























Independent Technical Review of the ITR-T48-2006-001
Path Forward for Savannah River Site Tank 48 Revision 0

August 10, 2006

HEEL

M
> Concentrator Filtrate Saltstone
Storage
Offgas Processing
e . —I—
\_—/ Eeed
Tank
[EaNKag TPB PROCESSING SYSTEM
— Water to Water TreatmenH—‘ \—> Slurry to DWPF
BULK
[NOT TO SCALE] To TPB
Inhibited Water Salt Solution (*Note 1) Solvent Processing
Successive Successive Salt Clean No Chemical
Inhibited Water Flushes Enough? / | Dissolution
Flushes
Analyze Analyze Analyze Ves Solution Clean Enough
Sample Sample Sample n
L—» Saltstone «— ! .
Final Salt Flush
*Note 1: Salt solution that closely represents future SWPF feed. L Tank 48 Returned-To-Service

Figure 5-1: Tank 48 Bulk and Heel Treatment

Heel Flushing Sequence

Typically at SRS, cleaning of a tank heel to produce a residual that meets the required
criterion is accomplished by adding inhibited water (IW) to the tank, agitating the
mass to achieve suspension and pumping the liquid out of the tank. This is done
repeatedly until the required end point is reached. The ITR Team plan for Tank 48
differs from this typical approach in that flushes with multiple liquids are proposed to
take advantage of the relative densities of the Tank 48 solids and liquid and to provide
higher confidence that any TPB remaining in the tank will not be released in any
significant quantities during tank operations after its return-to-service.

The initial Tank 48 flushes would utilize IW. Once the analysis of the effluent from
these flushes shows little or no TPB and Cs leaving the tank, these flushes will be
discontinued. If the bulk liquid is being concentrated as described later in this report
then the first wash should be sent through the concentrator also to be processed with
the bulk material. This would remove a significant amount of TPB and Cs-137 from
Saltstone and send it to the processing facility. The remaining IW washes would be
sent to Saltstone.
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Following the IW flushes, a series of high density salt solution flushes would be
performed. The salt solution will be from the deliquification, dissolution, and
adjustment (DDA) process or a synthetic salt solution of a concentration that is
chemically and rheologically similar to the material to be introduced into the tank
after return-to-service.

Use of the salt solution for flushes serves two purposes. First, due to the solution
having a higher density than the TPB precipitate, some of the residual solids will be
“floated”, thereby increasing the amount that can be mixed by the slurry pump
mechanical action and potentially removing some of the heel that may have settled
around the cooling coils. Second, because of the similarities of solutions involved,
the flush effluent samples will serve as a realistic predictor of the amount of TPB that
will be released, once the Tank is returned-to-service. The number of salt flushes will
be determined by the analysis of the TPB and Cs in the discharge-that is, the flushes
will continue until effluent TPB and Cs will be at a constant very low level (or non
detectible).

The solid material has a low density and should float in denser liquids. This would
greatly help the removal while the slurry pumps were operating but would be a
detriment after they were shut down at 23-inches since the dip pipe would be drawing
from the bottom of the liquid and the solids would be floating on the top. A skimmer
type pump-out line which takes suction from the top or near the top of the liquid
should be considered.

A final step for heel removal, if required, would be a series of chemical washes with a
high vapor pressure organic material or mixture aimed at dissolving the remaining
solids to achieve maximum cleaning and removal of the TPB. This step would
involve introducing more organics into the process. If the chemical washes were
necessary a last flush would be with salt solution to reduce the organic solvent in the
tank. This material could possibly be processed through the TPB processing facility.

A high pressure water spray system can be employed to attempt to remove the scale
in Tank 48 by washing all accessible tank walls and internals prior to the first IW
flush. WSRC has substantial experience with these types of systems having used
them in other tank cleaning operations, however, they may not remove the scale in
this tank due to the interferences and inaccessible areas. A salt flush or IW fill to the
previous high liquid level mark (159 inches) may be necessary
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Confirmation to Standard

12 Kg of TPB - the current acceptance criterion for Tank 48 return-to-service - is
equivalent to about 2.7 gallons of solids. In a tank the size of Tank 48, a final
residual 2-inches deep would be 7,000 gallons of slurry. Given the limitations in
access for sampling, the likely non-uniformity and non-homogeneity of the residual
and the inability to mix it effectively, it would be essentially impossible to confirm
that standard had been met. Even if the criterion were raised significantly - say by a
factor of ten - it would be very difficult if not impossible to verify compliance.

Following the series of IW and salt solution flushes, and possibly a chemical
cleaning, as described above, the only TPB remaining in the tank will be that which is
either highly adherent or hydraulically inaccessible. While it may be impossible to
measure precisely that remaining TPB quantity, it is very reasonable to assume that it
will not be released in any significant quantity during subsequent operations after the
tank is returned-to-service.

The ITR Team recommends that logic form the basis of a revised acceptance criterion
for Tank 48 return-to-service. Specifically, the measured quantity of TPB in salt
solution flush effluents, with adequate margin, should be used to conservatively
predict TPB which can be transported during tank reuse after return-to-service, with
supporting calculations to demonstrate that such TPB quantities cannot create
downstream flammability or other hazards.

Schedule and Timing

Adequately removing the heel from Tank 48 will involve multiple flushes, storing
and/or possibly synthesizing wash solutions, taking multiple samples and performing
and reporting analyses. It is the opinion of the ITR Team that if these tasks are well
planned, the duration for heel removal and Tank 48 cleaning, from the time the bulk
liquid is pumped from the tank until the tank is returned-to-service, could be as much
as six months.

5.4 Implications for Downstream Processing

The ITR Team recommends that the heel solid and wash material be treated via
Saltstone. As described above, the Tank 48 heel will be treated by multiple washes
with varying materials. Each of these washes will remove a small amount of K and
CsTPB with a large amount of liquid. Processing this dilute slurry through the
system chosen for bulk processing (regardless of which process method is chosen)
would result in unacceptably large reactors or unacceptably long processing times
(years), or both.
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The exact amount of heel remaining is not known, but a very achievable split of 90/10
bulk/heel would reduce the amount of Cs-137 curies proportionally, that is to about
40,000 Ci to be sent to Saltstone. Similarly, the amount of benzene would be about
1940 kg rather than the 19,400 Kg that would be sent to Saltstone if the bulk of the
tank contents were to be processed by Aggregation.

It is likely that the amounts sent to Saltstone would be even lower. For example, if
the bulk can be pumped down to two inches, up to 97% of the curies could be
removed and just 3% sent to Saltstone. The ITR team recommends pumping down to
the lowest level practical, in order to minimize the waste burden on Saltstone, with
the actual liquid volume and composition to be determined by the wash sequence and
its effectiveness, as confirmed empirically from samples of wash effluent™.

5.5 Recommendations on Heel Management

There are three primary ITR Team recommendations with respect to Heel management,
as follows:

Recommendation 5-1:

The regimen of successive tank flushes using IW and then salt solution, as described in
Section 5.3, should be adopted as the primary method for Tank 48 heel treatment.

Recommendation 5-2:

Concentrate the first flush of the heel to direct the curie content to Steam Reforming, and
then to DWPF. This minimizes the curies stored in the Saltstone vaults. The remaining heel
flush solutions would be processed to Saltstone.

Recommendation 5-3:

With respect to residual TPB, a fundamentally different acceptance criterion for Tank 48
return-to-service should be established. The ITR Team recommends that the approach
outlined in Section 5.3 be adopted.

Y asa point of reference, in the Aggregation Flow Sheet [CBU-PIT-2004-00012, Table 3] the amount of liquid to
be processed in order to lower the TPB content from 1,434 Kg to 5 Kg was calculated to be 300,000 gallons. This
serves only as a reference for the amount of heel to be processed to Saltstone since that flow sheet used only one
wash fluid and assumed perfect mixing for the most part. Calculations with and without a high level flush indicate a
range of 500,000 to 1,00,000 gallons respectively using a small correction factor to account for mixing efficiency.
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In support of the above, the ITR Team identified four additional recommendations, as
follows:

Recommendation 5-4:

A program to investigate materials that will dissolve the TPB and could be processed through
the Saltstone system should be initiated, to accommodate the risk that the water and salt
flushes are not sufficiently effective in achieving compliance with the TPB acceptance
criterion established.

Recommendation 5-5:

The current scale and deposits on the internal components of the tank should be characterized
to develop a better understanding of their long term adherence.

Recommendation 5-6:

Knowing whether the solids float or sink in the anticipated wash liquids is important towards
planning the sequence. Some experiments to determine this property in IW, DDA discharge
salt solution and simulated next service salt solution are recommended.

Recommendation 5-7:

Since the tank is large and there is no agitation at low levels, it is recommended that multiple
draw off points at different elevations be used to pump out the slurry liquid as the solids may
be buoyant in the salt solution.
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6.0 Synthesis: The Integrated Solution

The previous sections of this report delineated the ITR Team’s assessments, conclusions and
recommendations regarding various elements of the Tank 48 path forward, including selection of
an effective processing system, establishing an effective method to treat the Tank heel after bulk
removal, and establishing a safe and achievable residual TPB acceptance criterion for Tank 48
return-to-service.

The ITR Team believes that its recommendations for each of these will significantly improve
prospects for success, both in processing Tank 48 material and in returning the tank to service.
At the same time, however, the Team remains convinced that the currently planned
implementation strategy - that is, sequential material processing, heel treatment and tank
cleaning - has very little chance of achieving Tank 48 return-to-service by the established need
date of January 2010.

This section presents the ITR Team’s evaluation and recommendations for an integrated
application of the above steps in a way that reduces schedule risk inherent in the current
approach and yields the best chance of achieving the January 2010 schedule.

6.1 The Current Strategy
The basic activities that must be conducted to achieve the combined objectives of Tank
48 return-to-service and the processing and disposition of the Tank 48 TPB-containing

material are as follows:

1) Obtain approvals and funding: Put in place all needed program resources and
approvals necessary to proceed.

2) Engineer and build the TPB processing facility: Design, engineer, procure,
construct, startup and test the structures and systems required to process the
bulk of the contents of Tank 48.

3) Process the bulk of the Tank 48 contents: Treat the bulk of the contents (90-
97% of the contents by volume) to remove the TPB and any unwanted organic
carbon leaving only the 2” heel in the tank.

4) Treat the heel and clean the tank; Through a series of IW and salt solution
flushes, (and, if necessary, chemical cleaning) reduce the TPB in the heel to
an acceptable level. This remaining, low concentration TPB material in Tank
48 is approximately the same volume as the heel (about 7,000 gallons) and is
referred to as the “residual”.
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5) Demonstrate compliance with criteria for returning Tank 48 to service: When
released for service Tank 48 will be used to store solutions as feed for
Saltstone, SWPF or DWPF. Tank 48 must be demonstrated to have been
cleaned to the degree that any remaining organic material in the residual is
insufficient to contaminate the future feed from the tank to a level that could
preclude processing in SPF, SWPF or DWPF.

The current WSRC plan is to conduct these activities in sequence.

6.2 Key Issues and Decisions

To execute this current strategy with best possible prospects for success, several key
issues must be addressed and optimized decisions made. Most have been addressed
previously in this report, as noted below. From that point, the larger question of how
to achieve the return-to-service date of January 2010 must be considered.

TPB and Carbon Removal

The WAC for SPF, SWPF and DWPF are demanding with respect to TPB and
elemental and organic carbon. Therefore, a very effective processing system to
remove the TPB and carbon must be designed, constructed, tested and operated to
meet the WAC. The ITR Team has recommended that Steam Reforming be adopted
as the primary method for bulk processing, with WAO as the backup. (See Section 4)

Pre-Concentration of Processing System Feed

The TPB processing system (Steam Reforming, if the ITR recommendation is
accepted) to be employed to separate the TPB and other organic carbon compounds
from the bulk of the Tank 48 wastes must be sized to accommodate a number of
constraints. It is desirable to locate this system in the existing 241-96H facility. Once
sized for this facility, the process flow rate can be adjusted by raising or lowering the
concentration of TPB in the feed to the system.

