Dafe Recgg;ad for Clearance Process

M b -00

INFORMATION CLEARANCE FORM

A. information Category B: Document Number

11261

7&4)6’

RECOMMENDATION FOR SUPPLEMENTAL TECHNOLOGIES FOR POTENTIAL
MISSTCON ACCELERATION, REVISIO_N 0

RPP
N Abstract [] dournal Aticle | C. Title
[] Summary [] internet
[ Visual Aid - "] Software
[ Full Paper X Report
[] Other

D. Internet Address

E. Required Information -
1. -Is document potentially Classified? D No [ ] Yes ( (MANDATORY)

MW

Manager's Siggature Required &

" f Yes [ no [ ves classified

ADC Signature Required

2. Referencesin the. Information are Applied Technology NNO [es

DXno [Des

Export Controlled: Information

3. Does Information Contain the Following: (MANDATORY)

a. New or Novel (Patentable) Subject Matter? g No EYES
If “Yes", Disclosure No.: _ _
b. Information Received in Confidence, Such as Proprietary and/or Inventions?
No [Yes If"Yes" Affix Appropriate LegendsiNotices,
. ¢. Copyrights? No D Yes If "Yes", Attach Permission.
d. Trademarks? E No [Yes if "Yes", |dentify in Documerit.

'D-Nu mYes-

4. Is Information requiring submission to. OSTI?

5. Release Level? ﬁ Public - [ Limited

1. Title of Joumal /7

F. Complete for a Journal Article

1. Title for Conference or Meeting N/A

G. ‘Complete far a Presentation

. Group Spo nsoring

. Date of Conference

4. City/State

J. BENSU3SSEN

5. Wil Information be Published in Proceedings? [ JNo [] Yes 6. Wil Material be Handed Out? [_] No -] | Yes
H. AuthorlRequesfor ) : Responsible Manager
K. D. BOOMER @LMB L R. E. RAYMOND 22% Q/ ,Q"
(Print and Sign) i\ . (Printand Sign) = #
. Reviewers Yes  Print Public Y/N (IfN compEete )
General Counsel - s. iﬁ:{ % N

Office of External Affairs [ -~ — ﬂv?" T\ /iu _ Y /N
-DQE?Rf oRP N B Mousgg <%, 47/*7 4.}4‘? {5 “ @ /N
Other O Y /N
Other Il Y /N

] Protected CRADA
L1 Export Contralled
1 procurement-Sensitive _ ‘
E}I Patentable .
[ ] other {Specify)

D Applied Technology
il Personal/Private
[ proprietary

|:| Business-Sensitive
D Predecisional

i Informatzon includes Sensﬁwa Information and |s nof tg be released io the Public indicate category below.

Info'rmat'uan Clearance Approval

N /A

Qucni

| K. If Additicnal Comments, Please Attach Separate Sheet

A-B001-401 {12/00)



- RPP-11261
Revision O

Recommendatlon for
Supplemental Technologles
for Potential Mission
Acceleration

Prépared.for the U.S. Department of Energy
Assistant Secretary for Environmental Management -

CH2MHILL
Hanford Group, Inc.
Rlchland Washlngton

~Contractor for the U.S. Department of Energy
Office of River Protectlon under Contract DE- AC27 99RL1 4047

Approved for public release; further dissemination unlimited




RPP-11261
Revision 0

Recommendation for |
Supplemental Technologies for
Potential Mission Acceleration

. Prepared By

K. A. Gasper
"K: D. Boomer
M. E. Johnson

G. W. Reddick, Jr.
CHQMHiLL Hanford Group, inc.

A F. Choho |
J. S. Garfield

Numatec Hanford Corporation

Date Published ' ' _ LT
July 2002 o

Approval Designator: Noi Applicable

Prepared for the U.S. Department of Enei‘gy
Assistant Secretary for Environmental Management

“ CHZM HILL
' ‘Hanford Group, Inc..

P. 0. Box 1500 -
Richland, Washington

Contractor for the U.S. Department of Energy
Office of Raver Protection under Contract DE AC27 99RL14047

Approved for public release; further dissé_mination_ unlimited



TRADEMARK DISCLAIMER

Reference herein to any.specific commercial product, process,
or service by trade name, trademark; manufacturer, or
otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or-favering by the United
States Government or any agency thereof orits contractors or
subcontractors.

This rep'ort has been reproduced from the best available copy.

Printed in the United States of America

-

st Yl _7/24/02

Release Approva‘l / Date



R‘EC:OM'MENDATION_‘F_OR SUPPLEMENTAL TECHNOLOGIES
FOR POTENTIAL MISSION ACCLERATION - '

RPP-11261
REVISION 0

Prepared by -
CH2M HILL Hanford Group, Inc:

_-/ﬁﬁ@

_ MA Dodd, Project Manaoer :
Missi nalysis and Technology Integratio.n

Approved by
Department of Energy, Office of Rlver Protecuon

Billie M. Mauss -
- Technical Program Officer

- Approval of this document indicates that this document adequately ‘documents the flow sheet
analysis of the technologies and how they would be implemented io accelerate the Tank Farm
. mission and that the. document defines the recommended technologies or combinations of
technologies for fiscal year 2003 testing consistent with the Performance Management Plan for the
Accelerated Cleanup of the Hanford Site and the Cleanup Challenges and Constraints (C3T) ORP .
Baseline Opportunities’ Working Group (also called the C3T Mission Acceleration Initiative
Team) This swnature does not constitute a decision to 1mp1ement the recommended technologies,




RPP-11261 REV 0

This page intentionally left blank.

1



RPP-11261 REV 0
EXECUTIVE SUMMARY

In May of 2002, the U. S. Department of Energy issued the Pe_rfot_fr'h_an_ce Management Plan for
* the Accelerated C-leanup. of the-Hanfofd Site.. Tiic plan proposes. an accelerated c_lé_anup for the
entire Hanford Site. As part of fh_is accelerated cl.eénup, the plan proposes an “end _staté” for the
.Hanford-‘S:ite Tank 'F;irms_in the year 2035 in which the -ktank waste will have been treated,

| inImébilized, and disposed of, and the tanks will have been closed. On this accelerated schedule,
the goal is to *. ... acceleraté tank waste treatment completion by 20 years, accelerate risk
reduction, and save 520 bil_li'on."" One of the k_ejf elementé of this initiative is to “. . . accelerate
waste stabilization by developing and deploying alternative treatment and immobilization -
solutions that are aligned with thé waste characteristics to add assurance that overall Qaste
treﬁtment/immobilizaﬁon will be completed 20 or m_oré years sooner.” The implementation of
 this initiative includes several elements t6 be performed starting in fiscal year 2003. This
d_ocurhent addresses one of these elements: development of regqmmendations for the
supplemental technologies-that.have the greatest pdfential to supplement,the Waste Treatment

Plant throughput and achieve completion of processing by 2028. _

The Performance Management Plan identifies a strategy premised on building the cuﬁfently
scoped Waste Treatment Plant and to demonstrate and deploy parallel non-Waste Treatment
Plant_syétcrns to treat and immobilize tank wastes. This document focuses on recommendations

for alternative technologies that have the potential to
e Accelerate Waste Treatment Plant throughput rates

e Provide a potentially suitable Iow-activity waste alternative to glass that could be used to

- suﬁplement the treatment of low-activity waste pretreated in the Waste Treatment Plant

¢ Provide a supplement to Waste Treatment Plant_treatment for wastes that can be suitably

treated and immobilized using non-Waste Treatment Plant treatment approaches -

"« Provide more spaée in the double-shell tank system.

Bt
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As shown in Figure ES-1, acceleration requires both enhancements to the current Waste. -
Treatment Plant and supplemental treatment technologies to meet the Tri-Party Agreement

commitment of comp]eti_ng processing by 2028.

Figure ES 1. Comparison of Baseline and Accelerated Cases for Treating
Low-Activity Waste and Other Non-High-Level Waste.
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The combination of acceleratod LAW treatment in the WTP and supplementar techno.'ogles provides a pathway fo
complele waste frea tment by 2025, :

Figure ES-1 shows that iow-acﬁ'vity waste treatme:nt in the Waste Treatment Plant needs either to
be enhanced or supplemented to enable the full amount of 10w-act1v1ty feed in the smgle shell '
and double-shell tanks to be processed by 2028. The bracketed quantity shows the 1ncrement '
needed to achieve the target employmg treatment by. the supplemental technologies
recommended for evaluation in this report. The supplemental technologies are con51dered for

low- act1v1ty waste feed that represents the maximum effectweness of treatment compared with

Waste Treatment Plant processing.

| The. candidate feed. for treatment with these supplemental technologies is the saltcake portion of
the single-shell tank inventory consisting of 68 single-shell tanks that contain at Jeast
50,000 gallons of saltcake waste. This would be the bulk of the feed to the Waste Ifeatmer_lt

iv
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Plant low-activity waste vitrification plant in later years. Double-shell tank saltcake waste
already is scheduled for processing in the Waste Treatment Plant, so it was not considered fof
mission acceleration. Cumulatively, the -68 single-shell tahks contain over 20 million gaﬂons of
saltcake, approximately 85 percent of the total saltcake inventory in all single-shell and double-

shell 'tanks..

During March 2002, over two dozen candidate t_echnolégies were assessed and presented to a

~ panel of. experts assembled in a workshop on April 2 and 3 by the Office of Science and .
Technology’s Tank Focus Area in collaboration with CHZ_MVHILL Hanford Grbup, Inc.
Seven representative flow sheets (technology options) resulted ﬁ'qm that workshop as described .
in Chapter 3. To proxéide a more quantitatiife comparison of the retained options, Daniel, Mann,
Johnson & Mendenhall — Holmes and Narver, Inc., performed"technibal daﬁa de\}elopment of
the options. The Hanford Site Cleanup Constraints and Challen gés Team Mission Acceleraﬁon

~ Initiative Subgroup' held a workshop May 21 through May 23 to evéluate the options. _
Independent experts assisted the U:S Department of Energy and the -regulators in performing the

evaluation. Figure ES-2 shows the supplemental treatment opti0ns evaluated and the results of

that evaluation.

Four technologies were down-selected by the Cleanup Constraints and Challenges Subgroup and.
“approved by _CH2M HILL Hanford GI’Oﬁp, Inc., for fﬁrther development bcginning in fiscal

“year 2003 as reported in Appendices A and C The four technologies are listed below and
. described in Chapter 5.0 '

» Sulfate Removal (option 7 in Figure ES-2) consisting of sulfate precipitation using
| strontium nitrate addition, filtration, and solidification with gfoﬁt_-fornﬁng_ additives for
immobilized waste suitable for land di§posal; sulfaté removal would allow aCcelération.of _
cleanup by reducing the amount of glass produced in the Waste Treatment Plant by

- increasing the waste loading in the low-activity waste
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Figure ES-2. Low-Activity Waste Supplemental Treatments.
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« Containerized Grout (option 6 in Figure ES-2) consisting of solidification with grout-
forming additives to form immobilized waste suitable for land disposal; containerized
grout would allow acceleration of the tank ‘waste cleanup by reducing the amount of

sodium that the Waste Treatment Plant would need to process *

« Bulk Vitrification (opﬁon 1 in Figure ES-2) consisting of vitrification inside of the
eventual disposal container suitable for land disposal; bulk vitrification would allow |
-~ “accelerated tank waste cleanup by reduc_:ing the mass of sodium requiring vitrification in

the Waste Treatment Plant

« Steam Reforming (option 3 in Figure ES-2) consisting of denitration in a high-
temperature fluidized bed with addmves then or Iater to make an lmmobﬂlzed waste
- sujtable for land disposal; steam refom:ung Wou]d allow acceleration of the cleanup of

tank waste by reducing the amount of waste requiring vitrification in the Waste

Treatment Plant.

A summary of the evaluation of the different technologles is deplcted in Flgure ES-3 and the
results are dlscussed in Chapter 7.0. The technologies not carried forward are discussed in
Chapter 6.0. The four supplement_al technologles selected tended to rank higher than those not
selected in nearly the cnﬁre_major groupings Qf t-ﬁe-critéria: compliance an_d safety, project

utility, operability, technical risk, and progfammatic risk.

The Cleanup Constraints and Challenges Team Mission Acceleration Tnitiative Subg_roup |
recommended that all the down—se]ecfed technologies require radionuclide separations before
low-activity waste feed treatment to ensure that radia_ﬁon exposures were as low as reasdriably
achievable and to meet waste disposal 'require'ments.- The subgroup also commented that sulfate

* removal and steam reforming were likelylrto be enhancements to the Waste Treatment Plant,
while the containerized grout and .bulk vitrification options would provide supplemental capacity
outside the Waste Treatment Plant. The benefits of each low-activity lwaste suppleme'ni:al
technology in treating waste from the 68 single-shell tanks containi.n'g' saltcake aie summarizéd

' in Table E-1. Future work would address any benefits from applying these treatment

technologies to double-shell tank inventories.

vii
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Figure ES-3. ‘Comparis_on_.of Rating Scores.

B Compliance and safety OProject Utility B Operability B Technical risk N Programmatic risk

Table E-1. Technology Performance Comparison.

Attribute Baseline Sulfate Conmiqeﬁzeq ?ﬁlk ‘Steamn |
_ . | removal . grout vitrification | reforming®

Years to process ILAW in WTP 495 364 23 ‘ 23 23

at 30 MTG/D (1,100 MT/year) 7

Years to process [ILAW in WTP - 32 S 242 175 17.5 17.5.

at 30 MTG/D from 2007 to : P o

" 12018 and

" at 60 MTG/D from 2018 to

completion _ ‘ : _

Total ILAW volume | 205,000m® | 183,400m® | 358,900m’ | 148,200m’ | 248.900m’

® Bstimate of steam reforming product is based on the presentation, “THOR Steam Reformer Technology for
Hanford Tank Waste Support,” made by Brad Mason, Studsvik, AB, to the Cleanup Constramts and
Cha]]enges Team M1ssmn Acceleration Imtlauve Subgroup on May 22, 2002,

ILAW = immobilized iow-acuvny waste.

MT = metric tons,
MTG/D = metric tons of glass per day.
WTP = Waste Treatment Plant. -

Al:ihough the primary focus in support of the Performance Management Plan has been to select
the low-activity waste supplementai treatment .technologl-es for evaluation during fiscal

year 2003, other findings also were de'velé)ped during this effort.

viii
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The waste form disposal requirements for the selected technologies need to be

- established.

- The radionuclide separation requirements for these wastes need to be revisited.

— The waste forms need to meet all necessary regulatory requiréments and

performance assessment corstraints.

The benefits of déhitratin_g the tank waste was identified at both of the workshops
conducted as part of the Cleanup Constraints and Challenges Team evaluétion_of.
supplemental alternatives. The successful denitration of the tank waste would' allow for a

greater range of supplérﬁental technologies (e.g., waste forms) to be explored (e.g., grout,

| fractional crystallization).

Previous work summarized in Chapter 8.0 addresses treaﬁng transuranic waste using an-
alternative treatment technolo'gy to vitriﬁcation as high-level waste in the Waste
Treatment Plant. This supports completion of processing by 2028. The transuranic waste
is contamed predormnantly in three double-shell tanks and nine single—shell tanks.
Treatment and immobilization o_f transuranic waste outside of the W_aste Treatment Plant
results in immobilized material that could be a candidate for disposal at the Wasté-
Isblation Pilot Plant. Not only would the processing of this waste supplement Waste
Treatment Plant throughput, but the early processing of the waste in the double-shell
tanks could assist in the resolution of a critical risk in the next decade: availability of

double-shell tank space to support timely retrieval of singlé—shell tank waste. :

Recommendations

Chapter 9.0 of this report provides recommendations with fespect to the Office of River

_ Pro_t_ecﬁon acceleration and the path forward for accelerated cleanup of tank Waste. The four

recommendations for the acceleration of cleanup of tank waste deal with (1) technology

investigation recommended by the Cleahup Constraints and Challengcs Team Mission

. Acceleration Initiative Subgroup, (2) pretreatment and immobilization requirements analySi-s,-

(3) other denitration technology 'investigations,_ and (4) transuranic and low-level waste tank

processing possibilities.

ix
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1. Labbrétory—scale demonstration and other investigations that would be required
(e.g. _follow-on engineering.e\?aluations) for the four -techhologies selected by the
Clcanup‘Constraints and Challenges Team Mission AcCeleration Initiativé Sﬁbgroup
should be pursued in fiscal y_éar 2003: sulfate removal, containerized grout, steamn
réforming_, and bulk vitriﬁcati_on. fAdequ_qte work is needed to obtain data necessary to |
determine merit and Iikelihbod of 3uccessﬁ11 deployment. If warranted, one or more of
these tcéhnologies would then result in pilot testing during fiscal year 2005 and hot field
deployment between fiscal years 2006 to 2008. Chapter 5.0 of this repott provides the

detailed discussion of these four supplemental technologies..

2 An evaluation of the proposed supplemental technologies should be conducted to -

confirm, or establish, the treatment and disposal requirements for the treated saltcake

waste, including the folloWing:

— - The degree of radionuclide separations necessary for the treated saltcake Waste in
- accordance with waste disposal considerations. Chapter 4.0 provides a discussion

of pretreatment common to all of the ﬂow sheets conside_rcd and recommends
additional work s'tarting in fiscal yé_ar 2003 to sluppo_rl't the laboratory- and pilot-
scale testing of the supplemental technologies as well as the hot field deployment
demonstration betweén fiscal years 2006 and 2008. Recommendatioﬁs include |
support fbr_ gathering additional selective dissolution data on fhe tank 241-U-107
test, and gathering perfoﬁnance data on solid-liquid separation and cesium and
technetium ion eXchangé starting with maintaining cognizance of the

corresponding fesearch and testing by the WTP Project.

— The degree of hiazardous chemical constituent separations necesSary_ for the
treated saltcake to meet land disposal restrictions; this evaluation will clarify the

leachability requirements for the immaobsilization supplemental technologiés.

~ The impact on the Hanford Site immobilized low-activity waste performance
assessment; this evaluation will supplement the assessment of the long-term

environmental and human health effects to account for Mission Acceleration
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Initiative changes to the baseline-planned disposal of vitrified low-activity -

fraction of waste presently contained in Hanford Site tanks.

3. The Office of Science and Technology should perform an eVa_lﬁatioh of denitration

-techﬁology.

4. Formal evaluation should be conducted of the waste contained in the Hanford Site tanks
to designate which tanks contain transuranic waste suiféble for treatment and disposal in |
the Waste Is'ol.ation Pilot Plant. The development program for the Mission Acceleration

" Initiative technology altef_native processes needs to evaluate treatment approaches and
waste forms suitable for this approach.'. The evaluation also would generate cngineeﬁng
data for equipment and facility selection and compliance strategies for disposa]. of the

wastes.

Tt also is recommended that continued investigation of p_romising'tf_:chnologies be pursued by the
Office Qf River Protection together with the Office of Science and Technology through théir-
jointly agreed-upon 'p.roj.ects on immobilization alternatives to expedite 'cléanup, single-shell
high-level waste tank disposition, and remediation of leaked hi gh-level waste béle Hanford
Site tanks. These activities ensur_é that innoVati-v.e. technologies aré: available on a continting

basis to support the Mission Acceleration Initiative at the Hanford Site.

Xi
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1.0 INTRODUCTION

hl

The U.S. Department of Energy (DOE), Oftice of River Protection (ORP), is responsible'for the
remediation and stabilization of the Hanford Site tank farms, including 53 million gallons of
“highly radioactive mixed waste contained in 149 single-shell tanks (SST) and 28-double-shell
tanks (DST). This program is called the River Protection Project (RPP). The current plan calls
for all wastes retrieved from the tanks to be transferred to a new Waste Treatment Plant (WTP)
where they will be chemically partitioned to separate the highly radioactive materials requiring
permanent isolation (high-level waste [HL.W]) from very large volumes of chemical wastes. The
HLW constituents will be vitrified, stored onsite, and ultimately dlsposed of in the offsite
national repository. - The less radioactive chemical waste, referred to as low-activity waste
(LAW), will be vitrified and then disposed of onsite in trenches that comply with the Resource -
Conservation and Recovery Act of 1976 (RCRA). Current estimates for this mission predict
completion areund 2070 if no additional processing facilities are deployed. A second LAW
vitrification plant and expansion of the HLW v1tr1f1cat10n capacity will be required to achieve
commitments made in the Hanford F. ederal Faczltty Agreement and Consent Order
(Ecology 1989), also k:now as the Tri-Paity Agreement

In May of 2002, the DOE issued Performance Management Plan for the Accelerated Cleanup of -
the Hanford Site (Performance Management Plan), a plan to transform and accelerate cleanup of
the Hanford Site. The plan provides a five-point acceleration strategy to complete cleanup of the
- entire Site by 2035. The second of these five strategies calls for accelerated closure of the Tank
Farms by the year 2035 by means of three more initiatives. To meet the closure schedule, two of
the three initiatives will be developed in parallel with the aim of cornpleting all tank waste
treatment by 2028. Fi gure 1-1shows the interrelationship between initiatives in the plan and the
specific role of new supplemental technologies in the overall acceleration program.

The purpose of this- document is to recommend supp]emental technologies that have the greatest
potential to accelerate the RPP mission. .

Figure 1-1. The Role of Te'c:hnologyf'lnitiatives in the Hanford Site Accelerated Cleanup.

Performance
Management Plan for the
Accelerated Cleanup of
. Hanford Site
Acpelerate Accelerate Tank Accelerate Accelerate Accelerate
‘River Corridor 'Waste Processing Remediation of - Closure of Cl.osme_ef
Closnre Ciosure K Basins Ceritrat Plateau other facilities

Enhance WTP

without
building a.
second facility

Acceterate
closure program
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20 FRAMING THE PROBLEM

The Performance Management Plan descrlbes three key elements of accelerated treatment to
complete tank waste processmg by 2028

1. Build only one WTP facﬂlty but enhance its throughput

2. Provide a potentially snitable LAW alternative to glass that could be used to supplement
the LAW pretreated in the WTP

3. Prov1de a supplement to WTP treatment for wastes that can be suitably treated and
immobilized using non-WTP treatment approaches

From these three elements it is c}ear that in order to complete tank waste processing by 2028 the
RPP must estabhsh an mtegrated approach to selecting suppiemental technologies.

Figure 2- 1 (based on Fl gure § of the Performance Management Plan) shows how the synergy

between WTP enhancements and supplemental treatments can achieve the 2028 milestone. The )

basic plant design supports a 1X capacity of 30 metric tons of glass per day (MTG/D) LAW,

- which corresponds to 1,100 metric tons (MT) of sodium processed per year. WTP pretreatment
features support a 2X throughput, and improvements in LAW immobilization capacity are
-expected to support the same 2X rate by some combination of increased melter capacity and use

“of in-plant improvements such as steam reforming. As shown in Figure 2-1, the 2X WTP would
complete treatment after 2035. Supplemental treatments on selected LAW feeds allow -
completion by 2028.  As the figure implies, before selecting appropriate supplemental
technologies it is unportant to understand which waste should be targeted.

The selection of approprlate target waste took into consideration several factors in antlc1patlon of
technology comparisons. 'CH2M HILL Hanford Group Inc. (CHG) performed a comprehensive
analysis of tank waste in order to provide a rational basis for the technology selectlon process
Target waste was selected accordmg to the followmg logic:

1... No DST waste and waste mcluded in WTP phase I (although the analysis dld consider
some DST waste that, if treated by a dlfferent technology, could show significant cost
and schedule savings over the baseline)

2. Waste that contained species non-optimal for processing in the WTP (such as sulfates)

3. Waste that existed in sufficient ouantity such that the deployment of a minimum set of
right-sized technologies (preferably one) could provide a complete treatment solution by
2028 alongside WTP

4. Waste that did not compromise the retrieval demonstration and Tank _Closure Program

2-1
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Figure 2-1. Comparison of Baseline and Accelerated Cises for Treatmg
Low-Act1v1ty Waste and Other Non—H1gh—Level Waste.
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The combination of accglerated LAW trealment in the WTP and supplemenial !echno!og'es prowdes a pafhwa 1y 10
- complete waste lreaiment by 2028,

5. Waste that was located as centraily as poséible so that a minitnum number of
deployments could achieve the desired effect '

6. Waste that was representative of LAW because treating this fraction simplified retrieval
and made the largest contribution to overall treatment commitments. ¥

This target analysis provided the basis for the selection of supplemental technoiogies.-

 The primary strategy was focused on treating 68 SSTs. These tanks contain
predominantly saltcake, and at least 50,000 gallons of saltcake waste each.
Cumulatively, these tanks contain over 20 million gallons of saltcake, approximately
85 percent of the total saltcake inventory for all tanks. These tanks contain about.
60 percent of the SOdlllm and over 70 percent of all the nitrates and sulfates in the total
tank waste 1nventory If processed through the WTP, the amount of immobilized LAW
(ILAW) glass produced from the saltcake waste contained in-these 68 SSTs would be
about 65 percent of the total ILAW glass produced. This represents enough waste to

! Tank waste inventories are from the Tank Waste Information Network System best basis inventory as of
April 10, 2002 (http://twins.pnl.gov: 8001/tw1ns html). '
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ensure the parallel achievement of the 2028 completion alongside WTP even for the non-
accelerated WTP case. No other waste groupings were able to meet the above criteria,
and although other waste treatment options may contribute further to acceleration and

will be discussed in this report, the-LAW contained in these 68 tanks became the basis for

the supplemental technology selection process. A more detailed discussion of the
candidate saltcake waste associated with the 68 SSTs is provided in' Appendix D.

Twelve tanks were identified as not containing HLW using a source-based definition. -
These wastes would be classified as transuranic (TRU) wastes and as such could be
treated and sent to the Waste Isolation Pilot Plant (WIPP). ' :

Initial studies have shown that:considerable savings over the baseline are possible. Additionally,

three of these tanks are DSTs and their early treatment would free up. DST space during a time

frame that may be valuable in mitigating risks with WTP startup.” This alternative treatment

would contribute about 3 years reduction in HLW vitrification duration to the 2028 commitment

- but is considered because of its other value to the RPP and is consistent with the Performance
Management Plan strategy. '

One tank (241-T-110) was identified as containing low-level waste, predominantly as -
bismuth phosphate and metal (e.g., iron, chromium) hydroxide precipitates. This waste
also could be processed using non-WTP-based treatment for onsite dlsposal thus reducmg
waste processing duration at the WTP.

2-3
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30  PROCESS FOR TECANOLOGY SELECTION

Technologies for treating the Hanford Site tank wastes, including the saltcake waste, have been |
researched and evaluated for a number of years. A systematic review of all possible technologies
was conducted in the early 1990’s, and resulted in the issuance of DOE/EIS 0189, Tank Waste
Remediation System, Hanford Site, Richland, Washington, Final Environmental Impact
Statement, and subsequent Record of Decision (62 FR 8693). The Tank Waste Remediation .
System is-now the RPP. The studies were reviewed in January and February of 2002, and:

. vendors, national laboratories, and universities were consulted for additional technologies, as
time allowed, in order to establish a list of possible technologies for treating the LAW. All.
candidate technologies and the assembly of those technologies into flow sheet options were
screened to ensure that they met the criteria defined as closing the LAW treatraent gap by
accelerating eleanup and reducing risk while maintaining cleanup. quality.

During the month of March of 2002, canchdate technologles were grouped into families that met
the basic screening principles but differed in implementation (e.g., all calcination technologles
were grouped together, all polymer-based xmcroencapsulaﬂon technologies were grouped

* together). Treatment technologies identified are listed in Table 3-1. SST 241-S-112 was
selected as a good representative for the targeted LAW source stored in the SSTs. Technology
‘experts were asked to prepare short briefings on their technology and how it could be applied to
tank 241-S-112-type waste with the objective of a tank-scale (approximately 5 gal/min
thloughput) demonstration with real waste in 2005 or 2006. Additionally, separation

* technologies were combined w1th 1mm0blhzat10n technologles to constitute complete treatment

options.

At the Mission Acceleration Initiative (MAT) Technology Demonstration. Workshop held on

- April 2 and 3, 2002, staff from CHG, Bechtel National; Inc. (BNI), ORP, the Tank Focus Area,
and Pacific Northwest National Laboratory and other technical and programinatic experts from
the DOE complex assembled to review this relatively high level information on technologies.
proposed for LAW treatment, to discuss how these technologies could'be combined into viable
treatment flow sheet options other than the current baseline WTP process, and to screen out
technologies and combinations that did not appear viable for short-term demonstrations.
Screened out technologies with longer term potential were referred to. the Office of Science and
Technology for further development. Experts from national laboratories, DOE contractors, and
‘selected technology experts were invited to make presentations describing their approach for

" treating a representative tank of LAW saltcake waste in a demonstration to be conducted within

4 years that would be applicable for addressing the WTP LAW processing capacity gap.

3-1
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* Table 3-1. Treatment Technologies Candidates. .-

Pretreatment Options Immobilization Options
Selective dissolution S _ Ex situ, bulk;' mobile vitrification
137Cs jon exchange o | Grouting/sorption -
Cesium and technetium removal by solvent Microencapsulation
extraction N
Thermal denitration by steam reforming, | Other ambient temperature immobilization
fluidized bed, or rotary kiln’ ' ' S :
Active metal reduction of nitrate - Thermal processes for immobiliZation

(steam reforming; active metal reduction)

Electfdchemical denitration with or without { None
NaOH recovery (by electrochenucal or '
solvent extraction

Fractional crystallization for'sodi_um salt | None
removal _
‘Sulfate removal by precipitation or - ‘None

factional crystallization -

The results of the workshop are documented as an appendix in reference RPP—I 1131, Mission
Acceleration Initiative Demonstration Informarzon Package. They were reviewed by ORP, _
~ CHG, Pacific Northwest National Laboratory, and the Cleanup Constraints and Challenges Team

{(C3T) MAI Subgroup to agree upon those flow sheets for which more detailed evaluation would,
be conducted with the purpose of submitting the selected flow sheets for evaluation by the C3T
MAI Subgroup by the end of May of 2002. The options selected were either those withi the
highest scores in the April workshop or.options built around techniologies that had received the
highest scores when scores from all options, including the particular technology, were added.
Two technologies were included in the selected options despite relatively low scores: Active
metal reduction and microencapsulation with polymers because there was a concern that they
may have been scored low because most workshop participants were unfamiliar with them.

During April and early May of 2002, CHG developed flow sheets for the six selected treatment
options (plus two variants). Sulfate separation by strontium precipitation in acidic conditions =
was added as a seventh option during that period. Sulfate separation had not been considered i in
the previous months, mainly because a relevant production reference had not been identified.
Subsequent to the April workshop, CHG identified that sulfate separation by strontium
precipitation in ac1d1c condition had been conducted at the Hanford Site B Plant from 1974

through 1985.

F1gure 3-1 summarizes the process used in the nine flow sheets options for wl‘uch mass balance
and other data were developed.

32
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Figure 3-1. Low-Activity Waste Supplemental Treatment Alternatives.
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A three-day workshop was held on May 21, 22, and 23, 2002, to evaluate selected supplemental
treatment options for Hanford Site LAW." The C3T MAI Subgroup together with invited experts
listened to presentations on flow sheet options for the MAI to close the gap between LAW
treatment capacity and the total quantity requiring treatment by 2028 according to the Tri Party
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Agreement. The workshop p‘a’rti'cipants then evaluated the combinations of technologies as
presented and as they deemed to be better adapted to meeting the criteria.

Chapters 4.0 through 7.0 of this report provide descriptions of the pretreatment steps common to
all of the flow sheets (Chapter 4.0), the flow sheet options that were considered and
recommended by the C3T workshop (Chapter 5.0) and those considered by the C3T workshop
but not recommended (Chapter 6.0). .Chapter 7.0 summarizes the comparative analysis of the
options with each other and with the baseline to the extent performed by the engineering staff
between the April 2-3 workshop and the May 21-23 workshop and by the evaluators at the
May 21-23 workshop. Appendix A provides the evaluation report describing the three-day
workshop. It includes background information, a summary of the LAW treatmient flow sheet
options, a discussion of the evaluation process, and the results of the workshop. The minutes of
that workshop are contained in Appendix B. Included as attachments.of the minutes are (1) a list
of attendees; (2) condensed evaluation factors for possible RPP technologies; (3) evaluation '
results for possible RPP technol_ogiés_; (4) presentation viengaphs;_and (5) evaluators’ post-
meeting comments. Chapter 8.0 discusses supplemental treatment options for TRU tank waste
and low-level tank waste. Chapter 9.0 summarizes the recommendations for development of
supplemental treatment options during fiscal year (FY) 2003.
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40  PRETREATMENT COMMON TO ALL OF THE FLOW SHEET
'OPTIONS CONSIDERED |

Participants at the C3T workshop conducted April 2-3, 2002, recommended that the saltcake
~waste be pretreated using selective dISSO]thlOIl solid-liquid separation, and ion exchange to
separate analytes (e.g., suffate and sodium), *’Cs, and other radionuclides from the saltcake -
waste before conducting further treatment process steps. Parn(:lpants at the C3T workshop
conducted May 21-23, 2002, recommended that in addition to ccsnlm separation, **Tc should be.
separated from the saltca.ke waste.

The participants at the C3T workshops assumed >’Cs and **Tc needed to be separated from the
saltcake waste. A combination of selective dissolution and ion exchange was assumed necessary
to achieve a high degree of 137¢s and P Tc separation from the dissolved saltcake solution. The
following sections discuss selective dissolution, sohd—hqmd separation, cesium ion exchange,

and technetium ion exchange.

41 = SELECTIVE DISSOLUTION OF SALTCAKE
WASTE |

Selective dissolution in this concept is-a process that would be used in-tank during waste

retrieval to selectively separate chemical and radionuclide species by means of théir solubility.

More soluble chemical and radionuclide species such as cesium, technetium, and aluminum,

would be removed preferenually by controlled water addition to saltcake waste. After removal
- of the more soluble species, the remaining saltcake waste would be dissolved by addition of

- water.

4.1.1 . Process Description

The MAI supplemental treatment alternatives assume that a demonstration of selective
dissolution will be conducted as part of retrieving saltcake waste from a SST. The first step in
selective dissolution of saltcake waste involves removing the pumpable- liquid from the saltcake
waste using the existing interim stabilization salt well.pumps and transfer pipelines. Next, a -
controlled volume of water is added to the SST to displace interstitial liquid that contains 1?’7Cs
and selectively dissolve constituents of the salicake waste, producing a waste stream rich in
cesium and low in sulfate and sodium. The cesium-rich waste stream is transferred to a DST and
staged for processing as LAW feed in the WTP. Finally, the remaining saltcake waste is
dissolved by controlled addition of water. The dissolved saltcake waste is then transferred to the

MAI supplément treatment for processing.

The benefits of selective dlssoluuon are as follows:

- e Improved waste loading in the ILAW. glass produced at the WTP because of reduced

' sulfate concentration in some of the LAW feed (i.e., cesxum-nch stream from selective
dissolution of saltcake waste) (treaung and dlsposmg of the sulfate through the
supplemental (MAT) pathway will reduce the amount of glass the WTP needs to produce)

!

41
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o Reduced waste pretreatment requrrements for the supplemental treatment and
immobilization options through removal- of some of the 1Cs from the LAW

». Less shielding reqmred for the equ1pme_nt if cesrum ion exchange is not employed.

‘Although the flow sheet analyses for the MAI supplemental treatment aliernatives assumed that
selective dissolution was successful the performance of the MAI supp]emental treatment
alternatives is not dependent on the performance of selective dissolution. The MAI supplemental
treatment alternatives can still achieve the goals of reducing RPP mission risks, schedule, and
cost regardless of the method used to retrieve waste from the SSTs.

.4.1.2 Technical Analysis
4.1.2.1 Partitioning of .Waste Components |

Selectlve dissolution of saltcake waste is based on the higher solubility of alumrnum cesium,
iodine, technetium, hydroxide, chromate and nitrite in saltcake waste as predicted by solution
solubility modeling and laboratory experrments with tank waste samples. Carbonate, nitrate,
phosphate, and sulfate exhibit lower solubility in the saltcake waste. This phenomenon has been -
verified by recent saltcake dissolution testing conducted at the Hanford Site, which has shown at.
' the laboratory scale that chemical and radioactive species selectively dissolve from the saltcake
waste (see HNF-8849, Saltcake Dissolution FY 2001 Status Report, for details). According to
WSRC-TR-2001-00277, Tank 37H Salt Removal Batch Process and Salt Dissolution Mixing
Study, this phenomenon also has been observed with saltcake waste in underground storage tanks
at the Savannah River Site. Both the Hanford and Savannah River Sites are evaluating this
phenomenon as a means to separate a cesium-rich stream from a sodium salt-rich stream.

Tables 4-1 and 4-2 provide estimates of the percentages of selected chemicals and radionuclides
that would be removed during selective dissolution of saltcake waste and sent to the WTP for
processing. The information in Tables 4-1 and 4-2 is based on laboratory-scale dissolution tests
* conducted with core 292 from tank 241-S-112 in which a 25 wt% water dilution of the saltcake -

- waste was conducted. Higher levels of cesium and. technetium separation from the salts can be -

achieved by additional water washing of the saltcake. This could be beneficial for demonstrating
the MAI supplemental treatment alternatives and eliminate the need for cesium and technetium
separation. usrng ion exchange.
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Table 4-1. Predicted Selective Dissolution Factors for

Chemicals. _

Specie | Percentage to Waste Treatment Plant
N -
. Ca - 0

CrO, | 55

K . 20

Na | 30

NO; 35

NO; 60
 OH 60

Cl 60

F - Yo

PO, 7 25

SO, | 10

TIC . 15

TOC 10

_ Note: The fraction of analyie dissolved and-transferred to the WTP is
" based on laboratory-scale tests-conducted by D. L. Herting with core number
292 from single-shell tank 241-S-112, as reported April 2, 2002.
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Table 4-2. Predicted Selective Dissolution- Factors for

~ Radionuclides. _ _
Radionuclide 'Percentage to Waste Treatment _Pla’n_t

S S S "
#Tec - 60

S R 50
Yo} 60
24Tp - T8

Pu _ | 0

*These radionuclides are expected to be associated with solids and would
be separated from the dissolved saltcake by filiration. - These solids and
radionuclides would then be transferred to the Waste Treatment Plant for
treatment.

CHG will be conducting a demonstration of selective dlSSOlU.thII in tank 241-U-107 late in ﬁscal
year (FY) 2002. This demonstration will evaluate the effectiveness of the sprinkler system for
distribution of water across the saltcake waste surface. Information from this demonstration will
be used for the waste retrieval project for tank 241-8-112. Westinghouse Savannah River

- Company also plans to conduct a demonstration in late FY 2002 to flush (i.e., sclectively
displace) cesium that is contained in the interstitial liquid within the saltcake waste contained in

 tank 41H.

Recommendation: It is recommended that sufficient information be collected as part of the
tank 241-U-107 proof-of-concept test for the low-volume density gradient approach to retrieval
to enable verification of waste component partitioning. This may require extending the duration
of the demonstration and retrieving additional salicake waste from tank 241-U-107 as part of the
selective dissolution test. The partitioning of waste components during selective dissolution of
saltcake waste needs to be verified to improve estimates of the waste fraction processed in the
WTP and of the WTP processing duration and to, support des1gn of the MAI supplemental

treatment alternatlve

4.1.3  Implementatioen for Demonstration

Existing waste retrieval projects present a unique opportunity to collect data that may be used to
avoid or reduce the need to deploy additional demonstrations to support evaluation of the
selective dissolution process. The waste retrieval project for tank 241-S-112 is deploying an in-
tank water sprinkler system to distribute water across the saltcake waste surface to Jeach and
dissolve saltcake waste for retrieval. The sptinkler system also is used to control introduction of
water to limit the free liquid inventory in the SST while dlssolvmg saltcake waste. A salt-well
pump that connects to an aboveground transfer pipeline is then used to transfer supernatant from .

the SST to a DST..
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If the sprmkler system proves successful, a similar sprinkler system could be deployed in another
SST for dissolution of saltcake waste that would comprise the feed to the MAI supplemental
treatment alternative demonstration. Alternatively, the dissolved saltcake solution from

tank 241-S-112, after receipt into the DST system, or any other supematant contamed within the
'DST system could be used as feed for the MAI supplemental treatment. alternatxve

demonstratxon

4. 1 4 Implementation for Deployment -

Following the successful MAI technology demonstrahon sprinkler-type systems could be used

to dissolve salicake waste in the 68 SSTs to provide the waste feed to all MAI supplemental -

_ treatment alternatives. However, if selective dissolution proves not to be viable, alternative

- methods:can be used to retrieve the waste contained in these 68 SSTs. Leak detection,
‘mitigation, and monitoring systems would also be deployed as appropriate in conjunction with

the selected waste retrieval method. S :

4.2 SOLID-LIQUID SEPARATION

4.2.1 Proeess_-Descripi:ion

. Saltcake waste that has been dissoIved and retrieved froin the SSTs will contain entrained solids.
These entrained solids contain * Sr and actinides (e.g., z 7Np, 239Pu °40Pu 24IAm) Removal of
these entrained solids is assumed to be necessary in order for the immobilized waste produced
from any of the MAI supplemental treatment alternative processes to meet waste disposal
requirements. Furthermore, separation of entrained solids is necessary to prevent plugging of the
cesium and technetium ion exchan ge columns due to accumulation of solids during several of the
'MAI supplemental treatment alternative processes '

Solid-liquid separation is. assumed 10 be conducted using a crossﬂow filter that contains 0.1-pm,
sintered metal filter elements (see Fi gure 4-1). Crossflow filtration usmg 0.1-pm, sintered metal
filter elements is the SOlId—-qullld separatlon techno]ogy selected for use'in the WTP.

4-5
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Figure 4-1. Sintered Metal Crossflow Filter Elements.

"4.2.2 Technical Analysis

There are no identified high risks with the sohds—hquld separation process. However,
engineering data must be obtained for the specific waste to suppott the deSJgn of the solid-liquid
separation unit for the MAI supplemental treatment alternatives. The engineering data obtained
from tests conducted with saltcake waste samples will benefit the WTP project by providing
additional confidence that crossflow filtration can:beused to separate entrained solids from
saltcake waste. As an additional benefit, this testing will enhance the available tank data for
WTP design and operations.. This will reduce the technical risk that the crossflow ﬁitratlon
system selected for use in the WTP rmght not meet performance requlrernents

4.2.2.1_ Crossflow Filter 'S_lzmg

The surface area of the crossflow filter needed to separate entrained solids from the dissolved
saltcake waste has not been determined. The required surface area of the crossflow filter unit is
dependent on the desired waste processing throughput, waste characteristics, and filter media
characteristics (e.g., pore size, filter flux versus fransmembrane pressure and ax1al velocxty) The
‘characteristics of the candidate dissolved saltcake waste and those of the filter media need to be
- determined as part of the development program for the MAI supplemental treatment alternative

processes.
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4222 Solids Separation Efficiency

Crossﬂow filtration using 0.1- um smtered metal filter elements has been tested for separating
solids from the waste planned for processing in the WTP (for details see BNF-003-98-0221,
Pilot-Scale Crossflow Ultrafiltration Test Using a Hanford Site Tank 241-AN-105 Waste
Simulant — Envelope A + Entrained Solids; PNWD-3024, Characterization, Washing, Leachmg,
and Filtration of C-1 04 Sludge; and PNWD-3025, Characterization, Washing, Leaching, and
Filtration of AZ-102 Sludge). The 0. 1-;1.111 sintered metal filter element has been demonstrated
to be effective at removing greater than 99.99 percent of the solids contained in the waste slurries
tested. The solid-liquid separation process applied to the dissolved saltcake waste is-assumed to
achieve 99.99 percent solids separation efficiency.

Recommendatlon Crossﬂow filtration testing has not been previously conducted with
dissolved saltcake waste. The performance of the crossflow. filter is dependent on the
characteristics of the waste processed. Therefore, engineering data on the performance of
‘crossflow. filtration should be obtained using samples of the dissolved saltcake waste planned for
feed to the MAI supplemental treatment process. This engineering data combined with the
- crossflow filtration data derived by the WTP can be used to support des;gn of the sohd—hqmd

separation system.

4.2.3 Implementation for Demonsf:ation

For the demonstration phase of the MAI supplemental treatment alternatives, solid-liquid
separation is assumed to be conducted using skid-mounted equipment. The skid-mounted solid—
liquid separation unit could be colocated or- located. separately from the other process equipment
used in each MAI supplemental treatment alternative. The skid-mounted solid-liquid separation
equipment could be similar to the skid-mounted crossflow filtration unit that was deployed June
1999 through April 15, 2000, as part of the Wastewater Triad Project at the Oak Ridge National
‘Laboratory. The crossflow filtration unit deployed for the Wastewater Triad Project is depicted
in Figure 4-2. For more details on the Wastewater Triad Project see ORNL/TM-2000-0186, -
Wastewater Triad Project: Solid—Liquid Separator FY2000 Deployment; and :
'ORNL/TM-2001-0129; Wastewater Triad Project: Final Summary Report
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Figure 4-2. Oak Ridge National Laboratory Wastewater.
Triad: Solid-Liquid Separation Unit. -

4.2.4 TImplementation for Deployment

Following the MAI technology demonstration, all MAT supplemental treatment alternatives
except for suifate removal are assumed to continue to use the skid-mounted solid-liquid
separation unit to separate entrained solids from the dlssolved saltcake waste contamed in the’

68 SSTs.

The sulfate removal process alternative would likely be colocated with the WTP to utilize the
crossflow filtration and cesinm and technetiurn ion exchange unit operations within the
pretreatment facility. Therefore, the sulfate removal process would use the crossflow- filtration
system provided within the WTP to remove entrained solids from the dissolved saltcake waste.

43 CESIUMION EXCHANGE

4.3.1 Process Description

The *’Cs is removed from the dissolved saltcake waste following entrained solids separation to
reduce the radiation dose rate of the waste and for waste disposal considerations. Reducing the
_ radiation dose rate of the dissolved saltcake waste reduces the shielding requirements and cost
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for subsequent processing equipment and extends the operating life of the jon exchange matenal
‘used in the subsequent technetium ion exchange process.

For the MAI technology demonstratlon Ycs. removal is assumed to be conducted using

SuperLig 644 resin’ contained in fon exchange columins. SuperLig 644 resin is the ion exchange -
material selected for use in the WTP. The RPP is evalua'ung alternative cesium ion exchange -
materials. If the RPP selects an alternative cesium ion exchange material for use in the WTP, the
MALI technology demonstra‘uon would also use: the alternative cesium ion exchange material.

The following process description for the cesium jon excha.nge system that would be deployed as -
part of the MAI technology demonstratlon is consistent with that for the WTP cesium ion

exchange system.

SuperLig 644 resin is installed in ion exchange columns and is precond:tloned to remove fines -
using water followed by 0.25M sodium hydroxide soluiion to condition the columns for -
separating cesium from the dissolved salicake waste. SuperLig 644 resin will selectively
separates cesium from the dissolved saltcake waste. The ion exchange columns are contained in
.a shlclded module because of the gamma radiation from rad1oact1ve decay of **’Cs and ‘37“‘Ba

Jon exchange requires a uniform (non-transient) feed composztlo_n in order to work well. If the -
feed composition changes with time during the column load step, relative increases in the

© concentration of some components (such as sodium) could cause the captured cesium to be
released. Therefore, the dissolved salicake waste is accumulated in a vessel where the
concentrations can reach equilibrium (equalization/feed tank). Dissolved saltcake waste that has

“been treated to separate entrained solids is pumped through the ion exchange columns where

~ cesium is preferentially adsorbed onto the resin. The. cesium-depleted waste solution is collected

in an intermediate vessel and then transferred to the next umt operation for the specific MAI

supplemental technology.

The cesium is removed from the SuperLig 644 resin by contacting the resin with 0.5M nitric acid
solution. Then, 0.25M NaOH solution foliowed by water are contacted with the SuperLig 644
resin to condition the column for compatibility (i.e., prevent solids precipitation) with the next
batch of dissolved saltcake waste solution. The eluted cesium in nitric acid solution is
accumulated in a vessel,‘evaporated to concentrate the cesium solution, collected in an interim
storage vessel, and eventually transferred to the WTP for HLW vitrification. The nitric acid
solution evolved from evaporation of the cesium eluate is collected and reused during subsequent
elution cycles of the ion exchange resin.

4,3.2 Technical Analyses
4.3. 2 1 Cesium Adsorptlon by SuperLig 644

Cesium-137 is assumed to be removed using SuperLi g 644 resin contained in ion exchange
columns. ORP has conducted testing of SuperLig 644 resin for adsorption of cesium from
Hanford Site tank wastes as part of the research, technology, and modeling program for the

f SuperLig 644 resin is manufactured by IBC Advanced Technologies Inc., American Fork, Utah.
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- WTP. The WTP Contractor is continuing to obtain information on the performance of
- SuperLig 644 resin for separating cesium from Hanford Site tank wastes. |

. Radiation and chemical stability testing of SuperL.ig 644 resin has been conducted and is
documented in WSRC-TR-2000-00422, Effects of Radiation on the Physical Properties of
SuperLig 644 Resin, BNF-003-98-051, SuperLig lon Exchange Resin Swelling and Buoyancy
Study; and Cheniical Stability of Ion Exchange Resins (Bruening 2000)..

Laboratory-scale column tests with SuperLig 644 resin using simulated and radioactive waste
samples as well as pilot-scale column tests using simulated waste solutions have demonstrated -
the effectiveness of this ion exchange material for separating cesium from Hanford Site tank
wastes. The laboratory-scale column tests are ‘documented in WSRC -TR-MS-2000-00499,
Comprehensive Scale Testing of the Ion Exchange Removal of Cesium and Technetium from
Hanford Tank Wastes, WSRC-TR-2000-00420, Intermediate Scale Ion Exchange Removal of
Cesium and Technetmm from Hanford Tank 241-AN-102; PNWD-3001, Small Column Testing
of SuperLig 644 for Removing * Cs from Hanford Tank Waste Envelope A (Tank 241-AW-101);
- WSRC-TR-2000-00419, Small-Scale lon Exchange Removal of Cesium and Technetium from
Envelope B Hanford Tank 241-AZ-102; BNF-003-98-0146, Small-Scale Ion Exchange Removal
of Cesium and Technetium from Hanford Tank 241 AN 103. The pilot-scale column tests are
documented in WSRC-TR-2000-00505, Summary of Initial Testing of Superng 644 at the TFL

Ion Exchange Facility.

The Savannah River Technology Center also has conducted preliminary modehng of
SuperLig 644 resin to enable prediction of column performance with various waste solutions and
has documented that modeling in BNF-003-98-0220, Preliminary Ion Exchange Modeling for

- Removal of Cesium from Hanford Waste Using Superng 644 Resin.

Recommendation: The development program for the MAI supplemental treatment alternative
processes will need to determine the effectiveness of SuperLig 644 resin for separating cesjum
from the candidate waste to be treated. This information is required to accurately model the
performance of the SuperLig 644 ion exchange columns, which is necessary for designing the
ion exchange system that will be used for the MAI supplementa] treatment alternative.

