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ABSTRACT 

A Settlement Agreement between the Department of Energy and the State 
of Idaho mandates that all high-level radioactive waste now stored at the Idaho 
Chemical Processing Plant be treated so that it is ready to move out of Idaho for 
disposal by the target date of 2035. This study investigates the immobilization of 
all Idaho Chemical Processing Plant calcine, including calcined sodium bearing 
waste, via the process known as hot isostatic press, which produces compact 
solid waste forms by means ofhigh temperature and pressure (1,050OC and 
20,000 psi), as the treatment method for complying with the settlement 
agreement. The final waste product would be contained in stainless-steel 
canisters, the same type used at the Savannah River Site for vitrified waste, and 
stored at the Idaho National Engineering and Environmental Laboratory until a 
national geological repository becomes available for its disposal. The waste 
processing period is from 20 13 through 2032, and disposal at the High Level 
Waste repository will probably begin sometime after 2065. 

DISCLAIMER 
f 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completcncs, or usefulness of any information, apparatus, product, or 
proctss disclosed, or' represents that its use would not infringe privately owned rights. Rcfer- 
ence herein to any specific commercial product, process. or Scrvicc by trade name, trademark, 
manufacturer. or otherwise docs not necessarily constitutc or imply its endorsement, ream- 
mendation, or favoring by the United States Government or any agency thereof. "Ee views 
and opinions of authors cxpresscd herein do not n d y  state or reflect those of the 
United Statcs Government or any agency thereof. 
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SUMMARY 

Treatment of high-level radioactive wastes at the Idaho Chemical Processing 
Plant (ICPP) on the Idaho National Engineering and Environmental Laboratory 
(INEEL) is mandated under a Settlement Agreement between the U.S. Department of 
Energy (DOE) and the State of Idaho. Among other things, the Settlement 
Agreement requires that this treated radioactive high-level waste (HLW) be ready to 
move out of Idaho for disposal by a target date of 2035. To comply, INEEL proposes 
a treatment called the Hot Isostatic Press (HIP) Waste Option (HWO), where the 
existing liquid sodium-bearing waste (SBW) would be calcined and added to the 
other calcine presently in the Calcined Solids Storage Facility (CSSF) at ICPP. The 
calcine would be mixed with amorphous silica and titanium powder, and then hot 
isostatically pressed (HIPed) in special cans to form a glassceramic product. The 
HIPed product would be packaged in Savannah River Site (SRS) canisters for interim 
storage and disposal in a HLW national repository. This option will not process any 
waste generated after 2012. The SRS canister was selected for use in this report. 

Design bases and criteria, requirements, regulations, and codes, and standard 
studies were conducted and corresponding engineering design files (EDFs) were 
issued. These studies included requirements of DOE, U.S. Environmental Protection 
Agency (EPA), the State of Idaho, Nuclear Regulatory Commission (NRC), and U.S. 
Department of Transportation (DOT) that were applicable to all Non-Separations 
Alternatives including the HWO. The operating period for the HIP facility is from 
2013 through 2032, and 5,400 m3 of calcine will be processed, resulting in 5,700 SRS 
canisters of HIPed waste produced and stored in the HWO interim storage facility 
(ISF). Costs for analytical support, costs to ship the SRS canisters to the repository, 
and the costs to dispose of the SRS canisters at the repository aie outside the scope of 
this report. 

The major processes involved in the HWO are to (1) obtain calcine from 
the ICPP CSSF using a Calcine Retrieval and Transport System (CRTS), 
(2) blend and size the calcine received from the CRTS, (3) sample the calcine to 
determine chemistry, (4) receive amorphous silica and titanium powder from 
trucks or rail cars to mix with the calcine, (5) mix the calcine and additives in the 
proper ratio, (7) deliver the mi the HIP can fill station and fill the HIP cans, 
(8) devolatilize the calcine an itives, (9) seal the can lids, (10) HIP the cans, 
(1 1) place the HIPed cans in suitable isters, (12) decontaminate the filled 
canisters, (13) transport the canisters Interim Storage Facility (ISF) and 
place them in interim sto 
the processes, except 1 

devolatilization off-gas. All 
ed in the HIP facility. 

A process chemical e the basic HIP facility 
processes necessary to successfiilly HIP the calcine into an acceptable glas 
ceramic. The process engineer also calculated, and documented, qualitative 
parameters of the processes that would allow treating all calcined waste by the 
end of 2032. A design team of specialists then implemented that process, and 
documented the work in this report. The CRTS, the ISF, and the Utilities 
Support necessary to support the HIP facility were studied, and similar but 
separate documents were issued for these studies. The HWO consists of the HIP 
facility, CRTS, ISF, and the Utilities Support. The latter three systems are 
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described briefly in this report and their documents are either included or 
referenced. The CRTS, ISF, and Utilities Support cost estimates are each 
included in their respective reports and their cost summaries are combined with 
the HIP facility costs in Section 3 of this report to arrive at the total HWO costs. 

In the performance of this study, various processing methods were researched 
and assumptions made about the composition and quantity of the HIPed waste, the 
types of remote equipment needed in the HIP facility, the layout of the HIP facility, 
the utilities required, and the requirements and regulations that will apply. 

The majority of the main text of this report describes the HWO HIP 
facility in detail. The facility will be located in the northeast comer of the ICPP. 
Utilities for the facility are detailed in a separate report. The HIP facility will be 
a multistory building that extends from 20 A below, to 60 ft above grade 
elevation, and has a floor plan occupying an area measuring approximately 

‘302 x 320 ft. It will be designed to house the equipment and operations for non- 
separations processing of HLW calcine while providing essential features for safe 
and efficient operation and maintenance. The HIP facility layout is based on 
centrally located process cell complexes with limited personnel access and heavy 
concrete walls for shielding. The remotely operated cells will house equipment 
that requires minimal maintenance. The periphery of the facility contains ofice 
space, support areas, and nonradioactive operation areas. The facility will have a 
separate system for processing devolatilization off-gas and reclaiming mercury 
waste. The building will comply with requirements of DOE Order 6430.1A- 
1325, “Laboratory Facilities including Hot Laboratories.” In addition to the off- 
gas system, the HIP facility will have separate primary, secondary, and office 
ventilation zones. Airflow will be from areas of lower contamination to areas of 
higher contamination where areas of higher potential airborne contamination will 
be kept at less than ambient pressure. 

To facilitate equipment changeout and maintenance, the facility is based 
on the canyon design approach using hatches in the cell ceilings that can be 
removed to provide access to cell equipment by a large remotely operated bridge 
crane. Above the ceiling hatches is a large, open maintenance area that can be 
used for laydown, maintenance, sizing, packaging, and removal and retrieval of 
equipment. 

The heart of the HIP facility is the devolatilization and HIPing processes. 
The HIP facility receives calcine, amorphous silica, and titanium powder from 
two different systems. The calcine is pneumatically transferred into large 
blending tanks in the HIP facility by two parallel lines from the CRTS. The 
calcine is then sized and blended with the additives. A loading system delivers 
the calcine and additives mixture to the HIP can fill station where HIP cans are 
filled. The HIP cans are then transferred to the devolatilization cell where the 
devolatilization process takes place. The devolatilization ovens are designed to 
develop a centerline temperature of the HIP can and its contents of 650°C and 
maintain this temperature for 24 hours. The resulting off-gases are removed in 
the off-gas treatment system. Following the devolatilization process, the HIP 
cans are transported to the HIP furnaces. 
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The electrically heated and argon-gas-pressurized HIP furnaces are 
designed to operate at about 1,050°C and 20,000 psi. The HIP cans and contents, 

into SRS canisters. The canisters are capped, decontaminated, and transferred to 
the IFS for storage. * 

The electrical utility is provided by the facilities described in the Utilities and 
Infiastructure Study. Automatic wet-pipe sprinkler systems in the operating galleries 
and office areas, and high efficiency particulate air (HEPA) deluge systems will 
provide fire protection. The hot cells will be provided with either limited water, or 
gaseous extinguishing systems. The information regarding the calcine transfer 
system is provided in EDF-WTS-002 (see Appendix A) and information for the 
Interim Storage Facility is provided.' 

Cost estimates were performed on the HIP facility and HWO. The total costs 
for the HWO are summarized as follows and include costs for the CRTF, the ISF, and 
the Utility Service: 

Total Cost (unescalated) is $2,263,435,000 

Total Cost (with escalation, management reserve, and contingency) 
is $5,763,998,000 

Discounted Cost (escalated) is $1,572,040,000. 

The maturity of the HWO technology was evaluated anddetermined to be 
between the Engineering Development and the Implementation stage. The risk 
associated with the HIP facility technical key assumptions were evaluated. 
Failure modes were listed and discussed in general, but detailed effects analyses 
were beyond the scope of this report. 

The Project Data Sheet and its supporting data were completed for the HIP 
facility and are included. A list of recommended future studies that will be 
needed to support future design efforts, but was beyond the scope of this report, 
is included. 

In conclusion, about 5,7 canisters of HIPed HLW would be produced 
by the HWO from 2013 through 2032. That schedule would require two 10-hour- 
per-day shifts, four days per week of operation, and 50% down time for maintenance. 
The HWO technology is considered to be at the engineering development phase and 
the risk of failure due to the maturity of technology is perceived as low to medium. 
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CONCLUSIONS 

The Non-separations Alternative HWO consists of the CRTS, the 
Vitrification Facility, the ISF, and Utilities Support. Designs were based on 
existing feasibility and conceptual designs for other facilities having similar 
requirements. This report concentrates on the HIP facility portion of the HWO. 

The HIP facility in this report will produce approximately 5,700 SRS 
canisters for the non-separations alternative during its 20-yr operating life (from 
2013 through 2032). This assumes two 10 hour-perday shifts, 4 days per week 
operation, with a 50% process up time. The SRS canister design will be an 
acceptable waste form for eventual transportation offsite and storage at the 
repository. The planned date for all HLW to be stored in a road-ready condition, . 
at the ISF, is the end of 2032, which is two years ahead of the 2035 date targeted 
by DOE and the State of Idaho in the Settlement Agreement. The HWO HIP 
facility is designed for dry calcine from the ICPP Calcined Solid Storage Facility 
(CSSF) only. This is because of the assumption that all SBW will have been 
calcined and placed in the CSSF before the start of HIP facility operation. 

The HWO technology is considered to be at the engineering development 
phase and the risk of failure due to the maturity of technology is perceived as low 
to medium. 

The total costs for the HWO are summarized as follows and include costs 
for the CRTF, the ISF, and the Utility Service: 

Total Cost (unescalated) is $2,263,435,000 

Total Cost (with escalation, management reserve, and contingency) 
is $5,763,998,000 

Discounted Cost (escalated) is $1,572,040,000. 





RECOMMENDATIONS 

Communication should be initiated with the NRC, State of Idaho, EPA, 
repository, and each state and EPA Region through which the waste will be 
transported for disposal. Future studies are recommended in section 9.2 of this 
report. 
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Hot Isostatic Press Waste Option Study Report 

1. INTRODUCTION 

From 1953 until 1992, the Idaho National Engineering and Environmental Laboratory (MEEL) re- 
processed spent nuclear fuel, primarily from the U.S. Navy, to recover uranium-235. This activity 
produced a quantity of mixed, high-level-liquid waste that was then converted into a granular, solid form 
of mixed, high-level radioactive waste (HLW) called calcine, which is now in the Calcined Solids Storage 
Facility (CSSF, more commonly referred to as bin sets) on-site. Routine decontamination of the calcining 
equipment produced a mixed, incidental, liquid waste called sodium-bearing waste (SBW), because it 
contains sodium hydroxide in addition to a variety of dissolved radioactive and hazardous materials in a 
nitric-acid solution. The SBW is stored in tanks in an on-site facility called the Tank Farm. All Tank 
Farm wastes contain both hazardous, as defined in the Resource Conservation and Recovery Act (RCRA), 
and radioactive wastes that must meet stringent requirements prior to disposal. These requirements 
include site-specific waste acceptance criteria, and the land disposal restrictions (LDR) established and 
regulated by the Environmental Protection Agency (EPA) for the hazardous waste components. 

In 1995 the U.S. Department of Energy (DOE) signed a Settlement Agreement’ with the State of 
Idaho stating that the DOE would convert all SBW to calcine by the end of 2012 and would prepare all 
HLW for disposal outside of Idaho by a target date of 2035. By an act of Congress, the disposal of all 
HLW must be in a characterized, geologic repository; however, only Yucca Mountain is being proposed 
as the repository for HLW, and may not have enough space for DOE’S wastes because of its commitments 
to commercial nuclear-power plants. Yucca Mountain’s criteria require that the HLW contain no 
untreated hazardous wastes, and that it be immobilized by a process called vitrification (blending the 
HLW with molten glass) or by an approved, equivalent process. Another geologic repository, the Waste 
Isolation Pilot Plant (WIPP) in New Mexico, accepts only defense-related transuranic (TRU) wastes. 

In addition to radioactive waste, mixed HLW also contains both listed and characteristic categories 
of RCRA-hazardous waste that are subject to Land Disposal Restrictions (LDRs) under 40 CFR 268 prior 
to di~posal.~ The hazardous wastes must be treated in accordance with the methods defined in the LDR3; 
otherwise, they must be treated by techniques approved as the equivalents to the specified treatment 
standards. Vitrification satisfies the LDR: but the process evaluated in this report might also satisfy the 
LDR and the repository’s acceptance criteria after further development and testing. After the wastes have 
been treated, the listed wastes must be delisted before they can be disposed. This report assumes that the 
waste form from the proposed process would meet the HLW repository’s acceptance criteria for 
radioactive wastes and would satistjr the E ent standards for hazardous wastes. 

The following alternativ 

Three separations ions options, the TRU and high-activity isotopes 
((3-137 and Sr-90) would be r 
disposed in a geologic repository outside of Idaho; the remaining lo 
would be disposed onsite (at the INEEL) in a mixture of concrete o 
volume of high-activity waste is small compared to the total, the volume of waste sent off- 

m the SBW and dissolved HLW-calcine and 

* Four nonseparations options-In the nonseparations options, the SBW would be converted 
to calcine and then all of the calcine would be immobilized in materials like glass, cement, 
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and ceramic for disposal at the HLW repository or an approved alternate (there is no 
approved alternate yet). 

0 No action-In the no-action alternative, the SBW would be calcined and stored in the CSSF 
with the existing HLW calcine. After a few hundred years, the radiation field strength would 
have been rendered harmless through radioactive decay, at which time disposal of the long- 
lived isotopes could begin. 

In all three alternatives, various amounts of mercury would be recovered and then amalgamated for 
on-site disposal. 

All of the waste forms requiring disposal in the HLW repository would have to be stored at the 
INEEL until space became available at the existing repository or at a new HLW repository, probably 
sometime after 2065. That MEEL storage site, which does not currently exist, is referred to in this report 
as the Interim Storage Facility. 

A proposed HLW treatment, known as the Hot Isostatic Press (HIP) Waste Option (HWO), 
involves mixing the calcine with amorphous silica and titarlium powder in special cans, then applying a 
HIP technology to produce a glass-ceramic. The resulting product is then packed into Savannah River 
Site (SRS) canisters for ultimate disposal in a national geological repository. A number of other possible 
non-separations HLW treatments are also being considered. These options are Direct Vitrified Waste 
Option, Cernentitious Waste Option, and Direct Cementitious Waste Option. 

This report investigates a HLW treatment process that mix HLW calcine with amorphous silica and 
titanium powder in special cans for hot isostatic pressing (HIPing). Volatile materials are eliminated by 
heating the mixture to moderate temperatures prior to the actual HIPing operation. A HIP &mace, 
operating at 1,O5O0C and 20,000 psi, compresses the can and its contents to'form a glassceramic product. 
The hot isostatically pressed (HIPed) cans are then placed in stainless-steel canisters for interim storage 
and ultimate disposal at a HLW repository. 

1.1 Background 

Calcination is a heat treatment process performed at the Idaho Chemical Processing Plant (ICPP) to 
transform liquid waste to a more stable granular solid waste form. Past calcining activities produced large 
calcine inventories now stored in the CSSF at the ICPP. The Settlement Agreement calls for calcination 
of current ICPP liquid waste inventories to be completed by the end of 2012. Various treatments for the 
calcine inventory are being considered. However, the treatment method for this study is to HIP the 
calcine. 

1.2 Objective and Scope of Work 

The objective of this study is to provide information, including the costs for the HWO, for input to 
an Environmental Impact Statement (EIS) that will be used to select the method of HLW treatment. 

The scope of the HWO includes (a) the Calcine Retrieval and Transportation System (CRTS) for 
transferring calcine from the CSSF to the HIP facility, (b) the HIP facility, (c) utilities and infrastructure 
and (d) the ISF for the HIPed product. The processes and equipment for the CRTS and ISF are common 
to all of the options studied. Their dctails are given separately in Engineering Design File (EDF)-WTS- 
002 (See Appendix A) and the Interim Storage Facility Report,' respectively. 
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ICPP site plan HWO-C-1 shows the location of the CSSF, the HIP facility, and the ISF at ICPP 
(see Appendix B). The overall HWO process is shown on block flow diagrams HWO-00 through 06 (see 

The HWO process i SSF to the HIP fbcility 

(c) devolatilizing the calcindadditives mixture, (d) HIPing the cans, (e) loading the HIPed cans into 
canisters, and (e) transporting the canisters to the ISF. 

In order to perform this study, it was necessary to make assumptions about the @Ped waste form 
(composition, dimensions, and total volume), the HIP facility, CRTS, ISF, and requirements and 
regulations that will apply, Failure modes were noted, project risks were identified and evaluated, and 
environmental impacts were estimated and summarized. 

2. PROJECT DESCRIPTION 

2.1 Design Bases 

2.1.1 HIP Cans and SRS HLW Canisters 

The HIP process has been developed at the MEEL on small-scale 1- to 6-in. diameter cans and 
those results have been extrapolated to full-scale cans (an approximately 23411. diameter and 34 in. length 
after HIPing). Three HIPed cans fit inside a SRS canister. To optimize the loading, each HIPed can must 
be in the form of a right circular cylinder after HIPing. A volume reduction of approximately 50% is 
expected. 

To accomplish this, a corrugated HIP can is used in this study, although there are other styles of 
HIP cans that can also achieve this goal. A corrugated can contracts in length with no apparent change in 
diameter. Full-scale development of the HIP process is needed to optimize the pre-HIP can dimensions. 
For detailed information on the HIP cans and SRS canister loading, see EDF-HWO-002 in Appendix A. 

Although this study is based on a 10-A long SRS canister, the DOE Hanford Facility has adopted a 
4.5 meter (154) long canister for containing immobilized HLW. This longer canister is apparently 
acceptable for co-disposal at the repository, and therefore should be considered before finalizing the 
HWO canister size. 

Consideration of the 15-ft canister has be y adding a corresponding future study in 
Subsection 9.2. Although adopting the 1 5 4  canister would increase the capitol cost of the HIP facility 
due to the incieased head height of the hot cells, depth of excavatioh, equipment capacities, height of the 
ISF transport tunnel, size and capacity of the SRS canister handling machine, and ceiling height etc., it 
would reduce the total number of canisters ( 5,700 10-ft canisters) by about one-third; thus, greatly 
reducing the handling, shipping, and final d 

2.1.2 Calcine Retrieval and Transportati 

The design basis for the CRTS is gi ment Facilities Feasibility 
Study 90% review package.' EDF-WTS-002 in Appendi ork done on the CRTS for 
alternatives including the HWO. The CRTS is generic to most of the waste treatment options studied. 
EDF-WTS-002 provides all CRTS components and their costs but the HIP facility building contains the 
following final CRTS equipment: calcine separation cyclones, sintered metal filters, HEPA filters, 
calcine transport blowers, and transport-air coolers. 
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Calcine will be removed from a bin in the CSSF and transported to the HIP facility using a closed- 
loop pneumatic transport system. The transport system provides the ability to retrieve calcine from one or 
two bins at a maximum rate of 5,400 kg/hr. Being able to retrieve calcine fiom two bins allows the 
flexibility of blending different calcines to achieve a specific recipe. The system will be remotely 
operated to reduce radiation exposure. Calcine will be transferred at a rate commensurate with processing 
demands. 

2.1.3 Interim Storage Facility 

The Interim Storage Stud' Report: presents the study for the HWO ISF (as well as storage 
facilities for the other applicable waste treatment options). The design baseline for the ISF is given in the 
Fluor Daniel Inc., Waste Treatment Facilities Feasibility Shidy.I3 The ISF design will be a basic unit 
(holding about 900 SRS canisters) that will be repeated, as necessary, to accommodate the canisters 
produced by a particular waste treatment option. In the case of the HWO, the number of ISF units was 
increased until they could accommodate a minimum of 5,700 SRS canisters. HIPed cans are packaged in 
SRS canisters, and will be transferred to the ISF. The ISF will provide storage and monitoring up to year 
2075 .4 

2.1.4 HIP Facility 

The HIP facility will provide the facility and equipment to process all the calcine over a 20-year 
period fiom 2013 through 2032. The facility will have enough shielded hot cells and remote controlled 
equipment to process a total of 5,700 canisters in 20 years. The facility design and equipment sizing is 
based on a two 10 hr/day, Monday-Thursday operating schedule. 

2.2 Key Assumptions 

The following assumptions were identified during the study and used to establish a basis for design 
and cost (additional assumptions are listed in Appendix C): 

The SRS canisters containing the HlPed product will meet the repository Waste Acceptance 
Product Specifications (WAPS) for co-disposal with SNF. 

The SRS canisters will be acceptable for storage and transportation under 10 CFR 72, 10 
CFR 71, and U.S. Department ofTransportation (DOT) 49 CFR 173. 

This option will not process any waste generated after 2012. All SBW will be calcined by 
this date. 

The masimum weight of a filled SRS canister is 5,500 Ib. 

A HIP can vendor will be capable of supplying the required quantities to meet the waste 
production rate and schedule. 

