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The K Basin Sludge Treatment Project (STP) is resiiade for sampling and analysis, retrieval,
treatment, interim storage, packaging, and shippfrejudges currently located within the K
West Basin in the 100 Area (along the Columbia R@erridor) at the U. S. Department of
Energy (DOE) Hanford Site in Washington State. fidiewing materials currently present in
the K Basin are to be managed as part of the fdrdjesludge currently stored in engineered
containers (engineered container sludge); (iijesetiibe sludge; and, (iii) knock-out pot (KOP)
materiat. Although additional basin vacuuming will occuigp to basin decommissioning
activities, this material will be either dispositied as engineered container sludge or fuel écrap
The composition of the sludge in the engineeredatoers consists of iron and aluminum
oxides, concrete grit, sand, dirt, paint chips, apédrational and biological debris. Itis
contaminated with fuel corrosion products and simaiments of uranium (U). The sludge in
the Settler Tanks ranges in particle size fromvarfecrons to <600 microns. Chemically, the U
is expected to be primarily U corrosion productd éission and activation products, with some
remaining metallic U. The KOP material is anti¢gzhto contain metallic U and U corrosion
products along with non-U material (e.g., alumincmnrosion products and aluminum wire from
fuel canisters). The project plans to wash the Kaerial to remove sludge and non-U
particulates to the extent practicable.

Discrete potential sludge processing functions are:

Sludge Mobilizatiort Mobilization and removal of the sludge from therage
containers;

Pretreatment: Physical separation of U metal ordtienal from a sludge stream;
Treatment: The oxidation of U metal to mitigate togen generation, regardless of
whether pretreatment function is applied,;

Interim Storage: Storage of the sludge on the Han®ite as a slurry prior to packaging;
Sludge Transfer: Movement of sludge between ottantified functions;

Packaging: Incorporation of sludge into a wastenfsuitable for disposal at Waste
Isolation Pilot Plant (WIPP);

On-site Transportation: Transportation of the skudlyirry or packaged material in a
container within the confines of the Hanford Sising existing approved cadks

WIPP Certification and Transport: Certification thize final waste form package meets
WIPP transport and disposal requirements, andpgaahsf the waste package to WIPP.

! Sludge is defined as any solid materials passirgugh a 0.25” screen.

2 Uranium scrap is defined as fuel fragments grethm 0.25 inch and is the responsibility of th&#sin
deactivation project, not STP. Any “found fuel” wid also be the responsibility of the K Basin daation
project.

® Throughout this document, sludge mobilization em#ly implies retrieval as well.

* The current project plan is to use existing presip approved casks (technically their approvaldwsired). Itis
still possible, but unlikely, that new shipping tainers may be used.
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Additional characterization of these sludge mateigin-progress, and/or planned, to provide
confirmatory analysis for process development agigh and to support nuclear material
accountability. KOP material is being charactatit@ough in-basin inspections; the need for
additional laboratory characterization is beingleated by the project.

To carry out an alternatives analysis on the Eregigek Container & Settler Tube Sludge
Streams, the site contractor grouped together fiumeto form integrated alternatives for sludge
processing. Not all of these functions are necégseeded as part of an individual alternative.
The necessary processing steps, technologiestiésiand transportation methods were then
combined into multiple, unique alternatives to mbialy accomplish the sludge treatment
project mission with the resulting set of potenéiérnatives then down selected to seven
representative alternatives.

The schedule analysis focused on the critical pateveral alternatives to remove sludge away
from K Basins and the Columbia River and subsedy@nbcess it for shipment to WIPP. Three
alternatives, Alternatives 1, 6, and 7, utilizeva phase approach. Alternative 1 would oxidize
(treat) the sludge within K Basin, and then trangfie treated sludge to the Central Plateau for
interim storage, with packaging completed afteerimbh storage. Alternatives 6 and 7 would
transfer the sludge as slurry to the Central Plag&9 Area for storage, treatment, and
packaging (see Table 2, below, for details; CHPR(@92, Rev. 0, Vol. 1). The project phases
would be divided as follows:

Phase 1 — Removal of sludge and related materais K Basins, including materials
from engineered containers, and settler tubesjtertransportation (as needed)
and interim storage; and,

Phase 2 — Retrieval of sludge from interim storem#&ainers, treatment (Alternatives 6
and 7, only), packaging, storage, and preparatostipment to WIPP.

Analysis of these alternatives indicates removdhefsiudge from K West Basin five to nine
years faster than Alternatives 2 through 5, whiablkiage sludge at the K Basins. Thus,
Alternatives 1, 6, and 7 are consistent with theEddd U.S. Environmental Protection Agency
(EPA) Region 10 objectives to remove the sludgalafRiver Corridor as soon as possible and
achieve the “Hanford 2015 vision” for the ColumBaver Corridor, providing comparative
benefit to Alternatives 2 thru 5. As currently esioned, interim storage in the Hanford 200 Area
Central Plateau will be in either T Plant or a rfauility. Facilities for treatment and packaging
have not been identified.

No formal alternatives analysis was prepared ferK®P material. While disposition of the
KOP material will occur during the timeframe thdteknative Analysis Phase 1 activities are
implemented, KOP disposition is not consideredra @aPhase 1.

This External Technical Review (ETR) evaluatedaheas of project management, technical
risks, regulatory risks, system risks, and safistysremphasizing a systems approach for the STP
to achieve its mission objectives. The following the recommendations and associated
discussion providing the supporting rationale reésglfrom this review.
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In-basin Treatment versus Out-of-basin Treatment

RECOMMENDATION 1. DOE should explicitly state the priority objeas/to guide the STP
decision processes. If removal of sludge fromRher Corridor prior to 2015 is the clear
programmatic priority, then the phased approaaiemioval of sludges from the K Basin to
interim storage at the Central Plateau, followedrbgitment, packaging, and shipment is
necessary to meet this objective.

Discussion. Achievement of the 2015 Vision (DOE 2009) andghegrammatic preference
expressed by both the U. S. Department of Energhl&id Operations Office (DOE-RL) and
EPA to remove the sludge from the River Corrido@pproximately 2015 were the primary
determinants for selecting the two phased approdmeteby sludge would be removed from K
West Basin, transported to an interim facilityleg Central Plateau where it would be stored,
treated, and packaged for shipment to WIPP. Th& &fsiders the continuing presence of the
sludge at the basin, delays in closure of the KirBasnd impediments posed by the basin to
remediation of subsurface chromium contaminatiothéK Area as significant environmental
risks and high priorities for Hanford remediatiofihe two phase approach was the only general
project approach with a realistic opportunity thiave the Hanford 2015 vision for the River
Corridor and this, coupled with the stated EPA @reffice for the 2015 time period, were the
primary factors that influenced the expert eliciatand alternatives evaluation process.

RECOMMENDATION 2. Both the technical and programmatic bases facsealy out-of-
basin treatment should be clearly documented imatudttributes that favor and disfavor in-
basin versus out-of-basin sludge treatment andgggeg; the impact of these assumptions on
cost and schedule estimates should be explicitiyessed.

Discussion. There are several technical factors that favttofibasin treatment and packaging
of sludge retrieved from K West Basin, includingueed worker radiation dose, worker
productivity concerns, present knowledge of sluidgentory and characteristics, and the
complexity associated with designing and implenmenén underwater process in the basin;
these factors were significant considerations endéliberations of project personnel, but are
incompletely captured in the alternative selecbasis. However, several factors also disfavor
out-of-basin treatment, including: the possibibifydelays in completing treatment and shipment
of sludge after removal from the basins and Colanitiver Corridor clean-up is achieved, i.e.,
absence of regulatory/schedule pressure; the palteetd for additional sludge transfers to
achieve treatment and packaging; and the potdotialdverse changes in sludge characteristics
during interim storage, making subsequent transéarg treatment more difficult. Facilities
(existing or new) will have be identified and eitimeodified or constructed for interim storage
and material packaging regardless of whether treatimccurs at K Basin or at the Central
Plateau.

1
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Primary Technical Project Components and TechnicaRisks

RECOMMENDATION 3.

a. Design of the interim storage configuration shdugdclosely coupled to the selection
and maturation of Phase Il processing. An altéragatanalysis and alternative selection process
for Phase Il treatment and packaging should beopedd as soon as possible to facilitate
integration of Phase | retrieval, Sludge Transpan Storage Container (STSC) design and
storage strategy with Phase Il treatment and pacfjagpproaches. Alternatives analysis should
include consideration of in-situ treatment (e.@ated storage) followed by in-situ solidification
and disposal in the interim storage container. Téehnology Readiness Assessment (TRA)/
Technology Maturation Plan process should be us@ifarm the process development for
Phase II.

b. Sampling and analysis of settler tube sludge dufhase | should include provision
for direct measurement of hydrogen generation ratelsquantities at controlled elevated
temperature, in an appropriate environment, tdifat@ planning and design of the Phase II
treatment process.Sufficient samples of engineered container slsigeild be obtained to
permit direct measurement of hydrogen generatitesé prior data is insufficient to support
selected treatment conditions. CharacterizatidR@P material should be sufficient to bound
the metallic U for quantity, particle size distrilmn, and surface area to adequately plan for (i)
the number of Multicanister Overpacks (MCOs) tpbaduced; (ii) validate acceptable levels of
hydrated material; and (iii) the potential for enbad chemical reactivity of the material.

c. High priority should be given to maintaining artdizing the Maintenance and Storage
Facility (MASF) facility for design, operator traimg and troubleshooting throughout Phases |
and Il of the project. The MASF facility, emplogmppropriate surrogates, should be used to
demonstrate (i) all sludge retrieval operationsnfwithin the basins (e.g., from engineered
containers, settler tubes, KOPS), (ii) retrievasioidges from STSCs after sludge settling, and
(ii) solids handling in any proposed processirayiheet (in-situ or using a separate plant).
Solids handling processes such as these haveoayhidthandling problems within the DOE
complex and in commercial industry. Scaling up spidtesses is often difficult particularly
when the nature of the solids is variable suchi#fs tive K Basin sludges. Full scale testing
using a variety of simulants will reduce this urtasrty and improve the likelihood of success.

Discussion. Currently, the project does not have a well dadiprocessing path for treatment
and packaging of sludges after removal from theasiB and transfer to interim storage. The
absence of such a well defined processing path fariemoval from the K Basin, including
timely technical maturation, produces the poteritiakcenarios where the ability to retrieve the
sludge from interim storage containers and protilessnaterial creates unforeseen challenges
and overall project inefficiencies, including adiital future sampling and characterization,
technology development and extended schedulesi@rdisposition of the material.

®> Measurement only of U metal content is insuffitieacause knowledge of the amount of U metal cantidh
allow estimation of the total amount of hydrogerb&generated but not the rate of hydrogen geoeragcause the
particle size distribution of the U metal particlesrot known (the combined particle size distiibutof U metal

and non U metal particles is measured and theréfierecactive surface area of U metal is not known)

1
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The following are the primary technical componesftthe project and technical risks, as the
ETF team has come to understand them:

a. Retrieval of sludges from engineered containerssitler tubes.The technical risks
of these operations are associated mechanicalyahrduiic operations to achieve sludge
retrieval. Full-scale component and integratetingsat the MASF, including direct
involvement of basin operators and feedback leatdirtesign improvements, is an appropriate
risk mitigation strategy. Appropriate bounding aslants for physical properties are in the
process of being defined. This is an importantendtecause typically there are the problems
associated with sampling materials comprised adior coarse particulates or a combination of
both. Current measurement techniques such asstigldgth may not be a sufficient
discriminator for a mixture of granular and findids and therefore additional sludge
characterization and simulant testing may be ne&apdovide confidence in equipment
demonstration using simulants.

b. Design and implementation of a strategy for tranafed interim storage of sludges,
with or without treatmentSeveral programmatic and technical factors withrsgly influence
the direction and design of transfer and storagguding (i) whether facilities developed for
interim storage, treatment and/or packaging of Ks¥Basin sludges will include planning and
integration with other site-wide Remote HandlednBanic Waste (RH-TRU) management
needs, (ii) whether interim storage will occur witlan existing nuclear facility (i.e., T Plant) or
at a new nuclear facility (potentially, using alcas pad strategy), and (iii) whether treatment
(U metal oxidation) and/or packaging for WIPP canritegrated with the transfer and storage
container and interim storage system design. @upl@nning indicates transfer of the retrieved
sludges directly from the engineered containerhiwithe basin to STSCs. STSCs then would
be relocated to the selected storage location.

c. Treatment to reduce hydrogen generation to leveteptable for shipment to and
disposal at WIPP.Currently, this project component is considerad pf Phase Il. The primary
hydrogen generation mechanisms are through radadysl spontaneous oxidation of U metal in
reaction with water. Hydrogen generation by U rhexadation has been studied and reasonably
well quantified reaction rates and heats of readtiave been determined. The U metal oxidation
rate is highly exothermic and strongly dependenteomperature and reactive surface area (i.e.,
particle size distribution of U metal). Howevdretamount of U metal in the sludges and the
specific hydrogen generation rates (as a conseguerd metal content and U reactive surface
area) are not well defined for the sludges, espgda settler tube sludges. A sampling and
analysis program is underway to reduce this unicgyta

Pre-conceptual process development has beeneditiat U metal treatment with warm water
oxidation (at ca. 80-90 C and ambient pressurahiagitated reactor as the currently favored
treatment approach. Other potential approaches #vat warrant consideration including
oxidation during storage in STSCs using heatedagthr Important factors in the treatment
process selection will be the time frame and lacafor treatment. An alternatives evaluation
and selection process has not been performeddblis$t the preferred treatment approach.
Process development and testing will be requiresifficiently mature the treatment process for

® Integration of treatment and interim storage &lant has the potential to significantly acceleterall project
completion if appropriate design and safety critean be met.

1
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implementation, including direct measurement ot#mehydrogen generation rates at
anticipated process conditions.

d. Packaging of treated sludges after recovery fror8B&3 and treatment to allow
shipment to WIPP Currently, this project component also is congdepart of Phase Il. The
Waste Acceptance Requirements for shipment to VifiEIBde (i) less than 1% free liquids, (ii)
hydrogen generation rate, and (iii) curie and lesgram equivalent (FGE) loading. Uncertainty
in the inventory (specific activity and U metal ¢ent) associated with the sludges, the
packaging approach (e.g., use of an absorbanbatigg), and the waste loading within
individual shipping packages are the primary tecéintontributors to uncertainty in the number
of packages (currently assumed to be in 30-gal dyumbe shipped to WIPP. Additional
programmatic uncertainties impacting the numbeyawkages and shipments to WIPP are
discussed separately below. The current sampfhidgaaalysis program for sludges in the
engineered containers and planned sampling angisss@rogram for the settler sludge once
retrieved into an engineered container will helpeduce this uncertainty.

e. Retrieval of KOP material and segregation of sdeet scrap and debrisThe KOP
contents will first be sampled and characterizedet®rmine if existing processing facilities
within K West Basin are sufficient to process ttieam. Retrieval of KOP material from
current locations will be accomplished by vacuumang/or mechanical means including the
potential for tipping into a receiving containerthvn the basin. The current plan is to
hydraulically wash the KOP contents, using thetegsPrimary Cleaning Machine and
integrated water treatment system (IWTS), to rensiudge particles less than 600 um, and
spent fuel scrap greater than ¥ inch to the exterdticable. The remaining coarse fraction of
the KOP contents will be dispositioned in MCOs.e®tudge (< 600 um) will proceed to the
settler tubes to be sampled, characterized, rediend dispositioned with the settler tube
sludge. From the washing process the course raktah consist of two different streams: (i)
material larger than 600 um and smaller than ¥ ianld (ii) material larger than % inch (in one
dimension). Required devices to separate the eauederial are being designed and tested at
MASF. For the course material larger than 600 poch smaller than % inch, the KOP project
plans to separate the metallic U material fromrbie-U material to minimize the amount of
material that will need to be processed as spesieaufuel (SNF). The course material fraction
larger than ¥4 inch (in one dimension) will be vibgaorted on a scrap sorter table to separate
metallic U fuel scrap from the non-U material. Tureertainties associated with this project
component are the inventory of material to be reced and the effectiveness of the planned
mechanical separations. The KOP material charaetesn, along with device design and testing
with K Basin operator participation, are appropiask reduction strategies (Sullivan 2008).

f. Disposition pathways for the Separated KOP materidie KOP metallic U material
is planned to be processed and managed as SNEdlagad MCOs, transferred to the cold
vacuum drying facility (CVDF) and dried, and thée tMCOs will be transferred to the Canister
Storage Building for interim storage until they danshipped to a federal repository. The non-U
material is planned to be managed with other b@esiris as either Low-Level Waste and
disposed in the Environmental Restoration DispBsallity at Hanford or as transuranic waste
(TRU), depending on final waste classification.e@s of technical uncertainty with the KOP
project component include: (i) the number of sgaat scrap canisters to be produced; (ii) how
dry is dry enough for the SNF scrap; and (iii) proeential for enhanced chemical reactivity of
the SNF scrap. Risk reduction strategies are bmimgued (see 3.e., above) to help determine

1
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the number of MCOs to be produced, which is dribgithe uncertainty in inventory estimates

of the KOP material and the effectiveness of planpieysical separation processes. The smaller
particle size range of the KOP material and hydratampounds more readily retain water and
make drying more difficult. The smaller particizesrange, and thus the increased surface area
to volume ratio, will increase the potential fohanced chemical reactivity, the pyrophoricity
and combustibility characteristics of the KOP mialedestined for drying, packaging, and

interim storage will need to be determined if stiffnt information is not available after the KOP
material has been characterized.

g. Inspection and recovery of additional material affebris removal from the basirA
separate project, the K Basin Disposition Projsatesponsible for cleaning and consolidation or
removal of debris, residual sludges and fuel stn@p the basin floor. This project will result in
deposition of additional sludge onto the basinfflibat requires transfer to engineered containers
for retrieval, treatment, packaging and dispogahal inspection of the basin floor may indicate
the presence of spent fuel scrap requiring rettievashing and disposal analogous to the KOP
material. However, the amount of material to lmvered as part of the final basin cleaning has
been estimated and included in the project plan.