4322 Percentage of Cesium Removed from Dlssolved
Saltcake Waste

The percentage of '*’Cs removed from the dissolved saltcake waste is assumed to be in excess of
99 percent. Laboratory-scale and pilot-scale testing of SuperLig 644 resin with Hanford Site -
tank ‘wastes has shown that this percentage of cesium removal is technically practical.

Recommendatlon The development pro gram for the MAI supplemental treatment alternative
~ processes will need to conduct laboratery-scale batch contact and column tests using dissolved
~ saltcake waste samples along with modeling to determine the size and geometry of the ion

- exchange columns necessary for treating the dissolved saltcake waste.

4-10
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4.3.2.3 SuperLig 644 Technical Risks

The WTP project has identified the performance of the ion exchange materials for cesium
(SuperLig 644) and technetium (SuperLig 639) as a high risk (number TEC-00-00219 in
RPT-W375-PRO0017, WIP Risk Assessment Report). The WTP project has categorized the
performance of SuperLig 644 resin as a potential high risk because of the limited testing
‘conducted with this ion exchange material. Furthermore, SuperLig 644 resin has only been
manufactured in small quantities (less than 1 kg), and the manufacture needs to demonstrate
product quality can be maintained when mapufacturing larger scale batches. The WTP project is
conducting extensive research and testing of SuperLig 644 resin to mitigate thzs risk.

Recommen‘datlon The development program for the MAT suPplemental treatment alternative _
" processes should maintain cognizance of the SuperLig 644 research and testing being conducted

by the WTP prOJect _ .

433 Imp]em’entation for Demonstration

Cesium ion exchange is assumed to-be conducted as an integral part of each MAI supplemental
-~ “treatment alternative demonstration. However, the sulfate removal supplementa} treatment
inherently separates cesium and technetium from the sulfate precipitate waste.” Therefore, it is
recommended that cesium and technetinm removal not be conducted as part of the sulfate
removal process. It is recommend that further evaluation be conducted of the benefit of cesium
ion exchange as part of the sulfate removal process to reduce the radlatlon dose rate and reduce
radiation shielding requirements for the sulfate removal equlpment

4.3.4 Implementation for Deplo‘yme.nt

Following the MAI technology demonstration, cesium is assumed to continue to -b_e removed
from the dissolved saltcake waste using the regenerable ion exchange system.

.44  TECHNETIUM ION EXCHANGE

4.4.1 Process Description

Separating technetiom from the dissolved salicake waste is assumed to be necessary for waste
disposal considerations. The *’Tc is removed from the dissolved saltcake waste following
separation of entrained solids and removal of cesium. It is reconnnended that technetivm be

. removed from the dissolved saltcake waste using Superng 639 resin,’ Wthh is the i lon _exchange
material selected for use in the WTP. -

? SuperLig 639 resin is manufactured by IBC Advanced Technologies Inc., 'American Fork, Utah.

4-11
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SuperLig 639 resin is installed in ion exchange columns and is preconditioned to remove fines
using water followed by 0.25M sodium hydroxide solution to condition the columns for
separating technetium from the dissolved saltcake waste. SuperLig 639 resin seiectively
separates pertechnetate, the dominant form of soluble technetium from the dissoi’ved saltcake
waste. The ion exchange columns are contained in a shielded module since trace amounts of
other radionuclides (e.g., 21 Am-and 1**En) may be present in the dissolved -saltc§ke waste.
Ton exchange requires a uniform (non-transient) feed composition in order to wd!rk well. -If the
feed composition changes with time during the column load step, relative decrce{ses in ionic -
strength or increases-in the concentration of some components (such as nitrate) c:ould cause the
captured pertechnetate to be released. Therefore, the dissolved saltcake waste is| accumulated in
an equalization tank or a feed tank where the concentrations can reach equilibrium. Dissolved
saltcake waste that had been treated to separate entrained solids and cesium is pumped through
the ion exchange columns where pertechnetate is preferentially adsorbed by the SuperLig 639
resin. The technetium-depleted waste solution is collected in an intermediate vessel and then
transferred to the next unit operation for the specific MAI supplemental technology alternative.

Water at 60 °C to 70 °C is contacted with the SuperLig 639 resin to elute pertechnetate. Then, -
0.25M NaOH solution is contacted with the SuperLig 639 resin to condition the column for
compatibility (i.e. prevent solids precipitation) with the next batch of dissolved saltcake waste -
solution. The *Tc eluted from the-ion exchange column is transferred to an interim storage
vessel for eventual processing in the WTP. |

4.4.2 Technical Analyses
4.4.2.1 Technetium Adsorption by SuperLig 639

Technetium-99 is assumed to be removed using SuperLig 639 resin contained in ion exchange
columns. ORP has conducted tesfing of SuperLig 639 resin for adsorption of technetium from
Hanford Site tank wastes as part of the research, technology, and modeling program for the
WTP. The WTP Contractor is continuing to obtain information on the perf'or'ma‘mce_ of

Sup'erl_gi g 639 resin for separating technetium from Hanford Site tank wastes. i

- Radiation and chemical stability testing of SuperLig 639 resin has been conducted and is

documented in SRTC-BNFL-013, Evaluation of the Radiation Stability of SuperLig 639;
BNF-003-98-051; and Bruening (2000) . Labolratory-scal_e column tests with SuperLig 639 resin
using simulated and radioactive waste samples as well ‘as pilot-scale column tes s using
simulated waste solutions have demonstrated the effectiveness of this ion exchange material for.
separating technetium from Hanford tank wastes. : '

The laboratory-scale column tests are documented in WSRC—_TR-MS—Z{}OO-OO4599; :
WSRC-TR-2000-00420; PNWD-3004, Small Column, Testing of SuperLig 639 for Removing
#Tc from Hanford Tank Waste Envelope A (Tank 241-AW-101); WSRC—-MS'—ZOE]-OOS?S,- _ _
SuperLig 639 Equilibrium Sorption Data for Technetium from Hanford Tank Waste Supernates;
- WSRC-TR-2000-00419; BNF-003-98-0146. The pilot-scale column tests are documented in
WSRC-TR-2000-00302, Summary of Testing of SuperLig 639 at the TFL Ion E:kchange Facility.

w
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The Savannah River Technology Center also has conducted preliminary modeling of
SuperLig 639 resin to enable prediction of column performance with various waste solutions and
has documented that modeling in WSRC- TR-2000-00305, Preliminary Ion Exchonge Madelmg
for Removal of Technetium from Hanford Waste Using SuperLig 639 Resin. ,

Recommendation: The development program for the MAI supplemental treatment alternahve
_processes will need 1o determine the effectiveness of SuperLig 639 resin for separating
pertechnetate from the candidate waste to be treated. This, information is required to accurately.
model the performance of the SuperLig 639 ion exchange columns, which i s necessary for
- designing the ion exchange systern that will be used for the MAI supplemental treatment

alternative.

4.4.2.2 Percentage of Technetium-99 Removed from |
Dissolved Saltcake Waste s

The percentage of PTc {as pertechnetate) removed {from the dissolved saltcake waste is assumed'
to be in excess of 90 percent. Laboratory-scale and pilot-scale testing of SuperLig 639 resin with
H'an_fo'rd tank wastes has shown this percentage of technetium removal is technically practical.

Recommendation: The development program for the MAI supplemental treatmerit alternative
- processes will need to conduct laboratory-scale batch contact and column tests using dissolved .
saltcake waste samples along with modeling to determine the size and geometry of thejon -
exchange columns necessary for treating the d1sso}ved saltcake waste.

-4.4.2.3 Superng 639 Technical -R_lsks

The WTP project has identified the performance of the ion exchange materials for cesium
(SuperLig 644) and technetium (SuperLig 639) as a high risk (number TEC-00-00219 in
RPT-W375-PR00017). The WTP project has categorized the performance of SuperLig 639 resin
as a potential high risk due to the limited testing conducted with this ion exchange material. _
Furthermore, SuperLig 639 resin has only been manufactured in small quantities (less than 1 kg),
and the manufacture needs to demonstrate product quality can be maintained when -
manufacturing larger scale batches. The WTP project is conductmg extensive research and
testing of SuperLig 639 resin to mltlgate this risk. -

Recommendation: The development program for the MAT supplemental treatment alternatlve
processes should maintain cognizance of the SuperL1 g 639 research and testing being conducted

by.the WTP project.

4.4.2.4 Valence State of Technetium-99 in Dissolved
Saltcake Waste

The valence state of the soluble technetium in the Hanford Site tank wastes is predominantly ™7,

- with technetium present as the pertechnetate (TcO4') anion. SuperLig 639 resin is capable of
only removing technetium present as the pertechnetate anion. Batch contact and laboratory—scale
ion exchange column tests have indicated that 1 to 5 percent of the technetium present in samples
“of non- complexed tank wastes is not present as the pertechnetate anion and cannot be extracted
using SuperLig 639 resin (WSRC-MS-2001-00573). The nonfe;ctractable form of technetium is

4-13
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presumed to be techneﬂum (*4) diolate complexes (see Research Program to Investzgare the
- F undamental Chemzsz‘ry of Technetium [Shuh et al..2000]).

Approxmlately 20% of the Hanford Site tank wastes contain soluble organic compounds such as
gluconate and ethylenediaminetriacetic acid. The fraction of soluble technetium as the
per[echnetate species has been determined to be si ignificantly lower for these wastes that contain
organic complexant, for example averaging approximately 20 percent for the complexed waste

stored in DST 241-N-107.

The fraction of technetium present as pertechnetate in the dissolved saltcake wastes is not
presently known. This adds uncertainty to the amount of technetlum that can be extracted from
the dissolved saltcake waste using SuperLig 639 resin.

_ -Recommendatmn' The development program for the MAI supplemental treatment alternative
processes will need to conduct laboratory-scale batch contact and column tests using dissolved
saltcake waste samples to determme the fraction of technetium that can be extract usmg

SuperLig 639 resin. -

_ 4.4.3 Implementation for Demonstration

Technetium ion exchange is assumed to be conducted as an integral part of each MAI
supplemental treatment alternative demonstration. However, the sulfate removal process
inherently separates cesium and technetium from the sulfate precipitate waste. Therefore, itis
recommended that cesium and technetium removal not be conducted as part of the sulfate

removal process supplement. -
4.4.4 Imp]elﬁentation-foi' Deployment

Following the MAI technology demonstrauon technetium is assumed to contlnue to be removed
from the dissolved saltcake waste: usmg the regenerable ion exchange system.

4-14
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| 5.0 FLOWSHEET OPTIONS CONSIDERED AND RECOMMENDED
- ‘BY THE CLEANUP CONSTRAINTS .
' AND CHALLENGES TEAM

Technologies and flow sheets described in this chapter were presented in the April 2-3 workshop
and were included in the flow sheet analysis work to develop material balances and other
information. All of these flow sheets options were included in the evaluation done by the

May 21-23 C3T MAI Subgroup and associated expert group. For various reasons summarlzed in
Chapter 8.0 of this report and described in detail in Appendices B, C, and D, the C3T MAI
Subgroup recommended that these options be pursued for FY 2003 bench-scale or cold testmg
The expert group and the C3T MAI Subgroup regarded these options as having the best potential
to accelerate risk reduction and shorten RPP mission completion time. In examining the
supplemental technologies, reduction in the length of time needed to complete tank Waste
treatment was used as a surrogate measure for life-cycle cost.

As summanzed it Chapter 9, it is recommended that work be conducted on each of the four

supplemental technologies described in this section on a limited scale in FY 2003 to obtain data

needed to determine merit and likelihood of successful deployment, potential mission
“acceleration, and risk reduction. These data include those that can be gathered from the

following sources:
‘'« Hot and cold laboratory testing

e Related input to establish the requirements for radionuclide removal on a tank by tank
basis :

. Re]ated input for regulatory analysis to establish thé requirements for hazardous waste .
constituent removal or immobilization -

e Facility conﬁguratmn and. approaches for demonstration and deployment.

The following four technologies have been recommended by the C3T MAT Subgroup (see _
Appendix C): :

. Sulfate removal -

. Containerized grout
- Bulk vitrification

. Steam reforming.

5.1 SULFATE REMOVAL
5.1.1 - Process Description
.H1 gh concentrations of sulfate in the LAW feed solutlons present problems for the current WTP

baseline LAW vitrification process using _]oule -heated melters. These prob}ems can lead to a
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reduction in waste incorporation in the ILAW glass.- Additionally, preliminary testing of the
LAW vitrification system indicated that a separate molten sulfur layer would form in the melter
at the maximum sulfate-to-sodium mole ratio in the LAW solutions. This molten sulfur layer is
highly corrosive to the melter components, The sulfate removal process is beneficial in the
reduction or removal of sulfate from LAW that requires vitrification in the WTP. The sulfate
removal process is not proposed for use on waste that is provided as feed to the other
recommended MAI supplemental technology alternatives: ex situ bulk vitrification,
containerized grout, or steam reforming.

Separating sulfate from the saltcake waste contained in the 68 candidate SSTs has the benefit-of
reducing the amount of ILAW glass produced and thus reducing the duration of the RPP mission. |
Table 5-1 provzdes a comparison of the amounts of ILAW glass produced from the saltcake

waste contained in the candidate 68 SSTs with and without sulfate removal.

The sulfate removal process is diagrammed in Figure 5-1. Entrained solids must initially be
separated from the dissolved saltcake waste. The solids entrained in the dissolved saltcake waste
contain *°Sr and TRU elements and wéuld be transferred to the DST syster for eventual
processing the WTP. If these entrained solids are not removed before conducting the sulfate

~ removal process, the radionuclide content of the resulting sulfate precipitate could exceed the
Class C radionuclide limits for low-level waste in Title 10, Code of Federal Regulations, Part 61,
“Licensing Reqmrements for Land Disposal of Radjoactive Waste” (10-CFR 61), Section 61.55,
“Waste Classification.” The dissolved saltcake waste does not need to be treated to separate -
cesium and technetium before the sulfate removal process in order to meet Class C radionuclide
limits because these radionuclides are not incorporated into the sulfate precipitate. However,
césium removal may be beneficial in reducing the radiological shielding requirements for the

sulfate removal equipment.

Following solids-liquid separation to remove the entrained solids, the liquid LAW solution is
adjusted to pH '1.0 by addition of nitric acid. Strontium nitrate is then added to the acidic waste -
to prempxtate strontium sulfate. The strontium sulfate precipitate is separated from the acidic
solution using solid-liquid separation equipment. The strontium sulfate prer:lpltate is washed -
with water and processed again through the solid-liquid separation step to remove residual acidic
solution. The strontium sulfate precipitate is solidified in a low-temperature waste form such as
grout or phosphate-bonded ceramic. The solidified sulfate precipitate would be disposed of in
the Hanford Site dlSpOSél] trenchcs for mixed low-level waste.
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‘Table 5-1. Immoblhzed Low—AcuV1ty Waste Glass Production at Baseline and as -
Reduced by Sulfate Removal.

Attribute_ g Basehn_e Su_l_faté removal |

Tanks processed by WTP 177 _ - 109

| Tanks processed by supplemental technology 0 o 168
ILAW glass produced by WTP* | ©205,000m® 150,600 m*
o , 543300MT | 399,100 MT
Strontium sulfate precipitate low—temperature 0 32,800 m’
waste form
Years to process ILAW in WTP at 30 MTG/D . | 49.5 years 36.4 years
Years to process ILAW in WTP ' 32 years ' 242 years
at 30 MTG/D from 2007 to 2018 and
60 MTG/D from 2018 to completion: _ o _ _
Total ILAW volume ' . 205,000 m> 183400 m°

* Does not include sodium added as part of HLW pretreatment or LAW pretreatment operations

conducted in WTP. The added sodium could i increase the TEAW glass produced by as much as

10 percent.

b Processiig years couId be reduced by an additional 3 years 1f sulfate-depleted LAW were not
- neutralized before processing in LAW melter system’

HLW = high-level waste,

ILAW = immobilized low«acuvxty waste.
LAW = low-activity waste.

MT = metric tons. ‘

MTG/D = metric tons of glass per day.
WTP = Waste Treatment Plant.
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Figure 5-1. Sulfate Removal Process Diagram.
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The wash solution is combined with the acidic filtrate from the solid-liquid separation step,
neutralized by addition of sodium hydroxide solution, and returned to the DST system for
eventual processing in the WTP. If the sulfate removal process is conducted integral to the
WTP, the acidic filtrate may not need to. be neuitralized before processing in the LAW
vitrification system, which would further reduce the amount of ILAW glass produced.

5.1.2 Technical Analysis
5.1.2.1 Sulfate Removal Process Sel.ectit)n

The process selected for removing sulfate from the LAW solutions is precipitation by addition of
~ strontium nitrate: Strontium sulfate precipitation was sticcessfolly performed at the Hanford Site
B Plant in the 1970’s wheén strontium was selectively precipitated as SrSQ; by addition of

Na;SOy4. The process converted the strontium pitrate in the feed solution to a strontium sulfate

- precipitate that was separated, via a centrifuge, from the supernatant waste containing the bulk of
the feed impurities. This process was called the first sulfate strike and is documented in
ARH-2973, Sulfate Precipitation Flowsheet for Purification of Crude Strontium Products from
B Plant Solvent Extraction. More than 95 percent of the strontium precipitation occurred within
the first 15 minutes after sulfate was added. Strontium recoveries were from 90 to 95 percent.

The Westinghouse Savannah River Company performed initial scoping tests for the ORPin
order to investigate evaporation and precipitation methodologies for sulfate rernoval from
Hanford waste envelope A, B,-and C.- The majority of the work was performed using simulants.

-~ of these waste envelopes and is documented in WSRC-TR-2000-00489, Sulfate Removal Studies
for River Protection Project Part BI. A series of three hot beaker tests also was conducted with

a waste sample from tank 241-AN-102 (envelope C). WSRC- TR-2000—00489 includes a
discussion of the acidification (pH = 3) of AN-107 simulant (enve__lope C waste) and an actual
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. waste sample from tank 241-AN-102 (envelope C waste, generated from Strontium-TRU
precipitation tests) to evolve carbon dioxide followed by barium addition to precipitate sulfate.

- Some aluminum precipitation occurred (probably due to the waste or simulant pH increasing
above pH 3.5, AIPOy), along with POy, CrOy, fluorine, and chiorine, as well as *Sr and actinide -
 precipitation. Salicake waste that does not contain large concentrations of aqueous soluble
complexants will not have soluble *Sr and actinides, and therefore these radionuclides should
not be of concern for the strontium sulfate prec1p1tat10n process. The Westinghouse Savannah

- River Company tests demonstrate the feasibility of acidifying Hanford supernatant and using an
alkaline earth metal (calcium, strontium, barium) to precipitate sulfate. -

Other processes to separate sulfate from alkaline waste soluttons that also were tested at the
laboratory scale include the following:

e Ion exchange resin, which did not result in satisfactory sulfate removal (for details see
PNWD-3053, Ion Exchange Studies for Removal of Sulfate from Hanford Tank Waste
_ Envelope C (241-AN- 107) Usmg SuperLig 655 Resin)

« Low-temperature (-22 °C to -38 °C) crystallization where no SO4 was removed unless
there was a large excess of SO, relative to COs; 50 to 60 percent of Na,SOy crystalhzed
but crystais sublimed when washed (see WSRC-TR—2000—OO489)

e Addition of barium mtrate, Ba(NO;;)g, tested on waste from tank 241-AN-107 (7_56.6 mlL
actual waste tested) to precipitate BaSOy; the competing reaction of BaCOs requiresa
CO3 removal step before barium addition for successful S04 removal; addition of
calcium to precipitate calcium carbonate (for details see PNNL-3050, Development and
Demonstration of a Sulfate Prec;pzratwn_ Process for Hanford Waste Tank 241-AN-107).

5.1.2.2 Chemical Reactions

Sulfate precipitation is a batch-type process that involves selectively precipitating sulfate using
strontium nitrate, S{(NOj),. The dissolved saltcake waste (feed) contains carbonate, which if
p,resent in sufficient concentration, would preferentially precipitate as strontium carbonate,
requiring excess reagent to precipitate the sulfate. In order to minimize the use of strontium
nitrate, the feed must be acidified to decompose carbonate to carbon dloxldc ThlS acidification
reaction can lead to the formation of foam in the waste.

To remove the sulfate as the SrSO; prec1p1tate the feed is adjusted to pH 1.0 using nitric acid,
followed by the addition of excess SH(NO;3),. Accordmg to ARH-2973, near minimum solubility
of Sr8Q, is aftained at approximately pH 1.3 and 1.0 M sulfate. The acidified solution is allowed
to digest approximately 1 hour to allow the SrSO, to precipifate by the following reactions:

NaZSO4 + 2HNOy - HzSO4 + 2NaN_O3
Na;CO; + 2HNO; = H;0 + 2NaNO; + CO; (gas)

H,S0, + St(NO3); > SrSO; (ppt) + HNO; -
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The development program for the MAI supplemental treatment processes will need to verify
process conditions for acidifying the dissolved saltcake waste and for sulfate precipitation,
control of foam formation, gas managernent and de-entrainment,

- 5.1.2.3 Inclusmn of Other Anions and Catlons

Other cations (e.g., almmnum caJcmm chromlum, banum, lead). and anions (e.g.; PO4, fluorme
chlorine) present in the feed are expected to partially precipitate at the given conditions; AIPO,,
BaSQy, CaSOy, PbSO,, StFs, SrCl, _Sr3(PO4)2, and SrCrO;, are all expected to partially precipitaie
with the strontiu_m_ sulfate. :

The development program for the MAI supplemental treatment processes will need to venfy the
extent and conchtlons that these other cations and anions coprec:1p1tate

5.1.2.4 Sohds—qumd Separation

_ The technology bases assumptions and risks are the same as for the solxd—-hquld separatlon
process descr1bed in Chapter 4.2. : _

5.1.2.5 Low-Temperature Waste Form

The strontium sulfate precipitate is assumed to be solidified in a low-temperature waste form

such as grout or phosphate-bonded ceramic in order to meet low-level waste disposal criteria and

land disposal restrictions (LDRs) for solid waste disposal in Washington State. No testing has

been conducted-of the proposed low-temperature waste form. If washed to remove acidity and
 dried, the strontium sulfate precipitate.may comply with the LDR for solid waste disposal in
“Washington State w1thout mxmoblhzatmn :

The development program for the MAI supplemental treatment processes will need to conduct
toxicity characteristic leach procedure testing of the strontium sulfate precipitate to determine the
need for solidification. Additional testing is required to determine the appropriate low-
temperature waste form (if any) required for solidification and disposal of the strontium sulfate
 precipitate. The final waste form will need to comply with Washington Administrative Code,

~ Section 173-303, “Dangerous Waste Regulations” (WAC 173-303), for dlsposa.l at the Hanford

_Site.

5.1.3 Implementation for Demonstration

Sulfate removal needs to be demonstrated on representative tank waste at the laboratory scale to
evaluate the process and its parameters. Feed for this process evaluation needs to have
undergone solids-liquid separation. The resulting sulfate precipitate then needs to be processed
into a waste form and demonstrated to meet the LDR. This.can be done at engineering scale
followed by cold pilot-scale activity. Since the actual sulfate removal step for deployment is
most likely to occur integral to the WTP pretreatment facility, no large demonstration-scale
effort is anticipated. An annex fac111ty would likely need to be constructed to contain the sulfate
_removal process if this process were integrated with operation of the WTP,
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| 514 Implementation for Deployment

Most-of the saltcake waste that is sent to the WTP will benefit from sulfate removal after the
baseline pretreatment steps and before being sent to the LAW vitrification facility. Only a

- handful of tanks have waste that would not benefit from such supplemental processing. Any

waste going into the supplemental immobilization processes described in this document (e.g.,
bulk vitrification, containerized grout, or steam reforming) would not be sent th:ough the sulfate

removal process.

5.1.5 Summary

The sulfate removal opuon is compared with the original baseline in Table 5-1. This opuon
supports the treatment of the dissolved saltcake waste from 68 SSTs in less time than the
"baseline by allowing an increased glass loading to be achieved in the LAW vitrification facility.
“ The sulfate removal process supplements the WTP pretreatment actwltres for those wastes being

pr0v1ded to the WTP.
52 CONTAINERIZED GROUT

© 52.1 Process Descripti'on

~ The containerized grout supplemental treatment process is dxagrarmned in Figure 5-2. The

pretreated dissolved saltcake solution is mixed with a Portland cement- -type grout solid, pumped
into disposal containers, and allowed to cure or solidify. The cured product may now be
managed with handling equipment for intermediate storage and disposal. The solid grout is
estunated 0 correspond to Class C low-level waste as defined in 10 CFR 61.55.

Figure 5-2. Containerized Grout Block Flow Dlagram.

Dry Materials
Storage

_ ~°.’9*9°“‘.’e- [, .Solid!uguid L pf Cs/Telon 1 W_aste-s_peciﬁc' _>' Blender

Dissolution Separation. |- Exchange Grotit feed Tank :

'l .
~ Container/
Cure

Disposal of
Container
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5.2.2 Technical Analysis

Historically the inorganic additives that have been su&essfully used for grout are Portland
cement, fly ash, and slag The following are the main reasons for the widespread use Of these

~ materials:

. Relatively low cest
e Good Iong—'te_rm stability, both physically and chemically |

. | roumented use on a variety of wastes for a -ﬁeridd of over 20 years .‘
. Widespread availability

» Non-toxicity of the chemical ingredicnts’

« Ease of use in processing (processing is done normally at ambient temperature and
pressure with no speclal equipment) : :

e High resistance to biode gradation
« Low water solubility and permeability for me_st-iso_topes and chemic_als
. Good mechanical and structural characteristics. -

These three additives are brought into the facility and are stored in individual containerss, each
equipped with a solids conveyer and dust control system. These three additives are
proportlonally prenuxed before the cementitious mixture is added to the waste feed in the ‘grout
mixer. Pnenmatic transfer may be used to transfer the mix to the grout blender.

Grout additives and the waste feed effluent are blended in a grout mixer. The contents are

slowly mixed with low-shear mixing equipment for about 10 to 15 minutes (actual mixing
equipment, mixing speed, and mlxmg time are yet to be determined). Itis assumed that the grout
mixture will be transferred into 3.6- m’ boxes (nominally 1.2 m by 1.2 m by 2.4 m, or 4 ft by 4 ft -
by 8 fi overall) and that these will be filled to 100 percent. It is estimated that about

14 containers per day will be needed to process the equivalent of a 5M sodium salt selutlon at

5 gal/min. An appropriate quality assurance plan and program will be Implemented

. Freshly prepared grout is nonnally cured for a period of time _to gain stren gth whe_n. used
© structurally. This extended time will probably not be needed for this nonstructural application.
Normal curing is done at about 30 °C and 100 percent relative humidity. Several tests have been
conducted to determine whether the curing process.can be expedited at elevated temperatures, |
but no substantial improvement has been observed. Curing tests conducted by the Savannah
River Technology Center at a temperature 90 °C have indicated possﬂ)Ie structural failure
- according to WSRC-TR-98-00337, Direct Grout Stabilization of High Cesium Salt Waste, Salt
- Waste Alternative Phase Il Feasibility Study. The curing and storage area must be large enough
to hold about 400 containers to allow for curing, _
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5.'2..2.1 Process Chéﬂﬁstry

Portland-type cements usually consist of mixtures of lime (calcium oxides) and various silico-
aluminates. In normal structural use, the setting process allows recombination of the primary
ingredients to form large atomic structures where calcium, aluminum, et al., and oxygen are -
combined to form water-insoluble compounds with high strength. When formulated for waste
disposal, slags, clays, and other agents are added to enhance the chemistry. In particular, chrome
is reduced from its hexavalent state to the trivalent form, which is much-less soluble. Most of the
metals of concern (e.g., chrome, mercury, uranium) can substitute in the chemical structure for

* the calcium and become part of the direct chemical structure of the waste form. It should be
noted that the alkali metals (sodium, potassium, and cesium) and sodium nitrate are not boﬁnd in
the chemical structure and therefore do not become part of the cement compound.

Testing of specific grout formulations is needed to determine the leachate of constituents of
concern (e.g., radionuclide RCRA metals, nitrate) for conducting a performance assessment of
the grouted waste. A significarit fraction of this data is available from the foxmer Hanford Grout

Disposal Project.’

5.2.2.2 Process Experience

Commercial nuclear power planis have successfully used grout for some of their waste streams.
Large quantities of dilute flush water are used and eventually evaporated. The remaining solids -
are high in phosphate and metallic ions that bond well in the chemical cement. The commercial

-~ electroplating industry has used the process for disposal of plating bath residues. The metals
copper, nickel, chromium, and other multivalent.cations are chemically bonded in the cement.

The Savannah River Site has formulated grout (salfstone) for major disposal operations.  The
Ha.nford Site had a grout disposal program at one time, and other sites have used similar

formulanons

5.2.2.3 Scale

Equipment and systems are available to make grout at any scale desired. As indicated above, the
Savannah River Site has made millions of gallons of the material. Commercial structural
concrete mixers deliver batches of 500 to 1,000 gal. Drum mixers (55 gal) are available and used
by commercial nueclear power plants. ‘Laboratory eqmpment is used for test programs where

- batch sizes are a fraction of a gal]on

5.2.2.4 Dlsposal of Containerized Grout

Grout containers would be disposed in the ILAW disposal trenches. Since the overall volume
and number of containers is more than doubled, the trench would have 10 be expanded. The
JLAW trench has some limits on expansion by natural boundarles within 200 East Area; further
study is required to identify a solution.

5.2.-2.5 Secondary Waste Generatlon :

Secondary waste generation for containerized grout will be minimal, consisting primarily of
process equipment, high-efficiency particulate air filters, and other consumable materials. There -

59
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- will be no process off-gas emissions requiring treatment because of the low operating
temperature. No secondary liquid effluent streams are anticipated, as there are no rinses in this
process and any liquids from the grout curing process are anticipated to be recycled

5.2.2.6 Process Flow Diagram

-The process flow diagram is shown in Figure 5—2 Detaﬂs that went into the flow sheet
assumptions are discussed below. .

1t bas been established in WSRC-TR-98-00337 that the direct grout alternative is a viable option
for treatment and stabilization of liquid waste containing a."*’Cs concentration of 1 Ci/gal to
3 Ci/gal. The composition of the liquid waste that was tested at the Savannah River Technology
Center for grout is similar to the dissolved saltcake waste. ‘Consequently, the processing, setting,
and Jeaching properties of the grout from dissolved saltcake waste aré assumed to be similar to
the product tested at the Savannah River Technology Center. To meet the NRC stability
requirements, the waste form must maintain its structural integrity to prevent (1) slumping,
collapse, or other structural failure when the engineered disposal structure is-not used and
(2) release of radionuclides due to leaching that could be caused by premature dismtegratmn of
the waste form under the expected disposal conditions. :

5.2.3 Implementation for Demonstration

The equipment required for the containerized grout process demonstration at 5 gal/min is similar
1in capacity to the Grout Treatment Facility at the Hanford Site. However, the Hanford Site’
Grout Treatment Facility was a continuous feed plant, whereas the new upit will need a container
handling system in addition. With modifications, the Grout Treatment Facility in the 200 East
Area is a candidate for mixing the grout. Contamer boxes could be similar to the ILAW :

containers planned for WTP.

Lag storage tanks are needed for Portland cement, fly ash slag storage, and stablhzmg chemicals.
Feed will accumulate in a receiver tank. Waste and the grout additives are mixed in the grout
mixer and pou.red into portable containers (3.6-m? boxes)

5.2.4 TImplementation for Deployment :

The application of the containerized grout process to 68 SSTs requires a 10 gal/min capacity
facility be completed by 2028 if all the waste in the 68 SSTs were to be processed through the
containerized grout facility. The grout throughput can be readily adopted for the full mission by
sizing the batch equipment for 10 gal/min during the demonstration phase. It is likely that most

of the equipment sizing would not change and the impact for a 10 gal/min demonstration would
be negligible relative to the cost of two 5 gal/min facilities (the second constructed after the,

demonstration phase).
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5.2.5 Summary

The grout option is compared with the original baseline in Table 5-2. This option allows
treatment of the alternate stream from 68 SSTs in less than 20 years and would achieve the

2028 completion date for processmg The msadvantage of containerized grout is that the volume
of waste disposed of onsite is about 1.5 times more than the volume of glass, and the retention of
alkali metals and njtrates is lower than glass, althongh release limits maystill be met because of -
the reduced inventory and the use of engmeered barriers; ‘Additional performance assessment

work is required.

Orig_i_nal Containerized
‘ ‘ baseline grout
Tanks processed by WTP 177 109
Tanks processed by grout facility 0 | 68 .
ILAW glass produced by WTP 2 205,000 m’ 94,900 m*>
543,300 MT - 251,500 MT
Alternate waste volume 0 264,000 m’
('containerized grout) - _ '
Years to process ILAW in WTP at 30 49.5 yrs 23 yrs
MTG/D ' _
Years to process ILAW in WTP 32 yrs 17.5 yrs
at 30 MTG/D from 2007 to 2018 and
| at 60 MTG/D from 2018 to completion
Total ILAW volume ' 205,000 m’ 358,900 m’

? Does not inchude sodium added as part of ‘HLW-pretreatmeﬁt or LAW pretreatment
operations conducted in WTP. The added scdium could increase the ILAW glass produced

by 5 to 10 percent.

HLW = high-level waste.

ILAW = immobilized low-activity waste.
LAW = low-activity waste.

MT = metric tons.

MTG/D = metric tons of glass per day.
WTP = Waste Treatment Plant,
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53 BULK VITRIFICATION

5.3.1 Process Description

The bulk vitrification process converts low-level mixed waste into a solid glass form by mixing -
the waste with soil and applying electrical current. The configuration and approsch analyzed '
involved a vitrification step conducted within a large steel container via the GeoMelt

in-container vitrification (ICV) process licensed by AMEC Earth and Environmental.

The bulk. vitrification module consists of 2 drying step, a mixing step, and an ICV step as
depicted.in Figure 5-3. The drying unit blends process soil with the waste and removes water -
through evaporation.: The remaining process soil.is then mixed with the evaporated soil/waste
stream and delivered to the vitrification container by a screw-auger. A temporary off-gas hood is
 placed over the container and electrodes inserted. Power is applied to the electrodes to melt the
waste/soil mixture. After cooling, the resulting vitrified product is sent to a disposal site.

Figure 5-3. In-Container Vitrification Block Flow Diagram.

Water o : ' ' Off Gas

Feed J— Drying > - : - -iCV = Container to
' - 8ystem ‘ ‘ Mlxer o Container " Disposal
. Soll

532 Technical Analysis

The bulk vitrification process is used for contaminated site remediation and waste treatment.
This process can be applied in several different confi gurations ranging from deep subsurface
. insitn treatment 1o aboveground batch plants.” The ICV method is the technology being
evaluated for treating Hanford Site low-level mixed waste. All of the GeoMelt technologies
involve the electrical melting of contaminated soils and debns resultmg m the’ destrucnon, _
removal or permanent 1mm0b1112at10n of contammants

The meltmg process is 1n1t1ated within a waste of soil mixture. Electrical power is directed to the
treatment zone via graphite electrodes and regulated to maintain the desired melt rate. The melt
temperature. typically ranges from 1,400 °C to 2,000 °C depending on the materials being treated
and the process configuration. The melt grows downward and outward untll the target waste
volume has been treated and the electrical power is shut off. '

5-12
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5.3.2.1 Process Chemistry

Organic contaminants are destroyed via pyrolysis and dechlorination reactions at elevated
temperatures in reducing conditions around the melt. No organic contaminants remain in the
melt due to the inability of organics to exist at the temperatures involved. The melt incorporates
most heavy metal and radionuclide contaminants resulting in permanent immobilization in the
resulting vitrified product. Nonvolatile metals and radionuclides such as uranium and plutomum
have a high degree of retention in the melt (e.g., 99.999 percent) (Luey 1992; Spalding 1997).
For semi-volatile radionuclides like cesium, a number of tests and demonstrahons including full-
scale operations, have demonstrated the retention of cesium in the melts as being very high

- (99 percent to 99.99 percent). The degree of retention in the melt of semi-volatile heavy metal-
contaminants such as lead, cadmium, and arsenic is quite high (generally around 80 percent to
90 percent). Volatile metals, such as mercury, are released from the melt and captured by the
off-gas treatment System The process can accommodate relatively hi gh contaminant
concentrations of heavy metals and radionuclides. Sulfate in the waste feed stream is volatized
into the off-gas durmg the ICV process. .

5322 Process Experience

- Bulk vitrification has been successfully used to treat a wide range of contaminated wastes and
debris including mixed low-level radioactive wastes, mixed TRU wastes, polychlorinated
biphenyls, pesticides, dioxins, and a range of heavy metals. The ICV treatment configuration has
been used in Australia and Japan and is being.developed for DOE and commercial applications.
The batch technique involves staging and treating wastes.in refractory-lined steel containers.

The containers can vary in size and shape from 208-L (55-gal) drums to.large roll-off boxes.
After each batch is treated, the melted waste is allowed to cool and solidify in the container. The
container can be reused or disposed of after each melt. After each batch of waste is tréated, the
vitrified waste solidified, and the off gas hood removed, a lid is placed on the contamer and the
vitrified waste is transported to the dlsposal site.

The GeoMelt ICV method was used in Japan to treat an abandoned industrial waste mcmerator
that was heavily contaminated with dioxins, furans, and polychlorihated biphenyls. The
incinerator was dlsmantled and decontaminated to the extent possible, and bulk vitrification was -
used to treat the residual wastes, including steel, ash, brick, and.decontarmnatlon wastes.

- In. Australia the design is neatly finalized for a batch plant that will treat a 60,000-drum -
inventory of concentrated hexachlorobenzene wastes. The concentrated chlorinated organic
waste will be mixed with soil to facilitate: treatment

In the United States, the subsurface planar method was recently applied in a demonstration
project to treat a portion of a mixed low-level radioactive liquid waste adsorption bed at the
Los Alamos National Laboratory (Geosafe 2001). The process previously has been
demonstrated for planar melting of mixed radioactive waste at the Oak R1dge National

‘ Laboratory (Spalding 1997).
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'5.3.2.3 Scale

The bulk vitrification process has been successfully used in large -scaleé operations. A 30-ton per
day unit m Japan processed the waste w1th1n abm by 6 m (20 ft by 20 ft) crucible.

53.24 Se‘condary Waste Generatlon

The amount and type of secondary wastes generated by bulk vitrification operations depend on
the configuration of the process system and the nature of the waste materials being treated. Solid
wastes such as filters and used protective clothing can be vitrified along with the wastes being
treated. Scrub solution i is generated by those prOJects requiring wet scrubbmg and can be

v1tr1ﬁed as well.

Off-gases that evolve from the melt are typlcally collected in a steel containment hood and
directed to.an off-gas treatment system The off-gas treatment steps vary depending on the
particular requirements of the project but generally consist of an initial step of partleulate
filtration followed by quenching, wet scrubbing, two.stages of high-efficiency paruculate
filtration, and carbon adsorpnon or thermal oxidation.

A condensate stream is generated by the waste drying equipment and d&scharged from the main
condenser at. about- 60 °C (140°F). This secondary waste stream consists primarily of water and
~ volatile organics evaporated from the waste feed stream and input soil stream. Alternatives for
dlSposal of this stream are as follows: (I reeycle to SST system for saltcake dlSSOhlthI‘l
(2) cool to 21'°C (70 °F) and discharge to the ‘Effluent Treatment Facility; (3) heat to 100 °C
(212 °F) and release as steam; (4) feed to subsequent melts and release as steam from the off-gas

treatment system

5.3.3 Imple’mentation for Demonstration _

Waste would be selected for processing in the demonstratlon that, together with the amount of
pretreatment reqmred and regulatory analysis, would enable the vitrified product to be disposed
of in compliance with the LDR at a permitted Hanford Site burial ground. The contributions to
the ILAW Performance Assessment also would need to be considered accordingto :
DOE-ORP-2000-24, Hanford Immobilized Low-Activity Waste Performance Assessment

. 2001 Version. The iumber and size of the ICV containers processed would be determined in
conjunction with the engineerin g studies and hot laboratory tests carried out in FY 2003.

53.3.1 Waste Staging Tank

For the demonstratlon equipment is deployed to support staging and vitrification of the waste.
The equipment consists of a staging tank, an evaporative dryer, a mixer, and the ICV container.
The equlpment may be placed in a containment facility.

h

53.3.2 In-Contamer Vitrification Descn‘ptlon

The waste stream is mixed with soil and dried in an evaporator that operates at subatmospheric
conditions. After drying, the remaining waste is mixed with the soil. The mixture of waste and
-solids is added to the ICV container. The ICV process converts a mixture of waste and soil into
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- gléiss_ by inserting electrodes into the ICV container and applying electrical current. The mixture
of waste and soil is melted into glass. '

The size and configuration of the container used for the ICV process depends-on the application

- of the treatment technelogy. Two roll-off boxes are typically processed in parallel. The boxes

-~ can be staged to accommodate melts in the 25 to 30 metric ton range: Typical melt time is 2 to

'3 days per pair of melts. Upon completion of a melt, the box will be topped off as necessary

- with clean sand or soil, a cover will be permanently affixed-to the top, and the box will be
shipped to the low level waste burial ground. The box will be allowed to cool for 3 days to a
temperature of 85 °C (185 °F) before being transferred to the dlsposal s1te The container will be

" designed to minimize the amount of top-off material required. - '

5.3.3.3 Product Description

The vitrified waste form normally consists of a mixture of glass and crystalline materials and
often has an appearance simiiar to volcanic obsidian. The product is typically five to ten times
stronger than concrete and ten or more times more durable and leach resistant than typical
borosilicate glasses used to immobilize HLW. The durability and leach resistance of the glass is
due to a high concentration of glass formers (SiO; and Al;Os). The process of vitrifying the
waste results in an approximate net volume reduction of one-third to one-half due to loss of
volatile components and void space reduction (due to meltlng) '

Based on the assumptions used in this analys1s the csttmated waste loading of the product is
20 wt% sodium oxide, with the radionuclide concentration meeting the limits for Class C low-

‘level waste as defined in 10 CFR 61. 55

'5.3.4 Implementation for Deployment

The application of bulk vitrification to 68 SSTs would requ1re al0 gal/mm throughput capacity
in order to complete the process by 2028 if all the waste in the 68 tanks were to be processed
through the bulk vitrification facility. The bulk vitrification throughput capacity can be
deployed for the full mission by sizing for 10 gal/min. The ICV system can support the
vitrification of two simultaneous containers. Equipment sizing is expected to be very similar for
a 5 gal/min system and for a 10 gal/mm system. Multiple parallel systems may be deployed if

necessary.

- 835 Summary

The bulk vitrification option is compared to the original baseline in Table 5-3. The use of bulk
vitrification treatment for the waste from 68 SSTs altows the WTP to' complete ILAW processmg
of the other tank waste in approximately 20 years. Bulk vitrification has two other advantages.
One advantage is the production of a high-quahty waste form that 1s equivalent to or better than
- the ILAW borosilicate glass. The second advantage is a reduction in the total volume of low-
level waste glass for onsite disposal.
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Table 5- 3 Comparison of Bulk Vitrification with the Orlgmal Baselme

Original Bulk
baseline vitrification
Tanks processed by WTP 177 109
Tanks processed by supplenienta.l 0 63
technology _ o
ILAW glass produced by WTP 205,000 m* 94,900 m°
543,300 MT 251,500 MT
Years to process ILAW in WTP at 49.5 23
Years to process ILAW in WTP ] 32 | 17.5
at 30 MTG/D from 2007 to 2018 and :
at 60 MTG/D from 2018 to completion
Alternate waste - ' I 0 _ - 53,300 m’
Total ILAW volume | 205,000 m’ 148,200 m’

54 STEAM REFORMING

This option utilizes a high-temperature fluidized bed to destroy nitrates and, with the help of
additives, to incorporate radioisotopes together with sodium, sulfate, chlorine, and fluorine in a
granular material that can be placed in containers or grouted. DOE has identified steam
reforming for a variety of pretreatment and immobilization applications at the Hanford Site and
at other DOE sites. To support the broad application of this technology, DOE has established a
teamn to evaluate deployment and testing of the technology. As their strategy for deployment
becomes more detailed, additional information will become available for evaluation.

For this evaluation and recommendation, one of the potentlal candidate processes for steam
reforming is used: the Thermal Organic Reduction (THOR?), steam reformer technology
developed by Studsvik, AB..

' THOR js a service mark held by Studsvik, AB.
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5.4.1 Process Description .

In the THOR process, waste is fed d1rectly to the steam reformer as slurry or as shredded solids
through a lock hopper. The reforming reactor consists of a vertical vessel containing a fluidized
bed of alumina sand that is designed to operate at temperatures of up to 800 °C. For safety
reasons and: to ensure containment of steam-reformed products and gases within the processing
equipment, the bed operates at a negative pressure. Heat is supplied to the bed through the
injection of superheated steam. Additional energy is supplied by injecting oxygen into the bed
where it reacts exothermically with reductant compounds present inthe waste or added to the
waste. The reformer alumina bed is fluidized and heated with supetheated steam. Any organic
compounds in the waste are destroyed through pyrolysis and through reaction with hot nitrates,
steam, and oxygen. Other reactions include reaction with carbon sources to produce hydrogen,
carbon monoxide, carbon dioxide, and watér. The temperature of the bed is thus controlled by
adjusting the inlet temperature of the. ﬂmd]zmg steam and by regulating the a:mount of oxygen

and reductant mjected

" Water fed into the pyrolyzer as a component of the waste is converted to superheated steam:
Organic compounds are broken down through pyrolysis and through reaction with the high-
temperature steam and oxygen. The gaseous effluent exiting the top of the bed consists primarily-
of carboni monoxide, carbon dioxide,, shydrogen (Ho), and water. Srnall amounts of ‘organic
compounds (e.g. methane) and volatile metals (e.g. mercury) also may be present. The fine
solids (<100 pm) entrained in the gas flow resulting from the pyroly51s~——reform1ng reaction are
disengaged from the larger alumina particles that constitute the semi-permanent bed in a cyclone
at the top.of the reactor and are entrained in the top of the reactor. The fine solids include the
dried inorganic portion of the injected waste as well as small amounts of fixed carbon and
abraded particnlates from the bed

The fluidized bed is designed to be operated such that less than 5 percent of the total bed weight
is due to waste solids. This design ensures that the inert part of the bed acts as a large heat sink,
thereby avoiding problems with agglomeration cansed by the presence of low-melting point salt
eutectics in the waste. Recovery from an agglomeration of the bed media involves cooling the
bed and washing the media with hot water. The bed is then dried and refluidized through the
injection of superheated steam. Alternatively, a water-wash screw conveyor has been designed
that could be installed on the bottom of the bed. Operatiorn of the screw would augment the

deagglomeration process.

The solids that elutriate from the pyrolyzer-reformer are collected on the surface of ceramic
filter elements. The filter elements are. periodically back-pulsed with nitrogen to recover the
solids. The hot product gases pass through the filter to an oxidation chamber and evaporator
where energy is recovered by evaporating excess water from spent scrubber solution. The _
concentrated scrubber solution is filtered to remove insoluble materials and then dried to produce
a salt product for final disposal. The cooled gases pass out of the evaporator to the scrubber -
where the acid gases (sulfur and halogens) are neutralized by sodivm hydroxide (NaOH). The
gases then pass through the demister and water-recovery condenser before entering the blower.
'The blower compresses the gases to atmospheric pressure and forces them through the ceramic
thermal converter where the combustible gases (CO, Hy) are oxidized at 1 ,000 °C to 1,100 °C.

" Finally the gases are cooled filtered in the bag house and-hi gh-efficiency partrculate air
filtration, and released through a momtored vent stack.’
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542 Technical Analysis

5.4.2.1 Application of the Thermal Orgamc Reduction
Process to Saltcake Waste

The saltca_ke tank waste, such as that from tank 241-S-112, contains liquid and solids consisting
primarily of sodium and aluminum nitrates, nitrites, and carbonates. The process proposed for -
the treatment of saltcake solids and liquid is similar to the previously described process currently ..
operating at Erwin, Tennessee. In the proposed steam reforming process cations would be:
converted to a powder of nephe]me (Nay0-Al,04-2510,), beta-alumina (NaQO-Al203) sodium
carbonate (Na2C03) and other mineral and salt forms.

In the proposcd treatment process, the hot product gases from the reforruer are removed in the
scrubber where energy. is recovered by evaporating excess water from spent scrubber solution.
The concentrated scrubber solution would be filtered to remove insoluble materials and then the
shurry recycled to the reformer feed vessel. It is estimated that most of the nitrate and nitrite are
reduced to nitrogen while reducing agents would be oxidized to carbon dioxide and water. The
off-gas composition under these assumptions would be less than 500-ppm nitrogen oxides and .
less than 20-ppm chloride, sulfur and flueride. At this nitrogen compound concentration,
ammonia would not be- requlrcd for the control of nitrogen oxides. Most of the chlorides, sulfur,
and fluoride would be retained in the product along with greater than 99 percent of the cesium
and technetium. Itis estimated that flammable mixtures would be eliminated from the process
gases by oxidizing zones in the fluidized bed. Although reliable cooling systems and treatment
of hydrogen and ammonia are established technologies in nuclear facilities, preparing the
supporting safety basis documentation for the potentially flammable off-gas mixtures may be
difficult. As an additional safety factor, the vessels are designed as pressure vessels, which
provides explosion resistance. - Uncertainties in the process technical basis add to the uncertainty
in establishing a safety basis.

5.4.2.2 Salt Agglomeration

Rescarchers at the Idaho National Engineering and Environmental Laboratory (INEEL) have
performed a series of tests on how to process the sodium-bearing waste. This acidic stream has
sodium concentrations similar to those considered for the Hanford Site MAI supplemental
technology. To overcome plugging in their ﬂu1dlzed beds, INEEL blended the sodium-bearing -
waste (to less than 5.3 mole percent) with HLW rich in zirconium to dilute the effects-of the
sodium. Once INEEL ‘completed the processing of the HLW, the site began to explore options
for processing the sodium-bearing waste. - _

The INEEL experience indicates that the high sodium, nitrate, and nitrite concentration in the
Hanford Site saltcake waste would require special consideration in the reformer operation.
Sodium nitrate exists in a molten undecomposed state over a large temperature range (300 °C to
850 °C) (Newby 1979). Sodium chileride in combination with sodium carbonaie forms a eutectic
mixture with a melting point as low as 1,172 °F (633 °C) at 62 mole percent sodium carbonate =
(Wall et al. 1975). Mixtures of sodium chloride and sodium sulfate form a mixture having a Jow
eutectic melting point of 1,154 °F (623 °C) at 65 mole percent sodium sulfate (Wall et al. 1975).
- When all three of these compounds are present, a mixture with a melting point as low as

1,134 °F (612 °C) is possible (Wall et al. 1975). '

5-18



RPP-11261 REV 0

When processing sodium saltcake waste, the reformer—fluidized bed tends to form agglomerates -
over the temperature 1 where sodiuin salts exists in a molten state. These agglomerates range in -
size; but regardless of their size, they tend to plug the fhiidized bed. To overcome this problem,
substances are added to the saltcake feed to (1) lower the decomposition temperature of sodium
nitrate or (2) to combine with the nitrate at a low temperature to form a compound that is stable
at, and has a melting point above, the reformer operating temperature. The use of additives is
proposed in the application of the THOR process to the treatment of saltcake waste.