To minimize schedule risk, a one year processing time (with 50% downtime) is
desirable. To achieve this, the feed concentration must be increased to about 10wt%
or higher. The current solids percent of the Tank 48 contents is about 3wt%.
Therefore these wastes need to be concentrated by a factor of more than three®.

12 The January 2010 return-to-service is called for in CBU-PIT 2006-00070, FY06-FY12 SRS LW Disposition
Processing Plan (DPP).

B It is noted that the safety classification of Building 96H will dictate the total amount of radioactivity that can be
present in the building at any one time, and this will in turn influence the acceptable combination of feed tank size
and feed material concentration.
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The technology for concentrating waste of this type at SRS is well understood and is
mature. Cross flow filters have been used on other systems effectively and a filter
can be designed to achieve the needed three times concentration of the bulk of Tank
48 wastes. In addition, recent tests of a rotary micro filter have demonstrated that it
may be used effectively in this service. Tests are needed to demonstrate this filter
performance with TPB-laden contents of Tank 48. However, these tests could be
conducted in a short period of time that would not interfere with the schedule for the
design, engineering and procurement of the concentration system.

The concentrate from this filter step would be forwarded to a feed tank for the Steam
Reforming system and the filtrate can be pumped to Tank 50 where it will be
prepared as feed for Saltstone.

Recommendation 6-1:

The ITR recommends that concentration of the contents of Tank 48 be increased to about 10
wt.% prior to storage and/or processing in the Steam Reforming system.

Heel Treatment

The ITR Team assessments, conclusions and recommendations with respect to (1) to
reduce the TPB remaining in the heel in Tank 48, (2) the acceptance criterion for
residual TPB to permit return-to-service, and (3) the disposition of Tank 48 flush
solutions are presented in Section 5.

Schedule and Sequencing

The schedule challenge for return of service of Tank 48 by January 2010 is very
demanding. Proven and practical systems and approaches must be employed and it is
likely that accelerated efforts will be required to meet the deadline date.

To estimate the time needed for the systems and processing, the ITR Team used
similar and recent project schedules (Actinide Removal Project (ARP) and Modular
Caustic Side Solvent Extraction Unit (MCU)), which were done on a fast track basis.
Typical durations for the common activities are:

e Design (conceptual to final) — 18-24 months

o Safety Analysis and Safety Evaluation Report — 12 months
e Procurement and delivery of equipment — 12 months

e Construction and assembly on site — 18 months

e Start up and test — 8 months
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WSRC engineering, operations, project and planning personnel advise that the
likelihood of being able to significantly reduce traditional time estimates to design,
construct, start-up and test a new system is low. These durations are characterized as
optimal, and so the ITR Team used them in its schedule analyses and comparisons.

Portions of these activities can be conducted in parallel. But overall, WSRC
experience indicates that the composite duration of activities needed to process the
Tank 48 bulk material would include four years to design, procure, construct, start-up
and test the new system. Furthermore to achieve that schedule, the work must be
expedited and be given the highest priority.

As shown in Figure 6-1 the time span to complete all the steps needed to achieve
Tank 48 return-to-service, in the currently planned sequence, and using typical
durations for critical path adjusted, is estimated to be 63 months. Starting the
sequence in January 2007 would result in Tank 48 not being available before mid
2012. So conducting the activities in series does not come close to achieving the
Tank 48 return-to-service date of January 2010.

The ITR Team notes that it is possible to improve upon this typical schedule for
engineering, construction and start-up work.  With early start, significantly
compressed engineering schedule (based on work already accomplished in Steam
Reforming), strong management and controls, and rapid turnaround on required
permits and approvals — and no major upsets or delays — the team considers that the
typical schedule can be improved by about a year. This *“aggressive schedule” is also
shown on Figure 6-1. Even with success to that degree, however, Tank 48 is not
returned-to-service until more than one year after the January 2010 need date.

It is just as likely, however, that actual time to engineer, build, startup and operation
the Steam Reforming system, and then to treat the Tank 48 heel and return the tank to
service, will be longer than the typical schedule. The Steam Reforming system is
new to SRS; the two major issues to be confirmed before proceeding are not trivial;
the project will require substantial funding; the building constraints, system start-up
and test and the initial operations present substantial challenges. The length of time
added to the schedule because of these uncertainties could be very large.

In summary, the ITR Team believes the current sequential path strategy to be
incompatible with the required date of January 2010 for Tank 48 return-to-service. A
delay by more than one year is very likely, and by more than 2 years is very possible.
A way to address the sequential schedule conflict is discussed in the Section 7.
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Tank 48 returned to service

Activity Duration Calendar Year (CY)
TYPICAL (months) 2006 | 2007 2008 2009 2010 2011 2012
Authorization to commence the project 1/07
New System design 24
Construction 18
Start-up and Test 8
Process bulk contents of Tank 48 12
Heel clean-up 6

ITR AGGRESSIVE
Authorization to commence the project 10/06
New System design 15
Construction 18
Start-up and Test 6
Process bulk contents of Tank 48 12
Heel clean-up 6

Tank 48 returned to service

Tank 48 Return to

Service Deadline -I

This is Base Case for Schedule Comparisons

Figure 6-1: Sequential Schedule

6.3 Parallel Path: An Opportunity for Schedule Risk Mitigation

Conceptually, any project duration is driven by the critical path schedule. A schedule
can be shortened only if one or more of its critical path activities can be shortened or
taken off the critical path. The ITR Team believes that the activities required to
achieve Tank 48 return-to-service lend themselves to such an approach, and that such
a shift in implementation strategy offers the best opportunity to both achieve the

needed tank availability schedule and reduce overall schedule risk.

In the current sequential schedule, the treatment of the heel cannot be accomplished
until all of the bulk contents have been removed and processed (Figure 6-1).
Furthermore this bulk processing can only occur after the new Steam Reforming
system is designed, constructed and made operable. As described in the sections
above, these activities carried out sequentially take a considerable amount of time
(about five and a half years) and the schedule risk is significant because some SRS
first-of-a-kind activities and other risks are involved. However, if the heel treatment
work could be brought forward and completed while the Steam Reforming system is
being built, or while the bulk contents are being processed, the Tank 48 return-to-
service date could be brought forward 12 to 33 months depending on what tank space
(existing or new) is used. Figure 6-2 is a conceptual comparison of sequential and
parallel path approaches. Figures 6-2, 6-3 and 6-4 show the possibilities for schedule

improvement.

The ITR Team has dubbed this schedule improvement option as the “parallel path”

approach.
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SEQUENTIAL APPROACH
TPB Hazard Tank 48
Eliminated Returned-to-Service
Engineer/Build/ ' !
Test Flush and Clean .
Tank 48 — > Steam Reforming Process TPB Tank 48 » Verify End-State
System
TPB PROCESS HEEL TREATMENT
PARALLEL PATH
TPB Hazard
Eliminated
TPB PROCESS
Engineer/Build/ !
Test »
Steam Reforming » Process TPB
System
< Tank 48
Returned-to-Service
Adapt or Build
Staging Tank —
Tank 48 & Transfer Bulk
Flush and Clean .
= Tank 48 Verify End-State
HEEL TREATMENT

Figure 6-2: Sequential Path

Parallel Path Requires Tank Space

To accomplish this schedule reduction, tank space must be identified and utilized for
temporary storage of the bulk of the contents of Tank 48. Once the bulk contents are
removed the heel treatment and tank cleanup can be accomplished in parallel and
independent of the processing of the bulk through the steam reformer (or other
system, if selected).

Any interim storage or feed tank used for the storage of the bulk material from Tank
48 must be equipped to mix the contents and to control benzene that might collect in
the vapor space of the tank. It also must include the system to concentrate the
contents before feeding to the steam reformer or before storage. This equipment plus
the piping needed to transfer the contents from Tank 48 to the interim storage tank,
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and piping necessary to transfer the contents from the feed tank to the steam reformer
must all be installed, tested and declared operable. The ITR Team believes the
schedule to accomplish these auxiliary system modifications can be considerably
shorter than the schedule for building the steam reformer and processing the bulk of
the contents in the sequential schedule. The waste transfer from Tank 48 to the
interim feed tank is a short-term evolution (less than one month). Therefore Tank 48
could be made available for heel treatment long before the bulk treatment is
completed and the overall schedule for Tank 48 return-to-service could be shortened
accordingly.

This interim storage for the 243,000 gallons of waste from Tank 48 could be
accomplished in either of two ways:

1. Use an existing waste tank retrofitted for the safe storage of the TPB wastes, or
2. Build a new qualified tank (or tanks) designed to accept and store the TPB wastes.
Existing Tank Space

The first alternative would be to transfer the bulk of the Tank 48 wastes to an existing
tank modified with the necessary auxiliary systems. The WSRC 2006 Systems
Engineering Study [G-ADS-H-00011] identified Tank 24 as the best option for this
interim feed tank service. Tank 24 is a Type IV tank and using it to store this HLW
would require acceptance from the stakeholders who are interested in closing tanks,
not keeping them in service. Tank 24 is a single wall tank and the use for this waste
would be a point of concern. Nevertheless, when considering the importance of the
return of Tank 48 on schedule to support the broader mission of liquid waste
disposition, the interim utilization of Tank 24 may make sense.

Moving the contents to Tank 24 appears to be straightforward. However the pumping
from Tank 24 to 241-96H facility for processing does present some engineering
and/or operational challenges. In all transfers special care must be used to ensure the
organic compounds are not introduced to any other part of the tank farm systems.

In pursuing this approach, it should be confirmed that Tank 24 is the optimal storage
tank for this purpose - and if not, another existing tank should be identified.

The ITR Team schedule assessment indicates that of the two alternatives, use of an
existing tank offers the maximum schedule reduction and schedule risk mitigation
opportunity. It appears that the deadline for Tank 48 return-to-service can be met
with this parallel path option. See Figure 6-3. Note that the heel treatment consists of
known methods and has substantially less risk than the processing of the bulk
contents of Tank 48.
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Activity

Duratio

n

Calendar Year (CY)

(months)

2007 2008

2009 2010 2011 2012

Authorization to commence the project
Modify Existing Tank

Pump Down Tank 48

Heel Clean-up

Tank 48 returned to service

New Steam Reformer System Design

Construction

Start-up and Test

Process Bulk Contents of Tank 48
TPB and Carbon Destroyed

24
3
6

24
18

12

Tank 48 Return trf
Service Deadlime

Duration of the Sequential Schedule _

e

33 months savings with this option

Figure 6-3: Tank 48 Parallel Path Schedule with Existing Tank

A

Construction of New Tank(s)

As an alternative to using an existing tank, one or more new tanks could be built and
used for interim storage. The ITR Team explored the option of constructing a new
tank dedicated to the interim storage of Tank 48 waste. Informal estimates from
WSRC suggest that it would take 48 months to complete such a project. In that case,
and assuming conservatively that the contents of Tank 48 could then be transferred to
the new tank in three months, this parallel path approach could achieve Tank 48
return-to-service one year earlier than the ITR Team projection for the sequential
option. On that basis, Tank 48 would be available in July 2011 - later than the
established need date, but sooner than likely to be achieved by the current strategy.

But there is another option for building a new tank. WSRC is planning to build new
tanks to support ARP/MCU and SWPF processing. Unpublished studies evaluating
the need for lag storage volume for staging decontaminated salt solution feed to
Saltstone to support MCU, ARP, and SWPF operation concluded that: (1) the use of
Tank 50 as a feed preparation tank for the SWPF dictates the need for new tanks to
serve as lag storage between the SWPF and Saltstone (SPF), and (2) this need would
best be met by the addition of four 200,000 gallon tanks or two 200,000 gallon tanks
and one 500,000 gallon tank. (The two options differ in cost and a selection decision
has not yet been made, but in either case, two 200,000 gallon tanks would be built
first.)
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As envisioned by this draft study, one of the 200,000 gallon tanks would be built first
and would be designed to initially support ARP/MCU operations. The other tanks
would be built in time to support the later operation of SWPF. The study notes that
the first tank could be constructed and made available within 21 months to support
MCU operation beginning in the Fall of 2007. (Construction would need to start
immediately to support this MCU schedule). This first tank would be built below
grade and would be shielded for MCU/DSS discharge that contains 0.1 Ci/gal.

