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1.0 INTRODUCTION

1.1 FOREWORD

In May of 1996, the U.S. Department of Energy (DOE) implemented a five-year demonstration
project known as the Hanford Tanks Initiative (HTI). The scope of HTI is to:

+ Demonstrate alternate retrieval technologies for tank waste.

+ Retrieve hard-heel waste from Tank 241-C-106 and assess compliance with retrieval
performance evaluation criteria for that activity.

+ Characterize residual waste in Tank 241-AX-104 and assess compliance with
retrieval performance criteria for that tank.

» Develop retrieval performance evaluation criteria supporting readiness to close
single-shell tanks (SSTs) in the future.

The HTI mission is to minimize technical uncertainties and programmatic risks by conducting
demonstrations to characterize and remove tank waste using technologies and methods that will
be needed in the future to carry out tank waste remediation and tank farm closure. A detailed
description of the entire HTI Project is provided in the Hanford Tanks Initiative Plan, HNF-SD-
HTI-PLN-022.

The HTI project team is comprised of representatives from the Project Hanford Management
Contract (PHMC), Pacific Northwest National Laboratory (PNNL), and private consultants. The
team is working closely with the Washington State Department of Ecology (Ecology), various
northwest stakeholders, and Native-American tribes to identify and develop waste retrieval
performance criteria for subsequent formulation of acceptable closure criteria and standards for
tank farms.

In August of 1996, the DOE and Ecology signed a memorandum of understanding (MOU) in
which they agreed to collaborate in addressing the issues of "what degree of waste removal
should be used as the basis for waste retrieval systems technology development, retrieval
systems engineering, and definition of completion of retrieval operations.” In preparing the
agreement, the two agencies conceded that "it has not been established that 99 percent waste
retrieval as defined in the Hanford Federal Facility Agreement and Consent Order (Tri-Party
Agreement [TPA]) Milestone M-45-00 will be sufficient to allow closure of tank farms; nor has
it been determined that 99 percent retrieval is technically achievable, or represents a performance
objective that considers cost, technical practicality, exposure to radiation, and/or Nuclear
Regulatory Commission requirements.” Conditions of TPA Milestone M-45-00 stipulate that "in
evaluating closure options for SSTs, contaminated soil, and ancillary equipment, Ecology and
the Environmental Protection Agency (EPA) will consider cost, technical practicality, and
potential exposure to radiation" (JEG 1997).

One essential element of the HTI mission is to provide a basis for future National Environmental
Policy Act (NEPA) of 1969 safety and regulatory actions affecting waste retrieval and operable
unit closure of the Hanford Site tank farms. This goal is being met by development of retrieval
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performance criteria, through assessment of the risk to human health and the environment.
Several engineering studies have been conducted by COGEMA Engineering Corporation
(COGEMA Engineering) and other contractors to provide essential data for these evaluations. In
previous studies, COGEMA Engineering developed concepts for exposing, demolishing, and
removing debris from the four AX tanks (AX Tank Farm Tank Removal Study); two alternate
methodologies (an ex-situ method and an in-situ method) for remediation of residual vadose
zone contamination following removal of the four tanks (AX Tank Farm Soil Remediation
Study); and two alternate methodologies (an ex-situ method and an in-situ method) for
remediation of related ancillary equipment (AX Tank Farm Ancillary Equipment Study). These
reports describe concepts for performing the work, including descriptions of the layouts,
equipment, labor, and materials that would be involved, together with characterizations of the
concepts with respect to cost, technical practicality, and worker radiological exposures.

1.2 STUDY SCOPE AND OBJECTIVES

Beginning in 1997, HTT has undertaken a number of engineering studies to develop essential
information and assessments regarding technologies, health and environmental risks, and costs
associated with alternative strategies for closing single- shell tanks (SSTs) at the Hanford Site.
Data from these studies are being applied, in turn, to the development of retrieval performance
evaluation criteria for Hanford SSTs. The 241-AX Tank Farm has been designated as the
"strawman" for these studies and assessments. Although it is the smallest of the 12 SST farms at
the Hanford Site, it poses some of the greatest challenges for waste characterization, waste
retrieval, and closure due to the tank dimensions, the concentration of in-tank hardware, the
residual waste compositions, and the concentration and complex relationships between the tanks
and associated ancillary equipment.

This study extends previous work by providing facility and process concepts for partial
decontamination of the most heavily contaminated debris from demolition of the four AX tanks
and related ancillary equipment items (i.e., debris that would likely be classified as high-level
and/or remote-handle TRU waste based on source and radiological inventory). The statement of
work for this study directed COGEMA Engineering to:

1. Use the information developed in previous HTI engineering studies regarding waste
forms, volumes, generation rates, and contaminant inventories of the highly
radioactive wastes generated during demolition of tanks and ancillary equipment to
define the waste feed to be processed.

2. Develop a waste processing concept that is compatible with the current Tank Waste
Remediation System (TWRS) decision logic.

3. Utilize processing concepts from earlier TWRS systems engineering studies to the
maximum practical extent.

4. Develop a concept process flow diagram for treating these highly radioactive wastes.

5. Address packaging, transportation, and storage issues and cost consequences for all
waste streams leaving the facility.
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Information developed in previous HTI engineering studies of the forms and compositions,
volumes, generation rates, and contaminant inventories of the highly radioactive debris generated
during demolition of tanks and ancillary equipment is summarized in Section 2 of this report.

The current TWRS decision logic for retrieval, treatment, and disposal of SST and double-shell
tank (DST) waste can be generalized as follows:

1. Existing waste in DSTs will be mechanically agitated by mixer pumps to suspend the
contained sludges to the maximum practical extent.

2. DST contents will be pumped to the Privatization Contractor's (PC's) designated
staging tank.

3. Inthe PC's staging tank, the waste will go through multiple cycles of washing and
mixing (i.e., mechanical agitation). After each wash cycle, the solids will be
permitted to settle and the supernate will be decanted off to a low-activity waste
(LAW) holding tank.

4. Radionuclides and hazardous constituents in the LAW waste stream will be
permanently immobilized in a vitrified waste form. Immobilized LAW will be
retained on site in a long-term storage facility.

5. Radionuclides and hazardous constituents in the washed solids (i.e., the high- level
portion of the DST waste) will be permanently immobilized in glass logs in the PC's
vitrification facility. Glass logs will be transported to the planned high- level waste
disposal facility at Yucca Mountain, Nevada.

6. As storage space in DSTs becomes available, waste that is currently stored in SSTs
will be retrieved and transferred to DSTs for safe interim storage. In due course,
SST waste would go through the same treatment and disposal process described
above for DST waste.

Schemes for treating heavily contaminated debris from demolition of SSTs and related ancillary
equipment were evaluated by the TWRS Program in engineering studies predating the current
TWRS decision logic, project baseline, and environmental impact statement. Appendix J of a
draft report entitled Systems Engineering Study for the Closure of Single-Shell Tanks (Boomer ot
al 1991) provides a conceptual description of a solid waste treatment facility (SWTF) that was
envisioned to process 495,000 yd*(376,000 m®) of material over a 10-year period. The 1991
study does not anticipate the decision to vitrify tank waste for disposal, nor does it anticipate that
a large-scale, special-purpose landfill would be constructed at Hanford to receive large volumes
of lightly contaminated soil and demolition waste (i.e., the Environmental Restoration Disposal
Facility [ERDF]). The 1991 study was terminated before all portions had been completed.
However, the 60-percent report draft is available in the Hanford Site records system (Document
Control) as a publicly released document. The draft report includes process flow diagrams,
material balances, facility layouts, equipment lists, schedule information and costs. The draft
report was extensively reviewed for applicability to the current work scope. Portions of the
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facility description and process logic from that study have been revised and incorporated into the
current facility concept.

This report describes an updated waste processing facility concept supported by a revised
process flow diagram and material balance. Initial best estimates (i.e., assumptions) for a
number of essential performance parameters (e.g, decontamination factors, mechanical
efficiencies) have been used in calculations to develop the supporting rationale for the concept.
Notations are provided at appropriate points in figures, tables, and text of this report to identify
these assumptions and the context(s) in which they are used. Typically, a chemical processing
concept (or at least certain aspects of the process that are regarded as critical to concept viability)
would be evaluated in a pilot plant setting. Such testing would provide data that could be used to
verify key performance parameters, as well as indications of how the process logic and initial
material balance estimates might be revised (optimized) to meet key objectives. Insofar as the
process logic and material balance calculations in this report are untested and unproven, it should
be understood that this report describes a process concept at the "initial best estimate” stage of
maturity.

This study does not consider the issue of treating significant volumes of contaminated soil that
might be created as the result of losses of sluicing liquors into the vadose zone during retrieval of
waste from the AX tanks. Hypothetical leakage cases have been evaluated in other engineering
studies commissioned by HTI. The conclusion has been advanced that contaminated soil
excavated from "leakage plumes" could be handled and disposed as Category 1 and Category 3
low-level waste (LLW), for which there are existing disposal options on the Hanford Site.
Processing of soil from leakage plumes through the facility described in this study would provide
some reduction (possibly a significant reduction) in the volume of Category 3 soil for disposal.
There would be a cost incentive (possibly a significant incentive) to use this facility to maximize
the volume of soil disposed as Category 1 LLW and to minimize the volume disposed as
Category 3 LLW. Because this is an optimization problem as opposed to a technology or
feasibility issue, it was determined to be extraneous to this study.

The principal purpose of this study and the new treatment facility (NTF) described in this report
is to provide the capability to partially decontaminate highly radioactive debris resulting from
demolition of SSTs and tank farm ancillary equipment. The intent of processing debris in this
facility would be (1) to reduce the contaminant inventories in the incoming debris to the extent
that all washed solids leaving the facility would contain acceptably low levels of residual
contamination enabling them to be disposed on site either as Category 1 or Category 3 LLW and
(2) to recapture and concentrate the hazardous chemicals and radionuclides separated from the
solids in a liquid waste stream that would be forwarded to DSTs for eventual vitrification. In the
conceptualization process, consideration was given to the need for the waste going to DSTs to be
compatible with current operational requirements (defined in the Tank Farms Authorization
Basis) covering transfers to and interim safe storage in DSTs and to avoid concentrating
constituents in this waste stream (e.g., iron, aluminum, zirconium) that are understood to be
problematic for vitrification.

