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ABSTRACT

The Waste Management Facility Cost Information (WMFCI) Report, commissioned
by the U.S. Department of Energy (DOE), develops planning life-cycle cost (PLCC)
estimates for treatment, storage, and disposal facilities. This report contains PLCC
estimates versus capacity for 26 different facilitycost modules. A procedure to guide DOE
and its contractor personnel in the use of estimating data is also provided. Estimates in
the report apply to five distinctive waste streams: low-level waste, low-level mixed waste
alpha contaminated low-level waste, alpha contaminated low-level mixed waste, and
transuranic waste. The report addresses five different treatment types: incineration,
metal/melting and recovery, shredder/compaction, solidification, and vitrification. Data in
this report allow the user to develop PLCC estimates for various waste management
options.
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Waste Management Facilities
Cost Information

1. INTRODUCTION AND SUMMARY

1.1 Background

The Waste Management Facility Cost Information (WMFCI) report describes the results of a
task commissioned by the U.S. Department of Energy (DOE) to develop cost information for the

treatment, storage, and disposal (TSD) facilities that will support DOE's multisite waste management
facility siting strategy. The report is intended to provide planning level life-cycle cost (PLCC)
estimates for TSD facilities that will be needed for DOE in the preparation of the Programmatic

Environmental Impact Statement (PEIS). The estimates are based on a set of facility cost modules,

each of which may be used alone or combined. Ali facilities are assumed to be government owned

and contractor operated (GOCO).

The scope of this report includes cost estimates for facilities that manage low-level waste

(LLW), low-level mixed waste (LLMW), alpha low-level wastes (alpha-LLW), alpha low-level mixed
waste (alpha-LLMW), and transuranic waste (TRUW). Estimates are provided for TSD facilities with

a wide range of size and throughput capacities for ali waste types except the TRUW. Since the
current DOE strategy is to dispose of TRUW in the Waste Isolation Pilot Plant (WIPP), only interim

storage and disposal facilities are estimated for this type of waste. Facilities do not include TSDs for

greater than Class C waste. Cost information in this report is based on the best available knowledge

about waste processing requirements, technology availability, and cost data. The information in this

report may have to be updated when more knowledge is gained in these areas.

1.2 "WMFCI" Task Participants

The WMFCI task was completed by a project team from EG&G Idaho, Inc. and the

Environmental Services Division of Morrison Knudsen Corporation (MK). EG&G Idaho and MK
were selected for this task because of their combined expertise in design and construction of waste

management TSD facilities for DOE sites and for the nuclear industry (cog., Waste Characterization

Facility at INEL and the Illinois Low-Level Radioactive Waste Disposal Facility). EG&G Idaho has

also prepared a buried waste system design study (BWSDS) 1 and a stored waste system design study

(SWSDS) 2 with the support of MK and othcr engineering firms, to evaluate treatment system

concepts. The treatment system design concepts and planning level cost estimates addressed in
BWSDS and SWSDS are directly applicable to the WMFCI task.

EG&G Idaho provided the overall project management and technical guidance for the study and

coordinated preparation of the final report. MK developed preconceptual design packages and
prepared PLCC estimates for the facilities.



1.3 Cost Modules and Unit Operations

Each type of TSD facility (common support treatment through final disposal) is referred to as
a cost module. There are a total of 26 cost modules (labelled A through S), shown in Figure 1-1.
These cost modules can be assembled in various ways to create different types of TSD scenarios. As
s_own, treatment cost modules are provided for two general categories of waste: LLW/LLMW and
alpha-LLW/LLMW. Cost modules for storage and disposal include LLW, LLMW, alpha-
LLW/LLMW, and TRUW facilities.

Each facility is broken down into several distinct functions, referred to as unit operations. Unit
operations assume inclusion of ali buildings, equipment, and accessories needed to accomplish the
given function.

1.4 Facility Cost Estimating Methodology

Details of the approach used for developing PLCC estimates in this report are presented in
Appendix A. Figure 1-2 shows a block diagram of the steps used in the estimating process. Initially,
a capacity range for each type of facility was established by studying the stored and newly generated
wastes at various DOE sites. The capacities were based on the total mass or volumes of waste to be
processed during a 20-year period. Data from the study defined baseline capacities for three different
facility sizes: small, medium, and large. Whenever possible, the baseline capacities were selected to
be the same as an existing facility. For example, the medium baseline capacity for incineration is the
same as the nominal capacity of the Toxic Substance Control Act (TSCA) incinerator that is currently
operating at the Oak Ridge National Laboratory (ORNL). This approach, referred to as
"anchoring,''a provided a reference point that could be used as the basis for estimating the various
cost components. Furthermore, anchoring facilitated comparison of the estimates in this report with
either the actual costs incurred by an operating facility or estimates of facilities that are in an
advanced design and construction stage.

Using the three capacities for each facility, preconceptual design packages were developed for
each facility and used as the basis for PLCC cost estimates. Each preconceptual design package
included a process functional diagram (PFD) with mass flow rates, a scoping study layout (SSL), and
a summary functional and operational requirements (F&OR). The PFD and SSL drawings were
developed to the individual unit operations level. After unit operations were defined, major
equipment lists and building square footage requirements were established for each unit operation.
The design packages utilized as much of the data from existing or planned commercial and DOE

a. In this report, "anchor" facilitie: .tenote reference facilities that are either in operation or in
advanced design and construction stage. "Anchoring" denotes using technical data and capital,
operating, and maintenance costs incurred by an anchor facility as a measuring stick in development
of the PLCC estimates. Before adopting costs from an anchor facility, they were adjusted to account
for any differences in technical requirements and cost escalation. Major anchor facilities are TSCA
incinerator at ORNL, Scientific Ecology Group (SEG) waste management facility (incinerator and
metal-melting) in Oak Ridge, Simplekemp metal melting facility in Germany, Babcock and Wilcox
(B&W) compaction facility in Lynchburgh, and Illinois radioactive waste disposal facility.
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(anchor) facilities as possible. New designs were generated only if existing data were not available.

PLCC cost for each facility was divided into six components (see Figure 1-2), each of which
were estimated separately. Cost for the first and second cost components, (studies and bench scale
tests, and demonstration) were estimated by obtaining research manpower and equipment estimates
from the Stored Waste System Design Study (SWSDS) report. 2 The third cost component,
production facility construction costs, consists of two key subcomponents, equipment and building
cost. The major equipment lists were used to obtain cost estimates either from another similar or
anchor facility, soliciting budgetary costs from the suppliers, or making engineering judgements.
Building costs were estimated by multiplying building unit costs by the space square footage allocated
to each unit operation in the SSLs.

Once the equipment and building costs were estimated for each facility, they were totalled and
multiplied by a percentage to allow for the construction contractor indirect costs. The sum of the
equipment, building, and indirect costs were further multiplied by appropriate factors to allow for
design, inspection, construction management, and project management costs. Allowances were also
included for management reserve and contingencies.

The fourth cost component, operations budget funded activities, includes conceptual design,
safety assurance, National Environmental Policy Act of 1969 (NEPA) and permitting, preparation for
operation, and project management costs. The NEPA and permitting activities costs were estimated
at $6 million for a full NEPA, an environmental impact statement (EIS) process, and $1 million for
an environmental assessment process. Ali other subcomponents of the operations budget funded
activities cost were estimated as a percentage of the construction cost.

The fifth cost component, operating and maintenance (O&M) costs consists of operating labor,
utilities, materials, maintenance parts and equipment, and maintenance labor costs. The first three
sub-components, operating labor, utilities, and consumable materials were estimated based on
analyzing the requirements of each facility at the unit operations level. The remaining two sub-
components, maintenance equipment and labor costs, were estimated as a percent of the original
equipment installed at the facility. The sixth cost component, decontamination and decommissioning
(facility closure), was estimated by multiplying a decontamination and decommissioning (D&D) unit
rate by the facility square footage. For disposal facilities, long-term maintenance and monitoring costs
were also added to the D&D cost. The facility total PLCC estimates were obtained by adding the
six cost components.

To facilitate cost estimating flexibility, the front-end and back-end functions (e.g., receiving,
staging, and storage, incoming waste assay and inspection, incoming waste open, dump, and sort,
outgoing waste assay and certification, and support facilities such as administration, maintenance shop,
analytical laboratory) of each treatment, storage, and disposal facility are estimated as separate cost
modules. This approach allows consideration of scenarios that involve existing facilities where some
or ali of the front-end and back-end functions are already in place.

1.5 Waste Management Scenario Costing Procedure

To guide the DOE and its subcontractors in the use of this report, a procedure for developing
cost estimates was established. The procedure allows the user to easily project the overall cost of a
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given waste TSD alternative. The procedure (Figure 1-3) is based on seven basic steps, summarized
below, to obtain the PLCC estimates:

1. Define the overall waste management TSD alternative.

2. Define parameters including type of waste, waste volumes, locations of waste, and
combination of TSD facilities.

3. Select the required treatment cost modules, and if appropriate, front-end and back-end
support cost modules, and obtain the corresponding PLCC estimates by selecting one of
the cost modules closest to the required capacity from the cost/capacity graphs or tables
in Sections 2 through 11 of this report.

4. Select the required storage cost modules and, if applicable, front-end/back-end support
module and obtain the corresponding PLCC estimates by selecting one of the cost modules
closest to the required capacity from cost/capacity graphs or tables in Sections 12 and 13
of this report.

5. Select the required disposal cost modules and, if applicable, front-end support module and
obtain the corresponding PLCC estimates by selecting one of the cost modules closest to
the required capacity from cost/capacity graphs or tables in Sections 14 and 15 of the
report, unless shallow land disposal or deep geological repository is required. In such cases,
refer to Sections 16 and 17 where cost estimates may be applied.

6. Calculate transportation costs using data given in Section 18 of the report.

7. Add items 3 through 6 to yield the total PLCC estimates for the given waste management
alternative.

A detailed description of the procedure is presented in Section 18.

1.6 Cost Assessment Activities

To the extent possible, major equipment costs in each cost module were compared with data
from anchor facilities to establish a cost confidence level within the boundaries established for the

PLCC estimates. Both the DOE and the commercial nuclear industry are now planning or operating
similar facilities. These facilities were surveyed to obtain capacity, cost data, and other information
needed to support the WMFCI data. Before using these costs, the data was adjusted to account for
capacity differences and escalation.

Additional assessment activities included a review of applicable cost models that could be used
to analyze and verify the cost estimates from this study. Various cost estimating models are currently
available or under development for potential use in a DOE report. 3 Table 1-1summarizes the review
of 11 cost models and the relevant areas of applicability to this study. The majority of these cost
models were developed for estimating environmental restoration and construction costs. The primary
applicability of these models are front-end/back-end support facilities, commercially available
(nonradioactive) equipment, and unit costs for hazardous waste treatment. None of the models
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currently address costs of equipment and construction in LLW/LLMW, or alpha environments for
the WMFCI treatment, storage, or disposal facilities.

The most applicable cost models from this study are the Freiman Analysis of Systems Technique
(FAST) Models C, E, and CO. With FAST the data from this study can be used to develop
parametric cost relationships that could be highly valuable in the future for specific cost studies.
Potential applications include (a) validation of the WMFCI cost/capacity curves based on intermediate
capacities, (b) validation of existing cost estimates, (c) utilization for new facility cost estimates, and
(d) use for other DOE-HQ initiatives. The information generated by the WMFCI study could be
readily incorporated into the FAST model for future use by DOE.

1.7 Report Organization

Section 1 of this report contains background and summary information of the PLCC estimates.
The cost estimating methodology, general assumptions, and basis used in developing PLCC estimates
are presented in Appendix A.

Sections 2 through 17 summarize each TSD cost module. Sections 2 through 17 provide only
a description of activities and assumptions that apply to the specific process in each section.
Additional general assumptions and cost bases that apply to most or ali cost modules are included in
Appendix A.

Section 18 presents procedures and summary cost and capacity information for costing various
waste management scenarios. PLCC estimate ba_zkup information is included in EG&G Idaho
report. 4 A scenario costing worksheet is provided in Appendix B to aid the user of this report in the
preparation of PLCC estimates for a specific scenario. A scenario costng worksheet is provided in
Appendix B to aid the user of this report in the preparation of PLCC estimates for a specific
scenario.

1.8 Limitations

Section 18 and Appendix A of this report must be consulted regarding limitations and
qualifications that apply to development of PLCC estimates for various waste management options.
To apply cost data from this report, at a minimum, the reader must ensure that the cost of front-end
and back-end support facilities is incorporated. Front-end and back-end cost modules generally
include PLCC estimates associated with functions such as waste receiving/inspection, container
opening, dumping and sorting, certification and shipping of the packaged waste, analytical laboratory,
maintenance shop, and facility administration, environmental and health compliance, security, and
related activities.

Data extrapolation from PLCC estimate histograms given in Sections 2 through 17 should be
done with caution (the reader should note that this task developed estimates only for those capacities
shown as the estimate points on the histograms). Most of the cost components (such as facility
capital and operating laobr cost) do not change significantly within a given capacity range. Only a
minor portion of the cost (components such as power consumption, consumable materials, and
maintenance costs) has direct relationship with the quantity of the waste process by the facility.
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Figure 1-4 shows three different ways that can be used to estimate PLCC for a facility having a

capacity not t_e same as an estimate point. The first method, straight line, is extrapolating data from
a straight line drawn between two estimate points. The second method, most probable PLCC capital

estimate, is adding the fixed costs (those that are believed to be fixed within a given capacity range)

to the variable costs (those that vary with the capacity). The third method, the histogram, is selecting

an estimate point closest to the required capacity. The following conclusions are reached when the

three methods are used to get PLCC estimates for an alpha incineration facility with a required

capacity at mid-point between the small and medium estimate points.

1. The added cost uncertainty is greatest at a mid-point between two estimate points.

2. If a histogram method is used, the estimated PLCC is about 11% more or less than the

most probable cost method.

3. If a straight line method is used, the estimated PLCC is 12% more or less than the most

probable cost method.
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2. TREATMENT FRONT-END SUPPORT FACILITY (COST MODULE A)

2.1 Basic Information

Front-end support facilities include ali administrative and laboratorybuildings required for the
waste management support functions. The front-end support facilities are essentially the same for
ali treatment cost modules. Any differences will depend on the type of equipment needed for
different waste management activities within the facility and will not change the general layout.
Front-end support facilities, whether for treatment, storage, or disposal, should be used whenever a
new facility is planned. Unit operations are shown in Figure 2-1.

2.2 Technical Bases and Requirements

Ali front-end support cost modules incorporate ali support functions needed to manage the
operation of a waste management facility. These functions include security, personnel
decontamination (radioactive and hazardous), maintenance of noncontaminated areas/equipment,
health physics/radiation badges/facility access control, sanitary facilities, work control/personnel
support, internal and external (public relations) communications, spill or emergency response
provisions (hazardous and radioactive), analytical laboratory, environmental field sampling,
environmental regulatory reporting, and records management.

2.3 Cost Bases, Assumption, Assessments

The treatment facility front-end support module is the same for both LLW/LLMW and alpha-
LLWFLLMW waste types. General cost bases and assumptions are given in Appendix A. Facility
specific items are discussed below.

• Major equipment capital cost items are laboratory analytical equipment. For a small
common support facility, $1 million allowance is made for analytical instruments and
components needed for a mixed waste laboratory.

• Estimating operating staff is shown in Table 2-1.

• Mixed waste laboratory vendors have been consulted to ensure that the laboratory
allowance is adequate.

• Small, medium, and large facility capacities and unit costs are shown in Table 2-2.

2.4 Cost Summaries

Cost summary for the front-end support facility is shown in Table 2-3. A histogram of cost
versus capactt: is shown in Figure 2-2.
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Table 2-1. Estimated operating staff for front-end support (module A).

Unit Small Medium Large
Operation Description (FTE)a (FTE) (FTE)

A-1 Administration office:

Accountant 1 3 4

Secretarial/clerk 2 5 10

Document control 2 4 7

Manager-dayshifts 2 5 9

Technical personnel 1 4 8

Communications 1 2 3

Environmental manager 1 4 9

Oper. support/mgmnt. 1 4 9

Quality control technicians 1 4 9

Security guard 4 7 13

Health physics tech. 4 7 13

A-2 Testing laboratory ...7.7 1...22 1...88

Total 27 61 112

a. Full time equivalent

Table 2-2. Capacity and cost information for front-end support facility (cost module A).a

rMod. Module Facility Life CycleCosl Capacity Unit Cost Capacity Cap(Tot Vol) Unit Cost .....
Description ($x1000) (Ibs/hr) ($/Ib) (ft3/hr)(ft3xl000) ($./ft3)

A iTreatment Su_p.0rt iSmail i $128,897i 200i $7.§9i 6i 461i $279.72

A !Treatment Support iLarge ! $530,763! 12,500i $0.531 3571 28,800i $18.43

a. Average density used is 35 lbs/ft.3
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Table 2.3. PLCC estimate summary for treatment front-end support facility (cost module A).

Coat

_t Cost ltema Cost

(s• u_o)
5nudl Medium Lffir_e

1.0 Studies and beu©h male _st orau

1.1 Idtnpower cmea dunn8 m.,,srcb S0 S0 SO
1.2 Equipment emu $0 S0 $0
1.3 L_taUslcm cmu SO S0 S0

1.4 rrojecl mim, lm,sent be(ore title I ( 10 % d 1.1 th_ 1.3) $0 $0 S0

1.5 CoQflapocy ( 25 _, d 1.1 tlmmib 1.4) S0 SO S0
Sub¢o_l 1.0 S0 I0 $0

2.0 Demo_tTiticm ooeu

2.1 Minpower c_au _ 6*momtmfion SO S0 S0
2.2 Deilln cml ( 30 _ of 2.5) SO SO $0

2J [mpe_m c_t ( ? ,4 d 2.5) SO SO S0
2.4 Project men-lemOnt ( 10 % d 2.5) S0 50 $0
2.5 Cmmn_m emt

2.5.1 BulJcUa/sm_'uro cmu $0 10 S0
2.5.2 _l_ipm ent colU S0 $0 S0

2-5.3 _xli_-I ( 29 % d 2.5.1 • 2.5.2) SO SO $0
Subtotal of 2.5 SO S0 $0

2.6 Comtructtoa mmn_lPment ¢mu ( 17.1% cd'2-5) $0 $0 $0
2.7 Meox|ement Remrve ( 10 % of 2.5) $0 10 50

2J Coa_,ncy ( 7.5 ,_,at 7.10u_th LR _0 $0 SO
SubtotJl 2.0 $0 10 $0

3.0 Produ_tkm fao_ caeamaefiom oon8

3.1 DOSil_ ¢mt ( 18 % of $.4) 5845 51..572 12.6413
3.2 l_.spec'don_ ( ? % of 3.4) $329 5612 $1A43

3.3 Pro_ect mJualtemem ( 10 % of J,4) $469 $t74 $1.491
3.4 Comtruc_ioo t'_l

3.4.1 BtflJct_l structurecom St.._0 $3,024 1J.904

_.4.2 Eq_pmmt cmu $LTM $3.7q _.6_)
3.4.3 Indim_ ( 29 _4of 3.4.1 • 3.4.2) $1_55 $1.964 132kS1

Sub_mel of 3.4 $4.6_J 58.7M_ $14.905

3-5 Cmmn,l.c_oa meuapmoat ( l?.1% of 3.4) $103 11.494 $2.549
3.6 Minalement Reserve ( 10 % of 3.4) $449 1874 SI.491

3.7 Con_lency ( 25 % of 3.1 th_ 3.5) 11,78.5 $3.322 $5.668
Subtotal 3.0 $9-193 S1T.44,4 $29J30

4.0 Op*r_tlom Budpt Fuded Activities (See S._

4.1 C_I Cb_l_ ( 1.5 % of 3.0) $141 $262 5447
4A S_',ty ,mu_ ( I _t of 3.0) 194 Sl?$ $2S4

4.3 NEPA ponn_finj (1 6 MUlfor Ei5.$1 MWfor EA) 11.000 $1.0_) ii.rX)0
4.4 P_r_dc_ for oF,_rl_iom ( 100% ¢_$.0) 1.5-514 112.639 $23.249
4.5 _ M Inalemem ( 10 % of 4.1 _ 4,4) 1675 $1.404 1Z.49_

S_xoud 4.0 $7.4_1 $_.4&4 127,_

Toull llsithd Coel (1.0,2.0.1.0 • 4.0) $16A17 $32.944 L_7,323

.5.0 Oper_tinll end nuin,-iaence
.5.1Am3ull oper_fi_l c_ 13,710 18..540 SLS,_dlO

.5.2 Axw_l u_Jl T cmu U $11 S64

.5.3 A,u,nmll m|terlel ¢e8_ S164 S100 .51.700

.5.4Ann,al mt;,_i_ 1442 $760 11 J.5.5

,5.5 Coarlal*aCy ( D '_ of .5.1 thmush $.4) .51.103 S2J_ .54ASO
Sub4ota1.5.0 $,5..514 .512.,639 $_3.249

Total 20 _t r O • M cml (20 time_ $ubtmal.5.0) .5110._0 1252.710 $464.N0
6_ D.cou_min_tioa _t _uiou_l $],too S4.410 S_._0

7.0 ReM IJUrec?ci, coets (20 years opem6oo) $1ZLJW7 129().L51 L530.763
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3. TREATMENT RECEIVING AND INSPECTION FACILITY
(COST MODULE B)

The receiving and inspection facility is effectively the same for LLW/LLMW and alpha-
LLW/LLMW waste types. There are minor differences in the assay/inspection equipment that are
negligible at a PLCC estimate level. Unit operations are given in Figure 2-1.

3.1 Basic Information

The receiving and inspection facility is intended to be contiguous with the container open,
dump, sort, and the waste treatment facilities, lt consists of two unit operations: unload/stage and
inspect/assay. The waste containers (drums, boxes and metal bins) arrive at the receiving and
inspection facility on a transport vehicle. Containers are removed from the transport vehicle and
placed in a staging/storage area. The containers are visually examined, labeled, logged, recorded, and
sent to inspection and assay.

The purpose of the inspect/assay unit operation is to physically and radiologically characterize
the waste to allow segregation of the containers. Based on the inspection and assay results, the waste
containers are grouped according to their processing needs. The inspection and assay unit operation
also identifies a special waste category that applies to any containerized waste requiring special
processing operations.

The receiving and unlcadia_ area is equipped with a 20-ton bridge crane and a 5-ton forklift
truck, lt is designed to receive and unload containers from fiat-bed trailers or van truck_. Containers
brought in large overpacks [e.g., transportation package (TRUPAC II type containers)] can also be
unloaded.

3.2 Technical Bases and Assumptions

3.2.1 Functional and Operational Description

Transportation vehicles are used to ship the containers (in overpacks if necessary) from the
generators to the receiving and inspection facility. These vehicles are not included in the cost
module. In the unloading and staging unit operation the transportation vehicles are unloaded, and
containers are placed in the staging area. Surge storage is also provided. Containers may be moved
within the unloading, staging, and surge storage areas and transported to and from the various
interfacing unit operations.

Containers are unloaded in an enclosed truck bay and placed in an indoor staging area. The area
is large enough to maneuver the containers and provide sufficient surge s'_.oragecapacity to meet the
desired operational reliability.

The assay/inspect unit operation is used to determine radioactivity, physical properties, and other
parameters that are needed to categorize the containerized waste before processing, and in

ii accordance with the criteria established for the processing unit operations. Various devices, such as

It 9



passive/active neutron (PAN) counting instruments, may be used. Containers holding waste classified
as other than LLW/LLMW or alpha-LLW/LLMW are returned to the generator.

Waste containers are also examined to allow classification by gamma radioactivity (in accordance
with the criteria established for the processing unit operations) and to ensure that they are suitable
for contact handling (less than 200 mRern/h on surface) and for treatment by the given process units.
Various devices, such as Segmented Gamma Scan (SGS) instruments, may be used. Containerized
wastes that do not meet the criteria are either handled as special waste or returned to the generator.

After the containers are examined, they are weighed and measured to determine waste density.
Contents (such as metals, paper, glass, sludge, gas cylinders, and liquids) are determined by non-
destructive examination. At a minimum, each container is examined using a nondestructive assay
equipped with a real-time radiography (RTR) device. Ultrasonic devices are also used. After
examination, each container is labeled, and the properties of its contents are logged and entered into
a computerized database.

To allow year-round operationsand to minimize the effects of a potential spill, it is assumed that
the unloading and staging operations will take place indoors.

3.2.2 Facility Integration

In addition to general interfaces typical for ali facilities, wastes from the generator facilities
become input to the receiving/inspection facility. O&M consumables, including personnel protective
equipment, must be purchased. Facility output is the LLW/LLMW or alpha-LLW/LLMW containers
that are transported to the open, dump, and sort facility or to treatment facilities.

3.3 Cost Bases, Assumptions, and Assessments

The general bases and assumptions for the cost estimate are presented in Appendix A. Facility
specific items are discussed below.

• Major equipment capital cost items for this facility include alpha assay, gamma assay, a
20-ton bridge crane, and RTR units.

• Estimated operating staff is shown below in Table 3-1.

Table 3-1. Estimated operating staff for front-end receiving and inspection facility (cost module B).

Unit operation Description Small Medium Large

B-1 Unloading, staging and storage 4 10 24

B-2 Inspect and assay 2 8 24

Total 6 18 48



• The crane cost is based on vendor quotations. The inspection and assay units are based
on conceptual designs and cost estimates for a radiological and hazardous material

measurement system (RHMMS) provided by EG&G Idaho. Budget estimate for

inspection and assay system is $2.0 million.

• Small, medium, and large facility capacities and unit costs are shown in Table 3-2.

3.4 Cost Summaries

Cost summaries for receiving and inspection are shown in Table 3-3. A histogram of cost versus

capacity is given in Figure 3-1.

Table 3-2. Capacity and cost information for treatment receiving and inspection facility (cost module

B)."

Mod. Module Facility Life Cycle Cos1Capacity Unit Cost Capacity 3ap(Tot Vol) Unit Cost ....
Description ($x1000) (Ibs/hr) ($/Ib) (ft3/hr)(ft3xl000) (S/ft3)

B iTreatment Rec./Ins.p..iSmall i $62,612! 2001 $3.88i 61 461! $1 35.88
"f]"..........i:i:?e_im'ei:ii"_eE;iins.....]_e_iiumi.........._?_i3:oj'_6T........_:__6T........_'6"_;_"............ig6i .............__:9__i..............."$_i':9_.............. ;....................................... : ......... -_-.:._..................... ;.................................... _........................ _ ............... :........ ;....................... ;................................ ;...............................

B !Treatment Rec./Insp. iLar_e ! $204,1 79! 12,500! $0.201 357i 28,800! $7.09

a. Average density used is 35 lbs/ft. 3
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Table 3.3. PLCC estimate summary for treatment receiving/inspection facility (cost module B).

Cost

oomponent Cost Items Cost

($ ,, t000)

Small Medium Large

1.0 Studi¢4 and be=ria ac=de t_t coats

I.l Manpower costsduringresearch $0 $0 $0 I

1.2Equipment costs $0 $0 $0l
1.3 Installation costs $0 $0 $0J

1.4 Project managemmt before tide 1 10 % of i.1 through 1 ..3) $0 $0 $01
1.5 Contingency 25 % of 1.1 through 1.4) $0 $0 $01

Subwtal 1.0 $0 $0 $01

2.0 Dumonstratio- ,.,_lta

2.1 Manpower costsduringdemonsu'ation $600 $600 $600

2.2 Design cost 30 % of 2.5) $104 $194 $194

2.3 Inspection cost 7 % of 2.5) _45 $45 $45

2.4 Project management 10 % of 2.5) $65 $65 $65
2.5 Construction cost

2.5.1 Buildingstructurecosts $0 $0 $0

2.5.2 Equipment costs $500 $500 $500

2.5.3 Indirect ( 29 % of 2.5.1 & 2J.2) $145 $145 $145
Subtotal of 2.5 $645 $645 $645

2.6 Constructionmanagemmt costs ( 17.1% of 2.5) $110 |II0 $110

2.7 Management Reserve ( l0 % of 2.5) $65 $6S $65

2.8 Co-_tingency ( 25 % of 2.1 through 2.7) $431 $431 $43,
Subtotal 2.0 $2.155 $2,155 $2.155

3.0 lh'odncdoa rata,dry eottzu-m:sfiou=mta

3.1 Desi_cn cost { 18 % of 3.4) $1,242 $2.206 $3.B04

3.2 Inspection cost ( 7 % of 3.4) $483 $858 $1.479,

3.3 Project management ( I0 % of 3.4) $690 $1.225 $2.1131
3.4 Construction cost

3.4.1 Eailding s_uctutecosts $1,332 $5,382 $8.4241

3.4.2 Equipment costs $4.017 $4.117 $7.9591

3.4.3 Indirect ( 29 % of 3.4.1 & 3.4.2) $1.551 $2.755 $4.7511
Subtotal of 3.4 $6.900 $12,254 $21.1341

3.5 Cousu'uction managemmt ( 17.1% of 3.4) $I.180 $2,095 $3.6141

3.6 Management Reserve ( 10 % of 3,4) $690 $1.225 $2.1131

3.7 Contingency. ( 25 % of 3.1 through 3.5) $2,624 $4,660 $8.036
Subtotal 3.0 $13.809 $24,523 $4L293

4.0 Opcratiaa= B=:ll_t Faad=d A=_itie= (See Se_ 13

4.1 Conc=pruaJdesi_ ( 1.5% of 3.0) $207 $368 $63,*

4.2 Safe_ assuran_z ( 1% of 3.0) $138 $245 $42,?

4.3 NEPA permining($ 6 Mill for F_IS,$1 Mill for EP,) $0 $0 $C

4.4 Preparation for operation= ( 100 % of 5.0) $2,035 $4.175 $6.51

4.,5 Project Mana_ment ( l0 % of 4.1 through 4.4) $238 $479 $75'_

Subtotal4.0 $2618 $5,267 $8.331

Total InitialCoat (1.02.0,3.0 & 4.0) $1a,3,$2 $J1,945 $52,77_

5.0 Operating and mmtahaeaee o_ta

5.1Annualoperarmgcosts - $840 $2,520 $3.64_

5.2Annual utility,costs $I0 $9 $I:

5.3 Ama uar material axts $4 $12 $2_

5.4 A.an uaJ mainminenoe a_ts $774 $799 $1.541

5.5 Contingency ( 25 % of 5.1through 5.4) $407 $835 $1.30

Subtotal5.0 $2,035 $4.175 $6.51.

Total 20 yenr O & M cost (20 times Subtotal 4.0) $40.700 $83.500 $130.341

6.0 Decontamination & Deenmmissionmg $3.330 $13.455 $21,0@

• 7.0 ROM L,:2e cyde co8_ (20 7eau's o_eratiou) =" $62.612 $12S.900 $204,1_ _
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Figure 3-1. Cost versuscapacityhistogramfor treatment receivingand inspectionfacility.
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4. CONTAINER OPEN, DUMP, AND SORT FACILITY
(COST MODULES CL AND CA)

4.1 Basic Information

The open, dump, and sort facility, shown in Figure 4-1, is designed to be contiguous with the
treatment facilities and is ideal for use with an integrated waste management facility that requires
multitreatment streams. The facility opens and dumps the incoming waste containers and segregates
the waste so that it can be fed to a combination of incineration, vitrification, solidification (or
shredding compaction), and metal melting treatment processes. The facility handles the wastes in
drums, boxes, or metal bins that are assumed to be properly characterized before they are opened.
The facility is not needed if the waste arrives presorted. Cost module CL is applicable to
LLW/LLMW while cost module CA is intended for alpha LLW/LLMW. Unit operations are given
in Figure 4-2.

The facility also has the capability to reduce the size of empty, nonmetal containers. Metal
containers, however, must be transported to other facilities for handling (such as a decontamination
facility for washdown and reuse and/or a metal melting facility for processing).

4.2 Technical Bases and Assumptions

4.2.1 Functional and Operational Description

At the open, dump, and sort facility the waste containers are decapped, and the waste is dumped
either onto sorting devices or into transport bins that carry the waste to the treatment operations.

LLW/LLMW container opening is done manually while alpha-LLW/LLMW container opening
is done by remote means. Both LLW/LLMW and alpha-LLW/LLMW container dumping and sorting
operations are accomplished remotely by manipulators and robots housed in a cubicle that has a
controlled environment and multiple barriers. Adequate hoods and supporting ventilation are
provided to minimize the spread of dust and contamination. Alpha-LLW/LLMW operations are
accomplished in an alpha cell where containers enter the cell through airiock doors. Equipment
maintenance is accomplished manually in a controlled environment. In addition, the equipment can
be pulled out and decontaminated before performing maintenance.

After the waste containers enter the controlled cubicle environment through airlock doors, they
are grouped according to two categories: those that must only be opened and dumped, and those that
require _pen, dump, and sort operations. After container caps are removed, the waste in the
containers of the first category are dumped into bins that directly transport it to the treatment
facilities.

24

I



OPERATINGGALLERY

DBSERVATIONglNDOIS

ENTRANCE
AIRLOCK

OPEN,DUMP,SORTI
TOP PERSPECTIVI
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The waste in the containers that are designated for segregation is dumped onto a sortingstation,
which removes bulk metals, noncombustibles, semicombustibles, combustibles, special wastes,c and
gas cylinders. Various sorting technologies, such as robotic assisted sort tables, vibratoryscreens, and
airclassifiers, may be used in the sorting station. Any spilled liquid is collected and sent to other unit
operations for treatment. The sorted waste materials are placed into transfer bins and transferred
to the treatment facilities. Nonmetallic containers are cut into smaller pieces as required for
processing.

4.2.2 Facility Integration

In addition to general interfaces for ali facilities, input interfaces to the open, dump, and sort
facility are waste containers from the receiving/inspection facility. O&M consumables including
personnel protective equipment are purchased. Output interfaces include sorted LLW/LLMW or
alpha-LLW/LLMW solid waste to treatment. Also, reusable empty metal drums and boxes are sent
to a decontamination facility for cleaning and recycle.

4.3 Cost Bases, Assumptions, and Assessments

General cost bases and assumptions are given in Appendix A. Facility specific items are
discussed below.

° Estimated operating staff is shown below in Table 4-1.

Table 4-1. Estimated operating staff for open, dump, and sort facility (cost module CL and CA).

Small Medium

(LLM/LLMW) (LLM/LLMW) Large
and alpha- and alpha- Large alpha-

Activity (LLM/LLMW) (LLM/LLMW) (LLW/LLMW) (LLW/LLMW)

1. Sorting table 8 32 128 96

2. Glovebox 4 4 16 12

3. Oven 4 20 80 60
container

4. Gantry robot 2 6 24 18
(transport and
dump bins)

5. Self-guided 4 4 1.__6.6 1.._.22
vehicle

Total FTE 22 66 264 198

c. Special wastes are those materials that are not compatible with the treatment techniques provided
in the facility (e.g., mercury). After identification and removal, special wastes are treated by mobile
units provided on a case-by-case basis.
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• Major equipment capital cost items for this cost mo&le are container open, dump, and
sort devices and robotics arms. The costs for these items are developed based on
consultation with personnel from DOE contractors inw,lved in the Office of Technology
Development, Robotic Technology Development Program.

• Small, medium, and large facility capacities and unit costs are shown in Table 4-2.

4.4 Cost Summaries

Cost summaries for the LLW/LLMW and alpha-LLW/LLMW open, dump, and sort facilities
are shown in Tables 4-3 and 4-4. A histogram of cost versus capacity is given in Figures 4-3 and 4-4.

Table 4-2. Capacities and cost information for open, dump, and sort facility (cost modules CL and
CA)?

