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EXECUTIVE SUMMARY

This sludge treatment alternative analysis (STAA) evaluates alternatives for the treatment and
disposi n of sludge from the K East (KE) and K West (KW) Basins. The sludge must e
removed from the basins as part of an interim remedial action conducted in accordance with the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CI CLA).
The results of this STAA will be incorporated into a focused feasibility study prepared to support
the CERC A process and will be used to support selection of an appropriate treatment and
disposition pathway for the sludge.

The sluc~= is highly radioactive because it derives in part from the degradation of spent nuclear
fuel (SNr). Because of this, early evaluations of sludge disposition concluded it the sludge
could best be managed by storing it with other highly radioactive wastes in the inford double-
she tanks (DST) and managing it under the Tank Waste Remediation System (TWRS). When
sludge characterization data became available, it was determined that the sludge would require
substantial treatment prior to being added to a DST to address concerns regarding criticality
control, reactive metals, mmable gas, and polychlorinated biphenyls (PCBs). A chemical
treatment process was developed that would ensure that the treated sludge would meet ST
criteria. This chemical treatment process became the baseline for the SNF Project.

As the chemical treatment system has been developed more fully, it has become clear that the
baseline treatment process will be more complex and more costly than origin: y scoped. These
changes are significant enough to warrant a reevaluation of whether the baseline process should
remain the preferred treatment and disposition option. Additionally, during Hanford Federal
Facility Agreement and Consent Order (Tri-Party Agreement) negotiations, the Department of
Energy, Richland Operations Office, (RL) committed to a reevaluation of treatment and
disposition options for the K Basins sludge to determine if the baseline process is still preferred
given the complexity and cost. This alternatives study is part of the deliverable for this
commitment.

ertain features of the SNF Program and the sludge constrain sludge management and disposal,
rega  sss of the technology used. These constrammo features were critical in develc ing viable
alternatives and‘include the following: A
.. The sludoe must be removed from the basms beommno no later than July 2004 and endmg
" no later than August 2005 to meet milestones established in the Tri- -Party Agreement. This
study assumed that removal of sludge from the basins and treatment occurs within this
13-month window.

e Theslu _e contains a significant quantity of uranium and plutonium, so treatment must
assure nucle criticality safety. '
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e The sludge will be designated as either a TRU waste or a HLW. A final determination has
not been made.- Slu¢ : or fractions thereof designated as TRU waste or HLW cannot be
disposed at the Hanford Site, but rather must be disposed at the WIPP or at the national
geologic repository, respectively.

The sludge contains reactive and potentially pyrophoric and corrosive metals and metal
hydrides, primarily uranium and a zirconium alloy. Treatment must address reactivity,
pyrophoricity, and potential for corrosivity.

e The sludge rrates hydrogen gas. The generation, accumulation, and release of h: ™ »gen
gas must be trolled.

e It is assumed that the sludge contains TCLP metals at concentrations that cause the sludge to
be designated as a mixed waste, thus the sludge must be managed in accordance with the
state Dangerous Waste Regulations.

e The sludge is designated as a PCB remediation waste and is regulated under TSCA. leither
TWRS nor the national geologic repository can accept TSCA-regulated waste. A risk-based
approach that requires PCB treatment is used to exit TSCA regulation.

e The sludge removed from the basins will not be homogenous. Sludge characteristics vary
depending on source (e.g., floor sludge is significantly different from canister sludge) and a
treatment system or systems must be sufficiently robust to handle the range of characteristics
in differ. : feed streams.

A value engineering workshop attended by Hanford program representatives, DOE-RL, and the
Environmental Protection Agency (EPA) was conducted to :ntify potential treatment and
disposition options and is: 2s, including options other than DST storage and TWRS
management. Options identified in the workshop formed the starting point for identifying
alternatives evaluated in the STAA.

‘The alternatives evaluation initially focused on the segregation strategy defined at the
alternatives selection meeting. The segregation strategy was based on utilizing different

.- disposition paths for the low-activity streams (i.e., low TRU streams-consisting of floor and pit
sludge) and the high-activity streams (high TRU streams consisting of canister and fuel wash
sludge). The key disposition option identified for the low-activity streams was precluded due to
the requirement for excessive dilution to produce a non-TRU waste form suitable for ERDF
disposal. Additionally, the complexity of the sludge eliminated the “one-step process” located
within the Basins option for the high-activity streams. Therefore, the treatment selections were
adapted to a process robust enough to deal with the full spectrum of the feed stream envelo] .

Six sludge disposition options, including the baseline chemical process, for the K Basins sludge
were evaluated. These six alternatives involve size segregation and/or size reduction process
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steps to meet treatment, storage, or disposal criteria. Apart from the baseline chemical and
grinding/milling optic s, the other alternatives involve segregation of the sludge in the basin
prior to treatment for the separate processing and disposition of the organic ion exchange resin
(OIER) beads, materials less than 250 nm (feed type A) and materials greater than 250 um (feed
type B). The OIER are delivered as a segregated batch for grouting in the facility. In the baseline
chemical option, comparable segregation of the OIER occurs at the treatment facility as the first
step in the process and is then combined with the insoluble solids for eventual grouting. The
alternatives asst e the OIER and insoluble solids would be treated to meet the disposal criteria
at the ERDF. If, however, the ERDF criteria cannot be met, the grouted waste would be
disposed at the WIPP or another offsite disposal facility as appropriate for the waste designation.
No segregation steps prior to treatment are required  the grinding/milling alternative. The six
alternatives considere are:

Baseline che "zal: The = 'ine CI ical Al 1ative would treat the sludge by separation of
the OIL _. prior to dissolution, d  olving the fuel constituents in nitric acid, separating the
insoluble  1terial, adding neutron absorbers for crit  lity safety  acting the solution with
caustic to co-precipitate the uranium and plutonium, and neutralize the solution. PCB treatment
would be achieved by a combination of volatilization and separation of undissolved solids. The
undissolved solids and the ion exchange media would be treated to reduce the transuranic (TRU)
and "*’Cs content, stabilized in a grout matrix, and transferred to the Environmental Restoration
Disposal Facility (ERDF) for disposal. The treated slurry would be transferred to a DST for
eventual processing with other Hanford tank waste at the planned vitrification facility. The
LAW and HLW produced would then be disposed in Land Disposal facilities and at the geologic
repository, respectively.

Modified Chemical: The Modified Chemical Alternative would treat the sludge by grouting the
O R, dissolving the sludge (feed types A and B) in nitric acid, separating the undissolved solids
and grouting, adding neutron absorbers for criticality safety, reacting the solution with caustic to
co-precipitate the uranium and plutonium, and neutralize the solution. PCB treatment would be
achievedby a cc  ination of volatilization and separation of undissolved solids. Compared to
the baseline process, use of polishing filters and leaching of resins/undissolved solids were
eliminated. Elimination of the leaching step simplifies the process but produces a larger volume
of secondary waste. The treated slurry would be transferred to a DST for eventual processing
with other. nford tank waste at the planned vitrification icility. The LAW and HLW
produced would then be disposed in Land Disposal facilities and at the geologic repository,

‘respectively. The solidified OIER and undissolved solids are disposed of at the ERDF.

Grinding/milling: The Grinding/Milling Alternative would treat the sludge by reducing the
sludge particle size through fracturing/mechanical abrasion and accompanying oxidation
reactions of any metallic uranium in water. Treatment would include, grinding the sludge
(including OIER) to oxidize metallic uranium and reduce particle size, recycle or separate
oversize material, adding neutron absorbers and chemical adjustment of the slurry. The oversize
material and OIER would be sol fied and disposed of at the} DF. PCB treatment would be

il
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achieved primarily by adsorption of the PCBs onto the polyurethane liner of the grinder. The
treated slurry would be transferred to a DST for eventual processing with other Hanford tank
waste at the planned vitrification facility. The LAW and HLW produced would then be disposed
in Land Disposal facilities and at the geologic repository, respectively.

irect Vitrification: The Direct Vitrification Alternative would treat the sludge by grouting the
OIER, delivering type A feed directly to a melter feed tank, dissolving type B feed in nitric acid,
removing undissolved material for grouting, feeding dissolver solution to a melter feed tank,
sugar denitration of the acidic solution, and glass former additions. Glass would be poured
directly into 3m high stainless steel canisters of the type used by DWPF. The remote-handled
glass canisters would be placed in modular storage units for interim storage at the CWC and
ultimately disp« d in the ~=ologic repository. Oversize material separated from the ssolver
solution would be washea with nitric acid, rinsed and then grouted into drums for disposal at the
ERDF. PCBs would be vc ttilized or destroyed during treatment. This option was evaluated
assuming a borosilicate waste glass formulation melted in a low-temperature joule-heated
ince 2l electrode refractory lined melter. However, an evaluation of various melter technologies
would be required to select the most appropriate technology for the application.

Calcination: The Calcination Alternative would treat the sludge by grouting the OIER, delivering
type A fee:  rectly to a calciner feed tank, dissolving type B feed in nitric acid, removing
undissolve  aterial for grouting, feeding the dissolver solution to the calciner feed tank. PCBs
would be volatilized or destroyed during treatment. The calciner would be a continuous rotary
calciner. The calcine material would be packaged into 1 gallon cans and placed into a 21-can
shielded overpack (contact handled package) for interim storage at CWC and ultimate disposal at
WIPP. Oversize material separated from the dissolver solution would be washed with nitric acid,
rinsed and then grouted into drums for disposal at the ERDF.

Grouting: The Grouting Alternative implements the same segregation of sludge in the basin as
previously described. However in this alternative, the OEIR beads would be combined with e
materials passing the 250 um screen to form type A feed to the facility. Feed Type A would be
subjected to a hot water oxidation step to oxidize any small metal particles. Feed type B would
be delivered to a screen in an argon-inerted cell where the water used for transfer would be
drained, the particles calcined in batch furnaces, and the calcine pneumatically transferred to the
grout feed tanks located in an adjacent nitrogen-inerted cell. The slurry in the feed tanks would
be sampled, analyzed and then delivered to a mixing tank where the sludge would be mixed with
grout formers and pumped into remote-handled (RH) canisters to meet the WIPP waste
acceptance criteria. The PCB concentrations in the final waste form would be less than 50 ppm.
The filled RH-canisters would be sent to the CWC for interim storage then shipped to the WIPP
for fini disposal.

Table ES-1 summarizes some of the main features of the different alternatives

iv
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The current SNF Project baseline includes the assumption that the sludge treatment process
would be performed within the CVDF. During the performance of this study, a separate siting
study (currently in dri  form) developed information that indicates the CVDF may not be
suitable for this service. The key reason is that the CVDF does not have adequate shielding, and
the existing floor slab cannot support the weight of the required shielding.