Sucrose, solid carbon, and kaolin were possible additives suggested in the Studsvik Inc. technical
proposal, Technical Proposal-Denitrification Demonstration Test Utilizing THOR Fluid
Bed/Steam-Reforming System to Process Simulated and Actual INTEC Sodium Bearing Waste
(Studsvik 2000), to demonstrate the application. of steam-reforming technology to denitrate both
surrogate and actual sodium-bearing waste that is temporarily stored in 300,000-gal tanks at
INEEL (see Technical Review of the Applicability of the Studsvik, Inc., Thor Process to INEEL
SB [Gentilucci 2001]). Itis presumed that the additives considered for the processing of sodium-
bearing waste are among the addmves that would be used in the steam reforming of the saltcake,

sodmm mtrate waste.

The conversion of sodium nitrate to nepheline, Na,0-A1,03-2510;, would require addition of
aluminosilicate clay (kaolin) to the steam reformer. The use of sucrose as an additive to enhance
‘ mtrate destruction has been tested extensively in related processes. Sugar-additive calcination
was. attempted at the Hanford Site on a sodium-bearing PUREX process waste stream during the
late 1950’s (see HW-60584, Quarterly Progress Report). Numerous tests have been conducted
at INEEL according to the Status Report for Alternative Calcmatwn Scopmg Studies - :

: (Nenm 1997).

Tests on the use of additives in the calcination of the sodium-bearing waste at INEEL, reported.
by Nenni (1997), may provide some insights into the application of steam reforming for the -
treatment of saltcake. Some important differences exist between the previously described THOR
process and the INEEL calcination tests with the common element being the temperature of the

“operation in or near regions where the formation of eutectic mixtures are possible.

‘The INEEL tests were conducted in a fluidized bed calcinier with the feed and fuel atomizing
nozzles located in a 10-cm-diameter react:on zone. The feed was atomized with air, and the
kerosene fuel was atomized with oxygen. ‘The additives used in the calcination tests were
aluminum nitrate, calcium nitrate, and sucrose. For the proposed INEEL flow sheet, boron is an
additjonal additive. The INEEL calciner test temperature of 500 °C to 650 °C was lower than
the steamn reformer temperature of 800 °C. The INEEL sodium-bearing waste was an acidic
solution of 1.6 M hydrogeri ion and 6.0 M nitrate as compared with saltcake waste, which is
dissolved and treated. The dissolved saltcake has a sodium concentration of 5 M with nitrate ion
concentration ranging from 1 M to 3 M and hydroxide ion concentration of up to 2 M.

The INEEL calcination tests compared the baseline flow sheet, which involves the addition of
aluminum nitrate in a mole ratio of aluminum to alkali metal of 3.5, to a flow sheet with a
sucrose addition and a flow sheet.in which the calcination temperature is 650 °C. These
calcination tests were successful in reducing the aluminum-to-alkali metal ratio required to
process the sodium-bearing waste. Lowering the amount of the aluminum nitrate add1t10n

~ reduces the volume of calcine waste produced.
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The INEEL tests, with one exception, demonstrated that stable fluidized-bed calcination is
achievable with any of the flow sheets.- However, the mass mean particle diameters for the
calcine generated throughout the test were within the New Waste Calcine Facﬂity acceptance
range but had not Stab111zed by the end of the test for storage ' :

With respect to storage requlrements varying degrees of hygroscopicity were experienced in the
products from the sucrose addition calcination tests and the high temperature calcination test.
One test of the former was highly hygroscopic and would be unacceptable for storage. The high
temperature calcines were slightly hygroscopic.- If the product absorbs too much water, it could
lead to free liquids in the waste (e.g., with NaOH or NaNOs,).

54.2.3 Steam Reformer Waste Product Acceptablhty
for Low-Level Waste Dlsposal

The waste produced from steam reforming saltcake waste is assumed to be a powder of
nephehne beta-alumina, sodium carbonate and other minerals and salts. The MAT technology
program should verify the expected composition of the steam reformer product through
laboratory-scale testing of simulated saltcake waste. The steam reformer product should be
tested to verify that the waste meets criteria for disposal. As with the other recommended
technologies, this flow sheet and product must be evaluated agamst regulatory analysis and
performance assessment requirements.. : _ ‘

543 Imple'mentation for Demonstration

Currently the DOE ORP in collaboration with DOE INEEL is developmg concepts for hot and
cold testing of steam reforming concepts. ORP also is supporting BNI to pursue approaches to’
gather addrtronal data to support decision making regardmg steam reformmg as an ad]unct to the
WTP to supplement LAW 1mmob1hzat10n

544 Implementation for Deployment

The steam reforming capablhty can serve as a denitration step (supplement to pretreatment). The
product may be suitable for packaging for land disposal at the Hanford Site or may require

- additional immobilization, either through the use of additives during the steam reforming process -
or the use of subsequent additives to form a compliant grout.

54.5 summary

The steam reforming option is compa:red with the orlgmal basehne in Table 5-4. The

information in the table is based on information provided in the May 21-23 workshop. The use

-~ of the steam reforming treatment for the waste from 68 SSTs allows the WTP to complete ILAW

_ processmg of the other tank waste in approximately 20 years. Steam reforming has two other
advantages. The first advantage is that it allows the destruction of nitrates in the wastes and
‘enables a stable mineral waste form to be produced The second advantage is the elimination of
waste recycles between facilities permitting a single-pass operation. The reduction of the WTP
mission life for ILAW from 49.5 to 23 years would not allow.steam reforming by itself to meet
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the completion date of 2028. It would be deployed in conjunction with other MAI to achieve the
- desired 2028 tank farm mission compietion. In addition, steam reforming leads to a 20 percent .
increase in the total ILAW product disposed of at-the Hanford Site.

Table 5-4. Compari_son- of Stearn Reforming with the _Oﬁginﬂ'Basél_ine. :

Original Steam -
baseline - | - reforming
Tanks processed by WTP 177 109
Tanks processed by supplemental 0 68 -
technology - _
ILAW glass produced by WTP * 205,000 m*> 94,900 m’
_ ‘ | 543,500 MT 251,500 MT .
- | Years to process ILAW in WTP at 49.5 23
30 MTG/D |
Years to process ILAW in WIP |32 175
at 30 MTG/D from 2007 to 2018 and
at 60 MTG/D-from 2018 to completion . I
| Alternate waste 0 1154,000m°
| Total ILAW volume 1205000 m® | 248900m®

?Does not include sodium added during WTP pretreatmen

glass volume 5 to. 10 percent.

HLW = high-level waste,

ILAW = immobilized low-activity waste.
LAW = low-activity waste.

MT = metric tons.

MTG/D = metric tons of glass per day. -
WTP = Waste Treatment Plant.
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60 FLOW SHEET OPTIONS ALSO CONSIDERED

The flow sheets described in this chapter were presented in the April 2-3 workshop and were
included in the subsequent flow sheet analysis work to develop material balances and other
information. All of these flow sheets were included in the evaluation done by the May 21-23
C3T MAI Subgroup: For various reasons summarized in Chapter 7.0 and described in detail in’
Appendices A, B, and C of this report, the C3T MAI Subgroup did not recommend that these
flow sheets be pursued as part of the MAT in FY 2003.. The summary discussion provided in this
section is from RPP-11 131, Mission Acceleration Initiative Demonstration Information Package.
Appendix E contains additional discussion on the flow sheet options that were not recommended

" for further evaluation.

61  ACTIVE M‘ETA_L REDUCTION

The saltcake waste is retrieved and processed through the selective dissolution and solid-liquid
separation steps.- Both the cesium-rich and separated solids are sent to the DST system for
processing throu gh the WTP. The liquid stream from the solid-liquid separation step is the feed
-for the flow sheet—spec1ﬁc treatment steps. The active metal reduction process uses a stirred tank
or a fluidized bed reactor to decompose nitrates and nitrates present in the saltcake waste. The
sodium aluminate—aluminum hydroxide product from the active metal reduction reactor is mixed
with phospheoric acid or silica to produce a sodium alumino-silicate or alumino-phosphate

- ceramic waste form. - ' .

- Basedona pr_eliminary evaluation of the estimated waste inventory in 68 SSTs, this path reduces
the WTP total mission ILAW glass volume to 46 percent of the baseline. - The volume of the’
alternate waste form produced is equivalent to 101 percent of the WTP total mission ILAW glass
baseline. The total volume of ILAW glass produced by the WTP plus the supplernental waste
form (i.e., alumino-silicate or alumino-phosphate ceramic) is equivalént to about 147 percent of
the baseline volume of ILAW glass produced in the WTP. Table 7-1 summarizes projected low-
level waste production. Sulfate to be treated by WTP as LAW feed is reduced to 10 percent of
the baseline. The reductlon In waste volume and assoc1atcd sulfate inventory is an asset to-

the RPP.

62 CLEAN SALT WITHOUT CESIUM ION
EXCHANGE

The saltcake waste is retrieved and processed through the selective dissolution and solid-liquid
separaﬂon steps. Both the cesium-rich and separated solids are sent to the DST system for
processing through the WTP. The liquid stream from the solid-liquid separation step is the feed
for the flow sheet-specific treatment steps. Cesium and technetium ion exchange columns are

“not used for this flow sheet option because the radlonuchdes are 1nherent1y separated from the
clean salt as part of the process. .

The quuid waste stream from the solid-liquid separation s_tép is sent to an acid reactor where it is
acidified with nitric acid to pH 2.0. Acidification neutralizes sodium hydroxide and sodium
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carbonate, dissolves aluminum hydrox1de and converts ail the nitrite to nitrate and nitrogen

oxide. The pnmary form of sodium leaving the acid reactor is sodium nitrate. Crystallization of

sodium nitrate is performed in two steps. First, the acidified liquid stream is evaporated at.

- approximately 110 °C at atmospheric pressare until about 50 wt% of the sodium nitrate is
crystallized out. Second the liquid stream is cooled to crystallize another 20 wt% of the sodium

 nitrate.

The ligquid stream, which has a reduced sodium nitrate content, is ﬁeutrahzed by slowly addlng
the liquid to a sodium hydroxide bath. Once neutralized, the waste stream is sent to the DST
system for treatment by the WTP. Because cesium and technetium ion exchange are not
performed in this path, the sodium nitrate crystals are processed through a single wash column to
remove cesium, technetium, and other soluble radionuclide species. The washed crystals are
separated from the filtrate in a solid-liquid separation-step that sends the filtrate to the
neutralization step and the washed crystals to the immobilization step. A single stage of
fractional crystallization is assumed to be adequate to produce sufficient radionuclide
decontamination to meet apphcable requirements. Waste sodium nitrate is irnmobilized into a

phosphate - bonded ceramic. N

63 - CLEAN SALT WITH CESIUM ION
EXCHANGE

The salicake waste is retrieved and processed through the selective dissolution and solid-liquid

- separation steps. Both the cesium-rich and separated solids are sent to-the DST systern for
processing through the WTP: The liquid stream from the solid-liquid separation step is the feed

for the clean salt with cesium ion exchange-specific treatment steps. For the clean salt with

cesium ion exchange flow sheet, a cesium ion exchange column is the first processing step

Technetium is inherently separated from the clean salt and a separate technetinm ion exchange

column is not needed.

The liquid waste stream from the solid-liquid separation step is sent through a cesium ion
exchange column, with the resulting low-cesiuny solution sent to an acid reactor where it is
acidified with nitric acid to pH 2.0. This neutralizes sodinm hydroxide and sodium carbonate,
dissolves aluminum hydroxide, and converts all the nitrite to nitrate and nitrogen oxide. The
primary form of sodinm leaving the acid reactor is sodium nitrate. Crystallization of sodium
nitrate is performed in two steps. First, the acidified liquid stream is evaporated at
approximately 110 °C at atmospheric pressure until about 50 wi% of the sodium nitrate is -

- crystallized out. Second, the liquid stream is cooled to crystallize another 20 wt% of the sodium

nitrate.

The liquid stream, which has a reduced sodium nitrate content, is neutralized by slowly adding
the liquid to a sodium hydroxide bath. ‘Once neutralized, the waste stream is sent to the DST
system for treatment by the WTP. Sodium nitrate crystals are separated from the filtrate in a
solid~liquid separation step that sends the filtrate to the neutralization step and the crystals to the
immobilization step. A wash column is not used in-this path because a cesium ion exchange step
is part of the path. A single stage of fractional crystallization is assumed to be adequate to
produce sufficient radionuclide decontamination- to meet applicable reqmrements Waste sodium
nitrate is mlmoblhzed into a phosphate-bonded ceramlc :
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6.4  CLEAN SALT AND SULFATE REMOVAL
WITHOUT CESIUM 10N EXCHANGE

In the clean salt and sulfate removal without cesium ion exchange flow sheet, the saltcake waste
is retneved and processed through the selective dissolution and solid-liquid separatmn steps.
Both the cesium-rich and separated solids are sent to the DST system for processing through the
WTP. The liquid stream from the solid-liquid separation step is the feed for the clean salt and
 sulfate removal without cesium ion exchange-specific treatment steps. For this flow sheet, -
cesium and technetium i ion exchange columns are not utilized because these radl_onuchdes are
inherently separated from the clean salt. '

The liquid waste stream from the solid-liquid separation step is sent to an acid reactor where it is
- acidified with nitric acid to pH 2.0.. This neutralizes sodium hydroxide and sodium carbonate,
dissolves aluminum hydroxide, and converts all the nitrite to nitrate and nitrogen oxide. The
primary form of sodium leaving the acid reactor is sodivm nitrate. Crystallization of sodium
nitrate is- performed in two steps. First, the acidified liquid stream is evaporated at

approximately 110 °C at atmospheric pressure until about 50 wt% of the sodium mtrate is
crystallized out. Second, the liquid stream is cooled to crystallize another 20 wt% of the sodium
nitrate. Because cesium and technetium ion exchange columns are not used in this path, the
sodium nitrate crystals are processed through a single wash column to remove cesium and other
soluble radionuclide species. The washed crystals are separated from the filtrate in a solid-liquid -
separation step that sends the filtrate to the sulfate removal step and the washed crystals to the
mlcroencapsulatlon 1mmob111zat10n step.

" ‘The sulfate removal step is a batch-type process that involves selectively precipitating the sulfate
using strontium nitrate.  To remove the sulfate as a strontium precipitate, the waste feed is
adjusted to.pH 1.0 using nitric acid, followed by the addition of excess strontium nitrate. The-
acidified solution is'allowed to digest approximately 1 hour to allow the strontinm sulfate to
precipitate.  Precipitated solids are removed from the liquid stream and sent to a grout step. As
was done for the two clean salt flow sheets without sulfate removal described in Sections 6.2 and
6.3, the liquid stream is peutralized by slowly adding the liquid to a sodium hydroxide bath.
Once neuntralized, the waste stream 1s sent to the DST system for treatment by the WTP.

The grout lmmoblhzatlon step involves mixing the sulfate prec1p1tate waste stream with grout-
forming additives. Waste sodium nitrate is immobilized by Imcroencapsulatlon using a

ponethylene polymer..

65 CLEAN SALT AND SULFATE REMOVAL
- WITH CESIUM ION EXCHANGE

The saltcake waste s retrieved and processed through the selective dissolution and solid-liquid
separatlon steps. Both the cesium-rich and separated solids are sent to the DST system for '
~ processing through the WTP. The liquid stream from the sohd—hquld separation step, is the feed
- for the specific treatment steps. For the clean salt and sulfate removal with cesium ion exchange
fiow sheet, a cesium ion exchange column is the first processing step. Technetinm is inherently
‘separated from the clean salt and a separate technetium ion exchange column is not needed.
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The liquid waste stream from the solid—liquicl separation step is sent through-the cesium ion
exchange column, with the resulting low-cesium solution sent to an acid reactor where it is
acidified with nitric acid to pH 2.0. This neutralizes sodium hydroxide and sodium carbonate,
dissolves aluminum hydroxide, and converts all the nitrite to.nitrate and nitrogen oxide. The
pnmary form of sodium leaving the acid reactor is sodium nitrate. Crystallization of sodium
nitrate-is performed in two steps.  First, the acidified liquid stream is evaporated at
approximately 110 °C at atmospheric pressure until about 50 wt% of the sodium nitrate is
crystallized out. Second, the liquid stream is cooled to crystallize another 20 wt% of the sodium
‘nitrate. Because a cesium ion exchange column is used in this path, the sodium nitrate crystals
are not washed. The crystals aré separated from the filtrate in a solid-liquid separation step that .
sends the filtrate to the sulfate removal step and the sodium mtrate crystal stream to the
microencapsulam)n step.

The sulfate removal step is a batch-type process that involves selectively precipitating the sulfate
using strontium nitrate. To remove the sulfate as a strontium precipitate, the waste feed is
adjusted to pH 1.0 using nitric acid heated to 60 °C, followed by the addition of excess strontium
nitrate. The acidified solunon is allowed to dlgest approximately 1 hour to allow the strontium
sulfate to precipitate. Precipitated solids are removed from the liquid stream and sent to a grout
step. ‘As was done for the clean salt flow sheets with and without cesium removal described in
Sections 6.2 and 6.3, the liquid stream is neutralized by slowly adding the liquid to a sodium
hydroxide bath. Once neutralized, the waste stream is sent to the DST system for treatment by
the WTP. The grout immobilization step involves mixing the sulfate precipitate waste stream
with grout-forming addltlves Waste sodium nitrate is immobilized by nucroencapsulatlen usmg '

a polyethylene polymer.
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7.0 CLEANUP CONSTRAINTS AND CHALLENGES TEAM
ANALYSIS OF OPTIONS CONSIDERED -

A panel of 14 experts convened to evaluate the nine proposed treatment options. The summary
information presented i in the workshop is shown in Table 7-1. The effect on treatment of waste
from 68 SSTs was determined from the preparatlon of a flow sheet for each supplemental
treatment option. The number of years to process all of the tank waste was estlmated The

volume of ILAW was estlmated

The flow sheets and the technologies'for each option were reviewed using the eiraluatien criteria
~in Table 7-2 as guidance. The main categories for evaluation were (D Compliance and Safety,
(2) Project Utility, (3) Operablhty, (4) Technical Risk, and (5) Programmatic R_lSk

The.experts used guantitative values to assess the relatlve merit of the supplement treatment
options. The experts ranked the optlons accordmg to the crlterla The process is descnbed in

Appenchx A and Appendlx B.

- 7.1 INPUTS TO THE EXPERT PANEL

Inputs to the expert panel consisted of a written report (issued as RPP-11131, Mission
Acceleration Initiative Demonstration Information Package) with flow sheets and process
descriptions for dll options except option 3, steam reforming. The information in the written
report also was presented verbally at the workshop. The infonn-htion consisted of the following:

e Mass balances for key radionuclides and chemlcals of concern based on the inventory for
a representative saltcake tank, tank 241-S-112

.

e Description of the process equlpment and process conditions
o List of relevant laboraiory,'pilot and industrial experience

e Order of magmtude cost to deploy the option as a demonstratmn for processing the waste
from one tank

o Estimated reduction of the WTP LAW processin g duration based on using the eptlon for
processing the waste from 68 tanks (see Appendix D for funher discussion of the saltcake

waste)

. Esnmated total volume of ILAW for the 177 Hanford S1te tanks based on using the
option for processm g the waste from 68 tanks.
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72  EXPERT EVALUATION

The flow sheets ‘provided to the workshop typically mcluded pretreatment steps for sohd—hqmd
‘separation and the removal of cesium. The regulators on the expert panel also wanted
technetium removal before final treatrent and immobilization. The regulators were also more
sensitive to the d1sposa1 of waste that had not been denitrated. o :

 Costwas a conmde’ratton, but the relatlve cost among options was not a significant discriminator.
The cost for disposal of immobilized waste was not included in the flow sheet and descriptive -
~ material. This cost can be a significant factor, especially for the higher LAW volume options.
The cost estimates were for the initial demonstration for one tank, rather than hfe-cycle costs for
repeated deployments to treat up to 68 tanks. ‘The life cycle cost per tank for Inulﬂple tanks
would likely be less than the cost estimate for the one tauk. :

The options that were of most interest to the panel for testmg and demonstration were (1) those
that could be broadiy applied to saltcake waste (Project Utility), (2) those that significantly
reduced the volume of LAW that must be processed in the WTP (Project Utility), (3) those that
produced a waste form with good performance (Compliance), (4) those that reduced the total
volume of TLAW for disposal (Project Utility), (5) those that have had larger scale deployment in
~industry or within the DOE complex (Operabxhty and Technical Risk), and (6) those that have

~high deployment potentlal (Operability and Programmatic Risk). Major reasons for rejection or
low interest in options were lack of flow sheet maturlty and lack of perceived applicability.

73  CONCLUSIONS AND RECOMMENDATIONS

Based on the evaluation of the nine separate flow sheets, four technologies are recommended for
additional study: '

Sulfate removal
Containerized grout
Bulk vitrification
Steam reforming.

The expetts ranked the options according to the criteria.. The options recommended for
additional study were those that had the highest accumulated scores. Figure 7-1is a
representation of these resu]ts
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( Figu:e 7-1. Comparison of Rating Scores.

f Ed Compliance ahd safety £1Project Utility B Operability. Bl Technical risk Programmatic risk

‘The objective of the evaluators was to assess the technology options and to determine those that -
warranted further investigation because of their potential to meet project objectives for a
demonstration in FY 2004 or FY 2005. Further study will be aligned with the needs of each
specific option. Both radioactive and nonradioactive tests W1H be deﬂgned for the processes and ‘

equipment as reqmred

‘ These selected .options represent a range of trade-offs between process difficulty and

- performance; ease of achieving regulatory compliance, and benefit to RPP in accelerating the
mission. For example, the sulfate removal option is considered a comparatively simple process
with less complicated regulatory issues, but the acceleration benefit of removing and disposing
of sulfate alone is less than the benefit provided other options. Wlth more challenges that do not
send any fraction of the treated stream to the WTP. :
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$0 OTHER TANK WASTE TREATMENT OPTIONS

Chapters 4.0 through 7.0 described the treatment options and associated technologies considered
by the C3T MAI Subgroup that have the potential to maximize WTP throughput through its

" design life and to provide non-WTP treatment approaches for LAW where it is appropriate and
p0551ble to do so. The Performance Management Plan, as noted in Chapter 2.0, also discussed
alternatives that could provide parallel non-WTP treatment pathways to accelerate other non--
HLW treatment rates. An example cited in the plan is for tank waste that could be treated and
disposed.of as TRU waste at WIPP at Carlsbad, New Mexico. While alternative treatment of this -
waste and pathway was not a part of the flow sheet analysis and C3T MAI Subgroup evaluation,
it does offer potential for RPP mission acceleration and important advantages for DST space.
For that reason, alternative (reatmcnts of TRU and low-level wastes that currently are stored in
the SSTs and DSTs are discussed in this section. :

While additional initiatives are not part of the analyses conducted in this report, it should be

noted for completeness that ORP is pursuing additional initiatives as part of its efforts to

- accelerate tank waste cleanup. ORP, as supported by CHG, is jointly pursuing with the Office of
Science and Technology an initiative that could expedite both LAW and HLW immobilization.
The goal of this initiative is to significantly increase the throughput of the WTP to enable
accelerated cleanup and to achieve balance of mission treatment requirements beyond the current
WTP contract. Waste loading improvements to vitrified HLW will- significantly increase the
capacity of the HLW vitrification plant as well as reduce the volume of immobilized waste
requiring disposal. This joint ORP-Office of Science and Technology initiative is investigating
alternative HLW forms, modifying the chemistry of the melt, and evaluating alternative melters
(e.g.. in-can melter and cold crucible) to increase HLW loading in borosilicate glass. Additional
technologles will be developed to supplement the capacity of the LAW vitrification facility.

“This initiative also will look at technologies that will enable a portion of the LAW to be
alternatively treated to create a waste form that can meet disposal requirements. DOE also is
conducting development and evaluatlon of additional technologies such as: centrlfugal separatlon
of plasma that. may be applied to treanng tank wastes to reduce the RPP mission risks, cost, and

- schedule while accelerating tank waste cleanup. These initiatives are not discussed further in

this document.

8.1 TRANSURANIC TANK WASTE
SOLIDIFICATION FOR DISPOSAL AT THE
WASTE ISOLATION PILOT PLANT

The Hanford Site underground storage tanks contain approximately 1.3 million gallons of wasté
that could potentially be classified as TRU waste. These wastes are stored in nine SSTs and
three DSTs. Appendix F, Section F1.1, summarizes analyses conducted to determine tanks that
contain TRU wastes. The current baseline for treatment and disposal of the Hanford Site tank
wastes, including the potentially TRU tank wastes, begins with pretreatment to separate the tank
waste into LAW and HLW fractions. The HLW is to be vitrified and disposed of in the spent
nuclear fuel-HLW rep051tory The LAW also is to be vitrified and dlsposed of at the Ha.nford

Site;
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Pretreatment, LAW. Vlmflcauon and HLW vitrification processing of tank wastes will be
conducted at the WTP. These wastes hkely will require blending with HLW sludges before

“being vitrified in the WTP because they contain components (e.g., bismuth, chrome, and
zirconium) that exhibit limited incorporation in borosilicate glass. If processed without blending
in the WTP, the TRU tank wastes would produce an estimated 10,900 metric tons (MT) of glass.
Instead, if processed in the WTP, these potentially TRU tank wastes would likely be blended
~with other sludges retrieved from other Hanford Site underground storage tanks. Assuming the
potentially TRU tank wastes could be blended with other tank sludges to achieve a non-volatile
waste oxide lpading of 40 wit%! {excluding sodium, potassiurm, and silicon), the amount of glass
produced would be approximately 2,000 MT. Section 8.1.3.1 provides additional information on
the estimated mass of glass produced from vitrifying the potentially TRU tank wastes in the
WTP. : : : o

As an alternative to immobilizing the TRU tank wastes in glass, the TRU.tank wastes could be
immobilized in a low-temperature waste form and transferred to the WIPP for disposal.

A preliminary conceptual flow diagram for alternative treatment of the TRU tank wastes is
depicted in Figure 8-1. '

8.1.1 Process Description

- The TRU tank wastes would first be retrieved from their underground storage tanks and
transferred to a facility for separation of supernatants. Solid-liquid separation could be
conducted using crossflow filtration as discussed in Section 4.2. Next, the TRU tank wastes
would be washed with either water or dilute sodium hydroxide solution to remave soluble salts
(such as NaF contained in the neutralized cladding removal waste stored in tanks 241-AW-103
and 241-AW-105) to reduce the mass of TRU tank waste. For the sludges stored in tanks
241-SY-102 and 241-AW-103, washing also separates the HL.W supernatant from the TRU
sludges.  The wash solutions would be transferred to the DST system for treatment in the WTP.
The washed TRU tank waste would be immobilized and packaged for disposal in the WIPP.
Candidate alternative treatment processes that could be used to prepare the TRU tank wastes for
disposal at the WIPP include immobilization in grout, immobilization in phosphate-bonded
ceramic, and low-temperature drying.

DOE has determined that TRU waste will be prepared at its place of origin for shlpment o WIPP
for disposal. TRU wastes are to be segregated. into two categories based on the radiation dose
rate at the surface of the waste package. Waste packages that exhibit a radlatmn dose in excess
of 200 mrem/h are classified as remote-handled (RH-) TRU waste. ‘Waste packages that exhibit
a radiation dose less than 200 mrem/h are classified as contact-handled (CH-) TRU waste.
Remote-handled TRU (RH-TRU) waste packages are to be placed in the RH-TRU-72-B
rad10act1ve material package to provide shielding.

'This 40% waste oxide loading is used as an upper boundlng value. Typlca} HLW oxide loadings are in the
25-30% range.

8-2
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Figure 8-1.. Preliminary Conceptual Flow Diagram for Transuranic Tank Waste Treatment.

Water or Dilute NaOH

Candidate TRU —— P Waste Rewieval  ———p Solid Liquid H TRU Waste

Tank Waste System Separations. Immobilization
Supernatant / Wash |
“Solutions 1 Immobilized TRU
Transferredto | Waste Packaging
DST System - o
. Immobilized TRU
Waste Verification
for WIPP Waste |
Acceptance
Criteria
Transport
Immobilized TRU
- Waste to WIPP

DOE has established waste acceptance criteria for transfer of contact-handled TRU (CH-TRU)
wastes from various sites to WIPP (DOE 1999). Because WIPP presently is not permitted. by the
New Mexmo Environmental. Department to dispose of RH-TRU waste, the waste acceptance

criteria covers CH-TRU waste only. The DOE Carlsbad Field Office (DOE CFO) is pursuing a
modification to the RCRA Part B Permit for WIPP that. would allow for the disposal of RH-TRU
wastes. Once the RCRA Part B Permit is modified, the DOE CFO W111 develop waste
acceptance cntena for RH-TRU wastes. :

The development program for the MAI supplemcntal technology aIternatwe processes wﬂI need
to determine whether the TRU tank wastes are CH-TRU or RH-TRU waste and conduct process
verification testing to demonstrate compliance with the WIPP waste acceptance criteria for
CH-TRU and RH-TRU wastes once the RH-TRU waste acceptance criteria have been

developed.

8.1.2 Transuranic Waste Treatment Alternaﬁves

The potentially TRU wastes stored-in the SSTs and DSTs consist of precipitated metal hydroxide
sludges that include sodium salts, water, and fission products. Addltlonally, anon-TRU
supernatant and saltcake is present a]ong with the potentially TRU waste in some of these tanks.

8-3
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Treatment alternatives for the potentially TRU tank waste include the following:

o  Grout or phosphate-bonded ceramic (an ambient temperature encapsulation process)
e Low-temperature drying (includes addition of stabilizing agents).

These treatment alternatives along with the reference approach of vitrification are representative
of the range of treatment alternatives that could be applied to the potentlally TRU tank wastes.
" These treatment altemanves are discussed further in the following sections.

Recommendation: The development program for the MAT supplemental technology processes
will need to evaluate waste forms for treatment of the potentlally TRU tank wastes.

8.1.2.1 Vitrification

~ Vitrification of all tank wastes is the current baseline for the RPP. Accordingly, the waste
contained in the SSTs and DSTS would be retrieved and transferred to the WTP for treatment.
Within the WTP, tank waste sludges are pretreated to remove soluble components such as
aluminum, chromium, and POy (sludge washing and caustic leachmg) that affect glass
composition. Supernatants and sludge wash and: leachate solutions are pretreated to separate .
soluble 137Cs, #*Te, *°Sr, and TRU radijonuclides. The decontaminated supernatants, the LAW
fraction, are vitrified in joule-heated melters. The HLW fraction, pretreated sludges combined
with the radionuclides that were separated from the supernatarits, is vitrified in joule-heated
melters that are separate from the LAW melters. The amount of HLW glass produced from the.
pretreated sludge~radionuclide mixture depends on the composition of waste oxides. The
- minimum incorporation of HLW oxides in the HLW glass is determined based on specification 1
" from the WTP Contract, DE-AC27-01RV 14136, Contract Between DOE Office of River
Protection and Bechtel National, Inc., for the Design and Constructzon of the Hanford Tank
Waste Treatment and Immobilization Plant.

The Hanford Site has conducted sludge leaching and washmg tests with samples of tank wastes.
In partlcular, sludge washing and leaching tests were conducted with a core sample from tank
241-T-111. The wastes stored in tariks 241-B-201, 241-B-202, 241—B~203 241-B-204,
241-T-201, 241-T-202, 241-T-203, 241-T-204, and 241-T-111 are all second—cycle
decontamination waste and 224 Building waste. These wastes are assumed to exhibit similar

washing and leaching characteristics.

The sludge wash and leaching results from tests with the core sample from tank 241-T-111 were
applied to the combined waste inventory to estimate the mass of each waste cornponent after
pretreatment to estimate the mass of HLW glass using the minimum waste oxide limits from the
WTP Contract. Sludge washing and caustic leaching do not significantly remove bismuth from
these sludges. Because of limited bismuth oxide (Bi,Os) incorporation in HLW glass, the
vitrification of these pretreated sludges would result in the produc:tlon of 6.68 x 10° MT of HLW

glass.

" The Hanford Site has not conducted sludge leaching and washing tests with waste samples from
tanks 241-SY-102, 241-AW-103, and 241-AW-105. However, the OLI Corporation
Environmental Simulation Program was used to estimate the amount of each comporient that
would be removed from these sludges during washing and leaching. ‘The estimated percentage
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of each component removed from each sludge was applied to the sludge inventory to estimate
the mass of each waste.component after pretreatment and to estimate the mass of HLW glass
using the minimum waste oxide limits from the WTP Contract. For the sludge in tank
241-SY-102, chrome oxide (Cr;0;3) is only partially removed during leaching, and because of
limited incorporation into HLW glass, this sludge would produce 7.04 X 10> MT of glass. For
the sludges in tanks 241-AW-103 and 241-AW-105, zirconium oxide (ZrO,) is not removed
during leaching, and because of limited incorporation into HLW glass these sludges would
produce 3. 55 x 10° MT of HLW glass

'The_re_fore, the estimated quantity of HLW glass produced from processing the TRU tank wastes
separately through the WTP is 10,900 MT. However, the TRU tank wastes could be blended
together or blended with other tank waste sludges and processed through the WTP. If the TRU
sludges stored in all of the prev1ously identified SSTs and DSTs were blended together and the.
resulting sludge mixture was washed and leached, the mass of HLW glass produced is estimated
to be 6,870 MT. If the TRU sludges were washed and leached then blended with other Hanford
Site tanks wastes to achieve 40 wt%>, non-volatilé waste oxide loading (excluding sodium,

- potassium, and silicon oxides) in the HLW glass, the mass of HLW glass produced is estimated

to be 2,000.MT, based on the ¢ontribution of the waste oxldes present in the pretreated TRU

shudges only
8.1.2.2 Grout or Phdsphate-‘Bonded Ceramic

If the TRU wastes were to be immobilized in grout or phosphate-bonded ceramic, wastes would
first be retrieved from their underground storage tanks and transferred to a facility for separation
of supernatants. Solid-liquid separation could be conducted using crossflow filtration or
centrifugal filtration membranes. Next, the TRU tank wastes would be washed with either water .
or dilute sodium hydroxide solution to remove soluble salts and 7Cs. Washing would reduce
the mass of TRU tank waste requmng immobilization. The wash solutions would be transferred
to the DST system for treatment in the WTP. The washed TRU tank waste would be
immobilized using a specific grout or phosphate-bonded ceramic and packaged for disposal in -

the WIPP.
8.1.2.3 Low-Temperature Drying

DOE/EIS-0305F, Final Environmental Impact Statement for Treating Transuramc (TRU Y Alpha
Low-Level Waste at the Oak Ridge National Laboratory, Oak Ridge, Tennessee, was prepared to
evaluate treatment alternatives for the Melton Valley Storage Tank Iegacy wastes -and solid
wastes at the Oak Ridge National Laboratory. The Melton Valley Storage Tank legacy wastes
consist of about 800,000 gal of alpha-contaminated supernatant and about 180,000 gal of TRU
sludge. The legacy wastes are similar in waste characteristics to the candidate TRU wastes at the

Hanford Site.

.’Thls 40% waste oxide loadmg 1s used-as an upper boundmg value Typical HLW oxide loadings are in the
25-30% range.
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The DOE Record of Dec151on for the Melton Valley Storage Tank wastes seIected the low-
temperature drying treatment for the tank waste, and sorting, compactlon and repackaging for
the solid waste (65 FR 154). DOE estlrnates ‘that approximately 180 m’ of RH—TRU waste will -
be produced from treating the 900 m’ of TRU sludge and approximately 588 m’ of greatér than
NRC Class C low-level waste will be produced from treating the 800,000 gal of alpha-
contaminated supematant and slndge wash solution (DOE/EIS-0305F). The DOE selected the
Foster Wheeler Env1ronmenta1 Corporation to construct, operate, and decommission the required
waste treatment facﬂlty ~The estimated duration for treatment of the Melton Valley Storage
Tank legacy wastes is 18 months. The contract value is approximately $225 million. The DOE
has options for treatment of additional wastes in the treatment facility. |

The low-temperature drying technology could be used to treat the TRU sludges at the Hanford
Site. Sludges would be retrieved from their current storage tanks and transferred to a new TRU
waste treattnent facility. The retrieved sludges would be transferred in a double-contained,
pipeline to sludge collection and decant tanks in the new treatment facﬂlty Retrieved sludge

~ would be analyzed and washed with water to remove supematant and soluble salts. The TRU
elements would not dissolve during the sludge washing process. In order to meet RCRA LDR
standards and waste acceptance criteria for WIPP, additives would be mixed with the sludge.
The sludge—addltlve mixture would be concentrated for drying. After analysis, the concentrated
sludge—additive mixture would be transferred in batches to the sludge dryer. The dried sludge
solids would be loaded directly into RH-TRU canisters. Distillate from the sludge dryer would
be condensed, sampled and analyzed, then discharged to the 200 East Area Efﬂuent Treatment

: Facﬂlty

82  SOLIDIFICATION OF TANK 241-T-110
"~ LOW.LEVEL WASTESOLIDS

As part of evaluating whether the SSTs and DSTs contain waste that could be classified as TRU

waste, it was identified that the approximately 369,000 gal of waste contained in tank 241-T-110

is potentially low-level waste according to criteria established in DOE M 435.1-1, Radioactive

Waste Management Manual. Appendix F, Section F2. 0, summarizes the analysis conducted to

determine that tank 241-T-110 contains low-level waste. The waste stored in some of the other

SSTs may also be potentially low-level waste. The treatment alternatives propose for the TRU
“tank wastes may also be apphcable to the tank 241-T-1 10 waste. :
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90  RECOMMENDATIONS AND PATH FORWARD

‘This section provides recommendations with respect to ORP acceleration as part of the
Performance Management Plan and the path forward for accelerated cleanup of tank waste.

91 RECOMMENDATIONS |
Four recommendatlons are presented for the acceleration of cleanup of tank wastes dealing with
technology investigation, review of waste treatment and dlsposal requirements, TRU and low-

“level waste processing, and denitration. The detailed scopes for implementation of these

recommendations are to be developed as part of planning for the target baseline.

9.1.1 Technologies for Investigation Fiscal Year 2003

The pursuit in FY 2003 of the Iaboratory -scale demonstratlons and other 1nvest1gat10ns that
would be requ;red (e.g., follow-on engineering evaluatlons) for the foIlowmg supplemental
technologies are recommended: :

»  Sulfate removal
o Containerized grout
" e Bulk vitrification
e Steam reforming:

9.1. 1 1 Sillfate Removal

Sulfate removal allows for the acceleration of cleanup by reducing the amount of glass produced
in the WTP by increasing the waste loading in the LAW. Though this technology could be

~ deployed in conjunction with tank farm operations, it is envisioned that as a pretreatment step,

sulfate removal would be best deployed in the WTP. This deployment would offer the potential
benefit of not having to neutralize the waste which would in turn reduce the amount of sodlum

to be vitrified.

-Sulfate removal requires hot and cold laboratory testing to mvestlgate process parameters,

separation efficiencies, and waste form acceptability and performance. The process parameter .
study would define the conditions that would provide a robust region for the operation of the
precipitation process. The key for the sulfate precipitation is its acceptability for disposal and the
performance of the waste at the Hanford Site either w1th or without 1mmob1hzat10n (e g.,

grouting).

- 9-1
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© 9.1.1.2 Containerized Grout

: Contamenzed grout would allow acceleration of tank waste cleanup by reducing the amount of

- sodium that the WTP needs to process. In deploying this technology, the testing can be
conducted independently of the location selected for implementation. Containerized grout could
be successfully deployed either in conjunction wnh tank farm operations or in conjunction with

WTP operauons

Containerized grout requires investigations into disposal of nitrates, waste formulation, and
container design. Nitrate disposal has been identified as one of the key concerns with respect to
grout disposal at the Hanford Site. The need for investigations into waste formulation arises
from the fact the previous Hanford Site program had different process requirements than would
the containerized grout supplemental technology. Two 'areas requiring concurrent work are
waste formulation and package design. These two areas of investigation are mter—connected
because one of the key factors in the formulation work will be the curing temperature This
parameter will in turn be tied to the dimensions of the package.

9.1.1.3 Bulk Vltrlficatlon

Bulk vitrification would accelerate tank waste cleanup by reducmg the mass of sodlum requiring -
" vitrification in the WTP. The technology could be deployed in a variety of configurations based
“-on the module design of the equipment. The investigations for FY 2003 should focus on
deployment in conjunction with tank farm operations.

Bulk vitrification requires investigations into waste formulation, off-gas equipment performance,
and the reterition of radionuclides in the glass both during vitrification and during disposal. The
higher temperature and batch processing associated with the bulk vitrification concept may -allow
significantly higher sodium incorporation rates than currently planned at the WTP. Establishing
the sodium loading would be 2 key parameter for deployment of this technoelogy. The
information presented to date shows a robust off- gas system for the bulk vitrification system.

~ Engineering evaluations of the system are necessary to support permitting requirements and to
answer concerns raised in review of the technology. In the data provided by the vendor, bulk
vitrification. showed a high retention of radionuclides both during vitrification and in the digposal
system. Confirmation of this radionuclide data would also be key to the successful deployment

of bulk vitrification.
- 9.1.1.4 Steam Reforming

Steam reforming could allow acceleration of the cleanup of tank waste by serving as an
additional method for immobilizing the LAW fraction of the waste. By reducing the burden on
the WTP melters, the schedule could be significantly accelerated '

Currently the WTP contractor, Bechtel National Inc., is Ieadmg thxs effort. They have performed
preliminary cold tests and are evaluating the product. Future plans include BNI developing a |

~ technical roadmap, a preliminary flow sheet, and conducting a performance assessment on the -

- product that was produced from the cold tests. These data will enable ORP to evaluate what

- further investments are required and help them interact with other DOE sites (i.e., Idaho) that
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also are interested in steam reforming. The overall evaluation must show a substantial lifecycle
cost benefit producing a product that meets the same disposal criteria as the ILAW glass.

9.1.2 Waste Disposal Requirements

Disposal of the supplemental treatment waste at the Hanford Site will require a review of the = -
radionuclide and dangerous waste requirements. It is recommended that these reviews be
conducted during FY 2003 to support the down-selection process.

9.1.2.1 Radionuclide' Waste Requirements

An evaluation of the proposed supplemental technologies should be conducted to confirm or
establish the degree of radionuclide separations necessary for the treated saltcake waste in’
accordance with waste disposal considerations. Radionuclide separation (i.e. pretreatment) steps
common to all of the supplemental technologies (selective dissolution, solid-liquid separation, Cs
and Tc separation) should be further investigated, starting in FY 2003, as recommended in -
Chapter 4. This should include gathering additional selective dissolution data on the tank -
241-U-107 test and gathering performance data on solid-liquid separation and Cs and Tc jon
exchange starting with mamtammg cognizance of the corresponding research and testing by the
WTP. Pro_;ect ‘

9.1.2.2 Dangerous Waste Requirements

Through evaluation of the disposal pathways for the waste from supplemental treatment, the

_ lined low-level waste burial trench was identified as the prime site for disposal of this waste.

* Further analysis is necessary to determine whether the waste complies with federal regulations
for placement on the land such as the LDRs found in Title 40, Code of Federal Regulations,
Part 268, “Land Disposal Restrictions” (40 CFR 268) and the Washington State regulations
found in WAC 173-303-140. In addition, the lined low-level waste burial trench will require an
update of its performance assessment. :

9.1.3 Supplemental Analy31s of Denitration of Tank Waste

The benefits of denitrating the tank waste have been ldentlﬁed at both of the workshops
conducted as part of the C3T MAI Subgroup evaluation of supplemental alternatives. The
successful denitration of the tank waste would allow for a greater range of supplemental
technologies to be explored (e.g., grout, fractional crystallization). -A variety of non-thermal
 alternative technologies such as electro-chemical denitration have been proposed to remove
nitrates from the tank waste, but none of these technologies has been deemed adequately
advanced in development to be deployed under the requirements for the supplemental .
technologies (e.g., deploy op_erational demonst'ration unit in'2006). '

If DOE’s current strategy for treatment of the Hanford Site tank waste does not achieve its
desired goals, development of ene or more backup strategies would be prudent. To increase the
range of application for these backup strategies, it would be highly advantageous to investigate
means to denitrate the waste. In the evaluation of technologies, the C3T MAI Subgroup found
that active metal denitration appears to be promising and warrants further investigation. Thus it

9-3
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s recommended that the Office of Science and Technology perform investigations of dert_itration
processes. '

9.1.4 Transuranic Waste Treatment

. TRU waste treatment allows for acceleration of tank cleanup by reducmg the amount of waste
that requires vitrification as HLW. This treatment system would be deployed in conjunction
with tank farm activities to minimize the 1mpact on the WTP. . :

Preliminary information has been developed for the process and associated costs of this
technology. To further advance this concept, it is recommended that an engineering evaluation -
be conducted for TRU waste disposition alternatives. This evaluation would further develop the
waste form, engineering data for the eqmpment and fac1l1ty selection, and compliance strategy .
for disposal of the waste at WIPP.

To support this evaluatlon of TRU wastes the following tasks should be. perfonned

e Evaluate the waste contained in the Hanford Sl_te tanks to designate whlch t-anks contai_n_.
- TRU waste suitable for treatment and disposal in the WIPP

«- Evaluate waste forms for treatment of the potentially TRU tank wastes (these waste
- forms may also be applicable to low-level tank waste such as that in 241-T-110 since this
waste is chemically sitnilar to the TRU waste present in the SSTs)

e Coordmate with activities planned for the dlsposmon of TRU waste sludges sto;red in
K Basins ' _ _

«  Coordinate with activities planned for the investi gatlon and dlsposmon of the TRU waste
inthe 618-110 and 618-111 bunal grounds. '

9.1.5 Continued Development of Office of Sciehce and
' - Technology Initiatives o '

The continued investigation of promising technologies by ORP together with the Office of
Science and Technology should be continued through their jointly agreed-upon projects on
immobilization alternatives to expedite cleanup, smgIe—shell HLW tank disposition, and
remediation of leaked HLW below Hanford Site tanks. These activities ensure that innovative
technologies are available on a continuing basis to support the MAI at the Hanford Site.

9.2 PATH FORWARD

The current RPP path forward includes the foIlowmg addmonal steps, which will be completed
to implement the Performance Management Plan:
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Programmatic Environmental Review Report

Strategy for the revised and mutually agreed to Performance
Management Plan for Accelerated Cleanup of the Hanford Site

Draft supplemental analysis to. the Enviro_hmentél Impact Statement
Develop a target baseline _ o
Complete hot laboratory testing of alternative technologies

Complete cold pilot demonstrations of selected technologies
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APPENDIX A

-~ EVALUATION OF LOW-ACTIVITY WASTE. FEED SUPPLEMENTAL TREA'IMENT
OPTIONS BY THE CLEANUP CONSTRAINTS AND CHALLENGES TEAM
- MISSION ACCELERATION INITIATIVE TEAM
FOR THE O_FFICE OF RIVER PROTECTION

AL0' INTRODUCTION AND BACKGROUND

The U.S. Department of Energy (DOE), Office of River Protection (ORP), is responsible for the
remediation of the Hanford Site tank farms, including the 53 million gallons of highly
radioactive mixed waste contained in 149 single-shell tanks (SST) and 28 double-shell tanks -
(DST). ORP manages the River Protection Project (RPP). Under the RPP, wastes retrieved from
the tanks will be partitioned to separate the highly radioactive constituents from the very large '
volumes of chemical wastes that exist in the tanks. The volume of waste is the result of
chemicals used in various Hanford Site processes chemicals that were added-to the tanks to
reduce tank corrosion, and chemicals used in reprocessing and extraction of cesium and
strontium. The highly radioactive constituents are to be vitrified, stored onsite, and ultimately-
disposed of as high-level waste (HLW) in the offsite national repository. The less radioactive
chemical waste, referred to as low-activity waste (LAW); also would be vitrified and then
disposed of onsite in trenches that comply with the Resource Conservation Act of 1976 (RCRA)
and in compliance w1th DOE 0 435.1, Radzoactzve Waste Management.

Under a consent order’ entered info by the Washington. State Department of Ecology (Ecology), -
the U.S. Environmental Protection Agency, and the ORP, the vitrification of all Hanford Site- -
tank waste is to be completed by 2028. However, meeting the 2028 treatment completion date
presents significant technical and fiscal challenges. The current Tri-Party Agreement-compliant
RPP baseline is predicated on a phased approach wherein a 30-metric tons of glass per day
(MTG/D) LAW vitrification facility and a 1.5 MTG/D HL.W vitrification facility will treat at
least the first 10 percent of the waste by 2018. HLW treatment capacity will need to be

- increased to 12 MTG/D and the LAW treatment capacity increased.to 120 MTG/D in 2018 in
order to complete waste processing by 2028, based on the preferred approach in DOE/EIS-0189,
Tank Waste Remediation System Hanford Site, Richland, Washington, Final Environmental
Impact Statement Accordmg to DOE/EIS-0189; the additional capacity is attained by doubling -
the capacity of an initial Waste Treatment Plant (WTP) and constructing a second WTP with the

same expanded throughput

! The state of Washington implements a U.S. Environmental Protection Agency-authorized hazardous waste
management program via the Washington Administrative Code, Section 173-303, “Dangerous Waste Regulations.”
References to RCRA in this document in the context of Tri-Party Agreement cleanup remedies refer to
“Washington’s Dangerous Waste Regulatmns

2 Hanford Federal Facility Agreement and Consent Order, .aiso referred to as the Tri-Party Agreement.

Al
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. The high capital expense assoc1ated with the above approach has resulted in consideration being _'
given to enhancing initial WTP processing capability and eliminating the second WTP. This
approach better utilizes the WTP investment capital but will not complete tank waste treatment

until 2046.

Accordingly, the Mission Acceleration Initiative (MAI) was developed to allow tank waste
treatment to be completed by 2028. Figure 1-1 presents a conceptual pathway to complete wasie -
treatment by 2028. This acceleration would be accomplished through a combination of '
(1) increasin g the HLW and LAW treatment capacities in the initial facilities brought on line in
2007 to 6 MTG/D and 60 MTG/D, respectively,” and (2) deploying supplemental treatment
technologies to treat wastes determined to be _non-HLW_.4' Option 2 may include pretreatment of
the waste to produce the non- -HLW fraction or may use any excess capacity in the WTP, This
accelerated approach enables tank waste treatment to be completed by 2028 with all tank—HLW5
vitrified. The MAI assumes that LAW treatment in the WTP would increase to 60 MTG/D with
LAW immobilization being accomplished by vitrification and a supplemental immobilization

- technique. Even with the LAW treatient increase, a gap (illustrated by the bracket in

Figure 1-1) remains between the quantity of LAW that could be treated in the LAW treatment
plant by 2028 and the total quantlty

From May 21 - 23, 2002, the Cleanup Constraints and Challenges Team (C3T) MAI Subgroup,
together with invited experts, held a workshop to evaluate.flow sheet options for the MAIT to
close that gap. Although the options assumed skid-mounted treatment units that could ostensibly-
operate independently of the WTP, the participants were instructed to'also consider whether key
treatment components would be of value if used in conjunction with the WTP (i.e., waste from
pretreatment operations being fed into a supplemental immobilization unit), ® It was stressed that
~“skid mounting” could be interpreted in very different ways, from simply constructing “skid-
mounted” offsite and transporting to a permanent hosting facility, to total mobility and outdoor
operation. Additionally, the options were considered with the objective of a demonstration with
radioactive waste in the 5 gal/mm throughput range within the next 3 to'5 years. All of the
options were targeted for use in closing the LAW ireatment gap in a manner that would
accelerate clea:nup and risk reduction but would mamtam cleanup qual1ty

A LAW treatment gap exists between the MAI conceptu-al c_apa{_:_1ty of the WTP and the waste
' treatmient capacity if all tank waste treated by 2028 were predominantly high-sodium saltcake
wastes in the tanks. Accordingly, the flow sheets for the supplemental tank waste treatment

* The LAW treatment throughput would be equivalent to 60 MTG/D; however, not all LAW would be. v1tr1ﬁed
(i.e., alternative waste forms could be used to supplement vitrification).

