted in the followingsections.

• 2-4
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2.3.1 Underground Storage Tank-Integrated Demonstration

Mr. R.L. Gilchristsummarizedthe currentlyfunded activities in the
. UST-ID, separations,and LLW technicalarea. Appendix B, Figure B-I provides

a "hard copy" of the presentation.

2.3.2 Efficient Separations and Processing Integrated
Program

Mr. J.R. Morrey presented a summary of currently funded ESP-IP
activities. Appendix B, Figure B-2 provides a hard copy of the presentation.

2.3.3 Los Alemos National Laboratory, _-30 and
Tank Waste Remedtation System

Ms. K.W. Thomas presenteda summaryof the currentlyfunded activitiesat
Los Alamos National Laboratory(LANL)that are funded by DOE-HQ/EM-30.
Appendix B, Figure B-3 provides a hard copy of the presentation.

2.3.4 Westinghouse Hanford Company, Tank Waste
Remedtatton System and Pretreatment Oevelopment

Mr. J.N. Appel summarized the current Westinghouse Hanford Company(WHC)
activities in pretreatment technology development. Appendix B, Figure 5-4
provides a hard copy of the presentation.

2.3.5 Pacific Northwest Laboratory, Tank Waste
Remedtatton System and Pretreatment Development

Mr. L.K. Holton summarized the current efforts with Battelle, Pacific
Northwest Laboratory (PNL) supporting the Hanford Site and the Tank Waste
Remediatton System (TWRS). Appendix B, Figure B-5 provides a hard copy of the
presentation.

2.4 TECHNOLOGYPRESENTATIONS

The UST-ID principal investigatorsand selected principalinvestigators
. from the ESP-IP Program presentedtheir currentlyfunded projects. The

followingsubsectionsindicatethe presenterand figure referencefor the hard
copy presentation. In cases where questions were asked, the questions and

- subsequent reply are included.

2.4.1 Compact Processing Units

Presenter: W.G. Richmond; see Appendix B, Figure B-6.

Question: Is there a need for a process vent system to handle offgas for
emergencyentry into the CPU?
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Response: Emergency entry to the processing area of the CPUwill not be
possible after the CPUbegins radioactive operations due to the high dose
rates that w111 extst tn thts area. Therefore, a ventilation system to
support entry to thts area ts not required.

Access to the low-radiation area of the CPU (emergency or planned) will be
supported by attaching a portable exhauster to the CPUenclosure. This
exhauster it]l provtde suff|ctent ventilation system capacity to allow opening
of the CPU low-radiation area access hatch(es) while maintaining appropriate "
ventilation flow rates to ensure radioactive materta] confinement. The
enclosure destgn will provide points of attachment for thts exhauster such
that It can be attached before opentng the CPU.

2.4.2 Cestum Extraction Testtng

Presenter: _I.P. Btbbler; see Appendix B, Figure B-7.

2.4.3 Biological Destruction of Tank Wastes

Presenter: G.F. Andrews; see Appendix B, Ftgure B-8.

Ouesttons:

1. Are any biological processes active in the Hanford Site tanks?

2. Could carbon dtoxide (C02) be used to adjust pH rather than sulfuric acid
(H_$04), phosphoric actd (H3PO_), or hydrochloric acid (HC1), which may
all cause problems downstream? Bicarbonate (HCf) Is much less ot a
problem. Also, COz could come from ashing of biomass. (G.F. Vandegrift)

3. Has a nltrogen balance been perfomed on the system at lab scale? Is
there any ammonia (NHs) produced? Is there any ammoniumnitrate (NH;NO_)
produced? What other nttrogen products, in addition to nitrogen gas
(N2), are gas phase product_ of the reaction?

Responses:

1. Wedon't know and are proposing a task to find out. Given the high
tolerance of somebacteria for radiation (some of our coworkers found
microorganisms in the containment vessel at Three Mtle Island) and high
salinity, tt is not unreasonable to expect to find some in tanks that are
at a moderate temperature and contatn significant amounts of organics
(e.g., cttrtc actd) that can act as substrates.

2. In the overall anion balance of the process, most of the nitrate (NO_) is
degraded already by HC_ generated from the COz produced by bacteriaT
metabolism. Addtng extra COz to replace the rest ts a definite process
option that depends on the level of radtonuclides tn the particular tank
and the effectiveness of btosorptton (currently betng measured). If the
radtonucllde level and btosorptton effectiveness are low, then the
"biomass sludge" process effluent (tn which all the activity is concen-
trated) wtll be a low-level waste_;hat can be dlspose_ of In a grout
fom. Somelevel of phosphate (P_') and sulphate (SO_') will then be
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acceptable, and pH control can best be achieved by addition of the corre-
sponding acid. However, if activity levels and biosorption effectiveness
are high, the btomass sludge effluent may be classified as a high-level
waste requiring vitrification. H3PO4 and H_50_must then be eliminated,

- and various schemes are possible Tor increased neutralization with COy.
The CO2 and Nz gas mixture generated in the bioreactor will be sparge6
through the waste on the btosorptton tank. CO2 recovery from the ashing

" step is possible, but may not be cost-effective compared to buying bulk
COz. The simplest solution, currently under investigation, may be to
replace acetic acid wlth an actd like succintc. The extra neutralization
capacity of these acids may eliminate the need for adding any mineral
acid.

3. Nz is the normal end-product of microbial denitrtfication. The amount
produced is monitored during our continuousexperiments and has beun
found to be close to the approximate stoichiometric value of
11.2 (1-y/5) L/mol of NO_reduced. Y(?) is the cell yield in carbon-
equivalents of biomass per mole of nitrate and accounts for the NO;
nitrogen Incorporated lnto the btomass. There Is no biochemical basis
for believing NO_would be reduced as far as NH_, and none has been
detected duringt;he routine gas chromatograph_nalysis of the headspace
of the laboratory reactors. Products o6 incomplete reduction,
particularly nitrous oxide (N20), may be formed and have been detected in
parts per million quantities in the headspace gas when insufficient
acetic acid (the reductant) is added. Adding just sufficient reductant
is one of the process control problems being addressed during process
development.

2.4.4 Nitrate to Ammoniaand Cermtc Process

Presenter: A.J. Hattus; see Appendix B, Figure B-g.

OuestYons:

1. What happens tf you cannot add water to the system? Is there any
potential hazard? Is there any flsston product catalysis of these
reactions) Is there any NHdNO3 fomed and vaporized?

2. Two-thirds of the mass of supernate 1s water. You have ignored it in
your presentation, but you cannot [ignore it] in total waste volume and
energy balances.

• Responses:

1.a As an example, when using a 4H sodium nitrate solution, nearly all the
" water is consumed in the reac_ton by supplying oxygen to aluminum. The

hydrogen from the water goesto fom NH3 from the nitrogen in N_.
Normally, tn the continuous mode, solids are constantly removed from the
reactor, and the filtrate recycled. Just enough excess water is
necessary to facilitate heat transfer to cooling coils and to aid in
mixing.

2-7
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1.b There is no known hazard associatedwith minimizingthe amount of water
added except to ensure that heat can be removed as desired so as to
operate in the 50 to 60 "C range.

l.c There is no reason to think that any fissionproducts can act to catalyze
the reduction reaction.

b

1.d Since the reaction is carried out at pH 12 and above, the ammoniumcation
is not stable losing its proton to becomegaseous N_. This gas is not
very soluble in hot, saline solution, and very quickly leaves the solu-
tion. Additionally, nitrate is not vaporized at the low temperature of
this process and could only leave as an entrained solid.

2. We have not ignoredthe water componentin either the volume reductionor
energy balances, the water is consumed in the reaction and is an
important reactant. Wedo form a rather pure distillate that is used
with incomingnitrateas a reactantor to facilitateheat transfer.
Closed _alances are presentedin the report on our fiscal year 1992 work.

2.4.5 Crystalline $tl|co-Tttanate Ion Exchangers

Presenter: N. Brown; see Appendix B, Figure S-lO.

2.4.6 Electrochmtcal Treatment of Liquid Radioactive Wastes

Presenter: D. Hobbs; see Appendix S, Figure B-11.

2.4.7 Transurantc Extraction Node1 Developmem.

Presenter: G.F. Vandegrift; see Appendix B, Figure B-12.

2.4.8 Transurantc Extraction Model Validation

Presenter: C.P. McGtnnls; see Appendtx B, Figure B-13.

2.4.9 Technical Interchange with Commissariat i l'Energte
Atomtque (France)

Presenter: R.T. aubin; see Appendix B, Figure S-14.

q

2.4.10 Sludge Technology Assessment

Presenter: J.E. Helt; see Appendix B, Figure B-15.

2.4.11 Sludge Treat_nt

Presenter: B.Z. Egan; see Appendix B, Figure B-16.
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2.4.12 Calcination and Dissolution

Presenter: S.A. Colby; see Appendix B, Figure B-17.

Question: In caustic fusion using nickel crucibles, the rate of corrosion is
"acceptable" for the short time involved. However, these crucibles have a

. finite life. If you have sulfates and a reducingatmosphere,high nickel
alloyswill be questionableunless the "coldwa11"approach is reliable.

Response: A corrosion study has been started to quantify corrosion of several
constructionmaterials (e.g.,high nickel alloys)as 'afunctionof temperature
during caustic fusion. It is anticipatedthat corrosionwill be unacceptable
at the extremeoperatingtemperatureof 850 °C. The "coldwall"approach cools
the outer skin of the equipmenttypicallywith water. As a result, calcine
material solidifiesonto the inner wall, which serves to inhibitcorrosion.
Coldwalltechnologyis readilyused in industrywhere corrosion is a problem.
The corrosionstudy plans to simulatethe coldwall in the laboratoryto
determineif this approach is applicableto calcinationof high sodiumwastes.

2.4.13 Technology Evaluation and Process Definition

Presenters: S.E. Seemanand W.L. Kuhn; see Appendix B, Figure B-18.

Questions:

1. What does the peer review focus on and who does it?
a) Peer review of the model.
b) Peer review of developer's estimates of parameters.

Z. How does the model deal with uncertaintyin parameters
a) Of the )echqoloavin question (will it perform as proposed)?
b) Of the model--whatif facilitiesaren't built, retrievalcan't provide

expected feed, etc.?

3. How will data be used? Are you interestedin absolute performanceor
relative performancefor some decisions. What's the decision?

Responses:

I. There are two reviews. The first is a developer'sreview in which we
(the analysts)go over the input assumptionsand results of the analysis

. with the people that are consideredto be the advocatesor developersof
the processtechnology. Its purpose is to ensure that we have accurately
and fairly representedthe process from their point of view. Attendees

. will be the developers,advocates,and analysts. The second review is
the peer review. Its purpose is to have peers look at the results or
models before the report is finalized. Attendeeswill be EM-50 (ESP-IP,
T. Frybergerand/or her representative),developers and advocates,other
recognizedexperts in the processfield (nationallab experts and/or
u_liversityexperts),and analysts. The purpose is to come to a consen_is
on how the work was performedand the results. After the peer review,
the analystswill make necessarychanges to the models and finalizethe
report.

2-9



WHC-EP-0642

2. Normally,the uncertaintiesin technologyparametersaredealtwith
throughthe peer review. If it is feltby the reviewersthatthereis
considerableuncertaintyin a parameter,the parameteris variedin the
modelto determinethe sensitivityto the overallresults. Uncertainties
in the overallmodelsuchas unavailability,facilities,or improperfeed
are calledout as issuesin the report. Theseshouldalsobe determined
duringthe reviews. It is also possibleto determinethe effectof these
uncertaintiesby sensitivityanalyses.

3. The resultsof the analysesare providedin reportform to EM-50(ESP-IP)
and developers.It is expectedthat this information,alongwith other
information,will be usedby EM-50in theirdecision-makingprocess.
Althoughthe resultsare statedin absoluteform only,the relative
performanceresultshavetruemeaning. For example,an absolutecost of
SXX for cleanupof a site is not as importantto thisprocessas the
resultthat processA resultsin a 20% loweroverallcostthan processB
(alongwith othercomparisonsof healtheffects,amountsof waste,etc.).
We expectthatthis informationwill be used In makingdecisionsabout
which process developmentsto fund, howmuchto fund them, and as
guidance to the developer as to what parts of the process to focus on.

2.4.14 Tank Waste Processing Analysis

Presenter: E.G. Baker; see Appendix B, Figure B-19.

2.5 PROGRAMCOORBINATIONBREAKOUTSESSION

Attendance in this breakout session included the following persons:

DOE-HO WestinghouseIdaho Nuclear Comoanv.
Inc. (WINCO)

T. Fryberger
S.M.Gibson L. McClure
G. MelIinger
J. Burnett

BJ, L.K. Holton
B.M. Johnson

C.S. Louie J.R.Morrey
J.C. Peschong J.L.Straalsund

M.J.Quadrel
]_:L_•

J.N. Appel D

W.B. Barton K.W.Thomas
D.R. Bratzel
J.M. Cruse Universityof Kansas
R.L.Gilchrist
P.S.Schaus D.E.Bush
J.C.Womack
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R.A. Harrington facilitated this session. The discussion focused on
three elements: (1) What is working well?, (2) What are our challenges?,
(3) Howdo we jointly manage?, (4) communication, and (5) top issues and
action items. The following subsections highlight these discussions.

. 2.5.1 What is Working Well?

One at a time, each person offered input that was written on flip charts.
Table 2-4 ts a reproduction of these charts and captures the important points.

Z. 5.2 What Are Our Chal1enges?

As in the "working well" discussion, one at a time each person offered
input that was written on flip charts. Table 2-5 is a reproduction of these
charts and captures the important points.

2.6.3 How Do WeOotntly Hanage?

Group discussion led to a conclusion that two actions need to be taken to
• improve DOE's Joint EN-30 and EH-50 managementof the pretreatment development

work:

• Establish a "Pretreatment HanagementCouncil"
• Negotiate an agreed-upon _edtctable decision "schedule."

2. S. 4 Cmmuntcart on

The discussion led to identifying a number of items for improving
communication. Table 2-6 identifies these items.

_.5.5 Top Issues and Action Plan

The group discussion identified three top issues: (1) communication,
(2) "Howdo we jointly manage?',and (3) managinguncertainty. The following
actions (Table 2-7) were Identified to effect somenear-tem actions to deal
with someof the issues and concerns identified.

L 2.6 SUP_TEAND SALTCAKETECHNOLOGIESBREAKOUT
SESSION

The following individuals (shown by technology) were in attendance in
this breakout session:

Cesium Extraction CPU--W.G, Richmond/J.P. Sibbler
Biological Nitrate Oestruction--G.F. Andrews
NACProcess--A.J. Mattus
Sodium Tttanate Ion Exchangers--N. Brown
Development and Testing of Solid Sequestering Agents--D.W. Wester
Electrochemical Destruction of Organics and Nitrates--D. Hobbs
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Btphasic Systemsfor RadionuclJdeExtractJon--D. Chaiko
W.L. Kuhn
Major N.C. Thompson

Table 2-4. What Is Working Well--Flip Chart Sumary.
i i i i l lm

WHATIS WDRKINGWELL

People are art•wring to communicate,e,., e,

Evolutionary process is working--driving focus, •

ESP-IP ts working well by cross cutting via funding

Great education--well planned

Starttng to embracesystemsanalysis

Interaction (EH-30/50) is very good

People are really twtng! Dedicated

Encouragedby the progress and integration of TRUEX

Three programshave focus

Recognizing the national effort required

The focus ts Hanford
J

EM-50 Is needsdriven, •, •,

Increased credibility of DOEnation wide

EM-30communicatingneeds, •

Program's abilities to attract goodpeople

Support from DOE-HQ(level of effort)

Dedicated people

Integration of programsIs improving and has great
potential

Progress and teamtng
imm

Hr. W.G. Richmondchaired the session. Detailed minutes are provided in
the following subsections.
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Table2-5. WhatAre Our Challenges--FlipChartSummary.
l ii i e,u iii .i

CHALLENGES

" I. Abilityto makedecisions

. 2. Cleardefinitionof responsibilities(interfacecontrol)

3. Managinguncertainties

4. Focusedresearchvs. ingenuity

5. Commonstablevision,, ,, •

6. Speedof decisionmaking

7. Overcoming"notinventedhere"(NIH)"thinkwin-win"

8. Technologytransfer(EM-SOto EM-30)

9. How to jointlymanage

I0. Streamlinemanagementsystemand linesof communication

II. Operationalinterface

12. Mechanicsfor selectionof technology

13. Technologywindows

14. Communication,•

I5. Trust,•

16. Acceptingresearchinnovation

17. Slow bureaucracy,i.e.,procurement

18. Accomplishments

. 2.6.1 CompactIh'ocesstng Philosophy and Waste
alendtnn

. A compactprocessing philosophy for waste processing precludes large-
scale blending of the waste.

2.6.1.1 Implications.The lackof abilityto blendwastesresultsin an
increasedneed for processflexibilityand robustnesswith respectto changes
in waste composition. This meansthat processes that are relatively
insensitive to waste composition have a significant advantage over those that
are sensitive to waste composition.
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Table 2-6. Ideas for Improving Communication.
I I i .ill I i i ill

COMMUNICATION
.

Monthly vtdeo conference.

Planntng of meetings and Joint events (e.g., interface control point of
contact).

Organize meetings by functional requisition, not funding source (do not
tnclude funding as scope).

Develop an EM-30/50 distribution list, with responsibility to distribute.

Commitmentto close the loop with principal investigators.

Assign staff to Hartford Stte from national lab staff by term, i.e., 1 year,
etc.

Assign Hartford Stte potnt person to each national team.

Have field managersspendtime periodically at DOE-HQand vice versa.

Evaluate "value added"of all procedures.

Full use of electronic and video media.
I III liB. I I ] I I II

Table 2-7. Action Plan.
I I III IIII II II

What Who/When
II i i

1. DevelopEM-lO/50 distribution G. HellJnger 3/5/93
list wtth responsibility for
distribution.
Issue draft (including E Hail)

II . II I II

2. Conduct pretreatment monthly T. Fwberger 3/5/93
teleconference meeting (as a
start). Develop plan and
execute first meeting.

