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J. M. Cruse
Westinghouse Hanford Company
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Kaiser Engineers Hanford

M. J. Quadrel
Battelle, Pacific 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 1ist, reproductions of
the workshop presentations, and a revised chart showing technology development

activities.
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WHC-EP-0642
EXECUTIVE SUMMARY

The primary purpose of the workshop was to explore opportunities for
collaboration and teaming between the three participating programs:
Underground Storage Tank-Integrated Demonstration (UST-ID), Efficient
Separations and Processing-Integrated Program (ESP-IP), and Tank Waste
Remediation System (TWRS). A1l three are currently conducting technology
development projects in the area of waste separations and pretreatment.

A number of workshop participants noted this was the first meeting they had
seen in which the EM-30 (TWRS) and EM-50 (UST-ID and ESP-IP) programs were so
well represented, and it was an encouraging beginning in this kind of
interaction.

The workshop began with summaries of the three programs presented by the
contractor program managers. This was followed by individual presentations by
UST-ID principal investigators and selected principal investigators
representing ESP-IP. The workshop was then divided into four breakout
sessions: (1) Program Coordination (R.A. Harrington, Facilitator),

(2) Supernate/Salt Cake Processing (W.G. Richmond, Chairman), (3) Sludge
Processing (J.E. Helt, Chairman), and (4) Comprehensive Processing and Systems
Analysis (C.P. McGinnis, Chairman).

The Program Coordination session was a valuable interaction between the
program management representatives of the three programs. Discussion focused
on three perceived major challenges: (1) communication, (2) "how do we manage
jointly?", and (3) managing uncertainty. No clear solutions to these
challenges were established in the session; however, the group agreed to
pursue several action items toward improving communication and collaboration.
The actions were as follows: (1) G. Mellinger, develop a distribution 1ist
for documents and other items to improve awareness, (2) T. Fryberger, evaluate
the benefit of periodic meetings in this technical area (similar to this
workshop, but with more EM-30 principal investigators), and (3) J.C. Peschong,
e¥alg?te estab]ishing a pretreatment council to assist in overall integration
of this work.

The technical breakout sessions (Supernate/Salt Cake Processing, Sludge
Processing, and Comprehensive Processing and Systems Analysis) were also
productive, facilitating open interaction and opportunities for teaming and
collaboration. Each session chairman summarized the results of the session to
the combined group during the final wrap-up session of the workshop. In each
case, opportunities were noted for future collaboration in work efforts.

The wrap-up session of the workshop included closing remarks by the
session chairmen, program managers, and representatives from the
U.S. Department of Energy, Headquarters and Richland Operations Office. Most
noted the meeting was beneficial and a good first step in jointly managing and
integrating the three programs. Further, the attendees decided that more of
these kinds of meetings were needed and would be pursued.
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The agenda for the workshop is provided in Table 1-1 that follows.

WHC-EP-0642

WASTE SEPARATIONS AND PRETREATMENT

WORKSHOP REPORT

1.0 AGENDA

It is

important to note that significant changes were made as late as 15 minutes

before the start of the workshop.

The original intent of the workshop was to

begin the "breakout sessions" much earlier in the sequence and allow people
more time to interact.

Table 1-1. Workshop Agenda.
Time Item/Subject Presenter
7:00 p.m. PRINCIPAL INVESTIGATOR MEETING
2/3/93 Weekly Highlights J. M. Cruse
PTS Monthly Report and Content J. M. Cruse
ProTech Information System M. J. Quadrel
8:00 a.m. Introductions J. M. Cruse
2/4/93 R. A. Harrington
.| 8:15 SUMMARIES OF FY 1993 TECHNOLOGY
DEVELOPMENT PROGRAMS
UsT-ID R. L. Gilchrist
ESP-IP J. R. Morrey
TWRS /WHC J. N. Appel
TWRS/PNL L. K. Holton
TWRS/LANL K. Thomas
10:00 TECHNOLOGY PRESENTATIONS
Cesium Extraction CPU W. G. Richmond
Resin Development J. P. Bibler
Biological Nitrate Destruction G. F. Andrews
NAC Process A. Mattus
Sodium Titanate Ion Exchangers N. Brown
Electrochemical Destruction of D. Hobbs
Organics/Nitrates
12:00 p.m. | LUNCH
1:00 TECHNOLOGY PRESENTATIONS (Cont'd)
TRUEX Model Development G. F. Vandegrift
TRUEX Model Validation C. P. McGinnis
Technical Exchange with CEA (France) | R. T. Jubin
Status of Sludge Technology J. E. Helt
Sludge Washing and 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 Waste Processing Analysis E. G. Baker
2:00 BREAK FOR DINNER
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Table 1-1. Workshop Agenda.

Time Item/Subject Presenter

7:00 BREAKOUT SESSIONS '
Supernate/Salt Cake Processing
Sludge Processing
Comprehensive/Systems Analysis
Program Coordination

9:00 END FIRST DAY

8:00 a.m. BREAKOUT SESSIONS (Cont'd)

2/5/93

10:30 RETURN TO COMBINED SESSION AND 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

11:30 SUMMARY AND WRAP-UP
RL/EM-30 Comments
DOE-HQ/ESP-IP Comments

DOE-HQ/EM-30 Comments
DOE-HQ/UST-ID Comments

Roundtable

J. C. Peschong

J. R. Morrey for
T. Fryberger

G. B. Mellinger

R. L. Gilchrist
for S. M. Gibson

R. A. Harrington

12:30 p.m. | END MEETING

CEA = Commisseriat & |'Energie Atomique
CPU = central processing unit
DOE-HQ = U.S. Department of Energy-Headquarters
RL = U.S. Department of Energy-Richland Operations offico
ESP-1P = Efficient Separations and Processing-Integrated Progiax
FY = fiscal year
LANL = Los Alamos National Laboratory
NAC = nitrate to ammonia and ceramic
PNL = Battelle, Pacific Northwest Laboratory
ProTech = Prospective technology
PTS = Progress Tracking Svltu
TRUEX = trsnsuranic extraction
TURS = Tank Waste Remediation System
UST-ID = Underground Storage Tank-Integrated Demonstration
WHC = Westinghouse Hanford Company
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2.0 DETAILED MINUTES

The following sections provide the detailed minutes for the workshop.
Where notable questions were asked, they were recorded. Following the
workshop, these questions were forwarded to the presenters for a written
reply. The questions and replies are included herein with any other
discussion of the presentation.

2.1 PRINCIPAL INVESTIGATOR MEETING

The Underground Storage Tank-Integrated Demonstration (UST-ID) principal
investigators met with program office staff and the U.S. Department of
Energy-Headquarters (DOE-HQ) program manager (S.M. Gibson) in the evening
before the workshop. The following subsections summarize the discussion for
each of the agenda items. Table 2-1 shows the attendance of this session by
the individuals' affiliations.

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

Topic Principal Investigator _—1
Cs Extraction CPU W.G. Richmond/J.P. Bibbler
Calcination/Dissolution S.A. Colby
NAC Process A.J. Mattus
TRUEX Model Development G.F. Vandegrift
TRUEX Model Validation C.P. McGinnis
Technical Exchange R.T. Jubin

Sludge Washing and Dissolution | B.Z. Egan
Biological Nitrate Destruction | G.F. Andrews, A.J. Tien, G. Matthern
Tank Waste Processing Analysis | E.G. Baker

UST-ID Program Office R.L. Gilchrist, L.K. Holton,
: M.J. Quadrel, R.A. Harrington
DOE-Headquarters S.M. Gibson
CPU = compact processing unit
Cs = cesium
NAC = nitrate to ammonia and ceramic
TRUEX = transuranic extraction

2.1.1 Weekly Highlights

Weekly highlight submittals for the separations and low-level waste (LLW)
portion of the UST-ID have been sparse. More highlights are needed. The
highlights are a "win/win" for the author and the program. They keep
U.S. Department of Energy (DOE) operations offices and Headquarters people

2-1
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informed and aware that good things are happening in the program. Based on
success in the characterization and retrieval area, the following basic
sequence will be implemented for highlights for separations and LLW:

(1) principal investigators submit input to the UST-ID Program Office

(J.M. Cruse), (2) Program Office compilation review, (3) highlights submitted
to the DOE Richland Operations Office (RL) and DOE-HQ, and (4) highlights
distributed to all principal investigators. In this way the principal
investigators will see what was submitted and the modifications made so that
future submittals can be tailored.

2.1.2 Progress Tracking System Monthly Reports

The Progress Tracking System (PTS) is EM-50's system for monthly
reporting. The reports submitted in the past have been very general and many
times not consistent with the guidance and direction as established by the
approved 7TPs. The UST-ID would 1ike 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 some details to discuss within the
existing PTS report structure. Table 2-2 that follows provides the PTS
structuge. 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.

Significant problems and issues

Corrective actions

Summary assessment (brief statement of cost, schedule, and technical

status)

Cost status

. Schedule status _

[Principal investigators provide milestone status]

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 (EM-50, EM-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]

N o o W N -

Several principal investigators noted a concern with providing informa-
tion in the PTS system that has not been cleared for public release. The
clearance process requires significant lead time, preventing the timely report
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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 fully and
report back to the principal investigators.

2.1.3 Prospective Technology Information System

Prospective technology (ProTech) profiles are needed from each principal
investigator as noted in the program guidance (i.e., February 28, 1993,
- dead'ine). 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 Roundtable Discussion

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

J.P. Bibbler and W.G. Richmond noted a technical concern with the
performance 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 Hanford Site tank 241-AW-101 has a significant impact on the resin
performance. This tank is currently targeted for demonstrating the CPU.

2.2 OPENING REMARKS 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 almost 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
agd s$1:ctediESP—IP principal investigators. The breakout sessions followed
at a later time.

A chart was developed as a first attempt to show the 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 some opening 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. Flipchart Presentation.

PRINCIPAL OBJECTIVE

. Explore opportunities for teaming and collaboration in TWRS, UST-ID,
and ESP-IP technology development projects.

. Technology breakout session and chairperson expectations
Chair and facilitate

Record minutes

Obtain consensus (build team)

Report status (Friday session)

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

REMEMBER
How we do business today is fine--"key is, can we do it better”

GENERAL GUIDELINES AND EXPECTATIONS

. Active listening
- Let the person finish before questioning
- Question for clarity not criticism

o Identify facts vs. perceptions

o Be succinct--make point

° Exchange information

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

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

° Expect frustration--stay with it

. Open sessions, except program coordination

TWRS = Tank Waste Remediation System

2.3 PROGRAM SUMMARIES

Contractor program managers summarized the programs represented at the
workshop as noted in the following sections.
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2.3.1 Underground Storage Tank-Integrated Demonstration

Mr. R.L. Gilchrist summarized the currently funded activities in the.
UST-1D, separations, and LLW technical area. Appendix B, Figure B-1 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 Alamos National Laboratory, EM-30 and
Tank Waste Remediation System

Ms. K.W. Thomas presented a summary of the currently funded activities at
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
Remediation System and Pretreatment Development

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

2.3.5 Pacific Northwest Laboratory, Tank Waste
Remediation 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
Remediation System (TWRS). Appendix B, Figure B-5 provides a hard copy of the
presentation.

2.4 TECHNOLOGY PRESENTATIONS

The UST-ID principal investigators and selected principal investigators
from the ESP-IP Program presented their currently funded projects. The
following subsections indicate the presenter and figure reference for 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
emergency entry into the CPU?

2-5
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Response: Emergency entry to the processing area of the CPU will not be
possible after the CPU begins radioactive operations due to the high dose
rates that will exist in this area. Therefore, a ventilation system to
support entry to this area is not required.

Access to the low-radiation area of the CPU (emergency or planned) will be
supported by attaching a portable exhauster to the CPU enclosure. This ‘
exhauster will provide sufficient ventilation system capacity to allow opening
of the CPU low-radiation area access hatch(es) while maintaining appropriate
ventilation flow rates to ensure radioactive material confinement. The
enclosure design will provide points of attachment for this exhauster such
that it can be attached before opening the CPU.

2.4.2 Cesium Extraction Testing
Presenter: J.P. Bibbler; see Appendix B, Figure B-7.

2.4.3 Biological Destruction of Tank Wastes
Presenter: G.F. Andrews; see Appendix B, Figure B-8.

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

2. Could carbon dioxide (CO,) be used to adjust pH rather than sulfuric acid
(H,S0,), phosphoric acid (HsP0,), or hydrochloric acid (HC1), which may
alﬁ cause problems downstream? Bicarbonate (HCO;) is much less of a
problem. Also, CO, could come from ashing of biomass. (G.F. Vandegrift)

3. Has a nitrogen balance been performed on the system at lab scale? Is
there any ammonia (NH;) produced? Is there any ammonium nitrate (NH,NO;)
produced? What other nitrogen products, in addition to nitrogen gas
(N,), are gas phase products of the reaction?

Responses:

1. We don't know and are proposing a task to find out. Given the high
tolerance of some bacteria for radiation (some of our coworkers found
microorganisms in the containment vessel at Three Mile Island) and high
salinity, it is not unreasonable to expect to find some in tanks that are
at a moderate temperature and contain significant amounts of organics
(e.g., citric acid) that can act as substrates.

2. In the overall anion balance of the process, most of the nitrate (NO;) is
degraded already by HCO; generated from the CO, produced by bacteria
metabolism. Adding extra CO, to replace the rest is a definite process
option that depends on the level of radionuclides in the particular tank
and the effectiveness of biosorption (currently being measured). If the
radionuclide level and biosorption effectiveness are low, then the
"biomass sludge” process effluent (in which all the activity is concen-
trated) will be a low-level waste that can be disposed of in a grout
form. Some level of phosphate (PO;") 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 biomass sludge effluent may be classified as a high-level
waste requiring vitrification. H,P0, and H,SO, must then be eliminated,
and various schemes are possible ¥or increaseé neutralization with CO,.
The CO, and N, gas mixture generated in the bioreactor will be spargeJ
throu ﬁ the waste on the biosorption tank. CO, recovery from- the ashing
step is possible, but may not be cost-effective compared to buying bulk
CO,. The simplest solution, currently under investigation, may be to
replace acetic acid with an acid like succinic. The extra neutralization
caggcity of these acids may eliminate the need for adding any mineral
acid.

N, is the normal end-product of microbial denitrification. The amount
produced is monitored during our continuous experiments and has been
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 into the biomass. There is no biochemical basis
for believing NO; would be reduced as far as NH,, and none has been
detected during the routine gas chromatograph analysis of the headspace
of the laboratory reactors. Products of incomplete reduction,
particularly nitrous oxide (N,0), may be formed and have been detected in
parts per million quantities gn 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 Ammonia and Ceramic Process

Presenter: A.J. Mattus; see Appendix B, Figure B-9.

Questions:

1.

What happens if you cannot add water to the system? Is there any
potential hazard? Is there any fission product catalysis of these
reactions? Is there any NHNO; formed and vaporized?