4 Non-HLW is waste that is deemed not to be HLW due to its origin (e.g., TRU waste from decladding operations)
- or due to waste incidental to reprocessmg determinations in accord with DOE M 435.1-1, Radioactive Waste
Manggement Manual.

* Hanford Site cestum and strontium capsules were-not addressed by this action team.
® The flow sheets presented to the workshop participants were intended to facilifate the workshop evaluations, not to
limit the ways that treatment technologies could be benef1c1ally deployed to meet ORP’s treatment objectives. For

example, a 5 gal/min flow rate was used for the flow sheets but a net flow rate of apprommately 7 gal/min would be
required o close the gap on a 24-7 basis.

A2
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- options focused on saltcake wastes retrieved from SSTs. For purposes of the workshop
evaluations, the flow sheets were focused on treating wastes from 68 SSTs that have been
tentatively identified as candidates for such treatment opuons Each of the SSTs selected has
saltcal(e inventories of at least 50,000 gai.

Figure 1-1. Mission Acc_eler_atxon Initiative Cases for Treating Low-Activity Waste.

Figure 1 — Comparison of Baseiine and Accelerated Cases for
Treatmg Low Active Waste (LAW)
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The combination of anceferated LAW treatment in the WTP and ‘supplementzal fechnologies prowdes a pathway to
complete waste treatmment by 2028.

The core LAW treatment technologies used in the flow sheets are the product of prior technology
studies by DOE conducted over the past decade (¢.g., by the Tanks Focus Area and the DOE
Office of Environmental Management) as well as technologles that have been developed and in
some cases successfully deployed by private industry. In order to allow the May workshop
evaluations to be focused on a manageable number of alternatives,-a prehmmary screening was
conducted by ORP in early April. The screening resulted in selection of nine flow sheet options
(options one through seven, plus two vanants) for evaluation at the May workshop. The options -
were based on mass balarice and other technical and. programmatlc data developed for the
technologies during April and early May. The evaluator panel included twelve members and two
backups. The screening process is described in Attachment Al, '



RPP-11261 REV 0
' A2.0 OPTIONS EVALUATED AND INFORMATION REVIEWED

Figure 2-1 summarizes the technologies that were used in the nine flow sheet options evaluated.
All nine options start with a “Selective Dissolution™ step, which would be accomplished as part-
of the baseline tank retrieval process (salt dissolution). Selective dissolution takes advantage,of
the high solubility of cesium and technetium to separate the first fraction of the dissolution
stream to the WTP, via the DST system, leaving a waste stream with significantly reduced
radionuclide content as the feed for supplemental treatment processes. The expected
effectiveness of such a separation was discussed among the evaluators, and serious reservations

~ were expressed by a few evaluators regarding the exirapolation of partitioning factors measured
in test tubes at equilibrium to phenomena occurring in a tank-size salt bed. The evaluators
decided to not include this step in their evaluation and to take no credit for the separations
provided by it, although most appeared to believe the technology will work to some extent.
CH2M HILL Hanford Group, Inc., will measure the effectiveness of selective dissolution within
the next few months during the planned low-volume density gradient proof-of-concept test of
salt dissolution retrieval in tank 241-U-107.

In all nine optmns, selective dissolution is followed by a solid-liquid separation step. This step is
expected to effectively separate strontium and transuranics contained in suspended solids as
these are essentially insoluble. . The saltcake wastes being considered for these options do not
‘have appreciable organic complexants so there is essentially no soluble strontium or transuranic
constitients. The solid-loaded effluent from the solid—-liquid separation will be returned to the
DST system for treatment by the WTP. Table 2-1 describes the steps specific to each option.

'For each option except option 3 (steam reforming), the following information was pi’ovided_to
the evaluators in a written report, RPP-11131, Mission Acceleration Initiative Demonstration
Information Package, and verbal presentations:

o Mass balance for the main radionuclides and chemicals of concern for the tank 241-S-112

inventory (used as a representative tank} on a 5 gal/min treatment basis (this mcluded for
~each unit operation, estimated separations of the main contaminants [e.g., cesium,

strontium, technetium, transuranics, nitrates, sulfates] from the stream to be immobilized)

o Description of the primary equipment and process conditions involved
 List of relevant laboratory, pilot, and industrial experience
» Estimated waste form performance toward radionuclides andchemicals of concern

e  Order of magnitude of the cost to deploy the option in a skid-mounted unit, to treat the
inventory of one tank (e.g., tank 241-S-112) at approximately 5 gal/min (the cost was
provided for comparison purposes only, not as a basis for future project planning) -

A4
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Figure 2-1. Low-Activity Waste Supplemental Treatment Options as Evaluated at the
' May 21-23, 2002, Workshop.
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**Tc lon Exchange added as a result of May 21-23 Workshop
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Table 2-1. Summary Description for Potential Low-Ac'_tiVity Waste Treatnient Options.

(2 sheets)
Option . Summary description as eva}uéted
Option' 1 - Bulk The LAW stream is passed through a cesium ion exchange column that contains crystalline
Vitrification | silicotitanate to remove cesium (technetium removal was assumed when evaluating this

optlon but no flow sheet calculations were done in advance of the workshop). This results
in a waste stream that is expected to require less shielding for subsequent processing steps.
The waste stream is processed by a bulk vitrification step that involves the mixture of the
waste with inexpensive glass forming materials (clay or sandy soil) foliowad by
vitrification." Vitrification is performed inside of the eventual disposal container through
the use of inserted electrodes and the application of electrical power. The resulting vitrified
product is dlsposed of in the container in which it was processed. Final disposition of the
¥1Cs-Jaden crystallme silicotitanate for a demonstration has not been determined but could

.include processing in the WTP HLW vitrification fac1hty "The eluted technetium is

returned to the DST system. All larger scale cesium and technetivm ion exchange would
likely take place in the WTP.

Cption 2 — Active
Metal Reduction-

The EAW stream is passed through a cesium ion exchange columnn that contains crystailine
silicotitanate to remove cesium (technetium removal was assumed when evaluating this
optlon, but no flow sheet calculations were done in advance of the workshop). This results
in a waste stream that is expected 10 require less shielding for subsequent processmg steps.
The waste stream is processed through two treatment steps. First, the waste stream is
reacted with aluminum metal to form a sodium aluminate, This processing step also results
in the destruction of sodium nitrate, nitrite, and hydroxide species. The immobilization step
involves the reaction of the sodiurm aluminate with phosphoric acid to create a phosphate-
based ceramic waste form that is placed in containers for disposal. The liquid stream not

: 1mmoblhzed in‘the ceramic waste form is placed into a phosphate-based cement. Again,
final disposition of the BiCs- laden crystalline silicotitanate for a demonstration has not
"been determined but coild include processing in the WTP HLW vitrification facility. The

eluted technetium is returned to the DST system. Alllarger scale cesium and technenum
ion exchange would likely take place in the WTP..

Option 3 — Steam
Reforming

The LAW stream is passed through a cesium jon exchange column that contains crystalline
mhcohtanate to remove cesium. (Technetium removal was assumed when evaluating this
option, but this step was not included in the flow sheet calculations done in advance of the
workshop.) This results in a waste stream that is expected to require less’ shleldmg for

- subsequent processing steps. The waste is processed in a high-temperature. fluidized bed

undér'a slight vacoum. Superheated steam and additives are injected into the bed creating
both reducmg and oxidizing zones. The process destroys nitrates and with the help of
additives, 1nc0rp0rates radioisotopes together with sodlum sulfate, chlorine, and fluorine in
a granular material that can be placed in containers or grouted. Again, final disposition of
the ¥'Cs- laden crystalline silicotitanate for a demonstration has not been determined but
could mclude processing'in the WTP HLW vitrification facility. The eluted technetium is
returned to the DST system. All larger scale cesium and technetium ion exchange would
likely take place in the WTP. -

Options 4A and 4B

—Clean Salt

Because the elean salt technology separates the cesium and technetium fromi the stream to
be immobilized, evaluations are conducted for one option without a cesium ion exchange
column (4A) and one option with the column (4B) For both options, the waste stream is

reacted with nitric acid to convert sodium salts to sodium nitrate, The reacted solution is

passed ﬂlroqgh an evaporator and cooler to crystallize out sodium nitrate. For.option 4A,
the crystals are washed to remove radionuclides and other species from the sodium nitrate
crystals. For both options, the sodlum nitrate ¢rystals are filtered from the liquid and then
immobilized in an appropnate grout.” These two options.send the sodium nitrate-depleted

waste stream fo the WTP via the DST system.

A-6
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Table 2- 1 Summary Description for Potentizl Low-Act;vzty Waste Treatment Options.

(2 sheets)

Option

- Summary description as evaluated

Options 5A and 5B
— Clean Salt with
Sulfate Removal

These two options are similar to options 4A and 4B because they react the waste stream
with nitric acid to convert sodjum salts-to sodium nitrate, and crystallize out {through
evaporation) sodium nitrate, which is filtered from the liquid, for immobilization. Option
5A involves no upstream cesium ion exchange column, but does include a sodium nitrate

_crystzl wash step, while option 5B includes an upstream cesjum jon exchange column but

no washing stép. In addmon -options 5A and 5B include the following features, which are
different from optlons 4A and 4B: (1) the liquid solution (which contains very little sodium
nitrate) from the evaporation step is further processed to remove sulfate before being sent to
the WTP via the DST system, (2) the removed sulfate is immobilized in an appropriate
grout, and (3) the sodium nitrate crystals are immobilized by rmcroencapsulatlon {as
opposed to grout).

Option 6 —

Containerized Grout

The LAW stream is passed through a cesium ion exchange column that contains crystatline
silicotitanate to remove cesium. (Technetium removal was assumed when evaluating this
option, but this step was not included in the flow sheet calculations done in advance of the
workshop.) This results in a waste stream that is expected to Tequire less shielding for
subsequent processmg steps. The waste is processed by an ambient solidification step that .
involves the mixing of the waste with grout formers (Portland cement, fly ash, and slag) io

| form a solid grout product, The resulting grout product is placed into containers for

disposal. This treatment optlon does not send any secondary waste stream to the WTP.
Again, final disposition of the *'Cs-laden crystalline silicotitanate for a demonstration has
not been determined but could include processing in the WIP HLW vitrification facility.
The eluted technetiumis returned to the DST system. All larger scale cesium and
technetium ion exchange would likely take . place in the WTP.

Option 7 — Sulfate
Removal

The LAW. stream is passed through a cesium ion exchange column that contains crystalline

silicotitanate to remove cesium. This results in a waste stream that is expected to require
less shielding for subsequent processing sieps. The waste stream i processed through the
following steps. First, the waste stream is reacted with nitric acid to change the stream
from alkaline to acidic. Strontium nitrate is added in a subsequent step to prempltate
sulfate, The sulfate species are filtered from the liquid and immobilized in a grout. This

| option sends the sulfate-depleted waste stream: that contains technetmm and other soluble
| radionuclides fo the WTP via the DST system. ‘

DST
HLW
LAW

=

double-shell tank.
= high-level waste.
low-activity waste.

WTP = Waste Treatment Plant.

. Estimated reduction of WTP LAW processing duraﬁon compared with the current
baseline for the Hanford 177 tanks if the optlon were to be applied to all relevant SSTs
(68 tentatwely identified) -

o Estimated total volume of immobilized LAW (ILAW) for the Hanford 177 tanks if the
option were (o be applied to all relevant SSTs (68 tentatwely Identlfied) (this included
both the WTP ILAW and the alternative waste forms produced by the option evaluated).

The meeting minutes and verbal presentations have been assembled in RPP-11303, Three-Day
Workshop to Evaluate Alternative Treatment 0ptzons Jor Hanford Site T. ank Waste Meeting

M Inutes.
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Table 2-2 summarizes the potential 1mpact on WTP LAW processmg duration a.nd on ILAW
total volume.

The evaluators noted that the cost order of magnitude did not include the disposal cost for the
‘immobilized waste, although it could be a significant driver, especially for higher LAW volume
options. The evaluators also noted that the cost estimates were for the initial demonstration

(5 gal/min basis, 1- to 2-year operation) rather than life-cycle costs for repeated deployments of
the same equipment. Deployment for multiple tanks likely would result in lower costs on a per
* tank basis.

For option 3, steam reforming, three handouts from previous presentations were provided to the
evaluators, and a verbal presentation was made by a representative of Studsvik, one of the
-vendors for this technology The information prov1ded covered most areas 11sted above for the
othcr options, except for the following,

'« No detailed mass balance was provided. The main process streams were qualitatively
discussed, with limited quantitative data provided on some inlet process additives, off-gas
streams, and waste products.

«  No cost data were developed for a Hanford Site depleyment of the technology that would
be comparable to the other optlons :

» The impacts on WTP processing duration-and on the total volume of ILAW were
~ estimated by the evaluators based on the limited data provided by the vendor and by
_ extrapolation of the calculations made for the other options.

A-8
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A3.0 EVALUATION

EVALUATION PROCESS

The 12 e\(hluators agreed on the evaluation criteria listed and described in Table 3-1. The
criteria were grouped into five aréas: compliance and safety, project utility, operability,
technical risk, and programmatic risk. The ¢riteria were not weighted.

A number of general changes and clanficauons were made in the course of evaluating the
options, including the following (detailed 0pt1011—spec1ﬁc changes and clarifications are
described later in this section; detailed scores are provided in Table 3-2).

Selective dissolution, solid~liquid separation, and cesium separation are developed
technologies in common to nearly all of the options. Thus, although these technologies
were discussed, they were treated as non- dlscnmmators in the evaluation.

The cestum separation technology was based on non-regenerable crystalline silicotitanate
(CST). Although acceptable for the purposes of demonstrating treatment of a- cesium-
depleted waste stream, the potentially significant adverse impacts of CST on the quantity

- of HLW glass led to the conclusion that regenerable ion exchange resins could be used in

place of CST to minimize these impacts.

. Technetium removal was added to several options to improve overall scoring relative to

ease of waste incidental to reprocessing (WIR) determinations and obtaining regulator -
acceptance of the waste form. The evaluators agreed that adequate proven technology

" exists for this separation. DOE’s ability to make WIR determinations pursuant to

DOE 0 435.1 is currently in litigation. Ecology expects the WIR process to continue to
get great scrutiny by the State and the public. DOE remains accountable for obtaining

WIR determinations.

Although adaptability to skid mounting is a feature that often facilitates cost-effective
demonstration of a technology, it was recognized that equipment that generates or has the
potential to generate hazardous off-gas streams should be enclosed within a facility
designed to accommodate the hazard. Thus, the scoring process considered the use of
fixed facilities that enclose process equipment where appropriate. One evaluator pointed -
out that for most options, temperature control and shleldmg would require containment of
the equipment in a facility but that constructing “skid- mounted” equlpment offsite could
still lead to some cost savings.

Two of the prOJect utility evaluation criteria were deleted from the scoring process
because they were ¢onsidered non-discriminators: “Percent of Waste Apphcable To,”
and “Compatibility with RPP Integrated Flow Sheet.” Other criteria were clarified before
scoring the options. For example, all compliance and safety criteria were noted to 1mp1y
that any deployment would be safe and compliant but that different options would be
more or less challengmg to implement in a safe and compliant maner-
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Table 3-2. .Detailed' Scores.

1 Bulk Vit 2Active .{ 3Steam | 4A Clean 4B 5AClean | 5B Ciean { 6 Gront® | 7 Sulfate
Metal Reform™? salt Clean salt -~ salt removal®
Reductn ¥ ceramic | salt sulfate snlfate :
groot, Bo | ceramic [ removal, removal
cesium grout no cesitm with
removal | without - { removal 1 cesiom
i cesiom - removal
removal
. Compliance and Safety B
Op safety 2 2 2 2 3 2 3 4 4
Reg permit 2 3 2 -3 3 3 3 3 4
WIR - 25 2 3.5 4 4 4 4 BES 4
LDR. _ .4 ¥ 3 2 2 2 2 1.5° 3
Tc _ 4 3 3 3 3 3 3 2 3
Niteate 4 4 47 1 1 1 1 1. 4
o ' Project Utii
Percent waste app -4 ' 4 4 -4 4 ‘ 4 4 4 4
Waste voi disp 3 2 2 3 3 3 3 1 3
onstie . )
Date mifsion 3 3 3 2 2 4 ] 4 B 4 . 3
completion : . ) N
RFP integrated i ‘
flow sheat- 3 3 3 3 3 -3 ‘3 3 | -3
compatibility ] i :
FL Operability
Ease ops and 5 e © a5 5 3 T - o 2 s
process cont . ‘
Process stability 3 2 3 2 2 2 2 4 4
Ease maintenance 2 . 2 2 2 3 | 2 3 : 4
Number, . ' .
complexity unit 2 1.5 2 2 2 1 1 4 4
ops : . : : :
RPP treatmtneeds | 17 ' 1" . 1w 2 2 3 3 3. 3
: ’ . . . Techniea} Risk : . :
Matgity 4 i 35 2 [ 2 2 2 4 4
Chem risk . 3 2 . 2 L2 2 2 2 4 4
Deployment : . ’
hisﬁ)r;’ 3 1 3 1 1 ] 1 4 3
Scale-up 4 3 41 2 i 2 2 2 4 4
_ Programmatic Risk K
Path to 2 : o
deployment . z i» 2 ! ! ! ! ! 3
Vendorrely 2 3 3 3 3 3 3 4 4
Equip avail - 3% L3 ‘3 3 3 3 3 4 4
Cost impact -2 2 | Not rated" 1. 1 2 2 3 27

Igkid-mounted systems are prablemanc Scores assume location inside a facility.
“This option is not likely to work unless technetium removal oceurs before treatment; ratings assume this removal.
3This is a WTP enhancement. Tt will be more cost-effective if applied to DSTs.
*Process unit must be housed in a facility, otherwise score-drops to 1.
SReglllatan preferred a lower score than other technical evaluators.
SLow because of nitrate issues.
“Likely to be required in monolithic form. to perform well.
lesagreement among evaluators on ease or difficulty — many evaluators prefened hlgher score.
*One of the easiest operationially.
“Based on mobility criterion only.
V'Rated on basis of 5-10 gal/min, which requires 4 4- fi-diameter seformes similar to hat currently operated by Studsvik. Team had reservations
about the 9-fi-Jiameter nnit proposed for the WTP due to insufficient information.
PIOE administrative policy regarding altemnatives to vitrification may exclude this-option,
**May be promising technology in the long term, ‘but schedule precludes consideration here.
Yyioting assumed small-scale process unit. :
“May be pateiit or royalty issues associated w1|:h this option. :
¥ Appears to save approximately 19 operating years, but detailed ‘demonstration cost dam not were available to make a comparison.
"Score if only the 68 tanks are considered. .
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A3.2  OPTION1: BULK VITRIFICATION .

This option was deemed not viable on a skid-mounted basis due to difficulties in ensuring
adequate containment of off-gases even for a limited demonstration rate (5 gal/min basis).
Although there is significant vendor experience with skid-mounted treatment of low dose rate
wastes, regulator representatives stated that given the very high operating temperature (1,600 °C,
which is higher than WTP melters), maximum achievable control technology (e.g., double
containment, automatic feed cutoff) will be required, and permitting would only be- possible

: 1n51de a buﬂdmg Therefore, this optlon was assumed to be inside a facility.

A3.2.1 Compliance and Safety

The high temperature and possible off-gas system issues drove relatively low scores on _ _
_operational safety and regulatory permitting despite the relatively low number of unit operations.
: . Y . '

“The ability to obtain.a WIR determination was rated low because the amount of radionuclide
- separation achieved by this option is lower than that achieved by the WTP; except for cesium
separation, the only radionuclide separation performed is by selective dissolution. Thisisa -
~ concern even though the targeted tanks have s1gn1ﬁcantly lower radionuclide contents than DST

waste.

- The waste form (aluminosilicate glass) may perform better than the WTP ILAW glass
(borosilicate) with regards to land disposal restrictions (LDRs) and leachability, especially for
technetium, although no Hanford Site waste-specific data are available and a specific waste form
qualification process will have to be 1mt1ated_ :

Additionally, this process destroys the nitrates, wh1ch eliminates a concern regarding disposal
performance assessmnent of abﬂ1ty to meet drinking water standards.

“A3.2.2 Project Utility '_ B

Bulk vitrification potentially reduces the WITP LAW treatment duration by as much as any other
option (including active métal reduction, steam reforming, and grout), does not send any waste
streamns back to the DST system and WTP, and should produce asli ghtly lower ILAW volume
than the WTP because high sulfate waste can be accommodated These factors résulted in high

scores on project ut111ty

A323 Operability

The concerns mentioned above on temperature and 1ncompat1b111ty with a mobile system resulted
in some lower scores in operability. A minority of the reviewers did not agree with these
concerns and emphasized the extensive operational experience available. Another concern noted
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was the use of consumable graphlte electrodes in a strongly oxidizing environment (WTP uses
Inconef)

The option rece1ved a low score on adequacy of meetmg RPP treatment needs based on its
assumed inability to be skid-mounted while ensuring adequate off-gas containment,

A3.2.4 Technical Risk

Based on the significant vendor expe_n'ence available, no significant technical risk was identified.

* A3.2.5 Programmatic Risk

Since this option uses a vitrification process, evaluators expressed the concern that it may not be

viewed as a true supplemental alternative to WTP. Additionally, some concerns were expressed

regarding potential patent and royalty issues, which lead to a reduced score on equipment

availability. Finally, the 1mp1ementat1on cost- was deemed significant. desplte the positive effect
on WTP LAW processing duration. These resulted in relatlvely low scores in this area. .

A3 3 OPTION 2 ACTIVE METAL REDUCTION

This option was deemed not viable on a skld-mounted basis even for a limited processing rate

(5 gal/min basis). The process temperature is moderately low (50 °C to 120 °C), but some off-
gas compounds (Hy, H,S, NHs) include substances that are toxic or could be explosive if process |
parameters were 1o deviate significantly from normal. ‘As a result, regulator representatives felt
that permitting would be possible only inside a facility. Therefore, for the evaluation, this option
was assumed to be inside a facility. :

The option was not deem_ed viable without a technetium separation step upstream. As in bulk
vitrification, the only technetium separation from the stream to be immobilized would be atithe
selective dxssolutlon step. The leachability performance of the waste form (alurmnosﬂlcate
crystalline form) is unknown but is not expecied to be as good as that of glass. Therefore, this
- option was assumed to include technetium separation upstream.

A3.3.1 Compliance and Safety

- The safety concerns regarding toxic and potentlally explosive off-gas compounds have been
accommodated in highly radioactive environments in the past, as in the case of fuel aluminum
cladding dissolution operatlons However, they remain significant issues, as they will require
narrow control of process parameters therefore they lead to a relatlvely low score in operatlonal

: safety

7 Inconel is a trademark of Inco Alloys International, Inc.
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 The ablhty to obtain a WIR detemnnatlon was rated low for the same reasons as buik )
vitrification with less performance expected from the waste form and even though thrs evaluation

- assumed a. technetlum removal step.

Ease of compliance with LDRs was a greater concern to the regulator representatives than to the

_ rest of the evaluators, based on the uncertainties with the waste form performance: The majority
scoring did not completely reflect these.concerns. Based on the assumed technetium separation .

step.and on the denitration performed by this process, this option rated relaUvely hlgh on

disposal performance assessment regardmg technetium and mtrates

A3.3.2 Project Utility

Active nﬁéta] reduction, like bulk v1tr1ﬁcaf10n potentially reduces the WTP LAW (reatment
duration by as much as any other optlon which resulted in a. high score on 1mission duration

impact.

The estimated waste form volumes provided to the evaluators were based on conservative
assumptions and resulted in a significant increase in the total ILAW volume over the WTP-only
calculation. An optimized process and waste form (aluminosilicate versus phosphate ceramic)
should reduce this-volume, but uncertainties are high enough that the score was relatively low on
waste volume impact.

A3.3.3 Operability

In general, the option scored very low on operability criteria-due mainly to the generation of
toxic substances (H2S, NH3) and potentially explosive off-gases (Hz, NH3) and therefore the

_expected complexity of an off-gas system. Also of concern was the fact that H,S, even though it
could potentially be avoided by close control of the process parameters, could be a poison in
catalyzed off-gas treatment reactions. Another concern was the risk of solids accumulation and
plugging because the solids generated are essentially insoluble. However, a significant fractlon
of the evaluators did not agree with the 1mportance given to these concerns.

“The option rBCCIVBd a low score on adequacy to meet RPP treatment needs based on its assumed .
inability to be skid-mounted.

A3.3.4 Technical Risk

All evaluators agreed that this is the least mature option, which, when combined with the safety
concerns mentioped above, resulted in low scores for most technical risk criteria. The exception
to the low scores was for scale-up ability, which was v1ewed as not very dlfﬁcult fora 5 gal/min -

‘based treatment. '
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A335 Programmatrc Rrsk

The path to deployment was scored very low mainly due to the immatuarity of the technology T

o was noted that the option appears to have prormse a]though further development rnay expose

challengm g problems.

The implementation cost of an active metal reduction demonstration was deemed srgnrﬁcant
despite the potential reduction of WTP LAW processmg duration.

A34 OPT ION 3: STEAM REFORMING

The evaluators noted that the evaluation of this option was based on a level of information
‘inconsistent with the other options because of the limited data provided by the vendor’s -
presentation.

This option was deemed not viable on a skid-mounted basis, even for a limited inventory

(5 gal/min basis). The process temperature is relatively high (735 °C), and the fluidized bed

contains a potentially explosive mixture should the steam inflow fail, which requires the vessels

to be designed to resist an explosion even though the process is run under shght vacuum. Asa
resiilt, regulator representatives felt that permitting would only be possible inside a facility.

Therefore, this option was assumed to be inside a facility.

The option was deemed. not viable without a technetium separatron step upstream. As in bulk
vitrification, the only technetium separation from the stream to be immobilized would be at the -
- selective dissolution step, but unlike bulk vitrification, the 1eachab111ty performance of the waste
forrh (aluminosilicate crystalline form) is mostly unknown and is not expected to be as good as
that of glass. Therefore, I.hlS optlon was assumed to include technetium separation upstream.

Since this option is being proposed by the WTP contractor as a potential addition to the WTP it
was assumed to be implemented downstream of WTP-pretreatment. This technology has the
potential to be applied elsewhere in the RPP:

A3.4.1 Compliance and Safety

The safety concerns mentioned above with the relatively high temperature and potentially
explosive mixture, combined with the fact that the facility will have to include oxygen and steam
generation plants and that large quantities of carbon or other reducing agent need to be fed to the
bed in order to react with the oxygen for heat generation, led to a relatively low score on

operational safety and penmttmg

The ability to obtain a WIR deterrmnatlon was rated high based on the assumptron that this
~option would be unplemented downstream from the WTP pretreatment

Ease of comphance with LDR and drsposal performance assessment for technetlum and nitrate

‘was deemed to bé similar to that of the active metal reduction option. The vendor presentation
claimed that products from treating Hanford Site waste simulants were successfully tested for
compliance with LDR, but the information provided suggested that only a limited number of
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contaminants of concern were included in the simulant. The evaluators noted that the granular
waste product from the steam reforming process might have to be mcorporated ina monohthlc
waste forrn to cornply with applicable policies.

A3.4.2 Project Utility

- Steam reforming, like active metal reduction, pbtentially reduces the WTP LAW treatment
duration by as much as any other option, whlch resulted in a high score on Imssmn duration

impact.

The estimated waste form volumes are hi gh due to the low density of the crystalhne waste form.
Therefore, the score was relatively low on waste volume impact.

A343 Operability

In general, the optlon scored relatively low on operabﬂlty criteria due to the complexity of the
reaction phenomena involved and the need to control closely all feed rates and other process
parameters in order to avoid problems such as excessive carbon residues and nozzle pluggage.
Regulator representatives typically scored thls attnbute lower than the majority of evaluators.

The option | recelved alow score on adequacy to meet RPP treatment needs based on its assumed
inability to be skid-mounted and the fact that it would require 31gn1ﬁcant support facilities for
steam and oxygen generation and reactant handling. : .

A3d4 TEChnical Risk -

The maturity and deployment history were scored relatively high based on the Studsvik.
experience presented. Virtually no scale-up is needed for a 5 gal/min demonstration, but the
evaluators expressed reservations for significantly larger scales (such as the 9-ft-diameter,
40-ft-high unit.considered by the WTP project). Evaluators pointed out that the Studsvik
commercial steam reforming experience with power plant ion exchange resin wastes is not
directly relevant to the Hanford Site high sodium salt content waste, which can cause operational
problems such as nozzle pluggage and bed agglomeration. On the other hand, steam reforming
is somewhat similar to flnidized bed calcination (although operated under reducing conditions,
thereby minimizing the production of NOx, which is an advantage), so it will benefit from the
extensive worldwide HLW calcination experience, including experience at the Idaho National
Engineering and Envuenmental Laboratory with high sodium wastes. :

A3.4.5 Programmatic Risk’

The path to deployment was scored relatively low due to the uncertainties on waste form
performance and W TP contractual issues. The evaluators noted that this score was based on a
5 gal/min demonstration but that the score would be even lower [or a larger scale.

CA-17



RPP-11261 REV 0

 Vendor and equipment reliability were not viewed as mgmﬁcant issues, as several steam

reforming vendors are available.

The cost impact was_ﬂot evaluated due to lack of data.comparabl_e to the other options. |
A35 OPTIONS 4A AND 4B: CLEAN SALT

A3.5.1 Compliance and Safety

The eva]uators discussed the use of clean salt as the cesium separation step for dose rate
reduction (option 4A), as opposed to including an ion exchange step upstream (option 4B). One
evaluator felt that the implementation of clean salt without prior cesium removal, especially skid -
- mounted, would be “anti-ALARA” and recommended the lowest rating possible for option 4A.
Others felt that the loaded cesium ion exchangers from the cesium step also wouldbe a

s ignificant source term. Based on this discussion, the majority scored optlon 4A lower than
option 4B but not the lowest score p0351b1e

Based on the fact that this evaporation-based process is not considered a hlgh temperature
process, these two-options were scored relatively high on permitting.

The ability to obtain a WIR detemunatlon was rated Very hlgh due to the proven select1v1ty of
the sodium nitrate crystalhzatton, which ensures that- nearly all of the radionuclides are
immobilized in glass in the WTP processes (supplementmg 60 tons per day ILAW glass

productlon)

Ease of comphance with LDR was rated relatively low due to uncertainties regardmg the ablllty
of the waste form to effectively treat or immeabilize constituents such as nitrates. Disposal
performance assessment was rated relatively high since technetium is excluded from the sodium
nitrate salt but very low for nitrate since mtrate leachablhty performance for grout waste forms is

generally poor.

- A3.5.2 Project Utility

Clean salt slightly increases total LAW volume (as the separated sodium nitrate is assumed not
to be delisted and, therefore, needs to be disposed of as a mixed waste) and only slightly reduces
the WTP LAW treatment duration. Although clean salt removes the bulk of the salt inventory
(sodium nitrate) from the stream to be vitrified, sulfates are not separated, and relatively small

- quantities of sulfates in this stream require the same level of dilution in glass as in the presence
of high sodium quantities. These factors resulted in intermediate scores on mission duration and

waste volume impact.

A3.5.3 Operability

In general, these two options scored relatively low on operability criteria due to the complexity |
of the process for a shd—mounted opcratlon and the difficulty of operating at the very low
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temperatures required for crystalhzatmn Optlon 4A which will be operated at higher dose rates,
was scored }owcr than option 4B.

The two options received relatively low scores on likelihood of meeting RPP needs due to the
difficulty in skid-mounting these options and to the_relauve complexity of the process. '

A3.5.4 Technical Risk

Although this technology is commonly used in commercial applib?.tions, and on the relative
complexity of the process (acidification, evaporation, cooling, washing), evaluators scored these
two options relatively low on technical risk criteria based on the limited expencnce w1th Hanford

Site waste (only laboratory tests).

A3.5.5 Programmatic Risk

The path to deployment was scored very low due to the predicted waste form quahﬁcatlon
issues.

Vendor reliance and equipment avallablhty were not found to be issues, but the cost unpact was
deemed very unfavorable due to high deployment costs for very httle acceleration benefit

A3.6 OP’I‘IONS 5A AND 5B: CLEAN SALT WITH
- SULFATE REMOVAL ' :

A3.6.1 Compliance and Safety

The dose rate concerns for the optlon without cesiuin ion exchange (option SA) are identical to -
those for option 4A, resulting in the same low 0perat10na1 safety score. Additionally, the organic-
waste form used to immobilize the sodium nitrate could be a safety concern. -

- The same issues on permitting and WIR determmatlon were identified for. these optlons as for
options 4A and 4B. .

Ease of compliance with LDRs was rated relatively low due to uncertainties regarding the waste
form performance; polyethylene is not expected to perform better than céramic grout and is
known to swell over time when used to immobilize hygroscopic salts. As for options 4A and 4B,
disposal performance assessment was rated relatively high since technetium is separated but very
low for nitrate due to expected poor nitraie leachablllty results,

A3.6.2 Project Utility

Clean salt wx_'t'h sulfate separation results in a small decrease in total LAW volume (as the
separated sodium nitrate is assumed not to be delisted and, therefore, needs to be disposed of as a.
mixed waste) resulting in an intermediate score on waste volume impact. These options reduce
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significantly the WIP LAW treatment duration, which resulted ina very lngh score on I]HSS]OI]
duration.

A3.6.3 Operability

In general, options 5A and 5B scored as Jow or Jower than options 4A and 4B on operability
criteria. The issues as for options 4A and 4B.apply, with the additional concern of a heat-
processed waste form (polyethylene) and of an even higher process complexity (more unit

operations).

The two options received relatively low scores on likelihood of meeting RPP needs’ because of
the difficulty in skid-mount these options and the relative complexity of the process.

A3.6 4 Techmcal stk

The same technlcal risk issues as for opnons 4A and 4B apply to these two options.

A3.6.5__lP=rogrammatic Risk

The same considerations and scores for options 4A and 4B epply to these two options except for
the cost impact, which was scored higher for these two options due to thelr 51gn1ﬂcantly higher
acceleration bepefit despite hlgh Jmplementanon costs . ‘

A37 OPTION 6: CONTAINERIZED GROUT

The option was not deemed viable without a technetium separation step upstream due to the
expected high leachability ‘of technétium from grout. As in bulk vitrification, the only
technetium separatlon from the stream to be immobilized would occur during selective -
dissolution, but in this case, the leachability performance of the waste form is expected to be
Jow. Therefore, this option was changed to include: technetmm separation downstream of

selectlve dissolution.

A3-.7.1‘ Compliance and Safety

'No significant issue was identified regarding operational safety and permlttmg of this low
temperature process: ‘with relauvely few umt operations.

The ability to obtain a WIR detenmnanon received a relatively high score due to the separatlon
of cesium and technetium. The regulator representatives rated this option slightly lower than
‘other evaluators due to the expected continued stakeholders concerns with grout. These concerns
include poor durabﬂlty, high leachab111ty, and i 1ncrease in waste volume compared to vitrified

. waste
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. Ease of compliance with LDRs was rated very low due to uncertamttes regardlng the waste form
- performance, especially in meeting State-only toxicity criteria. Disposal performance

assessment was rated slightly higher since technetivm is separated but very low for nitrate since
nitrate leachability performance for grout waste forms is generally poor.

A3.7.2 Project Utility

Containerized grout like bulk vitrification, potenually reduces the WIP LAW treatment
duration by as much as any other optlon which resulted in a very hi gh score on Imss1on duratmn

impact.

‘The estimated waste form volumes are very high, which resulted i the lowest score possible in
waste volume 1mpact : _

-A3.7.3 Operability

Containerized grout received high scores on all operability criteria because it is a low
temperature, well known-process, with a small number of unit operations.

A3.7.4 Technical Risk '

Techmeal risk scores were also high for the same reasons as in operability and becanse extensive
experience with LLW grouting exists worldwide.

A3.75 Programmatic Risk

~ The path to deployment was scored very low due to stakeholder concerns and waste form
- performance uncertamttes

This well-proven technology received hlgh scores on all other pro gralmnatlc risk cnterla with
~one caveat on cost impact; the evaluation did not take into consideration the immobilized waste’
‘disposal cost, which could be more si gmﬁcant for this options than for others due to the high

waste vo]ume
A3.8 OPTION7: SULFATE REMOVAL

. A38.1 Compli-ance and Safety

No significant issue was identified regarding operattonal safety, perm:ttmg, and WIR
detenmnauon for this low temperature, simple process. o

Ease of compliance with LDR was rated relatively high, as were performance assessments for
technetium and nifrates (not precipitated with sulfate to be grouted).
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A3.8.2 Project Utility

Sulfate separation slightly reduces the total ILAW volume and reduces s1gn1ﬁcantly thc mission
duration, which resulted in relatively high ranngs on waste volume and mlssmn duratlon

impacts.

'A3.8.3 Operability
This simple process scored high on all operability criteria. .No issue was identified; the ‘sulfate-

precipitate is not expected to be gelatinous or difficult to handle as it is formed under ac1d1c
conditions. : _

A3.8.4 Technical Risk

High to very high scores were given for technical risk criteria. This process is very similar to the - |
strontium recovery operations conducted in the past at B Plant where strontium sulfate
precipitation was performed under acidic conditions. The added tank waste volume caused by

the need to reneutralize the acidified sulfate-depleted solution prior to storage in the DST system

is estimated to be 30 percent of the initial waste volume

A3.8.5 Programmatic Risk

This option rated high to very high on programmatic criteria, except for cost impact, since the
acceleration benefit is limited and the implementation cost is significant (although among the
Iowest) A much higher acceleratlon benefit could be obtained if the optlon were applied not -
only to SST salt waste but’ also to high sulfate DSTs. Overall, this option is viewed as best suited
within the WTP flow sheet where the sulfate- dep}eted acidified waste stream could be sent to. the

‘melter without neutralizing the waste.
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A4.0 CONCLUSIONS AND RECOMMENDATION

Based on the evaluation of the nine separate flow sheets, four are recommended for additional
study based on consideration of the scores shown in Table 3-2. Ranking of the options was done -
by totaling the raw scores. The four options.according to rank (htghest to lowest) that are
recommended for further study are the followmg

o Sulfate removal (sulfate separation)

o Containerized grout

e Bulk vitrification

e Steam reforming.
The objective of the evaluators was to assess potent1a1 technology options to determine those that
warranted further investigation. Further study will be aligned with the needs of each specific -
option. Both radioactive and non-radioactive tests will be de51gned for the processes and
_equtpment as required. _

_These selected options represent a range of .tr__ade—offs between process difficulty and .
+ performance, ease of achieving regulatory compliance and benefit to the RPP in accelerating the
mission. For example, the sulfate removal option is considered a compatatlvely simple process
with less complicated regulatory issues, but the acceleration benefit of removing and disposing
 of sulfate alone is less than the benefit provided by other options with more challenges that do
not send any fraction of the treated stream to the WTP.

The grout option also'is comparanvely simple but has the most difficult regulatory issues,
particularly disposal issues for nitrates and technetium. Primary advantages of this option are its
“ability to accelerate the mission by disposing of a LAW fraction including the bulk salts and the
comparatively simple and well-proven status of the technology. However, the disposal cost for
the large immobilized waste volume generated is likely to offset some of these benefits.

Steam reforming represents a different set of tradeoffs. The process is more complex than the
other options and has more complex off-gas permitting issues since it is considered a thermal
treatment process. Two key advantages are that the steam reforming process denitrates the waste |
and accommodates high sulfate waste. Technetium removal requirements may be less stringent
with this waste form than for grout. Some of the evaluators were uncomfortable with the lack of

data regarding steam reformmg

-BuI—k vitrification represents yet a different mix of trade-offs. It is a relatively mature process
that will denitrate the waste, will provide a comparatively robust waste form, and is capable of
accelerating the mission by treating bulk LAW waste salts and sulfate. However, as within the
WTP, the off-gas treatment will be techmcally challenging and will have complex penmttmg

- issues.

This recommendation is made recognizing open-issues associated with waste acceptance criteria
and disposal cost. : ; _
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Add1t10hally, active metal reduction is 'recormriended for further evaluation by DOE Office of
Science and Technology because it is a low temperature process that destroys nitrates and would
likely produce a waste form that js superior to grout. :

All options involving clean salt are recommended for removal from further consideration as they
involve significant deployment challenges for very Iittle acceleration benefit.

Nuclear safety and regulatory requ1rements may require most or all processmg equlpment to be
- placed inside su1table facﬂrtles

Regulator participation in the workshops and in the development of this report was useful and
appreciated. However, the participation is not construed as an endorsement by Ecology of any
supplemental waste treatment options other than vitrification as identified in the Tri-Party
Agreement, TPA M-62- 00 for the treatment of the tank ‘waste.
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ATTACHMENT A1

PROCESS USED TO IDENTIFY TREATMENT OPTIONS EVALUA’I‘ED
AT THE WORKSHOP _

Technologies for treating the Hanford Site tank wastes, including th_e salt fraction, have been
researched and evaluated for a number of years. A systematic review of all possible technologies
was conducted in the early 1990’s and resulted in the issuance of DOE/EIS-0189, Tank Waste
Remediation System Hanford Site, Richland, Washington, Final Environmental Impact
Statement, and subsequent Record of Decision (62 FR 8693). These studies were reviewed in
January and February of 2002, and vendors, national laboratories, and universities were '

_consulted for additional technolog1es, as time allowed, m order to establish a list of all posmble

| technologles for treatmg the low- act1v1ty waste.

' Durmg the month of March 2002 the technologies were grouped into falmhes that employed the
same basic principles but differed only in their implementation (e.g., all calcination technologies
were grouped together, all polymer-based microencapsulations were grouped together). Single-
shell tank 241-S-112 was selected as a good representative for the targeted low-activity waste
source single-shell tanks. Technology experts were asked to prepare short briefings on their

 technologies and how they could be applied to tank 241-S-112-type waste with the objective of a

tank-scale demonstration with real waste between 2005 and 2006. Additionally,. separation .

technologies were combined with immobilization technologies to constltute complete treatment

optlons

This relatively high-level information was presented to a group of 35 technical and
programmatic experts from the DOE complex during a two-day workshop on April 2

and 3, 2002. The group discussed the feasibility of the proposed treatment options and added a
few options, leading to a total of 25 options to be considered. They used the nominal group
rating technique to screen out treatment options or technologles that were unlikely to provide -
adequate treatment or to be deployable in the des1red time frame.

The results of the April 2 and 3 workshop are docurnented as an append1x in RPP-11 131
Mission Acceleration Initiative Demonstration Information Package. They were reviewed by
Office of River Protection representatives, who selected six treatment options for a more-detailed -
evaluation, with the purpose of submitting these for evaluation by the Cleanup Constraints and
Cha]lenges Mission Acceleration Initiative Subgroup by the end of May 2002. The options
selected were either those with the highest scores in the workshop or options: built around -
technologies that had received the highest scores when scores from all options, including the
particular technology, were added. Two technologies were included in selected options despite

relatively low scores: active metal reduction and micro-encapsulation with polymers because
there was a concern that they may have been scored low because most workshop participants
were very unfamiliar with them.
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During April and early May 2002, mass balances and other techmcal and programmatic data
were developed for the six selected treatment options and two variants. A seventh option —
sulfate separation by strontium precipitation in acidic conditions —was added during that period.
Sulfate separation had not been considered during the prev10us months, mamly because a
relevant production reference had not been identified. o

REFERENCES-

RPP-11131, 2002 Mission Acceleranon Initiative Demonstranon Infonnat:on Package, Rev. 0,
CH2M HILL Hanford Group, Inc., Rlchland Washington.
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APPENDIX B

THREE-DAY WORKSHOP TO EVALUATE ALTERNATIVE TREATMENT
OPTIONS FOR HANFORD SITE TANK WASTE
MEETING MINUTES

B1.0 SUMMARY

‘A panel of 14 experts convcned to evaluate nine proposed alternative treatment opt1ons for
Hanford Site tank waste. The evaluators heard presentations on each of theé options under
consideration (viewgraphs may be found in Attachment B4), determined suitable criteria for
~ judging the options {Attachment B2), and scored the options according to the criteria. The
results of the evaluation process may be found in Attachment B3.

‘Workshop Dates: May 21-23, 2002

- Panel of Evaluators:

Jlmmy Bell Independent Consultant

- Robbie Biyani, Washington State Department of Ecology
Joel Case, DOE — Idaho (attended and voted days 1, 2 only)
Suzanne Dahl, Washington State Department of Ecology
Bill Hewitt, YAHSGS LLC

Bill Holtzscheiter, Westinghouse Savannah River Co./Savannah River Testing Co.
" Kenneth Lang, DOE Headquarters, EM-42

Vince Maio, Mixed Waste/INEEL (voted day 3 only)

Biilie Mauss, DOE Office of River Protection

Richard Raymond, CH2MHill Hanford Group

Roger Stanley, Washington State Department of Ecology
Russ Treat, Dade, Moeller & Associates

Nancy Uziemblo, Washington State Department of Ecology
Don Wodrich, Independent Consultant (voted day 3 only)

Other Attendees:
See Attachment Bl
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B2.0 DISCUSSION

The following is a summary of the May 21-23 meeting of the Cleanup Constraints a.nd
Challenges Team (C3T) MlSSlOIl Accelerauon Initiative Subgroup.

Bill Hewitt presented a conceptual overview of the sipplemental technology
approach showing the gap between low-activity waste tréatment capacity and Tri—
Party Agreement milestones. He also discussed the modular concept behind the

supplernental technologles

Kayle Boomer, CHG, presented the Hanford Site tank waste treatment background.
The largest gap between. treatrnent capacity and tank 1nventory is the soluble salts in

single-shell tanks.

Roger Stanley presented regulatory and compliance considerations. Roger

emphasized a need to keep in mind tank retrieval and closure, DOE O 435.1,

Radioactive Waste Management, waste incidental to reprocessing determination, and
ovetlay of Resource Conservation.and Recovery Act of 1976 closure when
considering the treatment alternatives.

Janet Badden, CHG, presented onsite disposal protocols. | She covered waste
pathways and Hanford Site facilities for disposal of various types of waste.

Ken Gasper CHG, presented selective dissolution, solids~liquids separations, and
cesium ion exchange. These technologies are a necessary pretreatment step before
applying the other treatment OpthHS .

George Reddick, CHG, presented the flow sheet for bulk (ex situ) vitrification. In
this technology, SM sodium feed is mixed with silicates, dried, and heated to
1,600°C. '

Richard Brouns, PNNL, ‘presented the flowsheet for active metal reduction. In this
technology, aluminum metal is added to the waste, which is denitrated and converted

'into either alunun051l1cate or aluminophosphate waste forms.

Mlchael Johnson, CHG, presented the four clean salt optmns as follows:

— - Acidify 5M sodium feed, evaporating the acidified waste, cooling the sharry to
crystallize sodium nitrate and alurnmum phosphate, mix with MgO and KH,PO,

forming Cerarmcrete

- Same as above, except add a cesium removal step

~ Similar to above, except add excess strontium nitrate to precipitate strontium

sulfate, strontium chromate, and some aluminum phosphate (metals become

B-2
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chemically bound, and clean salt is solidified in polyethylene to encapsulate
- sodium nitrate)

- Use strontium precipitation process.and add cesium remov'al step.

‘Michael J ohnson, CHG presented the flow sheet for sulfate removal In this process,

5M sodium from the cesium ion exchange is adjusted with HNOs to pH 1.0, heated to
60 °C, and subjected strontium nitrate precipitation. Metals are chermcally bound.
Waste form is_incorporated into grout. !

Jeff Voogd presented the flowsheet for containerized grout. In this process,

5M sodium feed is mixed with Portland cement after selective dissolution, solids—
liquids separation and cesium ion exchange. Metals are chemically bound the
challenge is to bind alkali metals and nitrates.

Duane Smoker, Washington Group, and Brad Mason, Studsvik, presented steam

reforming. In this technology, waste feed plus additives and steam at 600 °C are

processed in a pressure vessel. This technology is based on a ﬂlndlzed bed process.
It eliminates nitrates and destroys organics.

The panel decided on Judgmg criteria (Attachment B2) and scored the techno}ogles
accordmg to the criteria (Attachment B3)..

A report of the panel's findings, including recommendations, will be prepared by the
C3T Balance of Mlssmn Team in carly June 2002.

Some eva.luators prov1ded additional written comments after the meetmg, these can
be found in Attachment B5.

B3.0 ACTION ITEMS

Aetion Items:

Due 5/23/02 Jlmmy Bell is to write dissenting remarks on operational safety of
clean salt processes wn;hout cesium removal. These remarks are to be 1ncluded n
wrlte-up (completed 5/23/02). : : '

Due 5/24/02: Nancy Welliver is to issue draft minutes (completed 5/24[02).

Due 5/28/02: Anne-Marie Choho is to summarize issues for the five broad criteria
for ju‘dging technologies (compliance and safety; project utility; operability, technical
risk; and programmatic risk.) She is to e-mail the summary to reviewers Billie
Mauss, Russ Treat Nancy Uziemblo, Phil Gaughtz and Bxli Hewitt.
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e Due 5/28/02: Individual mérnbers of the Alternative Treatment W_ofksho’p panel are
to e-mail additional comments, if any, to Anne-Marie Choho. :

e Due 5/29/02: ‘Reviewers (Mauss, Treat, Uziemblo, Gauglitz, Hewitt) are to meet to
~verify and consohdate comments and summary. Billie Mauss to organize the -
meeting. : :

« Due 5/30/02: C3T team is to meet and discuss the write-up and the path forward to
meeting commitment to deliver the write-up. Meeting set for 10:00 a.m. to 12 00
noon, Thursday, May 30. Bill Hewitt is to send out meeting notices.

Attachments: |

1 — List of attendees . :

2 — Condensed evaluation factors for pOSSJble River Protection Project technologies
3 — Evaluation results for possible River Protection Pro;ect technologles

4 — Presentation viewgraphs

5 —- Evaluators post meeting comments.