-- I I I I|1 I

3. Develop pretreatment coordi- J.C. Peschong 2/12/93 •
nation council for coordination
and integration.

- Issue proposal
- Take challenges and ideas

from Sa]t Lake meettng and
proceedwith appropriate
action.

iii I iiii I I illll
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The p_incipal investigatorspresent felt that an understandingof the
extremes of waste compositionswas key to successfuldevelopmentand testing
of waste treatmentprocesses. In fact, there was a general consensusthat if
a range of compositionsover which a processwas required to perform could be

- defined, it could-becomea key early selectioncriteria for determining
processapplicability.

" 2.6.1.2 RecommendedAction. The UST-ID needs to define the extremes of waste
composition as well as the average or mean if processes are to be evaluated in
light of a Compactprocessing philosophy for waste treatment.

2.6.Z Systems Study

There was a general concern expressed that the systems study did not
address many of the processes being pursued by the UST-IO. In addition, the
principal investigators noted that they did not know how to get their process
considered in the systems study.

It was also noted that the systems study currently did not address the
distributed processing concept for waste treatment.Recommended Action:

RecommendedAction:

The UST-ID should communicate these concerns to the respective ESP-IP
principal investigators responsible for the systems study. The UST-ID
principal investigators suggested that a systematic process for inclusion in
this study be documented. This process would include the following elements:
(I) identificationof required information,(2) identificationof a method of
informationtransmittalto the systemsstudy, (3) communicationof systems
study resu]ts to the principalinvestigator.

The systemsstudy should be modified or expandedto includeappropriate
considerationof distributedprocessing.

Z.6.3 Selection of Technologies for Demonstration

There was considerable discussion regarding the selection of technologies
for field demonstration with actual tank waste. The principle concern of the
principal investigators in this area was a lack of understanding of the
radioactive demonstration process selection criteria. The principal
investigatorsfelt that if this criteriawere mere clearly understood, they

• could better focus their TTPs on developing the information required for this
decision. One of the principle questions discussed was, "At what stage in the
process development (e.g., lab scale, bench scale, pilot scale) is a process

" selected for field demonstration?"

RecommendedAction:

The UST-ID and ESP-IP should identify the criteria for process selection
and the information needed for the process selection decision, and communicate
this information to the principal investigators.
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2.6.4 General Comments

The UST-IO and ESP-XP do not appear to address the development of
treatment technologies for the liquids generated from sludge treatment, e.g.,
dissolved sludges. The development of these treatment technologies appears to
be required to implement someof EM-30's plans for waste treatment.

The principal Investigators would like to see a table of all ESP-IP and
UST-ID funded TTPs and their targeted contaminant application. This table
could enhance linkages between the principal investigators and assist in
identifying areas where further work is required.

The principal investigators expressed an interest in understanding the
EM-30 (waste treatment) baseline at all of the DOEsites (e.g., Oakridge
National Laboratow [ORNL], $RS, etc.). This understanding could assist in
developing or identifying technologies that are applicable at more than one
site.

2,6.6 Identification of Llnkages Between Technologies,
Program, and Projects

The following potential linkages were Identified:

• • Stltco-tttanates could be linked with the CPUconcept for
deployment.

• Stltco-titanates could be linked to the nitrate to ana,onia and
ceramic (NAC) or biphasic processes to provide treatment of the
liquid streams generated.

• Slllco-tltanates could be llnked with pillared clays to improve
selectivity.

• The electrochemical destruction processes should be conducted on a
stream that has already had the cesium removed to improve membrane
1i fe expectancy.

• The ProTech profiles submitted in Februaw could form the basis for
W.B. Barton's (WHCEI_-30) process selection study. These profiles
should be made available to WHCfor this purpose.

• The ESP-IP should use the ProTech system.

• The stltco-tttanate testing should be expanded to address higher
potassium concentrations, higher caustic concentrations, and
regeneration processes to enable consideration for application in
the cesium CPU.

• The radiation testing plan developed for the resorctnol-formaldehyde
should be transmitted to Sandta National Laboratory for considera-
tion and as a basis for similar testing of the silico-titanates.
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2.6.6 Demonstration Schedule

The time each process currently under development will be ready for
demonstration was estimated by the responsible principal investigators and is
summartzed below:

v

• Slllco-tttanates: 3 years

• NAC: 1 year

• Resorcinol-fomaldehyde resin: 1 year

• Biodenitrification: Z years until applicability of process is known
and approximately 4 years until ready for
demonstration

• Electrochemical destruction: 3 years.

2.7 SLUDSEPROCESSIN6TECHNOLOSIESBREAKOUTSESSION

The following individuals (shown by technology) were in attendance in
thts breakout session:

TRUEXModel Development--G.F. Vandegrift
TRUEXModel Validation--J.T. Bell
Technical Exchange--R.T. Jubin
Sequestering Agents for Transuranics--G. Jarvinen
Status of Sludge Technology--J.E. Helt
ACT-DE-CONLeaching of Hanford Sludge--D.E. Kurath
Sludge Washing and Dtssolution--B.Z. Egan
Sequestering Agent-Coated Magnetic Beads--L. Nunez
Advanced Solvent Extraction for the Clean Option--P. Horwitz
Naturally Occurring Sequestering Agents--D. Hoffman

Hr. J.E. Hell chaired the session nottng the following major pol'nts.

• There is a commonneed to develop options for OOE; the UST-ID needs
to define and expand its envelope of operations.

• The commongoal is to produce better final waste and less volume for
high-level waste (HLW) in repository.

NOTE: ORNLwtll have actual sludge waste to work with in testing.
k*

• Sequential modeling of dissolution is needed.

• Thermodynamic models probably do not do any good.

• Polymers or colloids cause problems.
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• Mutual need by all--better envelope of sludge and dissolution of
that matertal:

- pH
- Colloids.

• Commonwaste slmulants should be developed and used by all projects
to ensure commonbasis for evaluation.

• A single contact for "sludge" material is needed.

• Setter |nteractlon is needed with those conducting characterization
development projects.

• J.L. Straalsund (PNL) can provide characterization data from "clean
option" study.

• Two steps are needed in sludge treatment:
1. Leach or dtssolve
2. Treat dissolved solution.

Questions:
1. Gap between these two steps?
2. Interface problem?
3. In tank treatment?

• Eliminate sludges, if possible; note Rocky Flats work.

• "Clean Option" report gives guidelines for Hanford Site glass? All
should get copies. Work on commonbasis.

• Ouplicatlon of work amongprincipal Investigators not apparent now.
This is only for EH-50 ESP-IP. Not at all clear how other work
funded by EM-30 (PNL, LANL) i s doing.

• Better interactions with sites that have _jmilar oroblems with EM-30
funding are needed.

• Setter linkage with "customers" in EM-30 and ER-40 is needed.

• Much more communication, Interaction, coordination by principal
Investigators Is needed, including these areas:

w

- Characterization
- Retrieval
- Systems studies.

• Most of the work in sludge processing ts In the area of treatment of
"dissolved solutions." It is not clear that there is enough and/or
appropriate work tn getting sludge in tank to that "dissolved
solution."
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2.8 COMPREHENSIVETECHNOLOSlESANDSYSTEMSANALYSISBREAKOUT
SESS%ON

o The following individuals (shown by technology) were in attendance In
thts breakout sessi on:

" Sludge/Supernate Processtng--C.P. McGinnls
Calcination/Dissolution--B.A. Colby
Untt Process Definition and Evaluatlon--W.L. Kuhn
Global Evaluation of Separations Processes--S.E. Seaman
Leaching of Calcined HLW--R.G Cowen
Pyrochemlcal Forms for Idaho Nattonal Engineering Laboratory Calctne

Waste--T. Todd
Tank Waste Processing Analysts--E.G. Baker

Mr. C.P. McGtnnts chaired the session. Detailed minutes are provided tn
the fol 1owtng subsecttons.

2.8.1 Objective

The group discussion Identified the following objective for the session:

"Demonstrate value of ESP-IP and UST-ID from a system prospective with
near-term focus on IPM and CPU."

2.8.2 Initial Pretreatmnt Module Constraints,
Criteria, and Issues

The discussion focused on the initial pretreatment module (IPM). Major
points were recorded on fltpcharts and are presented in Table 2-8.

Table 2-8. Intttal Pretreatment Hodule Constraints, Crtterlas, and Issues.
- ZPM Co"stllIatntsII iiiii i mill . ii liB i i i ii i iiii iii ill

1. IPM technology help from ESP-IP and UST-ID must _ be In development.

2. Solution to IPM _ be complementary to _RS objective.

• 3. IPM must be done _ full-scale TWRSplant to be meaningful.

- Functional Oestqn CPtt,orta

1. Undefined

2. Assumed:

• IPM low-level product goes to final disposal (not storage).

• IPM HLWsolids can be safely stored.
- ' liB I III Illl I I I II I II I I IIIII II I
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Table 2-8. InJttal Pretreatment Nodule Constraints, Crlterjas, and Issues•
(cont.)

i ii iiii i iiii i i iii iiiiiiiii i i i i ]iiiiiiii iiiiiiiii

I!_1 Issues

Safety

1. Organic and ferrocyantde destruction.

2. Cestua removal and strontium removal.

Disposal

1. LLWform.

2. Nitrate question.
i I II iiiiiii iiii i i ii LI ii III llllllm II I I

2.8.3 Issue Resolution

As above, Table 2-9 presents the major 1ternsof discussion.

......... Tab!e 2-9. Issue Resolution. ...............

Orga_tc DestruGCton

1. Calcination and dissolution

2. NAC

3. Electrochemical destruction

Ferrocyantde

Calcination and dissolution

Cestun and Strgnttun Remval

1. Resorct no1 res tn
4

2. $tl tco-tttanate

3. Ptllared clays
Cesiumand strontium speclftc llgands
Coatedmagnetic beads ........
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Table 2-9. Issue Resolutlon. (cont.) .......... --

Hill __I I I II II I II II I

Low.-Level Haste Form

" 1. NAC (waste fom producer)

. 2. Calcination and dissolution

3. Polyethylene

alr.Uaa
1. NAC

2. Calcination and dissolution

3. Electrochemical destruction

4. aJodenltrJ fJcatton
i iii i i1| - ,ill -- I1|1III

w

2.8.4 Con©lustons

Table 2-10. Conclusions. .i iii

1. ESP-IP and UST-ID tn overall framework supports TWRS.

2. NAC, calcination and dissolution, resorcinol, and tJtanate are' of
value to IPM Jn the near tern.

3. Characterization needs to be stressed within EH-50:

W.R.T. Class A waste
W.R.T. Safety tssues In solld
W.R.T. Process I ntegrat ton

4. Systems analysts (modeling, etc.) should specifically address how
above processes meet the vartous low-level waste fom requirements
(not now established).

5. Oevelopment of LLW foms ts, and w111 continue to be, a crlttcal Issue
to evaluate perfomance of TWRSprocesses.

.... ,i i _ -- HI
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2.9 SUIgMRYANDWRAP-UPSESSION

2.9.1 Supernate and Salt Cake Processing Breakout Summary

Hr. W.G. Rtchmondsummarized the breakout sesston wtth the following
major potnts:

• An tssue was ratsed regarding the |mpact of blendtng ,aste on the
CPU approach. Thts w111 be Investigated.

• Definition, use, and acceptability of stmulants continues to be an
tssue; a comprehensive stmulant document Is needed to address this.

•Ltqutd waste streams resulting from treatment of sludges will
present an |ssue ,tth overall system tmpact and an tmpact on CPU
processing.

• Hydrothermel processing ranked htgh In the group of technologies
that should be pursued.

• Kno,ledge of "customer" (t.e. EH-30, EIq-40) needs Is ltmlted and
needs to tmprove.

• The discussion led to a number of areas ,here collaboration could
occur, Including: st]ico-titanate development ,ork (commontest
p]ans, testtng shared results), electrochemical destruction with
cestum removal, and electrochemical destruction ,tth btphasic
systems.

• The sll|co-tttanate was considered a candldate'for near-term
deployment ,tth a posstble ]tnkage ,ith the biphastc extraction
technology.

2.9.2 Sludge Processing Breakout Summary

Hr. J.E. Helt summerlzed thts sesston wtth the follo, lng:

• Hany questions ,ere asked regarding the tmpact of characterization
and retrieval operations on the waste with the |nterest being thetr
affect on the Input stream to the processes In question.

• Someprojects ,ere assumtng dissolved |nput streams from the
retrieval operation.

• Additional characterization Is needed for sludges to address input
stream questions.

• Note a,areness of sties' needs ,t]] be crucial as work progresses.
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2.9.3 Comprehensive Processing and Systems Analysts Breakout Summary

Messrs. C.P. HcGlnnts and S.E. Seemansummarized this session with the
. following:

• The group worked well as a team In this sesston.

• IPM and CPU interface issues were: safety and disposal. For
safety, organtcs and ferrocyanlde destruction is needed. For
disposal, cestum and strontium removal is needed. Organic
destruction could be achieved by calcination and dissolution
followed by NACand ammoniadestruction.

• Conclusions: (1) ESP-IP and UST-ID programs should support TWRSin
the near term but retain focus on long-range solutions, (2)
calcination and dissolution, NAC, resorcinol resin, and silico-
tttanate technologies are of highest value to IPM.

2.9.4 ProgrmCoordtnatton Breakout Summary

Hr. J.C. Peschongprovided a summary of this session with the following:

• The group focused on discussing "What is going well?" and "What are
our challenges?".

- Going well--the right people are involved and beginning to
communicate. This meeting was a good start in that direction
and more of thts needs to happen.

- Major challenges--(1) communication, (2) how do we manage
jointly, and (3) managing uncertainty.

• Some actions to address these challenges were taken:
(1) G. Melltnger volunteered'to develop a distribution list for
documents and other items to improve awareness, (2) T. Fryberger
volunteered to evaluate the benefit of pertodlc meetings tn this
technical area (stmtlar to thts workshop, but with more EM-30
princtpa] investigators), and (3) J.C. Peschong volunteered to
evaluate establishing a pretreatment counctl to assist in overall
Integration of this work.

2.9.5 Rtchland Operations Offtce Perspective of Workshop

" Hr. J.C. Peschong provtded the following comments:

• The Hanford Stte and TWRSare spending $2 million per day on this
problem; the goal Is to pretreat the waste and close the plant.

• Logic diagrams are being developed in 1-, 5-, and 20-year windows.
The diagrams are how we will be making decisions. We will send them
to anyone who wants them for input.
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• Technologies should not be abandoned from development if the only
reason is the schedule will not support IPM.

• The program is not "in cement." w

• This meeting was encouraging, glad I came; I will be coming to the
next ones.

Hr. Peschong called upon Mr. J.N. Appel and Ms. C.S. Louie for additional
input:

• Mr. Appel--development activities need to be provided with reference
waste compositions and simulants.

• Ms. Louie--no input.

2.9.6 U.S. Oepartment of Energy-Headquarters and Efficient
Separations and Processing-Integrated Program
Perspective

Hr. j.R. Morrey provided thts discussion for T. Fryberger:

• The workshop had its good points and tts rough spots.

• The ESP-IP meeting on Wednesdayhad many "drop-ins;" however, it was
beneficial.

• The programs need to proceed with a 'win/win" philosophy.
)

• The concern with overlap between programs needs to be worked.

• Achieving deliverables needs more attention.

• Mr. Morrey asked _he group if they thought the workshop was
worthwhile with a show of hands (most raised their hands).

• Mr. Morrey asked all principalinvestigatorsin the group if they
thought there were any redundant work efforts going on across the
programs with a show of hands (none were raised).

• For the most part, the benefit of this workshop was accomplished.

• Mr. Morrey encouraged the group to follow through with the outcome
of the meeting and to respond to Mr. Peschong's offer (logic
diagrams).

2.9.7 U.$. Oepartment of Energy-Headquarters and EM-30
Perspective

Mr. G. Mellinger provided the following comments:

• The programs are dealing with a huge problem that is comparable to
the original challenge of the Manhattan Project.
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• Seeing all of the technology options was beneficial.

• "We're in this together." This meeting was a first step in overall
. Integration and we need to do more.

• Jointly managing a program of this size is new ground.
o

2.9.8 U.S. Department of Energy-Headquarters and
Underground Storage Tank-Integrated Omonstratton
Program Perspective

Mr. R.L. Gilchrist provided the following commentsfor S.H. Gibson:

• This is the first of manymeetings needed in this area; we have a
bright future tn working together.

• We need to produce dellverables and enhance communication to ensure
SUCCESS.

• Hr. Gllchrtst then thanked the principal investigators;
J.C. Peschong; the breakout session leaders; J.R. Horrey,
S.H. Gibson, T. Fryberger, R.A. Harrlngton, and a.H. Cruse for
setting, up the workshop; and to all others who participated.

2.9.9 Clostng Remarks

Hr. R.A. Harrlngton opened the floor for clostng remarks, as follows:

• S.E. Seemannoted the need to continue to work the systems analysis
approach to solvtng this problem.

• W.B. Barton--IPH ts an important part of the TWRSmission, but it is
only a first step. The programs should focus on getting the right
technologies developed.

• A.J. Hattus discussed the rebaselining work that was currently
underway at the Hanford Site with the Leadership Council. The
options range from no pretreatment to extended pretreatment (no
glass). The TWitSdirection is to submit a rough proposal in
Harch 1993 with milestone definition in September 1993. The IPH

. project was unchanged, new tanks were unchanged, and technology
development will be affected.

" • a.c. Peschongnoted that there is no sure solution and no sure
reference case at this time, but we are working toward |t.

