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DISCLAIMER

This report was prepared by Washington Savannah River
Company (WSRC) for the United States Department of
Energy under Contract No, DEA-AC(09-96SR 18500 and is
an account of work performed under that contract. Neither
the United States Department of Encrgy, nor WSRC, nor
any of their employees makes any warranty, expressed or
implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any
information, apparatus, or product or process disclosed
herein or represents that its use will not infringe privately
owned rights. Reference herein to any specific commercial
product, process, or service by trademark, name,
manufacturer or otherwise does not necessarily constitute or
imply endorsement, recommendation, or favoring of same
by WSRC or by the United States Govemment or any
agency thereof. The views and opinions or the authors
expressed herein do not necessarily state or reflect those of
the United States Government or any agency thereof.
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Executive Summary

Tank 48H currently contains 240,000 gallons of highly radioactive waste. This waste also
contains about 19,000 kg of cesium and potassium tetraphenylborate. The
tetraphenylborate decomposes in the radioactive environment and produces benzene. The
benzene, along with hydrogen produced by the radiolysis of water, has the potential to
create a flammable atmosphere inside the waste tank. This is a somewhat unique hazard
in the Tank Farm and there is a strong desire to eliminate this hazard. Tank 48H is also
important for two other reasons: (1) tank space is vital to supporting critical site missions
that generate High Level Waste and by dispositioning the waste in Tank 48H, 1.3 million
gallons of tank space are generated, and (2) the tank is ideally positioned geographically to
serve as a feed preparation tank for the future Salt Waste Processing Facility and is
interconnected to the other five tanks involved in Salt Waste Processing Facility feed
preparation. Dispositioning the contents of Tank 48H to eliminate the flammability
hazard, provide much needed tank space, and to serve as a feed preparation tank is
therefore a high priority at the Savannah River Site.

Two previous Systems Engineering Evaluations have been performed (2004 and 2005) to
identify technologies that could treat and/or disposition the waste in Tank 48H and return
to the tank to Tank Farm service as described above. Both of those evaluations
recommended Aggregation as a preferred technology for dispositioning the waste in Tank
48H and recovering the tank for Tank Farm use as well as recommending further
development of two non-Aggregation alternative technologies as contingency.

The 2006 Systems Engincering Evaluation resulted in again recommending Aggregation
as the preferred technology. Aggregation is a low cost and timely solution to the Tank
48H problem. However, Aggregation does result in dispositioning the radioactive
material in Tank 48H within the State of South Carolina. The Team therefore also
recommends further development of two alternative technologies that appear to be
technically viable and result in disposing of most of the Tank 48H radioactive matenal in
a Federal Repository as opposed to within the State. The two alternatives are small scale
Wet Air Oxidation and small scale Fluidized Bed Steam Reforming. Each costs more and
takes more time than Aggregation.

This report documents the results of the 2006 Systems Engineering Evaluation.
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Abbreviations and Acronyms

CAB Citizens Advisory Board

DDA De-liquification, Dissolution and Adjustment

DNFSB Defense Nuclear Facilities Safety Board

DOE Department of Energy

DSA Documented Safety Analysis

DWPF - Defense Waste Processing Facility

HLW High Level Waste

MCU Modular Caustic Side Solvent Extraction Unit

OWST Organic Waste Storage Tank

RBOF Receiving Basin for Offsite Fuel

ROM Rough Order of Magnitude

RTS Return to Service

SCDHEC South Carolina Department of Health and Environmental Control
SDF Saltstone Disposal Facility .
SE Systems Engineering

SRNL Savannah River National Laboratory

SRS Savannah River Site

SWPF Salt Waste Processing Facility

TPB Tetraphenylborate

WAQO Wet Air Oxidation
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1.0 Background

Tank 48H currently contains 240,000 gallons of highly radioactive waste. This waste also
contains about 19,000 kg of cesium and potassium tetraphenylborate (TPB). The TPB
decomposes in the radioactive environment and produces benzene. The benzene, along
with hydrogen produced by the radiolysis of water, has the potential to create a flammable
atmosphere inside the waste tank. This is a somewhat unique hazard in the Tank Farm
and there is a strong desire to eliminate this hazard. Tank 48H is also important for two
other reasons: (1) tank space is vital to supporting critical site missions that generate High
Level Waste (HLW) and by dispositioning the waste in Tank 48H, 1.3 million gallons of
tank space are generated, and (2) the tank is ideally positioned geographically to serve as a
feed preparation tank for the future Salt Waste Processing Facility (SWPF) and is
interconnected to the other five tanks involved in SWPF feed preparation. Dispositioning
the contents of Tank 48H to eliminate the flammability hazard, provide much needed tank
space, and to serve as a feed preparation tank is therefore a high priority at the Savannah
River Site (SRS).

The baseline process for dispositioning the waste in Tank 48H is Aggregation. This
process involves aggregating the Tank 48H waste with other waste streams in Tank 50H
such that the combined waste stream meets the Waste Acceptance Criteria of the Saltstone
Disposal Facility (SDF). The combined stream is then transferred to the SDF where it is
blended with cement, slag and flyash to form a grout mixture. The grout is then transferred
to a Saltstone Vault where the grout cures to form a stable solid waste form.

The Aggregation baseline was the result of a Systems Engineering (SE) evaluation
performed in early 2004, The evaluation recommended Aggregation and In-Situ Thermal
Decomposition for further detailed process development and the necessary testing through
Savannah River National Laboratory (SRNL) was initiated. The testing was completed in
late 2005. Aggregation testing was successful. Poor test results for the In-Situ alternative
led to its elimination as a viable alternative in October 2004. Since Aggregation remained
as the only alternative being pursued, the re-evaluation of other alternatives was
warranted.

A second SE evaluation was performed in 2005. The 2005 SE evaluation Team built upon
the previous work performed on Tank 48H disposition alternative studies, lierature
surveys, and data developed by SRNL and other laboratories (i.e., Oak Ridge National
Laboratory, Idaho National Laboratory, and AEA Technologies, Inc.). The 2005 Team
again recommended Aggregation as the preferred process. The Team also recommended
further development of two additional alternatives: (1) Fenton’s Reagent performed Qut-
of-Tank followed by Aggregation of the residual material, and (2) transfer the Tank 48H
waste to a Type IV tank followed by Aggregation of the material at 0.2 Ci/gal Cs-137 and
1,000 ppm TPB.
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Based on the 2005 SE evaluation and the successful completion of Aggregation testing,
the Tank 48H Disposition Project was formally baselined using the Aggregation process.
The further development of the Fenton’s alternative as well as the alternative to transfer
the Tank 481 waste to a Type IV tank was also continued throughout the latter part of
2005.

By late 2005, it became apparent that the Modular Caustic Side Solvent Extraction Unit
(MCU) process would be sending a waste stream to Tank 50H that contained higher than
expected organic (Isopar L) concentrations and that the SDF could not handle the
combined TPB and Isopar L waste stream without significant facility modifications to
safely manage flammability concerns resulting from the organics. Also by late 2005,
further development of the Fenton’s alternative indicated that there was a significant
amount of process development required to scale the Fenton’s process up to the needed
throughput, reconfigure the process to operate on a caustic flowsheet {as opposed to an
acid flowsheet) and to handle the organic stream coming out of Fenton’s. A third SE
evaluation was therefore warranted.

The third SE evaluation was completed in 2006 and is the subject of this document.
Aggregation is again recommended as the preferred process but with nitrogen inerting
added to the Saltstone Vaults to safely handle the Tank 48H and MCU organics.
Aggregation is a low cost and timely solution to the Tank 48H problem. However,
Aggregation does result in dispositioning the radioactive material in Tank 48H within the
State of South Carolina. The Team therefore also recommends further development of
two alternative technologies that appear to be technically viable and result in disposing of
most of the Tank 48H radioactive material in a Federal Repository as opposed to within
the State. The two alternatives are small scale Wet Air Oxidation and small scale
Fluidized Bed Steam Reforming. Each costs more and takes more time than Aggregation.

2.0 Process

A SE evaluation is a method used to select an alternative from two or more options which
would be available to meet specific functions, selection criteria, and requirements. The
SE evaluation process selected for this evaluation is the simplified scoring methodology as
defined in Appendix A of the SE Methodology Manual (Reference 6.1).

The SE Evaluation Plan shown in Figure 1 was developed and used to guide the process to
completion:
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2.1 Selection of Team Members and Resources

The initial activity of this Study was to identify Team members and resources (Figure 1,
Tasks 1 and 2). Team members were selected for their experience, expertise, and history
in the planning and operation of the HLW System at SRS. This ensured that the necessary
expertise was available for a knowledgeable decision. The Team initially met as a group
to identify any specialty resources required during the study and any additional expertise
that should be added to the Team. The validated list of Team Members was as follows:

Name Organization

Neil Davis - Team Lead Salt Processing Program Manager
Renee Spires Tank 48 Project Owner

Gavin Winship - Facilitator Salt Engineering

Larry Romanowski Planning, Integration and Technology
Bill Wilmarth Savannah River National Laboratory
Dan McCabe Savannah River National Laboratory
Dennis Conrad Salt Engineering

Andy Tisler Salt Engineering

Paul D’Entremont Planning, Integration and Technology
Aaron Staub Waste Solidification Engineering

2.2 Team Charter

The first critical step in the SE evaluation was the definition of the problem (Figure 1,
Task 3). The scope of the problem was defined by the Team as follows:

“Tank 48 contains material that prohibits its use in the HLW
System; this denies the use of valuable tank space and
represents a volume of material at risk in the SRS Tank
Farms.”

From this problem statement, the Team was able to develop and state its charter.
Team charter was decided by Team consensus to be:

“Define a process that dispositions the TPB so that Tank 48 can
be returned to service.”

The charter was carefully worded to ensure that a solution to both critical elements,
returning Tank 48H to Tank Farm service and eliminating the hazard posed by the organic
waste, would be developed.
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2.3  Identification and Screening

Identification and screening of options was performed in several distinct activities (Figure
1, Tasks 4-9). Using the problem definition (Section 2.2) functions, requirements and
constraints were developed and assumptions made to set the boundary conditions of the
problem solution. These activities resulted in a set of requirements (performance
requirements and constraints) that the selected solution must meet. These were then
defined by the Team as criteria (Go/No Go criteria) to be used in screening the options.

During the development of screening criteria the following assumptions were made:

[—

Contract dates to disposition Tank 48 by 11/30/2006 will not be met;

2. “Disposition” may involve: decompose, destroy or disposition as a solid (e.g.,
grout, glass, etc.);

3. Future use of Tank 48 will be as a blending tank for future SWPF feed thus the
allowable residual is < 12 kg TPB and compatible with the SWPF process; and

4. Desired return to service date is June of 2010 (based on the draft Disposition

Processing Plan expected to be 1ssued August 2006).

Using the assumptions above and the input provided by the team, the following screening
criteria were finalized by Team consensus:

I. Options must meet the following performance criteria:

e Tank 48 TPB inventory shall be < 12 kg and compatible with SWPF
e Tank 48 must be ready for future use
s All process streams associated with Tank 48 disposition shall be
qualifiable for processing with existing treatment and/or waste disposal
methods
2. Options will be rejected if the idea does not solve the problem (consider as an
enhancement).
3. Ideas will be rejected if by Team consensus the idea is determined to be
unreasonable to develop and/or implement.

" After the development and finalization of the screening criteria, potential options were
identified. This process of option identification was conducted in four ways:

Solicitation of ideas from SRS key personnel - The Team identified a list of additional
personnel at SRS that, through their experience at the site, technical expertise or
experience in other areas could be significant contributors to identification of ideas.
These individuals were requested to review the problem background and definition
and to provide a pro forma of any ideas they felt may provide a solution.
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Brainstorming by the Team - The Team conducted both collective brainstorming and
individual solution seeking to identify potential solutions and documented these on
pro-formas.

Review of existing reports - The Team reviewed previous Tank 48 reports (References
6.2 through 6.5) and the options contained within those reports. Those options
considered viable were proposed by the Team and added to the collection of pro-
formas.

Use of Goldfire Innovator — During the course of this evaluation, the site procured the
use of a new software package (Goldfire Innovator) developed to assist in the
resolution of complex problems. While this software was not directly applicable to the
Tank 48H problem, the search engines and patent search features were used to
generate additional ideas not derived from the other methods.

The ideas generated from the four methods were documented on a form designed for
this task referred to as a pro-forma. A total of 77 pro-formas were developed. These
were called the Initial List and consisted of 77 process technology options involving
30 different process technologies deployed in a variety of existing and new locations.
The Team determined that the key to this phase of the evaluation was the identification
of the 30 process technologies and that an optimal location for each process
technology could be determined later in the evaluation. Because of this, the 77 Initial
List pro-formas are not discussed further in this document.

The 30 process technologies were extracted from the Initial List, documented as a pro-

forma and then subjected to a screening criteria evaluation. The resuits of that
evaluation are shown in Table 1 below.

Table 1: Process Technology Screening Results

Option | Title PASS/FAIL | Comments
1.01 Use Flare Tower on Tank 48H to | FAIL Does not solve problem Consider as
Destroy Benzene enhancement
1.02 Build a New Tank FAIL Does not solve problem. Censider as an
enhancement.
1.03 Interim Storage FAIL Does not solve problem. Consider as an
enhancement.
1.04 Send Tank 48H liquid to FAIL Does not soive problem. Consider as an
Saltstone enhancement.
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Option | Title PASS/FAIL | Comments
1.05 False Bottom in Tank 48H FAIL Tank not ready for future use.
1.1 Thermal FAIL Unable to meet the PR of less than 12
Kg. Consider combining with Option
1.1-3
1.10 Bioremediation FAIL No place to put the product, process
stream is not qualifiable
1.11 Cold Cesium Metathesis FAIL This option is unreasonable to develop
or implement as insufficient information
is available.
1.12 Electrolytic Decompaosition FAIL W aste stream not qualifiable
.13 Alpha Radiolysis FAIL This does not allow Tank 48 to be
available unless a type III tank becomes
available for a "park option".
Decomposition is very slow.
.14 Removal of TBP by Activated FAIL Activated carbon waste is not qualifiable
Carbon at SRS
1.15 Plasma vaporization FAIL Waste Stream not qualifiable
[.16 Grout w/o Aggregation PASS
1.17 Microwave Destruction Of FAIL No different than thermal options
Organics
1.18 Send to DWPF PASS
1.19 Send Tank 48H liquid to 2H FAIL Does not sclve problem.
Evaporator
1.2 Fenton's Reagent Destruction of PASS
TPB
1.22 Add a catalyst and decompose PASS
TPB in the 2H evaporator
1.23 Wet Air Oxidation PASS
1.24 Sodium Permanganate/Acid PASS i
1.25 Precipitate and Separate FAIL Process is unreasonable to implement
1.27 Extract TPB Using Isopar-L PASS
1.28 ZnQ catalyzed Ozone Oxidation | PASS T
1.3 Acid Hydrolysis FASS .
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Option | Title PASS/FAIL | Comments
1.4 Fluidized Bed Steam Reforming PASS
1.5 Aggregation PASS
1.51 Distribute Tank 48 Contents FAIL Unreascnable to implement
Among the Other Waste Tanks
1.6 Send TPB slurry to Offsite vendor | FAIL No known vendor would take liquid
supernate and TPB
1.7 Using N-methyl pyrol to FAIL Unreasonable to develop this as it
Solubilize TPB introduces a new aromatic hydrocarbon
into the waste stream
1.8 Send to CIF and Restart CIF FAIL Not a reasonable option to develop.

A total of 11 process technologies passed the screening criteria. These were plotted
against the 12 different locations as shown in Table 2 below in the form of a matrix.
Where the Team determined that a process technology could be deployed in a location, an
option number was assigned to the appropriate square in the matrix. Note that not every
square is filled. In some cases, the process could not be deployed in the location. In other
cases, a process could be deployed in an existing location thus there was no point in
evaluating the same process in a new facility as the latter would cost more and score
lower. With the process technologies identified and screened, the team determined the
best location for a particular process technology.
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Table 2: Process Technology and Location Matrix

Process/Location

In Riser

New
Facility

96-H

RBOF

Canyon

CTS

DWPE

2H
Evaporator

Salistone

MCU

Type IV

Stainless
Steel
Containers

Grout w/o
Aggregation

1.16-1

Process to
DWPF

1.18-3
1.18-4

Fentons’s
Reagent

1.2-3

Catalytic
Decomposition

1.22

Wet Air
.Oxidation

1.23.2

1.23-1

Sodium
Permanganate
and Acid

1.24-2

1.24-1

Extract TPB
using Isopar

1.27-2

1.27-1

Zn0O Catalyzed
ozone Oxidation

1.28-1

Acid Hydrolysis

1.3-3

1.3-8

Fluidiized Bed
Reforming

1.4-1

1.4-2

Aggregation

1.26-1
1.5-2
1.5-3

1.5-5
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A total of 19 combinations were developed each of which provided a holistic solution to
the Tank 48H problem. These are referred to as the Short List Options and are
documented in Attachment A and shown in Table 3 below.