Prepared by Nancy Welliver, DMIMH+N, 5/24/02

B4 -
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ATTACHMENT B1 ,
LIST OF ATTENDEES AT THE MAY 21-23, 2002, CLEANUP CONSTRAINTS AND

' CHALLENGES TEAM MISSION ACCELERATION INITIATIVE SUBGROUP
SUPPLEMENTAL TECHNOLOGIES WORKSHOP -
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ATTACHMENT B1

LIST OF ATTENDEES AT THE MAY 21-23, 2002, CLEANUP CONSTRAINTS AND
. CHALLENGES TEAM MISSION ACCELERATION INITIATIVE SUBGROUP

SUPPLEMENTAL TECHNOLOGIES WORKSHOP

"| McCabe, Daniel

Name Company Phone E-mail
Badden, Janet | CHG 509-372-9698 | Janet_W_Badden@rl.gov

. Ban-g,‘Re'ese'fﬂ | CHG 509-372-0528 Rees_e_Bang@rI.gov
Bell, Jimmy. . | Consultant" 865-376-5408 tennbells@usexpress.net

| Biyani, Robbie | Ecology = | Rbiy461@ecy.wa.gov
Boomer, Kayle | CHG 509-372-3629 | Kayle_D_Boomer@il.gov
Brouns, Richard | PNNL 509-373-2828 - | rick.brouns@pnl.gov
Bryant, Janet | PNNL 509-375-3765 janetlbryant@pnl.gov

| Carteret, Betty |PNNL 509-375-4337 Betty.Carteret@pnl.gov

| Case, Joel DOE-ID 208-526-6795 casejt@id.doe.gov
Choho, Anne- . | CHG 509-372-8280 | Anne-Marie_F_Choho@rl.gov
Marie ‘ '
Dahl, Suzanne Ecoldgy | 509-736-5705 Sdah461@ecy.wa.gov
Day, Paul |DMIMB+N' | 509-375-9776 Paul.Day@dmjmhn.com
 Garfield, Jobn | Numatec Hanf. | 509-376-2745 | John_S_Garfield@1l.gov

"1 Gasper, Ken CHG 509-373-1948 Kenneth A_ Ken Gasper@rl .gov
Gauglitz, Phil PNNL | 509-372-1210 Phil. Gauglitz@pnl.gov |
Hewitt; Bill YAHSGS 509-539-7629 Bill.Hewitt@att.net
Holtzscheiter, | WSRC-TFA | 803-725-2170 | Bill. Holtzscheiter@srs.gov
Bill ) | |
_HU'Ston; Doug - | Oregon Energy | 503-373-4040 DouglasSHuston@state or.us
Johnson, CHG | 509-372-3628 | Michael_E_Johnson@rl.gov

| Michael ' .
Lang, Kenneth | DOE/EM-42 | 301-903-7453 Kanneﬁl.Lang@em.‘doe.gov -
Lerchen, Megan | PNNL + 509-373-9236 . |‘Megan.Lerchen@pnl.gov

' Luey, Ja-Kael -~ | DMIM H+N | 509-375-7774" Ila-Kaéf.Lu¢y@'dmjmhn.cbm
Maio, Vince INEL | VMaio@inel.gov

| Mason, Brad Studsvik _ : |

‘Mauss, Billie | DOE — ORP 509-373-5113 | Billie. M_Mauss@rl.gov

EM-54/WSRC | 301-903-3035 - | Daniel.Mccabe@em.doe.gov
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Name Company - Phone E-mail
| Pietrok, Ted DOE-RLTFA |509-372-4546 | Theodore_P_Pietrok@rl.gov
Raymond, Rick |CHG -~ |509-376-8767 Richard_E_Raymond @1l.gov
Reddick, George | CHG | 509-376-2326 George_W_Jr- Reddick@rl.gov
| Smoker, Dusne | Wa. Group o | :
Stanley, Roger E’cology N _ ‘ Rost461 @e(::_y.wa.goir
Sutter, Herbert | SAIC/EM-44 | 301-601-5609 - | Herbert.G:Sutter@saic.com
Treat, Russ | Dade Moéller | 509-946- Rtreat @moellerinc.com
. o 0410x120 - o
-Uzi__emblo,Nancy “Ecology 509—736—3014 Nuzid6l@ecy.wa.gov
Weeks, Regan | PNNL 509-376-8726 | rs_weeks@pnl.gov
| Welliver, Nancy | DMIM H+N | 509-375-7854 Nancy.Welliver@dmjmhn.com
| Williamson, Bob | CHG 509-372-2342 | Robert_D_Williamson@rl.gov
Wodrich, Don Consultant 1 509-376:4323 ddwodrich@att.net B
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ATTACHMENT B2

- CONDENSED EVALUATION FACTORS FOR POSSIBLE
 RIVER PROTECTION PROJECT TECHNOLOGIES

- B24



RPP-11261 REV 0 .

- This ;page intentionally left blank.

B2-ii



RPP-11261 REV 0

{51J2UIq 10 SANSST SO0 JUBIFIUEIS
areald 01 £18311 ss3001d £ 10 190y
MOT} Y] ] — .u.nn_..: 1500 danely

ipandispue sa1el Jusuneas)

uruiyeS -6 243 18 oueuLofisd
Jedwit ppnoo e sansst da

-a1eas Jupoyudis eluncoua 0 Koy
$52001d-£23 J0 190YS MOT) 3U} 5

~ sanss| dn-ajeag 0 Anpqridadsng

LANTIHqoW Jo 9583 Ay 8}

WUM LMAAE s8ULpEal juonerade
ue ssed of aq 1 i JynausIp

MOH {SPestl JUAWIEaY ddY o)

sk Jer A — SPAaN JuaEALY, J4Y
Supapl Jo poorINT 2ANERY

{amy ate suonersdo

un fucil Mol - suonesddo
nupy Jo Apxapdunoer) pue JaquinN

100fo1g uonoaj0id JeAny = 4dd

9ISEM bS.:uu-Bc_ = MV

“A[qBARIYOE b%:oﬂmuu S8 MO[ S8 = VUV TV

SSOUGANIIOND SALRISF I3 STIVYA —
NBIIN DIUBLILIOLIS W0 ] S

M_EEHE Burzypgotuui; jo

A.E__:uéuﬁ
mEE_EcEE_ JO SSAUIATIOIYS
QATIR[S ST[ STIRI A, — WINSUYRAY,
‘3DUBHITOLIS] WI0] 3JSBAL

oﬂﬁﬁu&:_uﬁ E..EEE E::u::oou
mnuod gim uE:unEou ssapoad
K93 10 100US MO[J ot 8] [129YsS

MOl dLA—UIT) JUT) [[BIOA0 o1 P14
sanssy Apaueduios Juroyudis Aue
ajear2 s50002d. £3y 10 J23Ys- Mo oY) -
1A — suonesad(y pu 123yg MoLy
payeadajur day yna Apiqpedure)

£suonouysor pesodsip .

U] 19310 AJoNI] ULIDJ S}stm
) 57~ stogaLsIY fesodsiq puey

- sysu .__m-..: A[punsnun 2183 E:o_s.

wiwiodap panunuos so ‘sucpesado
 enu ‘Bupse) Joj Aupiquiieas st
yo1y) yons sped Jo yuowidinba aopio
[e1oads uo Juapuadop 109ys moyf 3 ]
~ dypqefesy sirey pue juomdmbyy

S0ysBM Uy
ay1 0 u_n_En_mzab 1T JBY) S[EOMUAYD
10 53158 U0 J0] RIS mEu._uEEou

e uo pakojdop A[infssesons udaq
sayonosdde jonueo put sassasord
129US MO]) ASY JARH — SONUIA
IO up L1081 usmdopdag

i Sumopinys A118ud]

Ayrensnun annbal sauedatmeL

peredidnue [[i4 JOo 20UBUS)urRL
juanbay sxnbai ssaveid £ay 10
193US MOLJ S 520(] ~ SITEUIJUIEIA]
Jo £auanbaxy puw asesy

Juoijerdwod uossiu Joj pannbas
awn a1y sonpar ssaoord Loy 10 323y
Moy sty ueD) ~ e nopajduoy
uoISSIA] U0 oeding aApelg

{8wissanondar o} [eIusproul

apsem- 10§ spuewornbar agy 1aau

0] 20 11 T{LA YOOUHIP MOF, — PHBRY
Buissasoxdoy o3 [eyuapal ajse s

B2-1

LAxsHy owza__:otum SSIUISNG O[gTIs
pue Suoj B aAvy JopuoA 2L So0p

‘08 J| IOpUDA H{3ulS € uo JULNaI -

. A119AD 302Ys mop a1 JO Juawioidap
_éﬁuou:w ) S| — OPUBLAY SOPUIA

| pad) alsem

auy ug yuosaad og L Juy) spediayD

3o dnpjing 10 SUONENBIOUOS

0] 01 3np sanfiey 01 2[qudaosns
s59001d £53-10 390US MO AY) 5

~ sysrg Answian) 0 Anqndadsng

{ SUONIPIOD [E)IAULOIEAL
ualquie pUE pas) 2isem UI SuopELItA
A1) SIBPOWWIODOE 15S MOY

oy uey sy ssaoord 1aays mop
Aue 1 paureiuEw ag [ontod ssaoold
ueD) ([qeIsun SEUSRe 19ays

MOf Auv a5y — AIIqEIS §520004

. {2180 Jo
pasodstp a1se bavaouum PU MV
JO SUIN|DA-2Y) 25¥II9P 1o 25BAINUT
Apwreotpugis sseposd £ay 1o 0oys
MOLLAUL [T ~ SAISEA Liepuodag
Saipnjoug ansu jo pasodsyq
SUN[OA AISEAL U0 1ILJ JANE[Y

{sansst oy ads-120ys mop

10 20 *sueweinbal Jusunea) seld
“30 noyyp ‘samesadwo) yIny se
810106 yans o] anp sensst Funyucrad
faoyen3ar ynonyip Ajensnen

23u010 ssap0ad K2 10 199ys mop)

a1 pino, — Suppnuaag £1oyemay

iorqeafvuew
94 30U At YY) 30 UousNe 1e0ads

axinbor s yey sysp 1o souojeys
Tensnun Jussaud yeqs juswAordap ajeos
103 © feagied o w sjiswae Auve
ana ary ~ omdopdagy 03 Aemipeq

-gseyoeoadde-

_EES ssaoosd pue quawdinba

53300184 93] 10 199Ys O[] ) 5]
~ dnamyepy suopetadQ jpayssoly

sat3ojouyaay armuul uodn paseq

{Burputy 215EM 10 JUSN[T Prios
pug ‘53 ‘pimby| Furpnjour suoienns
[onuod suognerdo Jo [euopeiade
AnSYIEp Aeas ssaooxd Loy

10 Fa5Us MO} W S00(] ~ [0XU0D)
$8220.1,3 pue shoneradQ Jo sseq

: . isasem
uel Joyyo 0 spqeagrddi Afjenusiod
sassa00id Loy pue s)80ys mopy o ary
£01 Kidde 1ays moly s seop 5155
palagse) gg ourjo admuasiod Jeym

- o, ajqeanddy ajsep Jo juasing -

{SUONEISPISUOD YV TV
Suipajow ‘ssaooad Aoy 0 190ys mol
ot Jo-spedurt A3ayes reuonuiado

atp ane jeyp — L1ageg qeuoneiadQ

Y5y ohewexSodg

SN [#IraYdaY,

Anpaesadg

famn yoafoay

f1geg pue adueyduioy

SHIDOTONHIAL IDALO¥d NOILYTLOU HIARI ATAISSO O SYOLIVA NOLLV'TVAT FASNAANOD

T4 INANWHDVLLY



RPP-11261 REVO

This page intentionally left blank,

B2-2



RPP-11261 REV 0

ATTACHNIENT B3

EVALUATION RESULTS FOR POSSIBLE RIVER PROTECTION PROJ ECT
TECHNOLOGIES -
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ATTACHMENT B3

RPP-11261 REV 0 -

EVALUATION RESULTS FOR POSSIBLE RIVER PROTECTION PROJECT

TECHNOLOGIES
1Bulk | 2Metal | 3Steam { 4aClean | 4bClean | 5aClean. | 5bClean | 6 7 Sulfate
vit' Reductn | Reform™ |  Salt - Salt Salt: - Salt- Grout’ | Removal®
12 ' Ceramic | Ceramic sulfate | - sulfate : :
Grout no Grout removal - | removal
Cs wiCs | meCs | wiCs
~removal | removal removal | removal
_ Compliance and Safety ' _

Op Safety 2 2 2 3 2 3 4 4
| Reg Permit 2 3 3 3 3 3 3 4
WIR 2.5 2 3.5 4 4 4 4 3° 4

LBR 4 3 2 2 2 2115 | 3

Te 3 3 3 3 3 2 IE

Nitrate 4 4 1 1 1 -1 1 4

_ Project Utility
1 % waste app 4 4 4 -4 4

‘Waste vol 3 2 3 3 3 3

disp on-site

Date misson 3 3 3 2 2 4 4 4 3

completion . '

RPF integrat 3 3 3 3 3 3 3 3 3

flowsheet -

compatibilty _

_ Operability

Eascops & | 2. 1 2 2 3 1 2 # 35
_process cont :

Process 3 2 3 2 2 2 2 4° 4

Stability g | L

Ease Maint 2 3 1 2 4

#, complex 2 15 2 1 4

unit ops

! Skid-mounted systems are problematic. Scores assume Jocation inside a facility.

z Thls option not likely to work uniess technetium removal occurs before treatment; ratings assame this removal.
* This is a Waste ‘Treatment Plant enhancervent. It will be more cost-effectwe if applied to double-shell tanks,
Process unit must be housed in a facility, otherwise score drops to 1. :
Regulators preferred a lower score than other technical evaluators

® Low because of nitrate issues. :

’ leely to be required in monolithic form to perform well,
Dlsagreement among evaluators on ease/difficuity — many evaluators preferred higher score.

? One of the easiest operationally.

‘B3-1
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1Bulk 2Metal | 3 Steam 4aClean | 4bClean | 5aClean | 5h Clean 6 7.Slﬂfete
vit! Reductn | Reform™® Salt © Sait Salt Salt Gront® | Removal®
12 Ceramic | Ceramic | sulfate sulfate | - ' '
Groutno |* Grout | rémoval | removal
Cs wiCs nCs | wCs
_ ‘ removal . | removal | removal | removal _
RPP treatmt | 1" C o2 2 s o3 s s
“needs : : '
. _ . Technical Risk . _
| Mawrity | 4 ] 3.5 -2 2 | 2 2. .| 4
Chem risk 3 2 2 2 2 2 2 | 4
Deployment | 3 o1 3 1 1 1 B 4 3
history : ; ' 1 o
Scale up -4 3 41 2 2 2 2 1 4 1 a4
. ' , Programmatic Risk '
Pathto | 2° 12 [ i ' T 1 3
{ deployment : : ‘ ' - !
Vendorrely 2 3 3 3 3 E T3 | a4 n
Equip avail. | - 3% 3 3 3 3 3 3 4 4
.Cost impact 2 2 Not 1 1 2 2 3 Al
rated® : :
GENERAL COMMENTS '

« Voting was done informally by having voters call out their scores. The scores were

~ tallied. If there was good agreement on a score (fewer than four dissenters), that
score was used. If the voters were evenly divided between scores, a score halfway
between the two was assigned. If the regulators voted differently than other techical.
evaluators, this was noted in the table.

. Disposal costs were not incl_uded‘ in the evaluations but could be a driver.

 One must assume that the cesium ion exchange step works for all of these
“technologies. This step was not scored separately.

1 Based on mobility criterion only. : :
" Rated on basis of 5-10 gal/min. Team had reservations with Waste Treatment Plant requlrement of diameter
vesseI due to insufficient information.
12 DOE administrative policy may exclude this option. -
13 Promising technolegy for long term, "but schedule precludes consideration here.
1 Voting assumed small-scale Process unit.
1> There may be patenit or royalty issues :associated with this option.
8 Appears to save approximately 19 operatmg years, but detalled cost data are not available.
17 Score if only the 68 single-shell tanks are considered :

"B3-2
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The sulfate removal process should not be considered a complete processing
alternative. Rather, it is a beneficial additional step for the Waste Treatment Plant

pretreatment
Many of these technologies are not suitable for modularity.-

All technologies are expected to be applied to all 68 single-shell tanks under
consideration. The ranking criterion for “Percent Waste Apphed To” therefore :
became a. non—drscrrnnnator

In some cases, assumptions such as cesium removal or lack of mobility became a
requirement for the technology. These are noted in the scoring table.

The evaluators devoted much time to discussion of questions and concerns regarding
technetium. One of the evaluators (Bell) wrote a recommendation after the meeting.
His recommendation ‘was to conduct a study to better determine (1) the volatility of =
technetium at temperatures greater than 1,000 °C from a matrix that initially includes -
the technetium-VII oxidation species; (2) human:body retention rates forthe
technetium-VII species; and (3) potential biohazards of human ingestion of
technetium-VII specxes in drinking water.

Some evaluators were d1sappo1nted that low radiation was not more heavrly factored

" into the rankings.

One evaluator noted that it would be helpfu] if the Waste Treatment Plant low-
activity waste vitrification baseline were adjusted to the 5 gal/min rate assumed for

~ the alternate technologies and included in the analysis for comparison purposes. -

The regulators stated that, although the 68 single-shell tanks under consideration were
considered “benign” from the standpoint of curies of cesium and strontium, they were -
among.the most risky with respect to groundwater The concern is with technetium

and iodine removal :

Bulk vitrification and all four of the clean salt processes were evaluated on the second
day of the workshop. Metal reduction, steam reformatlon and grout were evaluated.

the last day of the workshop

PRESENTATIONS AND EARLY DISCUSSION BEFORE SCORING:

DOE Perspective: Presented by Bill Hewitt, YAHSGS LLC

Drivers.for supplemental technologies include Waste Treatment Plant capacity and
whether steam reforming is successful. Low—actmty waste treatment capac1ty needs
1o be increased to meet DOE commitments.

Technologies may be skid mounted within the Waste Treatment Plant or in their own -
facilities; new buildings may be needed.
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Hanford Tank Waste Background: Presented by Kayle Boomer, CHZMHiIl Hanford Group

- Supplemental technologies were to be 'demonstrated on the tank invehtory from

tank 241-S-112. For calculation purposes, tank 241-S-112 contains Envelope B
waste, high sulfate content. Sixty-eight single-shell tanks- have been determined to be

represented by this 1nventory

Regulator Perspective': Presented by Roger Stanley, Ecolcgy '

C3T meetings have been going on for about a year. The focus of the meetlngs has

, been to find ways to process 10w~act1v1ty waste faster.

Regulators have been reviewing tank treatment about 10 years. Treatment plans have
changed over this period. The push in the last year has been to look for alternatives.

* When determining alternatives, one must keep in mind retrieval; closure;

DOE O 435.1, Radioactive Waste Management, waste incidental to reprocessing
determination; and overlay of Resource Conservation and Conservatwn Act of 1976

(RCRA) closure.

On-Slte Disposal Protocols Presented by Janet Badden, CH2MHill Hanford Group

Issues w1th liquid effluents and air release appear to be Immmal

Thermal treatment is sometimes considered an incinerator for permltting purposes It

. is more difficult to get a permit in this case; it does not make azr release standards

harder to achieve.

Disposal of immeobilized low-activity waste must meet waste acceptance criteria.

Waste acceptance cntena are not yet fully defined.

7_ All tanks contain mixed waste. No techn010g1es have yet been ruled out for RCRA
- non-compliance issues.

Immobilized low-activity waste disposal is intended to be permjtted' Conceptual
design and application are needed and planned for 2003 w1th COIIStI'l.ICthIl assumed to

start in 2005.

Category III waste is similar to Class C waste but higher in some radionuclides.

* Technetium inventory confidence is needed. Tank 241-S- 112 was sampled and found

to'be lower in technetium than originally thought. The ORIGEN computer code is
used to model the technetium inventory, and it tends to overestimate technetium.
Some technologies may be unnecessary if the inventory is refined. The inventory
uncertainty is high in single-shell tanks, for example, fér transuranics.

Immobilized low-activity waste perfonnance assessment is caiculated at I OOO years
and also at 10,000 years.

Only three flow sheets denitrate the waste. This affects the performance assessment.
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'RCRA trenches did not include a requlrement for nitrate leachahﬂlty This is Stll] an
open questlon

Selective Dissolution, Solids-Liquids Separations and Cesium Ion Exchange: Present_éd by
Ken Gasper, CHZMHIill Hanford Group :

The process is assumed to have one selective diés_olution run, not multiple runs.
TRIAD (so]ids—liquids separation system) processed 300 kgal of waste.

The 68 single-shell tanks under consideration contam about 83 percent of the Hanford
Site saltcake mventory

There is uncertainty in the tank inventories.
Waste incidental to reprocessing determination may be questionable.
Gunite tank waste was treated at Oak Ridge National Laboratory.

Dan Herting provided data on this process for well-mixed waste. One evaluator
questioned whether the data were applicable to unretrieved tanks. To maximize -

'effect of selective d1ssolut10n ‘waste would need to be mlxed after retneval to double-

shell tanks.

The vision was to segregate after 25 percent of the waste went through the process.
Without much sodium nitrate dissolution, we could get cesium and technetmrn
There is a minimum 1mpact on saltcake chssolunon act1v1ty

Th_;s process does not stand alone but is an integral part of other technologies.

| Bulk.Vitriﬁ'cati_on: Presentation by George Reddick, CHZMHill Hanford Group

Very hot processing temperatures of 1,600 °C may be expected.

An off-gas system is used to mitigate NOx and sulfur componenfs.

" The final product charactefistics determine the limiting factor for sodium loading.

Sulfur goes to solid-liquid streams from the off-gas and will need to be disposed of.
The process is in a unit independent of the Waste Treatment Plant.

This process presents challenges from a safety basis viewpoint.

~ The process uses graphite electrodes.
* This is a batch process; metal settling must be monitored.

" The Waste Form Qualification process is similar to that of the Waste Treatment Plant. -
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The amount of cesium removed determines potential remote maintenance
requirements of the Process.

Actlve Metal Reduction: Presentation by Richard Brouns, Pacific Northwest National
- Laboratory

Denitratio.n may produce hydrogen sulfide, which is-poisonous and needs treatment.
Chromium and technetium are reduced to insoluble aluminates.

Product is one of a few mineral compounds that hold sodium very well.

" Vessel of 1,_000 Lis ;equired.'

With excess aluminum, more gibbsite is generated than Na A1.0,_ -

Waste contajnin'g aluminate does not make good grout.

The economic analysis for th1s process was favorable when compared with past
baselines. :

Phosphate has the advantage of faster reactions.

Aluminum causes reduction to sodium aluminate, which is then caged on silicon.

Clean Salt Variations: Presentation by Mike J Ohnson,"CHZMHiH Han_ford Group

“Sulfate separation is achieved by adding strontium nitrate '

Without sulfate separation, sulfate goes to doubIe-shell tanks; the double-shell tank
waste 18 processed by the Waste Treatment Plant. :

Acid recoveryﬁ was not studied.

Shielding requirements are very _dif,ferent, between clean salt with cesium removal and
clean salt without cesium removal (options 4A and 4B).

‘Technetium goes back to double-shell tanks.

A40 ton/déy implementation raté was achieved in Ruséia.
Capacity for 68 single-shell tanks in 10 years is about 10 gal/min.

If nitric or phosphoric acid is added to reduce NaOH to be added back, it could
reduce Waste Treatment Plant processing time by about 3 years.

Ceramicrete and microencapsulation yields higher waste loading.
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- Sulfate Removal:

The Waste Treatment Plant had sulfate removal in its original design, but it was
deleted; the decision was to make more immobilized low-activity waste glass =
(20 percent increase.) Sulfate removal is being reconsidered because best-basis
inventory has changed since 1998 when the decision was made. It is showing more

sulfate-and less sodium, hence greater impact on immobilized low-activity waste

volurmne. Contract structure with BNFL made acidification, sulfate removal and
caustic addltlon unw1se from a business point of view.

“Rule of 57 shows higher sulfate loading when sodium loading is low; giving

reduCtion'_in immobilized low-activity waste production.

An evaluator asked about the pH of 5M sodium feed. The single-shell tank saltcake
is probably lower in free hydroxide than double-shell tank feed (IOM sodlum is2or

3M free hydroxide).

. Grout: Preselnt'ation By Jeif Voogd, CHZMHill Ha.nfo_rd Group

Key point is that focus on key product qualities is needed; then one must develop a
process to achieve that product quality.

With previous grout formulation, an asphalt barrier and Hanford Site barrier were
needed for technetium and nitrate. Better grouts can be made. Smaller containers are
better but perhaps still not good enough. An adiabatic cure for the grout does not
work well.. Even small boxes are nearly adiabatic. : :

~Savannah River Site grout formulation i is not used at the Hanford Site because slag

helps with technetium, but pore structure helps w1th nitrate.

‘The cost estimate for 1r_nmob111zed .low-actlwty waste is very simplistic: every year

the Waste Treatment Plant does not need to operate saves one billion dollars.

One evaluator stated that it was hard to show from risk analysis that technetium -
should be as big a driver as it is.

Steam Reformmg' Presentation by Duane- Smoker Washmgton Group, and Brad Mason,
Studsvik. : _

A vendor gave the presentation for steam refomﬁng, whereas CHG and PNNL .staff

 gave presentations for the other technologies. No test data of calculauons were

provided to support the performance described.
Process is bemg used in radioactive environment.
Samples of product were shown.

Presenters are prepared to talk about resuit but cannot presént data for business
sensitivity reasons.
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There are 6-in., 18-in., and 45-in. beds in Erwin, Tennessee, processing radioactive
waste from-power plants. The feed is polystyrene beads.

Studsvik is not llcensed to process s}udges They are usmg ion exchange resins,
~ which contain a lot of sludge. :

The final waste form is sodium aluminate as powder; it is not stabilized.
The process can handle 7 wt% sulfur at a rate of several tons per year.

The current process is not handling transuranic compounds. The main radionuclides
are cesium, cobalt, nickel, manganese, and iron.

More than 99.95 percent of the incoming cesium stays in the final product.

Pyrolysis did not reduce organics volume enough steam reforrmng was developed to
gassify product

The 15-in. fluid bed test facility was used for a test for BNI in December with double- -
shell tank waste simulant. One-ninth productlon scale, process control, off-gas
verification, and metallurgy and corrosion verification were tested

In 1999, the Tennessee facility started commer(:lal pyrolysis and steam reforming in a
45-in. fluid bed, under 400 R/h, and heavily shielded. Contact maintenance was
performed by flushing. Fluidized bed and off-gas system do not significantly
accumulate cesium (100- 150 mR/h). The semi-permanent bed of alumina is emptied
at intervals of approx1mately once per year. The facility performs denitration and
- sodium immobilization by changing additives. The product is sodium oxide and

- aluminum oxide in Tennessee. - At the Hanford Site, it would be a mix of oxides of

sodium, aluminum, and silicon.

An evaluator asked whether there was an excess amount of additive. The vendor
replied that the additive was close to stmchmmetry and that other spec1es that can
form are insoluble. ‘

There is a need to grout the waste form to produce a monolith. The granular material
meets ultimate tensile strength.

Sodjum is not in the pores; it is part of the crystalline structure, which forms cages -
. that trap larger ions such as cesium. There is not enough experience with the process
1o know what the maximum sodium loading 1.

The process operates at no lower than 735 °C; the process is too slow 1f a lower
temperature is used.

There is less than 500 ppm total NOx in the off-gas, and less than 20 ppm also is
Cl. F caught in the solid. Concentrations are so low that there is no need to neutralize

. scrubber solution.
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Vendor has not done enough work to know where the sulfate is. There is less
0.1 percent in the off-gas. It is sllghtly soluble, but mostly insoluble. Clay bonds

with the sulfatein the bed.

Process is not RCRA-licensed. Tests have been conducted with chromium, lead,

cadmiuvm, nickel, and aluminum that were contained within solids and were non-

leachable. The product passed the toxicity charactensnc leaching procedure by a
factor of 100.

 Finer material was elutriated and recycled. Tt passes toxicity characteristic leaching
procedure as well. A majority of material comes out at the bottom of the bed.

Oxygen plus superheated stéam generates heat at the bottom of the bed, which is
oxidizing. The middle of the bed is reducing, leading to denitration. The metals are
all bound. Oxygen is added to the top to finish organic destruction. Some metals
could be oxidized, but they would stifl be insolubie. :

There is no incomplete combustion. The fluidized bed is excellent at mixing.
Chlorine is bound, so it is harder to form dioxins. There are no dircct data, but data
from similar processes are available. Some data on DOE orgamc waste are available.

One needs proof for regulators.

Steam 1s at 600 °C, under a slight vacuum ( ~20 in. water column ) the steam head
must be 4 to 5 Ib/in® to inject. :

The black coating on the samples shows that a lot of carbon is burned. Work on -
" removal of carbon in fines is needed.

A 9-ft-diameter vessel is needed for low-activity waste treatment at the Hanford Site
in the Waste Treatment Plant. Thirty-six tons per day of product would be processed.

Pretreatment depends on customer preference.
The highest i'adiation ever processed'by Studsvik is 395 R/h

The volume of product, based on tank 241-S- 112 is 4,180 m’, or 3,610 metric tons.
It is a low-density product. .

With additives, the feed is about 3M sodium. Feed mayfnéed to be evaporated.

The nozzle was fouled at times; vendor changed the nozzle tip orientation to resolve ‘
the problem. .

A “non#incinerator” designation on the permit means no public comment period.
Maximum achtevable control technology applies, so designation may not matter here.

No knowan catalyst poisons are in the waste feed.
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Cost for a 45-in. bed process in Tennessee was thirty-five million-dollars.

Height of vessel is 25 to 28 ft.

 SCORING DISCUSSIONS

1- Bulk Vitrifi cation

General: A fixed facility must be assumed for Secondary containment. One
evaluator remarked that it does not seem worthwhile to pursue sinice it is so similar to .
the vitrification process now being built and cannot be safely skid mounted.

~ Operational safety: Some wanted to rate this lower than 2 because of lack of
modularity. ' '

‘Regulatory permitting: - Regulators believe permitting wili be difficult because

higher temperatures cause more off-gas. RCRA is also an issue. One must assume a

- fixed building to have any chance of permitting.

Waste incidental to reprocessmg Cesium ion exchange and sohd—hqmd separation
may not be as good as Waste Treatment Plant pretreatment. This makes it hard to
argue that radionuclides have been removed to the standard of the best: that is
technically and reasonably possible. ‘Ecology rated this lower than other evaluators.
The waste incidental to reprocessing ranking would be lower than Waste Treatment .
Plant glass. The cost per curie to process waste by this method is expensive. Waste
already has been processed through B Plant and does not need to be processed by the
Waste Treatment Plant. There is a problem with the hlgh-level waste definition in
DOE O 435.1; it is horrible to work with. Technetium removal is not likely to meet
requirements for waste incidental to reprocessmg

Land dlsposal restrlctmns There was little dlscussmn and good agreement on score
of 4. -

Waste form performance, technetium: Glass is durable and the best option.
Separation of technetium is small based solely on selective dissolution.

Waste form performance, nitrate: Nitrate is removed and-is not an issue.

Percent waste appli'cable to: There was little ‘discussion and good agreément on
score of 4. All tanks will get this score making this criterion a non-dlscrlmlnator
One can apply all technologies to all 68 smgle~shell tanks: :

Effect on waste volume: Waste volume will change by not more than 20 percent

- Score 3.

Mission completion date There was htt]e discussion and good agreement on score
of 3.
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: Compatiblllty wrth flow sheet: There was little drscussmn and good agreement on -

score of 3

Ease of operations: Evaluators expressed concern about graplute electrodes bemg
corroded (consumable) Score 2. '

Process stability: Score 3.

Ease and fr-equency of maintenance: Score 2.

Number and complexrty of unit operations: Process temperature is 1 600 2C for
bulk vitrification versus 5,000 °C at Allied Technology Group. Alljed T echnology
Group processes different kind of waste. Score 2.

River Protection Preject_trea_tment needs: Score of 1 due to lack of mobility.
Flow sheet compatib.ility' Glass cbemistry is known earning a score of 4.

Susceptibility to chemrstry rlsks There was 11ttle dlscussmn and good agreement
onscore of 3.

Deployment history: Score 3. -
Scale-up issues: Score 4.

Pathway to deployment: DOE admrmstratrve policy may effectrvely exclude this’
option. Score 2.

Vendor reliance: Score 2.

Equipment and parts availability: Score 3.
Relative cost impact: Score 2.

Metal Reduction -

Operationhl safety: Temperature of proeess is nothigh (50 °C -~ 120 °C). If water is

+ added to control temperature, there is a 7-to-1 evaporation rate. Testing was done at

50 °C. Hydrogen, hydrogen sulfide, and ammonia could come off in potentially

. explosive concentrations. For batch reactions, it'is difficult to control the rates; a way

is needed to make it continuous. Also, nitrate-aluminum reaction could be extremely

- explosive if powdered aluminum were used. It is less risky if bead-like material is

used. If beads are used, the temperature could reach 400 °C. On the other hand, this
processing is similar to the aluminum cladding disselution done for many years at
DOE sites, so these issues can presumably be controlled. Safety is no worse than that
of bulk vrtrrﬁcatron which has a temperature of 1,600 °C. The evaluators scored this

asaz.
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Regulatory permitting: Penmttrng will be complex if process equrprnent is skid-
mounted. The process must be done in a building. -One must consider low-
-temperature denitration and recychng of aluminum scraps. Active metal reduction is
 casier than bulk vitrification and steam reforming but harder than sulfate removal.
All agree on a score of 3. ' o :

Waste mcldental to reprocessing: Technetium will be reduced and will be retained
in glass. Reducing technetium has not happened in short-term tests. Hanford Site
soil is oxidizing, so technetium could be reoxidized over time. Release mechanism

* from glass is surface corrosion. If technetium is in porous material, the release
mechanism depends on where technetium is ini the material matrix. Steam reforming
product will be porous. ‘Here, product isless porous because it was formed in a liquid -
environment. Evaluators guess that quality will be better than grout'and worse than
glass but not much worse. No certain data exists. Aluminosilicates will take some
nitrate if needed and will yield a much higher performance than phosphate-bonded
material. AH agree on score of 2. o

Land disposal restrictions: Score 3 (regulators tended to vote lower than others)
This waste form rrught be better than glass, but a Iot of. uncertarnty exists.

Waste form performance, technetium: Goo.d waste formto lock technetlum,' but
there is mu'ch uncertainty about performance. Score 3.

Waste form performance, nitrate: Nitrate is separated If there is any nitrate, the
waste form wilt hold it. It needs to meet a 500 Ib/in* requirement. All agreed on'a

score of 4.
Percent waste applicable f_o:‘ Score 4.

Waste volume disposed. of onsite: Flow sheet shows phosphate cerarnic but voting
was based on aluminum silicate flow sheet. Stoichiometry could be optumzed
- Product may need to be compacted. Score 2. :

MlSSlOIl acceleration lmpact Evaluators had little conﬁdence in tlme savmg of
19 years. Score 3. - :

Flowsheet compatibility: Little discussion occurred. Score 3.

‘Ease of operatlons Unfavorable aspects include t0x1c compound in off~gas, mixed
‘ammonia and nitrate, and organics. The process has lots of steps, mixed ammonia
and nitrates, and hydrogen sulfide pOlSOI‘lS catalysts, which render it not very
favorable. Process is not as hard as clean salt Score 1 with dlssenters voting for a 2.

Process stability: Process has narrow operatlon parameters There could be

" unknown poisons. On the other hand, this is a type of process DOE has done before.
One needs a lot of control to get the right’ mmeral and to minimize hydrogen gas
emissions. Score 2. , N
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Ease of maintenance: No unusual equipment needed. Process is not as easy as

‘grout. With clean salt, all is soluble and one can redissolve any precipitation There

is a long curing time. Radiation levels have been taken down before processing.
There are issues with potennal solids accumulation in the system, more solids that are. '
msoluble and gunky alummum hydromde prec1p1tate Score 2.

Number and comp]exnty of unit operations: The process is rou ghly equal to clean
salt and sulfate removal. There are off-gas issues. Evaluators felt information was

" insufficient to discriminate among these options. Process is complex as written but

could be simplified. Flow sheet is more detailed than others but not the off-cras
system. Score 1.5 (evenly divided between 1 and 2).

River Protection Project treatment needs: The process must be in a bulldmg as for
bulk vitrification. Score of 1 due to this mobility issue.

Technical matuarity: This is the least mature of the options. Score 1.
Chemistry risk: Hydrogen sulfide can poison the off-gas treatment. Score 2.
Deployment history: Score 1 (little diScussidn)

Scale-up: This is a batch process. Process rates of 5 to 10 gal/mm are. achlevable
but two units may be needed. Score 3. :

Pathway to depl_oyment: Process would'require arduous dévelopmental work but
produces a great waste form. Off-gas will be hard to handle within the DOE system.

. -At the Savannah River Site, a solvent extraction process was eliminated 2 years ago

because of technical immaturity and is now the process of choice. This process is
penalized for our purposes because of immaturity combined with an aggresswe
schedule but is promising over the long term. Score 1 o

Vendor rel-labll_lty: Score. 3 (httle_dl'scusswn).
Equipment availability: Score 3 (little _dis_cﬁssio'n_). _

Cost impact: Score 2 (little discussion).

-3 —.Steam Reforming

General: The presentation was in a different format than the others and ‘was made by
a vendor (Studsvik, sponsored by BNI) Some pans of the process were not revealed
for business sensitivity reasons. Evaluators did not have a flow sheet to use for the
evaluation. One must assume process is housed in a building. It may be used at

Idaho National Engineering and Environmental Laboratory as well as at the Hanford
Site. BNI is trying to get funding to move forward and will send out a request for
proposals to do the testing. Process is good for organic waste, and its reducing
environment is good. Testing did not include RCRA constltuents and was a short-
duration test.’
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Operational safety: Process is at a relatively high temperature, 700 °C. Potentially
 explosive mixture results from the process, so the vessel is designed to resist
explosion. Fluidized bed is under combustibie gas conditions. NOx is under negatwe
" pressure. It must be assumed that this process is housed in a building and that cesium
and technetinm are removed as required.- Process requires oxygen storage and steam
plant Source of carbon in process 18 suspected to be actwated carbon or sugar.

Regulatory permitting: Feed uncertainty combined with flow sheet uncertainty -
make this option hard to evaluate. No big concerns were expressed, but regulators
questioned what would be gained by cleclarlng that the fac111ty is not an incinerator.

Score 2.

Waste incidental to reprocessing: The waste will need to go through pretreatment.
. Voting was evenly divided so score of 3.5 was assigned.

Land disposal restrictions: Process is expected 6 have good performance on
metals; however, data are lacking. The vendor said that one sample passed the
toxicity characteristic leaching procedure, but he did not say what happened to other

‘samples. Not all RCRA metals were used in the tests. . We need more tests with good

* simulants. Process makes a similar waste form to active metal reduction. Toxicity

characteristic leaching procedure tests of product appear to be limited at best, based
on the Sream Reforming Thzrty-Day Scoping Effort Report. Score’3."

Waste form, technetium: Technetium performancejs expected to be same as that
for active metal technology. Score 3.

Waste form, nitrate: Grout would perform better on monolithic basis but worse on a
particulate basis. Waste form will likely need to be monolithic (causing an additional
process step). This is to be noted on scoring table. Nitrates will be destroyed. '
Score 4.

Percent of wéste applicable to: Score 4.

Waste volume: 'Sco_re-2.

. Mission acceleration: Similar to bulk vitrification. Score 3.
- Flowsheet compatibilitye Score 3.

Ease of operatnons Industry has lots of fluidized bed experience. There isa need to
fine tune the mix of elements (e.g., oxygen—carbon—stea.m—catalyst)

Ease of maintenance: Experience with treating ion ex'change resins at Erwin,
Tennessee, is not directly applicable to Hanford Site waste. The Hanford Site ‘waste
has a high salt content that can cause operating problems, such as feed nozzle
plugging and bed agglomeration in the steam reformer, that are due to formation of a.
_molten mixture of sodinm hydroxide and sodiuin carbonate that is mastic. The
“ vendor acknowledged nozzle plugging with sodium. There is an issue with carbon
pollution on the product. Test reformer could not run at steady state, but some panel -
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members felt problems could likely be corrected There will be some clmker

'fonnatlon in beds. Score of 2.

:_ Number and compl_ex:ty of unit operations: Score 2.

River Protection Pro]ect treatment needs: Score 1 (based on lack of mobility .
[i.e., needs to be in a building}). Based on 1initial mformatlon the process reqmres
facilities to generate steam and oxygenn..

Maturlty: ‘Process is working in commercial and nuclearindustries. Score 3.

Chemical risk: Score 2 (worse than bulk vitrification)..

- Deployment Histo‘i'y‘ Score 3 (little discussion).

Scale up: There are issues-if more than 10 gal/min-are processed Insufﬁc1ent
information is available to understand how rate and tank size are correlated. Score of
4 based on a 5 to 10 gal/min processing rate. ‘One person had concerns with the
ability to control the process with a 9-ft vessel as.assumed for the WTP. Score 4.

Pathway to deployment: Issues must be resolved (e.g., waste form). It is difficult to .
rate because of lack of information from the vendor. Vendor initially thought this
technology would be put in a melter cell but is now considering a separate facility.
Score of 2 for the 5-10 gal/min rate.

_ Vendor rellablllty ‘Multiple vendors and bidders expected ‘Score of 3 based on

lack of information.

Equipment availability: Score 3.

. Cost: Costs will be influenced by the large volume of secondary waste. No cost.

estimates were presented to panel. Thirty-five million dollars of capital expense were
incurred to start facility in Erwin, Tennessee. The facility would need a big off-gas

.~ system, a big pressure vessel, and a bu1ld1ng approximately three stories high. The

process appears to save 19 years, but data are not available. Not rated.

Clean Salt Options 4A, 4B, 5A, and 5B were ranl_ced as a group.

| 4A — Clean Salt (Ceramic grout, no cesium removal)

Operational safety: Option 4A is rated as unsafe, and 4B is okay. In option 4A,
90,000 Ci of cesium are processed; in option 4B, 900 Ci of cesium are processed. In
both cases, there is a remotely operated step.  The loaded cesxum ion exchangers area
big source term. Without cesiuvm ion exchange, there is still an accumulation point in
an accumulation tank but a smaller source term. In remote operations, things go
wrong 10 times more often than they do with hands-on operations. In safety, one
looks for big problems like pressurization and spills. It would be a drawback to have
to go to a shielded facility to repair a skid-moéunted system.. Voted, score.of 2. One

 strong dissenter (Bell) felt this process was anti-ALARA. He was concerned that not
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using cesium ion exchange would create shielding issues. These were no big release
concerns. He wrote a formal dissent as follows: “Operations safety of a process for
treating radioactive materials is a strong function of the rad levels of the material. A
total process generally 1nclucles a number of unit operatlons, and when these unit ,
operatlons are physically separated the operations safety can be directly related to the
number of unit operations that have rad levels that require high shielding and remote
operations. A process that inchudes remote operations rather than contact operations
when contact operations are within a reasonable grasp should be rated at the lowest
level. This conclusion would apply to both the 4A and 5A process flow sheets.

These processes could be called anti-ALARA.”™ '

Regulatory permitting: This process uses an evaporator-like aspect compared with
WTP, which is considering evaporators as miscellaneous units. Some thermal
treatment standards apply but not 4/9s. All low temperature evaporation is not
thermal treatment. The LAW evaporator has some thermal treatment’ features for
permitting as a * ‘miscellaneous” facility. The Hanford Site 242A Evaporator was not

permitted as thermal. Agreed; score 3.
Waste incidental to reprocessing: Easy, permanent process that works. Score 4.

Land disposal restrictions: Process is likely to meet nltimate tensile strength for -

metals and toxicity. Organics are not treated and will not be with NaNOs; rather they

will be in solution and go to the DST system. Waste streamns will not be more than

5 percent organic, mostly oxalates, not listed waste. The issue will at least need study

_ in a public foram. Whether technologies fall under the ultimate tensile strength
definitions (needing land disposal restrictions variance) has not been analyzed. No

" one has done a leach test on the Waste form. Score 2.

Waste form performance, technetmm ‘Waste form is likely good for phosphate-
bonded ceramic considering that the removal of technetium has occurred. Waste
form is very low in technetium. Waste form will not hold as well as aluminum
silicate, but it is better than polyethylene and still very good. All agree ona score

“of 3

Waste form performance, nitrate: Performance is poor; there is no mechanism to
retain nitrate, which will leach. Score 1.

Mission completion date: There is some concern that the sulfate goes to WTP.

Ease of operablllty Crystallization is considered difficul to operate. Operatmg at
freezmg point is nsky All agree on a score of 2. ' _ '

Process stablllty Crystallization is hard for modular system Score 2.
'RJver_Prote_ctlon Procect treatment needs: There is no ease of mobility. Score 2.

"Flow sheet operation maturity: Mostly laboratory—seale testing has been done.
Technology development is in early stages. All agree on ‘a score of 2.
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o Chemistry risks: Precipitation is vulnerable to low concentration spe01es
Evaluators concluded that there will be no chemical reaction except during
acidification. Sometimes things cannot be made to. dissolve and other surprises occur
with acxdlfzcaton Score 2. :

. Deployment history The process worked in Russia, but there is no parallel to
commercial standards, especially since Russia used the process in the 1960s.
' Crystalhzanon is used in the mdustry but acidification is not easy Score 1.

» Scale-up i issues: Score 2

» Pathway to deployment: The pathway to deployment is scary; there are many issues
with the waste form. It does not appear to be totally unsu1table and may be '
managcable for a demonstration. Score 1.

e Vendor reliability: INEEL experience shows equipment is av;iilable but does not -
work well. Score 3.

+ Equipment and parts availability: Score 3.

o Cost: Process is costly and does not reduce burden of glass. This process .yiélds_ the
worst cost for ILAW reduction ration. Score 2.

4B — Clean Salt (ceramic grout, with cesium removal)

Optlon 4B is the same as 4A, except for more favorable ratings on operational safety, ease of
operations, and ease of maintenance becanse of the ccsmm removal step.

5A - Clean Salt (with sulfate removal, no cesium removal)

Option 5A is the same as 4A, except for more favorable ratings on mission compleuon date and
RPP treatment needs and less favorable on ease of maintenance and operations and on number
and complexity of unit operations (with sulfate removal step). DST volume reduction is good.

SB - Clean Salt (with snlfate removal, with cesium removal)

Option 5B is the same as 5A, except for more favorable ratings on operational safety, ease of
operations, and ease of maintenance because of the cesium removal step. -

6 — Grout

« . General: This option is likely not viable unless technetium is removed. It will be
trapped and reduced to TcO,. Reducing agents can be put in the grout; the research
has been done, but reducing is only partially effective. A panel member asked
whether the reductant would work if the waste were dried first. . The answer is that the
waste will not be dried. In bulk vitrification, the technetium is bound but the .
inventory is still there. There is.a volatility concern. One would have to separate -
technetium from chlorine and fluorine to recycle. The state regulators have concerns
regarding the WIR determination. At the Savannah River Site vitrification facility,
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_ technetium is not in the off-gas, but conditions there are different; the technetinm is

reduced in the sludge, and the process temperature js lower. -
Operational safety: Score 4.
Permitting: Score 3.

Waste incidental to reprocessing: Regulators tended to rate this process lower than
other evaluators due to **Tcand '»T issues. Technetium is the most mobile followed
by "I and "“C. Other radionuclides are much less significant. There is a lot of
information on technetium. It is probably much lower in the tanks, having been
volatilized, than the best-basis inventory would indicate, and if removed, it will be
much less important. So technetium is a good representative. But the process will
get a lot of scrutiny, even with technetium separation, as shown in the 1993 WIR

~ determination. In 1997 DOE did a WIR determination for all SSTs and DSTs that
determined that it was not economical to remove technetium unless required for

performance assessment. Cesium jon exchange is needed. Mixed waste is not made
part of the WIR. Waste coming into the WTP is worse as far as radionuclides, so it

*goes to glass. The 121 and "C do not go into. glass, 214s trapped in the off-gas

systemmn, but there is no way to immebilize it. The "*C goes into the air.. With this
option, it is at least somewhat 1mmob1hzed ‘Voting was split, with regulators voting
for a score of 2 and others voting 3. Score of 3 with a footnote indicating the spht

Waste form performance, technetlum Score of 2 because technehum must be
removed.

Waste form performant:é, nitrate: Score 1.

Percent of waste applicable to: Without technetjim removal, the process cannot

apply to all 68 tanks. If one assumes technetium removal, the score is 4.

Effect on waste volume: Score 1.
Mission completion: Score 4. J
Compatibility with River Protection Project flow sheet: Score 3.

Ease of operations: Off-gas is minimal; thére may be some volatile organic
compounds. rTechnctium removal adds one unit operation; still score of 4.

'Process stability: Very stable. Score 4. |

Ease of mainte‘nance: Score 3.

Number and complexity of unit operatwns Comparable to sulfate removal except
for acidification. Scere 4.

River Protection Project treatment needs: Score 3.

B3-18.
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Flow sheet maturity: Score 4.

Susceptibility to chemical risk: Only a few chemicals, some organics and
atuminum, can perturb grout Nitrate is not really tled up Score 4.

Path to deployment: Unlikely to get st_a.kehol_der buy-m. Score 1.
Vendor reliability: Score 4.
Equipment availability: Score 4.

Cost: Cost is very favorable. Years are cut off the WTP process and relatively
cheaply. Life cycle cost for disposal is likely to rise. Score 3.

7 - Sulfate Removal

Operational safety:. This is a simple operation. Score 4.
Regulatory permittihg' This is probably the simplest of the options. Score 4.

Waste incidental to reprocessing: Sulfate removal is relatwely e€asy, similar to
nitrate crystallization. Score 4. :

Land dispOsal restrictions: Sulfate removal should meet the toxicity characteristic

leaching procedure, but fluorine-listed waste is an administrative issue. Score 3. -

- Waste form performance, technetium: Score 3.

Waste form performance, nitrate: There are no nitrates. Score 4.
Mission comp]etion date: Sulfatc still goes to WTP.. Score 3.

Ease of operations: Sulfate step is relatively snnple Acid step is the only

- complicating factor. Score 3.5.

Pathway to deployment It only makes sense to'do thlS in WTP with the a01d1ﬁed
stream Sent to melter Scorc 3.