Mod. Module Facility ..ife Cycle Cos1Capacity Unit Cost Capacity 3ap(Tot Vol) Unit Cost

Description ($x1000) (!bs/hr) ($/Ib) (ft3/hr)(ft3xlO00) (S/ft3)

.C...L.........LF..r..o...n..!-.e..n..d.....m..r.e..a..t.m.e.n..t.!.S..m.a.!!........!............$..]...Z...0...:.0...9....5..!...............2....0....0..L.....$..!..0......5..5..I.....................e..!.......................4....6..i.i......i...$.._.6.._.:.t_
CL iFront-end Treatment iMediumi $689,3261 5,6001 $1.531 1 601 12,902! $53.43
'6i'".......i#ioni:'8"na'"_fr_i_'_n'iTi;.'_"r]gi_"......i.....gi;g2_';Z__".....:f'_;g66"........i_:i:'gif............_g7i.............2"_i;'iii5i5{............gs']:ii_
].._..]_]]]]]]]_]f_]_]_]i]_]_]]]]_i7_i_]_]_'.]i]]i_]_]_]_]]]]]]]]_]]]]]]]]]]_]_]]i]]_]_]_]_]]]]]]]]]]]]]]_].b]..].6.]]]]]_]]1..]]_]_]_]_][]]]]]]]]]]]]]]]]]]]].0..7[]]]]]]]]]]]]]]]]]]]]]7]_]]]_]]]]_]]]]$..]7]0..]_;]_]..1..1
OA iFront-end Treatment !Mediumi $1,182,462! 4,500! $3.26i 1 29i 10,368i $1 14.05
_)t"......r#roni':'_n_t'":fi__ii:fi_'i4i"!i;.'_roe......i....._:i7;_1_;gi"6"........_;'_iSiS]........_2":_9[.........'2_i$[.............__;_"a_[............giii$':i$

a. Average density used is 35 lbs/ft. 3
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Table 4.3. PLCC estimate summary for LLW/LLMW treatment open, dump, and sort facility (cost
module CL).

Cost

component Cost Items Cost

(s • lm)e)
SmaU Medium Large _

1.0 Studjm mhd be,ck 8¢u/e tree omw

1.1 MJapowet orau durJngresewch S300 S300 S300
1.2 Eqt_ment coet8 S0 S0 SO1.3 lnJmJ/stkmcosts

So So SO
1.4Projectmuapmmt before tide I ( l0 %of l.t through13) $30 S30 130
1J Cc_pncy ( 23 '_ of 1.1 euoush1.4) S83 S83 S_

Subtotl] 1.0 S413 S413 S413

2.0 _emtratloe emm

2.tMAnpowercmu duringdemonsu,adou $9(X) S9(X) S_0
2.2 Desisu omr ( 50 % of2.5) $174 S174 $174
2.3 [nJpm,"Jiooamt ( 7 % of2-5) $41 $41 $4L
2.4Projeet,,,uspmmt ( 10 % of2.5) $58 $58 |$82.5 CoaJ_ucr_a coel

2.5.1 Buildingsu'uc_,,e costs SI00 Sl00 Sl00
2.5.2 Equipment oosts $350 $3$0 $350
2.5.3 Indirect ( 29 % o[2.5.1 ,t, 2.5.2) $131 Sl31 $131

Subm_ oi2.5 S581 SSSl $-581
2.6 CoaJu'ucsioumtmngemmt costs ( 17.1 qf,oi 2_q) $99 S_ S99

2.7 Mana_mmt Reserve ( 10 % of 2_5) $58 S-58 $_S
2A Coeti_gen_ ( 25% of2.t dxroush2.,') $478 $478 S478

Sub_ud2.0 S2_389 $2,.389 $2,389

50 Prodm=doafac_ emumtoficmomr,,

5.1 Designcost ( 18 % of 3.4) 52,789 S9,.501 517..584
3.2 laspectiou emit ( 7 % of 3.4) $1.085 53,695 5(kA38
3.3Projectmaaapemml ( 10 % 0[3.4) $1,349 $$,278 59,7695.4Coosu'u_ioucost

3.4.1 Budding s_UC_e ooeu 52,&80 S11,.220 $22.,440
3.4.2 Equipment orau $9,150 529.698 S-53.2_6
5.4.3 Indkect ( 29 % of 3.4.1 & 5.4.2) 53.483 511.866 521,961

Subtotal Of3.4 $1$,493 $-SZ7&4 597,687
3..5Couscru_iouma-apmmt ( 17.1% of 3.4) 52,649 59,026 516,704
5.6 Ma_agemmt Reserve ( LO%of 3.4) $t.349 S$,.278 $9.769
3.7 CoeduSeucy ( 25 % ot3.1 through3..5) $-5,891 57.0,071 $37,146

Subtoud3.0 531,005 510.5,633 5195.497
4.0 C)pm_tkau nedlmt Minded Activi*:-- (_ _ 7)

4.1Coampmaldesign ( 1.5% 0[3.0) $,465 $1.$&4 5Z932
4.2Safetytuunam ( 1% of3.u) $310 $1.0-56 $1,953
4.3N'EPA I_rmi_g (5 6Mill [or E_S.$1 M_Jfor EA) $1.(300 51,000 $1.000
4.4 Preparalk-mforope_tioa, ( 100 % of .5.0) 56,196 526,6&S 561.143

4_5Projec_Manapment ( 10 % of4.1through4.4) 5797 53.033 $6,703
Subtoad4.0 S&76_ I33.36! 573.733

ToUd laitlal Cmt (1.0,2.0.3.0 & 4.0) $42_-5 $141,7q_ $Z72,1X32

5._ Opermlq --,4 mmmenm omre

5.1 _md opera_gemm 53,0_0 11S,480 $36,960
-5.2An.nu,tlutility cm_ S30 $150 1300
-5.3A_,uwdmaterial_ta 120 1600 $1,0(_0
-5.4Anauadmamutmmm omre $1,,827 52.,17.0 510,634
5.5 Contingency ( 25 % ofS.l th_'oush5.4) 51,239 55.338 $12..229

SubtolaJ5.0 $_,| 96 52,6,6&8 $61,143
Toud 20 ye_ O k M omt (20 timesSubtotal 5.0) S123,920 5535.760 $1.222.860

6.0 De¢oeutmimt_ou & D_commiuioziag 53.600 513,7"/0 527,.540

7.0 ]tOM _ c_. ,--'-m (2o Im_ opm'stlom) $170,0v'3 - t6_,,._26 $t._22.432
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Table 4.4. PLCC estimate summary for alpha-LLW/LLMW treatment open, dump, and sort facility
(cost module CA).

Coat

component Cost Items Cost

($x looo)
SmaU Medium Large

1.0 St_U_ ,.,4 bam:b -,-le tmr orau

1.1 Manpower cmts dutinKre_m'ch $300 $300 $300

1.2 Equipment cmts $0 $0 SO
1-3 lasmlludou costs $0 S0 $0

1.4 Project msnspmeat before tide I ( 10 % of 1.1 through 1.3) $30 $30 $30

1.5 CoatMpncy ( 25 q_ of 1.1 throu6b 1,4) 583 $83 $83
Subtotal 1.0 $413 S413 $415

2.0 Demomcru6cm _oam

2.1 Manpower mats durinsdemonsu_afioa $900 $900 $900

2.2 Desip cost ( 30 qb of, 2..5) $174 J174 $174

2.3 laspecriou cmt ( 7 qb of, 2_5) $41 $41 S41

2.4 Project mtnsFment ( 10 qb of 2-5) $58 S58 $.58

2.5 Cousu'ucxkm met

2-5.1 Bu_clinf_ s_u_._ure coats Sl00 SI(X) SI(X)

2.5.2 Equipment ooeu 5:350 I350 $350

2-53 Indkect ( 29 q$ of.2J.l & 2-5.2) Sl3l Sl31 $131
Subcoml of,2J $581 S581 1581

2.6 Cous_ musFmmt costs ( tTA q$ of' 2-5) 599 199 199

2.7 MAnaflemm z Reserve ( 10 qf,of 2..5) $58 158 S.58

2.8 CoaPmBency ( 25 q_of,2.1 t/u'ouKh 2.7) $478 $4;8 $478
Subtoud 2.0 I2.389 I2,.389 1Z.3_9

:3.0 Prod su:doe hu_it 7 eouau m:ziou ccms

3.1 13_sip_ co, t ( 2.5 .ai,of,3.4) $7,460 I27,041 S40,6d7
:3.2 laSl_OU ¢o8| ( 7 .abof 3.4) I7.,089 $7,572 $11.381
:3..1Projzct m_sBemmc ( 10 _i, of,:3.4) $2,984 $10.51'7 $16,.7_9
:3.4CoaJitrtctioa _t

3.4.1 Buddha 8 su'_¢zure coets $11,616 S49,620 $73,980

3.4.2 Equi_neut costs S11.514 $:34,229 $.52,056 "

3.43 lndixec" ( 29 qb of.3.4.1 & 3.4.2) $6,'/08 $24,:316 $36,5.50
Subtoud of :3.4 $29,838 $10_16.5 $162..586

3..5 Consu'uc_ou msna_emmt ( 17.1 qq,of' 3.4) $5,102 $18,4% $27.802

:3.6 ManuBemmt Reserve ( 10 qP of 3.4) $2,9454 $10£17 $16,_9

:3.7Cou:inBency ( 25 qb of _.1 du'ouBh 3.,._ $11,J_68 S43,023 SM,66q
SubtOULI3.0 I62,325 $22.5,931 $339.603

4.0 Opm-utk_J lJudout Minded A_vi,_- (See Sect. 7)

4.1 Coaoept_al deuiBn ( 1-5 qk of 3.0) S935 $:3,.189 $$.094

4.2 Saf,en/Msunu_ ( 1 qb of,3.0) $623 $2_9 $3.396

4.3 N'EPA pcrmit_g($ 6 Mi]] for EIS, Sl Mill f,c_ EA) $1.000 $1.000 $1,000

4.4 Prel_rlfiOll fm operut_j ( 10(3 % of 5.0) $6.805 S44,021 $49,.329

4-5 Proj4sc_MJmal_ment ( 10 % of,4.1 throusb 4.4) $_;36 $5,067 SS,J_2
SubzouJ 4.0 $10.299 $55,736 $64,701

Total lahld Cawt (IJ1,.7.0,3.0 & 4.0) $7S,426 19.M,44_ $407,106

5.0 Oper_ti_ ud mamtumeam cram
5.1 Annual operuan 8 c,',ets - $3,v60 $27,720 127,720
5.2 Annual uu_iv/c_ts $30 SI_0 S22.5
53 Annual mnu_riai omts 120 1550 I1,224

5.4 Annual muinminmm cmts $2.314 $6,797 $10.294

_-5CoafiuBency ( Z5 qb of, _.1 du'oullh 5.4) $1361 M,a04 $9,_

Subtotal ._.0 $6.805 _4d,021 $49.329
Tom/20ye_u'O & M co_t (20 t'bne_Sub_oad 5.0) $136.100 $M0,420 $9_0

6.0 l_cou_mms6c_ & Deaoz_nLuio4zin$ 54..500 $17JT3 $26,_24

7.0 ltOM LUe cycle c,_ats (20 yIJr_ opcr_tias) $216,026 $1.162,4_ $1,419,910
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5. INCINERATION FACILITY (COST MODULES DL AND DA)

5.1 Basic Information

The incineration facility, shown in Figure 5-1, must be either used in conjunction with the front-
end and back-end support facilities (see cost modules A, B, CA/CL, I, and JA/JL) or constructed next
to existing facilities where similar functions are already available. The incineration incorporates nine
major unit operations that process and package either LLW/LLMW or alpha-LLW/LLMW. The
process incinerates waste and solidifies the resulting ash, thus converting the waste into a form that
complies with land disposal restrictions (LDR) requirements (refer to Appendix A). Cost module
DA is applicable to alpha-LLW/LLMW, while cost module DL is for LLW/LLMW. Unit operations
are shown in Figure 5-2.

The facility is designed to treat combustible solid waste, noncombustible solid waste that is mixed
with combustible (semicombustible) solid waste, inorganic and organic liquid waste, and organic
sludge. These categories are defined in Appendix A. When used for semicombustible solids, the
resultant ash must not be more than 15% of the input waste by weight. If the ash weight exceeds
15%, cost adjustments must be made for larger ash handling and solidification units. If inorganic
liquid waste feed is considered, up to 15% of the incoming waste feed rate can be incorporated
without adjusting the costs for a higher thermal capacity burner.

The facility is based on costs and layout for either a stationary or rota_ kiln incinerator. Rotary
kiln designs are preferable if a significant portion of the feed is organic-contaminated solids (such as
soil).

5.2 Technical Bases and Assumptions

5.2.1 Functional and Operational Description

The sorted waste enters the facility and is fed to the incinerator via an input preparation and
feed unit, where the material is crushed and shredded. Ali combustible materials are thermally
destroyed while inert materials pass through with the ash. In the solidification feed and preparation
unit operation, the ash discharged from the incineration unit is collected, cooled, and stored. Upon
demand, the ash is transported to a solidification unit, where it is mixed with plant wastewater and
a binder (such as Portland cement) at a predetermined ratio to produce a stabilized waste form.
After the components are properly mixed, the mixture is poured into disposal containers. The filled
containers are capped and sent through a wash unit operation, where the drums are sealed and then
washed by a high-pressure water spray. The containerized waste is ready for processing through
radioassay and final certification, which are part of the back-end support facility.

The incineration facility generates two secondary waste streams: liquid and off-gas. The
incinerator off-gas treatment unit is equipped with a secondary combustion unit that destroys the
volatile organics. The secondary combustion effluent is fed to air pollution control devices designed
to remove particulates, SO2, HCI, and NOx. A surge tank retains off-gas for reprocessing in the
event of a process upset. Secondary liquid waste is processed through a treatment unit, where
dissolved and suspended solids (organic and inorganic) are removed. Treated wastewater is recycled



for reuse. Sludge and other wet solids are fed into either the incinerator or the solidification unit
for processing.

The anticipated net weight reduction for the input waste is approximately 50% based on the
assumption that the treatment facility is a zero-discharge site. The anticipated density of the solidified
waste is 112 lbs/ft3. In addition, the incineration cost module will meet the following performance
requirements:

• Input Waste: The facility can receive diverse types of waste material. The incinerators are
sized based on 7,000 Btu/lb of incoming waste. At a minimum, the facility will process
combustible and semicombustible solids, organic sludge, and organic and inorganic liquids.

• Output Waste: The solidified LLW/LLMW waste produced by incineration is suitable for
disposal in an engineered as shallow land burial site. The suitability of engineered as
shallow land disposal for alpha-LLW/LLMW requires further investigation.

• Efficiency: The system minimizes the volume of waste that requires disposal and the
quantity of secondary waste and other discharges to the environment.

5.2.2 Facility Integration

Facility input interfaces include waste from the open, dump, and sort facility. Purchased
materials include consumables such as personnel protective equipment, laboratory material,
solidification materials, packaging materials, and disposable and reusable shipping containers.

The output interface consists of packaged LLW/LLMW or alpha-LLW/LLMW drums
transported to the back-end facility. Scrubbed exhaust gases are discharged to the atmosphere.

5.3 Cost Bases, Assumptions, and Assessments

General cost bases and assumptions are given in Appendix A. Facility-specific items are
discussed below.

• The incinerator, off-gas, and solidification units constitute the major equipment capital cost
items. Incinerator prices are based on vendor bids for both rotary-kiln and stationary
(controlled air) incinerators. Similar bids obtained for the off-gas and solidification units
and the cost of the TSCA incinerator at ORNL were also considered in developing
estimates.

• Major equipment capital costs are verified against the purchased costs at a commercial
LLW incineration facility (SEG facility in Oak Ridge). The alpha-LLW incinerator is
verified against the cost estimates contained in the EG&G Idaho SWSDS.2

• Estimated operating staff is shown in Table 5-1.

• Small, medium, and large facility capacities and unit costs are shown in Table 5-2.
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Table 5-I. Estimated operating staff for incineration facility (cost module D).

Unit Small Medium Large

operation Description (FTE) (FTE) (FTE)

D-1 Prepare and feed incoming waste 10 13 19

D-2 Incinerator 10 13 16

D-3 Prepare and feed for solidification 2 4 4

D-4 Solidify 2 4 7

D-5 Drum capping and washing 0 0 0

D-6 Off-gas treatment 2 4 4

D-7 Prepare and feed lime 2 2 4

D-8 Treat liquid waste 4 4 4

D-9 Store and feed binder 2 4 4

D-10 Electrical distribution and Motor 1 2 4
Control Center

D-11 Heating, ventilation, and exhaust 2 4 4

D-12 Other equipment 6 10 14
J

Total 43 64 84

Table 5-2. Capacities and costs information for incineration facility (cost module DL and DA)?

Mud. Module Facility Life Cycle Cos1Capacity Unit Cost Capacity C,ap(Tot Vol) Unit Cost i
Description ($x1000) (Ibs/hr) ($/Ib) (ft3/hr) (ft3xl000) (S/ft3)

DL ilncineration {Small i $296,2451 2001 $i8.37i 6i 4611 $642.89

;5'_.......iin_inera_ion..........................-_a(ge......i.........._6:_ai___bT........_1"6i56"........_:____i................57i................_;i66_i.........$"i:__:5i51
:'15_"......iin_iiqer_:iion..........................t,_m_ii........!..........__6_;£_8_iT.............'i_iiST$36?i_,i...................4i.....................23_:6i,_:i16"5r;:22Ii5_"......ii'_6iiq'er_;iio'i_..........................!i2i_ig'i_.......i.........._,__'_:8":i"_iT........_;6i5i5T........iii_i2"_'_ii................5_!................_iik;iS"i3i........"$"_"_,_i'1"6"_

a. Average density used is 35 lbs/ft. 3

5.4 Cost Summaries

Cost summaries for the LLW/LLMW and alpha-LLW/LLMW incineration cost modules are

shown in Tables 5-3 and 5-4. Histograms for cost versus capacity are given in Figures 5-3 and 5-4.
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Table 5.3. PLCC estimate summary for LLW/LLMW incineration facility(cost module DL).
Cos t

component Cost Items Cost

(Sz tooo)
Small Medium L_rge

I.O Studies aad buoda iea,le t,,,tt ¢oets

I,I Manpower cosud_ingre_em'ch 51.350 5i.350 $1.350

1.2Equipment cosu $50 $50 $50

1.3[nstaUadoacosu $150 5150 5150

1.4Projec_managemmt befcaedde I ( I0 abof 1.1through1.3) $155 5155 $155

1.5 Contu-,g_ncy ( 25 % of I,l thtou[h 1,4) 5426 $426 1426
Subtotal1.0 $2.131 $2.131 $2.131

2.0 DemouJrmdou mw

2.1 Manpower cosu duringdemonstration $2,400 $2A00 $2,400

2.2Desi_ cost ( 30 % of 23) $360 $360 $360

2.3 Inspe_ion cost ( 7 ab of 2.5) $8.1 $_ $8a

2.4 Proje_ managemmt ( 10 ab of 2.5) $120 5120 $I"0
2.5 Coasuuclion cost

2.5.1 BuOdlng structure o_u $180 $180 $180

2.5.2 Equipment cosu $750 $750 $730

2.53 l.nduect ( 29 ab of 2.5.1 & 2.5.2) 5270 $270 $270

Subtotal of 2.5 $1,200 $1.200 $1.200

2.6 Constructionm_magcment cosu ( 17.1ab of 2.5) $205 $205 $205

2.7 Managemmt Reserve ( 10 % of 2.5) $120 $120 $120
2.8 Contln_ncy ( 25 ab of 2.1 through 2.7) $1.122 $1,122 $1.122

Subtoud 2,0 $5.611 $5,611 $5,61 I

3.0 rrod_fiou fa_Rityomu_ eomrm

3.1 Desi[mcost ( 18 % of 3,4) $3.637 $4.826 16.202

3.?Inspection cost ( 7 % of 3.4) $1.415 $I .877 $2.412

3.3 Projectmanag.emm¢ ( I0 ab of 3.4) 57.021 $2.681 53.4-16
J.4 Consa'ucllon coil

3.4.1 Bu_ldi_gstructure osu $3.351 $5.229 $6.222

3.4.2 Eq uipmen| costs $12..114 $15.555 $20.490

3.43 Indirec_ ( 29 % of 3,4.1 _ 3.4.2) $4.543 $6.027 $7,746

Subtotal of 3.4 $20.208 $26.811 $34,458

3.5Construcnon mama_znmt ( 17.1% of 3.4) $3.456 $4.585 $5.892

3.6 Managemmt Reserve ( I0 abof 3.4) $2.021 $2.681 $3,446

3.7 Condngency ( 15 % of 3.1thzough3.5) $7.634 $10,195 $13.103

Subtotal 3.0 $40,442 $53,656 $68.959

4.0 Opeci|ionJ Budgnt iam_Kled_t_ (.F_ _ 7)

4.1 Con,'-ptualdesi_n ( 1..5 % of 3,0) $607 $805 $|,034

4.2Safe_ a_uran_ ( 1% oi3.0) $404 $537 $690

4.3 NEPA p_rmini_g($ 6 _ forF_IS.$I MillforE,A) $6,000 $6.000 $6.000

4.4 Preparation foroperations ( 100 % of5.0) $I 1,200 $17,895 $25,198

4.5 ProjectManagement ( I0 .%of4.1thxougb 4.4) $1.821 $2,524 $3.292
Submt_i 4,0 $20.032 $27.761 $36,214

Total [niti,s.lCoat (1.0.2.{k3.0 & 4.0) Sfdk.216 M9.159 $112.915

5.0 Opc_lting m_d mahs_ a_u
5 _ Axmu_l operat_go:_Ju $6`02.0 $JI,960 $I 1.760

5.2 Annual utility costs $324 $1.M9 $3,742
5.3Annual mamrial cosu $136 $323 $506

5.4Annual mammmm,',, costs $7-4450 $3.144 $4.150

5.5Contm_ncy ( 25 % of 5.1through5.4) $7-240 $3.579 $5.040

Subtotal5.0 $11,200 $I7.895 $2.5.198

Total20 y_arO & M cost(20 timesSubtoud 5.0) $224,000 $357,900 $503,960

6.,_ Decontamina|ion& Decon_nissionmg $4,029 $6.233 $7.515
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Table 5-4. PLCC estimate summaryfor alpha-LLW/LLMW incineration facility (cost module DA).
Cost

component Cost Items Cost

($ : t000)

Small Medium Lar|e

1.0 Stadia and baach male tmr amta

I.I Manpower costsduringresearch $1.650 $1.650 $1.650

1.2 Equipment oosts $50 $50 $50

1.3 lastaUatioacosu $150 $1S0 $150

1.4 Proje_ managcmmt before title 1 ( 10 % of 1.1 through t.1) $185 $185 1185

IJ Cootin_ncy ( _ % of l.l[J_rou_ 1.4) $50g $509 $509

Subtotal1.0 $2,544 $2.544 $2.544

2.0 _onm_llims ,-_w

2.1 Manpower costsduzln[_dcmonstration SL`100 $2.400 $2.4O0

2.2 Desi_ cost ( 50 % of 2.5) $360 $560 $360

2.3 laspeclioncost ( 7 % of 2-3) $&I $84 $8,I

2.4 Pcojecsmanagcmmt ( I0 % of 2.5) $120 $120 $120

2.5 Constructioncost

2.5.1 Buildingstructurecosts $180 $180 $180

2.5.2 _q uipment costs $750 $750 $750

2_5.3 Indirect ( 29 % of 2.5.1 ,¢. 2.5.2) $270 $270 $:70
Subtotalof 2.5 $1.200 $1.200 $1.200

2.6Consa'uctionmanagemmt oosts ( 17.1% of 2.5) $205 1205 $205

2.7Mana_mmt Reserve ( 10%of2.,S) $120 $120 . $1"0

2.8Cootiagtncy ( 25 % of 2.1tkrou_b2.7) $I.122 $1.122 11.1"2

Subtotal2.0 $5,611 $5.611 $.,'.611

3.0 l'rodacaioaf_lt7 cous_ cmta

3.1 Desi_ cost of 3.4) 12.779 $5.575 $,1.6603.2 Inspectioncost 1 25 q_of 3.4) $9.923 $1L769 $16.643

3.3 Projectmanagernmt ( I0 % of 3.4) $3.969 $5.107 $6.657

3.4 Construction cost

3.4.1 Building so'ucturc costs $14.901 119.818 $26,047

3.4.2 Equipment costs $15.869 $19.77,1 $25.558

3.4.3 [.adirect ( 29 % of 3.4.1& 3.4.2) $8,923 $11,,M2 $I,1.965

Subtotalof3.4 $39.695 151.074 $66..570

3.5 Construction maaafem_t ( 17.1% of 3.4) $6.788 18,754 $11.383

3.6 Manal_mmt ReT.rve ( I0 % of 3.4) $3.969 $5.107 $6.657

3.7 Coutin_ncy ( 25 % of 3.1through 3.5) 115.7a.8 120.315 $26.47S
Subtotal 3.0 $8L909 $106.681 $139.048

4.0 Opm'atioua BudsBI Fund ''4 Acti_tima (See Sect. 7)

4.1 ConccpruaJ design ( 1.5 % of 3.0) $1.24.S $1.600 $2.0_

4.2Safetyass_alx_ ( I _ of3.0) $829 ._I.067 $1.390

4.,3NEPA perminmg($ 6 MillforF,I$,$1 Mill forEA) $6.O00 $6.000 $6.O00

4.4 Preparation foroperations ( IO0 % of 5.0) $12,196 $19.0_M $26,661

4.5 Project Mana_menc ( I0 % of 4.1 dxrough 4.4) $2,027 $2,775 $3,614
Subtotal,1.0 $22.296 $30.526 $39.75I

Total laitiad C¢_t (1.0_2.0.3.0 & 4.0) $113,360 $14,5,362 $186,954

5.0 Opecatiag sad mmutiaemoe emm $6.020 $8.960 $11.760
5.1Annual operaungcosts

5.2 AnnuaJ utility costs $324 $1.889 $3.742
5.3Annual rnat,'rialcosts S176 $563 $566

5.4Annual maintainmce oosts $3.237 $4.055 $5.261

5..SContingency. ( 25 % of5.1through 5.4) $2,439 $3.817 $5.332
$IL196 $19.084 $26.661

Subtotal 5.0
Total20 ._arO & M cos:t20 tmaesSubtotal5.0) $245.920 $38t.6g0 $533.2:0

6.0 DecontaminationJt'Dee,onani..ssioning $7,404 $9,947 $12.6-15

7.0 ROM Li/e eyrie costs (20 years openttioe) ' $364,684 $$36,989 $737..819
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Figure S-3. Costversuscapacityhistogramfor LLW/LLMWincinerationfacility(cost moduleDL).
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6. METAL MELTING FACILITY (COST MODULES EL AND EA)

6.1 Basic Information

The metal melting facility, shown in Figure 6-1, is used either as an addition to the existing

facility where similar functions are already available, or in conjunction with the treatment front-end

and back-end support facilities (see cost modules A, B, CA/CL, I, and JAJJL). Cost module EA is

applicable to alpha-LLW/LLMW while cost module EL is for LLW/LLMW. Unit operations are
given in Figure 6-2.

The facility involves ten process unit operations that convert metals into cast ingots and treat

secondary liquid and gaseous wastes. Secondary waste treatment by-products, such as off-gas scrubber
sludge and slag, are solidified and placed in drums. (Other general support functions are described

in Appendix A.)

The facility is equipped for processing ferrous and nonferrous bulk metals of various shapes and

forms such as waste containers, failed equipment, and contaminated scrap structural steel. The cost

module is designed to handle incoming waste in 55-gal drums containing up to 10% combustibles.
However, this facility cannot sort different metal types. The metals must, therefore, arrive at the

facility presorted.

6.2 Technical Bases and Assumptions

6.2.1 Functional and Operational Description

Incoming sorted bulk metal is shredded and prepared via an input preparation and feed unit.

The feed conveyor transports the shredded metal to an electric furnace, where the metal is melted

and any accompanying combustible materials are thermally destroyed. A metal cooling and casting

unit operation allows for withdrawal of the molten metal and slag from the furnace so it can be

poured into ingots tbr casting and cooling.

The unit operations produce three secondary waste streams: slag, liquid, and off-gas. The slag

is separated at the casting and cooling unit and placed into containers for disposal. Secondary liquid
waste is processed in the liquid waste treatment unit that removes dissolved and suspended solids

(organic and inorganic) from the liquid waste. The facility recycles and reuses the treated wastewater

so that there is zero discharge to the environment. The melter off-gas system is equipped with a

secondary combustion unit that completes the volatile gas destruction process. An induced air blower

moves the secondary combustor effluent through air pollution control devices that are designed to

remove particulates, SO2, HCI, and NO x. A surge tank is provided for off-gas retention for

rcproccssing of mcher exhaust in the event of :: process upset.

In the solidification unit operation, liquid waste treatment sludge is mixed with a binder (such

as Portland cement) in a drum. A predetermined mixing ratio is used to produce a stabilized waste

form. The filled drums are washed with high-pressure water spray jets at the drum capping and

washing unit operation.
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Drums containing solidified waste, slag containers, and cast metal ingots are the main output

from thi_ facility. This output is ready for examinations by radioassay and final certification included

in the back-end support facility.

The metal ingots can have a limited potential for reuse or may be disFJ,_ed of safely in shallow

land disposal units. The anticipated density of the solidified waste is 112 lbs/ft 3, and the densities for
cast metal are the same as their absolute densities.

G.2.2 Facility Integration

Major input is contaminated scrap metal either from the open, dump, and sort facility (cost
module CL or CA) or directly from generator sites through the unloading inspection facility (cost

module B). Major O&M purchased materials such as personnel protective equipment, laboratory

material, binder, and disposable containers are assumed to be consumable supplies, and their
respective costs are estimated accordingly.

Major discharges from the syste:z are metal ingots, _!ag containers, and drums of solidified
LLW/LLMW or alpha-LLW/LLMW waste that are transported to a back-end facility (see cost

module I). Treated off-gas is discharged into the atmosphere.

6.3 Cost Bases, Assumptions, and Assessments

General cost bases and assumptions are given in Appendix A. Facility specific items are
discussed below.

• The metal sizing and preparation units (shredders), melter and off-gas treatment/scrubber

system, and solidification u_;',s are major equipment capital cost items.

• Major equipment capital costs were verified against the purchased costs incurred by a

commercial LLW waste processing facility (SEG facility in Oak Ridge) that recently began
to operate a metal melting process.

• Estimated operating staff is shown in Table 6-1.

• Budgetary cost tor the preparation and :eed unit is based on vendor quotes for shredders,

conveyors, and dust collection equipment.

• Melter prices are based on budgetary quotes from Ajax Corporation. Overall facility costs

are checked against a metal melting reference facility in Germany (Siempelkamp,

Siempelkamp Street 45, 4150 Krefeld, Germany). 5

• Callidus Technologies provided budgetary quotes for the various off-gas scrubbers.

• The selected solidification unit is manufactured by Stock Equipment Company of Chagrin
Falls, Gifio. This supplier provided a quote for a unit similar to that sold to DOE for a

facility at the Savannah River Site.

• Small, medium, and large facility capacities and unit costs are shown in Table 6-2.
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Table 6-1. Estimated operating staff for metal melting facility (cost module EL and EA)

Small Medium Large

Unit Small Medium Large alpha alpha alpha

operation Description LLW LLW LLW (FTE) (FTE) (FFE)

E-I Prepare and feed incoming waste 0 9 9 0 9 12

E-2 Melter 9 12 i2 9 12 15

E-3 Metal cooling and storing 3 6 6 3 6 6

E-4 Off-gas tr:atment 1 3 3 1 3 6

E-5 Prepare and feed lime 1 3 3 1 3 6

E-6 Solidify 1 3 3 1 3 6

E-7 Store and feed binder 1 3 3 1 3 3

E-8 Treat liquid waste 1 3 3 1 3 3

E-9 Drum capping and washing 0 0 0 1 1 1

E-10 Cool melter 0 0 0 0 0 0

E-11 Electric dist and MCC 0 0 1 1 0 0

E-12 Heating, ventilation and exhaust 0 0 0 1 1 1

E-13 Other equipment 4 4 "7 _4 _7 13

Total 21 46 49 23 51 72

Table 6-2. Capacities and cost information for metal melting facility (cost module EL and EA). a

MoO. Module Facility Life Cycle Cost Capacity Unit Cost capacity Cap(Tot VoP_ Unit Cost
Description ($x1000) (Ibs/hr) ($/Ib) (ft3/hr)(ft3xl000) (S/ft3)

.E..L.........iM..e..ta.t...M...e!!).n.g.....................i.S..m...a!!........i...........$..L4...0..,.9..5...0..i...................5....0.i......$...3..._.-...9...6..!....................!.!......................!..!..5.i.....$.._..,2..2....3.....5....2.
EL iMetal Melting iMediumi $293,3061 1,6001 $2.27i 46i 3,686i $79.56
i_C21i_i_iii_)iii_i_i!i)261_ii2111121112121111121alilgi_iiiiiiiiIIIZ21(311_i_ii_2_i_ii1222ii_iii_i_i_iiiiiii12_2i12i}_2_iii1211121iii12}_iii!ill1212iiiiiii_2;i_21_}_iliiiiiii21i_i($22_
EA !Metal Melting !Small =: $194,7981 601 $40.26i 2i 1381 $1,409.13.............. ; ..................................................... _..................... _.................................... 4. ........................ }........................ }....................... }................................ ; ...............................

EA Metal Melting Medium i $372,028i 6001 $7.69! 1 7i 1,382i $269.12
"_.......ii_'i_'i'£i"i_'i;iti'i_'g'.....................TL'i_rgi_......i..........$_,/_9::_T_iT........T'£'6"_i'6i........_'_':'_'_'[................ik"t_'!................2":'3"'6"_,'i........"$'_'6"_':'_'_i

a. Average density used is 35 lbs/ft. 3
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6.4 Cost Summaries

Cost summaries for the LLW/LLMW and alpha-LLW/LLMW metal melting cost modules are
shown in Tables 6-3 and 6-4. Histograms for cost versus capacity are given in Figures 6-3 and 6-4.
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Table 6-3. PLCCestimate summary for alpha LLW/LLMW metal-meltingfacility (cost module EL).

Cost

component Cost Items Cost
($ • tooo)

Small Medium Lar[se

1.0 Studies trod beach scale *Mt ooets

1.1 Manpower cosu dutlng research 51,050 $1,050 51.050
$50 550 550

1.2 Eq uipmen_ cmu $150 S | 50 $ !50
1.3 Installation oosu

1.4 Proje_management before tide I ( IU % of !.1 through 1.3) S125 $125 $125

1.5 Contingency ( _ % of t.! through i.4) $3.14 $344 5344
Subtotal 1.0 $1.719 $1,719 $1.719

2.0 Dem ontlr, tioa ¢oata

2.1 Manpower _ts duringdernonsa'ation $0 $0 $0

2.2 Desi_ cost ( 30 % of 2.5) $0 $0 $0

2.3 Inspection oost ( 7 % of 2.5) $0 $0 50

2.4 _ojea managemmt ( I0 % of 2.5) 50 $0 $0
2.5 Consu'ucfion cosl

2.5.1 Building s_rucrurea_u $0 $0 $0

2.5.2 Equipment a)$u $0 $0 $0
2.5.3 Indkec_ ( 29% of 2.5.1& 2.5.2) $0 50 $0

Subuotalof 2.5 $0 $0 $0

2.6Cous_'uclionmana[_:men! oosts ( tTA % of 2.5) 50 $0 $0

2.7 Maaagemm¢ Reserve ( 10 % of 2.5) $0 $0 $0

2.8ContingenCy ( 25 % of 2.1du'oufh 2.7) $0 $0 $0

Subtotal 2.0 $0 $0 $0

3.0 _od_oa fata3it 3' __ t_olta

3.1 Design cost ( 18 % of 3.4) $1.814 $3.473 $4.377

3.2 Inspe_ioncos: ( 7 % of 3.4) 5705 $1.350 $1.702

3.3 Projec_ managemeat ( I0 % of 3.4) $I,008 $1.929 $2.432
3.4 Construction cosl

3.4.1 Buildings_uctureoosu $1.890 $7.871 $3.763

3.4.2 Eq uipmen _costs $5.922 $ !_08.I $15.086

3.4.3 Indirect ( 29 % of 3.4.1& 3.4.2) $2.265 $4.337 $5.466

S ubtoml of 3.4 $ I0,077 $19,292 $24.315

3.5Construct;,n mana_mmt ( 17.I% of 3.4) $1.723 $3.299 $4.158

3.6 Managemmt Reserve ( lO % of 3.4) $1.008 $1.929 $2.432

3.7Contingency ( 2,5% of 3.)shxougb3.5) $3.832 $7.336 $9.246$20.167 $38.6045 $48.662
Subtotal 3.0

4.0 Openttiau Budlpst Prided Activific.t (See _ 7)

4.1Conceptualdesi_n ( 1.5 % of 3.0) $303 $5"/9 $730

4.2Safeo/ass_ ( 1% of 3.0) $202 $386 $4457

4.3 NEPA permining($ 6 .Mill forEIS, $I MillforE.A) $6.000 $6,000 $6.000

4,4 Preparation for opera.ons ( I00% of 5.0) $5.182 $11,444 $12,901

4.5 Projec_ Management ( 10 % of 4.! through 4.4) $1.169 $1,841 $2,012$12.856 $20.250 $22.130
Subtotal 4.0

Total InitialC_ult (I .00..0,3.0 • 4.0) $34,742 $60,5"77 $72.$II

5.0 Operating and maJataiaeaoe ome $2,9.10 $6.440 $6.860

5.1 _ual operatm_u $15 $47 $83

5.2Annual ulilit7oasu $5 $|26 S197

5.3 Annual material costs $1,186 $2.542 $3.181
5.4Annual mainminence oosu

5.5Contingency ( 25 % ofS,ltlxrout_h 5.4) $I.036 $2.289 $2.580$5,182 11 l.,t_ $12.901

SubwLd 5.0 $103.640 $228.8_0 $258.020

Total 20 yearO & M cosz(20 times Sub_tal 4.0) $2,568 $3,_9 $4.996
6.0 Decontamination& Decon_ni.uionmg

,s

7.0 ROM Life cycle cost,, (20 yeant operat),m) $140,950 $293,306 $33.$..$27
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Figure 6-3. Cost versus capacity histogram for LLW/LLMW metal melting facility (cost module EL).
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Table 6-4. PLCC estimate summary for LLWP..,LMWmetal-melting facility (cost module EA).