• R.L. Gllchrtst noted that the UST-ID, while Hanford is the host
site, is evaluating the needs of the DOEcomplex as a whole. When
the baseline is established, the impact wtll be assessed and
balanced with the other drivers, the broad plcture, and DOE-HQ
direction.
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APPENDIXA

TECHNOLOGYDEVELOPIIFJTrACTIVITIESCHART

An earlier version of the chart included at the end of this appendix was
presented at the workshop. A numberof commentswere received at the workshop

- and tn subsequentreviews. The commentsreceived and their resolutions are
presented below; the chart reflects the resolutions as incorporated.

C-1 Comnts (L. Bustard)

The following commentswere transmitted at the workshopin a meeting
(L. Bustard, Sandia National Laboratory [SNL], with J. M. Cruse, Westinghouse
Hanford Company[WHC],dated February 4, 1993).

• Steam refomlng (EH-38) funding should be addedto the
Organic/Nitrate Destruction function.

• Crystalline stlico-tttanates should be addedto the following
functions:

- Basic side Cs removal
- Basic side Sr removal
- Basic side TRUremoval
- Acid side Cs removal
- Acid side Sr removal
- Acid side TRUremoval

Response:

The comment(s) were reviewed and incorporated in the current version as
applicable.

C-2 Comments(P.D. Kalb)

The following commentswere transmitted via telephone conversation
(P.D. Kalb, BrookhavenNational Laboratory [BNL], with J.H. Cruse, WHC,dated
February 17, 1993).

• In the LLWDisposal function, change 'Grout" to read "Baseline--
Grout."

" • The NACand polyethylene encapsulation may fit in other functional
needs.

• In the HazardousMaterials Removalfunction, NACand biological
destruction would be redundant technologies.

Response:

The comment(s)were reviewed and incorporated in the current version as
applicable.
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C-3 Comments(N.C.Thompson)

The followingcommentswere transmittedvia fax datedFebruary24, 1993.

I have reviewed the Tank Waste Separations and Disposal Technology
DevelopmentActivities Chart and find it very informative, andyet I'm
not sure that tt is complete in tems of work supported by UST-ID.
Unless th, UST-ID box under Organic/FeCNDestruction is intended to
represent zny one of several activities funded this year, steam refoming
work at $NL ts not represented.

The box for HazardousMaterials Destruction seemsto be aimed at
destruction primarily of nitrate, but does not include a numberof the
technologies which destroy organics and FeCN,such as hydrothermal
processes, stem refomtng, and calcination, which are being considered
by UST-ID becausethe technologies destroy all three species.

The box for Chemical Recyc]e does not have any processes shownbeing
funded. However, severa! of the processes for destruction of organics
and nitrate can also be used for recycle of chemicals. At present, I
believe the Clean Optton ts assumingcalcination to recover NaOHfor
recycle to earlier portions of the process. Likewise, the NOx produced
from these high temperature processesor electrochemcal nitrate
destruction can be scrubbedto recover HNO_for recycle to the acid part
of the flowsheet. Whyaren't these technologies ltsted in the box? Are
y_u only listing technologies that aren't listed elsewhere? Perhaps this
b_x can be combinedwith the HazardousMaterials Destruction box because
most of the sam technologies are applicable.

I thtnk this tsa good tdea. The chart should be madeavailable to
principal Investigators during the request for proposals tf possible.
There needs to be a mechanismfor regular reviston of the chart to
include new technologies being funded by ESP-IP and UST-ID and for
remora] of techno]ogtes which are no longer funded becausethey don't
work or are not practical for whatever reason. My concern is that new
technologies funded by ESP-IP need to be included so that DOE-RLis aware
of where they fit in especially if technologies must be on the chart to
be considered by DOE-RLfor funding and application at Hanford.

Thanks for the opportunity to comment. I would appreciate a copy of the
chart after all revisions have been incorporated.

Response:

The comment(s)were reviewed and incorporated in the current version as
appltcable.

C-4 Coments (6. Jonson)

The following commentwastransmitted via telephone conversation
(G. Jensen, WHC,with J. M. Cruse, WHC,dated February 26, 1993).

TomMoodsshould be shownas the principal Investigator for the EM-30
systems analysis task.
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Response:

The comment(s)were reviewedand incorporatedin the currentversion as
applicable.

C-5 Comments (N. Brown)

The followingcomments were transmittedvia telephoneconversation(N. Brown,
SNL, with J. M. Cruse, WHC, dated March 2, 1993).

• Add steam reformingto the Organic/FeCNDestructionfunction.

• Add crystallinesilico-titanatesto the Sr Removal and Cs Removal
(acidic) functions.

• Add steam reformingto the Nitrate Destruction/Recyclefunction.

• Add calcinationand steam reformingto the NO_ Destruction/Recycle
function.

• This is a very worthwhileeffort; please send the final version to
me.

• Add Sr and I to the Tank Waste Retrievalfunction.

• Add biphasic systemsto the Tc/I Removal function (discuss this with
[D.] Chaiko at ANL [ArgonneNational Laboratory]).

Response:
i

The comment(s)were reviewed and incorporatedin the current version as
applicable.

C-6 Comments(W.L. Kuhn)

The following commentswere transmitted via electronic mail May 7, 1993.

• Add to "Sludge Dissolution" block--

Alkaline Tank Sludge Treatment
EM-50, ESP-IP
PNL Lumetta/Col ton

" • Move "Advanced Solvent Extraction" [Horowitz] from "Selective Leach
block" to "TRU Remow!" block and also add to "Sr Removal" block and

, to "Tc Removal" block.

• Add "Selective Solid-Based Sequestering Agents" to "Removal of Other
Radionucl ides" block.

• Change work location for "Natural Sequestering Agents" from LLNL to
LBL. The principal investigator is [D.] Hoffman. The TTP for this
work focuses on removal of Pu from waste water, and hence is not a

A-5



HHC-EP-0642

se]ectlve ]each techno]ogy. Suggestmovtngto "TRURemove]"or
"Removalof Other RadJonuclldes"[alkaline] block.

• Add "Electrochemical Dest." [O. Hobbs] also to "Nitrate/Organic
Destruction" block. Also, note principal Investigator is [D.] Hobbs
In the "HazardousMaterials Removal"block.

• Add to "Cs Raoval [Acldlc]" block--

Cobalt D1carbollde Support
F.N-50, ESP-IP
Geotech Carlson

• Add to "SystemsAnalysis/Crosscut" block--

. Innovative ChemtcalSeparation
EH-50, ESP-IP
PNL, tbd Morrey

• Add to "Alkaline-Side Cs Remva]" block--

Olcarbollde for Cs DecontmJnation
EN-50, ESP-IP
SRL Ktng

• Add to "Other RadtonucltdesRemoval"block--

Acttnides Separations for Adv. Processing
EFI-50, ESP-IP
LANL Smith

Response:

The coment(s) were revtewed and Incorporated tn the current version as
applicable.
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Figure A-1. TechnologyDevelopmentActivities Chart.

The following pagescan be laid out in the following mannerto create the
overall flow of activities.

Sheet 2 Sheet 4 Sheet 6

I
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Ftgure A-I. Technology Development
Acttvtt|es Chart. (sheet ] of 6) .
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_ . ,,,,,,,,,. , Figure A-1. TechnologyDevelopment
ISludgeDlss°luti°n ' Activities Chart. (sheet 2 of 5) .
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EM-50, ESPIP iTechnical Exchange '
ANL Horwitz IEM-SO,UST-ID BR

IMM,ES/OR .... Jubin, HN03

II III

TRU
HN03

........ I
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Figure A-I. Technology Development
Activities Chart (sheet 4 of 6)

I III I

Organic/NO3 Cs Removal(Acidl¢) Tc I_llemovat' ii
)_truction/Recycle

ICs Ex/TOREX.......... |TRI3EX(CMPO)/SREX .......
IE'l'ectrochemiCalRedu'c'}i'on' ..._ I(crownEthers) .,...._ ISludge Treatment

"-' |EM-30, WHC -"- IEM-30, WHC _ IEM-30, WHC
IWHC,PN.__L IWHC,,,PNL.......... IW,,HC,PN,L ,,,

- ' ............ j I_tlqu_t336Impregnated...............I

Calcination/Dissolution Titanium & Z rconium.....

EM-50, UST-ID Phosphate IZeolites
WHC Colby EM-30, WHC IEM-30, WHC i
"' WHC, PNL IWHC, PNL
_t ............... , , ,! sam Reforming

IEM.30,TWRS jC'rystallineTitanates........... ITertlary/auaternary
ISNL ,, , Sprung IEM-30,WHC IA_Jn,,,

IWHC,PNL IEM-30,WHC
I ' IWHC, PNL

Pitlare_Clay...........

EM-30, WHC IOrganlc 10nExchange
WHC, PNL IEM-30, WHC

..... IWHC, PNL ........

EM-30, WHC J_I-CPartitioning _ ..... _---.........
NO, ,PNL IEM-30/HQ

' ILANL ---u-- -_- _Schro_eder
rystalllneZlrconates "
M-30, WHC IAdvanced-Solvent .........
Hc, PNL .. IExtraction

' IEM-SO, ESPIP

/Dicarb°lide'" I IANL ,, Horw,,itz
IEM-30, WHO
IWHC,PNL ..... _.I " '"

Crystallizationof NaNO3
AI(NO3)3
EM-30, WHC
WHC,,,,PNL

ACT*DE*CON'"
IEM-30,WHC
IWHC, PNL

; IAIternatlveRemovalLabS{udies I
il IEM-30,TWRS
! IPNL ,, Lume_ll

l_icarbolllde--__-i_:---- --...........
EM-30/HQ
NL ......... Kinkeacl

CobaltDicarb(_llideSupport ....
EM-50/ESPIP
Geotech .... Carlson

CrystallineSilico-titantes
EM-30, TWRS
SNL , Brown
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GroutProgram(Baseline) - !
EM-30,TWRS I
WHC WilliamsonI
WHC..... Vo,o_l

- iiii iiii i i i iii

INAC ProcessDevelopment
IEM-50/UST-ID
IMME§/OR,......... Mattus

Po,yethy,eneEncapsu,'ion- I
EM-50/UST-ID
BNL ,,K,alb

III

I Inlll II II

I'ILW TREATMENT

HWVPProgram(Baseline) i....
EM-_, TWRS
WHC_
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Figure A-]. Technology Development
A,IternativeProcessEval Activities Chart. (sheet 5 of G)

EM-30, TWRS EM-30, TWRS
WHC Woods WHC Barton!

i i ii I

Water Re.Use Siudy ............
EM-30, TWRS EM-30, TWRS
WHC Boomer WHC Barton

i . i .l=l i

i] IProcess Engineering&'
EM-30, TWRS IEvaluation
WHC Hob IEM-30, TWRS

I PNL , Kurath

EM-30, TWRS I_aterialsEValuati°ns ..... I
WHC Bratzel IEM-30, TWRS IIP,,..L ..... sunn?,

l_iea_"O'_tion,support .....
IEM-S0,UST-ID

EM-30/HQ IMMES/OR Watson
LAI Farish

|Tankwaste Pressing

|Analysis
EM-30/HQ IEM-50,UST-ID
LANL Yarbrc IPNL Baker

IunltProcess Definition& -
IEvaluation

EM-30/HQ IEM-So,ESPIP
L.ANL Villarreal LPNL , Kuhn

laob,=Evaluationof: - -
Development ISeparationsProcesses
EM-50, UST-ID IEM-50, ESPIP
PNL Straalsunc_ IWHC , See,man

i'n'nov'&tiveChemicalSeparatl0n
EM-50, ESPIP
PNL, _ ........... Morrey
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Keyl ill i i

i_u_..... iEM:30_RS/_NL............... Figure A-I. Technology Development

J j Activities Chart. (sheet 6 of 6)
J[DOE/FieldProgramElement FundedActivities
ICon!ractor , PI .:: .-..... . ..... _ : ............

ii i i i I iEM-'_30,TWRs EM-30/TWRS.SNL
Funded Activities FundedActivities

iii iiiii iiii iii i iiii i iii

E'M-_0/us_-ID
Funded Activities

r l ii i i i i

iii

IEM-SO,ESPIP

Funded Activities..........

II II II

TWRS, UST-ID, ESPIP

Technology Development
Activities arranged by TWRS Functional
Flow for Extensive Separations Approach

April 15, 1993
(Interim Draft)

Ref: DOF.JRL-92-61Draft,
Fig. 3.5.3-2

t
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i

I=Y93 ESPIP PROJECTS

...... Ill Ill II _,n i

P.I. LAB SCOPE
ii i ii i

Indust. PNL Develop high capacity, highly selective solid-based sequestering !
agents for Cs and Sr

i i ii i i i i ii ii, ill

Wester PNL Identify, dovelop, and test new options to separate Cs, St, and Trus
from HLW -,1

i i , i ii
¢:

Jarvinen LANL Develop polymer-supported ion-specific extractants for TRUs & (9 aE:
"r

other toxic ions = ,_I I
¢_ ro rrlI

i i ii i nm i n • 4._

f,lrl I

Brown SNL Develop crystalline silicotitanate ion exchanger to selectively remove A °=
Cs & Sr from HLW o

r , "41)

Cowan WHC EvaJuate/develop calcine & leach process for treating Hanford HLW
, = = i i , , ,.

Geoting PNL Evaluato Bradtech ACT*DE*CON _ process to recover radionuclides
" from waste sludge

Beam ORNL Develop technology to handle ORNL Mehon Valley Storage TankA °

waste (MVST)

Todd WlNCO Establish feasibility of pyrochemically treating ICPP HLW calcine
ii i ., ,, i ii _ ..... il , ,



FY93 ESPIP PROJECTS
°

P.I. LAB SCOPE
i

Seeman WHC Define/evaluate prospective separations processes for total remediation
systems

Kuhn PNL Define/evaluate prospective unit separations processes & provide data for total
systems

-rl

,¢Q

Hobbs SRL Develop/evaluate electrochemical destruction of nitrates, nitrites, and organics. -_=CO :E:
:3;

03 ¢'>
I !

Horwitz ANL Develop advanced solvent-extraction separations in support of the "Clean _. m_
o_ Option" o._ Olb

r_ 4_
I%1

O

Chaiko ANL Develop biphasic systems for extraction of radionuclides "_r_
.v

Dewey LANL Develop separations in support of Accelerated Transmutation of Waste

HeR ANL Survey status of sludge technology and recommend elemen'ts of sludge
separation program

Hoffman LLNL Develop natural sequestering agents for separating TRUs from radioactive
waste

Nunez ANL Develop/evaluate magnetic beads as carders for sequestering agents
,| , • L--,!
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Figure B-3. (1 of 3)

LOS ALAMOS

- TANK WASTE REMEDiATION SYSTEM
TWRS

Technology Applications

Kimberly W. Thomas, Program Manager
isotope and Nuclear Chemistry Division

Los Alamos National Laboratory

Ftgure B-3. (2 of 3)

LOS ALAMOSTWRS

i i ii

:_ RED,TEAMS,..
•, TANK_;SAFL=T_"ANALYSES

. TTSOi:(GERMANTOWN);
_il_ll[ I, IiiiJ

ESPIP

8-7
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Figure B-3. (3 of 3)

LOS ALAMOS HQTS FUNDED FY 93 ACTIVITIES

q

1) DREAM Project $1100k
PI: Steve Agnew

2) Systems Analysis 400k
PI: Tom Farish

3) High Gradient Magnetic Sepn 250k
PI: Larry Avens

4) Analytical Chemistry 1430k
PI: Roberto Villarreal

5) PFP Flowsheet Development 1500k
PI: Steve Yarbro

6) Cation Exchange Studies of TRU/fp 300k
Pl: Fred Marsh

7) Cs/Sr dicarbollide (advisory to EM-50) 20k
PI: Scott Kinkead

8) Tc Partitioning 300k
PI: Norm Schroeder

9) Hydrothermal Processing/radnuclide behavior 3200k
PI: Steve Buelow

1O)Sample Transportation 100k
PI: TBD

11) "Red Oil" Investigations 180k
PI: John Watkin

12) Program Management/external contracts 420k
Program Manager: Kim Thomas

TOTAL $9200k

B-8
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ACT]V[TY . I_.JORWORK ]NVEST]GATOR/ORG. FUND[NG($K)

Organic/FeCN Destruction by Bench-Scale Tests with Synthetic Colby/WHC 70
Wet Oxidation Waste Usin9 Piston Reactor

Organ|c/FeCN Destruction by Laboratory Screening Tests with Stubbs & Delegard/WHC 215
Ozonat|on S_nthet|c and Actua] Wastes

Organic/FeCN Destruction by Grout Tests with Actual Hastes Hammttt/MHC 62
Ozonation

i u

Organ|c/FeCN Destruction by Design Cold Ozone Pilot Plant ColbyIWHC 328
Ozonatlon

r i _rl

Organlc/FeCN Destruction Documentand Prepare Haste Hohl/WHC 43 ==
Slmulants..... 0 =E:

Alkaline-Side Cs Removal Produce Pilot-Scale Quantities Stephens/WHC _25 m_ _,
Using Crystalline Titanates of Crystalline Tltanates _ m• "0

.......... , | i|l - • : |

Controlled Precipitation of Laboratory Study of Controlled WileyUniversity of 65 A _o
Aluminum CO_Addit|on to S_nthetic Haste Texas - Pemian Basin _", i i i i i , ,, o

Earl_ Treatment of DSSF DSSFPretreatment Plan Bratzel/WHC 115 -h

Dissolve Sludge by Laboratory Study Using Synthetic Colby/WHC 280
Calc|nation and Leach!n9 and Actual Waste

Sludge Washing and Gravity Develop In-Tank Settling Process Landeene& HacLean/WHC 4]6
Settling and Analytical Instrumentation

Including:
- DNAAS
- TRU Monitor

. - SuspendedSolidsMonitor

SludgeWashingand Gravity PerformComputerSimulationof Sathya/WHC&Numerica] ]I6
Settling In-TankWashing ApplicationInc.,

Richland,WA
.,,



i

i ii , i i i

ACTIVITY HAJORMORK" INVEST]GATOR/ORG. FUNDING($K)