The ITR Team points out that if the Lag Storage draft study recommendations were to
be adopted, the second tank could initially be dedicated to interim storage of the Tank
48 contents. This would require increased cost for the higher shielding requirements
and nitrogen blanket system, and for a concentrator filter - but the incremental costs
would be far lower than the total costs to build a new tank solely for Tank 48 interim
storage.

The Lag Storage study indicates that the second tank can be completed within an
additional six months, for a total of 27 months from the decision to proceed.

Activity Duration Calendar Year (CY)

2007 2008 2009 2010 2011 2012 2013

(months)

Authorization to commence the project
Design, Construct & S/U Lag Storage Tank
Pump Down Tank 48

Heel Clean-up

Tank 48 returned to service

Clean Lag Storage Tank for SWPF Service
Lag Storage Tank Available for SWPF Service

New Steam Reformer System Design

Construction

Start-up and Test

Process Bulk Contents of Tank 48
TPB and Carbon Destroyed

*NOTE: WSRC Estim. for new tank is 48 months

27*
3
6

6

24
18

12

Tank 48 Return to
Service Deadline ‘I

-+

A

Duration of the Sequencial Schedule

a

30 Months savings with this decoupled option

Figure 6-4: Tank 48 Parallel Path Schedule with Lag Storage Tank

Based on the Lag Storage study estimates, an interim storage tank could be available
within 27 months or by March 2009, assuming a start date of January 2007.
Assuming three months to transfer the contents to this tank and six months to process
the Tank 48 heel (all assumptions consistent with previous schedule assessments), the
tank could return-to-service by January 2010, in time to support the DPP.
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After processing the contents of Tank 48 is complete, the tank could be cleaned and
made available for SWPF lag storage. Unlike Tank 48, this tank could be designed
for complete and efficient cleaning (by use of stainless steel construction, sloped
bottom, and minimum internal interferences). The independent and parallel path
processing of the Tank 48 contents would be complete near the end of 2011 or early
in 2012 (See Figure 6-4) or, no later than early 2012, and the Lag Storage tank would
be made available on time for its primary purpose, to support SWPF operation.

Building a new tank for two applications adds value to both. Financial resources are
leveraged and total costs reduced. Moreover, stakeholder concerns that the new tank
may become an indefinite parking place for an “orphan” waste (the Tank 48 bulk
material) would be obviated by the certainty that the tank is needed for, and
committed to, new service in the relatively near future.

For the new tank scenario to be viable, concentration of Tank 48 bulk material (as
described in Section 6.2) is essential because it will reduce the size of the tank needed
for the interim feed storage. Instead of a volume of 243,000 gallons, concentration to
10 wt.% results in a volume of about 80,000 gallons. Assuming that the first wash of
the heel is also concentrated, a 100,000 gallon interim storage tank would suffice.
Therefore, a 200,000 gallon lag storage tank would be adequate for this use.

6.4 Recommended Path Forward

In summary the ITR Team recommends as the composite path forward for achieving
Tank 48 return-to-service by January 2010:

Recommendation 6 -2:

Adopt the parallel path strategy for achieving Tank 48 return-to-service by January 2010. As
a first priority, evaluate and select the optimal interim storage location, either an existing
tank or a new one (taking into account the implications and opportunities for each approach,
as described in Section 6).

As a companion part of this recommendation, the composite path should include
implementation of ITR recommendations in previous sections, including:

e Steam Reforming designated as primary processing method (Recommendation
4-1)

e Heel Removal regimen (Recommendation 5-1)
e Saltstone as disposition path for heel flushes (Recommendation 5-2)

e Pre-concentration of bulk (Recommendation 6-1)
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7.0 Conclusions and Recommendations

7.1 Lines of Inquiry (LOI), and Conclusions and Recommendations for
Each

The ITR Charter articulates the objective of the review effort in terms of very specific
LOIls. These LOIs served as a basis for the Team’s work, and conclusions regarding each
can be found throughout this report. For clarity, the ITR LOIs, exactly as stated in the
Charter, and the ITR conclusions and recommendations for each are tabulated below
(Table 7-1).

Table 7-1: Conclusions and Recommendations

LOI-1: Validate completeness of Tank 48 alternatives evaluation:
— Have evaluations of Tank 48 disposition actions considered a suitably broad range of
alternatives?
— Are there attractive alternatives, distinctly different from those already considered,
which merit evaluation?
— ldentify any material differences from either a safe operations or regulatory envelope
that could merit a different alternative solution.

ITR Conclusions | — Sufficient processing options were identified and evaluated by
WSRC to support full Tank 48 resolution, with no significant
omissions.

— More attention needs to be applied to integrated or composite
options, including parallel path approaches. (See Section 5 of this
report for further discussion in this area.)

Recommendations | None

LOI-2: Evaluate the treatment of uncertainty:
— Have technical and programmatic uncertainties been adequately taken into account in
Tank 48 alternative evaluations?

Conclusion | Uncertainties have been fully considered and documented for some
options (particularly Aggregation), and less methodically for others. But
on balance, the Team concludes that the treatment of uncertainty was
adequate for screening and relative merit evaluations.

Recommendations | None
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LOI-3: Validate the down-selection process:

— Are the selection criteria (including screening criteria and weighted evaluation
criteria) sound?

— Where criteria have changed over the years, have previously rejected candidates been
given sufficient re-consideration?

— Have the criteria been consistently and fairly applied?

— Were the evaluations performed in sufficient rigor to support valid conclusions?

— Does the set of alternatives currently remaining (i.e., not rejected from further
consideration) support very high confidence in ultimate success?

Conclusions | — The WSRC evaluation utilized a strong, systems engineering process,
well applied.
— Some inconsistencies among evaluations were noted, although not to
a degree that undermined conclusions reached to date.
Recommendations | None

LOI-4: Assess the viability of the selected technologies and current path forward:

— Is the current path forward (including preferred and backup paths) clearly defined?

— Is the current technical and project work adequate (in terms of definition, technical
basis, planning, timing, adequacy of resources, etc.) to support the DPP schedule
[CBU-PIT-2006-00070], process interface and performance needs?

— Are cost projections adequately bounded?

Conclusions

Section 4 of this report is a comprehensive assessment of the
technologies comprising the processing portion of the path forward;
Sections 5 and 6 address cross-cutting issues and system and process
interaction aspects.

The Tank 48 processing portion of the current path is well defined;
the path for heel removal and tank cleaning is being developed by
WSRC but is not as well defined.

There is not a detailed project schedule. In the ITR Team’s view, the
overall timetable for sequential processing, using either Steam
Reforming or WAO, does not realistically support the January 2010
need date for Tank 48 return-to-service.

There is not a detailed cost estimate breakdown for TPB processing or
tank return-to-service. In the absence of a detailed plan, the Team
was unable to assess current co evaluate the cost ranges currently
assumed by WSRC.

Recommendations

Select Steam Reforming as the processing method for the bulk
contents of Tank 48, to allow undiluted attention to the development
of that approach.

Establish WAO as the back-up process; proceed with follow-on work
only as necessary to confirm viability.

If schedule adherence is considered essential, embark immediately on
a decoupling approach, as recommended in Section 6 of this report.
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LOI-5: Identify risks and assess adequacy of risk management actions:

— Have the technical and programmatic risks associated with the current path forward
been thoroughly evaluated?

— Avre the risk mitigation actions (in place or specifically planned) appropriate for the
identified risks?

— Are other risk mitigation actions recommended?

— Has the impact on downstream facilities been considered?

— Has the technical and programmatic risk assessment effectively accounted for the
projected safe operations, maintenance, regulatory, process control and
environmental risks and their mitigation?

Conclusions

The technical risks associated with the leading processing technologies
are generally well understood, and planned development and testing
tasks are appropriate. The Team identified no insurmountable
processing risks.

There are several technical risks associated with Tank 48 heel
management. The most significant of those is the near-certain inability
to achieve the currently established limit on residual TPB (12Kg) prior
to tank return-to-service.

The ITR Team considers overall schedule risk to be very high - that is,
it is very unlikely that the January 2010 return-to-service will be
achieved in light of the number of significant technical challenges
facing the tank processing campaign and the heel removal and tank
cleanout campaign, and their sequential relationship on the critical path
unless a parallel path approach is taken.

Recommendations

Proceed on a high priority basis with the analytical work necessary to
revise the acceptance criteria for residual TPB, based on the approach
outlined in the ITR Report, Section 5.

To mitigate schedule risk, put in place a high priority effort to define
and implement the decoupling approach conceptualized in Section 6 of
the ITR Report. (same as for LOI 5)
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LOI-6: Evaluate treatment of constraints

— Are there explicit constraints (technical, programmatic, regulatory, etc.) that
influenced the screening or weighted evaluation of alternatives?
— Are these constraints well defined? Are they well understood? Do they have sound

bases?

— Are there other unstated assumptions or presumed constraints which influenced the
evaluation and selection of alternatives?

Conclusions

— The Team found instances of both explicit but unsupported constraints
and other implicit but undocumented ones.

— On further review, the Team considered that these constraints were
significant in previous evaluations and would continue to play a part in
downstream implementation of a successful Tank 48 path forward

Recommendations

For ongoing and future work, establish a “constraint register” in a manner
consistent with current practice vis-a-vis “risk register”. In the Constraint
Register, identify each significant constraint and its basis, and establish the
nature and limits of its application.

LOI-7: Evaluate the potential to re-solubilize the KTPB?

— Does this option appear to have merit, based on lab testing and literature search?
— If so, what are its implications with respect to removal and disposal of Cs? Of

benzene?

Conclusions

The ITR Team conducted extensive literature reviews and conducted some
limited solubility tests; based on this the Team concluded that re-
solubilizing the KTPB, while possible, is impractical because it requires
addition of large quantities of organics to Tank 48.

Recommendations

None
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LOI-8: Evaluate plans for Tank 48 cleaning and heel management
— Are the criteria / standards for residual TPB content well defined? Well understood?
Well founded?
— What methods (physical and chemical) are planned for tank cleanout? What is their
expected effectiveness?
— How will residual TPB be measured?

Conclusions | — The residual TPB standards are well defined but unworkable, because
of practical difficulty of tank cleanout (large area, limited access, high
internal congestion) and low absolute value of allowable TPB (12 Kg,
essentially not measurable).

— Tank cleaning methods are still being developed, but generally
consistent with methods used (primarily flushing) for large tank
cleaning at SRS and elsewhere.

— There is uncertainty and some inconsistency in available data
regarding adherence of solids to internal surfaces in Tank 48.

Recommendations | — Develop and achieve acceptance on a revised approach for criteria for
residual TPB (same as LOI 5)

— Place high priority on finalizing the approach for tank cleaning, and
move forward with project planning; evaluate and apply the method
proposed by the ITR Team (see Section 5)

LOI-9: Evaluate plans and practices for benzene management
— Are current practices and future plans for handling benzene generated in the course of
Tank 48 processing and material transfer appropriate and consistent with the hazard?

Conclusions | The ITR Team notes that the general practices employed at SRS to protect
against flammability from benzene emission (both in the tank head space
and other possible benzene release points) are more extreme than general
practices in the chemical industry. However, they are consistent with
DOE guidelines and requirements.

Recommendations | None
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7.2 Overall ITR Results, Summarized

The Tank 48 ITR Team’s evaluations, conclusions and recommendations are presented, in detail,
throughout this report. Recommendations are highlighted and boxed for easy identification and
clarity. They cover relatively narrow issues, such as the ITR Team’s recommended flushing
regimen for the tank heel, to very sweeping ones, such as the recommended change to the overall
sequence (i.e., parallel path) of planned actions.

A fundamentally important observation offered by the ITR Team is that while selection of a TPB
processing technology is important, it is only part of the problem. In the Team’s view, the
previous WSRC evaluations and selection of TPB processing methods have been thorough and
have led to sound conclusions, but they have not fully addressed all of the issues necessary to
achieve timely Tank 48 return-to-service.