Cost Cost

component Cost Items ($ • I000)

Small Medium Lar]se

l.O Smdiea mid beach -r-lo '-.t o_W $1.050 $1.050 $1.050

1.1 Manpower costs d_rin_ research $50 $50 $50

1.2Equipment oos_ $150 $I50 $150
1..3 Installation costs

1.4Project managcmmt before tideI ( I0 % of I.I_rou_ 1.3) $123 S125 $125

IJ Contingency ( 25 % of 1.1 through 1.4) $344 $344 $344$1,719 $1.719 S1.719
Subtotal 1.0

2.0 O_moussa_I_ou meta $0 $0 $0

2.1Manpower costsduringdemoosuration $0 $0 $0

2.2 Desi[m cost ( 30 % of 2.5)

2.3Inspectioncmt ( 7 ab of 2.5) $0 $0 $0

2.4 Proiectman1_mmt ( I0 ab of 2.5) $0 $0 $0

23 Construction cost SO $0 $0

2.5.1 Buildingstruct_ecosts $0 $0 $0
2-S.2 Eq uipm en tcosts

2.5.3 Indirect ( 29 .abof 2.5.1 & 2-5.2) $0 $0 $0$0 $0 !'J
Subtotal of 2J

2.6Consu'uction management costs ( 17.I% of 2-5) $0 $0 $0

2.7 Mana_rnmt Reserv ( tO ab of 2-5) $0 $0 $0

2.8 Contingency ( 7.5 % of 2.1_hrough 2.7) $0 $0 $0• $0 $0 $0
Subtotal 2.0

3.0 1Ps'od_oa fau:_ cous_ 4x_m $5.26,6 $8.676 $9.78I

3.1 Desi[m cost I _ ab of 3.4)% of 3.4) $1.474 $2.429 $2.739
3.2 Inspection cost $3.912

3.3 Project management ( 10 % of 3.4) $2-106 $3.470

3.4 Consu'uc_on cost $7J06 $I1.259 $13,789

3.4.1 Buildln6 sla,uctufecosu $8.821 $15.643 $16.538
3.4.2 E :luipmeotcosts

3.4.3 Indirect ( 29 % of 3.4.1& 3.4.2) $4,735 $7,802 $8,795
$21,062 $34,704 $39.122

Subtotalof 3.4

3.5Consa'uc_ionmanagcmmt ( 17.1% of 3.4) $3.602 $5334 $6.690

3.6 Management Reserve ( 10 % of 3,4) $2-106 $3.470 $3.912

3.7 Contingency ( 2.5% of3.1U_'ougb 3-5) $8.378 $13,803 $15.561$43.994 $7." 486 $81,717

Subtotal 3.0

4.0 Opematio_J Budpt F,,,,,,,Aed.,tu:s_tio4J(S_ Sect. T) $660 $1,087 $1,226

4.1 ConczptuaJ desi_a ( 1.5% of 3.0) $440 $725 $817
4.2 Safetyassura_o_ ( 1% of 3.0)• $6.000 $6,000 $6,000

4_3 NEPA permit'_g($ 6 Mill foc EIS,$1 Mill foc EA)

4.4 Preparation for operarious ( 100 % of 5.0) $6.497 $13,410 $17.504

4.5 Project Mana_emmt ( 10% of 4.1through 4.4) $1360 $2.122 $2.55Y$14,957 $23.344 $28.102

Subto_d 4.0

II60.670 119'7.549 $111,.5:_8
Toad InJdaJC_t (1212.0,3.0& 4.0)

5.0 Opegath_g _ muJnUecl_ ,','-.Is $3.360 $7,140 $ I0.080
5.1 Annual opera_goosts $15 $120 $203

5.2 Annual utility a_ts $4 $126 $197

5.3Azmu_ material costs $I,819 $3.342 $3.523

5.4 A_i_ual rnainmmeoc_ costs $3..501

5-5Contm_ncy ( 2.5 % of$.1tbrou[_b5.4) $1,299 $2,6.82$6,497 $13.410 S17.504

Subtotal 5.0 $129.940 $268,200 $350.0_0
Total 20 year0 & M cost (20 times Subtoml 5.0) $4.1_ $6_79 $7.696

6,0 Decontamination & Decon_naissionmg

..... SI_,798 s3"n..0"_ vu_j 14
7.0 ROM Li/o cycle costs (20 yells op_mt_=o)
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module EA).
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7. SHREDDING/COMPACTION FACILITY
(COST MODULES FL AND FA)

7.1 Basic Information

The shredding/compaction facility, shown in Figure 7-1, is used either as an addition to existing
facilities where similar functions are already available or in conjunction with the treatment front-end

and back-end support facilities (see cost modules A, B, CA/CL, I, and JA/JL). Cost module FA is

applicable to alpha-LLW, while cost module FL treats LLW. Unit operations are given in Figure 7-2.

This high force (1500-2000 metric ton) compaction facility is comprised of seven main process

unit operations. The three main treatment steps are (a) size reduction of the incoming waste,

(b) supercompaction of the reduced waste, and (c) solidification of secondary by-products (such as

liquid waste and fugitive dust).

7.2 Technical Basis and Assumptions

7.2.1 Functional and Operational Description

The large facility is designed to shred the incoming waste and package it in 55-gal drums. This

facility is equipped with a dust collection/filtration unit to treat air containing fugitive dust from the

shredding operations. The small and medium sized facilities have such low capacities that the expense

of a shredder cannot be economically justified and is not included. For these smaller facilities, the

waste must be placed into drums before it arrives at the compaction unit operation.

At the compaction unit operation, a lift device places the filled drums onto press conveyors.

The operator selects a drum from one of the conveyors and feeds it to the press through an airlock,

located in the press negative pressure environmental chamber. A device pierces the drum to release

any gases potentially trapped in the drum into the confined chamber. A high-pressure compactor

(supercompactor) compresses the drum and transfers the pressed drum from the press to a staging
conveyor (or turntable). A lift device picks up the compressed drum and places it into one of several

overpacks located on an adjacent conveyor. After each overpack is filled, the operator feeds it to

a sealing machine where a cap is placed on the overpack and sealed. The operator moves the sealed

overpack to a drum washing unit where high-pressure water spray jets remove any loose

contamination on the outside surface of the overpack.

Any liquid discharged during press operation is directed to a sump. A liquid waste treatment

and a solidification unit operation is provided for treatment and solidification of any liquid effluent

or other potentially radioactive waste generated at the facility.

The compacted waste is ready for processing through a radioassay and final certification, which
are included in the back-end support facility.

The anticipated density of the compacted waste is about 60 to 70 lbs/ft 3. The solidified waste

density is 112 lbs/ft 3.
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7.2.2 Facility Integration

Primary facility input are contaminated drummed waste from generator sites. The large facility
is designed to accept bulk waste from both the open, dump, and sort facility (cost module CA or CL)
and directly from the generator sites. Major O&M purchased materials such as personnel protective
equipment, laboratory material, binders, and overpacks are assumed to be consumable supplies and
their costs are estimated accordingly.

Major facility outputs are compacted drums containing solidified LLW or alpha-LLW, which are
transferred to a back-end support facility (see cost module I). The overpacks (85-gel drums)
containing compacted waste and 55 gel drums containing solidified waste are the main output from
this facility. Treated off-gas is discharged into the atmosphere.

7.3 Cost Bases, Assumptions, and Assessments

General cost bases and assumptions are given in Appendix A. Facility specific items are
discussed below.

• Waste size reduction and preparation (shredders), supercompactor, and solidification units
are the major equipment capital cost items.

• Major equipment capital costs are verified against the purchased costs incurred by a U.S.
Navy low-level waste processing facility (B&W facility at Lynchburgh, West Virginia) that
recently started operation.

• Estimated operating staff are shown below in Table 7-1.

• Budgetary cost tor the preparation and feed unit is based on vendor quotes for shredders,
conveyors, and dust collection equipment.

• Supercompactor prices are based on budgetary quotes by Stock Equipment
Company, Chagrin Falls, Ohio.

• A fully automated solidification unit operation is selected for the large facility. This unit
cost is quoted by Stock Equipment Company, the supplier of a similar unit for a DOE
facility at the Savannah River Site.

• Small, medium, and large facility capacities and unit costs are as shown in Table 7-2.

7.4 Cost Summaries

Cost summaries for the LLW/LLMW and alpha-LLW/LLMW shredding/compacting cost
modules are shown in Tables 7-3 and 7-4. Cost versus capacity is given in Figures 7-3 and 7-4.

As shown, the initial capital costs are about the same for the small and medium facility. This
is due to size limitations of super-compaction equipment. The smallest such equipment can handle
the small and medium capacities specified tbr the shreddingjcompaction facility.

The Alpha-LLW/LLMW large facility unit cost is higher than the medium size facility because
the large facility includes shredding and has a proportionately smaller additional capacity (50%) over
the medium facility in comparison to the LLW/LLMW facility.

,b '2
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Table 7-1. Estimated operating staff for shredding and compaction facility (cost module F).

Unit Small Medium Large
operation Description (FTE) (FTE) (FTE)

,

F-1 Prepare and feed incoming waste 0 0 7

F-2 Supercompaction 9 9 10

F-3 Fugitive dust collection 0 0 1

F-4 Treat liquid waste 1 1 2

F-5 Store and feed binder 1 1 2

F-6 Solidify 1 2 3

F-7 Drum capping and washing 0 0 0

F-8 Electrical distribution and MCC 0 1 1

F-9 Cool compactor 0 0 0

F-10 Heating, ventilation, and exhaust 0 3 3

F-11 Overpack storage 0 0 0

F-12 Other equipment O O _q

Total 12 17 29

Table 7-2. Capacities and cost information for shredding and compaction facility (module FL and
FA). a

Mud. Module Facility Life Cycle Cos! _apacity Unit Cos1 Capacity Cap(Tot Vol'_ Unit Cost
Description ($x1000) (Ibs/hr) ($/Ib) (ft3/hr)(ft3xl000) (S/ft3)

FL iShred/Compact iSmail i $100,758i 3001 $4.16 9 69 li $145.77
FL ::Shred/Compact !Medium! $120,979! 1,000i _1.50i 29i 2,304i $52.51
IFL iShred/Compact iLarge i $235,121i 4,0001 $0.73i : 14 9,216i $25.51......................................................................................... ;.................................... ? ................................................. • ....................... t ................................ t ...............................

FA iShred/Compact iSmail i $111,222! 100 $13.79i 3! 230i $482.73.............. ; ...................................................... ,_..................... ; .................................... 4,.............................................. 'r....................... ; ................................ ; ...............................

iFA iSnred/Compact ':Mediumi $1 26,2321 1,000, $1.57 2 9 2,304:: $54.79
L.FA iShred/Compact iLarge :: $255,361i 1,500} $2.11i 431 3,456 $73.89

a. Average density used is 35 lbs/ft. 3
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Table 7-3. Rough order of magnitude (ROM) life-cycle cost estimate summary for shredding and

compaction.
Cost

component Cost Items Cost

(s• I0O0)
Small Medium L_rge

1.0 St_dJN ud bench m_lo 1mt m6m

1.1 MAnpower_u durinKrese_ch $750 1750 STS0

1.2 Equipment cmu 150 eS0 150
1.3 LnsudJatkmdoers $150 $150 SlS0
1.4 Project msnapmmt befme tide I ( 10 % of 1.1_rou_ 1.3) S95 195 195

1.,5CouttnBeu,_ ( 2.5_ of 1.1thxou_ 1.4) S261 S261 S261
Subtotal 1.0 $1,,306 $1..306 $1.306

2.0 Demoem-s t_mecmta

2.1Manpowerooe_durinsdemonsntioa 10 $0 SO

2,20esl_n ¢mt ( 30 _ of 2,5) S0 SO SO
2.3 Inspection¢mt ( 7 %of 2.5) 10 10 $0
2.4 Projectmmugemmt ( 10 % of2.3) SO $0 $0
2.5Com_r_-fioa omr

2.5,1 BuUdin_sa'uct_eco6U $0 10 10
2.5.2 Equipmentcosts SO $0 SO

2.5.3 lndkect ( 29 % of2.5.1& 2.5.2) SO SO $0
SubZoudof 2.5 SO $0 SO

2.6 ConstructionmlnABemmtcosts ( 17.1% o1'2.5) SO $0 $0
2.'1Mana_emmt reserve ( 10_ of 2.5) $0 SO SO
2.8 Contlntmnm/ ( 2,5% of2.1 ihrou_ 2.7) SO $0 SO

Subtotal2,0 SO $0 SO

3.0 Produ:tloa fz_fllt7 aoasu'u:_mza_st8

3.1 DesiLma_t ( 18 %of3.4) 51.516 $1.,535 $3,143
3.2Inspectionco_t ( "7%of 3.4) 1590 S$97 $I,222
3.3 ProjectmJma_emmt ( I0 %of 3.4) 1843 11553 $1.746
3.4 ConsU'uctioncost

3.4.1 BuildknKstructurecx_U S2,112 $2,112 $3,M_
:}.42 Equipmento0ets S4,42._5 $4,500 $9.966

3.4.3 Indirect ( 29 %of 3.4.1& :3.4.2) $1,696 $1.917 $3.92J
Subtotalof 3.4 S8,433 $8.529 $17,459

3-5Consa'uctionmanx_emmt ( 17.1% or.l.4) Sl,442 $1,438 $2.,98.5

3.6 Manapemmt Reserve ( 10 %of3,4) S&45 $8.53 $1,746
3.7Contingency ( 25 %o1"3.1throuL_ 3.5) 13,207 $3,243 $6,639

Subtotal3.0 S16,876 $17,06_ $34,940

4.0 OperztioaJ B,,,41nt ]PmzdedAcZJvides(SeeSect. ?)
4.1Conoeptuaddesi_ ( IJ %of 3,0) S_3 $230 S524
4.2S_fen]_ss_ame (1%o1"3.0) $169 S171 1349
4.3NEPA permilzin_(S 6MillforEIS, Sl MillforEA) S6,000 $6,000 $6,000
4,4 Prel_rstioa for operztioezs ( 100% of.5.0) $3,446 $4395 $6,&42
4-5Project]vL_n_mmt ( I0% of4.1through 4.4) $987 Sl,082 $1,572

Subtoud4,0 $10,85_ $11.904 $170.87

Total ]bzida] kt (1.0,2.0,3.0 & 4.0) $29,Q37 L3Q,ZT,q S.53,.53_

.5.0 Oper_tin8 ud m_Intaineaeeamta

$.1 Annual operatinf_ooem SI,S20 $2_380 $4,060
_.2Annualutility costs Sll $19 $49
5.3 Annual m_teriai co_t_ $73 $2,M $979

5.4 Am3ualmslntainmoe costs S6.52 1873 $1,9M

5.5 Conlln_nCy ( 25% o1"J.l through3,4) $689 $879 $1,768
Subtoud5.0 S3.446 $4,395 $8,M2

Total 20 y_m'0 & M most(20 times Subtotal5.0) $M,920 S87,900 $176,840
6.0 Deoonmmiaation& Deoommb_ionmg 1_801 $2.,801 $4,748

7,0 ROM Idlecycle_mta (20 7e_ruoper_tioe) $100,7SII $i20,979 123.5,121
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Table 7-4. ROM life-cycle cost estimate summary for alpha shredding and compaction.
Cost

component Cost Items Cost($• lo0o)
Small Medium Large

1.0 SmdiN and bench ..,'-do tmr corm $0 $0 $0
1.1 Ma,upower cmudur;ngre_arch $0 $0 $0
1.2 Equipment cmu $0 $0 $0
1.3 lasudlatiou omr,

1.4 Projectmaaagemmt befoce tide I ( l0 % of 1.1 thxou_ 1.3) $0 $0 $0
1.5 Coatingeocy ( 25 _ of 1.1 through 1.4) $0 $0 $0$0 $0 $0

Subtotal 1.0

2.0 I)amoemVmtioncorm $0 $0 $0

2.1 Manpowercmu dturlngdemon$tration $0 $0 $0
2.2 l_sitm omr ( 30% of 2.5)
2.3Inspectionvmi ( 7% of2.5) $0 $0 $0

2,4 Projectmanagemm| ( lO %of 2.5) $0 $0 $0

2.5Construcdo_omr $0 $0 $0
2.5.1 Building structure costs

2.5.2 Equipmentcmu $0 $0 $0
2.5.3 Indkect ( 29% of2.5.1& 2.5.2) $0 $0 $0

Subtotalof 2.J $0 $0 $0

2.6 Consu'ucdon m_nagcmmt costs ( 17.1% of 2.5) $0 $0 $0

2.7 .Management Reserve ( 10 % of 2.5) $0 $0 $0
2.8 Contingency ( 25 % of 2.1 through 2.7) - $0 $0 $0$0 $0 $0

Subtotal2.0

3.0 l_rodu_ioaf_ic/eooseructia_(xms

I 25 % of 3.4) $2,876 $2,938 $5,4803.1 Dcsitm cost 7 % of 3.4) $805 $623 $1.534
3.2 Inspection cost
3.3 Project managemmt ( l0 % of 3.4) $1.1_0 $1.175 $2..192

3.4Constructiono0st $3,167 $3.167 $5,665
3.4.1 Buildingstructure cosu
3.4.2 Equipment costs $5351 $5.944 $11.326
3.4.3 Indirect ( 29% of3.4.1& 3.4.2) $2586 $2,642 $4,927

$ I1,504 $11353 $21,918
Subtotalof3.4

3.5 Constructionmanagemalt ( 17.1% of 3.4) $1,967 $2.010 i. $3,748
3.6 Mana_mmt Reserve ( 10 %of3.4) $1,150 $1,175 $2,192
3.7Contingency ( 25% of3.1through3.5) $4.576 $4.675 $8,718$24,02_ $24,549 $45,782

Subtov,d 3.0

4.0 Operltiocm Bud_t Pundod Activities (Seo Sect. 7)
4.1Concepmaidesign ( 1.5% of3.0) $360 $368 $687

4.2Safetyassuratx_ (1%oi"3.0) $240 $245 $458

4.3NEFA permitting($6 MillforEIS.$IMillforE,A) $6,000 $6,000 $6,000

4.4 Preparationforoperations ( I00% of5.0) $3,616 $4,302 $9_,7.50

4.5ProjectManagement ( I0% of4.1through4.4) $1.022 $1,092 $1.640$11.238 $12,007 $18,035
Subtotal4.0

Tom/Initial Coat (1.0,2.0,3.0 & 4.0) $35,266 $_,_,6 $63,617

5.0 Operating and malnminmco costs $1.820 $2,100 $4.760
5.1Annualoperatingcmu $II $I9 $59

5.2Annual utility a_U $24 $244 $367

5.3 Annualmaterbd cosu $I,03g $1,079 $7,214
5.4 Annual maintainenon a_u

5.5 Contingency ( 25 % of 5.1 through 5.4) $723 $860 $1,850$3,616 $4,302 $9,250
Subtotal5.0 $72,37.0 $86,040 $185,000
Total20 yearO & M cost(20timesSubtotal5.0) $3.636 $3,636 $6,544

6.0 Dccontamination & DecommLssioning

s11t_ $s_,._2 s2.s.s_s'
7.0 ItOM Lifecydc cmts (20yearsopenttioa)

6O
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Figure 7-3. Cost versus capacity histogram for LLW/LLMW shredding and compaction facility (cost
module Ft,).
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8. SOLIDIFICATION FACILITY (COST MODULES GL AND GA)

8.1 Basic Information

The solidification facility, shown in Figure 8-1, is used either as an addition to an existing facility

where similar functions are already available or in conjunction with the treatment front-end and back-

end support facilities (see cost modules A, B, CA/CL, I, and JA/JL). The primary purpose of this

facility is the solidification of solid and liquid waste and sludge that arrives directly from storage

facilities or the generators. Solidification process used in other facilities is only for treatment of

secondary waste. Cost module GA is applicable to alpha-LLW/LLMW, and module GL is for

LLW/LLMW. Unit operations are shown in Figure 8-2.

The facility is composed of five main process unit operations that incorporate all buildings,

systems, processes, equipment, devices, controls, and accessories required to solidify the incoming

solid and liquid waste. Main treatment steps are size reduction of the incoming solid waste, treatment

of the incoming liquid waste and sludge, and solidification of these waste streams.

This facility processes both noncombustible solids and inorganic liquid waste. A certain amount

of oily liquid waste can be tolerated, since a budget for an oil removal unit is included to provide for

removal of suspended oil in the incoming liquid waste. The crusher/shredder in the solid waste
preparation unit can accept solids up to approximately 1 ft3.

8.2 Technical Bases and Assumptions

8.2.1 Functional and Operational Description

The facility receives liquid waste via a pipeline. A liquid waste treatment unit is used to

concentrate the waste _tnd feed it to a solidification unit operation. An incoming waste preparation

and feed unit crushes and ,,'hrcds incoming solid waste; the shredded waste is then collected in a

storage hopper.

The solidification unit operation solidifies liquid waste, solid waste, or a combination of the two.

The unit has a remotely operated in-drum solidification assembly equipped with intake tanks and

hoppers for solid and liquid waste and binder. To accomplish the solidification process, a drum is

placed onto a transfer cart. The cart moves the drum to various fill stations where feeders piace solid
and liquid waste and binder in the drum. Next, the cart moves the filled drum to a mixing station

where the drum is capped and tumbled to achieve the required mixture. The cart moves the drum

for a repeat of the filling/mixing step to maximize the fill efficiency.

After proper mixing, the operator remotely moves the filled container to _lcapping and washing

unit. This unit operation provides for sample collection, capping of the container, and removal of

loose contamination from the container surface by high-pressure spray water jets. The cont_inerized

waste is rc_ldy for processing through radioassay and final certification, which are included in the

back-end facility (cost module I).

The anticipated density of the solidified waste is i 12 ibs/ft 3.
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MAJOR EOUIPMENT LIST
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@ SOLIDIFICATIONSYSTEM
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8.2.2 Facility Integration

Major facility input is comprised of inorganic liquid waste from the generator sites and bulk solid
waste from the open, dump, and sort facility (cost module CA or eL) and from the generator sites.

Major O&M purchased materials such as personnel protective equipment, laboratory material, binder,

and containers are assumed to be consumable supplies and their costs are estimated accordingly.

Major facility output is drummed solidified LLW/LLMW or alpha-LLW/LLMW, which is
transferred to a back-end facility (see cost module I). Treated off-gas is discharged into the

atmosphere.

8.3 Cost Bases, Assumptions, and Assessments

General cost bases and assumptions are given in Appendix A. Facility specific items are
discussed below.

• Incoming waste size reduction and preparation (shredders) and solidification mixers are

the major equipment capital cost items.

• Budgetary costs for the preparation and feed unit are based on vendor quotes for

shredders, conveyors, and dust collection equipment.

° Estimated operating staff is shown in Table 8-1.

• Solidification facility assembly prices are based on quotes by Stock Equipment Company.

• The input waste is assumed to be 30% liquids and 70% solids.

• Small, medium, and large facility capacities and unit costs are shown in Table 8-2.

8.4 Cost Summaries

Cost summaries tbr the alpha-LLW/LLMW and LLW/LLMW solidification cost modules are

shown in Tables 8-3 and 8-4. Histograms for cost versus capacity are shown in Figures 8-3 and 8-4.

i 66



Table 8-1. Estimated operating staff for solidification facility (cost modules GL and GA).

Small Medium Large

Unit alpha Small alpha Medium alpha Large

operation Description (FTE) LLW (FTE) LLW (FTE) LLW

G-1 Prepare and feed incoming waste 4 4 10 10 13 13

G-2 Store and feed binder 2 2 4 4 7 7

G-3 Solidify 7 7 13 13 20 48

G-4 Treat liquid waste 2 2 4 4 7 4

G-5 Drum capping and washing 4 4 7 7 10 7

G-6 Electrical distribution and MCC 2 2 4 4 4 4

G-7 Heating, ventilation, and exhaust 4 4 4 4 1 4

G-8 Other equipment 4 -4 7 -4 13 7

Total 29 29 53 50 75 94

Table 8-2. Capacities and cost information for solidification facility (cost module GL and GA). a

Mod. Module Facility Life Cycle Cosl Capacity iUnit Cost Capacity Cap(Tot Vol_ Unit Cost
Description ($x1000) (Ibs/hr) ($/Ib) I(ft3/.hr) (ft3xl000) (S/ft3)

GL Solidification Small i $162,181i 400! $5 03! '1 1! 9221 $175.98.............. i.................................................... _................... i.................................... "_......................... i................ :........ _....................... _................................ I...............................
GL iSolidification iMedium i $260,896i 1,000i $3.241 2 9i 2,3041 $113.24
(_L;.......l_o'ii_fiil_:_if{gn.......................TLa(gle......i..........;$_i_:i;__5_iT........_;;'6i5"6-........_>_7i70i................i5_i................_;'FD6i_i............_bD_:i:$_i
_ ......l_oii_fiii_'_ifon.......................Ts__iY.......i..........15_15"i5";__:_T................:tlST"'_il£;._ii51..................._!......................4_:i'i$'"i";:_'_,_':'_>t:;

......i_oiiaifi_'aiioi_.......................i/,;;ie_iia'&"i..........__"_":i";t__;T.............7i$6r........__;t;2"i................__i................K'_:l"_i........,"4oD_;_"'4"
_ ......i_>o'iidliioaiion.......................Tl"_ir_e......i..........$_:_:i;__:_{........4";_i:$($1........__i7_;'_!..............._;4;!i.............._;:t6_!........_>.r£>i_:i$4

a. Average density used is 35 lbs/ft. 3



Table 8.3. PLCC estimate summary for LLW/LLMW solidification facility (cost module GL).

Cost

eompoment Cost Items Cost

($• tooo)
Small Medium Larlse

1.0 Stadlm id beMb male ,-.,t mete

1.1 Manpoweroats d_ingres_rds Sl.050 SI,050 Sl,050
1.2Equipment msm $50 S50 ISO
1.3 Installationcmta $150 $150 SlS0
1.4 Projectmanapmenl beforedan I ( 10 % of 1.1through 1.3) $12J $125 $125
1.5 C.outinlmncy ( 25 % of 1.1thrOULdS1.4) $344 $344 $344

Subtotal 1.0 $1.719 S1.719 S1.719

2.0 I_moam'sti_ omre

2.1 Manpowercmttdteringdora¢mstration S4JO $450 $450
2.2 Design cost ( 30 % of 2.5) $58 $58 $58
2.3 Inspec;ion omr ( 7 % of 2.3) Sl4 $14 Sl4
2.4 _oject mana_emmt ( I0 % of 2.5) S19 $19 $19
2.5 Construction _mt

2.5.1 Buildingttruc_turecosts $$0 $50 150
2.5'_ EqUil_nentomtJ $100 $100 $100
2.5.3 Indirea ( 29 ql, of 2.5.1& 2.5.2) S,M $44 $,M

Subtotal of 2.5 $194 $194 $194
2.6 Con0truction management costs ( 17.1% of 2.5) $33 $33 $33

2.7 ManaRement Remrve ( 10 % of 2.5) S19 $19 S19
2.8 Contingency ( 25% of 2.1 through2.7) $197 Si97 S197

Submud 2.0 S984 S98,l $9_

3.0 l'roductioa faelity _ emil
3.1 Desiga Cml ( 18 %of 5.4) $1,532 $1,830 $2.469
3.2 Inspection cost ( 7 %of 3.4) $596 $712 $960
5.3 l'l"ojeamanagement ( 10 %of 3.4) 1851 $1,017 $1,372
3.4 Construction _t

3,4.1 Buildin$structure _m $1.018 $1.187 Si,896
3.4.2 Equipmentoc_ta $5.578 $6.693 $6,737
3.4.3 Indirect ( 29 q_of 5.4.1 & 3.4.2) $1,913 S2._-," $3,0&t

Subtotal of 3.4 S8.$0Q $10.165 $13,717
3.5 Construction musgemmt ( 17.1 qi,of 3.4) SI,455 S1,738 S2,.346

3.6 Management Reserve ( i0 qkof 3.4) $851 $1,017 SI.372
5.7 Contingency ( 25 qbof 3.1 through 5.5) $3.236 $3,_6 $5.216

Subtotal 3.0 $17,030 520,345 $27,452

4.0 Opm'Ittlctu nudapt Piaed Acdvit_ (S.e Sea. 7)
4.1 Concuptuai desige ( 1.5 % of 3.0) $2J5 $305 $412
4.2Ssfen/uauranm ( 1 q, of 3.0) $170 $203 $275
4.3 NEPA permitting($ 6 Mill for PIS, Sl MIllfor EA) $I,000 $I,000 Sl.000
4,4 Preparatiou for opermtimu ( 100 % of J.O) $6.616 $11,12.5 $19,784
4.5 ProjectManagement ( 10 % of 4.1throut_ 4.4) $804 $1.263 $2.147

Subtotal4.0 SS,&t5 $I3,896 $23,618

TotalInitialC.e_t (I.0_0.3.0 • 4.0) $2&_8 $36.9,14 SS_7_

5.0 Opentb_ tad m0akmoe ,--ta
5.1 Annual ol_ratmgcx_ta $4,060 $7,000 $13.160
5.2 AnnuaJutility chem $34 $44 $58
5.3 Annual mar'ria]_ts S46 $465 S798

5.4 Annu_ mainminenc_cam $1,153 $1.391 Sl,811

5.5 Contingency ( 25 %of 5.1 through 5.4) $1,323 $2,225 S3,937
SubtotalJ.O $6,616 Sl1.12.5 $19,71M

Total 20 year O & M coet (20 thnesSubtotal 5..0) $132.,320 $222.,500 $393,680
6.0 De_ntaminatioe& l_¢_mmioni_it $1.283 $1,452 $2,341

7.0 ItOM Li_ ¢_i. cm_ (20 m opemtiom) II62.181 $260JI_ S451.794

F:\WMl_720\draft.rpt
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Table 8-4. PLCC estimate summary alpha-KLLW/LLMW solidification facility (cost module GA).

Coli

component Colt iteml Coli

($ • 1000)
Small Medium Larse

1.0 Studies and beaelt scale tmr emu

1.1Manpoweromr0dro'inKreusarch $I.050 $I.050 $I.030

1.2 Equipment omta $50 $50 $50
1.3Install_ionomr0 $150 $150 $150

1.4 Projeamtnapmen¢ before rifle 1 ( l0 qtof 1.1throu_ 1.3) $125 S125 $125
1.5 ContintCncy ( 25 % of 1.1throu@ 1.4) $344 $344 $344

Subtotal 1.0 SI.719 $1.719 $1.719

2.0 Danmma'stiouemU

2.1Manpowercostsdurmgdemonslration $450 $450 $450

2.2 Desi_ omr ( 30 % of 2.5) $58 $56 $58

2.3 Inspectioncoli ( 7 % of 2J) S14 $14 $14
2.4 Project manapmmt ( 10 % of 2.5) S19 $19 S19
2.5 Constructionomr

2.5.1 Bui]dlntts_'ucr_e ooets $50 $50 $50

2.5,7, Equipmentorau SI(X) $100 $100
2.5.3 ladirect ( 29 _ of 2.5.1 & 2.5.2) $44 $44 $44

Subtotalof 2.5 $194 S194 $194

2.6 Construcuoumanagement costs ( 17.I % of 2.5) $33 $33 $33
2.7 Management Reserve ( l0 % of 2.5) $19 519 $19
2.8Confin_ncy ( 25_ of2.1throul;h2.7) $197 $197 $19"/

Subtotal2.0 $984 $984 S984

3.0 _adma_a_ faeflit7 ean.ntetiau ,-,-atm
3.1c_,i__t ( 25,_of3.,,) s3._7 s4._ $5._

( 7 of 3.4)3.2 Inspectioncolt $1.105 $1.255 Sl ,581
3.3 Project m_mmpmmt ( lO q, of 3.4) $1.579 $1.793 $2,259
3.4Consu'tu:xionvmi

3.4.1 BuiJdin[tslruct'uxeomts $3.959 $4.468 $6.433
3.4.2 Equq_meu!cmla $8.280 $9.434 $i 1,033
3.4.3 Indirect ( 29 % of 3.4.1 & 3.4.2) 53.549 $4.032 $$.077

5 ubtoml of 3.4 $13.7M $17.934 $22J85

3.5 Constructionmana_emmt ( 17,1 _ of 3.4) $2.700 $3.067 $3,862
3.6 Manapment Reserve ( l0 _ of3.4) $1JTg $1.793 $2,259
3.7 Contingency ( 25 qk of 3.1 throul_ 3.5) $6,,280 $7.133 $8.983

Subtotal 3.0 $32,9/8 $37.459 $47.175

4.0 _tiau nedpt Minded Activittm (See Sea. 7)
4.1ConceptualdesiLm ( 1.5_ of3.0) $495 $562 $708

4.2 Safely assurance ( 1% td 3.0) $330 $375 $472
4.3NEPA permitfmg($ 6 Millfca EIS. $1 Mill fca EA) II.000 $1.000 $1.000

4.4 PreparsUonfor operatio_ ( I00 % orS.0) $7,M0 $12.674 $17.793
4.5 ProjectManagement ( l0 ql, of 4.1 through4.4) $947 $1.461 $1,997

Subtotal 4.0 $10,412 $16.072 $21.970

Tom/hdlin/Coal (1.0..2.0,.%0• 4.0) 146.093 $56,234 $71.848

s.0 omnt_ .,.,a.--_mm mim
5.1Annualoperalmgomtt $4,060 I7.420 $10.300
5.2Annualu61ilyomre 134 $4_ $62
5.3 Aanual materialooett $266 $664 $1.329
5.4 Annual maiatsinmce cmts $1.752 $Z007 52.343

5.5ContinLmncy ( 25 % ofS.lthsout_5.4) $I.52_ $2,535 $3.559
Subtotal 5.0 $7,640 $12.674 $17,793
Total 20_ar O & M _t (20 tlmemSubtoud$.0) $1_2.800 $253.4,80 $355.860

6.0 DeocmumaimOon& Decountt_ionmlt $1,779 $2,050 $3,624

7.0 ROId LJ/o c3_lo ,',-ts (20 m opomtkm) $200,672 1311.764 1431,.132

F:\WMl_720\draft.rpt
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Figure 8-3. Cost versus capacity histogram for LLW/LLMW shredding and compaction facility (cost
module GL).
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9. VITRIFICATION FACILITY (COST MODULES HL AND HA)

9.1 Basic Information

The vitrification facility, shown in Figure 9-1, is used either in conjunction with the treatment
front-end and back-end facilities (see cost modules A, B, CA/CL, I, and JA/JI.,), or as an addition to
existing facilities where similar functions are already available. Cost module HA is applicable to
alpha-LLW/LLMW, and cost module HL is for LLW/LLMW. Unit operations are shown in
Figure 9-2.