The HlPed HLW will be escluded from RCRA hazardous waste management requirements 
at the INEEL due to successful delisting and immobilization efforts that provide best 
demonstrated accepted technology equivalency. 

No part of the HIP facility will be regulated as an incinerator. 
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2.3 Requirements 

2.3.1 Regulatory Compliance 

The following is a very brief summary of the regulatory issues regarding the processing and storing 
of mixed HLW using the HWO. Lists of design criteria documents, regulations pertaining to waste 
treatment and disposal, and explanations of the regulations may be found in EDF-WTS-003 and EDF- 
HWO-00 1 (see Appendix A). 

The wastes to be processed are considered mixed HLW because they include RCRA-hazardous 
wastes (both listed and characteristic) and high-level radioactive wastes. The hazardous components of 
the mixed HLW are regulated by the EPA under the Resource Conservation and Recovery Act and the 
radioactive contaminants are regulated by the Nuclear Regulatory Commission (NRC) under the Atomic 
Energy Act. The specific standards for HLW management, administered through the DOE and the NRC 
regulations, require disposal of HLW in a geologic repository. The transportation and disposal of that 
waste must comply with requirements established by the EPA, DOE, DOT, NRC, and other state and 
local agencies. 

RCRA has established treatment standards for hazardous waste under the LDRs. The HIP process 
is not an LDR-specified technology for the treatment of hazardous waste. Therefore, the HWO will need 
to be approved by the EPA Administrator under the procedures set forth in 40 CFR 268.42(b), 
“Determination of Equivalent Treatment.” HLW must be disposed in an approved HLW repository. 
Since the potential repository at Yucca Mountain currently does not accept any untreated hazardous 
wastes, any listed, hazardous wastes contained in HIPed waste must be delisted prior to disposal in the 
repository. The EPA has the authority to delist listed wastes after evaluating the method of treatment, 
based on available information like successfid bench-scale or pilot-plant tes,t results. The delisting must 
be approved by the state that ships the waste (Idaho), and by the state receiving the waste (Nevada), as 
well as other states through which the waste is transported. The listed hazardous waste could be delisted 
prior to or after calcination, if their concentrations are below the LDR regulatory levels. This study 
assumes that all these requirements will be met by the HWO and waste form. However, delisting 
petitions are seldom granted: between 1982 and 1995 only 13% of the 809 petitions were granted.5 

Prior to construction and operation of the HIP facility, various permits must be obtained. These 
include a RCRA permit, an air-emissions permit issued by the State of Idaho EPA, and an upgrade for the 
existing waste-water discharge permit. The HIP facility’s design is governed by the DOE-ID 
Architectural Engineering Standards and DOE Order 6430.1A. If the interim storage facility is licensed 
by NRC, that facility’s design will be governed by 10 CFR 72 and the DOE. This study assumes that all 
processing and storage facilities will be granted the necessary permits and will meet all design 
requirements. 

Applicable Codes and Stand 

The CRTS, HIP hcility, and ISF co dy will be designed and constructed under DOE 
Orders, while complying with other regulatory and oversight agencies such as the EPA, State of Idaho, 
and the Defense Nuclear Facilities Safety Board These facilities will be built in accordance with the 
requirements established in DOE Orders, including DOE 6430. IA, “General Design Criteria,” DOE-ID 
Architectural Engineering Standards, and additional standard building codes. These requirements are 
presented in detail in EDF-WTS-003 (see Appendis A). There are currently no NRC regulations for the 
licensing of waste processing facilities such as the HIP facility. 



The cranes in the HIP facility will be designed in accordance with the DOE Hoisting and Rigging 
Manual, with carefhl consideration given to the following sections of the manual: 

0 Section 3.0, “Lifting Equipment,” Paragraphs 2.3.9 

0 Design Standards-Cranes, which are to handle High-Consequence or Special-High 
Consequence loads shall meet the Type 2 requirements of ANSVASME NOG-1. Where 
nuclear or radioactive materials are involved, the cranes shall meet Type 1 requirements of 
ANSVASMENOG-1. 

0 Quality Assurance-Quality Assurance Programs for cranes which are to handle High 
Consequence and Special-High-Consequence Lift shall meet the requirements of 
ANSVASMENQA-1. ‘ 

0 DOE-ID Architectural Engineering Standards-CMAA (Crane Manufacturer’s Association 
of America, Inc.) “Specifications for Electric Overhead Traveling Cranes,” Specification No. 
70 ANSI B30.2, OSHA 1910 Subpart N, “Material Handling and Storage,” CMAA 74 
“Specification for Top Running and Under Running Single Girder Electric Overhead 
Traveling Cranes,” ANSYASME NOG-I “Rules for Construction of Overhead and Gantry 
Cranes Top Running Bridge Multiple Guides,” and DOE 6430.1 A, “General Design 
Criteria.” 

Additional codes and standards that may apply to the proposed facility are discussed in detail in 
EDF-WTS-004 and EDF-HWO-006 (see Appendis A). 

2.3.3 Performance Requirements 

Section C.3 of the Settlement Agreement between DOE and the State of Idaho states that “DOE 
shall treat all high-level waste currently at MEEL so that it is ready to be moved out of Idaho for disposal 
by a target date of 2035.” The HIP facility will start HIPing in 2013; this allows a 20-year period to 
complete the waste processing and packaging. The total number of SRS canisters is estimated to be 
5,700, which requires an average production rate of three SRS canisters per operating day. This is based 
on an 80 hour per week operations schedule. 

The finction of the HIP facility is to receive calcine from the CSSF, HIP it, package it into 
canisters, and transport it to the storage facility via a transfer tunnel. 

2.3.4 Cell Entry Requirements 

Hot cell entry is anticipated in order to perform maintenance that is beyond the capability of the 
remote-handling equipment. This may occur as often as twice a year for the first 5 years and more 
frequently beyond 5 years. Hot cell manned entry may be required in order to perform decontamination 
in the event of an unplanned incident. This maintenance philosophy is based on ALARA (as low as 
reasonably achievable) and is intended to keep personnel radiation exposure ALARA. Remotely 
maintained equipment incell will significantly reduce exposure. The hot cell entry requirements are 
specified in EDF-HWO-006 (see Appendis A). 
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2.3.5 Design Criteria 

The design requirements for the nonseparations and TRU-only separations options are documented 
in EDFbWTS-004 (see Appendix A). This EDF identifies the applicable DOE orders, regulations and 
guidance documents that would be used in the design of the facilities. There are currently no NRC 
regulations in place for the licensing of waste processing facilities such as those discussed in the EDF. 
The waste products are in many cases destined for NRC-licensed storage facilities. Where specific design 
criteria are provided under NRC regulations and guidance documents, whether directly applicable or for 
similar facilities, they will be referenced. This will be useful in determining the cost differential between 
DOE regulatory/oversight and NRC licensing requirements. 

The criteria contained in EDF-WTS-004 are based only on the rudimentary descriptions of the 
processes presented in its Subsection 1.1. The purpose, as stated in the EDF, is to provide a set of high- 
level requirements to guide the development of the conceptual designs of the facilities and provide a 
reasonable basis for cost estimating purposes. In general, the EDF does not attempt to cover criteria 
outside of the design and construction of the facilities. 

2.3.6 National HLW Geological Repository 

The waste acceptance criteria (WAC) related to vitrified HLW are found in the Waste Acceptance 

A summary of the WAC 
Product Specijications for Yitrrfied High-Level Waste Forms.6 The WAPS are derived from the 
requirements listed in the Waste Acceptance System Requirements 
is documented in the Final Disposal Options Feasibility Study.8 

The standard waste form is borosilicate glass, although provisions exist for qualifying other waste 
forms. Untreated RCRA-hazardous wastes are not allowed in the waste form. In addition to waste form 
requirements, the WAPS provide physical requirements and limitations asdciated with the standard 
0.6-meter (24-in.) diameter by 3-meter (104)  long stainless-steel canister described in the WAPS. 

The HIPed waste form is not an LDR-specified treatment process, and a determination of 
equivalent treatment petition must be submitted to and approved by the EPA in accordance with 
40 CFX 268.42(b)3 for the HIPed waste form to be acceptable. 

2.4 Process Description 

The HWO is based on ten years of res rch, development, and testing of surrogate wastes at ICPP. 
The process was invented by researchers at Battelle Columbus Laboratories in 1955, and involves heating 
and pressurizing a siliceous mixture until a phase transformation occurs, resulting in the formation of a 
glass-ceramic having 40-60% higher density than the starting mixture. The product has waste- 
immobilization properties similar to those of vitrified-borosilicate glass, which is an approved treatment 
process for hazardous wastes and the only waste form currently acceptable at the HLW repository. For 
more detailed information on the process se 

The HWO process design is based o 

1. igh-level radioactive waste ca ed to a temporary storage cell 
in the HIP facility where it is sized in a ball mill prior to being fed into a temporary 
storageblending vessel and homogenized. 
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2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Calcine is sampled, analyzed, and characterized. Based on the characterization, a HIPing 
“recipe” is selected from a set of recipes developed prior to the start of processing based on 
the expected range of calcine composition in the CSSF. 

Calcine is mixed with pre-sized amorphous silica and titanium (or aluminum) powder in 
proportions specified by the selected recipe. 

The mixture is gravimetrically metered into a stainless-steel HIP can. 

A lid (with a suitable venting tube) is welded to the can. 

The outside surface of the can is checked for contamination and decontaminated if needed. 

The filled can is devolatilized at elevated temperature (approximately 65OoC), with the off- 
gases vented through a manifold to an off-gas treatment facility. 

The can is evacuated to 0.5 torr and the evacuation port is welded shut, and then placed in a 
HIPing vessel, which is pressurized with argon gas (approximately 20,000 psi) and heated to 
1 ,050°C. 

The can is removed from the HIPing vessel, cooled, and non-destructively tested to 
determine whether HIPing was successful 

HIPed cans determined to be unsatisfactory are recycled (after grinding) and re-HIPed. 
HIPed cans determined to be satisfactory are placed in 2 x 10 ft SRS canisters (three HIP 
cans to a canister), and the canister is welded closed and transported to Interim Storage 
Facility. 

The intended final disposal site for the waste is a HLW repository. However, the waste must be 
stored in an ISF until that repository is ready to receive HLW from the INEEL, probably some time after 
2065. 

2.5 Facility Description 

2.5.1 Site Description 

The HIP facility will be located in the northeast comer of the ICPP between the east perimeter 
fence and Hemlock Street to the west because of its close proximity to the CSSF (see Drawing HWO-C-1 
in Appendix B). 

Existing site soils consist of poorly graded, gravely and sandy alluvial deposits ranging from 35 to 
40 f t  deep, overlaying an 8-ft-thick clay layer which rests on top of a massive basalt bedrock formation. 
There is no groundwater table located above the basalt elevation. 

The floor elevation at grade will be higher than the 100-yr flood elevation in accordance with 
RCRA requirements or the ICPP probable masimum flood elevation. The lowest floor-level elevation 
was chosen to minimize escavation of existing bedrock. 

The facility was sited for delivery, service and emergency vehicle accessibility. Site roads connect 
to existing streets and have adequate maneuvering area for delivery trucks. 
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2.5.2 Utilities and Infrastructure 

The utilities and infrastructure associated with siting the HWO facilities at ICPP are detailed in a 
Utilities and Infrstrzr cture Report.’ 

2.5.3 Facility Layout 

The HIP fkcility is designed to house the equipment and operations for processing waste and 
provide essential features for safe and efficient operation and maintenance of the facility. Its layout is 
based on centrally-located process cells with heavy concrete walls for shielding, and with limited 
personnel access (see drawings HWO-A-I through HWO-A-6, Appendix B). The cells are intended to 
house equipment that presents a high radiation hazard but requires minimal maintenance. The perimeter 

of the facility contains office space, support facilities and non-radioactive operation areas. The building 
occupies an area measuring 302 x 320 ft. 

Below Grade Features. The HIP facility consists of a below grade, centrally-positioned group of six 
process cells, configured in four rows to accommodate four process lines. Three operating corridors 
1 5 4  wide are located adjacent to the process cells. Two 3 0 4  wide HVAC canyon cells are located 
between the two sets of process cells in each pair of cells. The HVAC canyon cells provide a secondary 
fbnction as access into the process cells. Each cell wall and roof is constructed of 3-ft-thick reinforced 
concrete for shielding. 

Stairways and freight elevators are located at the northwest and northeast comers of the building. 
A personnel corridor is located on the south end of the facility for egress. 

€mpfy Can Load CelkThis 600 ft2 cell contains a coiling overhehd door for receiving pallets 
of empty HIP cans. The cell contains a 1/2 ton jib crane used to transfer cans to the hot fill cell through a 
shielding door. 

Fill CelCFilling of the HIP cans with the calcine/silica/titanium mixture occurs in this 600 ft2 
cell. This hot cell contains stainless-steel-lined walls, floors, and ceilings; a shielded door for installation 
of equipment; and one leaded glass, oil filled, 3.5 x 2.5 x 3-ft-thick shielding window aligned with the 
remote handling equipment. Personnel access is provided through a door to the HVAC canyon located 
between process lines. Any equipment req 
removed through the DECON cell. 

ng maintenance outside of the cell will be disassembled and 

Weld Cell-After the tilling process, the cans proceed to a welding station. The welding 
equipment is located above the hot we1 

DECON CelkDecontaminati 

ielding window and personnel door 

ior to devolatilization occurs in the 
Access to the DECON cell from the sizelgrind cell is also provided for decontamination of 
sizinglgrinding equipment for maintenance and replacement. A shielding window is provided between 
the cell and operating corridor. 

SizdGrind Cell-0 ff-speci ficatio ay enter the 1,200 ft2 size/grind cell from the Devol 
cell above or the HIPing cell to the south. A large shielding door is provided for equipment installation 
and a personnel door is provided for access. A shielding window provides visual line-of-sight for remote 
operations. 
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HIP CelkThe  1,500 ft2, two-story HIP cell contains three HIP pressure vessels and hmaces, 
shielding windows, and a personnel access door. 

Loading Cell-The final HIP cans are loaded into the 2-ft diameter by 1 0 4  long SRS canisters 
(three HIP cans per canister) and placed on a transport cart. The carts proceed to the ISF through a 
transfer tunnel connected to the two-story loading cell. 

HVAC Canyon-A 30-ft wide cell is provided for HEPA filter location for the process cell 
ventilation systems. This centrally located HEPA canyon allows for the installation of air filtration units 
close to the source of contaminants, and eliminates the potential for contamination of a large ventilation 
ductwork system. 

Above Grade Features. Level 0 contains four rows of eleven process cells with 3-ft-thick reinforced 
concrete walls for shielding. Three 1 5 4  operating corridors surround the cells. The eleven cells include 
blending equipment, DECON chemical tank storage, fill tank, weld equipment, DECON, devol/heat/weld, 
HIP, QNassay, canister loading, loadout, remote maintenance, and crane maintenance cells. The HIPing 
and final loading cells are continued from a level of 20-ft. Administrative space including office, control 
room and restroodchange room space is located on the south side of the facility. An HVAC equipment 
room is located on the east side of the facility on level 0-ft. Seven stairwells provide egress and two 
freight elevators and a truck loading bay provide maneuverability for equipment and raw materials 
throughout the facility. Airlocks are provided at the interface between the office and operating corridor 
and directly between the operating corridor and the change rooms. The freight elevator acts as an airlock 
for equipment entering through the truck loading bay. 

Blender Equipment Cell-This clean cell contains the equipment necessary for the ribbon 
blender located in the adjacent fill tank cell. An overhead coiling door provides equipment installation 
access. 

DECON Chemical Tank Storag+This clean cell contains two 200-gallon DECON chemical 
tanks required for DECON capabilities throughout the hot process cells. 

Fill Tank Cell-This cell, located directly above the fill cell, houses the ribbon blender and 
blended mixture calcine tank which feeds the HIP cans. This cell has 5-ft thick walls, floor, and ceiling 
for shielding. 

Weld Equipment CelLThis is a clean cell located directly above the weld cell and contains the 
contact handled and maintained welding equipment. 

DECON CelC-Decontamination of the cans prior to devolatilization occurs in the DECON cell. 
A shielding window is provided between the cell and operating corridor. 

Devol, Heat, Weld CelkThis cell contains three heaters in which the HIP cans will be 
devolatilized. A final weld is performed prior to the can entering the HIP &mace in the HIP Cell. 

HIP CelkThe  upper level of the HIP cell contains a cooling station for the cans exiting the HIP 
furnaces. 

QA/Assay Cell-The QNassay cell will contain equipment necessary to performha final assay on 
the HIP can prior to loading it into the SRS canisters. 
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Recycle Sizing CelCI t  has been assumed that 0.1% of all the HIPed cans will require 
destructive testing in order to qualify the HIP glass ceramic for disposal. Qualification will most likely be 

ss. l%ese cans and their contents will be recycled back in 
re-HIPing. A recycle sizing cell containing various pieces of equipment will accomplish the recycling of 
the HIPed materials. For a complete description of the equipment in this cell see EDF-HWO-011 in 
Appendix A of this report. 

ry to assure that the WAC is being satisfied. It is possible to 
li 

Remote and Crane Maintenance Cells-Remote maintenance and crane maintenance cells 
are provided for maintenance activities. 

At 2 4 4  above grade, two groups of six cells are located above the process cells to hold clean 
equipment necessary for the HIP machines and the devolatilization and heating of the cans. The off-gas 
cell contains the equipment and filters necessary for the off-gas process. The cell containing the 
reclaimed argon and the off-gas cell will be shielded with 3-ft-thick reinforced concrete walls. Located 
above the fill cell are the calcine receiving tanks; cyclone; calcine removal equipment; and soil and 
titanium bins. These cells have 5-fl thick reinforced concrete walls for calcine shielding. The equipment 
cells are centered on the p ess cells, leaving room for roof hatches into the process cells for equipment 
installation and removal. Located on the north side of the facility is loadout room for transferring large 
equipment from the laydown area to trucks. , 

At 4 5 4  above grade, two large shielded bridge crane areas provide hatch access to the six cells 
below and are open to the roof hatches on the 2 4 4  level. Two 75-ton bridge cranes span the two crane 
areas with hook access to all hatch covers. When cell access is required, the crane can move hatch covers 
and transfer components to and from the decontamination cell. A bridge crane maintenance area is 
located on the south end of each crane area. 

2.5.4 Structural Design 

Design loads for the new HIP facility shall be in accordance with DOE Standard 1020.’0 The 
process area and HVAC areas shall be designed to the Performance Category 3 level and the 
administrative areas to Performance Category 1 requirements. For the PC-3 category areas, seismic 
design will be performed according to the procedures and provisions of DOE 1020. The PC-1 areas will 
be designed in accordance with the UBC, using seismic zone 2B and an importance factor of 1.0, a basic 
wind speed of 70 mph, and an exposure category of “C.” Roof loadings will consider a minimum snow 
load of 30 Ib/ft2, including any additional loading due to drifting, as applicable. Special loadings 
considered for this facility include flo wheel loads from a 2-ton forklift in the operating comdors. 

I I  walls and floors will be sized and reinforced 
according to load-bearing (including crane) or shielding requirements and seismic criteria. Process cells 
will have stainless-steel floors and liner plates. In areas where only partial lining is required, the floor is 
will be covered and wall liner will estend 4 ft above the floor level. Floor liner plates will be 1/4-in. 
thick and wall liner plates will be 3/16-in, 
the walls are 3-A thick concrete for shieidi 
reinforced concrete walls sized to meet s 
superstructure is conventional structural 
foundations at 5-ft below grade. 

of over the crane bay is cast-in-place concrete and 
The HVAC exhaust equipment room will have 

uirements. The remainder of the building 
construction with column footings and grade beam 
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2.5.5 Instrumentation and Control 

An evaluation of the required instrumentation and controls has been conducted for the HIP facility. 
Systems included radiological monitoring, closed circuit television (CCTV), plant control, data 
management, life safety, and electronic and pneumatic instruments. A complete listing of the required 
systems is contained in EDF-HWO-013 (see Appendix A). 

2.6 System Descriptions 

2.6.1 HVAC System 

Up to three air handling units will supply 167,000 CFM of conditioned air to the operating comdor 
at levels +24 ft, 0 ft, and -20 ft. Air from the operating corridors will be cascaded into the hot Cells via 
air-handling units each consisting of supply blower and a one stage testable HEPA filter. The cascade air 
supply units will have 100% redundancy for filter sections with less that 6,900 CFM and 50% redundancy 
for filters sections with air flow greater than or equal to 6,900 CFM. Air from the hot cells will be 
exhausted to the ambient via two-stage testable HEPA filter units and exhaust fans. HEPA filters and 
exhaust fans will have 100% redundancy for filter sections with less than 6,900 CFM air flow and 50% 
redundancy for filters sections with air flow of greater than' or equal 6,900 CFM. The HVAC system for 
the HIP facility is described in more detail in EDF-HWO-014 (see Appendix A). 

2.6.2 Off-Gas System 

The process off-gas consists of (a) contaminated air from pneumatic transport of calcine to the HIP 
Facility, (b) ventilation air from temporary storage vessels for radioactive waste calcine and HIPing 
additives, (c) decontamination off-gas, (d) exhaust gases from devolatilization of pre-HIP and can sealing 
operations, (e) exhaust air from evacuation of HIP machines prior to pressurization with argon gas, and 
(0 non-recyclable argon. All off-gas streams will be double HEPA filtered prior to stack discharge. In 
addition to the final filtration, devolatilization off-gas will undergo an initial HEPA filtration through 
small HEPA filters attached to each HIP can, and will undergo mercury extraction via condensation and 
adsorption on sulfbr-impregnated carbon. The initial HEPA filtration of devolatilization off-gas 
minimizes the spread of contamination. Two banks of final HEPA filters are provided, one for operation 
and one for backup. 

2.6.3 Calcine Retrieval and Transportation System 

EDF-WTS-002, in Appendix A. contains the detailed description of the CRTS portion of the HWO 
(it also contains CRTS descriptions for other waste treatment options). This section is a summary 
description of the CRTS. 

