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EXECUTIVE SUMMARY

The Department of Energy (DOE) has received spent nuclear fuel (SNF) at the Idaho
Chemical Processing Plant (ICPP) for interim storage since 1951 and reprocessing since
1953. Until recently, the major activity of the ICPP has been the reprocessing of SNF to
recover fissile uranium; however, changing world events have raised questions concerning
the need to recover and recycle this material. In April 1992, DOE chose to discontinue
reprocessing SNF for uranium recovery and shifted its focus toward the management and
disposition of radioactive wastes accumulated through reprocessing activities. Currently, 1.8
million gallons of radioactive liquid wastes (1.5 million gallons of radioactive sodium-beating
liquid wastes and 0.3 million gallons of high-level liquid waste) and 3800 cubic meters (m3)
of calcine waste are in inventory at the ICPP.

Legal drivers and agreements exist obligating the IN-ELto develop, demonstrate, and
implement technologies for safe and environmentally sound treatment and interim storage of
radioactive liquid and calcine waste. A national policy, established by the Nuclear Waste
Policy Act WPA), requires final disposal of radioactive waste in accordance with U.S.
Environmental Protection Agency (EPA) and Nuclear Regulatory Commission (NRC)
standards. This further obligates the IN'EL to prepare and qualify these materials for final
disposal. Compliance with established mandates and development of technologies to properly
manage and disposition radioactive liquid and calcine waste, along with current and future
SNF inventories, is a high priority.

DOE Order 4700.1 outlines a formalized, logical systems engineering approach to problem
definition and resolution. The radioactive liquid and calcine waste processing options are
being evaluated using this systems engineering approach. Program goals were established to
clearly define the evaluation objectives, and baseline requirements were developed to
establish the boundaries or operating characteristics of the system within which the selected
technologies must perform. Using program goals and baseline requirements as guides,
potential alternatives were defined and further developed into combined technologies that
held the potential to provide candidate processes for the treatment and disposition of
radioactive liquid and calcine wastes. Candidate treatment processes and waste forms are
being evaluated using the Technology Evaluation and Analysis Methodology (TEAM) Model.
This process allows decision makers to (1) identify optimum radioactive waste treatment and
disposal form alternatives; (2) assess tradeoffs between various optimization criteria; (3)
identify uncertainties in performance parameters; and (4) focus development efforts on
options that best satisfy stakeholder concerns.

The Systems Analysis technology evaluation presented in this document supports the DOE in
selecting the most effective radioactive liquid and calcine waste management plan to
implement in compliance with established regulations, court orders, and agreements. This is
an interim report; criteria, units, and data may change as the evaluation and optimization of
technologies progress and additional input is obtained. A document containing the completed
data analyses and WINCO recommendations will be issued by September 30, 1994.
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1.0 LEGAL DRIVERS AND AGREEMENTS

Several legal drivers and agreementsexist which commit the INEL to develop, demonstrate,
and implement technologies for safe, efficient, and environmentally sound treatment and
interim storage of radioactive liquid and calcine waste. On December 22, 1993, Senior
United States District Judge Harold L. Ryan issued an Order ratifying proposed
modifications to the U.S. District Court's Opinion and Order of June 28, 1993.
Subsequently, the Notice of Noncompliance Consent Order between the Idaho Department of
Health and Welfare (IDHW) and DOE, signed April 3, 1992, was amended on March 22,
1994, to include mixed waste management stipulations outlined in the ratification Order dated
December 22, 1993. The amended Consent Order requires DOE to take the following
actions:

• "Calcine all high-level liquid radioactive waste that does not contain sodium on
or before January 1, 1998."

• "Calcine or otherwise process as much sodium-bearing high-level liquid
radioactive waste (sodium-bearing waste) as DOE and the Department [IDHW]
mutually agree is practicable by January 1, 1998."

• "... evaluate and test Freeze Crystallization, Radionuclide Partitioning, and
Precipitation, the sodium[-]bearing treatment technologies identified by DOE
in a November 15, 1993 letter."

• "Select the sodium-bearing waste pre-treatment technology, if necessary, and
calcine or processing technology by June 1, 1995."

• "Select a technology for converting calcined waste into an appropriate disposal
form by June 1, 1995."

• within ninety (90) days following the selection of "... technologies for
sodium-beating waste calcination and calcine conversion,.., enter into
negotiations [with IDHW] on the construction schedule for any necessary
facilities to implement the technologies."

• "On or before March 31, 2009... permanently cease use of [tank farm tanks
with pillar and panel vault construction] and all associated vaults; or...
achieve compliance with all secondary containment requirements set forth in
IDAPA § 16.01.5009 (40 C.F.R. § 265.193)."

• "On or before June 30, 2015... permanently cease use of [all remaining tank
farm tanks] and all associated vaults; or... achieve compliance with all
secondary containment requirements set forth in IDAPA § 16.01.5009 (40
C.F.R. § 265.193)."



Additionally, the Federal Facilities Compliance Act (FFCA) requires DOE facilities to enter
into binding agreementswith their respective statesas to how they will attainfull compliance
with all applicableLand Disposal Restriction (LDR) treatmentrequirements. An FFCA
Conceptual Site TreatmentPlan has been completedand includes a proposed schedule of
commitments for processing radioactive liquid and calcine waste for final disposal. The
Final Proposed Site TreatmentPlan is to be submittedby February 1995.

A pre-evaluation of any new DOE actions must be made to assess what impact, if any, these
actions will have on the environment, as requiredby the National EnvironmentalPolicy Act
(NEPA). If impact levels are found significant, then an EnvironmentalImpact Statement
(EIS) must be preparedand a Record of Decision (ROD) published before proceeding with
proposed activities. To meet the NEPA EIS requirementsof the December 22, 1993 Order,
the DOE will issue a draft EIS by June 30, 1994; a final EIS by April 30, 1995; and a ROD,
based on the final EIS, no later than June 1, 1995.

This documentdiscusses the process that is being employed to identify and assess alternatives
for meeting all legal driversand agreements.

2.0 SYSTEMS ANALYSIS APPROACH

DOE Order 4700.1 outlines a logical systems engineeringapproach to problem evaluation.
Radioactive liquid and calcine waste processing options are being evaluated by the Systems
Analysis Section at WlNCO using a similar two-fold approach: (1) the following of a formal
systems engineering process; and (2) the application of systems analysis tools and techniques
to support informed decision making throughout the process. The formal systems
engineering process consists of six principle steps:

• Define the Problemand Establish the Program Goal

• Determine the Functional (Baseline) Requirements

• Identify Alternatives that Meet the Functional Requirements

• Develop and Evaluate the Alternatives

• Optimize the Alternatives

• Recommend Preferred Alternatives for Selection and Implementation

Systems Analysis functions in support of systems engineering efforts include:

• Enhancing program integration and coordination by applying systems thinking
and organizational learning concepts, tools, and techniques (i.e., Hexagon
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IdeaModelling,mindmaps,decisiontrees,causalloops,etc.)toclarifyand
maintainfocusonprogramobjectives,tofacilitategroupinteraction,andto
supportinformedselectionofoptimum_trategiesandtechnologies.

• Providingsystemsmodelingcapabilities,suchasdevelopingflowsheetsand
computersimulations(models).

• ConductingPerformanceAssessmentstohelpestablishwasteacceptance
criteria and estimate final product pefformaace.

The Systems Analysis approach to analyzing the processing (meaning all treatments necessary
to prepare waste for final disposition), storage, and disposal of radioactive liquid and calcine
waste at the ICPP was implementedto facilitate informed decision making and understanding
in the resolution of stakeholderissues. This approachevaluates candidateprocesses and
disposal forms using a consistent set of assumptionsand data. Additionally, the potential
impacts of existing uncertaintiesare being evaluated, resulting in the recommendation of
programsto investigate and resolve those uncertainties.

3.0 EV_UATION PROCESS

3.1 Program Goal

Through a series of facilitated meetings, Systems Analysis personnelconsidered the need to
provide viable radioactive liquid and calcine waste treatment options which utilize both
existing and new facilities and technologies. Established legal drivers and agreements were
also reviewed to better determine the Systems Analysis role within the technology selection
process. Varying perslx_ctiveswere debatedin regard to project milestones and overall
desired results before a consensuswas reached. As a result, the following program goal has
boon established for the evaluation of technologies for radioactive liquid and calcine waste
treatmentand disposition:

To support DOE in developing a strategic plan for ICPP radioactive liquid and calcine
waste managementby gathering, evaluating, optimizing, and presentingperformance
data (including a recommendationof preferred treatment options and waste disposal
forms) for viable candidate processes and technologies.

3.2 Baseline Requirements

Following definition of the program goal, Systems Analysis personnel solicited assistance
from other Westinghouse Idaho Nuclear Company, Inc. (WINCO) departmentsinvolved in
the ICPP radioactive liquid and calcine waste technologies evaluationand selection process to
gather preliminarydata and establish baseline requirementsfor the evaluation of candidate



waste treatmenttechnologies. In conjunction with Systems Analysis, the Applied Technology
Senior Staff, the Liq,lid and Gaseous Effluent (Sodium Waste) Technologies Section, the
Calcine Immobilization Section, Facility Support, and the EnvironmentalPermittingand
Regulations Section reviewed legal drivers, analyzed radioactive waste stream compatibility
with candidate technologies, and evaluatedproject schedules and milestones. Subsequently,
the following items were establishedas baseline requirementsfor the technologies evaluation
and optimization process.

1) Meet all current federal and state regulations, court orders, and agreements
between DOE and the State of Idaho, or the EPA.

(see Section 1.0, Legal Drivers and Agreements)

2) Treatment alternatives must be able to ultimately immobilize both radioactive
liquid and calcine waste.

ICPP stores and produces radioactive liquid and calcine, and both must be
immobilized. Though the capability of a particularprocess to effectively treat
both radioactive liquid and calcine waste is not requiredbv regulation,
preliminaryanalysis indicates that those combinationsof technologies which
can handle both waste types have an advantage over other options. For that
reason, dual processing capability is being evaluated for all waste treatment
alternatives.

3) Treatmentalternatives must immobilize High Activity Waste (HAW)* using
vitrification (glass or glass-ceramic). Treatmenttechnologies other than
vitrification would require an equivalency, determination, or variance.

Vitrification is the specified treatment technology for the toxic metal and
corrosive characteristicof mixed radioactive high-level liquid wastes generated
duringthe reprocessingof SNF, per RCRA LDR [40 CFR 268.42]. Listed
waste codes will require an equivalency, determination, or variance.

4) Treatmentalternatives must stabilize Low Activity Waste (LAW)* to meet
concentration-basedstandards,or seek equivalencies, determinations, or
variances.

CurrentRCRA regulations require that specified constituents in stabilized
LAW be below established concentrationlevels in order to meet LDR.

* h is assumedthata determinationwill be madebytheappropriateagencythat HAWis actuallyhigh-level wasteand
LAWis actuallylow-levelwaste, perNRC, EPA,andDOE classifications. TheRCRA regulatoryanalysisdepends
on sucha determination.
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5) Treatment alternatives must be compatible with future radioactive liquid waste
generated at ICPP.

To avoid accumulating an inventory of liquid waste that cannot be processed at
ICPP, compatibility with all anticipated radioactive waste streams must be
ensured.

6) Accommodate on-site interim storage of immobilized waste.

To maintain maximum flexibility in disposing of LAW and HAW, on-site
interim storage of immobilized waste must be provided. The DOE has not yet
designated a federal repository for HAW, requiting that immobilized
radioactive waste be stored until a repository is available.

3.3 Identify Alternatives

After the decision in April 1992 to change the ICPP mission and discontinue reprocessing of
DOE-owned SNF, an initiative was undertakento identify and develop technologies, thrvugh
laboratory testing and detailed investigation, for dispositioning INEL spent nuclear fuels and
radioactive wastes. Through mid 1993, extensive investigationswere conducted to irJentify
potential technologies that could be employed at the ICPP to treat and dispose of radioactive
liquid and calcine wastes. Several candidatetechnologies, described in Table 1, were
identified and combined into processing systems (flowsheets) capable of handling radioactive
liquid and calcine wastes at the ICPP.

NOTE: While some separations technologies can be employed as pre-treatment
processes, pre-treatment is used in the tables below to indicate those non-
separations technologies necessary for further processing or immobilization.
Separations is used to indicate all separations technologies under consideration,
whether used as a pre-treatment or not.

Table 1: Initial Candidate Technologies

Alternatives ] Description I Application

::illinois! i ii_ '_ _ _ ,_ ..... _ ....pre.trutment_ _: _ _ i_!i_ __: _

Preparation of a high sodium solution for calcination Calcination of Radioactive
ANN or Silica Addition by addition of ANN or activated silica to maintain the Liquid Waste

fluidized bed operation.

Conversion of a radioactive liquid waste to a granular Radioactive Liquid Waste
Calcination solid form. Treatment

Conversion of solid radioactive waste to a liquid by Calcine Treatment
Dissolution chemical reaction with acid.



Table 1: Initial Candidate Technologies

Alternatives Description [ ,, Application
• ..... : :, .'i, :" ' " " ' ; _:_;_:i'•; ' " .

Separations i : _

Conversion of an element to a halide gas which can Calcine Treatment
Halide Volatility then be preferentially separated by trapping the gas at

different temperatures.

Conversion of elemental valences for use with Radioactive liquid and calcine

Oxidation / Reduction preferential separation methods, such as precipitation, waste treatment
extraction, etc.

Process using counter-current aqueous and organic Radioactive liquid and
streams to selectively remove components from the dissolved calcine waste

Radionuclide Partitioning by aqueous solution. Extractants being investigated are treatment
Liquid-Liquid Solvent CMP and CMPO for transuranics (generically called
Extraction (TRUEX, SrEX, TRUEX in this report) and crown ethers for both
NaEX) strontium and sodium removal (SrEX and NaEX,

respectively).

Process which separates components using a chemical LAW from Freeze
Electrohydrolysis transformation driven by electrical current or voltage. Crystallization or Precipitation

by Neutralization

Process which uses the differential ability of certain Product from Halide Volatility
Fractional Condensation components to leave a gaseous state and form a solid

or liquid as temperature is reduced. i ,,

Separation of crystallized water and saturated sodium Radioactive liquid waste

nitrate, which currently limits the efficiency of the treatment only, specifically the
New Waste Calcining Facility (NWCF) from sodium nitrate

Freeze Crystallization (FC) radioactive liquid wastes by freezing. This results in a
smaller waste volume of HAW than would occur if

processed directly into calcine.

Process which uses an organic resin or inorganic clay To remove cesium (via CsIX)
Ion Exchange (IX) to preferentially remove ions in exchange for other from waste streams in liquid

ions pre-deposited on these surfaces, form

Filtration or chemical process to remove hazardous Will be used in all process as
Off-Gas Treatment and/or radioactive contaminants from the process off- needed to control effluents

gas.

Process which uses the solubility properties of certain Radioactive liquid and
Precipitation (PPT) components to segregate those that do not form a solid, dissolved calcine waste
by neutralization treatment

Pyrochemical / High temperature processes which converts a solid to a Calcine waste
PyrometaUurgical vapor or metallic liquid form.

Selective dissolution of radioactive solids into liquid by Calcine waste
Selective Leaching chemical reaction For example, the dissolution of

cesium from calcine with water.



Table I: Initial Candidate Technologies

Alternativu Description Application
,,, i i i ii i i ill

Membrane filter used to separate target elements from Radioactive liquid and
Supported Liquid
Membranes an aqueous solution, dissolved calcine wastetreatment

Process using the differential ability of certain Calcine waste; part of aVolatilization / Distillation
components to enter a vapor phase upon heating. Pyrochemistry methodology

;i i! iii_iiil i!i i! Zi i-i _iZill_ _. _ _ob_n_ _ i_ i__I_ _ _I __I_ I_.U-_____. ....... ......... _

Canning Sealing waste inside a metal container. Final waste forms and
potentially calcine

Cementation/Grouting Incorporation of waste into a matrix of solidified LAW immobilization
hydrated oxides, alternative

Glass Incorporation of waste into a matrix of non-crystalline Both LAW and HAW
solidified liquid, immobilization alternatives

Incorporation of waste into a form which contains Both LAW and HAW
Glass-Ceramic some glass, but which also contains a large portion of immobilization alternatives

crystalline matrix.

3.4 Develop Alternatives

Mass balance calculations resulting from literary studies and laboratorytesting (see Appendix
A) were made for processing systems compatible with ICPP radioactive liquid and calcine
wastes. Radioactivewaste compositions of currentand projectedinventories were used as
inputs. Mass balances were then used to evaluate candidatetechnology flowsheet
performance relative to ICPP radioactive waste streams and to develop estimates of cost,
schedule, throughputs,and radioactive waste volumes. Additionally, a panel of outside
experts evaluated the technical maturityof each candidatetechnology. Processes thatdid not
fulfill the baseline requirements,could not be developed in time to meet regulatory
requirements, or were viewed as technically inferior to other technologies were eliminated
from furtherconsideration. Processes that still showed promise following initial development
were advancedto the next stage of analysis.

Radioactive liquid and calcine wastes contain manyelemental components; separatingsome
componentsprior to final immobilization results in smaller volume of HAW requiring
immobilization and disposal. The following technologies (see Table 2), along with direct
vitrification, provide twenty-seven potential combinationsof technologies (each with their
own immobilization and waste form options) that meet the baseline requirementsand support
the programgoal.
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Table 2: Technologies Under Evaluation

Decision Node(s)
Technology Technology Use from Section

3.4.1
i

Pre-treatment
I

ANN or Silica Addition added directly to radioactive liquid waste or to 3
the resulting HAW fraction from FC or PPT

conversion of sodium-bearing liquid plus 3 & 4
Calcination additive to granular solid form

Dissolution used on all calcine wastes 4
i, ! ,,J_ .

Separations
i T ' , .,,,, .... ' "I ' I ", ,,, " ", ,,

used on radioactive liquid waste with high 2
Freeze Crystallization (FC) sodium concentrations

Precipitation (PPT) by used on both radioactive liquid and calcine 2&4
neutralization wastes

,i ,,,,,,,

Radionuclide Partitioning by used on radioactive liquid and dissolved 2 & 4 for TRU;
Liquid-Liquid Solvent calcine wastes, to extract transuranics (TRU) 7 for strontium
Extraction (TRUEX, SrEX) and strontium

Electrohydrolysis used on the LAW fraction from PPT 2
separation and, potentially,. FC

Ion Exchange (IX) used on the LAW fraction from FC, PPT, or 7TRU removal methods
........ . ................. ,,. | ............................... .. : .......... ...

Immobilization...........................................:::.:.:i....._................................... ...................................... ,........ ,,,,, , , ,...... ,,, ........,,,,

Cementation/Grouting Immobilization method for LAW 6, , , ,, ,=,,,

Glass Immobilization method for HAW or LAW 6 & 7

Glass-Ceramic Immobilization method for HAW or LAW 6 & 7

Canning All final HAW forms Assumed for allHAW forms
,, ,.

3.4.1 Decision Tree

Potential combinations of technologies are arranged according to seven identified key process
decisions, the first four of which are presented in Figure 1. These seven decisions, referred
to as nodes, are discussed below in greater detail.
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Figure 1: Decision Tree (Nodes 1 through 4) for Waste Treatment Technologies
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The first node allows selection of whether the construction and operatingexpenditures for the
HAW immobilization facility will be spent during the initial project phase, when the
radioactive liquid waste is processed, or during the second phase of the project, where
calcine processing occurs. By delaying the HAW immobilization unit until Phase II, the
initial capital investment would be delayed; operationscost would be saved on that part of
the project, but interim liquid to solid processing and interim storage would be required.

The second decision node deals with the radioactive liquid waste processing technology
selection. Here, there are four possibilities: (1) Freeze Crystallization, (2) Precipitation
through Neutralization, (3) TRUEX radionuclidepartitioning,and (4) Non-separations
processing, with each of the three separationstechnologies producing a LAW stream
requiring immobilization. The Freeze Crystallization technology can be used only with the
radioactiveliquid waste whereas the other alternativescan be used for both liquid and calcine
waste.

In the third decision node, the continued use of the existing NWCF is decided upon. Current
inventories of radioactivesodium-bearingand high-level liquid waste cannotbe calcined
without the addition of either first-cycle raffmates from the reprocessingof SNF,
nonradioactivealuminumnitratenanohydrate(ANN), or silica. Raffinates from past
reprocessing are now depleted, leaving blendingwith nonradioactive ANN or silica (both of
which will significantly increase calcine waste volume) as the only methods to continue
calcination. The NWCF is presently equipped for ANN calcination; if the decision is made,
however, to use silica instead, major modification would be required to the calciner prior to
performing calcination campaigns. Regardlessof which additive is used, the decision
whether or not to continue calcinationvaries according to the processing technology selected
for the sodium-beating liquid waste. For Freeze Crystallization, Precipitation, and Direct
calcining, the calciner could be used to process the HAW stream using either ANN or silica;
if, however, a HAW immobilization facility is built for Phase I operations, the calciner is no
longer needed. Similarly, if TRUEX is used to process sodium-beating liquid waste,
continued calcine operations would not be cost effective based on estimates that the resulting
volume of concentratedliquid would feed the calciner for only 45-60 days over a twelve year
period.