The facility is comprised of 10 main process unit operations designed to convert the incoming
waste into a leach-resistant rock/glass-like material. Vitrified LLW/LLMW and alpha-LLW/LLMW
waste that is based on iron-enriched basalt should meet both the LDR and DOE disposal
requirements. 2,6 Secondary liquid and gaseous wastes are also treated. Secondary waste treatment
by-products, such as off-gas scrubber sludge, are either fed to the melter or solidified in drums.

The vitrification facility processes noncombustible wastes such as inorganic sludge, ash, soil,
brick, concrete, and other similar material. The facility can process solid waste of various shapes and
forms. The size limitation imposed by the crusher/shredder is approximately 1 ft3 and the incoming
waste can contain as much as 10% combustibles. The facility is equipped with a predryer for
processing wet sludge from its own secondary waste stream (i.e., wet sludges from the off-gas scrubber
waste water). As a result, the facility can also treat a limited amount (up to 15%) of additional
inorganic wet sludge from outside sources.

9.2 Technical Basis and Assumptions

9.2.1 Functional and Operational Description

Specific operations include an input waste preparation and feed unit that crushes and shreds the
incoming waste and transfers it to a melter unit operation. At the melter unit operation, a predryer,
operating at approximately 300-400°F, receives, dries, and feeds shredded waste and any sludge that
must be vitrified to a vitrification furnace (or melter). Soil is added to the melter through a soil
storage and feed unit operation. The furnace melts the soil/waste combination to form a molten slag.
A slag cooling and packaging unit is used to receive the molten slag from the melter and cast it into
containers. A transport device carries the slag containers to a drum capping and washing unit
operation, where loose contamination is removed from the container surface with a high-pressure
water spray.

The melter off-gas scrubber is equipped with a secondary combustion unit that completes the
volatile gas destruction. An induced air blower moves the secondary combustor effluent through the
air pollution control device that is designed to remove particulates, SO2, HCI, and NOx. A surge
tank retains off-gas for reprocessing in the event of a process upset. Secondary liquid waste is
processed by a liquid waste-treatment unit operatio_ This unit operation removes dissolved and
suspended solids, both organic and inorganic, from the liquid waste. The facility recycles and reuses
the treated wastewater resulting in zero discharge to the "nvironment.
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The sludge from the waste treatment unit is pumped to the melter predryer before vitrification.
A solidification unit operation treats any sludge that cannot be vitrified. At the solidification unit,
the sludge is mixed with a binder, such as Portland cement, and transferred to a drum. A
predetermined ratio is used to produce a stabilized waste. The filled container is moved to a capping
and washing umr operation, where the drum is capped and loose contamination is removed from the
container surface by high-pressure water spray.

The containerized vitrified waste and drummed solidified waste drums are the main output from
this cost module. These are ready for processing through radioassay and final certification, which is
included in the back-end support facility.

9.2.2 Facility Integration

Major facility inputs include waste from the open, dump, and sort facility (cost module CA or
CL) and from the generator sites, as well as soil that is mined. Major O&M purchased materials are
consumables such as personal protective equipment, laboratory material, binder, soil, and disposable
containers.

Major facility outputs are containerized, vitrified, and solidified LLW/LLMW and alpha-
LLW/LLMW, which are transported to a back-end sup,_ort facility (see cost module I). Treated off-
gas is discharged into the atmosphere.

9.3 Cost Bases, Assumptions, and Assessments

General cost bases and assumptions are given in Appendix A. Facility specific items are
discussed below.

• Estimated operating staff are shown in Table 9-1.

• Metal sizing and preparation (shredders), melter and its off-gas, scrubber, and solidification
unit are the major equipment capital cost items.

• Cost for the preparation and feed unit are based on vendor quotes for shredders,
conveyors, and dust collection equipment.

• Melter prices are based on budgetary quotes received from two vendors (Callidus
Technologies and Retec).

• Callidus Technologies provided budgetary quotes for the various off-gas scrubbers.

• The selected solidification unit operation is manufactured by Stock Equipment Company,
Chagrin Falls, Ohio. This suppliers provided a quote based on a unit similar to that sold
to the DOE for installation at Savanna River Site.

• Small, medium, and large facility capacities and unit costs are shown in Table 9-2.
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Figure 9-1. Typical arrangement for alpha-LLW/LLMW vitrification facility.
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MAJOR EQUIPMENT LIST

Q BIN PUSHER
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Table 9-1. Estimated operating staff for vitrification facility (cost module H).

Unit Small Medium Large

operation Description (FIE) (FTE) (FIE)

H-1 Prepare and feed incoming waste 4 6 10

H-2 Melter 7 7 10

H-3 Cool melter 0 0 0

H-4 Store and leed binder 2 4 6

H-5 Solidify 2 4 6

H-6 Drum capping and washing 2 2 4

H-7 Prepare and feed lime 2 4 4

H-8 Off-gas treatment 2 4 7

H-9 Slag cooling and packaging 4 4 7

H-10 Treat liquid waste 2 4 7

H-11 Prepare and feed soil 2 4 7

H-12 Electrical distribution and MCC 2 4 4

H-13 Heating, ventilation, and exhaust 4 4 4

H- 14 Other equipment 6 10 14

Total 41 61 90

Table 9-2. Capacities and cost information for vitrification facility (cost module HL and HA). a

MoO. Module Facility Life Cycle Cost Capacity Unit Cost Capacity Cap(Tot Vol_ Unit Cost
Descriptior ($x1000) (Ibs/hr) ($/Ib) (ft3/hr) (ft3xl000) (S/ft3)

HL iVitrification iSmail i $316,401i 300 $13.081 9! 691i $457.761, I.

HL iVitrification Mediumi $430,303! 1,000 $5.341 29! 2,304! $1 86.76
12iE.......iViiriiiS_ion.........................."E,k2ilI]e......i..........$_iiY£_i:'i:lT........_;6i5"6_........_ii'2__.i................5Fi................_16_i3i.........$:'i2:f£_2_

HA jVitrification iMediumj $490,069j 1,200 $5.06i 34 2,7651 $177.25
liX......igi'iriiii__ion..........................!i.2i_i"{]e......!,T......_iS_5;_i_6;T........_;6_6!........__.:iliiSi................S_!................_Tt;6i3i........$i_i_2_"

a. A.verage density used is 35 lbs/ft. 3
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9.4 Cost Summaries

Cost summaries for the LLW/LLMW and alpha-LLW/LLMW vitrification facilities are shown
in Tables 9-3 and 9-4. Figures 9-3 and 9-4 contain a histogram of the PLCC estimates.
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Table 9-3. PLCC estimate summary for LLW/LLMW vitrification facility (cost module HL).

Cost

component Cost Items Cost

($ x t000)

Small Medium Larse __

1.0 Studiu mad bmch scale _-t mst-

i.1 Manpower costs duringreseareb $3.600 $3.600 $3,6oo

1.2 Equipment costs 1250 1250 1250

1.3Installationcosts $650 $650 $650

1.4 project managemmt before title 1 ( 10 %ofl,l through 1.35 $450 $450 $450

1.5 Contingency ( 25 % of I.Ithrough 1.4) $1.238 $1.238 $1.238

Subtotal 1.0 $6,1_ $6.1&$ $6.188

2.0 Demmum'atioa emt_

2.1 Manpower co_tsd uringdemonstration $Z.t00 I2.400 $2,400

2.2Design cost ( 30 % of 2J) $167 $554 1554

2.3Inspec:liouVOlt ( 7 % of 2.5) $39 $129 $129

2.4 Project mansgemmt ( 10 % of 2.55 $56 $185 $185
2.5Construction cost

2.5.1 Buildingssructm-ecosts $$0 $180 $180

2.5.2 Equipment costs $350 $1.250 $1.250

2.5.3 Indirect ( 29 % of 2.5.1& 2.5.2) $;25 $415 $415
Subtotalof2.5 $555 $1.845 $1.845

2.6 Cons_'ucfion management costs ( 17.1% of 2.5) $95 $315 $315

2.7 Managemmt Reserve ( lO % oi2.5) 156 $185 $185

225Co1_tingency ( 25 % of 2.1through 2.75 $842 $I.403 $1.403

Subtotal2.0 $4,210 $7.016 $7.016

3.0 _odm:sioa _ty eoutrm:zkm _m

3.1 Des,_ _t ( 18 % of 3.4) $4.376 $5.296 I6.627
3.2 Inspection cost ( 7 % of 3.4) $1,703 $2`059 $2.577

3.3 Project management ( 10 % of 3.4) $7.432 $2.942 $3.682
3.4 Couslruction cost

3.4.1 Building structure costs $3.20J $3.947 $5.778

3.4.2 Equipment costs I1 ".650 $18.859 $2_764

3.4.3 Indirect • ( 29 % of 3.4.1 & 3.4.2) _/3.468 $6.614 $8.277
SubmtaJ of 3.4 $24.323 $29.420 $36.819

3.5 Constructionmanagement ( 17.1% of 3.45 _4,|59 $5.031 $6.296

3.6 Management Reserve ( lO % of 3.4) $2`432 $2.942 $3.6452

3.7 Contingency ( 25 % of 3.1 through 3.5) $9.249 $11.187 $14.000

Subtotal 3.0 $4_.676 $58.877 $73.683

4.0 opa_tio_ a,dpc P,--.4ed A,:z_ (s_ Sect. 7)
4.1Conceptuaidesige ( 1.5% of 3.0) $730 $883 $1.105

4.2 Safety ass_ ( 1% of 3.0) $487 $589 $737

4.3 NEPA permitling($ 6 M_ for EIS.$1 M_ for F.A) $6.OO0 $6.000 $6.000

4.4 preparationfor operations ( I00 % of 5.0) $11.623 $16.338 $22.956

4.5 projectMa.nagem_-t ( I0 % of 4.1rb.rough4.45 $1.8_t $2.381 $3.080

Sub_ud 4.0 _',0.724 $26.191 $33.878

Total laxitial Coat (].0,2.0,3.0 & 4.0) $?9398 $98,272 $12O365

5.0 Operat'iaga.ndmaiUeaee eoatw

5.1 Annth_J operalingcosu $5,740 $8.54') $12`600

5.2Annual utilityco_ts $226 $57'., $836

5.3 Annual material coots $130 $84 $271

5.4 Annual mainmmen_ _,sts $3202 $3.871 $4.658

5.5 Contingency ( 25 % of5.1through 5.4) $2.325 $3,268 $4.591

Subtotal 5.0 $_ 1,623 $16.338 $22`956

Toud 20 yeaxO & M cmt (20timesSubtoteJ4.0) $73?,,160 $326.760 $459.120

6.0 Decontamination & Decommissioning $4:43 $5.271 $7,426

7.0 RO u Life cyclee_-m (210m opatltiOm) $3 _.!,¢01 $430..303 $587,.311

78



Table 9.4. PLCC estimate summary for alpha-LLW/LLMW vitrification facility (cost module HA).

Cost

component Cost Items Cost

($• t00o)
Small Medium Larle

|.0 St_lie_ aad beach tea,lc l_t _la

I.IManpower costsduringrese_cb S3.600 S3.600 $3,600

1.2 Eq-ipment costs $250 $7.50 $250
1.3 tnsud.latton costs $650 $650 $650

1.4 Project manASgmmt beforetide I ( 10 % ofl.l through t.3) $450 $450 $450

13 Contingency ( 25 % of 1.1 through t.4) SI.D8 $1_38 $1258

Sub_oud 1.0 $6,1&_t $6,1M $6,18_

2.0 Deme_m-attau emla

2.1 Manpower costs d urin _ demonsu'a tion $2,400 $_400 $2.400

2_ Desi_mcost ( 30 % of 2.5) $167 $554 $554

2.3 l.nspe_ion emt ( 7 % of 2.5) $59 S129 S129

2.4 Project managemmt ( 10 % of 2.5) 156 $165 $185

2.5 Construction cost

2.5.1 Building structure costs $80 $180 $! 80

2.52 Equipmeu t costa S3.50 $1.250 $1.250

2.5.3 lndire_ ( 29 % of 2.5.1 & 2.52) $125 $415 $415
Subtotal of 2.5 $555 $1._15 $1._5

2.6 Constr_etion mans_emmt costs ( 17.1% of 2.5) $95 $315 $315

2.7Manngemmt Reserve ( 10 % 0(2.5) 156 $185 $185

2.8 Contingency ( 25 % of 2.1 throuL_b 2.7) SlM2 Sl ,403 $1.403
Subtotal 2.0 $4.210 $7,016 S7.016

3.0 _ed_ioa fa_fity coutru,_.:_a omt_

3,1 Desil_a omt ( 25 % of 5.4) $8,020 $I0,270 S1_494
3,2 Inspecri_ cost _ 7 % of 3.4) $2.246 $2.876 $3,498

3.3 Project management ( 10 % of 3.4) $3.208 $4.10_ $4.998
3,4 Consa'uofion oost

3.4.1 But]din S s_'lu_.tre _ts $5.031 S7.803 S10.2_

3.4.2 Equilxnent _m $19,837 $24.041 $2&474

3.4.3 Indirect ( 29 % of 3.4.1 & 3.4.2) $7.212 $92..35 $11.235

Subtotal of 5.4 $52,0_0 $41,079 $49.977

3_ Consn'uetionm_tnagemmt ( 17.I% of 3.4) S5,486 $7.025 $8.546

3.6 Managemmt Reserve ( 10 % of 3.4) S3.208 $4,108 $4.998

3.7Contingency ( 25 % of 3.1through3.5) $12.760 $16.340 $19,878

Subtotal 3.0 $67,008 S85.$06 $104.389

4.0 Opm'atk_J Budpt Puaded Activities (See Sect. 7)

4.1 Couceprmd design ( 1.5 _ of 3.0) $1,005 $1,287 $1,566

4.2 Safetyau_ ( 1% of 3.0) $670 S858 S1.044

4,3NEPA permining($ 6 Mill for EIS, Sl Mill for EA) $6,000 $6,000 $6.000

4.4 Preparation for operations ( I00% of 5.0) S12.690 $17,693 $24.487

4.5ProjectManagement ( I0 _ of 4.1through 4.4) $7,057 SZ.JIM $3.310

Subtotal4.0 $22.402 $28.422 $36.407

TotaJ la.ir;,,l Co_t (IG',2.0,3.0 & 4.0) $99,808 $127,432 $154,000

5.0 OperatiaS tad mAinu_jmm .m costa
5.| Annual operatmgcmts 15,740 $8.540 $12.600

52. Annual unlity _ts $226 $575 $856
5.3 Annual material _ts $150 $84 $271

$.4 Anntud mainminence co, ts $4,056 $4,955 $5,M3

5.5 Contingency ( 25 % of 5.1 d_rough 5.4) $2.558 53.559 $4.897
Subto _ J.0 $12.690 $t 7,693 $24,487
Total 20 year O & M _t (20 times Subtotal .5.0) $2.53.$00 $553.860 $4,89,740

6.0 Decontamination& Decommissioning $6,2.58 $8.777 $I 1.599

7.0 ROM l.lfe _l'de _ (20 yem_ ov4srstioa) $359,866 $490,0_9 $655,.33g
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10. CERTIFICATION/SHIPPING FACILITY (COST MODULE I)

Certification/shipping facility is the same for LLW/LLMW and aIpha-LLW/LLMW and
LLW/LLMW waste treatment facilities. There are only minor differences in the assay/certification

equipment that do not affect the overall PLCC estimates. Unit operations are given in Figure 10-1.

10.1 Basic Information

The certification/shipping facility consists of three unit operations: incoming material storage,

assay/certification, and truck loading. This facility receives packaged waste containers from treatment
facilities (cost modules DA, DL, EA, EL, FA, FL, GA, GL, HA and HL), and provides temporary

storage, radiological and physical characterization of the waste, and shipment of the containers.

The certification/shipping facility is used in conjunction with treatment facilities when the

required functions are not available at existing facilities. The facility includes ali equipment needed

for certification of the waste in compliance with the transportation, storage, and disposal regulations

and requirements.

10.2 Technical Bases and Assumptions

10.2.1 Functional and Operational Description

Packaged waste containers arrive from treatment facilities on conveyors, carts, or other transport
devices. Containers are removed from the transport devices and placed in a staging area. The

containers are then visually examined, tagged, logged, recorded, and sent to an assay/certification unit

operation. In this unit operation, the containers are examined by radioassay devices to allow both

alpha and gamma radioactivity classification in accordance with the transportation, storage and

disposal criteria. Various devices, such as PAN counting and SGS instruments, may be used.

Next, the containers are weighed and measured to determine waste density. The existence of

materials restricted by transportation, storage, and disposal is determined by nondestructive
examinations such as ultrasonic instruments or a RTR device. After examination, each container is

labeled and its properties are logged and recorded into a computerized database. After inspection,

the container is moved to a temporary storage area until they are ready for shipment to an interim

storage or disposal facility. Containers that do not meet the transportation dose criteria are shipped
in a truck equipped with a shield overpacks.

The shipping/certification facility is equipped with a bridge crane and a forklift. Containers can
be loaded onto flat-bed trailer or van trucks. Containers can also be loaded into large transporf_ition

overpacks (e.g., TRAMPAC). This facility is designed to be installed contiguous to a treatment

facility.

To allow year-round operations and minimize the effects of a potential spill, it is assumed that

the certification/shipping operations will take piace indoors.
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10.2.2 Facility Integration

Facility input includes packaged waste from treatment facilities. Input from the site includes

utilities, service water, normal and emergency power, and communications. O&M consumables

including personal protective equipment must be purchased. Facility output includes truck shipments
of containerized LLW/LLMW or alpha-LLW/LI,MW to storage and disposal facilities.

10.3 Cost Bases, Assumptions, and Assessments

General cost bases and assumptions are given in Appendix A. Facility specific items are
discussed below:

° Major equipment capital cost items for this facility are a 20 ton bridge crane, alpha assay,

gamma assay, and RTR units. The equipment estimates were obtained as discussed in
Section 4 of this report.

° Estimated operating staff are shown in Table 10-1.

• Small, medium, and large facility capacities and unit costs are shown in Table 10-2.

10.4 Cost Summaries

Cost summaries for the LLW/LLMW and alpha-LLW/LLMW receiving and unloading cost
facilities are shown in Table 10-3. Histograms for cost versus capacity are given in Figure 10-2.

Table 10-1. Estimated operating staff for certification/shipping facility (module I).

Unit Small Medium Large

operation Description (FIE) (FIE) (FTE)

I-1 Incoming material storage 0 0 0

1-2 Inspect and assay 4 10 20

1-3 Truck loading _.4 10 2...00

Total 8 20 40

Table 10-2. Capacities and cost information for certification/shipping facility (cost module I).a

Mod. Module Facility Lifo .CycleCos1Capacity Unit Cost Capacity Sap(Tot Vol) Unit Cost
DescriPt.ion ($x1000) (Ibs/hr) (S/[b) I(ft3/hr)(ft3xlO00) (S/ft3)

I iCert./Ship..ment iSmail ....$69,315 450i $1.911 4! 324i $213.94
i............._eiti_fii__ni................_MeEiiu__..........____i_J_,"ci_........_:__ST........_0'_5_................56_................_;i_i_c3_............___5i5
..............i ......-........P.............................._....................._...................................._........................._..............."........_.......................I............................._i-_.......................".......::Cert./Shipment iLarge i $239,201 18,2..001 $0.16 1631 13,10.i .. $18.25

a. Average density used is 112 lbs/ft 3.
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Table 10-3. PLCC estimate summary for treatment certification/shipping facility (cost module I).

Cost

component Cost Items Cost

(s • t000)
Small Mediam Larse

1.0 Studies und benchsalle tmr ,'mta

1.1Manpowercmtsduringresewc_ 10 $0 SO
1.2 Equipment costs $0 SO $0
1.3 InsmUadoucosts $0 $0 $0
1.4 Project managemem before title I ( 10 % of 1.1 through1.3) $0 $0 $0

1.5 Con&l-gene! ( 25 ok of 1.1 thtou_ 1.4) 10 10 $0
Subtotal1.0 $0 $0 $0

2.0 Demoam_dou costa

2,1 Manpower costs durin_demonstrafion $0 $0 $0

2.2 Design cost ( 30 % of 2.5) 50 $0 50
2.3 Inspection cost ( 7 Oi,of 2.5) $0 $0 $0
2.4 _oject management ( l0 % of 2.5) $0 $0 $0
2.5Construc_oumst

2.5.1 Buildingstr uct_recosts $0 $0 $0

2.5,2 Equipmentcosu $0 $0 $0
2.5.3 Indirecl ( 29 % of2.5.1,e 2.5.2) $0 $0 $0

Subtotalof2.5 $0 $0 $0

2.6Constructionmanagementcosts ( 17.I% of2.5) $0 $0 $0

2.7 Management Reserve ( 10okof 2.5) $0 S0 $0
2.8 Contingency ( 25 % of 2.1throus:h2.7) $0 $0 $0

Subto_l 2.0 $0 $0 $0

3.0 Prodacboa facility coaau-ucficm mta

3.1Desi[momr ( 18 % of 3.4) $1.270 $1,86_ $3.380
3.2 Inspection cost ( 7% of 3.4) $494 $726 $1.314
3.3 Projectmanagement ( 10 % of 3.4) $706 $I,038 $I,878
3.4Constructionccost

3.4.1 Buildingstructurecosts $I.152 $3.522$ $8.496

3.4.2 Equipmentcosu $4.317 $4.517 $6,059
3.4.3 Indirect ( 29Okof3.4.1• 3.4.2) $h5g6 $2`333 $4.221

Subtoudof3.4 , $7.055 $10.378 $16.776

3.5 Construction maaa_emmt ( 17.1 Okof 3.4) $1.206 $1375 $3,211
3.6 MP,,nagementReserve ( l0 Okof 3.4) $706 $1,038 $1,878
3.7 Contingency (, 25 qi, of 3.1through 3.5) SZ683 $3.946 $7,140

SubtotaJ3.0 S14,120 $20,769 $37.577
4.0 Opera&icru Budpst Fuded Activities (Sm sect. 7)

4.1CouoepruaJdesip ( 1.5 Okof3.0) $212 $312 $564
4.2 Safetyusunmce ( IOkof 3.0) $141 $208 $376
4.3 NEPA perminmg($6 MillforEIS,$IMillforEA) $0 $0 $0

4.4PrepArationfor operations ( 100 % of 5.0) $2,461 $4,635 $8.500
4.5 Project Management ( 10 OkO1"4.1thtotl_ 4.4) |2_1 $516 $944

Subtotal4.0 $3.095 $5,671 $10.354

Total laitiaJ Coal (1.0.2.0,3.0 • 4.0) $17,215 $26,440 $47,961

5.0 _lill[ 8.1td mt_bmm ¢Olta

5.1Annualoper_cingaxu $1.120 $2.800 $5.600

5.2Annual uulirycmu $5 $15 $30
$.3Annualma;zrial emts S0 $0 $0

5.4 AJ_UAJmsintammc¢ cosu $544 $893 $I,170

5.5Contingency ( 25Okof5.1throusb5.4) $492 $927 $1.700

Subtotal 5.0 $2.461 $4,635 $8_00
Total20]teatO • M cost(20timesSubmmJ4.0) 549,220 $92.700 $170.000

6.0 Decontamination & Decommissioe:ng $2`M0 $&820 $21.240

7.0 ROM Lile _te mta (2o ymn open_tioa) S69.3i5 ..... SlZ7,96o ' S239.2ot
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11. TREATMENT MAINTENANCE FACILITY
(COST MODULES JL AND JA)

The mai_x_c.,_anceshop is the same for aIpha-LLW/LLMW and LLW/LLMW TSD facilities with

the exception that the alpha-LLW/LLMW facility includes a mock-up shop.

11.1 Basic Information

The maintenance facility is equipped with a failed equipment receiving and repair building

housing machinery and tools. This facility is used in conjunction with the treatment facilities when
such function is not available at the existing facilities. The maintenance shop costs assumes repair

of components contaminated with low-level radioactivity but not alpha-emitters. Components

contaminated with alpha [ articles must be decontaminated in the alpha maintenance galleries before

they are brought into the maintenance shop. Cost module JA has remote component mock-up area.

1_.2 Technical Bases and Assumptions

Contaminated failed equipment and parts arrive at the shop in transfer carts. Parts are removed

from the transport carts and placed in a decontamination area where high pressure spray or other

techniques are used to remove any loose contamination. After cleaning and decontamination,

components are moved to maintenance tables. Maintenance machinery and tools are used as needed.

The shop includes an overhead and a jib crane for material handling. A paint booth is also included.

11.3 Cost Bases, Assumptions, and Assessments

Major equipment capital cost items are milling, sanding, and lathe machinery and tools. Costs

for ali machinery and equipment including the cranes are based on industrial (nonradioactive)

applications.

• Estimated operating staff are shown in Table 11-1.

• Back-end facility capacities and unit costs are shown in Table 11-2.

11.4 Cost Summaries

Cost summaries for the cost modules are shown in Tables 11-3 and 11-4. Histograms for cost

versus capacity are given in Figures 11-1 and 11-2.
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Table 11-1. Estimated operating staff for back-end treatment facilities (cost module J).

Unit Small Medium Large
operation Description (FTE) (FFE) (FTE)

J-1 Warehouse/maintenance "/ 15 30

Total 7 15 30

Table 1 !-2. Capacities and cost information for treatment maintenance facility (cost module JL and
JA). a

Mod. Module "Facility Life Cycle Cos1Capacity Unit Cost Capacity Cap(Tot Vol) Unit Cost
Description ($x1000) (Ibs/hr) ($/Ib) (ft3/hr)(ft3xlO00) (S/ft3)

.J..L.........iT.r.e.a.t..m.e..n..t...M.a[ntismail i $36,887! 450i $1.02 4i 324i $113.85: .......... :........... _.................... I.................................... _......................... _........................ _....................... _................................ _...............................

JL iTreatment Maint. !Medium! $72,588i 6,235i $0.14i 56i 4,4891 $16.17
ii'[........iYi'_'_i'/i'_'ni'"_'ii'i_'i'i...........G".r.gle......i..........iiT3iTii_T....._"iiT2i6T:........ii6:'ii_'[............._ig[.............TiTT__ii............ii_"i:_i2
IJIK.......i?'ri'Ii/iiniiiiiIi: ...........TIroall.......i..............iIiI_Ii_T.............i16"........i;__i:ii...................i!.....................iiii ........ii"1_"Y:gi
IlK.......i%i'ii'fiiniiiiii: ...........]iiiiiI/ii ..............iIYIIi'iiT........iT£iii........ii6:"_"gi................iii ................i;iiii ............ii_"i1i_
i_".......iYii'i'i'm'ini'"ii'ini'£...........TITir6i......[..........iiTII;Yii_T.....i"'i1£i'6]........ii6.iT[............._"ii[T.......Ti]"6i[............ii1i1ii

a. Average desity used is 112 lbs/ft 3.
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Table 11-3. PLCC estimate summary LLW/LLMW treatment maintenance facility (cost module JL).

Corr.

component Cost l_ems Cost

($ z Ion0)

Small Medium Large

1.0 Stm:tiesand bench acJdet,-t cmta

1.1 Manpowercostsduring research $0 $0 50
1,2Equipment cosa $0 $0 $0
1.3 Installationcmu $0 $0 50

1.4 Projectmtmapmmt before dde I ( 10 q, of 1.1tbrouFb 1.3) $0 $0 $0
1.$ Cot_thsg*uc'f ( 25 % of 1.1through 1.4) $0 50 $0

Subtotal 1.0 $0 $0 $0

2.0 Demomm'stloa ev,v,,

2.1 Manpower costsdurlng demonstration $0 $0 50
2.2Desitmcost ( 30 % of 2.5) $0 $0 $0
2-3Inspection cost ( 7 %of 2.5) 50 $0 $0
2.4Project management ( 10 %of 2.5) 50 $0 $0
2.5 Construction omr

I 2.5.1 BuUdingsu'ucturecosts $0 $0 50i
, 2.5.2 Equipmentcosts $0 $0 50|
; 2.5-3 l_direct ( 29 %of 2.5.1& 22.2) $0 $0 50

C;ubtotalof 2.5 $0 $0 $0

2.6 Coustru_ion manasemmt costs ( 17.1% of 2.5) 50 $0 50
2.7 Manasemmt Reserve ( 10 % of 2..5) $0 50 50
2.8 ContinBency ( 23 %of 2.1 through2.'_) $0 50 $0

Subtotal 2.0 $0 $0 $0

3.0 _odtmtioa .f_aity ormt_ meta
3.1 Desisn cost ( 18 % of 3.4) $368 $596 $961
3.2 Inspection oost ( 7 % of 3.4) 5143 $232 5374
3.3 Projectmanagemmt ( 10% of3.4) $204 $331 $$34
3.4 Constructioncost

3.4.1 B,,,'lding su'no'nuccosts $720 $1.500 $3.0(Y)

3.4.2 EquJpmentorau $863 $1,065 $!.!38

3.4-3 [aditea ( 29% of 3.4.1& 3.4.2) 5459 $7.M $1.200
Subtotalof3.4 52,042 $3.309 $5.338

33 Construction mandgtmmt ( 17.1% 0f3.4) $349 5566 5913
3.6Managemalt Reserve ( 10 %of3.4) $204 $331 . $534
3.7 Contingency ( 25 % of 3.1 through3.5) $777 $1,259 $2,030

Subtotal3.0 $4,087 $6,624 $10.684

4.0 Openttiau Budpt Fmtded .zt_:ti_tiu (S4mSed. 7)
4.1 Conceptual de:i_,a ( 1.5% of 3.0) $61 $99 5160
4.2Safe',_jtutturatx_ ( 1% of3.0) $41 $66 $I07

4-3 NEPA pcrminmg($6 Mm for EaS,$I}vfi]Jfor EA) $0 $0 $0

4.4PreparadoDforoperlrious ( 100 %of 5,0) 51,498 $3.011 $5.740

4.5 Project Mana_mmt ( 10 % of 4.1 through4.4) $160 $318 $601
Subtoml4.0 $1,760 $3.494 $6.608

To_al laititl Cost (1.0,2.0,3.0 & 4.0) $5,S47 $10,tl! $17,292

$.0 Operating amd.mainmJa.,--.'-,,'---ta
5.1 A.n.nu_lopent_$_u $g80 $2.100 $4.200

5.2 Annual utili_ costs $7 $22 $41
5.3Az_uaJman:ria/cotut $I$ $45 $95

5.4 Annual maintainmce costs $196 $242 $256

5.5 Contingency ( 23% of 5.1 through5.4) $300 $602 $I.148
Subtotal5.0 $I,498 $3,011 $5.740

Total20yearO & M met (20timesSubtotal4.0) $29.%_ $60.220 $I14,800

6.0 Decontamination & Decotamissioum[t $1.080 $7..250 $4300

7.0 XOM IMo etde me,- (20_=n oV,=u_oa) ..........:3b, SS7 S72,_ tiwi92
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Table 11-4. PLCC estimate summary alpha-LLW/LLMW treatment maintenance facility (a3st

module JA).

Cost

oomponeut Cost Items Cost

($•tooo)
Small Medium Larse

1.0 Studies and beach scale test emtt

1.1 Manpower costs d_ingresearch $0 50 $0

1"2 Equipment com $0 50 $0
1.3 Installation ainu $0 S0 $0

1.4 Project mana_ment befoee title I ( 10%ofl.l throuLzh1.3) $0 $0 $0

1J Coatinpucy ( 25 q, of 1.1 through 1.4) $0 $0 $0
Subtotal 1.0 $0 $0 $0

2.0 Demoustrntlou emts

2.1 Manpower cmu durinB demouswatiou $0 $0 $0

2"2 Design cost ( 30 % of 2.5) $0 $0 $0

2.3 Inspection cost ( 7 al, of 2.5) $0 $0 $0

2.4 Project management ( I0 _ of 2.5) $0 $0 $0
2.5 Coastruaio. enst

2.5.1 Bm]ding scruc_re cmu $0 $0 $0

2.5.2 Equipment omit $0 $0 $0
2.5.3 I_dlrea ( 29 % of 2.5.1 & 2.$'2) $0 $0 $0

SubtotaJ of 2.$ $0 $0 $0

2.6 Cons_rt_tiou management _tu ( 17.1% of 2.5) $0 $0 $0

2.7 Management Reserve ( 10 q, of 2.5) S0 $0 $0
2.8 Contingency ( 25 _ of 2.1 throu_ 2.7) S0 S0 $0

SubtotaJ 2,0 $0 $0 $0

3.0 Productiou fiu:flJ_ m_u_ cxnu

3.1 Design cost ( 25 % of 3.4) $1,080 $1,755 53,956
3.2 I_speclion cost ( 7 % of 3.4) $302 $491 $1,I08
3.3 Project management ( l0 % of 3.4) $432 $702 $1.582
3.4 Construction enst

, 3.4.1 Building strtumire cotu $1,260 $2,550 $5.100

3.4.2 Equipment orau $2,087 $?,892 $7,167

3.4.3 Indite,ez ( 29 % of 3.4.1 & 3.4.2) $971 $1.578 $3.557
Subto_t] of 3,4 $4.318 $7,020 $15.824

3.5 Construction management ( 17.1% of 3.4) $738 $1.200 $L706

3.6 Maaagnment Reserve ( 10 % of 3.4) $432 $702 $1.582

3.7 Contingency ( 25 % of 3.1 _u'ough 3.5) $1,718 $2.79"2 $6.294
Subtotal 3.0 $9,020 $14,662 $33,052

4.0 Ol_eratkau Budget l_,,,,,4ed ActJvithm (See Sect. 7)

4.1 Conceptual design ( 1.5 % of 3.0_ $135 $220 5496

4.2 Safety a,uram:e ( I qk of 3.0) $90 $147 $331

4.3 NEPA perminmg($ 6 Mill for EI$, $1 Mill foe EA) $0 $0 S0

4,4 Preparation for operations ( 100 % of 5.0) $1,285 $2.588 $5.499

4.$ Project Management ( 10%of4.1 through 4.4) $151 $296 $633
Subtotal 4.0 $1,061 $3,251 $6.959

TolaJ Initial Coat (!.9,2.0,3.0 & 4.0) $10,681 $17,913 $40,0t 1

5.0 Operatiag sad mahstamemm _t8
5.1 AnnuaJ operaanga_u 5560 $1,400 $2,800
5.2 Annual utility omts $8 $18 $36

$.3 Annual material oosU $12 $36 $75

5.4 Azmual maintainenoe axa $44_ $616 $1.4S8

5.5 Contingency ( 25 _, of $.1 mrough $.4) $2S'/ $318 S1.100

$ubtoUd 5.0 • $1,285 12.58,8 $$.499
TotaJ 20 year O & M omr (20 timesSubto_ 5.0) $25,700 $3 l.TriO $109,9_0

6.0 Decontamination & Decoumfissiouini; $I 310 53.375 56,750

7.0 ROM Lifo cycle cosla (20 yemnJ openttiou) $38,091 $73,04_ $156,741
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Figure 11-1. Co_ versus capacity histogram for LLW/LLMW shredding and compaction facility

(cost module JL).
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12. STORAGE FRONT-END/BACK-END SUPPORT FACILITY
(COST MODULE K)

i

12.1 Basic Information

The storage front-end/back-end support facility is used in conjunction with the storage facilities
(cost modules L, M, and N) and supply ali the necessary accommodations for storing LLW, LLMW,
alpha-LLW/LLMW, and TRUW. The facilities combine receiving/inspection operations with
administration, laboratory functions, and shipping/unloading capabilities similar to those outlined in
Sections 3, 2, and 10, respectively. Unit operations are given in Figure 12-1.