Discussions with SNF Operations and Engineering staff were held which concluded that there
was insufficient space in the basins for all options with the possible exception of grinding. For
the grinding option, a portion of the fuel and racks would need to be removed to make room for
installation. In addition, the grinders would need to be installed through roof penetrations due to
the inadequate capacity of the monorail system. Construction at the site to prepare for the

inding/milling process would impact scheduled operations in removing fuel and debris from
the basin resulting in a delayed schedule. For this reason, processing in the basin was not
pursued. However, it is believed that the initial screening and elutriation operation can fit within
the basin an this was added to several of the options to reduce hot cell space in the processing
facility. Based on these conclusions, a newly-constructed, shielded facility was assumed for
evaluating all processes. The ultimate decision on selecting the processing location will be made
in the siting study.

Detailed information was develop¢ for each of the alternatives. This information entails;
consideration of the technologies necessary for the implementation of the process steps,
development of process flow sheets designed to meet process and disposition constraints,
preliminary hazard analysis for each process, preliminary lay-out of stand-alone processing
facility requirements, maintenance requirements, and parametric life-cycle cost estimates (i.e.,
equipment, procurement, construction, transportation, interim storage, and final disposal).

Once the alternatives were fully developed, each alternative was assessed with respect to
evaluation criteria. Using the CERCLA evaluation process as a starting point, six criteria were
identified against which the alternatives were evaluated. A consensus process involving Numatec
Hanford Company (NHC), Fluor Daniel Hanford (FDH), DOE-RL and EPA was used to develop
these criteria and assign the weighting factors. The criteria and weighting factors were:

Reduction in toxicity, mobility, and volume through treatment (5%)
Short-term effectiveness (10%)
Near-term implementdbility (30%).
Long-term implementability (5%)
Near-term cost (40%)

e Long-term cost (10%)

-

vi
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The ranking for the Baseline and Modified Chemical Alternatives score higher in near-term
implementability due to higher scores for technical maturity and feasibility. Part of this score is
due to the fact that laboratory tests using actual and simulated K Basins sludge have
demonstrated that chemical treatment could meet the applicable DST and ERDF waste
acceptance criteria. Additionally, similar chemical treatment processes have been used
extensively to process like materials at the Hanford site. Calcination and grouting were also
highly rated and score competitively with the modified chemical option. Calcination and
grouting have not been tested using actual K Basin sludge and therefore more extensive
development work compared to the chemical process may be required. It is also uncertain
whether all of the calcined or o1 = " sludge could be disposed at the WIPP because of
uncertainty about the radioactive designation .. XU waste versus HLW). Reworking solidified

s | would be technically difficult. It would be technically feasible to rework calcined sludge,
but there would be an impact on long-term cost. There is an additional uncertainty as to whether
a dispersible particulate waste, suc  as calcined sludge, could be transported to WIPP.
Vitrification was assessed to be the most complex process of all the alternatives and difficult to
implement due to the variation in sludge composition. Vitrification also as the added uncertainty
of the repository accepting all of the glass waste product as HLW. While grinding/milling would
provide a relatively simple process for the treatment of sand, OIER, and oxides it has not yet
been demonstrated to be capable of safely and successfully reducing irradiated uranium to meet
the TWRS acceptance criteria. In the absence of an experience base with this option,
uncertainties in design (e.g., processing rates and logistics); safety (e.g., hydrogen generation,
criticality), and uncertainty in whether further treatment to reduce PCB concentrations are
required, resulted in a low near-term implementability score for this alternative. If test data were
obtained for processing and reaction rates, and particle size distributions the grinding score may
improve considerably.

The chemical processes also rank higher because of low near-term costs and partly because of
the low weighting on long-term costs. As a result, substantial costs associated with processing
and disposing an increased volume of LAW glass due to the sodium sent to TWRS, are weighted
lighter than nei term costs. In addition, the TWRS interim storage options are aided by the
conclusion that when blending with a high zirconium tank sludge there is no cost impact to HLW
vitrification or disposal. Calcination and grouting again score competitively with the chemical
processes. Life-cycle costs for these options are the lowest of all alternatives. "Vitrification
scored lower due-to high eostseassociated with expected higher costs for equipment and safety
-documientation. Significant costs are also expected for the waste form qualification for a stand-
alone facility producing a unique glass from K Basin sludge. The ranking for grinding/milling
was also low due to high near-term costs associated with testing and development, and safety -
documentation. Long-term costs, however, are reduced substantially over the chemical
processes because of the dec  1se in sodium volume to TWRS.

The selected weighting factors make the final ranking most sensitive to the scores for near-term

implementability and near-term cost. A sensitivity analysis indicates that moderate changes in

the weighting factors and/or individual category scores would cause the ranking to favor

calcination or grouting indicating there is little distinction between the rankings for calcination,
viii '
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operations of a treatment system to process the entire volume of sludge per the current Tri-Party
Agreement milestones. Some uncertainties are contingent on the currently imposed constraints
and requirements. Additionally, near-term funding requirements would need to be increased to
expedite definitive design activities for a single treatment process option. Increased funding
would not ¢ iport the objective of maintaining consistency with the current budget requirements.
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2.1 SCOPE

The scope of this study was primarily limited to those requirements and alternatives recommended by
stakeholders in a meeting held 9/24 - 25/98 (Miller and Pearce1998). At this meeting, stakeholders
identified candidate treatment technologies and disposition options to be evaluated for the K Basin
sludge. Key representatives from SNF, TWRS, DOE-RL and EPA were also challenged to identify
waste acceptance criteria that could potentially be altered.

Evaluation of the alternative sludge treatment/disposition options involved an array of activities
resulting in the identification of the optimal disposition strategies for the K Basin sludge in terms of
cost, scope, and schedule. These activities involved the evaluation of waste storage, treatment, and
disposal options in the context of cost, scope, and schedule, and requirements associated with
environmental regulations, safety, and protection of worker and public health. The key activities in this
effort included the following:

e Define the design requirements and capabilities of the alternative treatment technologies

e Assess the viability of treatment designs in the context of interim and/or final storage acceptance
criteria

e Define the assumptions and screening/decision criteria to be used in evaluating the alternatives

o Initial screening (down selection) of alternatives against set of screening criteria

e Develop a pre-conceptual study level description of the alternatives

¢ Evaluate the alternatives individually against the decision criteria

o Evaluate viable alternatives against one another by applying weighted decision criteria to each
alternative

e Investigate waste acceptance criteria that could be potentially altered or further evaluated to reduce
complexity and cost of treatment

¢ Recommend options that best satisfy the evaluation criteria.

Evaluation of the alternatives investigated in this study was based on design information using the best
available literature, engineering and vendor studies. Laboratory proof—of—pnn01ple tests were not
included in the scope of this study.

This evaluation included consideration of life-cycle impacts of utilizing various approaches for
dlsposmonmo the K Basin sludge. Accordmgly, the evaluation considered the potential impacts of
alternative appreaches to treatment -interim ‘storage, and final disposal of the treated sludge. The
evaluation does not address alternatives for sludge collection and removal from the basins. Potential -
modifications to requirements imposed by outside agencies, waste acceptance criteria established by
the ERDF, WIPP, or geologic repository was also not included within the scope of this evaluation.

2.2 REQUIREMENT ISSUES

Two of the most important requirements in this study initially were the TWRS waste acceptance
requirements for criticality control and those associated with constraints imposed by TSCA regulation
of wastes containing PCBs. In the September 1998 meeting, it was pointed out that a sensitivity
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analysis was performed by a team of off-site criticality experts to identify conservatism of criticality
assumptions used by TWRS.

The current  WRS acceptance criteria established for the purpose of criticality control include strict
limits on waste characteristics such as particle size. This study includes a review of the TWRS
criticality safety criteria based on a sensitivity analysis and feedback from off-site experts on the
approach - rently used for development of the criticality safety evaluation report (CSER) for transfer
and storage of the : 1dge in a DST.

The disposition options for the sludge were initially restricted by issues related to the presence of PCBs
in the sludge ° levels potentially exceeding regulatory (TSCA) limits. Recent changes in the
regulation of wastes containing PCBs have impacted some of these restrictions. EPA’s interim
guidelines, for the purpose of this evaluation, focuses on regulating the PCB levels of the sludge after
rather than before, treatment, and prior to transport to another facility. This development has important
implications on the disposition strategies, on costs, and even on the extent of TSCA regulation. This
study a resses options for resolving the PCB issue based on the 40 CFR 761.61 provision for the nsk—
based management of PCBs.

3.0 PREVIOUS ANALYSES OF SLUDGE DISPOSITION OPTIONS

Over the last four years, much effort has been expended in evaluating the handling, management and
disposition of the K Basin sludge.

In 1994, an evaluation of potential disposition alternatives and the impact of related regulatory and
permit requirements was made by a team comprised of Westinghouse Hanford Company (WHC),
Pacific Northwest National Laboratory (PNNL), and Scientific Application International Corporation
(SAIC). The assessment showed that the disposition path is dependent on the classification of the
sludge (i.e., as SNF, radioactive waste, or mixed waste) and that the floor sludge and canister sludge
should be considered separately. A recommendation for classifying K Basin sludges was submitted to
DOE in 1995 (Fulton 1995a). The recommendation is 1) to manage the sludge as SNF while in the K
Basins, 2) once the sludge is removed from the basin, it should be managed as a waste consistent with
characterization results, and 3) sludge remaining in the multi-canister overpacks MCOs) should
continue to be managed as SNF. DOE concurred with the sludge classification approach and requested
that sludge disposition consider the option of desludging the canisters as-the in-situ desludging offered
" potential savings in project costs (Hansen 1995a).

Studies were completed on the alternatives for sludge treatment options in January 1995 (PNL 1995).
As a further i1 ut to help validate the recommended path forward, an independent review team was
assembled which reviewed technical consistency of the path forward with existing Hanford
infrastructure, and viability of the path from a strategic management perspective (Fulton 1995b). The
evaluation included; 1) grouting and vitrification treatment processes for sludge classified as waste, 2)
calcining and drying treatment processes for sludge classified as SNF, 3) waste disposal paths

ava ble at Hanford and 4) whether to continue to manage the sludge as fuel or to disposition it as
waste. The recommended plan was to classify the bulk sludges (floor and pit) as waste upon removal

4
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from the basins. Final disposition of the bulk sludges included two options: transferring the sludges to
the Hanford double shell tanks or | cing the sludge into a form appropriate for solid waste storage
and/or disposal. Fuel canister desludging, if required for stabilization, would add additional material to
the bulk sludge waste stream. DOE approved this strategy as the baseline disposition path June 1995,
with the request for resubmission of a definitive sludge disposition strategy (Hansen 1995b).

At the time this evaluation was conducted, sludge characterization data was limited to a few samples of
KE Basin sludge. Therefore, the next major step in establishing the actual disposition path was
characterization. Parallel to the characterization process, ongoing studies collected additional data
associated with solid waste and tar  farm disposal. In late 1995, budget constraints led to the decision
to realign the disposal options in a serial path rather than parallel paths and proceed at risk with the
TWRS disposal option. This approach was baselined in the FY 1996 RL approved Multi-Year
Program Plan (MYPP).

In April 1996, characterization data was av lable for the floor and pit sludge (Makenas et al. 1996).
This data was used to establish waste stream profile sheets (WSPS) which were used by TWRS to
perform the waste compatibility assessmer  The assessment compared compositions of the sludge
waste, receiver tank (AW-105) contents, and transfer conditions to TWRS operations, safety and
environmental acceptance criteria.