The CRTS retrieves calcine from CSSF bins and places it directly in one of two transportation 
systems. Each transportation system consists of two closed-loop stages of pneumatic calcine transfer. 
The first stage pneumatically transfers calcine from the CSSF area to an Intermediate Transport Station 
(ITS); the second pneumatically transfers calcine from the ITS to the fluidized bed calcine blending 
vessels inside the HIP facility. The seven CSSF bins are covered by confinement enclosures that have an 
associated ventilation, instrumentation, and control building. The calcine retrieval system will remove the 
calcine from a bin and place it directly in the closed loop pneumatic transport system. 

Calcine retrieval \+ill be accomplished pneumatically with a suction nozzle and an air jet. The air 
jet will fluidize the calcine inside the bin and the suction nozzle will lift it out of the bin. Calcine enters 
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the transport system through a shielded jumper from the retrieval line. A vertical deployment apparatus 
will keep the retrieval lines near the surface of the bulk calcine. The calcine will be retrieved at 2,700 
k 
5 

each bin. When both transport systems are operating, calcine will be del 
r. The ITS delivers calcine ta the HIP facility at the same rate. 

Throughout calcine processing, retrieval can be switched from one CSSF bin to another as they are 
emptied or as different calcine mixes are required. For example, the frequent switching between CSSF 
bins could be used to adjust the mix of calcine types being delivered. The closed-loop pneumatic transfer 
systems operate at a vacuum and minimize the amount of released transport air by recycling it. Each 
system consists of the transfer line, a cyclone separator for removing the calcine from the air stream, a 
sintered metal filter and a HEPA filter to remove solid particulate, a blower for air circulation, and an air 
chiller to cool the air heated by blower compression. Each transport system will have a duplicate calcine 
transport line, in case the original line becomes plugged. Each transport system will be accompanied by a 
return airline, and all lines will be located above grade and bermed to provide shielding. Diverter valves 
will ensure that calcine can be trarisported from the CSSF bins to the ITS or to the HIP facility in either 
line of the transport system. The CRTS cyclone separators, sintered metal filters, HEPA filters, transport 
blowers, and air chillers for the ITS are located in the HIP facility. The costs for these components are 
included in the total costs for the CRTS given in EDF-WTS-002. The total CRTS costs are also presented 
in Section 3 of this report. 

2.7 Equipment Descriptions 

2.7.1 Radiological Monitoring Equipment 

The HIP facility is designed with appropriate radiological monitoring equipment. This equipment 
will assure safe operation of the facility. The specifications for this equipwnt along with the quantities 
and general location within the facility are contained in EDF-HWO-006 (see Appendix A). 

2.7.2 Can Filling 

Several can filling options were looked at for filling HIP cans with the calcine additive mixture. 
The primary concern was to minimize the spread of radioactive contamination. The HIP can is conveyed 
remotely until it is positioned on a load cell located under the calcine and additives storage hopper. The 
can is vibrated while calcine is dispensed until a predetermined weight is reached. To minimize 
contamination, each HIP can uses an int a1 plastic liner that is heat-sealed remotely with a hot wire after 
filling is completed. The liner material ed to be chemically compatible with the HIP can and 
waste material, and to decompose and v hlly during the devolatilization process. An apron is 
provided below the can to catch any e w e s  calcine if the can were to be accid overfilled. For a 
complete description of the can filling syste e EDF-HWO-004 (Appendix 

HIP Equipment 

n developed at the INEEL on small-scale (I-  to 6-in.) cans and those 
results have been estrapolated to full-scale cans (approximately 23411. diameter by 3441. long after 
HIPing). Three processed HIPed cans fit inside a 10-ft SRS canister. To optimize the loading, each 
HIPed can must be in the form of a right circular cylinder after the HIPing process has been performed. 
A volume reduction of 50-60% is expected after HIPing. To accomplish this, a cormgated HIP can is 
used in this study, although there are other styles of HIP cans that can also achieve this goal. A 
cormgated can contracts in length with no apparent contraction in diameter. Full-scale development of 
the HIPing process is needed to optimize the HIP can dimensions. 
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The production facility in this study is designed to produce approximately 5,700 SRS Canisters, 
each containing three HIPed cans, in a 20-year period. To accomplish this requires three production lines 
with each line using three HIP machines (nine total). A fourth full production line is used when one of 
the other three is non-operational. The production facility will operate four days a week with two shifts 
of ten hours per day to yield 36 HIPed cans per week (12 SRS canisters) with 50% down time. This study 
further assumes that each HIP machines will have their own complement of necessary support equipment 
like vacuum pumps, compressors, heat exchangers, argon tanks, and coolers, so that an equipment failure 
in one line will have no impact on the other production lines. For the same reason, each HIP machine will 
require its own transformer, contractors and silicon-controlled rectifiers. 

The heart of the HIP equipment is the pressure vessel, in which the HIP can and its contents are 
subjected to temperatures of 1,050-1,1OO0C and pressures up to 20,000 psi. For this study, a properly 
designed, one-piece vessel must withstand 15,000 thousand operating cycles without failure and with 
minimum routine maintenance and must be fully automated. Each pressure vessel will have an inside 
diameter of 38 in. and a usable height of 66 in. and will be cooled by a coolant pumped through an 
integral cooling jacket. Each pressure vessel will be heated internally by its own electrically-powered 
furnace. The heating elements have been selected for long life and low maintenance. 

Vacuum pumps must be employed to evacuate the air and moisture from the pressure vessel prior 
to operation. Argon gas is used as the pressure medium and is introduced to the evacuated vessel. A 
pressure of 0.5 torr is needed during evacuation and is achieved by means of rotary-piston pumps backed 
by blower pumps. Three pressure vessels can be evacuated to 0.5 torr in one hour using one vacuum 
system. 

Argon gas will be supplied from a tank of liquid argon located outside the building to storage tanks 
inside at a pressure of 5,000 psi using a heat exchanger and pump. To supply all four production lines, 
approximately 100,000 scf of argon gas compressed to 5,000 psi in 18 stordge tanks (16-in. OD x 2 1 4  
long) will be needed. Argon gas will be reclaimed for reuse. This will require 24 tanks (24411. OD x 
2 1 4  long) operating at 2,000 psi. HEPA filters will be needed between the pressure vessel and the 
reclamation tanks to remove particulate. 

Each production line will require its own compressor in order to achieve the 20,000 psi in each 
pressure vessel. Each compressor (four total) will be rated to 100 hp. High-pressure liquid pumps are 
also needed. These compressor systems will also be used to pump argon gas from the pressure vessel to 
the reclamation tanks. 

Each pressure vessel will require its own cooling system, which will consist of a cooling jacket, 
coolant, heat exchanger, and a pump for circulation. The heat will be removed from the coolant in a 
cooling tower located outside the building. A source of emergency cooling water will also be provided. 
The cooling requirement per HIP machine is 1,400,000 Btu/hr. 

Production line equipment would be operated from a centrally-located control room and would 
include continuous remote monitoring of each process. A computer-controlled system with manual 
backup is envisioned. The operation of the HIP machines would be completely automated, but a remote- 
handled overhead crane would be required for loading and unloading the cans. 

2.7.4 Can Sealing Systems 

A friction welding machine will be used to effectively and quickly attach and seal HIP can lids 
after filling. The basic machine is located in the weld equipment cell and is accessible for hands-on 

14 



maintenance. A spindle extends through the cell ceiling to the weld cell station directly below. A cart is 
used to position the HIP can directly under the spindle. A special fixture attaches to the HIP can body 

ts it from rotating during the welding process. A manipulator loads a HIP can head onto the 
the spindle rotates and makes friction contact witli the can: indle lowedthe h 0 

position and the weld is completed. Quality assurance of the weld will be determined using non- 
destructive measures. Inspection equipment may include magnetic particle or liquid penetrate 
examination equipment. 

HIP can lids incorporate a small riser tube to be used for evacuation of the can volatiles after the 
head is welded in place. A tube crimper and sealer mechanism crimps and seals the tube following 
devolatilization. More detailed information on the can sealing systems is contained in EDF-HWO-005 
(see Appendix A). 

2.7.5 Devolatilization Equipment 

Devolatilization and evacuation of the HIP cans prior to HIPing provides the maximum compaction 
of the HIP can and its contents is realized when the can is evacuated and sealed prior to HIPing. Any 
volatile compounds present in the HIP mixture during the actual HIPing process could vaporize and 
prohibit maximum compression of the HIPed can which would result in a failed can. 

The devolatilization process requires heating the filled HIP cans to 625°C for approximately 24 
hours. During this time, a vacuum pump is connected to the HIP can's vent tube. The vacuum pump 
maintains a partial vacuum on the HIP cans to remove any volatiles that are released from the HIP 
mixture (primarily residual HzO, CO,, Hg, and NO,). Any radionuclides (including Cs-137) that are 
present remain bound in the HIP mixture. At the end of the devolatilization cycle, the HIP can is 
evacuated to 0.5 torr (0.01 psi) or less, and the vent tube is crimped and welded using master-slave 
manipulators. More detailed information on the devolatilization system is Contained in EDF-HWO-008 
(see Appendix A). 

Furnaces. There are three devolatilization furnaces in each devolatilization cell. The furnaces 
incorporate a square split-tube design that allows greater accessibility for servicing activities and reduces 
the lifting height required for loading and unloading of cans. 

I One half of the furnace includes one side, a bottom, and a hinged half-lid. This part of the furnace 

lid. This part of the firmace is mounted on wheels and driven by screw gear to make closing simple and 
repeatable. The furnace walls are made of ceramic fiber. Heating elements are embedded in the ceramic 
fiber on two sides of the furnace. The elements are an i chrome type with a maximum temperature of 
2,550"F. 

l is stationary and is attached to the floor. The other half of the furnace consists of three sides and a half- 
1 

Each furnace requ and generates 40 kW with a loading of 12.66 watts per 
ure of the outer shell will be approximately 145'F. 

otal of 4 vacuum pumps, one per devolatilization cell. The vacuum 
pumps are located in separate cells directly a 
servicing and permits the pum 
continuous vacuum on the HI 
manifolded together and connected to one vacuum pump. A condenserheat exchanger is located in-line 
between the HIP cans and each vacuum pump for removal of elemental Hg from the off-gas. The vacuum 

e the devolatilization cells. This allows easier access for 
be non-radiation hardened. The vacuum pumps are used to pull a 

s during devolatilization. Three cans per devolatilization cell are 



is increased to 0.5 torr just prior to can closure and sealing. NO, and Hg will be present in the 
devolatilized off-gas. The presence of NO, requires the selection of a corrosion resistant vacuum pump. 

2.7.6 Dry Decontamination Equipment 

Vacuum hoses held by manipulators will be used where possible to cleanup contamination. High 
priority will be given to maintaining cells as clean as possible to assist in manned entry. The vacuum 
hoses will be equipped with HEPA filters and will be connected to the off-gas system. In addition, 
carbon dioxide pellet blasting will be used to remove clinging or encrusted contamination from cans and 
equipment. More detailed information on the decontamination equipment is contained in EDF-NO-005 
(see Appendix A). 

2.7.7 Quality ControVRecycle System 

In the HIPing process there will be a small portion of the HIPed cans that will be recycled into the 
process due to quality assurance destructive examination of a representative portion of the cans or fidure 
of the cans to meet output specification or can failure during the HIPing process. The H I P 4  material in 
these cans will need to be reduced to a granular size and placed back into the HIP process stream. 
Specialized pieces of equipment required for this system are; 36-in. diameter concrete saw, 250-ton screw 
press, and jaw crusher. Specific information on the recycling system is contained in EDF-HWO-0 1 1 (see 
Appendix A) 

2.7.8 Remote Handling Equipment 

Because of the highly radioactive nature of the materials being processed, the processing plant 
must rely almost exclusively on automatic and remotelycontrolled equipment. Such equipment is 
installed so that routine maintenance or complete removal and replacement can be accomplished 
remotely. Shielded windows allow personnel to perform certain tasks by means of remote controls, and 
to monitor the automated processes. To assist the production line operators, special tool-insertion ports, 
manipulators, and windows are installed in strategic locations, and television cameras and special lighting 
are provided throughout the plant. These lights are installed in such a way that they can be replaced 
without entering the radiation zone. Each production line will have 13 shielded windows, 13 tool ports, 
20 master-slave manipulators, 3 electro-mechanical manipulators, 10 lights, and 10 cameras. 

The following is a brief description of one of the four production lines requiring remotely-operated 
equipment. An empty HIP can is placed via a jib crane on a track-mounted, remotecontrolled cart in the 
filling cell where a mixture of waste and additives is contained in a hopper. The cart is moved under the 
hopper and a plastic sleeve is pulled down from around the fill tube and inserted into the can, which is 
then filled. After the plastic sleeve is heat-sealed and tucked into the can, the cart is moved to the weld 
station, where a lid is welded in place via an inertial (friction) welder. This lid has a short, vent tube 
jutting up from the lid’s center that will be used in a later operation. The cart is then moved to the lower 
part of the decontamination cell. Here, a bridge crane lifts the can from the cart for decontamination and 
then transports it to the next cell and places it in the devolatilization chamber where it is heated under 
vacuum to release volatile agents. After a final vacuum is applied through the vent tube, the vent tube is 
pinched off and welded shut. The can is then placed inside an overpack container for the HlPing 
operation. The crane lifts the assembly and places it into the HIP pressure vessel, which, after an initial 
evacuation, is backfilled with argon gas, heated to 1,O5O0C, and pressurized to 20,000 psi. After the 
assembly has soaked at temperature and pressure for a predetermined time, the assembly is removed from 
the HIP vessel to cool; and the overpack container is set aside for re-use. 
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The crane moves the HIP can to the inspection cell where it is examined for defects. If the can is 
free of defects, it is moved to the loading cell. Empty SRS HLW canisters and the tops are delivered to a 

outside the loading cell at elevat 
ed. The cart is actuated to move 

’-0” by forklift and placed on a shuttle cart. A s 
gh the shielding door into the loading cell and is 

stopped by a locating mechanism at the welding station. The shielding door is closed. Three HIP cans 
are loaded into the canister and the top is placed on the lower part of the canister by a positioning 
mechanism. The top is then welded to the lower part and inspected. Following a successful inspection, 
the canister is loaded through a hatch into the transport cart located beneath the loading cell. This cart can 
transport up to four canisters to the ISF. 

Remote handling equipment is detailed in EDF-HWO-005 (see Appendix A). 

2.7.9 Interim Storage Facility Equipment 

The ISF equipment to support the HWO is detailed in the Interim Storage Facility Scoping Study 
R e ~ o r t . ~  

2.8 Utility and Infrastructure Requirements 

A utilities summary is provided in EDF-HWO-0 12 (see Appendix A). The summary covers 
process cooling water, potable water, fire protection water, steam, pressurized air, and electrical 
requirements for the HIP facility. Engineering Design File EDF-HWO-006 (see Appendix A) contains 
the breathing air requirements for the hot cells. A separate Utility and Infrastructure Study addresses 
support facilities to provide the required utilities and infrastructure to the HIP facility.’ 
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3. COST 

Table 1 presents the summary of the cost estimates for the CRTS, the HWO, the ISF, and the 
Utilities Support. In addition, Table 1 includes a summation of the costs of all of these individual 
facilities, which represent the total costs of the HWO. Appendix D presents the HIP facility detailed costs 
estimates and cash flow curves. 

EDF-WTS-002 in Appendix A is the source of the CRTS costs developed for the HWO and 
included in Table 1. The Interim Storage Study Report is the source of the costs of the IFS developed for 
the HWO and included in Table 1. The Utilities and Infrastructure Reportg is the source of the costs of 
the Utilities Support fimction developed for the HWO and included in Table 1. 

The Total Project Cost (TPC) in Table 1 is the sum of the Total Estimated Cost (TEC) for design 
and construction plus Other Project Cost (OPC). The OPC includes development, predesign, and post- 
construction activities. 
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Table 1. HWO cost estimating summary. 
I I I I I 1 

Cost Item 

OPC (unescalated) 
OPC Escalation 
OPC Marnt Reserve 

I CRTS (K$) I HWO (K$) 1 ISF (K$) 1Utilities (K$)I Total (K$) I 
21,267 188,329 16,228 1,472 227,296 
9,358 15,160 4,310 287 29,115 

0 0 0 0 0 
OPC Contingency 10,475 
Total OPC 41,100 

61,711 5,161 443 77,790 
265,200 25,699 2,202 334,201 

TEC (unescalated) 
TEC Escalation 
TEC Mgrnt Reserve 
TEC Contingency 
Total TEC 

127,031 355,098 224,756 13,299 720,184 
53,841 93,692 80,542 4,109 232,184 
13,788 31,420 22,291 1,227 68,726 
51,611 163,789 41,012 3,666 260,078 

246,271 643,999 368,601 22,301 1,281,172 

TPC (unescalated) 
TPC Escalation 

148,298 543,427 240,984 14,771 947,480 
63,199 108,852 84,852 4,396 261,299 

TPC Mgmt Reserve ! 13,788 
TPC Contingency 62,086 
Total TPC 287,371 

31,420 22,291 1,227 68,726 
225,500 46,173 4,109 337,868 
909,199 394,300 24,503 1,615,373 

reserve, & contingency) 
Discounted Cost (escalated) 196,876 1,106,861 255,814 12,489 1,572,040 

1 I I 
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I 
ODerations hnescalated) 72.781 I 81 3.532 1 95.689 I 581 982.060 

Operations Contingency 
Total ODerations 

43,411 486,110 64,468 38 594,027 
188.1 15 2.1 06.476 279.361 163 2,574.115 



4. SCHEDULE 

The design, construction, and operation project schedule is shown below in Figure 1 and in 
Appendix D. The entire schedule spans from start of conceptual design and project management in June 
2001, until the end of D&D in December 2038. The 4-year construction schedule spans from November 
2007 until November 20 1 1. Testing will last three years, from January 20 10 until startup in January 
2013. The operation period is fiom 2013 through 2032, and D&D is fiom 2033 through 2038. 

20 



2 CONCEPTUAL DESIGN 

3 ADVANCED CONCEPTUAL DESIGN 

4 PM FOR PROJECT DEVELOPMEW 

S PERMllTING 

6 PROJECT MANAGEMENT 

7 TITLE DESIGN 

8 CONSTRUCTION 

9 SO TEST & STARTUP 

10 START PROCESSING 

11 OPERATIONS 
I 

11 060 I 
I ---- 

I 1 .  

1201 

12131 12131 

Figure 1. HWO project schedule. 



5. RISK ASSESSMENT 

The overall risk for the HWO option has been broken down into three categories: project risk, 
technical risk, and environment safety and health (ES&H) risk. An attempt has been made to quanti@ the 
risk in each category on a scale of 1 to 9, 1 being low and 9 being high. 

5.1 Project Risk 

Project risk consists of completing the project within the designated bugdet and schedule. The 
HWO’s budget is based on the historic DOE budget cycle as applied through the duration of the project 
and should be classified as a low risk. The principal risk to budget and schedule is directly related to the 
technical risk of the successful development of the full-scale production waste form by HIPing. To 
complete that development and to finish processing all of the HLW calcine by the end of 2035 should be 
considered a reasonable risk. The project risk is judged to be 2.5. 

5.2 Technical Risk 

Technical risk consists of the project encountering technical difficulties during operation. These 
difficulties may arise in the form of consistently turning out acceptable product. The product will have to 
be eventually land disposed in a mined geologic disposal facility. Currently, vitrification is the EPA 
treatment standard to qualify the mixed waste calcine for land disposal. Research performed at the 
INEEL has shown that the HWO product is as good as or better than the vitrification product in 
connection with durability and leachability. However, the data would have to be presented to the EPA to 
qualifL HIP as a treatment option for land disposal of mixed waste calcine. The risk of not obtaining EPA 
qualification for the product is estimated at 1 .O. 

The other risk in consistently turning out acceptable product consists of reliably performing the 
HIP operation to obtain dimensionally reproducible shapes. Considerable research has been performed at 
the Chemical Processing Plant (CPP) on simulated waste. However, as mentioned in previous sections 
this research was performed on 1- to 6-in diameter 4-in long pre-HIP cans, and this data has been 
extrapolated to the 23.25-in diameter 34-in. long post-HIP forms. Additional research would need to be 
carried out to arrive at a suitable pre-HIP can shape to consistently obtain the desired shape within 
acceptable dimensional tolerances. The uniformity of packing the mixture in the HIP can effect the 
uprightness of the final HlPed form. The HlPed form will have a tendency to lean towards the less 
densely packed side if the mixture if not uniformly packed around the can central axis. To minimize the 
potential for this problem, the HIP can will be vibrated periodically during filling to ensure uniform 
packing density. Post-HIPed forms that do not meet dimensional and other tolerances will need to be and 
can be reworked. However, the rework, if greater than anticipated, will affect plant through put. The 
technical risk would ultimately depend on how well this additional research for the optimum pre-HIP can 
shape is carried out. 

HIPing, though a more recently developed technology, is now well known and there is no reason to 
suspect that there will be any difficulty in obtaining the desired information from the research that needs 
to be camed out. The overall technical risk is rated to be 3.0 because of the additional research that needs 
to be camed out. 
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5.3 ES&H Risk 

The ES&H risk arises from various accidents and mishaps that may occur during processing, The 
process does not use hazardous chemicals. The mixed high-level waste calcine is the only hazardous 
chemical involved in the HWO process. High pressures (20,000 psi) and high temperatures 1,O5O0C are 
involved. However, these occur inside thick walled and shielded process cells which will not be occupied 
when these conditions are present. Inert argon gas will be used in large quantities. Other than an 
asphyxiation hazard and the fact that it will be present under high pressure, argon poses little ES&H risk. 
The other ES&H risks are associated with the use of cranes and other remote equipment and these are 
similar to those that exist at any comparable facility remotely handling nuclear materials. There are some 
risks associated with the fire potential of the titanium powder that is used as an additive prior to HIPing. 
It is recommended that a fiture study address this potential (see Section 9.2). 