12.2 Technical Bases and Requirements

12.2,1 Functional and Operational Description

Containers arrive on a transport vehicle and are unloaded using a forklift or overhead bridge
crane, and placed in a staging area. The containers are visually examined, labeled, logged, recorded,
and sent to inspection and assay. At the inspection/assay operation, the category of the received
waste is verified against the results obtained from the back-end treatment facility. After inspection,
the containers are moved to a storage area (refer to Section 13). The front-end/back-end facility is
also used for shipping and loading containers that are ready for transport to disposal facilities.

The technical bases and requirements for storage front-end/back-end support facilities are the
same as outlined in Sections 2, 3, 10, and Appendix A, except that the assay/inspection and
certification functions are for verification purposes only. In addition, the storage front-end/back-end
support facility is equipped with a computer inventory system that tracks the incoming and outgoing
waste, as well as types of sampling and analysis that may be performed at the staging area
(nondestructive) or the laboratory. Secondary waste generated from sampling activities is treated and
packaged.

12.2.2 Facility Integration

Facility input includes vehicles that carry waste from the treatment facility or forklift trucks that
carry waste containers from storage areas (cost modules, L, M, and N in Section 13). Facility output
includes containerized LLW, alpha-LLW/LLMW, TRUW, or LLMW, which is transferred to the
storage bays or loaded onto trucks in containers for transport to disposal sites.

12.3 Cost Bases, Assumptions, and Assessments

General cost bases and assumptions are given in Appendix A. Facility specific items are
discussed below.
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• Estimated operating staff are shown in Table 12-1. Staffing levels were estimated based

on the number of personnel required to support approximately 10 separate support

functions as identified in Appendix A. Storage front-end/back-end supoort staffing levels
were also compared to disposal front-end facilities based on data obtained for the Illinois

LLW Disposal Facility. 7

• Major equipment capital cost items for this facility are the laboratory analytical equipment
and overhead bridge crane.

• An allowance is made for the analytical instruments and components needed for a mixed

waste laboratory. Mixed waste laboratory vendors have been consulted to ensure that the

laboratory allowance is adequate. The crane cost is estimated based on vendor quotes.

• Small, medium, and large facility capacities and unit costs are shown in Table 12-2.

Tab!_ 12-1. Estimated operating staff for storage support facilities (cost module K).

Unit Small Medium Large

operation Description (FTE) (FTE) (FTE)

K- 1 Administration 11 23 38

K-2 Loading and unloading 4 16 32

K-3 Testing laboratory 4 12 24

K-4 Inspect and assay 2 6 12

K-5 Truck inspection and 1 2 4
washout

K-6 Site access 1 2 ..A4

Total 23 61 114

Table 12-2. Capacities and unit cost information for storage front-end and/back-end facility (cost

module K). a

Module Module Facility Life Cycle Cost Capacity Unit CostCapacity;Cap(Tot Vol) Unit Cost
Description ($x1000) (Ibs/hr) ($/Ib) (ft3/hr)(ft3xl000) (S/ft3)

..K...................i.S..!..o..r...a..g.e...su.p.p..o.r.t......LS..m.a!._...............i.............$..L5..5..,...0...7....3.-.i.i.........5_6..9.-........$...3.....4..3.i....................5..i.........................4....0...3..i........$..3...8.4...6...!..

..K...................i.S..!o.r.a.g.e....s.u.p..p...o..r.t......i...M.ed..!.u._.........i.............$...3..!..9...,.9...9...7.i............3..&6...0.k........$..!.-.!..8.i...............3....0..i....................2...:.4.!.9..[........$..!..3....2....2....7,
K !Storage support iLarge { $611,1281 9744i $0.781 87i 7,016i $87.11

a. Average density used is 112 lbs/ft 3.
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12.4 Cost Summaries

Cost summaries for the storage front-end/back-end support cost module are shown in
Table 12-3. A histogram of the cost data is shown in Figure 12-2.

Staffing levels reflect waste input (unload and inspection) and waste output
(certification/shipping) throughput requirements. For a large facility, staffing levels could support,
as an example, 20 drums/hour input in addition to 20 drums/hour as output.

94



Table 12-3. PLCC estimate summary for storage front-end/back-end support facility (cost

module K).

Cost

component Cost Items Cost

($ x t000)

Small Medium Larse

1.0 Studies and beach mule test ,,,Mt,

1.1 Manp_ver costs duringresearch 50 50 50

1.2 Equipment costs $0 10 $0
1.3 InstaUation msu $0 $0 $0

1.4 Project managemmt before tide I ( 10 q, of 1.1 through 1.3) $0 $0 $0

1.5 Contingency ( 25 % of 1.1 throu_ 1.4) 50 $0 SO

Subtotal 1.0 50 $0 $0

2.0 Demomm_. doa emta

2.1 Manpower cosu during demonstration $0 $0 50

2.2 Design cost ( 30 % of 2.5) 50 $0 50

2.3 l.nspe_ion eosz ( 7 _, of 2_) $0 $0 $0

2.4 Project managemmt ( 10 % of 2.5) $0 $0 $0
2.5 Construction cost

2.5.1 Building strucnue orau $0 $0 50

2.5.2 Equipment oosu $0 $0 $0

2.5.3 Indirect ( 29 % of 2..5.1& 2.5.2) $0 $0 $0
Subtotal of 2.5 $0 $0 $0

2.6 Construction management costs ( 17.1% of 2.5) $0 $0 $0

2.7 Managemmt Relerve ( 10 % of 2.5) $0 50 $0

2.8ContinKency ( 25 q$of 2.1 thrOUl;b 2.7) $0 $0 $0
Subtotal 2.0 $0 $0 $0

3.0 l'rodm:_ou fac_it 7 eo_Q'_:fioa costs

3.1 Desi_ ornl ( 18 _ of 3.4) $2.,207 $:3.078 $5.705
3.2 Inspection ota| ( 7 % of 3.4) 1858 $1,197 $2.219

3.3 Project management ( 10 qo of 3.4) $1.226 $1.710 $3.169
3.4 Coustructioa oost

3.4.1 Buildin$ structure orau $2.534 $4,496 $9.662
3.4.2 Equipment omts $6.972 $6358 $14.706

3.4.3 Indirect ( 29 % of 3.4.1 & 3.4.2) $2.757 $3.844 $7,125
Subtotal of3.4 $12.263 $17.098 $31.693

3.5 Construc_on management ( 17.1 qt of 3.4) $2,097 $7.,924 $3.420

3.6 Management Reserve ( 10 % of 3.4) $1,226 $1.710 $3.169

3.7Contingency ( 25 % of3.1dxroul_z3.5) $4.663 $6.502 ' $12,052
Subtotal 3.0 $24.540 $34.219 $63,427

4.0 Operatiou B,,,4_et Pmsded Activitiea (54m Sect. 7)
4.1 Convepmaldesign ( I-5_ of 3.0) $368 $513 $951

4.2Safetyassurance ( 1% of 3,0) $245 $342 $634

4.3 NEPA perminmg($ 6 _ forEIS,$I MIllforEA) $0 $0 $0

4.4 Preparation for operations ( 100 % of 5.0) $5.919 $13.075 $24,995

4.5 ProjectManagement ( 10 _ of 4.1thtou$b4.4) $653 $1.393 $2.658

SubtotaJ4.0 $7,165 $15.323 $29.238

Total Initial Cost (1.0,2_,3.0 & 4.0) $31,725 $49,.$42 $92,66_q

5.0 Operating sad mliataineaee emta
5.1 AxmuaJ operaUag cmu $3.220 $8.540 $15.960
52 Annual utility costs $20 $39 $67

5.3 Annual materi_d cmu $129 $140 $1.037

5.4AnnuaJ maintainence co_u $1.366 $1.741 $2.932

5-5Contingency ( 25 % of._.lthrousb5.4) $1.1_M $2.615 $4,999

Subtotai 5.0 $5,919 $13.075 $24.995
To_ 20 yearO & M cost(20 timesSub_tal 5.0) $116.380 $261-500 $499.900

6.0 Detour.ruination &Decommtssioning $4,96_ $8.955 $16.563

7.0 ROM IMo cycle ecata(20 yeus's operatioa) $1£5,073 $319,997 $611,128
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Figure 12-2. Cost versuscapacityhistogramfor storage front-end/back-endsupport facilities(cost
module K).
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13. LLW/LLMW, ALPHA-LLW/LLMW, AND TRUW STORAGE FACILITY
(COST MODULES L, M, N)

13.1 Basic Information

Cost module L is for LLW storage, M is for alpha-LLW/LLMW and TRUW storage, and N is
for LLMW storage. At a PLCC level estimate, there is no significant difference in the cost of the
three types of facil;,ties. Therefore, only one PLCC estimate is generated for the three types of
facilities. Er.ch facility should be used in conjunction with the storage front-end/back-end support

facility (see cost module K) or as an addition to an existing facility where similar functions are already ._
available. Unit operations are given in Figure 12-1.

The facility consists of three unit operations. Waste that arrives from the assay/inspection is
stored at a specified location. The facility is equipped with a cleanup unit operation for responding
to potential spills. The facility also has permanent monitoring capabilities to ensure the integrity of
the stored waste containers.

13.2 Technical Bases and Assumptions

13.2.1 Functiona!and Operational Description

The storage areas include features such as spill collection and a combination of sloping floors
and sumps that achieve compliance with the storage requirements of the Resource Conservation and
Recovery Act (RCRA). Designated storage areas are separated by 6-in. high (minimum) concrete
berms that extend the length of the storage bays. In bays located along the outside walls, floors slope
to the rear of the facility. Floors in the remainder of the bays are sloped to the center. Area
monitors are included for both gamma and alpha radiation control.

13.2.2 Facilities Inteyration

Facility interfaces include packaged waste to and from the staging and/or assay/inspection area
at the storage front-end/back-end support facility (cost module K).

13.3 Cost Bases, Assumptions, and Assessments

General cost bases and assumptions are given in Appendix A. Facility specific items are
discussed below.

• The storage capacity has been sized to handle up to 20 years worth of waste input from
treatment facilities prior to any waste being released for disposal.

• This cost module includes no major equipment capital cost items.

° Estimated operating staff are shown in Table 13-1.
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Table 13-1. Estimated operating staff for storage areas (modules L, M, and N).

Unit Small Medium Large
operation Descnption (FTE) (FTE) (FTE)

LMN-1 Spill clean-up 0 0 0

LMN-2 Piace in storage 2 5 10

LMN-3 Monitoring 2 2 3

Total 4 7 13

• The storage building is the only major (cost) element, which in turn, is dependent upon
the size of the facility. Accordingly, a preconceptual design of the storage building with
concrete walls and concrete roof was developed for each storage facility size (small,
medium, and large). These designs were used to generate an estimate.

• Small, medium, and large facility capacities and unit costs are shown in Table 13-2.

Table 13-2. Capacities and cost information for storage facility (cost module L, M, and N). a

Module i Module Facility L..ifeCycle Cost Capacity Unit Cost Capacity .Cap(Tot Vol) Unit Cost...
Description ($x1000) (Ibs/hr) ($/Ib) (ft3/hr) _ft3xl000) (S/ft3)

' w v I

L,M.N iStorage !Small i $51,856i 560i $1.15i 51 403i $128.61..................... • ............................................ - ........................... • ...................................... - ....................... .g........................ • ...................... ;................................... ; ..............................

L,M.N iStorage !Medium i $99,8471 1232i $1.01i 11i 8871 $112.56

a. Average density used is 112 lbs/ft 3.

13.4 Cost Summaries

Cost summaries for the LLW/LLMW, aipha-LLW/LLMW, and TRUW storage cost modules

are shown in Table 13-3. A histogram of the costs is shown in Figure 13-1.
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Table 13.3. PLCC estimate summary for LLW/LLMW, alpha-LLW/LLMW, and TRUW facility
(cost modules L, M, and N).

Cost

coutponmt Coat Items Cost

($• l_)
Small Medium l.._rse

1.0 Studies and bench stalls test aosu

1,1 Maopowor costs duri- 8 research 50 SO $0
1.2 EquJpmmt costs SO S0 l0
1.3 lastallauon c,)su 10 $0 50

1.4 Pro 8. manaSament he,sri till* II ( 10 % _" i.1 tbroul_ 1.1) 50 50 50

13 Coofin|aa_ ( _ % st ll.l tl_oush 1.4) $0 $0 SO
Subtoud |.0 SO 10 50

2.0 Domouttrafiou costs

2.1 Maopowarcosts duliall demou_tratioo $0 50 'LO
2.2 Desilm c'_st ( 30 % _ 2.5) 50 $0 S0

2.3 tml_CdOU c_t ( 7 % c_2.5) 10 $0 SO

2.4 Project mans8m_ont ( It) % o(2.5) 10 10 $0
2.5 Coustrucfioo cost

2.5.1 BuUdLn! straclmm cos. SO $0 $0

2..5.2 Equipment costs $0 $0 $0

23.3 indirect ( 29 '_ o( 2.5.1 _ 2.52) $0 $0 $0
Subtotal st 2..5 $0 $0 $0

2.6 Comtructioo maaalmmeot cmu ( 17.1% at"2.5) 50 50 50
2.7 Msn'8"aaot Re_erva ( 10 % c(2.5) $0 $0 $0

2.S CootiaSaOCy ( 23 "_ _ 2.1 tkrou_ 2.7) S0 $0 |0
Subtotal 2.0 $0 50 50

3.0 Productioo facility couStrucfioo costs

3.1 Desi_ cost ALLOWANCE 525v $230 $1.000
3.2 l_pmction cost ( 7 % st' 3.4) $1.031 11,975 19.155
3.3 Proiact mans8emaut ( 10 % o(3.4) $1.473 12J21 $13.07 a

3.4 Comtructioo cost

3.4.1 Builc_ structure coso $11.213 121,478 $100.6118

3.4.2 Equipmmt costs I209 $3419 1763
3.4.3 ladimct ( 29 % _ 3.4.1 & 3.4.2) $ !.312 16..341 529.400

Subtouslc/' 5.4 $14.73,1 $2S.20_ $130,781

3.5 Comtructioo mona romans ( 17.1% ct 3.4) 12.520 $4.1124 $22.364

5,6 Msnagamsot Reserve ( l0 % o(5.4) SI,475 $2J!21 113.078

3.7 Coutlaaaocy ( 25 % o( 3.1 tluoul_h 33) JLS.0O2 19320 544,093
Subtotal 5,0 $26.4_13 1.50.419 $235.551

4.0 Oper_tio,',, Buu_¢ Fuaded Acthiti,8 (So, Sect. 7)
4.1 Cooceptual dosi_m ( 1.5 % d 3.0) $39/ $'756 $5.503

4.2 St/'ary es_unoc_ ( 1% o(3.0) $2.6.$ 1504 12.336
4.3 NEPA psra_tln_l ($ 6 Mill for EIS. li MU]for E.A) $0 10 $0

4.4 Pre.ration for op, mtLoos ( 100 % e_ .$.0) $1XM $1,.1_ 12.790
4.5 Project Msn-Sa_aeot ( lO % Oi'4.1 th/'O_ 4.4) $|47 1264 $86J

Subsets14.0 $ II.615 12,904 $9.492

"1"atollLuJtiaJCost (I.0.2.0..3.0 • 4.0) $28.096 $55,32"7 $243.043

5.0 Opersti_ll , and u-,iateiaeuce costs
5.1 Annual oporlmall cosu_. • _L56_ $980 51.820
5.2 Aaa_ll ut_ky costs $2 $4 iii,
5.3 Anouall mstwial cosu Sxq $70 $320

5.4 Aaauall mmia,.ia*oce costs • 546 _3 5/,.t

5.5 Cootmaaocy ( _ % c/'-5.1 throulth 5.4) S161 527"7 1558
Subtotal .5,0 $_ $II_ $2,790
TO|_ 20 y_lt 0 & M cOst (20 limes Subtotal .5.0) $16.0_0 1_.6JI0 $55.S00

6,0 Decontamination & D,c_io_ $7.0_0 $18.J40 $107.040

7.0 ReM LUre c'ycl* costs (20 yosn opmmdoo) $51.8,56 .....$_,147 $405.M3
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storagefacilities(cost modulesL, M, and N).



14. DISPOSAL FRONT-END SUPPORT FACILITY (COST MODULE O)

14.1 Basic Information

The disposal front-end support facility is used in conjunction with the disposal facilities (cost
modules P and Q) and provides ali the necessary common functions for disposal of alpha-
LLW/LLMW and LLW/LLMW. The disposal front-end support facility unit operations include truck
loading/unloading areas, administrative offices, analytical laboratory facilities, and truck inspection and
washdowns. Unit operations are given in Figure 14-1. In addition to small, medium, and large size
facility, a minimum size disposal facility is estimated. The minimum size capacity is provided as a
lower bound for the smallest economical engineering d_igned facility.

14.2 Technical Bases and Assumptions

14.2.1 Functional and Operational Description

Ali containers that arrive at the disposal front-end support facility are assumed to be 55-gal
drums. The drums arrive in a transport vehicle, are unloaded using a forklift or overhead bridge
crane, and placed in a staging area. The containers are visuallyexamined, labeled, logged, recorded,
and sent to inspection and assay. At the inspection/assay unit, the category of the received waste is
verified against the results obtained from the back-end treatment and/or storage facilities. After
inspection, the drums are sent to the disposal facility (modules P or Q).

The technical bases and requirements for ali disposal front-end support facilities are also the
same as those outlined in Sections 2, 3, and 10,and Appendix A, except that the assay/inspection and
certification functions are for verification purposes only.

14.2.2 Facility Integration

Facility input includes trucks containing packaged waste from either the treatment or storage
facilities. O&M consumables including personal protective equipment must be purchased. Facility
output consists of drums that are transferred to the disposal facilities.

14.3 Cost Bases, Assumptions, and Assessments

General cost bases and assumptions are given in Appendix A. Facility-specific items are
discussed below.

• Major equipment and facility cost items for this facility are based on data obtained from
the Illinois LLW Disposal Facility.7

° Estimated operating staff are shown in Table 14-1. Staffing levels were estimated based
on the number of personnel required to support approximately 10 separate support
functions as identified in Appendix A. Staffing levels also based on the data obtained from
the Illinois LLW Disposal Facility (License Agreement, 1991).7
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Table 14-1. Estimated operating staff for disposal front-end facility (cost module 0).

Unit Minimum Small Medium Large

operation Description (FTE) (FTE) (FTE) (FTE)

O-1 Warehouse and maintenance 1 3 3 6

0-2 Administration/technical 5 24 35 50

0-3 Testing laboratory 2 7 10 15

0-4 Site access 4 12 18 31

0-5 Truck inspection and washout 2 6 6 12

0-6 Unload/stage 1 6 9 12

0-7 Inspect and assay 3 4 6 12

0-8 Utility and mechanical 1 2 2 3

0-9 Electrical substation O O O O

Total 19 64 89 141

° A $1 million allowance is made for the analytical instruments and components needed for

a mixed-waste laboratory. Mixed-waste laboratory vendors have been ca}nsulted to ensure

that the laboratory allowance is adequate. The crane cost is estimated based on vendor
quotes.

° Minimum, small, medium, and large facility capacities and unit costs are shown in
Table 14-2.

Table 14-2. Capacities and cost information for disposal front-end facility (cost module 0). a

Module Module Facility LifeilCycleCost Capacity Unit Cost Capacity Cap(Tot Vol) Unit Cost
Description ($x1000) (Ibs/hr) ($/Ib) (ft3/hr)(ft3xlO00) (S/ft3) ....

o _.!_p..o.._._!...S__ip_..o..r._....].M._._._.m......i..............,..1.._.9..,Z.0.._i.............._._.._i.........,...8.....8...4..!....................2..i........................_..6..1..i........,...9.9...o...._
_00_ Oisp..osalSupport iSmail i $328,1041 1624i $2.51i 14.5i 1,169i $280.60iSis_os'_i"_6_b'.'iori-i_i'?m"........i............:$;i._'i'"/_;'Y'i7.........._"i_,"_T......."_,':'i";'6"_di..............._/'_;..................._';'_'_'9i......./g":l":i"_i"2"_"_
I0 _isi_os_/i"B'_i_boiV']La'i"g_.............i............igis'_'f;_'i:;'"f].......T'_i_'5"2i.......:i'_':'g'_j............t"_'"i'i...................tgif"_'fi..........ti'Y_T_,"3

a. Average density used is 112 lbs/ft 3.

14.4 Cost Summaries

Cost summaries for the disposal front-end support facility is shown in Table 14-3. A histogram
for cost versus capacity is given in Figure 14-2.
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Table 14-3. PLCC estimate summaryfor disposal common support facility (cost module 0).

Cost

component Cmt Items Cmt

(S• :ooo)
NO,mlmgm Sm_ll MedJl_ La_e

t.0 Studios slid bolich scale test coats

l.l Manpower costs durin_ rautarcb $0 50 $0 $0
1.2Equipmmt costs 50 $0 $0 $0

1.3 lmtaUa6ou costs $0 10 SO $0

1.4 Project manal,-'-oot before title i ( 10 % _" 1.1 throush 1.3) $0 10 50 $0

1.5 Conllnttency ( _ % of l.lt_ou_ 1.4) $0 10 50 $0

Subtotal 1.0 $0 $0 $0 $0

2.0 DemonJtystioo costs

2.1 Manpower costs durintt demomtratlon 50 $0 50 50

2.2 Desifm cost ( 30 % o4"2.5) $0 $0 10 $0

2.3 In_l:mc_on cost ( 7 %o(2.5) $0 $0 $0 $0

2.4 Project manasa_ent ( 10 % o(2.5) $0 10 $0 10
2.3 Con_tp.tction cost

2.5.1 Buildin B structure costs 50 $0 50 50
2.5.2 Eqttipmmt costs 10 10 50 $0

2.5.3 Indirect ( 20 % o( 2.5.1 & 2.5.2) 10 50 $0 $0
Subtotal _ 2.5 $0 10 SO $0

2.6 Constructiou manatwm_,ot costs ( 17.1% o4'2.5) $0 $0 50 $0

2.7 Msnatlemeot Reserve ( l0 % _ 2.5) $0 $0 $0 50
2.8 CoutinSeocy ( 25 % _ 2.1 through 2.7) $0 $0 $0 $0

Subtotal 2.0 $0 $0 $0 $0

3.0 Production fmclJi_construction costa
3.1 Design cost ( 18 % o(3.4) 13.659 $3,650 $4.567 17.626
3.2 Lo.tpecuon cost _ 7 % cd"3.4) $1.423 $1.423 $1.7"76 $2.966
3.3 Project mmnaSemoot ( 10 % _ 3.4) $2.033 $2.033 $2.537 $4.237
3.4 Colistrucfioo COSt

3.4.1 B-;Idin 8 struct'uro costs 19.872 $0,872 $ l I .q78 S21.430
3.4.2 Eqmpmmt costs $$.&M $5JIM S7.6419 $11.402

3.4.3 Indirect ( 29 % o( 3.4.1 & 3.4.2) $4,$70 $4..570 $5.703 $0.524
Subtotal 0(3.4 $20330 $20.330 $2.5.370 $42.365

3.5 Construction manapmerq ( 17.1% o(3.4) $3.476 $3.476 $4.338 $?.244
3.6 MsuaS-,'-eut Reserve ( lO % _ 3.4) 12.033 $2.033 $2.537 $4.237

3.7 Coot;"xeocy ( 2.5 % _" 3.1 tl_ouLtb 3.5) 17.730 $7,730 S9.647 $1OA 10
Subtotal 3.0 $40.684 $40.M4 $30.7/2 $84.78.5

4.0 Operations Budset Ptmdebd Acth, ldea (See Sect. 7)

4.1 Conceptual desiFn ( 1.5 % o1"3.0] $610 1610 $762 $1.272

4.2 St/'ety sssuntnc0 ( 1% o(3.0) $407 1407 _k.508 1S4&

4.3NEPA pe_ 8($ 6 Mta forEIS.$I MillforEA) $6,000 $6,000 $6.000 $0.000

4.4 Preptrttioufor opontdoo.s ( 100 % _" S.0) $$_21 $13.202 $18.066 $7J.470

4.5 Project Mtnallemeot ( l0 % (d"4.1 tbrouBh 4.4) $1_24 12,022 $2.534 $3,630
Subtotal 4.0 $13.462 $22.241 $27.870 S40.249

Total bxitisd Cost (1.0.2.0.3.0 & 4.0) $54,146 $62.97.5 $7|.042 $123,034

S,0 Openttin8 aud maintaineoce costs
5.1 Annual opmra"n 8 costs 52.660 SS.g_O 512.460 519.740

5.2Anaual ufilh'ycosts $1 $6 $ lO 140
$.3AJ_nu.almaterial costs $282 $3_2 $3_2 $605

$.4 Annual maintmi_euce costs' $ 1.234 $1.234 $1.612 $2.3412

5.5 Cont;nsency - ( 25 % _' 5.1 tl:u'ouShS.4) $1.044 12.640 $3,613 $5,694
Subsets I5.0 $,5.221 $13202 $18,060 $28.470
Total 20 yltr O & M co6t (20 times Subtotal 5.03 $104.420 $264.040 $361.320 $$69,400

6.0 Decontamination & D*comnau*ic_in4_ $1,139 $1.139 $1.609 $2.$73

....

7.0 ReM Life e,/_le coats (20 ylmn operatioli) $159,705 $328,104 $441_71 S697,0ff7
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Figure 14-2. Cost versus capacity histogram for disposal front-end facility (cost module 0).
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15. ENGINEERED DISPOSAL FACILITIES
(COST MODULES P AND Q)

15.1 Basic Information

The engineer,_d disposal facilities should be used in conjunction with the front-end support
facility (see cost module O) or as an addition to existing facilities where similar functions are already
available. The facility consists of engineered disposal units that are based on the Illinois LLW
disposal facilityb design, shown in Figure 5-1, which uses an earth mound concrete cell concept. 7
Engineered disposal facilities for radioactive (non-RCRA) waste and mixed (RCRA) waste are
essentially the same with the exception that a mixed waste disposal unit has a double leachate
collection system in compliance with the RCRA requirements. Cost module P is applicable to non-
RCRA waste (LLW and alpha-LLW) while cost module Q is for RCRA mixed waste (LLMW and
alpha-LLMW). Unit operations for both types of facilities are given in Figure 15-2.

The unit operations include receiving the inspected drums from the front-end facility, placing
the drums into concrete canisters, and constructing the disposal units that will house incoming
concrete waste canisters. Disposal unit construction includes foundation and monitoring system,
concrete vaults, and earth-mound covers. Construction of the facilities is intended to be a continuous

process concurrent with the placement of the canisters. Both disposal facilities (cost modules P
and Q) are designed for long-term endurance and monitoring. In addition, the mixed waste disposal
facility (module Q) is designed to meet RCRA standards and is equipped with a secondary lcachate
collection system.

15.2 Technical Bases and Assumptions

15.2.1 Functional and Operational Description

The drums received from the disposal front-end support facility are packaged into concrete
canisters that are then sealed with grout. The canisters are transported to the disposal units for
placement. Each disposal unit is comprised of a double row of concrete cells with an access aisle
between the two rows. Concrete canisters that arrive from the packaging area are placed in a cell
via crane or forklift in the access aisle and stacked three canisters high. Once the cell is full, it is
backfilled with a sandy material and sealed with concrete. A concrete cover is concurrently
constructed over the sealed cells.

The cells are capped with an earth mound layer that is engineered to withstand long-term
environmental and weathering effects. The layered cap consists of sandy drain layers placed directly
over the cells, an impervious clay layer, a high density polyethylene (HDPE) liner, and another drain
layer to deter seepage into the cells. The top layer consists of either subsoil and vegetative material
or subsoil, bedding, and riprap. The monitoring system includes sensors that will detect any leakage
from the cells.

b. Information obtained from Illinois Low-Level Radioactive Waste Disposal Facility, Executive
Summary.
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The D&D includes facility demolition and the disposal unit maintenance. Disposal unit
maintenance is planned in two stages, each with two substages: short-term maintenance comprised
of closure and post-closure periods and long-term maintenance, which consists of active institutional
care and passive institutional care.

Closure activities take piace during the first 2 years after the facility ceases to accept waste.
Closure includes decontamination of the facilities, initial demolition of buildings, site development,
closure of the cells, site remediation, and monitoring of the cell performance and groundwater. Years
1 through 10 after the facility ceases to accept waste are designated as the post-closure period.
During this period monitoring of the groundwater and cell performance will continue, as well as site
remediation and development.

Active institutional care is planned for 11 to 100 years following the post-closure period. During
this stage, any buildings not previously demolished are torn down and ali site services are removed,
in addition to ongoing monitoring activities from post-closure. The last stage, passive institutional
care, extends from 101 to 300 years after the facility ceases to accept waste. Passive institutional care
includes closure of the center aisles of the vaults, completion of the earth mound caps and site
grading, removal of the retention ponds and retaining walls, and installation of passive drains. Long-
term maintenance is discontinued after 300 years.

15.2.2 Facility Integration

Input interfaces include waste drums delivered from the front-end facility (refer to cost
module O). O&M consumables including empty concrete canisters, grout, sand, and personnel
protective equipment must be purchased. The facility is intended for permanent disposal of the waste

t and designed for long-term maintenance and monitoring as described above. No facility output is
I anticipated for a lengthy time period (at least 300 years).

15.3 Cost Bases, Assumptions, and Assessments

General cost bases and assumptions are given in Appendix A. Facility-specific items are
discussed below.

• Major equipment capital cost items are a forklift and a crane for placement of the drums
into canisters andplacement of filledcanisters into the concrete cells. Costs for these items
are based on vendor quotes.

• Estimated operating staff are shown in Table 15-1. This staffing is based on dataobtained
from the Illinois LLW Disposal Facility7 and a DOE conceptual design report
(DOE/LLW-60T, 1987).8

• Construction of the disposal units is a major cost item. A preconceptual design of one
disposal unit that applies to ali facilities, including concrete cells and cover design, was
developed based on the design of the Illinois LLW Disposal Facility.A unit cost per cell
was developed based on data from the Illinois facility, and an estimate was generated
according to the rate of incoming waste and number of cells required for each small,
medium, and large facility.
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Table 15-I. Estimated operating staff for disposal facility (cost modules P and Q).

Unit Minimum Small Medium Large
operation Description (FTE) (FTE) (FTE) (FTE)

• ii

P-l/Q-1 Transport to disposal units 1 2 3 3

P-2/Q-2 Prepare and excavate disposal cell 0 0 0 0

P-3/Q-3 Construct concrete vault 0 0 0 0

P4/Q-4 Piace monitoring system 0 0 0 0

P-5/Q-5 Place waste in disposal cell 2 9 9 18

P-6/Q-6 Place cell cap 0 0 0 0

P-7/Q-7 Monitor 1 2 2 4

P-8/Q-8 Collect and monitor storm water 1 2 2 4

Q-9 Construct leachate collect system 0 0 0 0

P-9/Q-10 Grout plant 5 8 8 16

P-10/Q-11 Treat secondary waste 1 2 3 4

P-II/Q-12 Piace in canister--grout and seal 4 15 15 30

P-12/Q-13 Inspect certify 1 4 4 8

P-13/Q-14 Temporary storage ..Q O O ..Q

Total 16 41 61 90

• Minimum small, medium, and large facility capacities and unit costs are shown '-_

Table 15-2. Minimum size capacity is provided as a lower bound for the smallest

economical engineering designed facility.

• Estimates are based on a disposal facility in accordance with NRC criteria, but a NRC
license is not assumed.

Table 15-2. Capacities and cost information for engineering disposal facility (cost module P and Q).

Module Module Facility Life Cycle Cost Capacity Unit CostrCapacityCap(Tot Vol) Unit Cost
Description ($x1000) (Ibs/.hr) ($/Ib) !(ft3/hr) (ft3xl000) (S/ft3)

P Engr. Dis.p.osal !Minimum i $327,121i 224{ $18.111 2i 161i$2,028.28
P
P ..E.ngr.'....D.!.sp.°sa!...........i..M..ed..!.um.........i.............$..8...8..6...,.5...0...6.1............5...!..5....2._........$..2...:..1..3..i...............4.6..i...................3...:.7.0.9..i........$.2.3...8..,.9...9.
P .E..ng.r,D.!.sp,o.s.a.!..........-L.ar.g.e..........!.......$...2,.1..4.6...,...36...0.-......1....3...5...5..2..".........$..1_:9...6..i............1...2..1.i...................9...,7.5...7.......$...2...1.9......97,"
Q-RCP_ Engr. Disposal iMinimum i $334,3281 224i $18,511 2i 161!$2,072.97........................................... •............................. *....................................... o ....................... ._........................ _...................... _................................... • ..............................

Q-RCRA Engr. Disposal !Small i $495,628! 1624:. $3,781 14.5! 1,1 69i $423.87
Q-RCRA ...........i#i;  iium........]............ .........5"i"52T....... .........................................
Q-RCRA Eng'r:"13isi_osai...........]l"aige .............i.......$2i:i68";82'7[ ......:'i"3"'5'52i .......$ :'i":98!............i2"i] ...................9;":)57i .......$222:27
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15.4 Cost Summarles

General cost summaries for the engineered disposal facilities are shown in Tables 15-3 and 15-4.
Histograms for cost versus capacity are given in Figures 15-3 and 15-4.

Table 15-3. PLCC estimate summaryfor alpha-LLW and LLW engineered disposal facility (cost
module P).

_ueat Corot Items Cost

(sz toa))
Minlmnm Small Me_lJoul Large

1.0 StudJ*s end bsncb scale test cosb

1.1 Mtnpowet cOStSdulinll research $0'" SO $0 S0

1.2 Equipmmt COSTS $0 $0 |0 SO
I-3 In.ttlllauon ¢osts SO $0 SO SO

1.4 Project mtnallraent bQ(oretitle 1 ( 10 % d 1,1 throuFh |.35 50 10 10 10
1.5 Continlttency ( _ % o/" 1.1 t_oult_ 1.41 lO SO 10 lO

Subtotal i.O 10 SO $0 lO

2.0 Demo_tretion meta

2.1 Manpower cmts durmp demomtrttion 50 S0 SO 10
2.2 Destf_ cost ( 30 % d 2J5 10 $0 10 $0

2.3 Immctioo cost ( 7 _ d 2.5) ' 50 $0 10 10

2.4 Project mane|era,or ( 10% o(2.5) 50 S0 $0 10
2.5 Col_ttt'_acti_ Cost

2.$.1 Buildinll st rucntrs tests $0 50 10 $0

2..5.2 Equipment costs $0 10 10 $0

2.5.1 lladirect ( 29 % oi"2.5,1 & 2.5.25 lO $0 10 $0
Subtotsl _ 2..5 S0 10 l0 S0

2.6 Comtructioo mtnelmmtot costs ( 17.1% o(2.5) $0 l0 $0 10

2.7 Mmnltl_oot Reserve ( 10 % cd"2-55 10 $0 $0 10
2.8 Cont_nteocy ( 25 % _ 2.1 t_oulth 2.7) 10 $0 10 $0

Subtotal 2.0 50 $0 $0 $0

3.0 Production futility con.ttruction rests

3.1 Desire co_t ALLOWANCE $3.000 $3,000 13.500 $10.000
3.2/n,peclo, cost ( 7 % c/3.4) $7.0E3 17.192 116,9M 546.014
33 Proiect mtcutlmutot ( lO % of 3.4) $10.118 $10--"r75 $24,269 1(_.592
3.4 Cotumxtiou cmt

3.4.1 Buildi_ 8 struc_tr, cmu $74.162 $75373 1182._4 $$cr"/,_3"/
3.4.2 Eqmpmmt cmU $4.2'75 $4.275 15.279 111.476

3.4.3 Indirect ( 29 % d" 3.4.1 k 3,4.2) 322.747 $23,008 $54_$9 $149,702.
Subtotal ¢3(3.4 $101,lM $102.74_ 1242.692 1b_5,91J

3.5 Coultruction msnapmeo| ( 17,1% _ 3.45 $17.302 117.570 $41.500 $113,8"/1

3.6 Menallmlent Restive ( 10 % o(3.4) $10.118 $10.2"/$ 124.269 $_92

3.7 CoutinSsncy ( 25 % _ 3.1 throulh 3.5) $34.672 5D.1_ 582.23"7 $225.7411
Subtotal 3.0 $183.477 11116.254 1435.455 $1,195J32

4.0 OporlJtiooJ Duds, t Ptmded Amh6tio. (,5*0,5*ct. 7)

4,1 Coocept_tl desilm ( 1.5 % c/' 3.05 12.752 $2,7_ 16.532 $17.930
4.' $tfe_euurtnce ( 1%o(3.05 $1.83.5 $1,1_3 14.3.55 $11.953

4j NEPA I_mai_1in ! (1 6 Mi_ for EIS, II Mill for E.A) 16,000 16.000 $6,000 56.000

4,4 Prepmretioo for operetimu ( I00 % oi"5.0) 54.739 $1!,691 $17,135 136J109
4.5 Projecl MsnaLtameot ( 10 % o( 4.1 t_oult_ 4.45 $1.533 12.235 13,404 $7.2G9

Subtotal 4.0 $16.L59 124.Jtl3 $.Y7.446 $79._i

Total inJtiel Coot (!,0,2.0.3.0 & 4.0) 1200,336 1210,837 1472,_1 $1,275.293

$.0 Oporl, t_| *od laltintainooce costs
.q.| A.unuJi opere_alt cosu $2.240 16.160 16.440 512.180
$.2 Annual utLIJrycosts $3 11q $50 1156
$.3 A4mual mttefial cmtt 1622 $2,248 16,0S9 $152_O
3.4 Atmtal msmteineoce cmts 1926 192b $1.136 $1.831

5.5 Cootmllen _ ( 25 % c_ 5,1 tlx_uob $,4) 5048 $2.338 13.431 57.362
Subtotal $,0 - $4,739 $ t 1.6q1 s 17,t.5.5 $_J0q

Total 20yet r O A M cml I'20 times Subtotal 5.0) $94,780 17.33.E20 1343,100 $73_.180
6.0 D, cootammatioo k D*commuionin| 132,005 $46.576 $70.505 $134JW7

7.0 ROM Ll/'e c_l* costs (20 years opondou) ' $32'7,121 1491,233 11;86..506 12.146._160
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Table 15-4. PLCC estimate summaryforalpha-LLMWengineered disposal facility(COst module O).