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

Responses}

l.a As an example, when using a 4M sodium nitrate solution, nearly all the

water is consumed in the reaction by supplying oxygen to aluminum. The
hydrogen from the water goes to form NH; from the nitrogen in NO;.
Normally, in the continuous mode, solids are constantly removed Ffrom the
reactor, and the filtrate recycled. Just enough excess water is
n$c$ssary to facilitate heat transfer to cooling coils and to aid in
mixing.
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1.b There is no known hazard associated with minimizing the 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.

1.c There is no reason to think that any fission products can act to catalyze
the reduction reaction. .

1.d Since the reaction is carried out at pH 12 and above, the ammonium cation
is not stable, losing its proton to become gaseous NH;. 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 ignored the water component in either the volume reduction or
energy balances, the water is consumed in the reaction and is an
important reactant. We do form a rather pure distillate that is used
with incoming nitrate as a reactant or to facilitate heat transfer.
Closed valances are presented in the report on our fiscal year 1992 work.

2.4.5 Crystalline Silico-Titanate Ion Exchangers

Presenter: N. Brown; see Appendix B, Figure B-10.

2.4.6 Electrochemical Treatment of Liquid Radioactive Wastes
Presenter: D. Hobbs; see Appendix B, Figure B-11l.

2.4.7 Transuranic Extraction Model Development
Presenter: G.F. Vandegrift; see Appendix B, Figure B-12.

2.4.8 Transuranic Extraction Model Validation

Presenter: C.P. McGinnis; see Appendix B, Figure B-13.

2.4.9 Technical Interchange with Commissariat 3 1'Energie
Atomique (France)

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

2.4.10 Sludge Technology Assessment
Presenter: J.E. Helt; see Appendix B, Figure B-15.

2.4.11 Sludge Treatment
Presenter: B.Z. Egan; see Appendix B, Figure B-16.

2-8




WHC~EP-0642

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 1ife. If you have sulfates and a reducing atmosphere, high nickel
alloys will be questionable unless the "coldwall" approach is reliable.

Response: A corrosion study has been started to quantify corrosion of several
construction materials (e.g., high nickel alloys) as ‘a function of temperature
during caustic fusion. It is anticipated that corrosion will be unacceptable
at the extreme operating temperature of 850 °C. The “coldwall" approach cools
the outer skin of the equipment typically with water. As a result, calcine
material solidifies onto the inner wall, which serves to inhibit corrosion.
Coldwall technology is readily used in industry where corrosion is a problem.
The corrosion study plans to simulate the coldwall in the laboratory to
determine if this approach is applicable to calcination of high sodium wastes.

2.4.13 Technology Evaluation and Process Definition
Presenters: S.E. Seeman and 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 .
b) Peer review of developer's estimates of parameters.

2. How does the model deal with uncertainty in parameters
a) Of the technoloay in question (will it perform as proposed)?
b) Of the model--what if facilities aren't built, retrieval can't provide
expected feed, etc.?

3. How will data be used? Are you interested in absolute performance or
relative performance for some decisions. What's the decision?

Responses:

1. There are two reviews. The first is a developer's review in which we
(the analysts) go over the input assumptions and results of the analysis
with the people that are considered to be the advocates or developers of
the process technology. Its purpose is to ensure that we have accurately
and fairly represented the 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. Attendees will be EM-50 (ESP-IP,
T. Fryberger and/or her representative), developers and advocates, other
recognized experts in the process field (national lab experts and/or
university experts), and analysts. The purpose is to come to a consersus
on how the work was performed and the results. After the peer review,

the analysts will make necessary changes to the models and finalize the
report.
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2. Normally, the uncertainties in technology parameters are dealt with
through the peer review. If it is felt by the reviewers that there is
considerable uncertainty in a parameter, the parameter is varied in the
model to determine the sensitivity to the overall results. Uncertainties
in the overall model such as unavailability, facilities, or improper feed
are called out as issues in the report. These should also be determined
during the reviews. It is also possible to determine the effect of these
uncertainties by sensitivity analyses.

3. The results of the analyses are provided in report form to EM-50 (ESP-IP)
and developers. It is expected that this information, along with other
information, will be used by EM-50 in their decision-making process.
Although the results are stated in absolute form only, the relative
performance results have true meaning. For example, an absolute cost of
$XX for cleanup of a site is not as important to this process as the
result that process A results in a 20% lower overall cost than process B
(along with other comparisons of health effects, amounts of waste, etc.).
We expect that this information will be used in making decisions about
which process developments to fund, how much to 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 PROGRAM COORDINATION BREAKOUT SESSION

Attendance in this breakout session included the following persons:

DOE-HQ Westinghouse Idaho Nuclear Company.
. Inc. (WINCOQ)
T. Fryberger
S.M. Gibson L. McClure
G. Mellinger
J. Burnett PNL
RL L.K. Holton
B.M. Johnson
C.S. Louie J.R. Morrey
J.C. Peschong J.L. Straalsund
M.J. Quadrel
WHC - Lan
J.N. Appel ﬁ
W.B. Barton K.W. Thomas
D.R. Bratzel
J.M. Cruse University of 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) How do 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 is a reproduction of these charts and captures the important points.
2.5.2 What Are Our Challenges?

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.

2.5.3 How Do We Jointly Manage?

Group discussion led to a conclusion that two actions need to be taken to
1mp;ove DOE's joint EM-30 and EM-50 management of the pretreatment development
work:

° Establish a "Pretreatment Management Council®
. Negotiate an agreed-upon predictable decision "schedule.”

2.5.4 Communication

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

2.5.5 Top Issues and Action Plan

The group discussion identified three top issues: (1) communication,
(2) "How do we jointly manage?”, and (3) managing uncertainty. The following
actions (Table 2-7) were identified to effect some near-term actions to deal
with some of the issues and concerns identified.

2.6 SUPERNATE AND SALT CAKE TECHNOLOGIES BREAKOUT
SESSION :

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

Cesium Extraction CPU--W.G. Richmond/J.P. Bibbler

Biological Nitrate Destruction--G.F. Andrews

NAC Process--A.J. Mattus

Sodium Titanate Ion Exchangers--N. Brown

Development and Testing of Solid Sequestering Agents--D.W. Wester
Electrochemical Destruction of Organics and Nitrates--D. Hobbs

2-11



WHC-EP-0642

Biphasic Systems for Radionuclide Extraction--D. Chaiko
W.L. Kuhn
Major M.C. Thompson

Table 2-4. What Is Working Well--Flip Chart Summary.
WHAT IS WORKING WELL

People are attempting to communicate, o, o, o,

Evolutionary process is working--driving focus, e
ESP-IP is working well by cross cutting via funding
Great education-¥we11 ptanned

Starting to embrace systems analysis

Interaction (EM-30/50) is very good

Pedple are really trying! Dedicated

Encouraged by the progress and integration of TRUEX
Three programs have focus

Recogniiing the national effort required

The focus is Hanford

EM-50 is needs driven, o, o,

Increased credibility of DOE nation wide

EM-30 communicating needs, e

Program’'s abilities to attract good people

Support from DCE-HQ (level of effort)

Dedicated people

Integration of programs is improving and has great
potential :

Progress and teaming

Mr. W.G. Richmond chaired the session. Detailed minutes are provided in
the following subsections.
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Table 2-5. : What Are Our Challenges--Flip Chart Summary.
CHALLENGES

Ability to make decisions
Clear definition of responsibilities (interface control)

Managing uncertainties

1
2
3
4. Focused research vs. ingenuity
5. Common stable vision o, o, o

6. Speed of decision making

7. Overcoming "not invented here" (NIH) "think win-win”

8. Technology transfer (EM-50 to EM-30)

9. How to jointly manage

10. Streamline management system and lines of communication
11. Operational interface

12. Mechanics‘for selection of technology

13. Technology windows

14. Communication, e

15. Trust, e

16. Accepting research innovation

17. Slow bnreaucracy, i.e., procurement

18. Accomplishments

2.6.1 Compact Processing Philosophy and Waste
Blendina .

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

2.6.1.1 Implications. The lack of ability to blend wastes results in an
increased need for process flexibility and robustness with respect to changes
in waste composition. This means that 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.

COMMUNICATION

Monthly video conference.

Planning of meetings and joint events (e.g., interface control point of
contact).

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

Develop an EM-30/50 distribution list, with responsibility to distribute.
Commitment to close the loop with principal investigators.

Assign staff to Hanford Site from national lab staff by term, i.e., 1 year,
etc. .

Assign Hanford Site point person to each national team.
Have field managers spend time periodically at DOE-HQ and vice versa.
Evaluate "value added” of all procedures.

Full use of electronic and video media.

Table 2-7. Action Plan.

What Who/When

1. Develop EM-30/50 distribution G. Mellinger 3/5/93
1ist with responsibility for
distribution.

Issue draft (including E Mail)

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

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

Issue proposal

Take challenges and ideas
from Salt Lake meeting and
proceed with appropriate
action.
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The principal investigators present felt that an understanding of the
extremes of waste compositions was key to successful development and testing
of waste treatment processes. In fact, there was a general consensus that if
a range of compositions over which a process was required to perform could be
defined, it could become a key early selection criteria for determining
process applicability.

2.6.1.2 Recommended Action. 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
1ight of a compact processing philosophy for waste treatment.

2.6.2 Systems Study

There was a general concern expressed that the systems study did not
address many of the processes being pursued by the UST-ID. 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:

Recommended Action:

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 inclusien in
this study be documented. This process would include the. following elements:
(1) identification of required information,. (2) identification of a method of
information transmittal to the systems study, (3) communication of systems
study results to the principal investigator.

The systems study should be modified or expanded to include appropriate
consideration of distributed processing.

2.6.3 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
investigators felt that if this criteria were more 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?"

Recommended Action:
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-ID and ESP-IP 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 some of 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 DOE sites (e.g., Oakridge
National Laboratory [ORNL], SRS, etvc.). This understanding could assist in
developing or identifying technologies that are applicable at more than one
site.

2.6.5 Identification of Linkages Between Technologies,
Programs, and Projects :

The following potential linkages were identified:

e Silico-titanates could be linked with the CPU concept for
deployment.

e Silico-titanates could be linked to fhe nitrate to ammonia and
ceramic (NAC) or biphasic processes to provide treatment of the
1iquid streams generated. :

* Silico-titanates could be linked 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
1life expectancy. )

e The ProTech profiles submitted in February could form the basis for
W.B. Barton's (WHC EM-30) process selection study. These profiles
should be made available to WHC for this purpose.

e The ESP-IP should use the ProTech system. ’

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

e The radiation testing plan developed for the resorcinol-formaldehyde
should be transmitted to Sandia 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
summarized below:

2.7

this

o Silico-titanates: 3 years

e NAC: 1 year

e Resorcinol-formaldehyde resin: 1 year

e Biodenitrification: 2 years until applicability of process is known

and approximately 4 years until ready for
demonstration

Electrochemical destruction: 3 years.

SLUDGE PROCESSING TECHNOLOGIES BREAKOUT SESSION

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

TRUEX Model Development--G.F. Vandegrift

TRUEX Model Validation--J.T. Bell

Technical Exchange--R.T. Jubin

Sequestering Agents for Transuranics--G. Jarvinen

Status of Sludge Technology--J.E. Helt

ACT-DE-CON Leaching of Hanford Sludge--D.E. Kurath

Sludge Washing and Dissolution--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

Mr. J.E. Helt chaired the session noting the following major pofnts.

e There is a common need to develop options for DOE; the UST-ID needs
to define and expand its envelope of operations.

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

NOTE: ORNL will have actual sludge waste to work with in testing.
e Sequential modeling of dissolution is needed.
¢ Thermodynamic models probably do not do any good.

e Polymers or cblloids cause problems.
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Mutual need by all--better envelope of sludge and dissolution of
that material:

pH
- Colloids.

Common waste simulants should be developed and used by all projects
to ensure common basis for evaluation.

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

Better interaction 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 dissolve
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 common basis.

Duplication of work among principal investigators not apparent now.
This is only for EM-50 ESP-IP. Not at all clear how other work
funded by EM-30 (PNL, LANL) is doing.

Better interactions with sites that have similar problems with EM-30
funding are needed.

Better linkage with "customers" in EM-30 and EM-40 is needed.

Much more communication, interaction, coordination by principal
investigators is needed, including these areas:

-~ Characterization
~ Retrieval
~ Systems studies.

Most of the work in sludge processing is in the area of treatment of
"dissolved solutions.” It is not clear that there is enough and/or
ap?r:griate work in getting sludge in tank to that "dissolved
solution.”
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2.8 CgﬂP?gHENSIVE TECHNOLOGIES AND SYSTEMS ANALYSIS BREAKOUT
SESSION

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

Slud?e/Supernate Processing--C.P. McGinnis

Calcination/Dissolution--S.A. Colby

Unit Process Definition and Evaluation--W.L. Kuhn

Global Evaluation of Separations Processes--S.E. Seeman

Leaching of Calcined HLW--R.G. Cowen

Pyrochemical Forms for Idaho National Engineering Laboratory Calcine
Waste--T. Todd

Tank Waste Processing Analysis--E.G. Baker

Mr. C.P. McGinnis chaired the session. Detailed minutes are provided in
the following subsections.
2.8.1 ObJjective
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 Pretreatment Module Constraints,

Criteria, and Issues

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

Table 2-8. Initial Pretreatment Module Constraints, Criterias, and Issues.

1PM Constraints

1. IPM technology help from ESP-IP and UST-ID must now be in development.
2. Solution to IPM must be complementary to TWRS objective.

3. IPM must be done before full-scale TWRS plant to be meaningful.

Functional Desian Criteria

1. Undefined
2. Assumed:
e IPM low-level product goes to final disposal (not storage).

e IPM HLW solids can be safely stored.
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Table 2-8. Initial Pretreatment Mﬁ?ule anstraints, Criterias, and Issues.
cont.

IPM Issues
Safety

1. Organic and ferrocyanide destruction.
2. Cesium removal and strontium removal.
Disposal

1. LLW form.

2. Nitrate question.

2.8.3 lIssue Resolution

As above, Table 2-9 presents the major items of discussion.

Table 2-9. Issue Resolution.

———

Organic Destruction
1. Calcination and dissolution
2. NAC

3. Electrochemical destruction
Eerrocyanide
Calcination and dissolution

Cesium and Strontium Removal
1. Resorcinol resin

2. Silico-titanate

3. Pillared clays

Cesium and strontium specific ligands
Coated magnetic beads
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Table 2-9. Issue Resolution. (cont.)