Selection of technologies for processing calcine waste occurs in decision node four, resulting
in twenty-seven potential technology combinations as mentioned above. Possible calcine
waste processing options include Precipitation (through neutralization), TRUEX radionuclide
separation, and Direct Immobilization of calcine into a HAW waste form.

The remaining three decision nodes do not appear on the decision tree shown, yet remain as
integrated decisions regarding disposal form and waste classification options for each
radioactive waste processing alternative. Decision node five involves selecting a HAW
immobilization technology; HAW immobilization processes available are Glass are Glass-
ceramic. LAW immobilization process selection, including: Glass; Glass-ceramic; normal
Grout (Portland-type cement); and FUETAP (Formulated Under Elevated Temperature And
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Pressure) Grout, is made in decision node six. The last decision node is used to select
desired radioactivity levels for LAW according to waste class; currently, the NRC
classification guide is used to distinguish the possibilities (i.e., Class A, B, C, or greater-
than-class C). If a class A or B waste is selected, then strontium and cesium removal (via
SrEX and CsIX, respectively) is required in addition to TRUEX actinide separations.

3.5 Optimize and Evaluate Alternatives

Within each of the twenty-seven processing combinations are additional variables which may
affect the performanceof any of the processing options in a variety of ways. Additional
variables include waste immobilization techniquesfor the high and low level waste forms,
low k.vel waste classes, interim storage types utilized, and calciner operations. A
computerized model was developed to assist in the evaluation and analysis of technologies,
and each candidateprocess was optimally configured using a uniform basis for each cost
element (see Appendix B, C, D, and E). This ensured an objective comparison of waste
treatment alternativesby presenting each alternative in its most cost-effective configuration.
The analysis also helps identify developmentactivities needed to supporttechnology
evaluation, prioritize development efforts by identifying essential information needed prior to
selecting a process, and establishrelationshipsbetween available data and process selection
criteria.

3.5.1 Technology Evaluation and Analysis Methodology (TEAM) Model

The TEAM Model computes the present value (in 10/94 dollars) for life-cycle costs of user
specified treatment options for radioactive liquid and calcine waste. These costs include
development; design, construction, and start-up;operations and maintenance; interim storage;
disposal; and decontaminationand decommissioning (D&D) costs associated with radioactive
liquid and calcine waste treatment. Although the primary focus is on cost analyses of the
various waste treatment options, other issues, such as the timing of expenditures and
environmentalimpacts, are expected be important factors in the selection and implementation
of waste treatment technologies. Consequently, the model also computes the cost-time
profile of expenditures and the volumes of each waste type produced.

Determining the relative costs for each option is complicated by the interactions between the
different cost components and by uncertainties in key parameters. For example, because
each option generates both HAW and LAW, which have substantiallydifferent long term
disposal costs, options which appearrelatively inexpensive in regardto short term
expenditures may be overshadowedby high disposal costs if they generate even a modest
increase in the amount of resulting HAW. The model automaticallyselects the most cost-
effective HAW and LAW immobilization processes and LAW waste classes, and includes a
user's option to change the selected immobilization technology to explore other options
where cost is not a primary driver or criteria (see AppendixD, Section D-7).
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3.5.2 Strategy for Evaluation

To identify the most economical treatment alternatives, as well as key uncertainties in
performance p,,u'ameters,the TEAM Model will first be used to evaluate the cost of
alternative proc,esses and the relationships between cost and other related concerns (i.e., cost-
time profiles,, waste volumes, and characteristics of resulting waste streams) using base case
parameters with user variation. Additionally, the model will be used to identify key
sensitivities to help prioritize development work needed prior to the final decision.

3.5.2.1 Evaluating Processes and Tradeoffs

The evaluation process offers consistent comparison between the various treatment
alternatives and identifies the factors that drive evaluation results. Initial comparisons
of treatment alternatives will identify the (nominally) least expensive options and the
cost differences between them. Additionally, tradeoffs between overall cost and waste
volume can be assessed by comparing cost increase versus waste volume reduction
ratios for each processing alternative. This information will be useful in identifying
the alternatives with the greatest potential for meeting the radioactive liquid and
calcine waste processing demands. Evaluative criteria, per baseline requirements and
stakeholder concerns, have been identified to help focus on meaningful and
comprehensible performance indicators.

Because the relative importanceof evaluative criteria differ among individual
stakeholdersand decision makers, results of the TEAM Model can be displayed from
various viewpoints to better help decision makers ultimatelyidentify one or two
preferred treatment and waste form alternatives. No one alternative is likely to satisfy
all stakeholderconcerns; therefore, alternatives are based on choices or tradeoffs
between competing values. This approach makes trade-offs clearly visible while
allowing individual values to be applied to the interpretationof technicaldata.
Evaluative criteria, illustrated in Section 4.0, are as follows: (1) life-cycle costs, (2)
life-cycle cost components, (3) waste volumes between alternatives, and (4) cost-time
profiles. Identified tradeoffs will be discussed in greater detail as evaluation results
are displayed.

3.5.2.2 Investigation of Uncertainty

As mentioned above, the evaluation is complicated by uncertainties in many of the
performance parameters (e.g., efficiencies and costs of various candidate processes)
which could have a major impact on the technology evaluation and selection process.
To identify the parameters for which further investigation will be most valuable, the
following procedure will be used. First, the range of uncertainty will be assessed,
judgmentally if necessary, for each parameter of interest, and the high and low ends
of that range will be defined. The model can then be rerun setting the specified
parameter at each end of the established range. If setting the parameter at either one
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end of the range or the other makes no significant difference in the choice of options,
then furtherinvestigation of that particularparameter is not useful at this time, since
it would not affect the outcome of the overall evaluation. If, however, variations in
parametersettings do affect the choice of options, then it may be important to
investigate the parameter further.

3.6 Stakeholder Involvement

Evaluation and selection of a treatmentalternative for dispositioning ICPP radioactive liquid
and calcine waste must include the consideration of stakeholderinput to better identify and
establish the relative importance of decision criteria. The basic premise is that technical
experts can tank the performance of various alternatives againstgiven parameters;however,
the relative importanceof each parameter is a value choice rather than a purely technical
decision. For this reason, input will be solicited from various stakeholders (i.e., any person,
organization,or group who has a vested interest in the specific iss,_eor problem and in how
the issue or problem is being solved) and considered in the decision makingprocess.

3.7 Recommend Preferred Alternatives for Selection and Implementation

Current efforts focus primarily on verifying and presenting analysis data on all twenty-seven
potential radioactive liquid and calcine waste treatment options for decision maker
consideration. Preliminary cost and waste volume analyses regarding the twenty-seven
potential technology combinations, discussed briefly in section 3.4, have already been
presented to the WINCO Senior Staff and to personnel from both the DOE Idaho Operations
Office and DOE Headquarters at Washington D.C. Presentations will continue routinely
throughout the duration of the evaluation and optimization process in order to further verify
data. As the evaluation process progresses and additional information becomes available, the
scope of the evaluation will be narrowed to focus on the most promising technologies in
greater detail. Candidate waste processing options will then be re-evaluated, re-optimized,
and re-presented for decision makers' consideration until a final technology recommendation
and selection is made. Systems Analysis personnel will periodically revisit the program goal
and baseline requirements to confirm that evaluation efforts are moving in the desired
direction and to ensure that the selection and implementation of optimal waste immobilization
technologies is progressing according to schedule. It is important to note that this Systems
Analysis process is recursive, incorporating, as appropriate, stakeholder concerns and
subsequent directional modifications at any point along the way. A recommendation of
preferred alternati_,es will be made to decision makers in the ICPP Radioactive Liquid and
Calcine Waste Technologies and Disposal Form Evaluation report, to be issued September
30, 1994. Interface with stakeholders and decision makers will continue, following
recommendation of alternatives, to ensure that a final selection is made by June 1, 1995, in
conjunction with the ROD for the site-wide EIS as outlined in the Amended Court Order of
December 22, 1993.
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4.0 INTERPRETING EVALUATION DATA

Preliminary evaluations were performed for all twenty-seven options. Section 4 provides a
brief overview of a numberof optimization criteria, representativeof diverse decision-maker
concerns, and presents initial technology evaluationdata as a functionof those criteria.

Data for each of the twenty-seven waste treatment alternatives are graphically sub-divided
into the following life-cycle expenditurecomponents: Development costs; Phase I
constructioncosts; Phase II construction costs; Operationscosts; Interim storage costs; LAW
disposal costs; HAW disposal costs; and D&D costs (see Appendix B). These components,
discounted to the start of FY-95, are added together to give total life-cycle expenditures for
each waste treatment option. Options are then categorically rankedaccording to the
following criteria.

• Life-cycle Costs

• Development plus Phase I ConstructionCosts

• Life-cycle minus HAW Disposal Costs

• Cost-Time Profiles

• Five-year Costs

• HAW and LAW Waste Quantitiesprior to Immobilization

Such analyses allow decision makers to (1) identify optimum alternatives for individual
criterion; (2) assess tradeoffs between various criteria; (3) identify uncertainties; and (4)
focus investigation and evaluation efforts on options thatbest satisfy stakeholderconcerns.

Data presentedin the examples below are relative values based on available information.
The graphic representationsof radioactive waste treatment options are a consistent evaluative
comparisonand should not be consideredas the actual cost required to implementa given
alternative. As the evaluation progressesand more informationbecomes available data will
be re-evaluatedand updated.
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4.1 Life-Cycle Costs i

Life-cycle costs are measured in present value (in 10/94 dollars) and include all life-cycle
expenditurecomponents described above. Figure 2 shows the twenty-seven conditioning
alternatives sorted according to the total life-cycle costs, with the most inexpensive options
on the left of the graph.
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Figure 2: Life-cycle Costs

The Life-cycle Costs shown here provide the decision-maker with an understandingof the
overall relative cost for each technology and of the range of life-cycle expenditures ($2
billion to $4.5 billion) for all 27 alternatives. Under this criterion, options 10, 23, 13, 6,
and 2 are the most favorable.
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4.2 Development Plus Phase I Construction Costs

An importantcriterion for the Departmentof Energy and the U.S. Governmentin general is
the initial investment requiredto begin the immobilization process. Figure 3 shows the life-
cycle cost of differentoptions sortedby the sum of the development and phase I construction
costs (illustratedby the bottom two divisions on each bar). Here, the initial investmentis
defined as the sum of the development and phase I construction costs requiredto deal with
the radioactive liquid and calcine waste at the ICPP.
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Figure 3: Development plus Phase I Construction Costs

The first four options utilize a new tank farm in the first phase and put all new technology
implementation off until Phase II. The next group of options, between options 3 and 5,
delay only the HAW immobilization plant until Phase II. Options implementing the HAW
immobilization facility in Phase I are grouped at the far right of the graph beginning with
option 23. Although options 14, 15, 13, 12, and 3 offer the lowest alternatives for
Development plus Phase I Construction Costs, options 13, 10, 6, 2, and 23 provide optimum
minimization of both Development plus Phase I Construction Costs and Life-cycle Costs.
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4.3 Life-cycle Minus HAW Disposal Costs

J The DOE Office of Civilian Radioactive Waste Management (OCRWM) has not yet selected
a final high-level waste repository site. For that reason, the cost for disposal of HAW is an
identified uncertainty. Current estimates place HAW disposal costs between 300 thousand
and 2 million dollars per canister. The TEAM Model data presented below assumes a HAW
disposal costs of 500 thousand dollars per canister for life-cycle cost calculations. This
assumption, rounded up to the nearest 100 thousand, is based on present value estimates of
HAW disposal costs published in the Federal Register. Figure 4 shows the life-cycle cost
data for all options sorted by Life-cycle Costs minus HAW disposal.
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F'_ure 4: Life-cycle minus HAW Disposal Costs

Tradeoffs between the criteria show that options I0, 23, 13, 6, and 2 provide optimum
minimization for both Life-cycle Costs and Life-cycle Costs minus HAW Disposal.
Additionally, data seems to indicate that HAW disposal costs do not have a significant impact
on the process selection, in that there is no significant difference in the ranking of options for
the two criteria. This will be investigated further using the strategy outlined in Section
3.5.2.2
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4.4 Cost-Time Profile

The timing of expenditures is an importantaspect of budgeting for the DOE. If a process
has large surges in funding (see Figure 5), priorities within the DOE complex must change to
meet increased funding needs. Many DOE programsare shorton funds; therefore,
expenditures shouldbe close to flat for the life time of a given process or the likelihood of
success is reduced. Figure 5 shows a cost-time profile for optioJ, 14 where the ICPP
continues to calcine radioactive liquid waste, then builds and operates a glass-ceramic plant
to immobilize the calcine.

Option 14, Cost-Time Profile
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Figure 5: Cost-Time Profile for Option 14

If a new tank farm is built during Phase I, in accordancewith Court Ordersrequiring that
such a tank farm to be built by the year 2000, a funding spike occurs during Phase II as a
result of increases in both glass-ceramic facility size and calcine waste volume. There are
also large expenditures expected for HAW disposal, although these are minimized by
utilizing the glass-ceramic process on this option. As mentioned, funding spikes like those
shown in Figure 5 make the probabilityof success for funding this option minimal.
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By comparison, option 10 (see Figure 6) spreads expenditures relatively evenly over the life-
cycle of the process and a near flat cost-time profile is achieved.

Option 10, Cost-Time Profile
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Figure 6: Cost-time Profile for Option 10

Other adjustments in time-phasing will be investigated during optimization to ensure that a
good comparison between time-phasing and other concerns is achieved.

4.5 Five-year Costs

With the United States Government's budget tightening and requested budgets exceeding the
amount of funding available, the next few years are critical to any implementation plan. By
adding the first five bars on the cost-time profile, the present value of the five-year costs can
be estimate_l.
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Figure 7 shows all twenty-seven options with correspondingfive-year costs (y-axis) as
compared to corresponding life-cycle costs (x-axis). These options separateinto four
principle five-year versus life-cycle cost tradeoffs: low five-year with low life-cycle costs;
low five-year with high life-cycle costs; high five-year with low life-cycle costs; and high
five-year with high life-cycle costs.
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Figure 7: Five-year vs. Life-cycle Costs

Since options with either high five-year or high life-cycle costs may not be acceptable to
decision-makers for which this is a vital criterion, the area of principle concern is the
groupingwhere both low five-year and low life-cycle costs are achievable. This comparison
shows that options 10, 23, 6, and 2 offer the best alternativesfor reducing both short-term
and long-term expenditureswhile satisfying baseline requirementsfor the treatmentof
radioactiveliquid and calcine waste.

20



4.6 Waste Quantities

An important parameter in the technology selection is the quantityof waste thatwill result
from the treatmentof the radioactiveliquid and calcine wastes. Some waste treatment
options separateradionuclidesfrom the inert chemicals used in the reprocessing of SNF.
These chemicals, once removed from the fission productsand transuranics,can be disposed
of as LAW in a shallow land burial site following RCRA regulations, and possibly NRC
guidelines for disposal. If separationis completedas is possible with some solvent extraction
and ion exchange processes, the quantityof HAW requiringimmobilization and disposal can
be significantly reduced (see Options2, 6, 10, 13, 17, 23, and 26 below). Figure 8 shows
HAW and LAW waste quantitiesafter radionuclideseparations, if any, but prior to
immobilization.
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Figure 8: HAW and LAW Quantities prior to Immobilization

' The waste quantifies displayed in Figure 8 are shown as metric tons of metal oxide requiring
immobilization. This value is the actual waste after the removal of water and volatile
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chemicals, such as nitric acid, and the conversion of remaining metals to theiroxide states.
If volume is the primarydriver and cost is secondary, then a glass-ceramic plant would be
the most promising choice since this technology has the greatestpotential for reducing HAW
volume. If constructioncost were the only driver, a low-grade Portland cement-type
immobilization method might be used. When a final decision is made, this will be a matter
of negotiationsbetween the DOE and various stakeholdersto ensure thatall concerns arc
adequatelyweighed.

The quantities displayed show most of the options totallingbetween 7500 and 8000 metric
tons. The options that show some additionalcalcine (1-4 and 12-15) are the result of
calciner operations and the associatedcold chemicals (ANN and Silica) used to process the
radioactive liquid waste beyond the preferred two calcinationcampaigns. Of those options
where separationsare used, most of the cold chemicals used in the calcination process are
immobilized with the LAW. However, for those processes thatdo not utilize separations
technologies, cold chemicals added for calcination must be processed into the HAW
immobilized product.
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APPENDIX A: MASS BALANCE C AIA2ULATIONAL BASES

A-I Feed Material

1. Mass balance calculations are based on feed compositions as shown in Tables
A-1 and A-2 (BDMN-09-93, "Update of Sodium-Bearing Waste Tanks
Composition and Volume and WINCO-1050, Inventories and Properties of
ICPP Calcined High-Level Waste').

2. Densities for aqueous solutions, unle:;s otherwise noted, are calculated from
apparent (partial) molar volumes of the components according to the following
equation:

' 1000. V,i N

d- 1000. • E 1000.
, j 1000.

_¢rhere

d = density, kg/m 3
1000 = density of water, used as reference point
MWi = Molecular weight of component i (g/mole)
V_.i = Apparent (partial) molar volume of component i

(mole/m 3)
Nt = Number of moles of component i

(Reference ANL-89/18)

Note: To properly calculate the density the cations must be charged balanced
with the anions, listed in Table A-1, to determine the net apparent
molar volumes.

3. Nitrate values in Table A-1 are based on a charge balance and not the
analytical analysis value. The solution would be ionically unbalanced if this
were not done.

4. There are two calcine feeds: (1) aluminum and (2) a zirconium and fluoride
mixture representing 4 calcines (Zr, Zr-Na, Fluorinel-Na, and a 3-way blend
of A1-Zr-Na). Inerts are from WlNCO-1050 and BAS-1-93. Actinides are
from WlNCO- 1050 with isotopes in the same ratio as IDO- 10105, except for
Np, which is taken from ICP-1189. Fission products Sr9°, y9O, CS137, Ba137,

and Pm _47are from WlNCO-1050, and the remaining isotopes are ratioed per
IDO-10105.
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Table A-l: Sodium Feed Composition

Component Apparent Molar Volume Mini per m'
(m_/m°le) 8nm moles

, ,, ,is ,, ,, , [ , I , ii r I IIIIIl II If,l Ill, I f I ,, [ fill I II I ' l I II I, II I [ ,

Acid (H +) 0 1,471.0 1,459.34 !
...... ,,,. . ,, , ,,,,,,,, ,,, , ,,,

Hydroxide (OH') -0.04_00404 - -
,,,, ,, m= , ,,,. ,, ,,

Boron (B_+)........ 0.00005575 1 167.3 15.48

Sodium (Na +) -0.00000121 30,468.9 1,3256.32

Aluminum (Al3+) -0.0000422 14,504.1 537.56

Potassium (K .) 0.00000902 5,979.3 152.92
,,, ,,m ,,,,, ,, ,, .. ,,

Calcium (Ca2+) -0.00001785 1,737.9 43.36
, ,,,,, , ,,,,, ,,,,, ,,,. , ..,, ,,

Chromium (Cr3+) -0.0000395 298.5 5.74
, ,, ,, ,, ,, , , .. .,m., ,, ,, ,.

Manganese (Mn2+) -0.0000177 785.4 14.30
, , ,,., ,, , .,.|,

Iron (Fe2+) -0.0000247 1,370.5 24.54

Nickel (Ni2+) -0.000024 142.0 2.42

Zirconium (Zr4+) 0.000115.94 579.8 6.36

Molybdenum (Mo6+) -0.0000395 59.6 0.62
, ........ , , ,,

Cadmium (Cd2+) -0.00002 207.6 1.85

Lead (Pb 2.) -0.0000155 237.2 1.14
,,., - ,=.. .,

Mercury (Hg 2+) -0.0000193 403.1 2.01
,., . ,,.,,. , , ,, ,

Fluoride (F') -0.00000116 1,219.5 64.19

Chloride (CI') 0.00001783 813.6 22.95

Nitrate (NOr) 0.000029 289,328.3 4,666.22
,, ,,,..,

Phosphate (PO, 3") 0.0000291 909.5 9.58
. ,,, , ,, ,,,, , ...... , L ,

Sulphate (SO42") 0.00001398 3,127.3 32.55
,.,

Undiss. Solids - 1,653.8 -
,,,., ,,, , ,,

Water (I-[20) - 844,238.2 46,862.19
,m., , , , ,

Density (kg{m3) - ......... 1,240.97

H-3 (Tritium) 0 0.00000709 0.00000236
,,,, ,,,, , , ., ,,

Strontium-90 -0.00001816 0.54 0.006
...........
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Table A-I: Sodium Feed Composition
I I I I III "I'I' II'II'J P C II I I I'

Mass perm _
:i: _ponent Apparent Molar Volume ,. • ,, _-_:
..... :_: : (malm°le) IPm moles

Yttrium-90 * 0 - -

Technetium-99 0.00002283 0.98 0.010
,, ,, , H ,,,,, , , ,

Iodine-129 0.00003622 135.52 1.05

Cesium- 137 0.00002134 1.01 0.007

Barium-137 * 0

Actinides 0.00001591 106.86 0.45
I , ,N I

• Yttrium-90 and Barium-137 are in secular equilibrium with Strontium-90 and Cesium-
137 respectively. They arc included here because they are needed in making heat
calculations.