Sr/TRU Solvent Extraction Develop a NewNonphosphate Horwttz/ANL 400
Process Development Stripping Agent (TUCSClass B)

That Selectively Removes _=
Actinides Without Removing _ _c

• :3=Uranium and a Solvent For m
m CombinedSr/TRU Removal a ,4_ rn

t Processes " "_
, I

0 0

Alternative Pretreatment Identify Alternative Processes Barton/WHC/NUHATEC/ ]038 r_
Process Evaluations Applicable to the Pretreatment BNFL o

of Hanford Tank Wastes -h

TWRSWater Re-Use Study Evaluate Opportunities and Barton/WHC 123 "-"
Benefits Associated with

• Recycling Water in the Tank
Waste Disposal Operations ,,iili

ii '
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Figure B-5. (1 of 11)

PACIFIC NORTHWEST LABORATORY
FY93 TWRS PRETREATMENT

TECHNOLOGY DEVELOPMENT PROJECT

FEBRUARY4, 1993

LANGDON K. HOLTON

Presented to EM-50/EM-30 Workshop on Pretreatment

Salt Lake City, Utah, February 4, 1993

Figure B-5. (2 of 11)

PNL TWRS Pretreatment Technology
Development Project

PRIMARY GOAL

• PROVIDETECHNOLOGY SUPPORTTO THE REFERENCETWRS
PRETREATMENT SYSTEM
- Tank Safety Resolution
- Tank Waste Disposal

GENERAL ACTIVITIES

• TECHNOLOGY DEVELOPMENTTO SUPPORT THE INITIAL
PRETREATMENT MODULE
- Cs Ion Exchangeand OrganicDestruction

• SLUDGE WASHING TECHNOLOGYTO SUPPORT IN-TANK
, WASHING

• LONG-TERM PRETREATMENT"TECHNOLOGY
- Sludge dissolution,extraction of chemical/radiochemical

contaminants

• EVALUATION OF PRETREATMENTMATERIALS OF
CONSTRUCTION

., B-11
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Figure B-5. (3 of 11)

PNL TWRS Pretreatment Technology
Development Project

A

SCOPE OF WORK

• LITERATURE REVIEWS OF TECHNOLOGY ALTERNATIVES

• CONCEPTUAL ENGINEERING ASSESSMENTS

• LABORATORY-SCALE RADIOACTIVE AND NONRADIOACTIVE
TESTING

• PILOT-/BENCH-SCALENONRADIOACTIVE/RADIOACTIVETESTING
(FUTURE)

• SUPPORT TO WHC CONDUCTED ENGINEERING-SCALE TESTS

• INDUSTRIAL VENDOR TESTS

Figure B-5. (4 of 11)
4,753K

TWRS

PRETREATMENT
PROJECT

! [ [ _---

- I
Mlmiglment Engineering and SeCretion and ExtnmUon / I Tectmology I Material=

Evaluation Technology Technology / Development Evaluation

Development Development /

.... LK Hoiton DE Kurath _ LA 8my GJ Lumetta I I EOJ=.,, I LR Bunnetl
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Figure B-5. (5 of 11)
01 451K

I .....Project"

Management

J

LK Holton
I

.....oo.loo,io-illooo......1.1.2.3.1.1.1.1

0102 102K 0104 0 0106 31K

-- I- Tecnnology

Su_rl 1.1.2.3.1.1.1.1 / 1.1.2.3.1.2.6
1.1.2.3.1.1,1.1 [

IIIIw. 2

Figure B-5. (6 of 11)
02 733K

Engineering and
Evaluation

DE Kura_ .....

=01 , , 32K 0211 ! ":,-OK

I =.vmmmAUmm " EvluawC5 SeN.=.,zncmmSys.
T.,w- _,uR..- ,._... I ,,M_.._o

Syzmew_ v_ SM1y _ Rwnwa_ R_ I StuczyRewzw

1.1_1.1Z5 I 1.1.2.3.1.1.2.11 1.1.2.3.IZ15 1.IZ3.1ZIe I.1.2.3.1.2..35J I, 1.2.8.2.',.Ii i I I l , II I I

"l'ammv_ N_ isva.,lm,_'Rmn_m_ Hot_ _ S_em
SlemmeS_my Semmmm Pmmmm NN_WReeanmmm ON_n
1.1.2.3.1.',.Zl Tectw'mo_llm I..I.Z3.1_17 1.1.2.3.1.2.31 1.1.Z3.__.38

1,1,Z3.1._.37 , !
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Figure B-5. (7 of 11)
03 595K .

FissionProduct
Separation
Technology

Development

LA Bray

ii ii

I Optlntzation Chemical ISilico-T'itanates!
I Tests Sta_UtyTests

t 1.1.2"8.2.2"41J_ [1.1.2.8.2.2.30 1.1.2.8.2.2.37

Rev. 2

Figure B-5. (8 ot' 11)
04 1,405Ki

Sludge
Treatmentand

Extraction
Technology

Development

GJ Lumetta

ii. i
- -- '"" /'k_l_! I dl_llql_

Lal)Ol'at=_ lal_rtltO_
lab I:_'e_imir,u_/ De_Nof_nrNmt Skxlge S¢_v_t I Stucltw. Laborato_ Studiesof

Tutl-ln-Tank Slu¢kge S_ _uo_._k_n _ I Altemaltve S_¢liesofSr AcidicCs
Wuntng Wiuming Leaching Laboratory _ ITRU Removal Removal Removal

1.1.2.3.3.2.15 Studies Pmcal!N Stt¢ltu Studies I Procmmes Processes Processes
1.1.2.3.3.2.18 1.1.2.3.3.2.20 1.1.2.3.1.Zll 1.1.2..3.1.2.12 11.1.2..3.1.2.14 1.1.2.3.1.2.18 1.1.2.3.1.2.16

RIW 2
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Figure 8-5. (9 of 11)
05 1,141K

Organic

Destruction

Tectlnology
, Development

EC) Jones
II I

o5o,I _ .... o_ 1142;<" 0so71_3,X. "'"O5O9112eK' '

I ' "'--'iI.l.ze.2_,,j I
o._ ,1K _ _TaK o_ =sK ososI_=K o51o..l°K

ISieUamf=' BeechSome _'_,mnm I _emam

1.1.2.a.2._3 LTAO 1.1.2.a.2.:,.1
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Ftgure 8-5. (10 of 11)
06 428K

i

Pretreatment
Materials

. Evaluation i

LRBunnell
I III iii | III

I

_' oeo2'l_'< '_318,,< o_,1_K '""o_o51,_,=<" oj.____
Corro=ton Corrosion Corrosion Corrosion Corrosion

Prepare Studies Testing Testing Testing- Testing
Corrosion Organic Studies- Studies- Sludge SupportFor
ProbeTest Destruction Sluo'ge Selective Dissolution FilterTests
Apparatus Processes Washing Leaching andTRU 1.1.2.3.1.2.25

1.1.2.3.3.2.6 1.1.2.8.2.2,40 1.1.2.3.3.2.21 1.1.2.3.3.2.22 Extmctton
1,1.2.3.1.2.22

&

-, . !.1.2.3.1.2.23

R_. 2
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Figure B-5. (11 of 11)

PNL TWRS Pretreatment Technology
Development Project

R

SUMMARY

• PNL TWRS PRETREATMENT TECHNOLOGY PROJECT PROVIDES A
BROAD SPECTRUM OF TECHNOLOGY NEEDS FOR TWRS
DECISION MAKING AND PRETREATMENT PROJECTS.

• TECHNICAL LINKAGES WITH EM-50 AND LANL EM-30
PRETREATEMENT PROGRAMS ARE JUST BEGINNING.

$T/(_RONGER LINKAGES ARE DESIRED IN THE FUTURE.

- Sludge Dissolution and Extraction Technologies

- Sludge Leaching Technologies

- Materials Evaluation

B-16



WHC-EP-0642

Ftgure B-6. (1 of 30)

U.S. Department of Energy
I lllllI I II ]IIIIIJLL[I lli Ill IIl ]llll lli III _ IIII

Pacific Northwest
Laboratory

Ftgure B-6. (2 of 30)

WasteTlm_t_cjy Center
I IIIII I II II IIIIl ilmlll IIIIIIII II

Compact Processing
Units

W. G. Richmond

Pacific Northwest
Laboratory

8-17



WHC-EP-0642

Ftgure B-6. (3 of 30)

WllteTe_mok_C,nter ,, _,, , ,_
I III I I .,, I IIIIIIII I[ I

li

Agenda
w,

• CPU Concept
• Why Consider CPU?
• CPU Project Status
• CPU Process Flowsheet
• CPU Schedule
• CPU Funding Profiles
• CPU Open Issues

PmolfloNorthwest
Lalxlrmory

Ftgure 8-6. (4 of 30)

W_____T,chnologyClnt_r , ....
__ I I I IIIII II1[ III I I I

Compact Processing Unit Concept

. Treat waste with small distributed units

• Early start for waste pretreatment

• Provide pilot plant facilities for IPM
a,

PmolficNorthwest
laboratory

B-18
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Ftgure B-6. (5 of 30)
Wute Te_notogyCenter

I I III I I I I I I IIII I I

" CPU Design Concept

• Provide stand alone field deployable
process unit for tank waste processing

• Unit meets all RGRAJDOE/NRC requirements
for containment and accident mitigation

• Unit capable of refit/upgrade

• Minimize in-process inventory to maximize
safety

Pxolflo Northwmt
_uornto_

Ftgure B-6. (6 of 30)

Win TaehnologyCanter
mlllllllI_ IIIII ++ IIII I

Insert CPU Design Figure Here

Ploif|o Northwest
Laboratory

B-19
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Ftgure B-6. (7 of 30)
II III I - III II I I I IIII I

Q

Why Consider CPUs?

• Economics of waste pretreatment are
dominated by process deployment cost

• Centralized canyon type facilities cost
approximately $1 Billion dollars and are 7+
years from start-up

• Facility construction and engineering costs
are approximately 55% of total project cost

• Plolflo Noftllm_lt
Labomto W

Ftgure B-6. (8 of 30)

WmT.=_Cm ,,, ,,,,, , , ,.,, ,.. ,,,, ,, .,. ,,,

Why Consider CPUs?

COST- CPU funding requirements are
significantly different than for a centralized facility

SCHEDULE- Waste treatment could start sooner

TECHNICAL UNCERTAINTY- Modular facility
allows for continuous process improvement

RISK- Modularity allows for lower risk
deployment of new processes

Plmlfle Northwest
LatmmtoW

B-Z0
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Figure B-6. (9 of 30)
WasteTecnK_jy Crater

l I II

" CPU Project Status
,=,

• Process Flowsheet Selected

• Functional and Operation Requirements
Document Completed

• Project CPU Concepts Developed

• Baseline project schedule developed

• Project acceleration scenarios under
investigation

• I=_afflc Northwest
L.al_mtory

Figure B-6. (10 of 30)

Wmm Technak_ Center
I IIII

PROCESS SELECTION

I

Option Decision Reasoning
I I

Resin Formaldehyde High Capacity;
Resorcinol Selectivity

Elute versus Elute Column Minimize Waste
Once-Through

. Number of 3 in Series / 1 Attain High DF /
Columns Eluting Continuous

. Operation
i F

Recycle or Recycle Low Minimize Waste
Recover HNO3 [Cs] Eluant

Pmefflc N_
Latmrmory
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Figure B-6. (11 of 30)
WasteTecnnologyCanter

IIII II II I lll I I iiili I I

10ption Decision ..... i i_easoning '
Upward versus Upward Elution Higher
Downward Efficiency & DF
Elution
Dilution ....None Minimize VYaste

, _ _ ,, ,, ,, ,,,

Elute and Do not Reload Too much added
Reload Onto onto Zeolite IComplexity;
Zeolite JWFQ, Transport

Issues
, i i . iii i | i i, i i, llill Ill

Pmeifl(:Northwest
Lallormory

F|gure B-6. (12 of 30)

wBm Temmo_/crow
II

CPU FLOWSHEET CALCULATIONS
i ,,,, I

..... Feed LLW High Cs.
[Na +] ...... 11. 11. 0.25
[K.] 1.0 1.0 0.01
[AI_].......... lo 1.o " ' - -

,,i ,l,,, i i , .. i| ..,,,,

[OH] 5.0 5.0 o,1o
[NO_I 3.5 3.5 0.05
Cs., CI/L 0.5 < 0.001 4.0
Sr2., Ci/L 0.001 0.001 -

Volume ..... 1.0xl 06 1.08xl 0e 8.7xl 0_
(gal)

III i i i " ' I i iiiiii

Pmc:ifloNortlln_m

8-22
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Figure B-6. (13 of 30)
WzuneTechnologyCm_r

II I I I II III I

Process Capability
.e,

• Current Design Basis is DSSF (Tk 101-AW)

• Process Capable of Handling any pumpable
liquid requiring Cesium removal

PmcfflcNorthwest
.' Laboratory

Figure B-6. (14 of 30)

warn Tlmnok_ Crater

CPU Demonstration Objectives

• Transportable

• Process 1 x 106gai/year, Cs DF _ 1 x 10'

• Design life 1 year, minimum

• Comply with federal, state, DOE regulations

Pdo Northwest
Labormry

B-23
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Figure B-6. (15 of 30)
W_le Te_lnologyCenter

I III I III I I Ii

CPU Four Major Subsystems
,¢

• Ion-exchange Process (Design FY93)

• Process Control System (Design FY93)

• Containment System (Design FY93-FY 94)

• Tank Farm Interface ( Design FY94)

Ptcffic Northwest
Laboratory

Ft.gure S-6. (16 of 30)
warnT_no_qy

II I I II I

ion-exchange Process Functions

• Resides in enclosure

• Separates incoming DST supernatant
- low-level Cs stream
- concentrated Cs stream

• Adjusts streams to meet tank farm
regulations

• Returns streams to tank farm
Status: Process flow diagram in development

Pgotflc North_
La_mmry
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Figure B-6. (17 of 30)
WasteToohnoiogyCenter

I I Iml IIII III I I II III

Process Control System Functions.w

• Remotely controls process operations

• Provides surveillance

• - Acquires and analyzes data

• Interfaces to tank farm monitoring system

Status: Requirements being identified for FDC

Padfl© Northwest
Laboratory

Figure B-6. (18 of 30)

warn T_:hnokxjyC4mter
II I I IIII II III I IIII III

i

Enclosure/Containment System
Functions

• Encloses IX process

• Confines radioactive/hazardous materials
N

• Shields public/personnel from radiation

- • Interfaces to loading/transportation
equipment

• Provides HVAC and fire protection

Status: Enclosure concepts under development
Pmclflc Northwest

l..aIDomtory
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Ftgure B-6. (19 of 30)
Wute Tecnno_xjyClmter

I IIIII I I I II III

• MORE CPU CONCEPT FIGURE AND
DEPLOYMENT FIGURES SHOWN HERE

Pxclflc Northwest
Laboratory

Figure B-6. (20 of 30)

WasteTeqmnologyCenter
I IIm I I III

Tank Farm Interface Functions

• Provides suitable site for deployment

• Interfaces utilities and waste transfer
systems to IX process

• Provides a nonradioactive chemical supply
system

Pxoiflc Northwmt
L.abormory
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Figure B-6. (21 of 30)
• WasteT_noiogy Center

III III IIII

Project Baseline Schedule

• Design Completed 1993
..

• Test system procured 1994

• Non-Radioactive Demonstration 1995

• Radioactive Demonstration 1998

Psciflc Northwmlt
I.aDoratory

Figure B-6. (22 of 30)
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Figure B-6. (23 of 30)
Compact Processing Unit

Current Baseline (Startup Februaw 1998)
14000 ........................

$12,820K
Funding_urce

12000 _ F.M30

B EM50
10000 ............ $9,150K

800O
,a S6,300 K

$6,_K

6000 $4,626 K
$4,380K

4000

2000 $1,260K

80OO
$6.300K

$6,220K

6000 $4,62(IK u

$4,380K

40OO

2000 S1,260K

0

FY.93 I='Y._4 FY-95 FY-98 FY-97 1=Y-98 FY-99
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Ftgure B-6. (25 of 30)

CompactProcessingUnit

Cu_ent B_eline (Stamp StartupFeD_ary 1_8)
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1OOOO
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Figure 8-6. (26 of 30)
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Ftgul,e B-6. (27 of 30)
Compact ProcessingUnit

Revision #I (StartupDecemDer 1996)

12000 ..................... " .....
e

$10,500K ...................
m Equipment

10000 $9,500K
$9,000K m Lal=or "

8OO0
ST,000K

$5,600K
¢n

m 6000
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20OO $I ,260K

$370K
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I=Y-93 FY-94 FY-gS 1=_-96 FY-97 FY-98 FY-99
i
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Compact ProcessingUnit

Revmion#1 (StartupDecemNr 1996)

$,31,000K
iii

3000O "'--" EM30 J

-'- " EMSO

2S000

15000 $12.700 K m

10000 /" " "" "

• l_ _

7_ ,,f"

./ /

FY 93 FY 94 P"Y95 FY 96 P'Y97 FY 98 FY 99

B-30



gHC-EP-0642

Ftgure B-6. (29 ot' 30)

Compact Processing Unit

FundingProfileCompanson

3_000 ........ ......"" .........