In May 1996, TWRS and SNFP signed al! :morandum of Understanding (MOU) to describe the
process for determining acceptability of K Basins sludge into the TWRS DST system (Fulton 1996).
This MOU directed that survey of alternative storage locations for the K Basins sludge be conducted,
anticipating its use as feed for Phase I Privatization. A two-day workshop identified a list of fifty-three
potential options that were further refined to a short list of six options (NCAW tank, NCRW tank, Iso
tanks, shielded container, rail car, upgrade K Basins) focused on sludge storage. The survey confirmed
the choice of a Neutralized Cladding Removal Waste (NCRW) DST as the preferred K Basins sludge
storage location. The key selection factors were schedule and cost drivers. Any alternate storage
would have to satisfy all the confinement, safety, monitoring, transfer, permitting, and documentation
requirements currently satisfied through the use of DST. It was also determined that the K Basins

sludge does-not meet the Privatization Envelope D Feed Specification without some blending (Truax
and Gerber 1996).

Because of the unique characteristics of the KE Basin sludge (for example, high percentage of solids,
large particles, and quantities of PCBs ex:  2ding TSCA lirhits) disposal issues outside those normally
considered by TWRS for waste receipt and storage wete identified. Analysis of safety, waste
compatibility, retrievability, transport, and immobi_lization aspects identified a number of issues that
require adjustment of sludge characteristics prior to acceptance of the K Basin sludge into the DST
system. These issues resulted in a list of 17 items requiring action or resolution for tank farms to
receive the waste (Bacon 1996). A major effort was initiated in Fiscal Year 1997 to resolve or identify
action plans for closing out the technical and safety issues identified by the waste compatibility report.
Evaluation of the key issues established that pre-treatment of basin sludge would be required prior to
tank storage to ensure safety and vitrification process performance. Pre-treatment processes must be
performed to control sludge particle size, waste stream pH, neutron absorber characteristics, chemical



















HNF-4097, Rev. 0
5.0 REQUIREMENTS, CONSTRAINTS, AND ASSUMPTIONS

Requirements, constraints, and assumptions are used to formulate alternate concepts. Since all viable
options must be capable of complying with the requirements and constraints, the lists provided in
sections 5.1 and 5.2 were used as a screening tool to eliminate some concepts from consideration.

5.1 REQUIREMENTS

Requirements are internally (under purview of PHMC contract) derived criteria. If sufficient
justification is developed (e.g., program cost minimization, re-analysis, schedule improvement, etc.),
these criteria can be modified. This section provides discussion of the results of challenging the
TWRS waste acceptance criteria (section 5.1.1) and the PCB regulatory strategy (section 5.1.2).
Section 5.1.3 provides discussion of general requirements.

5.1.1 TWI Waste Accef’ 1ce " iteria C' llen

The TWRS criticality limits represent standard criticality  fety assumptions and, with the exception of
particle size, do not afford much opportunity for reducing conservatism. Review of the sensitivity

- analysis and feedback from off-site experts on approach that is currently being used for development
of the CSER found that the analysis ist  overly conservative and recommended that a 0.10
administrative margin (not 0.05) be used for criticality calculations of K Basins sludge in the Hanford
waste tanks. The standards specify that a larger margin is required if validating experiments, close to
the case being evaluated, have not been d¢  =. Runs have currently only been done on aqueous
solutions an none with solutions containing iron. The review also verified that the calculations are
correct.

The particle size issue, however, leading to the assumption of a threefold increase in the plutonium
concentration may be examined more closely. Because transfer of K Basin sludge to tank farms is
several years away, an opportunity presents itself for confirming the suspected plutonium behavior by
laboratory analyses. If it can be shown that plutonium does not preferentially segregate, the particle
size limit of 10 * m could potentially be increased.

Decreasing the particle restrictions for criticality could reduce quantity of iron to be added thus
decreasing volume of slurry to be transferred to TWRS (fewer shipments decreases transport costs).
Unit operation steps for the chemical processes would not be affected, as the sludge would still be
required to meet the pyrophoric limit.

For purposes of this study, it is assumed that the waste acceptance criteria established by TWRS are
valid and must be met. Examining the TWRS criteria requires further analysis and is outside the
planned scope of this document.

5.1.2 PCB Regulatory Strategy Chall. ged

The current PCB regulatory path requires treatment of the sludge to the point that it is no longer
TSCA-regulated or less than 2 ppm solids (and 0.5 ppb liquids) before it is moved to another facility.
Investigation of provisions now allowed by 40 CFR 761.61 led to the following assumptions used in
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this study for alternatives other than the baseline. The baseline chemical alternative has been
developed to achieve the TSCA treatment limits (of 2ppm in the solids and 0.5 ppb in liquids) and
therefore, does not rely on modification of the PCB strategy.

L and SNFP intend to use the risk-based approach allowed by the TSCA Disposal Amendments to
address the PCBs. EPA endorses the use of the risk-based approach for the sludge. There are two
basic components to the risk-based approach. The most critical component is a demonstration that,
without any treatment, the total mass of PCBs in the sludge is so low that they do not present a risk to
human health or environment. The second component is a requirement to incorporate into the sludge
treatment system a process or technology that removes or destroys PCBs. The selection of a process or
technolc 7 can be based on general PCB guidance and literature. Process testing with actual or
simulated K Basins sludge for purpose of demonstrating that PCBs will be removed or destroyed will
not be required. Furthermore, there will be no specific performance standards for sludge treatme
relative to PCBs, nor will there be a requirement to sample and analyze for PCBs after treatment. ..ie
off-gas, however, would have to be treated to ensure that emissions contain less than 10 um/m3 PCBs.

Work with the downstream waste management facilities to modify their waste acceptance criteria to
receive the sludge as a TSCA-regulated waste has not been pursued and therefore, the risk-based
approach discussed previously is assumed to be the new PCB regulatory strategy (Gerber 1999).

5.1.3 General Requirements

The following general requirements must be satisfied for all alternatives:

. Contaminated Sludge: 7 = treatment system must be capable of handling K Basin
1dge feed streams with the characteristics specified in Pearce et al. (1998).

. PCB Emissions Requirement: The sludge treatment offgas system must limit emissions
to 10 micrograms per cubic meter (Boomer et al. 1988).

» - TSCA Disposal Requirements: Specific performance standards for sludge treatment
relative to PCBs are not required, nor is there a requirement to sample and analyze for
PCBs after treatment. The treatment process only has to indicate that PCBs can be
“reduced.”

. Interim Storage Acceptance Criteria: The alternative must produce a product which
meets the applicable interim storage acceptance criteria. Table 5-1 summarizes the .
requirements for the interim storage locations (DST, CWC).

. Storage Availability: The interim storage facility shall support the scheduled operation
of the sludge treatment system. Sludge removal/treatment begins July 2004 (TPA
milestone).

. Storage Capacity: The interim storage facility must be capable of providing interim

storage for the waste volumes produced.
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Final Disposal: All waste streams (primary and secondary) must have a well-defined
disposition path from treatment to final disposal and meet the applicable acceptance
criteria. Section 5-2 summarizes the constraints imposed by the final disposal facilities
(ERDF, WIPP, and geologic repository).

Safety: An alternative must ensure nuclear and operational safety. The K Basins
sludge contains plutonium, metallic uranium and uranium hydrides, and radioactive
fission products. In addition, the sludge contains some organic resin. These properties
will require addressing criticality, pyrophoricity, gas generation and retention, metal-
water reactions, and reactive organic constituents.

13
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. The KW Basin floor/pit sludge is expected to be non-TSCA waste based on process
knowledge.

. DOE has determined that the sludge will be managed as a waste rather than as SNF when it is
removed from the basins (Wagoner 1996).

. The sludge transfer mechanisms being evaluated for the chemical baseline process are assumed
applicat : for the alternatives.

. A treatment systems are size such that the throughput rate meets a 13-month processing
window.
. The treatment facility must e capable of supporting start of sludge Operational Readiness

Review (April 2004).

. 1e treatment facility shall be des  ed to include remote operation and handling of waste
packages.

. TWRS does not require new tanks to store treated K Basin sludge

. Worker exposures will be within limits set by regulatory/DOE requirements

6.0 IDENTIFICATION AND INITIAL SCREENING OF ALTERNATIVES

In the following sections, the different alternatives for sludge disposition (i.e., pretreatment, interim
storage and final disposal) are discussed and screened. The alternatives were generated by
brainstorming and are documented in Miller and Pearce (1998). The altemnatives generated at the
brainstorming meeting primarily centered around segregating the sludges into low-activity streams
(floor and pit sludge) which have a low TRU concentration fraction and high-activity streams (canister
and fuel wash sludge) which have a high TRU concentration fraction. The interest in segregating the
streams was the expectation that a simple, relatively inexpensive process, could be developed for
treating the bulk sludge (fle - and pit sludge accounts for 73 wt% of the total sludge in the basins) and
a less complex (less equipment, smaller treatment facility, decreased processing times, and so forth)
process could be identified for the smaller mass of high-activity sludge. The alternatives brainstormed
were thought to be one-step processes that could potentially be located in the Basins, thus eliminating
need for new infrastructure. It was acknov :dged that this may not be possible and therefore, new
infrastructure could be the main driver for cost in all cases.

Additionally, if the final disposal site identified for the low-activity streams has less stringent PCB
requirements (i.e., solids containing PCBs accepted at the ERDF), this could alleviate the regulatory
constraints imposed on the bas¢ ne treatment option. The high-activity streams are non-TSCA waste,
therefore the processing steps for treating the PCBs could be eliminated and thereby further
simplifying the treatment process for the high-activity sludge streams. The segregation approach
would disposition the low-activity streams using a different treatment, interim storage, and disposal
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path than that identified for the high-activity streams. To define the alternatives >r the segregated
streams, a disposition option for the low-activity streams would be paired with a disposition option for
the high-activity streams.

Alternatives were also generated for sludge disposition paths which would not require segregation of
the sludge streams. For these alternatives, all of the sludge streams would be dispositioned through a
common tre: nent (for example, grouting, calcination, vitrification), interim storage, and dispos
path. Following is the list of options generated for disposition paths that rely on segregating the K
Basin sludge streams and those which do not rely on segregation:

Segregation Options:

. low activity streams—> groutir ~ 2 ERDF

. low activity streams—=> grouting>CWC-> WIPP

. high activity streams=>modified chemical > TWRS-P/DST storage>TWRS-P
Treatment—> Repository

. high activity streams—>grinding/milling>TWRS-P/DST storage-> TWRS-P
Treatment—>Repository

. high activity streams—>hot water oxidation2>TWRS- P/DST storage> TWRS-P
Treatment—> Repository

. high activity streams=> vitrification (frit)>TWRS-P/DST storage > TWRS-P
Treatment—> Repository

. high activity streams=> vitrification>CSB/CWC storage->Repository

. high activity streams—>calcination>TWRS-P/DST storage>TWRS-P Treatment->Repository

. high activity streams-->calcination>CSB/CWC storage—> Repository

Non-segregation Options:

. n .ed high/low streams—>grouting> CWC->WIPP

. high/low streams—=>TWRS-P storage>TWRS-P Treatment->Repository

. high/low streams—>pretreatment>TWRS-P/DST storage>TWRS-P Treatment—>Repository
. high/low streams—> pretreatment—>CSB/CWC storage—>Repository/WIPP

The first step in the evaluation process was to assess whether an alternative would meet the applicable
constraints and requirements (as defined in Section 5.0 of this report) and if they did not to screen them
from further consideration. Section 6.1 provides the conclusions of the screening process and Section
6.2 provides a list of the alternatives to be considered further.