Table 3: Short List Options

Option # Title

1.16 | 1 | Parkin Tank 24 and Grout In Containers

1.18 |3 | Park in OWST and bleed into Sludge Feed

1.18 | 4 | Direct to DWPF in Salt-Only Glass

1.2 3 | Park in Tank 24 and Fenton's in H-area Facility

1.22 | 2 | Thermal/Catalytic - In 2H Evaporator

1.23 | 1 | Direct Wet Air Oxidation in 96H

1.23 | 2 | Park in Tank 24 and Wet Air Oxidation in New Facility

1.24 | 1 | Direct Sodium Permanganate/Acid in 221-H

1.24 | 2 | Park in Tank 24 and Sodium Permanganate/Acid in H-area Facility
1.26 | | | Park at Saltstone and Aggregate

1.27 |1 | Parkin Tank 24 and Solvent Extract TPB in MCU

1.27 | 2 | Extract/exchange in 221-H

1.28 | 1 | Park in Tank 24 and ZnQ Catalyzed Ozone Oxidation in H-area Facility
1.3 3 | Direct Acid Hydrolysis in 221-H

1.4 1 | Park in Tank 24 and Steam Reforming in New Facility

1.4 2 | Direct Feed to a small scale Steam Reformer in 96H

1.5 2 | Direct Aggregation to Saltstone

1.5 3 | Park in Tank 24 and Aggregate

L5 5 | Park in Tank 24 and Aggregate into Tanks 21-23

24 Evaluation Criteria

The Team developed evaluation criteria by consensus. Establishing evaluation criteria
was based on the following desired criterion characteristics:

Should differentiate among the alternatives
Should relate to mission demands

Should be reasonably measurable or comparable
Should be reasonably independent of each other

A decision was made by the Team to develop evaluation criteria that met the above
requirements and were important to the overall SRS mission and facility stakeholders.
The Team acknowledged that external Stakeholders, e.g., SCDHEC, DNFSB, CAB, elc,,
would be a major influence in decision-making, however, this approach scored, ranked
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and recommended options based largely on technical, quantifiable data which allowed
those external Stakeholder preferences to be evaluated, if necessary after the study.

A second major consideration by the Team was that of schedule. Schedule was not used
as a screening criterion by the Team. This ensured that all viable options would be
identified and investigated without respect to schedule. The rationale behind this
‘approach was to ensure that all technically viable options were evaluated. Therefore,
schedule becomes a very important criterion for the evaluation phase.

The evaluation criteria were then split in to sub-criteria as necessary to facilitate scoring,
weights assigned and utility functions or “guidewords” developed to further assist in
scoring the options. Table 4 shows the criteria, weights and definitions. Table 5 shows
the Evaluation Criteria and Utility Functions:

Table 4: Evaluation Criteria Weights and Definitions

Criterion # Weight Definition
Cost 1.0 0.25 The overall cost to return Tank 48 to service
and disposition the TPB.
TEC + QPC 1.1 0.17 | The cost to develop the project baselines,

design/build the field modifications, and turn
aver the completed project for radicactive
operations.

Operations 1.2 0.08 | The cost to operate the process from initial
radioactive operations until Tank 48 has been
returned to service and the TPB dispositioned,
including modifications necessary to recover
Tank 48 for operations.

Schedule 2.0 0.30 The overall duration to return Tank 48 to
service and disposition the TPB.

Tank 48 RTS 2.1 0.20 | The expected duration from the start of the
project until Tank 48 is returned to service.

TPB Dispositioned 22 0.10 | The expected duration from the start of the
project until the TPB is dispositioned.

Technical Maturity 3.0 0.20 The degree to which the alternative is ready to
be deployed in the destruction of TPB in a
radioactive application.

Robustness 4.0 0.15 The a measure of the confidence that the
alternative will perform the intended function
e.g. wide control bands, tolerance to
fluctuations in material composition, temp etc.

System Impacts 5.0 0.10 The degree to which the alternative is
compatible with the LWD/WS flowsheet at
the time of execution
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Table 5: Evaluation Criteria and Utility Functions

Criterion # Utility Function Value
Cost 1.0 Project Operations
TEC + OPC 1.1 | <$33M <$17 100
Operations 1.2 | $33-50M $17-25M 75
$50-66 $25-33M 50
$66-99 $33-51 25
>$99 $>51 0
Schedule 2.0
Tank 48 RTS 2.1 | Tank 48 RTS before FY07 100
Tank 48 RTS FY08 - FY(Q9 90
Tank 48 RTS by about 6/10 (e.g. FY10) 50
Tank 48 RTS after FY 10 0
TPB Dispositioned 2.2 | TPB dispositioned in current contract period FYQ7 100
TPB dispositioned FY08-09 75
TPB dispositioned by about 6/10 {e.g. FY10) 50
TPB dispositioned FY11 - FY 15 25
. TPB dispositioned after FY 15 0
Technical Maturity 3.0 N/A

Treatment of organic (0-100)

Deployment in radioactive applications (0-100)
Deployed scale (0-100) .
Degree of development (0-100)

Total Technical Maturity =3 + 4

Raobustness 4.0 Expected to easily meet the performance requirements 100
Expected to meet the performance requirements 50
May have difficulty meeting the performance reqmts 0
System Impacts 5.0 Minor impacts to planned critical activities/programs 100
(<6 months}
Significant delays to some planned critical activities or 50
programs (>6 months}
Prevents execution of a planned critical activity or 0
program

The Team assigned the criteria of schedule the highest weight. As discussed earlier this
was necessary as schedule had not been used as a screening criterion and the return to
service of Tank 48H provides a great benefit to the HLW system if achieved earlier by
freeing up valuable HLW tank storage capacity and introducing flexibility into the overall
salt processing plan. Early processing of TPB is also desirable, however it does not bring
with the same level of benefit associated with Tank 48 return to service. As the options
would handle the Tank 48H return to service and the disposition of TPB at different points
in their schedules, it was necessary to isolate the two criteria and weight them according to
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their importance. Therefore, schedule, with the highest assigned weight of 0.3 was
divided into the sub-criteria: Tank 48 return to service and TPB dispositioned which were
then weighted 0.2 and 0.1 respectively.

The second highest weight of 0.25 was assigned to cost. Cost is an important criterion in
that costly options could impact other critical activities and projects within Liquid Waste
by reducing the funding levels for those activities. Cost, as with schedule, comprised of
more than one element. Project cost and operating cost were established as sub-criteria.
Project cost was judged to be the more important of the two as near term funding in
today’s tight budgets continues to drive decisions. Operating costs also captured the
impact of the altermative on life cycle. Project cost and operating cost were therefore
weighted 0.17 and 0.08 accordingly.

The third highest weight was assigned to technical maturity. A high degree of technical
maturity increases the probability of successful deployment and oepration. Technically
immature processes have historically failed at great expense in the commercial industry as
well as the government sector. Processes requiring research, development and piloting
have also historically demanded more intensive efforts than originally anticipated to reach
a deployable design state. Technical maturity therefore was assigned a weight of 0.20,
just below that of cost. Technical maturity was also determined to have four distinct
elements: treatment of organic; deployment in radioactive applications; deployed scale
and degree of development. These were given equal weight, scored from 1-100, and their
total score divided by four before applying the overall weighting factor.

The remaining criteria of robustness and system impacts were assigned weights of 0.15
and 0.10 respectively. Lack of robustness could result in the process creating an
unqualifiable waste stream when challenged by feed composition fluctuations. The options
being considered are all assumed to be compatible with the existing SRS waste processing
and disposition systems through application of the screening criteria and would have
limited system impact. Robustness and system impacts were assigned weights of 0.15 and
0.10 respectively by the Team.

These criteria and assigned weights were reviewed by the internal stakeholders and
validated prior to completion of the evaluation and scoring process.
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25 Investigation

Upon completion of the screening, the 19 options were further investigated. The
investigation was targeted at producing data for each option that related to the evaluation
criteria. The Team decided to perform the evaluation of the options before the

documenting risk in detail. This allowed the Team to focus their risk assessment activities
on only the top scoring options.

2.6 Evaluation

The evaluation of the options against the selection criteria was performed using a
simplified scoring methodology.

The Team reviewed each option against the selection criteria and scored the candidate
based on the guidance words in Section 2.4.

The scores were then multiplied by the weighting factors of each criterion and then totaled
for each option to obtain a final score. The final score allowed the options to be ranked.

3.0 Results

The scoring of the options for each criterion is shown in Attachment B. In summary the
scoring resulted in the ranking shown in Table 6:

Table 6: Evaluation Results

Option | Description Score
1.5 2| Direct Aggregation to Saltstone 91
1.5 | 3| Parkin Tk 24 and Aggregate 79
1.4 12| Direct Feed to small scale Steam Reforming Process in 96H 77
1.23 | 2| Park in Tk 24 Wet Air Oxidation in New Facility 76
1.3 | 3| Direct Acid Hydrolysis in 221-H 75
1.5 | 5| Parkin Tk 24 and Aggregate into Tks 21-23 74
1.27 | 2| Exchange/Extractin 221-H 73
1.4 1| Park in Tk 24 and Steam Reform in New Facility 72
1.23 | 1| Direct Wet Air Oxidation in 96H 72
1.24 { 1| Direct Sodium Permanganate/Acid in 221H 72
1.16 | 1i Park in Tk 24 and Grout in Containers 68
1.18 | 3| Park in OWST and Bleed into Sludge Feed 68
1.18 | 4| Direct to DWPF Salt-Only Glass 64
1.27 | 1| Park in Tk 24 Solvent Extract TPB in MCU 64
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Option | Description Score
1.24 | 2| Park in Tk 24 NaMNQO4/Acid In H-Area Facility 63
1.26 | 1| Park at Saltstone and Aggregate 61
1.2 3| Park in Tk 24 Fenton's in H-Area Facility 61
1.22 | 2| Thermal/Catalytic — In 2H Evaporator 50
1.28 | 1| Park in Tk 24 ZnO Catalyzed Ozone Oxidation in H-Area 48

4.0 Sensitivity Analysis

The sensitivity analysis was performed on the selected options to determine if changes in
the weighting of selection criterion could alter the final ranking (prioritization).

This was performed by taking a selected criterion, incrementally increasing its weight,
proportionally reducing the weights of the other criteria accordingly and re-computing the
final score for all the candidates. This was done for all criteria for 10%. 25%, 50% and
100% increases.

The results of the sensitivity analysis showed that altering any of the weights by 10% -
100% did not significantly change top group of options. For all weight changes analyzed,
the top-ranked option of Direct Aggregation to Saltstone remained the top-ranked option
with Steam Reforming and Wet Air Oxidation processes consistently remaining within the
top group of options.

5.0 Risk

The Team further investigated the top 9 scoring options by performing a risk identification
and assessment. The Team came to a consensus on the risk level based on the unmitigated
consequences of the individual risk with respect to cost and schedule and developed risk
handling strategies for the medium and high risks. Table 7 shows the risks, risk level and
proposed risk handling strategies for the 9 options:
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Table 7: Risk, Risk Level and Risk Handling Strategies

# Process Risks Risk Handling Strategies
1.5-2 Aggregate with MCU | H--Stakeholders may object to Ci to Saltstone or delay DDA permit | ¢  Work with stakeholders to understand
M--Saltstone moc:hﬁcatlons may more expensive than anticipated ($5M) objections and explain benefits
M--Grout may fail TCLP .
M--Contamination from positive pressure inerting may reqtlire sealing e Develop ROM estimate
or cause other problems
¢ Experiments to gain info
_ Test vaults for leaks—mitigate as appropriate
[.3-3 Acid Hydrolysis in H--221H treatment permit creates other regulatory issusl;es thus »  Work with regulators to obtain a permit
221H delaying 221H mission (>1 yr, assumed cost is $100M/yr) .- P
M--Interferes with 221H mission more than expected (>1 yr) limited to tetraphenylborate mission
M--New contract structure after rebid creates conflicting priorities (>1 . . . )
yr delay) e (Careful coordination with canyon campaigns
s Attempt to obtain clear direction from DOE
customers
1.23-1 { Wet Air Oxidation in | M--Process may not completely destroy 1PB & 2PB e Experiments to gain info
96H M--Off-gas handling might require modifications to 96H ventilation . .
¢ Experiments to gain info
system (>53M)
M--Consequence of pressure vessel rupture at high temperatures may be . .
higher than anticipated ¢ Perform DSA early enough to guide design
L--Equipment may be too large for 36H
¢ Accept risk
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# Process Risks Risk Handling Strategies
1.27-2 | Solvent Extraction in | H--Cost of spent solvent disposal higher than expected (>$30M) e Investigate solvent disposal options—
221H . .
rhaps negotiate a contr th w

H--221H treatment permit creates other regulatory issues thus pe ps neg ac act wi aste

delaying 221H mission (>1 yr) processor
M--Can’t find a suitable solvent o  Work with regulators to obtain a permit
M--Cost of solvent higher than expected (>$15/gal) limited to tetraphenylborate mission
M--Interferes with 221H mission more than expected (>1 yr) ¢ Experiments to gain info
M-- New contract structure after rebid creates conflicting priorities (>1 .

yr delay) e Accept risk - .

e Careful coordination with canyen campaigns
e Attempt to obtain clear direction from DOE
customers
1.5-3 Park and aggregate H--Stakeholders may object to Ci to Saltstone e  Work with stakeholders to understand

H--Stakeholders may object to use of type IV tank . objections and explain benefits
M--Saltstone modifications may be more expensive than anticipated .

($5M) ¢ Develop ROM estimate
M--Grout may fail TCLP
M--Contamination from positive pressure inerting may require seating | @  Experiments to gain info

or cause other problems .

M--Cost of transfer and storage are greater than anticipated
L--Transfer from Tank 24 to new SPF feed tank more complicated than
anticipated

Test vaults for leaks—mitigate as appropriate

Accept risk
Accept risk
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# Process Risks Risk Handling Strategies
1.5-5 Park and aggregate in | H--Stakeholders may object to Ci left in SC e Work with stakeholders to understand objections
Tanks 21 through H--Stakeholders may object to use of type IV tank for storage and explain benefits
Tank 23 M--HVAC modifications may be required in Tanks 21 to 23
o  Plan pour rates slow enough to eliminate concern
M--Grout may fail TCLP o Experiments to gain info
M--Stakeholders may object to using waste tanks for LLW disposal o Work with stakeholders to understand objections and
M--Cost of transfer and storage are greater than anticipated explain benefits
M--The extra radionuclides introduced into Tanks 21 to 23 may impact | 4 Accept risk
Tank Closure Performance Assessment ) )
@ Investigate impact on Tank Closure Performance
Assessment
1.4-1 Park and steam H--Stakeholders may ohject to use of type IV tank e Work with stakeholders to understand objections
reform and explain benefits
H--Adapting process to high-rad environment may be more difficult | «  Begin design early
than anticipated because of process complexity
M--Cost of transfer and storage are greater than anticipated .
M--Solids disposal may require more DWPF cans than anticipated (=10 | o Accept risk
to 20 cans) e  Experiments to gain info
M--Transferring solids to DWPF may be more difficult than anticipated
{especially solids handling equipment) s  Experiments to gain info
1.4-2 Steam reform in 96H | H--Adapting process to high-rad environment may be more difficult { «  Work with stakeholders to understand objections
than anticipated because of process complexity and explain benefits
M--Cost of transfer and storage are greater than anticipated e  Begin design early
M--Solids disposal may require more DWPF cans than anticipated (> 10
to 20 cans)
M--Transferring solids to DWPF may be more difficult than anticipated | o Accept risk
(especially solids handling equipment) e  Experiments to gain info
L

Experiments to gain info
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# Process Risks Risk Handling Strategies
1.23-2 | Park and Wet Air H--Stakeholders may object to use of type IV tank o Work with stakeholders to understand objections
Oxidation and explain benefits

M--Process may not completely destroy 1PB & 2PB

M--Off-gas handling might be more complicated than anticipated

M--Consequence of pressure vessel rupture at high temperatures may be
higher than anticipated

M--Cost of transfer and storage are greater than anticipated

o  Experiments to gain info
Experiments to gain info

o  Perform DSA early enough to guide design

®  Acceptrisk
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6.0 Recommendation

The Team recommends that the current baseline option {Option 1.5-2, Direct Aggregation
to Saltstone) be continued while pursuing the development of two additional options as a
contingency. The current baseline option has been shown 1o be the most technically sound
option, one of the least expensive options, and it consistently scored well in all categories
thus demonstrating a high level of confidence in its success. However, Aggregation does
result in dispositioning the radioactive material in Tank 48H within the State of South
Carolina. The Team therefore also recommends further development of two alternative
technologies that appear to be technically viable and result in disposing of most of the
Tank 48H radioactive material in a Federal Repository as opposed to within the State.
The two alternatives are small scale Wet Air Oxidation and small scale Fluidized Bed
Steam Reforming. Each costs more and takes more time than Aggregation.