Low-Level Waste Form

1. NAC (waste form producer)

2. Calcination and dissolution

3. Polyethylene

Nitrates

1. NAC

2. Calcination and dissolution

3. Electrochemical destruction -

4. Biodenitrification

2.8.4 Conclusions
Table 2-10. Conclusions.

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

2. NAC, calcination and dissolution, resorcinol, and titanate are' of
value to IPM in the near term.

3. Characterization needs to be stressed within EM-50:
W.R.T. Class A waste
W.R.T. Safety issues in solid
W.R.T. Process integration

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

5. Development of LLW forms is, and will continue to be, a critical issue
to evaluate performance of TWRS processes.
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2.9 SUMMARY AND WRAP-UP SESSION

2.9.1 Supernate and Salt Cake Processing Breakout Summary

Mr. W.G. Richmond summarized the breakout session with the following
major points:

An issue was raised regardin? the impact of blending waste on the
CPU approach. This will be investigated.

Definition, use, and acceptability of simulants continues to be an
issue; a comprehensive simulant document is needed to address this.

Liquid waste streams resulting from treatment of sludges will
present an issue with overall system impact and an impact on CPU
procassing.

Hydrothermal processing ranked high in the group of technologies
that should be pursued.

Knowledge of "customer® (i.e. EM-30, EM-40) needs is limited and
needs to improve.

The discussion led to a number of areas where collaboration could
occur, including: silico-titanate development work (common test
plans, testing shared results), electrochemical destruction with
casium removal, and electrochemical destruction with biphasic
systems.

The silico-titanate was considered a candidate for near-term
deployment with a possible 1inkage with the biphasic extraction
technology.

2.9.2 Sludge Processing Breakout Summary

Mr. J.E. Helt summarized this session with the following:

Many questions were asked regarding the impact of characterization
and retrieval operations on the waste with the interest being their
affect on the input stream to the processes in question.

Some projects were assuming dissolved input streams from the
retrieval operation.

Additional characterization is needed for sludges to address input
stream questions.

More awareness of sites' needs will be crucial as work progresses.
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2.9.3 Comprehensive Processing and Systems Analysis Breakout Summary

Messrs. C.P. McGinnis and S.E. Seeman summarized this session with the
following:

e The group worked well as a team in this session.

e IPM and CPU interface issues were: safety and disposal. For
safety, organics and ferrocyanide destruction is needed. For
disposal, cesium and strontium removal is needed. Organic
destruction could be achieved by calcination and dissolution
followed by NAC and ammonia destruction.

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

2.9.4 Program Coordination Breakout Summary
Mr. J.C. Peschong provided a summary of this session with the following:

¢ The group focused on discussing "What is going wel1?" 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 this 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. Mellinger volunteered to develop a distribution 1ist for
documents and other items to improve awareness, (2) T. Fryberger
volunteered to evaluate the benefit of periodic meetings in this
technical area (similar to this workshop, but with more EM-30
principal investigators), and (3) J.C. Peschong volunteered to
evaluate establishing a pretreatment council to assist in overall
integration of this work. '

2.9.5 Richland Operitions 0ffice Perspective of Workshop
Mr. J.C. Peschong provided the following comments:

* The Hanford Site and TWRS are 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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o Technologies should not be abandoned from development if the only
reason is the schedule will not support IPM.
e The program is not "in cement."

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

Mr. 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. Department of Energy-Headquarters and Efficient
Separations and Processing-Integrated Program
Perspective

Mr. J.R. Morrey provided this discussion for T. Fryberger:
e The workshop had its good points and its rough spots.

o The ESP-IP meeting on Wednesday had many "drop-ins;® however, it was
beneficial. '

e The programs need to proceed with a "win/win" philosophy.
e The concern with overlap between programs needs to be worked.
e Achieving deliverables needs more attention.

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

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

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

o ‘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.S. Department of Energy-Headquarters and EM-30
Perspective
Mr. G. Mellinger provided the following comments:

e 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.

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

Mr. R.L. Gilchrist provided the following comments for S.M. Gibson:

This is the first of many meetings needed in this area; we have a
bright future in working togethar.

We need to produce deliverables and enhance communication to ensure
success.

Mr. Gilchrist then thanked the principal investigators;

J.C. Peschong; the breakout session leaders; J.R. Morrey,

S.M. Gibson, T. Fryberger, R.A. Harrington, and J.M. Cruse for
setting up the workshop; and to all others who participated.

2.9.9 Closing Remarks

Mr. R.A. Harrington opened the floor for closing remarks, as follows:

S.E. Seeman noted the need to continue to work the systems analysis
approach to solving this problem.

W.B. Barton--IPM is an important part of the TWRS mission, but it is
only a first step. The programs should focus on getting the right
technologies developed.

A.J. Mattus 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 TWRS direction is to submit a rough proposal in
March 1993 with milestone definition in September 1993. The IPM
project was unchanged, new tanks were unchanged, and technology
development will be affected.

J.C. Peschong noted that there is no sure solution and no sure
reference case at this time, but we are working toward it.

R.L. Gilchrist noted that the UST-ID, while Hanford is the host

site, is evaluating the needs of the DOE complex as a whole. When

the baseline is established, the impact will be assessed and

5?1an:gd with the other drivers, the broad picture, and DOE-HQ
rection.
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APPENDIX A
TECHNOLOGY DEVELOPMENT ACTIVITIES CHART

An earlier version of the chart included at the end of this appendix was
presented at the workshop. A number of comments were received at the workshop
and in subsequent reviews. The comments received and their resolutions are
presented below; the chart reflects the resolutions as incorporated.

C-1 Comments (L. Bustard)

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

e Steam reforming (EM-36) funding shou]d be added to the
Organic/Nitrate Destruction function.

e Crystalline silico-titanates should be added to the following
functions:

- Basic side Cs removal
- Basic side Sr removal
- Basic side TRU removal
- Acid side Cs removal
- Acid side Sr removal
- Acid side TRU removal

Response:

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

C-2 Comments (P.D. Kalb)

The following comments were transmitted via telephone conversation
(P.D. Kalb, Brookhaven National Laboratory [BNL], with J.M. Cruse, WHC, dated
February 17, 1993).

J én t:e LLW Disposal function, change "Grout" to read "Baseline--
rout." ‘

) ThedNAC and polyethylene encapsulation may fit in other functional
needs.

* In the Hazardous Materials Removal function, NAC and 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 (M.C. Thompson)
The following comments were transmitted via fax dated February 24, 1993.

I have reviewed the Tank Waste Separations and Disposal Technology
Development Activities Chart and find it very informative, and yet I'm
not sure that it is complete in terms of work supported by UST-ID.

Unless the UST-ID box under Organic/FeCN Destruction is intended to
represent any one of several activities funded this year, steam reforming
work at SNL is not represented.

The box for Hazardous Materials Destruction seems to be aimed at
destruction primarily of nitrate, but does not include a number of the
technologies which destroy organics and FeCN, such as hydrothermal
processes, steam reforming, and calcination, which are being considered
by UST-ID because the technologies destroy all three species.

The box for Chemical Recycle does not have any processes shown being
funded. However, several of the processes for destruction of organics
and nitrate can also be used for recycle of chemicals. At present, I
believe the Clean Option is assuming calcination to recover NaOH for
recycle to earlier portions of the process. Likewise, the NO, produced
from these high temperature processes or electrochemical nitrate
destruction can be scrubbed to recover HNO1 for recycle to the acid part
of the flowsheet. Why aren't these technologies listed in the box? Are
y™u only listing technologies that aren't listed elsewhere? Perhaps this
bux can be combined with the Hazardous Materials Destruction box because
most of the same technologies are applicable.

I think this is a good idea. The chart should be made available to
principal investigators during the request for proposals if possible.
There needs to be a mechanism for regular revision of the chart to
include new technologies being funded by ESP-IP and UST-ID and for
removal of technologies which are no longer funded because they 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-RL is aware
of where they fit in especially if technologies must be on the chart to
be considered by DOE-RL for 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.

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

C-4 Comments (G. Jensen)

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

Tom Woods should be shown as the principal investigator for the EM-30
systems analysis task.
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The comment(s) were reviewed and incorporated in the current version as
applicable.

C-5 . Comments (N. Brown)

The following comments were transmitted via telephone conversation (N. Brown,
SNL, with J. M. Cruse, WHC, dated March 2, 1993).

Response:

Add steam reforming to the Organic/FeCN Destruction function.

Add crystalline silico-titanates to the Sr Removal and Cs Removal
(acidic) functions.

Add steam reforming to the Nitrate Destruction/Recycle function.

Add calcination and steam reforming to the NO; Destruction/Recycle
function.

This is a very worthwhile effort; please send the final version to
me.

Add Sr and I to the Tank Waste Retrieval function.

Add biphasic systems to the Tc/I Removal function (discuss this with
[D.] Chaiko at ANL [Argonne National Laboratory]).

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

C-6 Comments (W.L. Kuhn)

The following comments were transmitted via electronic mail May 7, 1993.

Add to "Sludge Dissolution” block--

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

Move "Advanced Solvent Extraction" [Horowitz] from "Selective Leach
block" to "TRU Removal"™ block and also add to "Sr Removal" block and
to "Tc Removal" bluck.

Add "Selective Solid-Based Sequestering Agents" to "Removal of Other
Radionuclides" 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
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selective leach technology. Suggest moving to "TRU Removal™ or
"Removal of Other Radionuclides™ [alkaline] block.

e Add "Electrochemical Dest." [D. Hobbs] also to "Nitrate/Organic
Destruction” block. Also, note principal investigator is [D.] Hobbs
in the "Hazardous Materials Removal®™ block.

e Add to "Cs Removal [Acidic]" block--

Cobalt Dicarbolide Support
EM-50, ESP-IP
Geotech Carlson

e Add to "Systems Analysis/Crosscut” block--
Innovative Chemical Separation
EM-50, ESP-IP
PNL, tbd Morrey

e Add to "Alkaline-Side Cs Removal" block--
Dicarbolide for Cs Decontamination
EM-50, ESP-IP
SRL King

e Add to "Other Radionuclides Removal” block--
Actinides Separations for Adv. Processing
EM-50, ESP-IP
LANL Smith

Response:

The comment(s) were reviewed and incorporated in the current version as
applicable.
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Figure A-1. Technology Development Activities Chart.

The following pages can be laid out in the following manner to create the
overall flow of activities.
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Figure A-1. Technology Development
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FY93 ESPIP PROJECTS

SCOPE

= |

o

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

Wester | PNL Identify, develop, and test new options to separate Cs, Sr, and Trus H
from HLW

Jarvinen | LANL Develop polymer-supported ion-specific extractants for TRUs &
other toxic ions

Brown - | SNL Develop crystalline silicotitanate ion exchanger to selectively remove
Cs & Sr from HLW

Cowan | WHC Evaluate/develop calcine & leach process for treating Hanford HLW

Geeting | PNL Evaluate Bradtech ACT*DE*CON™ process to recover radionuclides
from waste sludge

Bea?n ORNL | Develop technology to handle ORNL Mehon Valley Storage Tank
waste (MVST)

Todd WINCO

Establish feasibility of pyrochemically treating ICPP HLW calcine

*2-g @4nb}4
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FY93 ESPIP PROJECTS

*2~g @aanbi4

(2 40 2)

P.l LAB SCOPE

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

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

Hobbs SRL Develop/evaluate electrochemical destruction of nitrates, nitrites, and organics .

Horwitz ANL Develop advanced solvent-extraction separations in support of the "Clean
Option*

Chaiko ANL Develop biphasic systems for extraction of radionuclides

Dewey LANL | Develop separations in support of Accelerated Transmutation of Waste

Helt ANL Survey status of sludge technology and recommend elements of sludge
separation program

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

- | waste
Nunez Develop/evaluate magnetic beads as carriers for sequestering agents

ANL
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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 Nucliear Chemistry Division
Los Alamos National Laboratory

Figure B-3. (2 of 3)

LOS ALAMOS TWRS

RELATED PROGRAMS
RED:TEAMS: i
 TANK'SAFETY'ANALYSES
~ TISO: (GERMANTOWN)
- UST-ID
ESPIP
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Figure B-3. (3 of 3)
LOS ALAMOS HQTS FUNDED FY 93 ACTIVITIES

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
Pl: Steve Yarbro

6) Cation Exchange Studies of TRU/fp 300k
PI: 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

10) Sample Transportation 100k
P1: TBD

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

12) Program Management/external contracts 420k

Program Manager: Kim Thomas

TOTAL $9200k



ACTIVITY MAJOR WORK INVESTIGATOR/ORG. FUNDING (3K)
Organic/FeCN Destruction by Bench-Scale Tests with Synthetic | Colby/WHC 70
Wet Oxidation Waste Using Piston Reactor

k Organic/FeCN Destruction by Laboratory Screening Tests with Stubbs & Delegard/WHC 216
Ozonation Synthetic and Actual Wastes
Organic/FeCN Destruction by Grout Tests with Actual Wastes Hammitt /WHC 62
Ozonation
Organic/FeCN Destruction by Design Cold Ozone Pilot Plant Colby/WHC 328
Ozonation
Organic/FeCN Destruction Document and Prepare Waste Hoh1 /WHC 43
Simulants
l Alkaline-Side Cs Removal Produce Pilot-Scale Quantities Stephens/WHC 825
Using Crystalline Titanates of Crystalline Titanates
Controlled Precipitation of Laboratory Study of Controlled Wiley/University of 65
Aluminum C0, Addition to Synthetic Waste Texas - Permian Basin
Early Treatment of DSSF DSSF Pretreatment Plan Bratzel /WHC 115
Dissolve Sludge by Laboratory Study Using Synthetic | Colby/WHC 280
Calcination and Leaching and Actual Waste
Sludge Washing and Gravity Develop In-Tank Settling Process | Landeene & MaclLean/WHC 416
Settling and Analytical Instrumentation
Including:
- DNAAS
- TRU Monitor
- Suspended Solids Monitor
Sludge Washing and Gravity Perform Computer Simulation of Sathya/WHC & Numerical 116

|

Settling

In-Tank Washing

Application Inc.,
Richland, WA

‘p-g aunbL4

(z 30 71)
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ACTIVITY

—— e ————
e —

MAJOR WORK °

e

INVESTIGATOR/ORG.