The central objective of the SRS Tank 48 path forward is to return the tank to service in time to
support the FY06-FY12 Liquid Waste Disposition Processing Plan, (DPP) schedule, which is, in-
turn driven by FFA commitments for SRS tank closure. The DPP calls for availability of Tank
48 by January 2010.

It is the Team’s collective judgment that January 2010 is not realistically achievable by the
sequential processing approach currently envisioned by WSRC, utilizing either Steam Reforming
or WAO as a primary processing technology. The Team believes that Tank 48 return-to-service
by one year or longer after that date is a more likely outcome.

Recognizing that HLW processing plans involve some inherent unpredictability, it may be
possible to meet IPP objectives with a Tank 48 return-to-service a year or more later than the
currently projected need date of January 2010. The Team is not in a position to judge the
implications or acceptability of a schedule slip of that magnitude; WSRC and DOE management
must make that call based on regulatory, stakeholder and other programmatic considerations.

Based on the constraints of the established schedule and the Team’s conviction that the current
WSRC plan is unlikely to achieve that schedule, the ITR Team recommends that the parallel path
be adopted. And noting that except for significant schedule risk the current plan is viable, the
Team also offers an alternative recommendation for DOE and WSRC management
consideration, should they be willing to accept that schedule risk.
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In summary, the ITR Team recommends a Tank 48 Path Forward, as follows:

OVERALL RECOMMENDATION FOR TANK 48 PATH FORWARD
1. Regardless of strategy (sequential or parallel path):

e Commit to Steam Reforming as the lead TPB processing approach, now; carry WAO as
the backup processing approach, and conduct work as necessary to confirm viability (but
no further, so as not to dilute the effort). ITR recommendations for Steam Reforming and
WAO development and testing, consistent with this overall recommendation, are provided
in Section 4 of the report.

e Embark on high priority heel management project, including development, testing and
planning for tank flushing, and establishment of a revised TPB acceptance criterion for
tank return-to-service, both as outlined in Section 5 of this report.

e Conduct a high-priority evaluation of concentration merits and methods for concentration
of Tank 48 bulk; establish a pre-concentration sub-project accordingly.

2. To maximize the chances of achieving Tank 48 return-to-service by January 2010:
e Adopt the parallel path approach outlined in Section 6 of the report.

e Embark immediately on a high priority project first to select the optimal feed tank system
(i.e., modification of an existing tank or construction of a new one), and then to implement
that selection. This project will become the controlling activity on the critical path to Tank
48 return-to-service. Manage it accordingly.

e Continue to develop and implement the Steam Reforming for TPB processing on the
earliest practical schedule (to preclude the bulk Tank 48 material from becoming an
“orphan” waste).

3. Alternative recommendation, if returning Tank 48 to service a year or more later than January
2010 is considered tolerable by DOE and WSRC management:

¢ Continue with the present course (sequential strategy), with resource allocation and project
management actions directed to addressing the Steam Reforming technical and
programmatic risks and accomplishing the development work needed for rapid
implementation of Steam Reforming at SRS, as outlined in Section 4 of this report.

Beyond this over-arching set of recommendations, the ITR Report includes numerous specific
conclusions and recommendations regarding processing methods, heel management and
cleanout, and other technical issues related to the tasks required to achieve Tank 48 return-to-
service.
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In summary, the ITR Team is confident that the TPB-contaminated HLW currently in Tank 48
can be safely and successfully removed and that the Tank can be returned-to-service. The actions
needed to accomplish these tasks are well understood and fully within the capabilities of WSRC.
The most daunting element of the job will be to meet the schedule constraints currently in place.

The ITR Team believes this overall job is manageable and technically achievable, with very high
confidence, and that the SRS Team engaged in this work is fully up to its challenges.
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Revision Summary

1. Document and Revision Numbers: CBU-PIT-2006-00092 Rev. 1

2. Document Title: Planning Package for the Independent Technical Review (ITR) of the SRS Path
Forward for Disposition of Tank 48

3. Effective Date: 06/19/2006

4. Document Changes.

This revision includes a change to the original Line of Inquiry No. 6, and adds Lines of Inquiry 7-
9, as shown on page 10. These revised and new Lines of Inquiry were developed by the Tank 48
ITR Team members at the conclusion of the first week of presentations, discussions, and reviews of
the documentation regarding previous technology evaluations.
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Introduction and Overview

As directed by the US Department of Energy (DOE) (References 1, 2) the Washington Savannah
River Company (WSRC) is preparing to engage a team of independent technical reviewers to
assess SRS consideration of alternatives and selection of preferred methods for disposition of the
tetraphenylborate (TPB) contamination and restoration of Tank 48H to service (Reference 3).
The purpose of this document is to present, for DOE information and approval, the planned
approach and process for organizing, staffing and conducting this review.

The proposed specifics for the Tank 48H Independent Technical Review (ITR) are provided in
the appendices to this planning document, as follows:
— Attachment 1 - Charter, including the initial Lines of Inquiry
— Attachment 2 - ITR Skill Matrix showing the linkage between Lines of Inquiry and
the capabilities needed to address them
— Attachment 3 - The Prospective ITR members with their credentials and areas of
expertise, cross-referenced to the Skill Matrix.
— Attachment 4 — Proposed path forward for the review, including preparation, approval
and implementation

Planning and Preparation

4. Overall Process

The process will follow the overall guidance provided by DOE (see General References, pg. 6)
regarding conduct of “Best and Brightest” reviews, with refinements as needed to accommodate
the unique aspects of this review™.

It is anticipated that the Tank 48 Independent Technical Review (ITR), from kickoff through
delivery of final report, will require about ten weeks, although the actual duration will be
dictated by the ongoing course of work. The review activities will include technical briefings by
and discussions with SRS personnel, tours of the pertinent facilities and equipment, reviews of
technical documents and data, and the like. A very significant contributor to the effectiveness of
this review will be the synergy and interaction of the knowledgeable, independent subject matter
experts (SME), and it is expected review team interactions may prompt some changes to the
initial plan and schedule for the review.

5. Scope Definition

As stated in the Charter, the scope of this review is basically two-fold: first, to assess the
collective completeness and validity of the evaluations of Tank 48H alternatives conducted since
2003, and secondly to evaluate the viability and risk management implications of the current
path forward for approaches currently being considered. Lines of inquiry have been prepared
(and are part of the Charter) to support a methodical, structured execution of this scope.

%It is noted that the TANK 48H review was initially conceived and planned as a WSRC-
managed independent review, and for that reasons the initial preparatory work was started with
routine DOE involvement. Subsequent to receipt of DOE direction (reference a), the process was
revised to incorporate DOE guidance and approval.
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A key element of the strategy for this review is to leverage the team members’ experience and
expertise to determine which specific technical issues, obstacles or decisions warrant the closest
examination. To that end, the initial review phase will be dedicated to developing sufficient
collective understanding by the team of Tank 48H issues and then to jointly develop, as
appropriate, additional or expanded lines of inquiry to address key areas. That outcome will
influence subsequent team activities, schedule and resources.

6. Organizational Role and Responsibilities

This review will be conducted under the overall direction of DOE, and for that reason, this plan,
the Charter, Review Team membership and the review schedule all require DOE approval. As
appropriate, contracting officer authorization may also be required for the work to proceed.

Upon authorization and approval of the review documents noted above, the Review Team
activities will be managed by the Review Team Leader, with technical, logistic and
administrative support from WSRC, as outlined below. The WSRC Executive Vice President has
overall responsibility for the timely and effective completion of this work; the Team Leader will
keep him fully apprised.

7. Selection of Team Members

A slate of candidate review team members was developed with input from a variety of sources,
including lists of participants in other independent reviews (notably, the recent Waste Treatment
Plant (WTP) review at Hanford), recommendations from SRS contractor and DOE personnel,
and networking (including recommendations from other candidates, based on discussions about
the scope of work). Following a review of their credentials and experience, discussions with
individuals with personal knowledge of candidates’ capabilities, and telephone discussions with
those considered most likely to meet the needs of the Tank 48H review process, the prospective
team members were selected.

Criteria for selection were as follows:

1. Clear alignment between the individual’s credentials and experience and the needs of the
review, as defined by the Charter and Lines of Inquiry (LOI).

2. Unquestioned independence, as defined in the charter. (On this point, prior knowledge or
experience with SRS was not considered a disqualifier, provided that the individual has
no vested interest, inclination or incentive to produce anything other than a 100%
objective and detached evaluation.)

3. Strong interest and willingness to participate.

4. Reasonable expectation of availability.

Note that the selection process requires consideration of not only individual credentials but also
the capability of the composite team. The selection included consideration of team balance with
respect to technical, management and operational skills.

Further, in selecting team members, we have relied heavily on feedback from others regarding
contribution of various candidates in other comparable review efforts. In that respect, the WTP
experience was considered very valuable and was a significant factor in narrowing the proposed
membership to the current list.
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DOE approval of all members will be secured prior to start of this review. Contracts have already
been let in some cases to allow initial review and critique of technical documents. If any
individual already contracted is not ultimately selected by DOE, that contract will be canceled.

Attachment 2 to this document illustrates the Lines of Inquiry matrixed to the skill sets which
support the review. Attachment 3 provides an index of the proposed review team members with
a summary of their skillsets with which they best support the review matrixed to the LOI skill
sets.

It is anticipated that during the course of the review, the need for additional specialized expertise
may be identified. In that case, supplementary team members (probably with limited scope of
involvement) will be proposed for DOE approval.

8. Stakeholder participation

In the interests of achieving full confidence in the outcome of this review, it is intended that the
review process will be fully transparent. DOE, DFNSB and SC DHEC have been invited to
assign representatives to observe the review process, and those representatives are welcome to
attend all ITR activities.

9. SRS Support
WSRC will provide ongoing support to the ITR in several areas, as follows:

DOE-SR Point of Contact (POC):

Doug Hintze, Director, Waste Disposition Programs Division (doug.hintze@srs.gov 803-
208-6076, pager 18989) will serve as the primary point of contact between the ITR and
DOE.

WSRC Contracts

Bob Walter (robert.walter@srs.gov, 803-952-6161, pager 17439) is the WSRC
Procurement & Materials Management Department Manager assigned responsibility for
contractual aspects of this work

WSRC Management

Bill Van Pelt (bill.van-pelt@srs.gov, 803-208-8327, pager 11104) has been assigned to
represent the SRS LW Chief Engineer in all respects during the course of this review, and
will be available to assist in resolution of issues requiring management action.

WSRC Technical Liaison

Bob Hinds, SRS Engineering Project Manager (robert.hinds@srs.gov, 803-208-3473,
pager 17549), has the lead for technical support for the ITR team. Bob will set up
meetings and briefings and he will provide review materials and other resources. He will
be the primary point of contact for follow-up and resolution of team members’ technical
questions and for arranging technical interactions with SRS personnel.

WSRC Administrative Support

SRS will provide support to the team and to individual team members re conference
room, computers, phone messages, typing, copying, travel arrangements, etc.
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WSRC Document Services

SRS will provide technical writing, report production and presentation material
preparation support, as needed.

Working Space

It is anticipated that most team meetings will be held at an off-site location in Aiken, and
that additional working space, computer terminals and telephones will be available for
team members’ use in report preparation and other team-support activities.
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Vanderbilt University, to Joel Case, Subject: Steam Reforming, dated 4/25/06,
attachment, “Scope of Work.”

Demonstration Bulk Vitrification System External Flow sheet Review (Known as Best
and Brightest Review) Charter, Approved by Roy Schepens, 3/31/06.

E-mail, Kaltreider (DOE) to Spears, et al, SRS Waste Processing B&B Comments,
4/21/06, with attachments, 1) “Draft Issues for Best and Brightest Technical Reviews,”
4/17/06; 2)“Draft Action Plan for Best and Brightest Reviews,” 4/17/06; and 3)“Key
Attributes of Technical Review Process,” 4/10/06.