Cost: This technology is a lower cost process that solves a real problem but it does
not solve the whole problem, and it adds wash water. Score 2.
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ATTACHMENT B4

PRESENTATION VIEWGRAPHS
HANFORD SITE TANK WASTE BACKGROUND
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ATTACHMENT B4
PRESENTATION VIEWGRAPHS

Hanford Tank Was_te/Ti'eatment Background

Hanford Tank Waste/ Treatment

Background
RPP Alternative Technology Workshop
~ May?21, 2002 -
Kayle Boomer, CHG
CH2MHILL
. ‘Hantord Gooup, Inc.
Background

* Largest gap between WTP current capacity and
tank inventory is soluble salt inventory (“Low
- Activity Waste™)

- =®Mission Acceleration Initiatives near term focus 18
selection of LAW treatment alternatives to WTP
for demonstratlon within four years. with tank
waste : -

» April 2-3 workshop reviewed available
technologies |
* Seven LAW alternative treatment paths for
 flowsheet and performance data development
- Results will be presented today

“B4-1
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Background (Cont’ d)

e WTP capacity drivers for LAW are:
- — Sulfates: reduce possible waste loading in glass
— Non-radicactive sodium salts: are the majori_ty of the waste
o All treatment options include:
— Selective dissolution to reduce Cs/Te content
— Solid-lignid separation
— Cs1on exchange (optional for some) to reduce dose rate
‘Three categories of alternative treatment options
- Innnobilizaﬁen without chemical separation -
— Denitration and mmmobilization

— Separation and immobilization of chemicals to reduce WTP
LAW glass volume

LAW Treatment Alternatives

To HLW Disposal
ot WTP via DST

Disposal -

: SIGE DeprraSoNTn
CHEIDSSppt

B4-2
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Enablmg Assumptlons for MAI

Technologies

» Feed Selectlon Tank S-112
- — Saltcake Tank, high in sulfate
- - Sound Tank, characterized
~ Planned for near term retrieval -
. Pretreatment to Reduce Radlonuohdes to

MAI Technologies |
— Selective Dissolution apphes to all paths :

- Sohdt'qumd Separatton applies to all paths -
» Feed Processing
'~ 5GPMat5MNa

Enabling Assumptions for MAI
Technologles (Cont d)

e General
— No Waste Retrieval Issues
— Must be Class C or better _
— Waste consistent with site disposal requirements. .
» Technology Information
- Based on available vendor information and laboratory
data N

B4-3
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On-Site Disposal Protocols

On-Site Dis-pdéa-l fPir'ot_-oc-o Is

J.W. Badden
May 21, 2002

CHZAHI L
Harkond Siverg, do,

| Waste Pathways

* Liquid Effluents Treatment/Disposai
- — Effluent Treatment Facility (ET F)
= Permitted Facility .
-— Liquid effluents must meet ETF waste acceptance criteria
— Not a discriminator between treatment options
- » Air Releases '

— Consider in des:gn
— Obtain Notice of Constructions {NOCs)

- Thermal treatments may be more prob!ematlc however not
considered a discriminator between treatment optlons '

 Solid Waste Dlsposal
- On-Site facilities are available
- Must meet waste acceptarnce criteria

CHeMHLL]
et S, o
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‘Hanford Site Solid Waste Facilities

o Lined Low-Level Burial Grounds (LLBG) (Mixed Waste
- Trenches)

— Mixed low activity waste (LAW) should be able to meet current
waste acceptance criteria (WAC)

- Assumption: WAC could be expanded to allow other waste
forms

» Immobilized Low Activity Waste (ILAW) Disposal Facﬂrty
-~ Disposal of vitrified LAW only -

. Enwronmental Restoration Disposal Facility -
— -Not currently available to RCRA process waste not considered
further -

» Central Waste Complex '
Intenm storage ability for mixed LAW for information purposes

CH2MIFELL
s i, dn

Solid Waste Facility Descriptions

. * Lined LowéLeveI Burial Ground
* Immobilized Low—Actwlty Waste
~ Facility ]
~+ Central Waste Complex (CWC)

CH2MHILE,
Haptans S ine.
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Lined Low-Level Burial Grounds

- Trenches 31 and 34 of the 218-W 5 Burlal
Ground

« Lined, RCRA compllant disposal units

‘- = Accepts LAW d_es_lgnated D001-D043, tank:
listed wastes, and state-only dangerous waste

« Interim status permits; air permits in place

CH2MHILL|

Immobilized Low-Activity Waste
Facility

RCRA compliant landfill incorporating double lined
trench with leachate collection system and
surface/subsurface barriers '
Located in unused portion of 200 East Area
Ccnflgured to holid 81,000 ILAW packages ln 8
separate disposal cells

Each cell consists of large trench conta;nmg 3 layers’
of ILAW packages separated vertically by soil

ILAVWY packages positioned with crane S
Currently intended for d |sposa| of vitrified waste only
(accepted method of achi |ewng LAWY status)

Not permltted

CH2WVEHLL
. Bl tomk,
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Central Waste Complex

Storage unit for low level mixed, TRU, TRU mixed,

- and other waste types requmng treatment before
disposal

Potential back—up facility for temporary storage of

Mission Acceleration Initiative (MAI) ILAW or other

secohdary solid waste _

- Waste stored at CWC will be treated and repackaged

as required for disposal as treatment capabilities

become available

Accepts characteristic waste numbers D001-D043,

certain listed wastes, and state-only dangerous: waste

Solid Waste Facility Waste
- Acceptance Criteria

e Radiological

e Chemical

» Packaging

B4-7
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Lined Low-Level Burial Ground Acceptance
Cr:tena Rad:ologlcal Requirements
Summary

« Transuranic content < 100 nCifg. of the ILAW
‘s Waste category shall not exceed Category 3 without analysis”

» Category 3 waste shall satlsfy one of the following stabilization"
requirements: 1) packaging in high integrity container;
2) placement in monolith in the LLBG; 3) stabilization in.
concrete or other agent

- Stabilization of mobile radlonuchdes

s Performance assessment (PA) doesn't allow for >1 Ci Tc (higher
would require amending PA)

- Waste must meet the LLBG interim safety | baSIS llmlts

¢ Surface contamination shall not exceed the limits in HNF-5173,
Table 2-2

» Dose rate shall be' < 200 mremhr on contact and < 100 mremfhr
at 30 cm

. CH2AAHILL

Sk Soes. o,

Lined Low-Level Burial Ground
‘Chemical Composition Requirements
Summary | -

‘s All free liquids must be absarbed, stabilized or removed
+ Residual liquids shall be sorbed or reroved
+ ILAW form shall be acceptable for Iand dlsposal ‘under
~ WAC 173-303 _
» |LAW form shall meet applicable land disposal restnctlons
treatment standards and requirements (40 CFR 268
WAC 173-303-140) -
- Waste disposed in trenches 31 and 34 must be compatlble with
-the landfill liner system {HNF-5841)
«. Chelating compounds exceeding 1 wt % of waste must be
solidified or stabilized
» If heat generation from radloiogical decay exceeds 3 5 watts/m?,
a container mtegnty evaluation is required -
+ Container vents shall be provided if potential exists for
_ pressurlzatlon or flammable/explosive gas generatlon
' CHZVHILL
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Lined Low Level Burial Ground
Packaging Requireme’hts;_'Summa';ry

Conta:ners other than metal drums must be evaluated
for structural stability and contalnment on a case-by-

case basis ,

Integrity of outer containers shafl not be compromlsed
Containers shall comply wrth LLBG Fire Hazards
Analysis

Containers shall be compatlble with waste and
maintain containmentand integrity during handling and
storage

Container compatible with forklift or crane lifting device
Packaging shall minimize: settling and subsidence in
trenches 31 and 34

| CHIMHILL

. - Ml Gk A,

Lined Low Level Burial Ground
Packaging Requirements Summary

Containers other than metal drums must be evaluated
for structural stability and containmentona case—by—

- case basis’
Inteqrity of outer contamers shall not be compromlsed
Containers shall comply with LLBG Fire Hazards
Analysis

Containers shall be compatible with- Waste and
maintain containment and ntegrity durmg handhng and
storage

‘Container compatible with forklift or crane lifting device

Packaging shall minimize settling and subsidence in
trenches 31 and 34

CH2MHILE
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ILAW Facility Acceptance Criteria
Radi-ologica:l -Requ—ire‘ments --su.mmary

= Documentation of radionuclide mventory of each

- ILAW package

= Transuranic content < 100 nCifg of the ILAW

» Radiological concentrations shall not exceed -

- .applicable Class C Iow level waste concentratlon

~limits

o Maximum conta_minant release rate shall be less than
the limiting value for protection of grou-ndwater during
the compliance period :

v Release rate in PA based on vit form; e.g., grout
would not be expected to meet

CH2HILL

. Fegriort fhOe, v,

ILAW Faclllty Acceptance Criteria
Chemical Composition Requlrements
Summary

» ILAW form shall be acceptable for. land disposal under
WAC 173-303

o ILAW form sha!l meet applicable LDR treatment standards
and requirements (40 CFR 268, WAC 173-303-140)

» - Sodium leachability index greater than 6 (ANSE!ANS 18.1)

- ILAW form shall not be pyrophoric, reactlve_ with water, or
capable of explosive decomposition at hormal
temperature and pressure '

+ ILAW form shall not contain or generate explosive or tox;c '

_ gases
o [LAW package shali not conta:n detectable free quUIds

CHINHILL

- R G e
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ILAW Facility Acceptance Criteria
Packaging Requirements
. Summary

. Sealed, stainiess steel, right circular product container
enclosing a poured giass waste form Wlth a sand or glass-ill -
material

« Container compatible with crane llftlng dewce and amenable
to vertical stacking :

e Weldediid =

» . Package integrity and compresswe strength requnrements
shall be met

« Mass of each package < 10,000 kg

. Surface dose rate < 1,000 mremvhr :

- Void space volume < 10% of total internal volume at time of
filling

« After coohng filler may be added such that vond space does

- not exceed 5%

CHz2MHILL

Sgeeind (edv: Joc.

Central Waste Complex Acceptance Criteria
~ Radiological Requlrements
Summary

o 'Must meet fissile and fissionable matenal content
limits in CPS-SW-149-00002 '
» Upto 35 DE-Ci per container for routine shipments;
Up to 150 DE-Ci per container subject to evaluation
* Waste exceedmg Category 3 (except TRU) reqwres
- DOE-RL approval
« Surface contamination shall not exceed the limits in-
~ HNF-5173, Table 2-2
+ ‘Dose rate shall be < 200 mremfhr on contact and
<100 mrem/hr at 30 cm

CHZMIALL
o o des
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Central Waste Complex Acceptance Criteria
Chemlcal Composition Requlrements
Summary '

« All wastes placed in a given outer container shall be
chemically compatible (WAC 173-303-630)

« Liquid sorption is allowed, if compatibie with
treatment methods antmipated for disposal.

« Sufficient sorbent shall be added to sorb any
expected condensate

« If heat generation from radiological decay exceeds
3.5 watts/m?3, a container integrity- evaluatlon is
required.

o Container vents shall be prowded if potentlal exists
for pressurization or lammable/explosive gas
. generation

CHRWREHLL

Central Waste Complex Acceptance Criteria ”
Packagmg Requlrements '
Summary

« Packages shall meet applicable 49 CFR container.
requirements for the hazard class of the waste

+ Outer containers shall be constructed of
noncombustible materials -

« Packaging shall include coatings and/or liners to
maintain containment integrity :

s Integrity of outer contamers shalf hot be
compromised

+ CWC container size and floor Ioadmg limits shall be
met or otherwise approved

» Packages must withstand the welght of two layers of
55-gallon’ drums welghlng 1 000 Ibs stacked on fop -

CH2MHILL
Fimahies Seocy e,
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Selective Dissolution, Solid-s/Liquids.S-eparations and Cesium Ion Exchange

Mission Ac_ce'l_erati‘onlnitiative
. Flow Sheet

Selective Dissolution, Solids/Liquids
‘Separations, and Cesium Ion
Exchange |
May 21, 2002
K. A. Gaspé_r

CHZ2MIHILL

Faniaed Group, e,

FLOW DIAGRAM

Other
= Flow Diagram
Processes

Cestum Studge . Loaded
Solution Sty on CST
1o DET to DST io Stotage

B4.13
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Process Description

e Process Chemistry
— Step 1: Selective Dissclution
* Premise: . '
— Salt cake dissolution during reirieval may lead to
. “fractions” based on differential solubilities -
- — Fractions may be diverted to different disposal pathways

“Selective Dissolution

Tank $-112 Gore 292 Dissolution Profile

1.0 -r

E 8

Fraction Removaet
g

R

X = s, NOy, OH', CF

jﬁ

13 ¥ T

0 100 150 2o
Cumtfative YWtk Diluent
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Seleotwe DIS solution:
Separatlon Information

v - [

SH2  68Tanks frﬁ:?éi,f

- Saltoake g Nitrite: 40%

Sodinm: 9, ?9E+Skg 2.50E+7 Sulfate-0M%
Nitrate: 1.39E+6  3.49E+7 From To Solids! . ey g0,

. Miirite: 6.24E+4  4353E4+6 $-112 Liquids . sppe. amos -
Sulfate:1.33E+5  -249F+6 ‘ Separation g7 10094
BICs223E+5 Ci 1.20F+7 : DET, Step
STe M7 03 1.32E+4 :

. i . Sodiurn: 30% -
TRU: 189 Ci 4.59F+4 Nitrate: 3%
- Mitrite: 0%
* Sulfate:10%
BICg: 60%
9Tc; 60%
TRU: 0%

Selective Di'ssoluti-t)n
Process Equlpment/Approach

o After salt well pumpmg

» St
' - Displaced

{ equal to sbout 25% : -
ofweight of wasiz) water (high Cs
1o displiace water i of - . .
waste wx:mm'g :luf:;’:' SO].]I'IQII)
cesiu:_n and techuetivm . .[.0 DST

+ Step #1B o
Add water -, Dissolved
To dissotve - salt cake sohition|
salt cake and transfer - (low Cs solution) to Solids/. |
Entrained solids Ligjuid Separation step

6
~

' B4-15
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Process Description
Step 2: Solids/Liquids

Separations
MAI Feed:
Low Cesum Liquid to -
Solution — ¥ Cesium
(including Ion Exchange
entramed solids) 0.01% TRU
o 5y, BY
Solids to DST ob oo s

$9.99% TR for S-112 & ol tenls
3% BCsfor 5-112 )
and 18% for all 6% ianks -

0.1% ®Tc far S-112.

and 2.5% for all 63 tanks

Process Description
Step 3: Cesium Ion Exchange

Liquid
"~ Containing
1% 137Cg

l HIC containers (capacity 65 ft°)

Inside conerete casks with -
Crystalline Silico Titanate (CST)
With 99% 7Cs

B4-16
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Process Flexibility

* Ease of Handling Varlatlon of Waste Feed

assumes:

— All 8r and TRU are non—soluble for sohdsthmd
separation .

— Non-equilibrium cond1t1ons can be approzﬁmated by
equilibrium conditions for selective dissolution
predlctzons _

- Sulfate separation is greater when sulfate concentration
18 hlgher

Regulatory Compliance- .

 Is Technetium Removed?

— Some technetium is removed by selective
dissolution step and sent to DST; whether
additional technetium is removed depends on
additional pretreatment steps assocmted with

: d1fferent flow sheets ‘

- B4-17
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Investment Driver

o Cost: The costs for carrying out demonstrations
for these pretreatment processes are mcluded with
the individual flow sheets '

- Sohdi'hquad separations and cestum ion exchange
processes are baseline pretr_eatment processes in the -
Waste Treatment Plant |

— Selective dissolution could bean mcremental step for
planned retrieval of salt cake from single-shell tariks

3}

Investmcnt Driver

- » Reduced burden on DST space: critical first
steps enabling more than half of the waste
retrieved from a single shell tanks to be
diverted from DSTs to- alternate waste form
1mm0b1hzat10n

12
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Selective Dissolution

13

i SEUR da

Fabrication of Riser #2 Nozzle Assembly for U-107

14
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TRIAD
Solids/Liquids
Separation
System

Components inside
shielded container

TRIAD Solids/Liquids

Separation System

SLS system

during

BN acceptance
testing at

the NUMET
- facility

B4-20
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TRIAD Cesium Ion Exchange

Cesium
Removal
System
Modular
Shielding

B4-21
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TAD Cesium Ion Exchange

Cesium Removal System
Ion Exchange Skid with
Modular Shielding

19

Cesium
Removal
System
Sorbent-
Sluicing/
Drying Skid

20
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TRIAD Cesium Ion Exchange

Concrete cask used to shield
the high integrity container
(HIC) containing the 137Cs
loaded sorbent

21

Ease of Building Modular
Process |

» Experience demonstrated with ORNL
“TRIAD” project for
— Solids/Liquid Separation
— Cesium Ion Exchange with CST
¢ Experience to be demonstrated for Selective
Dissolution with Tank U-107 Proof of
Concept Test

22
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_Acceleration

- * See individual flow sheets

23

Technical Maturity

. Pretreatment |

~ — Selective Dissolution: demonstrated on Hanford
waste in lab with S-112, U-107 and BY-102
Waste to be tested in tank U—l 07 at Hanford n -
“summer of 2002.

— Limited flush to selectnrﬁly remove 17Cs

planned for Tank 41 at Savannah Riverin -
summer of 2002 to produce “low curie salt”

B4-24
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T echmcal Matunty

e Pretreatment |
— -SolldSr’L1qu1d Separation: much work with this

approach carried out in lab to support Hanford
Initial Pretreatment Module (1993-1995) design
and Waste Treatment Plant baseline; approach
already in Savannah River baseline; ORNL
Triad Project included a Solids/liquid:
separation skid mounted unit (same scale: 5

gpm)

25

Technical Maturity

. Pretréatmént |

— Cesium Ton Exchange: much work with this
approach carried out in lab to support Hanford
Initial Pretreatment Module (1993-1995) d331gt1
and subsequent RPP work

* Lab testing includes dissolved saltcake waste from
Tanks A-101, U-108, U-109 (SESC-EN-RPT-006);
'AN-107 (SESC-EN-RPT-005), AW-101 Double
Shell Shury Feed (DSSF) (WHC-SD-RE-TRP-018)

26
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‘Technical Maturity

e Pretreatment (continued)

- — Cesium Ion Exchange (continued): extensive evaluation
of CST and development of data as part of SRS Salt
Alternatives Disposition down selection; ORNL Triad .
Project included a cesium ion exchange skid mounted
unit that operated at 2-2.5 gpm to remove 7700 Ci of
B7Cs from 267,000 gallons of waste usmg CST over an

'11 month period.
o Immobilization: See individual flow sheets |

27

‘Regulatory Compliance

* Temperature: all processes are room temperature
* Off-gas Treatment: no off-gases generated:

¢ Ease of gaining a permit: all processes are
consistent with other:operations being used at
Hanford or a part of Waste Treatment Plant
baseline:

-+ Ease of gaining a Waste’ Inc1denta1 to
Reprocessing (WIR) ruling: dependent on
particular flow sheet for fuﬂher pretreatment and

immobilization
28
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Condensed Evaluation F-acto_rs |

_o' Operational Safety and Process Safety/Stability
— Selective Dissolution: no- operations different than noxmal
saltcake or saltcake/sludge retrieval

— Solids/Liquids Separation: TRIAD SLS had no mc1dents
WTP will also utilize Cross-flow filter in Pretreatment plant

- — Cesium Ion Exchiange: TRIAD IX had no incidents, WTP will
" utilize elutable IX. No decision has been made on how to
process CST from Hanford demo. . :

29

Condens__ed Evaluation Factors

¢ Operability: Prdce_ss Stability
— Selective Dissolution: no operations different than
normal saltcake or saltcakefs_ludge_retrieval '
- — Solids/Liquids Separation: TRIAD SLS had required
~ backflushes when solids content approached 10%;
WTP will also utilize Cross-flow filter.in Pretreatment
plant

~ Cesmm Ion Exchange: TRlAD IX had no mc1dents
WTP will utilize elutable IX. No decision has been
made on how to process CST from Hanford demo.

30
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COndenSedEvaluatipn Factors

' Operability: Ease of Maintenance

— Selective Dissolution: no operations different than
normal saltcake or saltcake/sludge retrieval

— Solids/Liquids Separation: TRIAD SLS had provisions
for expected maintenance; WTP will also utilize Cross-
~ Flow Filter in Pretreatment plant :

— Cesium Ion Exchange. TRIAD IX had difﬁculties;
- WTP will utilize elutable IX. No decision has been

made on how to process C8T from Hanford
demonstration.

31
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Bulk (Ex Situ) Vitrification -

Mission Acceleration Initiative
Flowsheet for Bulk (Ex Sltu)
Vitrification
May 21, 2002
George Reddick
crHzmpLL
 Flow Diagram
Selective Solids/ . Csion .- Bulk
Dissolution s:;‘ﬂ?iin' | Exchange — ‘E:fn’f‘if;th":z'
2
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ICV Flow Diag'rani

Water -Off Gas -

S Icy —— =+ Container to

Feed ——= Drying Mixer
| System ) Container Disposal

Soll

~

Process Descnptmn

~* Process Chemistry
-~ 5M sodium feed
— Mixed with soil (s1hcates) and dried
- Mmed with more soil and fed to container
~ Soil mixture heated to 1600°C
~Sodinm oxide loading is 20% in glass
» Process Equipment
— Staging tank and Dryer
— Vitrification feed mixer
— Disposable container with electrodes
— Off-gas system :

B4-30
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Process Flexibility
- * Ease of Handling Variation of Waste Feed
- Salt solu'tions: from each tank are wniform
~ —'Soil mass controls handling of feed
— Equipment designed to handle solids
- Vii;iﬁcﬁﬁon effective over a broad waste feed range
. Ease of Building Modular Process
— Process and équipment’ 'designed for modular service
— Equipment unit operations have been demonstrated
— Equipment exists and is available

Acceleration
Original Bulk Vitrification.
. Baseline _ " Flow Path #1
Tank Processed by WTP 177 109
Tanks Processed by - -0- ' 68
Alternative ' : )
ILAW Glass Via WTP 157,900 m? 80,200 m*
_ . 420,000 MT 213,000 MT
Years to Process ILAW in  38.4 yrs 19.5
WTP @ 30 MTG/day : B
Alternate Waste B _ 55,600 m*
Total ILAW Volume 157,900 m® | 136,000 m®
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Technical Maturity

e Pretreatment
— Retrieval and Solids separation for all options
— Cesium IX is the same for all options

¢ Immobilization

— Same container sizes have been used
commercially |

— No scale up required for feed system,
electrodes, or off gas system

RWE NUKEM Sludge
Processing Equipment
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AMEC’s GeoMelt Equipment

2 Full-scale systems
* Over 20,000 tons processed
* Mobile, located in Richland

* Praven on radioactive and
hazardous waste sites

¢ Each can process two ICY
containers in parallel

In-Container Vitrification (ICV)

+ Waste mixture staged

in insulated box

installed
« Wastes treated

and solidify

installed

Batch treatment in a
20 cubic yard roll off box
(Box can vary in size and shape)

burial ground for
disposal

B4-33

Hood & electrodes

- Melt allowed to cool

Hoed removed, lid

» Box transported to

10




RPP-11261 REV 0

AMEC GeoMelt-Japan’s 30TPD ICV Facllity

Regulatory Compliance

¢ Performance typically 10X better than borosilicate glass
¢ Off Gas Treatment may generate solid and liquid waste
¢ Ease of Gaining a Permit

— High temperature process (1600 °C)

= Qualification of waste form
¢ Ease of Gaining Waste Incidental to Reprocessing

— Solids separated and Cs removed

~ Compliant with existing WIR determination
 Is Technetium Removed?

— Some Tc is removed in selective dissolution

— Tc is retained in the glass

12
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 Investment Driver -Cost

Description
- Development _ .
Infrastructure & Facilities
Process Systems
~ Selective Dissolttion
Liquid/Solid Separation
Cslon Exchange
Bulk (Ex-Situ) Viirification
Other Project Costs -
Operations
Closure
- Sub Total
Contingency
Escalation
' Total

Cost $M
25
43
47
11
11
4
11
14
21 -
7
161
48
14
223

13
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Active Metal Redllcti_on_ o

- Mission Acceleration Initiative
| Flowsheet
For Active Metal Reduction
May 21, 2002
Rick Brouns

CH2MHILL

Harsiwd Group, Inc.

th#Z | |
Active Metal Reactor Flow Diagram

‘ E‘;‘z | Selesiive | [Solids/Liquid| | Cjz_‘l“” | Al Metal - OG Treat
. _Er_;;'ﬁ;ltﬁ!‘jf - | Dissofution Separation | | pooo g i — ?
' i l h 4 ' Primary
| High Curie Supernatant | | | CST Loaded Resin P - Deniration
and Shidge t DST _ to Storage [l Reactor
S L |Potential |
*. S ;' Recycle
. Tl N ‘Liquids AN I Aluminosilicate
- |- | Selds - - i fphosphate
' = i Conversion
Containerize ‘Concentrate - ({)R;;t;t::b
& Cure : & Grout ' oo
" (Optional} - - . T
y ' o S0, or FPO
. or
L Burist Ground | 10z 01 HsP O

2
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Process Description
e Process Chemistry |

— Nitrate solutions converted to NI, @ NaAlD, (Sqdiuin
Aluminate), and AI{OH), (Gibbsite).
— Low temperature (50-120° C) and pressure (afmospheric),
" — Excess heat of reaction removed by coolihg coils or distilling H,O
— NH,and H, off gas catalytically oxidized to N, and H,0
— Metals react with aluminates to produce insoluble spinels

— Optional 274 stage reaction produces extremely insoluble
aluminosilicates/phosphates that bind many alkali metals & earths

— Reaction residence time is roughly 30 min at solution boiling point -
(~110 -120° C), and =1 hour at 50-80° C.
- — Fate of sulfate requires firther study. Assumed to evolve as HS.

Process Descnptmn (cont d)

» Process Equipment
— Continuous stirred tank or ﬂmdlzed bed reactor (1000 gal. )
— Aluminum shot selids feeder
- Offgas condenser, filter and catalytic oxidati.on system

- Optlonal 20d stage reactor for enhanced waste form development
(~1000 gal. stirred tank)

— Solids/liquid separator (potentially optional)

— Evaporator and grout mixer for liquid fraction (optional), or return

~ WETF '

~ Extruder or grout pump transfer to drums or standard burial boxes

— Storage area for curing prior to disposal
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Process Flexibility

e Ease of Handling Variation of Waste Feed
- Insensitive to waste eompos;tson over wide miratc range (e.2. 0.1 to 6 M)

' — Gibbsite/Alminate ratio in the final product is a funetion of
hydroxide/nitrate ratio of feed. Tmpacts cuting and produet durabillty

~ Optimal product formulation and predictability requires additional R&D

~ Fatc of minor constituents and their role in produet quality is not well
understood. No surprises anficipated. : :

‘» Ease of Building Modular Process

Low temperatu:rc and pressure process uses commcrc:ally proven unit

: opcrauons

- Exotheﬂmc reaction with large excess heat drives process (no energy)

- Slgmﬁcant process simplification appears feasible. ORMNL tests with a
single stage denitration reaction and no ‘secondaty separatmn or treatment

produced a dm'ablc cured product

5
Acceleration
Original Active Metal -
- _ Baseline Reduction Product
Tanks Processed by WIP 177 ' 109
Tanks Processed by 0- 68
Alternative '
ILAW Glass Via WIP 157,900 m’ *30,2008 m3
' 420,000 MT 213,300 MT
Alternate Waste - *2227,000 m*
. 383,600 MT
Years to Process ILAW in 384 yrs 19.5 yfs
WTIP @ 30 MTG/day
Total fiILAW Volume 157,900 m? 307,200 m?
FWolume of both products
**Bace assumption: Aluminephosphate with separare contentration and groutmg 6

of liguid phase,
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Technical Maturity
o Scale of Previous Deployment(s)

— Bench scale R&D ) a

— Process studied by ORNL and Florida International
University starting in 1993 (> 10 publications)

— Engineering plans for a pilot scale system completed in
1995. EM cancelled construction due-to shr["tmg
priorities and-funding shortfalls

- — Economic analysis and technology comparisons done
 for Savannah River Site and by EM-50 for Hanford i

199’,3r and 1994 respectwely

" Technical Maturlty (cont d)
¢ Scale Up Required

—  Reaction kinetics and mechanisms as a function of
temperature, feed composition, solution concentration
and particle size require additional study

—~ . Limited study in understandmg range of end products
that are possﬂale and the impact of feed variability.

—  Waste form: Aluminosilicates are prevalent in nature

' and a highly studied class of materials. Their
performance should be easily predicted. A much
more limited understanding of alununophosphates :

- exists.
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Regulatory Compliance
‘e Alternate Waste Form Product Performance

—  Sodium aluminosilicates (NAS), such as the natural
7 zeolites and nephaline minerals, are
- thermodynamically stable and highly ms_oluble.

~ Unreacted sodium aluminates are highly soluble and
~ could leach. In contact with silica in the env:romnent,
they will slowly convert to NAS.

~  Aluminophosphates require further study
» Temperature — 5010 120°C

» Off Gas Treatment

—  Treatment of ammonia, hydrogen and possfbly
hydrogen sulfide may require some special attention.

- VOGCs distilled with steam

Regulatory Compllance

e Base of Gaining a Permit

~ Destruction of nitrate and immobilization of alkali
species achieves major benefits of vitrification

- — Non-thermal process with low pres sure operatlon
simplifies penmttmg

— TFlammable gas safety concerns are mitigated by
. process control, dilution by steam and inherent safe

system design.
* Ease of Gaining WIR
- Agreement reached in 1993
— Probably requires update with NRC

o Is Technetium Removed?
— Selective dissolution
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Investment Driver - Cost

Description Cost $M
Development ‘ 28
Infrastructure & Fac:lmes 57
Process Systems 36
Selective Dissolution 11
Solid/Liquid Separation . 11
Cs Ion Exchange 14

- Active Metal Reduction - 14
Phosphate Bonded Ceramic 7

Other Project Costs 16
Operations o 20
Closure I 9
- Sub Total 186
Contingency 74
Escalation | 17
) - Total — $277TM
11
Summary

Simple reaction system:

o Low temperature and .pressure process _

s Energy supplied by exothe:mic. reacﬁoﬁ

* Easily modified, scaled and modularized vessels

o Aluminum metal and water are only major additives

s Silica or phosphoric acid may be-added for improved
waste form if required. Silica potentially added du"ectly
- with waste feed in single step process.

' Byproducts of ammonia and hydrogen safely oxidized
catalyhca]ly at the vessel Vent !

12
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| SMmary.(cont’d)_ ‘

Gas inventories in reaction vessels remain small due to
‘continual purging
'The reaction 1s exothermic and requires only
mixing/agitation and active water-cooling of outside of
~ vessel for temperature control.
' Excess process water is boiled off and could be. condensed
and reused. - o
». Reaction rate is controlled by rate of waste or Al addition,
dilution and temperature control.
Emergency shut down is easily achieved by draining the
reaction vessel.
‘Reactors are easily stopped and re-started, even after an

emergency shutdown.
13

. : 32 AN
Summary (cont’d)
Reaction can handle 2 wide range of concentrations,
_including that pumped directly from a tank.

Many components are reduced (e.g. metals suchas Cr) to
low oxidation states, which are msoluble and form part of

the solid product.

14
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Clean Salt

Mission Acceleration Initiative |
Flowsheet Paths #4A/4B and SA/SB
Clean Salt

May 21, 2002
Michael E. Johnson

- CH2MHLL

Flantord Group, Inc.

‘Why are Sodium and Sulfate a
Problem? |
~» Sodium and Sulfate are limited in glass
- Average Na,O loading in WTP ILAW glass is
11 to 12 wt% | |
« A separate, molten sulfur layer forms in the
joule-heated melter if sulfate solubility in
- glass is exceeded |
— Steam explosion is possible

- Off-gas treatment needed for vblﬁtili_zed sulfur
compounds | -
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Path #4A and 4B Flow Diagram
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R J
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Remowal . urry k et
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] L
- fear— — — ——d
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4
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Process Description — Paths #4A/4B

e Process Chemistry - Clean Salt |
— 5M Sodium Feed R
Acidify waste with HNO; to pH 2.0 '
~ Evaporation at 110°C (atmospheric)
Sturry cooled to crystallize NaNO; and AIPO,
Simple off-gas system to treat acid gases, remove NO

e Process Chemistry — Ceramicrete
~ -NaNO, and AIPO, are mixed with MgO powder and KH2P04 to form
Ceramicrete
" — Exethermic reaction {maximim temperature 80°C)
~ Metals chemically bound
~ Alkali metals (Na, K, Cs) and nitrate not chem:cally bound

|

Process Description — 'Paths #5A/5B

* Process Chemistry - Clean Salt
— ‘Same as Paths #4A/1B |
» Process Chemistry - Sulfate Extension
— Feed is acidic supernate from Clean Salt .adjusted'with HNO, to pH1.0¢
~ Add excess Sr(NG;), to prempltate Srs0,, SrCr0,, (and some AIPO 2
— Same off-gas system as Clean Sait ' :

' Process Chemistry — Grout / Polyethylene
~ 8r80,/SrCr0, (and-AIPO 4)‘_prec1p1tates incorporated into Grout;
© — Metals chemically bound (similar to Path #6) |
— Clean Salt solidified in Polyethylene to encapsulate sodium nitrate
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Process 'De‘scrip_.tio_\n‘ (cont’d)

* Process Equipment - Clean Salt (preliminary Estimates)
Feed Acidification Tank (400 gallons)

f

I

- Off-gas Absorber (not sized)

Evaporaior/Cooler (2,000,000 BTU/hr)

‘Wash Column (Path 4A/5A only) {100 gallons)

Solid/Liquid Separation {700 gallons}

Waste Neuﬁ‘ajization (2 tanks, 100 gallons)

Process Equipment - Sulfate Extension (Paths #SAKB)

— Feed Acidification Tank (100 gallons)
— Feed Precipitation Tank (100 gallons)
— Solids/Liquid Separation (not sized)

— Neutralization Tank (100 gallons)

Process Flexibility

« Ease of Handling Variation of Waste Feed

Capable of processing all dissolved saltcake

Quantity of Al in acidic.Waste solution affects amount of NaOH -
needed to neutralize waste to DSTs
» Inecreases amount 'of ILAW Glass produced at WTP

Orgamc compounds are decomposed dm'mg amdlﬁcation of the :
dissolved saltcake

s Off-gases generated during acidification

* Waste foaniing may occur

Ceramicrete, grout; or polyethylene waste formulations optmnzed
with addltlonal devel opment :
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Process Flexibility
e Ease of Bﬁi_lding Modular Process

— Modules similar to Solids/Liquid Separations and Evaporator
modules constructed / operated for ORNL Wastewater Triad

— Clean Salt unit operation complexity based on rad_io_ﬁuc‘lide
concentration in feed and allowable contamination in salt product

+ Determines namber of evaporation / erystallization and wash cytles

— Minimal complexity in Ceramicrete and other waste form

equipment’
]
Acceleration
Original | Path #4A/4B Path #5A/5B
Baseline: 1 _
- Tanks Processed by WIP 177 109 10%
Tanks Processed by -0- 68 68
. Alternative _ _ . :
ILAW Glass Via WIP | 157,900 m® | 139,800 m? " 89,400 m*
: o 420,000 MT | 371900 MT | 273,800 MT
Alternate Waste 0- 44,600 m? 55,300 m¥
) ‘ ' 82,500 MT - 93,500 MT
. (Cemnicnt) . (Pnlyeihylmc anl Grouf)
Years to Procésrs ILAW in 384 yrs 33.9 yrs 21.7 yrs
WTP @ 30 MTG/day ' :
‘Total ILAW Volume .. | 157,900 m® | 184,400 m’ 144,700 m?
10
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Technical Maturity

o Pretreatment

— Scale of Prewous Deployment(s)
e Clean Salt: Lab-scale with radioactive waste samples
» Strontium Sulfate precipitation: Full-scale (1 400—gallon i baIch) in
‘Hanford B Plant {1974 — 1985) . :

— Scale Up Required ~ yes
Immobilization
— Scale of Previous Deployment(s)
+ Ceramicrete (Paths 4A/4B): Lab-scale with Hanford smlulants

+ Micro Encapsulahon {Paths SA/SB): Bench—scale with simulants
* Grout (Paths 5A/5B): Sr80, in grout has not been demonstrated

— Scale Up Réquired ~yes

11

- Regulatory Compliance
o Alternate Waste Form Product Perfoﬁnance

~ Nitrate leaching from Ceramicrete and Polyethylene
— Ceramicrete and Polyethylenc should comply with UTS for metals

Temperature

— Waste Evaporation at 110°C;
— Ceramicrete at 80°C; Polyethylcnc at 120°C to 180°C

o Off Gas Treatment

— NO, and organic vapor abatement

. Ease of Gaining a Permit
— Engineered dusposal system needed to comply wrth drinking water
standards for nitrate

+ Ease of Gaining WIR

— Compliant with e#isting WIR determination
o Is Technetium Removed? Yes, transferred to WIP |,
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Investment Driver - Cost

Description- Path #44 Cost K3 Description- Path #4B Cost K%
Development 26 Diéveloprment : 26
‘Infrastructure & Fatilities 54 Infrastructure & Faciitties 68
Process Systems . 53 Process Systems 67
Selective Dissolution 11 Selective Dissolution 11
Liquid/Selid Separation 11 Liguid/Solid Separation 11
Clean Salt . - 25 Cs lonExchange, - 14
Ceramic Grout 6 Clean Salt i 25
. Cerarnic Grout 6
Qther Project Costs 15 (Other Project Costs 17
Operations 21 Gperations 2
Closure 3 Closure 10
Subtotal {76 Subtotal 209
Contigency 6L Contingency i &
Escalation ‘ 16 Escalation 19
Total 262 Total 312
13

Investment Driver - Cost

. Description- Path #5A

Deveiopment ) .
Infrastructure & Facililies
: Process Systems
* Selective Dissolution
Liguid/Solid Separation
Clean Salt
Micro-Encapsulation
Sulfate Removal
Waste Specific Grout
Other Project Costs
Operations
Closure
Subtotal
Contingency
Escajation
Total

28
76
75

- 11

1
25
8
14
6

8
23
10

231
115
3

368

Cost K
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Description- Path #5B Cost K3
Devélopment 32
Infrastructure & Farilities a0
Process Systems it
Selective Dissolution 11
Liguid/Solid Separation. 11
Cs lon Exchange 14
Clean Satt ) 25
Wacro-Fucapsulation 8
Sulfate Extension 14
Waste Specific Grout. ]
| OtherProject Costs 2
Operations 24
Closure ¥
Subiotal 257
Contingency 13
Escalation 26
Total 427
14
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-Sulfate Removal .

MisSion. Accéleration Initiative
- Flowsheet Paths #7
- Sulfate Removal

May 21,2002
Michael E. Johnéon

CH2MHILL

Hanford Group, Ing.
Path #7 Flow Diagram
AdjusttopH1
with HNO; .
1 SrNGy), Waler
Salt Solution
from € X Sulfate | sefid/Liguid Cementitious -
— % ‘Remaval 1 - Separation - Grout
Liguid
k. S )
NaCOH o Bulfate Depleted Liguid
solution ——*  MNeuralization b qage iy -
Radionuclides to DST
2
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Process Description

 Process Chemistry — Sulfate Precipitation
- 5M Sodium solution from Cs IX ' _

- Ad_]usted with HNO, to pH 1.0
~ Heat to 60°C and add excess Srl{NO3)2 to precnp:tate SrSO4, SrCrQ,,

{and some AIPO,)
— Simple off-gas system to treat acid gases, remove NO

. Proces_s Chemistry — Grout
- 8r80,/ SrCrO, (and AIPO,) precipitates incorporated into Grout
— Metals chemically bound (similar to Path #6)

‘Process Description

-« Process Equipment (Preliminary Estimates)
— Feed Acidification tank (100 gallons)

~ Feed Pr.ecipitation Tank (100_ga11bns'),

— Solids/Liquid Separation (not sized)

~ Neutralization Tanks (two tanks 100 ga]lons each)
— Off-gas treatment (not mzed) / :
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Process Flexibility
 Ease of Handling ‘Vafri,a_tion of Waste Feed

—~ Capable of processing all_dissolved saltcake -

— Quantity of Al in acidic waste solution affects amount of NaOH
needed to neuirahze waste to DSTs
. Incrcascs amount of ILAW Glass produced at WP

— Organic compounds are decomposed durmg acidification of the -
~ dissolved saltcake
«  Off-gases generated during acidification
+ Waste foaming may oceur '

~ Grout formulations optimiz'ed with additional development

‘Process Flexibility

« Ease of Building Modular Process

_ Modules similar to Solids/Liquid Separations module
 constructed / ope:ated for ORNL Wastewater Triad

— Minimal complexity in Grout !
. * 8180,/ SrCr0, (and AIPO,) precipitat'es may not require
_ solidification in Grout for disposal
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L

Acceleration
| Original Baseline Path #7
Tanks Processed by WIP 177 109
Tariks Processed by 0 68
~ Ahtemative
* ILAW Glass Via WTP 157,900 m? #120,000 m?
420,000 MT 319,200 MT
" Alternate Waste T I |, 34200 m?
' 51,000 MT
‘ {Grout)
Years to Process ILAW in 384 yrs 29.1 yrs
- WTP @ 30 MTG/day ' _ ‘
Total ILAW ‘Vo!ume 157,900 m¥ 154,20(1 m?

ATLAW glass volumes could be further reduced by treating DST supernate and

not conductmg selectlve dissolution. 7

Techmcal Matunty

¢ Pretreatment

— Scale of Previous Deployment(s)
» Strontium Sulfate prBClpltaIIOB Full-scale {1, 400-gallonf
batch) in Hanford B Plant (1974 — 1985) _
» Lab-scale testing of waste acidification using AN—102 and .
AN-107 radioactive waste sample .
— Scale Up Required
* Yes

e Immobilization

~ Seale of Previous Deployment(s)
' » Grout treatment facility an order of magnitude larger
.+ Used mternatlonally for waste immobilization
— Scale Up Reqmred |

- » None
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Re-gulatOry Compliaﬂi:e |

Alternate Waste Form Product Performance

— Should comply with UTS: for metals and drmkmg water standards

for nitrate

Temperature
— Ambient to 60°C (sulfate prec1p1ta£1on)

Off Gas Treatment

"~ NO, and organic vapor abatement

Ease of Gaining a Permit

" — Engineered disposal system zot needed to compiy with drmkmg
water standards for nitrate

Ease of Gaining WIR

— Compliant with-existing WIR determination
Is Technetium Removed? Yes, transferred to WTP

Investment Driver - Cost

Description/Path #7 ‘Cost K
Development : 22
Infrastructure & Facilities 50
Process Systems 50
Selective Dissolution 11
Liquid/Solid Separation 11
- Cs Ion Exchange 14
Sulfate Removal 14
Cementitious Grout - 6
Other Project Costs 14
Operations - 22
Closure 8
Sub Total . 166
Contingency . 58 -
Escalation . _15.

Total - $239

10
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Con_tainérized Grout

Mission Acceleration Initiative
Flowsheet
For Containerized Grout

May 21, 2002
Jeff Voogd
CH2IVIHILL
Hanford Groug, Iac,
Path #6 Flow Diagram
P Solids/ : Waste-Spesific
,Di.sesfj'cu;:" | seporation E’g’s",:‘:‘n”e | (containerized
DSTANTP : T
ILAVY Giass Efmf:ss -7 ﬁff,,’:."
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Grout Flow Sheet

Process Description
* Process Chemistry

— 5M Sodium in feed mixed with Portland Cement (for scoping)
Ambient temperatures, simple process off-gas system

Metals chemically bound (Cr, Hg, U, etc.)

Challenge to bind alkali metals (Na, K, Cs) and nitrates

i

* Process Equipment
— 8 hr Feed Accumulation tank (3000 gallons)
3 storage tanks {cement, fly ash, slag), with pneumatic conveyers
- Mixing in 10-15 minutes, Pour in 3.6 m* Boxes (4> X 4° x 8°)
15 Containers/day
Assumed 28 days curing in storage before disposal

B4-56




RPP-11261 REV 0

Process Flexibility
. Ease of Handling Variation of Waste Feed

~ Formulations can be optimized with additional development
— Variations ac!iuéte_d to Sodium concentration or waste loading

* Ease of Building Modular Process
— Grout offers 51mp1e process
— ~Conirol of curmg process lmportant to quality
— Assumed permanent structure in estimate

Ac celeration
" Original Contmnenzed Grout
_ _ Baseline | ' Flow Path#6
Tanks Processed by WIP 177 - 109 -
Tanks Processed by -0 68
Alternative .
. ILAW Glass ViaWIP | 157,900 m® 69,100 m?
; ' 420,000 MT :| 183,800 MT
Alternate Waste - . 282,000 m?
' . 364,000 MT -
Years to Process ILAW in 38.4 yrs 195yrs
- WIP@30MTIGiday | .
Total ILAW Volume 157,960 m® 362,100 m?
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Technical Maturlty

 Pretreatment
~ Scale of Previous Deployment(s)
» Cesium X same for all options
— Scale Up Required ~ None
. Immobilization |

~ Scale of Previous Deployment(s)

» Hanford grout treatment facility an order of
magnitude larger
» Used mmternationally for waste 1mmob1hza1:lon

— Scale Up Requ_lred ~None

Regulatory Compliance

s Alternate Waste Form Product Performance, dependent
- UPOIL: '
— Crystal structure
— Connectivity of pore structure
— Ion exchange propertles of dry materials
— Disposal system barriers

. Temperature

— Processing ambient
— Curing, may need coolmg
. Off (Gas Tredtment
- — Dust conirol for dry materials (Non-Radioactive) -
— Confinement for processing (Radioactive} -
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- Regulatory Compl_iaﬁ;ce _(Cont’.’d)

‘o Ease of gaining a Permit |
~ Precedence at Hanford and other sites
- — Challenges; nitrates and organics
» Ease of gaining WIR
— Agréément reached in 1993
— Probably requires update with NRC
* Is Technetium Removed?
— Selective dissolution

o Inve_s'tmént Driver - Cost

Description : Cost $M
Development 20
Infrastructure & Facilities. 42
Process Systems 41

Selective Dissolution 11
Solid/Liquid Separation 11
* Cs Ion Exchange 14
Waste Specific Grount 6
Other Project Costs 13
Operations 19
Closure . _ 6
Sub Total 141
Contingency : 42
Escalation . 12
Total $195 M

18
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- Steam R_eforming

. g
E -

River Protectron Pro;ect

WASTE TREATMENT PLANT o
April 2002 I _.

Steam. Reformmg Technology

RAT-2002-0017 |

Steam Reforming Tecl‘?nnlogy

. m Alfernative Processing Technbl_bgy : Steam Reforming
- Technology based on fiuid bed process .

= Basis for Consideration at WTP
- Eliminate niirates - |
- Destroy organics
- Simiple, robust design. and'operation
- Higher throughputiunit area compared fo vitr cation
- Advance the overall waste processing schedule
- Simplify processing - eliminate recycle

ﬂTM‘ i}
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Steam Reformig Opportunity .

'm Steam Reforming Technology
-~ Reactions occur in fluidized bed reactor. .
~ —Reduce nttrates fo N2

— Reduce/destroy organics .
— Operating pressure below atmosphere. -
~ Operating temperature around 700°C

m Steam Reformer Product
— Solid, granular material
— Initial tests promising. |

u Cs, sulfur, captured in waste “mineral” waste form- -

m Status | | | . |

— Developed detailed R&T Plan to-complete evaluation of technology #/a#

REL002007p |-

~ What Is Steam Reforming?

m Technology utilized in other sndusiry for decades - first studied
- in 1868

| - Used in large scale by the petrochemical industry
| -What is it? S
— Organic + H,0fsteam) —-CO +H, (organlc destruct:on) |

mWhy consider for Hanford wastes?

— Low-level waste compnsed of spent chemicals sod|um
“hydroxide, sodium nitrate | -

~C0O +NO, — N, + CO, (nitrate destruction)
_ A

Cataiyst‘

AaT 00T
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Potential impact of Steam Reformer on WTP Baseline Performance

2041 Tuo LAW - 2064
600,000 MT _ - 7. Baseling Withaut
: K Subfur Removal

One LAW
Without Sulfu
Remaval

2028

400,000 MT , {TPA Milestone) /Baseline With

- Sulfur Remov;

Cne LAW
Baseline With
200,000 MT Steam Reformer

{Independent

of Sulfur-
Removal)

Cumulative LAW Product, MT

2047 - 40 year Plant

’ o Design Life
2000 2010 2020 2030 2040 2050 2060 2070
Year ‘

______ Baseline 30 MTiday through 2018, then 60 MT/day {average]
w— 20 MT/day gidss and 36 MI)day Steam Relorm
= Baseline 30 MTiday [average)

5S

Steam Reformer Proce
T_reatment
Solids for
Reprpcessing

,
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 Baseline WTP Materiaf Balance

Liquid Effluent )
1,200,000 metric tons. of
water 1600 metric tons of - HLW
sodium - PN f————
. ‘ Vitrification - .
] 33,000 metric tons of
Waste Feed _ ‘_—_1 Glass
™ Pretreatment
48,000 metric tons of
Sadiom 3,900 melric
tons of Stlfate
> . LAW e
| Vitrification - . -
” R 396,000 metric tons

of Glass

 (Assumes removal-of sulfur) -

RET-2000.5017 jp

Steam Reformer Implementation Option

{LAW Solidification and Off-gas Treatment Solidification)

Liquid Effient . -
400,000 metric lan of water (baséfine; 1,200,000 meiiic fons of waler)
54 metric tons of sodium {basefine: 1600 meiric tons of sadium}

L HW

Vitrficaton | >

Wasle Feed

Pretreatment

39,000 mefric tons HLW
Glass

48,000 meffi lons of Sodium
3,900_métric lons of Sulfale

- 18,000 metric lops Sodium
1,500 medsic lons Sullate

% I
'l LAW.Vitrification. ————
: - ~ 140,000 metric lons LAW Glass
’ (baseline; 600,000 metric.lons LAW
glass) - :

st Reepde =Y
Sheam

| Steam Reformer :

30,000 melric tons Sodium
2,500 metric lons Stifale

248,000 metric tons
Soldifled Waste

——eee

Off-gas Treatment

I + 75% Reduclion in LAW Glass .

o B 42,000 metric lons of waler

B4-63
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Potential Benefits of Steam Reforming

B Enables completion of mission by»2028
m Safely destroys nitrates in the wastes
m Destroys organic waste
—* m Eliminates waste recycle between facilities (single pass operation)
m Produces a stable mineral waste form

m Opportunity for early tank closure

, RAT-2002.007 jp

River Protection Project

'. [

fifig to Hanford~Adv:sory Board g
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Steam Reforming Briefing to HAB

e Technical Aspects of Steam Reforming

e Using Steam Reforming in WTP

e Path Forward

Why Consider Steam Reforming?

m A technology used in conjunction with vitirifcation that
may:
— Enable project to be completed sooner
— Reduce life cycle operating costs
— Simplify plant operations

g TE A,
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WTP Baseline

+ Qurfocus: Vitrification of Hanford's tank waste -
+ Construct the WTP using the baseline technology

~ High-Level Waste
_~* 39,000 MT glass

Low-Level Waste
600,000 MT glass

Why Consider Stearn Reforming?

m A technology used in conjunction with vitirifcation that
may:
— Enable project to be completed sooner
— Reduce life cycle operating costs
— Simplify plant operations

P
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What Is Steam R'eforming

» What is it?
» Organic + H,0fsteam) CO+ H2 (organic destructlon)

* Why consider for Hanford wastes'?