Sr/TRU Solvent Extraction
Process Development

Develop a New Nonphosphate
Stripping Agent (TUCS Class B)
That Selectively Removes
Actinides Without Removing
Uranium and a Solvent For
Combined Sr/TRU Removal
Processes

Horwitz/ANL

FUNDING (SK)P
400

Alternative Pretreatment
Process Evaluations

Identify Alternative Processes
Applicable to the Pretreatment
of Hanford Tank Wastes

Barton/WHC /NUMATEC/
BNFL

1038

TWRS Water Re-Use Study

Evaluate Opportunities and
Benefits Associated with
Recycling Water in the Tank
Waste Disposal Operations

Barton/WHC

123

‘$-8 a4nby4

(2 40 2)

2$90-d3-JHM



WHC-EP-0642

Figure B-5. (1 of 11)
PACIFIC NORTHWEST LABORATORY

FY93 TWRS PRETREATMENT
TECHNOLOGY DEVELOPMENT PROJECT

FEBRUARY 4, 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

e PROVIDE TECHNOLOGY SUPPORT TO THE REFERENCE TWRS
PRETREATMENT SYSTEM
- Tank Safety Resolution

- Tank Waste Disposal

GENERAL ACTIVITIES

e TECHNOLOGY DEVELOPMENT TO SUPPORT THE INITIAL
PRETREATMENT MODULE
- Cs lon Exchange and Organic Destruction

e SLUDGE WASHING TECHNOLOGY TO SUPPORT IN-TANK
WASHING

e LONG-TERM PRETREATMENT TECHNOLOGY
- Sludge dissolution, extraction of chemical/radiochemical
contaminants

e EVALUATION OF PRETREATMENT MATERIALS OF
CONSTRUCTION

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

PNL TWRS Pretreatment Technology

OF WORK

LITERATURE REVIEWS OF TECHNOLOGY ALTERNATIVES

Development Project

CONCEPTUAL ENGINEERING ASSESSMENTS

LABORATORY-SCALE RADIOACTIVE AND NONRADIOACTIVE

TESTING

PILOT- /BENCH-SCALE NONRADIOACTIVE/RADIOACTIVE TESTING

(FUTURE)

SUPPORT TO WHC CONDUCTED ENGINEERING-SCALE TESTS

INDUSTRIAL VENDOR TESTS

Figure B-5. (4 of 11)
._4.753K

TWRS
PRETREATMENT
PROJECT

01 451K 02 733K

03 '595!( 04 l1,405K Q5 [1.141K

08 428K
Project Procass Fission Product Sludge Treatment Qrganic Destruction Pretreatment
Mansgement Engineering and Separation and Extraction Technology Materials
Evaluation Technology Technology Deveicpment Evaiuation
Development Deveiopment
LK Hoiton DE Kurath LA Bray GJ Lumetta EO Jones LR Bunnetl

B-12
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Figure B-5. (5 of 11)
01 451K
Project
Management
LK Holton
0101 | 188K 0103 | 24K 0105 | 126K 0107 | 0
Project Quaity Assurance TWRS Technology Special Studies
Management 1.1.2.3.1.1.11 Plan 1.1.23.1.289
Reporting 1.1.2.3.1.2.1
1.1.23.1.1.1.1
0102 102K 0104 0 0106 31K
Technology
Project Technology Exchanges/Project
Msanagement Deveiopment Plan Reviews
Support 1.1.23.1.1.1.1 1.1.2.3.1.28
1.1.2.3.1.1.11
Rev. 2
Figure B-5. (6 of 11)
02 733K
Process
Engineering and
Evaluation
DE Kurath
0201 | 128K 0203 | 104K 0208 | 53K 0207 | 41K 0209 | 32K 0211 | 20K
Svauate Allemate Sow.Emsvs.l
Pretrestment Tank Waste TRU Removal Evaiiate Cs Functons ang IPM Enginesnng
Systems Evalustion Vanaoiiity Study Procssses Remavsi Processes Requrements Stuay Review
1.1231.1.28 1.1.23.1.128 [ 1.1.23.12.18 1.123.1.2.18 1.123.1.238 t.1.282.41
0204 117K 3204 i 42K 0208 48K Q210 108K
Literature Revew Canomious Soivert
Tank Waste New Hot Cad Sxracton System
Stuay Seoamvons Neecs/Requrements o]
1.1.23.1.1.28 Tecnnologies 1.1.2.3.1.217 1.1.23.1.231 1.1.23.1.2.
1.1.2.3,1.2.37
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Figure B-5. (7 of 11)
03 595K
Fission Product
Separation
Technology
Development
LA Bray
|
0301 | 221K 0302 | 267K 0303 | 81K 0304 | 26K
Resin
Dasign Basis Csix Radiation and Testing of
Experimeant Optimization Chemical Silico-Titanates
CsiX Tosts Stability Tests 1.1.2.8.2.2.41
1.1.2.8.22.28 1.1.2.8.22.30 1.1.28.2.2.37
Rev. 2
Figure B-5. (8 of 11)
04 1,405K
Sludge
Treatment and
Extraction
Technology
Development
GJ Lumetta
0401 [ 133K 0402 | 62K 0403 | 72K 0404 | 110K 0405 [684K 0408 [130K 0407 [ 130K 0408 | 84K
Laboratory Laboratory Laboratory
Lab Prefiminary Sludge Solvent Studies - Laboratory Studies of
Tests-in-Tank Sludg Seiective Dissolution Extraction Alternative Studies of Sr Acidic Cs
Washing Washing Leaching L.aboratory Laboratory TRU Removal Removal Removal
1.1.23.3.2.18 Studies Processes Studies Studies Processes Processes Procasses
1.1.233.218| [1.1233220( [1.1.231.211] [1.1.23.12.12] [1.1.231.214| [1.1.23.12.18] [1.1.23.1.216

B-14
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Figure B-5. (9 of 11)
05 1,141K
Organic
Destruction
Technology
Development
EQ Jones
|
0503 | 167K 0808 | 142K 0807 | 304k | 0s09 | 26K
Prefmnary Vendor Tests Evaiuation of
Testing LTAD Hot Cell Test -wet LTAD
1128221 -LTAD Oxdastion Resctors
1.1.28225 112822 1.1.282.2.42
504 | 176K 0508 | 28K 0308 | 192Kk 0510 | 10K
Evaiuate
Bencn Scale Prefiminary Altemate Grout Testing
LTAD Tests Flow Sheet Organic Support
1.1.28223 LTAD Dastructon 1.1.2.8.2.2.1
1.1.282286 Processas
1.1.2822.18 1.1.28.2.2.26
Figure B-5. (10 of 11)
06 428K
Pretreatment
Materials
Evaluation
LR Bunnell
|
0801 | 53K 0802 | 84K 06803 | 81K 0804 | 6K 0605 | 179K 0806 | 25K
Corrosion Corrosion Corrosion Corrosion Corrosion
Prepare Studies Testing Testing Testing - Testing
Corrosion Organic Studies - Studies - Sludge Support For
Probe Test Destruction Sludge Selective Dissolution Filter Tests
Apparatus Processes Washing Leaching and TRU 1.1.2.3.1.225
1.1.2.3.3.26 1.1.2.8.2.2.40 1.1.2.33.2.21 1.1.23.3.2.22 Extraction
11.23.1.222
&
1.1.23.1.2.23
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Figure B-5. (11 of 11)

PNL TWRS Pretreatment Technology
Development Project

SUMMARY

PNL TWRS PRETREATMENT TECHNOLOGY PRQJECT 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.
ST/dRONGER LINKAGES ARE DESIRED IN THE FUTURE.

-  Sludge Dissolution and Extraction Technologies

-  Sludge Leaching Technologies

- Materials Evaluation

B-16
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Figure B-6. (1 of 30)
U.S. Department of Energy

Pacific Northwest
Laboratory

Figure B-6. (2 of 30)
Waste Technology Center

Compact Processing’
Units

W. G. Richmond

Pacific Northwest
Labaratory

B-17
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Figure B-6. (3 of 30)
Waste Technology Center

Agenda

CPU Concept .
Why Consider CPU?
CPU Project Status
CPU Process Flowsheet
CPU Schedule

CPU Funding Profiles
CPU Open Issues

Pacific Northwest
Labaratory

Figure B-6. (4 of 30)
Waste Technology Center

Compact Processing Unit Concept

Treat waste with small distributed units
Early start for waste pretreatment

Provide pilot plant facilities for IPM

Pacific Northwest
Laboratory

B-18



WHC-EP-0642

Figure B-6. (5 of 30)
Waste Technology Center

CPU Design Concept

Provide stand alone field deployable
process unit for tank waste processing

Unit meets all RCRA/DOE/NRC requirements
for containment and accident mitigation

Unit capable of refit/upgrade

Minimize in-process inventory to maximize
safety

Pacific Northwest
Laboratory

Figure B-6. (6 of 30)

Waste Technology Center

Insert CPU Design Figure Here

Pacific Northwest
L.aboratory

B-19
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Figure B-6. (7 of 30)
Waste Technology Center

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

Pagific Northwest
Laboratory

Figure B-6. (8 of 30)

Waste Technology Coenter

Why Consider CPUs?

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

SCHEDULE - Waste treatment coulid start sooner

TECHNICAL UNCERTAINTY - Modular facility
allows for continuous process improvement

RISK -- Modularity allows for lower risk
deployment of new processes

Pacific Northwest
Laboratory

B-20



Waste Technoiogy Center
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Figure B-6.

(9 of 30)

CPU Project Status

Process Flowsheet Selected

Functional and Operation Requirementé
Document Completed

Project CPU Concepts Developed

Baseline project schedule developed

Project acceleration scenarios under

Recover HNO,

investigation
. Pacific Northwest
Laborstory
Figure B-6. (10 of 30)
Waste Technology Center
PROCESS SELECTION
Option Decision Reasoning
Resin Formaidehyde |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
Recycle or Recycle Low Minimize Waste

[Cs] Eluant

Pacific Northwest
Laboratory
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Figure B-6. (11 of 30)
Waste Technology Center
Option | Decision | Reasoning
Upward versus |Upward Elution | Higher
Downward Efficiency & DF
Elution
Dilution None Minimize Waste
Elute and Do not Reload | Too much added
Reload Onto onto Zeolite Complexity;
Zeolite WFQ, Transport
Issues
Pacific Northwest
Laboratory
Figure B-6. (12 of 30)
Waste Technology Center
CPU FLOWSHEET CALCULATIONS
Feed LLW High Cs*
[Na’] 11. 11. 0.25
[K*] 1.0 1.0 0.01
[AI*] 1.0 1.0 -
[OHT] 5.0 5.0 0.10
[NO,] 3.5 3.5 0.05
Cs*, Ci/L 0.5 < 0.001 4.0
sr*, Ci/L 0.001 0.001 -
Volume 1.0x10° 1.08x10° 8.7x10*
(gal)
Pacific Northweat
Laboratory
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Figure B-6. (13 of 30)
Waste Technology Center

Process Capability

Current Design Basis is DSSF (Tk 101-AW)

Process Capable of Handling any pumpabie
liquid requiring Cesium removal

Pacific Northwest
Laboratory

Figure B-6. (14 of 30)
Waste Technology Center

CPU Demonstration Objectives

Transportable
Process 1 x 10° gal/year, Cs DF = 1 x 10*
Design life 1 year, minimum

Comply with federal, state, DOE regulations

Pseific Northwest
Laboratory

B-23
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Figure B-6. (15 of 30)
Waste Technoiogy Center

CPU Four Major Subsystems

lon-exchange Process (Design FY93)
Process Control System (Design FY93)
Containment System (Design FY93-FY 94)
Tank Farm Interface ( Design FY94)

Pacific Northwest
Laboratory

Figure B-6. (16 of 30)
" Waste Technology Center

lon-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

Pacific Northwest
Laboratory

B-24
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Figure B-6. (17 of 30)
Waste Technology Center ’

Process Control System Functions

Remotely controls process operations
Provides surveillance

-~ Acquires and analyzes data
Interfaces to tank farm monitoring system

Status: Requirements being identified for FDC

Pacific Northwest
Laboratory

Figure B-6. (18 of 30)

- Waste Technology Center

Enclosure/Containment System
Functions

Encloses [X process
Confines radioactive/hazardous materials
Shields public/personnel from radiation

Interfaces to loading/transportation
equipment

Provides HVAC and fire protection

Status: Enclosure concepts under development

Pacific Northwest
Laboratory

B-25
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Figure B-6. (19 of 30)
Waste Technology Center

MORE CPU CONCEPT FIGURE AND
DEPLOYMENT FIGURES SHOWN HERE

Pacific Northwest
L.aboratory

Figure B-6. (20 of 30)

Waste Technology Center

Tank Farm Interface Functions

Provides suitable site for deployment

Interfaces utilities and waste transfer
systems to IX process

Provides a nonradioactive chemical supply
system

Pacific Northwaest
Laboratory

B-26
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Figure B-6. (21 of 30)
Waste Technology Canter

Project Baseline Schedule

Design Completed 1993

Test system procured 1994

Non-Radioactive Demonstration 1995

Radioactive Demonstration 1998

Pacific Northwest

Laboratory
Figure B-6. (22 of 30)
W SCTY T " -
s, E CPU Summary Schedule (Baseline) NOC S heeet
Sens: m.'o::—:a LedDorstory
Oescription o1 01
AN JAM
= e
Enviromentsl Cosalisnce
Design
Febricate Test Symtes
Faoricate Oemonstration System L. ]
Cosponent Test & Install [ ]
Non-rggioactive Demonstration [ ]
BegIn Nonrag108ctive %
Ossonstration
Asdioactive Demonstration L 6 ]
B8e9in Redioactive
Osmonstration
Bar Ch2~t Key: Early Dates o

rew:
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Figure B-6

(23 of 30)

Compact Processing Unit

Current Baseline (Startup February 1998)

Funding Source

EM30
EMS0

O

$6,300 K

$1,260K I

Fy-93

Current Baseline (Startup February 1998)

. —-———

| Equipment

W Labor

2000 $1,260K

, Il

FY-83

oyt

$6,300K

FY- 4

$4,626 K

FY-94 FY-95
Figure B-6.

$12,820K

Fy-86

FY-97

(24 of 30)

Compact Procassing Unit

$4,626K

FY-95

$12,820K

Fy-87

Fy-g8

$9,150K

Fy.g8

FY-99
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Figure B-6. (25 of 30)

Compact Processing Unit
Current Baseline (Startup Startup February 1998)
o $31,200K L.
30000 = EM30 L~
' -
— EMSO P
25000 T ) /
/
4
e 20000 P
(2] I
g 7
’

g 15000 7 $13,500K

Q we= Lot et e -

FY 93 FY 94 FY 95 FY 96 Fy 97 FYy 98 FY 99
Figure B-6. (26 of 30)

bt LT L

smsens  sovewms CPU Summary Schedule (Revision #1) Nartreeut
TR =St LeDOoretory
Osscription 01 01 Tot To? o1 01 Tot
aan aan Jan uan uan san s
o3 e s s o ) v
Timanow

Enviromental Comoiience M
Oesign *

Fedricste Test System T I
Demenstration System . ]
Feorication

Component Test & Install

Nonerggiosctive Osmonstracion

8egin Manrsdiasctive

Osmonstretion

Asdiosctive Desonstrstion L ]
B8egan Radiocactive J

Osmonstration

Bar Chart Key: Early Dates TTeREToRES

oree:

aprv:
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Figure B-6. (27 of 30)
Compact Processing Unit
Revision #1 (Startup December 1996)
12000 . v e it - ~eca——— - Cem

$10,500K v o o -
[ | Equipment

0000 $9,500K
! sooook M Labor

3 A 0 g

$7,000K

Dofllars {K)
g

2000 g1 280K

FY93  FY-94  FY85 FY96  FY97 FY98  FY.98
Figure B-6. (28 of 30)

$370K

Compact Processing Unit
Revision #1 (Startup December 1996)
15000 U et e e . -
30000 e EM30
= = EMSO
$12,700 K

FY 93 FY 94 Fy 98 FY 96 FY 97 FY 98 FY 99
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Figure B-6. (29 of 30)

Compact Processing Unit

Funding Profile Comparison
35000 N . e . -
LI ﬂ

30000 r—= EM 50 B&ul

:' = * EM 50 Rev I
25000 -

I EM 30 Rev | /

= = EM308ase | /

§ 15000
10000 -

5000 -

FY 83 FY 94 Fy 98 FY ge Fy 97 FY 98 FY 98
Figure B-6. (30 of 30)

Waste Technology Center

CPU Open Issues

DOE Order Compliance
- KEH being funded to do analysis

Demonstration Site
Interface with IPM Plans
EM-30 Funding Support

CPU project schedule acceleration

Pacific Northwest
Laboratory

B-31



WHC-EP-0642

This page intentionally left blank.