Presentation, Tamosaitis to U.S. DOE, April 18, 2006, “An Overview of the WTP B&B
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“Key Line of Inquiry, Best and Brightest Technical Review ORP Demonstration of Bulk
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Attachment 1: Charter

Independent Technical Review (ITR) of SRS Path Forward for Disposition of Tank
48

Overview

WSRC will convene an independent technical review of key aspects of the selected path forward
for disposition of the tetraphenylborate (TPB) contaminated radioactive waste in Tank 48 and for
the tank’s return to service. The object of the review is to validate the completeness and validity
of the systems engineering process used to select the path forward, and to confirm the viability of
the technologies selected as the preferred and back-up options. This review is also intended to
identify technical and programmatic risks and uncertainties with the selected path, and to
determine if these have been thoroughly examined and countered with effective mitigation
strategies.

The results of this review will be used as one basis for finalizing the selection and proceeding
with project activities to design, construct, and operate the engineered systems required to restore
Tank 48 to service for radioactive waste processing.

Background

e Tank 48 contains 250,000 gallons of legacy salt waste that is contaminated with
approximately 19,000 Kg of organic Tetraphenylborate compounds from operation of the
In-Tank Precipitation process. This material must be removed or treated to allow for
return of Tank 48 to general Tank Farm service.

e Four Alternative Treatment Evaluations have been performed since 2002. Each
evaluation was performed using a Systems Engineering Evaluation Process as depicted in
Figure 1 (page 12). The results of each evaluation are shown in Figure 2 (page 13).

e The top treatment options identified by the 2006 evaluation are Aggregation, Wet Air
Oxidation, and Fluidized Bed Steam Reforming. These options are being developed.

e A Letter of Direction from DOE-SR to WSRC (SPD-06-0150, Spader to Pedde, Subject:
Tank 48 Recovery, dated 5/11/2006) was issued to change Aggregation from the baseline
option to a back-up. This letter also authorized testing for the two alternative options
identified above and directed WSRC to complete the on-going systematic evaluations and
submit a recommendation for Tank 48 material treatment.

Current Status of Options

e Aggregation
— Since this was the baseline for treatment of Tank 48 material, there has been
an active project for design and construction of the modifications required.
— Design is 75% complete, construction is 30% complete. Startup was planned
for 3/07.
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e Wet Air Oxidation

— The WAO process is based on oxidizing the waste at high temperature (200-
300°C) and high pressure (1,000-2,000 psi) to destroy the organic.

— The by-products are: (1) treated liquid waste that can be returned to the Tank
Farm and eventually be dispositioned as vitrified glass, and (2) an offgas
stream that can be filtered and exhausted to the atmosphere.

— Procurement has been initiated to test Tank 48 simulated waste at a vendor
bench scale test facility with testing to complete by 9/06. A vendor site visit
is planned.

e Steam Reforming

— The FBSR process is based on pyrolyzing the waste at high temperature (600-
900°C) and ambient pressure in an environment with insufficient oxygen to
support combustion to destroy the organic component.

— The by-products are (1) solids containing Cs-137 that can be dissolved and
returned to the Tank Farm and eventually dispositioned as vitrified glass, and
(2) an offgas stream that can be filtered and exhausted to the atmosphere.

— FBSR was tested in crucibles at the SRNL as well as in a pilot plant using
Tank 48 simulant as part of an earlier evaluation. Although technically
feasible, this option was eliminated at that time due to the processing
capacity/rate required and its associated cost.

— Additional bench scale testing will be performed this summer.

The purpose of this initiative is to review these evaluations for completeness and validity, and to
confirm the viability of the current path forward. As part of that task, the review team will
identify technical or programmatic risks, if any, that could jeopardize the return to service of
Tank 48 by the projected need date.

To accomplish this objective, the team will review existing documentation of SRS Tank 48
evaluations, with particular attention to the comprehensive Systems Engineering study “Tank 48
Return to Service,” Report No. G-ADS-H-00011. This study identifies the preferred technology
and two back up strategies that will be a major focal point of this Independent Technical Review
(ITR). Four previous studies and a risk assessment will serve as the basis for the Tank (ITR).
The documents containing the results of these studies and the risk assessment are:

— G-ADS-H-00011, Liquid Waste Disposition Projects, Tank 48 Return to Service Systems
Engineering Evaluation, 4/2006

— CBU-PIT-2005-00147, Re-Evaluation of Tank 48H Disposition Alternatives, 7/2005

— Y-RAR-H-00057, Tank 48 Disposition Project Risk Analysis Report, 5/2005

— G-ADS-H-00007, WSRC In-house Treatment Option Evaluation, 2/2004

— WSRC-RP-2002-00154, Rev. 1, HLW Tank 48H Disposition Alternatives Identification,
Phase 1 & 2 Summary Report, 7/2002
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Scope and Lines of Inquiry

The scope of the ITR has been defined in the form of lines of inquiry (LOI) that will serve as the
framework for review team activities and for selection of review team members. These are:

1. Validate completeness of Tank 48 alternatives evaluation:
— Have evaluations of Tank 48 disposition actions considered a suitably broad range of
alternatives?
— Avre there attractive alternatives, distinctly different from those already considered,
which merit evaluation?
— Identify any material differences from either a safe operations or regulatory envelope
that could merit a different alternative solution.

2. Evaluate the treatment of uncertainty:
— Have technical and programmatic uncertainties been adequately taken into account in
Tank 48 alternative evaluations?

3. Validate the down-selection process:

3.1. Are the selection criteria (including screening criteria and weighted evaluation criteria)
sound?

3.2. Where criteria have changed over the years, have previously rejected candidates been
given sufficient re-consideration?

3.3. Have the criteria been consistently and fairly applied?

3.4. Were the evaluations performed in sufficient rigor to support valid conclusions?

3.5. Does the set of alternatives currently remaining (i.e., not rejected from further
consideration) support very high confidence in ultimate success?

4. Assess the viability of the selected technologies and current path forward:

4.1. Is the current path forward (including preferred and backup paths) clearly defined?

4.2. Is the current technical and project work adequate (in terms of definition, technical basis,
planning, timing, adequacy of resources, etc.) to support waste disposition processing
plan (DPP) schedule, process interface and performance needs?

4.3. Are cost projections adequately bounded?

5. Identify risks and assess adequacy of risk management actions:

5.1. Have the technical and programmatic risks associated with the current path forward been
thoroughly evaluated?

5.2. Are the risk mitigation actions (in place or specifically planned) appropriate for the
identified risks?

5.3. Are other risk mitigation actions recommended?

5.4. Has the impact on downstream facilities been considered?

5.5. Has the technical and programmatic risk assessment effectively accounted for the
projected safe operations, maintenance, regulatory, process control and environmental
risks and their mitigation?
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6. Evaluate treatment of constraints
— Are there explicit constraints (technical, programmatic, regulatory, etc.) that
influenced the screening or weighted evaluation of alternatives?
— Avre these constraints well defined? Are they well understood? Do they have sound
bases?

— Avre there other unstated assumptions or presumed constraints which influenced the
evaluation and selection of alternatives?

7. Evaluate the potential to re-solubilize the K-TPB and Cs-TPB
— Does this option appear to have merit, based on lab testing and literature search?
— If so, what are its implications with respect to removal and disposal of Cs? Of
benzene?

8. Evaluate plans for Tank 48 cleaning and heel management
— Are the criteria / standards for residual TPB content well defined? Well understood?
Well founded?
— What methods (physical and chemical) are planned for tank cleanout? What is their
expected effectiveness?
— How will residual TPB be measured?

9. Evaluate plans and practices for benzene management
— Are current practices and future plans for handling benzene generated in the course of
Tank 48 processing and material transfer appropriate and consistent with the hazard?

Period of Review

It is anticipated that the Tank 48 ITR will begin on or about 6/6/2006 and that a final report will
be delivered on or about 8/10/2006. The results of the Tank 48 review will serve as input to an
anticipated follow-on ITR of Liquid Waste Disposition Processing Plan, to be addressed in a
separate charter. A detailed schedule for the Tank 48 ITR subsequent meetings, individual
assignments, and production of the report will be developed as a product of the initial one-week
meeting.

Team Structure and Membership

In composite, the independent review team will comprise expertise and extensive experience in
design, engineering and management of chemical processing and radioactive waste management
systems. The team will include approximately ten independent experts whose credentials and
experience align with the specific lines of inquiry listed above and who collectively provide to
the team sufficiently broad capability and flexibility to address the full range of issues that may
emerge in this review. The experts will be independent of any corporate accountability or
responsibility for managing Tank 48 return-to-service or for selection of the preferred
technologies, and they will be free of any conflict-of-interest with respect to potential benefit
from the selection of any specific technology.
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Specific responsibilities will be as follows:

Review Team Leader

The Review Team Leader will be a member of the team and will have overall responsibility for
preparation, scheduling, organization and execution of review team activities. The team leader
will identify needed technical support including presentations, and supporting documentation.
The review team leader will set the overall working schedule, and will facilitate team meetings,
will lead the preparation and delivery of progress reports, will facilitate issue resolution and will
coordinate and guide the structuring and preparation of the team report.

The Review Team Leader, assisted by the Technical Lead, will be responsible for managing the
logistics of the review team effort, providing or arranging for needed administrative support,
assisting the team leader in report and presentation production, and the like.

The Review Team Leader will ensure that DOE-HQ, DOE-SR, DNFSB, SC DHEC, and WSRC
Liquid Waste Operations senior managers are notified of key meetings and summary progress
reports.

Independent Technical Review (ITR) Team Members

Each team member is responsible for conducting a thorough, professional and independent
review, for supporting the identification and resolution of technical issues, for participating in the
development of draft and final reports, of supporting resolution of comments and any points of
disagreement. Collectively, the team is responsible to produce a high quality review report that is
responsive to this charter, that includes unambiguous conclusions regarding the identified LOls,
and that presents clearly any dissenting viewpoints. All team members will sign the final report.

WSRC Executive Vice-President

The WSRC Executive Vice-President is responsible for the efficient and timely execution of the
DOE-approved ITR. He will work with the Review Team Leader to assure that current project
information is made available to the review team, and that key members of the project technical
staff are made available for reasonable interaction with the various teams so that technical
information, responses to questions, and clarification of issues can be achieved efficiently.

DOE-SR

DOE-SR shall review and approve the Tank 48 ITR Charter (with Lines of Inquiry) and the ITR
team selection, and will obtain DOE-EM HQ concurrence as necessary. DOE-SR will
participate as an observer during the various meetings and progress reporting, will review the
interim draft and final reports, and provide comments to the Team Leader in a timely fashion.
DOE-SR receives the final output from the ITR, as the primary customer.
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DOE-EM HQ

DOE-EM HQ shall review and concur with TANK 48 ITR Charter (with Lines of Inquiry) and
the ITR team selection. EM HQ staff may participate as an observer in the various meetings and
progress reports. EM HQ will assure necessary communication with other EM entities that have
an interest in the progress and outcome of this review, and will arrange for any necessary EM
briefings or meetings that may be required.
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Tank 48 Systems Engineering Planning Model

Figure 1.
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Attachment 2
Page 1 of 2

SKkill Matrix

Line of Inquiry

Supporting Skill Set

1. Validate completeness of Tank 48 alternatives evaluation:

— Have evaluations of Tank 48 disposition actions considered a
suitably broad range of alternatives?

—  Are there attractive alternatives, distinctly different from those
already considered, which merit evaluation?

— ldentify any material differences from either a safe operations or
regulatory envelope that could merit a different alternative
solution.

1,2,6,12,14,17,19

2. Evaluate the treatment of uncertainty:
— Have technical and programmatic uncertainties been adequately
taken into account in Tank 48 alternative evaluations?

1,2,4,5,8,9,10, 11, 13, 14, 15,
16, 17, 19, 20

3. Validate the down-selection process:

—  Are the selection criteria (including screening criteria and
weighted evaluation criteria) sound?

—  Where criteria have changed over the years, have previously
rejected candidates been given sufficient re-consideration?

— Have the criteria been consistently and fairly applied?

—  Were the evaluations performed in sufficient rigor to support
valid conclusions?

— Does the set of alternatives currently remaining (i.e., not rejected
from further consideration) support very high confidence in
ultimate success?

1,2,3,910, 14, 16, 20

4. Assess the viability of the selected technologies and current path forward:

— Is the current path forward (including preferred and backup
paths) clearly defined?