Phase | and Phase |l Project Integration and Selectn of an Out-of-Basin Interim Storage
and Treatment Locations

RECOMMENDATION 4.

a. An alternatives analysis of sludge treatment aaxk@ging process and facility options
should be performed in order to evaluate potetdighnical, cost and schedule benefits for
integration of development of preferred optiondwtite design of sludge storage.

b. A high level review of the relationships betweba project timing, processing needs,
and facility requirements for the K Basins STP atiter Hanford RH-TRU processing needs
should be performed to determine if potential besehn be gained through coordination
between projects.

c. More detailed information should be developed amdjram planning completed to
allow for a more thorough alternative facility aysib and selection process, recognizing that the
construction of a new facility for treatment, pagkay, and shipment of RH-TRU is a
programmatic decision that should consider the sieéthoth the K Basins STP and other
Hanford site-wide RH-TRU mission needs.

Discussion. The following provides a summary of the primaagis for selection of interim
storage of sludge at the Hanford Central Platealtlz® needs for closer integration of STP
Phase | and Phase Il along with more comprehemsiakeiation of the Hanford site facility
needs for RH-TRU treatment, packaging and shipment.

a. The initial alternatives analysis (CHPRC 2009a3 warformed to compare potential cost,
schedule, and technical advantages and disadvamégeocess sequences for managing
engineered container sludge and settler tube sludipe K Basin with the primary
distinguishing feature amongst options being théh@ extent of operations within the K Basin

1
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versus at a Central Plateau facility (either atdnpor a new facility), and (ii) the specific
sequence of process steps including sludge relyisteaage, treatment and packaging for
disposition at WIPP. As a result, initial costimsttes included notional assumptions about
aspects of processing that were common amongstnspéind did not provide significant detail

in process or facility configurations. Resultgtuf initial alternatives analysis indicated a
relatively small distinction in life cycle costsrfm-basin processing compared to transfer of the
sludges to a Hanford Central Plateau facility fa#al by storage, treatment and packaging at the
Central Plateau. However, early transfer of slsdgethe Central Plateau facilitates closure of
the K Basins consistent with the Hanford 2015 VigiDOE 2009) for the River Corridor and
regulatory preferences (as discussed above). Telfactors did not strongly distinguish
between the options at that level of evaluatiomitleThe initial alternatives analysis then was
followed with a more detailed evaluation of optidassludge storage at the Central Plateau,
comparing (i) modification and use of the T Plaattility for storage with (ii) design and
construction of a new cask on pad storage fadityi2M HILL Plateau Remediation Company
(CHPRC) 2009b). This comparison indicated costnaéity and a schedule benefit to use of the
T Plant facility, rather than construction of a niawility, but only examined costs associated
with facility development and operations for sludgerage in STSCs. Still needed is a detailed
analysis of integration of storage, treatment aackpging steps, which currently is to be
considered in the Phase Il alternatives analysiteriially, there are life-cycle cost and schedule
benefits to integration of design and implementabbPhase | activities with Phase Il activities
at the Central Plateau, but an integrated alter@sitainalysis with sufficient detail to distinguish
amongst treatment and packaging process and yagittons has not been completed.

b. The ETR team has been briefed that the K Basilge material accounts for less
than 1% by volume, 11% by total Curies (Ci) and 15%@2-B shipments of the RH-TRU to be
generated on the Hanford site. The potentialtferfacility selected to meet multiple RH-TRU
missions has not been evaluated at the site-wrdgrammatic level. Insufficient evaluation has
been completed to date to select from amongst thyesens. The relationships between the
project timing, processing needs, and facility regmaents for the K Basins STP and other
Hanford RH-TRU processing needs have not been dered and thus the potential for
synergies and cost or schedule benefits that niglgained through project coordination are
unknown.

Programmatic Uncertainties that Affect Shipments toWIPP

RECOMMENDATION 5.

a. DOE-RL and WIPP should concur with the assumgtitiat serve as the planning
basis for shipments to WIPP, thus allowing for ayppiate project design basis assumptions.
The resulting assumptions, requirements and agmsrsbould be formalized through an
interface control document.

b. Unresolved issues with respect to waste classific and waste loading assessments
should be definitively resolved as rapidly as polgsi

1
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Discussion. The number of packages (e.g., 30-gal drums) hiparents to WIPP may be
impacted by the resolution of several programmiasuoes:

a. The project currently assumes that approximd&é®p of the WIPP RH-TRU capacity
to ship and receive waste is available to Hanfordshipping of packaged sludge to WIPP,
allowing for 125 shipments per year (assuming WGBPacity to receive RH-TRU at 250 per
year or 1 per day). However, packaged sludge #dBasins currently is estimated to be less
than 15 percent of the total RH-TRU shipments nedden Hanford to WIPP (see footnote
bottom of page 17). The actual number of 72B shippasks available will be a function of U.
S. Department of Energy Office of Environmental igement (DOE-EM) priorities for
shipments to WIPP including consideration of contjoet within Hanford and between sites for
shipping of other RH-TRU waste form packages to WIR further consideration will be the
availability of RH-TRU disposal panels within WIRjen the anticipated shipping interval and
WIPP operations.

b. The classification of sludge removed from thelsetubes has not been fully resolved
and agreed to by WIPP. The project currently agsutimat the sludge removed from the settler
tubes will be classified as RH-TRU but the potdrgamains for the settler tube sludge to be
classified as SNF. Until agreement on sludge ifleag8on is reached and regulatory approval is
obtained for blending, the project cannot blendig&uretrieved from settler tubes with sludge
retrieved from engineered containers because aferarabout comingling regulatory waste
classifications. Preliminary analysis indicateatthlending of settler tube sludge with
engineered container sludge will facilitate greataste loading of RH-TRU waste form
packages because settler tube sludge loadingbeviliinited by FGE while engineered container
sludge loading will be limited by waste volume.tibd estimates suggest that this may have the
potential to reduce the required number of shipgeniVIPP by up to 30%. However,
regulatory uncertainty regarding waste classifaatnd acceptability of blending indicates that,
at this time, project planning should not (and DRE€urrently does not) include credit for
reducing the number of RH-TRU packages throughgguuending.

c. Dose-to-curie (DTC) analysis requires sufficiknowledge of specific radionuclides
present in the final waste form in order to usedbse measurement to calculate the total curies
in each waste package from the combined contribwifahe radionuclides. The STP has used
prior DTC calculations by other sites that indicatiarge uncertainty can be anticipated (over
100%) but may be mitigated as additional infornraiegained regarding the radioisotopic
ratios and the final waste form. The DTC analysitlve essential in Phase Il operations where
the final waste form for WIPP disposal is generatedonfirm compliance with applicable WIPP
transportation and disposal requirements.

Schedule and Cost Evaluation

RECOMMENDATION 6.

a. A life-cycle cost analysis should be performed cstesit with guidelines for performing
cost effectiveness analysis provided in OMB Circ#led4 (OMB 1992).

b. A critical path, resource loaded schedule shbeldeveloped for Phase | and technology
maturation required in advance of implementatioRloése Il (e.g., technology maturation
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needed for retrievals from STSCs, treatment andlggaeg, as well as in support of Phase [) to
provide a foundation for planning purposes andwatalg opportunities for overall project
acceleration.

Discussion. The estimates for the basic costs and schedrdagasonable. However, the life
cycle cost analysis, as presented by the projanttes incomplete. The analysis identified the
expected overall expenditures for each alternabuedid not express those expected future
costs in present worth terms before inferring aiffgiences in costs. (The present worth is the
standard criterion for evaluating life cycle costs,prescribed by the Office of Management and
Budget and in DOE regulations and cost guides [QMB2, AACE 2005].)

The ETR team, using the basic cost estimates aariiag in the uncertainties associated with
those estimates, performed its own probabilistadysis of the life cycle costs of the four
leading alternatives: Alternatives 6-T, 6-N, 7-fida/-N (see Table 2, below, for definitiohs)
The ETR analysis suggests that, statistically etla@e no meaningful cost differences among
those alternatives. A summary chart of those figdiare presented below in a box-and-whisker
plot format. The box portion of each diagram reBabe expected present worth costs between
the 28" and 78" percentiles of the likely distribution of costhelends of the whiskers reflect
the lower bound and upper bound costs of thatibligton. The allocation of costs that comprise
the overall cost estimates indicate that only teas 20 percent of the project’s total cost is
associated with the retrieval of wastes from thBdsin and subsequent interim storage (Phase
). The selection of the sludge treatment proeeskfacilities for treatment, packaging, and
loading for shipment to WIPP, which have not ye¢rbdetermined, represent more than 80
percent of the total project costs (Phase Il).

The schedules for each alternative are dividedtintophases. Phase | comprises those
activities that occur at the River Corridor. PhHssmprises those activities that will occur on
the Central Plateau. This division in each alteve& overall project schedule seems to be a
sensible approach for showing the project team’ghesis on removing the sludge from the
River Corridor as quickly as possible. The ovedallerminant for completion of the STP
mission (and initiation of RH-TRU shipments to W)R®the availability of a facility for
treatment, packaging, and shipment of RH-TRU, wiaigtrently is not available at Hanford.

The schedules for the alternatives, like the besst estimates, appear to have been prepared
competently. The project activities in the schedudre linked logically in a coherent path that
seems to adequately reflect the alternative’s ptgkan from start to finish. The estimated
durations for the various activities seem reasanghblen the level of uncertainty associated with
those activities at the current stage of projegetpment.

" The cost evaluation looked only at the Engine@edtainer / Settler Tube alternatives analysisdiddot
address the ongoing KOP disposition activities.
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Figure ES-1. Life Cycle Cost Estimates of the Studigeatment Project

Nevertheless, the schedules are neither resourcgramed nor fully integrated with events
external to the STP. For example, there is a pialeor additional sludge to be generated from
the clean out of K West Basin that has not beetofad in the cost or schedule estimates but are
included as part of the project risk management.p&imilarly, there is a potential for a need to
recover and treat additional fuel scrap from th&rp#oor after cleaning and removal of debris.
Yet, for alternative analysis purposes, those sbarings and omissions in scheduling would not
likely have a significant effect on the inferenceawn about the preferred alternative. However,
a critical path, resource loaded schedule for texam activities and those activities for which a
preferred alternative has been selected would geoaifoundation for planning purposes and
evaluating opportunities for overall project accat®n. Thus, a critical path, resource loaded
schedule would be useful for Phase | and alscefduriology maturation required in advance of
implementation of Phase Il (e.g., retrievals frolf5€s, treatment and packaging).
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This ETR was requested to address the followingarebing questions with respect to the STP

for retrieval, treatment, storage and preparatiordisposition of sludges and related materials
currently stored in K West Basin at Hanford:

Is a new facility needed? Can the desired rebeltachieved with a minimum of new
construction or is a new facility proposed?

- Why does it take ten years to start shipping tceatedge to WIPP? Why is the time scale
the same whether the work takes place at-basihtbeaCentral plateau?

Do the advantages of moving the sludge followedrégting and packaging it on the
Central Plateau outweigh the advantages of doirtgework at K Basin?

This review focuses on several major areas: profectagement, technical risks, regulatory
risks, system risks, safety risks, and risks assediwith expert elicitation. The lines of inquiry
that provided a framework for evaluation for thiBREare provided in the review charter
(Appendix B).

% T

)

The K Basins STP is responsible for sampling aradyars, retrieval, treatment, interim storage,
packaging, and shipping of sludges and relatedmateurrently located within the K West
Basin in the 100 Area (along the Columbia Riverr@dor) at Hanford. The following materials
currently present in the K Basin are included torianaged as part of the project: (i) sludge
currently stored in engineered containers (engateontainer sludge), (ii) settler tube sludge,
and (iii) knock-out pot material. Although addii basin vacuuming will occur prior to basin
decommissioning activities, the collected matesidll be either dispositioned as engineered
container sludge or fuel scrap. The basic charatits of each of these waste streams are
provided in Table 1, as derived from prior sludgmpling and consolidation activities and best
engineering estimates. Additional sampling is liagpess and also supports nuclear material
accountability and to provide confirmatory analysisprocess development and design.
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Table 1. K-Basin Sludge Characteristics (Fluor 208)

Characteristic KOP Settler Tube Engineered Contajne
Source KW* IWTS fuel washing KW IWTS fuel KE & KW floors &
operations washing operations| pits, KE canisters
Dose (R/hr) 10 - 400 10-40 1-10
Particle Size (m) | 600 < x <6350 [0.25 in] <600 <6350 to submicro
Volume (n?) 0.3 5.4 23.2

* KE and KW refer to K-Reactor east or west basaspectively

The composition of the sludge in the engineeredasoers is primarily iron and aluminum
oxides, concrete grit, sand, dirt, paint chips, apédrational and biological debris. It also is
contaminated with fuel corrosion products and srimaments of metallic U. The sludge in the
Settler Tanks ranges in particle size from a fewraris to <600 microns. It is expected to be
primarily U corrosion products and fission and \aatiion products, with some remaining
metallic U. This projected inventory of sludgetlire settler tubes is based on previous
characterization of sludge samples from fuel camssand a material balance constructed from
data collected during SNF packaging operationsufF2®01). Settler tube sludge may also
contain lesser quantities of iron and aluminum esjdsand, Grafdil(graphite gasket material)
fragments, concrete grit, dirt, and other operaialebris.

Discrete sludge processing functions considerquhetsof the alternatives analysis for
management of engineered container sludge andrstefitle sludge are:

Sludge Mobilization: Process that mobilizes and removes the sludge tine storage
containers;

Pretreatment: Physical separation of U metal or U material frasiudge stream;
Treatment: A process that reacts U metal for hydrogen niitiga regardless of
whether pretreatment function is applied,;

Interim Storage: Storage of the sludge on the Hanford Site aaraysprior to
packaging;

Sludge Transfer: Process that moves sludge between other idehfifiections
Packaging: Process that incorporates sludge into a washe $oiitable for disposal at
WIPP;

On-site Transportation: Transportation of the sludge slurry or a solidicontainer
within the confines of the Hanford Site using erigtapproved casks;

WIPP Certification and Transport: Certification that the final waste form package
meets WIPP transport and disposal requirementstrangport of the waste package to
WIPP.

To carry out an alternatives analysis for engingeantainer and settler tube sludges, the site
contractor grouped together functions to form irdégd alternatives for sludge processing. Not
all of these functions are necessarily needed @opan individual alternative. For example, if
sludge pretreatment to separate U metal is nobpegd, then the treatment function processes
all of the sludge instead of the U metal fractigxdditionally, some or all of these functions
considered potentially to be performed at the K ¥8asin, at the Central Plateau 200 Area , or
at facilities located away from the Hanford Site.(i off-site).
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The alternatives analysis took advantage of thgelaumber of past studies on sludge
disposition as a starting point to identify viabdehnologies, facilities, and transportation
methods for accomplishing the required sludge @siog functions. Prior studies were a source
of the data used in this evaluation. Additionafigw technologies were identified to potentially
accomplish the sludge processing functions. Aini&l stage of generating and evaluating
alternatives, methods were not identified for thielge mobilization, sludge transfer, and WIPP
Certification and Transport functions because tHiosetions are common to all alternatives and
do not differentiate among alternatives. Subsetiyiespecific methods were identified for
sludge retrieval and transfer, but the specifichods also did not provide a discriminator
between alternatives considered and additionahtdolgy maturation needs were identified
(CHPRC 2009a). The necessary processing stepsdiegies, facilities, and transportation
methods were then combined into multiple uniqueradtives to potentially accomplish the STP
mission, with the resulting set of potential alstimes then reduced to seven representative
alternatives. Table 2 summarizes the seven raguldipresentative alternatives.