Table A-2: Calcine Feed Composition
i . l [ l c lit , illilLl I

Component ....................... .............. ....................
!! Aluminum Zirc

III I I I II III I I I I I I I I IIIII IIIIII I II II I t I1'1111111 I II I I II I

Boron (B) 2.046 14.321

Oxygen (O) 451.018 256.01

Sodium (_Na) 25.301 33.601

Aluminum (Al) 526.921 142.726

Potassium (K) -- 7.44

Calcium (Ca) -- 472.018
,,,,,,

Manganese (Mn) -- 0.197

Iron (Fe) 4.62 3.008

Zirconium (Zr) -- 233.609

Cadmium (Cd) -- 8.096

Mercury (Hg) 31.901 --

Fluoride (F) -- 355.214
,,H, , ,, ,, ,,,

Nitrate (NO3) 44.992 67.523.... ,,
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Table A-2: Cakine Feed Composition
I"I II II IIII IlUlIi I [

Mare_) _r
Component .................

AIumlnum ZlreMix
......... ,, ,, ,, . ,,,,, ...... ........................................ -

Phosphate (P04) -- 1.581
iii IIID I I I IIIII I II IIIIr__ i iii IIlllilllll I

Sulphate (SO4) 13.201 4.656
I I II II I I I I I 1111111111 I [JJ[LlJll I

Density (kg/m3) 1,100.0 1,600.0
, , , i . ,, •, ,,,,,,.,. , H ,l i , ,, . , , ,, ,,,

aadionucU_ C_m_
... . ...... . .... . .................................. : ..........................................................................

Strontium-90 3,700.0
iii I I I I I I Ill IJ I IS II I I III II Jill I

Yttrium-90 3,71111.0
i , i i ,,,,, . i i i.l.,, j j

Technetium-99 --
I I I Illll I II I II I I I1[ IJ IIIIII

Cesium-137 4,21111.0
i ,,,i , i i i . . ,,, i i i i i ..i . i IHl,.,

Barium-137 4,200.0
I I I IIII I I [I IIIIm III I I II I I

Actinides 100.0
_,,],,,_, ........... _l; |1 I I I I I II IIIIIIII I

A-I.1 Calcine Dissolution Values and Assumptions

The following specified values and assumptionswere used to calculate the dissolution of
calcine.

Composition and density for aluminumcalcine: as specified throughoutthis report
Composition and density for zirconiumcalcine: as specified throughoutthis report
Feed Acid concentration: 5M
Final free acid concentrationfor TRUEX feed: 3M
Final free acid concentrationfor precipitatiolifeed: 0.SM

Assumotions

The dissolution assumptions (based on an understanding of basic chemistry and on results of
dissolution experiments reported by Herst [Letter to 7".A. Todd, "Interim Report on Calcine
Dissolution Studies, RSH-08-93, August 20, 1993]) were as follows.

1) 99% of all calcine constituents dissolve with the following exceptions:

For zirconium calcine, calcium is assumed to be present as CaO and as CaF2;
fluoride is assumed to be present only as CaF2. However, CaF2, which is fairly
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insoluble, is assumed to be present at a mass equivalent to 5% of the total starting
weight of the calcine ; in other words, if 1 kg of calcine is dissolved, 50 g of CaF2
will remain as undissolved solids.

2) The oxygen releasedduring dissolution (99% of that listed as present) combines with
free acid to form water.

3) The final volume used for molarity calculations was set equal to the initial volume
plus the volume of water formed.

About twice the volume of acid is required to dissolve a cubic meter (m3) of aluminum
calcine as compared to a m3of zirconium calcine. This is because, on a volume basis, the
oxygen content of alumina is about twice that of zirconium.

It should be noted that the amountof acid required to dissolve calcine is sensitive to the
specification. For example, if the specifications are changed such that 8M acid is used
instead of 5M acid, and for the case of TRUEX feed, the final free acid is changed to 1M
instead of 3M, then the following acid volumes are required.

TRUEX feed: 8000 liters of AI and 4600 liters of Zr, a 70% reduction
Precipitation feed: 7500 liters of AI and 4250 liters of Zr, a 40% reduction

It should be noted that the assumption that a large amount of CaF_ does not dissolve and that
1% of the remaining constituents do not dissolve are upper bounds on the solids. If only
small quantifies of insoluble crystalline alumina are present, and if blending of zirconium and
aluminum calcine is used, than it is possible that the amount of solids will be negligible.

A-2 Actlnlde Removal

1. TRUEX process technology will be utilized for actinide removal. The waste
feed composition is entered into the Generic TRUEX Model (GTM) software;
components not considered in the model are assumed to reside in the raffinate.

2. The electrohydrolysisoption for actinide removal raffinates is not valid since
polyvalent cations (e.g., Ca +2) will foul the membranesdue to high
concentrationsof those cations (BDMN-04-93, R. D. Boardman letter to D. V.
Croson, "TechnicalReview of Sodium-Bearing Waste Treatment Alternatives,"
dated May 28, 1993).

3. It is assumed thatammonium oxalate will be used as the strip solution.

4. Nitric acid will be used in the scrub.
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5. The organic will be recycled and, at the end of operations, incinerated at a
waste treatment facility.

6. The raffinate and organic wash streams will combine into one LAW stream.

7. The most probable valence state of Pu (i.e., +4) was chosen for extraction
due to the oxidizing environment.

8. All feed stream components not included in the GTM are assumed to not
extract; they will reside in the raffinate or LAW. A component distribution of
greater than 99.9 % is considered 100%.

9. The HAW stream containing the extraction products is concentrated to provide
a nitrate concentration of 6M in the resulting solution.

10. Five extraction stages, four scrub stages, five strip stages, and a total of three
organic wash stages using three different streams are modelled. The
compositions are 0.2 M nitric acid for the scrub, 0.1 M oxalate for the strip,
0.25 M sodium carbonate for the first wash, and 0.1 hi nitric acid for the

second wash (stages and compositions determined by J. Law). The extraction
has an aqueous to organic volume ratio of 3:1 and a strip aqueous to organic
volume ratio of 5:3.

11. The feed volume must be prorated/normalized to 1 m3 as 400 volumes are
used; all other volumes are then ratioed accordingly.

A-3 Neutralization/Precipitation

•1. Neutralization of the sodium-bearing waste produces two phases: solid and
liquid. If the precipitate will be directly made into a glass, sodium hydroxide
will be added to achieve a supernate having a pH of 13.5. Otherwise, a pH of
11 will be achieved to maximize aluminum precipitation.

2. No significant change of total volume (HAW plus LAW) results; 95 % of the
water (H_O) stays in the LAW liquid stream and 5 % with the HAW solid
product. 100% solid/liquid separation is assumed.

3. Component removal % (See Table A-3, with references.)

4. Either fresh acid or the nitric acid from electrohydrolysis will be used to
redissolve the precipitate prior to waste immobilization. Sufficient acid will be
used to provide a redissolved HAW with a 1.6 M AI and 1.0 M H +
concentration. If the desired immobilized product is a HAW glass, the
precipitate would not be redissolved with nitric acid since direct vitrification
would be possible.

5. Note that even though NaOH is recycled when electrohydrolysis is an
operating option, the NaOH will eventually be immobilized as LAW.
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Table A-3: Precipitation Removal Percentage

i :_ ltemoval_ References
A) R.W. Peters, Y. Ku, and D.

Aluminum+3 (D) 90 Bhattacharyya, "Evaluationof Recent

: ]_.uori_l (G) 0 TreatmentTechniques for Removal of

.... , (G) 0 Heavy Metals from IndustrialWaste
:::+i::+_::::.::::.+__um+:[(C) 0 Waters,"AlChE Symposium Series:Separationof Heavy Metals and

_um+ 1 (C) 0 Other Trace Contaminants,81 (243)
ii:::il i:::S_te-2 ((3) 0 1985: pp. 165-203.
::'i_.+L:_:+_::_Und_lved Solids 100

" ": r :"" : B) N.A. Chipman, G. O. Engelgau, and

(B) I00 _ J.R. Berreth, "An Evaluationof
_timony,1251 (F) !00 AlternativeMethods for Processing

Sodium-BearingWaste," WIN-268,
_C.3 (A) 100 1989.
Barium+2 (A) 80

....._ort+3 (F) "90 C) R.H. Perry and C. H. Chilton, eds.,

....::_ :: _mium+2 (A, E) 85 Chemical Engineers' Handbook, New
_Um+2 (C) 50 York: McGraw-HillBook Co.,

i!_Cerium::134(E) 100 1973.

Cesium+ 1 0 D) J.A. Nenni, JAN-06-93, to D. V.
Chloride-I (G) 0 Croson, "Sodium-BeatingWaste
Chromium+3 (A) _ Treatment ProgramScopingStudy
C_t-60 (F) 100 Results," dated September, 28, 1993.

....Europium.!5415(F) 100
I_me-129 ((3) O E) W.B. Kerr, "Studieson the Removal
..... of Inerts from ICPP high-level liquid

Iroll-_3 (E) 90 waste by Neutralization,"WIN-168,
Lead+2 (A) 75 1985.

Manganese+2 (E) 90
Molybdenum+6 (F) 90 F) Estimationbasedon chemical
Mercury+21 (A) 70 similarity to other ions with published
Neptunium-237(B) i_ removalefficiency.

Nickel+2 (A, E) 90 o) Removal of anions was based on the

Phosphate-3 (G) 0 assumption that all cations would
Plutonium (total) (B) 100 precipitate as hydroxide salts.
Selenium+4 (F) I00
Silver+! (A) 90 H) Tritium would be contained in thewater streamdue to the chemical
Strontium,90 47 similarities between tritiatedwater
Technetium-99(F) 90 and water.
Tritium-3 (H) 0
Uranium(total) (B) I00
Zirconium+4 (D, E) 85
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A-4 Eiectrohydrolysis (EH)

1. Electrohydrolysis(EH) results in three effluent streams: (1) an HNO3 stream;
_2)an NaOH stream; and (3) a dilute waste stream.

2. The Na. and NO3 is formed into NaOH and HNO3 via electrolysis of the
water by the following reactions:

2H20 --- > 02 _ + 4H+ + 4e Anode Reaction
2H20 + 2e----> 2OH + H2t Cathode Reaction

The amount will be the NaOH required to do the neutralizationin A-3 above.

3. 95 mole% of the anionr transfer across the membraneand leave with the
HNO3 stream. 5 mole% of the anions remain in the dilute waste stream.

4. 95 mole% of the cations transferacross the membrane and leave with the
NaOH stream. 5 mole% of the cations remain in the dilute waste stream.

5. Of the water (H20) remaining that is unsplit, 25 wt% leaves with the HNO3
stream, 25 wt% leaves with the NaOH stream, and 50 wt% remains in the
dilute waste stream.

A-5 Freeze Crystallization (FC)

1. Freeze crystallization(FC) results in three effluent streams: (1) a pure ice
crystal stream which is later melted to liquid water; (2) a solid precipitate
streamconsisting of sodium nitratecrystals; and (3) a concentratedliquid
streamconsisting of all the original sodium-being waste components minus
the water and sodium nitratestreams.

2. Two weight percentof the components in the feed stream (except water and
sodium) will reside in the sodium nitrateprecipitate as occlusions. To achieve
Class A waste, two cycles of FC will be used. The precipitate from the first
cycle will be dissolved in pure water to make an Na concentrateand then
reprecipitated;this will result in a final precipitate phase having 0.07 wt% of
the feed streamcomponents (except for water and sodium). The liquor from
the second cycle will be concentratedto achieve an Na concentration greater
than the original feed, then be combined back into the original feed stream.

3. Water removal of 77 wt%, via ice, results for the freeze crystallization process
in each cycle. The water removed from the second cycle liquor is recycled
and used to dissolve the precipitate from the first cycle ('Test Planfor
Development and Demonstration of Sodium Bearing Radioactive Liquid
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Solution Treatment by Freeze Crystallization," FTC Acquisition Corp., dated
8/18/93).

4. Na removal of 64 wt% is achieved as NaNO3 precipitate for freeze
crystallization in each cycle (FAX transmission from FTC Acquisition Corp.,
dated 8/2/93).

5. The refrigerant is liquid or two-phase nitrogen (N2). Although this is a
process additive, no secondary waste results from its use. Therefore, N2 is not
considered in the volume or mass calculations.

6. Ice crystal wash water is recycled and eventually evaporated; therefore, no
additional LAW volume is assumed to be attributed from this wash.

7. Tritium will partition the same as the water.

A-6 Calcination

1. The sodium plus potassium blend ratio in the calcine is 8.4 mole % (mean of
the 5.3% and 11.5 % flowsheets) and calculated using the methodology
documented in BHO-03-93, "Draft of Updated Method for Calculation of
Weight of Calcined Solids and Sodium Plus Potassium Content of Calcine."

2. Sodium plus Potassium (Ha+K) mole % in the calcine is calculated according
to the following:

(Na. K) moP/o. ( (Na. K) ) (100)
(Metals .0. NO; . POZ .SO2" 1;'. cr )

All concentrations are in moles, with Oxygen (0) being the number of moles
associated with the metal oxides.

3. Calcine density for alumina-based calcines is 1.1 g/cm 3. The bulk density for
a blend of Fluorinel and Sodium wastes is 1.6 g/cm 3. The bulk density of
blends from the tanks is 1.4 g/cm 3 (B. A. Staples, G. S. Pomiak, E. L. Wade,
1CP-1189, "Properties of Radioactive Calcine Retrieved from the Second
Calcined Solids Storage Facility at ICPP," March 1979; J. R. Berreth,
WINCO-1050, "Inventories and Properties of ICPP Calcined High-Level
Waste," February 1988.)
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4. For additives the following will be used:

,,, ,,

i COmponent ; _ I_ :

Aluminum Nitrate (Al(NO3)3) 2.2 1.3648

Boric Acid (H3BO3) 0.75 1.0143
i i,

Calcium Nitrate (Ca(NO3)z) 4.3 1.5284

NOTEi These are _own physical properties

5. For all calcines a Ca to F mole ratio of 0.7 will be used, and a boron
concentration of 0.15 M will be used for calcination with aluminum nitrate
(Known Limits).

A-7 Cesium Removal via Ion Exchange (IX) or Absorption

Cesium sorptiononto sorbent materials is characterizedby two parameters. The first
parameterconcerns the physical and/or theoreticalcapacity of the material at saturation (i.e.,
how much cesium it can hold). The capacities are usually reportedin terms of the number
of grams of cesium sorbed per kilogram of sorbent. The second parameteris a distribution
coefficient thatquantifies the amountof cesium sorbed when in equilibrium with the
contacting solution. The distributioncoefficient is commonly reported in units of milliliters
of aqueous waste per gram of sorbentand is considered to be constant until saturation is
approached. From the distribution coefficient and the capacity, one can estimate the cesium
concentrationwhere the material becomes saturated. Material saturation is not normally
achieved because the aqueous cesium concentrations are well below the value where the
saturation is approached. Typical operation of a sorbentcolumn involves the terminationof
the process when a given breakthrough(discharge) cesium concentrationis reached.

1. Engineered sorbentforms are ammonium molybdophosphate(AMP) in a silica
gel matrixfor acidic systems and crystalline silicotitanate (CST) in an
inorganic matrix for basic systems (Dan Trudell, Sandia Nat'l lab. for CST).

2. Break-through sorbentcapacity for AMP is 9.3 g Cs per kg of AMP.

3. Sorbent loading in the engineered forms is 20 wt% for AMP and 50 wt% for
CST (Kikuo Terada, et al., "Silica Gel As a Support for Inorganic Ion-
Exchangers for the Determination of Caesium-137 in Natural Waters," Tantala
17(10) 1970: pp. 955-963).

4. Spent sorbents will not be regenerated; they will be incorporated into a HAW
glass or glass-ceramic. Because the engineered sorbent forms contain SiO2,
the AMP-silica gel and CST matrices will supplement the SiO2 requirements
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for the glass or glass-ceramic. Spent sorbents will be vitrified, etc. in a blend
with other wastes. The SiO2 mass loading in the glass is 45 wt% and 25 wt%
in the glass-ceramic. If the silica gel matrix provides too much SiO2, then the
SiO2 must be diluted (Process knowledge and conversations with B. Staples).

5. Sorbents are selective for cesium unless actinides are present; then, both will
exchange/load the exchanger. Cesium adsorption will be performed in
columns (LA-12654, "Distributionsof 14 Elements on 60 Selected Absorbers
from Two Simulant Solutions (Acid-Dissolved Sludge and Alkaline Supernate)
for Hanford HL W Tank 102-SY').

A4 SREX: Strontium Extraction

1. The strontiumextraction (SREX) process is an 18 crown 6 ether in an organic
diluent as the Sr extractant.

2. The organic will be recycled and, at the end of operations, incinerated at a
waste treatment facility.

3. 99.7% of the Sr and equal molar Ba, Zr, and Sr are extracted/removed per
process cycle (Verbal communication with Phil Horwitz, 10-27-93 (SREX
inventor); G. J. Lumetta presentation at 8th Symposium on Separation science
and Technology for Energy Applications, 10-24-93; R. G. Shuler, C. B.
Bowers. Jr., K. E. Smith, Jr., V. Van Brunt, M. W. Davis, Jr., "The
Extraction of Cesium and Strontiumfrom Acidic High Activity Nuclear Waste
Using a PUREX Process Compatible Organic Extractant," Solvent Extraetiot_
and Ion Exchange, 3(5) 1985: pp. 567-604).

A-9 Waste Forms Overview

1. Groutdensity is 2.0 g/cm3 (FUETAP reference formula taken from
Radioactive W_t¢ Forms for the Future. Werner Lutze and Rodney C. Ewing,
Editors, North-Holland, 1988).

2. Excess LAW water is evaporated off; grout waste loading (solids) is 15 wt%
of the total grout mass. Recognize that heavy metals are assumed to not be
limiting (FUETAP reference formula taken from Radioactive Waste Formsfor
the Future. Werner Lutze and Rodney C. Ewing, Editors, North-Holland,
1988).

3. The LAW glassification process destroys all nitratesand hydroxides. Nitrate
destructionis necessary in order to produce a stable LAW grout or LAW
glass.
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4. The 129Iand 3H in the feed are volatilized during vitrification of the waste.

5. The LAW glass has the same density and loading as does the HAW glass.

A-9.1 Assumptions--HAW Glass and Glass-ceramic

1. The glass density is 2.6 g/cm 3 with a waste loading of 33 wt% solids (WDB-
4-93/LON-3-93, W. D. Bolon and L. O. Nelson letter to J. D. Herzog,
"Estimated Immobilized Waste Volumes, Number of Canisters, and Metal
Canister Mass Based on Current Waste Inventories', Dated September 8, 1993;
D. A. Knecht, J. R. Berreth, "FY-88 Update: Strategy Planning Document for
the Long-term Management of ICPP High-level Radioactive Waste, ", WIN-225,
September 1988; D. C. Stewart, Data for Radioactive Waste Management and
Nuclear Applications, John Wiley and Sons, Table 5.18).

2. The glass-ceramic density is 3.2 g/cm 3 with a waste loading of 70 wt% solids
(WDB-4-93/LON-3-93, W. D. Bolon and L. O. Nelson letter to J. D. Herzog,
"Estimated Immobilized Waste Volumes, Number of Canisters, and Metal
Canister Mass Based on Current Waste Inventories', Dated September 8,
1993).

3. Although sodium concentration may limit glass or glass ceramic waste loading,
it is assumed that sodium concentration will not affect waste loading.

4. The undissolved solids are assumed to be removed prior to separation
processing via filtration or centrifugation for the TRUEX or FC processing
options. The undissolved solids are added to the HAW fraction with no
further waste processing ramifications; solid criticality concerns will have to
be addressed.

5. The HAW uranium mass is determined as elemental uranium and not UO2.
The slight molecular weight difference is considered negligible for the
spreadsheet calculations when considering the low molarity of the uranium.

6. The 129Iand 3H in the feed are volatilized during denitration/calcination of the
waste.
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APPENDIX B COSTS

Appendix B provides the equations for all calculations used to obtain cost data for the TEAM
Model. Life-cycle costs for each candidateoption (CLc)are the summationof the associated
costs of a selected option and are computedas follows.

C_ . Crd, Cr_ • Cr_. Cr,_ • Cr_ • Crdd

Vc'here
CTd -- total cost for development of a selected option, from Section B-1

CT,_. ffi total costs for design, construction, and start-upof each phase of an
option, from Section B-2

Crop. - total operatingcosts of a selected option, from Section B-3

CT_ " total interim storage cost of a selected option, from Section B-4

Cry, - total disposal cost of a selected option, from Section B-5

Cr,a -'- total decontaminationand decommissioning costs of a selected option,
from Section B-6

Equations for each of the components of this calculation are provided in the sections that
follow; data for each equation, along with their bases, are provided in Appendix E.

The WIF technology decision consists of two phases. Phase I processes radioactive liquid
wastes and Phase II processes calcine waste. Using this phased approach, the TEAM Model
calculates costs based on each phase. The default start dates and durations for phasing are
given in Table B-1, but may be selected as user inputs in the model.
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Table B-l: Phasing Summary (Default Values)
tJ-J. i.ll _,l,.......... HI ill . lll,,l., 7 i, i ..... : :l : . , i i .... uulll ill _ i llJt

Variable Description Default.... ............ ....... , r

Did- Phase I development startdate 1995
,,,,, ,, ,,,, ,, ,,,, ,,,

YId- Phase I development duration, in years, equals DI_, plus one 3
year for advancedconceptualdesign minus Did-, , , , , ,,,, , ,

DIc® Phase I construction start date 1997

YI¢,ffi Phase I construction duration, in years 11
,, , ,,,, , , , ,,,,, ,, i , ,,i

DIon Phase I operation start date equals DIo. plus YIc. 2008, i, i

YI_,, Phase I operating du_tion, in...years .... 7

DIId_ Phase II development start date, in years, equals Did. plus YId. 1998
, , , ,

Phase II development duration, in years, equals DIlc, plus one 7
Ylld. year for advanced conceptual design minus DIId.