— Is the current technical and project work adequate (in terms of
definition, technical basis, planning, timing, adequacy of
resources, etc.) to support waste disposition processing plan
(DPP) schedule, process interface and performance needs?

—  Avre cost projections adequately bounded?

1,3,9 10,12, 16, 17,18, 20

5. ldentify risks and assess adequacy of risk management actions:
— Have the technical and programmatic risks associated with the
current path forward been thoroughly evaluated?
—  Avre the risk mitigation actions (in place or specifically planned)
appropriate for the identified risks?
— Are other risk mitigation actions recommended?
— Has the impact on downstream facilities been considered?

— Has the technical and programmatic risk assessment effectively
accounted for the projected safe operations, maintenance,
regulatory, process control and environmental risks and their
mitigation?

1,3,9, 10, 12, 14, 15, 16, 17, 18,
19, 20

6. ldentify additional lines of inquiry that should be explored in the
evaluation of the viability of the Tank 48 path forward

All skill sets
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Attachment 2
Page 2 of 2

SKILL SET INVENTORY

Chemical Engineering
Chemical Process Safety
Engineering Management
Environmental compatibility
Environmental Requirements (DOE, EPA, state, etc.)
Familiarity with DOE Complex waste characteristics and history
Maintenance requirements
Materials compatibility with process conditions and corrosion
Mechanical engineering

. Nuclear Engineering

. Nuclear materials safety and processing

. Process engineering

. Process effluent/process product characterization

. Process research, development, experimental design

. Process scale up & design

. Project Management

. Waste/radioactive waste treatment technology

. Waste/radioactive waste operations management

. Relevant process chemistry

. Risk Analysis, Assessment, Management
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Attachment 3: Proposed ITR Members

Candidate Credentials Areas of Expertise / Strengths Skillset(s) Primary LOI(s)
Supported Supported
e | B Nathemaics U Nava Acateny. prvip, | RS ST, B0 DOERE 25,07 (123,45 ¢
Lead ' Polestar Applied Technology; former SRS Chief Yy op tf :I' gt 'thgbOE proj 20’ T
ca Closure Officer for WSRC. Former Recovery management, famifiarity witt .
Engineering Manager and Technical Planning complex v_vast.e characterlzatlo_n & h!story,
Director for TMI Unit 1; GPU Nuclear Corporation decontamination and decommissioning.
V.P. & Director - Technical Functions; member,
Exec. Board, EEl Waste Management Group, GPU
Nuclear Board of Directors; directed EPRI ALWR
program.
2. Edward Cussler, | B.E, M.S., Ph.D., Chemical Engineering. Professor, | Chemistry, separations processes, mass 1,2,6,8, 1,2,4,5/6
Ph.D. University of Minnesota. Past President A.l. Ch.E transfer phenomena, radioactive waste 11, 13, 14,
and past chair, American Assoc of Engineering treatment technology, familiarity with DOE | 17, 19
Societies. Member Editorial Board, “Separations,” complex waste characterization & history
“Journal of Membrane Science,” and “A.l.Ch.E.
Journal.” 150 Journal publications.
3. BruceE. B.S.,U.S. Naval Academy, Vice President, Energy Project management, engineering 3,56,7,9, |3,4,5
Hinkley Business Unit, InfoZen, Inc.; management, Naval, commercial, and U.S. | 10, 16, 18,
DOE nuclear facility operations, 20
engineering, and project management.
4. Gary S. Huvard, | Associate Professor and Assistant Chair with the Chemical Engineering, Research and 1,2,6,8, 1,2,4,5
Ph.D Department of Chemical Engineering, Virginia Development. Waste treatment technology. | 11, 13, 14,
Commonwealth University; B.S., Chemistry, Ph.D, 17,19
Chemical Engineering
5. James A. Independent consultant, Retired DuPont Technology | Chemical Engineering, familiarity with 1,2,3,6,8 |1,24,5
Kelley, Ph.D Director; B.S., Ph.D., Chemistry; Co-leader for DOE Complex waste characterization and 10, 11, 12,
technology sub-team for the WTP External history, processing and management. 13, 14, 15,
Flowsheet Review 17,18, 19
6. EugeneJ. B.S. Chemistry, M.S. Nuclear Engineering, Doctoral | Process engineering, strategic and long- 1,2,3,4,5 |1,23,4,56
Kosiancic Studies. Thirty+ years experience in technical range planning, tank farm operations, 6,7,8, 10,
support, operations, and management of DOE chemical processing, systems engineering, 11, 12, 13,
radioactive waste operations (Hanford). Two patents. | risk analysis, familiarity with DOE complex | 16, 17, 18,
waste characterization & history 19, 20
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Candidate Credentials Areas of Expertise / Strengths Skillset(s) Primary LOI(s)
Supported Supported
7. David Kosson, Ph.D., Chemical and Biochemical Engineering. Chemical Engineering, Waste Treatment 1,2,4,5, 1,2,3,4,56
Ph.D. Chair and Professor of Civil and Environmental Technology, Risk Analysis & Assessment 12, 14, 19,
Engineering, Vanderbilt University. 20
8. Anthony L. B.S., M.S., Chemical Engineering Independent Chemical Engineering, Process 1,2,6,8, 2,3,4
Pezone consultant; retired DuPont Principal Division Engineering, Process Development 12, 13, 14,
Consultant. 15, 17
9. Lawrence B.S., M.S,, Ph.D., Chemical Engineering. Professor, : T : 1,2,6,8, 1,2,3,4,5,6
Tavlarides, Biomedical and Chemical Engineering, Syracuse gl:ramgaal eng!neerll:g mclludlngt_ 11, 13, 14,
h.D. University. Former department chair and associate modynarmics, chemicat reaction 17,19
" Dean Cglnsultant to commercial industry, National | or oo n9: kinetics, water oxidation, l
T . Y, chemical separation technology, mixing,
Science Foundation, and DOE. Currently serves as a familiarity with DOE complex waste
Itant to the Department of Energy Tank Focus yw : p
,Cé?rgzufor clean up of radioactive nuclear waste. More characterization & history; Member, DOE
than 100 archivaﬁ articles, 38 conference . Technology Advisory Team, Consultant,
. ' Technical Working Group, Salt Processing
proceedings, 14 patents. Project Technology Selection.
10. Jack S. Watson, | Ph.D. Chemical Engineering. Consultant, Retired Sr. | Waste treatment technology, including 1,2,6,8, 1,2,3,4,5,6
Ph.D. Research Engineer, ORNL. Past Technical separation, adsorption, and ion exchange; 11, 13, 14,
Coordinator for the DOE’s Efficient Separations reprocessing, environmental restorations, 17,19
Cross-cutting Technology Program. AlchE Fellow familiarity with DOE complex waste
and Author, “Separation for Waste Management,” characterization & history. 30+ years
Deker, 2000. experience radioactive waste technical
support.
DOE Observer: Joel | B.S Microbiology (chemistry minor), M.S. Nuclear Overall technical and regulatory input; 2,3,4,6, 2,3,4,5,6
Case Engineering and Environmental Engineering (dual waste treatment technology. Naval, 10, 11, 16,
degree). DOE-ID, Federal Project Director, SBW commercial power, and U.S. DOE nuclear 17,18, 20

Treatment Project. Led EM-1 independent review
evaluating alternative technologies for the SRS In-
Tank Precipitation project.

facility operations; research and
development; familiarity with DOE
complex waste characterization & history,
project management, risk analysis.
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Attachment 4: ITR Path Forward

The following path forward outlines the anticipated sequence and duration of ITR activities and is presented to serve
as a planning basis. For activities subsequent to the kick-off meeting, ongoing ITR work may dictate changes to the
duration and dates shown.

Week Tank 48 Independent Technical Review
5/8 —5/12 WSRC Finalize and submit to DOE-SR complete TANK 48 ITR planning
package, including process, charters, proposed membership and tentative
schedule
5/15-5/19 — DOE-SR review, approve and submit the planning package to DOE-HQ

for review and approval
—  DOE-HQ concur with charter and personnel selection

5/22 — 5/26 — WSRC let contracts for approved team members

—  WSRC submit proposed review package, for DOE-HQ approval
5/29 - 6/2 — WSRC distribute review packages to team members
(Memorial —  Conference call with team to resolve any outstanding questions
Day week) —  Finalize and issue agenda for kickoff meeting

— Release members to travel
6/5 - 6/8 1 Review Team on site (T-F)

— Kickoff Meeting

—  Technical briefings and tours
—  Agreement on scope, level of detail, sub-assignments and rough outline of

report
— ldentification of any additional specialty skills required
6/12 - 6/16 2 — Independent review
—  Conference call meeting
6/19 — 6/23 3 Team on site (M-F)

—  Continued reviews, discussions, interviews
—  Establish findings re completeness and validity of prior TANK 48

assessments
—  Mid-point review with WSRC and DOE management
6/26 — 6/30 4 — Independent review
—  Conference call meeting
713717 5 — Independent review
(July 4" —  Conference call meeting
week)
7/10-7/14 6 Team on site (T-F)
— Final discussions with staff, team interactions and determination of
findings and recommendations
7117 -7/21 7 —  Submit report draft material, as assigned
7/24 - 7128 8 — Issue draft report for team review
7/31-8/3 9 — Team comments on draft
—  Conference call meeting(s) to resolve open comments
Incorporate all comment resolutions and prepare final report
8/7-8/10 10 Approve & Issue Final Report
8/14 - 8/18 11 —  Out-brief to WSRC and DOE management; team participation on-site as

desired
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APPENDIX 2:

ITR TEAM CREDENTIALS

Candidate

Credentials

Areas of Expertise / Strengths

1. John (Jack) DeVine,
Team Lead

B.S. Mathematics, U.S. Naval Academy. Principal,
Polestar Applied Technology; former SRS Chief Closure
Officer for WSRC. Former Recovery Engineering
Manager and Technical Planning Director for TMI Unit
1; GPU Nuclear Corporation V.P. & Director -
Technical Functions; member, Exec. Board, EEI Waste
Management Group, GPU Nuclear Board of Directors;
directed EPRI ALWR program.

Naval, Commercial, and U.S. DOE nuclear facility
operations, engineering, and project management;
familiarity with DOE complex waste characterization &
history, decontamination and decommissioning.

2. Thomas M. Crimmins

B.S. Physics, College of the Holy Cross, M.S.
Engineering Management, New Jersey Institute of
Technology; Consultant, Polestar Applied Technology,
Inc.; former President and Chief Executive Officer,
BNFL, Inc. (now British Nuclear- America); former
Vice President-Nuclear Engineering, Public Service
Electric and Gas Company; former Site Manager,
Susquehanna Nuclear Generating Station, Pennsylvania
Power and Light Company; formerly Director, American
Nuclear Society; Member, Board of Directors, numerous
companies; Member, numerous Nuclear Power Plant
Independent Safety Review Committees.

Commercial, nuclear and USDOE nuclear facility
operations, engineering, safety analyses and project
management; waste management, decontamination and
decommissioning, communication of technical issues
and technical strategy development and planning.

3. Edward Cussler, Ph.D.

B.E, M.S., Ph.D., Chemical Engineering. Professor,
University of Minnesota. Past President A.l. Ch.E and
past chair, American Assoc of Engineering Societies.
Member Editorial Board, “Separations,” “Journal of
Membrane Science,” and “A.l.Ch.E. Journal.” 150
Journal publications.

Chemistry, separations processes, mass transfer
phenomena, radioactive waste treatment technology,
familiarity with DOE complex waste characterization &
history
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Candidate Credentials

Areas of Expertise / Strengths

4. Bruce E. Hinkley
Business Unit, InfoZen, Inc.;

B.S.,U.S. Naval Academy, Vice President, Energy

Project management, engineering management, Naval,
commercial, and U.S. DOE nuclear facility operations,
engineering, and project management.

5. Gary S. Huvard, Ph.D

Chemical Engineering

Associate Professor and Assistant Chair with the
Department of Chemical Engineering, Virginia
Commonwealth University; B.S., Chemistry, Ph.D,

Chemical Engineering, Research and Development.
Waste treatment technology.