An objective of the study was to develop a wash concept that is sufficiently aggressive to ensure
that contamination levels in all washed solids would be reducible below TRU and Category 3
LLW designation limits. No specific goals were set out for this study with regard to process
optimization. However, in developing the process logic, consideration was given to
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incorporating the necessary flexibility into the process to ensure that it would be amenable to
optimization at a later date. If the concept for the proposed NTF is pursued beyond the
feasibility study stage into formal design, it is likely that additional objectives would be applied
to process design/development to optimize the process in specific directions, e.g., to maximize
production of Category 1 LLW, minimize Category 3 LLW, and minimize the volume of liquid
waste going to DSTs. With the expenditure of some additional effort, significant refinement of
the process flowsheet and material balance could be achieved before initiation of formal design.
However, at an early stage of design, it would be essential to evaluate specific aspects of the
process in a pilot plant.
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2.0 WASTE INVENTORY DESCRIPTIONS

In this study, facility requirements and process flow logic are to be evaluated for waste feed
streams from the following sources:

a) Heavily contaminated soil, metal, and concrete debris from tank removal
(demolition)

b) Heavily contaminated metal and concrete debris from removal (demolition) of
ancillary equipment.

Removal of tanks and ancillary equipment from the AX Tank Farm have been examined in two
previous engineering studies. Waste descriptions, volumes, and inventory data from the previous
studies are summarized below. This information will be applied in the current study to
conceptualize the essential process flow logic and equipment layout for the proposed NTF.

2.1 HEAVILY CONTAMINATED SOIL, METAL, AND CONCRETE DEBRIS FROM
TANK REMOVAL

This material will be derived from demolition, removal, and loadout of debris from the lower-
most portions (i.e., base slabs and footing ring sections) of the four AX tanks. A concept for
tank demolition was proposed in AX Tank Farm Tank Removal Study, HNF-3378. That report
provides estimates of quantities of heavily contaminated debris that would be produced from
tank removal. Bounding estimates of the associated inventories of chemicals and radionuclides
in the debris are provided in HNF-SD-HTI- TI-001 Rev. 0A (AX Tank Farm Waste Inventory
Study). Relevant information from the two reports is summarized below:

Base slab debris will consist of a mixture of tank liner scrap, shielding grout, concrete rubble
(from tank dome, sidewalls, footing ring and base slab), and some amount of soil from below the
slab that will be picked up with the debris. The following itemization of debris (including
bulking) originating from each of the four AX tanks was developed for estimating purposes in
HNF-3378:

Concrete debris from dome and haunch ... 383 yd3
Concrete debris from base slab and footing ring .. .550 yd®
Shielding grout rubble........c.coeveieiiimireiriiereisnsnssnenssencnens 197 yd*

Residual tank waste (360 ft°)
Liner plate scrap.................
SOTL e reeeeeeeesses s 63 yd®

Total per tank: 1,275 yd
Four-tank total: 5,100 yd®

The tanks are lined to a height of 32 ft. with 3/8-in. carbon steel plate. The combined liner
surface area inside each tank is approximately 11,958 £t? (47,832 £ total).

2-1
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Containers will be specially fabricated steel cargo boxes measuring approximately 12.1 ft. long
by 4.2 ft. wide by 3.3 ft. high, with 4-in. thick steel tops and sides. Containers have been sized
so that they can be transported by roll-on/roll-off (RO/RO) trucks similar to those hauling
to/from ERDF. These trucks have 38,000-1b. payloads. Base slab rubble is expected to exhibit
specific activity levels of '*’Cs in the range of 0.2 to 0.5 Ci/ft®. The 4-in. steel thickness is
calculated to limit doses to 10 mR/hr at 1 m. This criteria must be met in order to transport
containers within the Hanford Site boundaries without barricading the route to other traffic. Due
to the amount of steel required for shielding, the tare weight of the containers is estimated to be
about 26,000 Ibs. Cargo (base slab debris) will be limited to about 3.5 yd3 per container
(assuming a fill factor of about 80 percent and a bulk density of 120 1b/ft? for debris). The 5,100
yd® of base slab rubble would be delivered to the the NTF in 1,460 shiclded containers (see Table
3.2 in HNF- 3378).

For purposes of evaluating exposures, waste segregation, and waste disposition issues in HNF-
3378, it was assumed that the entire 1 percent residual inventories in the four AX tanks would be
concentrated in a 1-in. thick layer on the floor of each tank and would be firmly adhered to the
liner. During base slab demolition, as the liner is wrenched and sheared apart into pieces that are
small enough to be loaded into shielded boxes, some amount of tank waste would undoubtedly
flake and spall off the liner plate and become comingled with other debris. Therefore, the initial
tendency for tank waste to be segregated together with the liner plate scrap fraction of base slab
debris may be lost as the debris is broken up and loaded out. Irrespective of how tank waste
might become dispersed throughout base slab debris during the demolition and loadout
operations, the total inventory is assumed to be essentially the same as the sums of the estimated
residual nonradiological and radiological inventories for the four tanks reported in HNF-SD-
HTI-TI-001 Rev. 0A. The inventory information is found in the following tables: for Tank AX-
101, see Tables B-15 and B-16; for Tank AX-102, see Tables C-7 and C-8; for Tank AX-103,
see Tables D-9 and D-10; and for Tank AX-104, see Tables E-6 and E-7. In all of the source
tables, The 1 percent residual inventory estimates are listed under the heading of "Case II." The
inventory data from the source tables is reproduced in Tables 2.1 and 2.2.

2.2 HEAVILY CONTAMINATED METAL AND CONCRETE DEBRIS FROM
REMOVAL OF ANCILLARY EQUIPMENT

Concept methods for demolition and removal of these items are described in AX Tank Farm
Ancillary Equipment Study, HNF-3441. Most of the proposed methods for demolition of
ancillary equipment are extensions and/or modifications of methods proposed previously for
demolishing tanks. In the ancillary equipment study, equipment items were grouped together as
follows:

« surplus buildings and facilities

« vadose and groundwater monitoring wells

« riser penetrations

« leak detection pits

- cribs and other facilities for liquid disposal to ground

«» direct buried piping, encased piping, and ventilation duct work

« pump pits, sluice pits, and valve pits associated with individual tanks

« other valve pits, jumper pits, diversion boxes, and associated structures

2-2
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AX Tank Farm Ancillary Equipment Study provides estimates of quantities of lightly and heavily
contaminated debris that would be produced from demolition, removal, and loadout of all
ancillary equipment items from AX Tank Farm. The majority of waste material produced would
be Category 1 LLW by classification, which would be sent to ERDF for disposal. Some
Category 3 contaminated equipment would be derived from demolition of surplus buildings and
facilities. This equipment would be packaged appropriately and sent to the low-level (waste
burial) ground (LLBG). Heavily contaminated material that would have to be sent to the NTF
(because there is no viable disposal option) will be derived from removal of process waste piping
and demolition of various pits and boxes. Bounding estimates of the inventories of chemicals
and radionuclides associated with individual equipment components are provided in Appendix B
of the AX Tank Farm Ancillary Equipment Study.

In the report, it is proposed that as process waste piping is exposed in trench excavations, it
would be sheared into manageable lengths (i.e., lengths of approximately 10 ft.) and loaded into
shielded boxes using hydraulic shears and grapple implements. Contaminated piping is expected
to make up the majority of the material in the ancillary equipment waste stream going to the
NTF. The heavily contaminated debris derived from demolition of pits and boxes would be of
two principal types: (1) scabbling waste and (2) metal waste. Scabbling waste would be
generated from an initial decontamination step that would be applied to the inside surfaces of
most unlined pits and boxes in the farm. It is anticipated that scabbling would eliminate the
majority of contamination from pits and boxes in advance of demolition. Scabbling waste would
be in the form of pulverized concrete with a top size of 3/8 in. to 1/4 in. Metal waste would
consist of embedded pipe stubs, jumpers, nozzles, drains, liner sheet scrap (a few pits have metal
liners), pumps, pump and jumper supports, and casings, etc. recovered during pit demolition.
Summary descriptions of the materials in the ancillary equipment waste stream are given below:

The expected composition of materials in the ancillary equipment waste stream going to the NTF
is as follows:

Process waste piping and

ventilation duct work: 5,720 120 containers
Scabbling waste

(pulverized concrete): 153 fi* 3 containers
Metal waste from pits: 2,814 ft* 60 containers

Best estimates of hazardous and radiological constituents in process waste piping and below-
ground ventilation elements are identified in Tables 6a, 6b, and 6¢ of Appendix B, HNF-3441.
Information from the source tables is reproduced in Tables 2.3 and 2.4. The source tables
include some lengths of piping that would be left in place around the perimeter of the AX Tank
Farm, pending closures of adjacent tank farms. The entries in Tables 2.3 and 2.4 reflect only
those lengths of piping that would be removed as part of closure of the AX Tank Farm. For
purposes of estimating contaminant inventories in scabbling waste and metal waste from pits and
boxes, it is assumed that the combined inventory retained in the two waste forms will equal 95
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percent of the original best estimate inventories for contaminated pits, boxes, and tanks listed in
Tables 6e and 6f in Appendix B of HNF-3441. Chemical and radiological constituents from pits
and boxes are summarized in Tables 2.3 and 2.4.

The same specially designed containers used to loadout base slab debris during tank removal
would be used to transport ancillary equipment debris. Specific activity levels of 7Cs in this
debris have not been evaluated but could vary over wide limits. However, activity levels would
likely be of the same order of magnitude as those predicted for base slab debris.