DII_ Phase II construction start date 2004
i ,, .

YII,o, Phase II construction duration, in years 11

DII_, Phase II operation start date _uals DII,, plus YIIo,, 2015

YlI,v, Phase 11operatingduration, in years 30i,

B-1 Development Costs

CTd is the total cost for development of a selected option and is calculated by the following
] equation.

C7.d . C_l . C dc . C_! I . C diiav,, . C dt.4w

Where

Cdp I = development cost for Phase I process, from Section B-I.1
Cdc = development cost for calciner, from Section B-I. 1
Capn = development cost for Phase II process, from Section B-1.1
Cdrt,,w= development cost for HAW immobilization process, from Section B-I.1
CdLAW= development cost for LAW immobilization process, from Section B-I.1

NOTE: If the same technology is used to process radioactive liquid and calcine waste,
then Cdp,for Phase II is zero.
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1-1.1 General Development Costs

Development costs (C_)are the annualcosts (investigators, development personnel, and non-
labor) incurredduringdevelopment of a selected option and are calculated by the following
equation for Cm, C_, CdPn,Caw, and C_.,,w.

c,. I(Fr_(F._(Z_I (1 • F_.) (td) • Ct,,,

Where

FEE - the number of principle investigators (full time equivalent person years)
requiredfor development, from Table E-1

F._ ffi the ratio of supportpersonnel to principle investigators needed to
support technology development, from Table E-2

= the fully burdened annual labor rate for development personnel, from
Table E-2

F,. - the factor of the labor budget expended for subcontract support and
materials during technology development, from Table E-2

h - development time, from Section B-1.1.1
Cm - advancedtesting costs, from Table E-I

1-1.1.1 Development Time

To calculate development time (td)for Phase I use the following.

td" YJd.v

Where

YI_ - the Phase I development years, from Table B-1

To calculate development time (td) for Phase II use the following equation.

td .Y1_ • YIJd_

Where
YI_ = the Phase I development years, from Table B-I
YII_ = the Phase II development years, from Table B-I
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B-2 Design, Construction, and Start-up Costs
i

CT_, is the total cost incurred during the design, construction, and start-up of an option and
is calculated by the following equation.

Crd_.- Cd_a• C._c° Cd_n "C._w "C._uw

Where

C,_.p_ = design, construction, and start-up cost for Phase I process, from
Section B-2.1

C_,c = design, construction, and start-up cost for calciner, from Section
B-2.1

C_,pn = design, construction, and start-up cost for Phase II process,
from Section B-2.1

C_._w = design, construction, and start-up cost for HAW immobilization
process, from Section B-2.1

C_,_w = design, construction, and start-up cost for LAW immobilization
process, from Section B-2.1

NOTE: In addition to the general C_o calculations outlined below, certain cases result
in increased Ca_,costs. The associated costs for these cases are found in Table

E-1 and need to be multiplied by Fq, (from Table E-2). Additional costs are as
follows.

(1) Sodium transfer costs are added to Phase I C,_, costs if any new
facilities are used to process radioactive liquid waste from the tank
farm. Sodium transfer costs are the costs to add a transfer line from

the tank farm to the new facility.

(2) If the maximum value of surge capacity needed (Cp.ad) is less than or
equal to 300,000 gallons then surge capacity costs (from Table E-2) are
added to Phase I C_, costs for any new process (i.e., any option that
doesn't choose just calcination for Phase I). If calcination is chosen for
Phase I, or Cp_ is greater than 300,000 gallons, then surge capacity
costs are calculated by the following equation, from the ICPP Tank
Farm Systems Analysis (WINCO-1192).

c,¢.[(L3s)OO)-'tl(Cpoj- [(_.32)(I0ysl(Croa)2 •(183)(cp,,,#•(3.76)(IOy
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Where

Cp._ = the maximum value of surge capacity needed as
calculated in Section C-3

NOTE: The resulting value is discounted as outlined in Section
D-3.2. C,_, in this case, is not multiplied by Fop.

(3) Utilities costs are added to Phase I C,_,costs if a vitrification plant is
planned in Phase I or a sodium separations process is chosen.

(4) Additional CSSF costs are added to Phase I C,_, costs if additional
calcine waste generated requires use of CSSF S. This cost is
discounted as specified in Section D-3.2.

(5) Calcine handling costs are always added to Phase II C,_,costs and are
the cost of the transfer line from the CSSF to the new facility.

(6) Support upgrade for delayed vitrification Cd, Costsare added to Phase
II C_:,costs if a vitrification plant is planned in Phase II. If no new
process is chosen in Phase I both utilities and support upgrade costs are
added to Phase II Cd,.

(7) Separations upgrade for calcine costs are added to Phase II C,_, costs if
either Precipitation or TRUEX is used during Phase II.

(8) Additional calcine retrieval costs are added to Phase II C_, costs if
CSSF 7 or 8 are used. If both CSSF 7 and 8 are used, then retrieval
costs are added for both. These costs are discounted as specified in
Section D-3.2.

B-2.1 General Design, Construction, and Startup Costs

The following equation is used to calculate C_,_, C_,c, C_,pn, Cd,aAw,and C_,LAWfor either
Phase I or II, except for Glass Ceramic (see Section B-2.3).

C,_, . (/_r)(C,.,,)(_)°_

Where

Fq, = the factor to adjust construction cost to design, construction, and start-
up cost, Table E-2

C_ = the estimated construction costs for a facility capable of handling the
baseline throughput, from Table E-1
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Th = the needed throughput, from Section 13-2.2
T b ffi baseline throughput used for estimating construction costs of processing

equipment and facilities, from Table E-1
0.6 ffi throughput ratesare obtained by scaling according to the six tenths rule

(0.6) [Williams, J:_IC./21,_F,I_.,54(12) 1947, p. 124].

NOTE: When calculating for HAW and LAW immobilization, Tb must be multiplied
by the weighted average weight percent loading (WT^vo), from Section B-
2.1.1. Also, when calculating C_.c, Tb ffi Tb.

B-2.1.1 Weighted Average Weight Percent Loading

To calculate general DCS costs for HAW and LAW immobilization, Tb must be
multiplied by the weighted average weight percent loading (WT^vo). To determine
WTAvo use the following equation.

(WT_.)(Na_rr)(Na,._) + (WTAt)(AI_ )(AI,_) • (l_ z_)CZr,_._ )CZr_ )_Am "
(Na_ XNa,,_) • (Alca_,_ )(AI s_ ) + fZrc,_._)CZr,,_)

When

WTNa = sodium-bearing liquid waste weight percent loading, from Table
E-5

Na_ = metric tons of sodium-bearing liquid waste, from Section C-1
Na_ = the sodium-bearing liquid waste separation factor, from Table E-

3. Use the HAW separations factor when calculating HAW
(WT^vo) and the LAW separations factor when calculating LAW
(WT^ o)

WT^_ = Aluminum calcine weight percent loading, from Table E-5
Al,p = the Aluminum calcine separation factor, from Table E-2. This

will be the HAW separation factor when calculating Cd_,_w and
the LAW separation factor when calculating Cd_,LAW.

WTz, = Zirconium calcine weight percent loading, from Table E-5
Zr,q, = the Zirconium waste separation factor, from Table E-3. This

will be the HAW separation factor when calculating Cd_0_Wand
the LAW separation factor when calculating C_,LAW.

AI0_ = metric tons of aluminum calcine, from Section C-2.1
Zrc_ = metric tons of zirconium calcine currently in inventory, from

Table E-2
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B-2.2 Needed Throughput

Th is the actual throughputnecessary in order to complete processing on schedule and is
calculatedby the following equation.

W t
i

(OPS_)(365.25)(24)(0.75XO .5)

i

Where
W, ffi current and projected radioactive waste inventory to be processed

through the facility based on the waste stream, from Section B-2.2.1
OPSt ffi the numberof years the facility is available for operation for either

Phase I (YIop,)or Phase II (YII_), from Table B-1
365.25 ffi number of days in a year
24 ffi number of hours in a day
0.75 ffi process efficiency
0.5 ffi on-line efficiency

NOTE: The 0.5 on-line efficiency factor is omitted from the equationwhen calculating
Th for glass-ceramic.

B-2.2.1 Radioactive Wb-te Inventory

Two types of radioactivewaste streams are being evaluated for the proposed WIF:
radioactive liquid (before separation)and solid (after separationbut prior to
immobilization) waste. Throughputs for these two radioactive waste streams are
calculated in Section B-2.2, but the input for the radioactive waste inventory (W.J
variable is different, as explained below. If the same technology is being used to
process both radioactive liquid and calcine waste, then the actual throughput necessary
equals the greater Tuof Phase I or Phase II.

Wi for Phase I radioactive liquid waste is calculatedin liters by the following
equation.

Wt . (Nauq)(lO00)

Where

Nauq - cubic meters of sodium-bearingliquid waste, from Section C-1
1000 = liters per cubic meter
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Wt for Phase II dissolved calcine waste is calculated in liters by the following
equation.

W_ . (Al_e#, e )(12,700._ • (Zrca,._)(5,000)

Where

AI_, = the metric tons of Aluminumcalcine, from Section C-2.1
12,700 - the liters of nitric acid required to dissolve one metric ton of

Aluminumcalcine

Zr_, = the metric tons of Zirconiumcalcine, from Table E-2
5,000 = the liters of nitric acid required to dissolve one metric ton of

Zirconium calcine

Wi for Phase I immobilization is calculated in kilograms by the following equation.

w,. (Na_)(Nas,,)(I000)

3_There

Nauz - the metric tons of sodium-beating liquid waste, from Section C-
1

Na_ = the sodium-_ng liquid waste separationfactor, from Table E-
3. This will be the HAW separationfactor when calculating
C_,_w and the LAW separationfactor when calculating C_,LAW.

1000 = kilograms per metric ton

Wt for Phase II immobilization is calculated in kilograms by the following equation.

Wt . [(A/ca_,,e ) (A/se_) • (Zr,.t_s,) (Zrs#)] (1000)

Where

AI_ = the metric tons of Aluminum calcine, from Section C-2.1
AI,q, = the Aluminum calcine separation factor, from Table E-3. This

will be the HAW separationfactor when calculating C,_,w,wand
the LAW separationfactor when calculating C,_,LAW.

Zrc,_ ffi the metric tons of Zirconium calcine, from Table E-2
Zr_ = the Zirconium waste separation factor, from Table E-3. This

will be the HAW separation factor when calculating C,_,_w and
the LAW separation factor when calculating C,_,LAW.

1000 = kilograms per metric ton
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B-2.3 Camfor Glass-Ceramic

A different equation is used for Glass-CeramicC_, costs because its costs are tied directly to
the incremental equipment required to increase the input, namely the need for additional Hot
Isostatic Presses (HIPs). Ca, costs for Glass-Ceramic(Coc_.) facility are calculatedby the
following equation.

C_._,- [C,._,• (JV,,,p)(C.m)"C_uI (/_,,.,,)(/_,_)

Where

C._ ffi the cost for the scalableportion of a Glass-Ceramic facility, from
Section B-2.3.1

Nsw - the numberof HIPs, based on throughput(TO, from Section B-2.3.5
Crop "- the cost of a HIP, from Table E-2
Cn_ ffi the cost for additional filling stations, from Section B-2.3.2
F,,_ ffi the waste classification factor, from Section B-2.3.3
Fq, ffi the factor tO adjust construction cost to design, construction, and start-

up cost, Table E-2

B-2.3.1 Scalable Portion of a Glass-Ceramic Facility Cost

C._t_is the cost for the scalable portion of a Glass-Ceramic facility and is calculated
by the following equation.

C _ - (Coc) (_.lp)0.6

Where

Coc = the scalable cost for a Glass-Ceramic facility, from Section B-
2.3.4

Nmr = the numberof HIPs, based on throughput(T_), from Section B-
2.3.5

0.6 ffi throughputrates are obtained by scaling according to the six
tenths rule (0.6) (Williams, Chem. Eng,, 54(12) 1947: p. 124)

B-2.3.2 lrflling Station Cost

C_ is the cost of adding additionalfilling stations to a facility and is determined as
follows, where one filling station is required for every four HiPs present. The
numberof HiPs (Nmr) requiredfor a given facility is found in Section B-2.3.5.

If 0 < Ntm_< 5, then Cr_equals 0
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If 5 < Nmp < 9, then Cr_equals $10,000,000
If 9 __.Nan, < 13, then Cr., equals $20,000,000
If 13 g Ntm, < 17, then Cr_ equals $30,000,000
If 17 < Nan,, then Cr_equals $40,000,000

B-2.3.3 Radioactive Waste Classification Factor

Fw,_ is the radioactive waste classification factor and is determined based on the
following.

If the waste classification is Class A, then Fw,_ equals 0.75
If the waste classification is Class B, then Fw,_ equals 0.85
If the waste classification is Class C or HAW, then F,,m, equals 1

Class A will have reduced shielding and will allow for hands-on maintenance due to
low levels of radioactivity. This is expected to lower the costs by 25 %. Class B will
also have reduced shielding, although levels of radioactivity (though relatively low)
will be high enough to require remote handling capabilities for maintenance. This is
expected to reduce costs by 15%.

B-2.3.4 Glass-Ceramic Facility Scalable Cost

The Process Development Facility (PDF) feasibility study showed a throughput of
48.3 kg/hr for a Glass plant costing $80 million. Of this $80 million, $5 million was
used as the cost for the melter used in the facility. The scalable portion of the facility
cost is found by eliminating the melter cost ($80,000,000 - $5,000,000 -
$75,000,000). This cost was scaled to a Glass-Ceramic facility (Germ,) containing
one HIP by the following equation.

GCnw . (Toc )o6 (scale)"48.3 -

V_rhere

Toc = Glass-Ceramic facility throughput in kg/hr, from Table E-2
48.3 = Glass facility throughput in kg/hr from the PDF feasibility study
0.6 = throughput rates are obtained by scaling according to the six

tenths rule (0.6) [Williams, Chem. Eng., 54(12) 1947: p. 124]
scale = thescalableportionofthecostfora Glass-Ceramicfacility,

fromTableE-2

This value (GCHn,) is increased by 25 % for blending stations and feed vessels required
to handle solids. The resulting value is increased by an additional 25 % for a
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stabilizer and grinder requiredfor solids processing. Adding these costs results in the
scalable costs for a Glass-Ceramic facility (Coc) as outlined by the following equation.

Coc . (GC,u,) (1.25) (1.25)

Where

GCsn, ffi the Baseline scaled cost for Glass-Ceramic facility, from
equation above

1.25 ffi 25% increase

B-2.3.5 Number of HIPs

The numberof HIPs (Nmp) required for the Glass-Ceramic facility is calculatedby the
following equation.

T h
Ntap . [INTEGER ( ) • 1] (2)

(rb) (wr.4_)

Where

INTEGER ffi the integer function which truncates the resulting value
into an integer

Th ffi the needed throughput, from Section B-2.2
T_ ffi baseline throughput used for estimating construction costs

of processing equipment and facilities, from Table E-1
WT^vo ffi the weighted average weight percent loading, from

Section B-2.1.1. The note in section B-2. I indicates that
Tbmust be mutipliedby WTAvo.

1 - an additional factor that allows integer function to always
round up

2 ffi factor to increase the numberof HIPs to allow for 50%
online efficiency

B-3 Operating Cost

The total operatingcosts (CTop,)for a selected option are determined by the following
equation.

C T_. . C_ • Cop,c • Cop,pu • CoF_.._w • C_mAw • Corn_
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Where

C_p_ = operating cost for Phase I process, from Section B-3.1
Cop.c = operating cost for calciner, from Section B-3.1
Copon - operating cost for Phase II process, from Section B-3.1
C,0,tAw = operating cost for LAW immobilization process, from Section

B-3.1

C_w = operating cost for HAW immobilization process, from Section
B-3.2

Corm.t = other additional operating costs as described in Section B-3.3

B-3.1 General Operating Cost

Operating cost (Con) for Phase I, the calciner, Phase H, and LAW immobilization (C,0,p_,
Cop,c, Cq,,p,, and C_tAw respectively) are calculated by the following equation.

Cops " (C ,,,,tt, " C t,_,, ) OPS t

'Where

C.,6 = the annual cost of materials and supplies during operations, from
Section B-3.1.1

C_,,, = annual labor costs to operate the facility, from Section B-3.1.2
OPSt = the time the facility is available for operation for either Phase I (YI,_

or Phase II (YII_,.), from Table B-1

B-3.1.1 Material Cost

The cost of materials during operations (C._) is calculated as a proportion of the
labor cost and the throughput by the following equation.

c.,_ . (/;.,R)(/_._(_b )

Vvrllere

Fm,tR = the ratio of materials expenses to baseline material cost for
facility operations, from Table E-1

Fm,t, = annual baseline process material cost factor, from Table E-2
Th = needed throughput, from Section B-2.2
T b = baseline throughput used for estimating construction costs and

materials cost factors of processing equipment and facilities,
from Table E-1
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NOTE: When calculatingfor HAW and LAW immobilization, Tbmust be
multiplied by the weighted average weight percent loading (WT^vo),
from Section B-2.1.1.

B-3.1.2 Labor Cost

Cw,_, the annual cost of labor to operate the facility, is calculated by the following
equation.

c_.,. (No • _.,)(c_,,,)

Whearc

No = numberof operators per shift, from Table E-I
N_, = the numberof additional operators per shift is determined as

noted below

Cola, ffi annual cost per operator, from Table E-2

NOTE: To determine the numberof additional operatorsper shift (No) use the
following, except when calculating HAW and LAW immobilization. In
that event, Tbmust be multiplied by the weighted average weight
percent loading (WT^vo), from Section B-2.1.1.

If 0 _ (Th/Tb)< 2 thenN.o equals 0, If 2 _ (Th/Tb)< 3 then N.,,
equals 1, ... If n + 1 < (Th/Tb) < n + 2 then N.oequals n.

Certaincases, listed below, incur additional operators. The numberof
additionaloperators (N.o) for these cases are found in Table E-1.

(1) If a vitrification plant is planned in Phase II and Freeze
Crystallization,Precipitation, or TRUEX is used in Phase I then
sodium transferoperators are added to N.o when calculating
operating costs for Phase I (C_m).

(2) If the vitrificationplant is planned in Phase II and there are
Phase I separationsthen surge capacity to process operators are
added to N.owhen calculating operating costs for Phase I
(C_,p_.

(3) Calcine handling operators are always added to N.o when
calculatingoperating costs for Phase II (C_on).
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(4) If Precipitationor TRUEX is used during Phase II then
separationsupgrade for calcine operatorsare added to N,owhen
calculating operating costs for Phase II (C_pn).

B-3.2 HAW Operating Cost

For HAW immobilization Cop._wis determined by the following equation.

(C _e,c)(NCr )
C ¢,_,a_w . [C,,_a.,• [(C,._)(NCr) • ] • C,,,_,t• Ct,,so,]OPS,

N_

Where
C=_ = annualcost of materials and supplies during operations, from Section

B-3.1.1
C_ = cost of a one cubic metercanister, from Table E-2
NCy - number of canisters of immobilized waste per year, from Section B-

3.2.1 for Phase I and Section B-3.2.2 for Phase II
Cmc = cost for a multi-purposecanister, from Table E-2
N,m = the number of one cubic meter canisters held by a multi-purpose

canister (over-pack canister for the one cubic meter canisters), from
Table E-2

C_,,_ = annual labor costs to operate the facility, from Section B-3.1.2
C.._t = annual maintenance expenses for a facility, from Section B-3.2.3
OPSt - the time the facility is available for operation for either Phase I (YIon)

or Phase II (YII,v,), from Table B-1

B-3.2.1 Phase I Canisters

Phase I number of canisters of immobilized waste produced annually (NCy) is
calculatedby the following equation.

[(Nau.r) (Na_)] (I000)NC .
r (I;._)(F/Tu.) (DH_w) (Y]ot_)(Vc_)

Where

Nam = the metric tons of sodium-beating liquid waste, from Section C-
1

Na_ - the sodium-bearingliquid waste separationfactor, from Table E-
3. This will be the HAW separation factor.

1000 - kilograms per metric tons
F_a = the canister filling efficiency factor, from Table E-2

48



WTN. = sodium-bearingliquid waste weight percent loading, from Table
E-5

DRAw = density of the immobilized HAW, from Table E-6
YI_, = the Phase I operatingyears, from Table B-I
Vc_ = the canister volume, from Table E-2

B-3.2.2 Phase H Canisters

Phase II number of canisters of immobilized waste producedannually (NCy) is
calculated by the following equation.