B-32




WHC-EP-0642

Figure B-7. (1 of 10)

UST: Cesium Extraction Testing Project

DOE/DT&E TTP No. SR-1320-20

Jane P. Bibler
SRTC/WSRC
william G. Richmond
PNL

Figure B-7. (2 of 10)

TECHNICAL TASKS

RESORCINOL/FORMALDEHYDE RESIN BEHAVIOR
e Flow Rate Dependence for H=101-AW
e Effect of Temperature Elevation
e Elution Scheme
RADIQOLYSIS STUDIES
o Dose Rate Dependence of Capacity

e Radiolytic Products

B-33
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Figure B-7.

(3 of 10)

HANFORD 241-101-AW COMPOSITION

CHEMICAL

Sodium Hydroxide
Aluminum Nitrate
Sodium Nitrate
Sodium Carbonate
Sodium Sulfate
Potassium Hydroxide
Cesium Nitrate
Sodium Nitrite
Cs-137

MOLARITY

3.1

0.5

2.4

0.21
0.01
1.1€0.8)
4.4E-5
2.2
1.3E=11

Figure B-7.

(4 of 10)

Breakthrough Curves with SRS Simulant

1.2
104
0.8 1
0s
04

0.2 1

6 M Na
1.5 M OH
0.01 M K

0.0 ¥~

100

Ccv

r '
200 300
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Figure B-7. (5 of 10)
FOUR FLOW RATES FOR UNDILUTED 101-AW

1.0
0.8
06 R 15cvmhr
e 10 cvir
® 75cvihr
0.4 1 e Jcvir
0.2 -
0.0 ' . . .
0 10 20 30 40 50
cv
Figure B-7. (6 of 10)
@ (=}
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10 100 1000 10000
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Figure B-7. (7 of 10)

1:1 DILUTION OF HANFORD 101-AW

0.6
- Downflow
0.5 - 5 cv/hr
r o] a
0.4 -
Q g
3
Q 0.3 a
» ) |
© 0.2- *
0.1 -
0.0 LI ICVICIINENCI I E WICOHEcagt) 3 2 31CaI0 : |
0 50 100 150 200 250

cv
Figure B-7. (8 of 10)

g )
A
'—————'J Y |
e g5t
A% RO
S 2,
A- | E+5 Gal. Supernate at 20 gpm
2 mCi/gal Cs=134/137; other radionuclides=~2 E+4 uCi/gal
8- | E+6 Gal Treated Supernate at 20 gpm
no Cs-134/137; other radionuclides="2 E+4 uCi/gal
C- 3 E+3 Gal Acid eluent at 30 gpm
D- 3 E+3 Gal Acid containing 1.9 mCf Cs=134/137
STANDARD IX CAROUSEL
OPERATION
\. _/
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Figure B-8. (1 of 9)
UNDERGROUND STORAGE TANK
INTEGRATED DEMONSTRATION
Bilological Destruction of Tank Wastes

TTP #1D 1212 04
Principal Investigator: Graham Andrews (208) 526-0174
Program Manager: Don Maiers (208) 526-6991

OBJECTIVE

To demonstrate a microbial process that will remediate
wastes from the Hanford tanks by:

- reduction of nitrate to N2 and replacement with
desired anions

- separation of radionuclides by biosorption
- oxidation of organics?

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

Figure B-8. (2 of 9)

Will carry out one or more of the following:
I

Biodegradation of hazardous organic wastes (e.g., xylenes, chlorinated solvents, poly-
chlorinated biphenyls) to innocuous end products (CO,, CI', etc.)

Denitrification: reducing nitrate in nuclear waste streams, agricultural run-off or
groundwater to N,

Biosorption of heavy metals and transuranides from dilute aqueous solution

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

B-39
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Figure B-8. (3 of 9)
FY-92 Accomplishments under Buried Waste
Integrated Demonstration (INEL: Pad A Waste)

@ Collection of halophilic denitrifying bacteria established;
both previously studied strains and our own isolates from
the Great Sait Lake and Death Valley regions

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

® Start-up of three 1 liter chemostats using mixed culture:

- Start-up procedure developed

= > 99% nitrate reduction at steady-state
= No NOx formed

® Preliminary process flowsheet developed using
counter-current contacting to maximize biosorption

Figure B-8. (4 of 9)
Doubling
. lime
Strain Source Morphology and (hr) Ny/Acetate
Color
Ialoferax ATCC pleomorphic, tan 12 0.032
mediterranei
Ilaloarcula ATCC pleomorphic, orange 21 0.054
marismortui
IIASL70 North arm GSL, UT | rod-shaped, orange 5.4 0.279
IIASL7t North arm GSL, UT | long thiu rods, tan 7.5 0.784
IIADV2 Death Valley, CA pleomorphic, tan 8.3 0.753
LHAPY Pausamint Valley, pleomorphic, off 6.4 0.337
CA - white
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Figure B-8.

FEED
RESERVOIR

(5 of 9)

HITRATE + ACETATE

nnnnnnn

TOTAL CATION:
(naek) = 2,3,4

LIQULD
CCLLECTOR

—

GAS
COLLECTOR

1 LITER
STIRRED TANHK
BIOREACTOR

9.0<pH<a.S

P MAGNETIC
STIRRER

s

)
H

- BIOREACTOR ACTS A5 a SELECTION CULTURE; FASTEST GROWING STRAINS

WILL DOMINATE THE PORULATION

- MAINTAINING A POSITIVE PRESSURL ,H, PREVENTS INFLQW OF INHIBITORY
OXYGEN. HEADSPACE AMALZSIS SHOWS My ,CO, BUT HO NO.

Figure B-8.

(6 of 9)

11/92 - 3/93 Accomplishments under USTID

Pretreatment/Separations Task

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

e |dentify 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
radionuciide separation

- danger of reaching "biomass paste" limit
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Figure B-8.
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FILTER

FLOW =
564 L/hs

EVAPORATION

(10}

e sAL

SALTS
FLOW = 175 Kkq/hr

PRELIMINARY DESIGH OF COMPACT PROCESSING UNIT

(8 of 9)

Milestones for FY-93 ($300K)

3/33 ->: Run lab chemostats at decreasing residence
times (10 days —~> 1 day) on surrogate tank waste to:

- optimize culture by natural adaption anci selection

- provide biomass for other experiments

- provide parémeter values for yield and rate

3/93 - 7/93: Study effects of potential inhibitors (ALO2,
EDTA, F) and potential nutrients (citrate) in batch cuiture.
Add to chemostat feed if possible

5/93 - 11/94: Measure capacity and affinity of cells for
biosorption of heavy metals and radionuclides (U, Cr, Cs,

Sr, Zr)
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Figure B-8. (9 ¢f 9)
Milestones for FY-94 ($420K) and Beyond

-> 9/94: Continue operation of lab chemostats to:

~ explore limits of process performance (salinity,
residence time)

- provide biomass for start-up at next scale

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

6/94 - 11/94: Demonstration/testing of large-lab scale
process on surrogate waste. Test biomass separation
steps and simultaneous denitrification/ biosorption
concept

12/94 - 2/95: Evaluation and Analysis of Test Data.
Issue technology status report.

Update and freeze design of Compact Processing Unit.
Provide cost estimates for transportable CPU
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Figure B-9. (1 of 6)
OR-1120-03

The Nitrate to Ammonia and Ceramic Process

Importance of NAC to UST-ID

- New Process to Decompose Nitrate at Low Temperature
(60°C) ’

- Process is NaOH Free

- Co-Production of Waste Form Which is Low Volume
(less than third of equivalent grout volume), Durable,
and Regulatory Acceptable (binds most RCRA and
radioactive metals)

- D&D ID is Proposing Al Recycle to NAC Process for
Waste Minimization and Cost Effectiveness for NAC

Figure B-9. (2 of 6)
OR-1120-03

The Nitrate to Ammonia and Ceramic Process

Key Deliverables
Process Chemistry Proven FY-92

FY-93 Activities
- Optimization of A1 Usage vs. Nitrate Destruction
- Ceramic Waste-Form Development and Verification
- Use of Actual LLW from MVST as Experimental Fuel
- Acquisition of Scale-Up Data for Pilot Plant

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) oo owg sra-sasm2

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

GROUT
C 3
+40%
N’
ALKALINE
WASTE SOLUTION
CERAMIC

PRESS DRY PRODUCT —

MICROWAVE SINTER

SODIUM
NITRATE

Figure B-9. (4 of 6)

GENERAL FLOW SHEET FOR THE NITRATE TO AMMONIA
AND CERAMIC (NAC) PROCESS

N

WIROGIN AND
WATER vAPOR

SCRAP ALUNUM
ALUMIARAS
SHRCOOLR

ctrame
WASTE
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Figure B-9. (5 of 6)
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Figure B-9. (6 of 6)

ORML OWS S1A-878

NAC CONCEPT APPLIED AT HANFORD
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Figure B-10. (1 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-10. (2 of 18)
PRESENTATION OUTLINE @

Background on titanates at Sandia National Labs
Patent status on crystalline silicotitanates (CST)
Preparation and characterization of CST

LDRD, ESPIP, DOE-RL activities

DSSF process description

Scale-up and commercialization of CST

Funding requirements
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Figure B-10. (3 of 18)

TITANATE ION EXCHANGER DEVELOPMENT
AT SANDIA

1969
1975

1979-
1981

1980

1981-
PRES

ELECTROACTIVE CERAMICS VIA TITANATES

TITANATE ION EXCHANGERS FOR HIGH LEVEL
REPROCESSING WASTES =~ CERAMIC WASTE FROM
PRODUCED

TITANATE ION EXCHANGERS FOR HANFORD DEFENSE
WASTES

AUSTRALIANS ADOPT SANDIA TITANATE ION
EXCHANGER ROUTE FOR PREPARATION OF SYNROC

TITANATE CATALYST DEVELOPMENT PROGRAMS FOR
DOE/FE

SANGIA NATIONAL LABORATORTES/MOMARD STEPHENS/PROCESS RESEARCH OZPARTMENT 5212/(5051844-9178
Figure B-10. (4 of 18)

TITANATE ION EXCHANGER DEVELOPMENT
AT SANDIA

° 1984

* 1990

* 1992

SAVANNAH River LAB ADOPTS TITANATES FOR IN-
TANK PRECIPITATION OF SR AND Pu

PROGRAM INITIATED TO EXPLORE CRYSTALLINE
SILICOTITANATES AS CATALYSTS

Drscovery oF CS SELECTIVE CRYSTALLINE SILICO-
TITANATES

SANGIA NATIONAL LABGRATOR|ES/HOMARD STEZPNENS/PROCESS RESEARCH OEPARTMENT 4212/(%0%)884-9178
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Figure B-10. (5 of 18)
PATENT STATUS (M)

a 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
s 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-10. (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-10.

(7 of 18)

Cs ADSORPTION ON CRYSTALLINE SILICO-TITANATES
DEPENDS ON STRUCTURE AND SYNTHESIS METHOD

3M NaNQ3 - 100
100,000

PPM Cs

10,000

LIS ITII“' T T ViTmw
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g 8
/E

—
o

RBLRLALLLL BERLER AL LLL
i
i

!

o

INITIAL

10 15 20

S
LARGEST d-SPACING IN TAM MATERIAL, ANGSTROMS
ODUPLICATE

RESULT  EXPERIMENT
. ——— o

0.1 GRAM OF TAM IN 10 ML OF SOLUTION
24 HOUR EQUILIBRATION TIME

Figure B-10.

(8 of 18)

DIFFERENT MOLECULAR STRUCTURES IN CRYSTALLINE

(VS. AMORPHOUS) TITANATES RESULT IN HIGH

CESIUM SELECTIVITY

s

pe

S A
Be  spe  yee s

..

w e bl

s
N} 10,8 18,0 8.8 ne 2.8 .0 <@

i
i

i

!
1

QM& ! .;

1.4 e . U ZX) .4 7.2 N) e ]
THQ - TMETA (DEGREES)

X-RAY DIFFRACTION PATTERN OF TITANATE
SHOWING NO LONG-RANGE ORDERING WHICH IS
TYPICAL OF AN AMORPHOUS MATERIAL
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Figure B-10. (9 of 18)

CHRONOLOGY OF THE DEVELOPMENT OF Cs SELECTIVITY
IN TAMS SILICO-TITANATES IN CAUSTIC SOLUTIONS

1,200
1,100
A
1,000
a i
i S00
g i
y %o
£ 70
wl L
ol
O 800
z X
g s
) A
% 400
8 300
A
200
i
100
JLals i B i _ —— ]
7 &8 19 23 a4 821 102 1027 10/30 114 IE98 BSC

1892 DATE
ALL SOLUTIONS CONTAINED 8.7M Na - 0.6M OH

WITH INITIAL Ca CONCENTRATIONS OF 100 PPM
Sandia Netonsl Laborstories Dosch File ‘CsKd102°

Figure B-10. (10 of 18)

Cs DISTRIBUTION COEFFICIENT RESULTS FROM THE

LAST GROUP OF SAMPLES SENT TO PNL FOR EVALUATION
100,000

g
8

LIS BLELEALL

13.428

10,000

§

1,000

g

LI I RRRLL |

"r

8

Ty T

Cs DISTRIBUTION COEFFICIENT, mi/g

SNL TAMS #25 SNL TAMS #40 SNL TAMS #70 IE-98 ZEOUTE
SNL TAMS #42 SNL TAMS #42 SNL TAMS #74

! SILICO-TITANATE DESIGNATION

] eH>137 7] pH=108
PNL TESTS USED SYNTHETIC DSSF
TESTS RUN FOR 18 HOURS AT 25C

Sandia National Laborsisries Deser ‘CSKD100°
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Figure B-10. (11 of 18)
THE STABILITY OF SILICOTITANATES IN

HIGHLY ALKALINE SOLUTIONS HAS BEEN DEMONSTRATEL @

250

T

180

100

OISTRIBUTION COEFFICEENT (mi/g)

>
o FPTRY ITDUY FWTTE FUTEE FRWWY FRUTE FUTwY B

0O 8§ 10 18 20 25 30
TIME (days)