2-4
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Table 2-1. Best Estimates of Nonradiological Inventories in Base Slab Debris from Tank

Removal (in kg)

Analyte AX-101 AX-102 AX-103 AX-104 Total (kg)
Ag 0.0000 NR 0.0000 NR 0.0000
Al 2,271.9262 580.9498 681.5779 685.7827 4,220.2365
As NR NR NR NR 0.0000
B NR NR 0.0000 NR 0.0000
Ba 97.9966 NR 29.3990 293990 156.7945
Bi 0.0000 0.0000 0.0000 NR 0.0000
Ca 929.5551 81.1448 262.1029 263.5255 1,536.3282
Cd 57.2957 NR 17.1887 17.1887 91.6732
Cl 193922 12.7320 6.4538 41.9946 80.5726

TIC as CO3 208.7726 325.7662 125.9794 1487147 809.2330
Cr 107.7770 2.5953 323331 323331 175.0384
Cu NR NR 0.0000 NR 0.0000

F NR 0.0000 0.0000 NR 0.0000
Fe 10,803.8713 1,450.0039 3,023.0255 3,039.7896 18,316.6903
He 0.0000 0.0000 0.0000 NR 0.0000
K 4.6493 3.0676 0.0000 1,354.6135 1,362.3304
La NR 0.0000 0.0000 NR 0.0000
Mg 141.2271 NR 423681 423681 225.9633
Mn 157.7451 121.6662 65.0878 473235 391.8225
Na 4,113.9745 1,715.7021 779.7132 9439144 7,553.3042
Ni 518.6061 64.3388 155.5818 155.5818 894.1086
NO2 391.3358 194.1024 38.9256 39.2977 663.6614
NO3 2,591.5366 1,311.2090 0.0000 782.1005 4,684.8461
OH 9,702.0420 1,192.3677 2,704.6272 4,469.1456 18,068.1826
Pb 0.0000 0.0345 0.0000 41.9946 42.0290
P as PO4 354.0862 22.9665 106.4959 107.1054 591.5540
P 115.7745 3.0992 34.7323 34.7323 188.3383
Se NR NR NR NR 0.0000
Si 2,887.5267 359.6466 711.4690 716.6044 4,675.2468
S as SO4 526.5928 36.3772 132.1944 132.1944 827.3588
S 175.7546 5.0206 44.1209 44.1209 269.0171
Sr 0.0000 50.9010 0.0000 11.1729 62.0739
TOC 536.8712 10.7231 0.0000 NR 547.5943

Total U 0.0330 159135 2.9769 0.0433 18.9667
Zn NR NR 0.0000 NR 0.0000
Zr 0.0000 0.0000 0.0000 NR 0.0000

EDTA 3845268 0.0000 0.0000 NR 384.5268
NH3 23.2367 7.0404 39,6028 NR 69.8799
Crt6 NR NR NR NR 0.0000

CN NR NR NR NR 0.0000
H20 33,230.2758 7,425.7745 7,523.2207 7,523.2207 55,702.4917
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Table 2-2. Best Estimates of Radiological Inventories in Base Slab Debris from Tank
Removal (in curies)

Analyte AX-101 AX-102 AX-103 AX-104 Totals (Ci)
3H 0.8461 0.3293 1.1017 1.3022 3.5794
14C 0.0690 0.1016 0.0000 0.2427 0.4133
S9N 6.2184 0.4924 1.0186 1.2020 8.9315

60Co 0.1397 0.2439 60.5740 60.5740 121.5316
63Ni 611.7357 51.1679 102.1851 120.5899 885.6786
79Se 3.4660 1.8505 0.9632 1.1366 7.4162
90Sr 97,593.3700 51,891.3141 524,979.8032 524,979.8032 1,199,444.2900
90Y 97,593.3700 51,891.3141 524,979.8032 524,899.8689 1,199,364.3560

93mNb 12.8445 5.3476 3.3247 3.9298 25.4466
93Zr 14.9751 8.0791 4.4166 5.2397 32.7105
99Tc 0.4659 0.6733 0.0000 1.7222 2.8613

106Ru 0.0268 0.2247 0.0033 0.0039 0.2587

113mCd 31.9074 40.3957 18.9051 224228 113.6310

125Sb 0.8247 1.5235 24.1222 24.1222 50.5926
126Sn 5.5660 29316 1.5026 1.7761 11.7763
1291 0.0009 0.0013 0.0000 0.0033 0.0055
134Cs 0.0995 0.0117 0.0675 0.0798 0.2585
135Cs NR NR NR NR 0.0000
137Cs 1,800.9754 7,174.8814 10,890.0823 10,890.0823 30,756.0214
137mBa 1,703.7228 6,787.4378 10,302.0178 10,302.0178 29,095.1962
151Sm 12,961.3981 5,329.6907 3,585.4430 4,237.9829 26,114.5148
152Eu 3.2417 7.8483 1.0968 1.2945 13.4813
154Eu 76.1803 600.1644 442.1659 442.1659 1,560.6766
155Eu 198.6722 380.4889 284.1697 284.1697 1,147.5004

226Ra 0.0004 0.0001 0.0001 0.0001 0.0006

227Ac 0.0022 0.0004 0.0003 0.0004 0.0033

228Ra 0.0000 0.0000 0.0000 0.0000 0.0000

229Th 0.0000 0.0000 0.0000 0.0000 0.0000

231Pa 0.0032 0.0000 0.0008 0.0009 0.0049

232Th 0.0000 0.0000 0.0000 0.0000 0.0000

232U 0.0000 0.0000 0.0000 0.0000 0.0000
233U 0.0000 0.0000 0.0000 0.0000 0.0000
234U 0.0004 0.0006 0.0009 0.0011 0.0029
235U 0.0000 0.0000 0.0000 0.0000 0.0001
236U 0.0000 0.0000 0.0000 0.0000 0.0001
237Np 0.0015 0.0022 0.0031 0.0037 0.0104
238Pu 4.8626 23.2756 0.8149 0.9632 29.9162
238U 0.0003 0.0004 0.0009 0.0010 0.0026
239Pu 130.4433 157.3508 21.0237 24.9270 333.7449
240Pu 242415 56.5540 4.0255 4.7388 89.5598
239/240Pu 154.6848 213.9048 134.2687 134.2687 637.1269

241Am 146.8863 507.8314 0.0000 39.2977 694.0154

241Pu 344.4779 1,608.1329 58.0190 68.5783 2,079.2080

242Cm 0.1233 0.6771 0.0303 0.0358 0.8666

242mAm NR NR NR NR 0.0000

242Pu 0.0020 0.0117 0.0003 0.0004 0.0144

243Am 0.0077 0.0569 0.0010 0.0012 0.0669
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Analyte AX-101 AX-102 AX-103 AX-104 Totals (Ci)
243Cm 0.0111 0.0831 0.0023 0.0028 0.0993
244Cm 0.4506 3.4394 0.0715 0.0844 4.0459

Decay Date: 12/31/99
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Table 2-3. Best Estimates of Nonradiological Inventories in Heavily Contaminated Debris
from Ancillary Equipment Removal (in kg)

v | Fiveose | Piedos | o g
Ag 0.0000 0.0000 0.0000
Al 100.6455 205.2056 305.8510
As 0.0000 0.0000 0.0000
B 0.0000 0.0000 0.0000
Ba 3.2565 5.8636 9.1201
Bi 0.0001 0.0016 0.0018
Ca 33.9592 70.6403 104.5995
Cd 1.9040 3.4283 5.3322
Cl 1.9555 4.3406 6.2961

TIC as CO3 20.3532 52.7238 73.0770
Cr 3.6947 6.7769 104716
Cu 0.0000 0.0000 0.0000
F 0.0005 0.0065 0.0070
Fe 406.3872 765.9242 1,172.3114
Hg 0.0000 0.0000 0.0000
K 27.2847 54.8822 82.1669
La 0.0000 0.0000 0.0000
Mg 4.6930 8.4503 13.1433
Mn 10.4427 15.4381 25.8808
Na 186.3005 404.2244 590.5249
Ni 22.4572 69.6393 92.0964

NO2 17.1455 44.3287 61.4742
NO3 104.2518 166.7700 271.0218
OH 380.8297 822.0258 1,202.8555
Pb 0.8409 1.6879 2.5288
P as PO4 12.7134 22.9053 35.6188
P 3.9802 7.2862 11.2664
Se 0.0000 0.0000 0.0000
Si as SiO3 104.2501 224.7285 328.9786
S as SO4 31.5168 211.6355 243.1523
S 10.2560 70.3494 80.6504
Sr 2.1029 2.4902 4.5931
TOC 9.2787 24.7207 33.9994

Total U 1.0016 4.6094 5.6111
Zn 0.0000 0.0000 0.0000
Zr 0.0000 0.0001 0.0001

EDTA 6.2249 15.6464 21.8713

NH3 2.2845 4.6082 6.8926
Crt6 0.0000 0.0000 0.0000
CN 0.0000 0.0000 0.0000
H20 917.0230 2,075.7411 2,992.7640
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from Ancillary Equipment Removal (in curies)

K| e | ot | o
3H 0.0969 0.1830 0.2800
14C 0.0101 0.0217 0.0319
S9Ni 0.1933 0.5099 0.7032

60Co 3.6285 6.1568 9.7853
63Ni 19.1899 49.8489 69.0388
79Se 0.1905 0.3860 0.5765
90Sr 35,175.9620 63,479.4315 98,655.3936
90Y 35,174.3643 63,476.2266 98,650.5909

