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1.0 INTRODUCTION

Technology options previously identified and rejected for further evaluation are not evaluated

in the Tank Waste Remediation System (TWRS) Environmental Impact Statement (EIS) data

packages. This report is a data package of extracts from historical source documents

provided to Jacobs Engineering for preparation of the other alternatives section(s) of the.

TWRS EIS. Options were identified and rejected by either the National High-Level Waste

(HLW) Disposal Program or Westinghouse Hanford Company (WHC). The rejected

disposal options, rejected IH,W forms, rejected methods of radionuclide removal, and other
technical options are listed below:

1.1 DISPOSAL OPTIONS

The Office of Technology Assessment evaluated disposal options (OTA, 1985) and rejected
the following options in favor of geologic disposal in an engineered geologic repository.

. Subseabed
• Deep holes
• Rock melting
• Well injection
• Ice sheets
• Space
• Transmutation

1.2 HIGH-LEVEL WASTE FORIVIS

The National Research Council evaluated HLW forms (NRC, 1983) and rejected the
following waste forms in favor of borosilicate g-lass.

• Sintered high-silica glass
• Concrete (FUETAP)
• Calcines
• Clay ceramics
• SYNROC
• Glass ceramic
• Sol-gel ceramics
• Metal matrix
• Concrete or ceramic matrices
• Multibamer materials.

1
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1.3 RADIONUCLIDE REMOVAL

An analysis of the impact of not removing hydrogen-3 (tritium), carbon-14 and iodine-129

indicates the maximum offsite individual will receive a 50-year dose commitment from

atmospheric releases of less than 0.7 tnrem/yr (Appendix A, Letter, J. M. Colby to

J. S. Garfield). This is 0.2 percent of the national average individual dose from background

of 300 rttretn/yr. As a result of this analysis, removal of of hydrogen-3 (tritium), carbon-14
and iodine-129 from the low-level waste (LLW) feed was not. considered in the EIS data
paclcages rejected.

1.4 OTHER TECHNICAL OPTIONS

Boomer et al., 1993, Tank Waste Technical Options Report, provides the basis for selecting
the EIS options. The report describes technology options that were and options that were not
evaluated in engineering studies. Data used in the Tank Waste Technical Options Report are
appended to this report as follows:

Retrieval - Appendix B

Selection of Retrieval Technology Options
Waste Retrieval Options
Technology Selection
Retrieval and Transfer Function Elements
References

Separations (Pretreatment) - Appendix C

Selection of Separations Technology Options
Selection of Separations Technology Options
References

Waste Treatment for Onsite Disposal (LLW) - Appendix D

Technical Option Selection
Technical Option Selection
References

Waste Treatment for Offsite Disposal (iiLW) - Appendix E

Technical Option Selection
Waste Form
References

2
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The appendices to the Tank Waste Technical Options Report, from which most of the

information in Appendices B through E was extracted, were never released to the public.

Consequently information in these appendices has not been subjected to a level of review
appropriate for external or public release. Also, information in these appendices has not
been updated to reflect changes since 1993. The following corrections and clarifications
address known errors; and misleading, incomplete, or outdated information in Appendices B
through E that were identified during the Westinghouse Hanford Company internal review of
this data package. None of these corrections and clarifications would have affected the
conclusions reached in the Tank Waste Technical Options Report.

Apnendix B

Page B-17, Section 6.3.1.3: Leaks from single-shell tanks during sluicing would require
notification of regulatory authorities and mitigation and control in accordance with
Washington Administrative Code (WAC) regulations governing treatment, storage, and
disposal of dangerous waste, and with any permits covering such regulated activities.
Remediation, if required, of contaminated soil resulting from past leaks, and from new leaks
during sluicing operations is planned to be conducted in accordance with a closure plan
and/or waste disposal plan for the single-shell tank farms approved by the state and federal
regulatory authorities having jurisdiction. This strategy has not yet been approved by the
regulatory authorities.

Page B-20, Section F3.2.2.I: The January 1994 amendment to the Tri-Party Agreement
changed the milestones and schedules cited in this section.

Page B-33, Section F10.0, References: DOE, 1986, Draft Environmental Impact Statement -
Disposal ofHanford Defense High-Level, Transuranic and Tank Wastes was replaced by
Final Environmental Impact Statement - Disposal of Hanford Defense High-Level,
Transuranic and Tank Wastes, December, 1987. The earlier draft is included in the Section
F10.0 references because it contained information relevant to this appendix to the Tank Waste
Technical Options Report that was not included in the final Environmental Impact Statement.

Appendix C

Page C-5/C-6, Figure 7-2, Sheet 1 of 2, and page C-32, paragraph f, Nickel Ferrocyanide
Precipitation of`Cs: Ferrocyanide has aged in the tanks so that it is no longer considered a
safety issue.

Page C-7/C-8; Figure 7-2, Sheet 2 of 2: The "x" (referring to Crown Ether in Normal
Paraffin Hydrocarbon) adjacent to the block entitled "Molecular Recognition" should be
deleted. An "x" should be added adjacent to the block entitled "Crown Ether."

Page C-9, Section 7.1.1.2, Strontium 90: .In last sentence in paragraph, NHO3 should be
HNO3.

3
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Page C-27, Section G.1.1.3: In the first paragraph at the top of the page,
"ethyienediaminetriacetic acid [HEDTAJ" should be "ethylenediaminetriacetic acid jEDTAJ".

Page C-38, Section v. Steam Reforming: In the first paragraph at the top of the page,

"stream reforming" should be "steam reforming".

Page C-46, Section kk. Cobalt Dicarbolide: One reviewer of this data package commented
that sufficient justification had not been provided to characterize the cobalt dicarbolide
extaction process as having overriding technical disadvantage, based on concerns over
toxicity or corrosivity of cobalt dicarbolide extractant.

(..

4
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APPENDIX A

LETTER FROM J. M. COLBY TO J. S. GARFiELD
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Westinghouse
Hanford Company

Intemal
Memo

From: TWRS Process Design 7E330-94-018
Phone: 376-3686
Date: July 27, 1994
Subject: PRELIMINARY OFFSITE DOSE CALCULATIONS FOR TWRS ACTIVITIES

To: J. S. Garfield H5-49

cc: A. L. Boldt H5-49
K. D. Boomer H5-49
C. E. Leach HS-49
JMC:JSG File/LB H5-49

References: (1) Article, NCRP, 'Exposure of the Population in the United
States and Canada from Natural Background Radiation;'
Recommendations of the National Council on Radiation
Protection and Measurements, Publication 94, Page 148,
National Council on Radiation Protection, Bethesda,
Maryland, 1987.

(2) OSI, A. L. Boldt, to K. D. Boomer, 'Source Terms,'
February 9, 1994.

(3) DOE-RL-92-41, Radioactive Air Emissions Notice of
Construction and Application far Approval to Construct
the Hanford Waste Vitrification Plant, Revision 0, U.S.
Department of Energy-Richland Operations Office,
Richland, Washington, 1992.

(4) Parks, B. S., User's Guide for CAP88-PC, Version 1.0,
United States Environmental Protection Agency, Las Vegas,
Nevada, 1992.

(5) Book, Napier, B. A., R. A. Peloquin, D. L. Strenge, and
J. V. Ramsdell, GENII - The Hanford Environmental
Radiation Dosimetry Software Svstem , PNL-6584, Vols. 1-3,
Pacific Northwest Laboratory, Richiand, Washington, 1988.

Preliminary dose calculations were performed in support of the Tank Waste
Remediation System (TWRS) Facility Configuration Study. The results of the
calculations are presented in the Table 1. As shown in the table th^ total
dose resulting from tritium (3H), carbon-14 (^^C), and iodine-129 (° 1)
during routine operations is 0.7 mrem/yr, based on the CAP88 computer code.
This is less than the annual dose received from natural background
radiation for a person living in the United States or Canada (300 mrem/yr)
(Reference 1).

Radionuclides in the source term were provided in a DSI ( memo) from
A. L. Boldt to K. D. Boomer ( Reference 2). The dose values were calculated
using 'Unit Dose Calculations for Routine Radionuclide Releases from the

A-3
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J. S. Garfield
Page 2
July 27, 1994

7E330-94-018

Hanford Waste Vitrification Project' (Reference 3). A copy of Appendix 2B,
of DOE/RL-92-41, Revision 0, Radioactive Air Emissions Notice of
Construction and Application for Approval to Construct the Hanford Waste
Vitrification Plant, (Reference 3), is attached. The total dose expected
from air emissions (0.7 mrem/yr) was calculated by multiplying the release
quantity in curies for each radionuclide by the corresponding unit dose
factor and adding the contributions for the nucliges in the effluent
stream. Since the primary dose contributors are H, 14C, and "9I, doses
were calculated only for these radionuclides.

Doses were calculated as 50-year committed effective dose equivalents for
all internal deposition pathways using both the CAP88-PC (Reference 4) and
the GENII (Reference 5) computer packages, resulting in doses of 0.7 and
0.26 mrem/yr, respectively. For additional information on the CAP88-PC and
GENII computer packages, see the attachmentto this letter. The location
of the maximally exposed individual is 16 km east of the 200 East Area
Plateau. This location is based on the site boundary location having the
greatest radionuclide air concentration under a^erage atmospheric
conditions. Finally, the dose calculations were based on a 67-m stack with
momentum plume rise. This is intended to represent emissions from Zone I
areas of the facility (i.e., the melter), which is the primary contributor
to the total dose received by the maximally exposed individual.

Table I

Preliminary Dose Calculations for Tank Waste Remediation System Activities
50-Year Committed Effective Dose Equivalent for All Internal Deposition

Pathways; Maximally Exoosed Individual: 16 km Fast.

67-m stack inomentum
Radionucli Curies to lume rise Dose

de Separation
s (GENII) (CAP88) (GENII) (CAP88)

mrem /Ci mrem/Ci mrem mrem

3H 3.0 E+03 4.2 E-06 8.0 E-06 1.3 E-02 2.4 E-02
14C 5.3 E+03 8.7 E-04 4.4 E-04 4.6 E+00 2.3 E+00
129I 5.1 E+01 1.7 E-01- 6.5 E41 8.7 E+00 3.3 E+01

Total mrem 1.3 E+01 3.5 E+01

Total mrem r 2.6 E-01 7.0 E-01

N^ford Oqer4tions rd Engirveering Contr.etor for the US 0.-part.ent of Enerqy

A-4
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J. S. Garfield
Page 3
July 27, 1994

7E330-94-018

If you have any questions regarding the information presented in this
letter, you may contact me at 376-3686 or you may contact Al Boldt at 376-
1003.

J. H. Colby
Advanced Engineer

hmr

Attachments 5

M^ford Operatienc and Etqi^rinp Controctur for the US 0eport^t of Enerqy

A-5
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APPENDIX 2S

UNIT DOSE CALCULATIONS FOR HANFORD WASTE VITRIFICATION PROJECT

CONTENTS

UNIT DOSE CALCULATIONS FOR ROUTINE RADIONUCLIDE RELEASES
FROM HANFORD WASTE VITRIFICATION PROJECT . . . . . . . . . . . . . . APP 23-2
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_ DOE/RL-92-4109/25/92

UNIT DOSE CALCULATIONS FOR ROUTINE RADIONUCLIDE RELEASES FROM HANFORD WASTE

VITRIFICATION PROJECT

L. H. Sawyer
June 11, 1992

INTRODUCTION
Dose calculations for unit (1 Ci) radionuclide releases were performed in

support of the Westinghouse Hanford Company (HHC) air permitting activities

for the Hanford Waste Vitrification Project (HWVP). Atmospheric releases from

the 200 E area were modeled for elevated releases using effective stack

height, and plume rise by both momentum and buoyancy. Both the CAPBB-PC

(Parks 1992) and GENII (Napier et al. 1988) computer packages were used to

model atmospheric releases in order to satisfy requirements of the U.S.

Environmental Protection Agency (USEPA 1989) and Hanford Dose Overview Panel.

METHODS
Radionuclides in the source term were provided in a DSI from J. H. Ring

(Attachment 1). Standard parameters for Hanford dose calculations were

included in the calculations where possible (McCormack, et al 1984).

Meteorology data were collected at the 200 area weather station at 10 m for

CAP88-PC and 61 m for GENII. These data represent the five-year averages of

values taken between 1983 and 1987. The location of the maximally exposed

individual (MI) is listed in attached tables with the dose calculations. The

location of the MI was based on the site boundary location having the greatest

radionuclide air concentration (i.e. the location having the highest Chi/Q

value) under average atmospheric conditions (see Attachment 2, Table 1).

Doses were calculated as 50-year committed effective dose equivalents for all

internal deposition pathways using the EPA model specified in 40 CFR 61.

Default solubility classes were used forall radionuclides in these generic

unit Ci calculations. These should be appropriate for most facilities

evaluated, except where plutonium or uranium are released in soluble form and

contribute substantially to the overall dose from the facility. Default

classes for uranium and plutonium assume these radionuclides are released as

insoluble compounds; this will result in a lower overall dose than would be

the case if they were released in more soluble form.

RESULTS
Results of the evaluations are presented in Tables 2 and 3, Attachment 3, and
represent the 50-year committed dose equivalent following a chronic annual
release of 1 Ci of each radionuclide. The CAPBP-PC and GENII codes handle
ingrowth of long-lived radioactive decay products differently, as noted in the
tables. GENII calculates doses for all radionuclides in each decay chain,
therefore, the doses reported in Table 2 include contributions from both
parent and ingrown decay products. CAPBB-PC does not calculate activities for
ingrowth of progeny radionuclides following the release of the parent, but
will estimate the dose from very short-lived prcgeny where the parent-to-
progeny activity ratio is effectively 1:1. CAP:B-PC doses reported in Table 3
are adjusted to reflect the dose from the parent radionuclide plus ingrown
progeny. CAP88-PC parental doses were divided by the fractional contribution
from the parent nuclide reported in the GENII results to get the total dose
from parents and progeny.

The total dose expected from emissions can be- attained by multiplying the -
release quantity in Ci for each radionuclide by the corresponding unit-dose
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factorin the tables, and summing the contributions for all nuclides in the

effluent stream. Please note that doses calculated using the GENII code are

reported as rem to the M1 from an annual release; those from CAPSB-PC are

reported in mrem. 'Values in the tables were manipulated from code outputs,

and have been left in the units reported by each code to avoid transcription
errors.
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Napier, B. A., R. A. Peloquin, D. L. Strenge, and J. V. Ramsdell. 1988. GEHlt
- The Hanford Environmental Radiation Dosimetry Software Svstea . PNL-6584,
Vols. 1-3. Pacific Northwest Laboratory, Richland, Washington.

Parks, B. S. 1992. Users's Guide for CAP88-PC. Version 1.0 . United States
Environmental Protection Agency, Las Vegas, Nevada.

U.S. Environmental Protection Agency. 1989. National Emission Standards for

, Federal Register 54 (240):51654-51715.
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HEDOP REVIEW CHECKLIST
for

Radiological and Nonradiological Release Calculations

Document reviewed (include title or description cf calculation, document
number, author, and date, as applicable):

Unit Dose Calculations for Hanford Waste Vitrification Project

Submitted by: Lissa Sawyer Date Submitted: 6/11/9Z

Scope of Review:

YES N0! N/A

[X] (] {] 1. A detailed technical review and approval of the
environmental transport anc dose calculation portion of
the analysis has been perfcrmed and documented.

[) [] [X) 2. Detailed technical review(s) and approval(s) of scenario
and release determinations have beerr performed and
documented.

( X] [ 1 (] 3. HEDOP-approved code(s)'were used.
[) () (X) 4. Receptor locations were se:ected according to HEDOP

recommendations.
[X) { J {) S. All applicable environmental pathways and code options

were included and areapprcpriate for the calculations.
( XJ [ J [ J 6. Hanford site data were used.

I {X) 7. Model adjustments external to the computer program were
justified and performed correctly.

[XJ [] [] B. The analysis is consistent with HEDOP recomnendations.
[XJ 9. Supporting notes, calculat`.ons, comments, co=ent

resolutions, or other information is attached. ( Use the
Page I of X' page numbering format and sign and date

each added page.)

(XI [] 10. Approval is granted on behalf of the Hanford
Environmental Dose Overview Panel.

All 'N0' responses must be explained and use of nonstandard methods
justified.
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CHECXLIST FOR CALCULATION REVIEW 09/25/92

Docucant Revie..ed:

Scope of Review:

[][N) N/
Previous reviews coeqlete and cover analysis, up to scope of this

review; with no gaps.
Problem campletely defined.
Necessary assuvtions explicitly stated and supported.

( ] [) Computer codes and data files docianented.
Data used in calculations explicitly stated in docurent.

Data checked for consistency with original source information as
applicable.

(][) Mathematical derivations checked including dimensional consistency

of results.
(,^ j) [] Models appropriate and used within range of validity or use outside

range of estzblished validity justified.
[Vf I J [] Hand calculatior.s checked for errors. Spreadsheet results should

be treated exactly the saaa as hand calculations.
[/) [) [] Code runstreaas correct and consistent with analysis documentation.
[/f [) [ J Code output consistent with input and with results reported in

analysis docurer.tation.
Acceptability ltmits on analytical results applicable and sup-
ported. Limits checked against sources.

[ [) [^ Safety margins consistent with cood engineering practices.

j/^ j J [] Conclusions consistent with znalytical results and applicable
limits.

[] j) . Results and conclusions address all points required in the problem
statement.
Review calculat-.ons, cmm^ents, and/or notes are attached.

Q {AY L-1 1 14 <cf5 ^IUk n^_ G 112-117Z

iiewer Approval ( Printed tiaze and Sionature) Date

}-00P Review (Rzdiolcgical and Toxicological Release Calculations)

[ ) ( ) GENII (current version) used for radiological calculations.
fY) () {) Appropriate receDtor locations evaluated.
[v) [) [) Appropriate mod<_ls (finite'pl sae vs. semi-infinite cloud, building

wake, etc.) usec. -
[vT [ J [) Appropriate pathways evaluated for each receptor.
(vJ [) [) Analysis consis;ent with Y._DOP Recor.mendations.
[ J bJJ ' Review calculat•ons, co.-nents, znd/cr notes are attached.

Ala^^y^^va^z d //z142.i
HEDDP'Revie.rer Approval (Printed Name and Sicnature) Date

Any calculations, co=iznts, or netes oenerated as part of this review
should be sigr,ed, cated and attached to this checklist. Such zaterial
should be labeled and recorced in sucn a manner as to be intelligible
to a technically q-jali;"ied Lhird party.
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APPLICATION REPORT

1) Project title and number Hanford Waste Vitrification Prooram ED150

2) Purpose of application package and relationship to other work;

Revised Environmental Compliance radiation dose calculations for Hanford Waste
Vitrification Plant. Calculations are for the caximally exposed individual
using the CAP88 and GENII computer code packages. Calculations are made with
chronic unit Ci releases from the Vitrification facility.

3) List original sources of input data, assumptions and derivations used to
obtain it, and justification for its use, as appropriate. (If input
information has been previously reviewed, reference the documentation of this
review.)

Input data are documented in the following letter report:
L. H. Sawyer to J. M. Ring June 11, 1992, 'Unit Dose Calculations for Routine
Radionuclide Releases from Hanford Waste Vitrif:cation Project.'

4) Minor changes made in the software that produced the application run
(see Section 4.1). N/A

S) Describe interrelationships and dependencie; of each application run in
the application package:

Calculations were made for the maximally exposej individual using unit Ci
chronic releases with the GENII and CAP88-PC computer software packages.
Doses due to secondary members of decay chains were calculated by two methods.
First, the dose from Ingrown progeny were added into the dose from the parent
and were reported in the value for the parent. Additionally, the dose from
the unit Ci dose release of the progeny was rep2rted separately for the
progeny. In cases where CAP98-PC did not include progeny, but GENII did, the
CAPBB-PC values were adjusted to reflect the dose from ingrowth of progeny.
The parental dose calculated by CAPES-PC was divided by the GENII derived
percent dose from parent. The resulting value reflected the total estimated
dose from the release of the parent radionuclide with ingrowth of progeny.

6) Summarize the overall output of,the application package in relation to the
purpose stated in item 2 above (including tables and graphs, as appropriate):

Results are suutmarized in the letter report referred to in section 3.

7) Submitted to thG,nford Dose Overview Panel for review by:
Lissa ;ia

Sr
v.?'

- ---- - )une

8) Approfd-for the Hanford Dose Overview Panel by:

e
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ATTACNHENT 1.

DSI from JH Ring to K Rhoads. Stetement of Work
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81173-92-DSI-013

00N'T SAY IT --- Write It! . DATE: Harch 13, 1992

TO: K. Rhoads K3-54

cc: D. G. Baide G6-16
J. M. Colby G6-16
J. H. LaRue G6-16
JHR/File/LB H4-51

FROii: J. M. Ring H4-57

T e l ephone: 6-8162

SUBJECT: STATEMENT OF WORK FOR WORK ORDER E02505

The following is provided as a description of work to be performed by Pacific
Northwest Laboratories (PNL) under work order number ED2505.

PNL will provide offsite dose calculations for one-curie atmospheric releases

of each of the radionuclides expected to be emitted from HWVP. (See list at
end of DSI.) The calculations will be used to support the development of
control technology asse<-sments and other documentation to be submitted to the
regulatory authorities pursuant to 40 CFR 61 and WAC 246-247.

Unit curie releases of each of the radionuclides expected from HWVP, located

in the Hanford Site 200 East Area, will be modeled using both the CAP-88 and
GENII code packages. The modeling activities should use Hanford Site-specific
meteorological data and should calculate potential effective dose equivalent
to the theoretical maximally exposed offsite individual at 16 kilometers east
of the 200E Area (Ringold).

Three separate dose calculations will be generated. The first calculation
should assume release of the radionuclides from a 200 ft/61 m stack height,
with the effective stack height equal to the actual stack height; i.e., no
plume rise modeling will be necessary for this first run. The second and
third calculations will be performed for two separate HWVP stacks, using
stack-specific data and plume rise modeling. The following information is
necessary to develop the second and third sets of calculations.

Stack Variable

I

Vit Bldg Zone I Stack Vit Bldg Zone II and
III Stack

Stack heiaht 219 feet I 195 feet

Stack diameter (10) 7 feet 10 feet

Exhaust g as temoerature 1041F 104-F

Gas exit velocity 97,500 SCFM;
108.708 ACFH

220,875 SCFM;
235,786 ACFM

:4-1000-I01 (9!'.91 {Efl GEf01t
351
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The deliverable shall consist of computer input (GENII) and output files, a
description of the assumptions and information used to develop the dose
assessment (dose code description, met data, Chi/p, flow rate and stack height
assumptions, etc.), and the signed HDOP review forms.

Radionuclides to be emitted by the HWVP Stacks

H-3, C-14, Fe-55,
Sr-90, Y-90, Y-91,
Ru-303, Rh-103m, Ru-I06,
Sn-113, Cd-115m, Sn-119m,
Sb=]26m, Sb-125, Te-125m,
Cs-134, Cs-135, Cs-137,
Pm-)47, Pm-148m, Sm-151,
U-234, U-235, U-236,
Pu-24), Pu-242, Am-241,

Ni-59,
Nb-93m,
Rh-I06,
Sn-]2)m,
Te-127,
Ba-137m,
£u-152,
U-238,
Am-242,

Co-60,
Zr-93,
Pd-107,
Sn-123,
7e-127a,
Ce-141,
Gd-153,
Np-237,
Am-243,

<-3900-101 19/59) ( Ef) GEf01<
osl

APP 28-12

Ni-63,
Zr-95,
Ag-110m,
Sn-126,
Te-129,
Ce-144,
Eu-154,
Pu-238,
Cm- 242,

Se-79,
Nb-95,
Cd-113m,
Sb-124,
Te-129m,
Pr-144,
Eu-155,
Pu-239,
Cm-244

Sr-89,
Tc-99,
In-113m.
Sb- 126,
1-129,
Pr- 144m,
Tb-160,
Pu-240,
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ATTACNNENT 2.

Chi/Q Information

Table 1. Distance from 200 E Area to Site Boundary and Associated Chi/Q.
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Strike
Bounda ry

out indicates
Ass o ciated

Table I. nrAS
ite

distance h isQUsing 61 m Effective Stack.
within Hanford boundary.

GROUND-LEVEL CHI/Q VALUES FOR H-3

CHI/Q TOWARD INDICATED DIRECTION (SEC/CUBIC METER)

Distance ( eeters)

istance
To Site

Dir Boundary 15200 16200 16900 17200 17600 18100

N 24600 - '
NNW 21600 - - -
NW 21400 _ -

WNW 21400 __ 98 __ - '- 98 -
'
' -- 98 - ^- -

W 20800 ^" ,r^r ^° ----c' ^r _cr

WSW 21200
-r 99 8. 9 9 7 5 9 9 7

..-^r
99

° "c- ..^ . .;'c .

SW 17600
!