6. James A. Kelley, Ph.D

Review

Independent consultant, Retired DuPont Technology
Director; B.S., Ph.D., Chemistry; Co-leader for
technology sub-team for the WTP External Flowsheet

Chemical Engineering, familiarity with DOE Complex
waste characterization and history, processing and
management.

7. Eugene J. Kosiancic

B.S. Chemistry, M.S. Nuclear Engineering, Doctoral
Studies. Thirty+ years experience in technical support,
operations, and management of DOE radioactive waste
operations (Hanford). Two patents.

Process engineering, strategic and long-range planning,
tank farm operations, chemical processing, systems
engineering, risk analysis, familiarity with DOE
complex waste characterization & history

8. David Kosson, Ph.D.

Vanderbilt University.

Ph.D., Chemical and Biochemical Engineering. Chair
and Professor of Civil and Environmental Engineering,

Chemical Engineering, Waste Treatment Technology,
Risk Analysis & Assessment

9. Anthony L. Pezone

Consultant.

B.S., M.S., Chemical Engineering Independent
consultant; retired DuPont Principal Division

Chemical Engineering, Process Engineering, Process
Development

10. Lawrence
Tavlarides, Ph.D.

patents.

B.S., M.S., Ph.D., Chemical Engineering. Professor,
Biomedical and Chemical Engineering, Syracuse
University. Former department chair and associate
Dean. Consultant to commercial industry, National
Science Foundation, and DOE. Currently serves as a
consultant to the Department of Energy Tank Focus
Avrea for clean up of radioactive nuclear waste. More
than 100 archival articles, 38 conference proceedings, 14

Chemical engineering including thermodynamics,
chemical reaction engineering, kinetics, water
oxidation, chemical separation technology, mixing,
familiarity with DOE complex waste characterization &
history; Member, DOE Technology Advisory Team,
Consultant, Technical Working Group, Salt Processing
Project Technology Selection.
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Candidate

Credentials

Areas of Expertise / Strengths

11. Jack S. Watson,
Ph.D.

Ph.D. Chemical Engineering. Consultant, Retired Sr.
Research Engineer, ORNL. Past Technical Coordinator
for the DOE’s Efficient Separations Cross-cutting
Technology Program. AlchE Fellow and Author,
“Separation for Waste Management,” Deker, 2000.

Waste treatment technology, including separation,
adsorption, and ion exchange; reprocessing,
environmental restorations, familiarity with DOE
complex waste characterization & history. 30+ years
experience radioactive waste technical support.

DOE Observer: Joel Case

B.S Microbiology (chemistry minor), M.S. Nuclear
Engineering and Environmental Engineering (dual
degree). DOE-ID, Federal Project Director, SBW
Treatment Project. Led EM-1 independent review
evaluating alternative technologies for the SRS In-Tank
Precipitation project.

Overall technical and regulatory input; waste treatment
technology. Naval, commercial power, and U.S. DOE
nuclear facility operations; research and development;
familiarity with DOE complex waste characterization &
history, project management, risk analysis.
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APPENDIX 3:

ITR Review of Tank 48 Alternatives

Bins:  A: Attractive candidate
B: Potentially attractive
C: Unattractive
Candidate ITR Sched Cost Success Regulatory & SRS Process Physical Real Other
Bin Confidence Permitting Compatibility Practicality Safety Comment
Acid hydrolysis C Pitting —
In tank corrosion
concerns at Low
pH (Passivating
may be possible,
but impractical)
Acid hydrolysis C uncertain Difficult working
In small reactor environment
in tank riser
Acid hydrolysis C High Canyon not Processing window | Canyon not
In Canyon permitted available
Acid hydrolysis C Very high Cell no longer Tars
In DWPF salt available
cell
Acid hydrolysis A Schedule | Cost = Technology Benzene Need to find or Benzene External
In new unit compara | comparable works management create the new management Chemical
(241-96H) ble to to other = Process Rate space Process —
other 241-96H uncertain — decomposition
241-96H | options need more data of TPB (cook
options option)
(4-6y)
Fenton’s In C Pitting — pH Peroxide
Tank decreases over handling
time
Fenton’s in 241- B Schedule | Cost = Low temp Potentially less Peroxide External
96H compara | comparable “burn” option benzene handling Chemical
ble to to other = Uncertainty in | management Process —
other 241-96H rates problem (relative destruction of
241-96H | options to “cooking” TPB (burn
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Candidate ITR Sched Cost Success Regulatory & SRS Process Physical Real Other
Bin Confidence Permitting Compatibility Practicality Safety Comment
options options) option)
(4-6y)
Oxidation by C Lifecycle Excessive glass Unattractive
Permanganate cost production because of
(all versions) (DWPF) glass
implications
Filter in ARP, C Doesn’t solve the Possible
then decompose problem, creates enhancement
in Tank 48 new ones
Photolytic C Opagque solution tough
decomposition
Decant (or C Doesn’t solve the Could be part
otherwise problem — ofa
concentrate and residual solids are decoupling
separate) still a problem option, with
reduced
volume
requirement
Solubilize TPB, B = Strong Benzene Requires adding Uncertain, but
then run Tank concept, needs | management organics to Tank very high
49 chemistry testing and 48 potential —
data elegant
= T49 experience solution (if it
is valuable works)
Decomposition, C Does not work
in and out of (too slow)
tank
Steam A 3-5years | High, butin | = Technical No major barriers No issues Tight fit in 241- manageable Product is a
Reforming, in line with prospects are 96H soluble solid
241-96H other good
processing = Consider
options higher capacity

unit

= Demonstrated
on rad
applications
and piloted
with Tank 48

Page A3-2 of A3-4




Independent Technical Review of the
Path Forward for Savannah River Site Tank 48

ITR-T48-2006-001
Revision 0
August 10, 2006

Candidate ITR Sched Cost Success Regulatory & SRS Process Physical Real Other
Bin Confidence Permitting Compatibility Practicality Safety Comment
simulant
Wet air A 4-6 years | High, butin | = Appears No major barriers No issues High pressure | Product is
oxidation line with attractive, but (~100atm) aqueous
other based on solution
processing limited data on
options similar
(high materials
pressure = Significant
could drive adaptation
cost up) req’d for rad
service
DWPF Melter - C Negative Flammability
all options implications wrt
DWPF
compatibility
DWPF - slow C 30 years 12KG of
bleed into KTPBina
sludge batch one million
(pure dilution) gallon batch;
possibly
useful in
combination
with other
actions
CIF C Contact handled Was licensed for
(Incinerator) incinerator — poor | LLW
application for
this waste
Evaporator C Uncertain Could interfere = Requires mods

effectiveness

with evaporator
needs and/or
compromise
evaporator
performance

to
contaminated
equipment
2H feed tank
(43) would
become
contaminated
with TPB and
tars
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Candidate

ITR Sched Cost Success Regulatory & SRS Process Physical Real Other
Bin Confidence Permitting Compatibility Practicality Safety Comment
Aggregation A Good Least cost Simple Hi risk — SC = Potential impact No issue Strong
(except process, low concern re curies on Saltstone potential as a
for technical risk left on site operation partial
permit Analysis of = Simultaneous solution (part
time aggregate need to deal of combined
frame) benzene with MCU approach)
release is isopar
important
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APPENDIX 4: STEAM REFORMER CALCULATIONS

Calculations on Steam Reforming geometry were made for the two scenarios assuming one year
of processing at 50% up time.

Casel: 74 Kgal supernate as a concentrate with 10wt% solids at six months
processing time

Case 2: 250 Kgal supernate with 3wt% solids processed in the Steam Reforming
geometry required for Case 1

The reducing bed and the oxidizing bed volumes and geometries were estimated at operating
conditions similar to those in the STAR pilot study. The size of the reducing bed was estimated
by maintaining geometric similarity between the commercial scale unit and the pilot scale unit
and using the ratio of commercial/pilot solids flow rates to scale the volume. The residence
times could not be calculated as dissolved solids were not known in the pilot study. The
residence time of solids in the reducing bed was estimated to be between 10 to 20-hours. The
scale up procedure used necessarily maintains the residence time of solids in the bed, whatever
the value in the pilot study actually was. The lower solid residence times are expected to be
effective based on the crucible studies.

The reaction times to destroy benzene and to form solids from the feed are of the order of 10
seconds or less. The oxidizer reactor volumes were estimated assuming a first order benzene
destruction rate. The pilot study benzene conversion of 94% at a vapor phase residence time of
6.6 seconds was used to estimate a rate coefficient. Instantaneous destruction of KTPB to
benzene was assumed because of the >99.98% (within detection limits) destruction of KTPB to
benzene in the proof of principle pilot studies, similar results in all the crucible studies (no 3PB,
2PB, PB), and KTPD decomposition study results at 400°C reported by Fondeur [WSRC-TR-99-
00023]. The rapidity of the decomposition at 400°C has also been confirmed experimentally
Huvard [Private Communication, Thermogravimetric Analysis of KTPB Powders Showed
Quantitatively Complete Loss of Benzene from KTPB after 5-10 Minutes at 400°C.]. The steam
and atomization gas rates were proportional to those used in the pilot study.

Calculation conditions are in Table A4-1 and reducing bed geometry results are in Table A4-2.
The reducing bed geometries for Case 1 and Case 2 are the same as those computed for Case 1
Steam Reforming conditions. An acceptable size of ~ 17-inches diameter with ~ 8.3-feet height
was estimated. Approximately 5 additional feet would be required for the cyclone and free board
space. Six months processing time is estimated to process the concentrated 74 Kgal supernate
(10wt% solids). This Steam Reforming would require ~17 months to process the 250 Kgal
supernate (3wt% solids) at the same solids residence time
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In Table A4-3, the estimated volumes are recorded for an oxidizer reactor as configured at STAR
for 94%, 99%, and 99.9% conversions of benzene by assuming that all benzene split from the
KTPB was released from the reducing bed and oxidized in the upper section of the STAR
reactor. The pilot study benzene conversion of 94% for a vapor phase residence time of 6.6
seconds was used to estimate a first order rate coefficient needed to carry out the volume
estimates. Although these calculations have been carried out, the Team is not at all sure that
benzene was actually oxidized in the upper section of the STAR reactor as the pilot reactor
temperature was relatively low (650°C versus 800-900°C), there was no catalyst in the oxidizing
section of the reactor, and the oxygen flow rate to the unit was well below the stoichiometric
requirement for oxidizing benzene. Instead, the Team believes that most of the benzene reacted
with water vapor in the reducing bed to form CO and H,. Hydrogen formed in the reducing
section would have competed very effectively for available oxygen with any unreacted benzene
in the upper section of the reactor. Thus, obtaining high benzene destruction rates (99.9%+) may
require the use of a second catalytic fluidized bed run under oxidizing conditions in lieu of a gas
phase reactor above the reducing bed as employed in the STAR study, a configuration also
suggested by researchers at Hazen Research, Inc.

Thus, a steam reformer sized to process a concentrated Tank 48 waste stream (10wt% solids) in
six months can fit in the 241-96H facility. The same steam reformer would require ~17 months
to process the 250 Kgal supernate (3wt% solids). A STAR-type gas phase oxidizer reactor sized
for 99% benzene conversion may fit in 241-96H as well, but a second fluidized bed run as an
oxidizer will be more effective and more compact than the vapor phase oxidation zone used in
the STAR reactor configuration. A commercial catalytic oxidizer may be considered as an
alternative to an oxidizing fluid bed reactor.
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1 2
Cases 74,200gal, 250,000gal,
10wt % solids 3wt% solids

1 | Supernate (gal) 67,500 243,300
2 | V solid (gal) 6,700 6,700

Total Vol (gal) 74,200 250,000
3 | Mass Supernate (Kg) 297,540 1,072,500
4 | Mass H>O/Supernate (Kg) 953,300 264,440
5 | Mass Dissolved Solids (Kg) 33,100 119,200
6 | Mass KTPB Solids (Kg) 19,976 19,976
7 | Mass Other Solids (Kg) 13,084 13,084
8 | Total Mass (Kg, 3+6+7) 330,640 1,105,600
9 | Mass as Benzene (Kg) 17,394 17,394
10 | Solids To Bed (Kg, 5+6+7) 66,162 152,262
11 (Siggydigfg;na'”'”g in the Bed 48,768 134,868

Temperature, °C 650 650

Processing Rate (50%,1yr)
Vol Flow Rates

12 | Water (m3/min) 14.0 18.4
13 | Atomizing Gas (m3/min) 2.4 3.2
14 | Benzene (m3/min) 0.064 0.017
15 | Total (m3/min) 16.4 21.6
16 | [Benzene]q (kmol/min)x10° 5.2 1.4
17 ;r}g;a}:nsig;lds Processing Rate 0.95 0.95
18 | proceseing Rate (GPM) 030 039

Steam Rate (mass) = 2 x Supernate rate, Atomizing Gas = 1.16 x Supernate rate

Table A4-1: Conditions for Tank 48H Case Studies
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Proc X Proc
Cases Vol wt% T P KTPB time Tsolids Vv DFB HFB
Kgal | Solids | °C | atm | mol frac | (mos) hr m’ ft ft
1 74 10 650 1 0.9998 6 10-20 0.3 14 6.8
2 250 3 650 1 0.9998 17 10-20 0.3 14 6.8

% The residence time depends on the bulk density of the solids and the bed expansion during fluidization.