» Low-level waste comprised of spent chemicals - sodium
hydroxide, sodium nitrate

+ CO+NO,—— N, +CO0, (nitrate:destruction)
| Catalyst

* Product is solid granular material - a stable “mineral” form

* Cs, other radionuclides, and sulfur captured in this waste
“mineral” form

Steam Reformer Process

Treatment

. Solids for
Reprocessing
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* Experience with Steam Reforming

* Technology utilized in other industry for decades - first studied in 1868

* Used in large scale by the petrochemical industry

* Has been used commercially for low level waste by Duratek, Thermo
Chem, and Studsvik

" BNI has AN-107 tank simulant tested in 2001

Potential Benefits of Steam Reforming

+ Enables earlier completion of mission=oppéitinity. foriéarsatankiclasii
+ Eliminates waste recycle between: facmtregjsmgta Passi p@l}ﬁﬂﬁﬂfl

+ Can be implemented in the WTP flowshastaiith: esse;mlfal@h&ﬁmibaslﬂb
baseline - no HLW and Pre- treatmerfrumpamhsagﬁqﬁmmg}@gﬁgﬁﬁm

Reduced waste volume compared:to glassi@ndiedusedistidents
+ Cost effective altemative to additionalWitiification 7

Destroys nitrates and organic waste‘efféctvelyore ST
form i ql’ y"pr RS fumem 1

B Pk T s
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“Impact of Steam Rforme_‘ron WTP Baseline
_Performance

2
g

Qlags using 17.4% sodium oxide loading for entire mission

Cumulative LAW Product, MT
g 8
=R

S

*[iass using Rule of 5 plus steam reformer prodixct for entirz - - -

&
o

5
8

000 205 W6 S W0 B M0 A A0 . WS 2s

- e X) MT/day glass and 36 MT/day steamreformer product (avg) o
—%— 30 MT/day gliss through 2018, then 6) MT/day ghss (avg)

Waste Feed

48,000 metric tons of Sedium
3,900 metric tons of Suliate

[ 35,000 melric tons :
§ HLW Glass

| Treatment Facility .

Liquid-Effuent -
1,200,000 metric tons of water : - P
" 1,608 metric ions of sodium 600,000 metric tons
LAW Glass

. % LAW Vitrification-| -
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team Reforer !mpiementtion Option

__ (LA Solidfication and Recycle Sofidification)

'§ HLW Vitrification §T

{ 18900 metric tons Sodium g
1,500 metric tons Sulfate # -

Waste Feed

A4 48,000 mifric tons of Sodium
3,800 metric fons of Sulfate

‘ -Prefreétment_

h, 4

Lujwd Effluent LAW Vitrification 14U,ODO metric tons

Treatment Facnlnty - LAW Glass .

qumd Effuent i : _E
. 400,000 metric tons of waler 1,600 Metric fons Suifate il

{baseline: 1,200,000 metric tons) _ o i
54'metric tons of sodium , ]

{baseline: 1600 metric tons) - o R i —> >

. . > . - 2

30,000 metic lons Sodidn | 2600 mericons . 3

2,500 metri tons Suifate . Solidified Waste
Off-gas Treatment . - i

42,000 meiric tons of water

1Next Step o - :
| Perform durablllty test on waste product

--'Followed by: -
'Competltwely bid testmg phase to determme
dprocess that will: -

e Validate-p-erformanc_e offp‘,foce_ss |

- = Reduce mass of material disposed |
- Determine waste form characteristics; must|
produce an acceptable waste form for
dlsposal

* Give confidence to proceed with desngn
_bhase
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Steam Reformi

Schedule for Testlnq Phase
-Request bids to acqu:re steam reformmg
technology (5/02)

-Complete Lab scale testmg (7/02)
*Award technology contract (7102)
-Complete bench-scale tests using S|mu|ant

| (12/02)
-Complete bench-scale testé usmg radloactlve
waste('llOB)
*Proposed start of pllot plant and full—scale
_steam reformer des:qn(4103)

TH()RE*m Steam Reformer Technology e
for Hanford Tank Waste Support THoR

Outline |
+ Studsvik Experience : o o
+ Hanford Tank Waste
Application
— Flow Diagram
— Operations and Sa‘fe'
~ Waste Form |
» Process Maturity

Stdevile
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RESUME ThOR

» Studsvik, AB (Swedish Parent of Studsvik, Inc.)
— DAW Incinerator since 1982 e WWCECTOR
— Decommissioning
+ Chemical Decon
+ Metal Melting
— Research Reactor
— Laboratory Facilities
— Environmental Consulting
— Resin Pyrolysis Processing

« Studsvik Processing Facility (Ewin TN, 1996)

Studsvik”

RADWASTE TREATMENT EXPERIENCE  THTH

¢ Steam Reforming (gasification, salt conversion, denitration)
 Pyrolysis (gasification)

e Vitrification (glassification)

 Fluidized Bed Technology (gasification,drying)

¢ Incineration (DAW)

+ Evaporators and Dryers (salts, inorganics)

« HICs, Specialized Waste Containers

« Remote Handling Devices

« Waste Solidification Systems (cement, polymer)

Studsvik®
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THORs DEVELOPMENT IIoR

Pyrolysis Test Facilities
« LLRW Qualification
« Dry Resin Input

. 10 kg/hr
s
THOR=" DEVELOPMENT Thoi.

Pyrolysis Demo Facility
 Scale Up Demonstration
 Dry Resin Input

« 100 kg/hr

Studsvik™
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'THORen STEAMREFORMING ok}

Studsvik Processmg Fac:hty Overwew
. Pyroiysis + Steam Reforming
¢ 45 Fluid Bed Steam Reformer
» Waste Feed: o

—~ 300 to 550 kg/h Slurry Feed

— Up'to 400 R/h LLRW Input Feed

— 60,000 cu ft lon Exchange Resin, Salts, Oils

» Commercial Operations: > 2.5 years
« Licensing: Non-Incineration
. ReSIdue Radionuchde Retention >99 9% (lncludmg Cs)

: Studswk

THOR= STEAMREFORMING  THOR

Studsvik Processmg Facility —Overv:ew

- Turnkey Production Scale Plant | |
Operating Commermally since July 1999

Process Systems Proven in Radioclogical Semce
Remotely Operable, Heavily Sh:elded

“Contact Maintenance

Single Step Thermal Denltratlon and lmmoblhzatlon

Studsvik™

'B4-74



RPP-11261 REV 0

THOR=" STEAM REFORMING APPLICATIONS* ||II]F

» Organic Destruction
— CiHy + H20 — CO/CO2+ H20
» Conversion of Alkali Metals to Stable Minerals
~ Na/K + Additive —» Na20-Alk0x-2Si0z
Naz20-Al203
Naz00s
Conversion of Metals to Oxides/Carbonates
- Cr/CrOs —» Cr203
Gasification of Carbon
- C+H20 — CO+H:
Reduction of Nitrates and Nitrites to Nitrogen Gas
- NO3/NOz2 +CO/Mz2 —» N2+ CO2+ H20

Studsvik™ * Protected by Issued and Pending Patent:
ik Processing Facilit
Studsvik Pro g y TII_—UH

Studsvik® W

B4-75



RPP-11261 REV 0

FACILITY LAYOUT

Studsvik

ALARA - SHIELDING

Studsvi
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|

RESIDUE PACKAGING STATION 100

Studsvik™
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CEMS AND STACK MONITOR ThoR

Studsvik”

. CONTROL ROOM — Remote Operations

Studsvik™
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Thermal Denitration and Immobilization Ili[lﬂ_

; Studsvik THOR™ Steam Reformer System - Flow Diagram

%Eli-svik“
THORsm STEAM REFORMING — TR
OPERATIONS AND SAFETY iji}

+ Fluidized Bed: Inert or Reactive, Multiple Zone
+ Steam Reforming: Reducing or Oxidizing
» Single Vessel Thermal Treatment

- Waste Feed \
— Solid, Liquid, Slurry or Gaseous Feeds
— Accepts high water, organic and sulfur content
- High Throughputs

« Agglomerations
- Additives prevent formation of monolithic solids
-~ Additives convert alkali metals to stable granular minerals

« Remotely Operated
« Remotely Maintainable
Studsvik
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THOR: STEAM REFORMER— o
| OPERATIONS AND SAFETY (Contd) Tham

-» Fast Shutdown - <1 minute

‘| » Eliminates Flammable Mixtures in Off-Gas |

| « Explosion-Resistant Design - Pressure Vessels

« Retention of S, Cland F in Solid Product

* Retention >99.9% of Cs and Tc (Re) in Sohd Product
« No Secondary Process Wastes -
- Zero-Liquid Discharge

- Stable Mineralized Nepheline Product

— Water Insoluble Naz0-Alz03-25i02
- — >19% Na:=0 Loadlng, Inert, Low Leachabmty

Studsv_ik'“ ‘

THOR®™ STEAM REFORMER — _ ——
OPERATIONS AND SAFETY (contd) “ThoR |
. Offgas -

— Direct Conversion of NO, and NO, to Nltrogen in Reformer
— No Ammonia for Off-Gas NOx Control '
— Low, Stable Flow
— <500ppm NOx in Off-Gas
- <20ppmCl, S, F
» Consumables
- Low Cost, Commerc;ally Available
— Non-Hazardous -
+ Cost Impact Compared to Vitrification
~ Low cost additives and disposal containers
— Reduced Capital Cost |
— Reduced Maintenance Cost

- Studsvik”
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‘THORsm STEAM REFORMER- T

| OPERATIONS AND SAFETY (contd)

+ Modular Process Equipment or Fixed Facility
— Amenable to Transportable Modular Fabrication
— Rugged, Compact Hardware

« Utility Services:

— Electrical Power 750 to 1,000 kw
'~ Steam 750 to 1,500 Ib/hr .
— Nitrogen . 201050 SCFM )
— Additives. -
« Reductants, Solid Proprietary
« Catalyst, Solid Proprietary Metal Oxide
. Autothermal Gas '
. %? .
Studsvik-
THOR STEAM REFORMER SYSTEMS-— .[mm

'PROCESS MATURITY

. Slurry'Waste Feed - Radioactive Service
~ Studsvik Processing Facility: 0-3 gpm slurry
— INTEC Calciner
- Steam Reformer - Radioactive Service
— Studsvik Processing Facility: 300-500 kg/hr slurry, up to 400 R/h
» Quencher/Scrubber and Off-Gas Hand!mg— Radioactive Serwce
- SRS DWFF; - submerged bed scrubber, full off-gas system
— Studsvik Progessing Faclllty 3,000 SCFM, full ofi-gas system
~ Non- Radioactive Service: commercial systems, many installations
+ Product Solids Handling ~ Radicactive. Granu!es!Powder
~ Studsvik Processing Facility: double containment, blind fittings
— INTEC Calciner: blind fittings :
— Non-Radioactive Service: commercial systems, many installations

 Studsvik
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| HANFORD $-112 TANK EVALUATION

« Waste Feed input ~ Main Components

— Salt Cake Solids: .
* Ng, K . ' 530,000 kg
« NOz and NOs N 825,000 kg
-+ Hydroxide ' 309,000 kq

Total Dry, Solids {nput | 1,875,000 kg
+ Waste Qutput - Product | :
~ Mineralized Solids (19.4% Naz0);

+ Na20-ALO2-25i02 ~ 3,280,000kg

- Excess Additive: Clay 130,000 kg
+ S04, Ci, F, POq, Cr, etc. in matrix 200,000 kg
Total Solid Product .. 3,610,000 kg
Studsvik™.

"HANFORD $-112 TANK EVALUATION (contai[lj|

~ » Volume Basis . |
— Tank Contents — Dry Input Basis: 1,573 cu meter.
— Total Wasie Product Dry Output 4,180 cu meter

- Weight Basis

~ Tank Contents - Dry Input Basis: 1,975 fon (metric)
— Total Waste Product ~ Dry Output: 3,610 ton (metric)

‘Studsvik”
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HANFORD S-112 TANK EVALUATION (contaTIiill

Final Waste Form

« Nepheline M:neral Matrix: Na:O-Alea-ZStOz

. Substitute in Mineral Matrix: SOs, POs, ClF, metal oxides

. -Dry inert, Water Insoluble, Sohd Granular Product

« Average Naz0 content: 19.4% ' :
+ Radionuclide Retention in Product: >09.9% (Includung Cs, Tc)
. No Free Liguids

. No Explosive or Toxic Gas Potential -

| = Not Pyrophoric, Not Explosive

"+ High Resistance to Thermal, Radlatlon Biodegradation, and
Immersion Degradataon

~« No Known Issues for Product to Meet NRC Dlsposal Gmdehnes

_. Studsvik”

HANFORD $-112 TANK EVALUATION (Cont’d)Tmm -.

X Secondary Process Wastes
— Solids: None no salts - scrubber solytion recycled to feed

— Liquids: None, Zero-Liquid Release Facility
. Off-Gas Emissions -

— CO2and Water Vapor

— Gaseous Radionuclides (H3,C™,1)

— < 3,000 SCFM Off-Gas Flow |

Studsvik™
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“THORSs™ STEAM REFORMER— — - |
__ CONCLUSION [

Full-Scale, Stéeam Reforming Process
Two Years from Start of Design to LLRW Operatlons
Successful Commerc:al LLRW Operations

Demonstrated Denitration and Immobilization
Process | -
— December, 2001 anately Funded Demo
~ Confirmed Very Low Product Leachability
~" High Retention of Radionuclides
'~ Safe, Reliable, Cost-Effective Operations
+ Ready to Mobilize for Use at Hanford -

Studsvik-
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ATTACHMENT BS |
EVALUATORS' POST-MEETING COMMENTS |
'Comments frm_ﬁ Biﬂ Holtzsheiter
Overall C'omnsent

The review evaluated nine technologies with added variations in a manner that gave the
technologies a fair review on a relative basis; in that, the process effectively compared
technologies. -1 felt strongly that the process did not adequately consider that fact that the bulk of
the waste being evaluated had already had been processed for cesium and strontium removal and
had; therefore, been pretreated. The waste incidental to reprocessing (WIR) scores reflect this
anywhere that the radionuclides are allowed to go with the waste form versus being returned to.
the double-shell-tanks (DSTSs) for processing in the Waste Treatment Plant (WPT).

" Technologies that did not include a denitration step did not fare well in-waste form performance
or land disposal restriction (LLDR) compliance. Unfortunately, denitration technolo gies
(vitrification, steam reformmg, calcination, and active metal reduction) are either complex or
immature. '

Technology Path 1: Bulk Vitrification |

General Comments: This technology was evaluated based on the reviewers? overall knowledge
of vitrification and not just on the specific process presented. The reviewers did not feel that the
glass form proposed was necessarily the best option and allowed that the glass formulation and
process operating temperature (1,600 °C) could be changed to more favorable conditions as
required to meet waste performance reqmrements and to minimize recycle of volatile
components. There was a strong opinion by many of the reviewers that bulk v1mﬁcat_1on is not
easily skid-mounted in spite of the operating history of the GeoMelt process, the operation of the
Transportable Vitrification System, and the ava:lablhty of commercial vendors that have '
transportable skid-mounted units.

~Compliance and Safety: The obvious uncontested strength of vitrification is the waste form and.
its ability to meet waste requirements and the expectation of the regulators. The weakness of the
process is the higher operanng temperatares and the complexity of the off-gas system. The

~ lower than expected scores on the WIR are attributed to the lack of T¢ removal as a part of the
process. This issue prevailed through afl processes that did not return the key radienuclides to

the DSTs. The other key issue was.the perspective that vitrification must be housed in a facility.

Operating experience with LAW in other venues does not support that position. , '

Project Utility: Vitrification scored well in this category due the robustness of the process and
the large volume reduction associated with the process and:the waste form. - :

'Project Operability: Vitrification scored Iow in this area due to the high-temperature off-gas
system and the opinion that vitrification is not compatible with skid-mounted design and
operation. One reviewer did not agree with that position due to the demonstraied performance of
the Transportable Vitrification System and GeoMelt on LAW

B3-1
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- Technical Risk: Vitrification scored well in this area due to the large number of vitrification
plants successfully operatmg around the world on radicactive wastes. :

Programmatic Risk: Vltnﬁcatlon_ scored lower than expected in this due to the fact that it is
vitrification and DOE Office of Environmental Management (EM) programmatic direction is
interpreted to mean reduce vitrification rather than reduce cost and schedule.

Technology Path 2: Active Metal Reduction

General Comments: This technology incorporates adaptation of operations used commercially in
metal processing; however, in the combination and application for Hanford Site LAW, the
process is stifl in the development stage and has several key chemical reactions that need further -
definition with respect to kinetics and distribution of product gases. There are hazardous gases
produced, and the partitioning of radionuclides has not been demonstrated between the off-gas,
secondary wastes, and the waste form. The chemistry of the waste form indicates excellent
“durability; however, no testing has been performed to show durability or retention of
radionuclides. " -

Compliance and Safety: The waste form was presumed to perform well because it is an
aluminosilicate and because a **Tc removal. step was added to the process when the review team
recognized that without technetium removal, non-glass waste forms would require verification,
If the- alunnn051hcate performs well, the technetium removal step can be eliminated. The nature:
of the off-gas with multiple flammable and hazardous gases was considered a detnment from an
0perat1ona1 safety perspective.

Project Utility: This process was expected to reduce the schedule significantly but to have only a
minor affect on total waste volume. -

Operability: The process was expected to have fairly significant issues with respect to
operability. The 'n_ature of the off-gas system, the sensitivity of the kinetics of the reactions, the
lack of anything but laboratory-scale data, and the number of unit operations that must be
integrated led the revi_ew team to score this technoiogy fow. '

Technical Risk: This process was based on literature evaluations of laboratory data. This was
" insufficient to consider this process anywhere near ready for demonstrat:lon or 1mplementat1on in
the time frame required for this proj ect.

Programmatic Risk: - Due to the nature of the off-gas, the level of understanding of the process
and the issues to be resolved to allow deployment were 51gn1ficant In addition, the cost was
_ fairly high for the impact to waste volume.

- | Technology Path 3: Steam Reforming

General Comments: Steam reforming is a technology | that has much in common with calcination
‘with respect.to additives to address sodium, off-gas treatment, and final product. The significant
advantage of steam reforming is that it appears to be an excellent and robust technology for
denitration, yielding an off-gas that is mostly nitrogen and oxygen. The technology has been
used at a production scale for low-level reactor waste stabilization with a reasonable activity
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level. The available information for evaluation of this process was presented separately and not
on the same basis for the cost evaluations. ‘

Compliance and Safety: Based on data presented by Studsvik on very limited samples and
testing relevant to Hanford Site LAW, the waste form was considered to be durable for the

- constituents of concern, and it was assumed that if necessary, the waste form could be grouted
for dlsposal Regulatory and pemnttmg issues were considered to.be more difficult due to the
high-temperature off-gas system, and some felt that the facility must be housed in a building and
was not amenableé to skld-mountmg

Project Utility: Steam reforming was rated robust in this area since there is such a lot of
operating experience with calcination and specifically steam reforming.

Operability: Because of the high-temperature process and off-gas, operablhty was considered
more difficult than non-thermal processes. The issues with skid mounting and getting started up -
on the DOE Site were conSJdered fairly significant and may-add to the deployment time.

- Technical Risk: Technlcal risk was considered low since the process is operatmg and relevant

_ pllot—scale testing has been completed. The panel recognized that there may be some
developmental issues with the waste form; however, the product can easﬂy be grouted and most
likely will be acceptable dIrectly from the steam reformer

- Programmatic Risk: The issues with deployment were considered si gniﬁ'cant for the state of
Washington since steam reforming is a thermal process even though it has been very successfully
run in other states on heterogeneous radioactive feeds.

Technology Paths 4A and 4B: Clean Salt Ceramic Grout Without and with Cesium
Removal

General Comments: This process basically returned all the “do bads” except sodium nitrate back
to the DSTs. Since there is not a cost-effective disposal path for sodium nitrate, this process
results in simply moving the waste around without notable reduction in volume or processing -
time in the WTP. One reviewer felt that this process was not worth pursuing unless an
inexpensive disposal path were found for the “clean” sodium nitrate. '

‘Compliance and Safety: Since this process does not address the radionuclides, the regulatory -~
and pérmitting issues were not considered s:gmﬁcant ‘However, the dlsposal of sodium nitrate is
very problematlc

Project Utility: This was considered to improve the schedule for WTP by diverting the sodium

nitrate; however, a large volume of sodium nitrate would still have to be disposed of as RCRA-
listed waste unless the sodium nitrate were delisted (assumption of this evaluation was that the -
wastes were not delisted).

‘Operability: The unit operations in this process are used in commercial industry; however, the
reviewers observed that there is a significant number of unit operations, that there is temperature
sensitivity in the crystallization step, and the the process is complex enough that sk;d—mountmg
was not considered viable.
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: Techmcal Risk: Technical nsk was high on this process both from the complexity of the process
and from the fact that only laboratory development has been completed in this country in similar -
applications.

Progr’éum’natic Risk: This technology was considered difficult to deploy due to maturity,
complexity, and with current sodium nitrate disposal options, not very beneficial to the proj'ect

Technology Paths S5A and SB Clean Salt w1th Sulfate Removal ‘Without and Wlth Cesinm
Removal

General Comments: This process is complex with alot of unit operations that have sensitive
- control requirements. The addition of sulfate removal helps with the waste loading for this waste
~ stream in the WTP; however, the impact is less without application to the DSTs. The sodium
nitrate disposal issue remains just as significant as that observed for technology paths 4A and 4B.

Compliance and Safety: Since this process does not address the radionuclides, the regulatory
and permitting issues were not considered significant. However, the disposal of sodium nitrate is
very problematic.

Project Utility: This was considered to improve the schedule and waste volume for WTP by
diverting the sodium nitrate and reducing the sulfate; however, a large volume of sodium nitate
wounld still have 10 be dlsposed of as RCRA-listed waste unless the sodium-nitrate were delisted
~ (assumption of this evaluation was that the wastes were not delisted). ’

Operability: "The unit ope_ra_tions in this process are used in commercia_l industry; however, the
reviewers observed that there is a significant number of unit opérations, there is temperature
sensitivity in the crystalhzatton step, and that the process is complex enough that Skld mounting
was not con51dercd viable.

Techmcal Risk: Technical nsk was high on this process both from the complex1ty of the process.
and from the fact that only Iaboratory deveIopment has been completed in this country in similar

applications.

Programmatic Risk: Thls technology was considered difficult to deploy due to maturity,
complexity, and with current sodium nitrate dlsposal options, not very beneficial to the project.

Technology Path 6: Containerized Grout

.. General Comments: Containerized grout, although an excellent waste form for LAW like that in
the subject tanks, will have a very difficult time at the Hanford Site. With ®Tc removal,
containerized grout should be suitable for LAW. However, grouts and phosphate-bonded
ceramics do not chemically immobilize nitrate. The points of compliance are very restrictive for
Hanford Site disposal facilities (e.g., the points of compliance are 100 m down-gradient from the
facilities rather than at site boundaries or points of risk to drinking water) making grout a
difficult waste form to be accepted by the state of Washmgton without denitration. With the
level of cesium and strontinin already removed, and *Tc: remmoval, engineered barriers, and
~ delisting should be consider to make this waste form viable. The cost and 51mp11c1ty of this
process should not be ignored. :
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Compliance and Safety:. Operating and permitting issues were considered very favorable since

‘the process is low temperature and simple. Waste form issues were another story. Although
grout will have been treated twice for cesium removal, filtered for the removal of transuranics
and insolubles, and treated once for **Tc removal (will achieve very low levels in the final form),
the waste form falred badly from comparison with glass and its 1nab111ty to retain. mtrate

Project Utility: This is a sunple process and is robust from a project and operational perspective.
There is a volume increase as wastes are diverted from the WTP. This should be carefully
evaluated when the disposal costs are factored into the analys1s

Operability: No operational issues were identified. It is a robust process.

Technical Risk: No technical risk was identified. This is a robuslt, proven process nationally and
internationally.

- Programmatic Risk: The significant issue is the mind-set of the state regulator'y agencies.
- Technology Path 7: Sulfate Removal

General Comments: Sulfate removal is a proven, fairty simple process that only removes sulfate

and returns the radionuclides back to the DSTs. There is a volume increase due the acidification

of the entire SST volume of removed salts that are again nentralized with NaOH. Before

" pursuing this process, other paths to addressing the sulfate solubility issue in low-activity glass
should be pursued. For example, in the Tanks Focus Area Melter Technology review, it was
noted that phosphate glasses have a significantly higher solubility limit for sulfate and with some
study and optimization may fully address the issue. In balance, phosphate glasses in operation in
Russia have had corrosivity issues with ceramic melters that will have to be addressed. The
issue was not pursued for HLW glasses since there was no &gmﬁcant impact; however, for LAW.
glasses where contact maintenance is planned, it would seem worth pursuing. '

Compliance and Safety: The acidification step is the only part of this process that gets much
notice. It was considered strmghtforward for regulatory and permitting issues. The waste form
is s1mply the immobilization of sulfate with trace radlonuchdes and nitrate.

Project Utility: No issues were 1dent1fied here except that there is'a volume increase in total
LAW.

Operability: This process has been Tun in B Plant at the Hanford Site and is operationally robust
in the opinion of the reviewers.

Technical Risk: No technical risks were noted.

- Programmatic Risk: The overall benefit is minimized due to limited impact. If the process did

~ not increase total waste so much and could be applied to the DSTs where the most significant
sulfate issue exists, it might be more attractive to deploy. ‘However, there are more cost-effecu\fe

- fixes w1th the glass formulation and sulfur so]ublhty in the glass. -
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‘Comments from Jimmy Bell

The discussions during the Rev1ew of the Mission Acceleration Initiative Demonstration meetmg
-at Richland seemed to include a dlsproportlonate amount of time devoted to questions and '
concerns about technetium. ‘The primary reasons for such concerns are the possible

" environmental consequences of technetium release into the environment and primarily concerns
about effects on the ground water. The regulatory approach seemed to be to seek a zero release
of technetium from low-level nuclear waste since the potential biohazards of technetium in the
environment are largely unknown. As a scientist, I must ask how can this soft (low-energy) beta
degradation of technetium constitute a significant biohazard? What do we know about
technetium that would allow us to ¢valuate its env1r0nrnental effects?

We do know that *™T¢ is wxdely used in medical analys1s and that this short-lived isotope
degrades to ®Tc. Also, we know that the resultmg ®Tc seeks out the bones in a human body.
Little is known about the possible teratogenic effects of low-energy or soft beta decay on the
bones. Even less is known about the body’s rentention levels for the technetium isotope.

In addition, scientists currently do not have a good understanding of the chemical changes of the
technetium-VII oxidation state wher it is subjected to temperatures greater than 1,000 °C,asin
the vitrification of nuclear waste. Although there has been regulatory concern about technetium
release throughout the 11fe-h1story of the underground storage tanks, no government agency has.
stepped forward to support the simple experiments that would provide a factual basis for -
understanding the high-temperature chemical changes of the technetium-VII oxidation state and
for evaluating possible biohazards of technetium release. With the wide range of resources

- available in our national laboratories, I can only wonder why- the research that has the potential
to save billions of dollars in the tank waste remediation program has not been done.. It seems to
be miore beneficial to the regulatory bureaus to wonder and discuss rather than to encourage a
-research program that would provide a factual basis for regulation of technetrum

My recommendation s that DOE should immediately implement a technetium research program
to evaluate the followmg parameters

1. The volatility of technetrum at temperatures greater than 1 ,000 °C from a matrix that
initially includes the technetium-VII ox1dat1on spec1es

2. Human-body retention rates for the technettum~VII species
3. Potentral biohazards of human ingestion of technettum-VH species in drmkmg water.

' Such a research investment should cost less than a rmlhon dollars and could save DOE btlllons
of dollars in the tank waste remedtatmn effort.
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Comments from Ken Lang

The sulfate removal process is not really a competitor with the other alternatives. It is more akin
. to the cesium and technetium removal processes and applies to most of the flow sheets as well as
to WTP. It should be judged separately from the others

Some reviewers pointed out that skid-mounting means different things to different people. Most
~ of the technology alternatives considered can be constructed skid-mounted offsite, which could
potentially save construction cost. Once assembled onsite, most of the alternatives considered
will have to go into a facility if only for environmental climate control, None of these
alternatives could run effectively from a process control standpoint (most of these alternatives
need good temperature control) or from an operational availability standeint due to the extreme
winter-summer temperatures, rain, snow, etc. These factors would require the ‘skids’ to be
contained in a facility of some type. Also, because of the shielding and remote handling _
requirements for most of the processes, none of the alternatives is really ‘transportable’ from one
tank farm to another. So the advantages of skid-mounting are mostly related to constructlon :
COSts. : : '

Increasing LAW throughput using any of the alternatives considered or increasing throughput by

-expanding the currently planned LAW vitrification facility will shorten the duration of the
program, thus saving money for each year the program is completed early. The real
discriminators dre the cost of the new facility (which in order to have a low, uncertainty needs to
be at ~30% design} and the cost and time to obtain all of the regulatory. approvals for operatlon
and disposal.
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. Comments from the Washington State Department of Ecology

‘We thank you for inviting us to pafticipate in the May 21-23 Mission Acceleration Initiative
(MAT) workshop: for the evaluation of different processes for accelerating treatment of Hanford’s
- tank wastes, and for allowing us to present these comments.

The MAI started out by targeting 68 saltcake tanks that could benefit by a skid-mounted waste
treatment process. During the workshop these 68 saltcake tanks were identified as lower risk.
Ecology would like to point out that saltcake tanks tend to list high on risk to groundwater due to
*Te content. Ecology would also like to point out that nothing in this supplemental treatment
process should interfere with the present Waste Treatment Plant (WTP) as planned, desi gned
and permitted.

As the MAI workshop progressed, the evaluators discovered that most of the tank treatment
processes under consideration would have to be housed in a permanent facility. Also, most of
the processes would require another facility that housed cesium and technetium ion exchange
columns (and associated ultrafiltration and potentlally resin regeneratlon equipment). Its
function would be similar to the Pretreatment Facility currently being designed for the WTP.
This additional facility would increase cost and would have regulatory requirements.

Using the vitrified waste form as a guide, qualification of a new. waste form could take several
years. This time would have to be factored into technology selection and utilization. For.
expediency, this development would most likely occur in a laboratory. Tt Would be necessary for
all technologies testing to 1nc1ude Hanford tank waste.

Final deployment in  the field for treating the targeted tanks would likely require several years for
permlttmg, designing, and constructing the facility. An important and practlcal benefit of -

“mission acceleration,” by treating wastes in the vicinity of the 68 tanks, is that the critical
limitation of double«shell tank (DST) space is eased. This benefit is lost if the supplemental
process is con51dered to be an adjunct to the WTP and does not reduce DST burden.

It appears that a more detaﬂed analy51s of the proposed new path forward in conjunction with
current baseline needs to be done first. Location and configuration of the facility, and its utility -
in relieving the shortage in DST space, are criteria that need to-be defined, weighted and
understood before meamngful process ranking for deployment, or even pilot testlng can be done.

Ecology has not had an opportunity to verify the 1nformatlon and flow sheets presented at the
workshop to evaluate supplemental technologies; therefore, we can give only limited guldance
As regulators we would consider accommodating new technology if it would indeed accelerate
the cleanup mission. We reiterate and confirm that on no account will we allow any slowdown
~ of the current baseline of vitrification.

In the workshop, Ecology’s role was not to “develop approaches” but to part1c:1pate in
discussions and provide comments that will facilitate a smooth regulatory process for the
technologies being considered. We gave our impressions on technologies either when requested
or when the. approach presented appeared to have technical or regulatory problems. We are
definitely not proponents of any particular technology, especially since the data presented had
not been independently verified and validated. Furthermore, critical steps and critical data for
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the. ﬂov;r sheet development, and total waste form volume projections, need to be confirmed by
the developers of each process

If the regulatory qualification process for Hanford’s vitrification program is used as a guide, we
envision a qualification period of several years for acceptance of this new waste form. The
available data on the technologies under consideration should be mdependently verified and
vahdated before any funding decisions are made. : :

Ecology’s involvement in the C3T effort should not be misconstried, by any reader, to be an
evaluator of the merits of any particular technology being explored and certainly not extended to
‘recommendation for funding.’ We would like to see all promising technologies be given a level
playing field. As a result of the process evaluation results, the evaluation peints (for the clean
salt processes) of 57 for 4B and 56 for 5B cannot be statistically distinguished from the Steam
Reforming process score of 60. Thus they also appear to be promising techn'ologies

However, evaluating the Steam Reformer presentation was difficult since it did not comply with
the format required for the other technologies. The presentation made by the steam reformer
vendor at the workshop, and the materials provided by Bechtel National Inc. since March 2002,
did not include any substantial data on the waste form, only quahtatwe statements. Other
comments on this process are: :

1. With the lack of data it is 1mposs1b1e to verify the claims of the robustness of the waste
form and the suitability of the process. Most of their commercial experience has been\
with ion exchange resins, which are vastly different from Hanford’s tank waste.
Agglomeration and feed nozzle pluggage will need further testing and evaluation.

2. We question Steam Reforming for treating Hanford’s tank waste, this technology appears
to be in its infancy. Industrial experience in treating spent ion exchange resins in a steam
reformer will likely be of limited nse and worldwide calcination experience (most at over
1,000 °C) might not be useful in treating Hanford’s alkaline wastes in the steam reformer,
which operates at much lower temperatures This technology w111 have to be proven
successful in the planned tests
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APPENDIXC

CLEANUP CONSTRAINTS AND CHALLENGES MISSION ACCELERATION
INITIATIVE SUBGROUP REPORT

1. Statement of Scope (Team Charter)

-Pursuant to the Mission Acceleration Initiative (MAI) team charter, our objectives have been
to explore (1) potential options to enhance Waste Treatment Plant (WTP) design and '
operations so as to get the most out of the parties’ investment and (2) poteatial options to
apply supplemental tank waste treatment technologies to some port:lou of tank waste |
following retrieval.

- The team has focused on technologies to supplement the WTP’s low-activity waste (LAW)

 treatment capabilities via the Cleanup Challenge and Constraints Team (C3T) process using
Hanford Site, regulatory agency, and independent, external expertise. The team also
recognized that hlgh-level waste (HLW) treatment Capablllty within. the WTP would need .
augmentation (e.g., a second melter).

At the meeting on the C3T “Gang of 5” on June 27 and 28, 2002, the MAI team was given
clear direction to move forward with the developmental testing of treatment/enhancement
technologies necessary to complete tank waste treatment by 2028, and to contmue to meet to
monitor and shepherd the treatment acceleration prOJects forward.

2, Agreements' Reached by the Team

a The WTP, per cutrent contract requlrements will not have the capablhty to complete
tank waste treatment by-2028. The. Office of Rlver Protection (ORP) has advised the .
Washmgton State Department of Ecology that the high volume of LAW feed poses the -
most difficult challenge: Completing LAW treatment by 2028 would require making
optimal use of the WTP to maximize its throughput through its design life and also
providing supplemental LAW treatment approaches where it 1s appropriate and p0351b1e :
to do s0.

b. In determining which (potential) supplemental LAW technologies appear to have
“sufficient merit to warrant further investigation, the team agreed that long-term waste
form performance would be a critical determining factor due to the contaminants of
concern (chemical and radiological). Similarly, the treatment processes deployed must
result in wastes being compliant with Washmgton State Dangerous Waste Reqmrements

for treatment and disposal. The team recognizes that any waste form will have to
~undergo an intense waste form qualification process including testing to show
' compliance with the land disposal restrictions. This waste form perfonnance will hkely
be an issue of concern to public and tribes. :

c. Over two dozen technology candidates weére screened. Of those, four technical
approaches — sulfate removal, containerized grout, bulk v1tr1ﬁcat10n and steam
reforming — appear to warrant further con51derat10n in the near term as potenual LAW
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supplemental treatment technologies. All appear to offer a potential to reduce the time to
complete LAW processing by as much as 15 to 20 years. ' Analysis of each technology
assumed radionuclide separations prior to LAW feed treatment to keep radiation doses as
low as reasonably achievable (ALARA)-and t6 meet waste disposal considerations. The .
team recognized that a determination against the requirements from U.S. Départment of
Energy (DOE) O 435.1, Radioactive Waste Management, regarding waste incidental to
reprocessing (WIR) would be an issue requiring a high degree of scrutiny and
coordination by the agencies — and likely would be an issue of concern to the public and

~ the tribes. '

The following is a summary of the treatment technologles warrantmg further
devclopment (in order of highest to lowest scormg) :

(1) Sulfate removal by acid-side strontium pre01p1tat10n is recommended for
consideration by ORP as a WTP enhancement to increase waste loading in glass.
This relatively simple technology can enhance the waste loading in borosilicate glass
produced in the WTP thus reducmg the time to treat the waste. -

(2) Contamerlze_d grout can be tailored tQ‘lIIl'IllOblllZC numerous waste constituents and is
relatively easy to deploy. Containerized grout resulis in substantially increased waste
volumes (on the order of three to four times, relative to glass, for the fraction of waste
that is grouted) and carries significant waste form performance issues with it. It also
faces local controversy due to a prevmusly failed program with the grout vaulis.

~ (3) Bulk vitrification in roll-off bin size containers may produce an aluminosilicate glass
waste form allowing high waste loadings, good waste form performance, and
diminished final waste volumes. Bulk vitrification would occur within a structure
that prov1des containment, emission control, and protection from the weather. ‘

(4) Steam reforming may produce a sodium aluminosilicate mineral-like waste form with
high waste loadings and potentially good waste form performance but increased
overall waste volumes due to a low specific gravity. Steam reforming would be
deployed as an adjunct to the WTP to supplement LAW glass.

- All potential technologies will face re gulatory and policy challenges mcludmg the
following: .

Bulk vitrification and steam reforming operate at elevated temperatures, so they will
likely have maximum achievable control technology (MACT) standards invoked through
the Resource Conservation and Recovery Act of 1976 (RCRA), Subpart X, and will face
the same rigor of permitting as is required for the WTP. :

Treatment technologies using grout would need to be tailored to overcome waste form
performarnce issues regarding the retention of mobile long-lived radlonuchdes and some
hazardous constituents stich as nitrates and mtntes
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A number of the technologies are likely to generate an increased volume compared with a
vitrified waste form and could therefore require a larger overall amount of land for
disposal.

In addition, the team recognized that for any option there would be secondary waste
stream issues and rmpacts to 'supporting faci]ities._

e. All four technologies require further bench or cold testmg prior to conlmlttmg to pilot-
scale hot testmg

f. The team also found that active metal denitration appears to be a promising technology
capable of. producmg a competent waste form (sodium-aluminosilicate). It operates
exothermically using the free energy in scrap aluminum. It has only been tested at bench-
scale however, and needs further development 0 work out potential safety issues
(e.g.. gas generaﬂon) prior to pilot- or full-scale testing with hot materials. As such,
further research and investigation is better pursued at present using alternative sources of
funding such as the DOE 0ff1ce of Science and Technology (EM-50).

Conclusion: While there are no s11ver bullet supplemental technology candidates (i.e., all

- have some issues), the technologies (sulfate removal, containerized grout, bulk vitrification,

and steam reformmg recommended for fiscal year (FY) 2003 bench-scale or cold testmg)
hold the potential to substantially accelerate nsk reduction and shorten the tlme to mission
compleuon

Path Forward Schedule and Reeommendaﬁon

a. Recommend that ORP fund sulfate removal, containerized grout; bulk vitrification, and
steam reforming on a limited scale in FY 2003 to obtain data needed to determine merit
and likelihood of successful deployment; if warranted, one or more of these technologies
would result in pilot testing in FY 2005 and hot field deployment between FY 2006 and
2008

b. Continue a working group for tank waste treatment enhancements and supplemental
technolog1es to the tank waste treatment plant "

Key Decision and Policy Issues Requiring Resoluti_on :
Recommend appro{zal by agency executive management.
Potential Cost Savings from Implementation of the Opportunity

In examining the _supplementel technologies, reduction in the length of time needed to

- complete tank waste treatment was used as a surrogate measure for life-cyele cost.
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APPENDIX D

CANDIDATE SALTCAKE WASTE FOR
SELECTIVE DISSOLUTION

The Tank Waste Information Network System (TWINS) was queried on April 10, 2002, to
download the Best Basis Inventory estimates for alumninum, nitrate, potassium, sodium, sulfate,
_241A ¥eg, 237Np 239Pu 240Pu, DSr and #T¢ for the single-shell and double-shell tanks.
Esnmates of the liquid, saltcake, and sludge waste volumes contained in-each of the single-shell
" and double-shell tanks were obtained from HNF-EP-0182, Waste Tank Summary Report for
Month Ending December 31 2001 The information was entered mto a Mlcrosoft Excel

spreadsheet.

The “Gimple rule” was used to caiculate in the Microsoft Excel spreadsheet the estimated mass
of low-activity waste (LAW) glass that would be produced from treatment of the waste in each
of the single-shell and double-sheli tanks. The Gimple rule calculates the sodium oxide loading
“in immobilized LAW (ILAW) glass based on the sodium and sulfate masses in the pretreated
LAW as stated in Equation 1. Equation 2 is then used to calculate the amount of ILAW glass.

Wt% Na20 = 0.22369 / [(1+(S04 / 96*80%20.321) / (Né 123%31N] Eq'uatio_n (1
H_.AW Glass (MT) Na * (62 / 46) / wt% NazO ' Equanon (2)

T]he amount of [LAW glass that the Waste Treatment Plant (WTP) is capable of producing from
2007 through 2028 was calculated in the Microsoft Excel spreadsheet assuming the baseline
LAW vitrification facility contains three melters. The three LAW melter systems are assumed to

_be capable of producing an average 30 metric tons (MT) ILAW glass per day. The WTP is
estimated to produce 2.3 X 10° MT of ILAW glass from 2007 through 2028.

Based on the estimated ILAW glass production, the waste that'would not be processed in the

. "WTP was identified by inspection of the Microsoft Excel spreadsheet, assuming that the WTP
preferentially treats wastes in double-shell tanks, followed by single-shell tanks containing less
than 50,000 gal of saltcake waste, and finally single-stiell tanks containing 50,000 gal or more of
saltcake waste. The Microsoft Excel spreadsheet was then sorted assuming this waste processing
sequence. Out of 149 single-shell tanks, 68 tanks contained 50,000 gal or more of sajtcake
waste. Of these 68 single-shell tanks tanks, 60 tanks were identified that would not be processed
in the WTP by 2028 given the current WTP production schedule. These 60 tanks would reqmre
a.ltematlve waste treatment in order to process all tank waste by 2028.

To process the 60 single-shell tanks identified for alternative treatment, the tanks are assumed to
undergo selective dissolution to remove cesium. The process is applied to saltcake waste
consisting of solids and associated interstitial liquid. Water is used as the solvent to selectively
dissolve, and remove, species from the saltcake. The target specie of mterest is cesium;
however, other waste constltuents also are dlssolved 1 the process.
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When the selective dissolution assumptions are applied to the saltcake waste that would not be
‘processed in the WTP by 2028, 30 percent of the sodium and 10 percent of the sulfate contained
in this saltcake are transferred to the WTP along with 60 percent of the **'Cs inventory. The
additional sodium and sulfate transferred to the DSTs from selective dissolution would result in
additional ILAW glass produced by the WTP, further reducing the number of single-shell tanks
processed by the WTP under the current schedule. By iteration it was determined that 68 single-
shell tanks containing 50 OOO gal or more of saltcake waste would not be processed in the WTP
by 2028. The saltcake waste contained in these 68 single-shell tanks, listed in Table D-1, would -
require alternative waste treatment to-allow the remainder of the wastes contained in the single-
shell and double-shell tanks to be processed from 2007 through 2028 in the WTP. The inventory
of select radxonuchdes and analytes present in these 68 single-shell tanks is provided in '
Table D-2. :
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- Table D-1. Single-Shell Tariks Containing at Least 50,000 Galions .

of Saltcake Waste.
Tank Tank  Tank
A-101 [ s101 | . T-10L
AX-101 S-102% o T-109
AX-103 'S-103 TX-102
B-101 Al $-105 . TX-103
B-103 . §-106 TX-105
‘B-104 | S-107 TX-106
B-105 . 5-108 TX-108
~ B-106 $-109 © TX-110
‘B-107 S-110 - TX-111
B-109 . S-111 |  TX-112
BX-110 S-112% - TX-113
BX-111 ) $X-101 . TX-114
BY-101 SX-102 ' TX-115
BY-102 SX-103 TX-116
BY-103 - SX-104 . TX-117
- BY-104 © $X-105 TX-118
BY-105 | SX-106 TY-102
BY-106 SX-109 | . U-102
BY-107 SX-114 U-103
BY-108 U-105
BY-109 - S U106
BY-110 o U-107
BY-111 | | | - U-108
BY-112 | | U-109
S | U-111

+The waste contained in these tanks is scheduled for retrieval toa double-shell tank prior
to deployment of the Mission Acceleration Initiative technology-alternative process. The
Mission Acceleration Initiative technology alternative could be used to treat these wastes
following retrieval to a double-shell tank. '
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APPENDIX E
FLOW SHEET OPTIONS ALSO CONSIDERED
ELO INTRODUCTION |

The flow sheets described in this appendix were presented in the April 2-3 workshop and were
included in the subsequent flow sheet analysis work to develop material balances and other
information. All of these flow sheets were included in the evaluation done by the May 21-23
Cleanup Constraints and Challenges Team (C3T) Mission Acceleration Tnitiative (MAT)
Subgroup. For various reasons summarized in Chapter 7.0 and described in detail in
Appendices A, B,-and C of this report, the C3T MAI Subgroup did not recommend that these

“flow sheets be pursued as part of the MAI in fiscal year 2003. The discussion provided in this

- appendix is from RPP-11131, Mission Acceleration Initiative Demonstration Information
Package which was developed in preparatlon of the May 21-23 workshop. .

ELl ACTIVE METAL REDUCTION .

The active metal reduction process uses a stirred tank or a ﬂuldzzed bed reactor to decompose
nitrates and nitrates present in the saltcake waste. The sodium aluminate—aluminum hydroxide
product from the active metal reduction reactor is mixed with phosphoric acid or silica to
produce a sodium alumino-silicate or alumino-phosphate ceramic waste form.

Based on a preliminary evaluation of the estimated waste inventory in 68 single-shell tanks
(SSTs), this path reduces the Waste Treatment Plant (WTP) total mission immobilized low-
activity waste (ILAW) glass volume to 46 percent of the baseline. The volume of the alternate
waste form produced is equivalent to 101 percent of the WTP total mission ILAW glass baseline.
The total volume of ILAW glass produced by the WTP plus the supplemental waste form

(i.e., alumino-silicate or alumino-phosphate ceramic) is eqmvalent to about 147 Jpercent of the
baseline volume of ILAW glass produced in the WTP. Table E-1 summarizes projected low-

- level waste production. Sulfate to be treated by WTP as low-activity waste (LAW) feed is
reduced to 10 percent of the baseline. The reduction in waste volume and assocxated sulfate
inventory is an asset to the River Protection PI'Q]GCI (RPP).

E1.1.1 Process Description

Figure E-1 is reproduced from the process flow diagram in RPP-11131 and shows only the
processing steps and streams after the pretreatment process steps (material balance table and
processing notes are not shown in the figure). The saltcake waste inventory from the 68 SSTs is
retrieved and processed through the selective dissolution and solid—-liquid scparation steps. Both
-the cesium-rich and separated solids are sent to the double-shell tank (DST) system for
processing through the WTP. The liquid stream from the sohd—hqmd separation step is further
treated to. separate cesium and technetium. The resulting low-cesium and low-technetium
solution is sent to the active metal reduction reactor.




-
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The active metal reduction reactor was assumed to be a fluidized bed reactor operating at 120 °C
or less. Waste feed flows continuously through a bed of aluminum pellets that are in suspension -
because of flow, gas generation from the dissolution of the pellets, and the boiling of the feed.
The aluminum metal reactant, in a pellet form, is contmuously added as it is consumed in the
reaction. Aluminum metal reacts with sodium nitrate, sodium nitrite, and sodium hydroxide to
produce sodium aluminate-and aluminum hydroxide along with hydrogen and ammonia off-gas.

. Out of the active metal reduction reactor, the sodium aluminate and aluminum hydroxide slurry

is sent to a stirred back-mix reactor (phosphate ceramic reactor). . Sodium aluminate reacts with
added phosphonc acid to form insoluble sodium alumino-phosphate. The shurry from the stirred
reactor is sent to a solid-liquid separator. . Liquid frem this processing step is expected to be low

in dissolved solids (from the removal of sodium and destruction of nitrates) and is immobilized

in a phosphate-based cement. The liquid is sent through a filtrate evaporator and blended with
phosphate ceramic formers to form a chemically bonded ceramic. Based on the assumptions

‘used in this evaluation, the waste loadmg of the chemlcal bonded ceramic is 40 wt% waste
sodium oxide. . . N

- The wet sodium alumino-phosphate and aluminum hydroxide product separated by solid-liquid

separation includes precipitated calcium and strontium. These solid materials are poured mtoa
large (4 ft by 4 ft by 8 ft) disposal container to cure into a solid mass. Curing time is expected to
be comparable to that of concrete (7 to 28 days). Based on the assumptions used i in thlS

evaluation, the waste loadmg in the final product is 17 wt% waste sodium oxide.

EL12 F indings Relevant to Cleanup Constraints and
Challenges Team Preliminary Criteria

" Table E-2 summarizes relevant information identified for the active metal reduction processing

steps as they relate to the preliminary C3T criteria. Because séle.g:tive dissolution and solid—
liquid separation were not specifically evaluated for this information package, no findings for
these processing steps are discussed in the table.  General considerations relative to technical,
authorization basis, environmental compliance, and programmatic risk are discussed below.

The active metal reduction process has been demonstrated on a laboratory scale and the process
chemistry has not been entitely confirmed. This path is a-potentially complete LAW treatment
option with no streams returning to DSTs. Pilot-plant work remains to establish a technical basis -

for this process that will support an operable system. Further research is required to-confirm

chemical reactions on actual waste, the liquid effluent stream and off-gas compositions, and the
performance of the phosphate-bonded ceramic waste form produced in this path. It will be
necessary to test a scaled-up system in order to provide process and matenal handling

information.
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RPP-11261 REV O .
Figure E-1. Excerpt from Process Flow Diagram for Active Metal Reduction Flow.Sheet.
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Table E-2. Active Metal Reduction Flow Sheet Findings and Risk Assessment. (2 sheets)

Preliminary

Active metal reéduction flow sheet

C3T criteria Def‘mng attributes findings

Project utility Apphies to the 68 SSTs that each contain Flow sheet only evaluated for

greater than 50,000 gal of saltcake = tank 241-S-112 Inventory- .
. Orgénicsmay impact immobi_lization siep
Impact on ILAW {vitrified) quantity P_oteﬁtially a complete LAW treatment
produced:by WTP op'tion reduces total mission ILAW -
o : quantity produced by WTP to 51%
_ baseline _
Quantity of alternate ILAW waste form 144% WTP total mission ILAW baseline
sent to Hanford Site burial grounds: (assuming 10% sodium waste loading)
.| Total volume of ILAW to be disposed of at | Increased (194% of baseline) '

Hanford Slte_ relatm: to the WTP baseline :

Environmental What is the alternate waste form and its | Phosphate ceramic product

A 5 _ _ _ .
compliance -performance? Performance data not identified

Ease of ga_ining regulatory permit .

'System operating data not identified

Are there secondary waste stream issues
associated with transfer to mterface
facility?