° °"r "^ ° ="'r ^^ 8.437E-09 8.159E-09

$SW 16900 ?-?47t_ ev-r_^^°` '°'er â"o 1.096E-08 1.072E-08 1.043E-08 1.008E-08

5 19500 wr,91 8 8 +•cr r° itnE ^8 1. 71 ;cr ^°

SSE 19600 2. la8 L2 D'aE Co ^ ' ^ t ^r°r Ge _ °.9r °r..c ^

SE 24300 3649--98 .;GGc 98 -291• ^8 9 •c r 0' _ ^aE Ga 2 "^^' ^°

ESE 20000 r ' ^ - e - ^o 3 .•+^^ ra 9 --°r ^o
98

c' 16200 4 9 8 3.780E-08 3.615E-08 3.548E-08 3.463E-08 3.362E-08

ENE 15200 2.315E-08 2.164E-08 2.070E-08 Z.032E-08 1.983E-OS 1.925E-08

NE 18100 1-e3- 2 28E o } 'e"£ CO ` -3' ^S } 1.357E-08

NNE 23700 129 9; GS T 2 -E aa 5E' 8a } }-c' CO ` 's°" ^"• r°

- Highest Chi/Q value for offsite area.
Distance ( meters)

Distance
To Site

Dir Boundary 19500 19600 20000 20800 21200 21400

H 24600 r322- ;^o .3;rEG81.2'e_: f2
NNW 21600 o-caia'_.'3
NW 21400 1=c9 a3 i.= T: =a rT-_=ea

WNW 21400 1.G7=-=

W 20800 Ge^ ^-'r•_̂ ^ 08 :-^_
WSW 21200 e-212i^ e.r72= a. c4:3=v
SW 17600 7.443E-09 7.398E-09 7.224E-09

SSW 16900 9.178E-09 9.122E-09 8.904E-09
S 19500 1.561E-08 1.SS1E-08 1.515E-08

SSE 19600 44;1=Q 1.631E-08 1.594E-08
SE 24300 2.;'>=G0 2.r3'r'_;ai-5;:_8

ESE 20000 3-}:`E;^ 3.:3:=98 3.036E-08
E 16200 3.705E-08 3.089E-08 3.024E-08

ENE 15200 1.779E-08 1.769E-08 1.732E-08
NE 13100 1.253E-08 1.246E-08 1.220E-08

NNE 23700 » S-Bee'_ ^"_".-"-_";=0^-^1

. Ce6t ôa T.aT_=a; G
:;E'ee 1.107E-08

.j'::cor aS Q7-- 9.632E-09
-1.C08E-08 9.858E-09 9.752E-09

" "^ ° 175E-09 6.108E-09
6.E98E-09 6.745E-09 6.671E-09
8.495E-09 8.304E-09 8.211E-09
1.447E-08 1.415E-08 1.400E-08
1.525E-08 1.492E-08 1.477E-08
cr:9r"^=.6BSE a8:
2.510E-08 2.SSDE-08 2.821E-08
2.501E-08 2.843£-08 2.815E-08
1.E62E-08 1.629E-08 1.613E-08
1.:70E-08 1.146E-08 1.135E-OB
- _ :'-G^.-=t' 7;; ;9t?3-r'-;B
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Table 1. ( Cont.) Distance from 200 E Area to Site Boundary and Associated
Chi/Q Us:ng 61 m Effective Stack. Strike out indicates
distance is within Hanford boundary.

GROUND-LEVEL CHI/Q VALUES FOR H-3
CHI/Q TOWARD INDICATED DIRECTIQN (SEC/CUBIC METER)

Distance (meters)

Distance
to Site

Dir Boundary 21600 23700 24300 24600

N 24600 i::'o3; ^e '"'^' ^°w 1.028E-08

NNW 21600 9.644E-09 8.716E-09 8.481E-09 8.369E-09

NW 21400 1.096E-08 9.883E-09 9.613E-09 9.483E-09

WNW 21400 9.530E-09 8.568E-09 8.327E-09 8.231E-09

W 20800 9.648E-09 8.673E-09 B.428E-09 8.321E-09
WSW 21200 6.041E-09 5.418£-09 5.262E-09 5.187E-09
SW 17600 6.592E-09 5.916E-09 5.745E-09 5.663E-09

SSW 16900 8.120E-09 7.268E-09 7.OSSE-09 6.952E-09
S 19500 1.385E-08 1.243E-08 1.207E-08 1.190E-08

SSE 19600 1.461E-08 1.316F-08 1.279E-08 1.261E-08
SE 24300 ;.4`-4E e6 2.8 2.153E-08 2.124E-08

ESE 20000 2.792E-08 2.524E-08 2.457E-08 2.424£-08
E 16200 2.788£-08 2.528E-08 2.463E-08 2.431E-08

ENE 15200 1.597E-08 1.449E-08 1.411E-08 1.393E-08
NE 18100 3.124E-08 1.0:8E-08 9.917E-09 9.789E-09

HNE 23700 8.89:; 29 8.0 56E-09 '1.843E-09 7.741E-09
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ATTACHMENT 3.

Tables of Dose Analysis results

Table 2. GENII Dose Conversicn Factors

Table 3. CAPSS-PC Dose Conversion Factors
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Table 2. GENII Dose Conversion Factors for Sincle Ci/yr Chronic Releases

from the Hanford Waste Vitrification Project 200'E Area using 5 yr

Meteorological Data. Location of M1: 16000 m East. Values in

parentheses indicate the percentage dose from the parent in long-lived

deca chain.

61 m
effective

stack

59 m
stack

Buoyant
plume
rise

67 m'
stack

Buoyant
plume
rise

59 m
stack

Momentum
plume
rise

67 m stack
Momentum
plume rise

Nuclide (rem/Ci) (rem/Ci (rem/Ci) (rem/Ci (rem/Ci)

H-3 1.0E-08 1.2E-09- 1.7E-09 3.6E-09 4.2E-09

C-14 2.2E-06 2.5£-07 3.5E-07 7.5E-07 8.7E-07

Fe-55 9.SE-08 I.IE-08 1.5E-08 3.3E-08 3.8E-08

Co-60 4.7E-06 5.2E-07• 7.3E-07 1.6E-06 1.9E-06

t1I-59 2.6E-08 2.9E-09 4.1E-09 9.0E-09 1.0E-08

N1-63 6.9E-08 7.8E-09 1.1E-08 2.4E-08 2.8E-08

Se-79 3.4E-05 3.8E-06 5.4E-06 1.2E-05 1.3E-05

Sr-89 5.9E-.07 6.6E-08 9.3E-08 2.0E-07 2.3E-07

Sr-90
(94)

1.8E-05 2.0E-06 2.9E-06 • 6.2E-06 I.ZE-06

Y-90 1.4E-07 1.5E-08 2.2E-08 4.8E-06 5.6E-08

Y-91 9.6E-07 I.IE-07 1.5E-07 3.3E-07 3.$E-07

Zr-93 1.DE-06 l.1E-07 ^ 1.5E-07 3.SE-07 4.0E-07

Ub-93M 3.6E-07 4.0E-OB ^ 5.6E-08 1.2E-07 1.4E-07

Zr-95
(75)

5.7E-07 6.4E-OS 9.0E-08 2.DE-07 2.3E-07

Nb-95 2.2E-07 2.5E-08 3.4E-08 7.3E-08 8.6E-08

Tc-99 I.8E-06 2.0E-07 2.8E-D7 6.0E-07 7.2E-07

Ru-103
(100)

2.6E-07 2.9£-08 4.1E-OB 9.IE-08 1.1E-07

Rh-103H 3.1E-I1 3.4E-I2 4.8E-12 1.0E-11 1.2E-11

Ru-106 7.IE-06 -7.BE-07 1.1E-06 2.4E-06 2.8E-06

Pd-107 1.6E-07 ^ 1.7E-08 2.5E-08 5.5E-08 6.3E-08

Aq-1101i 1.0E-05 1.2E-06 1.6E-06 3.6E-06 4.IE-06

Cd-113H 3.4E-05 3.BE-06 ^ 5.4E-06 1.2E-05 1.4E-OS
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Table 2. GENII Dose Conversion Factors for Single Ci/yr Chronic Releases
from the Hanford Waste Vitrificat ion Project 200 E Area using 5 yr
Aeteorol ogical Data. Location of HI: 16000 m East. Va lues in

parentheses indicate the percentage dose from t he parent in long-lived
deca y chain.

b] n 59 m 67 n 59 m 67 m stack
effective stack stack stack Momentum

stack Buoyant Buoyant Momentum p7ume rise)
plume plume plume
rise • rise rise

NNuclide ( rem/Ci) ( rem/Ci) ( rem/Ci) ( rem/Ci) ( rem/Ci)

Cd-115h1 1.5E-06 1.8£-07 2.5E-07 5.6E-07 6.5E-07

Sn-113 4.1£-07 4.7E-08 6.6E-08 1.4E-07 1.6E-07
(85)

In-113H 1.7E-09 1.9£-10 2.7£-10 5.7E-70 6.9E-10

Sn-119H 1.9E-07 2.2E-08 3.1E-08 5.7E-08 7.8E-08

Sn-721H 3.7£-07 ) 4.1£-08 5.7E-08 1.3E-07 1.5E-07
(79)

Sn-123 1.0E-05 ^ 1.2£-07 1.6£-07 3.5E-07 4.1E-07

Sb-125 6.3£-b7 7.1E-08 9.9E-08 2.2E-07 2.6E-07
(eb)

Te-125H ^ 3.5E-07 4.0E-OB 5.5E-08 1.2E-07 1.5£-07

Sn-126 4.3£-06 4.EE-07 6.7£-07 1.5E-06 1.7E-06
(74)

Sb-126H 2.0E-09 2.3E-10 3.1£-10 7.0£-10 8.2E-10
(97)

Sb-125 I 4.7E-07 5.3E-OB 7.4E-08 1.5E-07 1.9E-07

Sb-124 ^ 1.0E-06 1.2E-07 1.6E-07 3.5E-07 I 4.1E-07

Te-127H 1.1£-05 7.3E-07 1.9E-07 4.0E-07 . 4.6E-07
(93)

Te-127 I 3.4E-09 ^ 4.1E-10 5.5E-10 1.2£-09 1.4E-09

Te-129H B.1E-07 9.1E-08 I 1.3E-07 2.8E-07..I 3.2E-07
(100)

Te-129 8.2E-70 I 9.3E-11- 1.3E-10 2.9£-10 3.3E-70
(100)

_

1-129 4.4£-04 ^ 5.0E-05 5.9£-05 .1.5E-04 1.7E-04

Cs-134 7.bE-0=_ ^ l.BE-Ob 2.5E-Ofi 5.4E-05 6.3£-O6
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Table 2. GENII Dose Conversion Factors for Single Ci/yr Chronic Releases
from the Hanford Waste Vitrification Project 200 E Area using 5 yr
Meteorological Data. Location of HI: 16030 m East. Values in

parentheses indicate the percentage dose from the parent in long-lived
decay chain.

61 m 59 m 67 m 59 a 67 m stack
effective stack stack stack Momentum

stack Buoyant Buoyant Momentum plume rise
plume plume plume
rise rise rise

Nuclide (rem/Ci) (rem/Ci) (rem/Ci) (rem/Ci) (rem/Ci)

Cs-135 1.6E-06 1.9E-07 2.6E-07 I 5.7E-07 ^ 6.6E-07

Cs-137 1.2E-05 I 1.3E-06 I 1.8E-06 4.0E-06 4.7E-06

Ce-141 2.0E-07 2.3E-08 3.2E-OS 7.1E-08 I B.ZE-08

Ce-144
(100)

5.4E-06 6.0E-07 8.4E-07 1.9E-06 2.2E-06

Pr-144H
(2)

6.7E-1I 7.6E-12 1.1E-11 2.41-11 2.7E-11

Pr-144 9.5E-11 ^ I.IE-]1 1.5E-I1 3.3E-11 3.9E-11

Pm-147 5.1£-07 5.6z--08 7.SE-OE 1.BE-07 2.0£-07

Pm-148H
(98)

7.8E-07 8.7E-08 1.2E-07 2.1E-07 3.1E-07

Sm-151 3.6E-07 ^ 4.0E-08 5.6E-08 1.2E-07 1.4E-07

Eu-152 3.4E-06 3.7E-07 5.21-07 1.2E-06 1.4E-06

Eu-154 4.3E-06 4.8E-07 6.8E-07 ^ 1.5E-06 1.7E-06

Eu-I55 5.SE-07 ^ 6.4E-08 9.Oc"-08 I 2.DE-07 ^ 2.3E-07

Gd-]53 3.4E-07 I 3.BE-08 ^ 5.3E-oP ^ 1.2E-07 1.4E-07

Tb-160 ^ 7.6E-07 ^ B.SE-C8 I 1.2E-07 I 2.6E-07 3.]E-07

U-234 3.5E-03 ^ 1.6E-04 I 2.3E-04 5.1 E-04 5.9E-04
U-236 I I.4E-03 I I.5C"-04 2,1E-04 I 4.8E-04 5.6E-04

U-235 1.4E-03 I I.5E-04 2.1 1-04 ^ 4.7E-04 5.4E-04

Np-237
I 7.5E-03 8.2E-04 1.2E-03 2.6E-03 3.0E-03

U-238 1.3E-03 I 1.4E-04 I 2.0E-04 4.5E-04 5.2E-04

Am-242
(93)

6.1E-07 6.7E-08 9.5E-08 2.0£-07 2.3E-07
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Table 2. GENII Dose Conversion Factors for Single Ci/yr Chronic Releases

from the Hanford Waste Vitrification Project 200 E Area using 5 yr

Meteorological Data. Location of MI: 16000 m East. Values in

parentheses indicate the percentage dose from the parent in long-lived

deca y chain.

61 it 59 n 67 in 59 4 67 a stack
effective stack stack stack Momentum

stack Buoyant Buoyant Momentum plume rise
plume plume plume
rise rise rise

Nuclide ( rem/Ci) ( rem/Ci ( rem/Ci ( rem/Ci (rem/Ci

Cm-242 1.9E-04 2.]E-05 2.9E-05 6.SE-05 7.5E-OS

(100)

Pu-242 3.2E-03 3.5E-04 S.OE-04 1.1E-03 1.3E-03
(100) •

Pu-238 3.ZE-03 3.4E-04 4.9E -04 1.]E-03 1.3E-03

Cm-244 2.9E-03 3.2£-04 4.5E-04 1.0E-03 1;2E-03

Pu-240 3.3E-03 3.6E.04 5.2E-04 1.2E-03 1.3E-03

Pu-241 5.4E-OS ^ 5.9E-06 8.4E-06 1.9E-OS 2.2E-OS

Am-241 5.1E-03 I 5.6E-04' I 7.9E-04 1.BE-03 2.DE-03

Am-243 5.]E-03 5.6E-04 I 7.9E-04 ].BE-03 2.0E-03

Pu-239 3.3E-03 3.6E-04 5.2E-04 1.2E-03 • 1.3E-03

Note: Rh-106 and Ba-137m are short-lived decay products and are
implicitly included in the dose factor of the parent radionuclide
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Table 3. CAP88-PC Dose Conversion Factors for unit Ci/yr Releases form the

anford Waste Vitrification Project 200 E Area Using 5 Yr, 10 m

eteorolo ical Data ( Location of MI: 16000 m-Enst)

61 m
effective

stack

59 m stack,
Buoyant plum

rise

67 m stack,
e Buoyant

lume rise

59 m stack,
Momentum

olume rise

67 m stack,
Momentum

p lume rise

uclide mrem/C1 mrem/Ci mrem/C1 mrem/Ci ( mrem/Ci )

H-3 . 1.2E-05 5.3E-06 5.5E-06 7.9E-06 8.0E-06

C-14 6.6E-04 2.9E-04 3.IE-04 4.4E-04 4.4E-04

Fe-55 1.5E-04 9:bE-OS 9.9E-OS 1.3E-04 1.3E-04

Co-60 8.2E-02 4.4E-02 4.6E-02 6.0E-02 b.0E-o2

Ni-59 1.SE-04 8.2E-05 8.5E-OS I.IE-04 1.IE-04

Ni-63 1.7E-04 B.BE-05 9.1E-OS 1.2E-04 1.2E-04

Se-79 • O.oE+00 O.0E+00 0.0E+00 0.OE+oO O.oE+oo

Sr-89 B.OE-04 4.3E-04 4.4E-04 S.BE-04 5.BE-04

Sr-90 •• 5.9£-02 3.2E-02 3.3E-02 4.3E-02 4:3E-02

Y-90 1.2E-04 5.4E-05 5.6E-oS 7.9E-05 7.9E-05

Y-91 I.3E-03 6.6E-04 6.BE-04 9.2E-04 9.2E-04

Nb-93m 1.8E-03 9.3E-04 9.6E-04 1.3E-03 1.3E-03

Zr-93 7.3E-04 3.SE-04 3.7E-04 S.]E-04 5.]E-04

2r-95 1.9E-03 1.OE-03 1.0E-03 1.4£-03 1.4E-03

Nb-95 1.9E-03 1.0E-03 1.IE-03 1.4E-03 1.4E-03

Tc-99 ^ 1.2E-02 6.3E-03 ^ 6.5E-03 B.SE-03 I 8.SE-03

Rn-103 6.9E-04 3.6E-04 3.7E-0: 4.9E-04 S.DE-04

Ru-106 8.7E-03 4.3E-03 4.4E-03 6.0E-03 6.IE-03

Rh-103m 3.2c"-O8 I I.6E-08 1.6E-O8 2.3E-08 2.3E-O8

Rh-106 7.6E-36 ^ 4.4E-36 4.5E-36 6.0£-36 6.0E-36

Pd-107 2.IE-04 I.OE-04 1.1E-04 1.4E-04 1.SE-04

A-110m 1.7E-02 9.OE-03 9.3E-03 1.2E-02 1.2E-02

Cd-113m O.oE+oo o.oE+oo o.DE+00 0.0E+00 O.DE+00

Cd-115m 1.7E-03 8.9E-04 9.2E-04 1.2E-03 1.2E-03

In-113m 1.4E-06 6.9E-07 7.2E-07 9.9E-07 1.0E-OS

Sn-113 2.0E-03 1.1E-03 1.1E-03 1.4E-03 1.4E-03
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able 3. CAP88-PC Dose Conversion Factors for unit Ct/yr Releases form the

Hanford Waste Vitrification Project 200 E Area Using 5 Yr, 10 m
teorolo ical Data (Location of Hi: 16000 e East

61 m
effective

stack

59 m stack,
Huoyant Plu,o

rise

67 n stack,
e Buoyant

lume rise

59 m stack,
Momentum

p lume rise

67 m stack,
Hnmentum

plume rise

uclide mrem/Ci crem/Ci nrem/Ci (mrem/Ci) mrem/CT

Sn-123 1.6E-05 8.6E-06 8.9E-06 1.ZE-05 1.2E-05

Sn-126 3.0E-02 1.6E-02 1.7E-02 2.2E-02 2.2E-02

Sb-124 3.1E-03 3.6E-03 1.7E-03 2.ZE-03 2.2E-03

Sb-]25 •• 9.6E-03 5.2E-03 5.4E-03 7.0E-03 7.OE-03

Sb-126 1.1E-03 5.8E-04 6.0E-04 7.9E-04 7.9E-04

Sb-126m 7.3E-07 4.OE-07 4.2E-07 5.6E-07 5.6E-07

Te-125m 3.4E-04 2.9E-04 3.OE-04 3.9E-04 3.9E-04

Te-127 4.5E-06 2.]E-06 2.ZE-06 3.1E-00 3.]E-06

Te-127m ••^ 1.7E-03 9.0E-04 9.2E-04 1.2E-03 1.2E-03

Te-129 7.9E-07 3.SE-07 4.0E-07 -5.5E-07 5.6E-07

Te-129m 1.2E-03 6.1E-04 6.3E-04 8.3E-04 8:4E-04

1-129 6.7E-01 5.8E-01 5.9E-01 6.4f-01 6.SE-01

Cs-134 4.5E-02 2.4E-02 2.SE-02 3.3E-02 3.3E-02

Cs-135 3.3E-03 1.BE-03 1.8E-03 2.4E-03 2.4E-03

Cs-137 ••• 8.5E-02 ^ 4.6E-02 4.8E-02 6.2E-02 6.2E-02

Ba-137m ^ 4.0E-12 ^ 2.3E-12 2.4E-]2 3.1E-12 3.1E-12

Ce-141 3.3E-04 1.7E-04 I.BE-04 2.4E-04 2.4E-04

Ce-144 6.6E-03 3.3E-03 3.4E-03 4.6E-03 4.7E-03

Pr-]44 I 5.6E-08 I 3.1E-09 3.2E-08 4.3E-08 4.3f-08

Pr-144m `• 5.3E-08 3.1E-08 3.2E-08 4.2E-08 4.2E-08

Pm-147 6.1E-04 2.9E-04 3.]E-04 4.2E-04 ^ 4.2E-04

Pm-I48m •` 3.0E-03 1.fiE-D3 1.6E-03 2.1E-03 2.2E-03

Sm-151 4.2E-04 2.0E-04 2.1E-04 2.9E-04 2.9E-04

Eu-152 7.9E-02 4.2E-02 4.4E=02 5.7E-02 5.7E-02

Eu-154 6.3E-02 3.4E-OZ 3.SE-07 4.6E-02 ^ 4.6E-02
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able 3. CAPBB-PC Dose Conversion Factors for unit Ci/yr Releases form the

anfard Waste Vitrification Project 200 E Area U>ing 5 Yr, 10 m

eteorolo ical Data (Location of MI: 16000 m East)

61 m
effective

stack

59 m stack,
Buoyant plume

rise

67 m stack,
Buoyant

plume rise

59 m stack,
Momentum

p lume rise

67 m stack,
Momentum
plume rise

uclide (mrem/Ci) ( mrem/Ci ) mrem/Ci (mrem/C1 mrem/C1

Eu-155 2.8E-03 1.5E-03 1.SE-03 2.OE-03 2.0E-03

Tb-160 2.4E-03 1.3E-03 1.3E-03 1.7E-03 1.7E-03

U-234 1.7E+00 7.9E-01 8.2E-01 1.2E+00 1.2E+00

U-235 1.6E+00 7.5E-01 7.8E-01 1.1E+00 1.1E+00

U•236 1.bE+0D 7.5E-01 7.BE-01 1.1E+00 1.1E+00

U-238 I.SE+oO I.lE-01 I 7.3E-C1 I.OE+00 1.oEe00

Up-237 6.3E+00 3.OE+oO 3.1E+00 4.3E+00 4.3E+00

Pu-238 4.1E+00 I 2.0E+00 2.0E+00 2.8E+00 2.9E+00

Pu-239 4.5E+00 2.IE+0O 2.2E+C0 3.1E+00 3.1E+00

Pu-240 4.5E+00 2.IE+00 2.2E+C0. I 3.IE+00 3.1E+00

Pu-241 7.0E-02 3.3E-02 • 3.SE-C2 4.SE-02 4.BE-02

Pu-242 4.2E+00 2.OE+0O 2.1E+00 2.9E+00 2.9E+00

Am-241 6.9E+00 3.2E+00 ^ 3.4E+00 4.7E+00 4.7E+00

am-242 " 7.IE-04 3.3E-04 3.4E-04 4.BE-04 4.8E-04

Am-243 I 6.9c'+00 3.2E.00 I 3.4E+00 4.7E+00 4.7E+00

Cm-242 I 2.2E•01 1.0E-01 ^ 1.1E-01 1.5E-01 1.5E-01

Cm-244 ^ 3.6E+00 1.7E+00 ^ 1.8E+00 2.5E+00 2.5E+00

CAPBB-PC Does not include dose factors for Se-79 or Cd-113m
Dose includes the ingrowth of progeny ca'.culated by dividing CAPBB-PC
results by fraction of dose from parent derived by GEMII runs.
Dose includes ingrowth of Ba-137m added to Cs-137 dose. Fraction of
dose from Cs-137 is 23 oercent.
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APPLICATION DEC00D LOG

a
^

11

I) Project title and number: Ilanford Naste Vltrlficatlon Program E02505

2) Appllcatlon 3) Date and Time 4) Software flame (U Lle) 5) computer type 6) Coaments 7) Oata Input
Decord Log of Run and Version operating system Identifier
Numb e r compllers/librarlel

filename (a) see below CNPOOpC Version 1.0 IDH PS/2, DOS 3.30 see below see below

Dlrectory of F:\IiNVP\CAPDOPC

S9D10F13 SUH 11110 06-04-92 ):28p
59010M2 SUH 11319 06-04-92 12:OOp
591110111 SUM . 11840 06-04•92 1:30p

It 591410112 SllM 11431 06-04-92 1:36p
° 5 914 1 0113 SUH 11394 06-04-92 2:53p
Nw 59010M1 SUM 11840 06-04-92 11:59a
N 61E10M2 SUM 11504 06-04-92 1:40p
° 61E1 OP1l SUH 11040 06-04-92 1:38p

61E1OH3 SUIi 11243 06-04-92 ,1:42p
67D10141 SUM 31040 06-04-92 1:44p
670101i2 SUM 11431 06-04-92 1:53p
67010143 SUM 11170 06-04-92 1:45p
61H10M1 SUH 11840 06-04-92 1:46p
671110112 SUM 11431 06-04-92 1:48p
61141010 SUM 11170 06-04-92 2:54p

2) Application 3) Date and Time 4) Software flame (titlt) 5) computer type 6) Cooments 7) Data Input
Record Log of 8un. and Version operating system Identifier
Ilumber compilers/libraries

filename (a) see below GEN1I version 1.405 1011 PS/2, DOS 3.30 see below see below