I I /_-"
' " " • EMSORev , _ /

- I__. ' / /

.-- - _M308-°, / /

2ooo0 L.-----.--= / //

i 15000 //

10000 .--

f"**7 /

Figure B-6. (30 of 30)

WasteTechnologyCenter

CPU Open Issues

• DOE Order Compliance
- KEH being funded to do analysis

• Demonstration Site

• • Interface with IPM Plans

" • EM-30 Funding Support

• CPU project schedul_ acceleration

Pu©lflc Northwest
Laboratory
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Ftgure B-7. (3 of 10)
i i i i i .1 .11 H i i ,.- , -- __ --r-- _4

HANFORD 241-IO1-AW COMPOSITION
u

CHEMICAL MOLARITY

Sodium Hydroxide 5. l
A1umlnum Nitrate ' 0.5
5odlum Nltrate 2.4
Sodlum Carbonate 0,21
Sodium Sulfate 0,01

Potassium Hydroxide I.1(0.8)
Ceslum Nitrate 4.4E-5
5odlum Nitrite 2.2
Cs-137 1.3E-II

_ ..... M I I III I $$

e

Figure B-7. (4 of 10)

Breakthrough Curves with SRS Simulant
=

12. ............
6MNa I

1.0 1.5 M OH I []
0.01 M K • • I

.,

0.8 m •
o m 3 CV/hr

0.6 • 5 CV/hr

¢_ " I 7.5 CV/hr .
o 0.4- m • 10 Cv/hr

Ib

0.2

0.0

0 t00 200 300
CV
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Figure B-7. (5 of 10)

FOUR FLOW' RATES FOR UNDILUTED 101-AW

0.6 m 15 c'v/hr
o

• • 10cv/hr
g e I 7.5 cv/l_r

g 0.4 • 3 cv/hr
I

0.2

0.0
0 10 20 30 40 50

CV
Figure B-7. (6 of 10)

10000. _ I_
" 0m

1000 -
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o'1
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Q

A- !E*6 Gal. Suoernate at 20 gpm
2 mCi/gal Cs- 134/13,7; other raalonuclicles='2 E+4 i_CI/gal

B- 1 E°6 Gai Trear.ea Suoernate at 20 gpm
no Cs-134/137; other raaionuclicles='2 E°.4 i_Ci/gal

C- 3 E-3 Gal ACicl eluent at 30 gpm

D- 3 E+_ Gal Acid containing1.9mCi Cs-1:341137

STANDARD IXCAROUSEL

OPERATION
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Figure B-8. (1 of g)
UNDERGROUND STORAGE TANK

INTEGRATED DEMONSTRATION

. Biological Destruction of Tank Wastes

" TTP # ID 1212 04

Principal Investigator: Graham Andrews (208) 526-0174

Program Manager: Don Maiers (208) 526-6991

OBJECTIVE

To demonstrate a microbial ,_processthat will remedlate
wastes from the Hanford tanks by:

- reduction of nitrate to N2 and replacement with
desired anions

- separation of radionuclides by biosorption
. ,)- oxidation of organics.

Halophiiic bacteria are used to minimize the amount of
water that must be added to the process

Figure B-8. (2 of g)

BIOTECtlNOLOGY IN IIAZARDOUSWASTE MANAGEMENT

- Will carry out one or more of the following:

I

Biodegradationof hazardousorganic wastes (e.g., xylenes, chlorinatedsolvents, poly-
chlorinatedbipitenyls)to innocuousend products(CO2,CI', etc.)

Denitrification: reducing,itrate in nuclearwastestrealns, agriculturalrun-offor
groundwaterto N2

Biosorptionof heavymetals and transuranidesfrom diluteaqueoussolution

- - Bacteria function as self-replication catalysts at ambient temperature and pressure,
thus reducing costs

le

B-3g



HHC-EP-0642

Figure B-8. (3 of 9)
FY-92Accomplishmentsunder Buried Waste

Integrated Demonstration(INEL: Pad A Waste)
=

• Collection of halophilicdenitrifying bacteria established;
both previouslystudied strains and our own isolatesfrom
the Great Salt Lake and Death Valley regions

• Microbial growth and denitrificationdemonstrated on
synthetic waste, water, acetic and phosphoric acids at
salinity of 4M (Na+ K)

• Start-up of three I liter chemostats using mixed culture:

- Start-up procedure developed

- > 99% nitrate reductionat steady-state

- No NOx formed

• Preliminary process flowsheet developed using
counter-currentcontactingto maximizebiosorption

F_gure B-8. (4 of 9)
i

Doubling
time

Strain Source Morphology and (hr) Nz/Acetate
Color

,, ,, , , ,,, ,,,,, ,,,,

[Ialoferax ATCC pleomorphic, tan t2 0.032
medlterranei

IIaloarcula ATCC pleomorphic, orange 21 0.054
ntarismortui

IIASLTo North arm GSL, UT rod-shaped, orange 5.4 0.279,,, ,i

IIASL7t North arm GSL, UT long thiu rods, tall 7.5 0.784, , ,, =

IIADV2 Death Valley , CA plemnorphic, tan 8.3 0.753

IIAPV Panamlnt Valley, pleomorphic, off 6.4 0.337
CA white

iiiii , a,i, [
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Figure B-8. (5 of 9)

I ¢O¢A_.CA¢_O_S I

I(I,,tK| ,, 2,3,4 14m_mmmu

,w

(

COLLECTO_

_ ., ---_'_
HAGNETIC H

ST:it.BU mumm

- 8[OitKAt._L_Oil A_S A_ ^ ":='LEC'_ZO_iCUL'L_J_; FA.5"_I_T _OWZt4G STRAINS
WILL D_4ZH&TE _ i_OItUL&T:ON

- HAItITA_NIHG A I_II:ZVE eRES_UitE ,li, pitEV_S IHrL_ or :HIJIiITOR_"
OXyGEU. BI_ADSPACI AL4AL_S:S SHOWS N_,CO 2 BUT _tQHQx .

Figure B-8. (6 of 9)

11/92 - 3/93 Accomplishments under USTID
Pretreatment/Separations Task

• Prepare project management/test plan and technology
status report (drafts circulated)

• Identify target tank waste, and switch lab chemostats to
appropriate surrogate waste composition

• Find best fit of microbial process In overall USTID
flowsheets (feed concentration, pretreatment, effect of
anion composition on disposal, etc.)

• First design study for Compact Processing Unit for SST
- "drainable liquor" based on conservative estimates of

process variables shows

" - need for experiments at salinity > 4M

- use of biosorption as polishing step for
radionucUde separation

- danger of reaching "biomass paste" limit

B-41
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Figure B-8. (7 of 9)
WASTE FRC_I TAI|K
FLOW _- 454 L/h_"

SALL|IZ']_'Y• 6.3H {llatK) WATER FOR "_ALIIIIT_
{ I I _ ( pzt ? ) CONTROL

N_TR _ J, N _ | [ FLC_-26L L/hx: FR_H EVA_'ORATOR
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FLOW a 1472 L/hf
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t ' ' 48.9kg/hr ASJIED(9 l I
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FLOW_757L/h
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]O gm/L SALIMITY • 4N
NZTJR= 1.02N
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I p. " ..s J
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• _ i WATU TO
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Figure B-8. (8 of 9)

Milestones for FY-93 ($300K)

3/93->: Run lab chemostats at decreasing residence
times (10 days -> 1 day) on surrogate tank waste to:

- optimize culture by natural adapt(on and selection

-provide biomassfor other experiments

- provide parameter values for yield and rate

3/93 - 7/93: Study effects of potential inhibitors (AL.O2,
EDTA, F) and potential nutrients (citrate) in batch culture.
Add to chemostatfeed if possible

5/93.11/94: Measure capacity and affinity of cells for
biosorptionof heavy metals and radionuclides (U, Cr, Cs,
Sr, Zr)

B-42
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FigureB-8. (9oF g)

Milestonesfor FY-94 ($420K) and Beyond

" -> 9/94: Continueoperationof lab chemostatsto:

- explore limits of process performance (salinity,
residencetime)

- provide biomassfor start-up at next scale

12/94 - 5/94: Design and build a large-laboratoryscale (5
gal/day) process

6/94- 11/94: Demonstration/testingof large.lab scale
process on surrogate waste. Test biomass separation
steps and simultaneousdenitrification/biosorption
concept

12/94 - 2/95: Evaluationand Analysis ofTest Data.

Issue technologystatus report.

Update and freeze design of Compact Processing'Unit.

Provide cost estimatesfor transportable CPU
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Figure B-9. (1 of 6)

OR- 1120-03

' The Nitrateto Ammonia and Ceramic Process

Importance of NAC to UST-ID

- New Process to Decompose Nitrate at Low Temperature
(50oc) -

- ProcessisNaOH Free

- Co-Production 0f Waste Form Which is Low Volume
(less than third of equivalent grout volume), Durable,
and RegulatoryAcceptable (binds most RCRA and
radioactivemetals)

- D&D ID is Proposing AI Recycle to NAC Processfor
Waste Minimizationand Cost Effectivenessfor NAC

Figure B-g. (2 of 6)
OR- 1120-03

The Nitrate to Ammonia and Ceramic Process

Key Deliverables

Process ChemistryProven FY-92

FY-93 Activities
- Optimizationof A1 Usage vs. Nitrate Destruction
- Ceramic Waste-Form Development and Verification

. - Use of Actual LLW from MVST as Experimental Fuel
- Acquisitionof Scale-Up Data for PilotPlant

- FY-93 Supplemental,,Request
- Pilot Plant.Equipment Specification and Layout

FY-94 Activities
- Operate Pilot Plant
- Confirm Waste Form Acceptability on Pilot Plant

Product
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Figure B-9. (3 of 6) ORNLOWO91,-549m2

RELATIVE VOLUME REDUCTION EFFICIENCIES:
A COMPARISON OF GROUTING WITH THE NAG PROCESS

GROUT

+40_

D

ALKALINE
WASTE SOLUTION

CERAMIC

PRESS DRY PRODUCT _. .MICROWAVE SINTER

SODIUM
NITRATE

Figure B-9. (4 of 6)

GE]I'Ilg:IALFLOW SHEET FOR THE NITRATE TO AMMONIA
ANO CERAMIC (NAC) PROCESS

ctltmtlCW, o_-comi_m

W&ffPV&_
i

¢_IAI,'Nff

IIIACII|

M(M

_ W_N
_m
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Figure B-IO. (I of 18)

CRYSTALLINE SILICOTITANATE ION

• EXCHANGERS ..... _--]

. UST-ID/ESPIP Meeting
February 3, 1993

Salt Lake City, Utah

N. E. Brown, H. P. Stephens, R. G. Dosch, L. D. Bustard
Sandia National Laboratories

Albuquerque, New Mexico

R. G. Anthony
Texas A&M University
College Station, Texas

Figure B-tO. (2 of 18)

PI_SENTATION OUTLINE , 1_

= Background on titanates at Sandia National Labs

= Patent status on crystalline silicotitanates (CST)

• Preparation and characterization of CST

= LDRD, ESPIP, DOE-RL activities

. m DSSF process description

. s Scale-up and commercialization of CST

• Funding requirements
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FigureB-IO. (3 of 18)

TITANATEION EXCHANGERDEVELOPMENT

AT SANDIA _]I II I II III II II II I I I I -

• 1969 ELECTROACTZVE CERAMICS VIA TITANATES

• 1975 TITANATE ION EXCHANGERS FOR HIGH LEVEL
REPROCESSING WASTES - CERAMIC WASTE FROM
PRODUCED

• 1979- TITANATE ION EXCHANGERS FOR HANFORD DEFENSE
1981 WASTES

• 1980 AUSTRALIANS ADOPT SANDIA TZTANATE ION
EXCHANGER ROUTE FOR PREPARATION OF SYNROC

• 1981- TZTANATE CATALYST DEVELOPMENT PROGRAMS FOR
PASS DOE/FE

S_IA Hfl_a_L LAIIOIMOIIII[SINOVMO 5II[PHIMIIqlOc(SS II[|[NICH OEPMf'IqIIT E|I|/(SOS)(144-SlTII

FigureB-IO. (4 of 18)

TITANATEION EXCHANGERDEVELOPMENT
AT SANDIA

II I I I III III I

• 1984 SAVANNAH RIVER LAB ADOPTS TITANATES FOR IN-
TANK PRECIPITATION OF SR AND PU

• 1990 PROGRAM INITIATED TO EXPLORE CRYSTALLINE
SILZCOTITANATES AS CATALYSTS

• 1992 DISCOVERY OF CS SELECTIVE CRYSTALLINE SILICO-
TITANATES

SANIA lillOli( LAIQIAI011[$1HOUAIQ SlIIqIEMIf41OC(|| I_$[,_'N 0CPMIIqNI 4||Zl|_J|l_i-91lll
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Figure B-IO. (5 of 18)

PATENT STATUSIll Ill I II I IIll II II II Ill I

CST's are a new class of compounds with wide potential
applications as catalysts and ion exchangers

Patent application to be filed by mid February 1993

Commerce Business Daily announcement is in draft

Non-disclosure, non-analysis agreement is being written

Limited information on composition and synthesis
conditions will be openly released

Figure B-tO. (6 of 18)

SYNTHESIS OF CST's " _[_

CST formed by reaction of

Tetraalkyl titanate

Tetraalkyl silicate

Sodium hydroxide

. Hydrothermal treatment similar to zeolite synthesis

. Wash, dry, isolate

Formation of engineered form

Ion exchange reactions in Cs removal process

NaCST + Cs. (aq) ,_, : CsCST + Na. (aq)
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Figure B-IO. (7 of 18)
C8ADSORPTIONONCRYSTALLINESILICO-TITANATES
DEPENDSONSTRUCTUREANDSYNTHESISMETHOD

3M NINO3-100 PPM Ca

100,000 _

, 1"_

E

1 I f - _
0 S 10 15 2O

LARGEST d-SPACING IN TAM MATERIAL.ANGSTROMS

INITIAL DUPLICATE
RESULT _XPERIMENT

c c3
0.1 GRAM OF TAM IN 10 ML OF SOLUTION
24 HOUR EQUILIBRATIONTIME

Figure B-lO. (8 of 18)

DIFFERENTMOLECULARSTRUCTURESIN CRYSTALLINE
(VS. AMORPHOUS)TITANATESRESULTIN HIGHCESIUMSELECTIVITY

X-RAY OZFFRACTION PATTERN OF TITANATE X-RAY OIFFRACTION PATTERN OF SILICO

SHOWING NO LONG-RANGE ORDERING WHICH IS -TITANATE SHOWING ORDERING TYPICAL OF

TYPICAL OF AN AMORPHOUSMATERIAL OF CRYSTALLINE MATERIALS
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Figure B-10. (g of 18)

CHRONOLOGYOFTHEDEVELOPMENTOFC8SELECTIVITY
INTAMSSIUCO-TITANATESIN CAUSTICSOLUTIONS

1,100

1o000

-, . ,.

' ,>C.;'_77.... _-;:7_::"7!7_{_:Ill _ ...... _ ':i:_ii;'c?_7'7................. :" s:.c!_/:'.'::? . .........

'117 _,-,._,_" " • : ,

200 F .::>:._ ......... :..... !_E::'_:_._,17," .......<:.....
$, ,:

I_.... I _'_.'*:......'...._ ,:,, ,r"-'Go
5/7 II/ll 7/9 7/23 8/4 8/21 10/2 10/27 10/30 11/4 IE-tltl BSC

llil 0ATE
ALLSOLUTIOI_CONTAINEDS.TMIll - O.IIMOH
WITHINIil/i. CllCOtNCENI'R_TION_OF 100PPM

i _ 0OIMI File "CIKdl02 I

Figure B-10. (I0 of IB)

CaDISTRIBUTIONCOEFFICIENTRESULTSFROMTHE
LJiiSTGROUPOFSAMPLESSENTTO PNLFOREVALUATION

100,000 ........

I-: i_ _ ,_l,, ,_ll ,,l.

1oooo- ,., iili;

I:is_i!ilili!;iii ,,,

(::l _ ; i i i"i]>i_iii;;:,: i:8:?.;_i,!_i<i_ ii77@!i_7r; _,.... i ; i:
$NLTAM5ll5 $NLTAM5#40 $NLTAMS#70 IE.g6ZEOUTE

SNLTAMS#42 SNLTAMS#42 SNLTAMS174
' SILICO-TITANATEDESIGNATION

,H• ,3.7 _ pH-,o8
PNLTESTSUSEDSYNTHETIC0SSF
TESTSRUNFOR1SHOUR8AT25(:

I_mlliim/_ _ %"IKDI_i"
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Figure B-10. (11 of 18)
THE STABILITY OF SlLICOTITANATES IN

HIGHLYALKALINE SOLUTIONSHAS BEEN DEMONSTRATE

m .... Hill I I i ii i i i i _ 4

250 ........

200

• t
160 - @

5O

0 *'" .... !J'*" .... ' .... J.... ' .... J.... J.... _....
0 6 10 18 20 25 30 315 40 46 50 j

I"IM!(day=)

_ by Lane_ay. _ ,_mjWd_ _ wsae e_tjaru

Figure B-tO.- (12 of 18)

CESIUMSELECTIVITYOF SIUCO-TITANATESIN
5.7M N8 SOLUTIONDECREASESAT HIGH pH

vO0,_ '........ _ 100,000

t,,,,- :. :1 .,----.-.o_.,..__

,_ 1o,ooo • •......... _'T___o,ooo

8 ................. 4 ,=
I

_ ]
tO ........................ -_ 10

o !
1 ' -- I _ J : t 1,

1E.14 11=-13 IE-IQ 1_06 1E,4_ 0.0001 0.01

HYDROGEN ION CONCENTRATION IN FEED

A/_ ANO ICP.M8 USED FOR Ca=/_LYSES

INtT1ALC6 CONCENTRATK_I WAS 100 PPM IN 5.7N Nat+ Sm_nB_t.,mommR_ _ "c_u_t=,
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FigureB-IO. (13of 18)

SPECIFIC PROJECT ACTIVITIESII millI[ III _ I Jill I I III i II IN IIIIII

LDRD-Sandia Laboratory Directed Research & Development
Initial synthesis, characterization and composition studies
to evaluate promise of CST for various applications

ESPIP- Generic Materials Properties Characterization
Provide samples for testing at PNL 2/28/93
Assess radiation stability 6/30/93
Preliminary study of regeneration 6/30/93
Measure Cs Kd vs pH from 0 to 14 9/30/93

DOE-RL.Synthesis/Characterization for Specific Processes
Application of CST to DSSF Cs removal, IPM use, ....
Production scaleup/Commercial partner development
Development of engineered form
Acid-side screening assessment

FigureB-IO. (14of 18)

DSSF PROCESS DESCRIPTION _]

WHC baseline concept-Once through, self shielded column

5'diameter x 10' long -- 4,000 Kg inorganic exchanger

70 gpm i I '.- '.---4-_-I- -I-'.-_j-i-:---_- i i '-
;.i _ ! •i--.I.-L-,w.._:.......l_..,.....