Ot_,) (At.v) (Zr._.) (Z%)](lO00)l
WT,u WTz,

NC r .
(F._) (D_w) (nJop,)(vc._ )

'Whe_

AI_, = the metric tons of Aluminum calcine, from Section C-2.1
Al,q, ffi the Aluminumcalcine separationfactor, from Table E-3. This

will be the HAW separationfactor.
WT^_ - Aluminum calcine weight percent loading, from Table E-5
Zr_ = the metric tons of Zirconium calcine, from Table E-2
Zr._ ffi the Zirconium waste separation factor, from Table E-3. This

will be the HAW separationfactor.
WTz, = Zirconium calcine weight percent loading, from Table E-5
1000 = kilograms per metric ton.
Far = the canister filling efficiency factor, from Table E-2
D_w = densityof HAW, from Table E-6
YII_,. = the Phase II operating years, from Table B-1
Vc_ = the canister volume, from Table E-2

B-3.2.3 Maintenance Cost

C,_, the annual maintenance costs for a facility, is calculated by the following
equations for Glass and Glass-ceramic.

For Glass use the following equation.

Th )0.6

(u.u) (cs."c_,,.,)((T_XW'ra_

C maint " _ fr,q
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i

Where
Nm_ = the numberof melters, from Table E-2
Csm = the cost of a glass melter, from Table E-2
CM,v = the cost for replacing a glass melter, from Table E-2
Th = the needed throughput, from Section B-2.2
Tsb = the SavannahRiver baseline throughputthat matches the

baseline melter replacementcosts, from Table E-2
Mfreq - maintenance frequency, from Table E-2
WT^vo = weighted average weight percent loading, from Section B-2.1.1

For Glass-Ceramic use the following equation.

(/Vnip)(CHIp" CH,n)
Cmmt -

Mf,,q

Where
Ntm, = numberof HIPs, based on throughput (TO, from Section B-

2.3.5
Crop = the cost of a HIP, from Table E-2
Ct_,v = the cost for replacinga HIP, from Table E-2
Mfreq = maintenancefrequency, from Table E-2

B-3.3 Other Additional Operating Costs

Other additional operating costs (Cottmv3are calculated using the following equation.

_tVhere

CRL-r = the retreival cost for a CSSF, from Section B-3.3.1
Co_o,. = new tank farm operating cost, from Table E-2. If no new tank farm is

needed, then Cowop.= 0.
Cwov0 = existing tank farm operating costs, from Table E-2
Cow,v, = other waste operating costs, from Table E-2
C_op, = cost of early calcination campaigns, from Section B-3.3.2

NOTE: These variablesare discounted in Section D-3.3.
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B-3.3.1 Retreivai Operating Costs

Retrieval operating costs (Cp._r)are determined by the following.

If neither CSSF 7 or 8 is used then Ca_requals zero.
If CSSF 7 is used then C_,r equals C_, from Table E-2.
If CSSF 7 and 8 are used then CaL_,requals two times C_,, from Table E-2.

To determine which CSSF's are used, see Section C-4. Retreival operating costs are
discountedas described in Section D-3.3.

B-3.3.2 Early Calcination Operating Costs

Operating costs for early calcine campaigns (Ceco_,)are calculated using the following
equation.

C8co..- I(F.,_ )(_,,,s) • (,_,,)(C,,,,,.)l(Y.,,do,.a" 1996)

_rher¢

F_ = the ratioof materialsexpenses to baseline materialcosts for
facility operations, from Table E-1

F.,._ = the annual baseline process material cost factor, from Table E-2
No = numberof operators per shift, from Table E-1
Ca,= - annual cost per operator, from Table E-2
Y,._ = year early calcination ends, from Section C-5
1996 = startdate for early calcination

B-4 Interim Storage Cost

The interim storage costs (CT,_) are calculated based on the type of radioactivewaste, years
of storage, and capacityof the waste storage facility. The TEAM Model uses a default value
of 7 for the years of storage. The waste storage facility will be sized to store the greater of
the radioactive waste volume produce_by either Phase I or II. Disposal cost ratios for the
different waste classes were used to determinethe effects of changes in radioactivity to the
interim storage cost. This ratio is used to determine the operating costs for greater-than-
Class A wastes. Cr,_ is calculated using the following equation.

cr._. "(°st) (YL._.)• CSL• (os.) (r..,o.) • cs.
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_tl¢'here

OSL --'-- the annual interim storage operating cost for LAW, from Section B-4.1,
B-4.2, and B-4.3

YL_,_ = the number of operating years of the LAW storage facility, from
Section B-4.4

CSL = the interim storage capital cost for LAW, from Section B-4.5, B-4.6,
and B-4.7

OSa = the annual interim storage operating cost for HAW, from Section B-4.8
Ya,_ = number of operating years of the HAW storage facility, from Section

B-4.9

CSa = the interim storage capital cost for HAW, from Section B-4.10

NOTE: Since there are three different LAW classifications, OS L and CS L are

calculated based on the chosen waste classification as outlined below.

B-4.1 Class A Interim Storage Operating Cost

The interim storage operating cost for Class A wastes (OSLA)is based on curve fit of data
from Waste Management Facilities Cost Information Report (EGC_WID-10443) and is
calculated using the following equation.

OSLA - 7.14(I0_5)(VL.,o,)4-3.82(lO9)(V_to,)L 7.38(I04)(VL,_)2,65.3(V_to,)*1.51 (lOs)

Where
VL,,_ = LAW storage volume available in cubic meters, from Section B-4.1.1

B-4.1.1 LAW Storage Volume

The maximum volume of LAW, in cubic meters, that can be stored by the interim
storage facility (VL,,_)is calculated by the following equation.

vL,,o, .max [(V_uw)O'SLc'_),(_w)(]:Sw+)]
otis,)

V_le_

Vn._w = the total volume of LAW produced, in cubic meters, during
Phase I, from Section B-4.1.1.1

VnLAW= the total volume of LAW produced, in cubic meters, during
Phase II, from SectLon]3-4.1.1.2

YI_,, = years duration of Phase;I operations, from Table B-1
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Yllq,. ffi years duration of Phase II operations, from Table B-1
YSLc,¢- number of years of storage capacity for LAW, from Table E-2

B-4.1.1.1 Total Phase I LAW Volume Produced

The total volume of immobilized LAW produced during Phase I (Va.Aw)operationsis
calculated by the following equation.

(Na_)(Na_)(I000)
l"luw .

(WI'_o)(Ourn,)

3_Vhe_

Nam - the metric tons of sodium-beating liquid waste, from Section C-
1

Na.a, ffi the sodium-bearing liquid waste separation factor, from Table E-
3. This will be the LAW separation factor.

1000 -- kilograms per metric ton
WIN, = the weight loading for sodium-bearing liquid waste, from Table

E-5
DLAWffi the density of LAW, from Table E-6

B-4.1.1.2 Total Phase II LAW Volume Produced

The total volume of immobilized LAW (ms) produced during Phase II (VaLaW)
operations is calculated using the following equation.

Vuzaw. (Ze_,_)(Zrs, F)(IO00) . (AI _u,,)(AI_)(IO00)
(wrz,)(a_.) (wr_)O LAw)

Where

Zr_m - the metric tons of Zirconium calcine, from Table E-2
Zr_ = the Zirconium calcine separation factor, from Table E-3. This

will be the LAW separation factor.
1000 - kilograms per metric ton
WTz, - the weight loading for Zirconium calcine, from Table E-5
DLAW = the density of LAW, from Table E-6
AI_ = the metric tons of Aluminum calcine, from Section C-2.1
AI_, = the Aluminum calcine separation factor, from Table E-3. This

will be the HAW separation factor.
WTA_ - the weight loading for Aluminum calcine, from Table E-5
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B-4.2 Class B Interim Storage Operating Cost

Class B interim storage operating cost for LAW (OS_) is determinedbased on the ratio of
Class B to Class A disposal costs. Disposal costs are $20,000/m 3 for Class B and
$10,000/m 3 for Class A (a 2:I ratio). Basedon this ratio Class B annual storage operating
costs are calculatedas follows.

OS_ . 2(OSta)

B-4.3 Class C Interim Storage Operating Cost

Class C interim storage operatingcost for LAW (OS_) is determined based on the ratio of
Class C to Class A disposal costs. Disposal costs are $110,000/m 3 for Class C and
$10,000/m 3 for Class A (an 11:1 ratio). Because this ratio gives a higher cost than HAW
annualstorage operating cost, OSLcis based on the same curve fit of data, from the Waste
Management Facilities Costs Information Report for Greater-Than-Class C and DOE
Equivalent Special Case Waste (EC-G-WM-10701), as the HAW annual storage operating
cost. OSLcis calculatedby the following equation.

OSLc . 688 (V_to,) • 3.170,000

Where
V_ = the LAW volume producedin cubic meters, from Section B-4.1.1

B-4.4 Interim Storage Operating Years for LAW

Interim storage operating years for LAW facilities (Yt_,_)are calculatedby the following.

If a separationprocess is used in Phase I and Phase II then

Y _,o, - DII op, " DI o_ " Hl ops

Where

DIIop, = Phase II operation start date, from Table B-1
DIop. = Phase I operation start date, from Table B-I
YII_,, - Phase II operating duration in years, from Table B-1

If Phase I has no separation processes and Phase II uses a separationprocess then

Y Lstor" YlJops
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Where

YII,_ = Phase II operating duration in years, from Table B-1

If Phase II has no separation processes and Phase I uses a separation process then

YL,to, " Dll op, "191ops" YSLc_

Where

DII,_ ffi Phase II operationstartdate, from Table B-I
DI_ = Phase I operation start date, from Table B-I
YSLc_ ffi years of LAW storage capacity, from Table E-2

If no separation processes are used in Phase I or Phase II then

Y/Jtor " 0

B.4.5 Interim Storage Capital Cost for Class A

Interim storage capital costs for Class A LAW (CSLA)are based on curve fit of data from
Waste Management Facilities Cost Information Report (EGG-WTD-I0443). They are
calculated using the following equation.

CS_ . 1,130( V,,to,) • 20,000,000

Where

Vta,, = the LAW volume produced in cubic meters, from Section B-4.1.1

13-4.6 Interim Storage Capital Cost for Class B

Class B interim storage capital costs for LAW (CSL,) are determined based on the ratio of
Class B to Class A disposal costs. Disposal costs are $20,000/m 3 for Class B and
$10,000/m 3 for Class A (a 2:1 ratio). Based on this ratio CSL, is calculated as follows.

CS_ . 2 (CSta)
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!1-4.7 Interim Storage Capital Cost for Class C

Interim storage capitalcosts for Class C waste (CSLc), is based on the same curve fit of data,
from the Waste Management Facilities Costs Information Report for Greater-Than-Class C
and DOE Equivalent Special Case Waste (E_WM-I0701), as the HAW annual storage
operating cost. CSLcis calculated by the following equation.

CScc - 31,500 (Vt.no, ) • 42,100,000

Where
VL,,= = the LAW volume producedin cubic meters, from Section B-4.1.1

B-4.8 HAW Interim Storage Operating Cost

The interim storage operating cost for HAW (OSH)is based on curve fit of data from Waste
Management Facilities Costs Information Report for Greater-Than-Class C and DOE
Equivalent Special Case Waste (E_WM-10701) and is calculated by the following equation.

OSH . 688(CAN,szo,) • 3,170,000

Where
CANto,,, = numberof HAW canisters filled, from Section B-4.8.1

11-4.8.1 HAW Canisters Produced

The maximum number of canisters of HAW that can be stored by the interim storage
facility (CANa,,,_)is calculated by the following equation.

max [ , l

(_op,) 07J.p.)
CANmto,-

Where
Vn_w = the volume of HAW produced, in cubic meters, during Phase I,

from Section B-4.8.1.1
VIIHA w = the volume of HAW produced, in cubic meters, during Phase II,

from Section B-4.8.1.2

Ylop, = years durationof Phase I operations,from Table B-1
YIIop, = years durationof Phase II operations, from Table B-I
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YS.c_ ffi number of years of storage capacity for HAW, from Table E-2
FaT = canister filling efficiency, from Table E-2

B-4.8.1.1 Phase I HAW Volume

The volume of immobilized HAW (m3)produced during Phase I operations (Vut_w)is
calculated by the following equation.

(Na_)(Na s,,)(1000)
l,'tnAw.

(mrN,)(Dn_w)

Nam -- the metric tons of sodium-bearing liquid waste, from Section C-
1

Na_ - the sodium-bearing liquid waste separation factor, from Table E-
3. This will be the HAW separation factor.

1000 = kilograms per metric ton
WT,. = the weight loading for sodium-bearing liquid waste, from Table

E-5

D_w = the density of HAW, from Table E-6

11-4.8.1.2 Phase II HAW Volume

The volume of immobilized HAW (ms) produced during Phase II (Vmu,w) operations
is c_Jeu!ated by the following equation.

(Zrca,_,w)(Zrs_)(lO00) (Atcota,,)(Ats,_)(lO00) (Na_.tr)(Nas,_)(lO00)
_IIH,4W " * . T_ *

(w'r_ )_ ,.w) (WT"AI)(0,.w) (turN.)(D_w )

Where

Zr_, = the metric tons of Zirconium calcine, from Table E-2
Zr,op = the Zirconium calcine separation factor, from Table E-3. This

will be the HAW separation factor.
1000 = kilograms per metric ton
WTz, = the weight loading for Zirconium calcine, from Table E-5
D_w = the density of HAW, from Table E-6
Alc,_._ = the metric tons of Aluminum calcine, from Section C-2.1
AI_ = the Aluminum calcine separation factor, from Table E-3. This

will be the HAW separation factor.
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WT_ = the weight loading for Aluminum calcine, from Table E-5
T,i = if a silica calciner is used to solidify HAW from Phase I, then

the total silica calcine produced is calculated as outlined in
Section C-2.2, otherwise T,i equals zero.

NaMT -- if a Vitrification facility is planned for Phase I and the selected
technology for Phase I is TRUEX, then the metric tons of
sodium-bearing liquid waste is calculated as outlined in Section
C- I, otherwise NaMTequals zero.

Nam, = the sodium-bearing liquid waste separation factor, from Table E-
3. This will be the HAW separation factor.

B-4.9 Interim Storage Operating Years for HAW (YH,t,,)

If the HAW vitrification plant is built in Phase I then

YHaor " 1)11 ops - 19lops " Y]] _s

Where

DII._ = Phase II operation start date. from Table B-1
DI._ = Phase I operation start date. from Table B-1
YII_.. = Phase II operating duration, in years, from Table B-1

If the HAW vitrification plant is built in Phase II then

YHMor " _] ops

Where

YII,_ = Phase II operating duration, in years, from Table B-1

B-4.10 Interim Storage Capital Cost for HAW

For HAW interim storage capital costs (CSrO filling efficiencies of 0.85 for Glass and 0.775
for Glass-Ceramic are assumed (WDB-08-92, "Estimated Immobilized HLW and Sodium-
bearing Waste Volumes Based on Current Waste Inventories'). CSrt is based on curve fit of
data from Waste Menagement Facilities Costs Information Report for Greater-Than-Class C
and DOE Equivalent Special Case Waste (EGG-WM-10701) and is calculated by the
following equation.

CS.. 131.500(CA/V._.,) • 42.100.0001 (N/,¢)
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Where
CANa,_ = number of HAW canisters filled, from Section B-4.8.1
Nf_ = the number of HAW interim storage facilities required as

summarized in Section B-4.10.1

11.4.10.1 Number of HAW Storage Facilities

Nf_ is determined by the following equation.

Ng._ . INTEGER [ (Y_ - 1)11o_,)], 1
YSnc_

Where

INTEGER = the integer function which truncates the resulting value into
an integer

Y._ = the date the HAW repository opens, from Table E-2
DII_ = Phase II operations start date, from Table B-1
YSxc_ = years of HAW storage capacity, from Table E-2

B-$ Disposal Costs

Total disposal costs (Crd_) for immobilized waste from a selected option were determined by
the following equation.

Crdu_ . ( WASTE.DuR) (Cw'_u) r..so [1. (Y¢- 1995)(/;_,_,)]

Where

WASTE = total amount of radioactive waste to be immobilized (m3), from
Section B-5.1

DUR = the duration of disposal in years, from Section B-5.1
Cw,,t. = cost of waste disposal per m3, from Table E-7
SD = the start date of disposal, from Section B-5.1
Yc = current year for which disposal costs axe calculated (Yc ranges

from SD to SD + DUR)
F_, = annual increase factor, from Fable E-7
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NOTE: CTd_,for HAW includes an additional charge for transporting the final waste
form to an approved disposal site (C_). _ is calculated by the following
equation, then added to the Ctdi,pequation above, for HAW disposal only.

0.0283 0.0283
C . 4.9 (760) . 2480

50 50

VtThere

VmAw = the volume of HAW produced, in cubic meters, during
Phase I, from Section B-4.8.1.1

VnHAw = the volume of HAW produced, in cubic meters, during
Phase II, from Section B-4.8.1.2

The transportation costs equation was taken from Waste Management Facilities
Cost Information for Transportation of Radioactive Materials (EGG-WM-
10877). Numerical values used in the equation are defined below.

* 0.0283 converts m3 to ft3

• 50 ft3 of immobilized waste per shipment
• 4.9 dollars per mile to transport the immobilized waste
• 760 miles to Yucca Mountain from the ICPP

• 2480 dollars of fixed costs per shipment

B-$.I Disposal Timing

The disposal timing for LAW and HAW is determined by the following.

For LAW

If there is Phase I separations and no Phase II separations, then:

SD = DILwp, from Section D-5.5
DUR = YIL_p, from Section D-5.5
WASTE = Va._w, from Setion B-4.1.1.1

If there is Phase II separations and no Phase I separations, then:

SD = DIILDi.o,from Section D-5.5
DUR = YIILD_,, from Section D-5.5
WASTE = VmAw, from Setion B-4.1.1.2

If there is Phase I and II separations, then add the disposal costs for Phase I and II.
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For HAW

If the HAW vitrification facility is planned for Phase I, then the total disposal cost (CTdilp)

equals the sum of Phase I and Phase II CTdi_p, as calculated in Section B-5. If the HAW
vitrification facility is planned for Phase II, then CTd_peqUalS Phase II CTd_,only.

For Phase I HAW disposal cost

SD = DIm_,.p,from Section D-4.5
DUR = YIHmq,,from Section D-4.5
WASTE = VmAwdivided by F_,, from Setion B-4.8.1.1 and Table E-2,

respectively

For Phase H HAW disposal cost

SD = DIIm_i,p,from Section D-4.5
DUR = YIIm_i,p,from Section D-4.5
WASTE = Vm_w divided by F_,, from Setion B-4.8.1.2 and Table E-2,

respectively

B-6 Decontamination and Decommissioning Costs

The Decontamination and Decommissioning (D&D) expenditure is spread over five years
starting at the conclusion of operations. The D&D cost (CTdd)for a selected option is
estimated as 18% of Design, Construction, and Start-up costs using the following equation.

Cr_ " (Fd)(C r.,)

Where

Fdd = the D&D factor, from Table E-2
CT,_, = the total cost for design, construction, and start-up, from Section B-2
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APPENDIX C: RADIOACTIVE WASTE VOLUME_

C-1 Amount of Sodium-bearing Liquid Waste

The cubic meters of Sodium-bearing liquid waste to be processed (Na_ by the selected
option is calculated by the following equation.

(VTF- V1s,.) (3.785)
Nauq - 1000

Where
VrF = tank farm volume from Section C-1.1
V_,_ = volume of waste generated between startupof Phase I and startupof

Phase II, from Section C-1.2
3.785 = liters per gallon
1000 --- liters per cubic meter

Removing the water and nitrates, the mass of metaloxides, in metric tons, in the Sodium-
bearing liquid waste (Nam) is calculated by the following equation.

Na_¢r - (N%q) (0.1192)

Where

Na_q = the cubic meters of Sodium-bearing liquid waste, from equation above
0.1192 = the metric tons of metal oxides per cubic meter of Sodium-bearing

liquid waste

C-I.1 Current Tank Farm Volumes

Tank Farm volumes (Vw, in gallons) during the life-cycle of a selected option are calculated
using the following equation.

Y

1994

Where

INVrF = current Tank Farm inventory after evaporation by the High-level Liquid
Waste Evaporator (HLLWE), from Table E-2

V_,a = volume processed by the calciner, from Section C-1.1.2
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Y,,_ = the year early calcinationends, from Section C-5
V,u = waste volume added, from Section C-I.I.1

C-I.I.I Annual Volume Added

The annual volume added (V_, in gallons) to existing radioactivewaste inventory for a
specific year, is calculated by the following equation.

i

. _ . Von_ + VFL
Rma Rm.

Where

VwN, = Sodium waste volume, from Table E-8
Rl_, -- Sodium waste reductionfactor, from Table E-8
VWH. ---- acid volume, from Table E-8
R_+ = acid reduction factor, from Table E-8
V,_ = solution generated as a result of calciner operations from

Section C-1.1.1.1
V_ = volume of waste generated by the filter leach process, from

Section C- 1.1.1.2

C-l.l.l.1 Annual Solution Generated

Annual solution generated (V,,k_,in gallons) is calculated by the following equation.

/_hd
v_, . (cd,_) Cry) • (T,,.) (7--) (vb,,t)

Where
C_ = gallons per month deep recycle returned to calciner, from

Table E-2

T_= = calciner operating months during a given calendar year, from
Table E-8

Nbd = number of calciner bed dissolution per campaign, from Table E-
2

T_, = number of months the calciner campaign occurs, from Table E-2
Vb_ = the gallons per bed dissolution, from Table E-2
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C-1.1.1.2 Filter Leach Volume

The volume of radioactivewaste generated by the filter leach process (Vw, in gallons)
for a specific year is calculated by the following equation.