The seven alternatives, including the informatieneyated to evaluate these alternatives were
reviewed by an Independent Review Committee (IRC3eptember 2008. The IRC assessed
the alternatives development process and the smleated alternatives. Besides the IRC, the
review included representatives from DOE, EPA, bs&Nuclear Facilities Safety Board
(DNFSB) and WIPP. The IRC concluded that the mtdjad followed a sound process for
developing these seven alternatives. The IRC theommended a Rough Order of Magnitude
life-cycle cost and schedule analysis and a praknyi Hazards Consideration consistent with
expectations in DOE STD-1189-2008 (DOE 2008d) ierseven selected alternatives, which
the STP engineering team prepared.
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Table 2. Description of Seven Alternatives Initia) Identified for Sludge Processing

(CHPRC 2009a)

Alternative

Description of Functions

1

Retrieve sludge from Engineered Containers

Conduct sludge Pretreatment and Treatment in tiiéekt Basin

Transfer the treated sludge as a slurry in theg@luidansport System (STS) cask to the Central &ie280 Area
Interim-store the treated sludge in either T Ptara new facility on the Central Plateau 200 Area

Package the treated sludge into a final waste {grout or absorbent) suitable for disposal at WiPR new
packaging facility located on the Central Plate@Q Area

Interim store the packaged sludge until contaiaeespackaged for shipment to WIPP

Retrieve sludge from Engineered Containers

Conduct sludge Pretreatment and Treatment in thiéekt Basin

Package the treated sludge into a final waste {grout or absorbent) suitable for disposal at WiPR new
packaging facility located at the K Basin

Transport the packaged sludge in ISCs to the QdPlteau 200 Area for interim storage in a neoilits
Interim-store the packaged sludge until contaimeespackaged for shipment to WIPP

Retrieve sludge from Engineered Containers

Package the untreated sludge into a final waste fabsorbent) suitable for disposal at WIPP inwa packaging
facility located at the K Basin

Transport the untreated packaged sludge in IS@®t€entral Plateau 200 Area for interim storage new
facility

Interim-store the untreated packaged sludge uaititainers are packaged for shipment to WIPP

Retrieve sludge from Engineered Containers

Package the untreated sludge into a final waste {grout) suitable for disposal at WIPP using nepipment
located underwater at the K Basin

Transport the packaged sludge in the ISCs to tmr@léPlateau 200 Area for interim storage in & ffecility
Treat the packaged sludge to oxidize U metal byduestorage of the waste containers

Interim-store the treated packaged sludge untitainars are packaged for shipment to WIPP

Retrieve sludge from Engineered Containers

Package the untreated sludge into a final waste fgrout) suitable for disposal at WIPP using neuipment
located above water at the K Basin

Transport the packaged sludge in ISCs to the QdPimteau 200 Area for interim storage in a neelity
Treat the packaged sludge to oxidize U metal byduestorage of the waste containers

Interim-store the treated packaged sludge untitainars are packaged for shipment to WIPP

Retrieve sludge from Engineered Containers

Transfer the untreated sludge as a slurry in th® &Bk to the Central Plateau 200 Area

Interim-store the untreated sludge in either T Ptara new facility on the Central Plateau 200 Area
Conduct sludge Pretreatment and Treatment in afaglity located on the Central Plateau 200 Area
Package the treated sludge into a final waste {grout or absorbent) suitable for disposal at WiPR new
packaging facility located on the Central Plate@Q Area

Interim-store the packaged sludge until contaimeespackaged for shipment to WIPP

Retrieve sludge from Engineered Containers

Transfer the untreated sludge as a slurry in th® &Bk to the Central Plateau 200 Area

Interim-store the untreated sludge in either T Ptaira new facility on the Central Plateau 200 Area
Package the untreated sludge into a final waste {grout) suitable for disposal at WIPP in a newkaaing
facility located on the Central Plateau 200 Area

Treat the packaged sludge to oxidize U metal byduestorage of the waste containers

Interim-store the packaged sludge until contaimeespackaged for shipment to WIPP

The preliminary Hazards Consideration (CHPRC 2008agw included representation from
Nuclear and Process Safety, Criticality Safetyubtdal Safety and Hygiene, Radiological
Control, Project Engineering, and Fire Protecti@tiglines and was consistent with the
expectations of DOE-STD-1189-2008. This prelimynidazards Consideration review
determined the following:

1. None of the alternatives exhibit a clear, didtsafety advantage;
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2. Only safety significant controls are needed,(ne safety class controls) for each
alternative; and,

3. There is no unique or unanalyzed hazard assolcvaith any of the seven alternatives.

The schedule analysis focused on the critical pa#ach alternative to remove sludge away
from K Basins and the Columbia River. Three akéres, Alternatives 1, 6, and 7 utilize a two
phase approach with transfer of sludge as slurtijgddanford Central Plateau 200 Area prior
to packaging (see Table 2 for details; CHPRC 2Q09a)

Phase 1 — Removal of sludge and related mater@ais K Basins, including materials
from engineered containers, and settler tubesjtertransportation and interim
storage; and,

Phase 2 — Treatment, packaging, storage, and ptepafor shipment to WIPP.

Analysis of these alternatives indicates removdhefsiudge from K West Basin five to nine
years faster than Alternatives 2 through 5, whiablkiage sludge at the K Basins. Thus,
Alternatives 1, 6, and 7 are consistent with theE2ddd EPA Region 10 objectives to remove
the sludge off the River Corridor as soon as pdssibd achieve the Hanford 2015 vision (DOE
20009) for the Columbia River Corridor, providingneparative benefit to Alternatives 2 thru 5.
As currently envisioned, interim storage in the 200a Central will be in either T Plant or a
new facility. Facilities for treatment and packaghave not been identified.

No formal alternatives analysis was prepared ferKOP material. While disposition of the
KOP material will occur during the timeframe thdteknative Analysis Phase 1 activities are
implemented, KOP disposition is not consideredragiaPhase 1 but occurs concurrently with
Phase 1 activities.

Alternatives 1, 6, and 7 were selected by the SFRufther evaluation by a Decision Support
Board (DSB) based on the analysis discussed abbvese alternatives then were developed in
greater detail by the STP engineering team prioh¢oDSB rating and ranking of each
alternative. Pre-conceptual designs were develspé#itiently to provide supporting
information for an Association for the AdvancemimtCost Engineering International Class 4
(AACE 2005) cost estimate (+50%/-20% accuracy rangeapital costs) and schedule. At this
stage of alternatives development, interim slutoyage at a new facility was compared with
interim slurry storage in T Plant for each of theee alternatives (designated™Nnd “T”
alternatives, respectively), creating sub-altexeatilN, 1T, 6N, 6T, 7N, and 7T.

Subsequently, five selection criteria were usethieyProject for rating and ranking the three
alternatives:

Safety: Safety input was provided based on preliminaryahdz evaluations. Each of the safety
disciplines (i.e., Nuclear and Process Safetyjcatity Safety, Industrial Safety and Hygiene,
and Fire Protection) were used to evaluate thetpre-conceptual designs. The safety

8 Thus, Alternative identifiers ending in “N” inditss that that alternative would be realized thronetv
construction while those ending in “T” indicateg tiise of T plant.
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disciplines used a go/no-go criterion for the alédives (CHPRC 2009a). It was determined by
the Project that each alternative could be conéiduo adequately control the respective hazards
by using well established mitigation methods, and aesult, no discriminators between
alternatives were identified (CHPRC 2008b).

Regulatory/ Stakeholder AcceptanceStakeholder input has been received as public antsn
from past K Basins remedial action planning in sarppf the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCR&Lord of Decision (ROD) (EPA 1999)
and ROD amendment (EPA 2005). Since none of teenaltives treat sludge soon after removal
from the Engineered Containers, an "Explanatio8ighificant Differences" or an amendment to
the CERCLA ROD will be needed. Development of éhdscuments is achievable within the
project schedule.

Technical Maturity: Likely technologies to perform functions were sédel based on previous
studies and perceived relative cost and/or comiyglexihe selected technologies were pre-
conceptual designs of those likely to be used bfibiive selections were not made. The level
of technology definition was sufficient to disceammary distinguishing features among process
sequence concepts for comparative purposes aral ohotvn selection but not sufficient for final
process selection.

DOE-EM guidance on determining technology readifB$3E 2008a) was applied informally at
the pre-conceptual STP design stage to providelarpnary high-level assessment of technical
risk associated with the three alternatives. Remtagive critical technology elements (CTES)
were identified for the three alternatives, andiesctomatter experts prepared Technology
Readiness Level (TRL) evaluations of the critieshnologies using the TRL questionnaires and
TRL scale. The TRA evaluation questions includexyjpammatic, technical, and manufacturing
criteria. Some non-technical criteria were notsidared applicable at this pre-conceptual stage.

Operability and Maintainability including “As Low As Reasonably AchievabléALARA)
Considerations: Operations and maintenance of equipment withirkiNgest Basin must be
performed remotely due to the high radiation dese from materials stored within the basin.
Personnel are required to wear protective equipsgett as a breathing respirator, anti-
contamination and water barrier clothing, and safeirnesses to avoid falls. Personnel use
long-reach tools and hoists to access equipmehtrite basin. There is limited access through
grating to objects within the basin. The approxehal7-foot water depth in the basin provides
shielding to reduce the radiation exposure to persb The visibility within the basin water can
be quickly obscured when performing operating aaihtenance activities that disturb materials
contained within the basin.

ALARA radiation dose estimates were prepared byasiB operations personnel for each of the
conceptual alternatives. The primary distinctietween Alternatives 1, 6 and 7, is that
Alternative 1 has more extensive construction gretations within the K Basins.

ALARA, operability, and maintainability consideratis for the three alternatives favored

minimizing the placement of new equipment and mining sludge slurry movement activities
within the K West Basin. Alternatives 6 T/6N and/ 7N install less equipment and perform
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fewer sludge movement activities within the K WBasin than alternatives 1T/1N, since sludge
treatment and packaging is performed in a newifaddcated on the Central Plateau 200 Area .

Programmatic Aspects:Analysis of the programmatic aspects indicate dftarnatives 6T and

7T have the shortest duration for Phase 1, whiestisnated to be approximately two to three
years less than the other alternatives. Thereaappe be no discrimination between alternatives
for life-cycle schedule except that alternativeg/Nrare complete one year later due to the
heated drum storage after packaging to oxidize tAind he alternatives have similar total life-
cycle costs. No differentiation can be made betwtbe alternatives when considering impacts
to WIPP or other programs. Integration with otkkieiVest Basin activities and T Plant can be
managed for all alternatives.

In addition to and consistent with the numericéihgafor alternative 6T, the Project Team
considers it to have the following advantages:

Expeditiously reduces the nuclear safety hazankimoval of sludge and more rapid
closure of the K Basin.

Expeditiously reduces environmental risks by mowshgige away from the river,
thereby allowing earlier remediation of the chromiplume beneath the basin.
Earliest possible closure of 100-K operable urstseguired by environmental and
regulatory agreements.

Does not preclude decision on ultimate dispositibthe waste and preserves the option
to combine treatment with other required facilig¢dHanford.

Avoids installation and operation of sludge treatirend packaging systems within the
difficult operating environment of K West Basin.

At least five to nine years quicker for removakbafdge from the Columbia River
Corridor than any alternative that immobilizes Wesste at or near the basin.

Additional Background Material

Hose-in-Hose

A central task in the STP is to retrieve the slufiigen the K Basin and move it to whatever the
subsequent processing might be. Earlier work regusimilar sludge retrieval employed a
technology called “hose-in-hose.” The results sihg this approach were less than desired
primarily due to a lack of understanding of theunatand character of the sludge (DOE 2005).
Significant lessons learned from prior hose-in-hinaesfers are being applied in this project.

Two-Phase Approach

The primary reason for separating this project tato phases is the key DOE objective of
removing the sludge from the K West Basin and CalianRRiver Corridor as soon as possible.
Early removal reduces risks to the environmenbved! for remediation of contaminated areas
under the basins, and supports early closure ai@eKR-4 operable unit.

Funding Levels

EM guidance requires STP to stay within existingding levels and have a high degree of
certainty of success (greater than 80%). The cuB&®R five-year (and 10-Year) funding profile
cannot support design, construction, and operati@mn in-basin treatment and packaging
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system due to other higher site priorities andiooed sludge retrieval and mobilization
technical challenges limit its ability to achieue 80% confidence level of success.

Regulatory Agreements

The EPA and Washington Department of Ecology régagreed to establish new 100 K Area
milestones. These negotiations were done with keaye of the planned DOE RL two phase
approach to treat and package the K Basin sludgeehwtas regulatory support because of its
schedule implications.

The seven primary alternatives may be groupedtitobroad sludge processing strategies: a)
retrieval, treatment and packaging in or near Kildaserses, b) retrieval, transfer to the Hanford
Central Plateau, followed by treatment and paclkgagsPhase 2. In October 2008, the Project
down selected to options 1, 6, and 7 (Figure 1ih woncurrence from an IRC and DOE-RL,
based largely on a Phase 1 schedule advantagevirigitbe sludge from K Basin to the

Hanford Central Plateau.

O "=# Os " #
% & # o () Ty

Figure 1. lllustration of activities at K Basins versus the @ntral Plateau for Alternatives 1,
6 and 7 (CHPRC 2009a).

The required building blocks are similar for alltbg alternatives scenarios, with the primary
distinguishing features between scenarios beingitheess sequence and location of process
steps. Therefore, the use of first order approxwnatof the various blocks for alternate
selection is reasonable.

Factors that favor the strategy of moving the es&d sludge to the Central Plateau prior to
treatment include:

1) Reduction in environmental risk to the Columbiadilay earlier removal of the sludge
out of K Basin and off of the Columbia River Conid Teynor 2009a, DOE 2009,
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Loscoe 1999, Gadbois 2009). There is regulatoefepence for these options also
because they allow for earlier, comprehensive actwea chromium groundwater plume
beneath the K Basin facilities for remediation.slfactor was a primary determinant in
the selection among alternatives. However, the ldpweent of regulatory documentation
is achievable for all of the alternatives and wasandiscriminator between alternatives;

2) Reduced worker dose (ALARA) and better worker éficy because of sludge treatment
and packaging in remote handled facilities rathantin the K Basin itself. Equipment,
debris, etc. that breaks the water surface dunpegadion within K Basin has the
potential for release of airborne radioactivitygddherefore K Basin is classified as an
Airborne Radioactivity Area. The Airborne Radiaaity Area working environment
requires that all workers wear anti-contaminatitmheng and respiratory protection. In
addition, K Basin workers use long-reach tools mrdote cameras (sludge suspension in
the basin water during in-basin operations obscusgn) to conduct work below the
water surface. Based upon the constrained opgratimironment, the project estimates it
is approximately ten times more difficult and tis@nsuming operationally within K
Basin as opposed to a purpose built hot-cell tgdiBragg 2009);

3) Prior experience from retrieval and transfer ofigkel from K East Basin to K West Basin
and incorporating lessons learned provides gréatdnical maturity for retrieval and
transport of sludge as opposed to processing dgsl(.e., in-basin treatment of sludge
will require more technology maturation delayingdgde removal from the basins); and,

4) Improved knowledge of sludge inventory and compasibefore processing, which will
allow for development and validation of the necegsaite of sludge simulants.

Factors that favor retrieval and treatment in arrié€ Basin include:

1) Potential for the project to stagnate after transfesludge to the Central Plateau and
incurring additional technical difficulty in futun@aterial processing because of sludge
oxidation and settling. Interim storage of thedglet may allow for compaction of the
sludge creating a rheological state that is mdifecdit to mobilize and retrieve and most
likely would include another sampling campaign &oify chemical, physical, and
rheological state of the sludge; and,

2) Potential for earlier oxidation of the U metal cained in the sludge.

In-basin treatment was evaluated as part of Altered. No successful in-basin packaging
systems have been developed or demonstrated. tbhemnplete all necessary operations in or
near the K Basin would likely require constructmfra new packaging and storage facility near
the basin or extensive time for technology matorati

Following initial alternatives evaluation, a moretailed evaluation and comparison was
completed of interim storage at T Plant versusva cesk on pad storage facility (CHPRC
2009b). The initial alternatives analysis recomneghthterim storage of the K Basin sludge at T
Plant. However, the DSB identified potential riski$h interim storage in T Plant due to the
facilities age and potential to not be able todismically certified for this use. The subsequent
more detailed analysis of interim storage foungéheoncerns to be low risk based on review of
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earlier seismic analyses and prior preparatioreeémal cells within T Plant for sludge storage
(several cells had been prepared for storage dfslfrom K East Basin but were not used for
this purpose). The most significant identified [rR upgrades are facility modifications,
including cell cleanout and the installation ofeie and racks within process cells, to support
sludge storage (CHPRC 2009b). The ETR team balithare might also be the potential to
integrate retrieval, shipping, oxidation and polyséven final packaging of the K Basin sludge
into a single canister design and suggests fudbesideration of this approach.

The implementation of a new cask on pad facilityldaequire the design of new storage casks
to contain the STSCs along with new safety andrenwiental analyses. In contrast, use of the
T Plant can take advantage of prior safety andrenmental analyses completed in conjunction
with earlier plans for sludge storage at T Plamt therefore only require updating for the revised
mission. Furthermore, implementation of storagé Btant can be achieved more rapidly
because of less design and construction work. pFingary risk associated with STSC storage at
T Plant is the durability of other on-going misssdor T Plant. The current comparative
evaluation assumes that the costs attributed t&Tieare only the incremental costs associated
with the sludge storage and that the primary opegatnd maintenance costs for T Plant are paid
for by other projects.

The comparison of the alternatives evaluation flberatives 1, 6 and 7 is summarized as
follows. The primary distinguishing features fawgr Alternatives 6 and 7 over Alternative 1
are (i) the earlier removal of sludge from K Basamsl the Columbia River Corridor, allowing
attainment of Hanford restoration and regulatorglgioconcurrent with reducing the
environmental risk to the Columbia River, (ii) allmg more time for treatment and packaging
process development, and (iii) easier operabititgintainability and implementation because of
fewer operations within the K Basins where actgtiikely pose greater radiation exposure
hazards and physical constraints. Preliminaryyammahlso suggests that Alternative 6 (treatment
prior to packaging) may be favored over Alternafivgpackaging followed by in-drum treatment
using heated storage) because of greater reliabilimplementation, however, more detailed
analysis is needed for process selection and desigart of Phase II.

The STP’s current planning basis is to performpiggect in two distinct phases. Phase | is to
effect the mobilization, and transport of the skeidg the central plateau for temporary storage
and Phase Il is to process the sludge into an talglepvaste form for ultimate disposal.

Technical process steps are logical and the progecignizes the key ones. Risks associated
with technology development are recognized. Extent@chnology maturation (design,
development, testing) is needed for major procegsdefore implementation.

! *

The project is to handle the residual sludge remgim the KW Basin following fuel washing
and packaging, and basin cleanout, which is fouarttiree separate streams: engineered
containers, settler tubes, and KOPs. Each may diffeeent characteristics and will need to be
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sampled, analyzed and characterized. The prgextrrently sampling engineered container
sludge and plans to sample or characterize thesostieeams in the future. Sampling and
characterization needs for the sludges from théneeged containers and settler tubes are
specified in a Data Quality Objective document ehdracterization will include identification

of fissile material concentration (for nuclear $gfend safeguard and security requirements), and
physical properties (particle size, density, sludigear strength, etc) to support design of the
sludge retrieval and transport system. A sepalai quality objective document currently is
under development for establishing the charactéoizglan for the KOP material and therefore
laboratory characterization needs for this matenaluncertain.

The review team considers the sampling to be afit@ system design for Phase | (retrieval and
transport) and for Phase Il (processing and paoka@ind should be a high priority activity for

all three waste streams. Sufficient sample volushesild be taken to allow for warm water (or
an alternative) oxidation testing, to validate asgtions regarding hydrogen generation rates and
processing times needed to meet subsequent recunterior packaging, transport and
acceptance at WIPP.

(

Engineered container sludge represents the majufritye sludge to be handled and is primarily
the result of cleanout of the basins (KE and KV@ptaining a varied mixture of concrete
particles, sand, corrosion particles, and smalflidelhe containers are large rectangular boxes
roughly 12’Lx5'Wx13'H with an egg crate configurédttom. The project intends to retrieve
the sludge from utilizing either a direct suctiammp or a HydroLance (developed with EM-20
funding) to lift the contents as a slurry for triargo a loadout system for placement in the
transport and storage containers. Previous experieith removal of containerized sludge
(bottom retrieval) in K East Basin proved that shedge can be very difficult to mobilize. The
project is pursuing a testing program to assesmtdogies to effect this retrieval and has
encountered some difficulty with performance of direct suction pump. The review team
considers the mobilization of the sludge to begaificant challenge and that sludge
characterization coupled with simulant developnse mobilization testing should be of high
priority to reduce uncertainties.