E
m

r̂

VI

:.
3-
D

J p.
n

0
J l.

f-l

^

7d

0



t'a
00

JIIll IMN IM6 I t0t tMIGM 0 111I1 M^ PIN MK 111N OAiI 11Ht M IMMUDNRfM1At lV 1Intv
Illt ilntnl) Imtl/rt/Iw01 I lnirtl)ttU
lr611 PAIINt Nut 2.Dt-02 9.aPOt 6.1p06 i.Il-0i 3.It•01 rtr 6an IrA M1,23/ 04/14/92 11140 Ifl Ii1i11ittIlitlltIll11fll I 1S0
801611 D(CAt MUCt 1.St-02 6.82-01, 1.6601 1.5t.02 1.91-01 ra len InH AH2C1 0t/Il/92 11:42 111 1I11I11tI1t11t11111Ut11 I 1S4
M02611 Oltat 16E: ).ft•03 1.01-06 2.21-09 ).1P05 3.IP02 it. lon IN: PUil2 04/14/92 11:43 fll IIIIII1t11111fItNlf1711 1 ISO
N9361t DICAt WC: I.abOt 1.1t-06 5.6t-I2 1.91-01 2.1D01 is Ien Irh tHR2 0l/It/92 11:25 Itl IIItIttlttllllllllt11111 1 ISO
Ne59H PAS1Nt WCtit 7.01-01 I.41-01 2.21-06 1.I1-05 I.II-01 rtm Ien IN: N1237 Ot/16/92 16140 111 1tII1IlIltltlllllllltllI 1 il/
2q159a 11CAt I 1NU S.II-01 2.3t-Ol 5.61•06 1.71-03 6.61^02 its Ion Ith AH211 01I16/92 Ilal llt IIIt1llttilflllllflfllll I ISO
HD29H DtCAt I Wtl: t.lt-01 1.01-06 1.71•I0 I.ll-03 1.11-02 ra 1cn Irh Pv212 (14/16192 16:4) I11 IIItI1IItIIlllllllI7flIt I ISO
N0759H D1CA1 I NUCI 6.31•0S 2.51-06 2.01-I2 6.5t-OS 7.21-0t rtot lon lrh tH242 01/16/92 16144 111 III111IIt1illtlflllt1f11 I ISO
I1e591 P6.111 MUtllt 1.21•0) I.II•0l I.ll-D/ 2.31-01 3.0-02 rtw Ien IrN NP211 04/16/9i 16:32 111 IIIIt1Illlil/ltllllif111 1 150
MD1391 DttAt IIIXU: 1.61-03 t.ll•DS t.et-06 1.71-03 2.11-02 rtw, Ian Irh AH241 04/16/97 16:31 t11 IIIIIIIItlitlitlf1/t1t11 1 150
HD2391 DICAt INtlit 3.5l•0l I.4t-01 2.61>I0 3.51-04; I.4l-01 rew lan Ir+: PU242 04/16/92 16:51 Ifl IIIIt1tI111tIf11it111111 1 151
N01S91 DICA7 NUCtII 2.01-0$ 6.It-0/ 6.11-13 2.ID03 2.J(-Dt rtm, len 116 CH212 04/16/92 16:56 111 IItIi11I17Illt11111111t1 I ISD
aP67H PAlllll NUCLIt 8.11•03 1.0t-01 2.61•06 6.S1-0) 1.21-01 rem Icn Irh NP231 Dt/16192 17:04 111 11111t11I1t111111111111t 1 ISO
NU161H DtCAt I NUC: S.9t•01 i.Il-0l 6.51•01 6.21-03 1.71-02 rew Ion Ilil AHitl 04/16/92 SI:OS 111 t111t1illtttlllf/if11112-1 ISO
Im267H DICAt I NUC: 1.7t-05 1.2t•06 9.6t•10 1.Ih03 1.2t-02 rew len bh PU212 04/16/92 11:01 111 t111tItI1tIt111111111Iti I ISO
Iro361H DluS I UUCt 2.31•05 2.91•06 2.31-12 1.51-OS 0.3I•0t re, lon Inc CHtli ot/16/92 17:06 f/l S1tIJIlm uflrl/f9If1U 1 150
H96I1 PA12M1 INCl1: 3.4•03 1.61-01 1.0[-06 3.31-03 4.61-02 rt. len Irh MP111 04/16/92 11316 111 IIlItltlllIlIftllltlllfl 1 ISO
21OI611 WAS I HOC: 2.31•03 I.11•0l 2.6t-06 2.1t•01 3.01-02 tt. Ion Irh AHitt 04/16/92 11:16 III IIIIIIIIIIillitillill/ll I ISO
HD76fl DICA1 I MUCt 5.01-.01 4.1(•0I I.Dt-10 S.01-o1 1.6P-05 rt+ Ion Idi PU2t2 04/16/92 11:19 111 IIIItIit11I111iI1t111Hf I ISO
1101671 01461 I 16K: 2.01•05 1.11•06 9.01-13 2.91'05 3.21-01 ren Ion Irh CH242 04/16/92 11:20 111 tIII111III11111111I11211 1 150

3>(a) Ille filename Is Included In the Lltle. A unique filename Is given
^ for cacll run.
m
to 8) Prepared by:
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6.2 SELECTION OF RETRIEVAL TECHNOLOGY OPTIONS
6.3 WASTE RETRIEVAL OPTIONS
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6.2 SELECTION OF RR'rurEVAL TECEvO7AGY OPTIONS

The following describes the process for selection of the retrieval technology options
evaluated in this chapter. The selection followed an extensive review of technologies in use
and under development in the mining, environmental remediation technology, and demolition
industries, and previously published studies, reports, and workshops. Other technology
options can be evaluated as they become available. Figure 6-1 identifies the technology
options and highlights those that were evaluated in this report. Appendix F provides a more
detailed discussion of retrieval technologies that were not evaluated in this chapter.

Because the retrieval function is integrated with the tank closure function, the selection
of options were chosen to satisfy a range of closure alternatives from treating the empty tank
in place to complete tank removal. Thus the initial logic pathway divided options along
either multi- or single- purpose paths where 'multi-purpose' considers options with the
capabilities for both waste retrieval and tank and soil removal while 'single purpose' options
address waste retrieval only and a limited interfaca with closure.

With respect to the multi-purpose options, two representative options were considered.
'Open tank mining' describes an array of options which rely on mobile surface or subsurface
based equipment to penetrate the tank, retrieve the waste, then remove the tank, etc. The
'large arm' refers to an option which relies on equipment, single or multiple arms, suspended
from an overhead structure to perform the retrieval/removal tasks. Both options require a
substantial confinement facility for operations. The developed technology for mining,
excavation and demolition is extensive, but it was concluded that its adaptation to the
radioactive environment would require considerable redesign and development resulting in an
exceedingly complex and potentially impractical systems. The 'large arm' supported from an
overhead trolley fitted with changeable end effectors appeared to be the most adaptable
option and was selected for the study.

The 'single purpose' options range from those technically well developed such as
dredging and sluicing to the highly theoretical such as 'waste vaporization.' Those that
required basic research and development without significant payback potential, such as 'waste
vaporization' and 'thermal shock' were disregarded. Technologies which were well
developed but found too limited or complex to apply to general retrieval use were also
disregarded. Hydraulic mining and dredging fall into this category. Each could potentially
be used for a specific waste form or tank environment but not suitable for general use.
Another category of options which incudes robotic, tunnel, and tethered mining were
disregarded because of the complexity in adapting these technologies to the radioactive waste
environment.

The 'single purpose' options carried in the report include the lonbreach arm, sluicing
and mixers (limited to DSTs only). Sluicing and mixer technologies have been previously
used and sufficiently demonstrated for all forms of tank waste. Robotic, long-reach arm
technologies, though not used on the scale or in the environment, called for here, appears to
carry the most potential in providing the flexibility and adaptability in dealing with the
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various waste forms and particularly the tank environment, i.e. in-tank hardware, access

through the tank dome.

Of particular concern with 'siuicers' and its introduction of free liquid into a tank is the

potential for leaks. From a technology standpoint, only subsurface barriers were carried as a

technology enhancement to the sluicing option. Other options which achieved 'tank sealing'

were disregarded becxuse of a lack of technical basis. Micro silica colloid addition and

permeation grouting of the tank shell were included in these options.

The options that follow the logic pathway from the 'long-reach arm' include the atray

of the major end effector technologies noted in the report. None are specifically evaluated in
the report because it is expected that in all cases some development will be necessary in
adaptation to the arm, tank waste form and tank environment. Those technologies noted
appear to have the broadest application to the retrieval task.

The options which follow the logic pathways from 'sluicers' and 'mixers' primarily

describe technologies which are used to supplement or implement the primary option
selected. They reflect technologies which can be applied in a direct manner with little
further development. Some of the technologies noted are not compatible with 'mixers', e.g.
water cannon.

6.3 WASTE RETRIEVAL OPITONS

The retrieval function is comprised of process elements required to perform the
combined waste retrieval and transfer tasks. Each element contains several selected
technologies expected to result in satisfactory performance. These elements are illustrated in
Figure 6-2 and the technologies are described in the following sections. The retrieval options
are selectively combined with transfer and confinement options described in Sections 6.4 and
6.5.

The specific areas where the retrieval function elements vary with respect to the
options listed in Figure 6-2 are as follows:

• Tank waste conveyance
• End effectors
• Tank preparation
• • Confinement
• Maneuvering and control
• Debris waste removal.

A retrieval option is identified or named by the method used to remove waste from the
tank to the surface rather than the type of end effector used to mobilize the waste. Retrieval
options with the same name can vary as to layout, method of deployment, end effector, etc.,
depending on the interfaces dictated by a particular alternative, but functionally they will
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perform the same. Due to the nature of DST wastes and the inherent advantages of

operating in double-walled tanks, retrieval methods for DSTs are limited to hydraulic options

only.

6.3.1 Single-Shell Tank Waste Retrieval Options

The following three retrieval options are assumed capable of retrieving all SST waste

forms. These options include maneuvering and waste handling systems to compliment the

retrieval methods selected. Detailed descriptions and costs of the options are located in

Appendix F.

6.3.1.1 Mechanical Retrieval. The mechanical retrieval system uses a mechanical

conveyance, such as a bucket, skip hoist, or conveyor to move waste out of the tank. The

mechanical system consists of components as depicted in Figure 6-3.

Mechanical retrieval requires an arm based maneuvering device with end effectors to

break up and mobilize tank waste remotely, move debris waste, pick up tank waste, and

deposit all waste into a bucket. When the bucket is full it is withdrawn from the tank for

load out to the tank waste transfer system. Any debris waste to be removed will use the

same conveyance system. Though a continuous conveyor may be used, the waste

mobilization process will likely be a multi-step batch process, i.e., digging, rubblizing,

pickup, deposit, transfer.

6.3.1.2 Pneumatic Retrieval. Pneumatic retrieval uses an enclosed, high velocity, air

stream to suspend the waste and carry it out of the tank. A maneuvering system similar to

the one described for mechanical retrieval is used to provide access to the waste.

The air conveyance or pneumatic system (see Figure 6-4) has three key elements: the

positive displacement blower, suction hose, and cyclone separator. The blower creates a

high velocity air stream in a suction hose. The hose leads to a cyclone separator which

removes both solid and liquid particles from the airstream. The waste is drawn into the

hose, suspended in the air stream, and transferred to the separator.

Pneumatic systems can transport considerable distances. Some water may be added to

the air stream, particularly when transferring heavy sludges, to facilitate material suspension

and eliminate plugging problems.

All equipment in the system, except the suction hose and maneuvering arm, is located
outside of the tank. This reduces maneuvering system loads and improves reliability. The

system moves any material, sludge, salt cake or debris, that can be suspended in the

airstream. Air jets, water jets, or mechanical means may be used by end effectors to break

up and mobilize the waste for transfer. Air conveyance cannot remove large debris waste.

If debris removal is required, an appropriate arm and/or end effectors suited to debris
removal must be used with a debris transfer system.
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Figure 6-3. Mechanical Retrieval.
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Figure 6-4. Pneumatic Retrieval.
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6.3.1.3 Hydraulic Retrieval. A hydraulic retrieval system uses slurry transfer (pumping)

to move the tank waste out of the tank. The equipment includes high-pressure, high-volume

water jets with associated pumping and supply systems as well as accumulation tanks and

recirculation systems. Water jet action dislodges and mobilizes the waste, dissolves or

breaks it down, and washes the waste to a slurry pump where it is pumped to the surface and

to the accumulation tanks. Here the material is staged for recirculation and eventual transfer

to storage. A key goal of hydraulic retrieval is to remove the maximum amount of waste

with the minimum amount of free liquid.

Two concepts of hydraulic retrieval are carried in the study. They differ only in how

the water jet is maneuvered within the tank. 'Limited sluicing' relies on an arm based

system (Figure 6-5) to achieve precise maneuvering of a jet and/or nozzle, while the other,

called 'large volume sluicing' or simply 'sluicing' uses individual, riser mounted devices

with more limited maneuverability (Figure 6-6). Two types of sluicers are depicted. The
first is a traditional sluicer with only vertical and horizontal nozzle rotation. The second type
is an enhanced sluicer, which offers both rotation, translation, etc.

The riser mounted system was the method successfully used in the past retrieval
campaigns noted in Section 6.1.1. As with pneumatic retrieval, hydraulic retrieval cannot
remove large debris waste.

A key issue with hydraulic retrieval is the potential for leaking contaminated liquid to
the soil. A summary of the methods for leak mitigation are described in the following
paragraphs. Further details on the mitigation methods and the implications of leaks may be
found in Appendix F.

Subsurface barriers may be incorporated with hydraulic retrieval: The barriers are
placed throughout an entire farm as part of site preparation. The barrier may not prevent
contaminants from reaching the groundwater. But it slows migration sufficiently to allow for
remediation of the contaminated soil as part of closure. Soil flushing, immobilization, in situ
vitrification and soil removal are some of the soil remediation technologies evaluated in
Chapter 13.0.

Surface or intrusion barriers may be used to prevent soil recharge and thus greatly
slow and diffuse contaminant migration. These barriers would be placed over an entire farm
site as part of a closure strategy.

Leakage from tanks may be minimized or eliminated in most tanks by operating with a
minimum free liquid depth [approximately .33 m(1 ft)]. Most SST leaks are believed to be
higher in the tank wall at past liquid/vapor interfaces.

The prevention or plugging of tank leaks is potentially the most desirable method of
leak mitigation. For example, permeation grout placed next to the UGT surfaces would
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Figure 6-5. Hydraulic Retrieval-Arm Based.
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effectively encapsulate or cocoon a tank to prevent leaks. A number of promising

technologies exist to accomplish this but, to date, none have been developed sufficiently nor

demonstrated.

It is important to note that most mitigation methods rely on an integrated strategy with

closure actions for satisfactory results. Any leak remediation whether instituted for existing

or new leaks (as the result of sluicing) must be implemented as part of an approved closure

plan. More than 2.85 x 106 L (753,000 gal) have already leaked or spilled to the soil.

6.3.2 Double-Shell Tank Waste RetrievaI Options

More than 80 percent of the DST inventory is liquid with little salt cake and sludges.

This combination of waste forms is particularly suited to the hydraulic retrieval option
previously described in Section 6.3.1.3. The DST non liquid wastes can be mobilized
through the action of liquid jets and transferred as a slurry. The double-walled tank
construction is particularly suited to hydraulic retrieval because it eliminates the potential of
leaks.

DST hydraulic retrieval carries two options: mixer pumps and sluicers. Mixer pumps
use a submerged jet to mobilize material through the mechanisms of erosion and fluid shear.
Sluicers (or monitors, as they are called in the mining industry) use a high volume liquid jet
impinging the waste's surface to mobilize material through kinetic impact and erosion.

6.3.2.1 Mixer Pumps. The mixer pump performs two key tasks with respect to waste
mobilization. It both generates the hydraulic pressure to feed integrally mounted jets to
mobilize waste, and it also recirculates liquid within the tank to maintain suspension of solid
waste until pumped. For the DST application, it is assumed four mixer pumps are used with
a centrally mounted slurry pump to transfer the waste from the tank (Figure 6-7). Because
of the difficulty expected in using mixer pumps to mobilize and remove the tank heel, small
sluicers tailored to heel removal will be integrated with all mixer pump operations.

In addition to retrieval, mixer pumps may also be used for Waste Separations as an
option called in-tank sludge washing. Because much of the DST sludges and solids are
soluble, the recirculating action of the mixer pump can perform the dissolution or 'washing'
of the waste material. This feature of mixer pumps for in-tank washing is discussed further
in Chapter 7.0. In this section, however, the evaluation of mixer pumps is made solely on
the basis of satisfying retrieval requirements.

6.3.2.2 Sluicing. As noted in Section 6.1.1, the sluicing of tank sludges is a proven
technology successfully applied at the Hanford Site. Following the removal of supernatant
via transfer pumps to uncover the sludge/solids layer, DSTs would be sluiced similar to past
sludge removal campaigns. The equipment and methods would be identical to those
employed for SSTs.
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Figure 6-7. Hydraulic Retriaval-
Double-Shell Tank bfizer Pump.
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. As with mixer pumps, some sludge washing occurs during the recirculation of liquid to

the sluicers, but this effect may not preclude the use of mixers for sludge washing.

F3.2 TECHNOLOGY SELECTlON

This section of the appendix covers the screening of retrieval technologies.drawn from

many of the previously noted documents, the TWRS technology working group andother

sources, to select a group of options for evaluation in the report. The effort is summarized

in Figure F3-1. The screening is not meant to be a comparative evaluation, nor is it based

on developed performance or cost data. Rather it is based on a general assessment of the
given technologies in light of noted functions and requirements, assumptions and key
considerations.

F3.2.1 Retrieval and Transfer Functions

The retrieval and transfer functions are introduced in Chapter 1.0 of the Technology
Options Report. Figure 173-2, sheet 1, Tank Waste Retrieval and Waste Transfer Flow
Diagram, illustrates their relationship to the other functions of the TWRS. Figure F3-2,
sheet 2, integrates retrieval and transfer with the closure related functions apart from the
TWRS mission. The functions are defined as follows:

• Retrieval-The removal of waste from an UST to the degree necessary to satisfy
governing regulatory requirements. Debris intermingled with the waste is not
necessarily considered part of the function but its retrieval could be deemed
essential or incidental to the satisfactory completion of the task.

• Transfer-The transfer of UST waste from the tank site to suitable storage
andlor transfer to waste separations. The transfer of debris is considered
incidental to the primary transfer function.

Most of the. previously noted studies and reports view waste retrieval as a standalone
task. The Tank Waste Technical Options Report views retrieval and transfer as integrated
functions within an overall tank farm closure strategy. Thus, efforts were made to focus on
concepts and apply technologies which could both stand alone and be integrated to the benefit
of both retrieval and closure functions.

Because closure criteria were (and remain) undefined, these concepts embraced a broad
set of closure scenarios from in situ stabilization of tanks and contents, to removal of tank
contents, tank structures, and surrounding soils. However, with closure no longer within the
scope of the TWRS mission, some of the technologies may appear inappropriate, particularly
those suited to an integrated retrieval/closure strategy. This issue should be noted as the
appendix is read.
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A number of the previously noted documents carry retrieval functional hierarchies,

breakdowns, and analyses. Various performance criteria and requirements and constraints

are identified as well. And, of course, a wide range of conclusions and recommendations are

presented as a result. In the Preliminary Report of the Retrieval Sysrems Assessment Team

(Bustard et al. 1992) a number a spread sheets were developed which attempt to quantify and

summarize the wide range of findings presented in these past works.

The most notable difference between these past efforts and the current Report is the
framework used to couple the retrieval and transfer technology options to an overall TWRS

strategy.

F3.2.2 Requirements, Assumptions, and Considerations

The original functions and requirements document (Boomer et al. 1990) was used as

the basis for narrowing the range of technology options considered. A more recent functions
and requirements document (Lowe 1993), prepared to support TWRS, follows an alternate
approach, but in the area of retrieval and transfer many of the constraints and bounding
criteria remain unchanged; i.e. Tri-Party Agreement milestones, DOE orders, and
environmental regulations. Thus, the impact on the technology selection appears minimal.

Assumptions were also required to enable the comparison of options, to develop cost
estimates, performance evaluations, etc. In some cases these are supported only by
engineering judgment without a strong technical basis.

Many of the documents noted in Section F3.1, particularly those written after 1989,
identify retrieval requirements and similarly develop assumptions. Those found in Single-
Shell Tank Waste Retrieval Requiremenrs (Krieg 1990) were used as a basis for the work
done in this appendix. Notable additions and exceptions are described in the following
paragraphs. These coupled with the previously noted functions and requirements formed the
basis of the technologies selected for the report.

F3.2.2.1 Schedule. Following the Tri-Party Agreement Milestone M-09, it is assumed that
all SSTs are closed by the end of FY 2018. The start of production retrieval is consistent
with another Tri-Parcy Agreement milestone M-08 and start of FY 2005. As the baseline
duration for retrieval of all SST farm, 10 years was chosen.

It is also assumed that closure activities (following retrieval) will begin by the start of
FY 2008. This will allow approximately 10 years to perform closure of the tank farm sites,
with three years unencumbered by retrieval activities.

As a schedule basis for DST retrieval it is assumed that retrieval will take 5 years
without a defined start or completion date. No credible DST retrieval schedule has been
developed as of this writing. Priority lists have been prepared, but no negotiated milestones
have been finalized with respect to DST retrieval or closure.

B-20



WHC-SD-WM-EV-106 Rev 0

F3.2.2.2 Production Rates. Production rates of the reirieval and transfer functions are

assumed to be consitaitted by the above schedule dates and interfaces with downstream

separations and closure functions. The overall campaign retrieval rate for SST farms is

assumed to be 64 m'/day (16,900 gal/day) based on a total operating efficiency of 60

percent. For DST farms the campaign retrieval rate is 84.9 m3/day (22,410 •gal/day) based

on 60 percent total operating efficiency.

These values represent overall campaign rates and do not reflect individual unit

production rates. As an average rate there is no distinction between the waste form

retrieved; slurry, supernatant, sludges or salt cake. The retrieval rates for a given retrieval

technology and waste form will be found with the technology descriptions in Sections F4.0

and F5.0. Also note that any debris removal associated with waste retrieval activities will be

performed without penalty to these average retrieval values.

P3.2.2.3 Separations Interface. All retrieved waste which is transferred to the separations
function will be conditioned to a pumpable form and blended to a 5M sodium solution
carrying no greater then 10 percent solids. . Particle size will be limited by total solids
content and settling velocities which is not considered a major constraint.

F3.2.2.4 Closure Interface. It is assumed that following retrieval, closure activities will
proceed without any impact
activities will be conducted simultaneously with retrieval operations within the same farm.

F3?.2.5 Universal Application. A wide variability of waste forms and properties are
known to exist in the USTs. Different retrieval technologies and systems tailored to specific
waste forms would add considerable complexity to the retrieval mission, particularly where
multiple forms exist in the same tank. Therefore it is important that the technology(s)
selected are universally applicable to all USTs. It is assumed that any variations in tank
waste properties or tank conditions are accommodated to acceptable degrees by any of the
technology options to be carried in the report. This assumption does not apply to specific
'tools' tailored to a specific waste form. In this context, the 'tool' is considered only an
element of a broader or baseline retrieval technology or system.

Waste tank decontamination and tank waste characterization are not considered part of
the waste retrieval task. Technologies and systems developed to perform these tasks are not
to be considered 'retrieval systems.' Though it may be desirable to integrate these tasks into
the retrieval mission, for a variety of reasons they remain outside the retrieval function.
Waste tank decontamination is tied to closure and is driven by the determination of
acceptable waste residual levels. Characterization is driven by established Tri-Party
Agreement agreements and other regulations.

F3.2.2.6 Technical Maturity. Because of the methods used in developing cost and
schedules used in the evaluation, candidate technologies must be developed beyond the
conceptual or idea stage to be considered for the report. As a practical consideration, if a
technology does not have a sufficient technical basis from which a credible process or

to ongoing retrieval or transfer functions. If necessary, closure
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equipment description can be prepared and estimated, it is not considered. Selected

technologies introduced as enhancements to primary or baseline technologies must also be

viewed from the tnaturity standpoint, particularly if it's key to the success of the supported

baseline technology.

Technical maturity is also used as an evaluator in Section F9.0. But, in that

application, it is used as a tool for evaluation rather than screening.

F3.2.2.7 Complex Infrastrudure. Many candidate technologies for waste retrieval are

considered mature from an indusirial standpoint. However, their application to production
within the radioactive and hazardous waste UST environment may be new and unproven.

Where technologies are expected to be exceedingly complex and/or require significant
infrastructure, without compensatory payback through performance, they are not considered

for evaluation.

F3.2.3 Candidate Technologies For Retrieval

The descriptions of technologies and discussion of the pros and cons can be found in
the TWRS National Technology Workshop report (WHC 1992) with more detailed
information on some concepts found in Single-Shell Tank Waste Retrieval System Concept
Review (Wellner 1991) and other predecessor documents.

In applying the screening process, a distinction was first made between retrieval
systems in terms of the original functional breakdown of the mission. A system which could
be adopted to both retrieval and closure functions is considered a multi-purpose system.
While a system which could only be applied to the retrieval function is call ed single purpose.
The current TWRS mission presently emphasized the single-purpose pathway. Figure F3-1,
Retrieval Technology Options, identifies the technologies carried in the report, those
rejected, and notes the primary basis for rejection.

Those selected for the report are the following:

• Multi-purpose technologies

Large robotic manipulator arm (SSTs only)

• Single-purpose technologies

Long reach robotic manipulator arm (SSTs only)

Sluicing with slurry pump removal with/without barrier enhancement

Mixer pumps with pump retrieval (DSTs only).
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Additional technologies are illusttated in Figure F3-1 as sub-functions of the selected

baseline technologies noted above. They represent an anay of technologies which, as a

group, are essential to the satisFactory performance of the baseline technology, but note that

no 'one' technology is singularly critical. The current viability of these technologies varies

considerably and the listing is not intended to be all inclusive. Many of these are described

in detail in the above references and considerable detail in the following sections.

F3.2.4 Candidate Technologies for Transfer

Much of the work done in previous studies and workshops did not view waste transfer

as a separate, standalone function. It was considered a sub-function which was typically

satisfied through pumping technologies, i.e., trash pumps, slttrry pumps, piston pumps. In
many retrieval concepts, little mention is made of transfer at all. The prevailing presumption
was that tank waste already was, or could easily be, conditioned into a pumpable product.

For the report, which views waste transfer as a separate function, three technologies

were initially identified for screening: container, slurry (pump), and conveyor transfer.
Based on the general requirements and constraints noted in Sections F3.2.2 it was concluded
that conveyor transfer would be most difficult to apply universally to all waste forms and
exceedingly complex in implementation.

Conveyor technologies suitable for solids such as.belt, bucket, vibratory and
differential friction conveyors, were found unsuitable for sludges and more dilute wastes.,
Few conveyor technologies were found suitable for sludges and more dilute wastes. Bucket
conveyors and variations of pressurelvacuum conveyors appeared to be marginally acceptable
for some sludges, but were not considered practical for the broader range of 'wet' solids or
more dilute wastes.

In general, it was thought that without significant waste conditioning, i.e., delumping,
evaporation, drying, size classification, and reduction, conveyor transfer could not
satisfactorily handle the waste forms expected. But, more importantly, the complexity of
implementing a conveyor system transporting high exposure, hazardous wastes for the
distances expected appeared as insurmountable obstacles. For these reasons, conveyor
transfer was dropped from further consideration and container and slurry transfer remain as
the technologies carried in the report.