_! ! .'._ .I I s..,_-lt 0(/I:II/l',- ',l,---,--Ft_o,
r_.J_. ......... I..._ ' .---,-........gLENDaO ....

":"-'_""i--t,--l-t2-' I..L_I-__L," i-i'_') ....

" .....'-'-':IIII-Ill....II .....'....-, ':_-,-!-r-- : : ............. 1......
-,-r-";...._:: _-LZ; .....,:: :: 1I , I I

, i .,i...,.,. ..,,., ,,--..=i, .,.. ,....i; .i,.. ,

i I -- .. .J
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Figure B-IO. (15 of 18)

SCALE.UP AND '

COMMERCIALIZATION
q

m Lab scale preparation-2 grams in 20 mL vessel

Vary compositions and reaction conditions

a Synthesize 200 + g in 3.8 L autoclave

All runs have yielded the desired materials

Kd approaches that obtained in small reactors

a 5 gallon autoclave at Texas A&M

= Select industrial partner and transfer technology

Conditions similar to those used for zeolites

Figure B-IO. (16 of 18)

FUNDING REQUIREMENTS

FY93 FY94 FY95
9 months (est.) (est.)

ESPIP

Operating $300K $800K $1,000K

Capital 0 $100K $50K

DOE.RL

Operating $825K $1,800K $2,000K

Capital 0 $300K $150K
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Figure B-IO. (17 of 18)

POTENTIAL APPLICATIONS FOR
CRYSTALLINE SILICOTITANATES [_

p i i ii • ii ii i ill i|1 .. Illl II

Solution decontamination-Column or in-tank
B Plant cleanup, minimize waste volume to Tank Farm
WESF water recirculation system
On-site process for D&D
Savannah River-Cs removal
Civilian reactor water treatment

Advanced chemical senarations
Sr removal
Cation/anion resin for several species
IPM, CPU

Soil decontamination
Cs, U removal-INEL

Barrier techno!oaD'
Retard waste migration outside tanks
Repository backfill

Catalyst Develonment

Figure B-IO. (18 of 18)

SUMMARY _}iii i i lit I It Ill| It lit gill

. CST's have a wide variety of potential applications for
radwaste processing

m Rapid progress in optimizing CST composition and Cs Kd.

m CST properties are well suited to DSSF column Cs removal

m Baseline samples will be provided to PNL for "hot testing"

m Radiation stability and regeneration data available this FY

m Scale-up and industrial partner selection are key issues
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Figure B-II. (I of II)
I II IIIII

. Electrochemical Treatment of Liquid Radioactive Wastes

smciem separationsand ProcessingIntegratedProgram

SFaeltLakeCity,UT
bruary4, 1993

DavidT. Hoi)be
WasteManagementandEnvironmentalTechnology

Al,_f -- - III I IIIII I I I

Why Electrochemical Technology ?

• Ossmmtionof HazardousSpecies

• RadionuclldeDecontamination

• Removalof Hu W Metals

• Recoveryof Chemtcals/Mater|aisfar Recycle,e

• ReduceVolumeof WasteRequiringDisposal
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Electrolyeis

B-60



WHC-EP-0642

• E|ectrodialysis
• attractiveforailudinenitratesolutions
. notattractiveforSRSalkalinewastesbecauseof high

aiuminmeandsilicatecontom

. FJmro Rid
. successfullytrmatodsimulantsandactualwaste

• % Removed/Destroyed

" Nitrate/Nitrite >98 79-91
Technetium-98 >99.9 56-58
RutheniumPl06 >98 31-74

RimeTIct_WNIY¢mmw
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Figure B-11. (7 of 11)

Electrolytic Denitration Technology Development

Kay Findings (planer electrode cell)

• Dlvlded cell inprovu current efficiency

- Lead is the cathode material of choice

- Opamm up to 1000+ houm at 500 mWsqcm and 70°C

• Off-gas composition dependent on electrode material and

solution composition

• Anodee are slowly attacked when acidic anolyte employed

• Can recover and purify caumtc product

• Product solution is compatible with cement formulation

• Electrocemtystx identified which enlmnce peak current

I
_ TemmWo_WCaW i ,i i i i i ill i

Figure B-11. (8 of: 11)

I II I'lll Illill

,, , ill , we_vnfMme Swmmn _ Comlxm

0

Costs/Savings
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Figure B-11. (11 of 11)

_ ' " WemlngnaulmSavlmmlnRivm'Coml_my .-.....

I n

Program Funding

Design 100K 50K 50K -

" Demonmtion/Testlng 175K 650K 200K -

Analysis/Evaluation 25K 150K 100K -

I_ototype/Test Equipment - . 625K 100K

Totals 300K 850K 975K 100K

Smmmm R_ Teonn_my Cemw
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Figure B-12. (I of 18)

TRUEX Model Validation
CH.232001

J

George F. Vandegrift, ANL
p

Separations & Waste Pretreatment Review

' Salt Lake City, UT

February 3-5, 1993

Figure B-12. (2 of 18)

Background/Status

Process Description and Capability

Development Approach

Schedule

Funding Requirements
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Figure B-12. (3 of 18)

Backm-ound/Status

The TRUEX Process Status

• Assurance that most, if not all, Hanford wastes can
be treated.

* Generic TRUEX Model (GTM) can be used to
• design flowsheets for most feeds.

• PNL/RHO have batch tested TRUEX on some
actual sludge samples and CC wastes.

• Complete TRUEX process flowsheets have been
demonstrated on TRU wastes at Hanford and ANL.

• The mini-centrifugal contactor has been designed
for demonstrating TRUEX flowsheets in glove
boxes or shielded cells.

Figure B-12. (4 of 18)
Baekm'ound/Status

TRUEX Process Needs

• Insufficient data to accurately predict/model the
extraction behavior orTh, Bi, Cr, and Zr.

• Effects of process temperature is not yet included in
the GTM.

• Solvent loadings

- ,;25% are adequately modeled by the (.]'I'M

- but modeling of higher Ioadings need
improvements to the loading module

- especially for metals extractable by TBP
(e.g., Pu, U).

• Stage-wise extraction efficiency mtl._t be nd(led to
tile GTM.

• GTM does not allow more than solvent feed.

• Complete TRU EX-process flowsheet has not been
demnnstrated on actual high level wnste in the
United States.
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Figure B-12. (5 of 18)

Process Description and Capability

. The TRUEX process is a solvent extraction
procedure

" * Capable of high efficiency separation of Np, Pu, Am,
and Cm from aqueous nitrate or chloride solutions
typical of Pu production and purification wastes

• Removing TRU to <100 nCi/g

• Concentrating them in one or more product streams

• Removing troublesome metals from Che glass feed

Figure B-12. (6 of 18)

ProceM Demeriotion and _anabilitv

The Generic TRIJ'EX Model is computer software
for

• Predicting extractiml behavior of waste cmnponent.q

• Designing process flowsheets

• Performing flowsheet sensiLivity analyses

flow rate variations

cnmpositionni variations

- stage loss

- effects of other-phase carryover

- effects of equipment type

• Predicting solvent damage vs. temperature due Lo
ji

- hydrolysis

- radiolysie

• Estimating cost and space requirenmnt,s Gw
instalihl_ a solvent exlracllon pr(_(,e_c,q

• SREX]TRUEX fl_wsileet pre(lictiqms
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Figure B-12. (7 of 1B)

_cess Descrintion and CaDabiUty

The Generic TRUEX Model

• User-friendly for both Macintosh and IBM PCs

- use front end, or

- perform multiple runs

• Distribution Ratio calculations are

- based on copious experimental data

- mechanistically correct

- based on thermodynamic activities of
important aqueous-phase species

- therefore, accurate for all nitrate solutions
(whether high acid, high salt, or low ionic
strength)

• Calculates process flowsheets for centrifugal
contactors, mixer settlers, and pulsed columns

Figure B-12. (8 of 18)

Process Descrintion an._l CanAbilltv

The Generic TRUEX Model

- Flowsheet Calculations

SASPE SA$SE SPACE

_ Aqulmul Pheso ]

Flowsheet Esttmatton

SPecletton

J OUTPUT OUTPUT ,

t Paramoters $pe(:! ftcat tons

INPUT INPUT
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Figure B-12. (9 of 18)

Process DescrintiQn and CauabiHtv

m

The Generic TRUEX Model

. -- Option Menu

User Options (chooseOlD,onfrommenubar)

1 calculaWC(_nnlmtmGlmnad(:TRUI=XModelfora soaeilk_fm¢l solution
2 oaiculale Iilo following:

- chargebalance checkof complexaqueous solution
• densityof complex aqueoussolution
• ionicetrengihof coml_x aqueous solullon
• aclivttteeof H +. NO3 - . and water

3 oaloulete oxalis-sold ackltttonsIs _eion-product-oontaining waste

4 calculateO values for user.spe_fledaqueous ph,_a (org. phase assumed equilibrated)
S oldculate0 values for equili_lltton of user.specifiedaqueous and organic phases

S tlomheet analysis with user-specified distributionratios
? generals a TRUEX Ifowsheetfc,ra usm-q)edliod feed
O OltkllaM m and emile for user-w_fiod flowsheol

9 eslknate solventdegradationfor specificTRUEX process
1 0 genefllte reportsfrom existingTRUEX lfowsheetsor spa(:eandcost caiculaticns.

Figure B-12. (10 of 18)

Pro_eq De_mriution and _,auabillty

The Generic TRUEX Model

-- Feed Card

.... Extreotlon .....

Non.FIBIon.Produet CartOns _
H (+) L_ ' Zr (4+); NO0 (.) 1.........
Fo (3+) lib (+) F (.) I
Cr (3+) ...... O:1 (2+ SO4 (2-) |__
el (3+)_'_"_-- ca ( c2o4 (2.)1 . ,
,, (3+) .... $, (2+,1 P04 (3-),
Nm (,) Y (3+Jl ....... TcO4 i,)i

__ ea 12+)I ........
Ca (2+) Rh (3+)L._ Neutral gristle,,

I,.)_ _ ,2+)L_.... .(o.)3r J
•. MO 12,1 - A9 (.11- " "

(a+ll -
Flmdnfl.PnxluL-4Rmrm BSqlm Actlntd_
u, (3+)/ _ -j 11, (4,)f'....

• Co (3+)1_ 1 U_ (g+)l .....

Pr (3+)!_ NP (4+)1 - Enter Ill
Nd (3+)1 Np(_ (+) I_ concentrations in
Pm (3+)1.' Am (3,)l molar units.
Sm (3+)1 Pu (3+)[
n, 13+)1 Pu (4+)|
Od (3+11 Cm (3+)L
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Figure B-12. (11 of 18)

_,oe_,m De_mrintion and Canabilitv

,t

The Generic TRUEX Model

- Main Input Card for Option 1

-Pictures ,qtmr' the *'followin a -informmllo_ -, ,, , |,,,,,,

UNr._ned ilk, nine:Directory (foMer) heine,

Feed rme to exWe_lon leGflon In L/h: [ _ _

Type of TRUEX solvent ( "I"CE', "NP.', or "SRF..X" ) : | _ ii I

n,_._,om..w_('Y,,,"or"No'} !i r : _ j
9olv_l extmtion unittype
('ContlmtOr',"Pulled Column',"MixerSeltler'): 1 _ I
SolvemextrusionunNlocation
('Canyon',"Cea',"Glovebox'): !_ ......... i

Figure B-12. {12 of 18)

Proem Deserintion snd Caoabtlity_

The Generic TRUEX Model

-Stage Profile Result Chart

m Ull _ i,,,, , . c

Pu_4

J -,..-@-..m Oql

'""1 I/ \\ . I
""l-.l/

lllllge Ntlinlbei
,,,,, , • ,,
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Figure 8-12. (13 of 18)

Develooment ADnroach and Schedule

FY 1998 Activities

• • Provide technical support for researchers at ORNL
and PNL.

• Validate the GTM based on data collected at ORNL
and PNL.

• Meet specific tasks of Program Management Plan.

J

Figure B-12. (14 of 18)

I)evelonment Annrom_h and Schedule

ORNL Melton Valley Waste Treatment

• Review ORNL procedures for sludge dissolution
and TRUEX shake tests.

• Act as a consultant to ORNL on TRUEX processing
of Melton Valley waste.

• Evaluate GTM predictions and ORNL experimental
data and suggest changes in

. - dissolution procedures and/or model
- to resolve any discrepancies.

g
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Figure B-12. (15 of 18)
ORNL Mark 42 Target Processing

• Design a 'rRUEX process flowsheet
ql

- to recover Pu, Am, atld Cm frownMark 42
targets

i

- make compatible with the overall recovery-
and-purification flowsheet

- using already ill-place equipment.

* Devise a solvent clenn-i,p process to nllow solvent
recycle.

• Consult on running the process at ORNI,

, Complete the additions to GTM

- extraction emciency

- multiple solvent feed

- enhanced Ioeding module (?)

. Use results of target pr,)cessing to validate the
GTM.

Figure B-12. (16 of 18)

PNL Bxpeflments Using Dissolved Sludge

• Consult on and review

- draft specificntin,m fi)r function and
requirements guide

- design concept G_rselecting contimm|m,

bench-scale solvent extract,ion equipmo.nt for
demonstrating the TRUEX process at Hanford.

• Take part in three quarterly reviews nnd the anntml
technical review of the EM-30 solvent extraction
activities at llanford.

h

• Collect limited laboratory hatch dntn under
controlled conditions at ANt on Th, (;r, Zr, and Bi to

help clarify extractiovt behavior of the_e ,qpecieRin
actual waste tests at PNi,.

• Evaluat_ GTM predicti(ms nnd PNI, expo.rimentnl
data and suggest chnnge_ in

dissolution proc_.(hlresan(I/or m_)(h,l

- to resolve any discrepancies.
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Figure B-12. (17 of 18)

Develonment Auuroach and Schedule

Milestones

Complete Project Management Plan for 1/15/93
approval by DOE-HQ Program Manager

Provide TRUEX process flowsheet to 12/17/92 4/30/93
ORNL for processing Mark 42 targets .

Provide technical support to ORNL 12/17/92 9/30/93

Provide technical support to PNL 12/8/92 9/30/93

Draft ANL topical report documenting 9/30/93
GTM validation using ORNL and PNL data

Figure B-12. (18 of 18)

Deveionment Aooronch and Schedule

Funding

FY 1993

,, A funding level nf $._OOKhas heen set

• Additionnl funding has been request.ed fi)r
demonstrating the 'rRuEx proceRAon actual high-
level waste at Chalk River l,ahoratories.

• Request additional $100K for

enhanced lending module

validating GTM with Japanese data

Future Funding Requirement.q
a

• Continue technical suplwlrt activities

• Add improvemc.l.s I,o GTM

- accuracy improvement from validation
_tu(lie.q

- vwo(l_,lRf'ornow stril)piwg ngenl._
(Ilorwitz and PNI, date)

- tempernt.ure _.lTecl,,,qon disl,rilmtinw.,qrat.io.q

- improved 'rRuEX/RRF, X/PURRX yea(laiR

- ICPP waste cnmponents
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Figure B-13. (I of 8)

TRUEX VALIDATION DATA
COLLECTION

o

L. Kevin Felker and Dennis E. Banker
Chemical Technology Oivision
Oak Ridge National Laboratory

UST-ID and ESPIP Program Review
Salt Lake City, UT

February 3-5, 1993

Prnentedby C. P.(PhillMcGinnis

Figure B-13. (2 of 8)
BACKGROUND:

• Transuranium (TRU) elements are present in
many waste storage tanks at DOE sites•

• TRU element removal and concentration will
simplify subsequent handling and disposal.

• TRUEX was developed by Argonne National
. Laboratory to remove TRU elements from

waste solutions.

• The Generalized Truex Model was develor_ed
by Argonne National Laboratory to predict the
operation of the process at varying conditions
and with different waste solutions.
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Figure B-13. (3 of 8)

OBJECTIVE:
a

• Test TRUEX process on larger scale with very
high activity levels.

• Collect and analyze data for validation of the
Generalized Truex Model.

• TRUEX process may have application in
processing irradiated fuel/targets.

Figure B-13. (.4of 8)

RADIOCHEMICAL ENGINEERING
DEVELOPMENT CENTER:

!

• Radiochemical Engineering Development
Center (REDC) at ORNL is a multipurpose
radiochemical processing facility.

• REDC processes irradiated fuel elements and
targets for DOE-DP and DOE-ER programs.

m

• Solvent Extraction Test Facility (SETF) at the
REDC was an experimental facility for testing ,
kg quantities of LWR/FBR fuel reprocessing.

• This equipment may be adapted to testing
TRUEX with solutions currently being
processed at the REDC.
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Figure B-13. (5 of 8)

SOLVENT EXTRACTION TEST FACILITY:

• Contained in shielded hot cell facility for use
• with high levels of radioactivity.

• Uses three banks of 16-stage continuous
mixer/settler contactors.

• Constructed to handle kg quantities of
irradiated fuels in nitric acid solutions.

• Idle since 1986, operational readiness
unknown. Equipment may need significant
repairs/refurbishments to make operational.

Figure B-13. (6 of 8)

TRUEX PROCESS TEST:

• TRUEX will be tested in SETF equipment using
irradiated SRP assembliesas feed.

• The feed will contain Pu, Am, Cm and
associated fission products.

Nominal Concentrations:

Pu: 10 g/L
Am/Cm: 5 g/L

, FP: 40 g/L

, • REDC needs high DF's (> 1000) for both Pu
product and Am/Cm product.