(

Settler tubes are a component of the IWTS and esigyded to collect the sludge that passed
through the KOPs and strainers and consists ofslpdrticles smaller than 600 microns. The
tanks are horizontally oriented and nominally 20tiameter with smaller pipes entering on the
ends. Solids settled as the slurry flowed frompipe to the tanks. The project plans to retrieve
the sludge by inserting an integrated high pressprayer and suction device into the tanks via
one of the piping penetrations. The sprayer wdbihize and the suction head will remove the
resulting sludge/water slurry. Testing is currgnihderway and will be validated with simulants
reflecting the existing results from characterizatof KE and KW Canister sludge samples,
which is analogous to the sludge contained in #ties tanks.
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KOPs, also a component of the IWTS, are designedltect larger particulates that pass
through the roughing screen at the Primary Cleaklaghine (PCM) during the fuel cleaning
process. The larger particulates were to falladuhe KOP while the smaller particulates (<600
micron) were to pass on to the settler tubes. plusess may not have performed as expected
and the KOPs may contain a mixture of large andlgmadiculate. The opening and
characterization of the KOPs has yet to be comg)dteerefore the material separation strategy
is not well defined and material characteristies ot yet known.

The project has grouped the IWTS Strainer Baskeé¢mahand PCM canister material that
resulted from fuel cleaning operations, into thesaategory of KOP material, which is
currently planned to be dried and packed into M@®Dstorage with the packaged spent fuel and
fuel fragments ultimately destined for deep gealagpository.

The review team considers the characterizationsapdration strategy to be a significant
unknown and that the characterization of the dfféicomponents of the KOP stream to be vital
to the design of the removal/treatment system raet@tion of possible increased chemical
reactivity, and subsequent SNF drying campaign.grbgect will need to determine how dry the
KOP material must be to prevent later issues wothtainer pressurization and corrosion [ASTM
C1454 - 07, ASTM C1553 — 08]. In addition, the atlet U corrosion due to storage in water
coupled with increased surface area may have eetlahe chemical reactivity of the metallic U
creating U hydride particulates and/or inclusiamsghie U metal matrix.

=+

Sludge will need to be removed from STSCs afteeméd storage and settling periods, which
may result in increased sludge cohesion resultimy fsettling and aging processes. In addition,
in-situ treatment (oxidation of U metal) through heatexntagje of STSCs is a potential treatment
process optionIn-situ treatment would require consideration of increadsgttogen removal

rates and possibly agitation of particles to disggghydrogen and oxidation rinds.
Demonstration is needed of the STSC design usipgpppate chemical, physical and
rheological surrogates for sludge removal aftettesaent as well as in-situ treatment, if in-situ
treatment is considered likely to be a viable aptio

L "
The sludge is found in three separate streamsneaggd containers, settler tubes and KOPs.
Mobilization, transfer and treatment of the sludgk present challenges. Knowledge of the
material physical and chemical characteristicstzatthviors of the sludge is necessary to support
the design and manufacture of the systems to lkfassludge transfers and processing. Due to
the hazardous (radiological, toxicological) nataf¢he sludge, testing of technologies to be
utilized in remediation of the sludge must be carted with simulants. Development of
simulants that adequately mimic the behavior ofatteal sludge is critical to the proof of
concept for the technologies selected.

Hydraulic retrieval of the sludge from the engiregbcontainer and settler tanks poses unique
challenges to system engineers. Previous moveroéttie sludge from K East Basin to K West
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Basin proved to be difficult and time consumindieBludge behavior and characteristics
challenged the technologies used to perform thatter.

The technologies selected for sludge retrieval,esofrwhich are at a low level of maturity, are
to be tested on simulated waste material. Theeptag using MASF for testing of procured
equipment and evaluation of its performance withudated waste. The technology
development planning recognizes the needs fostale testing of most steps, for multiple
simulants to duplicate the wide diversity of feeasd for in process sampling and feed back for
control and process adjustment. In this way, threyaaoiding several pitfalls suffered by other
projects (i.e., adopting technology with inadequeasting specific to the problem to be
addressed) and thus learning from previous expegigbare should be taken that design
progression does not out strip development and dstration needs.

The review team recognizes and agrees with thegtsjprioritization of the characterization of
the sludge and development of adequate simulantegong. Development of adequate
simulants that mimic the characteristics of thelgkuis critical to the testing and evaluation of
technologies to be used in the project for the hag@nd processing of the basin sludge. The
team agrees that rigorous testing of the technetogi the MASF facility is important, but that
acceleration of activities should be considerednreffort to reduce the testing schedule duration
and allow movement of the sludge from the basianrexpedited manner. MASF provides a
valuable resource for testing retrieval and treatnbechnologies, as well as for operator training,
and therefore should remain available during Phasel during Phase Il process maturation and
active operations. In addition, the STP is conidgcfull-scale demonstration of prototypical
equipment in the KW Basin using actual KOP matsrialrefine designs and operations. The
STP also is evaluating conducting similar full-ecdémonstrations for retrieving and
transferring engineered container sludge.

1 * 1 (

The STP current planning basis is to perform tlugept in two separate phases. Phase Il is to
store and then process the transported sludgamézceptable waste form for disposal. The
ultimate disposal pathway for the engineered caortaand settler tube sludge is currently
planned to be as RH-TRU and is to go to the WIPRe STP planning basis to perform the
project in two separate phases provides for remoiviile sludge from the river corridor as
quickly as possible in Phase I, to allow for Deemnination and Decommissioning of the K
Basin facility, while allowing more time to develdpe treatment technology for oxidizing and
stabilizing the sludge into the final waste fornmPhase II.

The review team is concerned that the separaterghakthe project may not only result in the
possible curtailment of the Phase Il work but afsy cause the sludge to take a form in the
interim storage containers that may compound tbblpm when Phase Il work is initiated.
Mobilization and transfer of the sludge into interstorage containers for an extended period
may result in the sludge developing properties mgki difficult to retrieve when necessary for
processing. Phase | testing should consider thessbilities to prevent problems during Phase
Il. Sampling and analysis of the separate wastasts is critical to support Phase I testing in
mobilization and transfer and Phase Il interimager mobilization, transfer, and processing.
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The sludge, as found in the basins, contains Ulmatéicles which may react with the water in
the sludge and generate hydrogen gas above ackegadls to meet WIPP acceptance/shipping
requirements. The project currently plans to tteatsludge to react the U metal particles in a
controlled manner to significantly reduce the hygno gas generation rate. However, a specific
technology has not yet been selected.

The review team is concerned with the separatich@STP into two phases and the selection of
the warm water oxidation method for treatment efthmetal in the sludge. The distinct
separation of the project phases provides for fedwsfort to reduce the schedule duration for
removal of the sludge from the river corridor. Hower, once that significant risk driver is
mitigated, Phase 1l work could potentially be ciked, delaying the processing of the sludge to
its ultimate disposal form. Phases should be tlasmipled to provide for development of an
oxidation treatment process during Phase | sudhategistem is identified and proved to perform
the processing of the sludge to final waste forri lnefore Phase Il is scheduled to begin.
Sufficient maturation of processing steps for PHaskould occur either prior to or in

conjunction with sludge transfer under Phase hsuie compatibility of Phase Il processing

with the STSC design and interim storage configanat Process control issues including
maintaining temperature control and preventionoahfiing during oxidation need to be
addressed. Alternatives to the baseline oxidatiethod should also be evaluated during Phase |
including the potential for in-situ treatment dwistorage (e.g., heated storage to oxidize U
metal possibly followed by addition of a solidiftean agent and disposal in the storage
container). If the settler tube sludge is detegdito have much lower hydrogen gas generation
rates and is more rapidly treated (if necessa the sludge currently in engineered containers,
a separate treatment and packaging pathway magdremiate for settler tube sludge. A
detailed technical maturation plan, identifyingheical issues, resolution strategies, schedule,
and resource allocations should be developed.

The interim storage of the containerized sludgeowssd from the K Basin is currently planned
to be at T Plant, an existing facility that hasrba®dified to receive similar containers for
storage, although further modifications to T Phaould be necessary for the proposed interim
storage mission. Phase Il processing currentijaisned to require the construction of a new
facility to provide for the retrieval of the sludgem interim storage containers to the final
disposal form. The ETR team suggests evaluatinghen¢he simplification is possible by
performing interim storage, treatment (i.e., thiohgated storage) and possibly even
stabilization of sludges in the STSCs. Howeves thay require design and testing of STSCs to
facilitate such processing prior to retrieval of gludges. In addition, Hanford has many
different transuranic waste (TRU) forms that wdfuire remote handling for disposal, with the
STP project representing less than 15% of the RitRITRU 72B cask shipments from Hanford
to WIPP (WIPP 2008) An integrated facility to handle all RH-TRU shdie considered as
the various waste forms are assessed for treatment.

® The current working inventory estimates for RH-TBé&herated from the Hanford Site (M-91 Project Mgmaent
Plan (draft)) are ~3,082 cubic meters of wasteiwa, ~287,000 Ci, and, ~6,767 RH-72B Cask shipnterigIPP.
K Basin estimates are ~29 cubic meters, ~33,00ari,~1000 RH-72B cask shipments to WIPP. ThuBakin
represents <1% of the waste volume, ~11% of toitahi@l ~14% of RH-72B cask shipments.
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Phase Il processing of the K Basin sludge is ctigrgianned to require the construction of a
new facility; similarly, the integration of the féity for treatment of the sludge as part of the
STP project with the facility needs for the otharitbrd RH-TRU waste forms should be
evaluated.

The WIPP has established criteria for the packagimjtransportation of RH-TRU to WIPP
(DOE 2006). These criteria help ensure waste redeand emplaced at WIPP meet applicable
federal and state requirements. The criteria tel@among other requirements, waste
characterization requirements (DOE 2003), wattagid, restrictions on prohibited items and
pyrophoric material (e.g., U metal), FGE, and theninable gas limit. Of particular interest to
the K Basin project is hydrogen gas generation fomthh chemical oxidation and radioloysis.
Significantly, the hydrogen gas generation fromnstoal oxidation of U metal (Delegard 2008)
in the K Basin sludges needs to be extinguishedrade at or below the limit set forth in the
Remote Handled Transuranic Waste Content Coddkioparticular waste type and final waste
form (DOE 2008b). Since the final waste formulatand packaging has not yet been
established, pending future waste analyses onlipdle limiting criteria can be stated, such as,
the flammable gas for the 72-B cask (5 volume per(®vol.%)) and the FGE limited of 315
for the 72-B cask’

The primary source of hydrogen gas in WIPP’s caliioths has been based on radiolysis;
however, the potential for heat and hydrogen gagmgion from chemical oxidation of U metal
will need to be accounted for (or added to) in WéRRalculated wattage and analytical gas
generation limitsAs a result, the 72-B cask and WIPP acceptancéslifoi the amount of
hydrogen gas generated from the chemical oxidatidh metal in the final waste form to be
shipped to WIPP will require oxidation of the U @adb meet WIPP RH-TRU Waste
Authorized Methods of Payload Control transportatiequirements for the 72B cask and
WIPP’s RH Waste Acceptance Criteria (Delegard 2008e RH-Waste Acceptance Criteria
incorporates the WIPP Safety Analysis requiremdnterder to meet the requirement of less
than 5 vol.% flammable gasses (from both radiolgsid oxidation) in the headspace space of
the sealed 72-B cask over an established timeghaghe STP is looking at various methods to
oxidize the U metal in the sludges safely, effithgrand effectively (Mellinger 2004).

10 Section 5.0Gas Generation Requirements this document states the following: “[flor apsickage containing
water and/or organic substances that could radtteljy generate combustible gases, determinatiost foe made
by tests and measurements or by analysis of aseiaive package such that the following critei®omet over a
period of time that is twice the expected shipniené (defined in Appendices 2.3 and 2.4 of the RRIJTPayload
Appendicesl): The hydrogen generated must be limitea molar quantity that would be no more thankB26
volume of the innermost layer of confinement (ounigglent limits for other inflammable gases) if peat at
standard temperature and pressure (i.e., no mare(l®63 gram-moles/cubic foot at 14.7 pounds geare inch
absolute and 32°F). The gases generated in theguhgind released into the RH-TRU 72-B IV cavityllsdha
controlled to maintain the pressure within the Ryity below the acceptable design pressure of Thgs per
square inch gauge.”
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At present, work at the Pacific Northwest Natiobaboratory has and continues to be conducted
on understanding the specific nature of U oxidaiioK Basin sludges (Delegard and Schmidt
2008). Because of the range of the U metal pagjdrom a few nanometers to less than 6350
microns (1/4”) in size, the time required to oxelthe larger particles sufficiently to meet the
hydrogen gas generation limit has been determiméa the rate-limiting step. Pacific Northwest
National Laboratory is also conducting researchhen‘Use of Nitrate, Nitrite, NoChar®, and
Phosphate to Mitigate Hydrogen Generation fromRbaction of Water with Uranium Metal in

K Basin Sludge” (Delegard 2009). As a result, #d® expects to conduct some type and/or
degree of U metal oxidation in Phase Il of the KiBasludge treatment in order to produce a
WIPP acceptable waste form that can be transportée 72B cask.

At present, because of the WIPP compliance rematiibn application, DOE and the contractor
have made the decision and have gained the concercd the EPA, that the Settler Tube
Sludge waste type may be determined at a futues dapending on additional data, to be TRU
waste (Goldstein 1999). However, until such ameitgation is made, DOE has agreed to keep
such sludge waste separate and not mix it with @oatized Sludge. If the Settler Tube Sludge
is determined to be TRU waste then operationatieficies may be possible by the mixing of
volume-limited engineered container sludge with H@tted Settler Tube Sludge; thus,

yielding a mixture that will generate fewer drumgatal than the total number of drums
generated from the containerized portion plus thalrer of drums generated from the Settler
Tube Sludge. The mixing of the two sludges hanlestimated to decrease the total number of
drums by 30 percent to approximately 2,000 drurkkawever, the Carlsbad Field Office

strongly cautions against blending of the differelotdge types because of regulatory uncertainty
(Nelson 2009). Thus, the Review Team recommendmsigplanning at this time for improved
efficiency through this blending approach, whicleamsistent with the current DOE-RL

planning basis.

"H# $%

The STP made a best engineering judgment evaluagarding the availability of the five (5)
72-B Casks now built and certified for WIPP RH-TRUdste form shipments and determined
that no more than 50 percent of the casks woulaviadable to ship K Basin RH waste to WIPP.
This translated into about 125 casks being avalpbl year for shipping treated and certified
RH packages to WIPP, according to the Sludge Treattfaroject. Based on the Project’s current
drum generation numbers of about 3000 drums (3 slijpen 72-B shipment) it results in about
an eight (8) year shipping campaign.

The STP currently expects to begin shipping to WiHP&pproximately 10 years, assuming the
Phase 2 facilities are designed and deployed cogrwvith the Phase 1 removal of sludge from
the KW Basin. It is known to the STP that other D§Mes may also be shipping RH waste to
WIPP during the time the Project expects to bemhgits waste to WIPP. In addition, the STP
is estimated to account for less than 15 percetiteofotal Hanford RH-TRU 72-B cask
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shipments to WIPB. Therefore, the Project assumption that 50% eftiailable 72-B casks
would be available for shipment of packaged sludge the K Basins is only a first order
approximation. The STP also realizes that fewanore casks may be available depending on
the needs and priorities at other sites in the dexnd he eight (8) years’ shipping schedule can
be reduced in half if all the 72-B casks are magelable to ship the 3000 drums of K-Basin
sludges (Riviera 2009).

The Project, based on discussions with anotheasie/NVIPP, has conservatively set a 100%
error on the DTC measurement until other informmabecomes available or actual data is found
to reduce the error. The project has set the téirgetfor each 72-B cask at less or equal to 147
FGEs, which translates into about 49 FGEs per dnahading the error factor. The Project has
set a 20% process error, thus reducing the Prejeperational limit to approximately 40 FGEs
per drum for Settler Tube Sludge. The Engineeredt&oer Sludge is volume limited to
approximately 20 liters per 30-gallon drum.

Other efficiencies, such as increased waste logangirum, increased accuracy, and a decrease
in uncertainty in DTC measurement, along with tee af the 55-gallon drum instead of the 30-
gallon drum have the potential, according to th® 3o reduce the total number of drums that
will be generated and shipped to WIPP to as loapgsoximately 2000. Other less probable
efficiencies could further reduce the number oiaswby another 200 to 300 drums — resulting in
approximately 1,700 drums. A realistic estimat¢haef number of drums to be generated is
between 2,000 and 3,000.

Y The total Anticipated Volume of RH-TRU waste fronetHanford site (i.e. Hanford (Richland-RL) + Hamfo
(River Protection-RP) is 1.43E+04 cubic meterse Tihal waste form volume of the K Basin engineetedtainer
and settler sludge is estimated to be ~900 cubtensie Therefore, the K Basin engineered containdrsettler
sludge, in final waste form, is ~6.3% of the ta&aticipated volume of RH-TRU waste from Hanfore giiohnson
20009).
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The project team’s estimator followed generallyegted cost estimating techniques and
methodologies in preparing the estimate. Thosenigals included parametric cost estimating
relationships, specific analogy, and expert opirterall appropriate for estimating costs of the
alternatives at their current stage of developmBEme. underlying assumptions for the estimates
are consistent, coherent, and well documentedatheracy levels of the estimates are also
reasonable for this stage of the project developmen

While the base cost estimates are reasonableafalwytle cost analysis is incomplete. It does
not adequately reflect the value to the Governrmoétite expected future costs, which should be
calculated in present worth terth§10 CFR 436, DOE 1997) Instead, the analysisqnts
estimates of total expenditures for each altereatiVhile those expenditure estimates may be
helpful for assessing budget requirements, theyareiseful for drawing economic or financial
inferences about the relative merits of the altivea.