The Team recommends that the Steam Reforming option (Option 1.4-2, Direct Feed to a
Small Scale Steam Reformer in 96H) continue to be developed as a contingency to
Aggregation. Steam Reforming was considered to be a viable option in this SE evaluation
as well as previous SE evaluations based on the amount of testing already performed using
Tank 48H stimulant waste and based on the ongoing radioactive waste treatment facility
operation at Erwin, TN. The drawback for Steam Reforming in the past was up front
project cost and operating cost. The cost estimate used in this SE evaluation is much less
than in the past. This was made possible for two reasons: (1) the need date for returning
Tank 48H to Tank Farm service is much later than assumed in previous SE evaluations
based on the current forecast of tank space, and (2) the extended need date enables a lower
throughput rate for the Steam Reforming process. The lower throughput means a smaller
“footprint” for the plant such that an existing building can now be used to house the Steam
Reforming equipment. The building of choice is 241-96H which is about 30 feet away
. from Tank 48H. This building provides adequate containment as well as most of the
infrastructure and supporting services needed by Steam Reforming. This option 1s based
on duplicating the design of the existing Steam Reforming test facility at Hazen, CO
which is a 0.25 gpm unit. This will reduce project cost and improve the schedule.

The Team also recommends that the Wet Air Oxidation process (Options 1.23-1 and 1.23-
2) continue to be developed as a contingency to Aggregation. Wet Air Oxidation (WAO)
was tested with simulant and real waste for application at the DOE Hanford facility. The
WAO process is currently being operated at over 200 facilities worldwide to treat a wide
variety of hazardous organic waste streams. The WAO equipment is similar in size to the
0.25 gpm Steam Reforming equipment thus this process can also be installed in the 241-
96H building. WAO has not been tested with Tank 48H real or simulant waste thus this
technology is not as mature as Steam Reforming, however, WAQ appears to be a simple
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process with few unit operations and no solids handling thus it warrants further
development in the opinion of the Team.

While some of the options that involved transferring the Tank 48H contents to a Type IV
tank and dispositioning the waste later scored high, the Team does not recommend further
development of those options at this time. The transfer of this waste stream to a Type IV
tank is attractive in that Tank 48H is recovered in a timely fashion; however, there are
several negative attributes to these options:
o The “footprint” of the organic issues is expanded;
o A Type IV tank, while technically and structurally sound, is a non-compliant
tank;
e The cost of the transfer system and the flammability control modifications
needed on the Type IV tank is expensive ($15 million); and
o Some key stakeholders are opposed to the use of a non-compliant tank for this
service.
If significant issues arise during further development of the Steam Reforming and Wet Air
Oxidation options, then transferring the contents of Tank 48H to a Type IV tank may be
revisited at that time.
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3.0 Attachments

Attachment A - Short List Pro Formas
Attachment B — Scoring Results
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Attachment A — Short List Pro-Formas
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Tank 48 SEE
Idea Pro-Forma

Category | Type IV Tank & New Facilty | Date [ 1/24/2006 |
Alternative E. Phone E
Orignator [Nei Davi ] Dept[ LWD-Salt |

Title
Park in Tank 24 and Grout In Contamers

Description

General - Transfer Tank 48 wasie 10 Tank 24. Store in Tank 24. Build new grout plant near Tank
24. Feed Tank 24 10 the new plant and place resultant grout into drums that can be transpoerted to
WIPP viathe TRUPACT [il shipping contamer.

TransfertoTank 24 - install new pump in Tk 48 C-1 riser, use existing transfer lines and jumpers
Tk 48 to HDB.7 1o HDB-§ to HDB-5 10 Tk 24. This will require a DSA change, new procedures and
training and admin controls 10 p revent inadvertent transfer and leaks to diversion box sumps.
Expected trans fer volume is about 500 kgl including Tank 48 rinse water.

Storage - Waste will be stored 1-3 years until anew grout plant is ready. Liguid mixing will be
required to periodically remove retained benzene, Assume two slurry pumps. Vapor space
monitoring and mixing will be required. Assume recire fan and benzene analyzers per recent Tank 50
design. Assume a new shielded above grade ransfer line to the new growt plant.

Grout Plant - a new shielded modular plant is needed with cold chemical supply system for cement,
slag, fly ash and other ad ditives. About 500 kgal of waste will become 850 kgal of grout or 17,000
drums. Assume rate is 50 gpm, 5 days per week. The grout mixer could be emplaced in a nearby
unused shiekled eell such as the new CTS pit. The containers could be filled in the old CTS pit, lifted
out by arane and placed in the TRUPACT. Assume 1} drums per TRUPACT or 1,500 shipments.

Advantages

* Nonew technolbgy mvolved
* Tank 48 recovered FY09
* Tank 48 Curies not dispositioned in State of SC

Disadvantages

* Cost - upfront cost wil be about $19M, ops cost about $42M

* Process Safety - DNFSB will not suppert storing Tank 48 waste in a non-compliant tank.
* Qperations - significant material handling for grouted containers.

* Schedule - waste not dispositioned until FY17

Pass/Fail [PASS |

Comments
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Tank 48 SEE

Idea Pro-Forma

Alternative EB Process Diagram (Qptional)

TPB slurry
TPB rinse water

Dilute TPB slurry

grout
Cold chems New CTS
Grout Mixer Filled containers
Oid CTS
Container filling
WIPP
0]

SS vaults 7..\ .cq
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Tank 48 SEE
Idea Pro-Forma

Cost

|Upfront Project Cost
* transfer to Tank 24 assume $2M for proc edures, raining, DSA mods and comp measures
* storage n Tank 24 assume $12M for liguid and vapor space mixing and monitoring

* new modular grout plant with cold chemical support facilties and mods to old and new CTS pits o accomodate
new equipment and operations assume $20M
Operations

* labor assume a new dedicated staff for 7 years of operations 4, mainenance of 2, RadCon of 2, R&HE of 4 fdr
labor of $7M ($80K/FTE x 12 FTE x 7 yr = $6.7M)

* cold chems assume $5/gal for 500 kgal or $2.5M

* equipment rental of crane, truck, trailer for 7 years assume $2.5M
* shipping assume 1,500 shipments at 520k each or $30M

Total cost $34M + $42M = $76M

Sche dule

FY06

*develop conceptual design and estimate
FYQ7

*develop and approve safety strategy, * obtain regulatory and stakeholer support, * detailed design for Tank 24 o
grout plant, and * start procurement of engineered equipment

FYO08

*complete design, * mitiate construction

FYQ9

* complete construction, *{ranster waste o Tank 24

FY10-17

* fill containers 11 per day, 55 per week, 2,500 per year for 7 yewrs
Tank 48 Return to service FY08-09

Technical Maturity

Transfer - this wil be tricky in DSA space but s considered "doable” by the transfer engg COG
Storage - very mature based on 15 years of actuals im Tank 48 and new design for Tank 50 that will be applied o
Tank 24

New Grout Plant - should be a straight forward package unt with some modifications to adapt it to a shielded
application

Container Filing - significant material handling but no R&D required. Control of intermittent operation, line
flushing, flush water handling are engineering issues 10 be worked out. May need to vent each container wih adur
vent. This may require some R&D.
Transport o WIPP - impact on WIPP unknown, trans portation requiements unknow n, may need more TRUPAC

[TT containers

Alternative E .
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Tank 48 SEE

Idea Pro-Forma

Robustness
Very robust. Grouting the waste is the baseline process.

System Impacts

* minor impacts during transfer from Tk 48 10 Tk 24

* minor impacts during drum filling

* major impacis to WIPP likely due o 17,000 drums and 1,500 individual shipments

Risks

* DNFSB and SCDHEC may not support storage of Tank 48 waste in Tank 24

* Developing a method of venting containers may be more expensive than expected

* Transportation requirements and approvals may be more difficult and time consuming than expected
* TPB grout will pass TCLP test but may not meet intent of the test if benzene kaches out of the grout after the 30

day test is conducted.

Alternative E ._H_
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Tank 48 SEE
Idea Pro-Forma

Additional Comments

1) TRUPACT III container is 5x 5 x § ft. This will hold 11 drums in a singk layer.
2) TRUPACT [l has no shielding. Fastening the lid mvolves securing > 50 fasteners. May be rad exposure profjle
3) Sending the containers to WIPP seems very troubksome and expensive. The $20 k per shipment & a guess. W
would only do this f SCDHEC prohibits adding this 800,000 Ci to the Saltstone vaults.
4) Heat loading per drum should be ow. Cs-137 produces about 0.003 watts/Ci.

Alternative E._H_
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Tank 48 SEE

Idea Pro-Forma

Category | Type IV Tank & DWPF "] Date [ 2/1/2006 |
Alternative f113-[3_] phone[ |
Originator _.PE,on Staub _ GmEU

Title
Park in OWST and bleed into Shadge Feed

Description

General - Volume reduce contents of Tk 48 in-situ using microfiltration. Send "clean” filtrate to
Saltstone via Tk ). M ove concentrated precipitate from Tk 48 to the CIF OWST.

Volume Reduce - Install equipment in Tank 48 to pump the waste into a microfilter. Send the
filtrate to Tk 50 via a new above grade transfer line. Return the precipitate to Tk 48. Continue

until a volume of << 150 kgl has been achieved. The fiker will require backpulse capabilty. The
filtrate will need an inline gamma monit or.

Transfer - Install anew pump in the Tk 48 C-1 riser. Use existing transfer lines from Tk 48 to
HDB-7 to.Tk 51 valve box, to LPPP to south of DWPF. Install new tie-in and line segment to gt

1o OWST.

Storage - OWST s 150 kgal. It 5 currently OOS. Would require refwbishment ang shielding,
OWST has nitrogen blanket equipment except liquid nitrogen tanks. Foam fire supp ression system
available. Assume soil onsides and lead on deed roof. Roof would require structural support.
Bleed into DWPF - requires new line segment from QOWST into 210-5. Below grade shielded. About
30 Ibs of TPB is added 10 each SRAT batch from the OWST. This will require extensive mods 10 the
purg: off s sy stem.

Advantages
* recovers Tk 48 by FY10
* Tk 48 Ci disposed of as glass

Disadvantages

* TPB not dispositioned until end of life cyck {(~ FY30)

* finishing by FY30 requires increasing the disposition rate by means unknown at this time
* reaction rates when combined wih the regular sludge stream may overw helm flammable gps
generation

Pass/Fail [PASS |

Comme nts
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Cost

Upfront Project Cost

* $5M for installation of additional safety class nitrogen tanks, assuming sufficient purge flow is acheiveable
* §2M for transfer sy stem mods bet ween Tk 48 and the QWST

* $2M for 210-8 flowsheet /processing R&D, DSA development

* $10M to recreate in tank filtration equipment in Tk 48 similar to the 1983 TTP process domonst ration

* 305M to qulify new waste plass.

* §15m to shicld GWST

* $5M to run wnderground line

* $2M DSA and procedwre training

Operations Cost

* bagedon | additionu operutor at DWPF on each shift FY 10-FY30 (380 K/FTE/yrx 1 FTE x 20 yrs = $6.4M
* tasedon | additional operator and RCO at HT Fon each shift FY09-FY10 ($80 k/FTE/yr x 2FTE x 2 yrs =51.3M

Total Cost =$42M +$7.7M =3849."M

Schedule

FY06 *develop conceptual design and estimate

FY07 *develop and approve safety strategy, * obtain regulatory and stakeholder support, * detailed design for
OWST and DWPF HVAC mods, and * start procurement of engineered equipment

FY08 *complkte design, * mitiate construction

EY09 * complete construction, *start volume redeuction of TPB in Tk 48

FYI0 * complete volume reduction, * transfer waste to OWST

EYll-end of HLW life cyclke * bleed n 30 Ibs TPB per SRAT batch for 31 years

Tank 48 return to service by FYIQ

Technical Maturity

Some flowsheet work is likely required, but the largest uncertainty surrounds the flammabiity control of the CPC
vessels. The purge system may not be capable of diluting the amount of benzene described above, which would m
inerling/MOC control the more viable flammability control. This would be essentially prohibitive to implement givg
the cost of retrofitting the CPC vessels and equipment with features mtended 1o make them leaktight.

~

=

Alternative E H




Tank 48 Return to Service SEE Results Report G-ADS-H-00011

Washington Savannah River Company April 13, 2006
Salt Processing Engineering Revision 0
Page 40 of 128

. Tank 48 SEE

Idea Pro-Forma

Robustness
The process of generating benzene through boiling TPB and exhausting it is straightforward.

System Impacts

The method of flammuability control m the DWPF represents asignificant impact. The use of apurge system %
significantly imis the amount of benzene that can be processed in a given batch, and as aresul the tine to dispgse
all the TPBis long. A philosophy change in flammability control ¢ ould potentially greatly increase the rate of benzpn
disposal, but represents a signfic antly more costly scenario than presented here

Risks
* The impact to the chemical process is .@625& to be small, and all of the benzene should exit the facilty 58:%:
ventilation system so the risk to the melter is small

* The amount of nitrite going to DWPF is not reduced in this option. Nitrite is expected to produce "tar-like"
compounds that may build in the HYAC rain. It is not known how big of an ssue this is.

* Condenser must be run in a way to prevent condensing off gas

Alternative E -I
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Additional Comments

This pro forma assumes that given some significant modification to the purge system, DWPF is able to accomodpt
up to 30 Ibs of equivalent benzene in each SRAT baitch. Given that the DWPF processes approximately 45 SRAT
batches per year, the annual remeval capacity of Tank 48 TPB would be 1350 lbs. With 19000 kg, or 42000 Ibs, pl
TPB to destroy it would require 31 years of processing to remove the Tank 48 waste.

The transfer path described currently exists and only minor modifications would be required. Cost and schedule 3
inversely related for mplementation of this alternative. In order 10 minimize the cost, only small amounts of TPB fa
be metered into the DWPF process for a given SRAT batch. X-CLC-S-00145 demonstrated that only 230 ppm TP
could be fed to the SRAT during processing with current purge limitations. Under such a strategy a SRAT batch
would be imied to about 5.1 bs of benzene. Larger quantities of benzene could probably be tokrated, but only b
significantly increasing the purge capacity of the Safety Nitrogen System.

-

Alternative E -
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Category _ Type IV Tank & DWPF _ Date _H_

Alternative E .i Phone _H_

Originator -|Aaron Staub | Ua_a_H_

Title

Direct to DWPF in Sal-Only Glass

Description

Feed from Tank 48H through the ARP flowpath to the DWPF meler for TPB destruction md
incorpomation into a gass canister. Do not feed the normal sludge whik destroying the TPB
material.

Process Flow :

Feed TPB slurry from T ank 48 through the 96H valve box to Tank 49 valve boxand down to
Precipitate Tank at 512-S in 4k gallon batches. The material could be concentrated to 10 wi% or
transferred directly to the PRFT in DWPF via the LPPP. The PRFT will serve as a feed tank for
Tank 48 waste to the SRAT. This process would have to run without bailing to avoid benzene
evolution in the Chemical Process Cell. Filirate from 512-S to be processed at Saltstone.

Advantages
I. Melter assumed 10 completely destroy organics
2. Avoid acid hydrelysis and benzene generation

Disadvantages

1. Opportunity cost of extending DWPF life cyck

2. Precludes ARP/MCU operations

3. Chemical process has not yet been evaluated for tec hnical adequacy

Pass/Fail |PASS

Comments
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Process Diagram (Optional)
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Cost

Upfront Project Cost

* transfer to DWPF assume $2M for procedures, training, DSA mods and comp measures
* Flowsheet development assune $1 M for wuste quulification

* Dry feed R&D and implementation for frit addition to SME- $20M

* Decon R&D for dry decontamination of canisters- $10M

* Tank 48 Modificat ions - $2M

* ARF Modifications - $2M

Operations

* Assume u 6 month DWPF Judge outage with cost based 3 100M unnual o peruting cost
* Asmime cold chemical, misc. equip cost, etc. .