F3.3 RETRIEVAL AND TRANSFER FUNCTION ELEMENTS

The retrieval and transfer functions are comprised of process elements which constitute
the integrated retrieval and transfer tasks. These process elements are illustrated in Figure
F3-2, which is a block diagram joining the process elements by applying the decision logic of
various retrieval options. The following section describes the elements in detail and the
various decisions points associated with the option logic.
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F3.3.1 Site Preparation

Regardless of the baseline retrieval options selected, some level of tank site preparation

will be necessary. If significant facility iafrastructure must be constructed to support

retrieval, it is likely that ezisting surfaca and sub-surface structures, i.e, pits, encasements,

electrical services, will require removal prior to construction. The process will produce

waste which must be classified, properly packaged, and stored and/or disposed.

F3.3.2 Support Services

The retrieval operation will require significant service support in the form of basic

utilities and as-low-as-reasonably achievable (ALARA) controls i.e., decontamination,
ventilation, shielding, and confinement. To provide these services for some retrieval options
may require substantial support facilities. Needed seavices may also require additional access
to the tanks in the form of additional and/or larger penetrations and risers for ventilation,
instrumentation, and monitoring.

F3.3.3 Tanlc Penetrations

In addition to satisfying basic service requirements, the selected baseline retrieval
technology may also impose modifications to the tank dome. Large penetrations may be
required to handle retrieval arms or multiple penetrations may be required for sufficient tank
access for a retrieval unit. Debris materials generated during the dome modifications would
be classified, packaged, stored and/or disposed or placed in the tank for disposition at a later
time with other in-tank waste.

F3.3.4 Control System

A control system commensurate with the complexity of the baseline retrieval unit will
be used. The system provides a hierarchy of controls which may range from basic manually
directed functions to fully automated sequences and integration with balance of plant
services. -

F3.3.5 Maneuvering System

The maneuvering system provides for the deployment and in-tank movement of waste
mobilization devices. Single-purpose systems, such as mixers and sluicers, have no need for
a maneuvering system while maneuvering is integral with all ann-based systems. In this
process element, rotation or single-degree movement of nozzles is not considered
' maneuvering.'
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F3.3.6 In-Tank Debris

Debris in the form of failed equipment, miscellaneous hardware, tools, and fuel

assemblies located in the USTs will be encountered during retrieval activities. Arm-based

systems will have the maneuvering ability to deal with debris (i.e., displace, remove).

Sluicing systems must rely on other systems or strategies in dealing with debris. An

exceedingly small volume of this material exists.

F3.3.7 Barriers

Barriers offer the capability to arresi or slow the movement of soil borne contaminants

to the groundwater. Retrieval systems which could precipitate the release of contaminants
through tank leaks to the groundwater, may require barriers to achieve acceptable
environmental performance.

F3.3.8 In-Tank Conditioning

Waste must be mobilized and placed in a form or condition such that it can be removed
or transferred from the tank. Methods and hardware to accomplish this are tailored to the
various waste forms.

F3.3.9 In-Tank Transfer

Following mobilization of the waste and its conditioning, if necessary, it must be
removed from the tank. The methods to accomplish this are generally limited by the waste
form and rely on particular waste properties, i.e. size, density, and percent liquid. Waste
transfer following removal from the tank, is similarly influenced by the properties of the
retrieved waste. Generally a pumpable waste would favor slurry transfer; a solid or debris
waste would favor container transfer.

It should be noted that only slurry transfer is recognized as the interface with the
downstream separations function. Though solid waste may be transferred from the tanks by
containers or casks it must be conditioned either locally at a farm site or central location and
ultimately transferred as a slurry.
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7.1 SELECTION OF SEPARATIONS TECHNOLOGY OPTIONS

This section describes the selection of separations technology options for evaluation.

The separations technology options discussed in this chapter are made up by combination of

individual unit processes to attain the overall process desired. The individual unit processes

were initially identified by literature reviews of radionuclide separations processes. . Unit

processes were then selected from the identified processes based on technology demonstration

status.

7.1.1 Identification of Unit Separations Processes

Unit radionuclide separations processes are shown in Figure 7-2, Separations

Technology Processes. Unit processes used in the separations technology options are

identified by the heavy lines and are discussed in Sections 7.2.1 through 7.2.11, and

Appendix G. Unit processes not used in separations technology options are identified with

light lines and a note explaining the reason for rejection. More detailed discussions of the

rejected technologies with references are provided below and in Appendix G.

The organization of Figure 7-2 follows treatment of tank wastes with pyrochemical,

aqueous acidic, or aqueous allcaline processes. Following are the criteria for selection or

rejection of the aqueous processes shown in Figure 7-2. Additional details are provided in
Appendix G.

7.1.1.1 General Criteria. For plant-scale nuclear applications, continuous countercurrent
liquid-liquid solvent extraction processes, when available, are generally preferred over ion
exchange, precipitation or extraction chromatographic processes. Over 40 years of
successful experience in the United States and elsewhere demonstrate that liquid-liquid
solvent extraction processes can be operated on a large scale to accomplish, routinely and
satisfactorily, high throughput nuclear separations. in well-established and readily available
contacting equipment.

In those cases where solvent extraction technology is either not available or, for some
reason, not desirable; fixed-bed ion exchange processes are usually preferred over either
precipitation or extraction chromatographic processes. Fixed-bed load-wash-elute ion
exchange processes were successfully used on a plant-scale at the Hanford Site to separate
megacurie amounts of 117Cs. Precipitation processes also have been used at Hanford for
separation of plutonium, `Cs, "Sr, and fission product rare earths.

Precipitation processes are batch rather than continuous processes; simple batch
precipitation processes typically are incapable of removing > 99 percent of a particular
radionuclide or group of radionuclide and also do not provide acceptable decontamination of
separated radionuclides from contaminants. Extraction chromatographic processes are useful
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for small volume highly specialized separations, e.g., trivalent actinides from trivalent rare

earths, but because of capacity and selectivity limitations, are not particularly useful for

handling large volumes of feed.

7.1.1.2 Separation of Radionuclides from Acidic Wastes.

TRU Elements and Technetium-99-For reasons already stated, liquid-liquid

extraction processes are preferred over precipitation (e.g., oxalates or fluoride) processes or

extraction chromatographic processes for separation of TRU elements from acidified wastes.

Bifunctional extractants, e.g., carbamoylmethylene phosphine oxides (CMPO/ or diamides)

are much preferred over monofunctional reagents such as dibutylbutylphosphonate because

they efficiently extract Am3' as well as +4 and +6 actinides from strongly acidic, i.e.,

> 0.5M HNO3 feeds. For several reasons, e.g., commercial-availability, ability to co-extract

99Tc, decontamination potential, etc., one particular CMPO, namely octylphenyl-N, N-
diisobutylcarbamoylmethylphosphine oxide, is the currently preferred TRU element

extractant.

Strontium-90-Processes which effectively and selectively remove 'Sr from strongly

acidic solutions are difficult to devise. The currently best available technology appears to be

the SREX process, a solvent extraction process employing as the extractant a commercially-

available crown ether diluted with n-octanol or TEP and NPH. The SRHX process is highly

selective for Sr" over a wide range of feed acidities; only Ba2+ co-extracts to any extent.

Dilute NHO3 solutions readily strip Sr+ from the solvent.

Two other processes are potentially available for separating "Sr from acidic media.
One of these is the dicarbolide solvent extraction process long studied by both Russian and

Czechoslovakian scientists. According to these investigations, dicarbolides effectively and

selectively extract both Cs* and Sr" from acidic media provided a polyglycol is added to the

feed. A major, perhaps insurmountable, disadvantage of the dicarbolide extraction process is

that the required diluents are nitrobenzene or chlorinated benzenes. Such toxic diluents are

no longer acceptable for use in U.S. nuclear separation plants.

Crystalline polyantimonic acid also effectively and selectively sorbs 90Sr from nuclear
acidic wastes. The principal disadvantage to this ion exchanger is that no single and
inexpensive way of eluting sorbed 90Sr is known. There are also concerns about the
commercial availability of plant-scale quantities of crystalline polyantimonic acid.

Cesium-137-A need to remove "'Cs from acidic waste solutions has not been
established. If such removal i5 required from some acidic solutions, the simplest procedure
is to adjust the acid waste to pH 9-10; after prior removal of TRU elements and 'Sr, and use
well-known ion exchange materials and procedures for removal of "'Cs.

Subject to the limitations discussed earlier a batch precipitation of cesium
phosphotungstate (PTA) could be used to remove about 95 percent of the "'Cs directly from
the acid waste. Alternatively, it may be feasible to remove "Cs from the acid waste by
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means of the cesium-strontium extraction process. The latter is a solvent extraction process

currently just under development at the Argonne National Laboratory; the extractant is a

commercially-available crown ether. Crystalline sodium titanate has also been reported to

sorb "7Cs from acidic media. Applicability of this solvent to Hanford Site acid wastes needs

to be determined.

7.1.1.3 Separation of Radionuclides from Alkaline Wastes.

Technetium-99-The classic and preferred way of removing "Tc from alkaline waste

solutions is to selectively sorb it, as TcO., on a strong-base organic ion exchanger. Sorbed

"Tc can be eluted with 6M HNO3 solution.

Various organic compounds, e.g., cyclohexanone, pyridine,'tetra propylammonium

hydroxide, are known to extract "Tc from alkaline wastes. Of these reagents, cyclohexanone

appears most promising and has been studied on a bench-scale with actual Hanford wastes.

Further work including pilot-plant scale tests with the cyclohexanone extraction process are
required to determine the extent of emulsion problems in solvent extraction of the alkaline

waste solution.

Cesium-137-Organic cation exchange resins were employed very successfully at

Hanford on a plant-scale for many years to remove `Cs from alkaline wastes. Such
technology using newer resins, e.g., CS-100 or a resorcinol-based exchanger developed at
the Savannah River Site is still the prefetred technology for removing `Cs from alkaline
tank wastes.

Alternative methods for removing 'Cs from alkaline solutions all appear to have
disadvantages compared to well-established ion exchange technology. Thus, various
precipitation agents; e.g., tetraphenyl boron, nickel ferrocyanide, etc., must all be applied on
a batch basis and, in a single precipitation step, may not give required yields. Furthermore,
downstream treatment of the Cs-laden precipitates involves potential safety hazards.
Candidate solvent extraction processes employing such extraction as BAMBP, dipicrylamine,
polybromides, and crown ethers have not either been fully developed or require use of toxic
diluents such as nitrobenzene.

Destruction of Organic Compiexants-Leading candidates for organic destruction
include heat and digest, supercritical water oxidation (SCWO)', and incineration. In-tank
digestion will degrade components that result in hydrogen generation; (e.g., HEDTA).
Incineration and SCWO will degrade organics to COz + H20, and will also result in
precipitation of90Sr and TRU elements: Other candidates, including wet oxidation and steam
reforming, may be competitive with SCWO but need further development.
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7.1.2 Combination of Unit Processes Into Technology Options

The unit processes selected on the basis of technology status are combined into five

basic processing options with different levels of separations performance.

i. In-Tank Sludge Washing-Transfer waste to double-shell tanks (DSTs) where

supernatant is decanted and sent to onsite disposal. Wash the remaining solids

and then decant the soluble components to onsite disposal. Treat the washed

solids for offsite disposal. Two levels (A and B) of radionuclide removal are

defined.

2. Sludge Washing-Separate solids or sludges from supernatant liquids and wash

solids with dilute caustic to remove soluble salts. Treat the insoluble solids for

offsite disposal. Four levels (A, B, C, and D) of radionuclide removal are

defined.

Solvent Extraction (TRUEX) Processing-Separate solid and liquid (sludge

washing) and further reduce waste solids requiring HLW treatment by acid

dissolution of the sludges. The TRUEX process results in an approximate factor

3 reduction in volume of glass for offsite disposal. Transuranic components are

removed from the acidic waste for treatment and offsite disposal. Four methods

or levels (A, B, C, and D) of supplemental radionuclide removal are defined.

4. Clean-Separate solid and liquid fractions and further reduce waste solids

requiring BLW treatment by (a) caustic and multiple acid leaches of the sludges,

(b) extraction of radionuclides from aqueous solutions, and (c) separate inert

elements from recovered radionuclide fractions. The goal of the Clean process is

to reduce HI.W to less than 1,000 canisters, produce a Nuclear Regulatory

Commission Class A LLW grout, and destroy organics and nitrates in the grout

feed. - -

No separations-No chemical or radionuclide separations are performed.

Figure 7-3, Waste Separation Technology Options, shows the 11 separations
technology options and the no-separations option. ..

Radionuclide and chemical separations performance summaries for the 11 separations

processes and the no-separation option identified above are provided in Tables 7-1 and 7-2,

respectively. Summary prbcess descriptions and flow schematics for the 12 separations

technology options shown in Figure 7-3 are provided in Section 7.2. Detailed process

descriptions, process bases and assumptions, flowsheets containing process flow diagrams

and mass balances, generic TRUEX model output, equipment lists, and facility layouts are

presented in Appendix G for the two in-tank sludge wash, the four sludge wash, the four
TRUEX, Clean, and the no-separation options.
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FbouTe 7-3, Waste Separations Technology Options.
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Table 7-1. Radionuclide SeparationsSummary.
' Radionuclide separations to onsile JlsrUsal , percent of DST and SST waste inventory

Separations process option

Radionuclide
In-Tank
Sludge
Wash A

In-Tmok
SluJga
Wash p

Sludge
Wash A

Sludge
Wash 0

Sludge
Wash C

Sludge
Wash D

' Solvent
Extraction A

Solvent
Extraction D

Solvent
Extraction C

Solvent
Extraction D

Clean

I

No
separations,

offsile
disposal

Antericinm 5 5 5 5. 0.1 5 5 1 1 5 WIr 0
Cesium 89 I 89 I. 1 I I 1 I 1 WIP 0
Plutonium 4 4 3 3 0.1 3 4 I 1 4 WIP 0
Strontium 2 2 I I 0.1 I 2 I 1 2 WIP 0
Tecltnetium 77 77 77 77 : 1 I 79 10 I 1 1 0
Uranium 6 G 6 6 U.l 6 6 I I 86 WIP 0

!7

^

^

^

^

<
0

Us t = uuume-sneu tenK

SST = Single-shell tank

WII' = Work in progress



'I'abic 7-2. Chemical Separations Summary.

^-.
.P.

Chemical ecparations to onsite disposal, percent of DST and SST inventory

Separations process option

Component
In-Txnk
Sludge
Wash A

In•Tank
Sludge
Wuh B

Sludge
Wash A

Sludge
Wash B

Sludge
Wash C

Sludge
Wash D

Solvent
Extraction A

Solvent
Cxtraction B

Solvent
Extraction C

Solvent
Extraction D

Clean
No aeparations,
offsite disposal

Aluminum 54 54 53 53 37 53 87 87 85 87 WIP 0

Bismuth 25 25 25 25 0 25 76 71 68 76 WIP 0

Calcium 7 7 6 6 0 6 90 91 90 90 WIP 0

Cadmium 21 21 21 21 0 21 86 86 82 86 W1P 0

Cerium 2 2 1 1 0 1 2 ( 1 2 WIP 0

Chromium 24 24 24 24 0 24 92 92 90 92 99 0

Iron 2 2 1 1 0 1 105 296 116 101 WIP 0

Manganese lI . 11 10 10 10 10 91 91 91 91 WIP 0

Nickel . 1 1 0 0 0 0 1 1 1 I W1P 0

Phosphorus 51 51 . 51 51 51 51 95 97 95 95 WIP 0

Silicon 3 3 2 2 2 2 10 10 10 10 WlP 0

Sodiutn'L 99 102 98 106 ItI lll 130 326 140 135 WIP 0

2irconium 3 3 2 2 2 2 92 92 92 92 WIP 0

Nitrite 100 100 99 99 99 99 99 0 99 99 WIP 0

Nitrates 99 100 99 106 102 106 142 468 148 142 5 0

Sulfate 98 98 98 98 98 98 100 100 (o0 100 WIP 0

'Additional sodium and NOs added for cesium ion exchange processing.

'Additional sodium and NO, added for transuranic extraction, strontium extraction, and cesium ion exchange processing.

DST = Double-shell lank

SST = Single-shell lank

WIP = Work in progress

n
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7.1.3 Other Separations Technology Options

Other separations technology options have been identified with potential benefits that

are currently under research and have an incomplete basis for full development of the

flowsheet and facility requirements in this draft. As the technology is defined, the other

separations technology options may be included as evaluated options. The separations

technology options with incomplete definition include calcination/dissolution, fractional

crystallization, radio frequency (RP) plasma torch/plasma centrifuge, and in-tank separations

processes.

7.1.3.1. Calcination/Dissolution. The calcination/dissolution approach involves heating

tank waste in excess of 800 °C (1,472 °F) to destroy organic, ferrocyanide, and

nitrate/nitrite compounds, and subsequently leaching the residue with water to remove all

soluble materials. The solid residues produced during the thermal treatment consist primarily

of sodium hydroxide, aluminum compounds, and metal oxides. Because the water leach will

dissolve the NaOH, the aqueous treatment is, in reality, a strong caustic dissolution which

also dissolves the aluminum as sodium aluminate. An added benefit is derived from the fact

that the transuranic elements will remain with the undissolved fraction, which produces a

natural HLW/LLW split.

Previous attempts at calcining high sodium material using conventional calciner

concepts (i.e., rotary kiln, spray tower, and fluidized bed) have had limited success due to
the molten material plugging the reactors. A large scale, plasma arc demonstration

successfully calcined 3,000 lbs. of simulated Hanford tank waste continuously without ..

plugging at the Westinghouse Science and Technology Center, in support of the
calcination/dissolution project. This demonstrates that large scale, high throughput,
calcination of high sodium wastes is possible. However, calcination consumes electrical

energy, requires offgas handling of volatile and entrained material, and uses equipment that
must withstand high temperatures and corrosive environments.

Initial calcination/dissolution scoping tests using radioactive 101-SY and 110-U tank
waste samples confirm that the bulk non-transuranic material is separated from the insoluble
transuranic contaminants. The material that dissolved contained < 1 nanocurie
transuranic/gram, which is well below the 100 nanocurie transuranic/gram limit.

The degree to which the aluminum compounds can be solubilized depends on the Na-
to-Al ratio. If the sodium concentration is low, incomplete conversion of aluminum results.
Subsequent water leaching will leave substantial quantities of aluminum in the remaining
solids. This ' effect was noted in the above tests where a large portion of the aluminum did
not dissolve. The two tests did not target aluminum dissolution and several alterations to the
original test procedure are planned. _

Calcination/dissolution may provide a means to further reduce the transuranic volume
planned for disposal. The chrome, iron, and nickel in the residue might be reduced to
produce a non-TRU metal capable of direct disposal as LLW. The unreduced material would
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be subjected to the same aqueous leach as described above. Removal of the transition metals,

aluminum, and sodium should reduce subsequent canister count to levels similar to solvent

extraction expectations.

7.1.3.2 Fractional Crystallization. Fractional crystallization is used to purify water soluble

compounds by controlled growth of solids from a supersaturated solution. Purification

occurs by rejection of impurities at the liquid/solid interface. This kind of purification

rejects impurities which are incompatible with the growing crystal because of atomic size,

charge, or molecular state. Because of this, crystallization rejects almost all contaminants to

the liquid phase while producing very pure solid materials.

The crystallization approach presents a new way to reduce radioactivity in grout feed

or, in the ultimate, to produce salts sufficiently pure to release from administrative controls.

However, crystallization will always leave a residual liquor which is rich in the contaminants
rejected during crystal growth. These residual liquors can be treated by conventional means
or concentrated further and fed to the HLW waste stream. Much additional work is needed
to establish the degree to which crystallization can be used on tank wastes, but a large
fraction of the soluble compounds should be considered as being treatable by crystallization.

The fractional crystallization process has limited laboratory data with actual tank waste
to develop a flowsheet. A pre3.iminary flowsheet goal developed for treatment of LLW liquid
from sludge washing requires a filtered, clear solution for feed and produces about 90
percent of the sodium salts in the waste as nonradioactive purified salt. A salt splitting
process is required to separate sodium nitrate into caustic and nitric acid. This commercial
splitting process would use part of the recovered salt. About five stages of crystallization
and filtration will be required to achieve nonradioactive status. Fractional crystallization has
been widely used for commercial purification of nitrate salts. This commercial experience
can be used for a projection of approximate equipment requirements, however, no such
projection has been done.

7.1.3.3. Radio Frequency Plasma Torch/Plasma Centrifuge. The RF Plasma
Torch/Plasma Centrifuge (PT/C) process is a newly emerging system currently under
development for material dissociation and mass separation application on complex feed
streams. The PT/C system consists of two main components: an RF-induced plasma torch
disassociator and an electro-magnetic (E cross B) plasma centrifuge. The RF torch uses inert
gas ionized by RF inductive heating to create a plasma dissociation zone with electron
energies in the 1-10 eV range. This plasma zone is of sufficient size and temperature to
dissociate compounds in the feed stream into their constituent elements, with partial
ionization of these elements). The product from the RF torch flows into the plasma
centrifuge, where an electro-magnetic torque causes the partially ionized plasma stream to
rotate at high tangential velocities. Collisions of the rotating plasma with the un-ionized
elements induces all of the material within the centrifuge to rotate: thus enabling heavy mass
particles to be separated from lighter mass particles.

{
^
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Although RF induced plasmas have been used for a variety of small-scale, low-pressure

research applications: the ability to produce large-scale, high-pressure RF plastnas has only

recently been achieved. The use of plasma centrifuges for mass separation has also been

studied, primarily for isotope separation at low pressures. Meraing of these two plasma

method into a PT/C system is a new concept that offers a number of advantages over other

separation techniques. Firstly, this system does not require any chemical preprocessing of

feed material provided the particle size is small enough. Secondly, only partial ionization of

the material stream is needed to obtain high spin velocities; and thus the neutral reactant

elements are not too greatly heated. Thirdly, this technology is based completely upon the

electro-magnetic manipulation of the materials: and thus has no moving parts. Moreover, the

RF torch antenna are outside of the plasma zone container, and thus are not exposed to the

waste stream unlike the electrodes in some dc arc torch systems).

Preliminary calculations have been performed for a PT/C system application to the

Hanford Site single-shell tank (SST) waste strearn (of approximately 200,000 Mg, including

added water), by assuming that a PT/C system would be capable of complete dissociation of

the input feed and a 99 percent separation efficiency of all elements above 80 atomic mass

units (amu). These calculations indicate that such a process would result in approximately

6,000 canisters of HLW. Because of a relatively large mass differential between waste

stream elements, a high separation efficiency is possible within a single stage. However, a

number of different phenomena may have a tendency to reduce this separation efficiency.

One such phenomenon is related to the interaction of particles within the centrifuge. Particle

collisions and momentum transfer, which induces the spinning within the centrifuge, may

result in the recombination of lighter elements into particles having effective masses greater

than 80 amu. These particles will be separated along with the heavier elements, thus

reducing the overall separation efficiency. The centrifuge design will most likely be one

which balances an optimal separation efficiency against a reasonable throughput. Additional

research and development is necessary to predict accurately the number of separation stages

which will be required to process all of the tank waste.

Estimates of PT/C unit size and throughput are as follows: A 1 MW (megawatt) PT/C

unit would be approximately 1.5 m (5 ft) in diameter and 9 m(30 ft) long. (These are rough

dimensions of a basic unit, not including the necessary external power supplies, vacuum

system pumps, and cooling system pumps.) Such a device may be capable of processing

approximately 500 kg of waste per hour. At this rate, 20 units operating at 50 percent
availability would be able to process all of the SST and DST waste (assuming 345,000 Mg

total waste) in 7-8 years. The method of collection for both the light and heavy streams still

need to be developed. One proposed method for collecting the HLW stream is the use of

removable cylindrical liners located on the inside walls of the centrifuge. Depending on the

amount of material collected, these liners may,require replacement at intervals of 1/day to

1 /week.

The separation plant will probably be a large canyon type facility utilizing numerous

process cells for remote PT/C operation and maintenance, remote heavy stream product

handling, remote light stream product handling, and associated remote solid and liquid
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effluent handling. This facility will require the support of other Hanford Site waste handling

operations. Integration of this facility with Hanford Site waste handling operations is shown

in Figure 7-4.

7.1.3.4 In-Tank Separations Processing.

The performance of the onsite disposal waste form can be improved by removing

TRU, 90Sr and "Tc from alkaline waste solutions. The concentrations of TRU and 90Sr are

high in some alkaline'wastrs because these radionuclides exist as soluble complexes with

organic chelating agents. Technetium is present as the soluble TcO4' anion. Methods for

removing these radionuclides from alkaline Hanford waste solutions are not well developed;

however, initial scouting tests are underway. Further testing is warranted because of the

possibility that simple carrier precipitation or scavenging methods could potentially be

performed in-tank. Appendix B discusses technology development requirements for these

processes. Following are brief descriptions of candidate methods that should be evaluated.

Hydroxide Adjustment for Precipitation of TRU and90Sr-Ryan (1992) reviewed

tank waste sample characterization data that suggest possible TRU element precipitation from

complexed wastes with increasing free hydroxide concentrations. Addition of hydroxide will

likely also reduce 90Sr solubility. Laboratory tests should include addition of scavenging

agents such as Fe'+ to promote rapid precipitation.

Sulfide Precipitation of'9Tc-Small concentrations of sulfide have been shown to

precipitate Te(VII) as Tc2S7which is extremely insoluble (O'Kelley 1987). Technetium is

also strongly sorbed by antimony sulfide, and FeZ* bearing sulfide minerals (BoCk et al.,

1989), thus promoting consideration of sulfidic compounds for repository backfill minerals.

Tests need to be performed with actual waste solutions to assess precipitation methods and

the use of preformed scavengers (e.g., sulfide minerals) for removing 'Tc from alkaline

wastes.

Strontium Isotopic Swamping-Alkaline wastes containing soluble sulfates or

phosphates will upon addition of inert Sr(NOj)z, form insoluble Sr3(PO4)2 or SrSO4
precipitates. Formation of these precipitates will likely result in isotopic exchange and co-

precipitation of 'Sr held in solution as soluble complexes with organic chelating agents.

This isotopic swamping or dilution technique in conjunction with addition of hydroxide

(described earlier) could significantly reduce the90Sr content in complexed wastes.