93mNb 0.6256 1.2228 1.8484

93Zr 0.8441 1.7140 2.5581

99Tc 0.0695 0.1500 0.2195
106Ru 0.0089 0.0103 0.0192
113mCd 3.2873 6.0097 9.2970
125Sb 1.5104 2.5442 4.0546
126Sn 0.3015 0.6107 09122
1291 0.0001 0.0003 0.0004
134Cs 0.0062 0.0109 0.0172
135Cs 0.0000 0.0000 0.0000
137Cs 944.6089 1,467.8086 2,412.4175
137mBa 892.6076 1,386.5564 2,279.1640
151Sm 648.1854 1,317.4025 1,965.5879
152Eu 0.4280 0.7745 1.2025
154Eu 50.5547 81.7730 132.3277

155Eu 34.6263 57.1722 91.7985
226Ra 0.0000 0.0000 0.0000
227Ac 0.0001 0.0002 0.0002
228Ra 0.0000 0.0000 0.0000
229Th 0.0000 0.0000 0.0000
231Pa 0.0001 0.0002 0.0003
232Th 0.0000 0.0000 0.0000
232U 0.0000 0.0002 0.0002
233U 0.0001 0.0008 0.0008
234U 0.0002 0.0016 0.0017
2350 0.0000 0.0001 0.0001
236U 0.0000 0.0001 0.0001
237Np 0.0003 0.0006 0.0009
238Pu 1.0438 1.9147 2.9585
238U 0.0002 0.0014 0.0016

239Pu 9.7416 20.1434 29.8849

240Pu 7.7912 15.0567 22.8479

239/240Pu 23.9621 46.0818 70.0439

241Am 23.0854 43.0099 66.0953

241Pu 71.5411 122.2445 193.7856

242Cm 0.0288 0.0341 0.0629

242mAm 0.0000 0.0000 0.0000

242Pu 0.0005 0.0009 0.0015
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Table 2-4. Best Estimates of Radiological Inventories in Heavily Contaminated Debris



Process Waste

Pits, Boxes

Analyte and Vent Piping and Tanks Totals (Ci)
243Am 0.0024 0.0043 0.0067
243Cm 0.0036 0.0063 0.0099
244Cm 0.1448 0.2418 0.3866

Decay Date: 12/31/99
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3.0 PROCESS DESCRIPTION

3.1 INTRODUCTION AND APPROACH

This section provides a summary of background information, general process knowledge, and
rationale that were applied in conceptualizing the process logic for the new treatment facility.

Carbon and stainless steels do not interact chemically with tank waste to any appreciable extent.
Process waste piping and tank liner plate in the waste feed may be heavily contaminated, though
it is expected that contamination will be a surface-adhesion problem almost exclusively.
Experience has shown that a dilute acid solution will dissolve the scale and oxide compounds
making up the matrix in which the radiological and non-radiological contaminants reside.
Hypothetically, after the steel is removed from the acid solution, it should be free of all
contamination. As a practical matter, deposition of contamination in small pits and crevices
(where reagent access is constrained) and issues that affect rinsing efficiency will tend to prevent
perfect decontamination. Based on these considerations, an acid-etch and water-rinse process is
envisioned that is expected to provide a large decontamination factor for the free metal in the
waste feed.

As indicated in Section 2, the waste feed will include coarse concrete debris from the four AX
tanks, fine concrete debris (scabbling waste) from pits and boxes, and grout rubble from the 1-ft.
thick layer of shielding material poured into the tanks prior to demolition. Concrete and grout
are capable of interacting with tank waste constituents. Cementitious materials act as porous
media in which strontium, cesium, and other radioisotopes can be taken up and retained in the
cement matrix. The depth to which contaminants can penetrate exposed concrete is ordinarily
limited to a small fraction of an inch, provided that the concrete is free of surface defects, such as
cracks, microchannels, or large pores. Mineral aggregates (sand and gravel) in concrete
generally do not exhibit significant reactivity with tank waste. Contaminants can sorb onto the
surfaces of mineral grains, either in concrete or in loose soil. Sheet silicate minerals (e.g., micas
and clay minerals) can take up and retain some contaminants as inter-layer cations.

The proposed treatment process will include an autogenous grinding step to physically abrade
away contaminated surfaces from coarse soil and cementitious rubble material. Grinding will be
followed by a radiological survey step for coarse solids. Material with acceptably low levels of
radiological contamination will be released for disposal as Category 1 LLW. Material with
unacceptably high levels of contamination (i.e., solids that fail the release survey step) will be
returned for additional grinding. The fines from autogenous grinding (consisting of a mixture of
sand-size particles of cement and silicate mineral matter) will be diverted to an acid digestion
step to break down the cement. The insoluble residues (i.e., the fine mineral matter) will be
turned into a concreted waste form and disposed as Category 3 LLW. Contaminants in solution
will be forwarded to DSTs.

Index factors were carried through the material balance calculations (see Appendix A) to aid in
visualizing the results of various decontamination factors and unit operations within the overall
process. Cat-1 and Cat-3 indices are defined in terms of the ratio of Curies per unit volume in a
given stream to Category 1 and 3 limits identified in the Hanford Site Solid Waste Acceptance

Criteria (FDH 1998). An index value of 0.999 or less indicates that a given stream is within the
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designated category limit. In a similar manner, the TRU index is defined as the ratio of TRU per
gram to the limit of 100 nCi/gram prescribed in DOE Order 5820.2A.

3.2 FEED STREAMS

The incoming waste feed for the process was subdivided into a number of streams of distinct
material types to facilitate calculations and process description. They are identified as Streams
101 through 107 on the Process Flowsheet (Figure 3.1) and in the material balance (Appendix
A). The given information for this study regarding compositions, masses and volumes, and
chemical and radiological inventories of the waste feed is summarized in Section 2.

At the head end of the process, the seven material streams are segregated into two groups for
processing. The first group is made up of metal, including Ancillary Metal (Stream 102), which
consists of process waste piping and metal scrap from demolition of pits, auxiliary tanks and
diversion boxes, and Tank Metal (Stream 105), consisting of liner plate scrap from the four AX
tanks. The segregated metal moves through a set of processing steps that is distinct from the
second group. The second group is made up of "rubble”, consisting of Ancillary Scabbling
Waste (Stream 101), Tank Soil (Stream 103), Tank Concrete (Stream 104), Tank Grout (Stream
106), and Residual Tank Waste (Stream 107), as described in Section 2.

A set of enabling assumptions was made regarding the distribution of residual tank waste
constituents (listed in Tables 2.1 and 2.2) among Streams 103 - 107. Collectively, these five
streams make up the base slab debris from demolition of tanks. The mass of residual tank waste
in base slab debris is assigned to Stream 107. It is expected that, up until the time that tanks are
demolished, most residual waste will remain as an intact layer of hard heel material on the floor
of the tanks. When the tanks are demolished, it is expected that the hard heel material will arrive
at the waste treatment facility as a thick coating adhering to tank liner scrap and as detached
lumps of various sizes mixed in with concrete, grout, and soil. The chemical and radiological
inventory in residual tank waste was allocated to the five base slab debris streams as follows:

Stream Percent of Inventory
Tank Soil (Stream 103) 0.5%
Tank Concrete (Stream 104) 0.5%
Tank Metal (Stream 105) 1.5%
Tank Grout (106) 2.5%
Residual Tank Waste (107) 95%

As indicated in Section 2, demolition waste from ancillary equipment includes metal (process
waste pipe and metal waste from pits, boxes and tanks) and non-metal (pulverized concrete
scabbling waste from pits, boxes and tanks). Based on the manner in which the chemical and
radiological inventory estimates for ancillary equipment is presented in Tables 2.3 and 2.4, it is
unclear how the inventories should be distributed between Ancillary Scabbling Waste (Stream
101) and Ancillary Metal (Stream 102). For material balance calculations, another enabling
assumption was made that the inventory in ancillary equipment debris would be distributed
equally between Streams 101 and 102.
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Figure 3-1. New Treatment Facility Flowsheet
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3.3 METAL WASTE PROCESSING

The initial processing step for metal streams is shredding. Shredding will make the inside
surfaces of pipe more accessible to etching and rinse solutions. A uniform fragment size also
will facilitate material handling in subsequent process steps. The next step is immersion
(washing) in dilute nitric acid. The time and temperature are controlled to allow full dissolution
of all scale and dissolution of some metal (1% loss of the metal is assumed for material balance
purposes). Virtually all of the residual tank waste contamination associated with Stream 111 is
assumed to be in the liquid phase (Stream 115) following this processing step. Contamination
carried forward in Steam 112 is a function of solution drag-out from the wash process (residual
droplets of the acid wash solution adhering to the metal). Although not specifically shown, the
dilution water (Stream 91) for the acid wash operation is identified in the material balance as a
combination of rinse return water (Stream 114) and evaporator condensate (Stream 151).

After acid washing, metal will be rinsed with fresh (not recycled) water (Stream 92). As it is
conveyed from the rinse area to the dryer, the material in Stream 113 will be surveyed with
radiation detectors to verify that it is acceptable for disposal as Category 1 LLW. A small
fraction of material in Stream 113 is expected to fail the survey. Reject metal in Stream 113 will
be recycled back to the acid wash step (no assigned stream number). At the dryer, Stream 113 is
combined with Stream 123, dried, and loaded into 20-ton RO/RO containers for shipment to
ERDF for disposal (Stream 124).

3.4 RUBBLE

The initial processing step for the combined rubble stream (Steam 109) is autogenous milling
(wet grinding). The fines (sand-size material and smaller) and soluble waste in Stream 109 will
immediately go into the underflow, rubble fines (Stream 126), from the mill. After it is
discharged from the mill, the coarse fraction (Stream 121- consisting of coarse soil and concrete
aggregate) will move to a radiation survey step. Some fraction of the material in Stream 121 will
fail the survey step the first time through and will be cycled back to the grinding mill for further
attrition. For material balance calculation purposes, it was assumed that a relatively small
percentage of material in Stream 121 would need to be recycled. Examination of the
composition of the wet rubble (Stream 123) shows that the only way it is likely to meet the
Category 1 limits for LLW disposal is for essentially all of the contaminated cement to be
stripped away. The released rubble (Stream 123) is combined with the washed metal stream,
dried, and loaded into containers for shipment to ERDF.