> TWRS Privatization Project (TWRS-P). Refers to those options sending treated or untreated sludge
to the TWRS Phase I Treatment Facility.

18




HNF-4097, Rev. 0
6.1 SCREENED ALTERNATIVES

6.1.1 Grouting to ERDF

This is not a viable alternative, as it does not meet the constraints established in Section 5. This option
considers solidification of the low-activity sludge streams, only, in a cementitious grout and then
disposal of = grouted waste form at the ERDF. Assuming the final grout density is 1.76 g/em’ (i.e.,
no aggregate), and the as-settled sludge is slurried 1:1 by volume with water to enable transfer, the
increase in volume would need to be a factor of 25 to 65 to reach 100 nCi/g. There is no technical or
regulatory reason to use such a high ratio of additive; solidification could be achieved at much lower
ratios. This option was dropped from further consideration because it will not meet the ERDF waste
acceptance criteria for a non-TRU waste w 1out high additive ratios. The addition of additive solely
for the purpose of making the final waste form non-TRU is inconsistent with current DOE and
regulator policy. The detailed analysis of t s option is provided in Appendix A.

6.1.2 Treated Sludge to TWRS Phase I Treatment Facility Option

This is potentially a viable alternative but will not be considered further because a comparative
evaluation of this alternative against the others cannot be made due to inadequate information available
at the time of this study. This option included treating the sludge before sending the high-activity
sludge to the TWRS Phase I Treatment Facility for interim storage or direct feed to the vitrification
plant. The most technically feasible approach for this option would be construction of a new facility
for receipt and transfer of sludge. The sludge would be transferred as a slurry via a dedicated pipeline
from the new facility to the TWRS Phase I Treatment Facility vitrification plant. Therefore, if the
treated sludge resulted in a calcined or glass (frit material) waste form, the waste would have to be re-
wetted. To fully evaluate this option the following issues need to be resolved: design and cost of new
facility, negotiation change with privatization contractor, schedule impacts, definition of acceptance
criteria for all possible waste forms (liquid, calcine, frit).

6.1.3 Untreated Sludge to TWRS Phase I Treatment Facility

This is potentially a viable alternative but will not be considered further in this study because the
assumption of relaxed acceptance criteria for storage of untreated sludge in a new TWRS Phase I
Treatment Facility storae tank will not be verified within the timeframe required for completion of
this analysis. This alternative was envisioned to send untreated sludge to a TWRS Phase I Treatment
" Facility storage tank and allow the TWRS 1ase I Treatment Facility to treat the sludge for direct feed
to a melter. If evaluation of the need for additional tanks within the Waste Disposal Division (WDD)
program indicates that additional tank capacity is required, consideration of the K Basin sludge in
design of those tanks could be advantageous. The new tank criteria could be more flexible depending
on the design (could be designed to be geometrically favorable for criticality prevention) and
capabilities of the new tank (mixing system that could mitigate flammable gas concems).
Additionally, a possible cost advantage cot 1be realized by building a reusable facility run by one
organization. A study on need for additional tank space is being conducted for the TWRS Phase I
Treatment Facility however, it does not include consideration of the K Basin sludge. The acceptance
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criteria for interim storage in a new tank have not been established (a safety analysis for the WRS
Phase I Treatment Facility storage tank is required). This option is eliminated from further
consideration in this study because treatment would be required.

6.1.4 Hot Wa - Oxidation

In this alternative, the sludge is treated by oxidation of metals and metal hydrides in water at elevated
temperatures followed by interim storage in an existing DST. Final disposal would be at the geologic
repository via the Phase II high :vel waste melter. The reaction time to oxidize a 6350 um uranium
particle in water at 100°C is estimated to be 2557 hours (107 days). If each batch of sludge (215 total)

1S od, the num!  of oxidation tanks operating in parallel to meet the 13-month
p1 « sive. However, by segregating the sludge into several size fractions the
nt | greatly 1 (14 total).

Con ared to the nitric acid flowsheet the hot water oxidation with grinding option would replace
screening/elutriation, two dissolvers, a centrifuge and polishing filter with screening, 14 hot water
oxidation tanks, a grin :r and hydrocyclone separator. It is expected that the hot water oxidation
process would involve additional complexity in demonstrating compliance with TWRS size
specifications. The hot water oxidation would reduce the amount of sodium sent to TWRS (no need to
neutralize nitric acid with NaOH) resulting in a long-term savings in LAW glass volume. In addition,

ie hot water oxidation process would have a lower volume of secondary sludge waste to dispose.
These savings wou | be partially offset by the additional sodium introduced during caustic sludge
washing in the DST due to the additional solids sent to TWRS (ground sand, zeolite, OIER).

The hot water oxidation option was discounted for further evaluation because it was judged at the 7-
fold increase in oxidation tanks compared to dissolvers would increase the hot cell size and increase
the initial facility cost. There does not appear to be any significant benefit to offset the higher initial
cost. In the evaluation, near term costs are weighted 4 times higher than long term costs so that if the
alternative were evaluated, it is unlikely that the savings would be sufficient to offset the higher initial
cost. Hot water oxidation, considered alone, was screened from further consideration. However, the
approach was used within the grouting - CWC =2 WIPP alternative to oxidize the metallic uranium
particles in the fine solids fraction prior to grouting. Detailed analysis of this option is provided in
Appendix B.
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6.2 ALTERNATIVES TO BE EVALUATED

The non-segregation strategy where all of 1e sludge streams are processed using the same disposition
path for treatment, storage, and final disposal was carried forward. The six alternatives considered for
further evaluation are as follows: '

. baseline chemical >DST storage>TWRS-P Treatment->Repository
. modified chemical >DST storage>TWRS-P Treatment—>Repository
. grinding/milling>DST storage=>TWRS-P Treatment->Repository

. vitrification>CWC storage> WIPP/Repository

. calcination>CWC storage-> WIPP/Repository
. grouting—> CWC storage> WIPP

7.0 DESCRIPTION < ALTERNA..V.3 . < .. REEVALUATION
For «ch altemnative, the following tasks were performed to support the evaluation process:

- A process flow sheet was developed tc 1eet the applicable constraints and requirements of the
downstream waste management facilities (i.e., WRS, ERDF, the repository, and WIPP).

- Technologies necessary for the implementation of the process steps were selected

- A preliminary hazard analysis was performed for each of the alternatives

- Maintenance concepts were defined and a preliminary layout of the processing facility was
developed.

- Parametric cost information associated with the treatment facility, transport to interim storage, final
treatment and final disposal was evaluated. Costs were considered for the entire life cycle of each
sludge disposition alternative.

The alternatives are described in Sections 7.4 through 7.9. The descriptions of the alternatives are
based on the present understanding of the chemistry and physics of the K Basins sludge and currently
available information on :atment technologies and waste management facility acceptance criteria.

7.1 ¢ UDGE TREATMENT FACII TY

This study assumed the treatment system would be in a standalone facility located on the Hanford Site
(most likely in the 100 or 200 Area). At the-outset of this study two locations were being considered,
the CVDF and the basin proper. Preliminary information from a site selection study (currently
underway) which evaluates locations to be considered for the baseline sludge treatment system and
discussions with K Basin personnel have indicated that neither the CVDF nor the Basin proper may be
suitable. This section provides rational for e assumption of a standalone facility. Determination of
the exact location of the treatment facility is outside the planned scope of this study.
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7.3 COM vION SAFETY CONSIDERATIONS

Several fundamental characteristics of the sludge to be processed impose safety considerations for any
process. ecifically these are; high radiation which will require heavy shielding (approximately 75 cm
of concrete) and remote operation, criticality prevention measures, hydrogen mitigation features for
vessels upstream from the oxidation process, and features to preclude pyrophoric reaction of metallic
uranium.

Unshielded exposures for some of the feed streams have been calculated in excess of 4,00 R/hr. All

of the processes will be housed in remotely operated hot cells. The design philosophy varies slightly

betv :n the alternatives, but a lightly shielded or unshielded primary process system is not an option
)yrcons  ration.

Included in the slu e are approximately 10,000 kilograms of enriched uranium and . kilograms of
plutonium. These fissile materials are not uniformly distributed through the sludge, but are found in
higher concentrations in some of the feed streams than others. The principal means to deal with this
issue is limiting the amount of sludge in the process to less than one third of a minimum critical mass.

Hydrogen generated as the result of uranium oxidation will be monitored and diluted to less than the
lower flammability limit in all vessels upstream from the oxidation unit operation. In some instances,
inert atmospheres will be used. To preclude pyrophoric reactions, the sludge will be kept covered by an
excess of water, or will be exposed to the cell atmosphere only in inerted cells.

7. ALTERNAT VE 1-BASELINE CHEMICAL

The baseline chemical dissolution alternative treats the sludge by dissolving the fuel constituents in
nitric acid, separating the insoluble material, adding neutron absorbers for criticality safety, and
reacting e solution with caustic to co-precipitate the uranium and plutonium. A truck will transport
the resulting slurry to an underground storage tank (currently identified as 241-AW-105). The
undissolved solids and the ion exchange media separated before the dissolver will be treated to reduce
the U and '*Cs content, stabilized in a grout matrix, and transferred to the ERDF for disposal.

e following sections provide summary information for the baseline chemical alternative. Detailed
description and analysis is provided in Appendix C.

7.4.1 Process low Logic

The baseline chemical treatment process includes the following operations:

. Pt 1ping the sludge from the transport container into the lag storage tank where it will be held
until it can be moved on through the process
. Sieving the sludge on a screen to remove the organic resin beads, grafoil, and some ino  inic

ion exchange media followed by separation of the resin from larger and denser sludge articles
in an elutriation column
. Transfer larger and denser sludge particles to the dissolver
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. Dissolving tl  sludge in nitric acid by continuously feeding a batch of sludge into 6 M HNOj; at
95°C

. Physically separating residv  solids (mostly zirconium, sand, dirt, and the remaining inorganic
ion exchange media) from the solution in a centrifuge followed by a polishing filter

. Adding iron and/or depleted uranium as a neutron absorber to the nitric solution

. Precipitat  the acid solution using a sodium hydroxide solution

. Chemically a usting the solution using sodium nitrite

. Leaching the organic resin beads to remove absorbed TRU constituents

. Leaching the insoluble solids to rei »ve absorbed TRU constituents

. Combining and stabilizing the resin beads and insoluble solids (sand, zircaloy, grafoil, and

zeolite) in a grout matrix.