Selective Removal of Certain Non-Radioactive Components-Many of the solid

fractions of DST and SST wastes contain large amounts of aluminum and phosphorous that

limit glass waste loadings and result in large numbers of HLW glass canisters. Known

chemistry suggests that leaching of tank sludges with a warm NaOH solution would dissolve

hydrated aluminum oxide and metathesize phosphate precipitates to hydroxide precipitates

and soluble Na3PO4. This process is being performed at the Savannah River Site (SRS) to
reduce the volume of feed to the glass melter at the Defense Waste Processing Facility.

(
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Figure 7-4. Radio Frequency Plasma Ceatrifugo Flow Schematic.

FIGURE NOT AVAILABLE
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However, for aged Hanford wastes, much of the aluminum may be present as gibbsite or

bachmite, aluminum hydroxide minerals that are relatively insoluble in alkaline solutions.

None of the above candidate processes have been demonstrated with Hanford Site

wastes to an extent that process flowsheet conditions, process throughput rates, or separation

efficiencies can be defined. Thus, these processes are not evaluated in this report as

candidate waste separation technologies. The In-Tank Sludge Wash processes defined in this

report will be modified as laboratory data become available.

G1.1 SELECTION OF SEPARATIONS TECHNOLOGY OPTIONS

This section describes the selection of separations technology options for evaluation.

The separations technology options discussed in this appendix are made up by combining

individual unit processes to attain the overall process desired. The individual unit processes

were initially identified by literature reviews of radionuclide separations processes. Unit

processes were then selected from the identified processes based on technology demonstration

status.

Gi.1.1 Identification of Unit Separations Processes

Unit radionuclide separations processes are shown in Figure G1-1, Separation

Technology Options. Unit processes used in the separations technology options are identified

by the heavy lines and are discussed in Sections G1.1.1.2 and G1.1.1.3. Unit processes not
used in separations technology options are identified with light lines and a note explaining the

reason for rejection. More detailed discussions of the rejected technologies with references

are provided in Section G1.1.3.

The organization of Figure G1-1 follows treatment of tank wastes with pyrochemical,

aqueous acidic, or aqueous alkaline processes. Following are the criteria for selection or

rejection of the aqueous processes shown in Figure G1-1.

G1.1.1.1 General Criteria. For plant-scale nuclear applications, continuous countercurrent
liquid-liquid solvent extraction processes, when available, are generally preferred over ion
exchange, precipitation or extraction chromatographic processes. Over 40 years of
successful experience in the United States and elsewhere demonstrate that liquid-liquid
solvent extraction processes can be operated on a large scale to accomplish, routinely and
satisfactorily, high throughput nuclear separations in well-established and readily available
contacting equipment.

In those cases where solvent extraction technology is either not available or, for some
reason, not desirable, fixed-bed ion exchange processes are usually preferred over either
precipitation or extraction chromatographic processes. Fixed-bed load-wash-elute ion
exchange processes were successfully used on a plant-scale at the Hanford Site to separate ^
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megacurie amounts of 'Cs. Precipitation processes also have been used at the Hanford Site

for separation of plutonium, t"Cs, "Sr, and fission product rare earths.

Precipitation processes are batch rather than continuous processes; simple batch

precipitation processes typically are incapable of removing > 99 percent of a particular

radionuclide or group of radionuclide and also do not provide acceptable decontamination of

separated radionuclides from contaminants. Extraction chrotnatographic processes are useful

for small volume highly specialized separations, e.g., trivalent actinides from trivalent rare

earths, but because of capacity and selectivity limitations, are not particularly useful for

handling large volumes of feed.

G1.1.1.2 Separation of Radionuclides from Acidic Wastes.

TRU Elements and Technetitan-99-For reasons already stated, liquid-liquid

extraction processes are preferred over precipitation (e.g., oxalates or fluoride) processes or
extraction chromatographic processes for separation of TRU elements from acidified wastes.
Bifunctional extractants, e.g., carbamoylrnethylenephosphine oxides (CMPO), are much

preferred over monofunctional reagents such as dibutylbutylphosphonate because they

efficiently extract Am+3 as well as +4 and +6 actinides from strongly acidic, i.e., >0.5M

HNO3 feeds. For several reasons, e.g., commercial availability, ability to co-extract 99Tc,

decontamination potential, etc., one particular CMI'O, namely octylphenyl-N,N-
diisobutylcarbamoylmethylphosphine oxide, is the currently preferred TRU element
extractant.

Strontium-90-Procesus that effectively and selectively remove 'Sr from strongly
acidic solutions are difficult to devise. The currently best available technology appears to be
the strontium extraction (SREX) process, a solvent extraction process employing as the
extractant a commercially available crown ether diluted with n-octanol or tributyl phosphate
(TBP) and normal paraffin hydrocarbon (NPH). The SREX process is highly selective for
Sr''- over a wide range of feed acidities; only Ba+2 co-extracts to any extent. Dilute HNO3
solutions readily strip Sr' from the solvent.

Two other processes are potentially available for separating 90Sr from acidic media.
One of these is the dicarbolide solvent extraction process long studied by both Russian and
Czechoslovakian scientists. According to these investigations, dicarbolides effectively and
selectively extract both Cs' and Sr''- from acidic media provided a polyglycol is added to the
feed. A major, perhaps insurmountable, disadvantage of the dicarbolide extraction process is
that the required diluents are nitrobenzene or chlorinated benzenes. Such toxic diluents are
no longer acceptable for use in U.S. nuclear separation plants.

Crystalline polvantimonic acid also effectively and selectively sorbs 'Sr from nuclear
acidic wastes. The principal disadvantage to this'ion exchanger is that no single and
inexpensive way of cluting sorbed90Sr is known. There are also concerns about the
commercial availability of plant-scale quantities of crystalline polyantimonic acid.
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Cesittttr137-A need to remove 337Cs from acidic waste solutions has not been

established. If such removal is required from some acidic solutions, the simplest procedure

is to adjust the acid waste to pH 9-10, after prior removal of TRU elements and 90Sr, and use

well-known ion exchange materials and procedures for removal of "Cs.

Subject to the limitations discussed earlier a batch precipitation of cesium

phosphotungstate (PTA) could be used to remove about 95 percent of the 'r'Cs directly from

the acid waste. Alternatively, it may be feasible.to remove'r'Cs from the acid waste by

means of the cesium-strontium extraction process. The latter is a solvent extraction process

currently just under development at the Argonne National Laboratory; the extractant is a

commercially available crown ether. Crystalline sodium titanate has also been reported to

sorb "Cs from acidic media. Applicability of this solvent to Hanford Site acid wastes needs

to be determined.

G1.1.1.3 Separation of Radionuclides from Alkaline Wastes.

Technetium-99-The classic and preferred way of removing "Tc from alkaline waste

solutions is to selectively sorb it, as TcOA, on a strong-base organic ion exchanger. Sorbed

99Tc can be eluted with 6M HNO3 solution.

Various organic compounds, e.g., cyclohexanone, pyridine, tetrapropylammonium

hydroxide, are known to extract99Tc from alkaline wastes. Of these reagents, cyclohexanone

appears most promising and has been studied on a bench-scale with actual Hanford Site

wastes. Further work including pilot-plant scale tests with the cyclohexanone extraction

process are required to determine the extent of emulsion problems in solvent extraction of the

alkaline waste solution.

Cesium-137-Organic cation exchange resins were employed very successfully at the

Hanford Site on a plant-scale for many years to remove337Cs from alkaline wastes. Such

technology using newer resins, e.g., Duolite CS-100' or a resorcinol-based exchanger

developed at the Savannah River Site is still the preferred technology for removing "'Cs

from alkaline tank wastes.

Alternative methods for removing "'Cs from alkaline solutions all appear to have

disadvantages compared to well-established ion exchange technology. Thus, various

precipitation agents; e.g., tetraphenyl boron, nickel ferrocyanide, etc., must all be applied on

a batch basis and, in a single piuipitation step, may not give required yields. Furthermore,

downstream treatment of the cesium-laden precipitates involves potential safety hazards.
Candidate solvent extraction processes employing such extraction as BAMBP, dipicrylamine,
polybromides, and crown ethers have not either been fully developed or require use of toxic

diluents such as nitrobenzene.

'Duolite CS-100 is a registered trademark of Rohm and Haas, Philadelphia,
Pennsylvania.

C-26



WHC-SD-WM-EV-106 Rev 0

Destruction of Organic Complexants-Leading candidates for organic destruction
include heat and digest, supercritical water oxidation (SCWO), and incineration. In-tank

(e.g.,digestion will degrade components that result in hydrogen generation;
ethylenediaminetriacetic acid [HEDTA]). Incineration and SCWO will degrade organic
materials to COZ + 1iIO, and will also result in precipitation of90Sr and TRU elements.
Other candidates, including wet oxidation and steam reforming, may be competitive with
SCWO but need further development.

G1.1.2 Combination of Unit Processes Into Technology Options

The unit processes selected on the basis of technology status are combined into five
basic processing options with different levels of separations performance.

1. In-Tank Sludge Washing-Transfer waste to double-shell tanks (DST) where
supernatant is decanted and sent to onsite disposal. Wash the remaining solids
and then decant the soluble components to onsite disposal. Treat the washed
solids for offsite disposal. Two levels (A and B) of radionuclide removal are
defined.

2. Sludge Washing-Separate solids or sludges from supernatant and wash solids
with dilute caustic to remove soluble salts. Treat the insoluble solids for offsite
disposal. Four levels (A, B, C, and D) of radionuclide removal are defined.

3. Solvent Extraction (transuranic extraction and strontium extraction) Processing-
Separate solid and liquid (sludge washing) and further reduce waste solids
requiring HLW treatment by acid dissolution of the sludges. The transuranic
extraction process results in an approximate factor of 3 reduction in volume of
glass for offsit- disposal. TRU components are removed from the acidic waste
for treatment and offsite disposal. Four methods or levels (A, B, C, and D) of
supplemental radionuclide removal are defined.

4. Clean-Separate solid and liquid fractions and further reduce waste solids
requiring HLW treatment by (a) caustic and multiple acid leaches of the sludges,
(b) extraction of radionuclides from aqueous solutions, and (c) separate inert
elements from recovered radionuclide fractions. The goal of the Clean process is
to reduce HLW to less than 1,000 canisters, produce a U.S. Nuclear Regulatory
Commission class A LLW grout, and destroy organic materials and nitrates in
the grout feed.

5. No Separations-iv'o chemical or radionuclide separations are performed.

Figure G1-2, Waste Separations Options, shows the 11 separations technology options
and the no-separations option.
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Figure G1-2. Waste Separation Options.
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Radionuclide and chemical separations performance summaries for the 11 separations

processes and the no-separation option identified above are provided in Tables 7-1 and 7-2,

respectively. Summary process descriptions and flow schematics for the 12 separations

technology options shown in Figure 7-3 are provided in Section 7.2. Detailed process

descriptions, process bases and assumptions, flowsheets containing process flow diagrams

and mass balances, generic TRUEX model output, equipment lisu, and facility layouts are

presented in Sections G2.0 through G13.0 for the two in-tank sludge wash, the four sludge

wash, the four solvent extraction, Clean, and the no-separation options.

G1.1.3 Separations Processes Not Selected for Evaluation

The following are separations processes that were not evaluated for the Tank Waste

Technology Options Report. Sheet 1 of Figure G1-1 lists alkaline separations processes (a

through v) and sheet 2 lists acid side processes (w through kk).

a. Radio Frequency Plasma Torch/Plasma Centrifuge

The Radio Frequency (RF) Plasma Torch/Plasma Centrifuge (PT/C) process is a newly

emerging system currently under development for material dissociation and mass separation

application on complex feed streams. The PT/C system consists of two main components:

an RF-induced plasma torch dissociator and an electromagnetic (E cross B) plasma

centrifuge. The RF torch uses inert gas ionized by RF inductive heating to create a plasma
dissociation zone with electron energies in the 1-10 eV range. This plasma zone is of
sufficient size and temperature to dissociate• compounds in the feed stream into their
constituent elements, with partial ionization of these elements. The product from the RF

torch flows into the plasma centrifuge, where an electromagnetic torque causes the partially

ionized plasma stream to rotate at high tangential velocities. Collisions of the rotating

plasma with the unionized elements induces all of the material within the centrifuge to rotate,
thus enabling heavy mass particles to be separated from lighter mass particles.

The RF PT/C process has an incomplete basis for full development of the flowsheet
and facility requirements in this draft. As the technology is defined, it may be included as
an evaluated option. Additional discussion of the RF PT/C process is provided in Chapter
7.0, Section 7.1.3.3.

b. Physical Separation

The separation of radionuclides from inert elements by physical separation is based on
particle size or magnetic properties of the solid particles and compositional differences
between particles. Thae is an incomplete definition of composition and physical properties
of sludge particles for the different waste types to serve as a basis for development of
flowsheets and facility requirements. As the technology is defined, it may be included as an
evaluated option.
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c. Selective I.eaching Processes

Several processes have been identified that could be performed on waste sludges to

potentially reduce the volume of the waste requiring treatment for offsite disposal. These

processes represent an intermediate position between simple water washing of sludges, and

dissolution of the sludges in acid followed by removal of radionuclides from the dissolved

sludge solutions. None of the candidate processes have been demonstrated with Hanford Site

wastes to an extent such that process flowsheet conditions, process throughput rates, or

separations efficiencies can be defined. Thus, these processes are not evaluated in this report

as candidate waste separations technologies. Laboratory tests to evaluate the application of

these processes are warranttd (see Appendix B). The following are brief descriptions of

promising selective leaching processes.

• Selective removal of certain nonradioactive components.. Many of the solid
fractions of DST and single-shell tanks (SST) wastes contain a large amount of
certain nonradioactive components that limit glass waste loadings. For example:
Plutonium Finishing Plant (PFP) waste and CC waste solids contain significant
amounts of chromium and aluminum while the solid portion of neutralized
cladding removal waste (NCRW) essentially is hydrated zirconium oxide.

Some preliminary bench-scale tests with actual PFP waste solids indicate that
washing with dilute potassium permanganate (KMnO4) solution oxidizes insoluble
chromium (III) to soluble chromium (VI). Also, water washing of PFP waste
solids removes pan of the phosphorus content. One bench-scale test with actual
NCRW solids indicates that oxalic acid may remove some of the zirconium.
Known chemistry suggests that leaching of PFP waste, CC waste solids, and
possibly some SST wastes with a warm NaOH solution would dissolve hydrated
aluminum oxide. This process is being performed at Savannah River Site (SRS)
to reduce the volume of feed to the glass melter at the Defense Waste Processing
Facility. However, for aged Hanford Site wastes, much of the aluminum may be
present as gibbsite or boehmite, aluminum hydroxide minerals that are relatively
insoluble in allaIine solutions.

• Selective Leaching of Transuranic Elements. Special aqueous solutions can
potentially selectively leach TRU elements from waste solids. The leached solids
could possible be disposed of as LLW. Laboratory-scale tests with aciual
NCRW solids indicate that it may be possible to leach the TRU elements without
dissolving much of the inert components. Promising TRU removal procedures
and reagents include dilute HNO3-silver' persulfate solutions, sodium carbonate-
sodium bicarbonate solutions containing an oxidant such as potassium ferrate,
and catalyzed electrolytic plutonium oxide dissolution (CEPOD) technology.
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d. Sodium Nitrate Crystallization

The NaNO3 crystaIlfzation process is intended for application to aqueous solutions of

salt cake in SSTs and, perhaps, to aqueous waste solutions in DSTs. The goal of the NaNO3

crystallization process is to partition acidified aqueous waste solutions into a small volume of

aqueous solution containing TRU elements, 'Sr, "Te, "Cs, (and perhaps, other

radionuclides) and a much larger volume of solid NaNO3 containing only small

concentrations of radionuclides. To achieve such partitioning, alkaline waste solutions will

be adjusted to a pH in the range 1 to 2; thermally concentrated to exceed the solubility of

NaNO3, and cooled. Crystallized NaNO3 is separated (e.g., by filtration), washed with a

saturated solution of NaNOj, and dissolved in water. The resulting solution is again adjusted

to a pH in the range i to 2, and NaNO3 crystallized a second time and washed again. The
combined supernatant and spent washes containing concentrated radionuclides constitutes feed
for downstream radionuclide separations operations.

Bench-scale development of the NaNO3 crystallization process is just underway.
Currently perceived technical issues that could prevent its large-scale implementation include
(1) the need for many crystallization stages to achieve adequately decontaminated (e.g., U.S.
Nuclear Regulatory Commission class A waste) NaNO3, and (2) the need to separate (e.g.,
filter) large masses of solid NaNO3 after each crystallization stage.

e. Precipitation Methods for Removal of Transuranic, 'Sr, and 'rc From
Alkaline Wastes

The performance of the 1LW disposal form can be improved by removing TRU, 'Sr,
and 'Tc from all.-alinc waste feed solutions. The concentrations of TRU and 90Sr are high in
some alkaline wastes because these radionuclides exist as soluble complexes with organic
chelating agents. Technetium is present as the soluble TcO;anion. Methods for removing
these radionuclides from allmline Hanford Site waste solutions are not well developed;
however, initial $couting tests are underway. Further testing is warranted because of the
possibility that simple carrier precipitation or scavenging methods could potentially be
performed in-tank. Chapter 7.0 and Appendix B discuss technology development
requirements for these processes.

Following are brief descriptions of candidate methods that should be evaluated.

• Hydroxide adiustment for precipitation of TRU and 90Sr . Ryan (1992) reviewed
tank waste sample characterization data that suggest possible TRU element
precipitation from complexed wastes with increasing free hydroxide
concentrations. Addition of hydroxide will likely also reduce "Sr solubility.
Laboratory tests should include addition of scavenging agents such as Fe*; to
promote rapid precipitation.

• Sulfide precipitation of99Tc Small concentrations of sulfide have been shown to
precipitate Tc(VII) as Tc2S„ this is extremely insoluble (O'Kelley 1987).
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Technetium is also strongly sorbed by antimony sulfide, and Fe*Z bearing sulfide

minerals (Bock et al. 1989), thus promoting consideration of sulfidic compounds

for repository backfill minerals. Tests need to be performed with actual waste

solutions to assess precipitation methods and the use of preformed scavengers

(e.g., sulfide minerals) for removing "1'c from alkaline wastes.

^ e,r..,,t,,,,, Ts, ovic SwanminQ. Alkaline wastes containing soluble sulfates or

phosphates will form, upon addition of inert Sr(N(:3}l, insoluble Sr3(PO4)2, or

SrSO4 precipitates. Formation of these precipitates will likely result in co-

precipitation of 'Sr. This isotopic swamping technique in conjunction with

addition of hydroxide (described earlier) could significantly reduce the 90Sr

content in highly complexed wastes.

f. Nickel Ferrocyanide Precipitation of t3Cs

In the 1950's, investigators at the Hanford Site examined many different metal

ferrocyanide compounds to co-precipitate (or scavenge) "'Cs from aged, alkaline nitrate

waste solutions. Highly successful results were obtained by precipitation of CsZNi(Fe(CN)61;

in the middle 1950's, large-scale removal of "Cs from aged BiPO4 process alkaline wastes

was performed by precipitation of this compound. Later, workers adapted the nickel

ferrocyanide precipitation process to efficient removal and recovery of 137Cs from freshly-

produced Hanford Site PUREX Plant HLW (Schulz and Bray 1987).

The presence of nickel ferrocyanide precipitates in waste sludges stored in SSTs has

recently been identified as a potential safety issue. Under certain conditions (i.e., elevated

temperatures and dry conditions), nickel ferrocyanide has been demonstrated to decompose

explosively. Although these conditions are not considered attainable in Hanford Site tanks,

the nickel ferrocyanide precipitation process was not considered in this Tank Waste Technical

Options Report because of the potential safety ramifications. Rather, removal of "Cs from

alkaline solutions was evaluated using well known cation exchange methods that have been

demonstrated at both the Hanford Site and SRS.

g. Sodium Tiranate Precipitation from Alkaline Solutions

Removal of tracc amounts of90Sr and TRU elements from alkaline waste solutions by

co-precipitation with sodium titanate has been demonstrated in the SRS laboratories. In-tank

precipitation of 'Sr and TRU elements from Hanford Site alkaline waste (such as CC waste)

using hydrous sodium titanate would be a convenient method of preparing the supernatants

for feed to a LLW solidification process (e.g., grout) for onsite disposal. The solubility of

"Sr and TRU is quite high in Hanford Site CC waste because of the presence of organic

complexing agents: Work by Schulz (1980) showed that "Sr was not removed from actual

complexed waste that was passed through a column containing sodium titanate. These results
tend to indicate that sodium titanate may not remove other complexed species such as "Pu.

No other tests with actual CC wastes are believed to have been performed to date. Because

of the lack of clear evidence that90Sr and TRU elements can successfully be removed by
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sodium titanate from alkaline waste solutions containing organic complexants, this process

was included in the Tank Waste Technical Options Itepon only for processes that destroyed

the organic complexants before removal of the'Cs.

h. BiPO4 Precipitation of Transuranic Elements

The BiPO4 precipitation process was the first nuclear separations process ever used on

a large scale in the U.S. and, indeed, in the world. Performed in acidic medium, e.g., 0.5

to 1.0M HNO3, precipitation of BiPO4 efficiently coprecipitates +4 Pu and Np. The BiPO4

process has never been applied in highly alkaline media. It is not even known if Bi*' will

precipitate as BiPO4 is such a solution. Under these conditions, trivalent bismuth may

selectively precipitate as hydrated bismuth trioxide. In any event, BiPO4 even when

precipitated from acidic solutions does not coprecipitate Am+3.

j. Zirconium Phosphate

Addition of a soluble Zr(IV) salt to phosphoric acid solutions results in the

precipitation of a gelatinous amorphous solid of variable composition and properties.

Crystalline compounds can be prepared by refluxing such gels in strong phosphoric acid.

Clearfield (1982) has prepared an excellent summary of the properties of various types of

amorphous and crystalline zirconium phosphates.

From time to time, various researchers have suggested use of solid pre-formed

zirconium phosphate materials for sorbing Pu(1V) from weakly acidic media, generally for

analytical-scale applications. But, no serious consideration of plant-scale use of zirconium

phosphate for sorption of actinides from'either alkaline or acidic waste solutions has been

reported. Not only are therc more convenient and efficient ways to accomplish such

hydrodynamic separations, but zirconium phosphate solids do not lend themselves to

conventional column usc; they also exhibit poor hydrodynamic properties and tend to bleed

phosphorous in alkaline solutions. Under some conditions in alkaline media, zirconium

phosphate is unstable with respect to formation of gels.

k. Removal of "Cs Using Tetraphenyl Boron

Sodium tetraphenyl boron (I'PB) precipitation of 13"Cs from alkaline solutions is the

reference process to be used at the SRS. The reacted "'Cs-TPB forms a flocculent

precipitate that floats on the surface and will require physical separation. At SRS, acid

hydrolysis of the 1S7Cs-TPB will be performed to recover the hazardous benzene, followed by

incineration to mitigate the release of benzene. Although the DF's for 337Cs are very high
with TPB, large masses of chemicals are needed to achieve the required DF's. Because of

the need for using large masses of chemicals and the requirement of treating the benzene

byproduct; alkaline cation exchange processes that have been used extensively at the Hanford
Site were evaluated in the systems engineering study for removing 137Cs from alkaline
supernatants.
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1. Molecular Recognition Process for Removal of Transuranic, Technetium,

Strontium, and Cesium

Molecular recognition is a separation process that combines the selectivity of solvent

extraction with the multistage attributes of fixed bed chromatographic systems. The

extractant, a macrocyclic crown ether, is impregnated on a solid substrate. The waste

solution is passed through the bed where the specific radionuclide of interest is sorbed.

Different crown ether reagents can be used to selectively remove cesium, strontium,

technetium, or TRU elements. Advantages sometimes claimed for fixed bed sorption

processes over liquid-liquid extraction systems include the use of simple process equipment

and lower capital costs for process equipment. However, very little testing of the application

of molecular recognition separations with either synthetic or actual Hanford Site alkaline

wastes has been performed. Further testing is warranted.

m. CrystaIline Titanates

• Use of crystalline titanates (sometimes called silico-titanates) for removal of `Cs from

both alkaline and acidic waste solutions has been evaluated by workers at Sandia National

Laboratories (C&EN 1992) (also see aa). This process could be competitive with commonly

used organic ion exchangers such as Duolite CS-100 and inorganic exchangers such as
zeolites for removing `Cs from alkaline wastes. Like hydrous titanates (see f), the
crystalline titanat:s may also be modified to remove 90Sr and TRU elements. Work to date
has tested the crystalline titanatrs primarily using batch contacts. Calculations have shown
that adding 13'7Cs loaded crystalline titanates to glass feed would increase the number of
canisters of HLW glass from 50 canisters (if a series of crystalline titanate eolumns were
used) to 6,800 if a simple batch contact (in-tank) was'used. The applicability of column
contacts must be demonstrated. As noted in (aa), additional tests are needed to resolve this
and other technical issues to determine if there are advantages to using crystalline titanates
compared to using demonstrated cation exchange methods.

p. Use of Zeolites for Ion Exchange oft37Cs in Alkaline Solutions

Use of zeolite ion exchange materials such as Linde IONSIV' IE-95, and IE-96 to
remove "'Cs from alkaline supernatant has been demonstrated (Bray et al. 1984). Zeolite
materials have been chosen for `CS removal from alkaline waste solutions stored at the
former West Valley, New York, fuels reprocessing site. Zeolite materials typically exhibit
large loading capacities and higher distribution factors for I'Cs than do commonly used
organic cation exchange resins such as Duolite CS-100. Zeolite resins cannot be eluted with
HNO3 because the 's'Cs loading capacity is destroyed by HNO3. The zeolite resins are thus
typically considered for once-though use only, with the fully loaded resin column, considered
direct feed to the HLW treatment (vitrification) process. Additionally, multiple uses of these

'Linde IONSN is a registered trademark of Union Carbide Corp., Danbury,
Connecticut.
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resins with alkaline solutions causes some degradation of the aluminosilicate structure with

formation of gels and/or fines. Zeolite contains significant quantities of aluminum, silicon,

and sodium, which are limiting components in the glass feed. Approximately 900 additional

canisters of glass were estimated for vitrification of loaded zeolite resin from processing CC

waste (Holten 1992). Up to 5,000 additional canisters would result from treating double-

shell slurry and/or double-shell slurry feed. If batch contacts rather than column sorbtion

methods were used, much higher glass volumes would result.

q. Use of Savannah River Site Resorcinol Resin for Removal of'17Cs

Removal of'Cs from alkaline solutions has been studied at both the Hanford Site and

SRS using organic cation exchangers. Most of the Hanford Site development has been

centered, on use of Duolite CS-100 using an elution (resin regeneration) method. Cesium

removal from SRS waste will initially be perforrned using tetraphenyl boron precipitation;

however, extensive studies have been performed at SRS using a rrsorcinol-formaldehyde
resin for backup to the precipitation method. The resorcinol resin is also being considered

for Hanford Site wastes as a possible replacement for Duolite CS-100. The manufacturing
site for Duolite CS-100 has shifted to an alternate location with some loss of quality control.
In particular, the 'new' Duolite CS-100 resin shows as much as 25 percent less capacity than
the 'old' Duolite CS-100. Laboratory experiments show that the resorcinol resin has a

higher "Cs capacity than Duolite CS-100. However, the resorcinol resin appears to exhibit
poorer radiation stability than does Duolite CS-100. Because of the higher selectivity of
resorcinol resin for 'J'Cs, a once-through multiple column ion exchange scheme using
columns of resorcinol resins has been considered with direct feed of the loaded resins to-the
glass melter, and minimal impact to glass volumes. The potential for replacing the reference
Duolite CS-100 with the SRS resordnol-formaldebysle resin should be studied further using
both once-though and resin regeneration methods.

r. Removal of `Cs from Alkaline Solutions Using Solvent Extraction

Various solvent extraction processes 'for removal of "Cs from alkaline media have
been demonstrated on a bench scale and in some cases, pilot-plant scale (Schulz and Bray
1987). Reagents tested for alkaline side solvent extraction of `Cs include the following:

• BAMBP'
• Dipicrylamine - trinirrobenzene
• Tetraphenylboron - methylisobutylketone
• Polybromidrs - r.itrobcnzene
• Polyiodides - nitrobenzene
• 2-Thenoyirrifluoroacetone
• Crown ethers.