3.5 ACID DIGESTION

The slurry (Stream 126) containing the cement and sand fines from wet grinding is fed to the
acid digester. The digester also receives the underflow, metal wash return (Stream 115), from
the metal acid washing step. Sufficient additional acid is supplied to maintain concentration and
dissolve essentially all (99%) of the cement. The resulting sand slurry, digester underflow
(Stream 132), is sent to a filter to remove most of the carrier solution. The filter cake (Steam
136) is surveyed to confirm its radiological status and is then routed to solidification.
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The digester overflow (Stream 131) and the filter liquor (Stream 133) go to a centrifuge for
clarification. The small amount of centrifuge cake (Stream 135) is surveyed to confirm status
and is then routed to solidification. The centrifuge overflow (Stream 134) is essentially pure
solution, free of any entrained solids, and is suitable for evaporation.

Streams 135 and 136 are combined for solidification as Category 3 low-level mixed waste
(LLMW). Caustic is added to neutralize the acid values of the entrained liquids. The neutralized
solids are mixed with Portland cement powder to give a solid product that will meet Category 3
waste stabilization criteria. Since most of the contamination is expected to be associated with the
residual moisture in the solids, it might be argued that the solids could be rinsed further with the
objective of meeting Category 1 limits. Certainly, standard methods of operation for both filters
and centrifuges can involve single or multiple rinse cycles. However, to meet Category 1 limits,
rinsing would have to provide an additional decontamination factor of at least 10,000. That
could be difficult to achieve if the solids are difficult to filter efficiently. It is unclear whether
the reduction in disposal costs would be sufficient to offset the costs of incorporating the
additional counter-current rinse/filter equipment into the process.

3.6 EVAPORATION

The evaporator receives the centrifuge overflow and removes about 60 percent of the incoming
liquid volume as evaporator condensate (Stream 151). The evaporator bottoms (Stream 152) is a
concentrated solution that may contain a small amount of precipitated solids. Sufficient caustic
is added to meet DST specifications, yielding DST returns (Stream 153). In the proposed
sequence, the feed is neutralized after evaporation rather than before. The opposite sequence
may be used and there are arguments concerning overhead composition and precipitated solids in
the evaporator that would affect this scheme. The amounts and compositions of the condensate
and returns would not be affected at this level of detail by the pre/post neutralization decision.

A percentage of the evaporator condensate can be reused without treatment as dilution water
(Stream 91) to the acid washing step. Even with some amount of reuse, a significant quantity
(perhaps as much as 4.8 million liters or 1.2 million gallons) of lightly contaminated water in
Stream 151 would require on-site or off-site treatment. With refinements to the flowsheet (e.g.,
addition of an ion exchange process step), it may be possible to show "zero" output of
contaminated waste water from the process. However, that issue is beyond the scope of the
present study.

3.7 PROCESS OUTPUTS

As a result of processing heavily contaminated tank farm debris through the proposed NTF, all
solid and liquid waste generated by the process would be in forms that are compatible with
existing on-site treatment/disposat options. The principal outputs are Category 1 LLW, Category
3 LLW, and concentrated liquid waste returns to DSTs. Secondary outputs from the process are
evaporator condensate and trace air emissions. From the material balance calculations in
Appendix A, it is estimated that the waste inventory in the incoming waste feed would be
distributed among the output streams as follows:
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Stream Percentage of Original Inventory
DST Returns 84.73%
Category 3 LLW 15.10%
Evaporator Condensate 5.7x10-20f 1%
Category 1 LLW 1.7x10-3 of 1%
Fugitive Air Emissions 4.6 x10-6 of 1%

Additional information regarding waste forms and volumes is provided in the data tables
following Section 4.
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4.0 DESCRIPTION OF PROCESS FACILITY AND EQUIPMENT

4.1 FACILITY DESCRIPTION

The principal intent of conceptualizing the NTF is to show that a processing capability

could be devised for treating the most extremely contaminated debris that would be generated
during the removal (i.e., excavation and demolition) of SSTs and related ancillary components to
residual levels that would permit the solids to be disposed as LLMW.

The Solid Waste Treatment Facility (SWTF) described in TWRS Systems Engineering Study for
the Closure of Single-Shell Tanks, Appendix J (Boomer et al 1991) was the basis for
conceptualizing the building structure to house the processing equipment described in Section
4.2. The SWTF concept was for a facility that would operate continuously for a 10-year period
supporting a single mission (closure of SST farms). Over that time, the SWTF would receive
and process some 495,000 yd3 of mixed solid waste, consisting of debris from demolition of
SSTs, related ancillary equipment, and miscellaneous tanks, as well as large volumes of
contaminated soil from tank farms. Processing objectives were to:

+ Remove 90 percent of the radionuclides and hazardous constituents from the solids.
« Facilitate disposal of 90 percent of the incoming solids volume in a landfill.

» Dispose of 10 percent (or less) of the solids and 10 percent (or less) of the
radionuclides and hazardous constituents as mixed waste.

The processing criteria for the current study are that (1) contamination levels in solids going to a
landfill (i.e, ERDF) are to be within Category 1 LLW limits, (2) contamination levels in solids
going to LLBG are to be within Category 3 LLW limits, and (3) the separated radionuclides and
hazardous constituents are to be segregated as a concentrated solution that can be returned to
DSTs for eventual treatment (vitrification) by the TWRS PC.

Significant differences in waste processing requirements between the NTF and SWTF are as
follows:

« For the SWTF concept, it was assumed that the waste feed would include large
volumes of contaminated soil. The present study does not apply this assumption. It
s anticipated that little (possibly none) of the soil excavated at tank farms would
exhibit levels of contamination exceeding the Category 3 LLW disposal limits.
Therefore, hypothetically at least, disposal options exist for soil that would not
obligate DOE to process (treat) it first.

»  For this study, the quantity of heavily contaminated debris that is envisioned to be
generated in the course of clean closure of the AX Tank Farm (see Section 2.0) is
significantly less (by approximately 50 percent) than the pro rata fraction of the
quantity identified in conceptualizing the SWTF. To a large extent, this difference is
traceable to the divergent assumptions regarding the amount of contaminated soil in
the waste feed.
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+  With a longer operating period and lower waste feed volume and delivery rate
compared to previous assumptions, the scale of the operation required to process the
waste is reduceable to some degree. For purposes of this study, the structure concept
has been retained from the previous study, though some aspects have been modified
to reflect the current waste feed input information, criteria, interfaces, and mission.

It is envisioned that the NTF, operating over a longer time frame, would support a variety of
projects (including SST farm closure projects and other unrelated Hanford cleanup projects) in a
series of separate operations (campaigns). Between campaigns, the processing area within the
facility would undergo decontamination, equipment that is nonessential to the next campaign
would be decontaminated and removed, new components would be brought in, and the process
train for the next campaign would be assembled. The processing area would be physically
isolated from manned access areas by continuous shielding walls, seals, and separate ventilation,
and would have no permanent internal walls or partitions. This arrangement provides flexibility
and would make the maximum amount of space available to arrange equipment over a
succession of campaigns.

As illustrated in Figure 4.1, the NTF would be housed in a single-story reinforced concrete
building, with plan (cutline) dimensions of approximately 268 ft. by 520 ft, and a height of 108
ft. The building would occupy a site of approximately 10 acres, with allowances for parking,
setback, and vehicle access. The NTF structure has the same plan outline and dimensions as the
SWTF. Below-grade utility chases and galleries in the earlier concept were eliminated. All
fixed utilities and systems identifed in the earlier facility concept were retained. These systems
include:

+ Raw water and firewater supply

« Fire protection and detection

+  Heating, ventilation, and air conditioning systems
« Normal electrical distribution

» Standby electrical distribution

«  Uninterruptible power source

+  Process equipment decontamination and repair

» Compressed air and gas distribution

« Process air

» Distributed control system

« Communications

« Analytical facilities

«  Health physics (radiological) monitoring equipment

The labor and materials involved to construct the building and equip these systems were revised

from the original estimate to consider the reduced extent and complexity of the structure. The
capital cost estimate for the NTF is included as Appendix B of this report.
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Figure 4-1. New Treatment Facility
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4.2 PROCESS EQUIPMENT

An overview of the proposed process logic is presented in Section 3.0. This section provides
supplemental information regarding the numbers, types, and size ratings of the essential
equipment components that would be used to process debris from the AX Tank Farm
remediation project. It is envisioned that most process equipment will be constructed in a
modular arrangement with piping and electrical jumper connections. Solids will be moved from
point to point within the processing area by conveyor segments. Modules will be brought in and
set up with the aid of the process area bridge crane. Modules will be designed with lifting points
(eyes, bales) incorporated into the frames for this purpose. The lifting capacity of the crane
(currently identified in the estimate as 30 tons) will limit the combined weight of components
that can be arranged together as a "module.” At the end of a campaign or mission, modules that
are no longer needed will be removed from service. The process area crane will be used to
disconnect jumpers between adjoining modules. Individual modules will then be picked up and
moved to a separate work area, where they can be decontaminated, renovated, and/or
disassembled.

For purposes of schedule estimation, it has been assumed that NTF construction would be
coordinated with the AX Tank Farm remediation project, and that the project would be the initial
user. The expected average processing rate is 25 container loads per day, equivalent to 67 m3 or
2,360 ft* of material per day. However, process equipment has been sized with capacity ratings
that would support receiving and processing material at twice the average rate (i.e., at a
maximum rate of 50 shielded boxes per 24-hr operating day, the same rate at which containers
will be loaded at the AX tank demolition site).