Coal

component Cost Items C.oat

(S • 1000)
Minimum Small Mad/us l._rRe

l.O Stud_ossod beach stall lost ooaU

I.l M|npmvar costs d_bl| rtsestcb SO S0 SO SO
1.2 _l_pmmt costs $0 $0 SO S0
1..1 inataUadon costs SO SO S0 S0

1.4 Project minaltm_anl bGfofa,ida I ( 10 _ cd'I.I tbzoulJ_ 1..1) S0 SO S0 S0

1.5 Comtnltancy ( 25 % 0( 1.1duoui;h 1.4) SO S0 SO S0
Subtotal 1,0 $0 S0 SO S0

2.0 Domonstratioo costs

2.1 Manpower costs duri_| demou.lmitkm S0 S0 S0 S0

2.2 Oasilm cost ( 30 % o(2J) S0 SO S0 $0

2.3 lnspectioo cost ( 7 _ 0(2.5) SO S0 10 SO
2.4 Project mau_Samoot ( L0 % cd"2.5) SO SO SO S0
2.5 Cormructioa cost

2.5.1 Builcl_ struc_rl costs SO SO SO S0

2.5.2 F._IuJixnmt costs S0 SO S0 S0
2.5..1 indirect ( 29 % or 2.5.1 & 2.3.2) SO S0 SO S0

Subtotal 0( 2.5 SO S0 S0 S0

2,6 Cotsstt_ctiou rnln_lnmem cOStS ( l?.1% 0(2.5) S0 S0 S0 S0

2,? MamiFm_eat Reserve ( 10 % cd"2.5) S0 S0 S0 S0

2.8 Confin!ency ( ?.5 _ 0( 2.1 tl_oulh 2.7) SO S0 SO 10
Subtotal 2.0 $0 SO $0 S0

3.0 Producttoa facility construction costs

3.1 Desilm co_t ALLOWANCE 33,000 13.000 S3_00 S lO,O00
3.2 luspecuoo cost ( ? % o("3.4) 37.378 37.3'78 St?,40Q 347_0_',
3..t Project mln_lameOt ( l0 % 0(3.4) $10..540 S10.540 S24,870 307.8_3

3.4 Construction cost

3.4.1 BuJ.ldm8 strectum costs $?7.523 ST7._23 S 187.604 3517,73T
3.4.2 Eqmpmmt costs $4,181 $4,18! SS.I&S $8.332

3.4.3 IncLirmct ( 29 % 0( 3,4.1 & 3.4.2) 323.694 I23,694 SSS,909 S152.360
Subtotal 0( 3.4 $10.5.398 S105.398 3248,698 3678,62_;

3.5 Cousm_ction maria proem (17.1%0(/'3.4) S18,0Z3 S18,023 $42.327 Sl 16,046
3.6 Manslm3am Resolve ( 10 % cd"3,4) 310.540 SIO_40 324,870 $67A63

3.7 Coot_nSency ( 25 _ 0( 3.1 thtoush ._.5) 336.0_ 336.0_ S&4.251 1230,011
Subtotal 3.0 ' S190.964 S iqX),¢64 $446.12.5 S1_17,016

4.0 Openitioos Budlet Puztdod Activlti*s (S** Sect. 7)
4.1 Coocelxual desilm ( 1.5 %0(3.0) S2,Ji64 S2JM4 S0,692 $18.269
4.2 5_ren/Issuance (1%0(3.0) SI,9|O SI,QIO 34,461 S12.179

4.3 NEPA l_rm_n 8 (S 6 MiSStor EIS, Sl MU]for ,_4) 36,000 36,000 36,000 16.000

4.4 Pmpl titian for operltions ( 100%o(.5.0) 34,716 SI 1,670 S17,1_4 536,T74
4.5 Project MansFemeot ( 10 % 0( 4.1 tb.rouF]3 4.4) $1,549 32,244 33.420 37.322

Subtotal 4.0 $17.039 S24.608 337,7 lO $80.544

Total luitiul Cost (1.0.2.0_.0 & 4.0) S201.003 $215.6.52 $483,M1 $1.298.460

_.0 Operatinll end maiatain,oc* costs
S.I Annual openttz_ costs 32740 $6,160 36.440 S12.I_K)
$.2 Annual utility costs $2 $I9 359 SIS0
S.3 _UJll 011|ll_lJ 6"0511 S622 $2.248 36,08g 31.5.280
5.4 Annual msmssmeoc, cost, S909 S¢09 SI.I i9 S1,803

S-q Coofin_teocy ( 25 % 0( .5.1 th_ouah $.4) S943 $2.33.4 33.427 S7.3S3
Subtotal S.0 $4,716 $ I1.670 S 17.134 336.774
TotaJ 20 yell' O _. M coSt (20 tymet SubtotaJ$.0) S04.320 $233.400 3342,6110 S73.5,480

6.0 Decootammalioo & Decommissioning 332,005 546.576 $70..50.5 S 134.M7

?.0 ReM Life c_l* costs (20 y_en oporadou) 3334_32| $49.5,628 S897.026 32.16&.827
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Figure 15-3. Cost versus capacity histogram for LLW and alpha-LLW engineered disposal facility
(cost module P).
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Figure 15-4. Cost versus capacity histogram for LLW and alpha-LLW engineered disposal facility

(cost module Q).
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16. SHALLOW LAND DISPOSAL FACILITY (COST MODULE R)

16.1 Basic Informaiion

This facility consists of a sh_Jlow land trench disposal (without engineered features). The cost for
a shallow land disposal consists of three components: front-end facility capital cost, disposal O&M cost,
and site closure cost. Front-end facility capital ast is shown in Section 14 (cost module O), and should
be added only if a new disposal facility is under consideration. Disposal of contact handled wastes at the
INEL have historically ranged from $50/_ (100,000 _/yr) to 150/_ (25,000 _/year)'. Disposal costs
have varied considerably because of varying annual disposal volumes. The site closure costs and average
shallow disposal costs using INEL experience for disposal are given i_, . able 16-1. Site closure costs
should be added to the shallow land disposal costs to obtain the total module R cost. As an alternative,
shallow land disposal costs can be compared to rates from commercial disposal sites. Disposal fees at
commercial sites i_.lude ali of the three cost components. Figure 16-1 contains estimated disposal fees
at four commercial disposal sites; Hanford, WA, Beatey, NV, Ward Valley, CA, (projected costs) and
Barnwell, SC.

Table 16-1. Shallow ]and disposal closure and capacities and costs (cost module R).

Module Module Facility Life Cycle Cost Capacity Unit CostlCapacity!Cap(Tot Vol) Unit Cost
.... Description ($x1000) (Ibs/hr) ($/Ib) (ft3/hr)l (ft3xl000) (S/ft3)

I
R-D!sp.....isha!!owd!s_sa!......isma!!...............................$75,009i.........................!NEL................................6i......................500.I.......$15.0..00
_.-p!.s.p......!.S..h.a..!!o.._..d.!s..p.9..s..a...!.....i.m._.d/..!.a..r..g.e...............SLO...O...,.O...O..O..j........................I!_.E.L..............................2....5....................2,9...0...0..!..........$.5.0......0..0
a.-..c!.o...s.._....C.!.o...s..u...r..e............................iM!.n..j.m..._..m.......i................$._.2.,.0..Z.6-............._.2..4',_.......$._...Z_!...................2.i........................L9...8:.........$._...__...0...0.
..R..:.c!..o.s.e...!C.!os.u.r.e............................i..S.ma!J...............i................$...4..6..,...4..6...4j...........L.6..2....4i.........$...0.....3...5..i..........L.4..:..5.!...................L:.4..5...2..I...........$...3...2....0...0.
R-close _Closure !Medium $68,970! 51521 $0.17i 46i 3,6301 $19.00
R-close Closure iLarg.e i $132,122i 13552i $0.12i 121! 10,164! $13.00!

16.2 Technical Bases and Assumptions

_ince shallow land trench disposal units are commonly used by both the DOE and the commercial
nuclear industry, a preconceptual design of disposal units to develop O&M costs was not necessary. The
technical bases for front-end facilities is given in Section 14. Bases for closure costs are the same as
those given in Section 15.

16.3 Cost Bases, Assumptions, and _.ssessments

The cost data outlined in this section do not include surcharges that may have to be added to the
standard unit rates to account for increased Curie content (remote handled waste), nonstandard packaging,
excessive weight, and other parameters of the waste that reqmres special hzndling.

a. Based on RWMC contact handled LLW disposal costs calculated by Darris Bright of EG&G Idaho,
and memorandum (JAL-5-92) from J. A. Logan regarding costs of LLW disposal.
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The graph shown in Figure 16-1 illustrates costs for four commercial sites, including initial
capital costs, O&M, and closure. Costs for ali sites (except Barnwell) are expected to increase in the
near future because of surchargesimposed by the Low-level Radioactive Waste Policy Amendment
Act (LLRWPAA). Barnwellsite includes surchargesimposed as a result of the LLRWPAA. The
WardValley facilityis consideredto be representativeof the type of facilitydesign that the DOE may
use for future shallow land disposal. The reader is cautioned that the commercial disposal rates
include capital costs, which are separately included in this report under module 0.

Disposal Cost (S/cubic ft)
350

00 ........................................................

50 ........................................................

00 ........................................................

150 ....................................... _ .........

00 ....................................... __ .........

HANFORD BEATTY WARD VALLEY BARNWELL
WA NV CA SC

Figure 16-1. Cost comparison of commercial waste disposal facilities.
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17. GEOLOGIC REPOSITORY FACILITY (COST MODULE S)

17.1 Basic Information

This facility consists of deep geologic repository for disposal of TRUW. A planning cost estimate
is made based on rates quoted in Reference 9 for WIPP.

17.2 Technical Basis and Assumption

It is assumed that a deep geologic repository facility will be identical to the WIPP.

17.3 Cost Bases, Assumptions, and Assessments

A summary of the costs for disposal at WIPP is as follows:

• Although the WIPP facility is not open, it is designated as the future storage facility for

transuranic wastes (> 100 nCi/g). The DOE has not formally established a disposal cost for
transuranic waste at the WIPP facility.

• If cost versus capacity is used for WIPP, the disposal costs can be estimated at $740/ft 3 (the
data below is from Reference 9).

Estimated WIPP capital costs to date $1,000,000,000

Projected WIPP operating costs for 25 years $3.750.000.000

Total $4,750,000,000

Capacity for transuranic waste storage at WIPP Facility 6,450,000 f-P

Estimated transuranic waste disposal cost at WIPP $4.75 x 10E9 = $736/_

6.5 x 10E6 ft3 (round to $740/ft 3)

The above costs do not include additional costs that may be associated with disposal such as

characterization and certification, packaging and transportation.
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18. SCENARIO COSTING PROCEDURE

This section presents guidelines to the use of PLCC estimates in this report.

18.1 Waste Management Scenarios

A waste management scenario is a case study of the "I'SD facilities and activities needed for
cradle-to-grave handling of a given waste. A typical scenario may consist of the following elements:

° Generated (or stored) waste from Site 1 is shipped to Site 2 where it will be treated at a
treatment facility to produce a stabilized waste form.

• Treated waste is transferred to Site 3 for interim storage.

• After the interim storage period, the waste is shipped to Site 4 for final disposal.

The report presents PLCC estimates, which are referred to as cost modules, for each TSD
facility. These cost modules allow analyses of two distinctive types of waste management scenarios:

• Augmented facilities: The addition of treatment, storage, and disposal capabilities to
existing waste management facilities where some or ali of the front-end/back-end handling
and/or partial treatment functions are already in place.

° Stand alone facilities: Scenarios that require new facilities to provide cradle-to-grave waste
management.

18.2 Cost Modules and Unit Operations

Each discrete TSD function is referred to as a cost module. There are a total of 26 modules,
listed in Table 18-1. As shown, treatment cost modules are provided for two general categories of
waste: LLW/LLMW and alpha-LLW/LLMW wastes. Cost modules for storage and disposal include
LLW, LLMW, alpha-LLW/LLMW, and TRUW facilities.

Each facility is broken down into separate subfunctions, referred to as unit operations. Unit
operations assume inclusion of ali buildings, equipment, and accessories needed to accomplish the
given subfunction.

18.3 Scenario Costing Options

PLCC estimates in this report can be used to develop costs for waste management scenarios by
two different methods: modular or unit operation.

• Modular method: This method is used when the required facilities of a given scenario are
compatible with those given in this report. The user simply determines which waste
management facilities are needed, the capacity required for each facility,and transportation
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Table 18-1. $VHFCIcost modules.

Cost module Facility
designation description Application

A LLW,a,..LMWand Treatment front-end support functions, such as
Alpha- administration, analytical laboratory, security, and
LLW/LLMW environmental compliance, that may be added to a
Treatment Front- LLW/LLMW or an alpha-LLW/LLMW treatment
End Support facility.

B LLW/LLMW and Treatment front-end functions: truck bay for unloading,
Alpha- staging area, waste container inspection for radiological
LLW/LLMW and physical properties (for characterization),
Treatment temporary container storage that may be added to a
Receiving and LLW/LLMW or an alpha-LLW/LLMW treatment
Inspection facility.

CA Alpha- Alpha-LLW/LLMW front-end treatment functions:
LLW/LLMW opening of containers, dumping, and sorting container
Treatment Open, contents.
Dump and Sort

CL LLW/LLMW Same functions as for cost module CA except for
Treatment Open, LLW/LLMW.
Dump, and Sort

DA Alpha- Incineration of alpha-LLW/LLMW combustible and
LLW/LLMW semicombustible solids, organic liquids, and sludge.
Incineration

DL LLW/LLMW Same functions as cost module DA except for
Incineration LLW/LLMW.

EA Alpha- Melting of alpha-LLW/LLMW metals including steel,
LLW/LLMW copper, aluminum, and lead.
Metal Melting

EL LLW/LLMW Same functions as module EA except for
Metal Melting LLW/LLMW.

FA Alpha-LLW Shredding and compaction of alpha-LLW combustible,
Shredding and semicombustible, and noncombustible waste. Waste
Compaction must not be subject to LDR requirements.

FL LLW Shredding Same functions as module FA except for LLW.
and Compaction

GA Alpha- Solidification of inorganic liquids and noncombustible
LLW/LLMW alpha-LLW/LLMW.
Solidification

GL LLW/LLMW Same functions as cost module GA except for
Solidification LLW/LLMW.

HA Alpha- Vitrification of noncombustible alpha-LLW/LLMW.
LLW/LLMW
Vitrification
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Table 18-1. (continued).

Cost module Facility
designation description Application

HL LLW/LLMW Same functions as cost module HA except for
Vitrification LLW/LLMW.

I Alpha Packaged waste inspection, radiological and physical
LLW/LLMW characterization, temporary storage, and truck
Certification/ loading/shipping.
Shipping

JA Alpha Maintenance facilities for repair of failed equipment
LLW/LLMW and parts that are part of an alpha-LLW/LLMW
Treatment treatment facility.
Maintenance

JL LLW/LLMW Same functions as for cost module JA except for
Treatment LLW/LLMW.
Maintenance

K Storage Front- Unloading, receiving, and inspection of incoming
end/Back-end containers; loading and shipping of outgoing
Support containers; radiological and physical characterization of

waste containers.

L LLW Storage Storage of LLW containers.

M Alpha- Storage of alpha-LLW/LLMW and TRUW containers.
LLW/LLMW or

TRUW Storage

N LLMW Storage Storage of LLMW containers.

O Disposal Front-end Unloading, receiving, and inspection of incoming waste
Support containers and transport of containers to disposal

facilities.

P NonRCRA Waste Packaging of alpha-LLW or LLW containers into
Engineered concrete canisters and disposal in aboveground earth-
Disposal mound concrete cells.

Q RCRA Waste Packaging of alpha-LLMW or LLMW containers into
Engineered concrete canisters and disposal in aboveground earth-
Disposal mound concrete cells with double liner and leachate

collection system.

R LLW Shallow Disposal of LLW in shallow land trenches.
Land Disposal

S TRUW Geologic Disposal of TRUW in a deep geologic repository such
Repository as WIPP.
Disposal
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volumes and distances. Based on this information, the user calculates the total waste
management costs following the procedure in Section 18.5.

° Cost component method: PLCC estimate for each facility is comprised of six cost
,_omponents (see Appendix A). The cost component method should be used if the reader
has access to an updated cost data on a given component. The reader may simply replace
the updated costs in the appropriate table and calculate a new PLCC estimate by adding
the six components. Once a modified PLCC estimate is determined, the cost for the
overall scenario is calculated in the same manner as the modular method.

18.4 Information Required to Cost a Scenario

To useeither the modularor unitoperationmethod, the followingitems mustbe knownto the
user:

1. Waste radiological category: The user must be knowledgeable about radioactive waste
categories as defined in DOE orders (e.g., 5280.2A), since the waste must be classified into
one of the following general categories:

a. TRUW: Generally a defense related radioactive waste with transuranic concentration
above 100 nCi/g.

b. Alpha-LLW or Alpha-LLMW: Generally defense related radioactive wastes that
have a transuranic concentration in the range of 10-100 nCi/g. Alpha-LLMW is the
same as alpha-LLW with the exception that it is subject to control under RCRA.

c. LLW or LLMW: Wastes generated from nuclear reactor operation or nuclear
research. Defense related LLW or LLMW has a transuranic concentration below

10 nCi/g. LLMW is the same as LLW with the exception that it is subject to control
under RCRA.

2. Waste treatment category: The user must have sufficient knowledge about the waste
properties to select one of the five treatment facilities described in this report. Various
waste categories are described in Appendix A.

3. Input waste flow rate(s): The user must know the weight of the waste to be treated.
Input waste is converted to pounds per hour (lbs/h) by dividing the total weight by 80,640
hours for a 20-year life cycle. The 80,640 hours is the total processing hours based on 24
hours per day, 240 days per year, for 20 years at 70% availability.

4. Facility locations and transportation distances: The user must know which DOE site(s)
will house the facilities and determine whether the facilities will be a stand-alone or

augmented type.
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18.5 Scenario Costing Procedure

The scenario costing procedure (schematically shown in Figure 1-3) allows the user to develop the
overaU cost of a given scenario by following seven steps: (a) define scenarios, (b) define parameters,

(c) develop treatment costs, (d)develop storage costs, (e)develop disposal costs, (f)develop
transportation costs, and (g) develop PLCC costs. Each of these seven steps are described below. A
worksheet is provided in Appendix A to assist in developing PLCC costs from this procedure.

18.5,1 Define Scenarios

The user must develop a strategy for cradle-to-grave management of the given waste stream by
establishing the information listed below (see Figure 1-3 for a block diagram of a sample scenario).

• Waste source and location: Define waste streams, characteristics, and location where the

waste is generated or stored.

• Treatment facility types and location: Define types and location of treatment facilities needed
for each waste.

• Interim storage period and location: Define types and location of interim storage facilities
needed for each waste.

• Disposal type and location: Define types and location of disposal facilities needed for each
waste.

• For each treatment, storage, and disposal facility, the user must determine whether the
facilities will be stand alone or augmented to an existing operation that has common support
functions.

18.5.2 Define Parameters

Parameters required for each scenario include the following:

• Treatment facility input waste feed rates: The basic requirements for the scenario are input
waste feed rates. The total weight of the input waste (in pounds) is then established for each

type of facility. The total weight must be divided by 80,640 hours to establish facility

capacity in lbs/h.

• Treatment facility output waste flow rates: Output (treated) waste flow rates for each type of
treatment facility should be determined in fta/h. The treatment facility input waste feed rate

(lbs/h) is multiplied by the output waste multiplication weight factor (see Table 18-2) to obtain

the output waste mass flow rate 0hs/h). Then, the output flow rate is divided by the treated

waste density to get waste volumetric flow rate (fta/h).
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Table 18-2. Waste treatmentweight conversionfactors.

Output waste Treated waste
conversion density

Treatment facility weight factor (lb/_)

Incineration
Solidified waste ash 0.493 112

(in concrete)

Metal melting/recovery
Metals (cast ingots) 1.000 --"
Solidifiedwaste 0.306 112

sludge and slag
(concrete)

Shredding/compaction
Compacted waste (in 1.142 10-70
overpack)
Solidified liquid waste 0.209 112

Solidification
Solidified solid, 2.963 112
liquid, sludge waste
(in concrete)

Vitrification waste
Vitreous waste 0.958 187

(rock/glass material)
Solidified liquid and 0.224 112
sludge waste (in
concrete)

a. Same as the absolute density of the metal.

• Storage facility input/output waste flow rates: Input waste flow rate is determined based on
the scenario and is generally equal to the waste output from the treatment facilities. Waste
output rate is also dependent on the scenario and is generally the same as the input rate, but
can be adjusted to suit other requirements of the scenario. Flow rates should be developed
in ft3/h.

• Disposal facility input waste flow rates: Input waste flow rate is determined based on the
scenario and should be generally the same as the waste output from the treatment facilities.
Waste output rate from storage facilities must also be considered. Flow rates should be
developed in ft3/h.
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• Transportation distances: Transportation distances (in miles) should be calculated for the
TSD facility incoming wastes.

Once the parameters are established for the various facilities in the scenario, the user should
proceed with developing costs as described in Sections 18.5.3 through 18.5.7. Summary cost/capacity
tables for ali treatment, storage, and disposal modules are provided in Tables 18-3, 18-4, and 18-5.
These tables may be referenced to develop PLCC costs for treatment, storage, and disposal facilities
in the following sections.
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Table 18.3. Summary costs and capacities for treatment facilities.

Mod. Module Facility Life Cycle Cos CaDacity Unit C0s!ICapacity Cap(Tot Vol', Unit Cost
Description ($x1000) (Ibs/hr) ($/Ib) (ft3/hr)(ft3xl000) (S/ft3)_

A iTreatment Su ort iSmail i $128',897 200i .$.799i 6i 461i $279 72.............._...................................RP.............._...................._..........................;........................_..............-........;......................._................................_.......................;........
A Treatment Support !Medium i $290_158i 5,600i $0.641 160 12,902i $22.49
A !Treatment Sup..p.ort _Large [ $530,763[ 12,500i $0.53' 357 i 28,8001 $18.43................................................................... _. ...................................................... ,_....................... _...................... _....................................................... _................................

8...........TreatmentRec:/!ns_.iSma!!.......[..............$62;6!2!.............2.00[.........$3..88....................6..".....................4.6J_.........$!35:88
B !Treatment Rec./Insp. iMedium [ $128,9001 5_600! $0.29i 1 60i 12,9021 $9.99
;............._.......................................:.........P.:..;........g ........._.........................,..........._............_...........i...............:........_......................._................................_.......................:.......
'CL iFront-end Treatment !Small i $170,095i 200i $10.551 .......6.[......................4...6..1.1.......$....3...6....9..:.1...3.
i_E.......i#}'_'i_'i"_'i_'_i'fr'_'_'i'mi_ni"_'_ii"u_i..........$i_/3_JT_i]6[........._Ti_6"_[........_'?:_,_i...........160! 12,902i $53.43
_E.......i#}8_,i:_n_i_r__T__i_i_EE_......i.....$T/__T___!.....?_:_6_i........$?g?i............_5_............._8,_661............$5_i_6............. _........... : ............................................ _........g. ......... i..................................... ';............ _........... _,............... ;. ....... i ....................... i ............................... _....................... ;.......

CA iFront-end Treatment !Small } $216_026i 2001 $13.39i 6i 461i $468.81

CA iFront-end Treatment !Large i $1,419_9101 7,7001 $2.29i 2201 17,741! $80.04!6"11.......iincin'e'i'&'ii'_i_"........................._"__aii.......i..........$_'6"_','_':_gi.............__i_t.....i/i"ii::]'_t....................6i......................_,f;?i........._f;_,_Ti_9!
_Z:Z(h:_!i_i_ii_!i_£.....:ZZZ:ii_}_I_Z:::_I_D]I_I_I_]I:ZiI_:01_!Z:i_i_:,:_i_iZ::ZE_ZZZ:_:_i_i_il:Z_ii_:_i:_:4
DL [Incineration iLarge i $624,390! 2,000i $.3.871 57i 4,608! $1 35.50
5_......iin_'i_e_,'_i'oi_..........................igmaii.......i.........._;_;'_;iT6"i]'_,i.............i"_'6"i....._6":':I'_i..................._,i....................."_';i'i_i'_;'ii6_'5T_;:_

DA ilncineG.tion iLarge i $732,819i 2,000i $4.54i 571 4,608! $1 59.03
_i_.......il_i_i_T_;]iiin]............:........:_maii.......i.........._;T_,iSia3i]6t................._i_i.....$34"96i....................1!......................:i:f_T_;TI2]:]T_2............. :..................................................... _.................... _..................................... _........................ , ................ :....... ....................... :................................ :................................

EL iMetal Meltin_l iMedium i $293,306i 1,600i .$.2.271 4 6i 3,686i $79.56............. •..................................................... _ .................... ; ..................................... _,........................ ; ........... ....... ..... _....................... ; ................................ ; ...... . .........................

EL iMetalMelting iLarge i $335,527i 2,5001 $1.661 71i 5,7601 $58.25
.......ii_eiaTi_i_iiin.....................-_mafi.......i.........._,79_iT_8!.................g6i....._ii);_'i_i...................2i......................i_! $TT_,6_:i3.............i...............................g ......................_....................i.....................................;........................i................:.......;.......................i................................;.......................:........

EA iMetal Meltin_ iMediumi $372,028i 600i $7.69i 17i 1,382i $269.12.............. _.................................................... .;, .................... : ..................................... ; ........................ • ........................ _....................... ; ................................ _................................

EA !Metal Melting iLarge i $469,3141 1,000i $5.82 29i 2,3041 $203.70

FL iShred/Compact iMedium i $120,979[ 1,000! $1.501 29! 2,304! $52.51

FA }Shred/Compact iSmail i $111,222i 1001 $13.79i 3i 2301 $482.73..............¢.......................................................;...................._...............................................................;.................................................;................................:...............................

.F.A.......i.S....h.r...e...d./.C....o.mp..a.c_...............i.M....e..d.!..u..ml............$..!..2...6..,..2....3...2.i........!.,..o....o...o..[.........$..L..5..7[..................2...9.i.................2..,..3....0..4!.............$...5...4..:.Z..9.
FA iShred/ComDact iLarge i $255,3611 1,500i $2.1 li 43i 3,456i $73.89.............. ( ............................. _.......................... _,.................. ¢..................................... , ........................ ) ........................ t ....................... _................................ _...............................

GL iSolidification iSmal ! $162,181:: 4001 $5.03i 11i 922 $175.98
GE.......}_oii_ii/ic_iion.......................i_e_liuml.........._;_;f;6Ti]_f;i........:IT66"6i........__:2;ii................_Ji................2T_6;ii.........$I_i_,

GA iSolidification iSmail i $200,6721 70i $35.55i 21 161i $1,244.25

GA }Solidification !Large :: $431,3321 1,200i $4.46! 34i 2,765i $1 56.01.............. _....................................................... ._ .................. _............... _..................... ; ........................ • ........................ ; ....................... ; ................................ ; ...............................

HL iVitrification iSmail i $316,401i 3001 $13.08i 9i 691i $457.76
_E.......i_ii'ifficaiiSn........................."_iTuml...........$;i::]i_T3i_:]i........iT_6_i........;$_:3";i!................_Ji................£36;_i........._i'iif_i_
.............._........................................................I.....................I.....................................)........................I........................I.......................I................................(...............................

HL ::Vitrification iLarge i $587,311i 2,000i $3.64i 571 4,6081 $1 27.45.............. _....................................................... .:................... : ..................................... - ........................ ; ........................ ; ....................... .................................. ; ...............................

HA iVitrification iSmail i $359,8661 3001 $14.881 9i 6911 $520.64
_A......i_/iTiiTi_tion.........................'._e_iuini.........._;;_9i516_'9i........:I1"26i_[........_'i_:6_i................_;ii.................217;65i........._:l7;fi_
.............. _........................................................ _,.................... _..................................... _ ........................ _.......... . ............. ; ....................... ; ................................ _...............................

HA......iV!!r!t!cat!on.........................1Large......i...........$655,339i........2,000i........$4:0si................57!................4,6o8!.........$!42:22
I Cert./Shipment iSmail i $69,3151 450i $1.91i 4i 324! $213.94t t t.............. o...................................................... ,.......................................................... : ....................................................................... : ................................ : ...............................

I _Cert./Shipment iMedium i $1 27,960! 6,235i $0.25i . .5....6.i" 4,4891 $28.5(3
............!_i:_s_me_i................iGr_......i.........._3_:_i....._:_6_[......;i_-i;;_i;;;;;;i;:_]Z;;:C_Z_;_]............_8:_
JL iTreatment Maint. iMedium i $72,588! 6,235i $0.14! 561 4,489! $16.17
__........iY_e'_im_ni__ini:...........:..'G_e......i..........____:'_"__i....._ii:___i........_;'_:'_i'_'i...........::::::::::::::::::::::::::::::::::::............___:__
_.g:::::::_:i_:_i:_:_:_.i::::::::::::::::::::::::::::_((:::::::_::::::::::::::_:_:;:_::::::::::::::::::::::::::::::::::_:i::D!:::::::::::.:......._.i...:.................=================================
JA ;Treatment Maint. iMediumi $73,048[ 6,235[ $0.151 56i 4,489i $16.27
iJ';_.......]Yi_'_imeni__i'ini:......:ii:_i:_e......!..........iigii:_,4lT....._ii:_6_[........i_:fi[ ............._#;:_!.............i_i:i6_,!............ii:f:_6
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Table 18-4. Summarycostsandcapacitiesforstoragefacilities.

Module Module Facility. Life CycleCost!Capacity.iUnit Cc_tlCap..acityiCap...(TotVol)i Unit Cost
...............................___r.h._r__.........".......................f......ii$xl___i.......(ii_;_7_r)ri$_i_,Tit3___irift_l_o6ii..........i_ift3i...................................................................................................i..................................._......................i.....................t ...................t................................_............................

..K...................LS!.o.ra.g.e......s..u_.9o.r.t......M.e..dk.u..m......i.............$....3..!..9..,..9....9..71............3.3..6....0.i.........$...1..,.!..8..i................3...0..i...................2..,..4..!...9.!........S..!..3...2.....2..7..

..K...................!..8..Lo..r..a.g.Ls...u._lg..o...r!....._.t._r.g..e............!.............$...B...!.!.,.!.2....8..[............9.Z..4..4.t........}..o.....Z..8.]................8...7...!...................7..,...q.!...6.i............$....8..7......!._

..L..:..M...:.N.........j..S..!._.r_.g_...........................!P....m.._!!............_.................$...5...!.,..8..5_i.............5..._..?.i.........!...1..,.!.5..i....................5..i.........................4..9...3].........$...!..R.8.....6..1..

..t...,..M....N.........i..8..!.mr.a.g._..........................LM..e..d.k.u...m........!.................$..P.....9..,.P....4.Zi...........!.._...:!..2..i.........,!...!....?...!.1................!...!.!.........................8....8..Zi.........$..1..!...2......5..6
L,M.N iStorage iLarge : $405,883} 9744} $0.521 87i 7,016J $57.85

Table 18-5. Summary costs and capacities for disposal facilities.

Module Module Facility Life CycleCost Capacity Unit CostCapacity Cap(Tot Vol)i Unit Cost
Description ($x1000) (Ibs/hr) ($/Ib) (ft3/hr)(ft3xl000) (S/ft3)

O iDisp..osalSupport iMinimum i $159,7051 .22..41........$...8.......8..4i....................2.i.........................1...6...1..i........$...9...9....0..-..2..3..
.................iDi,s_osaiS_.p_o_T,Sm'aii...............i............$328_1"04T..........:1"62_," $2.51i 14.51 1,1691 $280.60

6.................iiSiT;-8_;_i"B'u"'Si:i""".."ide_iu'_........i............_,_:,i:i7_"Yi".........,5"i"£;:i".......i>'i";6"_dl..............._'iii..................._;"f_<Dr........$i':i"9"7i$_i....................._........17....................PP............_............................i......................................_........................•.......................,.........................................................................................
O iOisposalSupport !Large i _697,007! 135521 $0.64 1211 9,7571 $71.43
.................._Ei4;fiSi_;"___ii...........T_ifi___....._............$_i__"7'i"_1r............._2"_T$":fii=i:i'_...................2_........................4_d:i'__;'6_'ii"_ii....................._.......g...:.........P.......................'............................i......................................_......................... ...............:.......i......................_....................................:.....................:........

P iEngr.Disposal iSmail i $491,2331 1624i $3.75} 14.5i 1,1 691 $420.12
is..................i_.'i41<]7";"i::$i'_;i7.8"_i...........iia_iiiii:i'_"........i............:iiiii6V_i$_dT.........,5i5iiT.......$_;:1_i...............__dl..................._;;"_i$9i.......ii2_iiiL_9
is..................iiiii r6i_ .....,_i...........Ti:iii';_.............i.......ii_;:i_iii;t_ii6T......:i,__K2T.......i:i'§iil ............i2:ii..................._;f_ti .......iii_:i_D7_f......................i......g..."........._ .................._.........g................i......................................_........................_...............".......i......................i...................................:.............................]
Q-RCRAiEngr.Disposal !Minimum j _334,328 224i _18.511 2_ 161_$2,072.97................................................................. . ................................................................. 4,........................ _ ............................................ ; .................................. "; ...........................