* Dispoml cost of 25 additional DW PF canigers

Total cost $37M + $162.5M =5 199 5M

The transfer path described currently exists and only minor physical modifications would be required It is unknown whether any safety or
process modifications at DWPF would be required for this alternative. The opportunity cost to ARP/MCU is not reflected and it is assamed
that the waste not processed by MCU during this time would be processed later by SWPF.

Schedule

FY06

*SRNL feasibility studies- SRNL resource issue

FYO07

*develop safety strategy, * develop process flowsheet, * design process modification to frit systems
FYOR

*complete and approve safety stralegy, *procurement of cold chemicals (new frit, simulated sludge) * impkmenta
of process mods

FY(Q9

*ARP/MCUW/ESP outage * DWPF processing * Salistone processing
It should be noted that additional ransfer line modifications are planned for SWPF which would reroute PCP341 jto
bypass 512-5 and tie into PCP4 directly. This would eliminate the most straightforward transfer scenario for this
alternative when imp kmented.

Technical Maturity
Transfer - straightforward provided that Tank 48 & avaikible as a feed tank. Modific ation to transfer system :Ev
necessary if TPBis parked elsewhere

Fikration - mature technology based on TP flowsheet and ARP operations

DWPF Chemical Processing - proposed process is significantly different than that currently operated at DWPF.
Feasibility studies needed to determine whether a suitable melier feed is achievable given process constraints.
Dry Frit Addition - Conceptual design for pneumatic transport at SRNL. Scale up/implementation uncertainty
Dry Decon - Preconceptual design was tested in late 1990s and failed. New research required.

Canister Filling - significant experience based on 10 years of DWPF operation. Some validation at SRNL necesspr
assuming an acceptabl melter feed is produced. .

Alternative E-.
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Robustness

The melter would be expected to compktely destroy any organics fed to i, provided it i not overwhelmed. The ¢n
remaming material would then be found in the numerous tank heek abng the Tank 48 to DWPF transfer path.

System Impacts

*Extends life of DWPF il no sludge processing is being conducted
*Precludes operation of ARP/MCU if the 51 2-S/LPPP transfer path is utilzed
*Sludge batc h preparation issues if Tank 43 is not being emptied?

Risks
*Flow sheet development/frit handling may not be possibk
*CHAP process may identify new safety controls requiring new safety equipment

Alternative E -i
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Additional Comments
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Category [ 9.0 Type IV Tark & Modified Faclity __| Date | 1/2472006 |
Alternative §1.2]-[3_] Phone[ _ 5-8238 |
Originator |Dan McCabe i anHH_

Title
Park in Tank 24 and Fenton's in H-Area Facility

Description

Transfer Tank 48 contents to Type 1V tank for storage; including Tank 48 rinse water. Modify
H-area facility for optimum Fenton's conditions. Resulting release of of fgas is treated through the
modified ventilation system. Treated sat solution retumed to Tk Farm

Process Flow

Transfer from Type IV tank to modified facility in ~5000 gallon barches. Add catalyst; adjust pH
with adid; heat vesselto 100 °C; add peroxide. TPB decomposes, gmerating benzene and carbon
dioxide. Assume 4 day reaction time. Benzene will be exhausied in the offgs stream and vented to
the atmosphere via the modified of f-gas sy stem. Treated waste can be sampled and transferred 0
Tank Farm. (Fate of MST undefined) Assume volime incresse is 2X and M OC control using

it TOgen .

Advantages
|. No untreated waste to Saltstone
2. No new fac ity {maodily existing)

Disadvantages
1. Process may take too long - A ssume reuse existing tank with a working capucity of 5,000 gal at 1 hatch/vwee
50 week s (o process all waste; plus finse water

3. Wall film in Tank 48 may not rinse off 4. Resolutions of tarry substances in prodict
streum

3, Resolution of bipheryl in offgas system 6. Perox ide hundling and cost

7. Unkaown chemigry 8. High R&D cost

Pass/Fail [PASS |

Comments
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Alternative E-H

Process Diagram (Qptional)

Type 1V; Fentan's Process Diagram

Nirogen? HEPA & exhaust

NQx tredmert?

Gas
monitori ng
Tk 48
eecomommmp | AK —eEvaporator -+ SWPF -+ Saltstone
Farms
Temp,
contro
Readion
monitoring

Primary Process Parameters

pH ~initial&onirol

Temperature

H, 0, addition rate

Catalyst select, cone. & replenishment
Atzrmate Proce ss Parameters

Mixing

Foid selection

lonic strength conitrol

Nirite Lomosion control

Potential Pogt-treatment options
ARP for F ltration?

Water add to dissolve Oxalate?
Causgtio 1o dissolwe alurming?
Further Treatrment needed?
Interim storage in Th 497
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Cost

Upfront Project Cost

* transfer 1o Tank 24 assume $2M for procedures, training, DSA mods and comp measures

* storage 0 T ank 24 wssume 512 M for liquid and vapor space mixing und monitoring

* Design activitizs assume $10M {tanks mixers, heat exch., ventilation, DSA changes, permits, €ic)
* modified plant with cold chemicid suppon facifities issume $20M

* R&D 32.5M

Operations

* Jabor assume a new dedicated staff for 3 years of Sart-up, operations (24/7) 4, maintenance of 2, RadCon of 2, Lab of 2, R&HE of 4 foy
total labor of $10M (B80K/FTE «x 14 FTEx 3 shifis x 3 yr =3510M)

* ¢old chems assume $10/ga) for 0.5 Mgal or $3M (peroxide, nitrogen, acid caugtic, catalyst, HEPAs)
* Slistone cost for product $2M {ussume product is concent rated to 500 kgal)

Total cost $46.5M + $17M = $63.5M

Schedute

FYOG

Ré&D - narrow operating window

Conceprwl design purameters

FYo7

R&D - optimize operating conditions; initjate excursion tests

Preliminary design parumeters; integration plan evaluation; select dispasal path
FY08

R&D - Perform engineering ¢l s; continue excursion legs

fina} process condition selection; final design; preliminary CHAF; preliminary cest estimate; iniliate construction
EY09

complete cons ruction;

FYi0-13

Cold run-in and hot operations

Tunk 48 return to service by FY09

Technical Maturity
Transfer - this wil be ricky in DSA space but & considered "doable™ by the transfer engg COG
Storage - very mature based on 15 yrs of actuals in Tk 48 and new design for Tk 50 that will be applied to Tk 3

&

Process - Low - Fundamentat effectiveness demonstrated with simulnt at small scale. Safety and operabilty sspe
identified. Significant safety and operability R&D required. Not demonstrated w kh radioaclive material.
Minimal onsite experience with hydrogen peroxide handling. Process control and analy sis requirements not defined
Offgas requirements complex. Regulatory approval for release of benzene not assured.

Alternative E-
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Robustness

Low - No radioactive testing performed o date; scale up issues with foam and heat transfer; co-generation of oxyg
and flammabk vapors with no quench method will require complex interlocks and short response time; peroxide
dangers: offgas pliggage problems observed at smait scale and expected at large scale;

System Impacts
Potential organic byproducts in aqueous phase (Tank farm mpact and SWPF)
Release of benzene and other regulated volatiles

Risks

System complexity (flammable offgas and byproduct conurols}
Scak-up (foam generation; dead-kgs; heat transfer)

Permit for rekase of volatile organics

Potential energetic byproducts

Process cycle time

Alternative E-H
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Additional Comments
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Category | 7.0 2H Evaporator _ Date E
Alternative E H Phone E
Originator [Renee Spires | cmEE

Title
Thermal - In 2H Evaporator

Description

The waste in Tank 48H will be slowly fed (about (.25 gpm} directly into the 2H Evap orator viaa
dedicated new above grade transfer line concurrent with nomnal feed from Tank 43H. At this rate, it
will take about 2 years to decompose the contents of Tank 48H. The organic will be thermally
decomp osed i the 2H Evaporator via increased temp erature (130-1350C). Addition of a catalyst
such as palladium may be neededto drive the reaction to comp letion or to achieve the needed
throughput. Organic destruction will create benzene in the evaporat or overheads. Benzene will be
condensed along with the water vapor. The condensed overheads will be routed through a decanter to
separate the benzene. A coalescer will be used if needed to get adequate separation. T he overheads
will be sent to the Effluent Treatment Faality (ETF) for further treatment and release 1o the
environmen!. The ETF has a carbon column than can absorb benzene carryover in the overheads
stream. The benzene stream from the decanter will be collected and stored in a nitrogen inerted
vessel. The total amount of benzene exp ected from Tank 48H is about 5,000 gal. This stream will
be periodically shipped to an offsite mcinerator vendor. The concentrated salt solution (evaporator
bottoms) will be dropped to Tank 38H. Rinse wall film into bottom of Tank 48H for feed to
evaporator.

Advantages

+ The rudionaclides in the Tank 48H waste will be disposed of in a Federal Repository

* The organic source term will be destroyed

* Tank 48H can be returned to Tank Farm service by 12010

* The process ues exBlng process eqipment - 2H Evaporator

* The benzene gream should be very low in Cs-137 us SRSevapormitors typicallv have a DF for Cs of 10E4-10E6

Disadvantages

* New Safety Basis d2velopment required

* Required temperature t o dcompose TPB may be higher thun can be achieved in an SRS evaporator

* TPB decomposition rate may take longer than the expected residence lime in the evaporator

* Sampling requirement s are as yet undefined, they could extend the processing time

* Benzene carryover in the overheads nt to the ETF may be higher than ETF can tolerate

* Formation of tar-like substasices in the evaporator is largely unknown, cleaning may be mote difficult than

Pass/Fail |PASS

Comme nts
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Cost

Upfront Project Cost

* process development $4M

* mods to transfer te 2H Evaporator including precedures, training, and DSA mods sssume $4M
* mods to 2H Evaporator overheads handing system to separate liquid benzene stream from overheads (coulescer, decanter, nitrogen inert|ng
storuge vesscl, truck loading stution, etc.) assame 323 M

Opentions
* lubor asswne a new dedicated staff for 3 yeurs of sastup and operations with 2 operators, 1 maintenance mechanic, 1 RadCon inspector]
und 1 lab technician assume $5M (FBOK/FTE x 5 FTE x 4 shifts x 3 yr = $4.8M)
* contract with offsite trucking firm to trnsport 5,000 gal of slightly mdioactive tenzene tocommercial incinerstor {e.g., TOSCA) ussamg
2M

* contract with commércial incinerator vendor to dispose of benzene assume §3M
* contract 1o chemically clean evaporator to remove tamy substances assume once per quarter for 2 years at $0.25M per cleaning, assume [$2

Totul cost $33M + $12M = $45M

Schedule

FYG¢

*develep concepruad design and estimate

FYo7

*develop and approve sufety strategy, * obtain regulitory and stakeholder support, * inkiate and compiete detailed design for overheads
handling mods and transfer {ine, and * start procurement of engineered equipment

FYo8

*complete construction and startup lesting * initiate processing

Yo%

* continue processing

FY10

* complete processing buk contents of Tunk 48H, * rinse Tank 48H, and * procesrinse water

Tank 48H recovered for Tank Farm use by 172010
TPB decomposed and dispositioned by 12010

Technical Maturity
Overall, the technical maturity of this altemative is low for the follo wing reasons:

* Decomposition temperature uknown

* Corrosion controls in evaporator vessel at preferred temperuture unknown
* Rewction kinetics unk nown

* Complkteness of reaction unkngwn

* Vapor space management of evaporator unknown

* Disposition of benzene ik nown

* Tarry substance formation potent ial

Alternative E-I




Tank 48 Return to Service SEE Results Report G-ADS-H-00011

Washington Savannah River Company April 13, 2006
Salt Processing Engineering Revision 0
Page 55 of 128

Tank 48 SEE
Idea Pro-Forma

Robusiness

Thisalternative process isnot very robus. The SRS evaporators have a utility of abour 509% thus the duration of the campaign could be
much donger than expected. [t islikely that resoldion of the techaicul issues (see Technical Maturity) will impo s addirional hardware and
administrative controls in order to operate the process safely.

System I mpacts

Increased organ ic loading in stream 1o ETF will likely increase wse of carbon teds Liquid benzene will need to be dispesed of as mixed
waste via incineration at TOSCA incinerator al Ouk Ridge. This process will add 40-50,000 gal of concentrated sapernate e the 2H
Evaporator system,

Risks

Se Technical Maturity section for u listin g of technical risks,

Alternative E-H
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Additional Comments

Must meet ETF feed spec for organic or alter ETF process
Must find a pluce to dispese of benzene

Must be uble to safely ship benzene

Newbenzene emission point at 2H evaporator
Development of a new Safety Basis will be required

Alternative EH
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Category | Type IV Tank & New Facilty ] Date E
Alternative H »H_ Phone E

Originater |Kofi Adu- Wusu | Dept| SRNL

Title
Direct Wet Air Oxidation in 96H

Description
Wetar oxidaion (WAQ) is m aqueous phase process in which soluble orsuspended waste conponents axe oxidized using moleculur oxy pen
contuined in air. The process o perates atelevated temperatures and pressures typically ranging rom100t6320°Cand 7 to 210
umwspheres, respectively. The products afthe ®actionue CC,, Hy0, and iow mmo lecu lur weight oxy genuled organics.

Thebusic uciunﬁ.ﬁ:d#: atypicul WAO systemis s bllows The wastesolutionorslurry is punped though ahigh-pressure feed punp.
An airsTeymeont t OXygen to meet the o xygen requirenents ofthe waste streamis injecled into the pressunzed waste
soreary, and the ai liquid nixtuee is preheated to the required reactor inlel tenperamre. The reactor pro vides sulficient retention tine to
ullow the pridion 1o appraich the desired level o fo iganic deconp: v, Typicalreadio eis ubout 30 - 120 ninutes,

Heu exchungers wre routinely employed (o recover energy contained inthe reactorefluent to preheat the feed fuirentering the eactor.
Auxiliary energy usually steum, is newssary for stutup ad cun provide trimheut it equired. Since the o wdation eactions are exothernic,
sufficient energy nury be released in the reator to ullow the WAO systemto opetule without any ad ditional heatinput.

Alter cooling, the ¢ xidized reactor effiuent passes threugh a pressure control valve wherethe pressur is reduced. A separtordow nstream
ofthe pressure contm] valve ullows the depressurized and cooied vaper to separate Fomtheliguid.

Typical industrial WAQ applications have afeed low rite ol to 220 gpmper train, w ith a chenical exy gen demund (CO D) from10,000 10
150,000 tg /1 (higher CODs withdilutien)

Note thit catalysts,such as honogeneous oo pperand iron , their heterogeneous counterparts, ot precious metal catalysts cn be used to
enhunce the effecti veness (ie, lo lowerlenperature, pressum, and Esidence ting us well o increuse oxidation efficiencies Jofthe WA O
reaction.

Advantages

* Continuous process with short reaction times (30 t0 120 minutes)
* No new chemicals and no increase in waste volume
* Intermediate products lke benzene will be in the liquid state and eventually get destroyed

* Tk 48 Ci added to HLW and disposed of as glass
* I ~poct ) LAINA

Disadvantages

* some R&D required to tailor process to our application

* new Safety Bass development required

* new shielded facility (or retrofit of exsting facility) required
* very high temperatures and pressures

Pass/Fail [PASS |

Comme nts
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Altemative $1.23-[1] Process Diagram (QOptional)

Typical WAO flow diagram

\r

oxidation
Efftuant

Ethylenc Plant Spent Caustic WAQ System; Insert: Feed and Treated Samples.
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Cost

Upfront Project Cost

* $4M for R&D and flowsheet development

* $2M for DSA and controls development

* $10M to procure process equipment that can be operated in aremote shielded environment
* $15M 1o renovate 96H hold tank area to house new equipment

Qperations Cost
* $tM for steam ($1M/yr for | years)
* $1.3M for labor ($80 K/FTE/yr x 8 ftex 2 yrs = 5.1M)

Total Cost= $31M + $6M = $37TM

Schedule

FY06 *basic R&D and tlowsheet development

FY07 *develop conceptual design and estimate, *develop and approve safety strategy, *obtain regulatory and
stakeholder support, * start detailed design

FY08 *start procurement of engingered equipment, *initiate construction, *compkte design

EY09 *complete construction, *initiate processing

EY10 *complkte processing

Tank 48 return to service by FYIO

Technical Maturity
WAQ is a proven technology. WAO technology has been successfully commercialized for 50 plus years. Over 200 full scake systems have
heen constructed and operated worldwide.