Shielded transport boxes - The rubble produced from demolition of the base slabs of the four AX
tanks is expected to exhibit specific activity levels of '*’Cs in the range of 0.2 to 0.5 Ci/ft’
(COGEMA 1998). Based on the shielding analysis in Appendix A of that report, it was
concluded that no existing waste package design would be suitable for transporting debris with
these levels of gamma emissions (WHC 1995), (i.e., existing designs would not be capable of
limiting exposures to 10 mR/hr at 1 m as required). A new container design would be needed for
on-site transportation of base slab debris. The shielding calculations indicated that a package
with an aspect ratio 0of 1.0 : 1.2 : 4.0 and 2 length of 11.5 ft. would have a tare weight of
approximately 26,000 lbs., a cargo capacity of approximately 3.5 yd®, and would require 4 in. of
steel on the top and sides to provide appropriate shielding. This container was sized to be
transportable by 20-ton container trucks similar to those currently used in the Hanford
Environmental Restoration Program to haul RORO containers to/from ERDF.

For costing purposes, it was assumed that the boxes will be "owned" by the NTF (i.e., the capital
cost to provide an appropriate number of boxes to support the AX Tank Farm remediation
project is included in the NTF capital cost estimate). It has been estimated(COGEMA 1998) that
the tank demolition operation will load approximately 50 shielded boxes per day (250 per week).
The NTF will be capable of unloading and processing debris at an average rate of approximately
25 boxes per day (175 per week). Considering processing rates, schedule durations, day-use
quantities and in-plant storage, it is anticipated that a minimum of 250 shielded boxes will be
needed to support the AX Tank Farm remediation project.
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Waste delivery area - The waste delivery area will be arranged in a four-compartment
configuration. The concept for the waste receiving operation is as follows. A container truck
will back into the first compartment, off-load the shielded box onto a chain conveyor, and drive
out. The outside access door will be closed off and sealed. Another door, between the first
compartment and the second, will be unsealed and opened. The shielded box will be transferred
by chain conveyor into the second compartment. The second door will be secured and sealed. A
third door, between the second compartment and the dump area where the receiving hopper is
located, will be opened. The shielded box will be opened and lifted by a hydraulic dumping
mechanism, emptying the contents into the receiving hopper. The dumping mechanism will then
lower and close the empty box. The access door to the dump area will be closed and sealed.
Another door, between the second compartment and the third, will be unsealed and opened, and
the empty box will be transferred by chain conveyor into the third compartment. The door
opening into the third compartment will then be resecured. Inside the third compartment, the
box will move through an external decontamination- and-release process consisting of (a) a wash
station (similar to a car wash) and (b) a radiation survey station (similar to a whole-body
counter). A fifth door, between the third and fourth compartments will be opened, and the
decontaminated box will be repositioned. The door between the third and fourth compartments
will be resecured. An external access door to the fourth compartment will be opened, enabling a
container truck to back in, pick up the empty container, and drive away.

Dump mechanism for shielded boxes in second compartment - This mechanism will be situated
in the second compartment of the waste receiving area and will be desi gned to perform the
following functions. After the chain conveyor delivers and positions the box inside the
compartment, the dump mechanism will:

+ Remove (or open) the lid of the box (depending on specifics of the design of the box)
- Engage claspers to the box

» Raise the box for dumping. The mechanism rotates in the vertical plane about a
forward pivot point. Prime movers are two long-throw hydraulic cylinders similar to
cylinders used on end-dump semi-trailers. The box must be rotated through an angle
somewhat greater than 90 degrees.

« Lower the box after dumping. The box is returned to its original position, the
claspers are disengaged, and it is reclosed before it goes to "decon."”

Decontamination and radiation surve equipment in third compartment - This equipment will be
identical to the decontamination and survey equipment described for performing equivalent
functions at the AX Tank Farm Enclosure Structure (COGEMA 1998).

Receiving hopper - The receiving hopper will be approximately 100 ft. long, 15 ft. wide at the
top, and 15 ft. deep, with inward tapered sides (trapezoidal section). The hopper will be elevated
on supports to provide the head room required to feed the autogenous grinding mill. The hopper
will be fitted with a wear-resistant liner and a spray ring around the top to control dust, wash out
residual fines, and facilitate decontamination of the hopper at the end of each facility operating
campaign. The floor of the hopper will be sloped toward the mill. The hopper will be equipped
with a scraper mechanism (e.g., a slusher) that will be used to reposition material toward the feed
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(discharge) end. A vibratory pan feeder will be provided at the discharge end of the hopper to
control the rate of transfer of waste feed from the hopper to the autogenous mill. The hopper
will provide an in-plant storage capacity equivalent to approximately 190 shielded boxes.

Metal shredder - The shredder will receive metal waste (Ancillary Metal - Stream 102; Tank
Metal - Stream 105) and reduce it to 1/2-in. shards, The shredder will have a throughput
capacity of 4 tons/hr and capability to shear I-in. plate.

Small bridge crane - The portion of the process area, including the receiving hopper, the
autogenous mill and the shredder, will be supported by a dedicated bridge crane. The bridge
span will be 30 ft.; the crane rails will be approximately 180 ft. long. The crane will be a nuclear
service-rated crane with dual trolleys. One trolley will support a five-ton electromagnet that will
be used to separate magnetic ferrous metal scrap from other waste feed and divert this material
around the autogenous mill to the shredder. The second trolley will be equipped with a 10-ton
grapple that will be used to separate non- magnetic metal scrap (e.g, stainless steel pipe) from the
feed and transfer it to the shredder.

Large bridge crane - Activities within the entire central section of the building can be supported
by the large bridge crane. This also will be a nuclear service-rated crane, with dual trolleys (30-
ton and 5-ton hooks), a 100-ft. bridge and 500-ft. long rails. It is envisioned that the large crane
would be used principally to set up the process train for a new campaign and to remove and

will be installed as part of the NTF building construction. However, In the capital cost estimate
(Appendix B), they are listed with process equipment items.

Acid washing and rinsing station - This equipment will consist of two stainless steel tanks, each
approximately 1 m deep, 1.5 m wide, and 5 m long, with a 200-gal/min recirculation pump and
an 85-gal/min transfer pump.

Autogenous mill - The mill will be a fully autogenous grinding mill, approximately 12 ft. in
diameter by 10 fi. long, rated at 10 tons/hr, with a 375-HP drive motor. The mill will be supplied
with motor and couplings, rubber liner, and feed and discharge chutes. This equipment is heavy
enough (approximately 440,000 Ib) to require a fixed foundation pad, unlike most other
components, which can be skid-mounted. A rubber liner and slow rotation speed (as opposed to
a steel liner and fast rotation) will maximize abrasion (grinding) of the coarse solids and
minimize fracturing, Because of the potential for generating contaminated airborne particulates
during the operation, the air space inside the mill will be ventilated separately. Exhaust air from
the mill will be ducted away to a HEPA filter unit.

Dryer - The dryer will receive washed metal (Stream 113) and coarse solids from the autogenous
grinding step (Stream 123). The dryer will be an insulated sheet-metal enclosure, measuring 56
ft. long, 12 ft. high, and 6 ft. wide. Radiant heating elements inside the dryer will be rated at 2
million Btu/hr. Washed solids will move through the enclosure on a conveyor belt. Belt speed
and air flow through the dryer will be regulated to optimize the elimination of water vapor, heat
retention, and drying time.

Acid digester - The underflow from the grinding mill (Stream 126) will be directed to the acid
digester. The digester also receives acid wash solution (Stream 1 15) from the metal washing
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operation. Additional acid will be fed to the digester at a rate of 15 gal/min. The digester will be
a stainless steel leach tower with an interior auger lift. The tower will be approximately 5 ft. in
diameter by 12 ft. high. Throughput capacity will be rated at 6 tons/hr of solids,

Rotary drum filter - Two rotary drum filter units will separate undissolved solids (principally
sand-size and finer mineral matter) from the acid digester (Stream 132). All parts of the filter
unit contacting liquid feed would be constructed of stainless steel. The two units will have the
capacity to produce a combined 6 tons/hr of solids cake and pass 20 gal/min of filtered liquid.

Centrifuge - The centrifuge will receive the overflow from the acid digester (Stream 131) and the
filtered liquid from the rotary drum filters (Stream 133) and will separate out residual solids.

The centrifuge will have a feed rating of 50 gal/min. Filtered liquid from the centrifuge (Stream
134) will be routed to the evaporator for concentration,

Evaporator - Two evaporator units will remove a combined 3,500 gal/hr of water from an
incoming solution (Stream 134) containing an estimated 20 wt percent dissolved solids. A
portion of the evaporator condensates will be reused in the process. The balance will be routed
to the 200-Area ETF.

Category 1 waste loading station - This portion of the facility is conceptualized as a four-

compartment area (similar to the waste receiving area) for delivering and picking up 20-ton
RO/RO containers. In the first compartment, the container truck backs in and off- loads an
empty RO/RO container onto a chain conveyor. The conveyor then repositions the RO/RO
trailer from the first compartment to the second. Access doors to the second compartment are
then closed and sealed off. The container is opened. Washed and dried solid waste debris (i.e,
material in Stream 124) is transferred into the container from a bulk storage hopper by a
vibratory pan feeder. The door between compartments two and three is opened, and the loaded
container is transferred into the third compartment. Within this compartment, the container is
subjected to the same type of external decontamination-and-release process described above for
empty shielded boxes. The released RO/RO container is then transferred to the fourth
compartment, where a container truck backs in and picks it up.

Category 1 waste storage hopper - The storage hopper will be approximately 50 fi. long, 20 ft.
wide at the top, and 20 ft. deep, with tapered sides (trapezoidal section). The hopper will be
elevated on supports to gain the head room required to load 20-ton RO/RO containers. The
hopper will be fitted with a wear-resistant liner and a spray ring around the top to control dust,
wash out residual fines, and aid in decontamination after each facility operating campaign. The
floor of the hopper will be sloped toward a discharge chute to the vibratory pan feeder. The pan
feeder will be employed to control the transfer of material from the hopper into the trailers.
During the loading process, the chain conveyor segment within the second compartment will
reposition the RO/RO container so that it is evenly loaded along its length.