Msaswements performed by Lane Bray, PNL Simulated DSSF waste soktions

Figure B-10.. (12 of 18)

CESIUM SELECTIVITY OF SILICO-TITANATES IN
5.7M Na SOLUTION DECREASES AT HIGH pH

100,000 3 100,000
E \
W 10,000 -5‘ 10,000
@g a
8 1,000 {; 1,000
& 3
= i
a 100 -={ 100
3
E 3
2 ]
a 10 ﬂ 10
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HYDROGEN ION CONCENTRATION IN FEED

AAS AND ICP-MS USED FOR Ca ANALYSES

INITIAL. Cs CONCENTRATION WAS 100 PPM IN 5.7N Na+ Sarcia Natierai Laborasones Cowon FL. CSXDIZ
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Figure B-10. (13 of 18)
SPECIFIC PROJECT ACTIVITIES (]

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 remcval, IPM use, ....
Production scaleup/Commercial partner development
Development of engineered form
Acid-side screening assessment

‘ Figure B-10. (14 of 18)
DSSF PROCESS DESCRIPTION (M)

WHC baseline concept-Once through, self shielded column

S’diameter x 10’ long -- 4,000 Kg inorganic exchanger
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Figure B-10. (15 of 18)

COMMERCIALIZATION

m Lab scale preparation-2 grams in 20 mL vessel

Vary compositions and reaction conditions

» Synthesize 200* g in 3.8 L autoclave

All runs have yielded the desired materials

Kd approaches that obtained in small reactors

s 5 gallon autoclave at Texas A&M

Select industrial partner and transfer technology

Conditions similar to those used for zeolites

Figure B-10. (16 of 18)

FUNDING REQUIREMENTS
FY93 FY9%4 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-10. (17 of 18)

POTENTIAL APPLICATIONS FOR
CRYSTALLINE SILICOTITANATES @

Solution d ination-Col in-tanl
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

Sr removal
Cation/anion resin for several species
IPM, CPU
Soil d caminati
Q‘s, U removal-INEL

Retard waste migration outside tanks
Repository backfill

Figure B-10. (18 of 18)
SUMMARY ()

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

a Rapid progress in optimizing CST composition and Cs Kd.
n CST properties are well suited to DSSF column Cs removal
s Baseline samples will be provided to PNL for "hot testing"

» Radiation stability and regeneration data available this FY

m Scale-up and industrial partner selection are key issues
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Figure B-11. (1 of 11)
— @ Wostinghouss Savannan River COmpany s ]

Electrochemical Treatment of Liquid Radioactive Wastes

Efficient Separations and Procassing Integrated Program

Sait Lake City, UT
February 4, 1993

David T. Hobbs
Waste Management and Environmental Technology

Lemen Savannsh Alver Technology Canter

Figure B-11. (2 of 11)

':@ Waestinghouse Savannah River Company _"_:"'

Why Electrochemical Technology ?

+ Destruction of Hazardous Species
 Radionuctide Decontamination
* Removai of Heavy Metals

+ Recovery ot Chemicala/Materiais for Recycle

Reduce Voiume of Waste Requiring Disposal

NN Sevennanh River Technolagy Canter SNt
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Figure B-11.

Decontaminated Supernate
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Figure B-11. (5 of 11)
—@ wmnqmuumnmCWv_-':'_-‘

Electrodialysis

[ Smg Sevannen River Technology Conter

Figure B-11. (6 of 11)
___@ Waestinghouas Sevannah River COMeny s ]

fechnology Assessment

 Electrodialysis
. attractive for alkaline nitrate solutions

- not attractive for SRS alkaline wastes because of high
aluminate and silicate content

 Electrolytic Reduction
- successfuily treated simuiants ond actual waste

% Romovadlogstroyod

Species Simulants Actual Waste
Nitrate/Nitrite >99 79-91
Technetium-99 >88.9 56-58
Ruthenium-106 »88 31-74

[ Savannah River Technology Canter
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Figure B-11. (7 of 11)
:@ — Waestinghouse Savennah River Compeny S|

Electrolytic Denitration Technology Development
Key Findings (planar electrode ceil)

- Divided cell inproves current efficiency
- Lead is the cathode matsrial of choice
- Operate up to 1000+ hours at 500 ma/sq cm and 70°C

- Off-gas composition dependent on electrode material and
solution composition

- Anodes are siowly attacked when acidic anolyte empicyed
- Can recover and purify caustic product
- Product soiution is compatible with cement formulation

- Electrocataiysts identified which enhance peak current

L Sevannsh Aivar Technoiogy Conter

Figure B-11. (8 of 11)

= wlw"'“"..a.”““nmc‘m"m —r
Costs/Savings
Annual Production Volume 9miion gal 1 million gl
Process Rae 17 gpm 2gpm
Elentrede Surtace Ares 430 m? soms
Cott Cost SA3mitlion  $0.50 miltion
($10,000m?)
Annusl Caustic Produstion 15 million Ib. 1.7 misien Ib.
(80% solution)
Caustic Veiue S22million  $0.28 million
($300/t0n)
Annusi AN Praguction .1 milion ib. 0.60 mdlion ib.
AN Vaiue ($129%00) $0.32 million  $0.038 million
Maximum Saitstone Volume ™™ 10%
Reduction
Annual Saltstone Cost Savings $21 mition  $2.7 mulion
Total Annusl Cost Savings $24 milllon  $3.0 million
s S8vANNon Aiver Technology Center
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Figure B-11. (9 of 11)

Electrolytic Process Flowsheet

Divided Cail - Caustic Anolyte

e @ . Westinghouss Savanneh River Company 1

| 3gvanneh Aiver Technology Center

Figure B-11. (10 of 11)

TASK
+ Design
- identify/characterize candidate waste streams
- deveiop conceptual flowsheets
. develop engineering madeis
- identify data needs for models
» Demonstration/Testing

conduct iab tests for engineeri
conduct radioactive tests with

I

- compien conceptual
- compiete pilot plant design
+ Prototype/Test Equipment
- compiete installation of pilot plant equipment
- conduct pilot piant testing
- issue final report on pilot plant testing

=@ o — Westinghouse Savannah River COMPENY mmmce |

Proposed Technology Development Program

Scheduied
Completion

9/83
12/93
394
4/94

/98
6/93 (annual)
4/95
6/95
9/95

9/96
12/96

o Savannah River Technology Center
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Figure B-11.

E

Design
Demonstration/Testing
Analysis/Evaiuation
Prototype/Test Equipment

Totals

X ]
100K

175K

25K

300K

(11 of 11)

Westinghouse Savennah River COMBENY mmmmey |

Program Funding

94
50K

650K

150K

850K

50K

200K

100K

625K

975K

100K

100K

s avannah River Technology Canter
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Figure B-12. (1 of 18)

TRUEX Model Validation
CH-232001

George F. Vandegrift, ANL

Separations & Waste Pretreatment Review
Salt Lake City, UT
February 3-5, 1993

Figure B-12. (2 of 18)
Qutline
Background/Status
Process Description and Capability
Development Approach
Schedule

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

TRUEX Process Needs

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

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

Solvent loadings
- $25% are adequately modeled by the G'TM

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

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

Stage-wise extraction efficiency must be added to
the GTM.

GTM does not allow more than solvent feed.

Complete TRUEX-process flowsheet has not heen
demonstrated on actual high level waste in the
United States.
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Figure B-12. (5 of 18)
E D (] |C ! Q ! .!.I

The TRUEX process is a solvent extraction
procedure

Capable ofhigh 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 the glass feed

Figure B-12. (6 of 18)
P Descrinti 1 Capabilit

The Generic TRUEX Model is computer software
for

*  Predicting extraction hehavior of waste components
*  Designing process flowshcets
*  Performing flowsheet sensitivity analyses
- flow rate variations
- compositional varialions
- stage loss
- eflects of other-phase carryover
- ellects of equipment type
¢ Predicting solvent damage vs, temperature due to
- hydrolysis
- radiolysis

* Estimating cost and space requirements for
installing a solvent extraction processes

s SREX/TRUEX flowsheet predictions
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Figure B-12.

(]

(7 of 18)

The Generic TRUEX Model
User-friendly for both Macintosh and IBM PCs

- use front end, or

- perform multiple runs

Distribution Ratio calculations are

*g e

- 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)

p Descrinti i Capabili

The Generic TRUEX Model
- Flowsheet Calculations

SOV

SASPE SASSE SPACE
Aqueous Phase
Speciation
Oistribution|y,! Hass Flowshaeet Equipment
[*. Retio Balance Hodule Module
Calculation
Celculoted Cost/Space
ic Phase |- Flowsheet Estimation
Spectation OUTPUT ouUTPUT
Menus
- Flowsheet Process
Activities |¢
Feed(s) Perometers || Specifications
First Time Only
INPUT INPUT INPUT
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Figure B-12. (9 of 18)

4 L 4 e

The Generic TRUEX Model
- Option Menu

User Options  (choose option from menu bar)

1 calculate comnis Ak
2 calculate the following:
- charge balance check of complex aqueous solution
- density of complex aqueous solution
- lonic strength of complex aqueous solution
- activitles of H + , NO3 - , and water
caiculate oxalic-acld additions to fission-product-containing waste
caiculate O values (or user-specified aqueous phase (org. phase assumed equilibrated)
calculate D vaiues for equilibration of user-specified aqueous and organic phases
flowsheet analysis with user-specified distribution ratios
generate a TRUEX flowsheet for a user-specified fesd
astimate space and costs for user-specified flowsheaet
9 estimate solvent degradation for specific TRUEX process
1 0 generate reports from existing TRUEX flowsheets or space and cost calculations.

® NGRSO

Figure B~12. (10 of 18)
Process Description and Capability

The Generic TRUEX Model
-- Feed Card
Extraction

Non-Fiasion-Product Cations Eissiop Producis Aplons
H (+) {1 Ir  (44) N3 {-) 1
Fo (34) B {+) F ()
Cr  (34) o (24) SO4  (2.)
8l (3+) Cs  (+) C204 (2.)
Al (3e) St (2+) PO4 (3.)
Na  (¢) Y (3+} TcOs  (-)

Ba (24)
Ca (24) Fh (34)
Qu (24) A (24) B(OH)3
Mg (24) Ag (+)

ANO (3+)
Eisalon-Product Rare Earhs Actinides
s (34) Th  (4+)
Ce (34) UoR (24)
Pr  (34) No  (4+4) Enter all
Nt (34} NpO2 (+) concentrations in
Pm  (3+) Am  (34) molar units.
Sm  (34) Pu  (3+)
B (34) Pu  (44)
ad  (34) cm (34}
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Figure B-12. (11 of 18)

Process Description and Capability

The Generic TRUEX Model

« Main Input Card for Option 1

User-specified file name:
Directory (foider) name:
Number of sections:

Year for cost estimate:

Recycle organic ("Yes® or "No"):
Solvent extraction unit type

Feed rate o extraction section in L/h:

Type of TRUEX solvent ( “TCE", "NPH", or "SREX" ) :

("Contactor®, *Pulsed Column®, "Mixer Settler’): C—
Canyon. “Calf, ~Glove bor: ]
Figure B-12. (12 of 18)

Proceas Description and Capability

The Generic TRUEX Model
- Stage Profile Result Chart

Pu_q

PP

------
nnnnnnnnn

. - - 2

. @

- -

Stage Number

almase Ot
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Figure B-12. (13 of 18)
Development Approach 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.

Figure B-12. (14 of 18)

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

Design a TRUEX process (lowsheet

- torecover Pu, Ain, and Cm from Mark 42
targets

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

- using already in-place equipment.

Devise a solvent clean-up process to allow solvent
recycle.

Consult on running the process at ORNL
Complete the additions to GTM

- extraction efliciency

- multiple solvent feed

- enhanced loading module (7)

Use results of Largel processing to validale the
GTM.

Figure B-12. (16 of 18)

PNL Experiments Using Dissolved Sludge

Consult on and review

draft specifications for function and
requirements guide

design concept for selecting continuous,
bench-scale solvent extraction equipment. for
demonstraling the TRUEX process at Hanford.

Take part in three quarterly reviews and the annual
technical review of the EM-30 solvent extraction
activities at Hanford.

Collect limited laboratory hatch data under
controlled conditions at ANL on Th, Cr, Zr, and Bi to
help clarify extraction behavior of these species in
actual waste tests at PNL..

Evaluate GTM predictions and PNL, experimental
data and suggest changes in

dissolution procedures and/or model

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

Development Approach and Schedule

Milestones

Complete Project Management Plan for
approval by DOE-HQ Program Manager

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

Provide technical support to ORNL 12/17/92
Provide technical support to PNL 12/8/92

Draft ANL topical report documenting
GTM validation using ORNL and PNL data

Figure B-12. (18 of 18)

LDevelopment Approach and Schedule

Funding
FY 1993
.*  Afunding level of $300K has heen sct

¢ Additional funding has heen requested for

1/15/93

4/30/93

9/30/93
9/30/93

9/30/93

demonstrating the TRUEX process on actual high-

level waste at Chalk River Lahoratories.
*  Request addilional $100K for
- ecnhanced loading module
- validating GTM with Japanese data
Future Funding Requirements
*  Continue technical support activities

*  Add improvements to (VI'M

- accuracy improvement from validation

studies

- models for new stripping agents
(Horwitz and PNL data)

- temperature effects on distribulions ratios
- improved TRUEX/SREX/PUREX models

- 1CPP waste components
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Figure B-13. (1 of 8)

TRUEX VALIDATION DATA
COLLECTION

L. Kevin Felker and Dennis E. Benker
Chemical Technology Division
Oak Ridge National Laboratory

UST-ID and ESPIP Program Review
Sait Lake City, UT
February 3-5, 1993

Preserted by C. P. (Phil) McGinnis

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 develoned
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:

® 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. (4 of 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.

® 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.

® |dle 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 assemblies as 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
personnel based on REDC feed and SETF
equipment. '
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Figure B-13. (7 of 8)
TASK SUMMARY

e Evaluate SETF equipment for
operability and initiate repairs/
refurbishments. 03/31/93

® Complete flowsheet design for
SETF test. 04/30/93

® Restore operability of SETF
equipment. " 06/30/93

® Complete TRUEX test run, collect
samples for analysis, and 07/31/93-
summarize data. 09/30/93

® Apply data to GTM to validate
model or identify areas for
changes or further evaluation. 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
applicatiocn of data to GTM in collaborative
effort with ANL.
FY94: 225K
e 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)

BACIi('iROUND/STATUS

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



WHC-EP-0642

Figure B~14. (3 of 8)

THE CEA PROGRAM IS DIVIDED INTO
THREE MAJOR SUB-PROGRAMS

AR

® The study of storage options in deep geologic formations.

® The development of methods for separating and transmutmg 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 radioactivity and thus reduce the disposal
costs.