WAQ is used to destroy organics in spent caustic (high pH similar to SRS waste) wastewater streams generated by ethylene plants and oil
refineries (petrachemicul indwstry). It is also used to treat organic wastes in pharmacewt ical and chemical industries as well as

mun kipal/sewage sludges Examples of organics destroyed include phenols, tenzene, naphthenics, cresylics, etc.

It is my understanding that a DuPont facility is wng WAQ processto destroy "TPB” in waste.

In the radiouctive arena, bench-scak WAQ was successfully applied in the 1990s to destroy orgun s (EDTA. formate, citrate, acetate, and
oxulate) in Hanford Site actual waste. Organ ics destruction based on TOC was > 98 %.

No known large-scake radioactive waste eperiation is in existence.

Alternative E-ﬂ_
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Raobustness

Expected to easily meet the performance requirements

System Impacts
* the construction in the ARP hold tank area will have 1o be integrated with the planned ARP operation
* WAQ operation must occur after the ARP campaign is over; they cannot go in parallel

Risks
* cost of project may be mare than expected
* process may not fit in the ARP hold tank area and it is the biggest suitable area we have other than the Canyons

Alternative H-B
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Additional Comments

The potential safety issues associated with the use of hydrogen peroxide (Fenton approach) are much worse than
a high-pressure system character stic of WAO,

WO requires higher temperatures, pressures, and residence times and also leads to lower oxidation efficiencies.
However, it may work well on the Tank 48 waste. Bench scale WO worked fairly well on Hanford Site actual wa

The analog to WAQ & Wet Oxidation (WO). WO s essentially the same as WAQ except no arr is added. In generpl

i

sl

Alternative H-_H_
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Cate gory _’ Type IV Tank & New Facilty ] Date E
Alternative ﬁ Phone E

Originator |Adu-WuswMcCabe | cn_:%

Title
Park in Tank 24 and Wet Air Oxidation in New Facility

Description

Trans Brand storetank conlents ina Type IV tank until a facility is modifed or anew fucility is constructed. Wee iroxidation (WAQ)is afi
uqueous phase pocess in which soluble orsus pended wasie components we o X dized using nplecu laroxy gen contained in air. The proce
operales ul elevated lanperstures and pressumes typically runging fram 100 1e 320°C and 7 10 2 10 atmos pheres, mspectively. The products
ofthe reaction wre CO2, H20, and low mwolecular weig ht 0xy genaled o punics.

-

Thebusic lowschene for atypicul WAO systemis & bllows. The wastesolution orstumy is punped through ahigh-pressure feed punp.
AnaiTstreamcomaining sutlicient oxyg en 1o meet the o Xy gen requirenents ofthe wistestreamis injected into the pressurized waste
steany und the aifliquid nixuieis preheated to the required reucto e tenperature. The muctor pro vides sufficienl retention tine to
alow the oxidation to approach the desired level e forgmnic deconposition. Typical reactiontineis ubour30- 320 minutes,

Heu exchmgers areroutinely employed te recaver energy contained in the reactorefluent e prelieat the feed fairenmering the reuctor.
Auxiliory energy,usually steam is necessary for starup and can pro vide trimheatifrequired. Since the oxidution mactions are exothernic,
sufficient energy nxuy bereleused in the resctor o ullow the WAQ systemto operate witheut any additienal heatinput.

Aller cooling, the 0xidized reudtor effluent pus ses through a press ure conmrol valve wherethe pressure is reduced. A scparatordow nstream
ofthe pressute contm | valve ullo ws the depressurized aid oo led vapor 1o separule fomthe liguid.

Typical industrid WAOQ applications haveafeed low raeot1 10 220 gpmper rain, w ith achenical oy gen detund (CO D) from 10,000
150,000 ng/l (higher CODs with dilution}

Note thut catalysts, such as homogeneous copper and iron,theirheterogeneous countetpurts, ot precious metal catalysts can be used to
enhance the efsciveness (ie. 1o lowertenperature, pressure,und residence ting as well us increase oxidution efficiencies )of the WA Q
T ion,

Advantages

Continuous process

Relutively shot raction limes - 30 ta } 20 ninutes Lypica

No use ef chenicals and No increse in waste volume

High thernul eficiency -essentially an autothemul operaion

Intermedixe produds likebenzene will beinthe liquid stae and eventually get desiroyed.
High pH nedivmw ot hivorbenzene hydiolysis

Comosion resisial maerials ifnesded are dready avail able for the process

Dis advantages

* some R&D required to tailor process to our application

* new Safety Bask development requred

* new shielded facility (or retrofit of existing fac dity) required
* very high temperatures and pressures

PassfFail [PASS ]

Comments Develop as aremove, store at alternate loc ation and process at alternate treatmjent
location
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Alternative EH Process Diagram (Optional)

Type IV; Process via WAO

todified faoility

Tk 24 »  — | it L
l— - b o d

Receipt Heat Heat Heat Heat
tark i Pump Bxciaiger  Exciaiger Biclanger Brclager m_“._._huﬂ.‘

PRESVR COntoluake

Dffgas | —
Tre atment -} i 1500 gsi
culifm
Fizse
Separk
i Tark farm

N ) Lgw



Tank 48 Return to Service SEE Results Report G-ADS-H-00011

Washington Savannah River Company April 13, 2006
Salt Processing Engineering Revision (¢
Page 64 of 128

Tank 48 SEE
Idea Pro-Forma

Cost

Upfront Project Cost

* rangfer to Tank 24 assume $2M for procedures, waming, DSA mods and comp measures
* storage in Tank 24 assume $12M for liquid and vapor space mixing and monitoring

* $4M for R&D and flowsheet development

* $2M for DSA and controls development

* $10M to procure process equipment that can be operated in aremote shielded environment
* $15M to renovate facility with new equipment

Operations Cost

* $1.25M for steam ($1M/yr for .25 years)

* $10M for labor ($80 k/FTE/yr x 8 fie x 4/yr = 10M)
Total Cost= $45M + $10M = $55M

Schedule
EY06

tusic R& 1D and flowsheet development ; develop conceprual design und estimate

FYQ09
* complete construction, *transfer waste to Tank 24
EY10

*Retum waste from Tank 24, *Process waste

Tunk 48 return 1o service FY09

Technical Maturity

WAQ 84 praven technology. WAO technology has been successfully commerciatized for 50 plus years Over 200 full scale systems have
teen constructed and operate d worldwide,

WAQ is used to destroy organics in spent caustic (high pH similar to SRS waste) wastewuter & reams generated by ethylene plants and oil
refineries (petrochemical industry). It is also used to treat organic wasles in pharmaceutical and chemical industries as well as

mun icip al/sewage sludges. Exumples of organics destroyed include phenols, benzene, naphthenics, cresylics, etc.

It is my undersgtanding that a DuPont facility iswing WAO process to destroy "TPB" in wagte.

[n the radiouctive srena, bench-scale WAQ was successfully applied in the 1990s to destroy organics (EDTA, formate, citrate, acetate, and
oxalate) in Hanford Site actual waste. Orgun ics destruction based on TOC was > 98 %.

No known lurge-scake radioaclive waste operation is in existence.

Alternative H-H
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Robustness

Expected to easily mect the performance requirements

System Impacts

* the construction it the ARP hold tank area will have to be integrated with the phnned ARP operation
* WAO operation must occur after the ARP campaign is over; they cannot go in parallel

Risks

* cost of project may be more than expected

* process may not fit in the ARP hold tank area and it is the biggest suitable area we have other than the Canyons

Alternative E.H
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Additional Comments

The potential safety issues associated with the use of hydrogen peroxide (Fenton approach) are much worse than j
a high-pressure system characteristic of WAQ.

The analog 10 WAQ &5 Wet Oxidation (WQ). WO is essentially the same as WAQ except no air is added. in generpl
WO requires higher temperalures, pressures, and residence times and also kads to lower oxidation efficiencies.
However, it may work well on the Tank 48 waste. Benc h scale WO worked fairly well on Hanford Site actual was

—

Alternative HH
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Cutegory [ &0 Caryon ] owe[1721200]
Alternative E-. Phone E
Originator _Wm:nm . Spires I_ Umﬁ_H_

Title
Direct Sodiumn Permanganate/Acid in 221-H

Description

Decompose the TPB in a heated vessel in modified Canyon fucility. Resulting releuse of benzene is remaved
through the exiging purge ventilation sysem. Remaining salt solution retwrned to Tank Farm. Spray wash Tank
48 interior to rinse wall film into tank bottom.

Process Flow

Provide dedicated transfer path or ubove grade temporary transfer line from Tank 48 to the Canyon facility. Tragsfer
the solution 1o a bicell Use the bicell to transfer material to the dsolver. This will be a batch process of wround
1150 gul of T48 muterial. Permanganate and Acid ure added to the dissolver. Decompo e the waste by heating thg
tank contents to 93-135 °C as needed to decompose alt TPB. Benzene willbe exhawstedin the tunk vapor purpe
affgus strewm and vented to the atmosphere via the existing of f-gus system.

Trunsfer the material through the centrifuge to separate out the MnO2 and Sodium Oxalate. Issie wilt be the
benzene concentration in the liquor. The liquor will be evaporated. Transfer the concentrated solids to the

neuralization tank. Treated waste cam be sampled end transferred 1o Tanks Farm for eventwl evaporation in the|3H
Evaporator. Rinse wall film into bottom of Tank 48 during transfer to Canyon facility.

If the resulting soltion is not evaporated then the material can be transferred directly to the neutralizatjon tank,

Advantages
|. No waste o Saltstone
2. Reuse of exsting fac tity

Dis advantages

1. New Safety Basis development required

2. Dissolver must be ineried

4. Canyon does not nermally use phosphoric acid
5. Permitting of Canyon fucility 1o process waste und exhiust benzene

Pass/Fail |PASS

Comme nts
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Alernative $1.24-[1_] Process Diagram (Optional)

Process Flowsheet- Permanganate/Acid in Canyon
With Evaporation

Comvert both dissolvers 2000 )

. gal batch matches
to this nan.mmm to ) Canyon process fou
decrease time

Solids Permanganat

wi TPB E
10000

Galtransfer
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Caost

Upfront Project Cost

* SRNL costs to set up flowsheet assume $1M

* Transfer to Canyon proc edures, training, DSA mods and comp measures assume $2M
* Canyon DSA mods to decompose TPB assume §12M

* Cold chemi al piping assume $2M

* Canyon jumpers assume $10M

Operations

* libor assume faciites can absorb these transfer activities
* cold chems assume $5/gal for 500K gal or $2.5M

* pitrogen in Canyon assume $1M

* émths of HLW system @ $M300/yr - $150M

* Canyon ops(2yrs) - $200M

Schedule
One year to design and set up safety basis.
One yeuar to fabricate and install transfer line, cold chemi al services, and Canyon jumpers.

Tank 48 rewrn to service by FY09

TPB Dispositioned FY08/09

Technical Maturity
High -
Ré&D required to set up a flowsheet. Optimization of flowsheet required to improve cold chemical to TPB ratio.

Alternative E.E
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Robustness

Process will work.

MOC control would be required in Canyon dissolvers, nitrogen would need to be added to system.
Phosphoric acid is not normally used in the canyon.

Would ako have {0 run the dissolver condenser to not condense benzene.

System Impacts
Assume 500K gallons transferred to Canyon, 10K at a time. 50 transfers.

For 1 dissolver @ 4 batches per week, 2 years of Canyon operation

For 2 dissolvers @4 batches per week 1.5 years of Canyon operation.

Risks
Permitting for Canyon is an issue.

Alternative E.E
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Additional Comments

Alternative E-I
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Category [ 9.0 Type IV Tank & Modified Faciity | Date [ 1/24/2006 |
Alternative E.H Phone E
Originator |[Dan McCabe I_ c»EH

Title
Park in Tank 24 and Sodium Permanganate/Ackl in H Area Facility

Description

Trans fer Tank 48 contents to Type IV tank for storage; including Tank 48 rinse water. Modify
H-area facility for optimum Permanganate conditions. Resulting release of offgas is treated through
the modified ventilation system {(may need NOx abatement). Treated salt solution and manginese
oxide sludge retumed to Tank Farm.

Process Flow

Trans fer from Type IV tank to medified facility in ~2000 gallon batches. Add 1200 gallons 0.6 M
NaMnO472 5 M H3PO4. TPB decomposes, generating carbon dioxide. Assume 8 hour reaction
time to control foaming, Excess permanganate is destroyed using 4000 gallons 8 wi% oxalic acid.
Vapors will be exhausted in the offgs stream and vented to the atmos phere via the modified off-gas
system. Treated waste can be sampled, caustic adjusted (assume 1000 gallons 15 M NaOH) and
trnsferred to Tank Farm M ix MST, manganese oxide (234 kg), sodmmoxalate (1500 kg) and
sodium phosphate (15,000 kg) with sludg for DWPF. Liquid volume increase is 3.4X in lab; assume
we can achieve 3X with optimization.

Advantages
1. No untreated waste to Saltstone
2. No new fac ity (modify existing)

Disadvantages

1. Wall film in Tank 48 may not rinse off

2. Perman ganate handing und cost

3. R&D cost for scale up

4. Volume increase

5. DWPF impuct from munganese oxide {and potentially sodium oxalate, sodium phosphate)

Pass/Fail _Mo.m S

Comme nts
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Alternative §1.24-2_| Process Diagram (Optional)

Type IV, Permanganate Process Diagram
Hirogen? HEP A & exhaust
Parman ganatefAcid

Dxalic acid
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Cost

Upfront Project Cost

* trnsfer to Tank 24 assume $2M for procedires. tratning, DSA mods and comp measures

* storage in T unk 24 assume $12M for liquid and vaper space mixing and men itorin g

* Design activities assme $10M

* modified plant with cold chemical suppon failities ssame $20M {inconel tanks)

* R&D $3M (incl. glass)

Operationsg .

* lubor assume a new dedicated staff for 3 years of start-up, operations {24/7) 4, maintenance of 2, RadCon of 2, Lab of 2, R&HE of 4 foy
tolal lubor of $10M ($80K/FTE x 14 FTEx 3 shifts x 3 yr = $10M)

* cold chems assume $30/gal for 0.5 Mgal or $10M (permanganate, nitrogen, acids. caustic, HEPAs)
* DW PF canigter cost for product $150M (0.5 can/2000 gal batch; 500 1b MnO2; $1M/cunister)
*Increased Sultstone costs $6M (ussume 3X volume increase; 2 Mgal)

Totul cost $47M +5176M = $223M

Schedule

FY0o

R&D - narrow operating window

Conceprl design paramet ers

FYO7

R&D - optimize operating conditions; initiate excursion tests

Preliminury design parameters; integration plan evaluation; select disposal path
FY08

R&D - Perform engineering tes s; continue excursion lests.

final process condition sekction; final design; preliminary CHAP; preliminary cost estimate; injtiate construction
FY09

complete construction;

FY10-13

Cold run-in and hot operations

Tank 48 return to service by FY09

Technical Maturity
Transfer - ihis will be wkky in DSA space but & considered "doable” by thetransfer engg COG
Storage - very mature based on 15 yrs of actuals in Tk 48 and new design for Tk 50 that wil be applied to Tk 3

I~y

Process - Moderate - Fundamental effectiveness demonstrated with actual waste at small scak. Safety and opergh:
issues during scale up (foaming and O2 generation). Safety and operability R&D required.

- [Extensive onsite experience with permanganate handling. Process control and analysis requirements not defined.
Offgas requirements somewhat compkx.

Alternative EH
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Robustness
Moderate - Radioactive testing performed and impkmented; scak up issues with foam and heat transfer; perman
dangers; potential offgas pluggage probkms.

[=

System 1l mpacts
DWPF canisters
Saltstone volume increase

Risks
Scalk-up (foam generation; heat transfer)
Permi

Alternative E -H
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Additional Comments

Alternative E-H
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Cate gory — Saltstone _ Date E
Alternative E_H_ 1:2.»%
Originator Eﬂm Davs _ UnEE

Title
Park at Saltstone and Aggregate

Description

[General - Transfer Tk 48 to one of the tanks in Vauli 2 and store. Feed waste lo existing
Salistone grout mixer and emplace in adjacent Vault 2 1anks.

Transfer to Vaul 2 - Use existing lines from Tk 48 to Tk 48 valve box to HDB-7 10 Tk 50 vilve
box to Saltstone vicinity. Tie in new transfer line segment to a Vault 2 tank using a new valvg
box. This will require DSA, procedure, training and admin c ontrols to prevent inadvertent
transfers and leaks.