A block flow diagram is shown in Appendix C.

7.4.2 Safety Considerations

The primary safety considerations associatt ~ with the baseline chemical alternative include the
following:

- Dose to worker for maintenance of pumps and valves
- Reaction rate control in the dissolver
- Handling of leached OIER

7.4.3 Transportation and Interim Storage

The baseline chemical process will gener: »out 1620 m* of waste slurry that will be transported to
241-AW-105 in an 8 m” transport cask an loaded at a newly constructed Sludge Receiving station.
It will require approximately 203 shipments to transfer all of the sludge to the DST.

The process will ¢ o generate about 34 m? of grouted waste (7 liners) that will be transported to ERDF
for disposal. - There will also be 49 waste dr ns (55-gallon) ge:  ated for disposal of filter cartridges.
Forty-six of the filter cartridges will be grouted in drums sent to ERDF, one will be TRU waste that
will be interim stored at CWC until sent to WIPP for final disposal, and two filter cartridges will be
TRU waste containing PCBs at concentrations > 50ppm. " ese two filters will be stored in drums on- .-
site with othc “like-waste” until a final disposal path is determined.

7.4.4 Final Disposal.

No additional glass canisters from the high level waste (HLW) will be produced as a result of blending
the treated K Basin sludge with AW-105 (Taylor 1999). There will however, be an increase in the
amount of glass produced from the low activity waste due to the dissolved sodium (152,346 kg) in the
treated sludge sent to AW-105 plus the sodit 7,392 kg) used to caustic leach the sludge by TWRS
prior to delivery to the vitrification ven . -quantity of sodium results in approximately 571 m’
of low-activity waste (LAW) (Taylor 1999).
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At some future date, one to three waste drums will be shipped to the WIPP for final disposal.

7.4.5 Open sues

. The total volume of solids in the sludge waste stream sent to Tank Farms after chemical
treatment may exceed 100,000 gallons (allocated space). Some of the waste may need to be
sent to AW-103 as well as to AW-105.

7.4.6 Advantages

The key advantages the! zlinech  cal alternative are as follows:

. This rocess utilizes mature technology and processes. Key chemical process steps have b 1
demonstrated in small-scale laboratory experiments using actual K Basin sludge.

. Process contr« and safety control technology is mature and well established.

. Engineering studies and laboratory testing of the baseline treatment process indicate it would

be sufficient to meet TWRS safety and operational criteria for AW-105.

7.4.7  isadvan! ‘res

1e key disadvantages of the baseline chemical alternative are:

. Numerous process steps are needed.

. Requires a significant number of shipments (203) to the TWRS. Poses potential risk to
schedule. :

. Product verification for TWRS waste streams requires sample and analysis of every batch.

. _2nerates a large volume of waste (616 m>) that requires landfill disposal (note: volume does

not include D& ).
7.5 ALTERNATIVE 2 - MODIFIED CHEMICAL

The modified chemical dissolution alternative treats the sludge by segregating sludge in the basin,
dissolving type A and type B feeds in nitric acid, separating the insoluble material, z ling neutron
absorbers for criticality safety, and reacting the solution with caustic to co-precipitate the uranium and
plutonit . e modified chemic dissolution alternative is a modification of 3 baseline chemical
process and is predicated on the assumptions that enhancements to the baseline process could be '
realized by use of the PCB megarule and use of maximum permissible grout volume increases (i.e., up
to 10 times per EPA suggestion). These assumptions resulted in the following changes to the baseline
process; 1) eliminated polishing filters, 2) replaced centrifuge with less expensive solid/liquid
separation method, 3) eliminated buffer tank, and 4) eliminated use of resin bead and insoluble solids
leac ng steps and associated chemicals.
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7.6.6 Advantages

The key advantages of the grin ng/m ing alternative (if demonstrated to work through additional
development) are as follows:

. Relatively simple process with few rocess steps

. Equ ment requirements are mode: e

. Can process silica, corrosion products, rocks from ~ 250 um to less than 10 um in about 2 hrs
given a homogeneous feed)

. Wide range of grinding machine sizes commercially available.

7.6.7 Disadvantages

The key disadvantages of the grinding/mill 3 alternative are:

. Little or no previous experience in radioactive environment

. Generally used to process feed that is less than 1000 um

. Product verification »r TWRS waste streams requires sample and analysis of every batch.
. Vibrations may create maintenance challenges

. Large number of transfers of slurry sent to TWRS (175 shipments)

7.7 ALTERNATIVE 4 -- VITRIFIC TION

The vitrification alternative treats the sludge by segregating the sludge in the basins, delivering OIER
beads directly to grouting and type A feed directly to a melter feed tank. Type B feed is delivered first
to a dissolver feed tank then fed to a dissolver. Undissolved material leaving the dissolver is removed
on a 250 um screen and the remaining solution and fine solids sent to a melter feed tank. The option is
evaluated as: ming a borosilicate waste glass formi tion melted in a low-temperature (1150 C) joule-
heated inconel electrode refractory lined melter. However, an evaluation of various melter
technologies 'would be required to select e most appropriate technology for the application. Glass is
poured directly into 3m high stainless steel canisters of the type used by Defense Waste Processng
Facility (DWPF). The remote-handled glass canisters would be placed in modular storage units for
interim storage at the CWC and ultimately disposed in the geologic repository. Oversize material
separated from the dissolver solution is washed with nitric acid, rinsed and then grouted into drums for
disposal at the ERDF. 2

The following sections provide summary information for the vitrification alternative. Detailed
description and analysis is provided in Appendix F.
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assumed that three overpacks can be shipped at a ti :, therefore, it will require approximately 64

shipments to transfer the 21-can overpacks. Sixty-three (63) shipments are r 1ired to transfer the CH
drums to the ERDF.

Once the shielded overpack is loaded with 21 one-gallon cans and closed up the package should be a
contact-handled package. For shipment to CWC it is intended that the shielded overpack would itself
be overpacked in a TDOP and the TDOP s pped to the CWC.

7.8.4 Final Disposal

For shipment to WIPP it is intende that the shielded overpack would itself be overpacked in a TDOP
and the TDOP shipped in a TRUPACT-II shipping cask. The package arrangement would need to be
approved by the NRC prior to shipment of the material to WIPP.

7.8.5 Openls s

. "y storage environment may be needed. Potential for water to diffuse into the containers then
combine with oxides to form hydrates and result in hydrogen generation requires investigation.

. Waste designation of K Basin sludge as TRU or HLW

. NRC approval of non-standard waste package

. Interface agreement with K Basins Engineering/Operations on locating elutriation columns in
the Basins.

7.8.6 Advantages

The key advantages of the calcination alternative are as follows:

. Mature technology and simple process

. There is minimal need for up front ¢ npling and analytical work on feed material

. One gallon cans can be rearrange in overpacks at a later date to meet FGE or other limits
. Waste volume of product is minimized :

. Product is readily reworked at a later date if needed (i.e. made into glass, grout or other)

. Overpacking 1-gallon cans ¢ minates the need for decontamination

7.8.7 Disadvantages

The key disadvantages of the calcination alternative are:

.o The product is dispersible
. Large quantity of 1 gallon cans re 1iring individual handling
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7.9.3 Transportation and Interim Storage

The grouted canisters produced will be remote-handled packages. Although remote-handled material
has been accepted at CWC in the past, CWC does not routinely accept remote-handled material.
Special arrangements would be needed for storage of the remote-handled canisters (~364 total). For
purposes of the current study it is assumed that the canisters are placed into a vented steel overpacks
that provides shielding to contact dose levels. The overpacks would then be stored at CWC. For this
analysis it is assumed that 1 RH-overpack can be shipped at a time, therefore, 364 shipment will be
required to transport all of the overpacks to CWC.

794 F : Disposal

Transport of the RH canisters of grout to WIPP will occur in the NuPac-72B cask at some unspecified
future date.

7.9.5 Open Issues

. Waste designation of K Basin slud, as HLW or TRU
. WIPP acceptance of sludge waste steam and/or grout product
. Optimize the waste package

7.9.6 Advantages

The key advantages of the grouting alternative are as follows:

. Well established and accepted tech1 logy

. Minimal equipment required which reduces size of cell
. Minimal energy input for type A feed (bulk of material)
. Simple process with minimal maintenance requirements
. No gases generated by stabilization process

7.9.7 Disadvantages

The key disa ‘antages of the grouting alte1 1tive are:

. If the waste form fails to meet crite \, reprocessing is difficult

. Water content in grout matrix results in hydrogen generation from radiolysis

. Flushing of mixing vessel is required after each batch '

. Batch calcining process requires an argon-inerted cell to prevent uranium ignition when
handling sludge solids

. Loading and unloading of calciner trays is operator intensive

710 FAC S ZET
Table 7-1 provides summary of data developed for the alternatives.
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8.0 EVALUATION CRITERIA

This section describes the decision criteria that provide a means to facilitate objective assessment
and selection of the various technologies that are candidates for use in the treatment, interim
storage and ultimate disposal of K Basins sludge. " e nine evaluation criteria specified by
CERCLA to evaluate remedial action alterna  es provide the basis for the criteria to be used in
this evaluation. These criteria were chosen because 1) treatment of the K Basin sludge is being
conducted under the CERCLA as an interim remedial action and 2) they encompass broad
evaluation areas of concern for sludge treatment and disposal. The nine CERCLA evaluation
criteria are:

Over:  rotection of human health and the environment
Comj  ice with ARARs
ong-term effectiveness and permanence
Reduction of toxicity, mobility, or volume through treatment
Short-ter =ffectiveness
Implementability
Cost
State acceptance
Community acceptance.

O 00N W

The first two criteria (overall protection of human health and the environment, and compliance
with ARARs) are threshold criteria. Alternatives that do not protect human health and the
environment or do not comply with AR/ s do not meet statutory requirements and are
eliminated from further consideration in this study. Compliance with ARARs is effectively
evaluated in the cost criterion as processes that require significant expenditures to meet ARARs
will have increased costs. The third criterion (long-term effectiveness and permanence)
addresses the results of a remedial action in terms of risks that remain at the site after the
remedial objectives are met. All of the alternatives would be very effective in the long term as
the sludge and the treatment process e~ »ment would be removed from the basins and
transferred to facilities that are more protective, thereby eliminating the potential for future
releases fr n the basin. State of Washington acceptance will be further evaluated following the
State of Washington’s review of the FFS. Community acceptance will be further evaluated after
iblic review of the proposedj n. )

The other four CERCLA criteria (reduction of toxicity, mobility, or volume through treatment;
short-term effectiveness; implementability; and cost) provide a means for differentiating between
the : zrnatives. It should be noted that for the purposes of this assessment, a candidate
technology includes all of the activities and operations involved to completely process the waste
through to final form, including burial.