'-4-sec-butyl-2-(a-methylbcnzyl)phenol
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Alkaline side solvent extraction processes are often difficult to perform because of the

tendency to form aqueous organic emulsions and resulting difficulties with phase separations,

and extensive formation of third phase scums. For many processes, highly polar solvents are

necessary to ensure adequate phase separations; many of these solvents (nitrobenzene,

methylisobutylketone) are highly toxic.

s. Removal of "I'c from Alkaline Solutions Using Solvent Exttaction.

Technetium, which exists as the pertechnetate (TcOj) anion in both alkaline and acidic

waste solutions, is extremely mobile in the environment. Thus, further evaluation and

analysis of near-surface waste disposal systems may show that99Te needs to be removed

from some DST and SST wastes.

Removal of99Tc from alkaline solutions using strong base anion exchange resins was

developed and demonstrated on a plant scale at the Hanford Site (Beard, Caudill 1964).

Because the "rc04- is held so tightly by the resin, strong HNO3 solutions are required for

elution. The need to recover and reuse IiNO3 is a disadvantage to anion exchange resin

removal of 9'Tc from alkaline solutions.

Several organic compounds, including pyridine, tetrapropylammonium hydroxide in

methylisobutylketone, and cyclohexanone are known, to extract TcO; from highly alkaline

waste solutions. Of these reagents, cyclohexanone is currently considered the most suitable

reagent for removal of "Tc from Hanford Site solutions based on laboratory-scale tests by

Schulz (1980). The Schulz (1980) work showed that distribution coefficients of Tc0;

between aqueous NaNO3-NaOH solutions and cyclohexanone were sufficiently high to permit

satisfactory countercurrent plant-scale extraction of "TcO; . Additionally, "TcOj can be

removed from cyclohexanone extracts by simple stripping with water, thereby eliminating the

need to provide capital facilities for concentrating or destroying large amounts of HNO3.

Because a solvent extraction method from alkaline solutions has not been demonstrated

on a large scale, anion exchange was chosen for evaluation in the technical options study. In

addition, solvent extraction processes in alkaline systems are typically avoided because of the

tendency to form emulsions, resulting in difficulties with phases separations and possible

column flooding when using pulse columns. Methods that use organic solvents supported on

a solid substrate may exhibit better separations characteristic for removal of "Tc from

alkaline solutions (see Chapter 7.0).

t. Ozone

Ozone, 03, is a powerful oxidant in either acidic or alkaline media. Iarge amounts of

ozone are used annually in water purification activities to destroy (oxidize) trace amounts of
all kinds of organic compounds. Lutton and his colleagues (Lutton et at 1979) demonstrated
in the 1980's that ozone would oxidize complicated complexants such as HEDTA and
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glycolic acid to similar molecules such as oxalate and acetate ions. Oxalate and acetate ions,

so-called 'refractory' organic compounds, are typical end products in ozone oxidation

systems.

Engitteering considerations are highly important in realizittg plant-scale ozonation

operations. For example, detailed consideration must be given to such factors as systems and

economics for generating and distributing ozone to process vessels containing wastes with

soluble organic compounds; to overall process time cycles; to types, amounts, and properties

of solids, if any, generated during waste ozonation, etc. The fact that ozonation does not

oxidize complex molecules completely to COZ, H7.0, and gaseous nitrogen products but only

to substances such as oxalate and acetate ions must be carefully weighed. Wastes containing

oxalate or acetate ions may not be suitable for some disposal methods.

u. Wet Air Oxidation

Wet oxidation refers to a process in which aqueous Hanford Site tank wastes,

containing soluble complex organic materials, are made 2-3M NaOH and then heated at a

temperature below the boiling point of the aqueous waste. Under such conditions, the

organic materials are oxidized to C02, H20, and typically, low molecular weight compounds.

Nitrate and nitrite ions in the waste serve as the source of oxygen for the oxidation process.

For some wastes, it may be necessary to bubble air through the heated wastes to serve as an

auxiliary oxidizer. Oxidation rates of organic molecules can often be increased by

pressurizing the system.

The wet oxidation process represents a possible way of destroying organic complexants

in Hanford Site wastes at temperatures considerably below those needed for an incineration

process. High pressure reactors have been used industrially to oxidize organic molecules in

various aqueous process wastes. A major technical concern about the application of wet

oxidation technology to Hanford Site wastes centers on the corrosive and abrasive nature of

such wastes. These aggressive conditions may seriously limit the useful life of small-

diameter reactor equipment under high-pressure and high-velocity flow conditions.

v. Steam Reforming

That steam reacts at sufficiently high temperatures with volatile organic materials to

produce CO, H2, and other gaseous products has long been known. So-called steam
reforming of hydrocarbons (Equation 1) is one method of producing hydrogen:

800 ° C
(1)CH4 T H20 CO + 3H2

3.0 MPa, Ni
catalyst
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Stream reforming has been suggested as a method for destroying organic materials

dissolved in Hanford Site tank wastes. Conceptual fluidized bed schemes for performing

such oxidation of complexants in alkaline tank wastes have been advanced. Potential serious

drawbacks to technical feasibility of application of steam reforming oxidation of organic

materials in Hanford Site wastes include the following: (a) the nonvolatiliry of EDTA and

other complexants in the waste and (b) known poor flow characteristics of NaNO3containing

wastes in high-temperature fluidized bed calciners.

x. Crown Ether In Normal Paraffin Hydrocarbon

Several macrocyclic compounds, e.g., crown ethers, are known that extract137Cs to at

least some degree from aqueous acidic as well as alkaline media. A major disadvantage of

almost all these crown ethers is that they are essentially insoluble in normal paraffin

hydrocarbons (NPH) or pure dodecane, preferred diluents for nuclear applications. Most

bench-scale studies of such cesium extractants have employed aromatic or chlorinated

aromatic compounds as diluents for the crown ether.

Dr. E. P. Horwitz at the Argonne National Laboratory has reputedly developed a

cesium extraction system that employs a commercially-available crown ether soluble in NPH.

Horwitz calls this extraction process the CSREX process; none of the details of the CSREX

process have been published. It is believed that the CSREX process solvent includes three

components. A crown ether, NPH, and a third component, possibly TBP, to promote

solubility of the crown ether in NPH. It is also believed that the CSREX process will -

selectively and efficiently extract "'Cs from strongly acidic nuclear waste solutions.

It should be noted that the CSREX process is just in its infancy. Much more bench-

scale testing with both simulated and aczual wastes is needed. If warranted, pilot plant-scale
tests of the CSREX process with simulated and, perhaps, actual waste solutions also need to

be performed. If all this testing is successful, then the CSREX process may be the preferred
technology for removal of'nCs from acidified Hanford Site wastes.

y. ElChrom - Actinides

ElChrom Industries, Naperville, IL, manufactures TRU-spec resin, a macroporous
polymeric resin impregnated with a mixture of CMPO and TBP. The composition of TRU
spec resin is 13 wt% CMPO, 27 wt% TBP, and 60 wt% resin.

TRU spec resin is specifically designed for use in extraction chromatographic
processes. Extraction chromatography is a separations process that combines the selectivity
of solvent extraction with the simplicity and multistage attributes of traditional fixed-bed
chromatographic systems. Advantages sometimes claimed for extraction chromatographic
processes over liquid-liquid extraction systems include the use of simple process equipment
and lower capital costs for process equipment. Despite these perceived advantages, to date,
extraction chromatographic systems have not been selected to accomplish plant-scale nuclear
separations processes.
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Barney and Cowan (1992) recently conducted both batch and column experiments to

study the extent and rate of uptake of Am(III) and Pu(IV) and other components, e.g.,

Fe(DI), Bi(III), and lanthanides by TRU spec resin from simulated Hanford Site waste

solutions. Results of these studies are exactly those expected from consideration of the

known properties of CMPO liquid-liquid extraction systems. Thus, americium and

plutonium decontamination factors are high enough to reduce the TRU element concentration

of acidified SST wastes to or below 100 nCi/g of waste. But, the capacity of the TRU spec

resin for sorbing americium and plutonium is severely decreased by the presence in the feed

of certain metal ions, e.g., Fe(III), Bi(III), U(VI), and by high concentrations of HNO3, all

of which compete for CMPO molecules in the resin.

Experimental work has not yet been performed to determine the benefits, if any, of

adding oxalic acid to feed solutions to suppress sorption of iron, bismuth, uranium, etc. If

positive results are obtained when such experimental work is completed, the ElChrom TRU

spec resin may find useful plant-scale application in pretreatment of some Hanford Site
wastes.

aa. Crystalline Titanates

Most of the "Cs in Hanford Site. DST and SST wastes is in highly alkaline solutions.

But, some "'Cs may also be tightly incorporated in solid sludges in these tanks. Dissolution
of washed, retrieved sludges in acid media thus may yield highly acidic, i.e., > 1M,

solutions containing "'Cs. Two potential methods for direct removal of'r'Cs from acidic
media are currently available: (1) liquid-liquid solvent extraction, e.g., CSREX process, and
(2) sorption on crystalline sodium titanate. Alternatively, acidic wastes may be neutralized
and 11"Cs removed by well-known inorganic or organic ion exchange technology from the
alkaline supernatant liquid.

Crystalline titanates, also known as silico-titanates, are a relatively recent product
developed by R. G. Dosch., Sandia National Laboratory, and
R. C. Anthony, Texas A&M University. This product is a result of continuing studies, since
the 1970's, on the properties and applications of titanates, both hydrous and crystalline.

Hydrous titanate ion exchanger is known from work at the Hanford Site and SRS to be
highly effective in rmoving strontium and plutonium from highly alkaline wastes.
Crystalline titanate_s are also reported (Chem. Eng. News 1992) to specifically and effectively
sorb "'Cs from allaline media.

Sandia National Laboratory researchers also claim that crystalline titanate will
specifically sorb "Cs from strongly acidic media. But, to date, there are no experimental
data with actual Hanford Site acidified wastes to substantiate this claim. There are also some
realistic and legitimate concerns about (1) capacity of the crystalline titanate for sorbing
"'Cs, (2) the specificity of the crystalline titanate for cesium, (3) the maximum and optimum
HNO3 concentrations in the feed solution, (4) the long-term stability and hydraulic
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performance of crystalline titanate, and (5) commercial availability of the titanate at an

affordable price.

The outstanding technical issues can only be properly resolved by extensive

experimental work with simulated and actual Hanford Site wastes. Results of such research,

when available, may offer convincing proof of the utility and superiority of crystalline

titanates for removing `Cs, when and if required, from acidified Hanford Site wastes.

bb: Work in progress.

cc. Oxalates

The oxalate ion is well known for its ability to precipitate +3 and +4 actinides and

+3 lanthanides from dilute HNO3 solutions. For example, Pu(CzO4)2 is often precipitated

from purified Pu(NO;), solution as an intermediate in the preparation of purified plutonium

dioxide.

Burney and Porter (1967) published results of experiments to determine the solubility

of Pu(III) and Am(III) as a function of HN03 and oxalic acid concentrations. The solubility

of both trivalent actinides increases with increasing HNO3 concentration and decreasing total

oxalic acid concentration. The solubility data of Burney and Porter indicate that, even under

the most favorable conditions, the concentration of Am(III) in HNO3 media cannot be

reduced to or below 100 nCi/g by a single precipitation of Am2((Z204)3. Of course, the

solubility of americium and plutonium oxalates in acidified Hanford Site tank wastes is a

complex function of several variables. These variables include waste HNO3 concentration,

ionic strength, concentration of anions (e.g., fluoride) that might complex Am(III) and

Pu(IV), the concentration of metal ions, such as iron and zirconium, that complex the oxalate

ion, and the concentration of fission product rare earths that will coprecipitate with the

actinides. Thus, experimental work to determine the solubility of TRU element oxalate in

actual waste solutions needs to be investigated.

Note should also be made of the Oxalate Precipitation Ion Exchange (OPIX) process

developed by Forsberg (1980) and others at the Oak Ridge National Laboratory in the early

1980's for removal of actinides from PUREX process HLW. The OPIX process involves
11,

three major steps:

1. Operation of an improved PUREX process to recover as much as 99.99

percent of the uranium and plutonium and at least 95 percent of the neptunium in

the itradiat=d fuel

2. Removal of the americium, curium, and rare earths in the PUREX process

raffinatt by precipitation of their oxalates

3. Cation exchange resin recovery of residual actinides and lanthanides in the

mother liquor from the oxalate precipitation step.
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Forsbero's tests with simulated PUREX process (2M HNO3) waste showed that > 90

percent of the trivaient lanthanides and actinides were removed by precipitation of their

oxalates in a continuous flow system.

Applicability of the OPIX process to remove TRU elements from acidified Hanford

Site wastes has not yet been determined. Experimental work to determine such applicability

appears worth doing.

dd. Lanthanum Fluoride Precipitation

A lanthanum fluoride precipitation procedure was first used historically to establish the

existence of two oxidation states of neptunium and plutonium and also in the first isolation of

plutonium. A lanthanum fluoride precipitation cycle was also an important tail end part of

the BiPO4 precipitation process.

All actinide +3 and +4 fluorides are insoluble in aqueous 1M H* solutions. Thus, in

principle, addition of HF or other fluoride to acidified Hanford Site tank wastes will

quantitatively precipitate TRU and lanthanide fluorides. High final concentrations, e.g., 1 to
3M of fluoride ion, may be necessary to achieve the necessary removal of TRU elements.
After separation from the TRU element-free supernatant, the lanthanum-actinide fluoride

precipitate can be solubilized by dissolution in a IM HN03-Ai(N03)3 (or
H3BO3) solution or by metathess to hydroxides (by treatment with KOH solution) that readily
dissolve in HNO3. The final solution thus obtained will likely contain at least some calcium
as well a.s90Sr.

Not only is the lanthanide-actinide fluoride precipitation process a cumbersome batch
method, but it also suffers two major disadvantages compared to precipitation of lanthanide-
actinide oxalates. Equipment selection is a problem because of the corrosive.nature of
HNO3-F' solutions. Also, disposal of large volumes of solutions, free of TRU elements, but
containing 1 to 3M fluoride ion, presents special difficulties.

ee. Antimonic Acid

One of the most challenging problems for nuclear separations chemists is to devise
procedures for selective removal of 90Sr directly from strong,
i.e., > 1M HNO3, solutions. The current best available technology for accomplishing this
task is the SREX liquid-liquid extr-action process recently developed by Horwitz and
associates at the Argonne National Laboratory.

Only crystalline antimonic acid, of all known inorganic ion exchange materials,
selectively sorbs 'Sr from highly-acidic nuclear waste solutions. The composition of
crystalline antimonic acid approaches Sb,0504H.0 at room temperature, and the mole ratio
of H=O/Sb Os decrcases with incrcasing drying temperature.

C-41



WHC-SD-RrM-EV-106 Rev 0

Several foreign investigators have conducted experimental work to study application of

crystalline antimonic acid for selectively sorbing 90Sr from a variety of acidic wastes.

Results of these studies are referenced by Abe (1982). Partially as the result of these early

studies, one or two small chemical companies in France produced and sold gram-to-kilogtam

amounts of crystalline antimonic acid.

Also, in the 1970's, Pacific Northwest Laboratory scientists studied potential

application of crystalline antimonic acid for use in Hanford Site B Plant operations. Such

use was rejected for the following reasons.

• No suitable reagent for eluting 'Sr from loaded antimonic acid sorbent has ever

been identified. Strontium is held so tightly that it cannot be eluted by either

weak or strong acids or by weak or strong bases; even solutions containing

complexing agents such as EDTA do not elute strontium.

Silver nitrate solutions can be used to elute strontium sorbed onto crystalline
antimonic acid. But, primarily because of cost, silver nitrate eluents are not
considered practical in plant-scale applications.

• Plant-scale quantities of crystalline antimonic acid may not be available.

• High cost of crystalline antimonic acid is a major deterrent to its use on a once-
through basis.

ff. Phosphotungstic Acid Precipitation Process

Cesium phosphotungstatr (PTA) is only slightly soluble in 1M HNO3
solution. Two cesium salts can be isolated, namely, tricesium phosphotungstate
(Cs3PW„O4o•2H20) that is preferentially precipitated at a PTA/cesium mole ratio <0.33,
and the less soluble dicesium phosphotungstate (Cs^HPW3zOQO•2H,O) that is formed
exclusively at a PTA/cesium mole ratio > 0.5.

Plant-scale recovery of "'Cs from PUREX Plant current acid waste (CAW) was
routinely performed from April 1969 to September 1972. In plant-scale operation, a 0.1M
PTA solution was added to the CAW to precipitate greater than 95 percent of the137Cs.
11"Cs was preferentially precipitated in a mixture of Rb* and K* ions. The soluble
phosphotungstates of iron, zirconium, and aluminum did not interfere with precipitation of
137Cs; traces of these metals were removed by washing'the cesium precipitate with dilute
HNO3. The CsPTA precipitate was also washed three times with a 1.OM HNO3-0.2M
sodium gluconate solution to remove40Sr and other metal impurities. Finally, CsPTA solids
were dissolved in 2.OM NaOH solution that was then centrifuged and stored for later
treatment.

The CsPTA precipitation process, although operable on a plant-scale, has a number of
disadvantages.
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• It is a batch rather than a continuous process.

• It provides for recovery of only about 95 percent of the cesium in the feed.

• Phosphotungstate ion cannot be readily recovered from the dissolved CsPTA
precipitate.

• Further chemical processing steps, e.g., ion exchange, are required to

concentrate 'Cs in the alkaline solution resulting from dissolution of the CsPTA

precipitate.

Because of these disadvantages, well-known ion exchange technology is preferred for

removal of 'Cs from acidified Hanford Site wastes.

gg. Transuranic-Diamides

Bifunctional diamides are organic compounds of the general formula:

0 0
?t^ II li / nt

;1-C-R3-C-N
RZ R2

39210049.19

In formula 1, R, and R. are aliphatic hydrocarbons and R3 is a bridging group between
the two amide functionalities. Typically, R, and RZ differ but they can be the same group;
examples of RI and R. are CH3, C3H1, and C6H17. Bridging groups can be very simple, e.g.,
CHz, or very complex, e.g.,
CH-CZH,-O-C1.H25.

Because they contain two functional groups in the molecule, diamides extract +3
actinides as well as +4 and +6 actinides from strong HNO3 solutions. Thus far, the
properties of diamides for extracting actinides from acidic nuclear waste solutions have only
been studied by C. Musikas and his colleagues at the French Fontenay-aux-Roses research
laboratories outside Paris, France. For use in partitioning TRU elements from HLW and
other wastes, French scientists and engineers prefer diamides over organophosphorus
extractants because they think the following.

• Degraded diamides are completely incinerable.

• Generation of secondary aqueous solvent cleanup wastes can be eliminated
because hydrolytic and radiolytic degradation products of diamide compounds are

N not inimical to process performance.
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Experimental evidence to substantiate these claims has not yet been established.

A recent evaluation (WHC-FrP-0577 [WHC 1993]) found that for removal of TRU

elements from acidified Hanford Site wastes CMPO-based extractants currently have several

major advantages over diamide-based extractants. These advantages are as follows.

• CMPO is commercially available in process-scale quantities; diamide TRU
extractants are not.

• CMPO is a stronger actinide extractant; thus, smaller quantities of expensive

reagent are required for the same degree of actinide extraction.

• CMPO efficiency extracts Am(III) and other actinides from 0.5 to 1M HNO3
solutions as well as at higher aqueous phase acidities; diamides only extract
Am(III) efficiently at aqueous phase HNO3 concentration above about 3 to 4M.

• CMPO provides superior decontamination of TRU elements from Fe(III).

• CMPO resists deleterious acid hydrolysis degradation much more strongly than
do diamides.

hh. Transuranic-Dihexyl-N,N-Diethylcarbamoylmethyl Phosphonate (CMP)

CMP, a commercially available reagent, has many of the same properties as CMPO.
Thus, like CMPO, CND solutions efficiently extract +3, +4, and +6 actinides from 0.5 to
5.OM HNO3 solutions. But because it is a phosphonate compound, CMP is a less powerful
actinide element extractant than is CMPO. Because of this property, both process advantages
and disadvantages accrue when CMP is used in TRU element extraction processes. Thus, at
equal organic phase concentrations, CMP solutions extract less Fe(III) and Bi(III) from
HNO3 feeds than do CMPO solutions. Additional properties of CMP-diluent solutions are
presented in WHC (1993).

CMPO is currently preferred over CMP for use in extracting actinides from acidified
Hanford Site wastes for three reasons.

• CMPO is a stronger actinide extractant; thus, smaller quantities of expensive
reagent are required for the same degree of actinide extraction.

• There is much more successful bench-scale experience with CMPO extraction
systems in extraction of actinides from actual waste solutions.

• The fundamental properties of CMPO as an actinide extractant are more well
known and understood.

^-.
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But, should future circumstances wasant, CMP could be substituted for CMPO in a

waste pretreatment plant without necessitating expensive changes in either equipment or

process operation.

J. Dibutylbutylphosphonate

Dibutylbutylphosphonate (DBBP) is a neutral, monofunctional organophosphorus

compound. Like other monofunctional reagents, DBBP is a powerful exttactant for Am(III)

but only from low acid (pH >2) highly salted nitrate solutions. Advantage of this chemistry

was taken at the Hanford Site to develop and operate a 30 vol% DBBP-CCI, solvent

extraction process for recovery of"Am and plutonium from PFP waste. Throughout the

entire time it was operated, the DBBP process was plagued by great difficulties with control

of feed pH by on-line addition of 50 wt% NaOH to an unbuffered waste.

Experience at the Hanford Site with the DBBP extraction process emphasizes that TRU

element separation processes that accommodate 1 to 4M HNO3 feed solutions generated from

dissolution of tank sludges are preferable to those that require adjustment of feed acidity to

<0.5M HNO3. Adjustment of dissolved sludge solutions to <0.5M HNO3 is objectionable

for two reasons. Lack of buffering capacity in such solutions makes it very difficult to

control the TRU element separation process feed pH in the necessary range. Secondly,

neutralization of excess HNO3 in dissolved sludge solutions may result in precipitation of

actinide-bearing solids, e.g., Pe2030xH2O, that must be removed and treated separately.

kk. Cobalt Dicarbolide: Cesium and Strontium

For over 15 years, Kyrs, Rais, Selucky, and their associates at the Nuclear Research

Institute in'(then) Czechoslovakia have pioneered use of the compound 'Cobalt Dicarbolide,'

H-{[PI-(e)-1,2-B9C2H11C12]2Co}-, in solvent extraction of "'Cs from strong HNO3 solutions

(Schulz and Bray 1987). Small concentrations of dicarbolide dissolved in a polar solvent

such as nitrobenzene effectively and preferentially extract cesium from aqueous 0.5 to 1.OM

HNO3 solutions. Under these conditions, ion pairs, e.g., Cs B(B={[PI-(e)-l,2-
B9C,H11C12]ZCo}', exist in the organic phase. Kyrs et al. have established that Cs* can be
readily stripped from the dicarbolide-nitrobenzene phase by strong, i.e., > 3M HNO3, acid
solutions.

Results obtained by Kyrs et al. indicate dicarbolide-nitrobenzene solutions will also
extract 90Sr very efficiently from aqueous 0.5 to 3.OM HNO3 solutions provided a suitable
complexing agent, e.g., a polyethylene glycol (PEG) compound containing the chemical
moiety, - P(O)-CH=P(O)-, is added to the aqueous phase. The Czech workers preferred an
inexpensive and commercially-available PEG sold (in the 1980's) in Czechoslovakia under
the trade name Slovafol 909. Strong (i.e., > 3M HNO3) solutions strip divalent strontium
from the dicarbolide-nitrobenzene phase. Use of the affinity of H'CoBZ-nitrobenzene
solutions for Sr2+ has been made in devising analytical procedures for90Sr in biological
media.
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Other items of interest in consideration of the use of dicarbolides for extraction of "Cs

and/or90Sr include the following:

• Hundreds of kilograms of cobalt dicarbolide have been synthesized in

Czechoslovakia.

• Cobalt dicarbolide is only slightly soluble in aqueous solutions.