• TRUEX flowsheet will be design by Argonne
personnelbased on REDC feed and SETF
equipment.
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Figure B-13. (7 of 8)

TASK SUMMARY

• Evaluate SETF equipment for
operabilityand initiaterepairs/
refurbishments. 03/31/93

• Completeflowsheetdesignfor
SETFtest. 04/30/93

• Restore operability of SETF
equipment. 06130/93

• Complete TRUEX test run, collect
samples for analysis, and 07/31/93-
summarizedata. 09/30/93

• Apply data to GTM to validate
model or identify areasfor
changesor furtherevaluation. 12/31/93

Figure B-13. (8 of 8)

FUNDING:

• Provides necessary support to Analytical
Chemistry Division and REDC to collect and
analyze data.

FY93: 500K

• Provides support for reporting of results and
application of data to GTM in collaborative
effort with ANL.

FY94: 225K

• This add-on project greatly benefits from the
substantial programs funded by DOE-DP and
DOE-ER at the FEDC.
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Figure B-14. (1 of 8)

COMPREHENSIVE SLUDGE/SUPERNATE DT&E

" SUBTASK B: TECHNICAL INTERCHANGE WITH CEA
. (FRANCE)

Principal Investigator: C. P. McGinnis
Responsible Engineer: R.T. Jubin

Presented at the UST-ID & ESPIP Workshop

Salt Lake City, Utah

February 3-5, 1993

Figure B-14. (2 of 8)

BACKGROUND/STATUS
L

• Numerous countries (including France, Japan, and the United Kingdom)
are developing new technologies for the separation of specific fission
products and actinides from the waste streams.

• It is in the national interest to establish/expand our collaborative

agreements with the major international organizations.

• The French CEA initiated, under 1991 legislation, an R&D program to be
conducted over the next 15 years which focuses on the broad area of

- radioactive waste management.

B-79



i

WHC-EP-0642

Figure B-14. (3 of 8)

THE CEA PROGRAM IS DIVIDED INTO
THREE MAJOR SUB-PROGI::_MS

o

.

I IIIIIII _ I IIIII I I

• The study of storage options in deep geologic formations.

• The development of methods for separating and transmuting the long-lived
radionuclides in the waste.

• A study into the packaging and storage processes for long term
engineered surface storage of waste to either eliminate the need for
disposal or at least decrease the radioactivityand thus reduce the disposal
costs.

, Figure B-14. (4 of 8)

PARTITIONINGAND TRANSMUTATION
EFFORTS ARE INCLUDED IN THE

R&D PROJECT CALLED SPIN
II II II I I I I IIIII IIII I

• PURETEX - focused on improving plutonium separation and neptunium
management within existing reprocessing plants

• Implementation of results within the next 10 years.

• ACTINEX - aimed at defining processes for the separation of the long-lived
radionuclides and on the incineration or transmutation of the plutonium
isotopes as well as the minor actinides.

• Implementation of results in 2010 to 2030.
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FigureB-14. (5 of 8)

APPROACH
.

I lll I I I I I III III I I I I It --

• Assignment of technicalstaffmemberrepresentingUSDOE to oneof the
• CEAsitesfor approximatelyoneyear.

• The taskingfor the assigneewillbe twofold,

• Work witha CEAdevelopmentteam inthe R&D activities,
• Developa broadunderstandingintothe Frenchwastemanagement

programs,

• Explorepossibilitiesof technicalcollaborationsin mutuallybeneficialareas.

• Provideregularprogressreportsdetailing

• technicalprogress
• requestsfor technicalinputfromthe US
• insightsintothe Frenchwastemanagementprograms

• A team of technicalexpertsinthe US reviewthis informationand provide
the technicalsupportand feedbackto the assignee.

FigureB-14. (6 of 8)

SOLICITATION FOR INPUT

IIII II I IIII II I I I I

= Requestsfor informationconcerningthe Frenchprogramsis desired from
allworkshopattendees.
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FigureB-14. (7 of 8)

SCHEDULE FOR ASSIGNMENT

I I I IIIIII II III IIII II IIIIII II IIII

• 12/92- 2/93 Obtainapprovalsand preparefor relocation.

• 3193 -4/93 Relocationto Francecomplete.

• 4/93 - 4/94 Providemonthlyfeedbackto programpersonnelon activities
relatedto program.

Respondto specificrequestsfor information,if possible.

• 4/94 - 6/94 Returnto ORNLand submitreport.

FigureB-14. (8 of 8)

FUNDING REQUIREMENTS

II __ IIIII II II II I II IIIII •

All funds are EM-50 UST-ID

FY1993 FY 1994
Capital
Operating 350K 250K

Total 350K 250K

e

i
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Figure B-15. (I of 6)
SLUDGE I"ECHNO[,OGY

ASSESSMENT

..........

I

TTP No" CH-2320-03

Principal
. Investigator: James E. Helt

Program: Efficient
Separations
and
Processing
Integrated
Program

Funding for FY 93: $50K

-- P_rpn.*e OfBeu of Waste Mana|ement ProFmme

Figure 5-15. (2 of 6)

SLUDGE TECHNOIX)GY
A_SESSMENT

OBJECTIVES

1. To assess the state of radioactive
sludge problems and treatment
capabilities within the DOE
complex

. 2. To identify potential treatment
capabilities and mpecialists in

. industry and academia

3. To identify areas where R&D is
needed

Atlonno Ofllee of Wuto Matnollement I_oFame
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Figure B-15. (3 of 6)
SLUDGE TECIINOLOGY"

ABIDF.,BaMENT

e

MILESTONF_

Assess sludge problems, 3/31193
" technologies, and plans

at ORNL, SRL, and Ill,

Assess sludge capabilities 6/1/93
in industry, academia, and
remaining national
laboratories

Compile bibliography of 611/93
existing literature,
data, databases, etc.

............... Anll_muoO(Mee'Oil'WmMeI_mqNmqmt Pv_mmm

Figure 8-15. (4 of 6)

SLIIIBN_BTECHNOLOGY
__gMItNT

• Define sludge problems, volume,
and chemical composition [if
known} at various DOE facilities

• Define processes under
consideration for treatment and
disposal of sludge

e

• Evaluate status of technologies
and technology gaps

._qlwme OMeee! Wute Ib_ms(len_t th'etune
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Figure B-15. (5 of 6)

DOE FACILITIES
OF INTERF, ST

" • Hanford

• Savannah River

• Oak Ridge

• Rocky Flats

• Others (Los Alamos, West Valley}

.......... ArllenseOtneoef Wuee Msnqement Ih'nlP'sms

Figure 8-15. (6 of 6)

MOlqMATION ON
PROCESSES

• ,Fully integrated treatment
processes -- systems approach

• Potential for success, overall
contribution to treatment and
disposal process requ/rements

9

• • State of development

ArSoune Offtee o! Wwte Mnnqement _oFtme
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FigureB-16. (I of 11)

TREATMENT OF MVST WASTE
t

MAJOR OBJECTIVES

• Separation of Solids from Solution

• Washing of Solids

• Acid Dissolution of Solids

• Partitioning of TRU Components

Figure B-16. (2 of 11)

PROCESS STEPS

• Retrieval of Sludge and Transfer to Hot Cell

• Solid-Liquid Separation at Waste pH

• Wash Soflds at Supernatant pH

• Treatment of Supernatant

• Acid Dissolution of Sludge

• Partitioning and Separation of Actinides and Other Radionuclides

• TRUEX

• SREX

• TRU Solidification

• Treatment of LLLW
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FigureB-16. (3 of 11)
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FigureB-16. (4 of 11)

TASK: PRIP'.PARRRXPERIMKNTAI. PI.AN

• ApprovaL¢ and proced,r¢_ for trnmfer find Itandllnlt of waste

• Preparation of documentntton (.rarely summaries, QA, etc.)

• Identify and select liquid/solid separation metl._nloly

• Filtration

• Centrthllallon

• Other

• Surrolgnle (non-radioactive) waste composition

• Identify analysgqrequiremenl.qand proeed.res

• Specify and procure equipment and i|mtrumenlntion

• Preparation ond evalunlion of experimental procedures

• Solid/liquid separation

• Acid di_oh, lion

• TRUEX

• SREX

• Wa.qte dLqposal
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Figure B-16. (5 of 11)

TASK: EQUIPMENT ASSEMBLY AND COLD TESTING

l

• Assembly and testing of solid/liquid separation equipment
j-

• Surrogate waste preparation

• Evaluate efficiency and throughput

• Batch solvent extraction tests

• Verify TRU distribution

• Measure distribution of other metallic components

• Transfer of equipment to hot cell

Figure B-16. (6 of 11)

TASK: WASTE RECOVERY, TRANSFER, AND SOLID/LIQUID SEPARATION

• Selection and removal of sludge sample from MVST

• Transfer of sludge sample to 4501 hot cells

• Installation of filtration equipment in the hot cell

• Separation of solid/liquid of sludge by f'fltration

• Storage of f'dtrate (supernatant)

• Storage of 1/3 of solids for special dissolution tests
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Figure B-16. (7 of 11)

TASK: WASH TREATMENT AND ACID DISSOLUTION
it

• Wash solids twice with NaOH and combine filtrates

• Store and analyze filtrates

• Dissolution of solids in 3 M nitric acid

• Measurement and analysis of residue

• Analysis of nitric acid dissolution solution

Figure B-16. (8 of 11)

TASK: TRUEX BENCH SCALE TESTS

• Single-stage TRUEX solvent extraction tests

• Distribution of TRU elements

• Distribution of non-TRU elements

• Optimization of parameters for TRU separation

• Extraction parameters

• Strip parameters

• Optimum TRU- nonTRU separation
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Figure B-16. (9 of 11)

TASK: SREX TESTS

• Removal of Sr from TRUEX raffinateJ.

• Sr extraction by SREX

• Alternatives "

• IX Resins

• Sodium Titanate precipitation

Figure B-16. (10 of 11)

TASK: TRU SOLIDIFICATION

. s. Conversion of TRUEX strip product to a solid

e.IX

• Calcination

s Evaluate final waste forms

• Vitrification

• Other
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FigureB-16. (11of 11)

TA,SK: CELL CLEAN-UP AND REPOR'I'LNG

• Equipment decontamination

• Waste disposal

• Reports

• OTD Monthly reports

• Initial ,flowsheet and procedm'es

• Test results

• Mass balances, operating conditions

• Estimates of secondary wastes

• Recommendations and conclusions

• Flowsheet for pilot plant
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Figure B-17. (I of 9)

CALCINATION/DISSOLUTION PROCESS DEVELOPMENT

February 3 - 5, 1993

UST-ID WASTE PRETREATMENT
Principal Investigator: Scott A. Colby

Westinghouse Hanford Company

Figure B-17. (2 of 9)

AGENDA

Background/Status

Process Description

Development Approach and Schedule

Funding Requirements
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Figure B-17. (3 of 9)

Waste Calcination Process
10,000 Ibs/day

f N, O, and C
Oil Gas

Treatment Water / Olssolved Metals

40,000 Ibl/dly T Including Sodium
Undiluted ..,b..4i. ! '_1 Olssotutlon/ " Hydroxide and Sodium

Waste Feed _ I Ptasma ArcCalcine _l_,...,ii,._ Homogeniz=tlonJ _ Aluminate

=.,.°,_ _. ; .,,,oo-_I ISo,.._,._.,.,.,,on..O00,_,,.V
KWh/day

Insoluble Metals Including
Tmnsurani©s
2,000 Ibs/day

,Note:_ I:mllmcmdale oOtllnedfrom actual I01-SYTank
waste(convectivelayw) tll|l and representsontya
small perclimtage o| the tolat lank Inventory.

3_104L 2I

Figure B-17. (4 of 9)

CHEMICAL INVENTORY .:F H,LW
(before calcination)

I,

N Na

_ czC03

FelCNI;I
NO2
NO3 *
OH

1E+06 1E+07 1E+08 1E_-Og 1E+ tO

Quantityin HLW(moles)

I_ SST,_ oSTIf HLW'"l
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Figure B-17. (5 of 9)

CHEMICAL INVENTORYOF HLW
. (after calcination)

AI'
- B!

Ca
Ca
Cr
Fe
K

Mnl
N=.

Ni II i IE z,
E Cl .....
o co_,

o. 1
PO4

_o, !iI_oc I i I '= ,

H20 ----- :'--,-"_.--,"
16+06 1E+07 I E+O8 1E+O9 I E+ 10

Quantityin HUN (moles)

[[T_ SST ,_'_l [:)ST I!1 HLWII

Figure B-17. (6 of 9)

STATUS

Completed Initial Plasma Arc Calcination

Received Proposal and Cost Estimate from WEC

Completed Project Management Plan

- Integrates EM 50 and EM 30 needs

FutureTesting On Schedule
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. Figure B-17. (7 of g)

EQUIPMENT DEVELOPMENT APPROACH
AND SCHEDULE

• i

Perform one demonstration on 101-SY simulated tank
waste by 7/93

Increased demonstration times to better define steady
state

Feed system re-build (i.e., tanks, mixers, pumps)

Re-line cupola refractory

Additional chemical analysis needs

Figure B-17. (8 of 9)

INTEGRATED DEVELOPMENT APPROACH
AND SCHEDULE

_asma Arc _uiomaflt D_vmoom_mt (URT.tD. _3OOK!

Carol=lets initial testing using exilung Commetecl
e¢luii=mentgeometry. 10130192

Com=tece second cest using increasect rm 07/01/93
clemonstration time.

Calcinatian/Oissolution C'?t_r.strv Oevmoornent_EM.20 $300_(3

ComWete literature review. 07/01/93

ComDietl IlI=orstory calcination and 09130193
diasmUltarl testS. *

PfIYSiCa|Chenlisl_V Of tsar.J1odr_JJdumJ([=_p. S2_QkJ

Determine insoluble mineral forms in Wasma 03131193 *
catc=rmsimulant.

Select and reoort reference groom. 08/30193

Comolete leaching of five waste WOes. 08/31/93

Intearatmn With EM 30 Oevetooment Needs _TWRS. Unfunded = "51.10OK] _

Provide conceotuel des=cjnfor orocmjs cecnn,catrev,ew 05ii 51'93
1:ase¢lon trutmg rank 101-$Y and a Z0 gpm flow rate.

IdentJh/1:nmary organ,¢ destruct=ontecnnotogy. 1011/93
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Figure B-17. (9 of 9)

INTEGRATIONWITH EM 30 DEVELOPMENTNEEDSCOSTSCHEDULE
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Figure B-18. (1 of 22)

[_.c..o_ocY.v_u^_,o._,.D1
. LPROCESSDEFINITION i(WHC/PNL) j

WtlC: GLOBAL_VEL (RL-4LI205) $250K
M: STEVEIL SEEMAN

,11

PNL UNIT LL_EL (ILL-32i215) $250K
II1: WILUAM L. KLIIIN

• ANALYTICALLYDI:'i'ERMINEilOW WELL
SPECIFICSEPARATION'FECIINOLOGIES
PERFORMIN ACTUALCLEANUPSCENAILIOS

DELIVRRABLES:

• LETTERREPORTSIX)CUMENTINGRI_ULTS
OF TECIINOLOGYEVALUATIONS:
TRUEX,Cs/Sr IEMOVAL, CLFANOIq'lON

• WILL PROVIDESUFFICIENTINFORMATION
TO ALLOWEM-50'ro DECIDEWlIICII
SEPARKrlON'rL'.CIINOLOGI_SIIOULDBE
FUNDEDFORFURTIIERDEVELOPMENT

1B_IIB M,&MNII_,INPllqlNIOIqL_VOII

Figure B-18. (2 of 22)

[_" ,.'__,s P_oc_1
•

iiii i iiii

_" L I)(_Vlllll(PIm
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I -

I fill IIVAI.| I_. INI_ (WII_ Val I
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FigureB-18. (3 of 22)

[COMP P,MODED. LOP  }. la iii : i i ,, --

• TOTAL W_S'I'ETRFL_'I'MENTSYS'I'EM:
RI!FRIEVAL/ TRANSFER /
TREATMENT / FINAL DISPOSITION

• VARIOUS SEPARATION TECIINOLOGIES

• WASTE PRODUCTS PRODUCED (GLASS, GROUT)
• SECONDARYPROCESSWASTE PRODUCED

• RELATIVE LONG'TERM IIEALTll RISK (TC/!)

TOBE ADDED TillsYEAR:

,

• SHORT TERM (C_Sr) WORKER _XPOSIJRfiRISK
• SIIORT TERM (C_Sr) GENERALi_)PULAT. RISK

• LONGTERM (Pu) ONSn'E INTRUSION RISK

IUlIli I_M.• mll_ Om_eOml'_eJ W_I |

FigureB-18. (4 of ZZ)

SEPARATIONTEc_OLoGI_ 1
EVALUATEDT° DATE: J

• SI.UDGEWASil C (USED AS BASE CASE)

• TRUEX-A

• CALCINA'I'ION/DISS()L[ITION

• CLEAN SALT/SALT SPUT

• PLASMA/CENTIUFUGE

PROCESSINGOF IIANF_3RD

SINGLE SIIELLTANK (SST)WASTE

8-100
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Figure B-18. (5 of 22)

EVALUATION ][...........s,_-,_.
l.)DESCRI[VI"ION(11:SEPARATIllN PROCESS

" 2.)FLOWSIIEh"rISDEVELOPED

3.)FLOWSIIEET ISINTEGRKrED lhrl'O
GLOBAL SYS'rEMMODEL

4.)CIIEMICAL SPECIESLlb1'ISI)EI'ERMINED

S.)FLOWS[[EET MODEL CONSTRUCT'ED (ASPEN+)

6.)MASS BALANCE RESULTS
(PERFORMANCE MEASURES CALCULA'['ED)

111{'11m¥_. l _ INI_N|W_I_BNI.I Wl $

Figure B-18. (6 of 22)
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Ftqure B-18. (7 of 22)
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Figure B-18. (9 of 22)
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Figure B-18. (11 of 22)

[ CALCINATION/DISSOLUTIONCOMFONBN'rBRI]AKDOWN)

'o

Figure B-18. (12 of 22)
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Figure B-18. (15 of 22)

• GLASS CANISTERS ")
PROOUCED BY COMPONENT J

-IF]/I ii I1 II
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Figure B-18. (17 of 22)

COMPARISON OF GROUT
PROOUCTION RESULTS J• (INCLUOES SEC. PROC. WASTE)

3Wr

CLEAN SALT/

SPLIT
CALCINI

ImT_A

_s=w g SLUOWC

ITII CLEAN SALT

169.lm.