Storage - The Vault 2 tank wil require liquid and vapor space mixing and monitoring. The vpul
will serve as secondary containment. This may require a steel liner or a coating on the concrgte.
Feed to Mixer - Once the Tk 48 waste is in the Vault 2 tank, then the waste can be fed to th)
mixer bac kwards thru the new transfer line segment to the new valve box and then to the mi
Grouting - Mixed grout wil be pumped back to Vault 2 via existing transfer lines provided b
the Vault 2 project. Assume 3 Mgal of grout nceded.

2]

T.

Advantages

* Uses the existing Sakstone grout plant with no ¢ hanges
* Uses the existing Vault 2 tanks and concrete sheiding
* Recovers Tank 48 by FY09

* dispositions grout by FY10

Disadvantages

* new transfer line segment and valve box needed near Vaul2

* all Ciend up in State of SC

* ties up grout plant processing Tk 48 waste at same time as MCU
* consumes Vault 2 1ank volume

Pass/Fail |PASS

Comme nts
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Cost

Upfront Project Cost

transfer to Vault 2 assume $2M for procedures, traning, DS A mods and comp measures

Shielding modifi ations $20M

new valve box and new transfer line segment assume $2M

storage m Vault 2 tank assume $10M for liguid and vapor space mixing and monioring (clkan work)
* nirogen $5M

Operations

* labor assume a new dedicated staff for | year of 2 operators, | maintenance, | RadCon, for total hbor of $0.BM
($80%/FTE x 4 FTE x | yr = $0.3M) )
* cold chems assume $5/gal for 3 Mgalor $16M

*
*
*
*

Total cost $39M + $16M = $26M

Schedule

FY06

*develop conceptual design and estimate
FY07

*develop and approve safety strategy, * obtain regelatory and stakeholder support, * initiate detailed design for Viu
2 and transter mods, and * start procurement of engineered equipment
FYO08

*complte design, * itiate construction

FY09

* complete ¢ onstruction, *transfer waste o Vauk 2

FY10

* process at 100 kga¥wk, 30 wks for 3Mgal total

Technical Maturity

Transfer to Vauk 2 - will be tricky in DSA space but should not nvolve significant hardware mods or R&D. Tt
would be nice to get this done in 2-3 big transfers.

Storage - we have years of experience storing i Tank 48

Feed to Mixer - same as transfer to Vault 2

Grouting - all tech issues associated with this are currently being worked as part of the Aggregation baselne

Overall, this is technic ally mature.

Alternative E-B
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Robustness
Very robust. This alternative will disposition the TPB.

System Impacts

* High rad rates from Vault 2 during storage phase may impact other nearby ac tivilies.

Risks

* DNF5B and SCDHEC may not support starage of Tank 48 waste in Vaul 2

* Vault 2 @ank may require significant mods to hold liquid HLW insiead of LLW grom
* TPB grout will pass the TCLP test but may not meet the intent of the test as benzene may leach out of the growt
after the 30 day test s conducted

Alternative E _H_
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Additional Comments

None

Altermative E-_H_
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Category [ 9.0 Type IV Tank & Modified Facilty | Date [ 1/24/2006 |
Alternative E -. Phone E
Originator [Dan McCabe Dept U

Title
Park m Tank 24 and Solvent Extract TPB n MCU

Description

Transfer Tank 48 contents to Type 'V tank for storage: including Tank 48 rinse water. Modify
MCU (or other H-area facility) for pseudo-solvent extraction process. Resulting organic phase
disp ositioned via absorp tion or offsite incineration. Treated salt solution returned to Tank Famm,
|Process Flow

Trans fer material from Type IV tank to modified facility in ~2000 gallon batches. Add 2000 gallons
of organic solvent. Assume | howr mixing Separate phases. Aqueous phase is settled to remove
M ST; then sent to Tank 50/Saltstone. Organic phase is processed through "psendo-solvent
extraction” to isotop cally dilute Cs-137. Decontaminated organic p hase is sent for sorp tion and
burial or offsite for incmeration/steam reforming. Aqueous phase containing Cs- 137 and high
non-rad Cs is mixed with M ST and sent to DWPF feed tank.

Advantages

1. No untreated wasteto Saltstone (Cs5-137 content equivalent to current filtrare; 0.05 Cifgd orless)
2. No new facility {mod ify existing},srull,carbon steel vessels

3. Extensive ensite experience with solvent extradion

4. MST und Cs-137 senite DWPF

5. Mininul erganic vaper eleases/Redu ced overall hazands

6. Busily odapted for tank nhse water by reducing elganic: aqueous ratio

7. Mininul velune maease

Disadvantages

1. Acceptable solvent not known {huzardous or too water soluble)
2. Wall film in Tank 48 may not rinse off

3. Moderute R& D coxt

4. WD needed for organic phase

Pass/Fail [PASS

Comments
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Cost

Upfron Project Coxt

* transfer 10 Tank 24 assume $2M for procedwres, training, DSA mods and comp measures
* storage in Tank 24 assurme $12M for liquid and vapor space mixing and monitoring

* Design activities aussume $5M (carbon steel, Nitrogen inerting, DSA, reguhitory, etc.)

* modified plant with cotd chemical support facilities assume $15M

*R&D $2M

Operations

* lubor assume u new dedicated staff for 2 years of sturt-up, operutions (4/10s) 4, maintenance of 2, RadCon of 2, Lub of 1, R&HE of 4 for
total lubor of $2M ($80k/FTE x 13FTEx | shifts x 2 yr =$2M)
* coldchems assume $15fgal for 0.5 Mgal = $7.5M

* offsite contract $30M 777 (incineration)

*Sultstone costs $2M {no volume increase; 0.5 Mgal)

Total cost $36M + $42M = $98M

Sche dule

FY06

R&D - identify solvent system

Conc eptual design parameters

FY07

R&D - optimize operating conditions; rad tests
Design parameters; integration plan evahation; CHAP; initiate construction
FYO08

R&D - Perform engineering tests

complete construction

FYI12 - FY13

Cold run-in and hot operations

Technical Maturity
Transfer - this will be ricky in DSA space but is considered "doable” by the transfer engg COG
Storage - very mature based on 15 yrs of actuals in Tk 48 and new design for Tk 50 that will be applied to Tk 4

Process - Low - acceptable solvent not identified; utilized with actual samples in analytical method at SRNL (withy
acetonirile); basic extraction demonstrated m Literature with radioactive tracers {in nitrobenzene, acetonitrik); man
solvents tested wih other TPB-containing species.

Method - High - exlensive onsite experience with solvent extraction process

Alternative E-B . '
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Robustness

High - assuming solvent can be identified

System [ mpacts
Potential for solvent carryover 1o DWPF &/or Saltstone would be addressed in R&[D program
More studge washing rquired '

Risks

Acceptable solvent may noi be dentificd

Permit & WD

Offsite transport

fate of mercury and Tc unknown; if partitbned to solvent, incineration/disposal may be complicated;
HazCat may be rased

Alternative E-.
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Additional Comments

Alternative E -B
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Cate gory _’ Canyon _ Date E
Alternative E -H Phone E
Originator _W@:mn Spires _ Dept _H_

Title
Extract/exchange in 221-H

Description

Transfer Tank 48 contents to Cany on; including Tank 48 rinse water. Modify mixer-setilers for
pseudo-solvent exradtion process. Resultingorganic phase disp ositioned via absorption ar offsite
incineration, Treated salt solution remsmed to Tank Farm.

Process Flow

Provide dedicated transfer path or above grade temporary transfer line from Tank 48 to the Canyon
facility. Transfer the solution to a bicell. Transfer about 1500 gallons of material frombicelltoa
tank that contains about 2000 gallons of organic solvent. Assume | hour mixing Separate phases.
Aquoous phase is settled to remove M ST, then sent to Tank 50/Saltstone. Organic phase is
processed through "mixer-settlers to sotopically dilute Cs-137. Decontaminated or ganic phase is
sent for sorption and burial or offsite for incineration/steam reforming. Aqueous phase containing
(Cs-137 and high non-rad Cs is mixed with MST and segregated to send to siudge tank.

Advantages

|. Nountreated wasteto Salistene (Cs-137 contentequivalent to current ilirate, 0.05 Cifgal orless)
2. No new fucility {nod ify existing ), snall,carbon sieel vessels

3. Extens ive ons ite experimn o with selvent extuaion

4. MST and Cs-137 sentto DWPF

5. Minipul organic vapor releuses/Reduced overail hozands

6. Easily adupred for tank rnse water by reducing organic:aqueous ntic

7. Mininul velune incease

Disadvantages

. Acceptable solvent not known (hazardous or too witer solubk)
. Wall film in Tank 48 may not rinse off

. Mederate R&D cost

. WD needed for organic phase

. Would require additional criticality work

woda L —

Pass/Fail

Comme nis
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Alternative EH Process Diagram (Optional)

Exchange/Extract

Cssotopic dilution (# stages TED)

Sohent 2r Produg Cydle O . Sork or offsite Incineration

Mixer Settlers e Nomrad Cs

w &lor K
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TPE @!« @ —  Sludge batch
. Uegus

Aq
Bi-Cell /;2 MST

q
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@ ———*  Tank 50/Saltstone

Decontaminsted
Salt solution
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Cost

Upfront Project Cost

* Upfront Project Cog

* SRNL costs 10 set up flowsheet assume $2M

* Trunsfer to Canyon procedures, training, DSA mods und comp measures assume $2M
* Canyon DSA mods to decompose TPB ussume $12M

* Cold chemical piping sssume $2M

* Canyon jumpers assume §10M

Operutions

* lubor assume facilities can absorb these transfer uctivities
* cold chems assume $15/gal for 500K gul or $7.5M

* offsite contract $30M (incineration)

*Sultstone costs $2.5M {no volume increase; 0.5 Mgul)

Total cost $28M + $40M = $68M
Note: Canyon may remuin operable for other missions while this process is being run

Sche dule

FY06

R&D - identify solvent sysiem, initinte rad tests

Identify conceptual process parameters

FYO07

R&D - optimize aperating conditions; complete rad tests, perform engineering tests
Finalize process parameters; integration plan evaluation; CHAP; mitiate facility modifications
FY08

complete modifications

FY(9

Rad operations; return Tank 48 1o service

Technical Maturity

Process - Low - acceptable solvent not identified; utilized with actual samples in analytical method at SRNL (with
acetonirile); basic extraction demonstrated in Literature with radioactive tracers (in nitrobenzene, acelonitrik); mjn
solvents tested with other TPB-containing species.

Method - High - extensive onsite experience with solvent extraction process

Alternative E-H
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Robustness
High - assuming solvent can be identified

System Impacts

None (Potential for solvent carryover to DWPF &/or Salkstone would be addressed in R&D program)
Extends life cyck for Canyon

Canyon may remain operable for other missions while this process is being run

Risks

Acceptable solvent may not be dentified

Permit & WD

Offsite transport

fate of mercury and Tc unknown; if partitioned to solvent, incineration/disposal may be complicated;
Wmndow in Canyon processing

Permit problems may be encountered

Alternative H-H
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Additional Comments

Alternative E -H
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Category | 9.0 Type IV Tank & Modified Facilty | Date[_1/24/2006 |
Alternative H _H_ Phone E
Originator [Dan McCabe | UQE_HHH_

Title

Park in Tank 24 and ZnO Catalyzed Ozone Oxidation in H-area Fac ility

Description

Transfer Tank 48 contents to Type IV tank for storage; including Tank 48 rinse water. Modify
H-area fadlity for optimumczone conditions. Resulting release of offgas is treated through the
modificd ventilation system. Treated salt solution retumed to Tank Farm.

Process Flow

Transfer from Type IV tank 1o modified facility in ~2000 gallon batches. Add ZnQO. Bubble n
ozone. TPB decomposes, generating carbon dioxide. Assume 100 hour reaction time to control

vented to the atmosphere via the modified off-gs system. Treated waste can be samp led, and
transferred to Tank Farm Mix MST with sludge for DWPF. ,

foaming. Excess ozone is destroyed using catbon trap. Gas will be exhausted in the offgas stream and

Advantages

1. No untreated waste to Salistone
2. No new fac lity (modify existing)

Disadvantages

[1. Wal film in Tank 48 may not rinse off
2. Ozone generation, safe handling, and cost
3, Larpe R&D cost

4, Process unproven

5. ozone generator and electricity costs

PassfFail |PASS |

Comme nts
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Alternative H-E Process Diagram (Qptional)

Type IV; Ozone Process Diagram
Hirogen? Qzane destruction, HEP A, & exhaust

NOx tregtment?
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monitorng
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*rransfer w Tunk 24 assume $2M for procedures, raning, DSA mods ad conp measurms
*storuge in Tank 24 assune $12M briiquid and vapor space nixing and nonitoring
® Design activities ussume § 10M
* modified plant with cold chemical support ficilities wssune $20M{inconel tanks)
* ozone generaor$5M
*R&D $5M
eTitions
* labor issune a new dedicated staf for 3 years ofstart-up, o perations {24/7) 4, mai menance ot 2, RadCan of 2, Lab of 2, R&H E of 4 for tatal lubor of $10M (380k/FTE x
14 FIE x3shifs x 3 yr =§13M}
* cold chens assuine $5/gd for0.5 Mgalor$ 2.5M (niwogen, caustic, HEP As)
*cledricity $10M 277
*Saltstonecosts $IM (no volune increase; 0.25 Mgal)

Total cost$354M +$2TM =$81M

Schedule

FY06

R&D - narrow operating window

Conceptuwl design parameters

FYQ7

R&D - optimize operat ing conditions; excursion tests

Preliminary design parameters; integration plan evaluation; select dsposal path
FYD8

R&D - Perform engineering tests

finaf process condition skction; final design; preliminury CHAP; preliminary cost estimate: initiate const ruction
FY09

complete congt ruction;

FY10-13

Cokirun-in and hot operations

Tank 48 retwrn to service by FY09

Technical Maturity
Transfer - this will be ricky in DSA space but is considered "doable” by the transfer engg COG
Storage - very mature based on 135 yrs of actuals in Tk 48 and new design for Tk 50 that will be applied to Tk 34

=]

Process - Low - Scoping test ~ 15 years ago generated black liquid from simulant. Safety and operability issues dfu
scak up (foaming and O2 generation}. Safety and operability R&D required.

Minimal onsite experience wih ozone handling. Process control and analysis requrements not defined. Offgas
requirements somewhat complex.

Alternative H.B
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Unknown

Ozonolysis generally used for low concentration of soluble organic wastes or ultrapure water, not 2 wi% mnsoluble
organics. Low solubilty of gas in salt solution reduces effectiveness.

System I mpacts
None known - too little known to evaluate

Risks

May not work

foam generation

Permitting

Tar formation in aqueous product

Alternative E -_H_
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Alternative E-I
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Category | 6.0 Canyon ] Date E
Alternative . H _vrcumE
Originator |Renee H. Spires | Um_u_.._HH_

Title
Direct Acid Hydrolysis in 221-H

Description

hemically decompose the TPB in the dissolver within a Canyon facility by a combination of low pH {acid
addition), increased temperature, and catalyst addition. Resulting releuse of benzene is removed through the
dissolver off gus ventitation sysem. Remuining salt sohtion retumed to T ank Farm,

Process Flow
Provide dedicated transfer path or above grade temporary transfer ne from Tack 48 to the Canyon facility. Thig will
be a batch process of around 3,000 gal in the 6.4D Dissolver. The 6.1D Dissolver could be udded in improve

throughput by about 50 %. Transfer the solution to a bicell. Use the bicell to transfer material to the centrifuge fes
tank. Use the centrifuge to concentrate the material and remove nitrite. Could ulso add FS to destroy nitrite. lssap
will be the benzene concentration in the liguor. The liquor will be wcidified and evapontied

=

Transfer the concentmied solids to the dissolver, Acidis udded 10 reduce pH. Cataly 2 is introduced to provide
desired reuction rate. Decompose the waste by heuting the tunk contents to 95-135 °C as needed to decompose al
TPB. The dissolver will huve to be inerted for flammability control. Benzene will be exhausted in the tank vapor|
purge offgas stream and vented to the atmosphere via the exis mg of f- gas system. Treated waste can be sampled,
evaporuted, and trunsferred to Tank Farm. Rinse wall film into bottom of Tank 48 dwing transfer to Cunyon
facility.