. 420 . 420

Where
N_ = the number of existing filters (as of 1993) processed during the

year being calculated, from Table E-4
420 = the volume (in gallons) generated by processing one filter
13.14 = the evaporation factor for existing filters
NoF = the number of other filters generated for a specific year, from

Table E-4

NCF = the number calcine filters generated for a specific year, from
Table E-4

15.71 = the evaporation factor for newly generated filters

C-1.1.2 Volume Processed by Calciner

The volume processed by the calciner (VF,_d,in gallons) during the life-cycle of a selected
option is calculated by the following equation.

Vp,:°t . (R1)(T¢_,,,) (30.4) (24). (R2)(To.,,,,) (30.4) (24) (N¢.,,,-I)

Where
R_ = net processing rate for the first calciner campaign in gallons per hour,

from Section C- 1.1.2.1

To,_, = number of months a calciner campaign is run, from Table E-2
30.4 = days per month
24 -- hours per day
R_ = net processing rate for any calcine campaigns following the first, from

Section C- 1.1.2.2

Nc,_, = number of calciner campaigns, from Table E-2

C-1.1.2.1 Net Processing Rate for First Calciner Campaign

The net processing rate for the first calciner campaign (R_)beyond the 1993
campaign, in gallons per hour, is a weighted average.
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It is calculated using the following equation.

(Rs,) (e81)" (Rs:) (Pa_)" (RBa) (es_)
RI -

Psi " PB: . PB.,

Where

Rst = rate of blend 1 for first campaign, from Section C- I. 1.2. I. 1
Psi = gallons of blend 1 processed during first campaign, from Section

C-1.1.2.1.2

R,u = rate of blend 2 for first campaign, from Section C-1.1.2.1.1
Ps2 = gallons of blend 2 processed during first campaign, from Section

C-1.1.2.1.2

Rs3 = rate of blend 3 for first campaign, from Section C-1.1.2.1.1
Pm = gallons of blend 3 processed during first campaign, from Section

C-1.1.2.1.2

C-1.1.2.1.1 Blend Rate Calculations

The following equations are used to calculate the three blend rates used during the
first campaign, in gallons per hour.

Blend rate 1 (RBI_

(G) 0.73) -(G,) (0.75) (0.15)
RBI .

BI
r

Whe_

Gr = the gross feed rate, from Table E-2
0.75 = the calciner efficiency
0.15 = the internal calciner recycle for sodium-bearing liquid waste
B1, = blend rate 1, from Table E-2

Blend rate 2 (RB_

(G,) 0.75) -((3) (0.75) (0.15)
R B2 -

B2,

Where

G, = the gross feed rate, from Table E-2
0.75 = the calciner efficiency
0.15 = the internal calciner recycle for sodium-bearing liquid waste
B2, = blend rate 2, from Table E-2
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Blendrate3 fRn.Q !

(G,)(0.75)-(G,,)(0.75)(0.15)

RaJ = B3 ,.

Where
Gr - the gross feed rate, from Table E-2
0.75 = the calciner efficiency
0.15 = the internal calciner recycle for sodium-beating liquid waste
B3r = blend rate 3, from Table E-2

C-1.1.2.1.2 Gallons Processed

The following equations are used to calculate the gallons processed for each of the
three blend rates during the first campaign.

!

Gallons of blend 1 orocessed (Pe_

PBI "(B:,,) [(B) (V_83). v1,31

Where

Blur = the rate of evaporation for blend 1, from Table E-2

B_ = the blend ratio of WM189 to WM183, from Table E-2
Vn3 = the volume of waste currently in WM183 tank, from Table E-2

Gallons of blend 2 processed (PB_

Pa2 " [V!89 " (Br) (Vls3)] + [ Vls9 - (Br) (VIs3)] (B2,r)B,

Where

VI8 9 _-" the volume of waste currently in WM189 tank, from Table E-2
B_ = the blend ratio of WM189 to WM183, from Table E-2
V183 = the volume of waste currently in WMI83 tank, from Table E-2
B2_ = the rate of evaporation for blend 2, from Table E-2

Gallons of blend 3 processed (PB_)

Ps," [(To,=,, )(30.4)(24 )- (PBI Pa,)] (Ra,)
Ral Rv2
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Where

T_,_, - number of months a calciner campaign runs, from Table E-2
Pet = the gallons of blend 1 processed, from section C-1.1.2.1.2
Rm - blend 1 rate, from section C-1.1.2.1.1
Ps2 - the gallons of blend 2 processed, from section C-1.1.2.1.2
Re2 --- blend 2 rate, from section C-1.1.2.1.1
30.4 --- days per month
24 - hours per day
R.3 - blend 3 rate, from section C-1.1.2.1.1

C-1.1.2.2 Net Processing Rate for Any Additional Campaigns

The net processing rate for any additionalcalciner campaigns (R2, in gallons per hour)
is calculated using the following equation.

(G,,)(0.75)- (G,,)(0.75)(0.015)
R 2 -

B3 r

Where
G, = the gross feed rate, from Table E-2
0.75 = the calciner efficiency
0.015 - the internalcalciner recycle for sodium-bearing liquid waste
B3, = the blend rate 3, from Table E-2

C-1.2 Volume of Radioactive Wastes Generated

The volume of radioactive waste generated (in gallons) between startupof Phase I and startup
of Phase II is calculated by the following equation.

. t Vw, v,,.

Where

DIIq,. = Phase II operation start date, from Table B-1
DI,_ = Phase I operation start date, from Table B-1
Vw.o = Sodium waste volume, from Table E-8
Rl_. = Sodium waste reduction factor, from Table E-8
Vw.+ = acid volume, from Table E-8
R_+ = acid reduction factor, from Table E-8
V_ = volume of waste generated by the filter leach process, from

Section C- 1.1.1.2
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C-2 Annual and Accumulated New Calciae Waste Inventories

There are two possible accumulatednew calcine waste inventories. First is the inventory
generated from Aluminum calcine (Section C-2.1) and second is the inventory generated
from Silica calcine (Section C-2.2).

C-2.1 Total Aluminum Calcine Generated

The total amount of Aluminum calcine (AI_,_._),metric tons, generated is calculated by the
following equation.

Alcoa.. _t _nv• al_) (l.l)

Where
Ala_v = cubic meters of Aluminum calcine in current inventories (CSSF I & 2),

from Table E-2
AI,,._ = the additionalcalcine generated using Aluminum nitrate, from Section

C-2.1.1
1.1 = the density of Aluminum calcine in metric tons per cubic meter

C-2.1.1 Additional Calcine Waste Generated

The additional calcine waste generated (Aim), in metric tons, using Aluminum nitrate is
calculated by the following equation.

Al,,_w . [Calces • (Calc¢2) (Nca,,,_- 1)1 (1.1) • Calcnt

Where
Cal% - calcine generated annually during the first calciner campaign, from

Section C-2.1.1.1

Calca = calcine generated annually during the second calciner campaign, from
Section C-2.1.1.2

N_,_, = number of calciner campaigns, from Table E-2
1.1 = metric tons per cubic meter
Calc,t = calcine generated form new technology, from Section C-2.1.1.3
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C-2.1.1.1 Calcine Waste Generated During First Campaign

The calcine waste generated annuallyduring the first calciner campaign (Calc_l, in
cubic meters) is calculated using the following equation.

Calc¢, . [(Pal) (Ca,)* (Pa_) (Caz) " (P,,)(CsJ)I [(Tea,,_) (24) (30.4) (3.785) (R,) I
Psi " P_z " Pa_ 1000

Where

Psi ffi gallons of blend 1 processed, from section C-1.1.2.1.2
C.1 = numberof liters of calcine generated for each liter of waste

processed during campaign 1, from Table E-2
Pa = gallons of blend 2 processed, from section C-1.1.2.1.2
Ca = numberof liters of calcine generated for each liter of waste

processed during campaign 2, from Table E-2
Pa = gallons of blend 3 processed, from section C-1.1.2.1.2
Ca = number of liters of calcine generated for each liter of waste

processed during campaign 3, from Table E-2
T_, = number of months a calciner campaign is run, from Table E-2
24 ffi hours per day
30.4 = days per month
3.785 = liters per gallon
Rl = net processing rate for the first calciner campaign in gallons per

hour, from Section C-1.1.2.1
1000 = liters per cubic meter

C-2.1.I.2 Calcine Waste Generated During Second Campaign

The calcine waste generated annually during the second calciner campaign (Calc02,in
cubic meters ) is calculated using the following equation.

(Caj) (T_)(24)(30.4) (3.785) (R2)
Calc ez .

1000

VVhere

Ca = number of liters of calcine generated for each liter of waste
processed during campaign 3, from Table E-2

To.a, = number of months a calciner campaign is run, from Table E-2
24 = conversion from days to hours
30.4 = days per month
3.785 = liters per gallon
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R2 = The net processing rate for any calcinercampaigns beyond the
first, from Section C-1.i.2.2

1000 ffi liters per cubic meter

C-2.1.1.3 Calcine Waste Generated From New Technology

Calcine waste generated from new technology (Calct, in metric tons) is calculated by
the following equation.

Calc nt " (Nawr) (Na_) (M_)

Wherc

Nam. = metric tons of sodium-bearingliquid waste, from Section C-1
Na t ffi the sodium-bearing liquid waste separationfactor, from Table E-

3. This will be the HAW separation factor.
M. - Aluminum calcine multiplier, from Table E-2

C-2.2 Silica Calcine

If a silica calciner is used to solidify HAW from Phase 1, the total immobilized silica calcine
produced (T.i, in cubic meters) is calculated using the following equations, otherwise T.t
equals zero.

If the amount of silica needed for immobilization (M,..,_ > the amount of silica from silica
calcine (Si_, then

(Naur)(Nas#)(lO00)
T. .

" (WTz,XDn_w)

If, however, M,_, _; Sio,_m,then

[(Mmy,,,) • (s_,_= - M_,, )l (10oo)
T$# .

(WT ,,)(DnAw )

'Wherc

M,_., = kgs of silica needed for immobilization, from Section C-2.2.1
Si_ = amount of silica from silica calcine, from Section C-2.2.3
Nam = metric tons of sodium-bearing liquid waste, from Section C-1
Nat = the sodium-bearing liquid waste separation factor, from Table E-3.

This will be the HAW separation factor.
1000 = kilograms per metric ton
WTz, = the weight loeding for Zirconium calcine, from Table E-5
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Dw,w = the density of HAW, from Table E-6
Munnffi metric tons of waste form to be silica calcined, from Section C-2.2.2
WTs, ffi the weight loading from silica calcine, from Table E-5

C-2.2.1 Silica Needed

The amount of silica needed, in kgs, is calculated by the following equation.

M_l,,_" OMMTI--)(WTa)(IO00 )

Where

Mgrrfem _- metric tons of waste form to be calcined, from Section C-2.2.2
WTsi = the weight loading for silica calcine, from Table E-5
1000 = kilograms per metric ton

C-2.2.2 Amount of Radioactive Waste Form to be Silica Calcined

The amount of radioactive waste form to be silica calcined, in metric tons, is
calculatedby the following equation.

(Na uT)(Nas,_) A1_ Zr ._. )
" wL "( wr. ') "( wry-

Whel_

NaMT = metric tons of sodium-bem'ingliquid waste, from Section C-1
Na_ = the sodium-bearingliquid waste separationfactor, from Table E-

3. This will be the HAW separationfactor.
WTsi --- the weight loading for silica calcine, from Table E-5
AI_ = metric tons of aluminum calcine, from Section C-2.1
WT^I = the weight loading of aluminum calcine, from Table E-5
Zr_ = amountof zirconium calcine in metric tons, from Table E-2
WTz, = the weight loading for zirconium calcine, from Table E-5

C-2.2.3 Silica From Silica Calcine

The amount of silica from silica calcine, in metric tons, is calculated by the following
equation.

Si ,_,_ . (Mx " 1)(No _ )(Nas,_ )
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Where

M._ = silica calcine multiplier, from Table E-2
Na_ = metric tons of sodium-bearingliquid waste, from Section C-I
Na_ - the sodium-bearing liquid waste separation factor, from Table E-

3. This will be the HAW separation factor.

C-3 Additional Needed Surge Capacity

Additional needed surge capacity (Cp_, in gallons) is the maximum value of surge capacity
needed annually (Cp,, in gallons) which is calculatedby the following equation.

er..-vT_-cr_,

Where

VTF = the current Tank Farm volume, from Table C-1.1
CprF = the current Tank Farm capacity, from Section C-3.1

The year the new tank farm space is needed G'Fy) is calculated by steping through and
calculatingCp, for 1995, 1996, ... and so on. The year Cp_ becomes positive is the year
the new tank farm space or surge capacity is needed (TFy).

C-3.1 Current Tank Farm Capacity

The current Tank Farm capacity (Cpw, in gallons) for a given year is calculated by the
following equation.

Cpr F . (N_) (285,000) • Cpa

Where
N_ = number of available tanks currently on-line in the Tank Farm,

from Table E-8
285,000 = current ICPP single tank capacity, gal/tank
Cpa = the additional available capacity of the selected technology, from

Section C-3.1.1

72



C-3.1.1 Available Capacity from Selected Technology

The available capacityof the selected technology (Cp.t) is determined by the
following.

Any new technology built during Phase I will contain a 300,000 gallon surge
capacity in Phase I. This surge capacity is added in the year Phase I
operations start (DI,p.). If new technology is not built during Phase I, then no
surge capacity will be added.

C-4 CSSF 7 and 8

As Tank Farm volumes (Vn,) are processed by the calciner, CSSF 6, 7, and 8, in that
order, are filled. Basedon the needed volumes, the TEAM Model returnsa value of "yes"
or "no" for each of the two new CSSF (7 & 8). CurrentlyCSSF 6 has a remainingcapacity
of 1449 cubic meters (1594 metric tons). CSSF 7 constructionis complete and CSSF 8 does
not yet exist, but would be constructedin time to meet additional storage needs. Both CSSF
7 and 8 have currentcapacities of 1784 cubic meters (1962 metric tons). The years that
CSSF 7 and 8 are needed are calculated and then used in the cost calculations to properly
distribute the operations, retrieval, and D&D costs throughoutthe life cycle of a selected
option.

Use of CSSF 7 is determined by comparing AI,_ to 1594 metric tons. If AI,_ is greater
than or equal to 1594 metric tons, then CSSF 7 is going to be used. If AI,_ is greater than
or equal to 3556 metric tons then CSSF 8 will be built and used.

If CSSF 8 needs to be used, BS.,,is determined by using the equation for AI_., in Section C-
2.1.1. Calculate AI,_ for N_=p = 1, 2, 3, ... until AI,_ is greater than or equal to 3556
metric tons. Then use N_,p to look up the year thatcampaign number starts in Table E-8.
The year thatcampaignnumberends is B8_,.

C-5 Year Early Calcination Ends

The year early calcination ends is determined from Table E-8. The number of early
calcination campaigns is a user input to the model (N_,). This campaign number is shown
as a column in Table E-8. The year correspondingto the last oc_uranceof the desirexl
campaign number is Y_d_. (For example, for 2 campaigns, Y_._ - 2000.)
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APPENDIX D: TIME DISCOUNTING OF COSTS

This appendix provides discussion on time discounting of costs and provides the equations
and methodology for discounting. DOE Order 1360.8A (Analysis of Benefits and Costs for
Information Technology Resources Initiatives)recommends following the Office of
Managementand Budget (OMB) directions for time discountingdollars, and the OMB
circular A-11 recommends using a real discount rate of 2.8% for a cost analysis spanning 30
years or more. The analysis performed by the TEAM Model, based on a 2.8% discount rate
as recommended by OMB, is a real cost analysis, meaning inflation is left out. Section D-1
provides the basis for present value calculations; the remainderof Appendix D outlines
calculations for determining when costs will be incurred. This enables construction of cost
time profiles and time discounting of costs to enable present value (1995 dollars)
comparisonsof candidate radioactive waste treatmentprocesses.

D-1 Present Value Discounting

D-1.1 Future Value to Present Value

The equation below is used to discount a futurevalue to a present value.
1

PV. (FV)
(1 • i)"

lOqhere

PV = present value
FV = future value
i = discount rate (0.028, per period)
n = number of periods

D-1.2 Annuity to Present Value

A series of equal payments over several years (i.e., an annuity) can also be discounted to
present value using the following equation.

ev. (A) (l • _)"- l
(l. _)"

_herc

PV = present value
A = annuity
i = discount rate (0.028, per period)
n = number of periods
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Several dates and years are used in the model to calculate years when costs are incurred.
Figure D-I shows _.summaryof these timing variablesas defined in Table B-1.

Figure D-l: Summary of Timing Variables

1)-2 Time Discounting for Radioactive Liquid and Calcine Waste Processing

Time discounting for radioactive liquid and calcine waste processing can be performed by
multiplying the total cost for a particular year by the discount factor for that year (see
Section D-I). This same method is used to calculate time discounting for the Calciner
(section D-3) and for HAW and LAW Immobilization(Sections D-4 and D-5).

D-2.1 Phase I (Sodium Processing) Development Costs Cd

The Phase I development costs are spreadevenly over the __ _ _ ! _ _ -_ r__,_
YI_ time period startingin the DI_ year, per Table B-l, 111111
and can be calculated by dividing development costs (Cd)
from Section B-1.1, by years of development (YI_) for t--rj _ *
Phase I. DJ_

75



1)-2.2 Phase I (Sodium Processing) Design, Construction, and Startup Costs

The Phase I design, construction, and startup costs are cs)c.,
spreadover the YI_, time period startingin the Dlco, om,.,
year, per Table B-1. Half of the cost (C_,) from
Section B-2.1, are spread out evenly over YIc® m --. c,,
lifetime, and the other half are spread over the middle [I a)n ,..
half of YI_**.This cost profile approximates the |
spending over a typical construction period. _----rl...

DI can

D-2.3 Phase I (Sodium Processing) Operating Costs c o_

operating costs are spreadevenly over the __ _ _ _ _ 1 '--_

YI
op$

The Phase I

YI_,, time period starting in the Dlop,year, per Table B- llllli_
1, and can be calculated by dividing operating costs
(Cop,)from Section B-3.1, by years of operation (YI_,,) _---rl o_, D,.
for Phase I. D_o_,

D-2.4 Phase II (Calcine Processing) Development Costs

The Phase II development costs (C9 from Section B-1.1, are spread out evenly over Phase I
(YI_) and/or Phase II (YlI,_v)development time periods, per Table B-I. If the Phase II
process is utilized for Phase I processing, then all development costs are accrued in Phase I
and the Phase II development cost is zero. If, however, the Phase II process is not used
during Phase I, then development occurs and development costs are charged during both
Phase I and Phase II time periods.

Y] dan, dcv dev

OR
+ Fit b..

_----YI .1_ ['-YI de_, d_
dev

Dl devDldev
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D-2.$ Phase II (Calcine Processing) Design, Construction, and Startup Costs
(3)C_,

The Phase II design, construction, and startupcosts (_)m
are spread over the YII_,, time period starting in "
the year DII_, per Table B-1. Half of the DCS e.,
costs (C_) from Section B-2.1 are spread evenly _ --_2_-_,o,
over YII_., and the other half are spread over the !middle half of YII_. This cost profile
approximatesthe spending over a typical _--r, c. "
constructionperiod. D_J,.

D-2.6 Phase II (Calcine Processing) Operating Costs
C

._ ops

oo IlllllgIIq,, time period starting in the year DIIow per Table
B-l, and can be calculatedby dividing operating costs
(C_n) from Section B-3.1 by the oper_/'ons years (YIIop,)
for Phase H. ' "_'_' _--y,r_o_,

1)11
ops

D-3 Calciner Time Discounting

D-3.1 Caleiner Development Costs

Ca
The calciner development costs are spread evenly over --.

the YI_ time period startingin the DXd_year, per Table ____1_ _"
B-1, and can be calculated by dividing development costs
(Cd) from Section B-1.1, by years of calciner

development (YI,_). Since solidification of HAW into b-----nd,v b
calcine is a Phase I process, Phase I time periods and Dzdev

start-updates are utilized for calciner calculations.

D-3.2 Caleiner Design, Construction, and Startup Costs

The Calciner design, construction, andstartup costs (a)c,.
are spread over the YI_o_time period startingin the ¢2)rs,.
DI., year, per Appendix B, Table B-1. Half of the
costs (C_,) from Section B-2.1 are spreadevenly ,. --_ c._._____.
over the YI_. lifetime and the other half are spread Im _r_ _.
over the middle half of YI_. This cost profile |approximates the spending over a typical
construction period, b---r_

131
con
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Additional C_, costs are incurred as follows.

1) Additional surge capacity costs (C._)are divided evenly over the number of years
necessary to build a CSSF or tank farm (BTO starting in the year the surge capacity
(or new tank farm) is needed (TFO. If there is a new process in phase I, then C,_ =
$100,000,000 (the cost for 300,000 gal. surge capacity, from Table E-I). If,
however, there is no new process in Phase I, then C._ are dc_crminedby the equation
in section B-2, Note (2).

The date upon which additional C,_ costs begin to incur is determined as follows.