Q-RCRAiEngr.Dis.l_...sal iSmail j $495,6281 1624j $3.78 i 14.5i 1,1 691 $423.87iI_RiD_ii_i476i_;....._i_i............ti,;k8_ii__........_............_'iiii_76iiiiT.........5"7"5"2".......iii__ii_...............;,i_d_..................._;_i$ii_.......$__i1;ti2,....................._......g...-........._ ..............................................._......................................_.........................;...............•.......:......................,.................................................................
Q-RCRAiEngr.Disposal iLarge i $2,168,827i 13552!..$.1....9...8..i.............1...2..1.!...................9..,7.5...7._.......$..22...2....2..7.
i_:Si.A.p.....!Bfi_iiS_&ii_pi.6.1sai.....T_fi4_ii...............i................i_B]_ili6T......................._ii_i#E j 6i 500i $150.00
i_:i::$i_.....!S'i{i_'ii_"ais_]_;'iii......i_7_a/ii_rgei............__i$6;_i$6'i.......................!ii4l_E...........................b__i...................2;6i$6i..........__6:i:$6
R:Sio_'i_iS_uri_..........................Tidinimuffi.....i................i;_2_ili_6T.............__iiT.......$'i__iil...................isi........................ii_iir.......i_ii!i2Ti$6
BIi_c.i:.._s._...`_._a.7__Z_i..s..:_.._._fj_Z_Z]_Z_Z_._;_.]_Z_I_i._!_;_Zi_._;_ZZ_!_.._.]_Z_;1..6:..6.
R-close iCIosure iMedium i $68,970i 51 52j $0.17j 46i 3,630i $19.00
i_:cios_!_ios'ur_............................"Ea'ilgle.............i............___d2]19;_!......_:3__:_".......:$6;:1_i............:i__ii................i6/i__,!..........$;?_7i_6
;s".................i_i'8_i'i'?i:$'i_'i_'s'iii'"tii'ii....................i.......ii'_i;'_'s'i:$';_.'i$iSt.......................Tia'_.........7i...............i_'_]..................._';'_i'_'6!.......iiY_'d':'_;'3



18.5.3 Develop Treatment Costs

Treatment facility costs consist of three facility categories; front-end support, treatment, and
back-end support facilities. If the desired treatment facility is an addition to an existing facility, then
only the cost for the treatment facility must be developed. However, if the facility is new, then costs
for the front-end and back-end support functions must also be included.

Once the type of facilities have been established, the user can obtain PLCC estimates by
selecting one of the cost modules that is closest to the required capacity from the cost modules
presented in Table 18-3 for these facilities.

18.5.4 Develop Storage Costs

Storage costs consist of two categories: front-end/back-end support and storage facilities. If the
desired storage facility is an addition to an existing facility, then only the cost for the storage facility
must be developed. However, if a the facility is new, then costs for the front-end/back-end support
facilities must also be included.

Once the type of facilities have been established, the user can obtain PLCC estimates for the
front-end/back-end facility by selecting one of the cost modules that is closest to the required capacity
from the cost-versus-capacity graphs presented for these facilities. The storage cost should be
obtained by selecting one of the cost modules from Table 18-4 that is closest to the required capacity
and multiply the storage unit rate (Table 12-2) of this module by the total volume of waste.

18.5.5 Develop Disposal Cost

Disposal costs consist of two categories; front-end support and disposal facilities. The procedure
to determine disposal costs is the same one used to determine the storage cost. Use Table 18-5 to
obtain cost and capacity information.

18.5.6 Develop Transportation Costs

Transportation costs are calculated by multiplying the volume of the waste to he shipped by the
following factors:

• Up to 30 miles: $1.00/ft3

• 30 to 300 miles: $1.72/ft3

° 300 to 500 miles: $2.26/ft3
\

18.5.7 Total PLCC Costs

Add items from 18.5.1-18.5.6 to yield the total PLCC estimates for the selected waste
management scenario.

J
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18.6 Limitations

WMFCI is a useful tool for developing PLCC estimates of DOE site-wide waste management
scenarios. Costs are developed for initial project planning, demonstration, design, construction of
production facility, 20-year operation and maintenance, and decommissioning and closure. Only
facilities subject to the following key conditions are appropriate for the cost data presented in
WMFCI:

1. Facilities designated as a Major Project or Major System Acquisition (MSA) project as
defined in DOE Order 4700.1 Project Management System. To apply WFMCI, each
project must go through the DOE acquisition process defined by this order. Key
milestones for the designation process and a schedule for typical waste management facility
licensing, construction, and operation are given in Figure 18-1.

2. Facilities are subject to

a. Environment, safety; and health requirements including NEPA and safety assurance
reviews according to DOE orders and regulations (See Environmental Compliance
Guide, DOE/EV-1032). Activities include the preparation of an Environmental
Impact Statement, Safety Analysis Report, and related activities.

b. RCRA Permitting--TSD permit.

c. Other permits such as National Air Emission Standard for Hazardous Air Pollutants,
Clean Air Act, and State and local permits.

c. General Design criteria given in DOE Order 6430.1A.

3. The five treatment cost modules were strategically selected such that a majority of waste
streams from a typical DOE site can be addressed. However, there is a wide range of
DOE special waste streams that may not be specifically treatable by the given processes.
In such situations, the unit operations of the given facility must be revised to develop costs
for special waste streams.

4. LCC estimates are based on conditions at the INEL. Cost differences from site specific
cost factors are assumed to be within the variance limits of this cost estimate. Table 18-6

provides a guide for comparing DOE site cost factors relative to the INEL. e

e. Cost factors are based from the report titled Mixed Waste Treatment Project Process Systems and
Facilities Design Study and Cost Estimates and verbal confirmation by Brian Marais from Bechtel.
Data used to generate the rate table are based on a combination of Means Construction Cost Data
and Bechtel historical cost data.
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Table 18-6. Site specific cost factors.

Site Material Installation State sale Cost factor (CF)

(index area) indexa indexa tax rate relative to INELb

INEL 98.9 88.4 5.5% 1.0

(Boise)
Los Alamos National 101.7 82.7 4.75% 0.983

Laboratory
(Albuquerque)

Lawrence Livermore 99.2 116.8 8.25% 1.130

National Laboratory
(Stockton)

Oak Ridge (Knoxville) 98.1 72.4 5.5% 0.935

Portsmouth 99.5 95.9 5.0% 1.031

(Columbus)

Rocky Flats (Denver) 101.1 86.9 3.0% 0.998

Hanford (Spokane) 103.5 99.7 6.5% 1.054

Savannah River 97.8 65.1 5.0% 0.906

(Columbia)

a. From Means Construction Cost Data--1990.

b. Based on 45% equipment, 20% material, and 35% installation costs.
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Appendix A

Methodology, Assumptions, and Bases

The cost estimating methodology, assumptions, and technical bases that are used to develop
planning life-cycle cost (PLCC) estimates are presented below. Specific additional assumptions and
bases for each cost module are given in the main body of this report and EG&G Idaho internal
report, "Waste Management Facility Cost Information Estimating Data" (WTD-92-049).

A.1 COST ESTIMATINGMETHODOLOGY

The cost estimating approach, shown in Figure 1-2 of the text, is based on the development of
well documented PLCC estimates for various facility capacities. Initially, a capacity range for each
type of facility was established by studying the stored and newly generated wastes at various existing
DOE sites. Data from the study defined baseline capacities for three different facility sizes (small,
medium, and large). These capacities are facility specific and have been defined in the main body
of this report under the appropriate sections.

Using the three capacities, a preconceptual design package for each cost module was developed
and used as the basis for PLCC cost estimates. Each preconceptual design package includes a process
functional diagram with mass flowrates, scoping study layout, and summary functional and operational
requirement (F&OR). The design packages utilize as much of the data from existing or planned
DOE facilities as possible. New designs were generated only if existing data were not available.

The process functional diagrams and scoping study layout drawings were developed to the
individual unit operations level. After unit operations were defined, major equipment lists and
building square footage requirements were established for each unit operation and released for cost
estimating.

Costs for each facility are divided into six components, each of which is estimated separately.
Equipment costs were obtained by soliciting budgetary costs from the suppliers, using existing data,
or making engineering judgements. Building costs were estimated by multiplying the unit operation
square footage by the building cost unit rates. After the five components are estimated, they are
added to obtain the total facility PLCC estimate.

To facilitate cost estimating flexibility, the front-end/back-end functions (e.g.,
receiving/staging/storage, incoming waste assay/inspection, incoming waste open/dump/sort, outgoing
waste assay/certification, and support facilities such as administration, maintenance shop, analytical
laboratory) of each treatment, storage, and disposal facility are estimated as separate cost modules.
This approach allows consideration of scenarios that involve existing facilities where some or ali of
the front-end/back-end functions are already in place.
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A.2 WMFCI MODEL

To develop the Waste Management FacilityCost Information (WMFCI) model, cost estimating
datawere entered into an interlinked spreadsheet in Lotus 123 software. The model outlines detailed
costs, cost factors, and unit rates for each cost module. A hard copy of the spreadsheets is included
in EG&G Idaho report WTD-92-046.

A.3 TECHNICAL BASES AND ASSUMPTIONS

Technical assumptions that apply to ali cost modules in this report are discussed in the following
sections. Facility specific assumptions are given in the mainbody of this report.

A.3.1 Input Waste Characteristics

It is assumedthatwastethat doesnot havefree water isreceivedat the treatmentfacilitiesin
drums, boxes, or metal bins. Liquid wastes are piped into the treatment facilities. Received waste
will fall in one of the following three categories (see Figure A-l):

• Dry active waste (DAW): Dry active waste consists of discarded components, disposed
garments, housekeeping waste, dirt, debris, metals, and similar material, lt is assumed that
DAW, when shipped to the treatment facilities in containers, are generally composed of
25% combustibles, 25% semicombustibles (a mixture of 50% combustibles with 50%
noncombustibles) 10% noncombustibles, 8.5% metals, 30% homogeneous, 1.5% special
waste. The composition of the combustibles portion of DAW are shown in Table A-1.
Various solid waste categories are as follows:

- DAW-1, Combustible solids: Combustible solids include waste paper, wood, plastics,
clothing, rubber, etc.

- DAW-2, Semicombustible solids: Semicombustibles include benelex and plexiglass,
cemented or uncemented dry organic sludge, volatile organic chemical (VOC)
contaminated soil/debris, asphalt, graphite, molds, insulation spent filters, etc.

- DAW-3, Noncombustible solids: Noncombustible solids include ash, soil, concrete,
brick, construction debris, etc.

- DAW-4, Contaminated metals: This waste includes ferrous and nonferrous metal
waste that is delivered to the treatment facilities in bulk forms, separate from and in
addition to loose metal waste, which is mixed with other DAW categories.
Subcategories are as follows:

DAW-4a, Bulk metals: Bulk metals include steel, metal, aluminum, copper,
special metals, etc.

DAW-4b, Lead: This category includes lead bricks, gloves, leaded rubber, lead
slabs, etc.
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Table A.1. Composition of the combustible portion of DAW.

Heating
value

Waste type Percent BTU/Ib

Wood 0.87 8,420

Paper 61.87 7,709

Polyethylene 15.60 19,949

Cloth 14.70 7,200

Graphite .15 10,000

Rubber 1.02 12,800

Cardboard .29 8,374

Teflon .09 0

Metal 1.00 2,869

Cement .29 0

Sand 1.06 0

PVC plastic 2.49 8,831

Total 100.00

DAW-5, Heterogeneous waste: Heterogeneous waste includes any DAW container
that requires special sorting and processing operations. For example, the contents
of some containers may include compressed gas cylinders that must be removed to
meet safety requirements.

- DAW-6, Special wastes: Special wastes are certain items that have physical, chemical
or radiological properties incompatible with the five treatment facilities. Treatment
of these items to meet the waste form requirements is outside the scope of the
normal process provided for each facility, lt is assumed that special waste will be
handled by special treatment schemes devised on a case-by-case basis.

• Sludge Waste: Sludge wastes (SLW) are dewatered water treatment filter cakes, ion
exchange resins, and other wet solids that have a minimum of 30% absorbed water content
(usually no free water). A further breakdown of this waste is as follows:

- SLW-1, Organic sludge: Organic sludge includes wet sludge and dewatered ion-
exchange resins and filter-cakes.

- SLW-2, Inorganic sludge: Inorganic sludge includes wet sludge, inert salt cakes, inert
filtrate cakes, or ion exchange media.
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- SLW-3, Special waste: Same as special waste discussed above.

• Liquid waste: Liquidwaste (LQW) normally has a high concentration of dissolved and
suspended solids (assumed to be 20% for this study) and can be divided according to the
following categories:

- LQW-1, Organic liquid: Organic liquid includes low or high boiling point petroleum
hydrocarbons, oil, or other volatile organic liquids.

- LQW-2, Inorganic liquid: Inorganic liquid includes evaporator concentrates or
concentrated liquids and sludge from filtering off-gas scrubber liquids.

- LQW-3, Special waste: Same as DAW-6.

Additional assumptions regarding the waste radioactivity, hazardous material contents are as
follows:

• When wastes are considered mixed waste, the applicable LDR treatment requirements
(BDATs) are either solidification, incineration, or vitrification.

• Transuranic waste (TRUW) has a transuranic concentration of greater than 100 nCi/g.

• Alpha-low level waste (LLW) are defense related wastes from Rocky Flats or similar
facilities and have a transuranic concentration between 10-100 nCi/g. Alpha-low-level
mixed waste (LLMW) is the same as alpha-LLW with the exception that it is controlled
under Resource Conservation and Recovery Act (RCRA).

• LLW are nuclear reactor and research related wastes as defined in DOE Order 5280.2A.

Defense related LLW have a transuranic concentration of less than 10 nCi/g. LLMW are
the same as LLW with the exception that they contain land disposal restrictions (LDR)
components and are controlled under RCRA.

• Wastes that contain materials that can jeopardize the safety of processing operations either
exist in small quantities and can be safely handled or can be segregated for handling and
processing as special material. Waste material in this category includes containers that

have free liquids and compressed gas cylinders. \

• Remotely handled wastes (e.g., waste containers with gamma radiation surface dose rate
above 200 mrem/h) are considered special wastes and would not meet the waste
acceptance criteria. If such material are contained inside of a shielded container, they will
be separated from the routine waste handled at the treatment facilities. These special
wastes are treated by special techniques (e.g., shielded portable units) on a case-by-case
basis.
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A.3.2 Output Waste Form

The following assumptionsapplyto the physicalandchemicalpropertiesassumedfor theoutput
of the treatmentplants:

• Waste Form 1--Leach resistanthigh integrityglass/rock: Produced by vitrification plants, this
waste form is a leach-resistant, high-integrity glass-or rock-like material. The waste form
also complies with transportation package (TRAMPAC) transuranic transportation
packaging criteria. Because of its high quality, this waste form furthermore meets the less
stringent requirements for Waste Forms 2 and 3, discussed below.

• Waste Form 2--LDR compliance required: This waste form is produced by the incineration
and solidification plants and complies with the LDR requirements. If incineration is used,
organics are destroyed and inorganics are fixed in a solidified matrix. If a solidification
plant is used, only inorganics are timedand other methods for destruction of organics, in
compliance with LDR, must be used. It is assumed that this waste form will be suitable
for a RCRA shallow land disposal facility.

• Waste Form 3--Repackaged Waste: This waste form, which is produced by
shredding/compaction plants, consists of repackaged dryactive waste. If the waste is LLW,
it will be suitable for shallow land disposal. If it is LLMW, alpha-LLW, or alpha-LLMW,
it complies with the requirements and acceptance criteriaof a deep geological repository,
such as Waste Isolation Pilot Plant (WIPP). Waste Form 3 does not meet any of the
above waste form requirements and would not meet the LDR requirements.

lt is assumed that the output waste from ali treatment plants will be packaged in 55 gal drums
with the exception that the shredding/compaction plant output will be packaged in 85 gal drum over-
packs.

A.3.3 Facility Design Requirement Assumptions

A.3.3.1 General Assumptions

The facility preconceptual designs follow these general assumptions:

• The treatment, storage, and disposal facilities for LLW, LLMW, alpha-LLW and alpha-
LLMW are classified as a Radioactive Liquid Waste or Radioactive Solid Waste Facility
per Section 1323 and 1324 of DOE Order 6430.1A. Ali buildings that handle radioactive
waste are classified as a moderate hazard facility according to University of California
Research Laboratories (UCRL) 15910.

• The facilities are designed in accordance with applicable regulations. Specifically, RCRA
places design conditions on the storage and treatment process, and performance
specifications on the thermal and waste stabilization processes. Ali equipment has
high-quality, low-maintenance features to keep personnel exposure as low as reasonably
achievable (ALARA). Remote operations are used to the greatest extent practical.

A-8



° The individual unit operations for treatment and storage facilities are sized to handle at
least 125% of the mass flow rates shown on the process functional diagram.

° Public, employee, and environmental exposures to hazardous and radioactive material will
be ALARA.

° The scoping layout of the facilities for each concept is based on the following assumptions:

- Surge capacity for indoor storage of the incoming drums, boxes, bins, and packaged
waste is 2-4 weeks.

- The preconceptual design for processing alpha-LLW/LLMW is based on a
conservative assumption that errors in alpha radiation measurement will result in
processing waste with higher than 100 nCi/g transuranic content. Hence, an alpha
cell arrangement is used for the layouts.

° Due to the very low concentration of plutonium in alpha-LLW/LLMW, it is assumed that
special design for criticality safety will not be required, and facilities will not be subject to
health and safety risks associated with criticality.

• Special designs to mitigate health and safety risks associated with pyrophoric and
flammable and toxic gas wastes are not provided.

A.3.3.2 Treatment Facility Support Functions

Support functions included for ali treatment facility cost modules include but are not limited to

• Heating, ventilating, and air conditioning (HVAC) nonprocess

• Fire protection

• Electrical (including emergency)

• Process control and data logging

° Radiation instrumentation

• Bulk chemical and additive supply and storage

• Storm water runoff control

° Waste water treatment (hazardous, radioactive, and sanitary).

Input from the site includes utilities, service water, normal and emergency power, and
communications. Laboratory and personnel decontamination areas are designed to handle radioactive
material.
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Structures housingpersonnel and nonradioactive components are designed perUniform Building
Code. Laboratory and personnel decontamination areas are designed for handling radioactive
material.

A.3.3.3 Common Facility Support Functions

Support functions for ali common facility cost modules include but are not limited to

• Security

• Personnel decontamination (radioactive and hazardous)

• Noncontaminated maintenance

• Health physics

• Sanitary facilities

• Work control/personnel support

• Interior and external (public relations) communications

• Spill or emergency response provisions (hazardous and radioactive)

• Analytical laboratory

• Environmental field sampling

• Environmental regulatory reporting and records management.

Every facility described in this report includes the following interfaces: facility communication,
alarm systems including telephone, evacuation, fire, security alarm, and public address systems. Ali
treatment processes are programmed for automatic shut down if the fire system or the evacuation
alarm is activated.

A.3.3.4 LLW/LLMW General Assumptions

Scoping study layouts are shown in EG&G Idaho internal report, "Waste Management Facility
Cost Information Estimating Data," WTD-92-046 (Feizollahi, F. and Shropshire, D., 1992). To
facilitate ease of maintenance and reduce employee exposures, each of the main process unit
operations are located in a dedicated room. Major components are controlled from a centralized
control room. Each facility includes space for support functions such as electrical, HVAC, and
mechanical and utility systems.
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A.3.3.5 AIpha-LLW/LLMW General Assumptions

Scoping study layouts are shown in EG&G Idaho report, Waste Management Facility Cost
Information Estimating Data, WTD-92-046. As with LLW/LLMW,each mainprocess unit operation
is located in a dedicated room to facilitate ease of decontamination and maintenance. Process

equipment are located,in a single alpha cell. Waste enters from one end of the cell and leaves from
the opposite end. The front of the cell faces an operating gallery where windows and remote access
devices are provided to allow remote operation of the equipment. An equipment pull-out and
maintenance gallery is provided in the back end of the cell. Failed components are removed from
the cell via air-lock doors and brought to the maintenance gallery for decontamination and
maintenance. Each facilityincludes space for support functions such as electrical, HVAC, mechanical
and utility systems.

Properly designed and constructed facilities tailored to each treatment method is considered an
effective method for treatment and stabilization, removal of contamination from metals, volume
reduction of solid waste, stabilization of liquid and solid LLW/LLMW and alpha-LLW/LLMW, and
conversion of noncombustible waste to a high integrity, leach resistant glass/rock-like material.

A.3.4 Facility Operation

The following assumptions are made for tl_e facility operations:

• Facility operates 24 hours/day, 5 days/week, 240 days/year, and assumes 70% plant
availability during operation. This is equal to 168 days/year, or 4,032 hours/year of
operation.

• The operational time span for each facility is 20 years.

A.4 COST BASES AND ASSUMPTIONS

The following general assumptions are made for the PLCC estimates contained in this report:

• Estimates for new facility construction are based on the conditions for the Idaho National
Engineering Laboratory (INEL) site including utility, labor and the related design,
construction, operation, and management factors.

° PLCC estimates are developed based on 1992 dollars. The time value of money or
escalation for expenditures occurring at different time frames has not been considered in
the estimates.

The costs for each facility are divided into these five components: studies and bench scale tests,
demonstration, production facilityconstruction, operating and maintenance, and decontamination and
decommissioning. Methodology and assumptions used in developing the cost components are given
below.
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A.4.1 Planning Studies and Tests

Estimated planning costs for the planning studies and bench-scale tests for each facilityconsists
of three subcomponents: manpower, equipment testing, and equipment instaUati,".. Manpower is
defined as the effort needed for initial paper studies, bench scale tests, and secondary paper studies.
Study durationsand >nanpowerestimates for these efforts were obtained from tables contained in an
existing report (F. Feizollahi, et. al., Preliminary Stored Waste Systems Design Study for low-level
TRU Waste Treatment Report, EGG-WTD-10254, 1992). Equipment budgetarycosts andassociated
installation costs for lab equipment, such as mixers and prototype ovens used in tests, were obtained
from the same reference.

The planning studies and tests cost component was estimated assuming a cost of $150,000 per
full-time equivalent (FTE) for scientists and engineering manpower.

Table A-2 containing a development, testing, and evaluation cost estimating spreadsheet for a
medium-sized incineration facility is included as an example.

A.4.2 Demonstration

The demonstration cost component consists of nine subcomponents. Cost estimates for three
of the subcomponents (manpower during demonstration, building structure, and equipment) were
obtained from an existing report (Feizollahi, 1992). The remaining six subcomponents (design,
inspection, project administration, indirect, construction management, and contingency) were
determined by using percentage factors provided by EtJ&G Idaho. These factors are the same as
those used for the production facility (see Section A.4.3 below), and are as follows:

• Design, inspection, project administration, indirect, construction management, and
contingency costs subcomponents are developed using percentage guidelines. This
approach facilitates development of PLCC estimates suitable for relative comparison of
various options. The percentages are historical averages experienced by DOE contractors
at the INEL for the types of activities covered by waste management facilities. In addition,

- Contingency on ali costs is 25%.

- Design cost, applied to construction cost total, is 30% during the demonstration
phase. During the production phase, it is 18% for LLWFLLMW and 25% for alpha-
LLW/LLMW facilities. Design costs for the storage and disposal facilities are 18%
of the cost for 1 year's capacity of storage or disposal structures.

- Inspection cost, applied to construction cost total, is 7%.

- Project management cost, applied to construction cost total, is 10%.

- Indirect cost, applied to total building plus equipment and installation costs, is 29%.



Table A-2. Development, testing, and evaluation cost estimates for incineration facility.

ALPHA

, lM[LD[_rM

, .I Pi'imaD' , Bench i Sec. ' i Bench Bench Pilot Pilot Pilot

; I Paper Scale i Paper Total ', Scale Scale Plant Plant Plant
E_iuation :: Studies , Evaluation R_search Studies Studies Mock-up Mock-up Mock-up

! r Research i Research ' Research Manpower Equipment { ,tailationTestDemo. TestBide.. TestEquip.

i UNIT OI_RATION Manpower, Manpower I Manpower { Manpower! ! { SI000 SIf'IX) $1{_0 S I(X)0

iDA- I 'Prepare& Feed IncomingWaste ii I' _ I' 3; .cO I00

SDA-2 Incinerator ii 2 , 2! I0_ I00' 500

}DA-3 Prepare& Feed forSoiidifx:ation ! :

tDA-4 Solidil_ I 3, 2 6 _ 501 I_

{DA- 5 Drum Cappin_& Washing '.i ' I I
DA-6 Off-Gas Treatment i 2 2' 3. .mO: 150

DA-7 l_'epam& feedLime , _ '
DA-8 TreatLiquidWaste

DA-9 'Store8,:FeedBinder ,i

DA- I0 ' Eiec. Dlst & MCC _}

DA- lI :Heating.Ventilation& Exhaust }
'DA- 12 IOtherEquipment
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LLW/M.JdW
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; Primary i Bench Sec. Bench { Bench Pilot Pilot Pilot i
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i DL- Ii !Heating. VentiJa,tion & Exhaust ' } _ ' { {

DL- 12 t Other Equipment 'i ' _ {
! Unit CostiS/Unit) )i::i£iii!££!£!!i!iii::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::$150.000::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::$150,000
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- Construction management (CM) costs applied only to productionconstructioncosts
total, are 17.1%.

- Construction management reserve is 10%.

Major assumptions used for developing the budgetarycost estimates for the demonstration cost
component are given below.

® The demonstration equipment cost estimates are budgetary and based on industrial
equipment, which costs less than the final equipment that will be provided for the
production facility. Accordingly, it is assumed that material used in test assemblieswill be
fabricated from commonly available industrialequipment.

• In the vitrification system, the demonstration melter train (i.e., melter, off-gas treatment,
and slag cooling/packaging) will be tested in an existing building as a single assembly.

• In the open, dump, and sort facilities, remotely operated devices needed for container
opening, dumping, sorting,crushing,and shreddingwillbe demonstrated in a simulated cell
environment as an integrated single assembly.

• Incineration demonstration including its off-gaswill be carried out in a contract pilot-plant
and will be assembled in an existing building.

• Ali other demonstrations, such as liquid waste treatment, alpha assay instruments, and
decontamination, will be performed by vendors. An example of the demonstration cost
spreadsheet is shown in Table A-2.

A.4.3 Production Facility Construction

The production facility cost consists of nine subcomponents. Two of the subcomponents,
equipment and installation, are estimated in this report and included in the cost model tables. The
costs are based on an equipment list developed from the information provided in the F&ORs and
process functional diagrams. Then, equipment budgetary purchase costs are estimated using either
vendor budgetary quotations, historicalcost information, or engineering judgements. Installation costs
are estimated for each piece of equipment and include labor,construction equipment, small tools, and
supplies. Whenever vendor quotes were based on off-the-shelf equipment, they were multiplied by
an appropriate adjustment factor to allow for NQA-1 and other more complex requirements of the
specific process. Table A-3 containing equipment purchase and installation costs for a medium-sized
incineration facility is included as an example.

A third subcomponent, building cost, is developed by multiplying the estimated building space
required for each unit operation by a set of unit rates provided by EG&G Idaho and Morrison
Knudsen Corporation (MK). The allocated buildingspace estimates are developed fromthe scoping
study layout sketches presented in the attachments. The est/mates include allocated space in separate
categories to account for different hazard levels. The estimated square footage and the calculated
building cost estimates for each unit operation are listed in the cost model tables. Table A-4
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Table A-3. Equipment purchase and installation budgetarycost estimate for incineration facility.

MEDIUM

if
, $1ooo'. I slooo.. $toco'. j s_ooo', u.o.

DL- 1 Prepare & Feed Incoming Waste I [
-Bin Hoist/Pusher B 5 1 33 66 8 1 8 { 74

.. -Disch. & Oversize Load Hopper.(100 CF) B 1 1 25 50 71 7 57

- Primary. Shreeder (.25.1.5.2 TPH) B 250 1 200 403 301 30 430

-Secondary Shredder (.5.1.5.3 TPH) B 60 1 175 350 30 30 380

-Live Bottom Bulk Storase B I I 25 50 7 7 57

-Tertiary Shredder (12,4 'T'PH) B 0 0 0

-Conveyor /CanisterHandler B 5 I 40 80 I0 10 90

-Manipulate Crane - 10TN B 15 1 4001 800 1130 100 900

-Organic Liquid Feed B Lot 751 150 15 15 165

-Liquid Waste Feed B Lot 75 150 15, 15 165
-Allowance for Structural Steel - TN B 4 1 8 1 [ 4 12

-Allowance for Piping / Mechanical A Lot 20 _ 60 8 ] 8 68, ,

, [-Control Panel - FT D 8 10 96 1 8 104

-Allowance for Electrical / Control D Lot 216 259 43 43 [ 302-C.alibration. Testing & Starttip .. D Lot 15 18 72 721 901

[ o lTotal Prepare & Feed lncomin_ Waste 2537 35"/,,! 2894

DA- 1 IPrepare & Feed Incoming Waste
!- Bin Hoist / Pusher B 5 1 33 991 8 8 107

-Disch. & Oversize Load Hopper (100CF) B 1 1 25 75 7 7 82- Primary Shreeder (.25.1.52 TPH) B 250 1 200 600 30 30 630

-Secondary Shredder (.5.1.5.3 "I'PH) B 60 1 175 525 t.._._ 30 555, -LiveBottom Bulk Storage (400 C F) B 1 1 25 75 7 7 82

-Tertiary Shredder (12.4 TPH) B 01 0 0- Conveyor / Canister Handler B 5 1 40 120 I0 I0 130

-Manipulate Crane - 10TN B 15 1 400 1200 100 100 1300Orsanic Liquid Feed B Lot 75 225 15 15 240

-_quid Waste Feed B Lot 75 2251 15 15 240
t -Allowance for Structural Steel - TN B 4! 1 12 1 4 16

- Allowance for Pipin_ / Mechanical A Lot 20 60 8 8 68

-Control Panel - FT D '" 8 _ 10 120 1 8 128

! -Allowance for Electrical / Control D Lot 22 33 4 4 37

- Calibration, Testing & Startup D Lot 15 23 72 72 95-Air l.xx:ks E 2 124 248 39 78 326

i 0
....

i Total Prepare & Feed Incoming Waste .... 3640 396 4036

DL-2 Ilncinerat°r ......
t - Incinerator 0 I 0 0

i-Ventilation Blower ( 1000.4500.6000 SCFM) 15 0 t 0 0

I -Complete Package per Above Detail E LOt 1200 1200 241 241 1441
I -Allowance for Structural Steel - TN B 5 1 10 1 5 15
i

I -Allowance for Piping / Mechanical A Lot 120 360 48 48 . 408

I -Control Panel - FT D 10 10 120 I 10 . 130 1

t-Allowance for Electrical /Control D Lot 266 319 53 53 372

I -Calibration. Testing & Startup D Lot 15 18 192 192 210

t Total Incinerator 2027 549 2576
DA-2 Incinerator

-Incinerator O 0 O-Ventilation Blower (1000.4500.6,000 SCFM) 15 01 0 0

' -Complete Package per Above Detail E Lot 5 1200 12001 241 241 1441• Allowance for Structural Steel - TN B 1 .. 15 1 5 20
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Table A-3. (continued).

MEDIUM

ill Ist0oo'._s,_. $_oo_.I$Ioa,.u.o.
-AllowanceforPipinR/Mechanical A :Lot I 120 360 481 48 408

,-ControlPanel- FT D 2 [ I0 30 II 2 32
-Allowance forElectrical/Control D Lot I 266J 399 53 53 452

-Calibration. Testing & Startup ii D Lot I 15 23 192 i 192 215
-Air Locks E 2 124 248 39 78 326

Total Incinerator 2275 619 2894

DL-3 Prepare & Feed for Solidification

-Ash Hopper/De- lumper (100300.500 CF) B 2 1 150l 300 30 30 330

- Pneumatic Conveyor B 5 1 501 100 10 10 110

-Allowance for Piping / Mechanical A Lot 20 60 8 8 68
-Control Panel - FT D 4 10 48 1 4 52

-Allowance for Electrical / Control D Lot 46 55 I I 1! 66

- Calibration. Testing & Startup D Lot 10 12 30 30_ 42

Total Prep & Feed for Solidification 575 93 668

DA-3 Prepare & Feed for Solidification

-Ash Hopper/De-lumper (1003002;00 CF) B 2 I 150 450 30 30 480

-Pneumatic Conveyor B 5 1 50 150l 10 10 160

- Allowance for Pipin S / Mechanical A , Lot , 20 60' 8 8 68
-Co.trol Panel - FT D 4 [ 10 60 1 4 64

[ - Allowance for Electrical / Control D Lot [ 46 69 14 14 83

-Calibration. Testing & Startup D Lot I 10 15 30 30 45
-Air Locks E 1 124 124 39 39 163

Total Prep & Feed for Solidification 928 __ 135 1063

DL-4 So.lidify ,J
- Conveyor - Roller (24"x 15')

-Binder Feed Prep i

- Binder Feed Hopper [

-Waste Feed Prep [

-Waste Feed Hopper
I

-Binder/Waste Mixing Station [

- Drum Tumbler [

- Welsh Station t

-Drum Capping & Cap Removal I I
-Dust Collection & Ventilation 1 [

-Allowance for Structural Steel - TN [ I

-Complete Package perAbove Detail B Lot [ 200_ 400 72 72 472 I
- Allowance for Electrical / Control D Lot [ 80 96 16 16 112 I-Calibration. Testing & Startup D Lot I 10 12 72 72 84

Total Solidify [ 508 160 668 I

DA-4 Solidify [ I
- Conveyor - Roller (24"x 15') I I
-Binder Feed Prep [ I

[ -Binder Feed Hopper i |

i -Waste Feed Prep ;' I
-Waste Feed Hopper ! I

i- Binder / Waste Mixing Station ] i I

- Drum Tumbler I l I
-Welsh Station i II

-Drum Capping & Cap Removal [ I

-Dust Collection & Ventilation I 1-Allowance for Structural Steel - TN i 1

i -Complete Package per Above Detail B Lot _ 200 600 72 72 672,11
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Table A.3. (continued).

MEDIUM

-ii 'DESCEIFI'ION CAT. If_ o'rY U-q _ Ammtat Ui¢ Com Ame_at Total

, , ,,,, , , , s,,ooo',],tooo.,, _,ooo..lmoo., .o.

DL-5 Drum Capping & Washing }'I......

-Drum Wash Unit 'I A 2 25 150 5 { I0 160

-Drum Conveying System li B 2 10 40 2 4 44
-Control Panel - FT [_ D 2 10 24 1 2 26

-Allowance for Electrical / Control ! D Lot 9 11 2! 2 13

-Calibration, Testing & Startup i D Lot 2 2 42 ! [. 42 44

Total Drum Capping & Washing !, 227 60 [ 287

DA-5 Drum Capping & Washing " _-- , , L

I 'Drum Wash Unit II A 2 25' 150 5 1_1 160- Drum Conveying System B 2 101 60 2 64
-Control Panel ii D 2 10 30 1 2 32

-Allowance forElectrical / Control ! D Lot 9 14 2 2 16

-Calibration. Testin s & Startup i[D !Lot 2 3 42 42 .... 45

-Air Locks !_ E 2 12.1 248 39 78 326
Total Drum Capping & Was'hing :,t 505 138 643

DL-6 Ofr-Gu Treatment }[ ,, ,

-Gas Cooler It,, '-Wet Scrubber

- Quenchinl3 Tower t

- Mist Eliminator I ....

-Heat Exchanger ,J!
- Conde nsor

-Scrubber Liquid Collection Tank .... 1
- Reheater I
- HEPA Filter II

[ -Glycol Cooling System ii

I-Main Off-Gas Blower i!
- Exhaust Stack [1

-Complete Package per Above Detail ii E LOt 1620 1620 324 324 1944
-De-Nox Unit E iLot 200 200 20 20 220

-Environmental / Rad. Monitorin S E Lot 600 600 120 120 720

-Allowance for Valves. Pumps & Piping :, A Lot 242 726 97 97 823

- Control Panel -'- FT I! D 8 10 96 1 8 104

-Allowance for Electrical / Control {ID Lot 534 641 107 107 748

-Calibration. Testing & Startup II D Lot 15 18 224 224 242
Total Off-Gas Treatment !t 3901 900 4801

DA-6 Off-Gas Treatment it

-Gas Cooler i!_, ....

-Wet Scrubber {_ 2

-Quenching Tower ii- Mist Eliminator

- Heat Exchanscr [
- Condenser '{[ 1

'Scrubber Liquid Collection Tank !

- Reheater .... 'I
I -HEPA Filter ,.-Glycol Cooling System i, 1 ....
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Table A-3. (continued).

tl MEDIUM

ISlOco'. I$100o.. sloco'. [slooo,, u.o. _

- Main Off- Gas Blower 10i ....... I l ! [

- Exhaust Stack ' [ ,

-Complete Package per Above Detail E Lot 1620 1620 324 324 1944
-De-Nox Unit E , Lot 200 200 20 20 220

-Environmental / Rad. Monitoring E ii Lot 600 600 120 120 720

-Allowance for Valves, Pumps & Piping A I Lot .242 726 97 97 823
-Control Panel - FT D 8 10 120 1 8 128

-Allowance for Electrical/Control D Lot 534 801 107 107 908

-Calibration, Te._ting & Startup D LOt 15 23 224 224 247

-Air Locks E 3 124 372 39 117 [ 489
Total Off-Gas Treatment 4462 1017 i 5479

....