In its efforts to assess the project team’s claansut life cycle costs, the ETR team performed
its own life cycle cost analysis of the two leadaiternatives: Alternatives 6 and 7. The ETR
team used the cost estimates and schedules foaghe activities as presented in the
Alternatives Analysis report plus the amended essitnates in the STP Phase 1 Sludge Storage
Options report. It modeled those costs over thgeptdives using probabilistic methods to
account for uncertainty. It then calculated thespre worth of each alternative’s pattern of
expected annual flows using techniques consistéhtthhose prescribed for performing cost
effectiveness analysis in OMB Circular A-94 (OMBOD).

For construction projects, the team assumed acglegels ranging from 50 percent over the
most likely value to 20 percent below the mostliikaost. This accuracy range is consistent
with the recommended range for feasibility studigssociation for the Advancement of Cost
Engineering International (AACE 2005).

For cost activities that were estimated as a pésigenof an underlying cost activity (such as the
cost of design of a construction project), the temsumed accuracy levels ranging from 20
percent above the expected rate to 10 percent dekwost likely rate.

For other project cost and ongoing operating célsesaccuracy levels ranged from 20 percent
over the most likely cost to 20 percent below tastc

The team used two different inflation factors. Eonstruction escalation, the team used a rate
characterized by a distribution with a mean off&bcent and a standard deviation of 0.5

2 The cost evaluation looked only at the EC/ST a##ves analysis and did not address the ongoing KO
disposition activities.
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percent. For all other costs, the team used a geindlation rate characterized by a distribution
with a mean of 2.5 percent and a standard deviafiéns percent?

For discounting future cash flows, the team usdideount rate of 4.7 percent — the prescribed
rate in OMB Circular A-94 (OMB 1992).

The ETR team’s estimates are presented in TaatelFigure 2.

Table 3. Present Worth Costs of the Alternativesollars in Millions)

Present Worth Costs
Alternative Mean Value Standard Deviation
Alt. 6-T $800 $20
Alt. 6-N $781 $22
Alt. 7-T $803 $21
Alt. 7-N $789 $22

Figure 2 displays box-and-whiskers diagrams ofpttesent worth costs for each alternative. The
box portion of each diagram reflects the expectesent worth costs between thd'2fhd 7%’
percentiles of the likely distribution of costs.eTands of the whiskers reflect the lower bound
and upper bound costs of that distribution.

A statistical analysis of the four cost life cyclast estimates suggest that, in the aggregate, ther
are no substantial cost differences between atiyeoélternatives.

The ETR team also examined the costs at one |éwtail below the aggregate level. To do
that, the ETR team aggregated costs in five broadpings: retrieval (including transferring the
retrieved sludge to the designated storage cordigur); storage; treatment and packaging; load-
out of the RH-72Bs; and other operating costs. Suramary findings of those costs are
presented in Table 4. The relative proportionaafteactivity’s cost with respect to the overall
cost is displayed in Table 5 and presented grajicaFigure 3. These figures make readily
apparent that only less than 20 percent of theeptgjtotal cost is associated with the retrieval

of wastes from the K Basin and subsequent intetarage (Phase I). The selection of the sludge
treatment process and facilities for treatmentkpging, and loading for shipment to WIPP,
which have not yet been determined, represent thare80 percent of the total project costs
(Phase II).

3 The construction cost escalation factor was ddrfuem research performed for DOE’s Office of theie®
Financial Officer in late 2008 that led to Deparhtaeide guidance for construction escalation faxtdhe general
inflation rate is derived from historical data bétGross Domestic Product Implicit Price Deflateeiothe past 25
years (http://research.stlouisfed.org/fred2/se@&s? DEF/downloaddata?cid=21).
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Figure 2. Present Worth of Expected Costs and Pregted Funding Profile.

Table 4. Present Worth Costs of the Alternatives Arrayed by Activity

(Dollars in Millions)

Alt. 6-T Alt. 6-N Alt. 7-T Alt. 7-N
Retrieval $132.1 (+/- $6.5) $82.4 (+/- $3.3) $133.1 (+/-96.4 $82.4 (+/- $3.3)
Storage $10.5 (+/- $0.6) $14.7 (+/- $0.7) $10.5 (+/- $0.6) $14.7 (+/- $0.7)
Treatment $336.7 (+/- $14.0) | $310.1 (+/- $14.1 $326.2 (WAF) | $306.6 (+/- $13.9)
Load-out $223.9 (+/- $8.6) $224.5 (+/- $9.1) $236.1 ($8.7) 2364 (+/-$8.8)

Other operations

$96.7 (+/-$8.0)

$149.3 (+/-$12.6)

$96.7 (+/-$8.C

)

1492 (+/-$12.3)

Table 5. Proportion of Relative Present Worth Cost by Activity
Alt. 6-T Alt. 6-N Alt. 7-T Alt. 7-N
Retrieval 16.5% 10.6% 16.6% 10.4%
Storage 1.3% 1.9% 1.3% 1.9%
Treatment 42.1% 39.7% 40.6% 38.8%
Load-out 28.0% 28.7% 29.4% 29.9%
12.1% 19.1% 12.0% 18.9%

Other operations
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Figure 3. Present Worth of Expected Costs of Actity Groups within each Alternative.

The two major differences in costs among the agtiyioups are in “retrieval” and “other
operations.” In the retrieval grouping (as the HERm defined it), the primary cost difference
between the T building and new building alternatiigein the cost for transporting STSCs to the
new central plateau packaging facility and trangigrthem to the established storage
configuration. In the other operations categorg,difference in costs is in the cost for
performing ongoing “safe/compliant operations” be plateau. Given that the estimates for
ongoing operations are parametrically derived aedunctions of how long “ongoing”
operations will continue once the storage and pgiokefacilities are brought on line, these
estimates will need to be closely monitored andatgdi as the project schedules mature.

(

In an alternatives analysis (at the Critical Densd/Critical Decision-1 stage), risks are not
typically considered in the project cost and schedstimates. However, the alternatives
analysis should identify and compare the risks @ased with each alternative, along with the
life cycle costs (DOE 2008c). The project team chedpwith that requirement with its thorough
identification and methodical comparison of theoassted risks.
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The schedules for each alternative are dividedtimtophases. Phase | comprises those activities
that occur at the Columbia River Corridor. Phassothprises those activities that will occur on
the Central Plateau. This arbitrary division inteatternative’s overall project schedule seems to
be a sensible approach for showing the project’®amphasis on removing the sludge from the
River Corridor as quickly as possible. The oVataterminant for completion of the STP
mission (and initiation of RH-TRU shipments to W)R®the availability of a facility for
treatment, packaging, and shipment of RH-TRU, wiaigtrently is not available at Hanford.

The schedules for the alternatives, like the besst estimates, appear to have been prepared
competently. The project activities in the schedee linked logically in a coherent path that
seem to adequately reflect the alternative’s ptg&mn from start to finish. The estimated
durations for the various activities seem reasanapVven the level of uncertainty associated
with those activities at the current stage of prbgevelopment.

Nonetheless, to some, the Phase | schedules appessrvative, and the schedules for Phase 2
seem too amorphous given the uncertainties todmved about Phase 2. This criticism has
merit. If anything, the project team seems todbeng a rather risk averse approach, seeking to
test first, before committing to an action. Givae uncertainty of the requisite technology, this
seems appropriate. As uncertainty is resolvedPtiese 2 schedule will need to be updated.

The schedules are neither resource-constrainefilitypimtegrated with events external to the
STP. For example, there is a potential for addéisludge to be generated from the clean out of
K West Basin that hasn’t been factored in the oosthedule estimates. Similarly, there is a
potential for a need to recover and treat additiued scrap from the basin floor after cleaning
and removal of debris. Yet, for alternative anaysirposes, those shortcomings and omissions
in scheduling would not likely have a significarffieet on the inferences drawn about the
preferred alternative. Clearly, those shortcomigd omissions should be addressed in
subsequent planning steps. Yet, the additional@ostry detailed planning and scheduling
during alternatives analysis will likely exceed tharginal benefit gained from that effort.
However, a critical path, resource loaded scheftulaear term activities and those activities for
which a preferred alternative has been selecteddymovide a foundation for planning

purposes and evaluating opportunities for ovenaljget acceleration. Thus, a critical path,
resource loaded schedule would be useful for Phaisé also for technology maturation
required in advance of implementation of Phase.l.( retrievals from STSCs, treatment and
packaging).

) |

The following are additional project managementsiderations that should be addressed as the
STP project progresses.
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Although the review of the alternatives evaluatiotgicates a clear desire to use the two phase
approach to achieve more rapid removal of the KriBasludge from the River Corridor, there
appears to be insufficient formal documentatiofi)athe Hanford 2015 vision (DOE 2009) that
articulates completion of the STP as one of theotgmt DOE priorities that impacts subsequent
project planning and implementation, and (ii) raatign and concurrence by the regulatory
authorities that taking the two phase approachmiite rapidly achieve the near term objective
of K Basins closure but may also result in a lorggrod before final sludge treatment and
shipment to WIPP if programmatic priorities shittrohg interim storage at the Central Plateau.
However, overall time to complete the project Wil constrained by the availability of a suitable
packaging facility to prepare treated sludge fopstent to WIPP.

Although there is clear identification of projetgks that may impact cost and schedule, there are
inter-related activities that span both the STPtaedK Basins closure project without clear
allocation of responsibility and costs if thoseésigire realized. For example, how will costs be
allocated if removal of debris from the basin resut delay and additional costs associated with
completion of sludge retrievals? A second riskdawithout clearly agreed upon allocation is
general maintenance and hotel costs associatedividtant should it be selected as the location
of for interim sludge storage or other operatio@sirrently, the planning and decision process
assumes, without documented agreement, that then@ITibe responsible only for the
incremental costs of facility modifications and ogi@ns necessary for the Project and no other
T Plant operating costs. It is assumed that theWwoeakdown structure (WBS) dictionary and
planning baseline will establish these relationshyhen submitted and approved.

(

This ETR evaluated the areas of project managertesfitnical risks, regulatory risks, system
risks and safety risks, emphasizing a systems apprimr the STP to achieve its mission
objectives. The following are the recommendatiand the associated discussion with
conclusions that provide the supporting rationakulting from this review.

In-basin Treatment versus Out-of-basin Treatment

RECOMMENDATION 1. DOE should explicitly state the priority objeas/to guide the STP
decision processes. If removal of sludge fromRheesr Corridor prior to 2015 is the clear
programmatic priority, then the phased approaaemioval of sludges from the K Basin to
interim storage at the Central Plateau, followedrbgatment, packaging, and shipment is
necessary to meet this objective.

Discussion. Achievement of the 2015 Vision (DOE 2009) andghegrammatic preference
expressed by both the U. S. Department of Energhl&id Operations Office (DOE-RL) and
EPA to remove the sludge from the River Corrido@pproximately 2015 were the primary
determinants for selecting the two phased approdmeteby sludge would be removed from K
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West Basin, transported to an interim facilityleg Central Plateau where it would be stored,
treated, and packaged for shipment to WIPP. Th& &fsiders the continuing presence of the
sludge at the basin, delays in closure of the KirBasnd impediments posed by the basin to
remediation of subsurface chromium contaminatiothéK Area as significant environmental
risks and high priorities for Hanford remediatiofihe two phase approach was the only general
project approach with a realistic opportunity thiave the Hanford 2015 vision for the River
Corridor and this, coupled with the stated EPA @rerfice for the 2015 time period, were the
primary factors that influenced the expert eliciatand alternatives evaluation process.

RECOMMENDATION 2. Both the technical and programmatic bases facsaly out-of-
basin treatment should be clearly documented imatudttributes that favor and disfavor in-
basin versus out-of-basin sludge treatment andgugeg; the impact of these assumptions on
cost and schedule estimates should be explicitiyessed.

Discussion. There are several technical factors that favttofibasin treatment and packaging
of sludge retrieved from K West Basin, includingueed worker radiation dose, worker
productivity concerns, present knowledge of sludgentory and characteristics, and the
complexity associated with designing and implenmensn underwater process in the basin;
these factors were significant considerations endéliberations of project personnel, but are
incompletely captured in the alternative selecbasis. However, several factors also disfavor
out-of-basin treatment, including: the possibibfydelays in completing treatment and shipment
of sludge after removal from the basins and Colanitiver Corridor clean-up is achieved, i.e.,
absence of regulatory/schedule pressure; the paiteeted for additional sludge transfers to
achieve treatment and packaging; and the potdotialdverse changes in sludge characteristics
during interim storage, making subsequent transéard treatment more difficult. Facilities
(existing or new) will have be identified and eitimeodified or constructed for interim storage
and material packaging regardless of whether treatimccurs at K Basin or at the Central
Plateau.

Primary Technical Project Components and TechnicaRisks

RECOMMENDATION 3.

a. Design of the interim storage configuration shdugdclosely coupled to the selection
and maturation of Phase Il processing. An altéraatanalysis and alternative selection process
for Phase Il treatment and packaging should bepedd as soon as possible to facilitate
integration of Phase I retrieval, Sludge Transpod Storage Container (STSC) design and
storage strategy with Phase Il treatment and pagfgagproaches. Alternatives analysis should
include consideration of in-situ treatment (e.@ated storage) followed by in-situ solidification
and disposal in the interim storage container. Téehnology Readiness Assessment (TRA)/
Technology Maturation Plan process should be usé@ufarm the process development for
Phase II.

b. Sampling and analysis of settler tube sludge gufhase | should include provision
for direct measurement of hydrogen generation ratelsquantities at controlled elevated
temperature, in an appropriate environment, tdifat@ planning and design of the Phase II
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treatment process. Sufficient samples of engineered container slstgeild be obtained to
permit direct measurement of hydrogen generatitesrié prior data is insufficient to support
selected treatment conditions. CharacterizatiadR@P material should be sufficient to bound
the metallic U for quantity, particle size distrilmn, and surface area to adequately plan for (i)
the number of Multicanister Overpacks (MCOs) tgbaduced; (ii) validate acceptable levels of
hydrated material; and (iii) the potential for enbad chemical reactivity of the material.

c. High priority should be given to maintaining artdizing the Maintenance and Storage
Facility (MASF) facility for design, operator traing and troubleshooting throughout Phases |
and Il of the project. The MASF facility, emplogmappropriate surrogates, should be used to
demonstrate (i) all sludge retrieval operationsnfwithin the basins (e.g., from engineered
containers, settler tubes, KOPSs), (ii) retrievasloidges from STSCs after sludge settling, and
(ii) solids handling in any proposed processirayisheet (in-situ or using a separate plant).
Solids handling processes such as these haveoayhadthandling problems within the DOE
complex and in commercial industry. Scaling up spidtesses is often difficult particularly
when the nature of the solids is variable suchi#fs tive K Basin sludges. Full scale testing
using a variety of simulants will reduce this urtasrty and improve the likelihood of success.

Discussion. Currently, the project does not have a well dafiprocessing path for treatment
and packaging of sludges after removal from theasiB and transfer to interim storage. The
absence of such a well defined processing path fariemoval from the K Basin, including
timely technical maturation, produces the poteriiakcenarios where the ability to retrieve the
sludge from interim storage containers and protilessnaterial creates unforeseen challenges
and overall project inefficiencies, including adliital future sampling and characterization,
technology development and extended schedulesnfrdisposition of the material.