• Cobalt dicarbolide appears to be quite resistant to either chemical or radiolytic

degradation.

• Russian investigators are reported to have successfully tested dicarbolide

extraction of"Cs and90Sr from full-level PUREX process HLW on a plant-

scale.

• Essentially no experimental work with dicarbolide exlractants has been performed

in the U.S. This situation may change shortly as the result of ongoing

discussions between the DOE and Russian officials on ways to enhance U.S.-

Russian joint technical efforts.

The current overriding technical disadvantage of the cobalt dicarbolide extraction

process is the need to use toxic nitrobenzene or similar compound, e.g., dichloroethane, as a

diluent. There is also concern on the part of some U.S. technical experts that radiolytic

degradation of the cobalt dicarbolide extractant will produce chloride ion that, in the presence

of 1-3M HNO3, will act to corrode stainless steel equipment. Until these technical issues

have been resolved, other cesium-strontium removal technologies are likely to be preferred.
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APPENDIX D

EXCERPTS FROM TANK WASTE TECffiNICAL OPTIONS REPORT,
WHC-EP-0616, REV. 0, 1993

(WASTE TREATMENT FOR ONSITE DISPOSAL LOW-LEVEL WASTE)

8.2 TECHNICAL OPTION SELECTION
G1.1 TECHIVICAL OPTION SELECTION
G17.0 REFERENCES
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8.2 TECHPIICAL OPTTON SELECTION

The near-surface disposal alternatives discussed in this section were initially identified
by a literature review of practices and technology for the disposal of high-level radioactive
waste (HL.W), low-level radioactive waste (I.LW), and hazardous waste. The literature
review was supplemented with the waste management expertise of the staff and formal
technology workshops. The literature included a number of previous and current waste form
surveys (Arniella and Blythe 1990, Crisler 19$0, DOE 1981a, DOE 1981b, DOE 1982,
IAEA 1988, Kalb and Columbo 1983, Kibbey and Godbee 1980, Lutze and Ewing 1988,
Schulz et al. 1980, Treat et al. 1980, Tucker et al. 1983, and Wiemers et al. 1992).

Figure 8-1 shows the waste treatment technical options and highlights those that are
evaluated in this chapter. Appendix H provides a more detailed discussion of the process by
which options were selected for evaluation.

The intent was to first identify the waste form and then to specify a process. These
treatment processes were organized, based on their material properties and unit processes,
into groups. Group characteristics were then used to organize the treatments into a
framework for the overall diagram (Figure 8-1). The first obvious division was to separate
low-temperature processes from high-temperature processes. In general, 1ow-temperature
processes do not chemically change the waste components, whereas the high- temperature
processes, i.e. the glass and ceramic processes, do change the waste components. The
division between high and low-temperature processes was set at 500 °C (932 °F), the point
at which the use of exotic metals and ceramics in process equipment becomes a
consideration. The low-temperature processes identified in the literature consisted of cement
and silicate grouts, and organic polymers such as bitumen and polyethylene. The high-
temperature processes consisted of glass and ceramic processes.

The overall diagram was examined for logic pathways (i.e. treatments) that were not
identified by the initial literature review. For example, denitration of the waste in
conjunction with a grouting process is not readily identified by a literature survey of waste
disposal and treatment processes. using this logic, a parallel path for low-temperature
processes that linked denitration with grouts and organic polymers was generated. A logical
alternative to organic polymer forms are inorganic binders. However, no suitable inorganic
binders were identified from the literature. These logic pathways implied new treatments to
be considered. These pathways, although logical, will in many cases propose treatment
processes that are inferior or that offer no advantage. Examples of logical, but inferior,
processes would be, to put sodium nitrate salts directly into sulfur, or to put ceramic pellets
into bitumen. A sodium nitrate/sulfur waste form would be unsuitable due to flammability
concerns, and use of a bitumen binder on ceramic pellets would offer no processing or waste
property advantage to a ceramic form.

The basic high-temperature processes of glass and ceramic, when examined in detail
included subsets such as monoliths, sintered powders, calcine, and marbles or pellets. The
coating and embedding of glass marbles in metal is also discussed in the literature. The

D-3



WHC-SD-WMfiV-106 Rrv 0

This page inientionally left blank.

D-4



WHC-SD-WM-EV-106 Rev 0

^

{\

rINK WASiC Inw
Sc'P.^iAliwS
rn ACrAEVAL

, QwTs

, nrnc+mG (c)
6. S

u aEmrro

unex y
PftCCPRAIIq

TAEiUCPLtT6

CNC+XIC
P0.1r1t5

TdEiuo
p£LHS

G1qIC4. (v)
TUCTiGI

QCUIIC CRCAVIC
vcL^css Pu.tt1=u

. ^erattme ( )orMIMILH
°: O:WrAAnq

^v awnnAnava<
GLCV+:KII

un•<

ncncA^^c
^

ncauNc
(v)wmP3 mOC•s

own (0

CPlHIC3

• aa0¢ wiTGl
Qr

cvcc^;.nc
cuc^s

^
HUh4A1M

poo r

xua rGULs

MikfIGT.CY

w rnr
. Pnctt39Ha

o;^lcs w s-.u
. PftOL^Y^YC

WHC-EP-0616 Rev. 0

tEGCI)DSSPN S3:G2
P)QCUT

^nT1N1s (,) Pac^z Figure 8-1. Selection of Onsite
neTr,LU.^ Disposal Technical Options.

P.wr w
uwr

eVl< 5)LT OUT
rzCqxCN. CPnGI [vAWAIV-l.

P11G:CS.3

LNYq (.)

GJIiA'Hii3 sHTPC.59111LMV
NOrs•1iCJnG1. CPnGI

Py.^^rnp. (r} k^ ACGPIGBQI pLCUIPN. OL`4PAAT.CH 135
'

CW( (t)

CFW^ T" Or^- PaOCSSS pqh iCJ.

cumm ^qro}
^1 ^rz)

1G^^ ^yrn
CZCZ CF CHawAIE.

(v} GLCNE Is 110T GflSDE.iCO /LCwATE AS A RY/L rLpY OVC 70
NW VAq RA1C

(1} ALL LArLiw.S ®qnf.ED C1iS:2LN VH3Pr1Bt£

(.} P.9Q':SS OCWIAT9 BY OR SAWt TO S.LLT PCLISHL1LqC
r£OOOGL CYPGL

(p. WJ3- STarlJl 6 401 GUSTC lNJ NOi CNS 5UD Y+iTAR3
rtte PACCr GIw11HC

(P), wGh^ews (Ci.VOC lr,,GICLOCr L^3 OmCVLT rAAV NTNnunGl
rm pclDr,. +PPUUnws

3[cw ^tlGr.
aCVr ew

WnvlL QwT
rclnGl CPncN (L1 GPACr Cr wq SL'NACC MU at LAOawC rtt^^C1.T 10 wrloCN

^ PaLYZS FOVNrtAGS

U. vaG]VCT Hl3 wu SunrACf. wa ISAw pxrz CF NtrAAr
U w^oSUatT.

H+wcPO awi 01 r'uw.^os (P)
p) e.A53 vscvJ' nat310 ccalCSGi AT wGl PII OF orert.

Q} P9C<LS cOmCA1. Q SIY^ 10 SuT G10Vr Ti015GU. <PO04 A40
.nC- Imu1N. QM MIOCUGt OPOGL

TI!^+D PpM[l (m} lCCT116 Cf POTOq 1WI.-u4 +AC OwUlAlp BY AI:FHT

rWt
DI i0.+nYa Rcu^ttC<Y. '

(n} rP.Q-"59 GGnNAnD SY GAY FI SAPVII C<I,X[i 1iC111pUL CPTq.

(J} WCLW+2L YYC IO 1OG38Ci cr H)nOl01c A UM1CC HUNeCi CF
XGI-r1Ti(Olr

BwT Ir)
CJITJYIELS N10 OO.F 10 Tta.'Ciii

-IInTC (rl eVJf XA'bLLm nOT PRA<GLL cUC 70 HGT CtSPATUI/3[(rJU1GMYl
p-'Vaqq1Z . •

^^ L••rtM^r.i3 `IITAVp.lll9 CJ.SC
CPPGIrzODOG1

0. WOtNC NOT P9ACL'JL(•}

ICO}-ISNC (1} vpCCG4 oqnCH. Cp ^ i0 CI.IA W SLTPIIa 1CCOOCU CPnGI.

• (r} PftLLTSf pqnGL Gi 91YJt ro SALT QGrT TiCMGLL CPnGL

' emx (r)

VMT
^ • •SW0.4r T.tA^CY'Li `3U0.iY rACC:MM

ro
^

eLaY tcC'MOaL .
EmCT+L Si cenw

)•-_--° I

•' . 9Jf1E^^OM1q µCRC (^),

S'.Ui6

ftA4 PvsL.^
'

aGlr . (p) ' CGfiJWQx (P)

^C

1W0-1100 C
(r)i

YAIaY
kATrGNIS eN 4ATAY

Xq-NrACt03 (P)
'

NwCN1C UcdfiCAL OPTIMI
. ..•̂ 3 -ItOOPFIL G V+.RL< IP^

VATAY (n).

ONSITE DISPOSAL TECHNICAL OPTION 'SELECTION

axurc (,)
uArut

^

-]/8-48

sCCfJU aGc (X)
QRR

QCUr WrrXMRT (P)WtM

H1Nrqy0
Gwi

wQ^C rrxuac
W^ (l) iL4( p QwT

rwwcu rvncX



WHC-SD-WM-EV-106 Rev 0

logical extension of metal mattivc process is to consider organic, grout, and inorganic

matrixes. Modified sulfur, an inorganic material was identified as being compatible with

glass or ceramic and was included as a matrix material.

Once the logic diagram was assembled, representative treatments were identified for

evaluation. Treatments were passed over for evaluation only when it could be shown using

the available information that the selected processes of the same general type were superior

or not sufficiently different such that the technology group is not fairly evaluated. Evaluation

of a treatment process by, the systems engineering approach requires a minimum level of

development to define the process and waste form. Thus treatments were also passed over if

properties of the waste form were not published or equipment to achieve necessary process

operations could not be identified.

Starting from the top of the diagram, the four basic waste forms were grouts, organic

polymers, inorganic binder, and mineral precipitation. Sulfur, the only inorganic binder

identified, is considered incompatible with nitrate salts. Mineral precipitation is not an
effective treatment for the waste components generally found in solution. Two organic

polymers were identified, bitumen and polyethylene. Both are thermoplastic materials. No

applications of thermoset materials for waste treatment were found in the literature.

Thermoset materials do not appear to offer any advantage over bitumen or polyethylene.

The Hanford cement grout process was selected as the base grouting technology. Based on a
cursory review, silicate grouts did not offer any significant advantage over cement based
grouts. Organic polymer waste forms were identified as being unique from grouts and
having superior leach rates. The polyethylene waste forms exhibit properties that are
superior to bitumen.

Of the denitration processes identified, calcination was identified as being the most
effective at nitrate destruction.' A mineral precipitation/grout process was considered to be
unique from the other processes selected for evaluation. Direct grouting of calcined material
was considered to be technically difficult due to the chemical incompatibility concerns. Use
of organic polymers with calcine is not considered unique from a salt/polyethylene waste
form and would result in a similar evaluation.

The high-temperature forms include glass, ceramic and calcine. Calcine was excluded
from consideration because its leach rate is greater than grout. A glass casting process was
selected to represent this technology. Ceramic processes are expected to have similar
performance and costs but the technology is less developed. Application of the soil melt
slurry injection technology to treatment of retrieved waste is considered to be unique from
the traditional vitrification processes.

Glass in a lead matrix was developed for vitrification of commercial HLW. The lead
improved thermal conductivity and provided an additional barrier. For the subject LLW
application, sulfur and grout were identified as candidate materials. Since glasses are not
always compatible with grouts, the grout was evaluated in conjunction with a ceramic waste
form.
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The selection of representative treatments from the logic diagram is not intended to

absolutely foreclose consideration of passed over treatments. If, for example, it is concluded

that monolithic glass forms are the preferred treatment, then the characteristics that make this

a desirable treatment are to be reviewed and other waste forms such as monolithic ceramic

forms need to be reconsidered. However, if the saltlpolyethylene waste form or process, for

example, is found to be generally unsatisfactory, then further consideration of alternate

organic polymers to encapsulate dried salts should not be necessary.

The logic diagram is not expected to show every single manufacturing material or even

to include every single material that has been proposed or tested for waste disposal. The

logic diagram, however, is expected to include those waste forms that are viable processes

for sodium nitrate wastes.

The logic diagram serves as the initial screening of treatment processes for evaluation.

As new data become available and as new treatment concepts are proposed and developed it
will be necessary to update the logic diagram. If a new concept is found to be sufficiently

unique, it will be necessary to evaluate it against the performance, cost, complexity, and
development status of whatever technology is the current baseline.

111.0 TECffivICAL OPTION SELECTION

The near-surface disposal alternatives discussed in this section were initially identified
by a literature review of practices and technology for the disposal for high-level radioactive
waste (HLW), low-level radioactive waste (LLW), and hazardous waste. The literature
review was supplemented with the waste management expertise of the staff and formal
technology workshops. The literature included a number of previous and current waste form
surveys (Arniella and Blythe 1990; Crisler 1980; DOE 1981a, 1981b, 1982; IAEA 1988;
Kalb and Columbo 1983; Kibbey and Godbee 1980; Lutze and Ewing 1988; Schulz et al.
1980; Treat et al. 1980; Tucker et al. 1983; Wiemers et al. 1992). The more comprehensive
surveys are listed at the end of this section. Figure Hl-1, Onsite Disposal Technical Option
Selection, shows the waste treatment technical options and highlights those that are evaluated
in this appendix.

The logic used to create Figure Hl-1 was to first identify the waste form and then to
specify a process. These treatment processes were organized, based on their material
properties and unit processes, into groups: Group characteristics were then used to organize
the treatments into a framework for the overall diagram (Figure Hl-1). The first division
was to separate low-temperature processes from high-temperature processes. In general,
low-temperature processes do not chemically change the waste components; whereas, the
hieh-temperature processes (i.e., the glass and ceramic processes) do. The division between
high- and low-temperature processes was set at 500 °C (932 °F), the point at which the use
of exotic metals and ceramics in process equipment becomes a consideration. The low-
temperature processes identified in the literature consisted of cement and silicate grouts, as
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well as organic polymers (such as bitumen and polyethylene). The high-temperature

processes consisted of glass and ceramic processes.

The overall diagram was examined for logic pathways (i.e., treatments) that were not

identified by the initial literature review. For example, denitrarion of the waste in

conjunction with a grouting process is not readily identified by a literature survey of waste

disposal and treatment processes. Using this logic, a parallel path for low-temperature

processes that linked denitration with grouts and organic polymers was generated. A logical

alternative to organic polymer forms is inorganic binders. However, no suitable inorganic

binders were identified from the literature. These logic pathways implied new treatments to

be considered. These pathways, although logical, will propose in many cases treatment

processes that are inferior or that offer no advantage. Examples of logical, but inferior,

processes would be to put sodium nitrate salts directly into sulfur or to put ceramic pellets

into bitumen. A sodium nitrate/sulfur waste form would be unsuitable because of

flammability concerns, and use of a bitumen binder on ceramic pellets would offer no
processing or waste property advantage over a ceramic form.

The basic high-temperature processes of glass and ceramic, when examined in detail,

include subsets such as monoliths, sintered powders, calcine, and marbles or pellets. The

coating and embedding of glass marbles in metal is also discussed in the literature. The

logical extension of the metal matrix process is to consider organic, grout, and inorganic
matrixes. Modified sulfur, an inorganic material, was identified as being compatible with
glass or ceramic and was included as a matrix material.

Once the logic diagram was assembled, representative treatments were identified for
evaluation.

The logic diagram does not show every manufacturing material or even include every
material that has been proposed or tested for waste disposal. The logic diagram does include
the waste forms that are viable processes for sodium nitrate wastes.

The logic diagram serves as the initial screening of treatment processes for evaluation.
As new data become available and as new treatment concepts are proposed and developed, it
will be necessary to update the logic diagram. If a new concept is found to be sufficiently
unique, it will be evaluated against the performance, cost, complexity and development status
of the current baseline technology.

Resource limitations required that the number of technologies evaluated in detail be
kept to a small number. To meet with this limitation, only processes that are unique are
evaluated. Treatments were not evaluated when it could be shown using the available
information that the selected, similar processes of the same general type were superior or not
sufftciently different, such that the technology group is not fairly evaluated. Evaluation of a
treatment process by the systems engineering approach requires a minimum level of
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development to define the process and waste form. Thus, treatments were also passed over

if properties of the waste form were not published or equipment to achieve necessary process

operations could not be identified.

As new data become available and new treatment concepts are proposed and developed,

it will be necessary to update the logic diagtam. If a new concept is sufficiently unique, it

will be evaluated against the performance, cost, complexity, and development status of the

current baseline technology.

a. A number of methods are available to denitrate the waste. Use of chemical

additives to denitrate the waste was not evaluated because chemical denitration is

generally inefficient (on average, less than 90 percent nitrate is destroyed).

b. Electrolytic denitration of alkaline nitrate solutions was tested by Hobbs et al.

(1986). The presence of chromate ion inhibited the denitration process. Adding
bismuth salts blocked the effect of chromate. Up to 95 percent of the nitrate

could be destroyed with good electrical efficiency. Greater than 99 percent could

be destroyed with significantly greater power consumption. The amount of
bismuth added was not explained. Because of uncertainty with the impact on
waste volume and toxicity, this option was not evaluated further.

c. Calcine waste forms were not considered because of the high solubility of sodium
oxide. Even if only sludges were calcined, the leach rate of the calcine would be f'
higher than all other waste forms considered (Schulz et al. 1980).

d. The only inorganic binders identified by the literature search were lead and
sulfur cement. Sulfur cement is a U.S. Bureau of Mines developed construction
material that has advantageous properties for waste treatment (Van Dalen and
Rijplema 1989). Sulfur is not compatible with oxidizers such as sodium nitrate.
A single citation was found on using sulfur in a one-step waste calcining to make
a calcinelsulfur waste form. Acidic waste was calcined with the generation of
large quantities of SO; and SO3 in the offgas. The product was considered to be
very leach resistant (Davis et al. 1962). This investigation used unmodified
sulfur and was completed before the development of effective sulfur cement
formulations. Calcined sodium nitrate (sodium oxide) is not expected to be
compatible with sulfur cement as sodium oxide is extremely hygroscopic. It is
probable that leach test results would be poor.

No citations could be found on the use of lead (or other metals) to immobilize
waste salts, calcine, or mineral precipitates. The high density of metals relative
to that of salts, oxides, and minerals would appear to make this impractical.

No high temperature in situ processes were identified other than in situ
vitrification (ISV) that could be applied to this waste stream.
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e. The waste loading, cost, and leach resistance of a salt/bitumen process are

similar to those of a salt/polyethylene process. Polyethylene is superior to

bitumen with respect to radiation resistance, softening temperature, and

flammability (Kalb et al. 1991).

Use of organic polymers in conjunction with mineral precipitates would be
similar to the salt/polyethylene process. Higher costs are expected because of
the waste mass increase from mineralization.

No citations were found on the use of alternatives to thermoplastic organic

materials (such as thermoset resins).

No citations were found on the use of organic polymers with a glass or ceramic
waste form. No advantages to this process were identified.

f. Denitration and grouting of sodium nitrate wastes will generate a grout made

from a strong caustic solution (sodium hydroxide). Sodium hydroxide being
composed of monovalent ions will not incorporate into the cement hydration
structure and will readily leach from the product. The leachate and product are
likely to fail the State corrosive material test.

g. A number of processes have been proposed or studied for preparing multiphase
crystalline ceramic waste forms. . These include uniaxial hot pressing, hot
isostatic pressing, cold pressing and sintering, and disc pelletization and
sintering. While all of these processes are in use in commercial applications,
only uniaxial hot pressing and hot isostatic pressing have been tested on a larger
than laboratory scaie for radioactive waste. Uniaxial hot pressing in bellow
containers has been chosen for nonradioactive demonstration by the Australian
nuclear program. Vitrification processes have been demonstrated and with
radioactive waste and are in full-scale operation.

h. Production of crystalline ceramic in a sintered powder, pellet, or clinker form
has been suggested as a means to minimize the ceramic- forming development
requirements for the ceramic-forming processes described previously in g.
However, the high surface area exposed to leaching increases the release rate
from the waste and, thus, is undesirable.

i. Conversion of the sodium nitrate wastes to cancrinite wastes was studied (Barney
1975). Given the high surface area of this waste form and the resulting leach
rate of ninate, this form offers little improvement relative to the grout process.

j. The leachate from hydraulic cements are alkaline. Glasses are subject to
accelerated corrosion in the presence of alkaline solution. For this study, it has
been hypothesized that it may be possible to formulate a ceramic that is more
resistant to alkaline attack than typical radioactive waste glasses. (Tailored
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ceramic phases are in general thermodynamically more stable than vitreous

phases.) Thus, a sintered ceramic in grout technical option is included for

evaluation as opposed to a glass in grout option.

k. Grouting processes based on sodium silicate as the reactive agent are available
from waste treatment service vendors. A silicate formulation is presumed to
have performance properties comparable to those of Hanford Site grout
formulations. A sodium silicate formulation is evaluated in conjunction with the
mineral grout technology option.

A Hanford Site grout formuiation tailored for the denitrated waste technical
option is presumed to be similar to the Hanford Site grout technical option.

Silicate and Hanford Site grout formulations are presumed to have similar
performance properties.

1. Two options for transport of the waste to the ISV site are transfer as a powder or

transfer as a slurry. Transfer as a slurry is consistent with the present Hanford

Site practice. No significant advantage for powder transport was identified.

Because transfer as a powder departs from current Site practice, this option is not

evaluated.

in. Two inorganic matrix materials were identified in this study, lead and sulfur
cement. Sulfur cement is a U.S. Bureau of Mines developed construction
material that has advantageous properties for waste treatment. Lead has been
proposed as a matrix to encapsulate container packaged glass marbles. Sulfur
cement was selected over lead for evaluation becauselead is a toxic material and
sulfur cement is not. In addition, the relative specific gravity of the materials
(lead > glass > sulfur cement) complicates use of lead. The high specific
gravity of the lead will cause the glass to float on the lead.

n. All processes under consideration manufacture several hundred cubic meters of
waste form each day. Given the shielding requirements and logistics of
packaging and transporting this volume of waste form, use of containers is
generally considered to be impractical. Two technical options, salt/polyethylene
and containetiz.ed glass are included to verify this assumption.

o. The latent heat and low thermal conductivity of these waste forms result in
extended solidification times for large masses such as would be formed by bulk
disposal. It is possible that these waste forms would segregate by sedimentation
during this time and thus form a less desirable product (low polymer to salt
ratio.)

p. Bulk handling of glass in only practical when in the form of cullet, marbles, etc.
The glass in sulfur process incorporates a bulk glass cullet process.
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q. Two inorganic matrix material were identified in this study, lead and sulfur

cement (described previously in m). Application of the sulfur cement matrix to a

ceramic form would generate a waste form analogous to the glass in sulfur waste

form. Because radioactive waste vitrification technology is more developed that

ceramic technology, the glass in sulfur option was selected.

r. Sodium silicate- and cement-based grouts (described previously in j and k) are

presumed to similar performance properties. The cement-based grout option was

selected relative to a sodium silicate-based option because there is more data on

cement-based formulations.
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9.2 TECHNICAL OPITON SELECTION

The offsite disposal alternatives discussed in this section were initially identified by a

literature review of practices and technology developed for the disposal of HI..W.

Technologies for LLW disposal were also reviewed for waste forms and processes potentially

extendable to HLW use. The literature review was supplemented with the waste

management expertise of WHC staff and formal technology workshops. The literature

included a number of previous and current waste form surveys (DOE 1981a, 1981b, 1982;

Ka1b and Columbo 1988; Lutze and Ewing 1988; Schulz et al. 1980; Treat et al. 1980;

Wiemers et al. 1992). The intent was to first identify the waste form and then to specify a

process to generate that form. Figure 9-1 shows the waste treatment technology options and
highlights those that are evaluated in this chapter. A more complete discussion on selection

of the waste treatment options is provided in Appendix I.

The treatment processes were organized into groups, based on their material properties

and unit processes. Group characteristics were then used to organize the treatments into a

framework for the overall diagram (Figure 9-1). The first division separates low-temperature

processes from high-temperature processes. In general, low-temperature processes do not

chemically change the waste components, but merely immobilize them in solid form. By

contrast the high-temperature processes generate new, usually more stable, products. The
division between high- and low-temperature processes was set at 500 °C (932 'F), a
temperature below which major chemical reactions do not occur with the waste and above
which the use of exotic metals and ceramics equipment becomes a factor in the design and
manufacture of process equipment. The low-temperature processes identified in the literature
immobilize the uaste in conm...tr. or materials such as bitumen or aqueous silicate. The high-
temperature processes incorporate the waste into oxide, glass, or ceramic products.

The overall diagram was examined for additional logic pathways (i.e., treatments) that
were not identified by the initial literature review. Most of those identified were not
incorporated in the diagtam because they were inferior to processes already shown. For
example putting sodium nitrate into sulfur is unsuitable since it creates a potential fire and
explosion hazard, while the use of bitumen as a matrix for ceramic pellets offers no
processing or wastt property advantages compared with the ceramic form itself.

When examined in detail the basic high-temperature processes of glass and cetamic
included subsets such as monoliths, sintered powders and marbles or pellets, which are
included in the diagram.

The coating and embedding of glass marbles in metal matrices is discussed in the
literature. A logical extension of the metal matrix process was to consider organic and
inorganic (e.g., grout) matrixes. Modified sulfur was identified as being compatible with
glass or ceramic and was included as a matrix material.
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Once the logic diagtam was assembled, representative treatments were identified for

evaluation. Treatments were not evaluated when it could be shown that the chosen processes

of the same general type were superior, or that the chosen waste form possessed equal or

superior properties. Evaluation of a treatment process by the systems engineering approach

requires a minimum level of development to define the process and waste form. Treatments

were therefore passed over if properties of the waste form were not published or equipment

to achieve necessary process operations could not be identified.