Start Date . TF r " BTr

Where
TF_, = the year surge capacity (or new tank farm) is needed, from Section

C-3
BTv = the numberof years to build a CSSF or tank farm, from Table E-2

2) If CSSF 8 is used, then additionalCSSF costs (Section B-2, note 4) are divided
evenly over the number of years to build a CSSF or tank farm (BTv), starting in the
year CSSF 8 is needed (B80. The date upon which costs begin to incur is
determined as follows.

StartDate . B8r - BT r

Where

BSy -- the year CSSF 8 is needed, from Section C-4
BTv = the number of years to build a CSSF or tank farm, from Table E-2

3) Also, if CSSF 8 is used, then the calcine retrieval costs are divided evenly over the
number of years of calcine retrieval (CRy), starting at the end of Phase II operations.
The date upon which costs begin to incur is determined as follows.

Start Date . Dll op, • ]7lops " CR r

Where

DIIop, = the date Phase II operations start, from Table B-1
YII_, = the years of durationof Phase II operations, from Table B-1
CRy = the numberof years of calcine retrieval, from Table E-2
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4) If CSSF 7 is used, then the calcine retrieval costs are divided evenly over the number
of years of calcine retrieval (CRy) startingat the end of Phase II operations. The date
upon which costs begin to incur is determinedas follows.

Start Date . DII o_ ° Yfl o_ - CR r

Vv/'here

DII_ = the date Phase II operations start, from Table B-1
YIIq,, = the years of duration of Phase II operations, from Table B-1
CRy = the number of years of calcine retrieval, from Table E-2

D-3.3 Calciner Operating Costs

The Phase I operating costs are spreadevenly over the YIop, time period starting in the DI,_,.
year, per Table B-l, and can be calculatedby dividing operating costs (Cop.)from Section B-
3.1, by the calciner operations years (YII,,.).

C ops

Y] ops

ops
I)I

ops

NOTE: Additionalcalciner operating costs are incurred via the following
circumstancesand are discounted as specified below.

1) If CSSF 7 is used, then the CSSF retrieval operating costs (C_p,) are divided evenly
over the numberof years of calcine retrieval (CR,_)startingat the end of Phase II
operations. The date upon which Csop,begin to incur is determined as follows.

StartDate . Dliops . ]71ops " CRy

Vq'here

DII,_ = date Phase II operations start, from Table B-1
YII_,. = years of durationof Phase II operations, from Table B-1
CRy - number of years of calcine retrieval, from Table E-2
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2) if CSSF 8 is used, then the CSSF retrieval operating cost (C.q,.) is divided evenly
over the number of years of calcine retrieval (CRy) starting at the end of Phase II
operations. The date upon which C,op. begin to incur is determined as follows.

Start Date . Dll op, . Yll op, " CR r

Where

DII_ = date Phase II operations start, from Table B-1
YIIov, = years of duration of Phase II operations, from Table B-I
CRy = number of years of calcine retrieval, from Table E-2

3) If the additional surge capacity needed (Cp,,a) is greater than 300,000 gallons, then
new tank farm operating costs (Co_F_,.), from Table E-2, are incurred over the number
of years difference between the end of operations and the year the tank farm is needed
(TFv) starting in the year the tank farm is needed (TFv). End of operations is
determined by adding the Phase II start date (DIIops) to the number of Phase II
operations years (Yllo_); hence, the number of years over which Cow_,. are incurred
is determined as follows.

Number o/j Years - (DIJ ops " YII o,_) - TI_r

Where

DII_,. = Phase II operationsstart date, from Table B-I
YIIop. = years of duration of Phase II operations, from Table B-1
TFv = year new tank farm space is needed. This equals 2000 unless user

chooses not to comply with the Court Order; in that event TFy is
equal to the values from Section C-3.
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4) Existing Tank Farm operating costs (CTp_.),from Table E-2, are incurredover the
numberof years difference between the year the existing Tank Farm goes out of
commission (YTP_.Jand 1995 via the following equation.

Numbero/j Years. YTFo_ " 1995

Where

1995 = startdate for incurredcosts
YTvm ffi year existing Tank Farm goes out of commission, from Table E-2

5) Other waste operating costs (Cowop,),from Table E-2, are incurred over the number
of years difference between 1995 and the end of Phase II operations. End of
operations is determinedby adding the Phase II startdate (DIIops) to the numberof
Phase H operations years (YII_,,);hence, the numberof years over which Cowo_,are
incurred is determined as follows.

Numbero_ Years . (Dll op, • ]111ops) - 1995

Where

1995 - start date for incurred costs

DII,_, - Phase II operations startdate, from Table B-1
YII_ = years of duration of Phase II operations, from Table B-1

6) Early calcination operating costs (C_q,,, from Section B-3.3.2) are incurred over the
number of years difference between the startdate of the next calcinationcampaign
(1996) and the end of early calcination (Y_a), per the following equation.

Number o/j Years. Y,_c_" 1996

Where
Y_.,d = end of early calcine campaigns, from Section C-5
1996 = startdate of early calcination campaigns

81



D-4 HAW Immobilization Time Discounting

1)-4.1 HAW Immobilization Development Costs

The HAW immobilization development costs (Cd) from Section B-I.1, are spread out evenly
over Phase I (YId_) and/or Phase II (YII_v) development time periods, per Table B-1. If the
vitrification plant is planned for Phase II, then the development costs are charged for Phase I
and Phase II. If, however, the vitrification plant is planned for Phase I, then development
costs are charged for Phase I only.

C d Cd

iHHl+ llllll + ++II
YI ¢_v YI _v _v

OR

}----YI _v I_ _Yl_v+ YIl_-_----l_"
DI DI

dev dev

D-4.2 HAW Immobilization Design, Construction, and Stamp Costs

Design, construction, arid startup costs for HAW immobilization are spread over either the
Phase I or the Phase II construction time period depending upon which phase the HAW
immobilization facility is planned for. The design, construction, and startup costs are
distributed the same as C_, shown previously, half over the YI_, or YII_, lifetime and the
other half over the middle years only.

(3)C d,=(3)Cd_ ---_
(2)YIIcon(2)YI con

Cd= OR
(2)Yll con

(2)YI _

_-----YIcon • }'-----YIIcon Ib
DI DII_
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D_4.3 HAW Immobilization Operating Costs

The HAW Immobilization operating costs are spread evenly over the Phase I or the Phase II
construction time period depending on which phase the HAW immobilization plant is planned
for. If the vitrification plant is planned for Phase I, then operating cost are charged for
Phase I and Phase II. If, however, the vitrification plant is planned for Phase II, then
operating cost are charged for Phase II only.

llllll ,i llllll
_---YI op -- _ Yllo_ ---

Dlop DII_

D-4.4 HAW Immobilization Interim Storage Costs

D4.4.1 HAW Interim Storage Capital Costs

The HAW interim storage capital costs (CSH) from Section B-4.10 are charged out
over the number of interim storage construction years prior to start-up of storage
facility operations (Y,c,). The date upon which CSs begins to incur is determined as
follows.

If a vitrification plant is planned for Phase I, then

Start Date . 1)1o_, - Y,co,,

Where

DI_ = start date for Phase I operations, from Table B-I
Y.c_ ffi years of interim storage construction, from Table E-2

If a vitrification plant is planned for Phase II, then

Start Date . Dllotn - Y,con
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_v'here

Dn_. ffi start date for Phase II operations, from Table B-1
Y.c,= = years of interim storage construction, from Table E-2

HAW interim storage capitalcosts (CSa) from Section B-4.10 are divided by the
years of storage construction(Y.c,), from Table E-2, to determine per year capital
expenses.

D-4.4.2 HAW Interim Storage Operating Costs

The yearly HAW storage operating costs (OSa) from Section B-4.8 are charged out
over the years of operations as follows.

If a vitrification plant is planned for Phase I, then OS. costs begin to incur on the
Phase I Ol_rations s_ date (Dlop.)and continue to the end of Phase II operations.
The total number of years over which OS. costs are charged out is determined by the
following equation.

Numbero_ Years . (DII ops " DJ_.,) • YIJ

Where

DII_ - startdate for Phase II operations, from Table 13-1
DIop, ffi startdate of Phase I operations, from Table B-1
YII_, = years of Phase II operations, from Table B-1

If a vitrification plant is planned for Phase II, then OSa costs begin to incur on the
Phase II startdate (DIIop,)and continue throughoutPhase II operations years (YlIop,).

D-4.5 HAW Disposal Cost_

HAW disposal costs have an annual increase factor (Fro,) based on the increasingcost of
regulatoryrequirements. For each year disposal costs are incurred, the additionaldisposal
cost (C,u) for the respective year is added to the disposal cost per cubic meter of radioactive
waste (C,,,_). C,ddstartsat 0 in 1995 and increasesby Fro, each of the following years.

If a vitrificationplant is planned for Phase I, yearly disposal costs are incurred for Phase I
and for Phase II as described later in this section. Phase I disposal costs are calculated via
the following equation.
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Where

V_w = the volume of HAW produced, in cubic meters, during Phase I, from
Section B-4.8. I. 1

F,_ = canisterfilling efficiency, from Table E-2
YI_mw= numberof years of Phase I HAW disposal as defined below
C-_m = cost of waste disposal per m3, from Table E-7
Yo = currentyear for which disposal cost is being calculated
F_,, = annual increase factor, from Table E-7

The date upon which HAW disposal costs begin to incur (DIsv_) is determined by adding
the start date of Phase I operations (DI_,) from Table B-I to the years of storage capacity for
HAW (YS_.q,) from Table E-2 as follows.

I)I HD_" DJol. * ]'3Hc_

The number of years over which disposal costs are incurred, in the event of a Phase I
vitrificationplant (YI_), is then determined by the following equation.

]q._,_ . DIow ° ]q op_ " DI HOL,_

Where

DIm = start date for Phase I operations, from Table B-I
YI_ = years of Phase I operations, from Table B-I
DIsx_q,= date when HAW disposal costs begin, from Section D-4.5 (above)

NOTE: If the repository is not open by the startdate of disposal, then the startdate
slips until the repository is open (DI_ = Y,_, from Table E-2). The
minimumYI_, is 2.

Phase II disposal costs are always incurred. Yearly disposal costs for Phase II are calculated
via the following equation.

YearlyDisposalCost . (VH_w)
._) (C,_,.) ll. O'c- 1995)(/;_,¢.)l)(rTl

Where

Vmu_w = the volume of HAW produced, in cubic meters, during Phase I,
from Section B-4.8.1.2

F_ = canister filling efficiency, from Table E-2
YII._ = number of years of Phase I HAW disposal as defined below
C,,,_ - cost of waste disposal per m3, from Table E-7
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Yc = current year for which disposal cost is being calculated
F_f = annual increase factor, from Table E-7

The date upon which HAW disposal costs begin to incur (DIIm_) is determined by adding
the start date of Phase II operations (DII_,) from Table B-1 to the years of storage capacity
for HAW (YS.c_) from Table E-2 as follows.

1)11noi,r "1)11op," YSnc_

The number of years over which disposal costs are incurred (YIIm_), in the event of a
Phase II vitrification plant, is by subtracting YSHc_ from the years of Phase. II operations
(YII_,,) as follows.

Yll n_ " I)11o,, * 171o_,_- Dllm_

Vv'here

DII_,, = start date for Phase II operations, from Table B-1
YIIop, = years of Phase II operations, from Table B-1
DIIm_ = start date for HAW disposal costs, from Section 4.5 (above)

NOTE: If the repository is not open by the start date of disposal, then the start date
slips until the repository is open (DIIrmi_ = Y,_, from Table E-2). The
minimum YIIrmi,pis 2.

D-4.5.1 Transportation Costs

The transportation cost (Cuw)portion of HAW disposal costs are discounted
• differently than overall disposal costs. Ct_, is divided evenly over the number of

years for which transportation costs are incurred.

Number oj Years . Y11op"-YSttc_

Where

YII_,, = number of years of Phase II operations, from Table B-1
YSHc.p = years of HAW storage capacity, from Table E-2

The date upon which transportation costs begin to incur is determined by the
following equation.

Start Date - DIlop". YSnc_r

Where

DIIop, = Start Date of Phase II operations, from TableB-1
YS.c_ = years of HAW storage capacity, from Table E-2
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D-5 LAW Immobilization Time Discounting

D-$.I LAW Immobilization Development Costs

LAW immobilization development costs (Cd)from Section B-1.1, are spreadout evenly over
Phase I (YId_)and/or Phase II (YIId_)development time periods, per Table B-1. If a
separationprocess is planned for Phase I, then development costs are charged for Phase I
only. If, however, a separationprocess is planned for Phase II and not Phase I, then
development costs are charged for both Phase I and Phase II.

C L,_w C,,..4w

HlIH-- llllll-'OR

DI,_

D-5.2 LAW Immobilization Design, Construction, and Startup Costs

LAW immobilization design, construction, and startupcosts, per Section B-2.1, are spread
over either the Phase I or the Phase II constructiontime period depending on whether or not
a separationsprocess is used in Phase I. If Phase I uses a separationprocess then the DCS
cost (Cd_,)ischarged over the Phase I constructionperiod. If Phase I does not use a
separationprocess and Phase II does, then Cd, is charged over the Phase II construction
period. If no separationprocess is used, then there is no constructioncost. The design,
construction, and startupcosts are distributedthe same as shown previously, half over the
YI_ or YII_, lifetime and the other half over the middle years only.
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D-5.3 LAW Immobilization Operating Costs

LAW immobilization operating costs (Cop,),per Section B-3.1, are spread over the Phase I or
the Phase II construction time period depending on whether or not a separations process is
used in Phase I. If Phase I uses a separation process, then the operating cost is charged over
the Phase I operating period only. If Phase I does not use a separation process and Phase II
does, then the operating cost is charged over the Phase II operating time period only. If,
however, there is a separation process in Phase I and Phase II, then the operating cost is
charged over both Phases. If no separation process is used then there is no operating cost.

_w C_I.AW

IIIIII--"IIIIII--'''"AND/OR

I)Iops DIIot_

D-5.4 LAW Immobilization Interim Storage Costs

D-5.4.1 LAW Interim Storage Capital Costs

The LAW interim storage capital costs (CSL)from Sections B-4.5, B-4.6, and B-4.7
are charged out over the number of interim storage construction years prior to start-up
of storage facility operations (Y,c,D. The date upon which CSLbegin to incur is
determined as follows.

If a separations process is used during Phase I, then

StartDate . 1)1oe_ - Y,co.

Where
DIop, = startdate for Phase I operations, from Table B-I
Y,c_ = number of interim storageconstruction years, from Table E-2

If a separationsprocess is used during Phase II, but not during Phase I, then

Start Date . Dllop s - Y_co.
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Dn_,, = start date for Phase II operations, from Table B-1
Y,c._ = number of interim storage construction years, from Table E-2

LAW interim storage capital costs (CSL) from Sections B-4.5, B-4.6, and B-4.7 are
divided by the years of storage construction (Y,c_), from Table E-2, to determine per
year capital expenses.

D-5.4.2 LAW Interim Storage Operating Costs

The yearly LAW interim storage operating costs (OSL) from Sections B-4.1, B-4.2,
and B-4.3 are charged out over the years of operations as follows.

If a separations process is used during Phase I, then OSL Costs begin to incur on the
Phase I operations start date (DI_,) and continue to the end of Phase II operations.
The total number of years over which OSL costs are charged out is determined by the
following equation.

Numbero_ Years . (1911oe, - DIov, ) + Ylloes

Whel'e

DII_, = start date for Phase II operations, from Table B-1
DI_ = start date of Phase I operations, from Table B-I
YH_,, = years of Phase II operations, from Table B-1

If a separations process is used during Phase II, then OSL COSTSbegin to incur on the
Phase II start date (DIIo_) and continue throughout Phase II operations years (YIIq,,).

D-5.5 LAW Disposal Costs

LAW disposal costs have an annual increase factor (F_,) based on the increasing cost of
regulatory requirements. For each year disposal costs are incurred, the additional disposal
cost (Cj) for the respective year is added to the disposal cost per cubic meter of radioactive
waste (Cw,,,,). C_ starts at 0 in 1995 and increases by Fmr each of the following years. If
a separations process is used in Phase I, then the yearly disposal costs for Phase I are
calculated via the following equation.

Yearl_ Disposal Cost (Vtzaw!(C_,t,)[1 • (Yc - 1995)(/;,_r)1
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'_rhere

Vtmw = the total volume of LAW produced, in cubic meters, during Phase I,
from Section B-4.1.1.1

YILD_ = the number of years of Phase I LAW disposal as described below
Cwm, = cost of waste disposal per m3, from Table E-7
Yo = current year for which disposal cost is being calculated
F_,c, = annual increase factor, from Table E-7

The date upon which Phase I LAW disposal costs begin to incur (DILI_) is determined by
adding the start date of Phase I operations (Dlop,) from Table B-1 to the years of storage
capacity for LAW (YSLc_) from Table E-2 as follows.

DJLDi_ -DJ ops* YSI_

The number of years over which disposal costs are incurred (YIt.Di_,),in the event of a Phase
I separations process, is then determined by the following equation.

Yl t.o,,r " Dllop, - 191op,

Where

DII,_, = start date for Phase II operations, from Table B-1
DI_, = start date for Phase I operations, from Table B-1

If a separations process is used in Phase II, then the yearly disposal costs for Phase II are
calculated via the following equation.

Yearl) Disposal Cost . (Vn_w) wast,)[1. (Yc 1995)(/;i,,¢,)1
(171LOi,r)(C

Where

Vnmw = the total volume of LAW produced, in cubic meters, during Phase
II, from Section B-4.1.1.2

YIIuoi_, = the number of years of Phase II LAW disposal as described below
Cw,_ = cost of waste disposal per m3, from Table E-7
Yo = current year for which disposal cost is being calculated
F_, = annual increase factor, from Table E-7
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The date upon which LAW disposal costs begin to incur (DllLvi,p) is determined by adding
the start date of Phase II operations (Dllop,) from Table B-1 to the years of storage capacity
for LAW (YSLc¢) from Table E-2 as follows.

Dll _v . Dl opJ . YSLc_
i

The number of years over which disposal costs are incurred (YIILvi_), in the event of a
Phase II vitrification plant, is by subtracting YSLc_ from the years of Phase II operations
(YII,p.) as follows.

]71L_ " ]71op, - YSLC_

Where

YII,_ -- Phase II operations years, from Table B-1
YSLc_ = years of storage capacity for LAW, from Table E-2

D-6 Decontamination and Decommissioning (D&D) Costs

The D&D costs of all newly constructed facilities are divided evenly over 5 years beginning
at the end of Phase II operations. The date upon which D&D costs begin to incur is
determined as follows.

Start Date . 1911ors . Yll op_

Where

DII,_ = start date of Phase II operations, from Table B-1
Yllq,, = years of Phase II operations, from Table B-1

!)-7 Process for Choosing Best Immobilization and Classification

The TEAM Model chooses, by default, the best HAW and LAW immobilization process and
waste class on the basis of minimum cost. Calculations for immobilization process and waste
class selection are as follows.

1)-7.1 HAW Immobilization Process Selection

The first step in selecting the optimum immobilization process is to calculate the total
discounted cost for HAW Glass and the total discounted cost for HAW Glass Ceramic. The
total discounted cost is the sum of the discounted development costs (sect. D-4.1); the
discounted design, construction, and startup costs (sect. D-4.2); the discounted operating
costs (sect. D-4.3); the discounted storage costs (sect. D-4.4); and the discounted disposal
costs (sect. D-4.5). Since the HAW immobilization is independent of LAW immobilization
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and LAW classification, the best HAW immobilization process is determined by simply
taking the lowest of the total discounted cost for HAW Glass and the total discounted cost for
HAW Glass Ceramic.

D-7.2 LAW Immobilization Process and Waste Class Selection

The first step in selecting the best immobilization process and waste class for LAW is to
calculate the total discounted cost for the Phase I process for class A, B, and C waste types
and the total discounted cost for the Phase II process for class A, B, and C waste types. The
total discounted cost for both the Phase I and lI processes consists of the sum of the
discounted development costs (sect. D-I.1, 2.1); the discounted design, construction, and
startup cost (sect. D-1.2, 2.2): and the discounted operating costs (sect. D-1.3, 2.3).

Next, the total discounted cost is calculated for each LAW immobilization process and waste
classes by adding the discounted development costs (sect. D-5.1); the discounted design,
construction, and startup costs (sect. D-5.2); the discounted operating costs (sect. D-5.3); the
discounted storage costs (sect. D-5.4); and the discounted disposal cost (sect. D-5.5). LAW
immobilization processes and corresponding waste classes are as follows.

1) Glass, class A 7) Grout, class A
2) Glass, class B 8) Grout, class B
3) Glass, class C 9) Grout, class C
4) Glass Ceramic, class A 10) Grout (FUETAP), class A
5) Glass Ceramic, class B 11) Grout (FUETAP), class B
6) Glass Ceramic, class C 12) Grout (FUETAP), class C

The minimum of all the class A immobilizations (1, 4, 7, 10); all the class B immobilizations
(2, 5, 8, 11) ; and all the class C immobilizations (3, 6, 9, 12) is identified as the best
immobilization process for each class.