The main ES&H risks unique to this facility are primarily associated with the spread of radioactive 
contamination due to unforeseen and accident conditions. The threats that may potentially occur and their 
consequences are presented below. Detailed evaluation and safety analysis is outside the scope of this 
study. 

Calcine retrieval system develops a leak-Most of the calcine retrieval system will be under 
a negative pressure with respect to the surrounding atmosphere. If a leak developed, the 
leakage would be into the calcine retrieval system and this would not result in any ES&H 
hazards, but would cause operational difficulties. 

0 Calcine and additives hopper develops a leak-This is an accident condition that falls under 
the general category of contamination spread. The contamination spread would however be 
to nonoccupied areas of the plant and would be cleaned up by manned entry into the 
contaminated area. The ES&H hazard would be radiation exposure to operating personnel. 
Unlike the calcine retrieval system where components are subjected to various abrasive 
forces, the potential for a leak to develop in the calcine and additives hopper is minimal. 

Calcine spill from a HIP can-This spill could occur when the can is filled or later by the 
can being tipped over before the lid has been sealed to the top of the can. The potential 
consequences would be similar to that of the earlier incident where the hopper developed a 
leak. A plastic sleeve concept will be used during can filling. This should limit the spread 
of contamination not only during can filling but also later until the lid is sealed to the top of 
the can, because the plastic sleeve will essentially form a bag around the calcine and keep it 
confined to the inside of the can. However, the hypothesized accident could occur if the 
plastic sleeve were accidentally punctured during the can filling operation. 

HIP can leak detected during devolatilization-If a vacuum cannot be applied to a HIP can 
during devolatilization, it would be an indication that the HIP can is leaking. There would 
be a potential for the calcine to be drawn from the can into the vacuum system. A HEPA 
filter will be included in this line to protect the vacuum system from contamination. The can 
would have to be reworked by emptying its contents and disposing of the failed can as 
radioactive waste. 

HIP can leak during HIPing-This incident would be detected by the radioactive 
Contamination monitoring of the argon gas inside the pressure vessel during the HIPing 
operation. A leaking HIP can could cause this incident. The consequences would be 
contamination spread to the HIP machine components. The HIP can would have to be 
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retrieved and recycled as in the previous incident, and the HIP machine decontaminated. 
This could result in some down time. 

The ES&H risk is estimated at 2 for a handling accident that 0 impact schedule. 

5.4 Maturity of HIP Facility Technology 

Guidance for determining the maturity of HIP facility technology is found in the Interim Guidance- 
Ofice of Science and Technology Technical Decision Process, DOE Standard Operating Procedure." 
The maturity is classified by stages 1 through 7 titled (1) Basic Research, (2) Applied Research, 
(3) Exploratory Development, (4) Advanced Development, (5 )  Engineering Development, 
(6) Demonstration, and (7) Implementation. Requirements for each stage dealing with minimum goals, 
objectives, measures of effectiveness, actions, and responsibilities to include requirements for entry into 
the next stage are detailed in the reference. 

The basic technology used in the HIP facility is well developed for the manufacturer of turbine and 
other such components manufactured from powder aggregates. The HIPing of calcine waste has been 
shown to work in the laboratory and a HIPed product that satisfies leaching and durability criteria has 
been obtained. Additional testing however, would be required to determine pre-HIP can dimensions 
because the testing was done on much smaller cans than the production-scale can. Only small-scale 
testing has been completed using simulated calcine waste. Research performed at the INEEL has shown 
that the HWO product is as good as or better than the vitrification product in connection with durability 
and leachability. Hot isostatic pressing of materials in the commercial world has been on-going for many 
years. This technology is well developed. The risk of failure due to maturity of technology is perceived 
as low to medium. 

The HWO technology is considered to be at the Engineering Development and Demonstration 
stages (5 and 6). Calcine blending, glass frit transport. calcine and frit metering, and mixing are not as 
developed; however, are estimated to be from the Esploratory Development to Demonstration stages (3 to 
6). The off-gas system is estimated to be at the Engineering Development or Demonstration stage (5  or 
6). The HIPing technology is not recognized as the best demonstrated available technology for treating 
HLW and, currently does not have regulatory acceptance. 

Most of the other aspects of the HIP facility, such as remote decontamination, remote and hands on 
maintenance, remote handling, remote welding, remote leak checking, and swiping, remote canister 
handling, and HLW radiation protection, etc., are at the Implementation stage (7) in many existing DOE 
facilities. 
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6. FAILURE MODES 

. ,The following possible failure scenarios were identified during this study. Their evaluation is 
outside the work scope of this study. Most of the activities involved in this study’s proposed operations 
have to do with movement of HIP cans and SRS canisters containing calcine, amorphous silica, and 
titanium powder. The following is a list of possible failure modes: 

Calcine retrieval system develops a leak 

Calcine and additives hopper develops a leak 

Calcine spill in the can loading cell while loading a HIP can 

Loaded HIP can is dropped prior to sealing 

HIP can found to be out of spec after HIPing 

Crane failure-loaded HIP can 

Crane failure-loaded SRS canister 

Transfer cart hilure-loaded SRS canister movement 

Friction welder inoperable 

HIP fbrnace door inoperable 

HIP can leak detected during devolatilization 

HIP can leak detected during HlPing 

HIP vessel failure and release of high pressure argon. 

A drop accident involving a loaded HIP can or SRS canister will not inflict unacceptable physical 
damage to any of these items that would result in a safety concern to workers, the general population, or 
the environment. All handling of loaded HIP cans and SRS canisters takes place in a shielded, 
containment cell. Radioactive particulate resulting from an over-turned or dropped unsealed HIP can will 
be contained in side the cells. HEPA filtered ventilation will prevent contamination from leaving the 
cells. 

An electrical power failure will have the effect of shutting down all by-life safety systems in the 
HIP Eacility. Crane activities are considered to be fail safe on loss of power and thus pose little risk to 
workers, the general public, or environment. 

The major impact from a failure would be to the schedule. The level of impact will be determined 
by which items are involved; however, any accident will most likely halt all activities involving the 
production and storage of SRS canisters until the accident is resolved and any subsequent operating 
adjustments are made. For the HWO production rate assumed in this study, the overall schedule for 
completion by 2033 appears to have some slack to accommodate some slippage. 
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If a catastrophe were to cause the release of all radioactive materials in the processing plant, 
approximately 700,000 curies would be released. That assumes that the released waste is from the most 
highly radioactive sources. 

26 



7. PROJECT DATA SHEETS-SUMMARY OF IMPACTS 

Table 2 contains the project data for the HWO project. Data are presented for the construction, 
operation, and decommissioning phases of the project. Estimates are included for the following 
parameters: 

cost 

Schedule 

Air emissions 

Liquid eMuents 

Solid wastes 

Utilities used 

Manpower requirements 

0 Regulatory requirements. 

Because this project is at a very preliminary stage of design, much of the information presented in 
this project data sheet is based on representative literature values, exiting laboratory data, and engineering 
judgment. Appendix D includes the cost estimates from which the cost data in this table were taken. 
Appendix E provides the backup information for the remaining data in the tible. 

Project data sheets for the CRTS, ISF, and Utilities Support can be found in EDF-WTS-002 (see 
Appendix A), the Interim Storage Study Report: and the Utilities and Infastructilre R e p ~ r t , ~  
respectively. 
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Table 2. Project data sheet for HWO. 
Generic Information 
Descriptiodfunction 

EIS Alternatives (A, B, etc.) 
Project type or waste stream 
Action type New 

Hot isostatically press HLW calcine in preparation for road- 
ready storage awaiting shipment to a permanent repository 
Nonseparations - Direct W i n g  Option 
HIPed HLW calcine. 

structure type 
Size (m2) 19,347 m2 
Other features (e.g. pits, ponds, power/water/sewver 
lines) 
Location 
Insideloutside of fence 
Insideloutside of building 
Candidate for privatization? Yes 

None 

Inside ICPP fence 
Inside HIPing Facility 

Construction Information 
Cost ($1: Preconstruction 
Conceptual Design $139,793,860 
Management Costs $17,906,490 
Project Development $3,746,160 
Permitting and documentation $42,042,780 
SO Test & Start-up $61,710,710 
Total Preconstruction $265,200,000 

Cost ($1: Construction 
ED&I 
Management (PM/CM) 
Construction 
G&A/PIF 
Procurement Fees, Mgmt Resene. and Contingency 
Total Construction W C )  
Schedule stadend: Preconstruction 
Schedule stadend: Construction 
Schedule &end: SO Test & Start-up 

$67.912.230 
$66,644,910 

$293,6 18,032 
$17,648,992 

$198,115,836 
$644,000,000 

January 200 1 through December 2006 
January 2007 tluough December 20 10 
January 2010 tluough December 1012 

Number of workers each vear of construction (new/esistin@ 
Nonradiation 100 New workers/yr 
Number of radiation workers (construction) None 
Average annual worker radiation dose (rein&) None 
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Table 3. Continued. 
Heaw eauiument 
Equipment used 
Trips (construction materials delivery) 
Hours of operation (including materials delivery 
vehicles) 

Acres disturbed and duration of disturbance 
New 
Previous 
Revegetated 

Air emissions 
Dust 
Major gases ( C q ,  H20, Oz. N2) from diesel esllaust 
Contaminants (Particulates. CO, NO,, SO:. 
hydrocarbons) from diesel eshaust. 
SO testing air emissions (trace SOx, NO:) 
Total air emissions 

Effluents 
SO testing process wastewater (non-radioactive) 
Sanitary wastewater 
Lube Oil 

Solid wastes 
Type - construction trash 
Radioactive wastes 

Water usage: 
Dust control 
SO testing process water (once through cooling) 
Domestic water (construction and SO testing) 

Hazardous/tosic chemicals and wastes 
Storagdiventory 
PitdPonds created (m’) 
Hazardous waste (SO Testing. .. spent activated 
carbon) 
HazardOtis waste (construction) 

Escavator, grader, crane, material delivery trucks ’- -’ 

1,982 

11,622 hours (total) 

January 2001 tluough December 2037 

None 

None 
3.7 acres 

2 13 tons (total) 
9,158 tons (total) 

54 tons (total) 

17 tons (total) 
9,442 tons (total) 

307,947,600 liters (total) 
12,774,375 liters itotal) 

1,417 liters (total) 

4,742 m3 (total) 
None 

605,600 liters (total) 
307,947,600 liters (total) 

12,774,375 liters (total) 

3 - m  

4.2 m3 (total) 

2 17 m3 (total) 

None 
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Table 3. Continued. 
Enerm reauirements 
Electrical ( M W y r )  156 MWNyr 

Fossil fuel (liters) 
Permits needed for construction 

/ 

357,807 liters (total) 
NEPA documentation (prior to start of Title I1 
construction); New stationary sourceslPTCMOCIPSD for 
non-rad air emissions; HAPS and TAPS and RCRA (part 
AA,BB, and CC for air) for hazardous air emissions; air 
operating permit; NESHAPs, NF’DES, NESHAPs subpart 
H for rad air emissions; approval of Engineering Plans; 
Cross Connection Control Plans; report and specifications 
for drinking water supply; RCRA Part A and Part B 
pennits. 

Operational Information 
Cost (S): Operations 
Faculty/Administration $36,677,000 

Operations/process Facility $2 19,75 1.000 

Procurement, materials. utilities, maintenance $557.106.000 

Total operations S813.534,OOO 
Schedule W e n d  January 2013 tluough December 2032 

Number of workers each year of operation (newv/esistin@ 
Operations 
Maintenance 

Support 
Total 
Number of radiation workers 
Average annual work radiation dose (remlyr) 

Heaw EauiDment 

Air Emissions 
Radioactive off-gas 

Effluents 
Sanitary Wastewvatcr 
Process water (once-through cooling \rater) 
Decontamination Solution (nitric acid) 

Solid Wastes 
Sanitaxyflndustrial Trash 

30 

29 

15 

34 

78 

22 (included in above total) 
0.19 redyr  per worker 

None 

0.1 tondyr 

1,535.196 literdyr 
102,649,200 literdyr 

37,850 literdyr 

433 m’/yr 



Table 3. Continued. 
Radioactive wastes (canisters, amalgam) 167 m3/yr 1,152,000 CVyr 

Hazardoudtoxic chemicals and wastes 
Pits/Ponds used (m’) 
Spent Carbon (mixed waste) 
Misc. hazardous waste 

Water usage: 
Process water (once-through cooling water) 
Domestic water 

None 

102,649,200 literdyr 
1,535,196 literdyr 

Enerm Requirements: 
Electrical 8,472 MWh/yr 
Steam 63,709,09 1 kg/yr 
Fossil fuel (literdyr) None 
Permits needed (for facility operations) HAPS and TAPS and RCRA (part AA,BB, and CC for 

air) for hazardous air emissions; air operating permit; 
NPDES, NESHAPs subpart H for rad air emissions; 
approval of Engineering Plans; Cross Connection Control 
Plans; report and specifications for drinking water supply, 
RCRA Part A and Part B permits. 

Decontamination & Decommissioning (D&D) Information 
Cost ($k D&D 
Decommission $34,142,000 

Decontamination $81,514,000 

Demolition $130,423,000 

Total D&D $216.079,000 

Schedule start/end: D&D 
Number of workers each year of D&D (nedesi 
Number of radiation workers (D&D) 
Average annual worker radiation dose (redyr) 

January 2034 tluaugli December 2036 

593 New workedyr 
438 New workerdyr 

0.19 remlyr per worker 

Heaw eauipment: 
Equipment used 
Trips Roll-off trucks 15 per day 
Hours of operation (all heavy equipment) 

bile Cranes, Rollsff trucks, Dozers, Loaders 

76,950 hours (total) . 

Acres disturbed and duration of disturbance 
New None 
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Table 3. Continued. 
Previous 3.7 acres 
Revegetated None 

Air emissions 
Non-radioactive Fuel combustion gases (CQ, H10.02, 44,726 tons (total) 
N2) 
Non-radioactive Fuel combustion contaminants (CO, 
particulates, NO,, SOz, hydrocarbons) 
Radioactive HEPA filtered off-gas 

Effluents 
Radioactive spent decontamination solution 
Non-radioactive sanitary wastewater 
Non-radioactive lube oil 

Solid wastes: 
radioactive 
Non-radioactive (industrial) 
Hazardous 

Hazardoudtosic chemicals and wastes (hw] 
Storagdiventory 
PitdPonds created (in') 
radioactive (mixed waste) 

Water usaEe: 
Process water 
Domestic water 
Source of water 

261 tons (total) 

78,518 tons (total) 

5,109,750 liters (total) 5,110 Ci 
37.858,757 liters (total) 

14,563 liters (total) 

34,836 m3 348 Ci 
26,193 m3 

12 1n3 

205 m3 (toial) 
None 

14 1 m3 (total) 

6,851,625 liters (total) 
37,858.757 liters (total) 

ICPP site wells 

1 Ci 

Enerm requirements: 
Electrical (Mwldyr) 
Fossil fuel (liters) 
Permits needed (e.g. for facility closures, physical 
characteristics and quantities of radioactive and 
hazardous materials remaining after closure) 

156 MWhlyr 
1,717,535 liters (total) 

Work will be done under closure provisions of existing 
permits. 
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8. POTENTIAL IMPACTS OF NRC LICENSING 

The HIP facility presented in this report is not NRC licensed and therefore, neither the HIP facility 
design nor the cost estimate included were modified to include NRC licensing. This section contains a 
brief discussion, gleaned from data contained in ‘The Regulatory Requirements and Criteria for ICPP 
Proposed Waste Processing Facilities,” EDF-WTS-003 in Appendix A, and from the Waste Treatment 
Facilities Feasibility Study Report,‘ of the potential impacts of NRC licensing on the WTS. Existing 
NRC regulations are compiled in 10 CFRs, “Energy.” These regulations follow a similar philosophy 
espoused by the DOE, the EPA, etc. The Commission has also issued regulatory guides (such as 
NUREGs) that provide acceptable methods to comply with the NRC regulations; they contain criteria for 
facility design, operations, and health and safety. 

The only (WTS)-type activity that the NRC has routinely licensed is HLW waste storage. 
Currently NRC regulations do not exist to license WTS-type HLW separations or treatment facilities. 
The most applicable licensing process regulations to the WTS are as follows: for LLW or low-activity 
waste (LAW) facilities 10 CFR 2, IO CFR 30, 10 CFR 51, and IO CFR 61; and for HLW or high-activity 
waste (HAW) facilities IO CFR 2, 10 CFR 50, IO CFR 52, 10 CFR 70, and 10 CFR 72. Licensing a 
nuclear facility requires preparing and submitting an application and supporting documents to the NRC, 
such as Safety Analysis Reports, Environmental Reports, quality assurance documents, training plans, 
monitoring plans, and safeguards and security plans. The NRC licensing process is divided into four 
stages: pre-application stage, application review stage, construction and operating license stage, and 
decontamination and site closure stage. The licensing duration from submitting the application to 
receiving of the license is expected to take three to five years, or longer. The Benefits of NRC licensing 
are enhanced operating safety, strengthened relationships with stakeholders. and license-holder 
participation in fbture regulation development. 

According to data developed in the Fluor Daniel Inc., the Waste Treaiment Facilities Feasibility 
Study Report, ’ estimated capital cost percentage increases for NRC licensing of WTS facilities above 
current DOE requirements for those facilities are as follows: 

Waste Separations 21% 

LAW Treatment 13% 
HAW Interim Storage 26% 

LAW Collection 8% 

Calcine Dissolution 15% 

Calcine Transfer 14% 

HAW Treatment 26% 

Infrastructure (Utilities) 9% 

These estimates are hypothetical and high 
the unescalated, current dollar TEC in the cost estimate presented in Section 3 of this report. Reference 1 
also estimated the operating schedule impact and crease in annual operating costs for three 
groups of systems as follows: 

culative. The capitol costs here are equivalent to 

Group I-Negligible Schedule Impact $1.3M 

e Group II-Minimal Schedule Impact $2.7M 
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Group 111-Significant Schedule Impact $4.7M. 

Group I includes the LAW collection, infrastructure, and tank heel; Group I1 includes the waste 
separations, LAW treatment, condensate collection, and environmental analysis Laboratory; and Group 
111 includes the HAW independent storage, calcine dissolution, calcine transfer, and HAW treatment. 
Additional costs resulting from operating schedule impacts experienced due to NRC involvement are 
based on a “best guess” reflecting perceived likelihood of NRC’s difficulty in assimilating the Group into 
their new regulatory framework. “Negligible” could range from no costs, to tens of thousands of dollars. 
“Minimal” could range from a few thousand dollars to several hundred thousand dollars. “Significant” 
could range from a hundred thousand to several million dollars. 

The HWO is best characterized by Group 111 except it does not have a calcine dissolution system so 
the portion of the increased cost associated with that facility must be subtracted from $4,700,000 Group 
I11 cost to determine the HWO increase. Assuming the NRC licensing annual cost increase for the calcine 
dissolution system is 1/3 this total, the annual cost increase for the HWO (the remainder of the Group I11 
system) is approximately $3,100,300. 

In the event that the HWO is licensed by the NRC, the increases in capital cost (based on a 14% 
escalated TEC cost increase for the CRTS, a 26% escalated TEC cost increase for the ISF and the HIP 
hcility, and a 9% escalated TEC cost increase for infrastructure) and the 20-yr operating cost, will be 
$299,761,000 and $62,000,000 respectively, for a total of $361,76 1,000. 

Some of the potential major impacts associated with NRC licensing of waste treatment facilities, 
other than cost, are: 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

Increased oversight, including more public involvement and input in all decision processes 

More restrictive physical limits on some parameters, including exposure limits, seismic, and 
tornado 

More strict radiation monitoring 

Restrictions on sharing utilities between facilities 

More stringent evaluations of the impact from off-site hazards. 

Full testing required for emergency utilities 

Physical changes to the plant and equipment 

More elapsed schedule time required 

The methods to comply with some other codes and standards may be complicated and 
require more time 

Although the NRC may license the WTS facilities, it may not automatically inherit or adopt 
the same agreements and obligations with the State of Idaho and EPA Region 10 that are in 
place for DOE and INEEL. 
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9. CONCLUSIONS AND RECOMMENDATIONS 

9.1 HIP Facility 

The nonsepartions alternative HWO consists of CRTS, the HIP facility, ISF, and Utilities Support. 
Designs are based on existing feasibility and conceptual designs for the other facilities that have similar 
requirements. This report concentrates on the HIP facility portion of the HWO, which in this report will 
produce approximately 5,700 SRS canisters for the nonseparations alternative, in its 20-year operating 
life. This is equivalent to approximately 5,400 m3 of calcined HLW. The planned date for all SRS 
canisters to be in storage (in this case at the HWO ISF) is the end of 2032, which is ahead of the HLW 
treatment date of 2035 targeted by the DOE and State of Idaho.’ The HWO HIP facility will be designed 
to treat dry calcine from the ICPP CSSF only. This is because of the assumption that all SBW will be 
calcined and placed in the CSSF before the start of HIP facility operations. 

The total costs for the HWO are summarized as follows and include costs for the CRTF, the ISF, 
and the Utility Service: 

Total Cost (unescalated) is $2,263,435,000 

Total Cost (with escalation, management reserve, and contingency) is $5,763,998,000 

Discounted Cost (escalated) is $1,572,040,000. 

If the HWO is selected in the Record of Decision, then communication should be initiated as soon 
as possible with the NRC, State of Idaho, EPA, HLW Repository, and each state and EPA Region through 
which the waste will be transported for disposal. 

9.2 Future Studies 

During the course of this study, the following ideas for hture studies have surfaced: 

0 Potential Fire Hazards Handling Titanium Powder-Handling, storing, transporting, and 
processing operations involving the titanium powder should be further studied to better 
understand and design for the fire characteristics of this metal. 

0 HIP Can Design and Testing-Minimal testing has been conducted at the INEEL using hot 
isostatic pressing technology; only small scale tests have been conducted. Further testing of 
HIP can design should be conducted to arrive at the final design HIP can dimensions. 