Advantages
1. No waste to Saltstone
2. Reuse of existing fac ity

Disadvantages

1. New Safety Basis development required

2. Dissolver must be inerted

3, Resolutions of tamy substunces ty destruciion of nitrite

4, Permitting of Canyon facility to process waste and exhaust benzene

Pass/Fail |PASS

Comme nts
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Alternative EH Process Diagram (Optional)

Process Flowsheet- Acid Hydrolysis in Canyon

3000 galbatoh matche s Benzene ETF
Canyon process fow To Offgas

T4g

Galtransfer

Convert both | 241-H
Dissolvers to improve

Throughput by 50%
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Cost

Upfront Project Cost

* SRNL costs to set up flowsheet assume $500K

* Transfer to Canyon procedures, traning, DSA mods and comp measures assume $2M
* Canyon DSA mods to decompose TPB assume $12M

* Cold chemic al piping assume $2M

* Canyon jumpers assume $10M

Operations

* labor assume facilities can absorb these transfer activities
* cold chems assume $5/gal for 500K gal or $2.5M

* nirogen in Canyon assume $1M

* canyon operations $100M

Schedule

One year to design and set up safety bass.

Tank 48 return to service by FY(9

TPB destruction by FY09

One year to fabricate and install transfer line, cold chemical services, and Canyon jumpers.

Technical Maturity

High
R&D is required to set up a flowsheet.

Alternative E-H
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Robustness

Process will work.

MOC control would be required in Canyon dissolvers, nitrogen would need to be added to system.,
Cenirifuge would run basic - that is achange.

Would also have to run the dissolver condenser to not condense benzene.

System Impacts
Assume 500K galions wansferred to Canyon, 10K at a time. 50 transfers.

For | dissolver @ 1 batch per week, 3.3 years of Canyon operation
For 1 dissalver @ 2 batches per week, 1.7 years of Canyon operation

For 2 dissolvers @ | batch per week, 2.2 years of Canyon operation
For 2 dissolvers @2 bawches per week 1.1 years of Canyon operation.

Risks
Permitting for Canyon is an issue.

Alternative E -H
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Cate gory h Type IV Tank & New Facilty _

Alternative E-B

Originator {Bill W ilmarth |

Title

Date
Phone
Dept

il

Park in Tank 24 and Stearn Reforming in New Facifity

Description

tank.
Process Flow

and water vapor. Evaporation of all liquid.

oxides, carbonates, aluminat es and/or stkcates.
Converts the organics into CO2.

Trans fer material to a Type IV tank for intermstorage until a newly constructed unit is completed
to perform Steamn Reforming process. At completion of processing transfer the material 1o a waste

The tank waste i3 mixed in a baich/feed tank with select co-reactants, nduding the addiives
necessary to make the final product. Additional solid co-reactants, such as granular carbon and iron
oxide reductants, are co-fed to the fluidized bed. Nitrates and nitrites twm into nitrogen gas. The

up per zone of the fluid bed is operated under oxidizing condition by injection of oxy gen into the
upper zone. The oxidizing zone converts residual carbon reductants and organics into carbon dioxide

Converts the sodium, potassium, and aluminum into a stable mineralized product. The mineral

product contains any radionuclides and inorganic elements in the waste feed streamin the form of

Reduction and stabilization of any hazardous metals. For example hazardous metaks suchas Cr+6 are
reduced to a non-hazardous valence state, e.g Cr+3, and are chemiically bound in the solid product.

Advantages

* Tk 48 Ci disposed of somewhere besides State of SC
* Recovers Tk 48 in FY09

* Dispositons TPB by FY12

* low operating cost $6M

* ponyr Fosility conld he posd tateeqr sther freatmant wracta cteaarnag

Disadvantages

* high up front project cost of $62M

operated envronment

* while the basic process is mature, it would require taloring to adapt to our high rad, remotely

Pass/Fait [PASS

Comme nts
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Alternative $1.4 ]-[1] Process Diagram (Optionat)
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Figuce 31 Fluicized bed te; s pracess flow and atkumeaiatiou diag o

The test uvitam i3 classified as a beach-scale system Lecause fhe fluidized bed sechen itseli has a
six-inch uonunal inside dizneter. Experients ar the INEEL with fluidized beds ranzing i diameress from
ay small as 3 inehes up to 12 inches bas shown thar a 6.2k diameter bed is rypically the smallest size
2l snll prevides bed dysamics (kat approach these of Larger beds, Even with a 6-uach bed dismeter. the
bed anay cperate in 3 slugging mode, cather than w a bubbling mede that it mmose tupical of Targes-
diameter full scale beds, The S-iach diameter bed 1u 3 reaseundble compromise denveen a bed large

enowgh 1o provide represearatve test datz aud 3 system 1mall enough 10 control testing and waste disposal
Casls.

The Salance of the test systew, tacludimg feed systems., the fludired bed vecsel that mclades the
ted tecticn and the freeboard {bed disengaging) secticn, the preduer ceilection and salids management
syetems, and off-gas treatmenst and wasre eallection sysrems cover a faotprint of abour 20 & by 26 feer.
All wened compouents are renstncted from comosion revistant matesiats, Equipment and piging ae
fabricated fiom 316 staless steel except for tle refoimer vessel which is fabricated frem Inconel $00H
and the disfubores puaidold tha i3 fabncased from [uccnel 623, The wrstem ¢an be manually contrclled
a: sutcasatscally conuslled vsng a Process Logic Controller (PLC) sysienn with undngle human-machine
interface (HMI} stations,
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Cost

* mods 10 Tk 48 1o support trun fer assume $2M

* mods to trunsfer system to support Tk 48 to Tk 24 transfer ussume $ZM
* mods to Tk 24 to receive and store Tk 48 waste assume §12M

* new gewm reforming facility assume $50M

* R&D $4M

Operations
* Jubor assume HTF adds 3 operators, 2 mechanics 2 RadCon and 1 FL.Sto euch of 4 shifts for 3 years or $2M (8 FTE x 4x$80 k/FTErk
Jyrs=57.7M

* agsume materials, consumables, steam, air, etc., 2 34M (B2MAyrx 2 yrs)
* additional DWPFcannisters 51 0M

Total Cost
* S70M + $22M = $91 M

Schedule

FYOG

*develop conceptual design and estimate, * develop and approve safety strategy, * obtain regulatory and sakeholder support
FYo7 .

* initiate detailed design for Tk 48, Tk 24, and newsteam reforming facility, * start procuwrement of engineered equipment, * initiate field
work

FYos

*complete design, * complete field work on T2 48 und 24, * continwe field work on new fucility

FYQ9

* complete transfer of waste from Tk 48 to Tk 24, * recover Tk 48, * coatinue field work on newfacility

FY10

* complete field work on new fucility, * initiate o perations

FY11-12

* complete processing

Tank 48 return to service by FY09

Technical Maturity
Scak would be that of the STAR facility to avoid scak-up issues. WSRC is not the 'Subject Matter Expert’ on this
process

Simulant testing was successful, actual waste testing would be needed.

Alternative E_H_
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Robustness

Process is very robust variations in the feedstream such as intreduction of washwaters would not affect perform

System Iimpacts

* Spacein Tank 24 will be lost 1o other uses
* Transfers to Tk 24 wil interfere with other planned transfers
* operation of new steam reforming plant will require a new operating crew

Risks

*|* Permitting by SCDHEC for construction and operation
* Storage in Type IV tank for an extendecd umeframe

* Actual waste performs differently than simulant

* Diposal path for waste residue not compktely certain

Qpportunities
* new facilty could have many other beneficial uses

* could ship resdue to WIPP

Alternative .._H_
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Additional Comments

Re-dissolve the solids and transfer the liquid back t the Tank Farm

DWPF loading issues

Permi available to build a modular facilty, environmental air releases are below any threshold
New process would require new safety basis

Alternative i-_u



Tank 48 Return to Service SEE Results Report G-ADS-H-00011

Washington Savannah River Company April 13, 2006

Salt Processing Engineering Revision 0
Page 107 of 128

Tank 48 SEE

Idea Pro-Forma

Category — Tank 48 _ Date E
Alternative E -H Phone E

Originator |Nei Davis | Dept| LWD-Salt

Title
Direct feed to small scale Steam Reforming process in 96H

Description

General Description - Transfer Tank 48H waste to a new small scale (0.25 go m) Fluidized Bed Steam
Reforming process installed in the 241-96H building based on the design of the existing test facility

at Hazen, CO. Treat the waste to destroy organic components using a carbonate based mat erial as

the fluidized bed. The bed solids are dissolved and transferred to a nearby waste tanks for
incorporation into a future sludge batch.

Process Flow - The waste is mixed in Tank 48H using existing slurry pumps. T be well mixed waste is
periodically transferred inte a small (500 gal) batch feed tank mounted in a rser in Tank 48H. The
feed tank contents are continously transferred 1o the steamreformer inside 241-96H at a rate of

about (.25 gpm. Additional solid co-reactants, such as granular carbon or sugar and ron oxide
reductants, are co-fed to the fluidized bed. Nitrates and nitrites in the waste are converted into
nitrogen pas. T he upper zone of the fluidized bed is op erated under oxidizing condition by injection

of oxygen into the upper zone, The oxidizing zone converts residual carbon reductants and or gnics
intocarbon dioxide and water vapor. The process converts the sodium, potassium, and aluminum
present in the Tank 48H waste into a stable mineralized product. The mineral product contains most
of the radionuclides and inorganic elements in the waste feed stream In the formof oxdes,

carbonates, aluminates and/or silicates. The organics are converted into CO .. Hazardous metals such

Advantages

* The steam reforming process has been successfully tested with Tank 48H simulant waste

* The stear: reforming process is currently being used to treat highly radioactive waste (Erwin, TN)
* Tank 48H radiouactive components are disposed of in a Federal Repository

* Tunk 48H waste is dispositioned and the tank is recovered for Tank Farm use by 12010

* The T ank 48H waste is not transerred to another tank prior to disposition

Disadvantages

# Some reul waste testing is needed to fine tune the flowsheet and to define operational paramelers

* The schedule will ke very challenging to design, fabricate, install and operate the fucility 1o have all waste
dispositioned by 12010

Pass/Fail [PASS |

Comme nts
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Alternative EH Process Diagram (Optional)
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Figuce 2.1 Eluidized bed test sysien: process Mlow wid isnumeaiatou dag s,

The test vystem s clpssified as a bench-scale system because the fluidized bed sechon itself has a
sX-inch somulal inside dizmeter. Experience at the INEEL with flwidized deds rongiag in diamerers from
as senalf a3 3 inches wp to 12 inches has shovn that a §-inch diometer bed is typically the wualtesr size
thiar still provides bed dymamics tat approach these of larger beds. Even with a 6-inch bed disniecer. the
bed may cperate in 3 Slagging node, zather fhan id A bubbhog mode that is moze typical of larger
diameter fall scale beds. The Sanch diameter bed 1y 3 reasonable compromise between a bed luge
enough 1o provide epesERIatve eyt 4311 awd 3 syvitn vmall encoph 1o cnIEHl tenng and wane dispesal
Co%th.

The Dalasce of the cesr syseemm, weludmp feed syatems, tee fuidized bed veusel that wclides the
ted zection and the freebeard (bed dizeagaging) section. the preduct collectisn aud 1olids magagement
svotamy. and off-zas treanuent aad waste collesuoa systems cover a foetprnt 2f adsut 20 2 by 25 reer.
e compeaenls are constmicted frouz rarresicn esistant materials  Equipment aod pipmg ate
fabricated fom 316 stainless steel except for 1he reformer veswel. which s fabuizated frem Ioconel 300H
and the distibnter magifold that 13 fabricated from luconel 625, The wystem can be manually conirclled
cr astematczlly controlied using a Process Lopic Congrolier {PLC) sysrem with mnltiple human-miaclzne
atesface (HMI) stations.
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Cost

|Upfront Project Cost

*® process development including real waste testing assume $3 M

* mods to Tank 48H to support transfer to 241-96H assume $2M

* D&R of 241-96H to make room for new equipment assume $8M

* cost of vendor supplied modular equipment assume $20M

* mods inside 241-96H to connect existing infrastructure 10 new equipment assime $2M

Operations

* labor assume 3 operators, 1 mechaaic, ! RudCon and 1 FLS (o each of 4 shifts far 2 yearsar $4M (6 FTE x 4 x 380 kFTE/yrx 2 yrs =
$38M

* assume materials, consumables, steam, air, etc,, at $4M ($2MATrx 2 yr)

Total Cost
* 535M + $8M = $43M

Schedule

Y06

*develop conceptual design und edimate, * develop and approve safety strategy, * obtain regulatory and stakeholder support

Fyo7

* complete detailed design for Tank 48H, 241-96H D&R, new steam reformin g equipment, and infrustructure connections, * complete

24 1-96H D&R, * start procurement of engineered equipment, * initiare fabrication of steam reforming equipment, * initiate field work o
Tank 43H

FYo8

* complete ficld work on Tank 48H, * complete steam reforming equipment fabrication, * complee installation of steum reforming
equipment in 241 -96H, * complete connection of steam reforming equipment in 24 |.96H, * complete startup testing, * initiate processinf
Tunk 48H waste

EYD9

* continu: processing Tank 48H waste

{EYi0

* complele processing Tank 48H waste, * rinse Tank 48H, * complete processing Tank 48H residual waste down toubout 12 kg TPB by
January, 2010 by transfersing the flush solution to Tank 50H which has been previously prepared to receive this waste in support of the
MCU project

Technical Maturity

* RNL successfully performed crucible tests using simulunt T unk 48H waste showing that organics vere destroyed and that the bed solids
were compatible with the DWPF process

* Singll scale (0.25 gpm) tests were successfully performedat the Hazen, COpilot scale tegt fucllity using sinulant Tank 4 8H waste aplan
showing that organics were destroyed and that the bed solids were compatible with the DWPFproces

* FBSR is currently being used 1o treat highly radioactive solid and liquid waste at the ST AR facility in Erwin, TN

* The DOE [duho site has lected FBSR (o treat the Sodium Besting Waste thut contains organics as well as Cs- 137 at similar
concentrations to Tank 48H. This simulint waste was recent ly successfully treated in tests at the hazen, CO pilot scule fucility.

* Despite the successful testing using simulant s at the Hazen, CO test fucility and the successful ongoing operation at Erwin, TN, actual
Tank 48H waste testing will be needed to confirm that FBSR is a viubk process and to optimize operating parameters.

Altemative E-H




Tank 48 Return to Service SEE Results Report G-ADS-H-00011
Washington Savannah River Company April 13, 2006

Salt Processing Engineering Revision 0
Page 110 of 128

Tank 48 SEE

Idea Pro-Forma

Robustness

* The FBSR process is very robust. The high temperature (600-7000C) and exidizing environment is well known to effectively destroy
or ganic comp ounds.

* The FBSR process can tolkerate variations in the feedstream such as int roduction of washwaters that would net affect performance.

System Impacts

* [mpucts to other Tank Facm operations are expected to be minimal dae to the close proximity ofTank 48H 10 buikding 241 -96H. Feed
from Tank 48H 1o the FBSR will be via a new dedicated abo ve prade ransfer line,

* Offgas from the FBSR process will be exhausted 1o the atmosphere via existing equipment designed for that putpose in sup port of the
In-Tank Precipitation process. The ITP process was configured and permitied to handle sign ficantly more benzene than will be generuted(by
FBSR.

* The FBSR solids will be in a carbonate form. The solids will be dissolved in water and transferred 1o a nearby waste tank via a new
dedicated ubove grade shielded transfer line.

Risks

Risk s

* The schedule is ksed upon keveraging the fact thut we are using the existing design of the Hazen, CO facility to quickly dzmonstrate
compliance with DOE 4133 so that procurement und fabrication of equipmen can start quickly.

* Actual waste testing may perform differently thun simulant thus driving the need for design chunges from the Huzen, CO facility

* SCDHEC permits for construction and operation could delay project execution

* The abilily to dissolve the carbonate bed solids and transfer to u nearby tunk has not been demonsirated and is protubly kss mature than
the other FBSR unit operat ions

Opportunities

* The FBSR process could have many other teneficial uses, particularly if xaledup

* The cost of 241-96H D&R could be reduced if the FBSR equipment could be fitted into the 241-96H stripper are or the north side of the
hold tank area T his would eliminate the need to D&R the two 11,000 gal hold tanks which is the major cost item in the D&R estimate.

Alternative E -I
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Additional Comments

The schedule for this ultemative is extremely aggressive. [t is based on proceeding quickly through the development of the PDSA and
design in order to get approval to start equipment procurement and fabrication. T his will be facilitated by leveraging the fact that the design
of the Hazen, COtest fucility is complele and several different simulant waste streams have been succe ssfully ¢ reated there,

Alternative EI
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Category _ Saltstone _ Date E
Alternative H-H Phone E
Originator _Zm= Davs _ Dept E

Title
Direct Aggregation to Saltstone

Description

General - This option nvolves feeding Tank 48 waste to Sakstone in concert with the DS8§
stream from MCU. Salistone Vault #4 & modified to accept waste at the 100 kgal/wk rated
capacity. Assume about 4 Mgal of grout will be required to disposition all waste.