These criteria were agreed to by a team composed of representatives from NHC (Sludge
Treatment engineers, Safety, Project Management), DOE-RL (TWRS, SFD, TAG), FDH
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APPENDIX A

GROUT TO ERDF ALTERNATIVE
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Figure B.1. Number of Vessels Required for Hot Water and Superheated Steam Options for
Temperatures above 100°C. Pressure required for hot water option is shown on left axis.
Superheated steam is assumed to be near atmospheric pressure.

uranit ~ within the processing equipment. This introduces a potential uranium fire

hazard if air e s the reaction vessel. As a result, the equipment would need to be

« rated within an inerted cell (probably argon). Thus, compared to operation in water at
)°C, the complexity/safety issues associated with atmospheric superheated steam

outweigh the reduction in number of inks.

32 HYDRC __:iN GENERATION RATES

The primary reaction occurring in the oxidation tanks is
U + (2+x) H20-> UO,4+(2+x)H;

where x<0.25. Thus, the oxidation of the metallic uranium results in generation of
hydrogen gas. The reaction proceeds linearly from the surface of the metallic particle.
As aresult, uranium in smal  particles will react more quickly than uranium in large
particles. The hydrogen generated must be diluted and removed from the vessel plenum
to prevent flammable conditions from occurring. The rate of hydrogen generated in a
tank containing 160 kg of uranium of various particle sizes is shown in Table B.3 below.
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DSC = differe scanning calorimetry
GC = gas chromatograph

IC = ion chromatography

ICP = inductively coupled plasma

IX = ion exchange

MS = mass spectroscopy

N/A = Not Applicable

N/R = Not Required

TGA = thermal gravimetric analysis
TOC = total organic carbon

WAP = Waste Analysis Plan (Mulkey 1998)

N LN =~

10.

Ammonia will not be present in acids  m and no source in sludge fraction

Caustic Demand should be substitutec sodium hydroxide int  acid sample

Sodium hydroxide is meaningless on sludge solids

Perc : Water in a liquid sample is mean! less; may be required on settled solids fraction one-time.
pH required on neutralized sample for tank farm disposal.

Hvdroxide must be performed on final slurry.

Ti i e ~ 1 lon;organic fuel not an issue in K Basin, but will provide an
in 1 .
Al i ' rtra ortto TWI  Alpha total for transuranics. Per t

water 1n settled solids one time estimate.

Verification would not be required for a waste stream that has been declared, in writing by EPA, to be not

TSCA regulated. The requirements listed under Sampling and Analytical methods must be met if EPA has not

declared “in writing” that the waste is non-TSCA material

Sampling and Analytical Methods for TSCA Material

. A sample and PCB analysis will be required whenever the Waste Stream Profile Sheet (WSPS)
indicates that solids may be over 5%. The analysis must either be conducted on the dried material or
adjusted via calculation to a dry weight basis. If the dry weight is calculated the result must be
accompanied by 1) the measured moisture composition, 2) actual measured PCB concentration, 3) the
calculated dry weight PCB cc  entration, and 4) the calculation used for correcting the measured
concentration to dry weight basis.

. The analytical method must be either Method 3500B/3540C or Method 3500B/3550B from EPA’s
SW-846.

. If the sample contains over 0.5% solids, then the solid and liquid phases must be separated and
analyzed independently.

. A minimum of two samples must be obtained from each phase.

. The sampling and analysis must be conducted per a written sampling and analysis plan (or equivalent).

This plan must address QA/QC, rationale for determining number of samples, test method, detection
limit, and chain of custody requirements. Note: It is reccommended that sampling and analysis plans be
reviewed by TWRS Environmental Permits and Policy to ensure that they will satisfy DST Waste
Acceptance Policy.

C-13




































HNF-4097, Rev. 0

bri "ing connections on lines used for ansfer of radioactive solutions, the use of “dry” quick-
connects and glovebags will reduce the risk.

Precautions will be taken to minimize radiation exposure to the operators. Portable shielding,
such as leaded blankets or lead bricks, will be provided for the flexible transfer hose to reduce
dose rates. These shields will be place over the flexible line before the transfer occurs.
Operator stay time will be limited in this area. The transfers will be performed from a control
panel on the trailer, therefore, there will be no need for the operators to remain near the flexible
line for any length of time, except duri  the connection process.

The total volume of neutralized waste to be transferred to tank 241-AW-105 is approximately
1620 m’. This will require 203 shipments from the eatment facility to the DST.

The L14-170 liners will be loaded onto a flatbed trailer using a crane then shipped to the ERDF
for disposal. Each shipment will contain two or three liners per trailer bed. For this analysis it is
assumed that 3 drums can be placed onto each truck shipment. It will require approximately 19
shipments to transfer the 7 liners and 46 drums to the ERDF for disposal and one shipment to
transfer the remaining three drums to CWC for storage.

Cil FINAL DISPOSAL

The treated sludge w  be processed with TWRS waste ina ] th-level vitrification plant and
eventually disposed of at the geologic repository. Vitrificatii services are currently planned to
be secured from a private contractor (TWRS-P). The treated K Basin sludge will be transferred
to at least two other double shell tanks prior to vitrification. One will be the TWRS feed staging
tank and the other will be the vendor’s staging or lag storage tank. These transfers will
intimately mix the K Basin sludge with the existing tank sludge, thus masking any unique
identity the treated sludge may have had. The volume of waste from the K Basin sludge is
negligible compared to the exi ng tank waste volume.

No additional glass logs from the high activity waste will be produced as a result of blending the
treated K Basin sludge with AW-105.  1ere will however, be an increase in the amount of glass
produced from the low activity waste due to the additional vc 1me of sodium (resulting from the
K Basin sludge treatment process) add  to AW-105. The sodium in K Basin sludge results in

approximately 571 m® of additional glass, which will increase long-term cost for this alternative.

At the present time, the TWRS-P contract to provide those services is not in place. The current
contract with the vendor is to produce certain technical, regulatory and business deliverables over
a two year period which will demonstrate the technical viability and economics of the
privatization approach. At the end of the two-year period, the U.S. Department of Energy (DOE)
will review the deliverables an a path forward de :ion will be made either to proceed with
privatization or to adopt an alternate coarse of action. No alternate strategy for treatment of tank
wastes has been proposed at this time as a fall back to failure of privatization. If the decision is
made, for
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APPENDIX D

MODIFIED CHEMICAL DISSOLUTION
D1.0 INTRODUCTION

The modified chemical dissoll on alternative treats the sludge by dissolving the fuel
constituents in nitric acid, separating the insoluble material, adding neutron absorbers for
criticality safety, and reacting the solution with caustic to co-precipitate the uranium and
plutonium. The modified chemical dissolution alternative is a modification of the baseline
chemical process and is predicated on the assumptions that enhancements to the baseline process
could be realized by use of the polychlorinated biphenyl (PCB) mega rule and use of maximum
permissible grout volume increases. __.ese assumptions resulted in the following changes to the
baseline process; 1) eliminate polis* * g " ers, 2) replace centrifuge with less expensive
solid/liquid separation method, 3) eliminate buffer tank and 4) eliminate use of resin bead and
insoluble solids leaching steps and associated chemicals.

Additionally, this option considered locating the organic ion exchange resin (OIER) bead
separation step in the Basins. The OIER beads are separated ) avoid contacting them with nitric
acid in the dissolver. Nitrated resin if allowed to dry out could undergo an energetic reaction that
could pose a safety issue. The elutriation and screening steps are moved to the basin to eliminate
equipment which otherwise would need to be placed in a hot cell. This provides the opportunity
to minimize expensive hot cell space.

The modified chemical process produces a slurry which meets the waste acceptance criteria
established by the Tank Waste Remed lion System (TWRS). The resulting slurry will be
transferred to an underground storage tank (currently identified as 241-AW-105) for interim
storage. Final treatment will be via the Phase II high-level melter with subsequent transport to
the national geologic repository for final disposal.

The undissolved solids will be grouted to meet the Environmental Remediation Disposal Facility
(ERDF) waste acceptance criteria.

D2.0  ANALYSIS OF CONSTRAINTS/REQUIREMENTS

Analysis of safety, waste compatibility, retrievability, immobilization and regulatory aspects
identified a number of issues that required adjustment of the K Basin sludge characteristics prior
to acceptance of the sludge into the double-shell tank (DST) system. In general, the most unique
safety issues with the K Basin sludge materials and safety issues relative to commingling the
sludges with AW-105 wastes are associated with criticality safety (including chemical reactions
that could increase reactivity and preferential settling of like-size particles), potential exothermic
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chemical reactions (pyrophoric reactions), and flammable gas generation and retention. This
section provides a discussion of the key TWRS waste acceptance criteria that must be met and
the unit operations which were selected to meet the criteria. Additionally, the key criteria, which
resulted in selection of unit operations for treating insoluble sludge solids for acceptance by the
ERDF, are also discussed. Waste acceptance criteria for TWRS and the ERDF are also provided
in Section 5.0 of this report.

D2.1 CRITICALITY SAFETY

Sludge currently in the K Basins contains a quantity and particle size of fissile materials (*°U
and ?Pu) that poses a criticality concern for retrieval and storage in a DST. Sludge is defined as
all material in the basin that is less than or equal to 6350 um. Characterization samples indicate
that flocculation and agglomeration of small particles exists, however, the data does not exclude
the presence of large primary particles. Therefore, the discharge of the K Basin sludge into AW-
105 must be preceded with treatment that reduces the primary particle size to less than 10
microns (to facilitate agglomeration and prevent particle segregation) and adds a quantity of
absorbers that assures the *U content is less than 0.84 wt% and the Fe/Pu ratio is greater than
353 (Carothers, et. al. 1997). The unit operations which have been selected to satisfy the
criticality requirements are acidic dissolution and added ferric nitrate followed by precipitation.
The sludges currently stored in the double shell tanks were formed by a similar acid dissolution
and precipitation process. Depleted uranium in the form of uranyl nitrate will be added on an as-
needed basis to assure the >*U content is below 0.84 wt%. Additionally a solids/liquid
separation step partitions insoluble solids from the acid solution. '

D2.2 PYROPHOEF ~ MATERIAL

Uranium, zirconium metal, and uranium hydride are expected to be in the sludge from canisters
and fuel washing processes. It is estimated that a small percent (1wt%) of the uranium in the
floor and pit sludges will be metallic uranium (Pearce et. al. 1998). Uranium and zirconium
metals and uranium hydride are known pyrophoric materials because under specific physical
states and environmental conditions they undergo spontaneous combustion (DOE, 1994).
Pyrophoricity is much less of a problem with zircaloy than with uranium. Pyrophoric materials
will not be accepted into the TWRS waste tanks. The unit operation (i.e., oxidation wi
concentrated acid).which resolves the criticality issue will also elimifate the pyrophoric
properties associated with uranium metal and uranium hydride. The liquid/solids separation step
wi remove the zircaloy cladding pieces from the stream sent to the waste tank.