The following are the primary technical componesftthe project and technical risks, as the
ETF team has come to understand them:

a. Retrieval of sludges from engineered containerssitler tubes.The technical risks
of these operations are associated mechanicalyahrduiic operations to achieve sludge
retrieval. Full-scale component and integratetingsat the MASF, including direct
involvement of basin operators and feedback leatdiresign improvements, is an appropriate
risk mitigation strategy. Appropriate bounding alants for physical properties are in the
process of being defined. This is an importantendtecause typically there are the problems
associated with sampling materials comprised adior coarse particulates or a combination of
both. Current measurement techniques such asstieldgth may not be a sufficient
discriminator for a mixture of granular and findids and therefore additional sludge
characterization and simulant testing may be ne&apdovide confidence in equipment
demonstration using simulants.

b. Design and implementation of a strategy for tranafed interim storage of sludges,
with or without treatmentSeveral programmatic and technical factors withrsgly influence
the direction and design of transfer and storagguding (i) whether facilities developed for

4 Measurement only of U metal content is insuffitieecause knowledge of the amount of U metal cantith
allow estimation of the total amount of hydrogerb&generated but not the rate of hydrogen geoeragcause the
particle size distribution of the U metal particlesrot known (the combined particle size distiibutof U metal

and non U metal particles is measured and theréfierecactive surface area of U metal is not known)
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interim storage, treatment and/or packaging of Ks¥Basin sludges will include planning and
integration with other site-wide Remote HandlednBaanic Waste (RH-TRU) management
needs, (ii) whether interim storage will occur witlan existing nuclear facility (i.e., T Plant) or
at a new nuclear facility (potentially, using alcas pad strategy), and (iii) whether treatment
(U metal oxidation) and/or packaging for WIPP canritegrated with the transfer and storage
container and interim storage system design. @upl@nning indicates transfer of the retrieved
sludges directly from the engineered containerhiwithe basin to STSCs. STSCs then would
be relocated to the selected storage location.

c. Treatment to reduce hydrogen generation to leveteptable for shipment to and
disposal at WIPP.Currently, this project component is considerad pf Phase Il. The primary
hydrogen generation mechanisms are through radadysl spontaneous oxidation of U metal in
reaction with water. Hydrogen generation by U rhexadation has been studied and reasonably
well quantified reaction rates and heats of readtiave been determined. The U metal oxidation
rate is highly exothermic and strongly dependenteomperature and reactive surface area (i.e.,
particle size distribution of U metal). Howevdretamount of U metal in the sludges and the
specific hydrogen generation rates (as a conseguerd metal content and U reactive surface
area) are not well defined for the sludges, espgda settler tube sludges. A sampling and
analysis program is underway to reduce this unicgyta

Pre-conceptual process development has beeneditiat U metal treatment with warm water
oxidation (at ca. 80-90 C and ambient pressurahiagitated reactor as the currently favored
treatment approach. Other potential approaches &yt warrant consideration including
oxidation during storage in STSCs using heatedagdt. Important factors in the treatment
process selection will be the time frame and lacafor treatment. An alternatives evaluation
and selection process has not been performeddblis$t the preferred treatment approach.
Process development and testing will be requiresifficiently mature the treatment process for
implementation, including direct measurement otceehydrogen generation rates at
anticipated process conditions.

d. Packaging of treated sludges after recovery frol8G&§ and treatment to allow
shipment to WIPP Currently, this project component also is consdepart of Phase Il. The
Waste Acceptance Requirements for shipment to ViiBIBde (i) less than 1% free liquids, (ii)
hydrogen generation rate, and (iii) curie and lesgram equivalent (FGE) loading. Uncertainty
in the inventory (specific activity and U metal ¢tent) associated with the sludges, the
packaging approach (e.g., use of an absorbanbatigg), and the waste loading within
individual shipping packages are the primary tecaintontributors to uncertainty in the number
of packages (currently assumed to be in 30-gal dyumbe shipped to WIPP. Additional
programmatic uncertainties impacting the numbegrawkages and shipments to WIPP are
discussed separately below. The current samphdgaalysis program for sludges in the
engineered containers and planned sampling angisasmigkogram for the settler sludge once
retrieved into an engineered container will helpaduce this uncertainty.

e. Retrieval of KOP material and segregation of sgfeet scrap and debrisThe KOP
contents will first be sampled and characterizedaiermine if existing processing facilities
within K West Basin are sufficient to process ttieam. Retrieval of KOP material from

15 Integration of treatment and interim storage &dnt has the potential to significantly accelemterall project
completion if appropriate design and safety critean be met.
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current locations will be accomplished by vacuumang/or mechanical means including the
potential for tipping into a receiving containerthvn the basin. The current plan is to
hydraulically wash the KOP contents, using thetexgsPrimary Cleaning Machine and
integrated water treatment system (IWTS), to rensdwdge particles less than 600 um, and
spent fuel scrap greater than % inch to the extertdticable. The remaining coarse fraction of
the KOP contents will be dispositioned in MCOs.eHtudge (< 600 um) will proceed to the
settler tubes to be sampled, characterized, rediewnd dispositioned with the settler tube
sludge. From the washing process the course rabtgli consist of two different streams: (i)
material larger than 600 um and smaller than %;ianld (ii) material larger than % inch (in one
dimension). Required devices to separate the eauederial are being designed and tested at
MASEF. For the course material larger than 600 poch maller than % inch, the KOP project
plans to separate the metallic U material fromribie-U material to minimize the amount of
material that will need to be processed as spetieaufuel (SNF). The course material fraction
larger than ¥4 inch (in one dimension) will be vibgaorted on a scrap sorter table to separate
metallic U fuel scrap from the non-U material. Tureertainties associated with this project
component are the inventory of material to be reced and the effectiveness of the planned
mechanical separations. The KOP material charaetein, along with device design and testing
with K Basin operator participation, are appropiask reduction strategies (Sullivan 2008).

f. Disposition pathways for the Separated KOP materidie KOP metallic U material
is planned to be processed and managed as SNEdlagad MCOs, transferred to the cold
vacuum drying facility (CVDF) and dried, and thée tMCOs will be transferred to the Canister
Storage Building for interim storage until they danshipped to a federal repository. The non-U
material is planned to be managed with other b@siris as either Low-Level Waste and
disposed in the Environmental Restoration Dispbsallity at Hanford or as transuranic waste
(TRU), depending on final waste classification.eds of technical uncertainty with the KOP
project component include: (i) the number of sgasat scrap canisters to be produced; (ii) how
dry is dry enough for the SNF scrap; and (iii) pa¢ential for enhanced chemical reactivity of
the SNF scrap. Risk reduction strategies are hmimgued (see 3.e., above) to help determine
the number of MCOs to be produced, which is dribgithe uncertainty in inventory estimates
of the KOP material and the effectiveness of planpteysical separation processes. The smaller
particle size range of the KOP material and hydratampounds more readily retain water and
make drying more difficult. The smaller particizesrange, and thus the increased surface area
to volume ratio, will increase the potential fohanced chemical reactivity, the pyrophoricity
and combustibility characteristics of the KOP mialedestined for drying, packaging, and
interim storage will need to be determined if stiffnt information is not available after the KOP
material has been characterized.

g. Inspection and recovery of additional material affebris removal from the basirA
separate project, the K Basin Disposition Projisatesponsible for cleaning and consolidation or
removal of debris, residual sludges and fuel stn@p the basin floor. This project will result in
deposition of additional sludge onto the basinfflibat requires transfer to engineered containers
for retrieval, treatment, packaging and dispogahal inspection of the basin floor may indicate
the presence of spent fuel scrap requiring rettievashing and disposal analogous to the KOP
material. However, the amount of material to lmvered as part of the final basin cleaning has
been estimated and included in the project plan.
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Phase | and Phase |l Project Integration and Seleicin of an Out-of-Basin Interim Storage
and Treatment Locations

RECOMMENDATION 4.

a. An alternatives analysis of sludge treatment aaakaging process and facility options
should be performed in order to evaluate potetdtinical, cost and schedule benefits for
integration of development of preferred optiondwitie design of sludge storage.

b. A high level review of the relationships betweka project timing, processing needs,
and facility requirements for the K Basins STP atiter Hanford RH-TRU processing needs
should be performed to determine if potential besebn be gained through coordination
between projects.

c. More detailed information should be developed @rmdjram planning completed to
allow for a more thorough alternative facility aysis and selection process, recognizing that the
construction of a new facility for treatment, pagkay, and shipment of RH-TRU is a
programmatic decision that should consider the seéthoth the K Basins STP and other
Hanford site-wide RH-TRU mission needs.

Discussion. The following provides a summary of the primaagis for selection of interim
storage of sludge at the Hanford Central Platealila® needs for closer integration of STP
Phase | and Phase Il along with more comprehemsigieiation of the Hanford site facility
needs for RH-TRU treatment, packaging and shipment.

a. The initial alternatives analysis (CHPRC 2009a% warformed to compare potential cost,
schedule, and technical advantages and disadvamégeocess sequences for managing
engineered container sludge and settler tube slundipe K Basin with the primary
distinguishing feature amongst options being théh@ extent of operations within the K Basin
versus at a Central Plateau facility (either atdnpor a new facility), and (ii) the specific
sequence of process steps including sludge relyistomage, treatment and packaging for
disposition at WIPP. As a result, initial costisttes included notional assumptions about
aspects of processing that were common amongstngpéind did not provide significant detail

in process or facility configurations. Resultdtus initial alternatives analysis indicated a
relatively small distinction in life cycle costsrfm-basin processing compared to transfer of the
sludges to a Hanford Central Plateau facility fokal by storage, treatment and packaging at the
Central Plateau. However, early transfer of slsdgethe Central Plateau facilitates closure of
the K Basins consistent with the Hanford 2015 VigiIDOE 2009) for the River Corridor and
regulatory preferences (as discussed above). TeadHactors did not strongly distinguish
between the options at that level of evaluatiomitleThe initial alternatives analysis then was
followed with a more detailed evaluation of optidassludge storage at the Central Plateau,
comparing (i) modification and use of the T Plaatility for storage with (ii) design and
construction of a new cask on pad storage faqiiiy2M HILL Plateau Remediation Company
(CHPRC) 2009b). This comparison indicated costnadity and a schedule benefit to use of the
T Plant facility, rather than construction of a niawility, but only examined costs associated
with facility development and operations for sludgerage in STSCs. Still needed is a detailed
analysis of integration of storage, treatment asckpging steps, which currently is to be
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considered in the Phase Il alternatives analysiteriially, there are life-cycle cost and schedule
benefits to integration of design and implementabbPhase | activities with Phase Il activities
at the Central Plateau, but an integrated alter@sitainalysis with sufficient detail to distinguish
amongst treatment and packaging process and yagittons has not been completed.

b. The ETR team has been briefed that the K Basilge material accounts for less
than 1% by volume, 11% by total Curies (Ci) and 15%@2-B shipments of the RH-TRU to be
generated on the Hanford site. The potentialtferfacility selected to meet multiple RH-TRU
missions has not been evaluated at the site-wrdgrammatic level. Insufficient evaluation has
been completed to date to select from amongst thyesens. The relationships between the
project timing, processing needs, and facility regmaents for the K Basins STP and other
Hanford RH-TRU processing needs have not been dered and thus the potential for
synergies and cost or schedule benefits that niglgained through project coordination are
unknown.

Programmatic Uncertainties that Affect Shipments toWIPP

RECOMMENDATION 5.

a. DOE-RL and WIPP should concur with the assumgtitiat serve as the planning
basis for shipments to WIPP, thus allowing for appiate project design basis assumptions.
The resulting assumptions, requirements and agmsrsbould be formalized through an
interface control document.

b. Unresolved issues with respect to waste classific and waste loading assessments
should be definitively resolved as rapidly as polssi

Discussion. The number of packages (e.g., 30-gal drums) himinents to WIPP may be
impacted by the resolution of several programmasuoes:

a. The project currently assumes that approximd&efp of the WIPP RH-TRU capacity
to ship and receive waste is available to Hanfordshipping of packaged sludge to WIPP,
allowing for 125 shipments per year (assuming WdBPacity to receive RH-TRU at 250 per
year or 1 per day). However, packaged sludge #dBasins currently is estimated to be less
than 15 percent of the total RH-TRU shipments nedden Hanford to WIPP (see footnote
bottom of page 17). The actual number of 72B shippasks available will be a function of U.
S. Department of Energy Office of Environmental Mgement (DOE-EM) priorities for
shipments to WIPP including consideration of contjoet within Hanford and between sites for
shipping of other RH-TRU waste form packages to IR further consideration will be the
availability of RH-TRU disposal panels within WIRfZen the anticipated shipping interval and
WIPP operations.

b. The classification of sludge removed from theleetubes has not been fully resolved
and agreed to by WIPP. The project currently agsutimat the sludge removed from the settler
tubes will be classified as RH-TRU but the potdmanains for the settler tube sludge to be
classified as SNF. Until agreement on sludge iflaagon is reached and regulatory approval is
obtained for blending, the project cannot blendigéuretrieved from settler tubes with sludge
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retrieved from engineered containers because aferarabout comingling regulatory waste
classifications. Preliminary analysis indicateatthlending of settler tube sludge with
engineered container sludge will facilitate greataste loading of RH-TRU waste form
packages because settler tube sludge loadingbeviliinited by FGE while engineered container
sludge loading will be limited by waste volume.tibd estimates suggest that this may have the
potential to reduce the required number of shipseniVIPP by up to 30%. However,
regulatory uncertainty regarding waste classifaatnd acceptability of blending indicates that,
at this time, project planning should not (and DRE€urrently does not) include credit for
reducing the number of RH-TRU packages throughgsguuending.

c. Dose-to-curie (DTC) analysis requires sufficiknowledge of specific radionuclides
present in the final waste form in order to usedbse measurement to calculate the total curies
in each waste package from the combined contribwifahe radionuclides. The STP has used
prior DTC calculations by other sites that indicatiarge uncertainty can be anticipated (over
100%) but may be mitigated as additional infornraiegained regarding the radioisotopic
ratios and the final waste form. The DTC analysitlve essential in Phase Il operations where
the final waste form for WIPP disposal is generdatedonfirm compliance with applicable WIPP
transportation and disposal requirements.

Schedule and Cost Evaluation

RECOMMENDATION 6.

a. A life-cycle cost analysis should be performed cstesit with guidelines for performing
cost effectiveness analysis provided in OMB Circ#led4 (OMB 1992).

b. A critical path, resource loaded schedule shbeldeveloped for Phase | and technology
maturation required in advance of implementatibRlwase 1l (e.g., technology maturation
needed for retrievals from STSCs, treatment andlggaeg, as well as in support of Phase [) to
provide a foundation for planning purposes andwatalg opportunities for overall project
acceleration.

Discussion. The estimates for the basic costs and schedrdagasonable. However, the life
cycle cost analysis, as presented by the projanttes incomplete. The analysis identified the
expected overall expenditures for each alternabuedid not express those expected future
costs in present worth terms before inferring aiffgiences in costs. (The present worth is the
standard criterion for evaluating life cycle costs,prescribed by the Office of Management and
Budget and in DOE regulations and cost guides [QMB2, AACE 2005].)

The ETR team, using the basic cost estimates aariiag in the uncertainties associated with
those estimates, performed its own probabilistadysis of the life cycle costs of the four

leading alternatives: Alternatives 6-T, 6-N, 7-fida/-N (see Table 2, below, for definitiotfs)
The ETR analysis suggests that, statistically etla@e no meaningful cost differences among
those alternatives. A summary chart of those figdiare presented below in a box-and-whisker

'8 The cost evaluation looked only at the EC/ST a##ves analysis and did not address the ongoing KO
disposition activities.
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plot format. The box portion of each diagram reBabe expected present worth costs between
the 28" and 78" percentiles of the likely distribution of costhelends of the whiskers reflect
the lower bound and upper bound costs of thatibligton. The allocation of costs that comprise
the overall cost estimates indicate that only thas 20 percent of the project’s total cost is
associated with the retrieval of wastes from thBdsin and subsequent interim storage (Phase
). The selection of the sludge treatment proeeskfacilities for treatment, packaging and
loading for shipment to WIPP, which have not ye¢rbdetermined, represent more than 80
percent of the total project costs (Phase ll).

The schedules for each alternative are dividedtintophases. Phase | comprises those activities
that occur at the River Corridor. Phase |l comrig®se activities that will occur on the Central
Plateau. This division in each alternative’s ollgreject schedule seems to be a sensible
approach for showing the project team’s emphasieomving the sludge from the River
Corridor as quickly as possible. The overall deteamt for completion of the STP mission (and
initiation of RH-TRU shipments to WIPP) is the daaility of a facility for treatment,

packaging and shipment of RH-TRU, which currerglyot available at Hanford.

The schedules for the alternatives, like the besst estimates, appear to have been prepared
competently. The project activities in the schedudre linked logically in a coherent path that
seems to adequately reflect the alternative’s ptgkan from start to finish. The estimated
durations for the various activities seem reasanaplen the level of uncertainty associated
with those activities at the current stage of pbgevelopment.

Nevertheless, the schedules are neither resourcdramed nor fully integrated with events
external to the STP. For example, there is a pialdor additional sludge to be generated from
the clean out of K Basin that has not been factorede cost or schedule estimates but are
included as part of the project risk management.ptimilarly, there is a potential for a need to
recover and treat additional fuel scrap from th&rb#oor after cleaning and removal of debris.
Yet, for alternative analysis purposes, those sbartngs and omissions in scheduling would not
likely have a significant effect on the inferenceawn about the preferred alternative. However,
a critical path, resource loaded schedule for texam activities and those activities for which a
preferred alternative has been selected would geoaifoundation for planning purposes and
evaluating opportunities for overall project accat®n. Thus, a critical path, resource loaded
schedule would be useful for Phase | and alscefduriology maturation required in advance of
implementation of Phase Il (e.g., retrievals frol5€s, treatment and packaging).
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Appendix A — ETR Team Member Biographies

Dr. David S. Kosson. Dr. Kosson is Professor and Chair of the DepantroéCivil and
Environmental Engineering at Vanderbilt Universitshere he also has joint appointments as
Professor of Chemical Engineering and Profess&anth and Environmental Sciences. He also
is co-principal investigator (with Charles Powes§}he multi-university Consortium for Risk
Evaluation with Stakeholder Evaluation. Professos$on’s research focuses on management of
nuclear and chemical wastes, including processldpwent and contaminant mass transfer
applied to groundwater, soil, sediment and wasséegys. His research on leaching of
contaminants from wastes and construction mategaiarrently providing the foundation for
environmental regulation of these materials at UsHRe Netherlands Ministry of Environment
and the European Union’s Directorate General ferBhvironment. Professor Kosson also has
provided expertise and leadership for the Natidw@demies, and as advisory to the Department
of Defense, for more than a decade on demilitadmaif chemical weapons in the United States
and abroad. Professor Kosson has authored marel@@apeer-reviewed professional journal
articles, book, book chapters and other archivalipations. He received his Ph.D. in Chemical
and Biochemical Engineering from Rutgers Universithiere he subsequently was Professor of
Chemical and Biochemical Engineering.

Dr. Steven L. Krahn. Dr. Krahn is the Director of the Office of WasteBessing Engineering

& Technology, within the Office of Environmental Magement, U.S. Department of Energy
(DOE-EM); this office targets engineering and tembgy investments to identify, advance,
develop, and implement engineering concepts, tdogies, and practices that improve the
performance of DOE cleanup projects and providesdisciplinary engineering consultation,
guidance, expertise, and continuity to DOE-EM.oPto rejoining the government in 2007, Dr.
Krahn spent 30 years in technical and project mamagt positions of increasing responsibility
in government, private industry and the militangluding: the management of the $140 million
complex overhaul of a nuclear submarine; techrdaoaktion of the research and development
program for a major DOE reactor program; providiachnical direction and leadership for a
federal agency providing safety oversight to theSUnuclear weapons complex; directing a $25
million division in an engineering services compaayd providing technical consulting services
to the U. S. nuclear industry. He holds a BS irtdlergical Engineering from the University of
Wisconsin, a MS in Materials Science from the Ursity of Virginia, a Doctorate in Public
Administration from the University of Southern Gathnia, and is a graduate of the Bettis
Reactor Engineering School (USDOE).