Figure B-14. (4 of 8)

PARTITIONING AND TRANSMUTATION
EFFORTS ARE INCLUDED IN THE
R&D PROJECT CALLED SPIN

® PURETEX - focused on improving plutomum separation and neptumum
management within existing reprocessing piants

» |mplementation of resuits within the next 10 years.

e 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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Figure B-14. (5 of 8)
APPROACH

e Assignment of technical staff member representing USDOE to one of the
CEA sites for approximately one year.

® The tasking for the assignee will be twofoid.

s Work with a CEA development team in the R&D activities.

s« Develop a broad understanding into the French waste management

programs.

® Explore possibilities of technical collaborations in mutually beneficial areas.
® Provide regular progress reports detailing

s technical progress

s requests for technical input from the US

s insights into the French waste management programs

® A team of technical experts in the US review this information and provide
the technical support and feedback to the assignee.

Figure B-14. (6 of 8)
SOLICITATION FOR INPUT

¢ Requests for information concerning the French programs is desired from
all workshop attendees.
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Figure B-14. (7 of 8)
SCHEDULE FOR ASSIGNMENT

e 12/92 - 2/93 Obtain approvals and prepare for relocation.
e 3/93 -4/93 Relocation to France complete.

e 4/93 - 4/94 Provide monthly feedback to program personnel on activities
related to program.

Respond to specific requests for information, if possible.

e 4/94 -6/94 Return to ORNL and submit report.

Figure B-14. (8 of 8)

FUNDING REQUIREMENTS

All funds are EM-50 UST-ID
FY 1993 FY 1994

Capital
Operating 350K 250K
Total 350K 250K
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Figure B-15. (1 of 6)
SLUDGE TECHNOLOGY
ASSESSMENT

TTP No: CH-2320-03

Principal
Investigator: James E. Helt

Program: Efficient
Separations
and
Processing
Integrated
Program

Funding for FY 93: $80K

Argonne Office of Waste Management Programs

Figure B-15. (2 of 6)

SLUDGE TECHNOLOGY
ASSESSMENT

OBJECTIVES

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

2. To identify potential treatment
capabilities and specialists in
industry and academia

3. To identify areas where R&D is
needed

Argonne Office of Waste Management Programs
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Figure B-15. (3 of 6)

SLUDGE TECHNOLOGY
ASSESSMENT

MILESTONES

Assess sludge problems, 3/31/93
technologies, and plans
at ORNL, SRL, and RL

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

laboratories

Complle bibliography of 6/1/93
existing literature,
data, databases, etc.

Arg OfMice of Waste Management Frograms

Figure B-15. (4 of 6)

SLUDGE TECHNOLOGY
ASSEGSSMENT

* Define siudge problems, volume,
and chemical composition (if
known) at various DOE facilities

¢ Define processes under
consideration for treatment and
disposal of sludge

¢ Evaluate status of technologies
and technology gaps

Asgonue Office of Waste Management Prograras
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Figure B-15. (5 of 6)

DOE FACILITIES
OF INTEREST

Hanford

Savannah River

Oak Ridge

Rocky Flats

Others (Los Alamos, West Valley)

Argonne Office of Waste Management Programs

Figure B-15. (6 of 6)

INFORMATION ON
PROCESSES

Fully integrated treatment
processes -- systems approach

Potential for success, overall
contribution to treatment and
disposal process requirements

State of development

Argoane Office of Waste Management Programs
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Figure B-16. (1 of 11)

TREATMENT OF MVST WASTE
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 Solids 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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Figure B-16. (3 of 11)

oMK Dwe 0TA-784

WORK DIAGRAM FOR MITIAL SLUDGE TREATMENT STUDIES

MVST/EVAPORAIOR TANK

REIMEVE AND TRANSTER

(e - Ly
Funlmuml——.{ " l

o "mn wowD T s 1 ANALYIE
] A {
(1/3 VoLUME) .
(2/3 voLuwe) SPECIAL DISSOLUNION
o, mumu arseue ]
(ANALYIT)
my WA
- UEX TS 30UOWICATION o 10 vave

{aNaLYIE)

X TEsTs l——-—lymyl v’::u'a o

! (AMALYZE)

Figure B-16. (4 of 11)
TASK: PREPARE EXPERIMENTAL PLAN

—— o — o =y

o  Approvals and procedures for transfer and handling of waste
®  Preparation of documentation (safety summaries, QA, elc.)
®  Identify and select liquid/solid separation methodology
®  Filtration
®  Centrifugation
e Other
e  Surrognte (non-radionctive) waste composition
®  Identify analysis requirements and procedures
®  Specify and procure equipment and instrumentation
®  Preparntion and evaluntion of experimental procedures
®  Solid/liquid separation
®  Acid dissolution
e TRUEX
® SREX

®  Waste disposal
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Figure B-16. (5 of 11)
TASK: EQUIPMENT ASSEMBLY AND COLD TESTING

® Assembly and testing of solid/liquid separation equipment
® 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

e Installation of filtration equipment in the hot cell

®  Separation of solid/liquid of sludge by filtration

® Storage of filtrate (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

® 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

e Removal of Sr from TRUEX raffinate
® Sr extraction by SREX
® Alternatives

® IX Resins

e Sodium Titanate precipitation

Figure B-16. (10 of 11)
TASK: TRU SOLIDIFICATION

e . Conversion of TRUEX strip product to a solid
o IX
e Calcination

e Evaluate final waste forms
e Vitrification

e Other

B-91



WHC-EP-0642

Figure B-16. (11 of 11)
TASK: CELL CLEAN-UP AND REPORTING

® Equipment decontamination

® Waste disposal

® Reports

OTD Monthly reports

Initial flowsheet and procedures
Test resuits

Mass balances, operating conditions
Estimates of secondary wastes
Recommendations and conclusions

Flowsheet for pilot plant

B-92



WHC-EP-0642

Figure B-17. (1 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 Descriptiori

Development Approach and Schedule

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

10,000 Ibs/day

Process Gas Oft Gas
N,0,and C

ot Gas

Treatment
| Water Dissoived Metais
40,000 [ba/day L Inciuding Sadium

Undiluted g ["plagma Arc Dissolution/ Hydroxide and Sodium
Wasie Feed CalCine || Homogenization/ fe—f Aluminate
El.c(ﬂcﬂv +n at 1100‘0 SO'_.Uq. S'p.f'“oﬂ 28,000 ‘bsldﬂy

130,000 :

KWh/day

insoluble Metais inciuding
Transuranics
2,000 ibs/day

Note: Mass baisnce data obtsined {rom actual 101-5Y Tank
waste (convective layer) tests and represents only a
small percentage of the total tank Inventory.

19301048, 26

Figure B-17. (4 of 9)

CHEMICAL INVENTORY OF HLW

(before calcination)

Mn_,al-J | lHI“I I

§ NIF [ Hllh |
8_ Cljg—"——llll !
% coa ‘ - — |
© Fe(cme IR R
NO2 .

"TIE+10

Quantity in HLW (moles)

[FJSST SN OST MMl HLW |
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CHEMICAL INVENTORY OF HLW
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(5 of 9)

(after calcination)

|

1E+06

T 1E+07

"1E+08
Quantity in HLW (moles)

}[:;]s§?'§§§|:sr — L

Figure B-17.

(6 of 9)
STATUS

Completed Project Management Plan

e 09

Completed Initial Plasma Arc Calcination

Received Proposal and Cost Estimate from WEC

Integrates EM 50 and EM 30 needs

Future Testing On Schedule
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Figure B-17. (7 of 9)

EQUIPMENT DEVELOPMENT APPROACH
AND SCHEDULE'

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

( Q.3

Carr_mloto initial testing using existing ' Caomaieted
squipment geometry. 10/30/92
Compiete secand test using increased test 07/01/93

demonstration time.
calsination/Q on_Chem . (EM-20, $300K]
Compiete literature raview. 07/01/93

Compiets iaborstory caicination and 09/30/93
dissolution tssts.

i ‘ o .

Oetermine insoluble mineral forms in plasma 03/31/93
calcine simuiant,

Select and renort referenca procsss. 06/30/93
Compiete leaching of five waste types. 08/31/93

I ! ! 81,4

Provide canceptual design for process tecnnicai reviaw 05/15/93
based on treating tank 101-SY and a 20 gpm flow rate.

Idenufy pnmary orgamic destruction tecnnoiogy. 10/1/93
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(9 of 9)

Figure B-17.

INTEGRATION WITH EM 30 DEVELOPMENT NEEDS COST SCHEDULE
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Figure B-18. (1 of 22)

TECHNOLOGY EVALUATION AND
PROCESS DEFINITION (WHC/PNL)

WHC: GLOBAL LEVEL (RL-411205) $250K
P1: STEVE C. SEEMAN

PNL: UNIT LEVEL (RL-321215) $250K
Pl: WILLIAM L. KUIIN

PURPOSE;

® ANALYTICALLY DETERMINE [IOW WELL
SPECIFIC SEPARATION TECIINOLOGIES
PERFORM IN ACTUAL CLEANUP SCENARIOS

DELIVERABLES:

e LETTER REPORTS DOCUMENTING RESULTS
OF TECHINOLOGY EVALUATIONS:
TRUEBX, Cs/Sr REMOVAL, CLEAN OPTION

BENEFIT:

e  WILL PROVIDE SUFFICIENT INFORMATION
‘TO ALLOW EM-50 TO DECIDE WHIClI
SEPARATION TECHNOLOGIES SHOULD BE
FUNDED FOR FURTHER DEVELOPMENT

TRCH VAL A& I DEFYN (WHCIPWL) YOS ¢

Figure B-18. (2 of 22)

[smps IN ANALYSIS PnocxsssJ

S
oy RBVIOW BY
MOnes. I DRVELOPER

VY UVAL & FROC LI (WICAWL) vOr ¢
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Figure B-18. (3 of 22)

(COMPUTER MODELS DEVELOPED: )

.

TOTAL WASTE TREATMENT SYSTEM:
RETRIEVAL / TRANSFER /
TREATMENT / FINAL DISPOSITION

VARIOUS SEPARATION TECIINOLOGIES

( PERFORMANCE MEASURES: )

e o o °

WASTE PRODUCTS PRODUCED (GLASS, GROUT)
SECONDARY PROCLSS WASTE PRODUCED
RELATIVE LONG-TGRM HEALTIE RISK (TC/1)
cosT

SHORT TERM (Cs/Sr) WORKER EXPOSURE RISK
SHORT TERM (Cs/S¢) GENERAL POPULAT. RISK
LONG TERM (Pu) ONSITE INTRUSION RISK

TN EVAL & PRI LW (WOITR90.) VO §

Figure B-18. (4 of 22)

SEPARATION TECHNOLOGIES
EVALUATED TO DATE:

¢ SLUDGE WASII C (USED AS BASE CASE)
* TRUEX-A

e CALCINATION/DISSOLUTION

¢ CLEAN SALT/SALT SPLIT

¢ PLASMA/CENTRIFUGE

Lcommmsou BASIS:J |

PROCESSING OF HHANFORD
SINGLE SIIELL TANK (SST) WASTE

TEOWH RVAL & PROT DEIN (WA V04 §
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Figure B-18. (5 of 22)

[BVALUAT!ON STEPS:]

1.) DESCRIPTION OF SEPARATION PROCESS
2.} FLOWSHEET IS DEVELOPED

3.) FLOWSHEET IS INTEGRATED INTO
GLOBAL SYSTEM MODEL

4.) CHEMICAL SPECIES LIST IS DETERMINED
5.) FLOWSHEET MODEL CONSTRUCTED (ASPEN+)

6.) MASS BALANCE RESULTS
(PERFORMANCE MEASURES CALCULA'TED)

TOHIQVAL & FROC DN (WHCPNL} VOO §

Figure B-18. (6 of 22)

7

COMPUTER

MODELS lvomcam?m * RISK, COST. —

AR aT.
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Fiqure B-18. (7 of 22)
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Figure B-18. (8 of 22)

(CALCINATION/DISSOLUTIONJ

: LIRY¢]
OFFGASES:

Te,Ca,1.N2,02

OFRGAS TREATMENT
(TRTGAS)

BUINGAS

WATER
K200

LILEES A

m CAICINATION
(CALLING l CALCINIPROMKT

TRy

RI2ALKINL

INSSOUTTION
(THSS1120)

INSOLURLE METALS
TR, Se
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Figure B-18. (9 of 22)
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Figure B-18. (11 of 22)

( CALCINATION/DISSOLUTION COMPONENT BREAKDOWN )
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Figure B-18. (12 of 22)
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Figure B-18. (15 of 22)
[ GLASS CANISTERS J

PRODUCED BY COMPONENT
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Figure B-18. (16 of 22)

PRODUCTION RESULTS
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Figure B-18. (17 of 22)

r

COMPARISON OF GROUT
PRODUCTION RESULTS
. (INCLUDES SEC. PROC. WASTE)
300
I PLASMA/CENT
il CLEAN SALT!
B caLcme
£ TRUEXA
8 200 || B StuOwe . .
§ & CLEAN SALT
2 150
:
Sl N .
80 4— ma- o
0 SEPARATION TECHNOLOQY

TECH VAL & PVOC DEFN (WAICITH ) VOR 16

Figure B-18. (18 of 22)
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Figure B-18. (19 of 22)

(FY93 ACS WORK PLAN )

(TECHNOLOGY EVALUATIONS:)

¢ TRUBX REVISITED
(INCLUDE WATER/CAUSTIC RECYCLE)

e VARIOUS Cs/Sr REMOVAL PROCESSES
e CLEAN OPTION (PNL) FLOWSIIEET

ORM MEASURE
~ ADDITIONS:

¢ ADD NEW HEALTH RISK MODELS:

WORKER EXPOSURE (SEC. WASTE
VOL. FROM PROCESS) (Cs/Sr)

- GENERAL POPULATION EXPOSURE,
SHORT TERM (Cs/Sr)

- LONG TERM ONSITE INTRUSION
{IEALTH RISK (Pu)

¢ DEVELOP COST MODEL
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Figure B-18. (20 of 22)
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Figure B-18. (21 of 22)

~
Techaoiogy £veiuacon and Process Oetiadon ~ Globed Level

MILESTONE SUMMARY:

+ REEVALUATE TRUEX STRAGEGY COMPARED TO SLUDGE WASH
'WITH ION EXCHANGE. COMPLETE LETTER REPORT. ~ 4/15/93

+ EVALUATE VARIOUS CySr TECHNOLOGIES. COMPLETE
LETTER REPORT. 6/30/93

-

+ EVALUATE "CLEAN" FLOWSHEET. COMPLETE LETTER
REPORT. - 973093

Figure B-18. (22 of 22)

rmmun—nu—--mu_j

BUDGET REQUEST SUMMARY

92 ACT 92€C0 9 94 95 96 97
opP pc X SR 2% 300 300 ? ?
EQ 0
GPP 0
u 0
TOTAL| 233 3 2% 300 300 ? ?
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Figure B-19. (1 of 10)

Pusite Nerthwest Laberetery

Tank Waste Processing Analysis

0 Boker
NG Colton
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ARken Engineering, \no.

Pressnied ol he
UST-ID end ESP-t? Waste Pretrestment and
Soperstions Teciricsl Review Meeirg
Febroary 3-8, 1993
St Lske Chy, UT

Tsd Mosle Presevaing Anchysle Febvvary ¢, 1998

Figure B-19. (2 of 10)

Objective

« Complete by FY8S an in-depth assesment of Distributed
Processing to define the role of CPUs in Haniord Tank
Waste Remediation

« Define Processing Requirements lor Each Tank
« Unit operations '
+ Separation or Decontamination Factors (DFs)
+ Develop Time-Phased Deployment Schedule for
implementation of CPUs
+ Sub-objectives
« focus CPU technology development

« batter understand sensitivity of processing decisions to
chemical characterization data

Tk Weers Moraseing Anetysie Faruwy 4, 1999
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Figure B-19. (3 of 10)

Parifs Nuw@west Laborotwry

Generic Process Operations

+ organic destruction
« radionuciide separation from LLW
* Cs, Sr, TRV, Tg¢, |, others
« nitrate/itrite destruction
+ leaching of non-rad components from HLW

Tank Wi Mraveseing Anslysie Pebruory &, 1999

Figure B-19. (4 of 10)

Paside Narthovsst Labwetwy

Evaluation Criteria

* "Base Case"

* approximately 12,000 canisters of HLW

+ LLW will meet NRC Class C limits for radionuciides
* "Clean Option®

» approximately 1,000 canisters of HLW glass

* LLW will meet NRC Class A limils lor radionuclides

Tand S0t Nresessivg Analyole Febrwary & 1990
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Figure B-19. (5 of 10)

Fueile Mortvownst Laberetvy

Convert Criteria to Component Specific
Concentration Limits In HLW and LLW

+ NRC limits set radionuclide conceniration in LLW

« gtricter limils were used for long-lived radionuciides
TCO9 and 1120 based heaith effects criteria

+* The number of canisters and the HWVP feed spedificalions
get limits for many bulk components in HWVP

« canisters must not exceed heat limit, may impact Sr
and Cs loading .