Transfer 1o Tank 50- Tk 48 waste is ransferred to Tk 50 in about 30 smal batches. A new
dedicated above grade shiekled wansfer line bewteen Tks 48 and 50 is needed.

Storage m Tank 50- Tk 48 waste is transferred to Tk 50 in about 30 small batches. Tk 50 will
require vapor space mixing and monitoring.

Vault Mods - TPBfrom Tk 48 and [sopar from MCU will drive the need for ventilation meg
in the vaul cels at the 100 kgal/wk dested production rate. Assume that 4 existmg cells wit
sheet drains and leac hate colection systems are nitrogen inerted. Inerting system consists off 2
package nitrogen gas generating plants, 1 Iiquid nitrogen storage tank with ambient air vaporiger
ta serve as backup, power supply from DWPF to new equipment, and new instrument loop
from cells to nitrogen plant to meter in nitrogen blanket as needed. Cells are capped when fu

i)

—

and nitrogen dsconnected.

Advantages
* Recovers Tank 48 AND dispositions TPB in FY09
* Does not increase TPB footprint to other HLW tanks

Disadvantages
* All Tk 48 Ciend up in State of SC
* MCU ops, having a higher priority, may slow down workoff rate of Tk 48 waste

Pass/Fail |[PASS

Comme nts
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Alternative §1.5 |-2_] Process Diagram (Optional)

TPB slurry
TPB rinse water

Aggregated feed

grout

Existing
Grout Mixer

Vault 4

New N2 Gen Plant

New N2 Gen Plant

New LN2 Tank
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Cost

Upfront Project Cost

* baseline option cost ($33.5M)
* nitrogen $5M

Operations
* lnbor assume HTF and Saltstone ¢ an aborb these activities
* cold chems assume $5/gal for 1.8 Mgal or $9M, including liquid nitrogen

Total cost $38.5M + $9M = $47.5M

Schedule
FY06
*develop conceptual design and estimate, * develop and approve safety strategy, * initiate detailed design for Tk 48
Tk 50, and Vault 4, ,* start procurement of engineered equipment, * initiate field work

FYO7

* obtain regulatory and stakeholder support, * complete detailzd design, *compkie field work on Tks 48 & 50
FYQB :

*compkte field work at Vaul 4

FY09

* fill Vault 4 at 100 kgal/wk for 30 wks for 3 Mgal total

Tank 48 return to service by FY(Q9

Technical Maturity
* This is essentially the Aggregation baseline with nitrogen inerting mods at Saltstone vault cells. All aspects are

technically mature.

Alternative E-H
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Robustness

Very robust. Aggregation will disposition the TPB.

System Impacts
Should not mterfere with MCU startup or production rate. Assume MCU has priority and add in Tk 48 waste as fh
schedule allows. This should be complete in 1 year.

Risks

* Regulatory - SCDHEC may object to 800,000 Ci of Tk 48 waste going to Saltstone
* Cost - nitrogen merting mods at Saltstone vaults may cost more then $5M

* TPB grout will pass the TCLP test but may not meet the ntent of the test as benzene may leach out of the growt
after the 30 day test & conducted

Opportunities
* may be able to rent nitrogen equipment
* may defer some cost of modifications at SPF

Alternative H-H
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Additional Comments

Planned aggregation volume from Tk 48 is about 3 Mgal. Assume that MCU will generate about 1 Mgal of DSS fn
FY(9 that wil be used to aggregate with Tk 48 waste thus no increase n volume to Sakstone.

o

The inerting system allows Saltstone to pour up to 100 kga¥wk in a cell whik maintaining grout temp below 950(.
At this temp, benzene and Isopar will evolve into the cell vapor space. This i not a problem due to the inert
atmosphere.

Alternative E .H
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Category | Type IV Tank & Salisione | Date [ 1/25/2006
Alternative E-H EE:oE
Originator _Zn= Davss _ Dept E

Title
Park in Tank 24 and Aggregate

Description )

General - Transfer Tank 48 waste to Tank 24 in 2-3 bigbatch trans fers, Store in Tank 24 untila
suitable process window op ens at Salistone, presumably after MCU has operated in FY08-09.
Aggregte to Saltstone par current baseline p lan m a dedicated campaign.

Transfer toTank 24 - Use existing transfer lines and jumpers. This will require a DSA change, new
procedures and trmining and admin contols Lo prevent inad vertent transfer and kaks to diversion
box sumps. Expected transfer volume i about 500 kgal including Tank 48 rinse water.

Storage - Waste will be stored 1-3 years until a new grout plant is ready. Liguid mixing will be
required to periodically remove retained benzene. Assume two slurry pumps. Vapor space
monitoring and mixing will be required. Assume recirc fan and LFL analyzers per recent Tank 50
design.

Transfer back to Tank 50 - Use existing transfer tings. Set up dedicated 2 headed jumpers in
HDB-5, HDB-2 and HDB-7 to preclude inadvertent transfer. Assume 30 separate transfers. This
will require a DSA change, new procedures amd training and admin controls to prevent madvertent
transfer and leaks to diversion box sumps. Expected transfer volume is about 500 kgal.

Feed from Tank 50 - Vapor space monitoring and mixing will be required. Assurne recire fan and
benzene analyzers per recent Tank 50 design.

Advantages

* Tk 48 recovered FYO09

* TPB dispositioned FYI1

* N2 inerting Vaul cells good for MCU, Tk 48 and SWPF

Disadvantages
* All 800,000 Ciin Tk 48 end up in State of SC
* May be issue of TPB grout not meeting ntent of TCLP

Pass/Fail |PASS

Comments
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Alternative E-H

Process Diagram (Optional)

1.5-3 Transfer to Type IV PLUS Aggregation to Saltstone

48 " 24
v
* Liquid mixing mods
., . * Vapor mixing and
Vapor mixing and menitoring mods
manitoring mods
Existing
Grout Mixer
b d Y y h 4 h
Vault 4

New N2 Gen Plant

New N2 Gen Plant

New LN2 Tank
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Cost

Upfront Project Cost

* Baseline option ($33.5M)

* gransfer to Tank 24 procedures, training, DSA mods and comp measures assume $2M
* storage in Tank 24 lquid and vapor space mixing and monitoring assume $12M

* transfer system mods to get back o Tank 50 assume $2M

* mods 1o Saltstone vaults (o safely store TPB grout assume nitrogen merting at $5M
Operations

* hbor assume facilities can absorb these transfer activities

* cold chems at Saltstone assume $5/gal for 3 Mgal or $15M

* pitrogen of Salkistone assume $1M

Towal cost $52.5M + $16M = 369M

Schedule

FY0o6

*develop conceptual design and estimate
FYQ7

*develop and approve safety strategy, * obtain regulatory and stakeholder support, * detailed design for Tk 24, Tk
5¢ and Salstone, and * start procurement of engineered equipment
FYO0§

*complete design, * mitiate construction

FY(9

* complete ¢ onstruction, *transfer waste to Tk 24

FY10-11

* make grout at 30 kgaliwk, 1.5 Mgalfyr for 2 years

Technical Maturity
* Transfer to Type IV tank will be tricky in DSA space but the Engg transfer Cog thinks it is doable
* Nirogen nerting vault cells is mature technology

Alternative E H .




Tank 48 Return to Service SEE Results Report G-ADS-H-00011

Washington Savannah River Company April 13, 2006
Salt Processing Engineering Revision 0
Page 120 of 128
Tank 48 SEE

Idea Pro-Forma

Robustness
Very robust. TPB will be dispositioned.

System Impacts

* Space in Tank 24 wil be lost 1o other uses

* Transfers to and from Tk 24 will interfere with other planned transfers
* Grouting TPB in Saltstone alone will require a 1 1o 2 year operating window (e.g., 30 kgal'wk to 60 kgaVwk) wh
MCU must be shut down

* Re-routing from Tank 24 to Tank 50 impacts the utilty of Tank 50

Risks
* TPB grout may not meet intent of TCLP, benzene is a "D Listed" hazardous waste and may leach out of the grdu
over time even though the grout may pass a TCLP test performed 30 days after pouring the grout

* The operating window at Saltstone after MCU operations and SWPF startup may close if either (1) SWPF 5
accelerated or {2) a dec sion is made to operate MCU more than 3 years

* SCDHEC may not support sending Tk 48 to Saltstone given the delay to SWPF startup from 2009 to 2011

Opportuniies
* Could find away 10 combine MCU and TPB streams 10 Salisione
* MCU could pick up some of this scope ahead of this project {Tank 50 and SPF)

Alternative E-I
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Additional Comments

None

Alternative E-I
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Category | Type IV Tank & Closure Tank l_ Date E
Alternative E -H Phone E

Originator |[Nei Davis | Dept| LWD-Salt

Title
Park in Tank 24 and Aggregate into Tanks 21-23

Description

General - Transfer Tank 48 waste to Tank 24 in 2-3 bigbatch transfers. Store in Tank 24. Buikd
new grout plant near Tank 24. Feed Tank 24 to the new plant and place resuliant grout into Tanks
21-23,

Transfer toTank 24 - Use existing transfer lines and jumpers. This will require a DSA change, new
procedures and training and admin controls to prevent inad vertent transfer and kaks to diversion

box sumps. Expected transfer volume & about 500 keal including Tank 48 rinse water,

Storage - Waste will be stored 1-3 years until a new grout plant is ready. Liquid mixing will be
required to periodically remove retained benzene. Assume two slurry pumps. Vapor space
monitoring and mixing will be required. Assume recire fan and benzene anabyzers per recent Tank 50
design. Assume anew shielded above grade transfer line to the new grout plant.

Grout Plant - anew shielded modular plant is needed with cold chemical supply system for cement,
slag, flyashand other additives. About 3M gal of grout will be produced. Assume rate is 50-100 gpm,
5 days per week. The grout mixer could be emplaced in a nearby unused shielded cell such as the new
CTS pit. New above grade shielded grout lines to Tks 21-23 will be needed. About 2.2 Type IV
tanks will be needed o hold the 3 M @l of grout.

Advantages

* No new technobgy involved
* Tank 48 recovered FY09
* Avoids cost of grout for Tks 21-23

Disadvantages

* Cost - upfront cost will be about $15M, ops cost about $17M

* Process Safety - DNFSB may not support storing Tank 48 waste in a non-compliant tank
* Schedule - waste not dispositioned until FY15

* Regulatory - need new permits to grout in Tank Farm, all Tk 48 Ci end up in State of SC

Pass/Fail [PASS

Comme nts
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Alternative EH Process Diagram (Optional)
1.5-5 Use to Grout a Closure Tank

Tk 24 Mods

» Liquid mixing

= Vapor space mixing

« \apor space monitoring

New Coldchems  yisting CTS Pit
New Grout Mixer

New grout lines

22
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Cost

Upfront Project Cost

* transfer to Tank 24 assume $2M for procedures, training, DSA mods and comp measures

* storage i Tank 24 assume $12M for liquid and vapor space mixing and monitori g

* new grout plant in CTS with cold chem support assume $20M

Operations

* labor assume 4 operators, 2 maintenance, 2 RadCon for 2 yr at $2M (9 FTE at $80 k/yr for2 yr = $1.5 M, | §
train and 1 yr to operaie)

* cold chems assume $5/gal for 3 Mgal or $15M

s,

Total cost $34M + $17M = $51M

Schedule

FY06

*develop conceptual design and estimate

FYQ7

*develop and approve safety strategy, * obtain regulatory and stakcholder support, * initiate detaied design for T
24 and grout phnt, and * stari procurement of engineered equipment

FYO08

*complete design, * mitiate construction

FY09

* complete construction, *transfer waste to Tank 24

FY20

* add grout to Tks 21-23 at 50 gpm, 3 kgalhr, 24 kgaVday, 96 kgal/wk for 30 wks

g

Technical Maturity

Transfer - this will be ricky in DSA space but is considered "doable” by the transfer engg COG

Storage - very mature based on 15 years of actuals n Tank 48 and new design for Tank 50 that will be appled
Tank 24

New Grout Plant - should be a straight forward pac kage uni with some modifications to adapt it to a shielied
application

Tank Growting - current vaul design has leachate collection system to remove bleedwater, will need to precisely
control bleedwater 10 avoid accumulation. Also, moist atmosphere in tank during grout curing c arries cement
particulate up into HEPA system, may need scrubber or A LOT of roughing fitter changeouts, and may need
improved condensing in HVAC train.

=]

Alternative
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Robustness
Very robust. Grouting the waste is the baseline process.

System Impacts
* We will lose the use of Tank 24 from FY20 until it is closed
* Will be minor impacts to other transfers during FY0%

Risks

* DNFSB and SCDHEC may not support storage of Tank 48 waste in Tank 24
* Beedwater management may be problematic as the waste tanks do not bave a leachate collection system like the
vaulis do ’

* Perched water table in Tks 21-24 area may be problematic

* Obtaming new permits to dispose of waste n a place other than Saltstone Vaults may be problematic
* TPB grout will pass the TCLP test but may not meet the intent of the test as benzene may leach out of the grout
after the 30 day test s conducted

Alternative E-H
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Additional Comments
The $15M for grout cold chemicals (slag, flyash, cement and additives) avoids a similar cost that would be incurfe
buy grout to fill Tks 21-23 later. These tanks must be closed by FY22 anyway.

Alternative E .I
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Option Scores

Cost Schedule Maturity
| - .
E k<] E - g‘ E E &
S| E| &| &1 8] £ ElEs £
4| & = Ba; EI & S|=5| 8| E
& ] = o = - % 2|5 E 2 2
B & S| Bl &E] 2] & AlEz| 2| &
Opi# | # | Title 0.17 | 0.08 | 0.2 0.1 0.05 | 0.05 | 005|005 |02 |015] 0.1 Total
1.1 1.2 2.1 22 31 |32 133 |34 |3 4 5
1.5 2 | Direct Aggregation to Saltstone 75 100 § 90 75 95 100 [ 100 | 100 | 99 160 | 100 91
1.5 3 | Park in Tk 24 and Aggregate 50 100 | 90 25 95 100 [ 100 | 100 | 99 100 | 75 79
1.4 2 | Direct Feed to Small Scale Steam Reforming Process in 96H 75 100 | 50 50 100 | 100 | 100 | 65 91 100 | 80 7
1.3 3 | Direct Acid Hydrolysis in 221H 100 [0 a0 75 100 | 50 100 | 75 81 75 50 75
1.5 5 | Park in Tk 24 and Aggregate into Tks 21-23 75 100 | 90 0 80 100 | 100 | 90 93 50 90 74
1.4 1 | Park in Tk 24 and Steam Reform in New Facility 25 75 90 25 100 | 100 | 160 | 65 91 00 | 75 72
1.27 | 2 | Exchange/Extract in 221-H 100 |25 90 75 80 100 | 75 20 69 50 75 73
1.23 1 | Direct Wet Air Oxidation in 96H 100 | 100 | 50 50 100 | 50 100 | 20 68 75 75 72
1.23 | 2 | Parkin Tk 24 Wet Air Oxidation in New Facility 75 100 | 90 50 100 | 50 100 § 20 68 75 75 76
1.24 | 1 | Direct Sodium Permanganate/Acid in 221H 100 1 0 90 75 80 100 | 25 55 65 75 50 72
1.16 | 1 | Parkin Tk 24 and Grout in Containers 75 25 90 0 80 100 | 100 | 8O 90 50 100 68
1.18 [ 3 [ Park in OWST and Bleed into Sludge Feed 75 100 | 50 0 50 100 | 100 | 75 g1 75 100 68
1.18 | 4 | Direct to DWPF Salt-Only Glass 75 0 90 75 90 100 | 25 50 66 50 50 64
1.27 | 1 | Park in Tk 24 Solvent Extract TPB in MCU 75 25 90 25 80 100 | 75 20 69 50 75 64
1.24 12 | Parkin Tk 24 NaMNOQO4/Acid In H-Area Facility 75 ] 90 25 80 100 | 25 55 65 75 50 63
1.26 | 1 | Park at Saltstone and Aggregate 50 100 | O 25 95 100 [ 100 | 100 | 99 100 | 75 61
1.2 3 | Park in Tk 24 Fenton's in H-Area Facility 75 100 | 90 25 85 0 50 55 48 20 75 61
1.28 1 | Park in Tk 24 ZnO Catalyzed Ozone Oxidation in H-Area 50 75 90 235 70 0 25 20 29 0 75 48
1.22 | 2 | Thermal/Catalytic in 2H Evaporator 75 100 | 50 50 75 0 0 25 25 25 50 50