HIP Can Sealing-A separate study will develop the design concepts for remote ultrasonic 
examination equipment for checking weld integrity inside hot cells. The NRC requires 
lOO% volumetric examination. In addition, the INEEL has done some preliminary work 
involving friction welding lids to cans. This procedure needs to be perfected and other 
methods for sealing the can need to be investigated. 

Devolatilization of HIP Can Contents-Further studies should look at complications with the 
heating and devolatilizing of the HIP can contents. Specifically investigate the temperatures 
and time required to complete the process. 

I 
0 

I 

0 
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HIP Can Filling Equipment-A lot of information and practical experience has been gained 
through the use of bagging systems at the INEEL. Remote bag sealing systems involving 
calcine have not been perfected. More work is need in this area to look at problems with the 
bagging system, remote handling, and sealing. 

HIP Furnace Design-The fbrnaces incorporated into this design are relatively large. Hot 
isostatic press technology is relatively new and only little experimentation has been 
conducted on systems as large as those specified herein. Further studies and testing need to 
be conducted on these issues. Full-scale development of the HIP process is needed to 
optimize the HIP can dimensions. 

Location of the HIP facility in Reference to the CSSF-The location of the HIP facility as 
depicted in this study should be re-evaluated. Close proximity of the HIP facility to the 
CSSF is very desirable due to transport problems of the calcine. In the current design the 
HIP facility is located due North of the CSSF. An evaluation of locating the HIP facility due 
East of the CSSF should be completed. Moving to this new location would make transfer 
piping much shorter. Also, the present North location may place the facility on 
contaminated soil. 

Determine if a standard I j - f i  long "Hanford" HLW canister should be substituted for the 10- 
A SRS Defense Waste Processing Facility canister assumed in this study-Use of a 15-fk 
canister would increase the HIP facility construction costs but would reduce the operation 
(SRS canister handling) costs, and greatly reduce off-site transpiration and disposal costs. A 
large net cost saving, primarily as a result of reduced transportation and disposal costs, could 
be realized by using the 1 5 4  canister. 

36 



1.  

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

1 1 .  

12. 

13. 

10. REFERENCES 

Fluor Daniel, Inc., Government Services Operating Company, Idaho Chemical Processing Plant 
Waste Treatment Facilities Feasibility Study Report, FDI Contract No. 04435336, December 19, 
1997. 

U.S. Department of Energy, Consent Order and Settlement Agreement Between DOE and the State 
ofldaho Regarding Spent Fuel and Nirclear Waste Issues, October 17, 1995. 

1 

40 CFR 268, “Land Disposal Restrictions for Hazardous Waste,” 

J. K. Rawlins, Interim Storage Study Report, INEELEXT-97-0 1393, February 1998. 

J. Banaee, MEEL, K. Pechulis, EPA, Telephone conversation, January 21, 1998. 

Environmental Management, “Waste Acceptance Product Specifications for Vitrified High-Level 
Waste Forms,” EM-WAPS Rev. 0 1, May 1995. 

Waste Acceptance System Requirements Document, December 1996 - DOERW-035 1P Revision 
02. 

N. E. Russell, Waste Disposal Options Report, IlVEEL/EXT-97-01145, February 1998. 

R. S. Garcia, Utilities and Infrastnictiire Report, INEELEXT-98-0 1398, February 1998. 

DOE Standard 1020, 

Interim Guidance Ofice of Science and Technology Technical Decision Process, Standard 
Operating procedure. 

D. A. Lopez, Vitr$ed Waste Option Study Report. NEELEXT-97-01389, February 1989. 

Idaho Chemical Processing Plant, Waste Treatment Facilities Feasibility Study Report, Flour 
Daniel, Inc. Government Services Operating Company, FDI Contract No. 04435336, December 12, 
1997. 

The documents listed below are not cited in this report but are related to this work and m y  be 
mentioned in the appendices. 

Report of Advanced Conceptual Design Activitie 
Storage Project, LMITCO Report MEL-97/00177, February 1997. 

Idaho Chemical Processing Plant Feasibility Design Study for the Wasre Imntobilization 
Facility, Raytheon Engineers and Constructors, Inc. Western Operations, MS5 1 1.163, 
9/27/94 

r the ICPP Spent Nuclear Fuel Dry 

37 



Appendix A 

Referenced Engineering Design Files 



Engineering Design Files 

The engineering design files (EDFs), prepared for this study are listed below. 

EDF-HWO-00 1 

EDF-HWO-002 

EDF-HWO-003 

EDF-HWO-004 

EDF-HWO-005 

EDF-HWO-006 

EDF-HWO-007 

EDF-HWO-008 

EDF-HWO-009 

EDF-”0-0 10 

EDF-”0-0 1 1 

EDF-HWO-0 12 

EDF-HWO-0 13 

EDF-HWO-0 14 

EDF-WTS-002 

EDF-WTS-003 

EDF-WTS-004 

“Regulatory Analysis & Planning Path for HWO Scoping Study” 

“HWO Can Design and SRS Canister Loading Information” 

“Hot Isostatic Pressing (HIP) Equipment” 

“HIP Can Filling” 

“Hot Isostatic Press Handling Equipment” 

“Radiological Evaluation for the Calcine HIP Feasibility Study” 

Deleted 

“Devolatilization Equipment” 

“HWO Electrical Requirements” 

“HWO Staffing “ 

“Recycle Sizing Cell” 

“HIP Waste Option (HWO) Design Basis” 

“HIP facility Instrument and Control Evaluation” 

“HIP Facility WAC” 

“Calcine Retrieval and Transportation” 

“Regulatory Requirements and Criteria for ICPP Proposed Process Facilities” 

“Regulatory and Design Requirements for Waste Treatment Facilities” 
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431 .OH 
11118@7 

Title: 

Purpose: 

Regulatory Analysis & Planning Path for HWO Scoping Study 

The purpose of this EDF is to document the regulatory analysis and planning path f o r w d  for 
the Hot Isostatic Pressing (HIQ waste option scoping study. The HIPing process uses high 
pressure and high temperature to conwrt calcine or other solid wastes to a ghss-ceramic waste 
form. HPed waste cans will be p k d  in Savannah River shipping canisters and, ultimately, sent 
to a geologic repository for permanent disposal. 

Summary: 
The HIMI waste will be in a mated condition and meet applicable physical specifications so as to 1) permit 
ultimate disposal in a geobgic repository outside the State of Idaho, and 2) permit the waste to be exchded from 
the Resource Consermtion and Recovery Ab (RCRA) hazardous wask management requirements 

The HPed waste ischsified asmixed high-level waste (HLW) [ref: 11. The hazardouscomponene of the HIPed 
waste are subject to RCRA requirements and the radioactive contammants are regulated under the Atomic Energy 
Acf (AEA). RCRA hasestabtihed treatment standadsunder the Land Disposal Restrictions (LDRs), 40 CFR 268, 
For hazardous waste when the waste is land disposed. The H P  process is not a LDR specified technology. 
Therefore, the HUC) will need to be approved by the Environmental Protection Agency ( P A )  Admmimtor 
under the pmcedures set forth in 40 CFR 268.42(b), determination of equivalent treafment (DET). Approval 
should not be aproblem smce the EPA has stated ifs bdief that the gb-ceramic prqcess is more efficient than the 
specified technology process (dtrification) for calcine waste forms [ref: 21. EPA has ako determined that the 
gb-ceramic waste form that results fmm H f i g  calcine is an acceptable technology to meet best demonstraed 
3milable technobgy (BDAT). 

ENGINEERING DESIGN FILE Function File Number - SPR-OI 
EDF Serial Number - EDF-HW0-001 

Page 1 of 8 



431 .OH 
11/18/97 

ENGINEERING DESIGN FILE Function File Number - SPR-01 
EDF Serial Number - EDF-HWO-001 

Page 2 of 8 

Introduction: The calcined waste will be HIPed without further processing (thus the term 'direct 
HIPing'), packaged and shipped to a geologic repository for permanent disposal. The calcined waste 
will be HIPed using the following process: All remaining high level liquid waste (HLLW), Sodium- 
bearing waste (SBW), and other radioactive waste currently stored in the Tank Farm at the Idaho 
Chemical Processing Plant (ICPP) is calcined. The calcine is temporarily stored in binsets until it can 
be HIPed. Calcine is taken from storage and blended with HIPing additives. This HIPing mixture is 
poured into thin-walled stainless steel HIPing cans designed to deform to a size and shape which will 
allow +80% utilization of storage volume in a standard 2 ft diameter x 10 ft storage/disposal canister. 
A closure cap is welded to the tops of each can which incorporates a venting tube. The latter is 
capable of being sealed by a standard cIjmpand-weld operation, and will incorporate a filter element 
comparable in performance to a HEPA filter. The cans are placed in a devo king fixture in which 
the vent tubes are connected to a vacuum source and the centerline tempe f the can is raised to 
approximately 625" C for 16 to 24 hours. This step removes remaining undesired volatiles from the 
HIPing mixture (primarily residual H,O, Ox, Hg, and HO,), but leaves radionuclides [including Cs- 
1371 bound in the HIPing mixture. After devolatilization, the vent tube on the can is crimped and 
welded closed. The can is removed from the devolatilization fixture and placed in a HIPing machine. 
The HIPing machine is sealed shut, evacuated, and pressurized with argon gas. The internal heater of 
the HIPing machine is activated and the cans are heated and further pressurized (by heating only) to 
the required temperature and pressure. Processing temperatures for the HIP process are similar to 
vitrification, typically 1050-1 100OC. The typical HIP operating pressure is 20,000 psi. 

HIPing is considered complete once the centerline temperatures of the cans have reached the 
required value and remained at that value for 4 hours. The cans are removed from the HIPing 
machine and moved to a cooling area. Following cooling to near-ambieh temperature, the cans are 
moved to a decontamination area. The cans are decontaminated and non-destructively tested to 
verify solidification of all the mixture. Cans passing non-destructive testing are packaged in 
Savannah River shipping canisters and moved to interim storage. Cans not passing non-destructive 
testing are transported to a dissolution cell where they are sized, ground, and redissolved in 
concentrated nitric acid solution. The latter is recycled with other liquid tank farm wastes through the 
calciner and back to the HIPing facility. 

This EDF is outlined to address the following areas (based on programmatic assumptions and 
Programmatic Regulatory Planning Path): 

a 

a 

a 

a 

a 

Provide specific regulatory classification for the proposed HIPed waste form 
Determine the waste form requirements as specified in the repository waste acceptance criteria 
(WAC) and the regulating authority for the waste repository 
Determine the regulatory requirements for handling, packaging, storing, and transporting the 
HIPed waste 
Specify a regulatory planning path that will allow the HWO concept to be used for producing, 
storing, and eventual transportation of the HIPed HLW, including any exceptiondvariations that 
must be addressed with the regulating authorities to make this approach viable including 
assumptions. 
Quality Assurance (QA) Program 



431.02# 
11/18/97 

ENGINEERING DESIGN FILE Function File Number - SPR-01 
ED$ Serial Number - EDF-HWO-OOl 

Page 3 of 8 

Programmatic Assumptions: ( 1 )  The HPing operation is assumed to provide the BDAT to meet 
the Land-Disposal Restriction (LDR) for all constituent wastes. (A waiver will be granted to allow the 
HIPing process to be used as BDAT for other hazardous ionstituents which currently require LDR 
technology specific treatment other than vitrification 40 CFR 261 Subpart C), (2) The key 
component of the INEEL waste management plan is the de-listing of “listed” hazardous wastes in 
the various waste streams such that RCRA requirements do not apply [ref: 31. (3) The waste is 
packaged according to the specifications listed in the Repository WAPS, the waste form meets the 
required physical characteristics and is accompanied with the required documentation, and the HIPed 
form is qualified by the CRWMS. 

Regulatory Classification of the HlPed Waste Form: HLW is defined by origin, not 
radionuclide concentration limit. Based on the NRC definition, HLW is highly radioactive material 
resulting from the reprocessing of spent nuclear fuel (SNF), including liquid waste produced directly 
in reprocessing and any solid material derived from such liquid waste that contains fission products in 
sufficient concentrations. Department of Energy (DOE) Order 5820.2A refers to HLW as waste in 
concentrations requiring permanent isolation. Thus, HLW definition relies on source term to define 
HLW and radionuclide concentration is implied within context but these limits are not specified or 
defined [ref I]. 

The calcine wastes to be HIPed were and will be produced from a variety of wastes including HLLW, 
SBW, and other radioactive wastes. These wastes have been stored in the Tank Farm at the ICPP. The 
Settlement Agreement between the State of Idaho and the DOE calls for the calcination of the 
remaining HLLW and the SBW wastes by June 30, 1998 and December 31, 2012, respectively. Direct 
HIPing of these calcines will result in a glass-ceramic HIP waste form. Under the Settlement 
Agreement between the State of Idaho and the DOE, the SBW calcine will be treated the same as HLW 
calcine. In addition, the waste at the ICPP has been determined to potentially contain RCRA listed 
wastes and characteristic hazardous constituents. Hence, all HIPed waste will be considered mixed 
HLW [ref: 11. 

* -  

Estimates of the waste volumes and compositions for the different process methods being considered, 
including the HWO, are documented in a report authored by C. M. Barnes [ref: 41. The 
developmental nature and process uncertainties present in all of the methods being considered 
contribute uncertainty to many of the estimates. The report clearly notes that very little analytical 
data are available for radionudide, and RCRA-hazardous contaminants in the calcine. Data generated 
was based primarily on calcine compositions calculated from calcine feed compositions. 

The proposed method of direct HIPin tified as candidate material for storage. A 
complete description of the waste form inc lumes, density, hazardous constituents and 
concentrations, and estimated activity will be n the future [ref 51. 

Disposal Requirements: As previously e HIPed waste form will be considered as 
mixed HLW, and is subject to the requirements of both the AEA and the EPA RCRA. The State of 
Idaho adopted the Federal EPA RCRA regulations, and it has the authority to implement them in 
Idaho. The disposal of these wastes must be in accordance with the requirements established by the 
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EPA, the DOE, the DOE Idaho Operations Office (DOE-ID), the Department of Transportation 
(DOT), the NRC, and other applicable state and local standards. 

The hazardous components of the mixed HLW are subject to RCRA requirements and the radioactive 
contaminants are regulated under the AEA. The specific standards for radioactive materials 
management developed under AEA are administered through the DOE and the NRC regulations for 
disposal of HLW in a geologic repository. 

The HIPed waste form will contain a number of radionuclides and RCRA hazardous chemicals [ref 
4,6]. RCRA hazardous constituents fall into two categories, characteristic hazardous wastes as 
identified in 40 CFR 261 subpart C, and the Lists of Hazardous Wastes as identified in 40 CFR 26 1 
subpart D (“listed wastes”). The RCRA hazardous constituents include characteristic heavy metals, 
organic chemicals, and other inorganic. The majority of the hazardous chemicals are also RCRA 
‘‘listed‘‘ wastes. In accordance with 40 CFR 268 Subpart C, characteristic hazardous wastes must be 
treated to a concentration based LDR standard which allows the treatment residues to be excluded 
from additional regulations as a hazardous waste. 

RCRA has established treatment standards under the LDR, 40 CFR 268, for hazardous waste when the 
waste is land disposed. Hazardous waste codes and their treatment standards are identified in the table 
of “Treatment Standards for Hazardous Wastes” in 40 CFR 268.40. The treatment standards are 
expressed either as specified-technologies or as waste concentrations, and they are based on the 
performance of the BDAT for a waste code. For wastes covered by a technology standard, the wastes 
may be land disposed after being treated using the specified technology or an equivalent treatment 
technology approved by the EPA Administrator under the procedures set iorth in 40 CRT 268.42(b), 
determination of equivalent treatment (DET). The HIP process is not an LDR specified technology. 
Therefore, a DET petition must be submitted to the EPA for using the alternative HIPing method in 
place of the EPA specified borosilicate glass technology (vitrification). The DET petition is also 
needed for the RCRA hazardous waste c d e s  which require other LDR technology-specific treatments 

It is anticipated that the EPA will approve a DET petition for using the HIP process in place of the 
EPA specified borosilicate glass technology. DOE believes that the glass-ceramic form meets the 
definition of high level vitrification (HLVIT) in 40 CFR 268.42 Table 1 [ref 21. DOE has also 
compared the definition and the waste acceptance criterion for the Defense Waste Processing Facility 
(DWPF) high level waste form to the data on glass-ceramic waste form. From the comparison, the 
glass-ceramic waste form meets the definition of borosilicate waste glass as well as the waste criterion 
applicable to such material [ref 21. Based on technical evaluations, and laboratory and pilot plant 
mockup tests, EPA has stated its belief that the glass-ceramic process is more efficient tban the glass 
process for calcine waste forms. EPA has also determined that the glass-ceramic waste form that DOE 
is proposing to use is an acceptable technology to meet BDAT. 

HLW Repository Waste Acceptance Criteria: The Nuclear Waste Policy Act (NWPA) of 
1982 established a federal policy and the DOE responsibility for management and disposal of spent 
nuclear fuel and HLW of domestic origin in geologic repositories. It established the OCRWM to 
carry out the DOE responsibilities, subject to repository licensing by the NRC and the standards set 
by the EPA. The 1987 amendments to the Act. Nuclear Waste Policy Amendments Act (NWPAA) 
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required, however, that the DOE characterizes only Yucca Mountain and terminate activities at other 
sites. Thus, the Yucca Mountain site in Nevada was desi for characterization as the candidate 
site . Criteria for accepta d disposal of wastes at the rep0 
have not been finalized. 

Presently, the potential repository at the Yucca Mountain is not regulated under the RCRA as a 
hazardous waste, Subtitle C disposal facility. Therefore, it cannot accept any hazardous wastes [ref 
71. Hence, the HIPed waste must be delisted prior to disposal at the repository. The delisting must be 
approved by both the waste shipping (Idaho) and waste receiving states (Nevada)., The wastes can 
also be delisted prior to or after calcination if their concentrations at either point are below the LDR 
regulatory levels. 

The DOE EM develo the EM-WAPS for the high level waste form generators as the basis for their 
waste acceptance programs. The specifications are based on the DOE criteria and EPA regulations. 
The EM-WAPS provide background information detailing the deliverables required by the waste 
acceptance process. They are the technical specifications the waste form generators are required to 
meet in order to ensure acceptance of their vitrified HLW into the Civilian Radioactive Waste 
Management System (CRWMS). The CRWMS is the composite of the sites, and all facilities, systems, 
equipment, materials, information, activities, and the personnel required to perform those activities, 
necessary to manage canistered waste form disposal. 

The waste acceptance process requires demonstration of compliance with the EM-WAPS via four 
different documents, each prepared by the generators, reviewed and accepted by EM, and provided to 
OCRWM [ref I]. These four documents are: (1) the Waste Form Combliance Plan, (2) the Waste 
Form Qualification Report, (3) Production Records, and (4) Storage and Shipping Records. 

Most of the WAF5 information is useful by providing physical requirements and limitations 
associated with a glass log canister for storage. The same performance requirements will probably be 
required for the HIPed HLW. Based on review of the Repository WAPS, there is nothing that would 
prevent using the HWO system concept for waste processing, storage and shipping, provided: 

TheH nn is qualified by the 

A DOE comprehensive environ ation technologies for HLW 
led to the recommendation of borosilicate glass as the waste form that will be accepted into the 
repository [ref: 81. However, provisions exist for qualifying other waste forms. This provision will 

The waste is packaged according to the specifications listed in the WAPS 
The waste form meets the required physical characteristics and is accompanied with the required 
documentation 

Regulatory Requirements for Handling, nsporting the HlPed 
HLW: Under DOE 0 460.1, Packaging and Transportation, - Each package and shipment of 
hazardous materials shall be prepared in compliance with Hazardous Materials Regulations of the 
DOT, Title 49 CFR Parts 106-199 and applicable tribal, State, and local regulations not otherwise 
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preempted by DOT. Exclusions to DOE 0 460.1, include activities that are regulated through a 
license by the NRC or a State under an Agreement with the NRC, including activities certified by the 
NRC under section 1701 of the Atomic Energy Act. 

At present, the NRC is not authorized by law to license DOE facilities for HLW processing and HLW 
short term storage. However, based on a recent DOE proposal, the NRC could take responsibilities 
for regulating the DOE nuclear facilities. If such were to happen, handling of HIPed HLW would be 
subject to NRC IO CFR 72 licensing requirements during the receipt, packaging and storage as 
required for SNF, with the transportation cask subject to additional requirements of IO CFR 71 for 
transportation. It is assumed that the Department of DOT Research and Special Programs 
Administration will approve shipment of special form HAW in NRC approved Type “B” shipping 
containers [ref: 91. Overall the HAW would be controlled storage under IO CFR 71, transported 
under 10 CFR 71, with packaging acceptable at the repository as defined in the EM-WAPS. 

Currently, the NRC requires that canisters used to carry vitrified HLW to the potential Yucca 
Mountain repository with plutonium in excess of 20 Curies to be doubly contained (10 CFR 71.63). 
Recently, the NRC proposed to amend its regulations to remove the double containment requirements 
for canisters of vitrified HLW containing Plutonium [ref: IO]. The NRC believes solid forms of 
plutonium that are essentially nonrespirable should be exempted from the double containment 
requirement. It is reasonable to assume that the glass-ceramic HIP waste form would also be exempt 
from the double containment requirements. Even so, the HIP can in conjunction with the Savannah 
River shipping canister would in effect provide double containment 

Note: All treatment processes will need to be permitted under Idaho’s Hakudous Waste Management 
Act (HWMA) as well as DOE or NRC requirements. 

Note: Delisting petitions are primarily granted by the state in which the waste is to be disposed. In 
addition, if the waste is to be shipped as a non-hazardous waste, then a delisting petition must be 
granted for each state and region through which the waste will travel on the way to disposal. This is 
an assumption that needs to be applied for transportation issues. 