Li'_quid effluent stream produced

Authorization basis

‘Maximum temperature of pretreatment or

immobilization process

Nitrate reduction performed at 120 °C

Tssues with energetics?

Exothermic reactions

Flammable gas generation concerns?

Ammonia and hydrogen gas emitted

Shielding concerns?

1

Cesium ion exchange step will rcqmre
shielding

Acidic reaction steps?

Phosphoric acid used to creatc ﬁnal waste
form

Technical tisk

Pretreatment technology maturity

Programimatic risk

' Investigated for Hanford Site use past -
6 years :
Used for alkaline waste at ORNL
Immobilization technology maturity Nitrate reduction demonstrated at bench-
: scale
Pilot-scale design for nitrate reduction
step
Phosphate ceramic step not tested
Ease in achi'eving a process modular, skid- | Specific design data not identified
mountable (i.e., mobile) un_it _
Process ability to handle variation in waste | Unknown impact for tréatment steps
_ feed composition
Technical risk (cont.) Dispdsition of treated off-gas Ammonia and hydrogen -gaé generated.
Ease in achieving a WIR designation Separation occurs in selective dissolution

and solid-liquid separation steps

E-5.
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Table E-2. Active Metal Reduction Flow Sheet Findings and Risk Assessment. (2 sheets)

' Preliminary e . Active metal reduction flow sheet
C3T criteria ‘ Defining attributes o  findings :
Technetium separated? Yes
Cost . ‘ | $258M
Technical issues that may:leng'then MAI | Bench-scale testing has been performed at
schedule ORNL " _
Operability Are there any special operability concerns? | First-of-a-kind equipment
Are there issues for the path from | Curing time is not known for phosphate
completion of immobilization to final ceramic
.disposal? '
C3T = Cleanup Constraints and Challenges Team.
ILAW = immobilized low-activity waste.
LAW = low-activity waste.
MAI. = Mission Acceleration Initiative.
ORNL = Qak Ridge National Laboratory
SST = single-shell tank.
WIR = waste incidental to processing.
"WTP =

Waste Treatment Plant.

El 1.3 Techmcal AnalySIS
E1.1.3.1 Exothermic Reactlons and Potentially Flammable Gases

Alihough reliable cdolin g systems and treatment of hydrogen and ammonia are established
technologies in nuclear facilities, preparing the supporting safety basis documentation for the

‘exothermic aluminum reduction reaction and the potentially flammable off-gas mixtures may be

difficult. Additionally, the reactions to-produce the phosphate-bonded eeramic via this path are
exothermic leading to a maximum temperature of 80 °C. Uncertainties in the process technical

‘basis add to the uncertainty in establishing a safety basis.

E1.1.3.2 Phosphate-Based Waste Form Performance

* The active metal reduction (de—ﬁit_rati(')n) process will bé' adaptable for the production of various

waste forms (e.g., phosphate, zeolite or sodium aluminate-aluminum hydroxide). -Laboratory
test results suggest that the baseline phosphate-based waste form performance will be acceptable;
however, further formulation and testing will be required to demonstrate that the waste form will
meet disposal requirements. Secondary waste effluent and control of off-gas emissions will need
to be addressed relative to applicable waste acceptance criteria and permitting requirements,
respectively. Completing the Resource Conservation and Recovery Act (RCRA) permit and
operation readiness activities by July 31, 2006, under the current project schedule and the lack of
technical maturity present a considerable risk. :

E-6
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E1.2 CLEAN SALT WITHOUT CESIUM ION EXCHANGE -

E1.2.1 Process Description

The saltcake waste is retrieved and processed through the selective dissolution and solid-liquid
separation steps.. Both the cesium-rich and separated solids are sent to the DST system for
processing through the WTP. The liquid stream from the solid-liquid separation step is the feed
- for the flow sheet-specific treatment steps. Figure E-2 is taken from the detailed process flow
diagram it RPP-11131 and shows only the processmg steps and streams (material balance table
and processing notes are not shown) that occur after the selective dissolution and solid-liquid
separation steps that are common to all of the pathways. Cesium and technetium ion exchange
columns are not used for this flow sheet option because the radionuclides are inherently
separated from the clean salt as part of the.process._

" The liquid waste stream from the sohd—-hquld separation step is sent to an acid reactor where it is
acidified with nitric acid to pH 2.0. Acidification neutralizes sodium hydroxide and sodium
carbonate, dissolves aluminum hydroxide, and converts all the nitrite to nitrate and nitrogen
oxide. The pnmary form of sodium leaving the acid reactor is sodlum nitrate. Crystallization of
sodium nitrate is. performed in two steps. First, the acidified lqu.ld stream is evaporated at
approximately*110 °C at atmospheric pressure until about 50 wt% of the sodium nitrate is
crystallized out. Second, the liquid stream is cooled to crystalhze another 20 wt% of the sodium

- nitrate. : :

The liquid stream, which has a reduced sodium nitrate content, is neutralized by slowly adding
the liquid to a sodium hydroxide bath. Once neutralized, the waste stream is sent to the DST
system for treatment by the WTP. Because cesium and technetium ion exchange are not
performed in this path, the sodium nitrate crystals are processed through a single wash column to
remove cesium, technetium, and other soluble radionuclide species. The washed crystals are
separated from the filtrate in a solid—liquid separation step that sends the filtrate to the
neutralization step and-the washed crystals to the immobilization step. A single stage of

~ fractional crystalhzauon is assumed to be adequate to produce sufficient radionuclide
decontammanon to meet apphcable requlrements

Waste sodium nitrate needs to be immobilized because as a waste form it does not comply with
the land disposal restrictions due to toxicity and flammability. - The sodium nitrate is proposed to
be immobilized into a phosphate—bonded ceramic. Waste is sent to a mixer along with water and
ceramic formers. The ceramic formers are magnesium oxide, mono-potassium phosphate, and

E-7
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Figure E-2. Excerpt from Process Flow-DiagraI_n for Clean Salt Flow Sheet
‘ without Cesium Ion Exchange.
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fly ash. FIy ash provxdes strength to the final preduct. The ceramic is formed by the reaction of
magnesium oxide, mono-potassium phosphate, and water. Once mixed, the ceramic waste form
is poured into disposal containers and cured. Set time is estimated to be 2 hours. Once the waste
product is set, the cure time. is estimated to be 15 days. Table E-1 provides the estimated
volumes of phosphate ceramic and ILAW glass produced at the WTP from processing the
saltcake waste contained in the 68 SSTs through the clean salt process with the balance of the
tzmk waste processed at the WTP.

E1.2.2 Findings Relevant to Cleanup Constraints and
Challenges Team Preliminary Criteria :

" Table E-3 summarizes relevant information identified for the clean salt processing steps.
Because selective dissolution and solid-liquid separation were not specifically evaluated for this”
information package, no findings for these processing steps are discussed in the table. General
considerations relative to technical, authorization basis, environmental compliance, and
programmatic risk are discussed below. The clean salt pretreatment process has been
demonstrated with a bench-scale Iaboratory demonstration and computer modeling. Similar unit
operations have been developed and were deployed in Russia at an industrial scale to treat
high-level waste. The phosphate-bonded ceramic process is immature for reasons similar to
‘those described for active metal denitration. It will be necessary to test a scaled-up sys.tem that
will provide process and material handling information. : |

E1.2.3 Technical Analysis

Thete are several potential safety issues relative to this path. Clean salt is an acidic process and
is performed above ambient temperatures (100 °C for the evaporator). The phosphate-bonded
ceramic process is exothermic (temperatures up to 80 °C reported). Because this path does not
" have a cesium ion exchange module, additional shielding for process equipment would be
required. Authorization bases have been established for srmllar condmons however, the
immaturity of the overall process presents some risks.

- Laboratory test results suggest that the waste form performance will be acceptable; however,
further formulation and testing will be reqmred to demonstrate that the waste form will meet
disposal requirements. Secondary waste effluent and control of off-gas emissions will need to be
addressed relative to applicable waste ‘acceptance criteria and permitting requirements,
respectlvely Completmg the RCRA permit and operation readiness. activities by July 31, 2006,
under the current project schedule and the lack of technical rnatunty present a considerable risk.

Based on a preliminary evaluation of the esumated waste mventory in 68 SSTs, this path shghtly

-reduces the WTP total mission ILAW volume to 87 petcent of the baseline. The volurne of the
alternate waste form produced is equivalent to 23 percent of the WTP total mission lLAW
baseline..

E-9
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Table E-3. Clean Salt without Cesium Ion Exchange Findiiigs. (2 sheets)

Preliminary . Defining attributes Clean salt without Cs TX findings
C3T criteria C
Project utility Applies to the 68 SSTs that each contain | Path only evaluated for tank 241-8-112
‘ greater than 50,000 gal of salicake inventery
_ .| Clean salt tested on tank 241-AW-101 waste
'| Impact on TLAW (vitrified) quantity Removes sodium from LAW stream
produced by WTP ‘Nearly all of current baseline because all of
the sulfate goes to WTP
Reduces total mission ILAW quantity
-produced by WTP to 88% baseline
Quantity of alternate ILAW waste form 28% of WTP ILAW baseline
sent to Hanford burial grounds : ' : _
Total volume of ILAW to be d_isp_osed of | Increased (116% of baseline = 20% above:
at the Hanford Site relative to the WTP baseline)
baseline _
Environmental What is the alternate waste form and its Phbsphate-bonde_d ceramic product
compliance performance? | Performance data not identified

Ease of gaining regulatory permit

New processes; data for assessment not
identified

Are there secondary waste stream issues
associated with transfer to interface
facility?

Liquid waste stream will be neutralized and
sent to DST system

Authorization basis

Maximum temperature of pretreatment or
immobilization process

Above ambient temperature processes
(100 °C for evaporator and 90 °C for
phosphate-based reactions) :

Tssues with energetics?

Neutralization step requires care

Phesphate step is exothermic

Flammable gas generation concerns?

Data for assessment not identified

Shieiding concerns?

 Shielding may be needed throughout clean -

salt process because no cesipm ion exchange
used

Acidic reaction steps?

Clean salt process is acidic

Technical risk

Pretreatment technology maturity

 Laboratory- and bench-scale testing

performed on Hanford Site waste

Application-data not identified

Immobilization technology maturity

Ease in achieving a process modular,
skid-mountable (i.e., mobile) unit

Conceptual design_idémiﬁed for clean salt
processing steps

Design for immobilization step not identified;
may be similar to grout -

Technical risk
{cont.)

Process ability to handle variation in
waste feed composition

Data for assessmerit not identified

Disposition of treated off-gas

Acidic off-gas generated from clean salt

4 process ‘
No off-gas identified for immobilization step '

E-10




RPP-11261 REV 0

. Table E-3. Clean Salt without Cesium lon Exchange Findings. (2 sheets)

Preliminary " Defining attributes | Clean salt without Cs IX findings
C3T criteria ’ ) o
Programmatic risk Ease in achieving a WIR designation Sepatation oceurs prior fo path-specific steps
Is technetium removal possible? _ Technetium assumed to transfer to DST
| Cost - : | $244M
.| Technical issues that miay lengthen MAI Processing steps havc not been demouistrated
schedule at desired scale
Operability Are there any special operabﬂlty Field system would be ﬁrst—of—a4kind
| ' concg:rns" Clean salt is acidic process
Are there issues for the path from Data for assessment not identified
C9mpleti0n of immobilization to final | Curing of phosphate ceramic is needed
disposal? : _ ,

C3T = Cleanup Constraints and Challenges Team.
CsIX = cesium ion exchange.

DST = double-shell tank.
ILAW = immobilized low-activity waste,
'LAW = low-activity waste,
MAI = Mission Acceleration Initiative,
SST = single-shell tank.
WIR = waste incidental to reprocessing.
WTP = Waste Treatment Plant.

EL3 CLEAN SALT WITH CESTUM ION EXCHANGE

E1.3.1 Process Description

The saltcake waste is retrieved and processed through the selective dissolution and solid-liquid
separation steps: Both the cesium-rich and separated solids are sent to the DST system for
processing through the WTP. The liquid stream from the solid-liquid sepatation step is the feed
for the clean salt with cesium ion exchange-specific treatment steps. Figure E-3 is taken from
the process flow diagrami in RPP-11131 and shows only the processmg steps and streams
(material balance table and processing notes are not shown) that occur after the selective
dissolution and solid—liqujd separation steps that are common to all of the pathways. For the
clean salt with cesium ion exchange flow sheet, a cesium ion exchange column is the first
processing step. Technetium is inherently separated from the clean salt and a separate
technetium ion exchange column is not needed. -

E-11
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Figure E-3. Excerpt from Process Flow Diagram for the
Clean Salt with Cesium Ion Exchange Flow Sheet.
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The liquid waste stream from the solid-liquid separation step is sent through a cesium ion
exchange column, with the resulting low-cesium solution sent to an acid reactor where it is

acidified with nitric acid to pH 2.0. This neutralizes sodium hydroxide and sodium carbonate,
dissolves aluminum hydroxide, and converts all the nitrite to nitrate and nitrogen oxide. The
primary form of sodium leaving the acid reactor is sodium nitrate. Crystallization of sodium
nitrate is performed iri two steps. First, the acidified liquid stream is evaporated at _
approx1mately 110 °C at atmospheric pressure until about 50 wt% of the sodium nitrate is

~ crystallized out. Second, the 11qu1d stream is cooled to crystallize another 20 wt% of the sodium

mtrate

The liquid stream, which has a reduced sodium nitrate content, is neutralized by slowly adding

~ the liquid to a sodium hydroxide bath. Once neutralized, the waste stream is sent to the DST
system for treatment by the WTP., Sodium nitrate crystals are separated from the filtrate in a
sohd—hquld separation step that sends the filtrate to the neutralization step and the crystals to the
immobilization step. A wash column is not used in this path because a cesium ion exchange step
i$ part of the path. A single stage of fractional crystallization is assumed to be adequate to
produce sufficient radionuclide decontamination to me'et appiicabl'e requirements.

Waste sodium nitrate is immobilized into a phosphate—bonded ceramic. Waste is sent to a mixer
along with water and ceramic formers. The ceramic formers are magnesium oxide, mono-
potassium phosphate, and fly ash. Fly ash provides strength to the final product The ceramic is
foermed by the reaction of magnesium oxide, mono-potassium phosphate, and water. Once
mixed, the ceramic waste form is poured into disposal containers and cured. Set time is
estimated to be 2 hours. Once the waste product is set, the cure time is estimated to be 15 days.

‘Table E-1 provides the estimated volume of phosphate ceramic and ILAW glass produced at the
- WTP from processing the saltcake waste contained in the 68 SSTs through the clean salt process
with the balance of the tank waste processed at the WTP.

E1.3.2 Findings Relevant to Cleanup Constraints and
Challenges Team Preliminary Criteria

Table E-4 summarizes relevant information Idenuﬁed for the clean salt with cesium ion

- exchange flow sheet processing steps. Because selective dissolution and solid-liquid sepa:atlon
were not specifically evaluated for this information package, no findings for these processing
steps are discussed in the table. General considerations relative to technical, authorization basis,

_environmental compliance, and programmam risk are d1scussed below. :

The clean salt with cesium ion exchange ﬂo_w sheet has the same assessment as the clean salt
without cesium ion exchange flow sheet described in the Section E.2. The path described here
includes cesium ion exchange that would reduce shielding requirements,

E-13
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Table E—4 Clean Salt w1th Cesium Ton Exchange Flow Sheet Fmdmgs Q2 sheets)

" Preliminary

) -Defining attributes Clean salt with Cs IX flow sheet findings
C3T Criteria . . _ oo :
| Project utility Applies to-the 68 SSTs that each contain Path only evaluated for tank 241-8-112
' greater than 50, 000 gal of saltcake | inventory -
Clean salt tested on tank 241 AW-lOl waste
Impact on ILAW (v1tr1fied) quantity Removes SOdll_.iH'l from LAW stream
pr oduced by W Nearly all of current baseline because all of the
‘ sulfate goes to WIP -+~
Reduces total mission ILAW quantity
_ produced by WTPto 88% baseline
Quantity of alternate TLAW waste form 28% of WTP ILAW baseline
'| sent to Hanford Site burial grounds .
Total volume of ILAW to be disposed of at | Increased (116% of baseline = 20% above
Hanford Site relative to the WTP baseline baseline) _ _
Environmental What is the alternate waste form and its Phosphate-bonded ceramic product
compliance performance? Performance data not identified

Ease of gaining regulatory permit

Data exist for cesium ion exchanoe

Data for assessment of other steps not
identified

. assoctated with transfer to interface
facility?

Are there secondary waste stream issues

Liquid waste stream will be neutralized and
sent to DST system

Authorization basis

‘Maximum temperature of- pretreatment or
1mmob1hzatton process

Above ambient temperature processes (100 °C
for evaporator and 90 °C-for phosphate-based

" reactions)

Issues with energetics?

Neutralization step requires care’
Phosphate step is exothermic

Flammable gas generation concerns?

- Data for assessment not identified”

Shielding concerns?

Less shielding may be Jneeded because cesmm
ion exchange used

Acidic reaction steps?

Clean salt process is acidic

‘Technical risk

Pretreatment technology maturity

Cesium ion: exchange investigated for Hanford

- Site use

Cesium ion exchange used for alkaline waste
at ORNL

Laboratory testing for clean salt performed on
Hanford Site waste

.| Immebilization technology maturity

Apphcatlon data not 1dent1ﬁed

{ Technical risk (cont.)

i mountable (i.e., mobile) unit

Ease in achieving a process modular, skid-

Conceptual design identified for clean salt
processing steps.

Design for immobilization step not identified;
may be sxmllar to grout-
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Table E-4. Clean Salt with Ces1um Ton Exchange Flow Sheet Findings. (2 sheets)

Preliminary
C3T Criteria .

Definmg attributes

Clean salt with Cs IX flow sheet findmgs

Process ability to handl¢ variation in waste
feed composition

" Cesium ion exchange is sensitive to feed

VaIlathl’l

Data for assessment of other path steps not
identified

Disposition of treated off-gas

Acidic off-gas generated from clean salt
process :

No off-gas-identified for immobilization step

Programmatic risk

Ease in achieving a WIR designation

‘Separation oceurs prior to path-specific steps

Is technetium removal possible?

Technetium assumed to transfer to DST

~Cost _ $244M
‘Technical issues that may lengthen MAT Processing steps have not been demonstrated
schedule at desired scale
Operability Are there ény spécial operability concerns? | Field system would be firsi-of-a-kind
_ Clean salt is acidic process
Are there issues for the path from Data for-asse_ssm_ent not identified
completion of immobilization to final Curing of phosphate ceramic is needed
disposal? : :
C3T = Cleanup Coﬂ-straims and Challenges Team.
CsIX. = cesiumion exchange.
DST = double-shell tank.
ILAW = immobilized low-activity waste.
LAW = low-activity waste. _ _
MAI = Mission Acceleration Initiative.
- ORNL = Oak Ridge National Laboratory.
SST = single-shell tank.
WIR = . waste incidental to reprocessing.

WTP

Waste Treatment Plant.

El.4 CLEAN SALT AND SULFATE REMOVAL WITHOUT CESIUM
TON EXCHANGE

. E1.4.1 Process Descri_ﬁtion

In the clean salt and suifate removal without cesium ion exchange flow sheet, the saltcake waste
-is retrieved and processed through the selective dissolution émd_solid—liqu_id separation steps.

Both the cesium-rich and separated solids are sent to the DST system for processing through the

WTP. The liquid stream from the solid-liquid separation step is the feed for the clean salt and-

sulfate removal without cesium ion exchange-specific treatment steps. Figure E-4 is taken. from

the process flow sheet in RPP-11131 and shows only the processing steps and streams (matenal
- balance table and processing notes are not shown) that occur after the selective dissolution and
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| ‘Figure E-4. Excerpt from Process Flow Diagram for Clean Salt and Sulfate
Rcmoval with no Cesium Ion Exchange.
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- solid-liquid separatioﬁ steps that are common to all of the pathways. For this flow sheet, cesium
and technetium ion exchange columns are not utilized because these radionuclides are inherently
separated from the clean salt. :

The li.quid waste streamn _from the solid-liquid separation step is sent to an acid reactor where it is
acidified with nitric acid to pH 2.0. This neutralizes sodium hydroxide and sodium carbonate,
dissolves aluminum hydroxide, and converts-all the nitrite to nitrate and nitrogen oxide. The
primary form of sodium leaving the acid reactor is sodium nitrate. Crystallization of sodium
nitrate is performed in two steps. First, the acidified liquid stream is evaporated at
approximately 110 °C at atmospheric pressure until about 50 wt% of the sodium nitrate is
crystallized out. Second, the liquid stream is cooled to crystallize another 20 wt% of the sodium
nitrate. Because cesium and technetium ion exchange columns are not used in this path, the
sodium nitrate crystals are processed through a sin gle wash column to remove cesium and other
soluble radionuclide species. The washed crystals are separated from the filtrate in a solid-liquid
separation step that sends the filtrate to the sulfate remova} step and the washed crystals to the
micro-encapsulation immobilization step. ,

The sulfate removal step is a batch-type process that involves selectively precipitating the sulfate
using strontium nitrate. To remove the sulfate as a strontium precipitate, the waste feed is
adjusted to pH 1.0 using nitric acid, followed by the addition of excess strontium nitrate. The

© acidified solution is allowed to digest approximately 1 hour to allow the strontium sulfate to -

precipitate. Precipitated solids are removed from the liquid stream and sent to a grout step. As
was done for the two clean salt flow sheets without sulfate removal described in Sections E.2 and
E.3, the liquid stream is neutralized by slowly adding the liquid to a sodium hydroxide bath.
Once neutralized, the waste stream is sent to the DST system for treatment l;oy the WTP.

Thie grout immobilization step involves mixing the sulfate precipitate waste stream with grout-
forming additives. The three grout-forming additives (Portland cement, fly ash, and slag) are
stored in individual containers, each equipped with a solids conveyer and dust control system.
' Pneumatic solids transfer equipment or other compatible transfer mechanisms may be used to
transfer these additives to the solids blending equipment. The three additives are proportionally
premixed and then added to the liquid effluent in grout mixing equipment. Grout formers are
added to the waste stream at a ratio of about 0.6:1 by weight.

' The material exiting the mixer is much like the comm'ercial concrete that is used in the
construction industry. It is poured into the final disposal containers and allowed to-harden. The
initial setting of the grout should be completed in 24 hours; once set, individual containers are
moved to the curing area. There is information that the properties of the final waste form may be
sufficient after 7 days to meet waste acceptance criteria. However, a conservative 28-day period
was used to estimate the size of the curing area needed. In addition, the longer period: ensures
that the chemical heat of reaction will have time to diffuse from the large (4 ft by 4 ft by 8 i)
waste form. This will obviate issues of heat and temperature at the permanent dlsposal site.

- Waste sodium nitrate is immobilized by micro-encapsulation usmg a polyethylene polymer, The
waste sodium nitraté stream is dried to about 1 wt% water content and is then ground to ensure
compatible particle sizes. Polyethylene is added to make a 70 wt% waste blend, a.nd the mixture
is melted at 120 °C to 180 °C and extruded mto containers for disposal.
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Table E-1 prov1des the estimated volume of low-Ievel waste generated by the clean salt process
and the [LAW glass produced at the WTP

E14.2 Fmdmgs Relevant to Cleanup Constraints and

Challenges Team Preliminary Criteria

Table E-5 summarizes relevant information identtﬂe_d for the clean salt and sulfate removal
without cesium-ion exchange flow sheet processing steps as they relate to the preliminary C3T
criteria. Because selective dissolution and solid-liquid separation were not specifically
evaluated for this information package, no findings for these processing steps are discussed in
the table. General considerations relative to technical, authorization basis, environmental
comphance and programmatic risk are discussed below. This path uses four technology options.
Each option has been tested at a minimum at laboratory scale. The clean salt process has been
demonstrated on bench scale (refer to clean salt without cesium ion exchange described in
Section E.2). Sulfate precipitation has been used in a full-scale process on Hanford Site waste at
B Plant. The micro-encapsulation process has been tested on a laboratory scale with a limited
range of wastes. Results are promising; however because of its technical immaturity, this
subsystem presents risk to the overall system. The grout irmobilization subsystem has an
extensive history with laboratory- to full-scale radioactive demonstration (refer to containerized
grout flow sheet described in Section 5.2). The overall path system has not been tested or
demonstrated at any level. Process control, material handlmg, and equipment operablhty issues
need to be addressed through a testing program.

Table E-5. Clean Salt and Sulfate Removal Without Cesium Ion Exchange
Findings and Risk Assessment. 3 sheets)

' Preliminary

" C3T criteria

Defining attributes

Clean salt and sulfate removal without Cs
" IX findings .

Project utility -~

Applies to the 68 SSTs that each contain
greater than 50,000 gal of salicake

Path only evaluated for tank 241-S-112
mventory

Clean salt tested on tank 241 AW—IOI waste

Impact on ILAW (vitrified) quantity

produced by WTP

Removes sodium and sulfate from LAW
s‘tream

Reduces total mission ILAW quantity
produced by WTP to 56% of baseline

Quantity of alternatc ILAW waste form
sent to Hanford Site burial grounds

{ 35% WTP ILAW total mission baseline

Total volume of ILAW to be disposed of at -

Hanford Site relative to the WTP baseline

Minimal ILAW volume reduction (92% of

- baseline) (decreased approximately 10%
Arom baseline) - :

Environmental
compliance

What is the alternate waste form and its
perfonfﬂance?

Micro-encapsulation for sodium nitrate

Grout for precipitated sulfate

Ease of gaining regulatory permit

System operating data exists for grout

Are there secondary waste stream 1ssues
associated with transfer to interface
facility?

Liquid waste stream will be neutralized and
sent to DST system

E-18




RPP-11261 REV 0

Table E-5. Clean Salt and Sulfate Removal Without Cesium Ion Exchange
Findings and Risk Assessment. (3 sheets)

Preliminary
C3T criteria

Defining attributes

Clean salt and sulfate removal without Cs
IX findings

Authorization basis

Maximum temperature of pretreatment-or
immobilization process

Pretreatment and grout steps are at amblent
temperature

Sulfate extension operated at 110 °C
Micro-encapsulation is operated at 180 °C

Issues with energetics?

+ Micro-encapsulation waste form involves

hvdrocarbon and oxidizer mixtures

Flammable gas generation concerns?

Data for assessment not identified

Shielding concerns?

Shielding may be needed throughout process
because no cesium ion exchange column
used

Acidic'reaction stens?

Clean salt process is acidic

Technical risk

Pretreatment technology maturity

Lab testing for clean salt performed on
Hanford Site waste ‘

Sulfate preupltatlon performed at B. Plant in
the 1970’s

[mmobilization technology maturity

Formulated grout used at Savannah River

Micro- encapsuiauon tests completed with
simulants

Technical risk
icont.) '

Ease in achieving a process modular, skid-
mountable (i.e., mobile) unit

Conceptual deswn identified for clean salt
steps : :

Deésign for immobilization steps identified

Process ability to handle variation in waste
feed composition

Variations require micro-encapsulation and
grout formulation

Disposition of treated off-gas

Acidic off-gas generated from clean salt
process

Programmatic risk

Dperabiiit&i

Ease in achieving 4 WIR designation

Sepération occurs before path-specific steps

Technetium separated and transferred to DST

s technetium removal possible?

Cost

$319M

_ ichedule

* Are there any special operability concerns?

T'echnical issues that may lengthen MAI

Processing steps have not been demonstrated
at desired scale

Field system would be first-of-a-kind

Are there issues for the path from
:ompletion of immobilization to ﬁnal
lisposal?

Data for assessment not identified
Curing of grout is needed
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Table E-5. Clean Salt and Sulfate Removal Wrthout Cesium Ion Exchange -
Frndmgs and Rlsk Assessment (3 sheets)

Preliminary Clean salt and sulfate removal without Cs
Defimng atmbutes o
C3T criteria . : IX findings
C3T = Cleanup Constraints and Challenges Team
CsIX = cesium ion exchange.
DST = douhle-shell tank.
ILAW = immobilized low-activity waste
LAW = low-activity waste.
MAI = Mission Acceleration Initiative.
SST = single-shell tank.
WIR = waste incidental to reprocessing.
WTP = Waste Treatment Plant.

'E1.4.3 Technical Analysis

- There are several potential safety issues relative to this path. Sulfate and sodium nitrate removal
is an acidic process and is performed above ambient temperatures (110 °C for the evaporator)
Micro-encapsulation is operated at 180 °C, Because this path does not have a cesium ion
exchange module, additional shielding for process equipment would be. required. No substantial
safety issues have been identified for the micro- -encapsulation or grout subsystems. The
authorization bases have been established for similar conditions for some of the subsystems
however the immaturity of the overall process presents some nsk

Laboratory test results suggest that the waste form performance will be acceptable; however,
further formulation and testing will be required to demonstrate that the waste form will meet
disposal requirements. ‘Secondary waste effluent and control of off-gas emissions will need to be
addressed relative to applicable waste acceptance criteria and permlttlng requirements,
“respectively. Cornpletmg the RCRA permit and operation readiness activities by July 31, 2006,
under the current project schedule and the lack of technical matunty present a considerable risk.

- Basedona prehmmary evaluation of the est1mated waste inventory in 68 SSTs this path reduces

‘the WTP total mission ILAW volume to 56 percent of the baseline. The volume of alternate
waste form produced is equivalent to 35 percent of the total mission: ILAW WTP baseline.
Sulfate to be treated by WTP as LAW feed is reduced to 10 percent of the baseline. The
projected saltcake disposal PTe inventory is not expected to be 1mpacted by this path. Although
reduction in the sulfate inventory processed. by WTP may be favorable, very little LAW product
volume reduction is realized. Previous stakeholders’ concerns relatlve to the grout waste form
type also contribute to the programrnatlc risk. S :
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| El 5 CLEAN SALT AND SULFATE REMOVAL WITH CESIUM ION
EXCHANGE

E1.5.1 Process Description

The saltcake waste is retrieved and processed through the selective dissolution and solid-liquid
separation steps. Both the cesium-rich and separated solids are sent to the DST system for
_processing through the WTP.. The liquid stream from the solid-liquid separation step is the feed
for the specific treatment steps. Figure E-5 is taken from the process flow diagram in
RPP-11131 and shows only the processing steps and streams (mnaterial balance table and
processing notes are not shown) that occur after the selectlve dissolution and sohd—hquld
separation steps that are common to ail of the pathways. For the clean salt and sulfate removal
with cesium ion exchange flow sheet, a cesium ion exchange column is the first processing step.
Technetium is inherently separated from the clean sa]t and a separate technetlum ion exchange- '
column is not needed.
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Flgure E-5. Excerpt from Process Flow D1agram for the Clean Salt and Sulfate -
Removal w1th Cesium Jon Exchan ge.
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The liquid waste stream from the solid—liquid separation step is sent through the cesium ion
exchange column, with the resulting low-cesium solution sent to an acid reactor. where it is
acidified with nitric acid to pH 2.0. This neutralizes sodium hydromde and sodium carbonate,
dissolves aluminum hydroxide, and converts all the nitrite to nitrate and nitrogen oxide. The
primary form of sodium leaving the acid reactor is sodium nitrate. Crystallization of sodium
nitrate is performed in two steps. First, the acidified liquid stream is evaporated at
approximately 110 °C at atmospheric pressure until about 50 wt% of the sodium nitrate is
crystallized out. Second, the liquid stream is cooled to crystallize another 20 wi% of the sodium
nitrate. Because a cesjum ion exchange column is used in this path, the sodium nitrate crystals
are not washed.  The crystals are separated from the filtrate in a solid-liquid separation step that
sends the filtrate to the sulfate removal step and the sodium mtrate crystal stream to the micro-
encapsulation step. -

The sulfate removal step is a batch-type process that involves selectively precipitating the sulfate
using strontium nitrate. To remove the sulfate as a strontium precipitate, the waste feed.is
adjusted to pH 1.0 using nitric acid heated to 60 °C, followed by the addition of excess strontium
nitrate. The acidified solution is allowed to digest approximately 1 hour to allow the strontium
-sulfate to precipitate. Precipitated solids are removed from the liquid stream and sent to a grout
step. As was done for the clean salt flow sheets with and without cesium removal described in
Sections E.2 and E.3, the liquid stream is neutralized by slowly adding the lignid to a sodium
hydroxide bath. Once neutrahzed the waste stream is sent to the DST system for treatment by

the WTP.

The grout immobilization step involves mixing the sulfate precipitate waste stream with grout-
forming additives. The three grout-forming additives (Portland cement, fly ash, and slag) are
stored in 1nd1v1dual containers, each equipped with a solids conveyer and dust control system.
Pneumatic solids tr_ansfer equipment or other compatible transfer mechanisms may be used to
transfer these additives to the solids blending equipment. The three additives are proportionally
premixed and then added to the liquid effluent in grout mixing equlpment Grout formers are
added to the waste stream at a ratio of about 0.6: 1 by weight.

The material exiting the mixer is much like the commercial concrete that is used in the
construction industry. It is poured into the final disposal containers and allowed to harden. The

' initial setting of the grout should be completed in 24 hours; once set, individual containers are
moved to the curing area. There is information that the propetties of the final waste form may be
sufficient after 7 days to meet waste acceptance criteria. However, a conservative 28-day period
was used to estimate the size of the curing arca needed. In addition, the longer period ensures
that the chemical heat of reaction will have time to diffuse from the large (4 ft by 41t by 8 ft)
waste form. This will obviate issue's of heat and temperature at the permanent disposal site.

‘Waste sodjum nitrate is immobilized by micro-encapsulation using a polyethyiene polymer. The
‘waste sodium nitrate stream is dried to about 1 wt% water content and is then ground. to ensure
: companble particle sizes. Polyethylene is added to makc a 70 wt% waste blend, and the mixture
is melted and extruded into containers for dlsposal

Table E-1 provides the estimated volume of low-level waste produced by the clean salt process
and the ILAW glass produced at the WTP.
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E1.5.2 Findings Relevant to _Cieanup Constraints and
. Challenges Team Preliminary Criteria

Table E-6 summarizes relevant information identified for the clean salt and sulfate removal with
cesium ion exchange flow sheet processing steps as they relate to the C3T preliminary criteria.

* Because selective dissolution and solid-liquid separation were not specifically evaluated for this
information package, no findings for these processing steps are discussed in the table. General
.considerations relative to technical, authorization basis, environmental compliance, and
programmatic risk are discussed below. :

Clean salt and sulfate removal with cesium ion exchange flow sheet has the same assessment as
the clean salt and sulfate removal without cesium ion exchange flow sheet described i in
Section E4. ThIs path has cesium ion exchange that- would reduce shielding requlrements

Table E-6. Clean Salt and Sulfate Removal With Cesium Ton Exchange
Findings and Risk Assessment. (2 sheets) '

" Preliminary e g Clean salt and sulfate removal with
X Defining attnbutes - s IX .
C3T criteria Cs IX findings
Project utility Applies to the 68 SSTs- that each contain Path only evaluated for tank 241-S-112
: . greater than 50,000 gal of saltcake inventory :
: S ' ‘Clean salt tested on tank 241-AW-101 waste -
Impact on ILAW (vitrified) quantity Removes sodium and sulfate from LAW stream
produced by WTP Reduces total mission ILAW quantity produced
by WTP by 56% of bascline
‘Quantity of alternate ILAW waste form sent | 35% WTP ILAW total mission baseline
to Hanford Site burial grounds - ' ' _
Total volume of ILAW to be disposed of at | Minimal ILAW volume reduction (92% of
Hanford Site relative to the WTP baseline baseline; decreased approximately 10% from
: baseline)
Environmental ‘What is the alternate waste form and its j M:cro—encapsulatit)n for sodium nitrate
compliance performance? “Grout for precipitated sulfate
' Ease of gaining regulatory permit : Datja_ exists for ceeium ion exchange
_ System operating data exists for grout
Are there secondary waste stream issues 'Liquid waste stream Will_be’ neutralized and sent
associated with transfer to interface facility? | to DST system = :
Authgrization Maximum temperature of pretreatment or | Pretreatment and grout steps are at ambient
basis immobilization process temperature
Sulfate extension operated at 110 °C
| Micro-encapsulation is operated at 180 °C
Issues with energetics? g Micro-enqapsulation waste form involves
_ ‘hydrocarbon and oxidizer mixture
Flammabie gas generation concerns? | Data for assessment not identified
Shielding concerns? ' -Cesium ion exchange step w111 require shleldmg
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Table E-6. Clean Salt and Sulfate Removal With Cesium Ion Exchange

Findings and Risk Assessment. (2 sheets)

Preliminary
C3T criteria

Defining attributes

Clean salt and sulfate removal with
Cs IX findings

Acidic reaction steps?

Clean salt process is acidic

‘echnical risk

" Pretreatment technology maturity

Cesium ion exchange 1nvest1gated for Hanford
Site use

Cesjum ion exchange used for alkaline waste at
ORNL

Laboratery testing for clean salt performed on
Hanford Site waste

Sulfate precipitation perforrned atB Plant In
1970°s

Immobilization technology maturity

Forinulated grout used at Savannah River

Mlcro-encapsulatlon tests completed with
simulants

Ease in achieving a process modular, skid-
mountable (i.e., mobile) unit

Modular:designs for cesium ion exchange unit
exist

Conceptual design identiﬁed for clean salt steps
Design for immobilization steps identified

Process abilitv to handie variation in waste
feed composition

Cesium ior exchange is sensitive to feed
variation

Variations require new micro-encapsulation and
‘grout formulation

Disposition of treated off-gas

Acidic off-gas generated from clean salt process

rogrammatic risk

Ease in achieving a WIR designation

Separation-occurs before path-specific steps

Is technetinm removal possible?

Technetium separated and transferred to DST

" Cost

$370M .

Technical issues that may lengthen MATJ
schedule

Processing steps have not been demonstrated at
desired scale

perability " Are there any special operability concerns? Field system would be first-of-a-kind
Are there issues for the path from completion | Data for assessment not identified
of immobilization to final disposal? Curing of grout is needed '
"C3T = Cleanup Constraints and Chalienges Team.
CsIx = cesium ion exchange.
DST = double-shell tank.
ILAW = immobilized low-activity waste.
LAW = low-activity waste.
MAI = Mission Acceleration Initiative.
ORNL = Oak Ridge National Laboratory.
SST = single-shell tank.’
WIR == waste incidental to reprocessing.
WTP Waste Treatment Plant.
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APPENDIX F
IDENTIFICATION OF TRANSURANIC AND LOW-LEVEL TANK WASTES
" F1.0 INTRODUCTION

This Appendix identifies that some of the wastes stored in the Hanford Site underground storage .
- tanks may be classified as either transuranic waste or low-level waste. Alternatives for treatment
of these tank wastes are discussed in Chapter 8.

"F1.1 IDENTIFICATION OF TRANSURANIC TANK
- WASTES

There are 149 single-shell tanks (SSTS) and 28 double-shell tanks (DSTs) located at the Hanford
Site. These tanks received supernatants and precipitated sludges originating from the

reprocessing of spent nuclear fuels and waste management activities. The waste contained in.the
SSTs and DSTs, along with the active and inactive miscellaneous underground storage tanks, are
managed to provide protection to the worker, Environme'nt and the public '

Numerous spent nuclear fuel reprocessing and waste management activities were conducted at
the Hanford Site starting in 1944. The 221-T Plant, first used for reprocessing of spent : nuclear
fuel in December 1944, operated until 1956 using the bismuth phosphate process. The .

221-B Plant reprocessed spent nuclear fuel from Aprll 1945 to 1952 also using the bismuth
phosphate process. Both the 221-T and 221-B Plants vsed a precipitation process that was batch
operated. Later, REDOX (202-S) and PUREX" (202-A) plants replaced B and T Plants using the
continuous solvent extraction processes for separating uranium and plutonium from dissolved
nuclear fuels. Refer to DOE/RL-97-02, National Register of Historic Places Multiple Property
Document Form - Historic, Archaeological and Traditional Cultural Properties of the Hanford
Site, Washington, February 1997 for additional details on these processes. .

The transfer records for wastes stored within the SSTs and DSTs were summarized in 1980 and
later published in 1990 as WHC-MR-0132, A History of the 200 Area Tank Farms. This
document was reviewed to determine which of the single-shell and double-shell underground
storage tanks potentially contain transuranic (TRU) wastes. For this evaluation, the definition of
TRU waste is taken from The Waste Isolation Pilot. Plant (WIPP) Land Wlthdrawal Act, as
amended.

TRU waste is radioactive waste containing more than 100 nCi of alpha-emitting TRU isotopes
- per gram of waste, with half-lives greater than 20 years, except for the followmg

o High-level radioactive waste

s Waste that the Secretary of Energy has determined, with the concurrence of the
Administrator of the Environmental Protection Agency, does not need the degree of
isolation required by the disposal regulations of Title 40, Code of Federal Regulations,
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Part 191 “Envuonmental Radiation Protection Standards for Managemient and Disposal
of Spent Nuclear Fuel, H1gh -Level and Transuranic Radloactlve Wastes

Or

« Waste that the U.S. Nuclear Regulatofy Commission (NRC) has approved for disposal on
a case-by-case basis in accordance with Title 10, Code of Federal Regulations, Part 61,
“Licensing Requirements for Land Disposal of Radioactive Waste.”

High-level waste is defined by The Nuclear Waste Policy Act of 1982, as amended as the
“highly radioactive waste material resulting from the reprocessing of spent nuclear fuel,
including liquid waste produced directly in reprocessing and any solid material derived from
such liquid waste that contains fission products in sufficient concentrations; and other highly -
radioactive material that the U.S. Nuclear Regulatory Commission, consistent with existing law,
determines by rule requires permanent isolation.” These definitions were applied to the wastes
presently stored in single-shell and double-shell underground storage tanks to detemune whether
some of these wastes would be classified as TRU wastes and not high-level waste (HLW).

_ As part of the Mission Acceleration Initiative, a formal evaluation of the waste contained in the
Hanford Site tanks should be corducted to designate which tanks contam TRU waste suitable for
treatment and d1sposal in the WIPP.

F1.1.1 Transuranic Waste Stored in Single-Shell Tanks

Of the 149 SSTs, only 9 tanks contain wastes that may potentially be classified as TRU waste.
The rationale for classification of these wastes as potentially TRU waste is based on these wastes
© originating during the reprocessing of spent nuclear fuels, confirmed through waste transfer
records and sample analyses for some of these wastes, and on the TRU concentration exceeding

100 nCi/g.

The sludges stored in tanks 241-T-201, 241-T-202, 241-T-203, 241-T-204, 241-B-201,
241-B-202, 241-B-203, and 241-B-204 all contain second-cycle decontamination waste and
lanthanum fluoride process wastes, Second-cycle decontamination wastes originated from

- further fission product decontamination of plutonium solutions conducted at T and B Plants, -
whereas lanthanum fluoride process wastes originated from plutonium purification activities
conducted at the 224-T and 224-B buildings. : '

“WHC-SD-WM-ES-331, Identification of Potential Transuranic Waste Tanks at the. Hanford Site,
indicates that the. wastes in tanks 241-T-201, 241-T-202, 241-T-203, and 24 1-T-204 are
potentially TRU wastes but that the wastes in tanks 241-B-201, 241-B-202, 241-B-203, and
241-B-204 are not TRU wastes. The previous analysis states that inspection of WHC-MR-0132
indicates that tanks 241-B-201, 241-B-202, 241-B-203, and 241-B-204 received high-level metal
-waste during the first year of operation (WHC-SD-WM-ES-331). Closer inspection of
WHC-MR-0132 indicates that tanks 241-B-201, 241-B-202, 241-B-203, and 241-B-204 Iinitially
received waste from the 224 Building followed by flushes from the B Plant metal waste
operation. Metal waste was almost completely soluble radloactlve liquid waste that conta.med
approx1mately 90 percent of the fission products and all of the uranium from reprocessmg of
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spent nuclear fuel in 1B Plant. WHC-MR-0132 does not mdlcate any increase in the solids
volume after addition of these flush solutions to tanks 241-B-201, 241-B-202, 241-B-203, and
241-B-204. Furthermore, the hquld waste in these tanks was cascaded to a crib, which would
have resulted in the removal of the metal waste from these tanks. Sample analysus results for
these tanks do not indicate the presence of high concentrations of '*’Cs, as would be expected if
these tanks contained metal waste. Therefore, the sludges in tanks 241- B—201 241-B-202,
241-B—203 and 241-B-204 are potentially TRU waste.

Tank 241-T-111 received second-cycle dec’ont,amination waste from T Plant and lanthanum
fluoride process wastes from 224-T Building. According to WHC-MR-0132, these tanks were
actively used from 1945 through 1976 and did not receive any other type of waste. The TRU -
concentration of the waste stored in the Tank 241-T-111 is estimated to be approximately

180 nCi/g. This is.consistent with a prévious analysis of the waste in this tank in which the
waste was detenmned to be potentially TRU waste (WHC-SD-WM-ES-331).

F1.1.2 Transuranic Waste Stored in Double-Shell
Tanks

Of the 28 DSTs, only 3 tanks (241-AW-103, 241-AW-105, and 241-SY-102) contain waste that
may-potentially be classified as TRU waste. The rationale for classification of these wastes as
potentially TRU waste is based on the origin of these wastes during the reprocessing of spent.
nuclear fuels, confirmed through waste transfer rec_;.ords and waste sample analyses. -

The sludges stored in tanks 241-AW-103(~273,000 gal) and 241- AW-105 (~255,000 gal)
‘originated from dissolution of the Zircaloy cladding on spent nuclear fuel elements in the
PUREX Plant. The cladding waste was mixed with sodium hydroxide and sodinm nitrite
solutions to inhibit corrosion of carbon steel and: transferred to these two DSTs. The waste in

- these tanks is potentially TRU waste. This is consistent with-a previous analysis of the waste in
this tank in which the waste was determined to be’ potcntlally TRU waste

(WHC-SD-WM- ES-331).

The sludge stored in tank 241-SY-102 (71,000 gal) originated from the plutonium purification
process conducted at Z Plant and 222-S Analytical Laboratory wastes. Agam these wastes were
mixed with sodium hydroxide and sodium nitrite solutions to inhibit corrosion of carbon steel
and transferred to this DST. Tank 241-SY-102 also is iised for interim storage of salt-well
liquors that are pumped from the SSTs within the 200 West Area of the Hanford Site. Tank
241-SY-102 also will be used for interim storage of wastes retrieved from SSTs 241-U-107,
241-S-102, and 241-S-112. The supernatant fraction and suspended solids that are interim stored
in tank 241-SY-102 are transferred to DSTs within the 200 East Area through the cross-site
transfer line, leaving behind the settled sludge. The sludge in tank 241-SY-102 is potentially
- TRU waste. . This is:consistent with a previous analysis of the waste in this tank in which the
waste was determined to be potentially TRU waste (WHC-SD-WM-ES-331).. '
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F1.2 IDENTIFICATION OF LOW-LEVEL TANK
WASTE

As part of evaluatmg whether the SSTs and DSTs contain waste that could be classzfled as TRU
waste, it was identified that the: approx1mately 369,000 gal of waste contained in tank 241-T-110
is potentially low-level waste. The waste stored in some of the other SSTs may also be
potentially low-level waste. A thorough review of records for waste transferred into the SSTs is
recommended to determine whether low-level waste is present excluswely in some of the’ SSTs
such as tank 241-T-110. -

The baseline approach for treatment of the waste stored in tank 241-T-110 is retrieval and
processing as HLW in the Waste Treatment Plant (WTP). Treatment and disposal of the waste -
contained in tank 241-T-110 as low-level waste could reduce the duration of HLW processing in
the WTP, thus supporting acceleration of the River Protection Project (RPP) mission completion.
- Specific alternative treatment approaches for the potentially low-level waste contained in tank
241-T-110 (or other tanks) have not been reviewed as part of this evaluation. An engineering
study should be conducted to evaluate and identify alternative treatment approaches.

F1.2.1 Preliminary Classification of Tank 241- T-IIO
Waste as Low-Level Waste

Low-level radioactive waste is defined as radioactive waste that is not high-level radioactive
waste, spent nuclear fuel, TRU waste, byproduct material (as defined in section 11e (2) of the
Atomic Energy Act of 1954, as amended), or naturally occiuring radioactive material. In order to
determine whether the waste stored in tank 241-T-110 can potentially be classified as Jow-level
waste, this waste must first be shown not to be. high-Ievel radioactive waste, spent nuclear fuel, |
TRU waste, byproduct material, or naturally occurring radtoactlve materlal

According to WHC-MR-0132, tank 241-T-110 received second-cycle decontamination. Waste
from 221-T Plant and lanthanum fluoride process wastes from plutonium separations conducted
in the 224-T Building. Tank 241-T-110 actively received waste from 1945 through 1976 and did
“not receive any other type of waste. The second-cycle decontamination waste and lanthanum
fluoride process waste were predominantly sludges. The supernatant fraction was removed from
tank 241-T-110 as part of the interim stabilization activities for the SSTs, leaving approximately

368,000 gal of sludge and 1,000 gal of supernatani. Based on this information, the waste stored
_in tank 241-T-110 is clearly not spent nuclear fuel, byproduct material, or naturally occurring
radioactive material. - ' '

High-level is deﬁned as the highly rad10act1ve waste material resultmg from the reprocessing of
spent nuclear fuel, including liquid waste produced directly in reprocessmg ‘and any solid
 material derived from such liquid waste that contains fission products in sufficient
concentrations; and other highly radioactive material that is determined, consistent with existing.
law, to require permanent isolation. The definition of high-level waste from Title 10, Code of
Federal Regulations, Part 60, “Disposal of High-Level Radioactive Wastes in Geologic
Repositories,” Section 60.2 is “the liquid wastes resulting from the operation of the first-cycle
solvent extraction system or equivalent, and the concentrated wastes, from subsequent extraction
cycles, or equivalent.” Since the Waste stored in tank 241 T—l 10 1s second-cycle
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_ decontamination waste and lanthanum fluoride process wastes from plutonium separations and
not first-cycle solvent extraction waste (or the equlvalent) the waste stored in tank 241-T-110
| does not meet the deﬁnmon of HLW. :

The TRU concentration of the waste stored in tank 241-T-110 is approx;lmately 53 nCi/g with a
95 percent upper confidence value of 62 NCi/g based on 30 primary and duplicate gross alpha
analyses of core segment samples documented in RPP-10983, Tank Classifications Based on BBI

“and Gross Alpha. ' TRU waste is defined as radloactlve ‘waste containing more than 100 NCi of
~ alpha-emitting TRU isotopes per gram of waste, w1th half-hves greater than 20 years, except for
- the following: _ ‘

« High- level radioactive waste

e Waste that the Secretary of Energy has determined, with the concurrence of the
Administrator of the Environmental Protection Agency, does not to need the degree of
isolation requ1red by 40 CFR 191 disposal regulations

_Or

~ o  Waste that the NRC has approved for dlsposal on a case-by-case e basis i n accordance with
10 CFR 61.

The 95 percent upper conﬁdence value for the gross alpha analyses of the waste in tank
241-T-110 is 62 nCi/g, indicating that this waste is not TRU waste. Based on the above analysis,
the waste in tank 241-T-110 can potentially be classified as low-level waste.
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