Next, total discounted costs for class A are calculated by summing the best LAW
immobilization discounted cost, the total discounted cost for the Phase I process, and the
total discounted cost for the Phase II process for classes. The same is then done for classes
B and C, and discounted costs for all three waste classes are compared. The lowest of the
total discounted cost determines the best waste class for LAW disposal. The best LAW
immobilization process is then selected from the twelve options above as the one
corresponding to the waste class selected from the waste class discounted cost comparison.

Although set as default calculations, model users may, if they desire, over-ride the default
selection process to further explore waste immobilization and disposal class options.

92



APPENDIX E: VARIABLES FROM EQUATIONS

i i |1 li

Table E-I: Process Unit Cost Factors

Baseline Admnced Persons Construction Matet_ Cost Number of

Process Unit Throughput Testing Needed Costs (C_._ Factor (F.o) OperatorsShift
(To Costs(C_.O (FTE) (N.)

_:__fions Options

TRUEXClassA 700 L/hr 850,000 5 58,000,000 3 14

TRUEX Class B 700 L/hr 850,000 5 55,000,000 3 13

TRUEX Class C 700 L/hr 500,000 1.5 46,000,000 1 9

Precipitation Class A 500 L/hr 1,000,000 7.5 65,000,000 6 14

Precipitation Class B 500 L/hr 1,000,000 7.5 62,000,000 6 13

Precipitation Class C 500 L/hr 750,000 4 50,000,000 4 8

Freeze Crystallization 500 L/hr 1,350,000 6 57,000,000 4 13
Class A

Freeze Crystallization 500 L/hr 1,000,000 2.5 48,000,000 2 9
Class B

i.

..... ..... .... • :: : ...... : ...... i :::::i: .... : : :::: if:: : i::ii

: : " : : : , , , ; , ,,
ii i " ii i ii ii " ii i i i ii ii i i i i r i i i i ii i i ii_ i i i i ii i iii i ii i i i

ANN Calcine 76 L/hr 200,000 1.5 0 l 11

Silica Calcine 510 L/hr 500,000 2.5 6,000,000 1 11
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E-l: Process Unit Cost Factors
Table

Baseline Advanced Persons Construction Material Cost Number of

Process Unit Throughput Testing Needed Costs (C,._ Factor (F,,_ OperatorsShift
(r,) Costs(CO (FrE) (N.)

HAW Evaporator Storage 150,000 gal 750,000 1.5 3,900,000 1 0

Shutdown 0 0 0 0 1 11

Immobilization Options

Glass HAW Liquid 45.3 Kg/hr 7,000,000 4.5 80,000,000 2 8

Glass HAW Liquid Solid 45.3 Kg/hr 10,000,000 5 100,000,000 2 9 ,

Glass-Ceramic HAW 57 Kg/hr 10,000,000 5 n/a 2 14

Glass LAW 45.3 Kg/hr 5,000,000 3.5 60,000,000 2 8

Grout LAW (A) 628 Kg/hr 500,000 2.5 38,000,000 2 10

Grout LAW (> A) 628 Kg/hr 750,000 3.5 47,500,000 2 10

Grout LAW (FUETAP A) 628 Kg/hr 500,000 2.5 47,500,000 2 11
,L

Grout LAW (FUETAP > A) 628 Kg/hr 750,000 3.5 59,400,000 2 11

Glass-Ceramic LAW 49 Kg/hr 5,000,000 5 n/a 2 14

Glass-Ceramic LAW (> A) 49 Kg/lu" 7,000,000 5 n/a 2 14 i

Sodium Add-ons _ I .... .......
I

Sodium Transfer n/a n/a n/a 5,000,000 n/a [ 1
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Table F.,-I: Process Unit Cost Factors

Baseline Admnced Persons Construction Matedal Cost Number of

Process Unit Throughput Testing Needed Costs (C....} Factor (F_ OperatorslSh_Cos (NJ

Surge Capacity n/a n/a n/a 20,000,000 rda 1

Utilities n/a _a n/a 30,11t10,111)0 n/a 0

AdditionalCSSF n/a n/a n/a 3,900,000 n/a 0
....!_ .: . .... : ...._ _ " :_:i :-i:ii! .! _ _ :i!i _:!i!i__.... ...... :_ :_ :..... "

_ Ad_ns _ H
_ . ._i _ " : ' - • i_ ' • _ ..... _....... _ • _ " ,

Calcine Handling n/a n/a n/a 11,000,000 n/a 1

SupportUpgrade/Delay_ n/a n/a n/a 5,000,0170 n/a 0
Vitrification

Separations Upgrade/Calcine n/a n/a n/a 6,000,000 n/a 1

Calcine Retrieval Costs n/a n/a n/a 2,200,000 n/a n/a
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Table E-2: Equation Constants

Sy_l Value Basis

AlxNv 460 cubic meters of aluminum calcine in inventory currently
, ,,,, , ,,,i,, , ,, , , ,,

The rate of evaporation for blend 1, from Draft of Updated Method for
B1, 0.52 Calculation of Weight of Calcined Solids and Sodium Plus Potassium

Content of Calcine (BHO-03-93).

The blend rate 1 (1.18 ANN + 1.0 blend), from Draft of Updated
B1 r 2.18 Method for Calculation of Weight of Calcined Solids and Sodium Plus

Potassium Content of Calcine (BHO-03-93).

The rate of evaporation for blend 2, from Draft of Updated Method for
B2. 0.617 Calculation of Weight of Calcined Solids and Sodium Plus Potassium

Content of Calcine (BHO-03-93).
,,, , ,,, ,,

i The blend rate 2 (1.82 ANN + 1.0 blend), from Draft of Updated
B2, 2.82 Method for Calculation of Weight of Calcined Solids and Sodium Plus

Potassium Content of Calcine (BHO-03-93).
,,, ,,,, , .. , , , .,., ,

The blend rate 3 (3.15 ANN + 1.0 blend), from Draft of Updated
B3r 4.15 Method for Calculation of Weight of Calcined Solids and Sodium Plus

Potassium Content of Calcine (BHO-03-93).
,,.,, ,,,,. , ,, ,, p .,,

The blend ratio of WM 189 to WM 183, from Draft of Updated Method
B, 0.625 for Calculation of Weight of Calcined Solids and Sodium Plus Potassium

Content of Calcine (BHO-03-93).
-- ,, ,.., , , .., , .,,,,

BT_ 4 the number of years to build a CSSF or tank farm
,, ,, , , .,,.,.

The number of liters of calcine generated for each liter of waste processed
during campaign 1, from Draft of Updated Method for Calculation of

Cm 0.274 Weight of Calcined Solids and Sodium Plus Potassium Content of Calcine
(BHO-03-93).

The number of liters of calcine generated for each liter of waste processed
during campaign 2, from Draft of Updated Method for Calculation of

CB2 0.379 Weight of Calcined Solids and Sodium Plus Potassium Content of Calcine
(BHO-03-93).

•, ,,, ,. ,,, ,,,.,, ,,

The number of liters of calcine generated for each liter of waste processed

Cs3 0.520 during campaign 3, from Draft of Updated Method for Calculation ofWeight of Calcined Solids and Sodium Plus Potassium Content of Calcine
(BHO-03-93).

Csop, 14,600,000 Operations cost for each CSSF retrieval.
,, .,. ,, , .,

Co-, 9000 The cost of a one cubic meter canister is $9,000 (per phone conversation
with Jim Spruill, Savannah River Site).

C(tep_ 3000 gallons per month deep recycle returned to calciner.......
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i ...................................................Table E.2:. Equa!ion C0mtants ...............................,...._,i,i.....................!

Csm 25,000,000 Bench marking with the Savannah River Plaint.

The cost for a FlIP ($3,000,000) was increased by a factor of 3.33
($10,000,000) to account for remote operation capabilities. Each HIP
will also require 1500 cubic feet of Hot Cell space. Hot Cell space costs

Cmlr 11,500,000 $'972 per cubic foot, which results in a cost of $1,500,000 for each HIP.The summation of these two numbers results in an additional cost of

$11,500,000. This information is from the PDF feasibility study, and
numerical values are rounded to three significant digits.

C_u_ 10,000,000 The cost for a HIP ($3,000,000) was increased by a factor of 3.33($10,000,000) to account for remote operation capabilities.

The cost for a multi-purpose canister is $211,000 (Life Cycle Cost
Comparison for the Multi-purpose Canister System, DOE ID_

Curc 211,000 A00000000-01717-0200-00008 REV 0 and Commercially Available Dry
Storage Systems for Storage of Irradiated Fuel on the H_'or_ Site,
WHC-SD-CP-ES-155, REV 0).

, , __,_..- _.._.____._ _= , ,

CMn_ 25,000,000 Bench marking with the Savannah River Plant.

C,T_p. $1,500,O001yr yearly operating costs for new tank farm.

Annual cost per operator, per the following calculation. Co_, =
(43)($320) + (60)(2080): Labor costs per person (_43/hr for hourly and

Co_r 732,160 $60/hr for exempt employees) are based on current production labor andsupport services costs at the ICPP for FY 94. Total hourly work hours a
year (8320) equals 4 crews times 40 hours times 52 weeks. Total exempt
work hours a year (2080) equals 40 hours a week times 52 v,eeks a year.

yearly operating costs for other waste operations (i.e., process equipment

Cow_ $1,500,000/yr waste, liquid effluent treatment and disposal, atmospheric protection
system, service waste).

CRy 10 The number of years of calcine retrieval for CSSF 7 and 8, if used.

The design, construction, and startup costs for 300,000 gallons of surge

C,e $100,000,000 capacity. This is calculated as five times the construction cost from TableE-I. This adjustment is consistent with the WINCO cost estimating basis
for determining total project costs.

CTF_ $1,500,000/yr yearly operating costs for existing tank farm.

To obtain total costs, including design, start-up, Operational Readiness
Review, project management, and overhead, the construction costs are

Fep 5 multiplied by a factor of $. This adjustment is a conservative value and
could range from 2 to 5. It has been identified as an uncertainty to be
further evaluated.
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.......... i ii i rl' i i i'

[ 'u Table E-2: Equation Constants...........SymbOl :_:'" 'iVal ........ :_ ....."' ': :':i':i_:':_ r, :::::....

Based on the estimated D&D costs associated with buildings CPP-601,
CPP-603, CPP-633, and CPP-640. D&D costs were averaged and

Fed 0.18 divided by the average Design, Construction, and Start-up costs for these
buildings. This showed that the average D&D costs will be about 18% of
the Design, Construction, and Start-up Costs.

Feff 0.85 / 0.775 for Glass and Glass-Ceramic, respectively.

Fnma 2,800,000 The material cost of NWCF in 1993 with 12 months of operations.
, , ,,,

F, equals the subcontractor ratio plus the non-labor ratio. The
subcontractor ratio (0.36) is from b"Y94 costs and is determined by

F,m 0.52 dividing the subcontractor costs by the development personnel costs. Thenon-labor ratio (0.16) is from FY 94 costs and is the costs for non-labor

items needed to support development personnel.

i i

The number of development personnel required to support the principle

F_pp 5.5 investigators is 5.5. This number includes technicianA, secretaries, dedgnand test engineers, management, analytical and health physics support,
systems analysis, and performance assessment.

G, 150 gal/hr Gross calciner feed rate

INVTF 1,237,996 current Tank Farm inventory after evaporation by I-ILLWEin gallons

LR,v - ($60/hr)(2080 hr/yr): Labor rate per person ($60/hr for exempt

LI_ $124,800/yr employees) is based on current support services costs at the ICPP for FY94. Total exempt work hours a year (2080) equals 40 hours a week times
52 weeks a year.

The aluminum calcine multiplier for precipitation, freeze crystallization,
M, 1, 3.1, 4.15 and no separations respectively

Number of years between HIP or melter change-out: two years for Glass,
Mf_ i 2 yrs/5 yrs and five years for Glass-Ceramic.

M,_ 2.5 Silica calcine multiplier.
i

Nbd 2 number of calciner bed dissolution per campaign
i

Ncmnp 2 number of pre-phase I calciner campaigns. This is an input by the userinto the model. The default value is 2 campaigns.
,, , ,,

Num 4 4 is the number of one cubic meter canisters held by a multi-purposecanister (over-pack canister for the one cubic meter canisters).

The number of melters as determined by the Architect Engineer (AE)
N.=h 2 feasibility study.
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Equation Constants

The net feed rate determined by gross _.__drate (in gallons per hour)

Nr 96.625 g/hr times the efficiency of the calciner (when it is operating) minus the grossfeed rate times the efficiency minus the internal recycle for sodium waste
04, = gross feed rate * 0.75 - (gross feed rate * 0.75) * 0.015

i i ,,

sca1c $ 75,000,000 scale.able portion of a glass-ceramic facility

Siealcim the metric tons of Silica calcine in current inventories
i ii

49 kg/hr Baseline throughput for a Glass-Ceramic facility. It is different for HAWand LAW because of density differences. 49 kg/hr is for a LAW facility,
Toc 57 kg/hr and 57 kg/hr for a HAW facility.

i

T_.p 18 number of months the campaign is run

Tsb 100 kg/hr the baseline throughput for a glass plant at Savannah River Site

Vn3 273,700 the volume of waste currently in WM183 tank, in gallonsi

Vtss 189,100 the volume of waste currently in WM185 tank, in gallons
i

Vts9 274,300 the volume of waste currently in WM189 tank, in gallons
i

Vbed 25,000 gallons per bed dissolution

VcAS 1 m3/canister volume of HAW canister

Y,cca 3 The years needed to construct a storage facility.

YSt[c.p 7 This is the default value for years of storage for HAW.

YSL_ 7 This is the default value for years of storage for LAW.

2015 The year the HAW repository is open. This is an input by the user and isY_ set at a default of the year 2015.

YTvm 2015 The year existing Tank Farm goes out of commission.

Zr_tN 5166 Metric tons of Zirconium calcine in current inventories.
, , ,
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Table E-3: Fractions

rra*"--ctionsof_W After Sodium Se----"on A'" "' _parau t_

Freeze Crystallization _ 0.67

Precipitation _ 0.32

TRUEX 2 0.027

NONE 3 I

._ctlons OfLAW After Sodium _ )(
• ...... . ,:, • .... . : .,,:: : .: ,. , _ : i_.i::

Freeze Crystallization t 0.32

Precipitation _ 0,67

TRUEX 2 1

NONE 3 0

.... Fractions of>HAW Separated From C._e Pr_ess

Aluminum Calcine Zirconium Calcine

(al,_)

Precipitation _ 0.85 0.62

TRUEX 2 0.025 0.073

NONE 3 1 1
/. !_ i ....... :_.i!!:,: :i,_!_ " : r . .........

..... _¢tiom of _W Separated From Calcine Process : . : :_:_:r:"....

Aluminum Calcine Zirconium Calcine

(AI,_) (Zr,_

Precipitation t 0.14 0.38

TRUEX 2 1.1 0.95

NONE 3 0 0
I I II IIII

1 - Flowsheets for Sodium-Bearing Waste Processing Alternatives (KMW-2-94)

2 - TRUEX Flowsheets for Sodium-Bearing Waste and Calcine Technology Selection Process (JLAW-05-94)

3 - None is used here to designate no separations will occur. This will leave all waste in HAW form.

4 - Composite Compositions of Sodium Waste in Tank Farm after NWCF Campaign H-4 (RJR-04-94)
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Table E-4: Filters
'" "' ' " i. ' I"i' " • ;;.: ' J' • , " ' '

:i!Number of Nu_r of other Number of :Proc__Hmit_ :ii_cklog_at
_ _ ex_ fllt_, N_ _ f'dters, NoF calcine f'dters, Nc_ (filters/yr) 'yearend ,

1994 2 14 0 16 238

1995 36 14 0 50 202

1996 37 14 24 75 165

1997 0 14 61 75 176 i

1998 0 75 0 75 217

1999 1 14 60 75 216

2000 13 14 48 75 203

2001 37 14 24 75 166

2002 0 14 61 75 177

2003 49 14 12 75 128

2004 61 14 0 75 67

2005 61 14 0 75 6

2006 1 14 60 75 5

2007 5 14 48 75 0

2008 0 14 24 75 0
ii

2009 0 14 61 75 11

2010 11 14 12 75 0

2011 0 14 60 75 0

2012 0 14 48 75 0

2013 0 14 0 75 0

2014 0 14 0 75 0

2015 0 14 24 75 0
,,,, ,,

2016 0 14 61 75 11

2017 11 14 24 75 0
.... ii ii " ii i ll|,l

The number of filters currently in inventory is 240 (NWCF: 180, FDP: 17, WCF: 10, LET&D: 3, and
RWMC: 30). These filters are processed according to the processing limit.

2 The number of calciner filters generated during a given year equals six times the number of months the
calciner is operating (T,_).
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TaSle E-S: Weight Percent Loading
' '] I "' ' ' ] "] 'r' I' • _ : : ]' , , , ] ] J ] , , ' ' , ]_]],J,ll,lll I ] ] .` , I I .......... . ] ' ' T

Sodium Waste Aluminum Zirconimn Silica
Technology Waste Matrix CalcineType cal fWT) Calcine(WT) (WTO

• , i ii ,,, , fi

Glass 0.15 N/A N/A N/A

Glass-Ceramic 0.4 N/A N/A N/A
LAW ....

Grout , 0.12 N/A N/A N/A

Crystallization Grout (FUETAP) 0.15 N/A N/A N/A

Glass 0.25 N/A N/A 0.5
HAW

Glass-Ceramic 0.55 N/A N/A 0.25
,,, , ,,, _

Glass 0.2 0.25 0.2 N/A
_,,, , , , ,, ,,,,

Glass-Ceramic 0.5 0.5 0.5 N/A
LAW

Grout 0.12 0.2 0.2 N/A
Precipitation ..............

Grout (FUETAP) O.15 0.25 0.25 N/A

Glass 0.3 0.25 0.2 0.5
HAW

Glass-Ceramic 0.5 0.5 0.5 0.25

Glass 0.2 0.15 0.2 N/A

Glass-Ceramic 0.4 0.65 0.65 N/A
LAW .....

Grout O.12 O.4 O.3 N/A
TRUEX

Grout (FUETAP) 0.15 0.6 0.5 N/A

Glass 0.1 0.15 0.2 0.5
HAW

Glass-Ceramic 0.65 0.65 0.65 0.25

Glass 0 0 0 N/A

Glass-Ceramic 0 0 0 N/A
LAW

Grout 0 0 0 N/A
NONE

Grout (FUETAP) 0 0 0 N/A
, ,, ,,,,

Glass 0.3 0.15 0.2 0.5
HAW ......

Glass-Ceramic 0.5 0.65 0.65 0.25
'" "' i , i i , i i " i i, i i i

Low-Level Waste Loadings and Volume Determinations for Cement-Based [Grout and FUETAP Grout] Waste
Forms (JAN-G2-94)
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I Glass-Ceramic I 2,660 kg/m3
..... -

Gr°ut (FUETAP')" t "" 2'__ "-

Glass-Ceramic | 3,005 kg/m3

Glass and Glass-ceramic waste formulations(KV-06-94)

,i,,, ,,,,, ,i ill|,ll i

Table E-7: Disposal Costs

Waste [ Annualln¢_se
$/m_)_ __[!iii_: Factor_)_: _i_i

Class A_ 10_000 0

ClassB_ 20t000 0

ClassCl 110_000 0

HAW Glass_ 500_000 0

HAW Glass-
Ceramics 500,000 0

....

l - LLWdisposalcost schedulefromBarnwell(Chem-NuclearSystems, Inc.,
effectiveAugust l, 1993.

2 - For sgS-type 24" diametercanisters

3 - Thiscan be changedby the user to makeanannualincrease.
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T_h,___.A.._8: Waste Volumes

Acid

Sczlium Waste Sodium Waste Acid Volume Reduction Campaign Calciner Number of
Year Volume (Vw_). Reduction (Vw,+). in Factor Number Schedule Available

m gallons Factor (Rn_.) gallons (Rr,.) (T_) Tanks (Nm.)

1994 62025 1.84 24200 1.09 0 0 10

1995 50725 1.80 11500 1.21 0 0 10

1996 46850 1.97 15500 1.14 1 4 10

1997 49583 i .97 118500 1.60 1 12 10

1998 47216 1.97 18!;00 1.28 1 2 10

1999 46400 1.97 4000 i 2 10 10

2000 46400 1.97 4000 1 2 8 9

2001 58400 1.97 4000 1 3 4 9

2002 58400 i .97 4000 1 3 12 8

2003 57767 1.97 4000 1 3 2 8

2004 106567 3. II 11500 1 4 0 8

2005 102567 3.18 !9000 1 4 0 7

2006 97567 3.28 19000 1 4 10 7

2007 97567 3.28 19000 1 4 8 6

2008 97567 3.28 19000 1 5 4 6

2009 97567 3.28 19000 1 5 12 4

2010 97400 3.28 19000 1 5 2 4

2011 97400 3.28 19000 1 6 10 2

2012 97400 3.28 4000 1 6 8 2
, , ,,, ,

2013 97400 3.28 44300 1 7 0 0

2014 97400 3.28 4000 1 7 0 0

2015 45600 1.97 4000 ! 7 4 0

2016 45600 1.97 4000 1 7 12 0

2017 45600 1.97 4000 I 7 2 0

2018 45600 1.97 4000 I 8 10 0

2019 45600 1.97 4000 1 8 8 0

2020 45600 1.97 40_3 1 9 4 0

2021 45600 1.97 4000 1 9 12 0

2022 45600 1.97 4000 1 9 2 0
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