Regulatory Planning Path and Assumptions: The regulatory path forward should include 
early interactions with NRC, appropriate State of Idaho agencies, and DOE‘S OCRWM to obtain 
input on planned approaches and common issues being addressed for proposed repository RCRA 
materials, through development of detailed Licensing Plans and Strategies to facilitate licensing of 
storage and treatment facilities. This regulatory path forward is more clearly addressed in the Idaho 
Chemical Processing Plan High Activity Waste Treatment Project Regulatory Assessment Report, 
prepared by R. G. Morgan and S. E. Leroy, Duke Engineering Services, Inc. S. E. Leroy letter to V. 
L. Jacobson, dated April 25, 1997 [ref 31. 

QA Program: DOE-ID has directed the use of the applicable portions of DOE/RW-O333P, Quality 
Assurance Requirements and Description. as the baseline requirements document for developing and 
implementing SNF quality assurance programs. In addition, the EM-WAPS Rev. 01, Waste 
Acceptance Product Specifications for Vitrified High-Level Waste Forms, May 1995, also imposes a 
QA Program consistent with the QA requirements under the DOE/RW-O333P. This program requires 
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the waste generator to establish, maintain, and execute a QA program that applies to the testing and 
analysis activities that demonstrate compliance with the EM-WAPS during waste form qualification, 
production, handling, storage, and preparation far shipment. The generator is also required to submit 
an action plan, signed by authorized personnel through EM to DOE-OCRWM for correction or 
disposition of nonconforming waste forms for verification and documented approval from the 
OCRWM. The action plan must identify and describe the nonconformance and any action to change 
and correct the existing nonconformance. 
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Project File Number 02BGO 

RojecVhsk Waste Treatment Project Studies 

Subtask HIP Waste Option (HWO) Study 

H W O C  an Design and SRS C anister Loading Information 

NrPOse: The purpose of this Engineering Design File (EDF) is to propose a can design for the HWO. 
The can is designed to meet wight and volume requirements that would allow three HIPed 
cans to be loaded in a Savannah River canister and deposited in a geologic repository. This 
EDF also estimates the size and wight of a filled H W  can. 

i u m m V :  A corrugated-wall (also known as ‘‘ bellows” ) can is the selected design for the HWD. The can 
will deform in the axial direction while resisting deformation in the radial direction. This will 
help ensure that the post-HIP cans fit into the Savannah ever canister. Future experimentation 
will determine the number and size of corrugations in the can wall. The can’s wall will be made 
of standard 15 gauge stainless steel. The ends of the HIP can will be made from ln inch stainles 
steel plate. The top will have a 5 inch diameter holethat will be used in conjunction with a bag 
system to fill the cans with calcine. A stainless steel plug will be friction welded to the top of eacl 
can after filling operations. The lid will incorporate lifting flanges and a vent tube. The vent tubc 
will be used to devolatilize and evacuate the can prior to HIPing operations. 

The wight of a Savannah River canister loaded with 3 HIPed cans could theoretically range 
from 2742.2 kg (6046.5 lb) for a 94% filled Savannah River canister to approximately 2461 kg 
(5426 lb) for an 80% filled Savannah River canister. The geologic repository Waste Acceptance 
Criteria (WAC) presently requires that canisters be at least 80% filled and wigh less than 2500 
kg (5512 lb) for acceptance. A Savannah River canister filled with 2500 kg (5512.5 lb) of 
HIPed waste will fill approximately 82% of a Savannah River canister’s volume 

The 82% limit exceeds the 80% fill volume height by only approximately 2 inches. This leaves 
very little margin for error. One of tw things should be considered: 1) the repository WAC 
should be reviewed and modified to accept a higher wight limit or reduce the volumetric fill 
requirement for thjs waste form, 2) the HIP waste product (HWP) density should be reduced 
from the 3.2 gkm . Modify ghtly reduce the density of the final 
HWP wuld allow for an incr t while maintaining near maximum 
wight capacity. This modification would provide an increased margin that would avoid possible 



431m . ENGINEERING DESIGN FILE Function File Number 4 1  
1- EDF Serial Number - EDF-HWO-002 

Page2of11 

1. Introduction: This EDF addresses the HIP can that will be utilized as part of the HWO. The 
proposed HWO of calcined waste is a result of research that has been performed at the Idaho National 
Environmental Engineering Laboratory (INEEL), the ICPP, and Argonne National Laboratory-West 
(ANL-W) for a number of years. The process will convert high level nuclear calcined waste to an 
impervious, non-leaching, ceramic-glass waste form. The HIPed waste will then be loaded into 
Savannah River shipping canisters for final disposition at a geologic repository. 

1.1 Description of HlPing Process: The HWO calls for HIPing calcined waste using the 
following process [ref 11: All remaining high level liquid waste (HLLW), Sodium-bearing waste 
(SBW), and otha radioactive waste currently stored in the Tank Farm at the Idaho Chemical 
Processing Plant (ICPP) is calcined. The calcine is tempor in binsets until it can be HIPed. 
Calcine is taken from storage and blended with dry, organic- 
The blended HIPing mixture is placed into thin-walled stainless steel HIPing cans designed to deform 
down to a size and shape which will allow +80% utilization of storage volu 
diameter x 10 ft long storagddisposal canister. A closure cap is welded to ps of each can which 
incorporates a venting tube. The latter is capable of being sealed by a standard crimp-and-weld 
operation. The cans are placed in a devolatilizing fixture in which the vent tubes are connected to a 
vacuum source and the centerline temperature of the can is raised to 625" C for approximately 24 
hours. This step removes remaining undesired volatiles from the HIPing mixture (primarily residual 
H20, COX, Hg, and HG), but leaves radionuclides [including Cs-1371 bound in the HIPing mixture. 

ized, soil and titanium powder. 

After devolatilization, the vent tube on the can is crimped and welded closed. The can is removed 
from the devolatilization fixture-and placed in a non-sealing outer can for potential contamination 
control prior to placement in the pressure vessel. The outer can and the HIPing can are placed 
together inside a HIPing machine. The HIPing machine is sealed shut, evacuated, and pressurized 
with argon gas. The internal heater of the HIPing machine is activated ilnd the cans are heated to 
1050°C and further pressurized (by heating only) to 20,000 psi. The high temperature causes the 
can wall and its contents to creep. The high pressure forces the can to collapse on itself yielding the 
desired impervious, dense, non-leaching, ceramic-glass waste form. The can volume is reduced 
approximately by one half of its pre-HIPed volume. 

HIPing is considered complete once the centerline temperatures of the cans have reached 1050°C and 
remained at that value for 4 hours. The cans are removed from the HIPjng machine and moved to a 
cooling area. Following cooling to near-ambient temperature, the cans are moved to a 
decontamination area. The cans are decontaminated and non-destructively tested to verify 
solidification of all the mixture. Cans passing non-destructive testing are packaged in Savannah River 
shipping canisters and moved to interim storage prior to being sent for final geologic disposal. Three 
HIP cans will be placed inside one Savannah River shipping canister. Cans not passing non- 
destructive testing are transported to a recycle cell where they are sized and ground. The sized 
material is returned to the calcine storage tanks and mixed with fresh calcine. The mixture is then 
loaded into HIP cans and processed. 

2. 
Nevada is the only candidate site that has been designated for characterization as a HLW geologic 
repository. The repository's Waste Acceptance Criteria (WAC) requires that the waste form canister, 
the canister label, and any secondary canister must be fabricated from austenitic stainless steel. The 
overall length of the canister shall be 3.000 m (+0.005 m, -0.020 m), including the neck and lifting 
flange. The outer diameter of the unfilled canister shall be 61.0 cm (+1.5 cm, -1.0 cm). There are 
two containers that meet the geological repository's physical requirements: 1) the Savannah River 

Geologic Repository Canister Requirements: At present, the Yucca Mountain in 
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Site HLW canister and 2) the West Valley Demonstration Project HLW canister. The Savanna River 
canister has been selected as the baseline for the design of the HWO. 

a Mountain repository’s Waste A ‘(WAPS) requires that the 
HLW canister be filled to a height equivalent to at least 80% of the volume of the empty canister. In 
addition, the weight of the canistered waste form shall not exceed 2,500 kg (5512.5 lb) [ref 21. 

The NRC requires that canisters used to carry HLW to the potential Yucca Mountain repository with 
plutonium in excess of 20 Curies be doubly contained (10 CFR 71.63). Also, the WAPS refers to a 
“secondary canister’:+ in materials discussion. The Waste Acceptance System Requirements 
Document (WASRD) states ‘‘ ... sealed inside austenitic stainless steel canister(s) ...” when discussing 
what the product is placed in. The use of a HIP’d drudcan placed inside a HLW canister appears to 
flt within the sco the WAPS and WAS-RD text. 

ne of the challenges associated with HIPing calcine waste, is to design a 
pre-HIP can that will produce the desired post-HIP can configuration. The pre-HIP can undergoes 
significant deformation during the HIPing process. Studies indicate that HIPing of calcine waste will 
result in a volume reduction of 50-60 percent [ref 31. The HWO calls for three HJPed calcine waste 
cans to be repackaged into one Savannah River canister. The HIPed cans are required to occupy a 
minimum of 80 percent of the canister’s volume. The most effective way to meet this requirement is 
to use post-HIP& cans that have deformed to straight-walled cylinders. The post-HIPed cans will 
also need to consistently have a relatively small diametric tolerance (plus or minus 0.25 inch). ’Ihis 
will allow the HIPed cans to utilize the maximum volume possible and still fit into the Savannah River 
canisters. 

Different HIP can designs have been researched and tested in recent years at the INEEL, the ICPP, 
and ANL-W, in an effort to design a pre-HIP can that would result in a post-HIP straight-walled 
cylinder. In addition, ANL-W has jointly conducted experiments with the Australian Nuclear Science 
and Technology Organization (ANSTO) during the past two years under a Cooperative Research and 
Development Agreement (CRADA). The basic designs that have been tested are straight-walled cans, 
wine barrel shaped cans, bellows cans, and e wine barrel shaped can designed by the ANSTO. 

Experiments using straight-walled pre-HIPed cans have resulted in post-HIPed cans with concave 
walls and ends (see figure 1). This is not an optimal configuration for waste storage or ultimate 
disposition because of the wasted space. Wine bane1 shaped pre-HIP& cans have been designed that 
resulted in nearly straight-walled post-HIPed cans (see figure 2). However, since some of the can’s 
deformation is in the radial direction, the post-HIPed cans’ diameters vary, The wine barrel can 
design is better than the straight-walled can, but may still produce more unacceptable post-HIP& 
cans than other designs. An unacceptable can is one that will not meet the physical requirements of 
the Savannah River canister. The corrugated-wall or bellows can has resulted in the most controllable 
post-HIP can configuration. Corrugations in the can wall allow the can to easily deform in the axial 
direction, while resisting deformation in the radial direction (see figure 3). For this reason, the 
bellows can has been selected for the HWO scoping study. The number and size of corrugations in 
the can wall will determine the actual configuration of the post-HIPed can. Various experiments will 
need to be conducted to determine these two parameters before selecting the final design of the HIP 
Call .  
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ANL-W and the ANSTO are currently conducting experiments to design the best HIP can design. A 
double wine barrel configuration is looking very promising. This design should be investigated 
further if the HWO progresses to the conceptual design stage. 

3.2 Can Lid Design: The HIP can will be fabricated with a five inch diameter hole centered in 
its top. This hole will be used in conjunction with a bag fill system to fill the cans with calcine [ref 41. 
A lid will be friction welded to the top of each can after filling operations. The lid will include a one 
inch vent tube and quick disconnect that will be used to devolatilize and evacuate the HIP can prior to 
actual HIPing operations. Previous work has been performed for the HIP can lid design [ref 51. 
Figure 4 shows a conceptual design of the lid. The lid incorporates flanges that will allow the can to 
be lifted and transported by an overhead crane and a grappling device. 

3.3 C lculation of HIP Can Weight: The Savannah River canister has a total internal volume 
of 0.74 m . However, the neck area of the canister is not usable for storage of H ed cans. The 
volume of the the Savannah River canister that is usable for HIPed cans is 0.71 m (25.06 ft3) based 
on a right circular cylinder of 59.055 cm (23.25 in.) diameter and 259.08 cm (102 in.) length. The 
maximum usable volume of the Savannah River canister for HWP is therefore 96% of the total 
volume. 

Three HIP cans will be loaded into one Savannah River canister. The option of placing three HIP 
cans per one Savannah River canister was selected, because it provides a larger margin for HIP cans to 
deform and still fit into the Savannah River canister than a single HIP can would. It also reduces the 
weight of each HIP canister by one third. 

T 9 

The post-HIP’d can is assumed to be a right circular cylinder 58.42 cm (23 in.) maximum outside 
diameter (for insertion clearance) by 86.36 cm (34 in.) maximum outsicle height. Accounting for the 
thickness of the material (nominally 0.0673 in.), the maximum inside diameter is 58.09 cm (22.87 
in.) with a maximum inside height o 86 cm (33.86 in.). The maximum postulated internal volume 

0.232 m (8.175 ft ). Three of these maximum volume cylinders can be placed into one Savannah 
River c ‘ster. Th maximum postulated occupied volume of the Savannah River canister is therefore 
0.695 m (24.53 ft ) or 94% of maximum capacity. In practice however the post-HIP’d can will in 
general be somewhat below its maximum postulated volume due to can deformation. A significant 
assumption is that all materials placed inside the 61 cm by 3 m (Savannah River) canister are 
considered when determining canister volume filled. 

of a HWf drum is .228 m3 (8.05 ft 5 ). The maximum postulated external volume of a H W  drum is 

?? 5 

The pre-HIP’d waste can is assumed to be a right circular cylinder (the actual shape will depend on 
the number of corrugations in the can wall) approximately 73.66 cm (23 in.) maximum outside 
diameter by 162.56 cm (64 in.) maximum outside height. The HIP’ing can is assumed to be made of 
15 gauge (0.0673 in. thick) SST-3oQL or similar material. The estimated pre-HIP’d weight of the 
waste drum is 33.3 kg (73.5 lb) (based on a total of 0.1468 ft3 of SST). The post-HIP’d weight of 
the waste drum will not change. 

HWP density numbers were obtained from Barnes [ref 31. B nes estimates that the HIPed Waste 
Product (HWP) will have a density of aproximately 3.2g/cm T . 

The total weight for a Savannah River canister loaded with three HIPed cans is calculated as follows: 

Savannah River canister + 3(Empty HIP’ing can) + 3(HWP waste) = Total Weight 
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So for the 94% fill volume case; 
. #  

. -  
453.5 kg +3(33.3 kg) + 3(0.228 m3 x 3200kg/m3) = 2742.2 kg (6046.5 lb) 

The conclusion here is that the 94% fill volume case (maximum postulated) exceeds the maximum 
weight limits imposed by the repository acceptance criteria by 242.2 kg (534 Ib). Obviously a lower 
fill volume must be used to reduce the weight while maintaining the 80% fill volume height. 

Taylor [ref 11 has proposed an 82% fill voiume and subsequently sized the post-HIP’d can to 
accommodate this reduction. His conclusion is that the loaded gross weight of the Savannah River 
canister is 2501.3 kg (5515.5 lb). At the 82% fill volume height this exceeds the maximum weight 
limit by 1.3 kg (3 lb); which for this exercise is close enough. However the 82% while at the 
maximum weight limit exceeds the 80% fill volume height by only approximately 2 inches. This 
leaves very little margin for error. However, these calculations do not take into account any void 
space that may occur due to can deformation. Additional voids will occur due to lifting flanges, lid 
confgurations, and flanges on the bottom of the can. If these voids count as “filled volume”, then 
there will be no problem in meeting the 80 percent fill volume requirement while remaining below 
the 2500 kg weight restriction. If the voids do not count as “filled volume”, then a recommendation 
to modify the process design to slightly reduce the density of the final HWP would allow for an 
increase in the fill volume height while maintaining near maximum weight capacity. This would 
provide an increased margin that should avoid possible higher rejection rates. 

”he following calculations are to verify (corroborate) Taylor’s 82% calculation: 

The post-HIP’d waste drum is assumed to be a right circular cylinder 55.24 cm (21.75 in.) maximum 
outside diameter by 85.52 cm (33.67 in.) maximum outside height. Accounting for the thickness of 
the material (nominally 0.0673 in.), the maximum inside diameter is 54.91 cm (21.62 in.) with a 
maximum inside height of 85.17 cm (33.53 in.). (Taylor used 0.065 for the thickness. This 

15 gauge SST wall of 0.0673 in). The internal volume this HWP drum 
fill height occupied volume of the Savannah River canister is 

6 kg (5496.2 lb) 

The difference between the 2501 
calculation herein is 8.7 kg (19.3 lb). Taylor used 37.4 kg (82.47 lb) as the initial mass of a HIP’ing 
can. These calculations used 33.3 kg (73.5 lb) as the initial mass of HIP’ing can. The rest is in the 
noise and mostly due to rounding errors. This confirms that the 82% fill level weight is at the 
maximum allowable limit. 

or calculation and 2492.6 kg (5496.2 lb) 
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The following table summarizes the above calculations. The 82% weights shown are from Taylor. 

%Fill FillVolume HWP HWPGross Filled Canister Filled Canister 

80*** 0.590 3.2 2007 246 1 5426 
(dcm Weight *(kg) Weight (kg) Weight Ob) (m 3) 

82 0.605 3.2 2047.8 2501.3 5515.5 

94 0.695 3.2 2288.7 2742.2** 604 6.5 * * 
* Includes weight of HIP’ing can 
** Exceeds the maximum allowable weight limit of the repository 
*** Extrapolated from the 82% and 94% calculations 

4. 
can will deform in the axial direction while resisting deformation in the radial direction. This will 
help ensure that the post-HIP cans fit into the Savannah River canister. Further experimentation will 
determine the number and size of corrugations in the can wall. The can’s wall will be made of 
standard 15 gauge stainless steel. The top of the HIP can will have a five inch diameter hole that will 
be used in conjunction with a bag fill system to fill the cans with calcine. A lid will be friction welded 
to the top of each can after filling operations. The lid will incorporate lifting flanges and a vent tube. 
The vent tube will be used to devolatilize and evacuate the can. 

Conclusions: A corrugated-wall HIP can design is the selected design for the HWO. The 

Based on the data in this EDF, the weight of a filled canister could theoretically range from 2742.2 
kg (6046.5 lb) for a 94% filled Savannah River canister to approximately 2461 kg (5426 lb) for an 
80% filled Savannah River canister. The 82% filled Savannah River canister just meets the maximum 
weight limits at approximately 2500 kg (5512.5 lb). The maximum weight allowed in the repository 
WAC [ref 21 is 2500 kg (5512 Ib). 

For the Hwp the maximum allowable weight limit is at the 82% fill volume. However the 82% limit 
exceeds the 80% fill volume height by only approximately 2 inches in the Savannah River canister. 
This leaves very little margin for error. One of two things should be considered: 1) the repository 
WAC should be reviewed and modified to accept a higher weight limit or reduce the volu etric fill 
requirement for this waste form, 2) the HWP density should be reduced from the 3.2 g/cm . 
Modifying the process design to slightly reduce the density of the final HWP would allow for an 
increase in the fill volume height while maintaining near maximum weight capacity. This would 
provide an increased margin that should avoid possible higher rejection rates. Neither of these 
recommendations should be implemented as part of this scoping study. The process data is far too 
preliminary to worry about changes at this point in time. This is merely a heads up for future work 
on this process. 

Future Work The following is a list of work that will need done if the HWO proceeds to the design 
phase. 

9 

A HIP can will need to be designed and fabricated for testing. The ANL-W should be consulted 
in the can’s design. Their current experiments with a double barrel can design could be very 
helpful in selecting the best can design. 
Full scale experiments should be conducted to ensure that the HIP can deforms properly and is 
able to be loaded into a Savannah River canister. The can should also be tested to verify that the 
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design will satisfy the geologic repository’s WAC requirements regarding weight and volume 
limits. 
If it is not possible to design a can that will meet these requirements, then 1) the repository WAC 
should be r e v i e w  and modified to accept a higher Gight limit or reduce the volumetric fill 
requirement for this waste form, or 2) the HIP process should be modified to reduce the HWP 
density. Reducing the density of the final HWP slightly wuld  allow for an increase in the fill 
volume height while maintaining near maximum weight capacity. 
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PRE-HIP CAN 

Figure I. Straight-Wall HIP Can Design 
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POST-HIP CAN 

Figure 2. Wine Barrel Can Design 
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PRE-HIP CAN POST-HIP CAN 

Figure 3. Bellows Can Design 
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Studies 
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ITitle: Hot Isostatic Pressing (HIP) Equipment 
Purpose: This study was conducted to identify the equipment items that would 

be required to perform the HIP operation in the HWO Scoping Study. 
The information obtained in this study will be used to design the 
portion of the facility where the HIP operation will 
HIP equipment located, and to obtain a cost estim 
portion of the HWO. 
The HIP equipment needed to perform the HIP of ICPP high level 
nuclear waste calcine has been described. Approximate costs for each 
equipment item, power and foot print requirements have been 
provided. The assumptions upon which this study was based have 
been outlined. 

Summary: 
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1. Introduction 
Hot Isostatic Pressing (HIP) has been researched at the INEEL for the conversion of 
high level nuclear waste which is currently in the form of a dry granular powder 
(calcine) to an impervious, non-leaching glass ceramic waste form. The first step in 
the HIP process consists of blending the calcine with dry, organic free, sized, soil 
and titanium powder. The blended mixture will be placed in a suitable thin walled 
stainless steel can and heated to 650°C to drive off volatile components. The can 
will then be evacuated, to remove the air present inside the can, and sealed shut. 
The final step in the HIP process consists of heating the calcine and additive filled, 
air evacuated, and sealed can and its contents to 1050°C in a pressure vessel. The 
HIP can will be placed in a non-sealing outer can for contamination control in the 
event of a HIP can leak during the HIP process prior to being placed in the HIP 
machine pressure vessel. The pressure vessel will initially be evacuated to remove 
air and then pressurized by argon gas prior to being heated to 1050OC. The final 
pressure of the argon after the final temperature is reached will be 20,000 psi. The 
high temperature causes the can wall and its contents to creep and the pressure 
forces the can to collapse on itself yielding the desired impervious, dense, non- 
leaching waste form. The can volume is reduced approximately by one half of its 
pre-HIP volume. The final waste form is expected to meet the RCRA land disposal 
requirements for the hazardous components present in the calcine. Three HIP cans 
will be placed inside a Savannah River shipping canister for interim storage on-site 
prior to being sent for final geologic disposal. 