Category 3 waste solidiﬁcation/loading station - The solidification station will receive filter cake

(solids with residual moisture content) from Streams 135 and 136. The solids will first be
neutralized by caustic addition and then entrained as fine aggregate in Portland cement paste.
The mixture will be poured into 55-gal drums for disposal. The mixing and metering equipment
will be sized to produce approximately 4 yd® of material per hour. Drummed Category 3 waste
will be transported by truck to LLBG for disposal.
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Aqueous make-up (reagent storage) tanks - These tanks include two 50,000-gal tanks for bulk

acid and caustic storage, two 10,000-gal mixing tanks, and related pumps and controls.

Staging tanks for DST returns - Two 100,000-gal stainless steel tanks will receive and
temporarily store the concentrated liquid waste solution from the process (Stream 152) for
transfer to DSTs. The tanks will be 15 ft. in diameter and 72 ft. long. They will be placed in a
concrete vault adjacent to the NTF structure, measuring 40 ft. by 80 ft. (plan) by 20 ft. deep. The
vault will be constructed below grade with 2-ft. thick walls and cover blocks. While the liquid
waste is held in these tanks, caustic additions will be made to meet specifications for transfer to
the DSTs. The tanks will be equipped with separate mixing and transfer pumps.

4.3 DATA TABLES
Data tables have been assembled to summarize the resources, staffing, equipment, waste
quantities, and emissions that would be needed to construct and operate the proposed NTF in

support of clean closure of the AX Tank Farm. Additionally, this section includes summary
information on project costs and schedule.
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Table 4-1. Waste Form and Volume Projections

Waste Form Characteristic

Category 1 LLW:

Quantity 6,360 tons

Number of containers 318 RO/RO container loads

Container size 20L x 7.5W x 5.5H

Radionuclide Inventory Approx. 22.3 Ci *°Sr, 1.08 Ci 2 ’Cs, 0.025
Ci TRU

Disposal location Environmental Restoration Disposal Facility

Category 3 LLW:

Quantity 70,000 f°
Number of containers 9,520 (perfect filling); 10,578 (90%
fill factor)
Container size 55-gal drums
Radionuclide Inventory Approx. 196,000 Ci *°Sr, 9,750 Ci 3¢,
192 Ci TRU
Disposal location Low-Level Burial Grounds

Concentrated Liquid Waste (DST Returns):

Quantity Approx. 1,053,000 gal

Number of containers none (bulk transfers)

Container size N/A

Radionuclide Inventory A;)prox. 1.10x10° Ci *°Sr, 5.47x10* Ci
"¥'Cs, 1,075 Ci TRU

Disposal location Transfer to DSTs for eventual vitrification

with other tank waste

Evaporator Condensate

Quantity Approx. 1,200,000 gal

Number of containers none (bulk transfers)

Container size N/A

Radionuclide Inventory Approx. 734 Ci *°Sr, 35 Ci B Cs,
0.72 Ci TRU

Disposal location 200-East Effluent Treatment Facility
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Table 4-2. Construction Resource Requirements

Construction Resource

Quantity

Land Area

Temporary Laydown Area for Building
Construction

Site will be approx. 10 acres with parking and
setback. Building footprint will cover
approx. 3.2 acres.

None (adequate area for laydown on site)

Concrete 83,150 yd’
Water (6.6 wt %) 2,475,000 gal
Cement (14.6 wt %) 45,884,000 Ib.
Sand (34.1 wt %) 107,063,000 1b.
Gravel (44.8 wt %) 140,712,000 lb.
Rebar (10 1b/ft®) 22,451,000 Ib.
Steel None (see rebar above)
Excavation

Site Grading (cut and fill)
For Foundations
Backfill

Approx. 24,200 yd>
Approx. 20,000 yd®
N/A
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Table 4-3. Radiological Air Emissions (in curies)

Grinding Dryer
Analyte Particulates (1) Offgas (2) Totals
Ciy (Ci) (Ci) (Ci)

3H 1.100e-07 6.529¢-08 1.753e-07
14C 1.269¢-08 7.492¢-09 2.018e-08
59Ni 2.745¢-07 1.634e-07 4.379¢-07
60Co 3.738e-06 2.245¢-06 5.984¢-06
63Ni 2.721e-05 1.613¢-05 4.334¢-05
79Se 2.278¢-07 1.349e-07 3.627e-07
90Sr 3.693e-02 2.237¢-02 5.930e-02
90Y 3.693e-02 2.237e-02 5.930e-02
93mNb 7.798e-07 4.497¢-07 1.229¢-06
93Zr 1.005¢-06 5.966¢-07 1.602¢-06
99Tc 8.785¢-08 5.176¢-08 1.396¢-07
106Ru 7.933¢-09 4.497e-07 1.229¢-06
113mCd 3.498¢-06 2.114e-06 5.612e-06
125Sb 1.556e-06 9.327¢-07 2.489¢-06
126Sn 3.617e-07 2.139¢-07 5.756¢-07
1291 1.703e-10 1.003¢-10 2.707¢-10
134Cs 7.896e-09 4.403e-09 1.230e-08
135Cs 0.000e+00 0.000e+00 0.000e+00
137Cs 9.451e-04 5.617¢-04 1.507¢-03
137mBa 8.940e-04 5.311e-04 1.425¢-03
151Sm 8.012¢-04 4.685¢-04 1.270e-03
152Eu 4.165¢-07 2.610e-07 6.775¢-07
154Eu 4.811e-05 2.951e-05 7.762¢-05
155Eu 3.529¢-05 2.114e-05 5.643e-05
226Ra 1.962e¢-11 1.13%¢-11 3.101e-11
227Ac 1.012¢-10 5.757e-11 1.587e-10
228Ra 8.542¢-14 5.799¢-13 6.654¢-13
229Th 3.321e-14 6.948e-14 1.027e-13
231Pa 1.510e-10 8.542¢-11 2.364e-10
232Th 4.701e-16 3.164e-15 3.634e-15
232U 3.031e-12 2.055¢-11 2.357¢-11
233U 1.241e-11 8.440e-11 9.681e-11
234U 1.109e-10 2.075¢-10 3.183e-10
235U 4.507e-12 8.396¢-12 1.290e-11
236U 4.717e-12 9.174e-12 1.389%-11
237Np 3.221e-10 2.000e-10 5.220e-10
238Pu 9.285¢-07 6.088¢-07 1.537¢-06
238U 1.003e-10 1.852¢-10 2.856e-10
239Pu 1.031e-05 6.474e-06 1.679e-05
240Pu 2.990e-06 3.251e-06 6.240e-06
239/240Pu 1.988e-05 1.368e-05 3.356e-05
241Am 2.150¢-05 1.386¢-05 3.537e-05
241Pu 6.435e-05 4.111e-05 1.055e-04
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Grinding Dryer
Analyte Particulates (1) Offgas (2) Totals
(i (Ci) (Ci) (Ci)
242Cm 2.655¢-08 1.531e-08 4.186¢-08
242mAm 0.000e+00 0.000e+00 0.000e+00
242Pu 4.480e-10 2.967¢-10 7.446¢-10
243Am 2.077¢-09 1.373e-09 3.450e-09
243Cm 3.082¢-09 2.026e-09 5.108e-09
244Cm 1.224¢-07 8.023e-08 2.026e-07

Decay Date: 12/31/99

HNF-4098, Rev. 0

Note 1: To estimate grinding particulate emissions, it was assumed that a decontamination factor

0f 10,000 for the grinding step would be

HEPA filter with an efficiency of 3,333.

present, and that exhaust air would be routed through a

Note 2: To estimate dryer offgas emissions, it was assumed that 0.001 of the combined

radiological inventory in Streams 113 and 123

and that the offgas stream is unfiltered.
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Table 4-4. Manning List for the Proposed New Treatment Facility

During normal operations (i.., when the facility is receiving and processing demolition
waste from AX Tank Farm), it will operate three shifts per day, seven days per week.
The facility will have four separate operations crews, each composed of:

1 traffic master for incoming trucks

2 health physics technicians (HPTs) for incoming trucks
2 decon operators for incoming trucks
8 plant operators

3 control room operators

1 traffic master for outgoing trucks

2 HPTs for outgoing trucks

2 decon operators for outgoing trucks
1 shift supervisor

1 control room supervisor

1 packaging supervisor

2 electrical/instrument crafismen

1 mechanical craftsman

1 fitter craftsman

1 craft supervisor
29 per shift (116 total)

The following are required for onc back shift (graveyard) maintenance crew during
normal operations:

1 craft supervisor

1 expediter

1 millwright

1 fitter

2 electrical/instrumentation

6 per shift

The following are required for a single office crew during normal operations:

1 manager
1 secretary
1 janitor

1 expediter
4 total

The following are required to maintain the building HVAC system three shifts per day,
seven days per week during all periods (operating campaigns, maintenance periods, and
standby periods):

2 power operators (total of 8).
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It is anticipated that building maintenance can be conducted by the operations
maintenance personnel between operating campaigns.

The grand total is 29+29+29+29+6+4+8 = 134 people

The following are required on a single day shift during maintenance and D/D operations
(scheduled two days for every day of operation):

4 HPTs for general maintenance support

4 decon operators for general maintenance support
4 control room and equipment operators

1 shift supervisor

1 control room supervisor

1 packaging supervisor

4 electrical/instrument craftsmen

2 mechanical/millwright craftsman

2 fitter craftsman

2 craft supervisor

25 total for maintenance

The following are required for a single office crew during maintenance periods and D/D
operations:

1 manager
1 secretary
1 janitor

2 expediter
5 total

The following are required to maintain the building HVAC system three shifts per day,
seven days per week during all periods (operating campaigns, maintenance periods, and
standby periods):

2 power operators (total of 8).