D23 I AMMABLE GAS GENERATION/RETENTION

Due to the presence of uranium metal and uranium hydride in the sludge, the potential exists for -
non-radiolytic hydrogen gas generation from metal-water reactions. Generation of gases (Xe, Kr,
and H,) has been observe in canister sludge samples. It has been suggested that the formation
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of these gases is the result of metallic fuel corrosion or the result of hydride reactions (Omberg
1996). Wastes that exhibit flammable gas generation rates above those from radiolysis are not
acceptable for storage in a DST. Acidic dissolution of the sludge will eliminate non-radiolytic
sources of flammable gas.

Calculations have indicated that up to 379 m’ (100,000 gal) of solids can be added to tank AW-
105 before reaching the flammable gas retention limit (Carothers et. al. 1997). It has been
estimated that the total volume of precipitated solids produced by chemical treatment of the
sludge will range between 115 m’ and 435 m® of solids (same as baseline chemical). Portions of
the sludge could be transferred to another DST if the solids criteria are exceeded.

D2.4 RETRIEVAL/IMMOBILIZATION

As was mentioned previously, the sludge contains particles with diameters as large as 6350 m.
TWRS has established a secondai *" le size limit of <177 um to preclude adver - "~ Hacts to
retrieval operations and glassmel ~ ormance. The unit operations lected to n e
criticality and pyrophoric criteria will satisfy this requirement.

D2.5 CORROSION

The acidic dissolver product solution will require neutralization to meet the TWRS corrosion
limits. The parameters for controlling corrosion in DSTs are hydroxide, nitrate, and nitrite ion
concentrations in the tank wastes. Sodium nitrite will be added along with NaOH to meet the ion
concentration requirements.

D2.6 TSCA REGULATED MATERIAL

The administrative/regulatory solution currently being developed by the U.S. Environmental
Protection Agency (EPA) is based on the 40 CFR 761.61 (Mega Rule) provision for a risk-based
management approach for PCBs. This will require EPA to interpret the mega rule such that if
risk-based equivalency is demonstrated, the sludge becomes “non-regulated” under the Toxic
Substances Control Act (TSCA). In this case, the downstream waste management facility does
not have to be concerned about receiving PCBs with the sludge. The risk-based approach
requires that the treatment process’ “reduce the PCB concentration,” it does not, however,

. stipulate treatment limits (i.e., solids < 2ppm and liquids < 0.5 ppb). Lab testing has indicated
that reduced levels of PCBs can be achieved by normal partitioning as they go through the
process, with nearly all of the PCBs adsorbing to the undissolved solids (which will be removed
from the sludge stream by the hydropulse filter), plating out on the process equipment, or
volatilizing into the off gas. Therefore, the modified chemical alternative eliminated the
polishing filter.
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grind the K-Basins : 1dge. Each unit consists of a grinding chamber and a vil ting mechanism.
The polyurethane-lined grinding chamber is a vertical cylinder with a void center forming an
annulus that is filled with grinding me a. A cutaway of a typical grinder is shown in

Figure E-4. The Sweco high-amplitude grinding mills are ava ble in a broad range of sizes
(capable of processing from 20 to 650 liters per charge). The selection of a grinding mill size
was based upon criticality control considerations.

The vibration is provided by a 40-hp motor located below, and attached to, the base of the
chamber. The assembly is suspended on steel springs so that all the energy is imparted directly
to the grinding chamber and media.  he vibrating mechanism consists of a shaft mounted in
heavy-duty bearings. “Out of balance weights” are attached at each end of the shaft. The top
weight causes a horizontal gyration of the grinding chamber, and the bottom weight provides a
gyrating tilt. This motion creates a three-dimensional, igh-frequency vibration. Based on
vendor literature, virtually no vibration is transmitted to the floor during grinding (Sweco

Pro ict Brochure, “Vibro-Energy Grinding Mills,” 1990).

The grinder operates as the feed is added, which helps mitigate any initial energetic reactions
with uranium metal. A water heating jacket is attached to the outside of the process chamber to
heat the bed and incoming slurry to 80°C.

The grinding media (aluminum oxide is being considered) is expected to wear and consequently

contribute to the solids in the discharge stream. Actual wear values will depend on the final

media selection, processing times, and the abrasiveness of the K Basin sludge. In vendor-

conducted media wear tests, media is covered with water and the grinding mill is run for 200

hours non-stop.  ypical media losses for aluminum oxide are 2.3 wt% to 3.4 wt% over the
duration of the testing. For zirconium oxide grinding media, losses during wear testing (200 hr)

ranged from 0.0026 wt% to 0.83 wt% (depending on which type of zirconium oxide media w ‘
used) [Personal communication, Don Rogers, D. E. Rogers Company (11/12/98)]. If aluminum |
oxide grinding media is selected, sig1 icant quantities of aluminum oxide could be added to the

processed K Basin sludge stream. Grinding media will be replenished as needed through an

addition line from the aqueous makeup area.

"E4.4 SEPARATION, REMOVAL, AND RECYCLE OF SOLIDS

Opening a valve while the grinder is operating allows the ground particle slurry to flow from the
bottom 6f the grinder/miller-into a receiving tank. In the receiving tank, the processed slurry is
agitated and transferred through a knockout pot to a series of hydrocyclones for particle
separation. The knockout pot is used to prevent the 1000-pm or larger diameter particles from
being transferred to the hydrocyclones. Particles at or greater than 10-um diameter are removed
and returned to the vibratory grinding mill for further grinding. Once the processing campaign is
complete, large particles (e.g., zirconium cladding) remaining in the knockout pot are removed
for grouting.
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E6.2 PE._DUCT VERIFICATION CRITERIA
E6.2.1 TWRS

Waste destined for disposal in TWRS 1k farms must have data to show compliance with
analytes identified in the double shell tank waste acceptance criteria (Mulkey 1998). In addition,
a waste fact sheet must be developed prior to shipment that includes other specific requirements
to be considered. Process knowledge may provide information that can reduce direct analytical
measurements but these changes require negotiation prior to material shipments. The details of
the acceptance measurements required are included in the baseline process alternative and
therefore are not repeated. The differe e in this product is inclusion of solids in the sample
intended for analyses. This additional sample preparation will increase the analytical cost,
however this cost is more than offset by the savings produced in LAW § 1ss volume by sending
less sodium to TWRS.

A TWRS drafted policy sets forth additional inter. ~ criteria for the ac 1ce of PCBs to tank
farms that ensure TSCA regulated PCBs are not received by e DST system (Interim
Acceptance Criteria). This criterion is delineated 1| the baseline alternative and is not repeated
here.

The slurry product of the grinding operation will be adjusted to comply with TWRS acceptance
criteria for hydroxide, nitrate, and nitrite concentrations. Analysis of a slurry sample for
hydroxide, nitrate, nitrite, metals and r.  onulcides (including Pu and U enrichment) will be
performed on the final slurry prior to sending to TWRS.

Any unground solids >10;;m separated 1 the hydroclone will be rerouted to the grinder and if it
fails to grind will eventually be grouted along with the grinding media. This grout is expected to
be <100 nCi/g and be suitable for disposal at ERDF. '

Timeframe

Since a slurry batch will be produced daily, the analytical data will be required within a 24-hour
period of sample receipt to minigize process perturbations. This will be taxing for the laboratory

_staff in that several of the radionuclide 1alyses require approximately 24 hours to complete
when the dissolution sample preparation step is required. Analyses of the solids destined for
-ERDF should not require a rapid turnaround since the media and unground pieces are
accumulated over time and grouted aft. processing is complete. As a result, this operation does
not need to be compli  d in the 13-month processing window (which is driven by removal of
sludge from basin rather than completion of disposal).

The turnaround time required to provide analytical data necessary to support the grinding and
milling process alternative will be difficult to maintain but is possible. A fully dedicated staff
will be required.
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E8.3 CONTROL OF REACTION IN GRINDER

Control of the reaction rate in the grinder is achieved by adding the solids in a semi-batch mode.
If reaction in the grinder becomes sufficiently vigorous, then addition of sludge would be lted
until the reaction rate subsides. If required, the intensity of the grinding could be reduced.

Heat will be generated both through the action of the grinder and through the reaction of the
uranium with water. The rate of reaction that can be expected is highly uncertain because the
dc  ee of fracturing that may occur is unknown and if fracturing is not significant, the degree of
increase in corrosion rate that might be obtained is unknown. The grinding is initially assumed
to occur at 80°C. Heating to this temperature is achieved through a jacket on 2 outside of the
grinder. Cooling could: o be provided through this jacket. However, if the rea on is much
ter than ordinary water corrosion rates, the heat generated may quickly overwhelm the exterior
cooling jacket. In this case the only way to control temperature would be to allow water to boil
off and replace it with condensate or with cool water. A defoaming agent will be used in the
grinder to discourage foaming of the solution in the grinder leading to the entrainment of fine
solids into the offgas system.

84 HYDROGEN GENERATION

The rate of hydrogen generation in the grinder is much higher than in usual process vessels. The
plenum of the grinder will be maintained in a nitrogen-inerted condition. Additional nitrogen
will be added as the offgas leaves the grinder to dilute the stream sufficiently such that mixing
with air cannot create a flammable mixture.

The rate of hydrogen generation from the lag storage tank would be comparable to the bas ne
process.

As a grinder batch undergoes segregation in the hydrocyclone, some quantity of meta ¢ uranium
fines <10 micron may be passed on to downstream processes. These particles may result in a
continued hydrogen generation rate which is much greater than the radiolytic hydrogen source.
As a result, measures will be needed for downstream tanks similar to those implemented for the
lag storage tank. The potential source from these particles has not been estimated. .

E8.5 ORGANIC ION EXCHANGE RESINS

Organic Ion Exchange Resins (OIER) are fed with other sludge to the grinder and are ground up
with the sludge. No particular safety concerns exist for the OIER in this option.

E8.6 CRlI CALITY - PROCESS CONTROL

The criticality control on e feed to the facility is a mass based limit on a batch. The same

batch-size based control is used for the batch feed to the grinder. The criticality control for the

grinder has not been developed. Oversize material which does not grind is separated in either a
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knockout pot or a hydroclone and returned to the grinder. Large uranium particles, which are
only slightly oxidized in a single cycle, will accumulate in the knockout pot recycle.  his
recycle coupled with the extreme difficulty of ¢ ermining what may be in the grinder at any
time, introduces significant uncertainty as to the mass of fissile material in the grinder. It may be
possible to take credit for the presence f the grinding media within the grinder. However, this
aspect of the process needs to be developed. -

E8.7 CRIT CALITY - INTERIM STORAGE OF PRODUCT

After the material is ground to less tha 10 microns it undergoes a hydroclone separation to
remove any particles larger than 10 microns. Control of this separation is in ortant ;a
consistent failure to make this separati 1 could provide a mechanism for segregation of fissile
material in the DST to which the mate 1l is sent. Depleted uranium and iron added as neutron
absorbers will be precipitated using sodium hydroxide and would be expected to be very fine.

E8.8 CHEMICAL ADDITION

When the acidic iron nitrate and uranyl nitrate solutions are 2 led to the ground sludge material,
there may be a reaction with the sludge. If needed, the rate of reaction would be controlled by
the rate of metal nitrate addition.