2. Background Information and Assumptions 

2.1 Background Information 
Research on HIP of nuclear waste has been performed at  the INEEL at the ICPP and 
ANL-W. The research at  the ICPP was performed on 4-inch diameter cans and the 
results have been extrapolated to the 23.5-in diameter 33.66-in long post HIP can. 
The research indicates that in order to achieve a post-HIP right circular cylinder, the 
pre-HIP shape would have to be in the form a whisky barrel with a bulged middle 
and tapered the ends. The shrinkage in the axial and radial dimensions is expected 
to be 15.27% and 19.1 2% respectively. Another approach is to use a corrugated 
can. The corrugations encourage the deformation to occur in the axial direction and 
resist dimensional change in the radial direction. Reductions in length of 
approximately 50% were noted at  ANL-W and the ICPP. In the event the HIP 
waste option is selected, further research on full sized cans is recommended in 
order to determine the optimum pre-HIP can dimensions. This study has been base- 
lined on a corrugated can with a linear dimensional contraction of 50% with 
essentially no radial dimension change. 
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2.2 Assumptions 
The facility will be designed for a production rate of 9 cans per day with ten hours 
of operation per day and four days of operation per week. Hence, the production 
rate per week will be 36 cans. Because 9 large cans per day is a fairly high 
processing rate for a HIP facility, the possibility of using a large HIP machine which 
could HIP several cans at  a time was investigated. The maximum size HIP machine 
for use with a pressure of 20,000 psi that can be built with current state of the art 
technology and steel resources is 65-inches in diameter and 145-inches high. A 
machine this large will be barely capable of processing four corrugated cans at a 
time (two cans side by side stacked two layers high). In the case of whisky barrel 
shaped cans that collapse in both the radial and axial directions, it is believed that 
65-inches may not be large enough to accommodate two cans placed side by side. 
With multiple ca placed at the same level, the vessel inside space efficiency will 
not be optimum Iso, the cost of the machine increases exponentially as the 
diameter is increased beyond a certain point. 

In order to meet the aggressive schedule for completing this study, optimization 
with regard to HIP machine size and the number of cans processed at a time per 
machine, was abandoned and a HIP machine size capable of processing one 
corrugated can at a time was selected. In order to meet the processing rate of 9 
cans per day with some allowance for downtime, 12 HIP machines in 4 trains with 
3 machines per train was selected as the number of HIP machines for which the 
facility would be designed. Three trains would be in operati6n at any given time 
with one train on stand by. Additionally, with the 4 day per week 10 hours per day 
operation, it would be impossible to stagger the operation of the HIP machines and 
bring them into a state not requiring supervision prior to shutdown over the week 
end. Thus, each HIP machine would be performing the same operation as the other 
HIP machine at any given time. This would require the maximum number of each 
category of auxiliary equipment such as the power supplies, compressors, vacuum 
pumps, fresh argon gas tanks, reclaimed argon gas tanks, heat exchangers, and 
cooling pumps. The assumptions selected for the study will therefore result in a 
very conservative sign and cost estimate. 

uipment Description 

3.f Pressure Vessel 
The pressure vessel is the component of the HIP machine which contain the part to 
be HIP. This vessel contains a large amount of energy when the argon gas inside is 
at high pressure and temperature. Proper design with fatigue analysis and periodic 
inspections is a prerequisite. The press vessel is usually designed for 
thousand cycles of operation. Dependin pon the pressure, the cost of the vessel 
increases if the number of cycles specified is increased beyond a certain point. For 
20,000 psi operation and 1050°C, a pressure vessel life of 15,000 cycles would be 
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normal and 20,000 cycles could be obtained with slightly additional cost. Using 
15,000 cycles as a base number 12 pressure vessels would process 180,000 cans 
during their initial vessel life time. 

Either full thread or 1/8 turn breach lock vessels could be manufactured to ASME 
code Division II or Division 111. Government facilities are however exempt and 
would not require any ASME code. The cost difference between these two types 
of vessels is not very significant and operation with both types of vessels could be 
fully automated. Hence, the vessel selection is based largely on choice. The vessel 
could also be designed with a yoke and threadless closure. However, these vessels 
are generally more expensive, larger and heavier than the one piece unit and the cell 
would likewise require larger dimensions and weight capacity. For the purpose of 
this study, the design and costs have been based on a one piece unit. However, 
the costs have been estimated high as cost savings from buying multiple units and 
the various components as a system have generally been ignored. 

A pressure vessel having inside dimensions of 38-inches in diameter and 66-inches 
high was selected for the HIP operation. The pressure vessel will have a cooling 
jacket in which a cooling medium will be circulated by a pump. There will be 12 
pressure vessels installed one in each of the 12 HIP machines. One or two 
additional pressure vessels may be maintained as spares. The cost of the 38" 
diameter 66" high pressure vessel will be approximately $1.2 million. 

3.2 Furnace 
Furnaces are electrically fired and have graphite, molybdenum, platinum, or Kanthal 
heating elements depending on the temperature range and application. A Kanthal 
furnace has been selected for the current application. The furnace is installed 
inside the pressure vessel and may be removed for maintenance, cleaning, or 
decontamination. Each furnace could have several heating zones to provide good 
thermal uniformity. Due to the 10 hr per day 4 day per week operating schedule, 
power will not be capable of being shared by the furnaces. There will be 12 
furnaces and each would be provided with 800 KW of installed power. At  1050°C 
Kanthal should provide a very good life with low chance of failure. 2 to 4 spare 
furnaces may be kept on hand for replacement of burned out furnaces. The cost of 
a furnace that fits a 38" diameter vessel 66" high will be approximately $500,000. 

3.3 Vacuum System 
The vacuum system is used to pump the pressure vessel down after the part to be 
HIP is placed inside. The air inside the pressure vessel is replaced with argon, an 
inert gas. An inert gas is used in order to prolong furnace and pressure vessel life. 
The vacuum system will consist of a Stokes rotary piston type vacuum pump 
assisted by a Roots blower to increase pumping speed. Each HIP train will be 
provided with two vacuum pumping systems, with one in operation and the other 
on standby. Each vacuum system will be sized such that 3 pressure vessels can be 
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evacuated from atmospheric pressure down to 0.5 torr in 1 % hour. One Stokes 
rotary piston type vacuum pump and Roots blower are estimated to cost 
approximately $40,000. . +I* 

3.4 Fresh Argon Tanks 
Argon supply is from a liquid argon storage tank located outside the facility. The 
liquid argon tank is usually leased. Liquid argon will be pumped into the fresh argon 
gas storage tanks at 5000 psi through a liquid to gas heat exchanger using one of 
two 5000 psi pumps. With staggered operation we would need capacity for only 
one train. However, since our operation is simultaneous, it is estimated that 
100,000 scf of fresh argon gas at  5000 psi would be required. The fresh argon 
gas storage would be provided in 16" OD x 21 f t  long tanks. 18 tanks in 3 banks 
of 6 tanks per bank will be provided. The fresh argon storage tanks, the heat 
exchanger and the 5000 psi liquid pump will be located outside the facility. The 
cost of the fresh argon tanks is estimated to be approximately $50,000.The cost of 
each 6000 psi rated liquid pump will be $35,000, 

3.5 Reclaimed Argon Tanks 
Argon will be reclaimed for reuse. The reclaimed argon will be stored in 2000 psi 
tanks 24-in OD x 21 f t  long. 24 tanks in 4 banks of 6 tanks per bank will be 
provided. One bank of 6 tanks will be located in each of the four trains along with 
the other HIP equipment inside each HIP cell. A HEPA filter will be provided in the 
line from the HIP machine pressure vessel to the argon reclaim tanks to filter out 
any particulate contamination that may be present in the used argon. The cost of 
the reclaim argon storage tanks is estimated to be approximately $75,000. 

3.6 Compressors 
Eight electric 100 HP each piston type compressors will be provided for the 20,000 
psi system. There will be two compressors for each of the four trains. One 
compressor will be used while the second will be maintained as a spare. It is 
estimated that with an inlet pressure of 2000 psi, each compressor would be able 
to pump up three of the selected HIP machine pressure vessels in each train to 
pressure in approximately 2 hours. T mpressors will be located inside the HIP 
cell. These compressors will also b d to pump the argon from the HIP machine 
to the argon reclamation tank after I down period following HIP. Each 
compressor is estimated to cost approximately $1 25,000. 

3.7 Cooling Sysfern 
Each of the pressure vessels will be provided with a cooling jacked through which a 
cooling medium will be recirculated for the purpose of heat removal. The cooling 
medium will be recirculated by a total of eight pumps and four heat 
exchangers will be provided, two d one heat exchanger for each of the 
four trains. Heat removal from the cooling medium will be accomplished by cooling 
water circulated by one of two pumps located outside the facility. The heat 

J 
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removal from the cooling water will be in a cooling tower also located outside the 
facility. Emergency cooling in the event of a cooling tower failure will be 
accomplished by connecting an unspecified source of water to the secondary loop 
pump inlet. The source for the emergency water will be specified later. 

Assuming a steady state furnace heat load of 400 KW, dissipation of 1,400,000 
Btu/hr per HIP machine would be required. The heat exchangers for the removal of 
heat from the closed loop cooling system and the cooling tower would have to be 
designed for the above heat duty. 

3.8 Controls 
Controls would be located centrally in a control room. Each system would be 
controlled and monitored separately as each HIP machine would require continuous 
monitoring when in operation. A computer supervised PLC type system (Allen- 
Bradley) is envisioned. Manual back-up control capability would be provided. The 
operation of the HIP machine would be completely automated, and no remote 
handling systems would be required except for an overhead crane for loading and 
unloading the cans. Also, the overhead crane will be used to remove and install the 
furnace and pressure vessel when required. 

3.9 Power Supplies 
Separate transformers, contactors, and silicon controlled rectifiers need to be 
provided, even for the three HIP machines in each cell, because the operation of the 
HIP machines would be simultaneous rather than staggered. There would be 8 
separate heating zones in each furnace and each zone would be 100 KVA capable. 

4. Foot Print Requirements 

4.7 HIP Machine 
Each HIP machine requires a foot print 65"x140" and a overhead space of 360". 
This includes the can height while it is being loaded into the HIP machine, but doe 
not include the additional overhead clearance required for the overhead crane that 
will be required to load the can into the HIP machine. 

4.2 Vacuum System 
Each vacuum system consists of a vacuum pump and a roots blower and will 
require a foot print 4 f t  square. A total of eight vacuum systems will be provided, 
two for each train. 

4.3 Argon Gas Tanks 
Each 6 pack of gas tanks will require a foot print 5 f t  x 21 ft. 3 banks of fresh 
argon tanks will be needed. The banks of fresh argon gas storage tanks will be 
located outside the facility. 4 banks of reclaimed argon tanks will be provided. The 
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reclaimed argon gas tank banks will be located within the facility. 

4.4 Compressors 
The foot print required for each compressor is 12 f t  x 4 ft. A total of eight 
compressors, two for each train will be provided. 

4.5 Cooling System 
Four cooling skids one for each train will be located in the HIP room of each train. 
Each cooling skid will consist of two pumps, one heat exchanger, and valves and 
will require a foot print approximately 8 f t  x 12 ft. A cooling tower and pumps will 
be located outside the facility. 

4.6 Power Supply 
Four power supplies located one in each HIP cell will be provided. Each power 
supply is estimated to require a foot print 12 f t  x 6 ft. 

5. Process Description 

5.7 HIP Can Preparation 
Cans to be HIP will be evacuated, sealed, and contain the devolatilized 
calcine/additive mixture. The vessel closure welds will be checked to the extent 
feasible. It is important that the can not have any leaks in its skin. The 
devolatilization and evacuation of the can help in HIP procesk. Additionally, the 
cans need to be maintained contamination free on the outside in order to keep the 
HIP machine from becoming contaminated. In order to protect the HIP machine 
from contamination during the HIP step, the can to be HIP will be placed in a 
breathable over-pack can prior to being placed inside the HIP can pressure vessel. 

.+ 

5.2 HIP Process 
After the can to be HIP in its over-pack can is placed inside the pressure vessel, the 
pressure vessel is evacuated using the HIP system vacuum pumps. The evacuated 
air from the pressure vessel will be checked for the present of radioactive 
contamination. If contamination is detected, this would be an indication that the 
skin of the can to be HIP has leaks and the HIP process would be stopped and the 
can returned for rework. In the event no leaks are detected, the pressure vessel 
will be pressurized with argon from the argon reclamation tanks using the argon 
compressors, and additional argon will be used from the fresh argon tanks to bring 
the argon pressure in the pressure vessel to the desired pressure. The can to be 
HIP will be at approximately 65OOC having just completed the devolatilization step. 
The furnace in the pressure vessel is turned on soon after the evacuation of the 
pressure vessel is complete and the vessel is pressurized with argon gas. The HIP 
can temperature will be raised to 1050OC with argon pressure will rise to 
approximately 20,000 psi due to the increase in temperature. 
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The skin of the can to  be HIP and the can contents will soften and creep due to the 
high temperature, and the ekternal pressure will cause the can to  gradually implode 
reducing its volume to approximately half that of its pre-HIP volume. During this 
process, if the skin of the HIP can has a leak, the argon pressure inside and outside 
the can will be the same, and the can will not implode on itself. Instead, when the 
pressure in the pressure vessel is reduced, the contents of the can would tend to 
migrate out of the can through the leak along with the argon, tending to 
contaminate the rest of the HIP machine. 

6. Additional Research 
HIP is a well known art that has been in existence for some time. Also extensive 
research has been performed at the INEEL on the calcine additive formulation. The 
area where additional research would be required is the pre-HIP dimensions. 
The pre-HIP can dimensions on which this study is based is realistic, but will yield 
conservative HIP machine quantities, facility size, and cost estimates. In the event 
this option is selected, additional research is recommended to optimize the pre-HIP 
can size and the number of cans to be HIP at a time in a HIP machine. 
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HIP Can Filling 

1. Introduction 
This engineering design file (edf) documents the can filling options that were looked 
at for filling cans to be hot isostatically pressed (HIP) with the calcine addititive 
mixture while minimizing the spread of radioactive contamination. This work was 
performed in connection with defining the facility and costs for the Hipping Waste 
Option (HWO) for the final disposal of radioactive waste that was produced from 
the calcination of high level waste generated from the dissolution of spent nuclear 
fuel for the recovery of uranium. 

2. Prior Work 
Prior work on filling the HIP can was performed at  the ICPP and two reports'e2 
briefly reference the proposed method. The method uses a double door transfer 
system developed by Central Research Laboratory and used at the laboratory 
facilities at the ICPP. The referenced documents do not however provide any 
details about how the double door transfer system will be used in the present 
application of loading the calcine/additive mixture into the can to be HIP. The 
double door transfer system was evaluated for the purposes of this report. It was 
found that the double door transfer system will work very well for its intended 
purpose which is loading out sample bottles and other large mostly clean objects 
with very little loose contamination. It is believed that when large quantities of 
powdered material are to be transferred through the double doors, this system will 
have very little benefit. Also, the can to be HIP does not come with a lid that 
permits use of the double door transfer system. The lid has a hole and a tube 
through the center which complicates its use as one half of a double door transfer 
system. 

ANL-W uses a flange-to-flange connection to load their HIP cans. Their HIP can 
have a 3-inch diameter fill tube which ends at  the top in a flange. This flange is 
butted up against the flange at the bottom of a metered hopper and a valve is 
opened to let the contents of the metered hopped transfer to the HIP can. The 
valve at the bottom of the metered hopper is then closed and the can is then 
lowered. Any contamination if present on the exposed flange faces is then clean 
off. ANL-W is using pre-HIP cans which are approximately 6-inches in diameter and 
8-inches tall. However, their cans are much smaller than ours and their processing 
rate is such that this system is sufficient to serve their needs. There are locations 
at ANL-W where the plastic sleeve loading technique selected for this option and 
described below are in use. 

3. Plastic Sleeve 
A continuous plastic sleeve is used to control contamination during the loading of a 
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can to be HIP. The plastic material used for this purpose needs to be thin enough 
to be pliable and conform to the shape of the inside of the can when filled with the 
caleinetadditive mixture, but strong enough to be puncture resistant. -The can may 
be vibrated to cause the HIP mixture to settle and pack inside the can. A length of 
the plastic sleeve sufficient to load several cans is accordioned on to a spool of 
piping in sections as shown in the attached sketch. Each section when released or 
pulled down from the spool will provide a length of plastic sleeve sufficient for one 
can. The free end of the plastic sleeve is heat sealed closed. The spool is loaded 
into the can loading cell and bolted remotely on to the bottom flange on the 
calcine/additive storage hopper down stream of the calcine dispensing valve. 

3.1 Filling the can 
An empty open can is moved into an upright position below the using means 
designed by the remote handling engineers. The can will be positioned on a load 
cell and a mechanism for vibrating the can will be provided. An apron as shown in 
Figure 1 will then be placed on the can for catching any calcine/additive mixture 
that may tend to contaminate the outside of the can in the event the plastic sleeve 
was inadvertently ruptured. The apron designed to center itself around the can has 
a hole at the top which matches the HIP can opening. The appropriate length of 
the plastic sleeve is worked into the can through the opening in the apron and the 
top of the can. The appropriate amount of calcine/additive mixture is then added to 
the HIP can by opening the valve at  the bottom of the hopper in which the 
calcine/additive mixture is stored. The mixture may tend to bridge at the opening 
of the can, depending on the size of the can opening. Bridging will be broken up by 
tapping the side of the plastic liner periodically using the master slave manipulators. 
The Hip can will also be periodically vibrated to ensure uniform packing of the 
mixture in the can. The load cell upon which the can is positioned will indicate 
when the desired quantity of HIP mixture has been transferred into the HIP can. 

3.2 Sealing the Plastic Sleeve 
The plastic sleeve may be marked nes running down along the length 
and diametrically opposed. When the desired quantity of HIP mixture has been 
loaded into the cans, the plastic sleeve will be stretched from two diametrically 
opposed points to remove creases using the manipulators and heat sealed in an 
approximately 1-inch thick band using a thermal sealer and cut through the middle 
of the heat sealed band. Alternately, the plastic sleeve may be cinched together 
and heat seated using a circular heat sealer that would have to be specially 
designed for this purpose. The end of the plastic bag enclosing the mixture will be 
worked into the HIP can using manipulators. The plastic bag will provide a barrier 
against the spread of contamination from the filled HIP can. The remaining portion 
of the plastic sleeve will already be sealed at the bottom and be ready for insertion 
into the next HIP can to be filled. The contamination control apron will likewise be 
transferred to the next HIP can to be filled. 
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3.3 Loading the PIasfic SIeeve 
When the plastic sleeve runs out, a fresh spool with a fresh plastic sleeve 
accordioned on it is assembled and loaded into the can filling room. The old spool 
is unbolted remotely and the flange and contamination are cleaned off before the 
fresh spool is bolted on the flange, and the operation is continued as already 
explained. 
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An assumption is made that the HIP can top flanges are designed for interfacing 
with a grappling mechanism that is attached to crane hooks or to end effectors on 
electro-mechanical manipulators, The HIP process cans as currently 'envisioned are 
cylindrical stainless steel, with annular corrugations, wall thickness of 0.065 in. and 
a top flange or head with a separate lid. The as-received cans are approximately 27 
in. diameter by 40 in. high and weigh approximately 82 pounds. The can weight 
after filling with material is anticipated to be 1,505 pounds. After HIPing, the can 
is estimated to  have final dimensions of about 21 in. diameter and between 29 and 
33 in. high. Can handling should be done from the top because deformation of the 
corrugated can body occurs when heat is applied during the HIP process. 

Another assumption is that the SRS HLW canisters will arrive with the tops (from 
the shoulder upwards) separate from the canister bodies. Canister nominal size is 2 
ft. outside diameter (OD) by 10 ft. high, with an empty weight of 1,000 pounds. 
Canisters have a usable internal diameter of 23.25 in. by 102 in. high, allowing 
stacking of three HIP cans inside. Gross loaded weight after installation of the 
canister top is estimated at 5,515 pounds. 

3. Equipment Description 

3.1 Overview 
The highly radioactive nature of the materials processed in the HIP facility 
necessitates extensive use of remotely controlled equipment to comply with 
operational, maintenance, environmental and ALARA requirements. Equipment 
requiring frequent maintenance is designed so that normal maintenance activities or 
removal and replacement can be performed remotely. Other equipment is designed 
for removable modules with local preliminary decontamination, then removal to 
equipment maintenance areas. Shielding doors segregate equipment in high 
radiation areas that must be maintained "hands-on". The shielding doors are closed 
for remote decontamination, then personnel enter the area to perform maintenance. 