The four basic waste forms identified in Figure 9-1 are concretes, miscellaneous waste
forms, homogeneous waste forms and multilayer waste forms.

The literature contained little information on concretes which was relevant to the

particular waste forms which exist at the Hanford Site. Further, predicted waste form

loadings were low and leach rates were high compared to other waste forms.

Two miscellaneous technologies were identified, bitumen and aqueous silicate.
Bitumen presents a combustion hazard with high nitrate wastes (which are very common at
the Hanford Site), while waste loadings for the aqueous silicate process were found to be low
compared with other waste forms.

The homogeneous waste processes were divided into three different groups: glass,
calcination, and cerasnic products. The HWVP glass process was selected as the base glass
technology, since it possesses the best developed, approved technology. The calcination
process was selected on the basis of simplicity. A tailored ceramic was selected since it
yields final waste forms at least as inert and durable as glass. For this application the
mineral assemblage formed in the ceramic would contain nepheline, monazite, and
corrundum as major phases.

Multilayer waste forms were identified as being unnecessarily complex. The
firstprocessing stage typically produces a glass or ceramic product, while a second stage
incorporates this wastz form into a metal, cement, or inorganic matrix without any significant
gain in performance.

The selection of representative treatments from the logic diagram is not intended to
eliminate other treatment processes. For example, if monolithic glass forms are the
preferred treatment, the characteristics that make this a desirable treatment must be reviewed
and other waste forms, such as monolithic ceramic forms, should be reconsidered. If,
however, the tailored ceramic waste form or process, for example, is found to be generally
unsatisfactory, further consideration of alternate ceramic waste forms should not be
necessary.

The logic diagram provides the initial screening tool for the evaluation of treatment
processes. As new data become available and as new treatinent concepts are proposed and
developed, it will be necessary to update the logic diagram. If a new concept is found to
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have sufficient merit, it will be necessary to evaluate it against the performance, cost,

complexity, and development status of the technology which represents the current baseline.

The logic diagram is not intended to show every single manufacturing process, or even

to include every single material, that has been proposed or tested for waste disposal. It is,

however, developed to include those processes and waste forms that may be viable for

disposal of HLW at Hanford.

I1.0 WASTE FORM

The scope of this study examines glass and ceramic waste forms for encapsulation of

high-level radioactive waste (HLW). The results determined from previous studies indicate

that the Hanford Site HLW should be limited to glass, cements, and ceramics (Schulz et al.

1980). For this study, cements have been excluded based on repository cost and public

acceptance. Figure Il-1 identifies different waste forms for offsite disposal.

Evaluation of a thick-walled container or cask is being examined in connection with a

calcined waste form. This calcine-cask system, which is not addressed by Schulz et al.

(1980), is based on the integrity of the storage container. This logic is consistent with that

of spent fuel storage.

The options identified within the study have concurrence from the National Academy

of Sciences (NAS).

11.1 BOROSILICATE GLASS

Borosilicate glass is a waste form in four treatment options: Hanford Waste

Vitrification Plant (IiWVP), large melter, multiple melter, and glass cullet.

11.1.1 Formulation

The formulation of the waste form depends on the feed stream oxides. A 25 wt%

oxide loading is assumed for HWVP, large melter, and glass cullet. These processes match
wastes that have been processed to minimize HLW volume as well as reduce sodium and

metal oxide content. The multiple melter is not linked to separations technology. Thus, the
feed to the multiple melter is high in sodium, which becomes the controlling parameter,

because processing requirements limit the glass to 15 wt% sodium oxide. For some feed

streams, the oxide loading could be slightly higher (Watrous et al. 1991). Ten components
within the feed stream will be analyzed to determine the composition of the frit. The 10

t̂ r

E-8



WHC-SD-WM-EV-106 Rev 0

components are SiO2, 8=03, Na,O, LiZO, CaO, MgO, Fez03, A1_03, ZrO2, and other oxides

with a weight fraction greater than 0.001.

The variation of the frit composition will be modeled based on feed stream oxide

compositions and control of physical properties of the final glass waste form. Based on this

assumption the frit composition was limited to four components: Si02, 8:03, Na2O, and

Liz0. Silicon dioxide is to provide glass durability. The other glass formers selected aid in

lowering the melting temperatttre of silica. A small quantity of sodium oxide is added to

allow for introduction of additional alkali into the glass and to provide flexibility for a high

sodium waste feed. Lithium oxide and boron trioxide are provided to adjust for viscosity

and electrical conductivity. Boron also provides chemical durability that is thought to help

stabilize certain elements in the glass phase (Lutze and Ewing 1988).

11.1.2 Quantities Made

The amount of glass made and placed into canisters will be determined by the
separations technology combined with the glass process.

Table I1-1 identifies the number of canisters that would be produced using different
separations treatments combined with a glass treatment option. A larger canister where
indicated is the basis for the option to produce less canisters as shown by Table I1-1.

Table 11-1. Giass Process Canister Production Estimates.

Process Separations HWVP canister Large canister Shielded cask
technology (0.6 m dia. (0.68 m dia. (2.13 m dia.

used x3.17mh) x4.76mh) x5.79m)
(number) (number) (number)

HWVP Solvent 11,300'
extraction

Large S1LLdgc wash 37,700 16,800"
melter

Multiple None 364,000 160,000*
melter

Glass None 50,000 3,100*
cullet

' Container size assumed in process evaluation.
HWVP = Hanford Waste Vitrification Plant
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11.1.3 Physical Properties

Borosilicate glass is a very durable waste form. Waste oxides are in a homogeneous

glass matrix that has extremely low leach rates and, thus, is considered to be nonhazardous.

As the glass cools, devitrification may occur. Devitrification is the precipitation of

crystal phases from the glass. Depending on the phases that precipitate, devitrification can

adversely affect the durability of the waste form. A limited amount of devitrification is

expected that would have insignificant effects on the durability of the glass.

Glass is also considered a brittle material. Rapid cooling of the glass induces stresses
in the glass that can lead to fracturing. It is important to consider fracture when applying

this waste form to large-scale blocks (0.3 to 0.6 m dia. x 1 to 3 m in length [1 to 2 ft dia. x

3 to 10 ft in length)). Stresses within the glass can be relieved if the glass block is allowed

to cool slowly (over months). This long cooling time is not generally considered practical,
due to time and equipment constraints. Thus, the glass cast into containers will contain
fractures. Slow cooling can also be detrimental as it will favor devitrification.

The effect of radiation to the glass matrix is expected to be small. Chemical durability
is affected by the alpha decay by a factor of <3 (Lutze and Ewing 1988).

11.2 TAILORED CERIMMICS

In this context, tailored ceramic includes the work of Ringwood et al. (1980) on
'Synroc' and that of Harker et al. (1983) and Grantham et al. (1983) on tailored ceramic.
When these waste forms are applied to defense waste, the formulations developed are similar
because of the quantity of ncpheline generated by Hanford Site waste.

A ceramic waste form is used in two treatment options, hot isostatic pressed (HIP)
ceramic and ceramic pellets.

11.2.1 Formulation

Tailored ceramics were applied to the technology of consolidating HLW. The waste
composition combined with chemical additives forms the tailored ceramic. The HLW would
be chemically bound to the crystalline phases forming the ceramic structure. Tailored
ceramics can be designed to immobilize the waste by two methods. The ceramic can be
designed to contain a low loading of radionuclides by selecting appropriate phases within the
ceramic, or a dilute solid solution can contain a high loading of radionuclides. This waste
form has been applied to high aluminum composition HLW at the Savannah River Site.

Crystal structure and the number of phases have been identified for HLW
consolidation. Table 11-2 identifies possible host phases for polyphase ceramic nuclear waste
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Table 11-2. Host Phases for Polyphase Ceramic.

Host Assemblage Structure Composition

Actinide and rare earth Fluorite structtue solid
solutions

UOZ-ThO,-ZrO2

Zirconolite CaZrTi2O7

Pyrochlores (Gd,La)ZTi,O,

Perovskites CaTiO3

Monazite (Gd,La)P04

Zircon ZrSiO4

Strontium and alkaline earth Magnetoplumbites (Ca,Sr)(Al,Fe)1z019

Perovsldtes (Ca,Sr)TiO3

Hollandite BaA12TisO16

Alkali Nepheline (Na, Cs)AlSiO4

Perovskite (Gd,La)osNaosTiO3

Magnetoplumbite (Na, Cs)psLafl,^A11ZOlg

Hollandite (Ba.Cs.Na,)A1ZTi6O16

Silica-rich amphorous
intergranular phases

Metal host phascs Alloys Mo-Ru-Tc-Pd-Ag-Rh-Ni-Tc

Nonfission Product host
h

Spinels (Mg,Ni,Fe)(Al,Fe,Cr)Z03
p ases

Corundum A1203

Rutile TiOZ

Pseudobrookite FezTiO5
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form design. The host phase has the ability to chemically bind a specific waste element.

Additional strength and chemical durability can be designed into the waste form when adding

an excess of the tailoring species.

The ceramic form evaluated for this application is an alutninosilicate compound,

Synroc D, which consists of zirconolite, perovskite, spinel, and nepheline. Sodium is

immobilized in this compound as nepheline. The theoretical sodium oxide loading of

nepheline is 22 wt%. The calculated waste loading based on all formulation assumptions is

78 percent and 24 percent for HIP and ceramic pellet, respectively. For the application of

the Hanford Site waste, the major mineral assemblages used would be nepheline, monazite,

and corundum.

Table I1-2 shows that for waste high in sodium, nepheline, or a glass phase is the

required host for alkalies.

11.2.2 Quantities Made

The amount of tailored ceramic made and placed into canisters will be determined by

the separations technology combined with the ceramic process.

Table 11-3 identifies the number of canisters that would be produced using different

separations treatments combined with a tailored ceramic treatment option. A larger canister

could be used to produce less canisters as shown by Table 11-3.

I1:2.3 Physical Properties

Like glass, a ceramic is a very durable waste form. Waste oxides are contained in a

homogeneous ceramic matrix that is considered nonhazardous.

Few leaching studies have been performed to demonstrate all dissolution kinetics for

tailored ceramics. Observations identified for nepheline indicate that the silicate phase within

the matrix will determine the short-term leaching behavior. The pH conditions will

determine the amount of silicate that leaches from the matrix.

Ceramic is highly resistant to radiation damage. Because of the low specific activity of
the Hanford Site SST wastes, radiation should have a negligible effect on the integrity of the
ceramic over 10,000 years.

11.2.3.1 Product Stability. SST waste matrixed within ceramic will be a highly stable, low
dispersal waste form under expected repository conditions. Relative to other waste forms,
ceramics are considered to be very leach resistant.
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T1 1 T^;lnro.l ('onmir PTrrtCt Canister Production Estimates.

Process Separations
technology used

HWVP
canister

(0.6mdia.

Large canister
(0.68 in dia. x
4.76mh)

Shielded cask
(2.13 in dia.
x5.79m)

x 3.17 in h)

Hot isostatic Sludge wash 10,600 5,200*

pressed

Ceramic pellet None 230,000 29,600*

*Container size used for process evaluation.

HWVP = Hanford Waste Vitrification Plant

Ceramic is not combustible and is resistant to fire damage. Melting or softening would

occur at temperatures above 800 °C (1472 °F) and volatilization occurs when temperatures

exceed 1200 °C (2192 °F).

The radiation effects from short lived (<500 years) beta and gamma emitters (cesium,

strontium) will mainly affect the nepheline phase. This decay can cause elevated

temperatures [400 - 600 °C (752 - 1112 °F)] at the centerline of the matrix. Because of

ionization and a few atomic displacements, a small fraction of the nepheline may be

damaged. The damaged nepheline may be subject to recrystallization into silicate and other

phases. The silicate phase could then react with water to release sodium and silicon.

The impact on the long-term chemical durability of alpha radiation damage to the

crystalline phases in tailored ceramic waste forms is not completely understood. Radiation

damage can occur within a phase of the ceramic inatrix and results in swelling,

microfracture, and local changes in the chemical bonding of effected cations. Alpha decay

doses would need to exceed 10" alpha decay events per cubic meter for significant damage

to occur (Lutze and Ewing 1988).

Ceramic is generally a durable material. Its behavior under repository conditions for

10,000 year remains somewhat speculative; a fact that is true for all other waste forms.

Indeed, current repository models do not consider the specific chemical waste form in

designing systems for containment of radionuclides.

11.2.3.2 Dangerous Waste Designation. Regulations for designation of a waste form are in

WAC 173-303. The regulations pertinent to designation of a SST waste form are (1) the

dangerous waste characteristics, (2) dangerous waste lists and listed waste requirements, and

(3) dangerous waste criteria. The dangerous waste characteristics are ignitability,

corrosivity, reactivity, and TCLP toxicity.
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A preliminary review of the waste form and process was completed with respect to the

WAC 173-303 requirements for dangerous waste designation. This review was completed

only to allow comparison of the waste forms and does not constitute a comprehensive waste

designation.

Ceramic is not considered to be ignitable, corrosive, or reactive.

Because of its inherent low leachability and the constituents of ceramic, i.e., oxides,

ceramic is expected to be not hazardous by the TCLP.

Some SSTs have received listed dangerous waste and thus the final form generated may

be regulated as a listed dangerous waste. Under this interpretation of the regulations, the

dangerous waste criteria for toxic dangerous waste appears to be the most important for the

waste in these tanks.

Volatile listed waste constituents will be stripped by.the feed concentration step or
incinerated by the firing operation.

Ceramic is not a toxic waste by the book designation procedure.

11.3 CALCINED PRODUCTS

Calcining the waste to produce a powder waste form is in one treatment option that is
identified as calcine{ask.

11.3.1 Formulation

Metal oxides, generated from the waste, will be almost 100 percent of the calcination
product depending on the composition of the waste feed. With the proposed process, it is
expected that some of the particles forming the inert bed in the calciner will elutriate along
with the calcined product stream and will be about 10 percent of the overall output. The
final waste form of the calcined product itself will be amorphous particles and/or an
aggregate of very small microcrysralline particles.

Calcination has been demonstrated on feed materials containing 80 to 210 g calcine/L
liquid waste (0.7 to 1.7 lb/gal). The waste contained 0.01 molar to I molar sodium
(Bjorklund 1977). Calcination of HLW has also been performed at Idaho National
Engineering Laboratory (1NEZ.).
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I1.3.2 Quantities Made

The amount of calcined product made and placed into canisters will be determined by

the efficiency of the flttidized bed calciner and the amount of inert bed material needed to

prevent agglomerization in the calciner. Other methods of processing (e.g., plasma arc) are

available, but the fluid bed was considered the best developed option. (The process, as

evaluated, was presented by a representative of the Yakima Indian Nation.)

Table 11-4 identifies the number of canisters that would be produced using different

size canisters. A large cask is used to produce less canisters as shown by Table 11-4.

Table 11-4. Calcine Process Canister Production Estimate.

Process Separations HWVP canister Large canister Shielded cask
technology (0.6 in dia. x 3.17 (0.68 m dia. x (2.13 in dia.

used mh) 4.76mh) x5.79m)

Calcine-czsk None 273,000 121,000 17,700*

*Assumed container size for process.
HWVP = Hanford Waste Vitrification Plant

11.3.3 Physical Properties

The physical form of the calciner product has a number of disadvantages compared

with glass and ceramics. These disadvantages are dispersibility of the powder, solubility,

susceptibility to radiolytic decomposition, and corrosivity as a consequence of its high pH in

solution. These points are expanded below.

Calciner product, being a fine powder, is highly dispersible and thus may not meet
transportation and repository acceptance criteria. Because of this dispersibility, calcination
has generally been thought of as being an intermediate stage in a process that would
ultimately produce a more inert product for disposal. Enrobing in an inert matrix would
achieve this end. Such a matrix could be metal, glass, or ceramic.

Calcined oxides with a high alkali metal content are hygroscopic and readily dissolve in
water. Calcined tank waste is generally high in sodium content and, when combined with
moisture, forms a high pH solution, which is corrosive.

Test data on the leachability of INEL calcine product has indicated that 60 percent of
the "'Cs and 40 percent of the 90Sr was removed after 2,000 hours of continuous leaching
with water at 25 °C (T7 °F). Other oxide calcines exhibit comparable leach rates
(NAS 1979).
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Calcination reactions may not go fully to completion to the extent that glass reactions

do because of lower operating temperature. Temperatures above 600 °C (1112 °F) result in

degradation. Should the calcine product be heated above 600 °C (1112 °F), volatilization of

some radionuclides and decomposition of some chemicals would occur.

I1.3.3.1 Dangerous Waste Designation. Regulations for designation of a waste form are in

WAC 173-303. The regulations most pertinent to designation of a SST waste form are

(1) dangerous waste characteristics, (2) dangerous waste lists and listed waste requirements,

and (3) dangerous waste criteria. The dangerous waste characteristics are ignitability,

corrosivity, reactivity, and TCLP toxicity. Some of the Hanford Site waste tanks have

received listed dangerous waste and thus the final form, after treatment for disposal, may be

regulated as a listed dangerous waste. With respect to these tanks, the dangerous waste

criteria for toxic dangerous waste appears to be the most important.

A preliminary review of the waste form and process was completed with respect to the

WAC 173-303 requirements for dangerous waste designation. This review is intended to

allow comparison of the different waste forms and does not constitute a comprehensive waste

designation.

Calcined waste does not meet the definition of an ignitable material.

Water is expected to react with the calcine and form •a corrosive solution with high pH.

Results of the U.S Environmental Protection Agency TCLP test on the calcine product

are unknown at this time. Compared to other waste forms, the calcine product is not
considered to be leach resistant. This waste form would not provide the required structural
stability in the presence of moisture and therefore would rely entirely on the container to

meet the requirements in 10 CFR 61.56(b)(1) for land disposal.

Volatile listed waste constituents will be generated as the result of radiolytic
decomposition of the calcine product.

The designation of the waste that results from the book designation procedure for toxic
dangerous waste will depend on the extent to which calcination destroys nitrite present in the
waste. If less than 99.9 percent of the nitrite is destroyed, the calcined product will be
extremely harardous waste. If nitritE destruction is better than99.9 percent but less than
99.99 percent, calcination leaves a dangerous waste. If nitrite destruction exceeds
99.99 percent, the calcined product is not a toxic waste.

11.4 TECHNOLOGY OPTIONS NOT EVALUATED

This section comments on those technology options/waste forms that were not
evaluated in the study.

^•
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11.4.1 Concretes

Concretes were not considered for detailed analysis in this study. In general, waste

form volume is more than double that of other, better waste forms (e.g., glass). This is

reflective of the actual waste loading in the waste form. Other reasons for not studying

further concrete-based waste forms are loss of durability when exposed to high temperature,

a higher leach rate than other waste, forms, and noncompatibility with high sodium nitrate
waste resulting in a poor product.

A brief description of specific individual concrete systems follows.

11.4.1.1 FTJETAP Concrete. PUETAP is an acronym for 'formed under elevated

temperature and pressure.' This process uses accelerated curing to produce strong, durable,
and relatively impermeable solids. FUETAP generally consists of portland cement, non-
portland hydraulic cement, fly ash, sand, clays, and waste products.

Initial tests were applied to a high sodium nitrate concentration waste. When
combinations of portland cements and waste were used, curing at experimental temperatures
and pressures produced a waste form from which small amounts of a sticky nitrate substance
exuded. The durability was such that the pellets cracked easily after this
(Schulz et al. 1980).

Waste loading cannot exceed 15 wt% when applied to high sodium nitrate wastes such
as those at the Hanford Site.

11.4.1.2 Supergrout Concrete. Supergrout is a term used to describe a grout consisting of
the Hanford Site liquid radioactive waste, cement, and special additives to decrease
radionuclide leachability and improve other properties of the final concrete.

Waste oxide loadings of the Hanford Site blended waste and residual liquid
immobilized in this waste form are estimated to be 13 and 18 wt%, respectively with waste
densities of 0.18 and 0.24 g/cm'. The leach rates for the grout product are 1073 to 10'
g/cm2 day for cesium and strontium.

11.4.1.3 Sludge in Concrete. This waste form is a concrete monolith similar to grout that
immobilizes wastt-insoluble sludges. Processing occurs at ambient temperatures and
pressures.

The expected waste loading range of this waste form for a typical waste oxide loading
is between 5 wt% and 19 wt %(Schulz et al. 1980).
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11.4.2 Miscellaneous

The waste forms classified as miscellaneous are relatively different from each other in

composition. The link between them would be that the waste form loading and leach rates

would be low compared to other, superior waste forms identified.

11.4.2.1 Bitumen. The waste form consists of radioactive waste and an asphalt matrix.

Processing can be done at relatively low operating temperatures because the bitumen has a

low softening temperature of around 100 °C (212 °F).

A temperature limit of 50 °C (122 °F) is proposed for a thermal stability requirement

to minimize long-term (1,000 years) settling of waste particles (HIuger et al. 1979). The

repository with a design peak temperature of 200 °C (392 °F) would exceed the thermal

stability of the bitumen waste form (Ross 1992).

11.4.2.2 Aqueous Silicate. This waste form incorporates an alkaline radioactive waste and

a clay to form stable aluminosilicate minerals.

The leachability of this waste form exceeds that of other waste forms. The literature
reports cesium leach rates ranging from 3 x 10-1 to
3 x 10' g/cm'-•day. Immersion in water causes the waste form to crack and swell.

The waste loading of material produced by the aqueous silicate pr.ocess is low.

Reports in the literature indicate that the liquid waste loading is approximately 20 wt% waste
oxides and that the loading for salt cake is approximately 5 wt% waste oxides (Schulz et al.
1980).

11.4.3 Glass

Borosilicate glass is the best developed approved technology. Borosilicate glass is
acceptable to the Hanford Site waste. A high silica glass product would produce more waste
because of the waste loading. Glass ceramics require complex processing equipment and
facilities.

11.4.3.1 Porous Glass Matrix. This waste form is a high silica glass that incorporates the
radioactive waste by sintering porous glass frit and waste. The process operating
temperature of 900 to 1100 °C (1650 to 2000 °F) is lower than that in a conventional glass
melter. The high silica waste form produces a high durability glass. However, when
combined with high sodium wastL, the durability is the same as for a borosilicate glass.

The waste loading would be limited to 20 wt%.

11.4.3.2 Glass Ceramics Nionoliths/Marbles. The glass ceramic process produces a glass
that is then heat treated to nucleate and grow a fine crystalline microstructure. This waste
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form is chemically and structurally more durable than other glass wastE forms. Developing

and providing an initial waste feed composition to grow the ceramic would be complex and

the wide variation in composition of the Hanford Site wastes would delay development of the

several different compositions needed to successfully produce this waste form.

11.4.4 Ceramics

See Section 11.2 for details on tailored ceranucs.

11.4.5 Multilayer Waste Fotms

These waste forms normally have two layers. The first layer is typically a glass or
ceramic and the second layer is a matrix covering the prime form. The discussion will

center around the second layer, because glass and ceramic waste forms are discussed in detail

in Sections 11.1 and 11.2, respectively. In general, little or no advantage is gained by these
forms over uncoated glass and ceramic wastes that already adequately meet requirements.

11.4.5.1 Cement Matrix. For the waste form to be thermally stable, the temperature
should not exceed 300 °C (572 'F). High pH solutions, which are present in cement
matrices, react with glass and ceramics and so such mixtures are likely to have higher leach
rates. No leach ratc data are currently available.

The waste loading is lower than the uncoated waste form and does not exceed 18 wt%
on an oxide basis.

11.4.5.2 Coated Ceramic. Waste loadings have not been determined for the coated
ceramic. It is assumed that the waste loading will be less than the monolithic tailored
ceramic waste form.

11.4.5.3 Metal Matrix. The metal matrix would be approximately 50 percent of that for
monoliths. This would increase the volume of the waste form significantly.

11.4.5.4 Inorganic Matrix. The matrix in this case was polymerized sulfur. Currently, the
sulfur matrix is not acceptable at the repository. Only borosilicate glass has been approved
as a waste form in the renostory. The sulfur matrix would need additional compatibility
testing to be performed with the Hanford Site waste.

11.3.1.1 Product Stability. Vitrified single-shell tank (SST) waste will be a highly stable,
low dispersal waste form. Glasses are considered to be very leach resistant. Glass is less
leach resistant than ceramics but is significantly better than calcines or grout.
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Glass is highly resistant to radiation damage. Because of the low specific activity of

the Hanford Site SST wastes, radiation should have negligible effect on the integrity of the

glass over 10,000 years.

Glass is not combustible and is resistant to fire damage. Melting or softening would

occur at temperatures above 800 °C (1472 °F) and volatilization occurs when temperatures

exceed 1200 °C (2192 `F).

Glass is generally a durable material. However, it may not survive under repository

conditions for 10,000 years. Currently, repository models do not consider the waste form

for containment of radionuclides.

11.3.1.2 Dangerous Waste Designation. Regulations for designation of a waste form are in

Washington (State) Administrarive Code (WAC) 173-303 "Dangerous Waste Regulations".

The regulations most pertinent to the designation of a SST waste form are (1) the dangerous

waste characte.ristics, (2) dangerous waste lists and listed waste requirements, and (3)

dangerous waste criteria. The dangerous waste characteristics are ignitability, corrosivity,

reactivity, and toxicity characteristic leaching procedure (TCLP) toxicity. At least some

SSTs have received listed dangerous waste, and thus the final form may be regulated as a

listed dangerous waste. With respect to SST waste, the dangerous waste criteria for toxic

dangerous waste appears to be the most important.

A preliminary review of the waste form and process was completed with respect to the

WAC 173-303 requirements for dangerous waste designation. This review allowed

comparison of the waste forms and does not constitute a comprehensive waste designation.

Glass is not considered to be ignitable, corrosive, or reactive.

The constituenu of glass, i.e., oxides, are either nontoxic or low toxicity chemicals by

the book designation procedure. Because of its inherently low leachability, and the

constituents of giass being oxides, glass is expected to be not hazardous by the TCLP toxicity

characteristic.

Volatile listed waste constituents will be stripped by the feed concentration step or
incinerated by the melter operation.

Glass is not a toxic waste by the book designation procedure.
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