Dr. David R. Gallay. Dr. Gallay has more than 30 years of experiesc@neengineering
manager and research analyst. Currently, as tlgggorodirector of LMI's Infrastructure and
Engineering Management practice, he provides rekeard analysis services to public-sector
clients in areas involving public works-related gnam and project management, engineering
economics and finance, and cost uncertainty arglpsnong his projects for the Department of
Energy, Dr. Gallay has managed the economic amadial analyses of four business case
studies that examined the alternatives to restra¢he National Nuclear Security
Administration’s complex of nuclear laboratorieslanuclear material storage locations
throughout the United States. He has led indepdradsessments of business case analyses
advocating the acquisition and operations of offioédings, multi-purpose laboratory facilities,
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and other infrastructure through private sectaariiting, instead of conventional line-item
federal budgeting, at or near five Department afrigg installations. He has also been asked
repeatedly by senior management at the Departnfiéergy to serve on teams of outside
experts to review, from both an economic and texdimperspective, the Department’s plans for
investments in capital infrastructure to carry ligih-cost initiatives, such as the disposal of the
national stocks of surplus plutonium and uraniumaddition to his affiliation with LMI, Dr.
Gallay is an adjunct faculty member at The Georgeshihgton University, where he teaches
courses in finance and engineering economics. Bgéaning LMI, he was a career Army officer
who served in military engineer and operationsaedepositions. He holds a bachelor of
science in engineering from the U.S. Military Acage a master of science in civil engineering
from Purdue University, a master of science inayst management from the University of
Southern California, and a doctorate in engineemiagagement from The George Washington
University. He is a registered professional engiraeel a certified cost engineer.

Dr. Gary L. Smith. Dr. Smith is a staff scientist with the Paciflorthwest National
Laboratory (PNNL) and is currently on assignmerthi Office of Waste Processing,
Engineering & Technology within the Office of Enmirmental Management, U.S. Department
of Energy. Dr. Smith has been involved with alledp of the nuclear waste flowsheet for a
number of years, taking on roles of increasingeasfbility in both a technical capacity and in
management. He has extensive project managemeatiexpe, most recently serving as
PNNL’s Deputy Program Manager for the River PratecProject — Waste Treatment Plant
Project Support Program. This program contribuigsifsicantly to the characterization,
retrieval, pretreatment, and vitrification of Harddank waste for the Waste Treatment and
Immobilization Plant (WTP) project. Prior to thisle, Dr. Smith served as a technical advisor,
directly supporting the WTP contractor. He has ngadaand acted as principal investigator on
projects ranging from vitrification and glass praotitesting to examining the processability of
slurry feeds as a function of batch chemistry &udratory-, bench- and pilot-scales. Dr. Smith
has published more than 70 refereed journal asti¢ézhnical reports, and conference papers as
well as numerous classified documents. He has tteetthree volumes d€eramic
Transactionsgdealing with “Environmental and Waste Managemssti¢s in the Ceramic
Industry.” He is a fellow of the American Ceramiocgty (ACerS) and ASTM International.
Dr. Smith is chair of ASTM International Committ€e26 on the Nuclear Fuel Cycle and chair
of Subcommittee C26.13 on Spent Fuel and High Levatte, committees that develop
consensus standards for the international nuct@anwnity. He also is vice chair of the U.S.
Nuclear Technical Advisory Group and past chaithef ACerS Nuclear and Environmental
Technology Division. He holds a Ph.D. in Materi8ldence & Engineering from the University
of Arizona.

Mr. Jim J. Davis. Mr. Davis has over 21 years of nuclear experienckiding 17 years with

the Department of Energy (DOE), predominately mfikeld of radioactive waste management at
the Hanford, WA site. Currently he works for DOBAEOffice of Standards and Quality
Assurance (EM-64) in the area of quality assuraatzed to environmental management
projects. Prior to that he worked for DOE as ggmomanager on tank farm (TF) waste retrieval
projects and programs for over 12 years which mhetlioversight of technology development,
engineering design, procurement, construction gredations. He qualified as a Safety System
Oversight (SSO) for transfer systems in the TFgmiognd on mechanical systems for the Waste
Treatment and Immobilization Plant (WTP), at whitehsupported engineering design and
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construction for 4 years. Prior to coming to theatément, Jim worked 4 years in Naval nuclear
refueling operations at Puget Sound Naval Shipy&td.received a Bachelor of Science in
Engineering degree from the University of Washingto 1985.

Mr. David M. French. Mr. French holds bachelor degrees in Chemistry
(analytical/instrumental), Biology (high altitudeaogy), MBA (information management
systems) and a J.D. from Northwestern in envirortaleand natural resource law. Mr. French is
a member of the Colorado State Bar and holds avea@tclearanceMr. French currently is a
consultant at Los Alamos National Laboratory (Qzats Office) to DOE-Carlsbad Field Office.
Mr. French’s experience with DOE facilities and @i®ns began in 1979 at Hanford and has
continued since that time with work at Los AlamBscky Flats, Idaho, WIPP, SRS and ORNL.
Currently, Mr. French is providing technical andukatory support to the DOE-Carlsbad Field
Office through the Los Alamos National LaboratogriSbad Office. This work includes
working with the various TRU waste sites and tliadilities to more efficiently treat, package
and transport their TRU waste to WIPP. Mr. Frenavies specific assistance to a number of
TRU waste treatment processes in order to helpnimeagement and engineering staffs develop
treatment processes that will effectively and &ffitly generate certifiable WIPP waste. Prior
DOE complex work includes program and project manaant in waste processing, analytical
chemistry laboratories, packaging and shipmenadioactive wastes. Also, Mr. French was Of-
Counsel attorney to the Washington, D.C. law fifnfPatton Boggs in the areas of Public Policy,
environmental law and government contracting. Hisknat Patton Boggs also entailed
development of federal/state regulatory compligorograms for several fortune 100 firms
having world wide operations with multi-nationatigdictional issues. Mr. French’s other work
includes safeguards and security assessments ahgons for radioactive material transports
along with vulnerability assessments on specifitemal packages from terror activities. Mr.
French has also vulnerability assessment on vaviauksl-wide high-value nuclear facilities.
Other assessments include evaluations low-yielteaucetonations and dirty bombs on key
U.S. cities. Mr. French also served as a techmigdlregulatory consultant to the University of
New Mexico Law School in its work with the DOE dretWater for Energy project. Mr. French
has authored or coauthored a number of articlesgntations and briefing papers on subjects
ranging from safeguards and security, transpontatidnerabilities, terror attacks using low
yield nuclear devices to innovative technologiedetect>%u in various waste forms.

Dr. Arthur W. Etchells lll. Dr. Etchells is a world recognized authority e field of mixing

for the process industries. He is a chemical emgingth BS and MS from University of
Pennsylvania and doctorate from University of Deleav For thirty nine years he worked for
the DuPont Company and for thirty years as anmaiezonsultant for the many diverse DuPont
businesses in the field of fluid flow with emphasismixing and slurry transport. He has
achieved the highest technical level of DuPontdvelnd the highest technical award, the
Lavoisier Medal. His outside activities such achéag in universities and continuing education
courses, publications, and lect ures and his lshgem the world technical community have
made him widely known and highly respected. Heduwadributed two chapters to the recent
Handbook of Industrial Mixing (Wiley 2003) and isw working as an editor for a new
supplemental edition. He is a past president oNibeh American Mixing Forum and winner of
their award for contribution to mixing technologhie retired from DuPont in November 2002
and now works as an independent contract consukignis currently working for DuPont Safety
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Resources Business helping the Bechtel Companyageadacility for immobilizing
radioactive waste at the Hanford site in the stédM/ashington along with other consulting for a
number of companies outside of Dupont.
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Sludge Treatment Project External Technical Review

Introduction / Background

Originator
This External Technical Review was requested by Ty, Acting Assistant Secretary for

Environmental Management (EM-1). This project wessented to EM — 1 in a telephone
conference on 12 January 2009. After briefly revig this project, EM-1 requested an External
Technical Review as a means to address severabisdihe issues are:
Is a new facility needed? Within this questiothis issue of extent as there is within EM
an aversion to so-called “monuments to waste peiegs The real issue is can we
achieve the desired results with a minimum of nemstruction or is new construction like
the Waste Treatment Plant proposed?
- Why does it take ten years to start shipping tceatedge to WIPP? Why is the time scale
the same whether the work takes place at-basihtbeaCentral plateau?
Do the advantages of moving the sludge and treatggpackaging it on the Central
Plateau outweigh the advantages of doing all theéabK Basin?

Responsible Organization

The Office of Engineering and Technology (EM-20)asponsible for conducting and
completing this External Technical Review. Thei€ffDirector, Office of Waste Processing
(EM-21), will be the team Lead.

Summary Description of Sludge Treatment Project

Sludge Characteristics

K Basin sludge has been characterized through sacofiection and analystg. Sludge

sampling campaigns have been conducted using theRASData Quality Objectives/Sampling
and Analysis Plan methodolay A total of about 32 liters of wet sludge hasrbeellected in

68 samples. Sludge characterization is basedraplsa taken in the K East Basin prior to Spent
Nuclear Fuel processing and sludge recovery/cattestobin activities. The sludge critical
characteristics used in the alternatives analysisammarized in Table 1. Additional sampling
is planned to support nuclear material accountslaind to provide confirmatory analysis for
process development and design.

" Sludge characterization results are summarizétNR-SD-SNF-TI-015, revision 13A, Volume Spent Nuclear
Fuel Project Technical Databook Vol. 2, Sludgtior, Richland Washington

'8 An example of the data quality objectives methodglapplied to the K Basin sludge sampling andyaes is
provided in WHC-SD-SNF-DQO-008, revision 0B, A2i00,Data Quality Objectives for K East Basin Canister
Sludge Sampling-luor Hanford, Richland Washington
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Table 1. Sludge Critical Characteristics

Characteristic Container Settler
Volume (nT) 23.5 5.4
Wet Density (g/cr) 1.47 3.0
Volume Fraction Water 0.75 0.65
Settled Sludge (Metric Tons 34.5 16.2
Uranium (Metric Tons) 3.415 10.260
Uranium Total (g/cr) 0.15 1.9
W1t% U total-per crm 9.9 63.3
U metal (g/cm) 0.0114 0.063
U metal Total (kgs) 267.9 340.2
Wit% U metal-per crh 0.78 2.1
TRU (nCi/cn) 5.56E+04 6.11E+05
TRU (nCi/qg) 3.79E+04 2.04E+05
FGE/m? 1.20E+03 1.38E+04
Decay power (W/rf) 6.38E+00 8.72E+01
OIER Volume (r) 1.4 NA
OIER (kgs) 1.67E+03 NA

FGE - Fissile Grams Equivalent

OIER - Organic lon Exchange Resin

NA — not applicable

The composition of the sludge in the engineeredasoers is primarily iron and aluminum
oxides, concrete grit, sand, dirt, paint chips, apdrational and biological debris. Itis
contaminated with fuel corrosion products and siinaments of metallic uranium. The sludge
in the Settler Tanks ranges in particle size frofevamicrons to <600 microns. It is expected to
be primarily uranium corrosion products and fissaoi activation products, with some
remaining metallic uranium. This projected invemgtof sludge in the Settler Tanks is based on
previous characterization of sludge samples froeh ¢anisters and observations of ongoing
hydrogen gas generation from the stored sludgéleS8ludge may also contain lesser
quantities of iron and aluminum oxides, sand, Gt&fgraphite gasket material) fragments,
concrete grit, dirt, and other operational debris.

Sludge Processing Functions

In processing the K Basin sludge into a final wdsten suitable for disposal at the WIPP,
additional requirements will be applied, includiD@E-RL direction and guidance. However, at
this stage of the alternatives analysis, only thresgirements that derive specific sludge
processing functions were used for evaluating mdtieres. Additional functions were identified
for sludge mobilization, interim storage, transfarsite transportation, off-site transportation,
and WIPP Certification and Transport. The compsetieof sludge processing functions
includes:
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Sludge Mobilization: Process that mobilizes and removes the sludge tine storage
containers

Pretreatment: Process that separates uranium metal from aelstilgam

Treatment: Process that reacts uranium metal for hydrogeigation, regardless of
whether pretreatment function is applied

Interim Storage: Storage of the sludge on the Hanford Site aaraysprior to packaging
Sludge Transfer: Process that moves sludge between other idehfifigctions

Packaging: Process that incorporates sludge into a waste $oiitable for disposal at WIPP
On-site Transportation: Transportation of the sludge slurry or a solidicontainer within
the confines of the Hanford Site using existingrappd casks

Off-site Transportation: Transportation of the sludge in appropriate fémom the Hanford
Site to an off-site facility for pretreatment, tneent, and/or packaging using existing
approved casks

WIPP Certification and Transport: Certification that the final waste form packageats
WIPP transport and disposal requirements, andpgaahsf the waste package to WIPP

Functions are grouped together to form integralexuiratives for sludge processing. Not all of
these functions need be performed by a singleraltee. For example, if sludge pretreatment is
not performed, then the treatment function proceafieof the sludge instead of the uranium
metal fraction. Additionally, some or all of thefsmctions can be performed at the K West
Basin, at the 200 Area Central Plateau, or atifeesllocated away from the Hanford Site

(i.e., off-site).

This Alternatives Analysis took advantage of thgéanumber of past studies on sludge
disposition as a starting point to identify viabdehnologies, facilities, and transportation
methods for accomplishing the required sludge @siog functions. These past studies were
also one source of the data used in this evalua#atditionally, new technologies were
identified to accomplish these functions. At thitial stage of generating and evaluating
alternatives, methods were not identified for thuielge mobilization, sludge transfer, and WIPP
Certification and Transport functions because tliesetions are common to all alternatives and
do not discriminate among alternatives. Thesetfans were included in the alternatives
evaluation performed by the CHPRC DSB discussexl. lat

These technologies, facilities, and transportat@thods were then combined into numerous
unique alternatives that accomplish the requiradge processing functions. Technologies
discussed are representative of technologies thad perform required functions.

An STP engineering evaluation concluded that eanbtion would be evaluated in the
Alternative Analysis process using the correspogdnethods listed in Table 2.
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Table 2. Methods used for Functions in Alternative#\nalysis

[*2)

Functions Methods
Pretreatment Elutriation is representative of the pretreatmemiction used for alternative
analysis based on prior testing of this technolasjng sludge simulantg.
Treatment Ambient pressure warm-water oxidation or in-druratireg of the packaged

sludge to oxidize the uranium metal is represerdatf the treatment
functions used for alternatives analysis. Thesthats were selected base
on prior testing of this technology using actualdgje samples and
international data on reaction of uranium metahwiater?

Interim Storage

After examining existing available facilities farterim storage of K Basin
sludge, T Plant or a new interim storage faciligrevidentified as the only
viable facilities.

Packaging An absorbent, grout, or combination is suitablenfiixing with the sludge
slurry to meet WIPP requirements for the final veastrm in the 30-gallon
drum package.

On-site For on-site transportation of packaged sludgedthen will be placed into a

Transportation shielded on-site interim storage container (IS@) ©nly existing approved
casks for onsite transportation of large (i.e.,ragimately 2 n) of sludge as
a slurry is the Sludge Transport System (STS) cask.

Off-site Off-site Transportation of large quantities of gjadas a slurry for off-site

Transportation

processing is not viable due to the lack of appdst@pping containers and
casks. Therefore, off-site transportation and @semg methods were
eliminated.

As a result of the alternatives evaluation processlucted by the STP engineering team, the
seven unique alternatives listed in Table 3 weeatified for processing the K Basin sludge into
a final waste form suitable for disposal at the R/IP

¥ HNF-3132, 1998K Basin Sludge/Resin Bead Separation Test Repevt, (RD. Squier, Fluor Hanford, Richland

Washington

20 PNNL-17815, 2008Jranium Metal Reaction Behavior in Water, Sludgej &rout MatricesC. H. Delegard
and A. J. Schmidt, Pacific Northwest National Latory, Richland Washington
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Alternative

Description of Functions

1

Retrieve sludge from Engineered Containers

Conduct sludge Pretreatment and Treatment in tkiéekt Basin

Transfer the treated sludge as a slurry in the GaBR to the 200 Area Central Plateau

Interim-store the treated sludge in either T Ptard new facility on the 200 Area Central Plateau
Package the treated sludge into a final waste {grout or absorbent) suitable for disposal at WilPR
new packaging facility located on the 200 Area CarRlateau

Interim store the packaged sludge until containeespackaged for shipment to WIPP

Retrieve sludge from Engineered Containers

Conduct sludge Pretreatment and Treatment in tkiéekt Basin

Package the treated sludge into a final waste {grout or absorbent) suitable for disposal at WilrR
new packaging facility located at the K Basin

Transport the packaged sludge in ISCs to the 2@@a Aentral Plateau for interim storage in a new
facility

Interim-store the packaged sludge until contaiaeespackaged for shipment to WIPP

Retrieve sludge from Engineered Containers
Package the untreated sludge into a final wasta fabsorbent) suitable for disposal at WIPP ina ne
packaging facility located at the K Basin
Transport the untreated packaged sludge in IS@®t800 Area Central Plateau for interim storage if
new facility

Interim-store the untreated packaged sludge uotitainers are packaged for shipment to WIPP

Retrieve sludge from Engineered Containers

Package the untreated sludge into a final wasta {grout) suitable for disposal at WIPP using new
equipment located underwater at the K Basin

Transport the packaged sludge in the ISCs to tBeA?8a Central Plateau for interim storage in a ne
facility

Treat the packaged sludge to oxidize uranium nistdleated storage of the waste containers
Interim-store the treated packaged sludge untitaioars are packaged for shipment to WIPP

Retrieve sludge from Engineered Containers

Package the untreated sludge into a final wasta {grout) suitable for disposal at WIPP using new
equipment located above water at the K Basin

Transport the packaged sludge in ISCs to the 2@@ Aentral Plateau for interim storage in a new
facility

Treat the packaged sludge to oxidize uranium nigtdleated storage of the waste containers
Interim-store the treated packaged sludge untitainars are packaged for shipment to WIPP

Retrieve sludge from Engineered Containers

Transfer the untreated sludge as a slurry in the &8k to the 200 Area Central Plateau
Interim-store the untreated sludge in either T Ptaira new facility on the 200 Area Central Plateau
Conduct sludge Pretreatment and Treatment in afality located on the 200 Area Central Plateau
Package the treated sludge into a final waste {grout or absorbent) suitable for disposal at WilPR
new packaging facility located on the 200 Area CarRlateau

Interim-store the packaged sludge until contaiaeespackaged for shipment to WIPP

Retrieve sludge from Engineered Containers

Transfer the untreated sludge as a slurry in the &Sk to the 200 Area Central Plateau
Interim-store the untreated sludge in either T Ptaira new facility on the 200 Area Central Plateau
Package the untreated sludge into a final wasta {grout) suitable for disposal at WIPP in a new
packaging facility located on the 200 Area Cenfiateau

Treat the packaged sludge to oxidize uranium nitdleated storage of the waste containers

s

Interim-store the packaged sludge until contaiaeespackaged for shipment to WIPP
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Reducing the Number of Alternatives to Three

These seven alternatives, including the informagjenerated to evaluate these alternatives (see
Volume 2, section 5), underwent a rigorous revigvab Independent Review Committee (IRC)
in September 2008. The minutes of the IRC meetiogsview the seven alternatives are
included in Volume 2, Appendix Q. The IRC membegrsdnd curricula vitae are provided in
Volume 2, Section 10. The IRC assessed the atteesadevelopment process and the seven
selected alternatives. Besides the IRC, the reineinded representatives from DOE, EPA,
Defense Nuclear Facilities Safety Board and WIFRe IRC concluded that the project had
followed a sound process for developing these saitematives. The IRC then recommended a
ROM life-cycle cost and schedule analysis and &mpmgary Hazards Consideration consistent
with expectations in DOE STD-1189-2008 for the seselected alternatives, which the STP
engineering team prepared.