The grand total is 25+5+8 = 38 people

The following are required on a single day shift for stand-by periods:

1 HPT for general support

1 decon operator for general support
1 control room/equipment operator
1 manager

1 secretary

0.5 janitor
5.5 total
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The following are required to maintain the buildin
seven days per week during all periods (operating
stand-by periods):

2 power operators (total of 8).

g HVAC system three shifts per day,
campaigns, maintenance periods, and

The grand total is 5.5+8 = 13.3 people

Table 4-5. Cost Summary

Cost Component Cost (Note 1)
Post-Retrieval Monitoring and Maintenance N/A
Capital
Engineering and Construction Management 274,880,000
PPF Building Construction 180,880,000
Process Equipment 246,770,000
Project Management 96,420,000

Total = 798,950,000

Research and Development N/A
Operating Labor and Materials 15,370,000
Cat 1 and Cat 3 Waste Disposal 6,740,000

Total = 22,110,000

Decontamination and Decommissioning

N/A (Note 2)

Note 1: Costs are rounded to the nearest $10,000. Costs are stated in 1999 dollars and do not
include escalation. Costs include contingencies averaging 42 percent for capital costs and 54

percent for operating costs.

Note 2: Study scope did not address facility decontamination and decommissioning.
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5.0 IMPLEMENTABILITY ISSUES

5.1 DESIGN MATURITY

The material balance for the proposed debris treatment process (see Appendix A) should be
regarded as an initial best estimate of process performance. A number of assumptions have been
applied to make these calculations regarding decontamination factors and mechanical
efficiencies that cannot be independently verified or evaluated at this time. Consequently,
assessments regarding the projected efficiency of the proposed process may be either overstated
or understated. Continuous refinement of the material balance would be an integral aspect of
process design/development should DOE elect to explore this concept in greater detail.

5.2 UTILITY OF NTF PROCESS CONCEPT FOR TREATING LARGE VOLUMES OF
CONTAMINATED SOIL

In developing the process logic for this study, primary emphasis was placed on separating tank
waste contaminants from metal and concrete substrates. The study does not address the problem
of separating contaminants from granular soils in comparable detail. To the extent that
contamination of soil is a surface phenomenon (i.., contamination is sorbed onto the outside
surfaces of soil particles), the NTF process should be a highly effective treatment method.
However, data from soil washing treatability tests on Hanford Site soils indicate that some waste
constituents are capable of interacting chemically with minerals in the soil (e.g., binding as inter-
layer cations in sheet silicate minerals), in which form they are difficult to extract by water
washing and size separation. The NTF process logic incorporates water washing and size
separation as well as mechanical abrasion and acid dissolution (strategies not typically involved
in soil washing). It is anticipated that the NTF process would produce a significantly better
decontamination factor for soil than has been demonstrated for conventional soil washing
(DF=10). However, the NTF process decontamination factor for soil may not be large enough
that it could be exploited successfully to reduce contamination in Category 3 soil to Category 1
levels. If significant quantities of Category 3 soil are generated as a consequence of closing tank
farms (e.g., from excavation of soil containing leakage losses from tanks during waste retrieval
operations), there may be a significant cost incentive (traceable to the large difference in disposal
costs for Category 1 and 3 soil) for optimizing the NTF process for enhanced soil
decontamination.

5.3 LARGE PROJECTED VOLUME OF CATEGORY 3 WASTE

By comparing information presented elsewhere in this report regarding incoming waste feed
volumes and outgoing waste disposal volumes, it may be observed that, for each 1 ft® of
incoming waste from demolition of AX tanks and ancillary equipment, the NTF process would
generate approximately 0.8 ft° of Category 1 LLW, 0.5 ft® of Category 3 LLW, 8 gal of slightly
contaminated evaporator condensate, and 7 gal of concentrated liquid waste (DST returns).
Excluding the stream going to DSTs, Category 3 waste generation poses the greatest ongoing
disposal cost burden from the NTF process. Clearly, this aspect of the process logic and material
balance would be a focus for additional process refinement.
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5.4 STORAGE SPACE IN DSTS

According to the TWRS planning basis for DST operations, availability of storage space in DSTs
will be an ongoing logistical issue during the Initial SST Retrieval Systems (ISSTRS) Program
and beyond Phase 1 of the TWRS Privatization Program. The results of this study suggest that
waste processing of heavily contaminated debris from clean closure of SST farms would result in
production of large additional volumes of concentrated liquid waste that (per directed study
assumption) would be transferred to DSTs. This study does not address the issue of how the
additional liquid waste volumes from NTF operations would be accommodated in DST
operations.

5.5 ADDITIONAL LIFE-CYCLE COST CONSIDERATIONS

This is the latest in a series of engineering studies that have been prepared to evaluate various
aspects of clean and landfill closures of the AX Tank Farm. This study provides estimates of the
capital and operating costs to construct the NTF and to process heavily contaminated debris from
demolition of AX tanks and ancillary equipment. This waste stream is too heavily contaminated
to be disposed without treatment. Additional LLW disposal costs have been identified and
quantified in this study as a result of treatment of the heavily contaminated debris.

Waste processing and disposal costs for vitrified DST waste were not formally evaluated as part
of the cost estimating for this study. However, COGEMA Engineering has prepared a separate
estimate of the number of additional glass logs that could be generated as a result of processing
heavily contaminated debris from the AX Tank Farm. For this estimate, it was assumed that the
iron in the contaminant inventory in DST returns will be the limiting constituent with regard to
waste loading in the glass form, and that the entire inventory would go into HLW glass
production (i.e, no distribution of the inventory between HLW and LAW production was
assumed). The COGEMA estimate indicates that approximately 202.7 metric tons (MT) of
additional HLW glass (equivalent to 72 canisters) would be produced.

Estimated processing and disposal costs for the additional HLW glass are as follows:
* Cost to process: $338,000/MT x 202.7 MT =$ 68,513,000
* Cost to dispose: $960,000/container x 72 containers — $ 69,120,000
Total =$137,633,000
Unit costs are based on a DOE "1996 Storage and Disposal Project Life Cycle Estimate,” which
includes all Hanford Site and repository storage and disposal costs plus contingency.
5.6 SHIELDED CONTAINERS

There is significant uncertainty regarding the number of special-purpose shielded containers that
would be needed to assure that the NTF operation and the tank demolition operation could both
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proceed without interruption. The capital estimate identifies costs for 250 containers (with a 50
percent contingency) to support the AX Tank Farm closure project. The receiving hopper inside
the NTF is sized to accommodate the contents of approximately 190 boxes, providing some
degree of surge separation between the two operations. However, if either operation were to be
idled for a period of several days or longer, the other would become impacted by the non-
availability of containers to load or unload. At the current level of study detail, this issue may
seem inconsequential, though, at some point in the design cycle, there would be significant
cost/risk incentives involved in providing an accurate forecast for the number of containers
required. Because of the high unit cost of containers, procuring an excessive number would be
undesirable. Alternatively, if operations are idled by an intetruption in the flow of containers,
significant penalties in nonproductive labor costs could be incurred. The eventual decision
regarding the appropriate number of containers to support the operation may be driven by
considerations (e.g., risk minimization) that cannot be quantified at the present time.

5.7 APPLICATIONS FOR ROBOTICS AND/OR REMOTE-OPERATED EQUIPMENT

The focus of this study was to develop a process concept for treatment (i.e., partial
decontamination) of highly radioactive debris from demolition of AX tanks and ancillary
equipment. Conceptualization did not include specific consideration of robotics or remote-
operated equipment applications. However, certain aspects of the NTF operation could benefit
from these types of provisions. The capital cost estimate includes an allowance of $22 million
with a 50-percent contingency for specialized equipment (e.g., robotic equipment, manipulators,
glove boxes, leaded glass viewing windows). The cost basis for the allowance is the cost entry
for similar equipment in the earlier study estimate (Boomer et al 1991). None of these types of
equipment items were detailed out in either the previous study or the current study.

5.8 CLOSED-LOOP OPERATION

The proposed process logic (Figure 3.1) offers a high degree of flexibility for optimization.
Closed-loop operation is shown for the autogenous grinding step for coarse soil and concrete
debris. Similar closed-loop strategies could also be applied to enhance decontamination factors
for the metal acid washing and/or fine-solids filtration aspects of the process. If target
decontamination factors are achievable while operating in open-loop (single-pass) mode, that
would clearly be preferred. Operating in closed-loop mode would negatively impact the plant
throughput rate and secondary waste generation (i.e., by increasing volumes of wash water and
evaporator condensate). This flexibility enhances overall confidence in the basic workability of
the proposed processing concept. However, the details involved in optimizing the process are
not currently foreseeable.
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APPENDIX B

CAPITAL COST ESTIMATE
FOR
PROPOSED NEW TREATMENT FACILITY
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HNF-4098, Rev. 0

APPENDIX C

OPERATING COST ESTIMATE
FOR
AX TANK FARM THROUGH PROPOSED NEW TREATMENT FACILITY
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Project Title/Work Order

EDT No. 619524

AX Tank Farm Process Impacts Study, HNF-4098, Rev. 0 ECN No.
Text Attach./ EDT/ECN
Name MSIN | With All Appendix Only
Attach. Only

CENTRAL FILES B1-07 X
PROJECT FILES - HTI R1-41 X
DOE READING ROOM H2-53 X
D.L. BECKER Ho-22 X
T.M. BROUNS K9-69 X
H.L. BUDWEG A3-03 X
T.J. CONRADS R3-73 X
V.F. FITZPATRICK R2-89 X
E.A. FREDENBURG R1-04 X
J.S. GARFIELD R3-73 X
J.C. HENDERSON B2-05 X
D.L. NICHOLS B2-05 X
R.W. POWELL R3-75 X
D.C. RAMSOWER H3-28 X
W.R. ROOT R2-53 X
P.A. SCOTT K9-46 X
J.C. SONNICHSEN H6-26 X
W.J. STOKES R3-75 X
C.D. WEST A0-21 X
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