SEPARATION TECHNOLOGY

TECII EVALI _RO00g_W (Wi _n ) vOl 0O

Figure B-18. (18 of 22)

COMPARISON OF RELATIVE
LONG TER M _F.ALTH RISK 1
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Figure B-18. (19 of 22)

ACSWORKPLAN]
II

(TECHNOLOGY EVALUATIONS:_
• TRUE}( RLWISI'FED

(INCLUDE WATER/CAUSTIC REg]YCI.E)

• VARIOUS Cs/Sr REMOVAl. PROCESSES

• CLEAN OPTION (PNL) F[,OWSI[E_T

PREFO_4'ANCE MEASURE"I
• ADDITIONS: J

• ADD NEW IIEALTli RISK MODELS:

- WORKER EXPOSURE (SEC.WASTE
VOL FROM PROCESS) (Cs/Sr)

- GENERAL POPULATION EXPOSURE,
SIIORTTERM (Cs/Sr)

- LONG TERM ONS[TE INTRUSION

IIEALTIIRISK (Pu)

• DEVELOP COST MODEL

Figure B-18. (20 of 22)

[RL4 SCHEDULEFOR ]
- 11205 & RL-321215 WORK

,i i i
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. . Figure B-18. (21 of 22)

T_ _wmmm .,_ R_um O_mmm - OkWm Lml

MILESTONESUMMARY:

" •It,HEVALUATE TRUEX STRAGEGY COMPARED TO SLUDGE WASH
WrrHIONBXCHANGECOMPt.E_ LEITERRi_3RT. - ,qI$/93

•EVALUATE VARIOUSC_$rTECHNOLOGY. COMPt.ETE
•' LErTSRRm_O_T. - 6/30/93

•EVALUATE "CLF.AN"FLOWSIiEEF.COMPt.ETE
REPORT.- 9/30/93

Figure B-18. (22 of 22)
ill

BUDGEr I_QUESTSUMMARY

i nA_ "_co 93 _, ..........95, _ ....
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Figure B-19. (I of 10)

' Tank Waste Processing Analysis
|O mwwm

. NQCam.
mom

pu_lu NudhmmtamemeW
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nNjmoe_ J_mewe_p,o_w_ rdmey _ law

Figure B-19. (2 of 10)

plweli_ tml_

Objective
i

• Completeby FYgSan In.deplh ammmrn_t of Olu_dbuted
Processingto definethe ale o4CPUs In HaNo_I Tank
Waste Remedlml_n

• Define P_ Requtmmen_ for Each Tank

• Unito_a_
• Separa_rl or DecontaminationFactom (DFu)

• DevelopTlme-Phem_lDeploymentSchedulefor
Implemenlallon of CPUu

• 8ub.oblec41vem
• foctmCPU technologydevelopment

•l

• be#w unde_and mmsllivltyofprommstngdedeto_ to
chemlcalcl_iraK,,Imlzatlondata

- n_ mmv._p_mm,t .4w,_u_ uWmum,v4.,W
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Figure B-19. (3 of 10)

,,,,.j..;..._ .............

Generlo Process Operations
. i i i, i,,,J .. i , i , l li, i ,l,, _. ,,,,u

• orgmnlockmmetlo_
. mdlonuc_uparallonfromLLW

• • C|, 8r.TRU.T©,I, olhao
• nllrmte,_Wlrtledeetmctton
• leeching of non-radoom_li from HLW

ii i IIIINIIII I II II II I1|111

Figure B-19. i4 of I0)
ill i i i ii l i i

Evaluation Criteria
i i i i i, ii ii, , i ,., H ll:

• q3mmCase"
• _tely !g,OOO¢anletemofHLW
• LLWwinrn_ NRCClau CHmlteforradionudld_

• "ClamOp.m"
• epproxlmailety1.OOOcilnlotenlof FLW glimal
• LLW winmeal NRC Class A Ilmileformdlonudtdn
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Figure B-Ig. (5 of 10)

,..__ ......................

, Convert Criteria to Component 9peclfle
Concentration Limits in HLW and LLW

. i ii ii ii i i lililll i i i|lill i 1111111 -- ,,,,|

.,t

• NFK) _ gel rmJlof_l_ _#llllon kl LLW

• olrldw llmHo were usod f_' l_.llved redlonuclMn
TC99 end 1129 based heJlh elMell _II_141

• The mJmber of (_mielwe end the HWVP feed epectllGmllone

eel Ilmilt for many bulk componenle in HWVP

• manlotem must not exceed heel limit, may tmpe_ Sr
and Ce lo_Hng

mll iii_/t.lllll_,4k,,l_,m r.l.m,l, .m
ILl + I It 111 1111 ll|Itl 11' I , 11 11 ' 11 . I U' 11

Figure B-19. (6 of 10)
........... i i

Criteria (continued)
_ 1,,1, 11lilt I 1' 1'' 1111'1 ' '"'

• Organic Oestmctlon Crtletle are lees clear

• solely cram'see

• groul Ikntlo

• Nitrate Dulfucllon Critede ere very lenuoul

• concern regerdln,g Ioxkdty end Imped on grout
perfmrrmme
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Figure B-19. (7 of 10)
......

_ _lalmWwl,

Compare Component 9peolflo
t

Concentr!tlono to Tank compotltl0n......

&

• TRACfor 88Ts

•ncluolanalysesforDSTs
i
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Figure B-Ig. (9 of I0)

" Approach and Schedule
............ ,, . , . ,i, i _ iH,i i

.FY93

• Define procmmtngrequlremenle amdDFe for
mnIlalnt wimlu

• Developpreltrr_mrytlme.pheeed echedutofor
In_don_mlstton

• FY 04 (wrne amFY 93 exceptf(x_-'uoedon uH clake
wastes)

• FY 95 (elm'S n FY 93 except focusedon ldudgewastes)

• Beguileof thletask wtflhelp decidethe utttmlle role of
CPUo In I-hanfordTank Waste Remedlallon

..... ,,, ,i , , ii, ,i H. =.

Figure B-19. (10 of 10)
,. i.,i i .,.,,. i|H. i i , ii,i

Funding
i i ,H ,i i i i H l,,li, i , i

• $3(X)K per year forFY 93-95 fromEM-SO

* Traim;ferto TWFLg|8 a plInnlng toolafter FY 95 If(:ompect
woem_g_
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NAME INIT PROB. OP$ COMPANYq_R_ MAIL ADDRI_p CITy,, _T _r ,PHONE, FAX

Andrews G.F. UST-ID ID EG&G/klsho 1955 Freemont Ave Idaho Fails ID 83415 208-526-O174 208-526-0828
i

Appel J.N. TWRS RL iWestinghouse Hanford Co. $4.58 2355 Stevens Dr. Ricldand WA 99352 509-372-0355 509-372-0065

Atlrep M. UST-ID AL Los Alamos National Lab J5-14 Warehouse SM-30, Bikini Road Los Aiamos NM 87545 505-667-0088 505-665,4955
Baker E.G. UST-ID RL Battelle, PNL IP8-38 902 Battelle Blvd. Richland WA 99352 509-376-1494 509-372-0682

Barton W.B. TWRS RL Westinghouse Hartford Co. L4.75 2355 Stevens Dr. Riohland WA 99352 509-376-5118 509-376-1079

Bell J.T. UST-ID OR Merdn Madetta Energy Systems Bethel Valley Road Oak Ridge TN 37831-615-574-4934 505-665-6870

Bibblar J.P. UST-ID SR Westinghouse Savannah River Co. Bldg. 773-A Aiken SC 29808 803°725-5276 803-725-4704

Bratzai D.R. WHC/EA RL Westinghouse Hanford Co. L5-31 2355 Stevens Dr. Ri©hland WA 99352 509-372-3570 509-376-4450
Brown N. ESPIP AL Sandia National Lab Dept. 6612 Alburqurque NM 87185 505-845-8180 510-422-2105

Bumett J. ER-142 HQ Deperunent of Energy - HQ G-335 1000 Independenoe Ave. SW Wash. DC 20585 !301-903-5804 301-903-6067

Bush D.C. ESPIP UnivorsilN of Kansas Dept. of Chemistry Lawrence KS 66045 !913-749-5888 913-749-7393

Chaiko D. ESPIP ID Argonne National Lab 9700 S. Cuss Ave. Argonne IL 60439 708-252-7335 708-252-5912
Chopin G. ESPIP Florida State University Dept. of Chemistry Telahasee FL 32306 904-644-3810 904-644-8281

Colby S.A. UST-ID RL Westinghouse Henford Co. L5-31 2355 Stevens Dr. Richlend WA 99352 509-376-8676 509-376-4450
Cowen R.G. ESPIP RL Westinghouse Hanford Co. L5-31 2355 Stevens Or. Richland WA 99352 509-373-4062 509-376-4450

Cruse J.M. UST-ID RL Westinghouse Hartford Co. L5-63 !2355 Stevens Dr. !Richland WA 99352 509-372-1024 509-376-4661

Egan B.Z. iUST-ID OR Martin Marietta Energy Systems Bethel Valley Road Oak Ridge TN 37831-i615-574-6868 615-574-6870
Fetish T. TWRS/LANL AL Los Alamoe National Lab Warehouse SM-30, Bikini Road Los Alamos NM 87545 ;505-685-5170 505-665-5283

Faikor K. UST-ID OR Martin Marietta Energy Systems Bethel Valley Road Oak Ridge TN 37831- 615-574-7071 615-576-6312 :E::
Fryberger T. EM-50/HQ HQ Department of Energy - HQ :12800 Middlabrook Germantown MD 20874 301-903-7688 301-903-7457 ::It:¢-_
Gibson S.M. EM-50/HQ HQ Department of Energy - HQ 12800 Middlebrook Germentown MD 20874 301-903-7258 903-301-7236 !

| Gilohrist R.L. UST-ID RL Westinghouse Hanford Co. L5-63 2355 Stevens Dr. Richland WA 99352 1509-376-5310 509-376-4661 rrl"13

(,4 Hanstrote (3. TWRS RL Westinghouse Henford Co. G6-12 2355 Stevens Dr. Riohland WA 99352 509-376-4059 509-,_76-2410 IC)
Harrington R.A. UST-ID RL Kaiser Engineers Hanford E6-66 801 First Street, Bldg 1264 Ricldand WA 99352 509-376-2331 509-376-6698 O_4:b
Halt J.E. ESPIP CH Argonne National Lab 9700 S. Case Ave Argonne IL 50439-708-252-7335 708-252-5912 re

Hobbs D. ESPIP SR Westinghouse Savannah River Co. Bldg. 773-A, B-117 Aiken SC 29802 1803-725-2838 803-725-4704
_loffmen D. ESPIP SF LLNL/Glenn Seaborg Institute L-396 7000 East Ave. Livermore CA 94550 510-423-5031 510-422-2105
_lolton L.K. UST-ID RL Battelle, PNL P7-43 902 BstteUe Blvd. Richlund WA 99352 509-376-5954 509-376-1867

_lorwitz P. ESPIP ID Argonne National Lab 9700 S. Cuss Ave Argonne IL 60439 708-252-3653 708-252-7501
Jansen S. TWRS RL Westinghouse Hentord Co. LO-14 2355 Stevens Dr. Richlend WA 99352 509-376-9343 509-376-2573

Jarvinen _-. ESPIP AL Los Aims National Lab E-501 Warehouse SM-30, Bikini Road Los Alamos NM 87545 505-665-0822 505-665-1780

Jansen R. ESPIP AL Los Alamos National Lab A-102 Warehouse SM-30, Bikini Road Los Alames NM 87545 505-667-5061 505-667-1139
Johnson B.M. PNL RL Battelle, PNL K1-78 902 Battelle Blvd. Richland • WA 99352 509-375-2006 509-375-5900

Jubin _.T. UST-ID OR Martin Marietta Energy Systems Bethel Valley Road Oak Ridge TN 37831- 615-574-6566 615-574-4824

Kedb ?.D. UST-ID CH Brookheven National Lab Bldg. 703 Upton NY 11973 516-282-7644 516-282-4486
Kitchen 2. IESPIP SR Westinghouse Savannah River Co. US Highway 19 Aiken SC 29802 803-725-5331 803-725-2978
Kuhn N.L. ESPIP RL Battelle, PNL P8-38 902 Battelle Blvd. Richland WA 99352 509-376-0458 509-372-0682

Kurath :).E. ESPIP RL Battelle, PNL D7-43 902 Battelle Blvd. Richland WA 99352 509-376-6752 509-376-1876
Louie _.S. EM-30/RL RL MecTec A5-16 825 Judwin Ave Richland WA 99352 509-376-5995 509-376-8547

Mutthern 3. UST-ID ID EG&G/iduho 1955 Freemont Ave Idaho Falls ID 83415 208-526-8747 208-526-0828

Vlattus _,J. UST-ID OR Martin Marietta Energy Systems Bethel Valley Road Oak Ridge TN 37831- 615-576-1795 615-576-7865

_lcClure .. ESPIP ID Westinghouse Idaho Nuclear Co. 2151 N. Blvd. Idaho Falls ID 83415- 208-526-1170 208-526-1390
McGinnis ;,P. UST-ID DR Martin Marietta Energy Systems Bethel Valley Road Oak Ridge TN 3783 I- 615-576-6845 615-574-7229

Mellinger ;, EM-36 PIQ Department of Energy - HQ Trevion II Wash. DC 20585- 301-903-7165 301-903-7604
Morrey I.R. ESPIP F_L Battelle, PNL P7-19 902 Battelle Blvd. Richland WA 99352 509-376-1982 509-376-O166
Nunez ,. ESPIP iD Argonne National Lab 9700 S. Cess Ave Argonne IL 60439 708-252-3069 708-252-5246



Olson _,.L. UST-ID D !Westinghouse idaho Nuclear Co. 2151 N. Blvd. Idaho Fclis D B3415 208-526-3852 208-526-5937

Orth D. ESPIP _IA Home address-retired 124 Vivion Drive Aiken ;C 19803 803-648-5747 None

Peschong J.C. EM-30/RL qL Department of Energy - RL k5-16 825 Jedwin Ave Ri©hlend PVA J9352 _509-376-6687 509-376-1350
Quadral M.J. UST-ID qL Westinghouse Henford Co. (6-30 2355 Stevens Dr. Richlend PVA |9352 509-376-4484 509-372-1266

Richmond W.G. UST-ID FtL kttclle, PNL F)7-41 902 Battclie Blvd. Richlend fVA !19352 509-376-81954 509-376-1867

Schaus P.S. TWRS _L Westinghouse Henford Co. Sl-59 2355 Stevens Dr. Richlend NA 99352 509-372-2053 509-372-1533

Seaman S.E. ESPIP F_L Westinghouse Hanford Co. L.O-06 2355 Stevens Dr. Riohland NA D9352 509-376-1178 509-376-2573

iStevenson F.D. ER-142 _iQ Department of Energy - HQ S-341 1000 Independence Ave, SW Wash. )C 20585 301-903-5802 301-903-6067
Straalsund J.L. UST-ID _L Battelle, PNL KI-79 902 Battelle Blvd. _i©hlend NA 99352 509-376-2550 509-375-3624_iM 87545 505-567-4379
Thomas K.W. TWRS/LANL AL Los Alamos National Lab Warehouse SM-30, Bikini Rood _.os Alomos

Thompso,I M.C. UST-ID SR Westinghouse Savannah River Co. Road 1 &iken SC 29808 803-725-2507 803-725-4704
Tien A.J. UST-ID ID EG&G/kiaho " 1955 Freemont Ave Idaho Falls ID 83415 208-526-6230 208-526-0828

Todd T. ESPIP iD Westinghouse Idaho Nuclear Co. 2151 N. Blvd. Idaho Falls JD 83415 208-526-3365 208-526-3499

VanBrunt V. ESPIP University of South CaroUna Dept. of Chem Engineering Columbia SC 29208 903-777-3115

Vendegrih G.F. UST-ID ID Argonne National Lab 9700 S. Can Ave Argonne IL 60439 708-252-4513 708-252-524637831- 615-574-8795 615-574-9538
Watson J.S. UST-ID OR Msrtin Marietta Energy Systems Bethel Valley Road Oak Ridge TN

Wostar D.W. ESPIP RL Battelle, PNL P7-25 902 Battelle Blvd. Richlend WA 99352 509-376-4522 i509-372-3861

Womack J.C. WHC/TD RL Westinghouse Henford Co. LO-18 2355 Stevens Dr. Richlend WA 99352 509-376-5357 509-376-9746 :E::('1
Wymer R. ESPIP OR dartin Marietta Energy Systems Bethel Valley Road Oak Ridge TN 37831 615-483-5103 615-483-9309:3:: I
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Numberof cooies

" 1 U.S. Deoartment of Eneray-
Headouarters

S. 14. Gibson

2 Harttn Hartetta EnerqySystems
P. O. Box2008
Oak Ridge, TN 37831

R. D. Hunt
C. P. HcGinnis

ONSZTE

Z U.S. Deoartment of En#rqY-
Rtchland Ooerations office

D. E. Trader ' A5-90
Public ReadingRoom H2-52

1 Kaiser Enaineers Hartford

R. A. Harrlngton E5-66

2 Pacific Northwest Laboratory

L. K. Holton P7-43
14. J. quadrel L5-63

12 WesttnahouseHanford Cgmoany

J. D. Berger LO-18
!. 14. Cruse (5) L5-63
R. L. Gilchrlst L5-63
Central Fi l es L8-04

, EPIC H6-08
Information Release A3-36
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