Table A4-2: Steam Reforming Calculated Geometry for Reducing Bed for Dissolved and

Insoluble Solids Processing

Cases | Proc | wt% | yapera | T P X Tgas \% Dgg | Hrp
Vol | Solids Rate °C | atm | Fractional S m3 ft ft
Kgal [-] 3 . Conversion
m2/min
74 10 16.2 650 | 1 0.94 6.6 1.8 2.5 13
1 74 10 16.2 650 | 1 0.99 32 8.9 4.2 22
74 10 16.2 650 | 1 0.999 49 13 - -

®Vapor consists of water from the supernates, the fluidizing steam, and the atomizing gas.

Table A4-3: Steam Reforming Calculated Geometry for Oxidizing Bed for Benzene
Destruction
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APPENDIX 5: TANK 48 CONCENTRATIONS

Tank 48H Radiological and Chemical Compositions

Tank 48H contains approximately 250 Kgal of a radioactive alkaline slurry (pH 14) with roughly
2.3wWt% solids (<10 um). The solids consist of a mixture of MST, TPB salts, and entrained metal
hydroxide sludge. The potassium and KTPB and CsTPB) salts resulted from precipitation after
addition of sodium NaTPB.

Slurry Supernate
(dpm/ml) (dpm/ml)
Cs-137 1.01E+09 3.0E+07
Gross Alpha 3.44E+06 NM
Sr-90 7.34E+05 NM
(Mg/L) (Mg/L)
Tc-99 2.26E+00** | 2.26E+00
Th-232 NM | 1.95E-02
Np-237 2.83E-01 | 5.39E-02
Pu-239 4.46E-02 | 2.80E-03
Pu-238 8.82E-02 | 1.77E-02
Pu-240* 5.67E-03* NM
Pu-241* 9.36E-04* NM
U-233 9.44E-02 | 4.94E-02
U-234 4.99E-01 | 3.58E-01
U-235 9.71E-01 5.74E-01
U-236 1.48E+00 | 1.41E+00
U-238 6.16E+00 | 3.62E+00
U Total 6.32E+00 | 6.01E+00
Total Pu 1.36E-01 | 2.05E-02

*The current Tank 48 waste volume is
approximately 238,000 gallons (this value is for
solids only) [CBU-PIT-2005-00046].

Table AS-1: Tank 48 Radiological Characterization Summary
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Tank 48 Chemical Characterization

A Tank 48 chemical characterization has been developed to support material
disposition. In this characterization, values are based on the most conservative of
three recent samples results (Sep-03, Aug-04, and Mar-05). The exceptions are the
concentration of TPB and KTPB, which are based on a statistical analysis of sample
data. Previous calculations show that the amount of KTPB in the tank is in the range
of 19,000 Kg to 26,400 Kg. The statistical analysis indicates that the upper 95%
confidence limit of the KTPB inventory is 21,800 Kg, which is within this range.
Tank 48 Chemical (also called Non-Radiological) Characterization summary is
shown in Table A5-2 [CBU-PIT-2005-00066].
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CONSTITUENT CONCENTRATION ESTIMATE TANK TOTAL
Slurry Supernate | Calc Dry Solids (Kg)
(Mg/L (Mg/L) (Mg/L)
TPB 2.12E+04 <10 2.12E+04 1.94E+04
Calculated KTPB 2.38E+04 NM NM 2.18E+04
Phenol 9.73E+02 7.06E+02 2.67E+02 8.91E+02
BiPhenyl 6.32E+02 <10 6.32E+02 5.79E+02 :.
Triphenylborate (3PB) | 1.62E+02 <10 1.62E+02 1.48E+02 g
Biphenylborate (2PB) | 1.42E+02 <10 1.42E+02 1.30E+02 >
Phenylborate (1PB) | 1.51E+02 <10 1.51E+02 1.38E+02 &
Nitrobenzene <50 <10 NM <4.58E+01 2
Nitrosobenzene <50 <10 NM <4.58E+01 <
o-terphenyl <50 <10 NM <4.58E+01 &
m-terpheny!l <50 <10 NM <4.58E+01
p-terphenyl <50 <10 NM <4.58E+01
benzene 5.6E+01 <10 5.6E+01 5.13E+01
Ag 1.88E-02 2.12E-03 1.67E-02 1.72E-02 -
Pd 9.28E-02 7.37E-02 1.91E-02 8.50E-02 :
Cu 4.0E+00 1.01E+00 2.99E+00 3.66E+00 2
Cd 2.16E-02 1.57E-02 5.90E-03 1.98E-02 =
Hg 2.20E+01 6.73E-02 2.19E+01 2.02E+01 ‘E
Rh 2.30E-01 1.09E-01 1.21E-01 2.11E-01 E
Ru 3.80E-01 2.93E-01 8.70E-02 3.48E-01
B 1.03E+03 4.60E+02 5.70E+02 9.43E+02
Fe 1.69E+02 | <2.14E-01 1.69E+02 1.55E+02 -
K 2.65E+03 2.55E+02 2.40E+03 2.43E+03 <
Na 8.80E+04 | 8.80E+04 -0 8.06E+04 s
Al 231E+03 | 2.31E+03 ~0 2.12E+03 B
Ca 4.30E+01 6.42E-01 4.24E+01 3.94E+01 ig
Cr 7.0E+01 4, 75E+01 2.25E+01 6.41E+01 )
Mn 7.82E+00 3.60E-02 7.78E+00 7.16E+00 E
Mg 2.02E+01 <0.058 2.02E+01 1.85E+01
Ba 3.47E+00 <0.117 3.47E+00 3.18E+00

Table AS-2: Tank 48 Chemical Characterization Summary
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Tank 48 Chemical Characterization Summary (Continued)

CONSTITUENT CONCENTRATION ESTIMATE
Slurry Supernate Calc Dry Solids LA ROA L L
(Mg/L) (Mg/L) (Mg/L)
As <4.6 NM NM <4.21E+00
Pb <2.83E-01 <2.83E-01 NM <2.59E-01
Se <4.8 NM NM <4.40E+00
Co NM NM NM NM
Li 9.9E-01 9.9E-01 NM 9.07E-01
Mo 1.33E+01 9.94E+00 3.36E+00 1.22E+01
Ni <1.5E-02 <1.5E-02 NM <1.37E-02
P 2.41E+02 2.41E+02 ~0 2.21E+02 0
S 3.78E+02 3.2E+02 5.8E+01 3.46E+02 =
Sh 1.15E+01 6.87E+00 4.63E+00 1.05E+01 «§
Si 1.25E+02 6.67E+00 1.18E+02 1.15E+02 @
Sn 2.21E+01 4.92E+00 1.72E+01 2.02E+01 «E
Sr 9E+00 <3.12E-01 9E+00 8.24E+00 <
Ti 8.40E+02 <1 8.40E+02 7.69E+02 =
U 5.31E+00 1.1E+00 4.21E+00 4.86E+00
\Y; 8.89E-01 8.89E-01 ~0 8.14E-01
Zn 1.19E+01 5.41E+00 6.63E+00 1.09E+01
zr 1.47E+00 1.47E+00 NM 1.35E+00
Gd <0.01 <0.01 NM <9.16E-03
La <0.032 <0.032 NM <2.93E-02
Total Organic Carbon 2.14E+04 3.01E+03 1.84E+04 1.96E+04
Br- <91 <8.34E+01
F- 1.4E+01 1.28E+01
Cl- 3.70E+02 3.39E+02
CO,H- 6.80E+02 6.23E+02 -
C,0.* 1.61E+03 1.48E+03 ~
NO, 2.14E+04 1.96E+04 s
NOy 1.34E+04 1.23E+04 3
PO 9.16E+02 8.39E+02 A
SO 5.28E+02 4.84E+02 =
NH,* NM NM E
COs” 4.92E-01 M 2.70E+04
OH 1.34E+00 M 2.09E+04
Total Base 2.49E+00 M n/a
Other Base (excluding CO5%) 2.67E-01 M n/a
Density, g/mL 1.165 g/mL 1.164 g/mL n/a n/a 9
Total Solids, wt% 20.19wt% 17.68wt% n/a n/a £
MST solids, wt% 0.15 wt% <0.0024wWt% n/a n/a g
Totalvlvr;.scg/loubles, 3.05wt% NM n/a n/a fj
KTPB wt% 2.01wt% <0.001wt% n/a n/a &
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APPENDIX 6: ESTIMATING Cs-137 AND TPB IN FILTRATE

To begin the chemical treatment of Tank 48 contents, the Team considered filtration producing a
10wt% slurry as a reaction feed. This step also produces a filtrate containing Cs-137 and TPB.
The Team estimates the amount of Cs-137 and TPB in this stream and the amount of benzene
potentially evolved through TPB degradation. Appendix 4, Table A4-1, and Appendix 5, Table
A5-1 are the source of the numbers used in the following calculations.

As shown in Appendix 5, the concentration of Cs-137 in the tank slurry is about 1.01x10°
dpm/ml with the supernate at 3.0x10" dpm/ml. By filtration, about two thirds of the soluble Cs-
137 is removed and send it to Saltstone. This results in approximately 2% of the Cs-137
processed into Saltstone.

§><3.0><10 —xl.lelOgmxlOO =2%1s

ml dpm

To estimate the amount of benzene that may be potentially evolved, the Team assumed 250
Kgal (11.5x10° Kg) total in Tank 48. This contains about 20,000 Kg KTPB. The weight of
filtrate is 7.7x10° Kg.

The concentration of TPB in the filtrate is too small to measure, as shown in reference PIT-
MISC-0176. To estimate this concentration, the Team recognizes that the solubility of K[B (Cs
Hs)4] is 1.8x10™*M. The solubility product, Ksp can then be defined.

Ksp = [K"] [B(Cs Hs)a4]
= [1.8x10™] [1.8x10™] = 3.2x10°M?

(Note, this does not consider the actual activity coefficients in response to a high ionic strength
solution but is a reasonable first approximation.)

But in the actual filtrate, the potassium concentration is 248x107 g/l, or 6.4x10° mol/l. Thus
3.2x10® M? = [6.4x10°*] [B(Cs Hs)a]

[B(CsHs) 4] = 5.0x10° M

15 Values used for some calculations are made using approximate values based on input from
multiple sources. These approximations do not effect the conclusions or recommendation of the
report.
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This is equivalent to 1.8 Mg/l if the TPB is completely degraded to benzene, much less than the
10 Mg/l which can be measured.

From Table A4-1, the mass of filtrate is:
1,072,500 - 297,540 = 774,960 or 7.7x 10°
Therefore:

y 1Liter ><1.8mg>< 1Kg

7.7x10° Kg : -
1.16 Kg Liter 1x10°mg

=1.195Kg

The total amount of benzene that may potentially be evolved during TPB degradation is 1.2 Kg.

This is in addition to the estimated 877 Kg phenol and 570 Kg biphenyl initially present in the
Tank 48 supernate. This estimate approximates the solution as ideal.
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