DL-7 Prepare.&. feed Lime

LI- Packase System E Lot 250 250 50 '_f)l 300

l -Control Panel D 21 10 24 1 li 2 26
-Allowance for Electrical / Control D Lot 52 62 10 [ 10 i, 72

-Calibration, Testing & Startup D LOt 5 6 36 [ 36 42

Total Prepare & Feed Lime 342 98 440

:DA-7 Prepare &. feed Lime
- Package System E LOt 250 250 50 50 300

-Control Panel D I: 2 10 i 30 1 2 32

-Allowance for Electrical / Control D I Lot 52 78 10 I0 88

-Calibration, Testing & Startup D ] Lot 5 8 36 _ 36 44
Total Prepare & Feed Lime 366 98 464

DL-8 Treat Liquid Waste I

li -Sur._e Storage Tank 0 ti 0 0- Precipitation Tank 01 0 0

-5!_dge }-loldin_ Tank 0 0 0

--..S.[t_dgePump , 0 0 0
-Filtrate Water Recirc Pump 0 0 0
- Media Filter 0 0 0

-Activated Alumina Column 01 0 0

- Ion Exchange Column 0 J 0 0- Granulated Activ',_ted Carbon Column 0 J 0 0

- Discharse Storage Tank , 0: 0 0

-Complete Package per Above Detail E ... Lot 800 800 160 160! 960

-Allowance for Valves & Piping A Lot ...150 450 70 70. 520
-Control Panel - FT' D 8 10 96 1 8 104

- Allowance for Electrical / Control B 192 0 38 0 0

-Calibration, Testing & Startup D Lot 40] 48 168 168 ..216

i Total Treat Liquid Waste 1346 238 1584

DA-8 Treat Liquid Waste

- Surge Storage Tank 0 0 0

- Precipitation Tank n. 0 0 .... 0

- Sludge Holding Tank 0 0 0

- Sludse Pump 0 0 0

-Filtrate Water Recite Pump 0 0 . 0
-Media Filter 0 0 0

-Activated Alumina Column 0 I 0 ... 0

-Ion Exchange Column I 0 [ 0 0

-Granulated Activated Carbon Column ! 0 I 01 0
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Table A-3. (continued).

'MEDIUM .....
n i

P_... M.AT1.5.di:EQUllP. _ [1_. I

DE_IC/RFTION CAT. RF OTY Unh_ Amour UnhC_o,¢ Asset JTit

:St000". S 1000"s t 100Ce. J 1000"8 IJ U,O.IIII I I I,lll II
-Discharge Storage Tank 0 0 0

-Complete PaekaBe per Above Detail E Lot 800 8130 160 160 960
-Allowance for Valves & Pipin B A Lot 150 450 70 70, 520
-Control Panel - VI" D 8 10 120 1 8 128
-Allowance for Electrical / Control D Lot 192 288 38! 38 326

_ -Calibration, Testing & Startup D _ Lot 40 60 63 63 123
Total Treat Li_quidWute 1718 _ 339 2057

.... _! ..... ;,,

[)L-9 stor© & Feed Bioder

S,tem Z"'.i,i Lot 250 50 300
- Control Panel - FT D 2 10 24 1 2 26

,., __ ....

-Allowance for Electrical / Control D LOt 52 62 10 t0 72

-Calibration, Testing & Startt:p . D LOt 5 6 36 ... 36 _42
Total Store & Feed Binder 342 98 440,,,

DA-9 Store & Feed Binder

-Package System E Lot 250 2.',0 50 50 300
-Control Panel - FT D 2 10 30 1 2 32

............

-Allowance for Electrical / Control D Lot 52 78 10 10 88....

-Calibration. Testing & Startup .... D LOt 5 8 36 36 44
Total Store & Feed Binder 366 98 464

DL-10 Elee. Dist & MCC
....... _ ........... "t"

DA-10 !Elec. Dist & MCC

DL- 11 Heat;hR. Ventilation & Exhaust

DA-- t 1,,_Heating. Ventilatio_. & Exhaust
DL-12 Other Equ..ipment ....................

-Fire Suppression System (Shredder Area) lE ..... LOi ' 70 70 .... 15 15 85

-- .._ -Radiation MonitoringSystem . lE._ LOt 350 350 601 60 4101
-Fire Suppression System (Other Area) ;it: ..... Lot 65 65 12 ..12 77

, - Emergeneey Shower & Decon Station E ...... Lo! .,30 30 6 6 36

..I-Sump Pump .... A ..... _t 10 30 3 3 33
-Service & Instrument Air E Lot 190 1901 50 50 240t

..... -Stand By Emergency Power System D Lot 230 276: .. 40 40 316
- 0
- 0

..... Total other Equipment 1011 .. 186 li97
DA'12 Other Equipment ...........

-FireSuppressionSyst'em(Shredder,_rea).-_LE--- lot 70 70 ....15 15 85

- Radiation Monitoring System , E ,., Lot 700 700 60 ,,60 760
-Fire Suppression System (Other Area) ., E Lot 65 65 12 12 77

-Emer!T3n.ceyShower & Decon Station , E Lot 30 30 . 6 6 .... 36
. -Sump Pump A Lot 10 30 3 3 33

-Service & Instrument Air E Lot 190 190 .... 50 50 240....

-Stand By Emergency Power System D Lot 230 345 40 40 385
-- Total Other Equipment ..... 1430 .. 186 ..... !616
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Table A.4. Buildingandequipment material and installation cost estimate summary for incineration
facility.

Estimate Summary - INCINERATION - ALPHA

MEDIUM 1auiidinll Area Mater_. I & Equipment CmU ..... Tolai
I.om Medium Idaint. Process Total _ Installation Total Cost pm"

Hanrd Hazard Area Area Ares _ Cest Cmt Cost Unit Olxt_

UNIT OPEXATION mqJt mq.ft sq.ft mq.ft $1000 $1000 II000 $1000 $1000
DA-1 Prepare & F_ed Inmmiut Waste 600 600 900 2322 3,640 396 4,036 6.358
DA-2 Incinerator 1,0O0 1.000 1.5001 3,870 2275 619 2,894 6.764

DA-3 Prepare & Feed for Solidification 300 300 450 1.161 928 135 1,063 2.224

DA-4 Solidify 300 300 450 1.161 859 199 1,058 2.219
DA-5 Drum C81_inR & Washing 300 300 450 1.161 505 138 643 1.804
DA-6 Off-Gas Trealment 1.800 1.800 2,700 6.9645 4,462 1.017 5,479 12.445

DA-7 Prepare & feed Lime 600 lM 366 98 464 572
DA-8 Treat Liquid Waste 600 900 1.602 1,718 339 2,057 3,.659
DA-9 Store & Feed Binder 1.050 _ 189 366 98 464 653
DA-10 Elec. Dist & MCC 1500 270 270,

DA-11 HeatinR, Ventilation& Exhaust 2400 1.008 1,008
DA-12 Other Equipment 0[ 1,430 186 1.616 1.616

._.g.._<_,'.:'_;:_'._"._.:i:_:_:;:.:i_,_::',_:__i..'.'.._._._._i_i_!i_j_!i_ 19.818 ."::::_':!:_:::_':_:::_'::::__:.'.._<.'ii_ii_!'.'..".'..'_._!_:_i_i
Total Cos ............;%?.:...._:._:..............:............................................................ _!_'_ii:i_._:i:i_:i_!.;_,."i_._!_i!'._.<.3.i_ii!!_.Y..._.;}._i._!19,774 39.592

;_.¢..!:.'.':_."._.._";."._:: :I[Pmt Torah to Table DA-6, Item [ 3.4.1 .....:.:.:.:.:.:_::::_:::.:.:i:_i.,.':!:i:i:i:_:..'.!._:_:_!:_.i.5::_!:J3.4.2 I

Estimate Summary - INCINERATION

MEDIUM

Buildlntl Area Malerial & Equipatest Cmtm Total
L,_ Medium Maint. Proceu Total Purchase huttaliatiou Total Coal pea"

Elanrd Hazard Arm Area Area Cmt Cmt Coet Cmt Unit OpNn.

UNIT OPERATION mq.ft mq.ft mq./t mq,/t $1000 11000 $1000 11000 $1000
DL- 1 Prepare & Feed lnco_aiu_ Waste 1200 504 2.537 357 2.894 3.398
DL-2 Incinerator 2.000 840 2.027 549 2.576 3.416

DL-3 Prepare & Feed for Solidification 600 252 575 93 668 920
DL-4 Solidih/ 600 _2 508 160 668 920
DL-5 Drum C.apl_g & Washing 600 252 227 60 287 539
DL-6 Off-Gas Treatment 3,600 1.512 3,901 900 4.801 6.313

DL-7 iPrepare & feed Lime 400 72 342 98 440 512
DL-8 ;Treat LiquidWaste 1200 504 1.346 238 1.584 2.08.8
DL-9 [Store & Feed Binder 400 72 342 98 440 512
DL-10 Eiec. Dist & MCC 1650 2971 297

DL-11 Heatin S, Ventilation & Exhaust 1600 672 t 672
0 i 1.011 186 1.197 1.197

DL- 12 Other Equipment -ta' .... _::_::::..r..._::::_.:_..:_::::_:._s._.z._::_:::_:::_:_:_._:::`:i_:::_`:::.f.._..._::i::..`_._:5"_ f_._iiii_'_ii i'_!i_.'?._.i_.:,.".'_.;:i_15J;55 20,784
• IlPost Totals toTable DL-6, Item [ 3 4.1 [!:-`:._i_i:.:_P_i!_i!_!:::::.?-:.:..::.`..::!_i:.i!:._.ii::::_!!!:i.::i!..`:._3.4.2 .. ]
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containing building and equipment material and installation estimate cost summaryfor an incineration
facility is included as an example.

The building unit rates costs are representative of the building and its support systems, including
utilities, fire protection, and site development costs. The alpha cell space building costs include high-
efficiency particulate air (HEPA) filter systems. Special equipment and any additional mechanical
or electrical systems necessary for operation of the equipment have not been included in the building
unit rate costs. The unit rates do not include the construction contractor direct and indirect costs

and the appropriate overheads and profit.

The remaining six cost subcomponents (design, inspection, project administration, indirect,
construction management, and contingency) are determined using percentage factors. These
percentages, building unit rates, and other major assumptions used to develop the production facility
construction costs are the same as listed in Section A.4.2, above.

• The building unit rate costs listed below are for treatment facilities and based on similar
facilities at the INEL.

- Low hazards areas (e.g., areas for support and nonprocess functions including office,
and incoming and outgoing packaged waste storage and handling spaces) are $180/ft2.

- Moderate hazard building space including areas used for LLW/LLMW waste
processing and alpha-LLW/LLMW operating galleries is $420/ft2.

- Alpha cell space with double confinement barrier used for alpha-LLW/LLMW
equipment maintenance galleries is $1200/ft2.

- Alpha cell space with triple confinement barriers used to house alpha-LLW/LLMW
processing equipment is $1,500/ft2.

• Building costs for storage facilities are based on similar preconceptual facility designs by
MK. The following costs apply:

- Loading/unloading and office areas at the front-end/back-end facility are $180/ft2.

- The lab area for the front-end/back-end support facility are $420/ft2.

- Small, medium, and large storage warehouses are $73/ft2, $57/ft2, and $47/ft2,
respectively.

• Building costs for disposal facilities are based similar facilities at the Illinois LLW site. The
hazard categories and their associated costs are as follows:

- Low Hazard I space for administration/offices, warehouse and maintenance, material
storage for the grout plant, unload/staging area, storage building, canister storage at
the waste packaging building, utilities/mechanical building, and electrical substation.
The cost is $165/ft2.
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- Low Hazard II space for the site access building and truck wash station, as well as
the lab, is $231/ftz.

- MediumHazard buildingspace, which includes the waste packaging area, groutplant,
assay,inspection, certification, secondary treatment, andwaste packaging, isestimated
at $346/ft2.

° Stainless steel equipment is selected to allow for easy decontamination and maintenance.
Stainless steel is specified even when materials considerations indicated that cheaper
construction would be appropriate. Therefore, the estimate assumes the most expensive
equipment or factors.

° The process areas for alpha-LLW/LLMW are located in an alpha cell with triple
confinement barriers.

• Maintenance areas for alpha-LLW/LLMW are located in an alpha cell with double
confinement barriers.

• Process and maintenance areas for LLW and LLMW process equipment are located in a
moderate hazard rated building with approximately 12 in. of concrete walls for shielding.

• Facility construction cost estimates in this report do not include the infrastructure (utilities,
roads or site development).

A.4.4 Operation and Maintenance

Operation and maintenance (O&M) cost is comprised of four subcomponents: operating
manpower, utilities, materials, and maintenance. Operating manpower is estimated for each unit
operation by assuming an appropriate operating crew for that unit. The estimated operating FTE
requirements for each unit operation is presented in cost model tables in the attachments. PLCC
estimates for the utility cost subcomponents, summarized in the cost model tables, include electric
power, natural gas or No. 2 fuel oil, as appropriate. These costs are estimated by multiplying the
equipment horsepower and energy consumption rates for each facility by the given energy cost unit
rates (see below).

The material cost subcomponents includes consumables such as shipping/disposal containers,
additives, chemicals, and personnel protective equipment. These are estimated for each facility based
on the process flow rates given in the preconceptual design packages and are listed in the tables
included in the cost model.

The maintenance cost subcomponent is divided into maintenance labor and maintenance
replacement equipment cost. These costs, presented in the tables in the cost model, are obtained by
assuming that the annual maintenance equipment cost is 7% of the original equipment capital cost
and that the annual maintenance labor cost is 250% of the maintenance equipment cost.
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General assumptions used to develop the operation and maintenance costs are given below:

• The following utility and operating rates are established based on INEL site for the
development of life cycle costs:

- Electricity @ $0.035/kWh

- Propane @ $0.60/gal

- No. 2 fuel oil @ $0.80 per gal.

• Present day costs are used for preparation of the O&M cost estimates.

• A contingency factor of 25% is applied to the project subtotal O&M costs.

• Operating staff labor rate is $140,000/FTE.

• Unprocessed waste is packaged in drums, boxes, or metal bins at the originating facility
before shipment to the treatment plants. Hence, cost for packaging of unprocessed waste
is not included in the estimates.

• Additive soil cost for the vitrification facility is negligible.

• The O&M costs are based on a facility operating schedule of three 8-hour shifts, 5
days/week, and 240 days/year.

• Portland cement binder cost for solidification is $0.05/1b.

• Shipping/disposal container is 55 gal drums at $25/each or 85 gal drums at $40/each.

A.4.5 Operating Budget Funded Activities

In accordance with DOE orders, there are a number of activities that can not be charged to the
Line Item Construction Projects funds. A breakdown of these activities and preliminary cost
estimates are given below, lt is assumed that the level of effort required for some of these activities
are the same for ali major facilities, except common support facilities.

Project activities to be funded by operating budgets and the estimated costs are

• Conceptual design at 1.5% of construction cost.

• Project management prior to Title I design at 10% of the National Environmental Policy
Act (NEPA) conceptual design safety assurance and preparation for operation costs.

• Environmental and permitting (NEPA documentation including environmental impact
statements, Federal, state, and local permits) estimated at $6,000,000 for each waste
treatment and disposal facility that requires a full NEPA process including preparation,
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review and approval of an environmental impact statement. Smaller projects such as
shredding/compaction and storage facilities are assumed to requireonly an environmental
assessment report followed by a finding of no significant impact and are estimated at
$1,000,000. Since front-end and back-end support facilities are assumed to be constructed
along wi._hthe main facilities, no permitting/NEPA cost allowances are required.

• Safety assurance documentation (safety analysis,reliability, availabilityand maintainability
analysis, probabilistic risk assessment, hazards analysis, criticality reviews, and radiation
analysis) at 1.5% of the construction cost.

• Preparation foroperation (operations procedure,operating personnel staffing, trainingand
testing, readiness reviews, spare parts, and material) is assumed to start 3 years before the
facility begins production operation. Based on the experience at the TSCA incinerator at
Oak Ridge National Laboratory, the cost for the preoperation activity is assumed to be
approximately 100% of the annual operating cost. This accounts for 15%for the first year
of pre.operation, 25% in the second year, and 60% in the last year.

A.4.6 Decommissioning

Decontamination and decommissioning costs for treatment facilities are based on a recent cost
study conducted by EG&G Idaho for the buried transuranic waste (R. Schlueter, et al., Low.Level
and Transuranic Waste Transportation Disposal and Facility Decommissioning Cost SensitivityAnalysis,
WTD-10092, 1992). Based on this study, a cost of $450/ft3 average unit rate for treatment facilities
is used. Decontamination and decommissioning costs for storage facilities are estimated at $50/ft2.
The calculated costs are shown in the cost model tables. Table A-5 containing decontamination and
decommissioning costs for an incineration facility is included as an example.

A.4.7 Transportation Costs

Transportation costs are based on a recent cost study conducted by EG&G Idaho for the buried
transuranic waste (Schlueter, 1992). Transportation costs are calculated based on the system input
or output waste volumes, whichever is appropriate.

A.4.8 Cost Summaries

Cost summaries are presented according to the sixcomponents described in this appendix. Also
shown in cost summary tables are cost subcomponents and the appropriate multiplication factors.
These tables have been included in Sections 2 through 17 of main report.
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Table A-5. Decontamination and decommissioning cost estimates for an incineration facility.

ALPHA
MEDIUM

Buildin_ Area
Low Medium Maint. Process iD&D Cost i

Hazard Hazard Area ] Area I ':
UNIT OPERATION I i(× $1000)

sq.ft sq.ft sq.ft I_ sq.ft t
DA- 1 Prepare & Feed Incoming Waste 0 600[ "600 9001 945"_:!
DA-2 Incinerator 0 ! 1000 1000 1500i, 1,575 !

DA-3 Prepare & Feed for Solidification 0 300 300 450! 473 !

DA-4 Solidify 0 300' 300 450i 473'

DA-5 Drum Capping & Washing 0 300 300 450i 473 _
DA-6 Off-Gas Treatment 0 1800 1800 27001 2,835"

DA-7 Prepare & feed l.ime " 600 0 Oi 0t 270

DA-8 Treat Liquid Waste 0 600 OF 900i 675
DA-9 Store & Feed Binder 1050[ Oi 0 Oi 473,

DA- 10 IElec. Dist & MCC 1500 01 0 Oi 675

DA- 11 Heating, Ventilation & Exhaust ..... ' -- ,_ 2400! i 1,080
DA-12 Other Equipment 0 0l 0l 0! 0,,

Total Cost 9,947!• Post Totals to Table DA-6, Item , 6.0

LL W/LLMW
MEDIUM

Buildin_ Area
Low Medium Maint. Process D&D Cost

Hazard Hazard Area Area

. UNIT OPERATION (X $1000) '

i sq.ft sq.ft sq.ft sq.ft

DL- 1 ' Prepare & Feed lncomingWaste 0 12001 0 0 540
DL-2 Incinerator 0 2000 0' 0 900

DL-3 Prepare & Feed for Solidificatiu. 0 600 01 0' 270

DL-4 Solidify 00t 600 0 i 0 270
i DL- 5 Drum Capping & Washing 600 0 ! 0 270

DL-6 Off- Gas Treatment 01 36001 0 ! 0 1,620'

DL-7 Prepare & feed Lime 4001 01 0', 0 180

DL-8 Treat Liquid Waste 01 12001 0; 0 540,
DL-9 Store & Feed Binder 4001 0; 0 ! Oi 180'

DL-10 Elec. Dist & MCC 1650[ Oi 0; 0* 743!

DL- 11 Heating, Ventilation & Exhaust Oi 1600i 0! 0' 720

DL- 12 ' Other Equipment II 01 0 t Oi 0 0'
i ................................ . ..... _ ........... :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

Total Cost [i!_!_!i!ii_!!i_ii!!_!!ii!i!!!!!!!iii_!!i_!::iii:::iii_::!_!i!!:.!i!ii_i:.::_!i_::::_:_i:.!::::!!::_::::::i_::!::_::!_::_i::_:_:::::y.::!::_:_:::_:_!:::!!:::_6,233

[iPost Totals to Table DL-6, Item 6.0 '
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Appendix B

Scenario Costing Worksheet

B.1 SCENARIOCOSTINGSTEPS

B.1.1 Step 1--DefineScenarios

Step 1.1--Define waste sorer.es and generator locations. Enter data in Table B-1 per the
following instructions (use one table for each location):

a. Enter in the first ,'ow heading the location of the facility where the waste is generated or
stored.

b. For each category of waste, enter the quantity (lbs) in the appropriate cell in the table.
If input waste is in cubic feet or cubic meter, multiply by the appropriate density to get
total waste quantity in lbs.

Step 1.2--Define types and location of treatment facilities and their input waste quantities. Use
Table B-2 as a guide in selecting a treatment facility that is suitable for a given waste category. Enter
data in Table B-3 per the following instructions (use one table for each location):

a. Enter in the table first row heading the location where the treatment facility is to be
located.

b. Place a checkmark under the "Req'd" column in front of each required facility.

c. Enter input waste quantity from step 1-1 in front of the required facility and under the
"input waste quantity" column.

d. If a facility is a stand-alone facility (i.e., it is not being augmented to an existing
operational facility), select the appropriate front-end and back-end support facilities and
enter input waste quantities in front of the required facilities under the "input waste
quantity" column.

Step 13--Define types andlocation of storage facilities. Enter data Table B-4 per the following
instructions (use one table for each location):

a. Enter in the table first row heading the location where the facility will be located.

b. Place a checkmark under the "Req'd" column in front of the required storage facility.

c. If a facility is a stand-alone facility (i.e., it is not being augmented to an existing
operational facility), select the front-end/back-end support facility and place a checkmark
under the "Req'd" column in front of the front-end/back-end support facility.
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Table B.1. Waste sources information for each location.
°o,,,,,,,o,,o.,.o,,ooo,,,,,o,,o,.oo,ooo,,o,,,o,.o,,,.,., .*________*_____"__"___________°___È__*______o___o____°°__°_o__________*____°____________"______*___"____°__*___°_____°__o°___________________`°________°_______°_°_____*__°__"_°__________*"__`

Generator or Storage Location:,

Low Level Alpha-Low-level Alpha-Low Level
Waste Category (l) Low-Level Waste Mixed Waste Waste Mixed Waste Transuranic Waste

Obs) Ob6) Obs) Obs) Obs)

DAW-I, Combustible Solids

•t_wx:_7__i_:c___;__i___r__..................]..........................................................i_........................................................................................................
DA W-3_-NS-ii--C6-ffl6fist-ibi_.Ssiids-................................................................................................................................................ s__ , ,,

--DAW-4,l-leier_ggeiie6ii-SS6flds --...- ............................
-DAW:5,MetalWasie . , ....... ,.... - ......... - ......................

DAW..6, Speciai=s(_lid Waste -

"sLw-i, Non-Organic Li.quid ......... j ........ i .........................................

g_:_;-o/g_i-ct:_ra.......................................l...............................|.............................................-----...................................
-_Lw:-3-:-_i__i_,_-wa_e.....................................................l...........................................................................................
SL.-_wZV.N_n--O;_'_gi_'ff_, i'i i "---'["----.-.,'7i'' ""----_ -_-'--'--"-_
___LQW:2,¢_ganicSludge............
LQW..3, S :_ecial Sludge Waste .................. . ......................

.............................................................ZO..i...i!i...............................................i.........................._.._i...,.i.........................................................................................
Ships Waste To: (give treatment facility locations & total volume to be shipped to each facility)

(1) (2)

(3) (4)

_.°__________°°°__°__°°___°_°___°___°°___°_°°___°°_______°____°°__°___°_°_______°____°°_________°___°____°_°__°_____°________________:__°______°__°__°______________°°__°°__*_°___*°___°____°_°__°_°______°________°_____________°_______°________°_______________`

(1) See AppendixA fora descriptionof variouswastecategories.

Table B-2. Treatment facility selection guide.

i DAW-2 - DAVe-3--- DAW-4 - DAW-6 SLW"I SLW-3 LQW-I LQW:3D,',W-I Semi- Non- Heterog- DAW-5 Special Non- SLW-2 Special Non- LQW-2 Special

i Trcatment Type Combust. Combust. Combust. eneous Metal Solid Organic Organic Sludge Organic Organic Liquid

i Solids Solids Solids Solids Waste Waste Sludge Sludge Waste Liquid Liquid Waste

i

i Incineration (1) (I) NR 70% of NR NR NR (1) NR NR (1) NR....... :........_ _- total(3) _............. _ __

i Metal Melting NR NR : NR 8.5% of (1) NR NR NR NR NR NR NR

, , , , total (3): ...................... : ', - i ........

Shredder/ (2) (2) (2) (2) (2) NR NR NR NR NR NR NR
Compaction

•,_, ............. _ ..... =_- -- ._ .... _,..... ,. .... • _ = -_ .... _ ....... • .... - .........................

Solidification NR NR (I) 20% of NR NR (1) (2) NR (1) (2) NR

total (3) ................................... _ _.....

Vitrification NR NR (1) 20% of NR NR (1) NR NR (1) NR NR

:.............................................................................!__a!__3_}......................................................................................................................

Special NR NR NR 1.5% of NR (1) NR NR (1) NR NR (1)
Treatment total (3)

° ....................................

(1). Generally recommended for both RCRA and non-RCRA waste (LLW/LLMW and alpha-LLW/I.LMW).

(2). Generally recommended for non-RCRA waste (LLW and alpha-LLW) only.

(3). This percentage bteakclown is based on the assumption used in this report. If available, the reader should use actual site specific data.

NR Generally not recommended for the given w_te stream

B-4

i
' 1_ ' ' ' ,, , ,, _l ' ' ' ' ' ' ' _ _ ' '_ '' '" ' ' '_ " I'll I_



Table B.3. Treatment facilities information. •
•_-____--_____-______--_-__________________________°__)___________________-_--___________________________________________________________-___•_____-_-_-________________-_______________________-________-_______________°______________________________-______

TreatmentFacilityLocation:

ReceivesWasteFrom:(givegeneratororstorcdwastelocations&totalvolumctobeshippedperfacility)

(X) , (2) ,

(3) , (4)

InputWaste InputWastc OutputWaste : PLCCEstimate
Facility Req'd. Quantity Obs/hr) (ft3/hr) ($)

Ob) . .

,T re/itine-fit--l_i:0-nt: Eii_-S_ppo rt Facilities
,_ A.dminisLrati0n (Mod.A) __ ............................]. '_"_] ' ........ i_..... - .... _ -_-_ ...........

u nloadina_Sh,.,h_ping(Moa. B)

----oN_._p:,_a__c_:cx79_r"Dum_._:_i?_aa':eci.............................................. ;22T-2.LF.222"I_
Ti;eatment Faciiities ...................................

Inci'fi'erfitor(Mod. DL) ....... _'i i__'_'_'_. _'_'_"_'_'_'_...........
_ Incinerator (Mod. DA) - . ......

......,L._aii_MCI_I_,_(M_E_i..................... !..........i ..... I .... ! i .' ..............................

Shredder/Compacti0n (MoOFA)
Solidification (Mod GL) ._ ........ _ .........................

......... So!!tiffcation...(.Mod GA) .................................................
Vitrification (Mod. IlL)

i.............qi'fffi_i_;ii_'G_"__'_'YFiXi"...............................................................................................................................................................................................

- Shippihg)i2d_fifi-c-atitiiiiq_d-/i-)....... i-i iiii I..... i--ii iii--
: M_n_n_,_-_Shop(_i>dii_L).... : "............I........... LIii [_FLILIIILIIL_:_L IL_._

Maintenance Shop (Modl..J.A.)....iiii ..................................................
Total

ShipsW_te To: (givestorageor disposallocations&totalvolumetobestuppedto eachfacility)

(x) (2)

(3) (4)
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Table B-4, Storage facilities information.

._°_`_°_.°_-_._..._.°_._._._-_°_-_°_`___-_._._._-_.._._._.__._._`_._._._._`_-_._

Sto_ag¢Facility Location:

ReceivesWaste From: (give trealmentfacility locations& total volume to be slfippedper facility)

(I) (2),,

C3) (4)

" InputWaste Oulput Waste PLCC 'Estimate
Facility geq'd. (ft3/hr) (ft3/hr) ($)

stora-g-e--l_i-ofi-it:gndiBack-End Suppori FiiciiitieS.ii- i ......... .-= - ._. - ...........
[- ,- AdmJfi:/Unl6/idingiShjpphlg(Mod. K) ...........
Storage F_ac_i!ides

LLW Storage {Mod. L !
.................7/Ffi_I_...EiS_iS_W.-_.IS_._._I_i:.igi._................................................................................................................................... ] ..... ':
.................• .........?---?----?/??-??........F--S---T !
---,- -_--LLMW-Siora-_e (Mod,N) ............................. J

Total .......................... J

Slfips Waste To: (give disposal locations& total volume Lobe shipped to each facility)

(1) (2)

(3) (4)

Step 1.4--Define types and location of disposal facilities. Enter data in "Fable B-5 per the
following instructions (use one table for each location):

a. Enter in the table first row heading the piace where the facility will be located.

b. Place a checkmark under the "Req'd" column in front of the required disposal facility.

c. If a facility is a stand-alone facility (i.e., it is not being augmented to an existing
operational facility), select the front-end support facility and place a checkmark under the

"Req'd" column in front of the front-end support facility.

B.2.1 Step 2--Define Parameters

Step 2.1-.Calculate treatment facility input and output flow rates. For each treatment facility
including ali front-end and back-end support facilities, perform calculations and enter data in
Table B-3 per the following instructions:

a. Enter in the blank space in the table second row heading the origin of the generated or

stored waste that will be sent to the treatment facility and the total waste to be shipped
from each origin.

B-6
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Table B.5. Disposal facilities information.

DisposalFacilityLocation:
;___••___________•_____°___________'___________________°________•________`___________________.____•____________________________________.______________________________________________________•____________________________'_______

ReceivesWaste From: (give trcatme,_tor storagefacility locations& total voltaic to be slfippedper facility)

(x) (2)

(3) (4).

Facility Input Waste PLCC "Estimate($)
...................... R_:d..._ (ft3/hr)_....................................

Disposal Front-End Support Facilities

Non-P, CI(A Engineered Disposal(Mod. P)
.............RCl_'iEngJneei_cdDi[siSOsdi(M_IQ) " . .i ._ - [[....i___l[[[[........ _..i

.................G..e9!o.r!.c._._D!spo_,'tl (M od N) ........
Total

•: ...... ._ ................... J.............. ,.... , .....

b. Divide each treatment facility input waste quantity (in Ibs) by 80,640 hours to get input _'
waste flow rate (in Ibs/h). Enter this number in front of the selected facility under the
designated column.

c. Multiply each treatment and back-end facilities input flow rates by the conversion factors

given in Table 18-2 to obtain "output waste" flow rates (in ft3/h). Enter this number in

front of the selected treatment and back-end treatment facilities under the designated

column. (Note: this step is not required for the front-end facilities.)

d. Enter in the blank space in the last row of the table the destination of the treated waste
and the total waste to be shipped to each destination.

Step 2.2--Calculate storage facility input aria output flow rates. For each storage facility
including the front-end/back-end support facility, perform calculations and enter data in Table B-4
per the following instructions:

a. Enter in the blank space in the table second row heading the origin of the treated waste
that will be sent to the storage facility and the total waste to be shipped from each origin.

b. Add the output flow rates of the treatment facilities that will be sending waste to the

storage facility• Enter this number in front of the selected facilities under the "input
waste" column.

c. Enter in the blank space in the last row of the table the destination of the stored waste
and the total waste to be shipped to each destination.

Step _culated Disposal facility input flow rates. For each disposal facility including the
front-end support facility, perform calculations and enter data in Table B-5 per the following
instructions:

9"7

II ' ' ' "' ' I_....... IIflllpl"



a. Enter in the blank space in the table second row heading of the table the origin of the
treated or stored waste that will be sent to the disposal facilityand the total waste to be
shipped from each origin.

b. Add the output flow rates of the treatmentand storage facilities that will be sending waste
to the disposal facility. Enter this number in front of the selected facilities under the
"inputwaste" column.

Step 2.4-Calculate transportation distanceL Enter data in Table B-6 per the following
instructions (use one matrix for each scenario):

a. For each treatment facility enter the location of the generator or storage facility sending
waste for treatment and the total volume of the incoming waste. Enter the distance (in
miles) between the generator or storage and treatment facilities.

b. For each storage facility enter the location of the treatment facility sending waste for
storage and the total volumeof the incomingwaste. Enter the distance (in miles) between
the treatment and storage facilities.

c. For each disposal facility enter the location of the treatment or storage facility sending
waste for disposal and the total volume of the incoming waste. Enter the distance (in
miles) between the treatment or storage and disposal facilities.

Table B-6. Transportation information for each scenario.

.....................................................................................................................................................................................I..................I_i__&l.............................
WasteVolume TransportFrom Transportlo I IUnitcostI TotalCosl

WasteDescription (ft3) (Location) (Location) ! Mileage I ($) ] ($)

WTaste to Treatment Facilities
abies B-1 and B-3)

..........................:..................................................,:i...........................L.....................................
_Vaste to Storage Facilities
L(_Table B-4)

!.........................................................................................!............................i...........................=.......i!ii !i[.......=
ast-e To Disposal Facilities
a_!_B-S) ..................

...
.............. ,.......

....

• .... .................. i ........ "........................ _ --

i Tot,_ .............................,............iii iii...I
_,............ ,...o..,....°...,. .............. ..., ......... ,.°..°..... ............ ....... ................... ,..... ...... • • ..
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B.3.1 Step 3--Develop Treatment PLCC Estimates

For each of the treatment facilities identified in Table B-3 refer to an appropriate cost
histogram in Sections 2 to 11 of the report. Obtain PLCC estimate from this histogram by selecting

one of the cost modules which is the closest to the required capacity. Enter this cost in Table B-3
under the designated column in front of the given treatment facility.

B.4.1 Step 4--Develop Storage PLCC Estimates

Fore each storage facility identified in Table B-4, refer to an appropriate cost histogram in
Sections 12 and 13 of the report. Obtain a PLCC estimate from this histogram by selecting one of
the cost modules closest to the required capacity. Enter this cost in Table B-4 under the designated
column in front of the given storage facility.

B.5.1 Step 5--Develop Disposal PLCC Estimates

For each disposal facility identified in Table B-5, refer to an appropriate cost histogram in
Sections 14 through 17 of the report. Obtain a PLCC estimate from this histogram by selecting one
of the cost modules closest to the required capacity. Enter this cost in Table B-5 under the
designated column in front of the given disposal facility.

B.6.1 Step 6--Develop Transportation Cost Estimates

In Table B-6, multiply volume of the waste to be shipped by the factors given in Section 18.5.6.
Enter total cost in the designated column in Table B-6.

B.7.1 Step 7--Total PLCC Estimates

Enter total costs from Tables B-3, B-4, B-5 and B-6 in Table B-7. Add the totals to obtain total
cost for the scenario.

Table B-7. Total scenario PLCC estimate.

Location Total Cost

i] reatmcnt Facl]i[ics ('l'ai_ie B-3)
- ' Location:

T._bcation:
•_ ......... T_,ocation:
,,o,,,.,..,o ........ ,.o.o,..j ..... . ........... . ................... ,., ......... . ...... o,,.,.,,**..,,,.o,,,.,o,** ....... o, .... ,...., ..... ,..,.,,,,,,oo..,. ........ .,.oLocauon:
F.... r._t_
_tot:age Facilities (Table B-4)
...... Lo-cationi

....... --Location:
_-'Ei%h-i

__i-Fh ,:-Ti_i_:._'r_;i;____:__..............................................
i_ "Lo-'C_[O/i!
}._ _ _

Location:
_'- .......L6cati0nl

_-_-0-i.ta-i-i-0n (_]'al, ie liL6)
Total
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