Tnd Woote A arsseing Andlysie Fabrumry &, 1999

Figure B-19. (6 of 10)

Criteria (cohtlnued)

» Organic Destruction Criteria are less clear
« galety concems
« grout fimnits
+ Nilrate Destruction Criteria are very tenuous

+ concem regarding loxicity and impact on grout
performance

Tind oot M ecareing Analywie Fdveary 4, 1999
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Figure B-19. (7 of 10)

Fastle Nwthwsnt Laborehry

Compare Component Specific
Concentrations to Tank Composition

*TRAC for SSTs
« actual analyses for DOSTs

b Wuote Mraveseieg Analyele Fabrwery 4, 19900

Figure B-19. (8 of 10)

Posiln RerGressnt Laburelury

Spreadsheet Decision Model

Tk Weate A oreseing Anely [ Febvoury &, 1900
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Figure B-19. (9 of 10)

Puxile Nothwest Laberelery

Approach and Schedule

-FY 93

+ Define processing requirements and DFs lor
supernatant wasies

+ Develop preliminary time-phased schedule for
implementation

+ FY 94 (same as FY 93 except iocused on salt cake
wasies)

* FY 95 (same as FY 93 excepl focused on sludge wastes)

+ Resulls of this task will help decide the ultimate tole of
CPUs in Hanlord Tank Waste Remediation

Tk ate Frecameieg Analyuie Febrwary 4, 1997

Figure B-19. (10 of 10)

Pasits Murnest Laboretery

Funding

+ $300 K per year for FY 93-95 lrom EM-50
* Transfer to TWRS as a planning tool after FY 95 i compact
processing proceeds

ok Woete A exescing Analysle Fabrowry 4, 1999
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£-J

NA

Andrews
Appel
Attrop
Baker
Barton
Bell
Bibblery
Bratzel
Brown
Burnett
Bush
Chaiko
Chopin
Colby
Cowen
Cruse
Egan
Farish
Felker
Fryberger
Gibson
Gilchrist
Hanstrote
Harrington
Helt
Hobbs
Hoffman
Holton
Horwitz
Jansen
Jarvinen
Jenson
Johnson
Jubin
Kalb
Kitchen
Kuhn
Kurath
Louie
Matthern
Mattus
McCiure
McGinnis
Mellinger
Morrey
Nunez

NI
G.F.

r;‘.;s.

J4.T.
J.P.
D.R.
N.
J.
D.E.
D.
G.
S.A.

8.2
T.
IK.
T.

R.L.
G.
R.A.
J.E.
D.
D.
LK.
P.
G.
G.
R.
B.M.
R.T.
P.D.
B.

D.E.
C.Ss.
G.
AJ.
L.
C.P.
G.
JR.
L.

J. N.

wW.B.

R.G.
J.M.

S.M.

w.L.

PROG.

UST-ID
TWRS
usT-iD
uUsT-ID
TWRS
usT-iD
usT-ID
WHC/EA
ESPIP
ER-142
ESPIP
ESPIP
ESPIP
uUsT-iD
ESPIP
UST-ID
UST-ID
TWRSALANL
usT-iD
EM-50/HQ
EM-50/HQ
UST-iD
TWRS
UST-ID
ESPIP
ESPIP
ESPIP
UsT-iD
ESPIP
TWRS
ESPIP
ESPIP
PNL
UsT-ID
usT-ID
ESPIP
ESPIP
ESPIP
EM-30/RL
UsST-ID
UST-ID
ESPIP
UsT-1D
EM-36
ESPIP

ESPIP

P

lio
AL
AL
RL
RL

SR
RL
AL
Ha

RL
RL
RL
OR
AL
OR
HQ
HQ
RL
RL
RL

SR

PANY/OR MAIL __ ADDRESS CITY ST _ZIP PHONE __ FAX
EG&G/idaho 1955 Freemont Avs |idaho Faits 10 83415 {208-526-0174 1208-526-0828
Westinghouse Hanford Co. $4-58 [2355 Stevens Dr. Richland WA 99352 |609-372-0355 [509-372-0065
Los Alamos Nationel Lab J5-14 [Warehouse SM-30, Bikini Road [Los Alamos [NM [|87545 {505-667-0088 |S05-665-4955
Battelle, PNL P8-38 902 Battelle Bivd. JRichland WA [99352 |509-376-1494 1509-372-0682
Westinghouse Hanford Co. L4-78 2355 Stevens Dr. Richiand WA (99352 1509-376-5118 |509-376-1079
Martin Marietta Energy Systems Bethel Valley Road Oak Ridge JTN ]37831-}]815-574-4934]505-665-6870
Westinghouse Savannah River Co. Bldg. 773-A Aiken SC 129808 |803-725-5276 1803-725-4704
Westinghouse Hanford Co. L5-31 |]2355 Stevens Dr. Richland WA 99352 |509-372-3570 |509-376-4450
Sandia National Lab Dept. 6612 Alburqurque |NM 187185 |6505-845-81801510-422-2105
Department of Energy - HQ G-335 }1000 independence Ave. SW Wash. DC 120585 |301-803-5804301-903-6067
University of Kansas Dept. of Chemistry Lawrence KS 66045 |913-749-5888 |913-749-7393
Argonne National Lab 9700 S. Cass Ave. Argonne L 80439 [708-252-7335]708-252-5912
Florida State University Dept. of Chemistry Talshasee FL 32306 |904-644-3810]904-644-8281
Waestinghouse Hanford Co. L6-31 |2355 Stevens Dr. Richland WA 199352 1509-376-8676 }509-376-4450
Westinghouse Hanford Co. 1.5-31 ]2355 Stevens Dr. Richland WA [998352 }1509-373-4062 }]509-376-4450
Woestinghouse Hanford Co. L5-63 ]2355 Stevens Dr. Richiand WA 99352 [6509-372-1024 |509-376-4661
Martin Marietta Energy Systams Bethel Valley Road Osak Ridge TN [37831-]615-574-6868]615-574-6870
Los Alamos National Lab Warehouse SM-30, Bikini Road [Los Alamos [NM |87545 |505-665-5170 |505-665-5283
Martin Mariotta Energy Systems Bethel Valiey Road Oak Ridge TN |37831-}615-574-7071}615-576-6312
Dopartment of Energy - HQ 12800 Middiebrook Germantown [MD 20874 |301-903-7688 |301-903-7457
Department of Energy - HQ 12800 Middlebrook Germantown [MD |20874 §301-903-7258 |903-301-7236
Westinghouse Hanford Co. LS-63 |23565 Stevens Dr. Richland WA [99352 |509-376-5310}509-376-4661
Waestinghouse Hanford Co. GB-12 ]2355 Stevens Dr. Richiand WA ]99352 |509-376-4059 |509-376-2410
Kaiser Enginesrs Hanford EBG-86 1801 First Street, Bldg 1264 Richland WA 99352 }509-376-2331 |509-376-6698
Argonne National Lab 9700 S. Cass Ave Argonne i 60439-1708-252-7335]708-252-5912
Westinghouse Savannah River Co. 8idg. 773-A, B-117 Aiken SC 129802 1803-725-2838 |803-725-4704
LLNL/Glenn Seaborg institute L-396 |7000 East Ave. Livermore CA (94550 [510-423-50311510-422-2105
Battelle, PNL P7-43 902 Battelle Bivd. Richland WA 99352 |509-376-5954 1509-376-1867
Argonne National Lab 9700 S. Cass Ave Argonne I 60439 |708-252-3653 | 708-252-7501
Wastinghouse Hanford Co. LO-14 [2355 Stevens Dr. Richland WA 99352 1509-376-9343 |509-376-2573
Los Alamos National Lab E-501 |}Warehouse SM-30, Bikini Road |JLos Alamos }NM 87545 |505-665-0822 }505-665-1780
Los Alamos National Lab A-102 |Warehouse SM-30, Bikini Road [Los Alamos |NM ]87545 |505-667-5061]505-667-1139
Battelle, PNL K1-78 [}902 Battelle Bivd. Richland sJWA }99352 1509-375-2006 |509-375-5900
Martin Marietta Energy Systems Bethe! Valley Road Oak Ridge TN 137831-]1615-574-6566{615-574-4624
Brookhaven National Lab Bldg. 703 Upton NY [119731516-282-7644}516-282-4486
Waestinghouse Savennah River Co. US Highway 19 Aiken SC ]29802 [803-725-5331]803-725-2978
Battelle, PNL P8-38 [902 Battelle Blvd. Richland WA [99352 |509-376-0458 |509-372-0682
Battelle, PNL D7-43 |902 Battelle Bivd. Richland WA 99352 1509-376-6752]509-376-1876
MacTec A5-16 ]825 Jadwin Ave Richtand WA 99352 |509-376-5995 }509-376-8547
EG&G/idaho 1955 Freemont Ave idaho Falls ID 83415 1208-526-8747 )208-526-0828
Martin Marietta Energy Systems Bethel Valley Road Oak Ridge TN |37831-|615-576-1795}615-576-7865
Waestinghouse Idaho Nuclear Co. 2151 N. Bivd. Idaho Falls D 83415-|208-526-11701208-526-1390
Martin Marietta Energy Systems Bethel Valley Road QOak Ridge TN [37831-]615-576-6845]615-574-7229
Department of Energy - HQ Trevion il Wash. DC |20585-]301-903-7165]301-903-7604
Battelle, PNL P7-19 [902 Battelie Bivd. Richland WA [99352]509-376-1982]509-376-0166
Argonne National Lab 9700 S. Cass Ave Argonne it 60439 |708-252-3069 |708-252-5246
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NAME___INIT_PBOG..__QPS .. COMBANY/OBG.

Olson
Orth
Peschong
Quadrel
Richmond
Schaus
Seeman
Stevenson
Straalsund
Thomas
Thompson
Tien

Todd
VanBrunt
Vandegrift
Watson
Wester
Womack
Wymer

()
]
L -

AL
D.
J.C.
MJ.
W.G.
P.S.
S.E.
F.D.
J.L.
K.w.
M.C.
AJ.

G.F.
J.S.
D.W.
J.C.

uUsT-iD
ESPIP
EM-30/RL
usT-iD
usT-iD
TWRS
ESPIP
ER-142
UST-ID
TWRS/LANL
usT-iID
usT-ID
ESPIP
ESPIP
uUsT-iID
UsT-iD
ESPIP
WHC/TD

ESPIP

(s}
NA
RL
RL
RL
RL
RL
HQ
RL
AL
SR
D
D

OR
RL
RL

OR

_MAUL__ADDRESS. e GO ST_2IP PHONE e A

Westinghouse idaho Nuclear Co.
Home address-retired
Department of Energy - RL
Waestinghouse Hanferd Co.
Battelle, PNL

Waestinghouse Hanford Co.
Westinghouse Hanford Co.
Dapartment of Energy - HQ
Battelle, PNL

Los Alamos Nationsl Lab

Waestinghouse Savannah River Co.

EG&G/daho

Waestinghouse idaho Nuclear Co.
University of South Carolina
Argonne National Lab

Martin Mariotta Energy Systems

Battelle, PNL
Waestinghouse Hanford Co.

Martin Marietta Energy Systems

AS-16
K6-30
P7-41

B1-59
Lo-086
1G-341
K1-79

P7-25
LO-18

2151 N. Bivd.

124 Vivion Drive

825 Jadwin Ave

2355 Stevens Dr.

902 Battells Bivd.

2355 Stevens Dr.

2355 Stevens Dr.

1000 Independence Ave, SW
902 Battelle Bivd.
Warehouse SM-30, Bikini Road
Road 1

1955 Fresmont Ave

2151 N. Bivd.

Dept. of Chem Engineering
9700 S. Cass Ave

Bethel Valley Road

902 Battolle Bivd.

2355 Stevens Dr.

Bethel Valley Road

kiaho Falls
Aiken
Richland
Richland
Richland
Richiand
Richland
Wash.
Richland
Los Alamos
Aiken
idaho Falls
ideho Falls
Columbia
Argonne
Oak Ridge
Richland
Richiand
Oak Ridge

1D
sC
WA
WA
WA
WA
WA
DC
WA
NM
SC
D
D
SC
i
TN
WA
WA

TN

83415
29803
99352
99352
99352
99352
99362
20585
99352
87545
29808
83415
83415
29208
60439
37831
99352
99352

37831

208-526-3852
803-648-5747
509-376-6887
509-376-4484
509-376-8185
509-372-2063
609-376-1178
301-903-5802
509-376-2550
505-667-4379
803-725-2507
208-526-6230
208-526-3365
803-777-3118
708-252-4513
615-574-6795
609-376-4522
509-376-5357
615-483-5103

208-526-5937
None

509-376-1350
509-372-1266
509-376-1867
509-372-1533
509-376-2573
301-903-6067
509-375-3624

803-725-4704
208-526-0828
208-526-3499

708-252-5246
615-574-9538
509-372-3861
509-376-9746

615-483-9309
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