E8.9 CONTROL OF PCB OFFGAS EMISSI' NS

The offgas system includes an activated carbon filter to remove PCBs from the offgas. However,
the amount of PCBs that w  be volatilized from the grinder will be minimal. The majority of
PCBs would either be attached to surfaces on equipment or be attached to solids in the stream
sent to TWRS

E8.10 RISK TO WORKERS

Chemical hazards, w] :h could affect workers, include caustic (s¢ " 1m hydroxide); hazardous
dusts from grout formers, and depleted ranium. Physical hazards include pressurized vessels
and piping, rotating equipment (pumps, and fans), vibrating ¢ 1ipment (grinder) vehicular
traffic, and electrical hazards associated with equipment. These hazards will be addressed by an
appropriately administered health and safety plan.’

E9. MAINTENANCE -

Maintenance requirements are expected to be minimal in view of the short operating life of the
plant. However, features are included which allow for maintenance or change out of all, in-cell
process equipment. Viewing windows and master/slave manipulators are fitted to one face of the
hot cell. Inside the cell is an overhead crane with sufficient capacity to lift the heaviest piece of
equipment (a grinder) should it fail. A lay down area directly under a hatch in the roof of the cell
is also provided. On the second level a second crane is furnished which not only accesses the cell
transfer hatch, but also will move to the load-in/load-out area.

E23




HNF-4097, Rev. 0

In the event of a failure, the failed equipment piece will be flushed to the extent possible.
Depending upon the failure, it will be maintained in place or changed out in the manner
described. Though 1t :pected due to the short duration of processing, the most likely failures
would be the grinders, pumps, or agitators. The more passive equipment pieces are fully
expected to survive for the entire mission.

E10.0 FACILITY LAYOUT

Locating the grinding/milling operation in one or both of the basins was investigated before a
stand alone facility concept was selected. A grinder sized to process sludge at the rate  cessary
isp rsically too large to fit in the basin and would have to be located under water. The grinder
could be located ir ay but only after half of the fuel and some of the racks are

noved. Further, gc ,Ww  services the East Bay, does not have the capacity to
lift the grinder. Inorderto gett’ machine into the basin, a hole would have to be cut into the
roof, and the equipment lowered through the hole into the East Bay. The grinder wor 1 be skid
mounted, eliminating the need to bolt the grinder to the basin floor. The monorail would be used
to move the grinder under water to the other side of the bay making room for the second grinder.
Construction at the site to prepare for the grinding/milling process would impact scheduled
operations in removing fuel and debris from the basin resulting in a delayed schedule.

A conceptual layout of equipment in the processing cells in shown in Figures E-5 through E-9.
The main process equipment pieces are housed in a hot cell approximately 15m long x 5.5m
wide x 5.5m high. The cell is serviced by an overhead crane and master-slave manipul: rs. The
major pieces of equipment in the cell include the feed tanks, transfer pumps, the grinders,
hydrocy« ines, and adjustment )adout tanks. Shield windows are provided for visual inspection
during operation and in the event maintenance is required. In the event that a major piece of -
equipment re lires change-out, a roof hatch in the cell is provided which is accessed by an
overhead crane on the second level. This crane also services the load-in/load-out area. A sample
cave is located adjacent to the cell for process and waste verification sample acquisition.

The bulk of the facility consist of unshielded space for support equipment such as primary and
secondary closed loop cooling and heating systems, ventilation equipment, electrical distribution,
manipulator repair, aqueous make up, and emergency equipment. A shipping and receiving area
is also provided with drive through access for the sludge transporter and for equipment load-
in/load-out. y
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(Calmus, Baker 1996). The unit cost for a dry shielded container plus vault NUHOMs)
is about $375,000. For the pad storage units, a specially designed transport trailer would
be required, estimated cost is $3 million. The unit cost for a standalone cask is $180,000
(see Cost Estimate Basis Details).

Spare Parts — estimated as a percentage of maj or key pieces of equipment
12.3 OPERATIONS
Start up C™™3 and Operations/Maintenance/Administration/Handling - costs were

estimated based on a projected staffing profile developed with concurrence from SNF
Operations. Averaged exempt and argaining units labor rates were used (see Table I-3).

Operations at Re~~ing Facilities - Operations at the receiving facilities were based on
projected receiving crews and the 1 rer of expe: ~ 1 shipments to the facilities.
Averaged exempt and bargaining unit labor rates were used (see Cost Estimate Basis
Details).

Process Sampling and Waste Acceptance/Verification Sampling — sample costs were
developed by laboratory p ‘onnel based upon the analyses assumed required for process
control and product verification. The costs are predicated on the assumptions made
concerning processing and the disposal route (requirements have not yet been firmly
established for verification sampling). The processing alternative chosen makes a small
difference in cost of the analytical support. There are uncertainties in the actual criteria
required at the time processing con ences; costs may be either increased or decreased.
The analytical costs are based on assuming full coverage for the number of persons
necessary to provide analyses on all samples received from the operation. Dedicated staff
is required to meet the programmatic turnaround time of data (see Tables I-4, I-5, I-6, and
1-7).

Materials/Consumables — estimated for key constituents based on the flowsheets and
mass balances for each alternative (see Table I-8).

Secondary Waste Disposal — develope from volumes identified in the mass balances.
Costs were -0btained from the identified disposal sites (i.e., ERDF, WIPP). The estimated
cost Hrdisposal of waste at ERDF is $50 per ton. For the liners, $4,000 per liner was

- added. ‘The current storagerate for CH TRU drums at CWC is $85 57 per ft3. It was
assumed that all of the waste products sent to CWC would be contact handled or

- overpacked into shielded containers, resulting in CH packages.

For the vitrification option, the storage costs at CWC were calculated using the total
estimated volume of the concrete pads required for the NUHOM:s systems and standalone
casks (see Cost Estimate Basis Details).
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Table I-2 provides the details on major equipment costs. All costs are for installed
equipment. Also included ist] methodology used to calculate the spare costs used.
Table I-3 is the estimated labor force upc  vhich the operations costs are cc  >uted.
An average exempt labor rate . d an average bargair 1g unit labor rate was used to
calculate tot: operations costs.

able I-4 provides the unit pricing and hours necessary to perform the analyses
required to store sludge 1 AW-105 or dispose of the grouted waste at ERDF.
Table I-5 provides an estimate of the cost to perform each analysis required to dispose
of the product to the National Repository or to WIPP.
Table I-6 presents logic of cost per analysis with the conclusion that the analytical
cost for each of the processing  :ernatives is approximately equivalent.
Table I-7 provides logic for s;  fic analyses required on the product fractions not
goir 0 Tank Farms.
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TWRS W ' ' :ceipt)
e Transport operations include s dge loadout, sludge yortation, and sludge offload
activities

e Cost estimate for cask/vehicle d op’é is based on 8 m3 cask ; 191 shipments
Mods at Storage Facility = $3100K (baseline budget)

OP’s (based on # of transports) = $3630K

Vehicles/Casks = $4700K (desig develop, and fabricate)

I5.2.2 Long-T! n Costs

BNI Process/Disposal

Process Cost (estimates revised from Taylor 1999 due to revisions ~ ~ »wsheet resulting
in higher sodium added to sludge)

e Total amount of dissolved sodium in sludge = 123,000 kg
e Total amount of Na to caustic leach sludge = 7863 kg
e Total sodium oxide to LAW = 131,000 kg x 1.35 = 176850 kg

Units of Na processed assuming Envelope C waste (1.15 units/MT Na)
Units of Na=1.15 x (123 + 8§)MT = 151 units

M3 of glass to dispose of as LAW
(177 MT Na20/ 0.14 MT Na20 per MT glass)/ 2.7 MT glass per m3 = 468 m3 glass

Additional Costs Treatment/Int. Storage = 151 units x $230,000/unit = $35M
Transportation/Disp/Handling =468 m3 x $3800 = $1.8M

153 ALTERNATIVE 3 — GRINDING/MILLING
15.3.1 Near-Term Costs

ERDF Disposal Costs

e Total number of CH drums dispos¢ at ERDF = 104 (Appendix D)
(104 drums x 854 1bs/drum)/2000 Ib/ton = 45 tons
Secondary Waste Disposal/Storage = (45 tons x $50/ton) = $2.250

OP’s (based on # of transports) =4 s x 4 BU x §55/hr x 35 = §7n °onn

I-17
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Toxicity/Volume/Mobility, but unaffected by changes for the other decision criteria. The
top ranked alternative, for example, changes from Modified Chemical to Calcination by
changing the weighting factor for Long-Term Cost from 10% to 11%. However, the
relative rankings are unaffected any variation in the attribute weightings for Short-Term
Effectiveness and Near-Term Cost.

The changes in the ranking of the top four alternatives that would result from variations
in decision criteria weightings are shown in Figure J-2.  1e most notable results of this
analysis are that: 1) Calcination is e only alternative that can replace the Modified
Chemical process as the top ranke alternative from changes in the decision criteria
weighting factors, and 2) the four ghest ranking alternatives in all modification
scenarios to weighting factors involve the same four alternatives (i.e., Modified
Chemical, Calcination, Baseline Chemical, and Grouting) in various sequences. It is also
indicated that changes in the weighting factors in any of the four decision criteria
depicted in Figure J-2 potentially results in Calcination becc = " 1g the top ranked
alternative.

The only other significant changes that would result from modifying the decision criteria
weighting factors are that the seco . and third highest ranked alternatives are sensitive to
variations in weighting values for each of the alternatives shown in Figure J-2, i.e., Near-
Term Implementability, Long-Term Implementability, Long-Term Cost, and Reduction
of Toxicity/Volume/? Hbility.

« 2 PAIRED CHANGES N WEIGHTING FACTORS:

The one-at-a-time sensitivity results reflect the effects of changing only one variable by a
specified amount, with the ratios of the other weighting factors remaining constant.
However, variation in weighting factors may be coupled to changes in another weighting
factor, e.g., an increase in Near-Term Implementability coupled with a decrease in Long-
Term Implementabilty, or vice versa. The sensitivity of coupled changes in three pairs of
weighting factors was also evaluated: Toxicity Reduction with Short-Term Effectiveness;
Near-Term Implementability with Long-Term Implementability; and Near-Term Cost
with Long-Term Cost (Figure J-3 a,b,c).

The results of this analysis indicate that changes in the rz ing order of the top four
alternatives result in each of the three sets of paired changes in weighting factors. The
same general results seen in the one-at-a-time sensitivity analysis were observed in the
analysis of paired changes in wei  ng factors. The ranking of alternatives can change
with only small shifts (<10%) in weighting of Short-Term/Long-Term
Implementability, and Short-Term/Long-Term Cost (Figure J-3a, b). Paired changes of
about 80% in the weightings of Toxicity Reduction/Short-Term Effectiveness are
required to affect the ranking. Again, Calcination is the only alternative that would

splace Modified Chemical as the top ranked alternative. This scenario also occurs in
each of the paire sets of decision ¢ teria evaluated. The same four alternatives
identifie in the one-way analysis occur in all scenarios for paired changes in weighting
factors.




