The preliminary Hazards Consideratibreview included representation from Nuclear and
Process Safety, Criticality Safety, Industrial $and Hygiene, Radiological Control, Project
Engineering, and Fire Protection disciplines and w@nsistent with the expectations of DOE-
STD-1189-2008. This preliminary Hazards Considerateview determined the following:

1. None of the alternatives exhibit a clear, ddtsafety advantage.

2. Only safety significant controls are needed,(ne safety class controls) for each
alternative.

3. There is no unique or unanalyzed hazard assocveith any of the seven alternatives.

The schedule analysis focused on the critical patach alternative to remove sludge away
from K Basins and the Columbia River, and is summedrin Figure 3-1. At this point, the
seven alternatives were divided into two phases:

1. Movement of sludge from K Basins and interimage is Phase 1 of the project.
2. Packaging, storage, and preparation for shipteeWilPP are in Phase 2.

Alternatives 1, 6, and 7 transfer sludge as sltomhe 200 Area Central Plateau prior to
packaging. This analysis shows alternatives anél,7 remove the sludge from K West Basin
five to nine years faster than Alternatives 2 tigio%, which package sludge at the K Basins.
Alternatives 1, 6, and 7 satisfy the DOE objectveemove the sludge off the River Corridor as
soon as possible in comparison to Alternatives@2

Results of the ROM cost analysis show life-cyclstsaleveloped at this stage of the analysis are
the same for each alternative within the accurddiie@estimate. However, Phase 1 costs, which
are about 1/3 of the estimated ROM life-cycle comts significantly lower for Alternatives 1, 6,
and 7, because fewer operations occur at K Bagdthstinese alternatives.

2L KBC-39341, revision 0, 2008, Sludge Treatment &oPre-Conceptual Alternatives Hazards Considerati
CH2M HILL Plateau Remediation Company, Richland Wagton
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Alternatives 1, 6, and 7 were selected by the SFRufther evaluation by the DSB based on the
analysis discussed above. The decision to redgceumber of alternatives to be studied further
from seven to three is supported by the following:

Hazards consideration shows no clear advantagsaadhntage for any alternative.

Phase 1 schedule advantage for Alternatives Iydb7avith respect to Alternatives 2, 3, 4,
and 5.

Phase 1 cost advantage for Alternatives 1, 6, amnih/respect to Alternatives 2, 3, 4, and 5.
No advantage or disadvantage in life-cycle cosafor alternative.

IRC concurred in October 2008 with the down setecto three alternatives and DOE-RL
agreed.

Three to One

Alternatives 1, 6, and 7 were developed in gredegail by the STP engineering team prior to the
DSB rating and ranking of each alternative. Preeeptual designs were developed sufficiently
to provide supporting information for an Associatior the Advancement for Cost Engineering
Class 4 cost estimate (-30%/+50% accuracy rangapital costs) and schedule. At this stage
of alternatives development, it became necessargrigpare interim slurry storage at a new
facility with interim slurry storage in T Plant felach of the three alternatives. Therefore, sub-
alternatives 1N, 1T, 6N, 6T, 7N, and 7T were creagth the “N” designating a new interim
storage facility path and the “T” designating al@r® path. The details of the cost and schedule
analysis, with supporting design concepts, areigealin Volume 2, Section 7.

The following five selection criteria were idengifl in the Decision Plan for rating and ranking
the three alternatives: Safety, Regulatory/ StakigncAcceptance, Technical Maturity,
Operability and Maintainability, and

Programmatic Aspects.

Safety: Safety input to the final three alternatives wes/mled following the broader input to

the preliminary hazards consideration describeSeation 3.2. Each of the safety disciplines
(i.e., Nuclear and Process Safety, Criticality 8aflndustrial Safety and Hygiene, and Fire
Protection) evaluated the three pre-conceptuabdess they exist at this time. In each case, the
safety disciplines used a go/no-go criterion far étternatives, as specified in the Decision Plan.
It was determined that each alternative could bgigored to adequately control the respective
hazards by using well established mitigation meshaad as a result, no discriminators between
alternatives were identifiétl

Regulatory/ Stakeholder AcceptanceStakeholder input has been received as public antsn
from past K Basins remedial action planning in sarppf the CERCLA ROB? and ROD
amendment? The DNFSB has also provided input in the fornDdfFSB Recommendatiofts

22 KBC-39341, revision 0, 2008, Sludge Treatment &bPre-Conceptual Alternatives Hazards Considerati
CH2M HILL Plateau Remediation Company, Richland Wagton

% EPA/ROD/R10-99/059, 199%ecord of Decision for the K Basins Interim Remiefliion, U.S. Environmental
Protection Agency, Richland, Washington

2 EPA, 2005ROD Amendment for the K Basins Interim RemediabAgt).S. Environmental Protection Agency,
Richland, Washington
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The development of regulatory documentation isecble in all alternatives and is not a
discriminator between alternatives. Since nonimefalternatives treat sludge soon after removal
from the Engineered Containers, and an "Explanaifddignificant Differences" or an
amendment to the CERCLA ROD will be needed. Dgwalent of these documents is
achievable within the project schedule.

Technical Maturity: Likely technologies to perform functions were sédel based on previous
studies and eliminated due to perceived cost ancbioplexity. These technologies are
representative, but not definitive.

The DOE Environmental Management (DOE-EM) guidamteetermining technology
readines® was applied informally at the pre-conceptual SEBigh stage to provide a
preliminary high-level assessment of technical as&ociated with the three alternatives. The
expectation of this high-level TRL examination waat technology maturity differences might
provide discriminatory input regarding the threepmsed alternatives.

Representative CTEs were identified for the thiesrraatives, and subject matter experts
(SMEs) were assigned to prepare TRL evaluationketritical technologies. The CTEs are
described in further detail along with the TRL exatlons in Volume 2, Section 6. These
evaluations were performed using the TRL questisaaand TRL scale (see Figure 4-4)
included in the DOE guidance document. These mresires include programmatic, technical,
and manufacturing criteria. Some non-technicaéde were not considered applicable at this
pre-conceptual stage.

Operability and Maintainability including ALARA: Operations and maintenance of
equipment within the K West Basin is performed reghodue to the high radiation dose rate
from materials stored within the basin. Persomnelrequired to wear protective equipment such
as a breathing respirator, anti-contamination aatembarrier clothing, and safety harnesses to
avoid falls. Personnel use long-reach tools anstfito access equipment within the basin.
There is limited access through grating to objegtkin the basin. The approximately 17-foot
water depth in the basin provides shielding to cedihe radiation exposure to personnel. The
visibility within the basin water can be quicklyssured when performing operating and
maintenance activities that disturb materials doethwithin the basin.

ALARA radiation dose estimates were prepared byasiB operations personnel for each of the
conceptual alternatives, as provided in Volumeezitin 8.8. The estimated total radiation dose
for operations and maintenance activities at th&¥&st Basin was approximately the same for all
three alternatives, within the accuracy of the AlLAABstimate. The estimated total radiation
dose for operations and maintenance activities wctied on the 200 Area Central Plateau were
the same for all alternatives.

% Defense Nuclear Facility Safety Board Recommendattan be found at the following website
http://www.dnfsb.gov/pub_docs/dnfsb/rec_2007.html

% Technology Readiness Assessment (TRA)/ Techndibgyration Plan (TMP) Process Guide (March 2008), U
S. Department of Energy Office of Environmental gement
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ALARA, operability, and maintainability considerais for the three alternatives favor
minimizing the placement of new equipment and mining sludge slurry movement activities
within the K West Basin. Alternatives 6T/6N and/7N install less equipment and perform
fewer sludge movement activities within the K WBasin than alternatives 1T/1N, since sludge
oxidation (i.e., treatment) is performed in a newility located on the 200 Area Central Plateau.

Programmatic Aspects:Analysis of the programmatic aspects indicate #tarnatives 6T and

7T have the shortest duration for Phase 1, whigstisnated to be approximately two to three
years less than the other alternatives. Thereaappe be no discrimination between alternatives
for life-cycle schedule except that alternativeg7Nrare complete one year later due to the
heated drum storage to oxidize uranium metal. Atese | costs for alternatives 6T and 7T are
less than the other alternatives because lessiw@edrformed at the K West Basin and the costs
to prepare T Plant are less than a new interinag®ofacility. The alternatives have similar total
life-cycle costs. No differentiation can be ma@tween the alternatives when considering
impacts to WIPP or other programs. Integratiorhwither K West Basin activities and T Plant
can be managed for all alternatives.

The DSB rating and ranking of the three alternatiared the “T” and “N” sub-alternatives using
these five criteria is summarized in Table 4 andissussed in the following sections. The
information presented by the STP subject matteedggo the DSB and used by the DSB to rate
and rank these alternatives is discussed in fudbtil in Volume 2, Sections 7 through 9.

Table 4. Summary of DSB Rating and Ranking of Altenatives

[ # # # $3 #$ # #

% & $ $ $ $ $ $ $

(")

& ) # #$ #$ # # # #

#* o+ 1" %! -$ $ $ $ $ $
# '# %t '# -$ $

In addition to and consistent with the numericéihgafor alternative 6T, it has the following
advantages:

Expeditiously reduces the nuclear safety risk toghblic.

Expeditiously reduces environmental risks by mowshglge safely away from the river,
thereby allowing earlier remediation of the contaamt plume beneath the basin.
Earliest possible closure of 100-K operable urstseguired by environmental and
regulatory agreements.

Does not preclude decision on ultimate dispositibthe waste and preserves the option
to combine treatment with other required facilitédHanford.
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Avoids installation and operation of sludge treatirend packaging systems within the
difficult operating environment of K West Basin.

Lowest near-term cost while not resulting in angré@ase in long-term life-cycle cost.
At least five to nine years quicker for removakbafdge from the Columbia River
corridor than any alternative that immobilizes Weeste at or near the basin.

Other Background Material

Hose-in-Hose

A central task in the Sludge Treatment Projeab isetrieve the sludge from the K Basin and
move it to whatever the subsequent processing rbightEarlier work requiring similar sludge
retrieval employed a technology called “hose-inenbsThe results of using this approach were
less than desired primarily due to a lack of undeiding of the nature and character of the
sludgé’. Consequently, the hose-in-hose approach islanhpd for this project.

Two-Phase Approach

The reason for separating this project into twoselsas the key DOE objective of removing the
sludge from the K-West Basin and River Corridosasn as possible. Early removal reduces
risks to the environment, allows for remediatiorcohtaminated areas under the basins, and
supports early closure of the 100-KR-4 operablé. uni

Funding Levels

EM HQ guidance requires STP to stay within exisfungding levels and have a high degree of
certainty of success (greater than 80%). The cuB&®R five-year (and 10-Year) funding profile
cannot support design, construction, and operati@mn in-basin treatment and packaging
system due to: other higher site priorities; amhtinued sludge retrieval and mobilization
technical challenges thereby limiting its abilitydchieve an 80% confidence level of success.

Regulatory Agreements

The U.S. Environmental Protection Agency and Wagtoim Department of Ecology recently
agreed to establish new 100 K Area milestones basaaly on the RL two phase approach to
treat and package the K Basin sludge.

Scope of Review
The review focuses on several major areas: prajactagement, technical risks, regulatory risks,
system risks, safety risks, and risks associatéd exipert elicitation.

Project management risks focus on cost, schedudebaseline.

Technical risks include what are the uncertainti#¢Rat are the critical technologies? What
is the maturation state of these critical technigls® Can a suitable surrogate of the sludge
be developed and retrieved?

?"Hose-in-Hose Sludge Transfer System, Technicaégsaent of Fluor Hanford Inc.KE/KW Basins, Janu2®y
March 14,2005, Assessment Number: A-05-SED-SNFE-011
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Regulatory risks involve the effect of at-basingassing versus the two phase approach on
nuclear safety. Also, do state or federal regutatavor one approach over another?

There are risks associated with the system, it3&Mhat is its operability? How easily can it
be maintained? Which approach is easier to imptéPne

Safety risks include those that go along with wogkivith radioactive materials. What are
they? What is their impact on the plan?

The use of expert elicitation raises several qaesti Are the conclusions reached valid and
the methods used correct for the intended analyBig@s the available information support
the conclusions?

Team Membership

The team members, 5 or more, will be independepers whose credentials and experience
align with the specific lines of inquiry (LOI) listl below and who collectively provide the team
sufficient-broad capability and flexibility to adess the full range of issues that may emerge in
this review. Technical expertise includes, butaslimited to, design, engineering, process
engineering-operability and maintainability of sysis, project budgeting and schedule
estimating, rheology, management of chemical pingsand radioactive waste management
systems. Individual expertise and field experiemdebe commensurate with the LOI. The
experts must be free of any conflicts of intereshWCHPRC and Waste Isolation Pilot Plant.

ETR members will not promote any technology, positiaken by, or sludge disposition path
they, their organizations, or their company maygsociated with, or, developing to handle RH-
TRU radioactive wastes. Also, ETR members shallusetinformation learned, from their
review of the STP, as a vehicle to solicit futufiéPSvork from DOE-EM-HQ or RL.

Please refer to Attachment (1) for team membelerost

Period of Performance

The starting date of the External Technical Revi&s not been established. Due to schedule
demands of individual team members, some portibtisecoReview may be performed to a
slightly different time table.

Activity Date
EM-211 ETR planning visit to Hanford | January 28, 2009

ETR on-site visit to Hanford March 16 — 18, 2009
RL/STP presentation to ETR
- Testing facility (MASF) walk-
down
K West Basin walk-down
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Activity Date
Team Meeting-Draft Report March 19 — 20, 2009
Final Report approved by Team April 24, 2009
Members
Briefing to EM Senior Management April 30, 2009

Lines of Inquiry
The following Lines of Inquiry will be addressed thys External Technical Review:

Are project cost estimates performed with acceptai@thodologies and accuracy for a project
at the CD-0/CD-1 stage?

Are project schedule estimates performed with aedd® methodologies and accuracy for a
project at the CD-0/CD-1 stage?

Are the technical approaches logical and devel@pedreasonable level of detail for a project at
the CD-0/CD-1 stage?

Are risks resulting from technology developmengjulatory & legal obligations, system
operability, and system maintainability adequatselgsidered for a project at the CD-0/CD-1
stage?

Are the lessons learned from past sludge treatamahhandling efforts being incorporated by
the project?

Are the key project decisions supported by appabertost, schedule, and risk drivers?

Is there an adequate all encompassing strategy beweloped to integrate all aspects of
designing, constructing, operating, and decommigsga sludge treatment system for
processing 100 K West Basin sludge at Hanford?

“Adequate” considers ability to reach technical uniy of each sludge treatment
alternative, stay within the EM five year budgetfpe, have a high probability of
success, meet regulatory commitments, meet WIRP Yarcca Mtn. WACs, and,
promote the RL 2015 Vision.

Are the ROM estimated schedules and budgets afeten STP alternatives logical and
reasonable? Are they sufficient to permit the deeiection?

Is there a need to build a new facility for Phaisgetim sludge storage? Phase 2 sludge
treatment and packaging?
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Are the benefits associated with early removahefgludge from 100 K West Basin to the

Central Plateau, prior to treatment and immobilaratattainable and reasonable for
consideration?

Are the STP risks captured by the project reas@naidl is there a plan to address them at
actionable levels?

Is the project appropriately assigning resourcelsg@ule, funds, and technical staff) to develop
the needed first-of-a-kind technology from condepfield application?
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Attachment 1: Sludge Treatment Project Externahheal Review Team Membership

Steven L. Krahn, DPA DOE Office of Waste Procesgbigl-21),lead

David Kosson, PhD Department of Civilian EnginagriVanderbilt University
David Gallay , DSc Logistics Management Instit(iti11)

Jim Davis DOE Office of Safety Management/Operati(EM-60)
David French Waste Isolation Pilot Plant

Art Etchells, I Consultant

G. Smith, PhD DOE Office of Waste Processing (EM-
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Attachment 2: ACRONYMS

CHPRC
CTE
DOE
DSB
EC
EM
EPA
ETR
IWTS
KOP
LOI
MCO
NLOP
RH-TRU
RL
ROD
ROM
ST
STP
WAC
WIPP

CH2MHILL Plateau Remediation Company
Critical Technology Element
Department of Energy

Decision Support Board
Engineered Container

Office of Environmental Management
Environmental Protection Agency
External Technical Review
Integrated Water Treatment System
Knockout Pot

Lines of Inquiry

Multi-Canister Overpacks

North Loadout Pit

Remote-Handled TRU Waste
Richland Operations Office

Record of Decision

Rough Order of Magnitude

Settler Tube

Sludge Treatment Project

Waste Acceptance Criteria

Waste Isolation Pilot Plant
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