Shielded viewing windows and remote equipment enable operating personnel to  
observe and perform the activities in the facility. In some cases, closed circuit 
television (CCTV) is needed to supplement the viewing windows. Ohe particular 
case would be for identification of seri ers of cans and canisters to enable 
accurate record keeping. Adequate lig required in virtually all areas. 

nt must be designed for simplicity, robustness and reliabilit Much of the 
equipment described in this EDF has been developed for, and been successfully 
used in, existing facilities with similar requirements. Equipment that has not had 
practical use in such a facility has been evaluated for the characteristics listed 
above and for potential remote controllability. While some development may be 
required, the practical applications could be realized within budgetary and time 
constraints. 
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3.2 Carts 
An effective and dependable method of moving the HIP cans (before they are filled) 
and the SRS HLW canisters (after they are loaded) is by four-wheeled cart. The 
cans or canisters would be placed on the cart in a cradle or rack. Support is from 
the bottom and/or sides. Loaded canisters and empty cans can easily be moved 
this way if appropriate consideration is given to placing on, and removing, them 
from the carts using external sources such as forklifts, cranes or other pick and 
place equipment. Carts are required in the following areas, with corresponding 
descriptions and quantities: 

Fill Cell Cart 
The purpose of this cart is to move HIP cans from the door of the staging room to 
the fill station, to the lid sealing station, and to the hoisting station underneath the 
decontamination cell. This cart will have an on-board cradle to rigidly hold one can 
at a time. It is approximately 30 in. wide x 36 in. long x 18 in. high with 4 wheels. 
It is equipped with an electrically powered vibration mechanism to assist in 

compaction during filling of cans. On-board load cells enable measurement of 
empty and full can weight. All components are sized for a filled can weight of 
1,505 pounds plus a safety factor. The cart is connected to a cable,reel at each 
end of the track with wire rope for emergency recovery and electrical cable for 
power and control. Propulsion is by an on-board '/z HP motw through gearing to 
the wheels. Control consoles are placed in the operating corridor at the Fill, Weld 
and Lower Decontamination cells. Hardened metal pins, actuated by electric 
solenoids, are placed on the cart to mate with sockets at the Fill and the Weld 
stations to accurately position and hold the cart during those operations. The cart 
rides on rails with a bi-directional travel (track length) of 38 ft. Seismic restraints 
(devices to prevent the cart from jumping off the rails) are employedbat each wheel. 

Four carts are required to be designed and fabricated, one for each process line. 

Tunnel Cart 
The purpose for this cart is to move loaded SRS HLW canisters from the process 
area through a tunnel running under each Loading cell to the interim storage area. 
An overhead crane, with grapple, is used for loading and unloading canisters from 
the cart. This cart will have an on-board rack to hold up to 4 SRS HLW canisters at  
a time. It is approximately 60 in. wide x 72 in. long x 24 in. high with 4 wheels. 
All components are sized for holding and transporting 4 filled canisters, weighing 
5,515 pounds each plus a safety factor. The cart is connected to a cable reel at 
each end of the tunnel with wire rope for emergency recovery and electrical cable 
for power and control. Propulsion is by an on-board 2 HP electric motor through 
gearing to the wheels. Control consoles are placed in the operating corridors at 
each Loading cell and at  the Interim Storage building. Seismic restraints (devices to 
prevent the cart from jumping off the rails) are employed at each whgel. The cart 
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rails,- with .a bi-disectional tra 
is required for design and fa 
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3.3 Jib Crane 
A method of introducing clean HIP cans into the process area without spreading 
contamination can be obtained by use of a jib crane located in the Load (can 
staging) room. The shield door between this room and the Can Fill Cell will be 
closed while clean, empty cans are brought in by forklift. An operator rotates the 
jib crane, with a grapple attached, and picks up a HIP can. The shield door to the 
Fill cell is then opened and the operator rotates the crane, extends the boom, and 
lowers the can onto the cart in the Fill Cell. Requirements are for a commercially 
available 2 Ton capacity jib crane with a remotely controlled motorized boom 
swing, motorized boom extension of approximately 4-8 ft. from the column center, 
and a motorized hoist with a lift of approximately 10 ft. The operator controls the 
crane from a control station in the operating corridor. A grapple, reqiiring design 
and fabrication, is needed to interface with and lift the HIP cans. Power 
requirements are estimated at 1 HP. Four jib cranes are required, one for each 
process line. 

3.4 Overhead Bridge Cranes 
Moving the HIP cans from station to station after they are filled are more logically 
performed from above, supporting the cans by their flanges pr heads,. This method 
gives better interfacing with lifting devices because the can flanges are not as likely 
as the bodies to be deformed during the HlPing operation. Bridge cranes in the 
process cells should be supplied by festooned cabling. Bus bar power is not 
acceptable because of the potential for corrosion. Either overhead cranes or 
electro-mechanical manipulators have been used successfully to perform this 
function in similar facilities. 

Hiah Bav Bridae Cranes . 
These cranes will be used to  install and remove heavy equipment, such as the HIP 
furnaces and tanks, through hatche the cell roofs. They will span two process 
lines each. They should be overhea ridge, top running, meet requirements of 
ASME NOG-1, have true vertical lift d be equipped with the SI 
commercially available. ts (devices to  prevent th 
jumping off the rails) ar t each wheel. Hoist capacity should be at least 
75 Tons, with the manufacturer's standard swivel hook and reach from the -20 f t  
to the +40 ft levels, for total hoist hook lift of 60 ft. The span is approximately 
100 ft  with a runway length of 290 ft. The operator controls the crane from a 
traveling cab. Power requirements are estimated at 70 HP. Two 
required, one over each set of two process lines. 

Size/Grind Cell Bridge Cranes 
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This crane will be used to move equipment and HIP cans around the Size/Grind Cell. 
It should be top running, meet requirements of ASME NOG-1, have hue vertical 

lift, and be equipped with the slowest speeds commercially available. Seismic 
restraints (devices to prevent the trolley from jumping off the rails) are employed at 
each wheel. Hoist capacity should be 3 Tons with lift of 15 ft. A grapple, 
requiring design and fabrication, is needed to interface with and lift the HIP cans. 
Required span is approximately 24ft and runway length is 25 ft. Power 
requirements are estimated at 10 HP. Power and control are via festoon cable and 
a movable control console in the operating corridor. Four cranes are required, one 
for each process line. 

Main Process Line Bridge Cranes 
These cranes consist of two carriages on a common set of rails and are used to 
move HIP cans from the Decon cell into the Devol cell, into the HIP furnaces, to the 
cooling area, into the QA/Assay cell and into the Loading cell. They will also be 
used for handling the SRS HLW canisters. They will be able to move equipment 
into the Remote Maintenance cell or travel into the Crane Maintenance cell for 
maintenance. These should be commercial, overhead, top running bridge type 
cranes. They are to meet requirements of ASME NOG-1, have true vertical lift, and 
be equipped with the slowest speeds commercially available. Seismic restraints 
(devices to prevent the trolley from jumping off the rails) are employed at each 
wheel. Hoist capacity should be at least 7.5 Tons, and reach from the -20 f t  to the 
+20 f t  levels, for total hoist hook lift of 40 ft. A grapple, requiring design and 
fabrication, is needed to interface with and lift the HIP cans or the SRS HLW 
canisters. Crane span is approximately 32 f t  with a runway length i f  
approximately 120 ft. Power requirements are estimated at 20 HP. Power and 
control are via festoon cable and movable control consoles in the operating corridor. 
Eight carriage assemblies are required, with two running on each set of rails. Four 

sets of rails are required, one for each process line. 

3.5 ViewingEhielding Windows 
Viewingkhielding windows are required for normal effective operator vision of the 
process areas, especially when using manipulators and other items of equipment. 
Anticipated locations include the Fill, Lid Weld, Lower Decon, Upper Decon, Lower 
Devol, Upper Devol, Size/Grind, Cooling, QA/Assay, Canister loading and Remote 
Maintenance cells. The windows should be of the commercial leaded glass type 
and oil filled. Nominal window size is 36 in. wide x 30  in. high x 36 in. thick 
(assumed cell wall thickness). Each process line will require 13 windows, forsa 
total of 52 in the facility. 

3.6 Master-Slave Manipulators 
Master-slave (MS) manipulators are used for handling small objects and tools, 
manipulating levers and other similar actions. They are used in pairs in conjunction 
with shielding windows and are installed and removed from the operating corridor. 
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Laboratories (CRL), the vendor for master-slave manipulators at the INEEL, offers a 
standard Model F or F-X that would function well in this application. Each process 
line will require 20 MS manipulators, for a total of 80 in the facility. 

3.7 Electro-Mechanical Manipulators 
Electro-mechanical (EM) manipulators consist of telescoping tube assemblies hung 
under carriages and riding on rails. Several degrees of movement are available in 
the shoulder, arm, wrist, and hand assemblies attached to the telescoping tubes. 
The EM manipulators can be sized for handling cans, canisters and other equipment 
along the process line. One should be considered for use in the Size/Grind cell. 
Two EM manipulators, with reaches extending down to the lower level and riding 
on a single set of rails, should be considered for the Decon, Devol, HIP, Cooling, 
QAtAssay, Loading, Remote Maintenance, and Crane Maintenance areas. Either set 
of EM manipulators would be used instead of the bridge cranes identified in Section 
3.3. They can be obtained with different end effectors, including grapples. These 
manipulators are commercially available from Programmed and Remote (PaR) 
Systems. Eight EM manipulators are required, with two running on each set of rails. 
Eight sets of rails are required, two for. Each process line will require 3 EM 

manipulators, for a total of 12; and two sets of rails for a total of 8. 

3.8 
A friction (inertial) welding machine can be used to effectively and quickly attach 
and seal the HIP can lids to the cans after filling. Previous research has shown that 
a good seal is accomplished without the attendant heat and distortion produced by 
conventional welding techniques (see references). The basic machin'e is located in 
the Weld Equipment cell at EL O'-O" and is accessible for "hands-on" maintenance. 
A spindle protrudes through the floor t o  the Weld Cell station directly below. A 

cart is used to  position a can directly under the spindle. A mechanism attached to 
the wall or floor fastens to the can head or flange and prevent 
translating. A lid is loaded onto the spindle with a manipulato 
commences, and spindle extension rces the lid into the ope 
flange. At  a predetermined force a time, frictional heat welds the ,two surfaces 
together, and clutches allow the spindle to  stop rotating. The spindle then retracts 
and the can is removed. The b 
spindle, lid and can holding me 
process line will require one m 

3.9 an Sealing Equipmen 
It is assumed that the HIP can lid incorporates a small riser tube to be used for 
evacuation of can volatiles (devolatization) after the lid is welded in place. This ' 
riser tube will be open to atmosphere until the sealing operation is completed after 
devolatilization. The can is introduced into a holding mechanism and the heating 

HIP Can Lid Welding Equipment 

from rotating and 

ery is commercially available but the 
quire design and fabrication. Each 
can holding mechanism, for a total of 4. 



431.02# 
0611 7/97 

ENGINEERING DESIGN FILE Function File Number SPR-04 
EDF Serial Number EDF-HWO-005 

Page 7 of 10 

and evacuation equipment is attached. After heating and devolatilization, a 
mechanism closes or pinches off the tube and seals it. A seal weld is assumed. 
The holding and sealing mechanisms will require design and fabrication. Each 
process line will require one mechanism, for a total of 4. 

3.10 Decontamination Equipment 
Vacuum Hoses 
Vacuum hoses held by MS manipulators would be used for initial, partial removal of 
contaminated particles on cans, canisters and equipment. The Can Fill, Decon, 
Devolatization, Size/Grind and Loading stations would be equipped with vacuum 
hoses, which consist of short lengths of 1 '/2 in. flexible hose, with small HEPA , 
filters in-line, connected to  the process off-gas system with remote quick- 
disconnects. They would be made up of commercially available components, with 
minor design and fabrication of nozzles and manipulator adapters. Each process 
line will require 5 hose hookups, for a total of 20. 

-2 CO Pellet Blasting Equipment 
CO, Pellet Blasting Equipment is used for comprehensive removal of clinging or 
encrusted contamination from cans or equipment. The pellets are directed under 
pressure at the contamination with manipulators. After blasting, the pellets 
evaporate, leaving just the dry contamination residue or debris. Pellet forming 
equipment and pumps are located in a clean area with appropriate piping to  the 
Decon cell. Pickup of the dry debris is by vacuum hoses as outlined above. Most 
of the equipment is commercially available, but manipulator adapters require design 
and fabrication. Each process line will require one unit, for a total of 4. 

Chemical Decontamination Equipment 
Prior to  manned entry into the cells, it will be necessary to decontaminate them. A 
proven method used to decontaminate hot cells at CPP is to use a nitric acid wash 
supplied through piping from a holding tank with a spray wand and deployed by 
manipulator. Other chemicals or water are then sprayed to neutralize the acid. The 
residue is collected in a waste collection tank and processed in a waste processing 
facility. Tanks would be located in a service room, connected by piping t o  each 
other, and pumped through pipe to the Can Fill, Decon, Devol, Size/Grind and 
Loading stations. The equipment in the cells would consist of nozzles and short 
lengths of flexible hose connected to the piping with remote quick-diFconnects. 
Most of the equipment is commercially available, but manipulator adapters require 
design and fabrication. Each process line will require 2-200 gal tanks, a 2 HP 
electric motor and 5 local hoses for a total of 8-200 gal tanks, 4-2 HP motors and 
20 local hoses. 

3.1 1 Closed Circuit Television (CCTV) Equipment 
Commercial CCTV equipment is used to supplement observation through windows. 
An assumption is made that radiation-hardened cameras are not needed because 
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application has been proven useful in identification of container serial numbers and 
storage locations at the Idaho Chemical Processing Plant. Each remotely operated 
camera will have a zoom lens and variable auxiliary light mounted on a panhilt 
(P&T) unit. Control will be via cabling from consoles that plug in to receptacles at 
each station in the operating corridor. A single commercial switcher will allow 
viewing of any area from any console at any receptacle for a given process line. 
Electrical power requirements are approximately 1,000 watts per camera with lights 
on full power. Assume 4 units per operating line will be active simultaneously for a 
total of 4,000 watts. The switcher; control consoles, recorders, etc. use up to 
2,000 watts at any given time. Total power demand is 6,000 watts per process 
line. Minor design and fabrication is required for mounting and remote removal 
considerations. Each process line will require one switcher and 10 camera/P&T 
units for a total of 4 switchers and 40 camera/P&T units. Cost is $2,000 per 
camera/P&T unit with a switcher cost of $5,000 per unit. 

L 
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L 3.12 Removable Cell Lights ! 

Because of ALARA considerations, relamping of burned out commercial lights can 
only be accomplished after the areas are decontaminated and radiation sources are 
removed. Light assemblies replaceable from outside the cells are used to overcome 
this limitation. These lights also provide supplemental lighting above the operator 
at  a viewing window because they are typically mounted in the cell walls directly 
above the viewing windows and between the MS manipulators. The light 
assemblies consist of high intensity halogen lamps housed in shielded enclosures 
that are installed and removed from the operating corridors. Electrical power 
required is -500 watts unit. Each process line will require 10 units for a total of 
40. Cost is estimated at $6,000 per unit. 

3.1 3 QA/Assay Equipment 
A method of remotely determining can or canister closure integrity is needed. 
Ultrasonic equipment is assumed to fulfill this need. Commercial equipment would 
be used where feasible, but will require adaptation for remote use. Additional can 
or canister handling and adaptive equipment will require somewhat extensive design 
and fabrication to meet requirements such as remote operability, decontaminability, 
modularity, replaceability and other related criteria. Units would be located at the 
Lid Weld, Can Seal, and Canister Lid Weld stations. Electrical power required is 
assumed to be 3 kw per station. Each process line will require 3 units for a total of 
12 units. 

3.14 Tool Ports . 
A method to introduce tools, supplies and small equipment items into cells is 
required. A through-the-wall port fulfills this need. One would be required at each 
of the cells where viewing windows and manipulators are located. Design and 
fabrication are required. Each process line will require 13 ports for a total of 52 
ports. 

4. References 

S. M. Berry, T. R. Reed and R. C. Swainston, Friction Welding Method of Hot 
Isostatic Press Can Closure for the ICPP Calcine Immobilization Program, WINCO- 
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S. M. Berry, C. G. Cox and M. A. Hoover, Conceptual Design for Remote Handling 
Methods Using the HIP Process in the Calcine Immobilization Program, WINCO- 
121 3, 36  pages (March 1994). b 
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5 
T possible failure modes ass 
HLW canister filling and handling and the HlPing process: 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

e 

0 

0 

0 

0 

e 

0 

Empty can is dropped 
Empty can is dropped on operating hardware 
Full can is dropped after sealing 
Failure of lid seal weld on full can 
Any cell crane or electro-mechanical manipulator fails 
Maintenance crane fails 
Electro-mechanical manipulator fails 
Any transfer cart fails 
Any master-slave manipulator fails 
Welding station fails 
Decon station fails 
Any shielding door fails to open or close 
Failure of any grapple mechanism 
Failure of can filling equipment 
Failure of offgas system components 
Power failure 
Empty canister is dropped 
Empty canister is dropped on operating hardware 
Full canister is dropped 
Failure of weld between canister body and top 
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Project File Number NIA 

Projectrrask NIA 

Subtask NIA 

Title: 

Summary: 

Radiological Evaluation for the Calcine Hot Isostatic Press (HIP) 
Feasiblity Study 

This summary briefly defines the problem or activity to be addressed in the 
EDF, gives a summary of the activities performed in addressing the 
problem and states the conclusions, recommendations, or results arrived a1 
from this task. 

This EDF evaluates and documents the radiological requirements for the feasibility of 
the Hot Isostatic Press (HIP) option for immobilization of the calcine. Areas of 
discussion in this evaluation are as follows: 

1) Applicable codes and Standards 

2) Radiological Monitoring Equipment 

3) Hot Cell Manned Entry Requirements 

4) Breathing Air Requirements 

5) 

The discussion of each of the listed topics includes references to mandatory and non- 
mandatory requirements. The basis for this evaluation is the Department of Energy 
[DOE) would operate the facility under all currently applicable constraints and 
?equirements. No attempt was made to evaluate the probability of changing 
'equirements. 

Radiological Risk Evaluation of Process 

See Management Control Procedure (MCP) 6 for instructions on use of this form. 
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SUMMARY 

The Hot Isostatic Press (HIP) option of the Calcine Immobilization Program 
evaluates the feasibility of using the process to convert calcine into an acceptable glass- 
ceramic waste form suitable for terminal storage in a federal geologic repository. The 
fact that the calcine is highly radioactive requires that a radiological evaluation of the 
process and flow paths is performed to ensure that the process can be performed safely 
and maintain personnel exposure As Low As Reasonably Achievable (ACARA). 

This EDF evaluates and documents the radiological requirements for the 
feasibility of the Hot Isostatic Press (HIP) option for immobilization of the calcine. 
Areas of discussion in this evaluation are as follows: 

1) Applicable codes and Standards 

2) Radiological Monitoring Equipment 

3) Hot Cell Manned Entry Requirements 

4) Breathing Air Requirements 

5) Radiological Risk Evaluation of Process 

The discussion of each of the listed topics includes references'to mandatory and non- 
mandatory requirements. The basis for this evaluation is the Department of Energy 
(DOE) would operate the facility under all currently applicable constraints and 
requirements. No attempt was made to evaluate the probability of changing 
requirements. 

The evaluation and recommendations of this EDF are based on existing technology and 
proven techniques and methods for handling highly radioactive material. The lessons 
learned from the NWCF Calciner, GSF canning station and the FSA fuel handling areas 
were evaluated for inclusion in this document. 

This EDF does not include an evaluation of how the calcine will be removed from the 
Bin sets and moved into the facility. The process evaluation starts with the addition of 
the mixing agent with the calcine. 
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Key Assumptions 

The assumptions made during the development of this EDF are included below. These 
assumptions will require verification during follow-on design efforts. In some cases, the 
assumptions may have a strong bearing on the direction of the design; in other cases, 
the assumptions simply identify important issues that need to be addressed as the 
design progresses. 

e 

e 

a 

e 

e 

a 

The calcine will be processed in a facility that will be operated under the 
requirements and oversight of the Department of Energy. All applicable regulations 
and standards for the Department of Energy will be enforced. 

The mixing agent used in the process will be non-radiological or of such low level 
activity that shielding will not be required. 

Exposures to personnel both on and off-site will be maintained within the codified 
requirements of 1 OCFR20 and 1 OCFR835. 

The exhaust system will be monitored in accordance with ANSLN42.17B-1989 to 
ensure and validate regulatory compliance with emission requirements. 

ANSVANS 57.8-1 992 is the primary design document for configuring the HVAC 
systems and identifying contamination control zones. The ,OOE-IO Architect- 
Engineer (A-E) Standard was used for guidance when specific direction was not 
provided in ANSVANS 57.8. 

Siting of the facility will ensure that adequate utilities and process systems are 
available. Siting will also include an evaluation on methods of movement of the 
calcine from the bin sets to the facility that maintains exposures ALARA. 
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Cod e/S ta nda rd 
10 CFR 20 
10 CFR 71 
10 CFR 830 
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TITLE 
Standards for Protection Against Radiation 
Packaging and Transportation of Radioactive Material 
Nuclear Safety Management 

CODES and STANDARDS 

29 CFR 1926 

40 CFR 53 

40 CFR 58 
49 CFR 173 
Sub Part I 
ANWASME N510- 
1989 
ANWASME NQA- 

ANSVNFPA 801 - 
1995 
ANSI N 13.1-1 969 

ANSI N42.17B- 
1989 

ANSVANS 57.8- 
1992 
DOE-ID A-E 
Manual 
INEL RadCon 
Manual 

1-1 989 

I 

Occupational Safety and Health Standards for 
Construction 
Ambient Air Monitoring Reference and Equivalent 
Methods 
Ambient Air Quality Surveillance 
Shippers - General Requirements for Shipments and 
Packages of Radioactive Materials 
Testing of Nuclear Air-Cleaning Systems 

Quality Assurance Program 

Facilities Handling Radioactive Materials 

Guide to Sampling Airborne Radioactive Materials in 
Nuclear Facilities 
Performance Specifications for Health Physics 
Instrumentation Occupational Airborne Radioactivity 
Monitoring Instrumentation 
HEPA Systems 

Architectural - Engineering Manual 

Radiological Control Manual for the INEEL 

10 CFR 835 I Occupational Radiation Protection 
29 CFR 191 0 Occupational Safety and Health Standards for I General lndustrv 

The table listed above is a brief summary of the requirements and documents that are 
the basis for the design. It is also assumed that the applicable DOE orders will be 

implemented. Currently DOE is phasing out the order system in favor of codifying the 
requirements. Therefore no effort was made to determine the applicable orders and 

estimate if they will be changed over to CFR status. Let it be sufficient that at the time 
of title design a document search of the remaining DOE orders should be performed. 
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Location 
Can 

Loading 
6ay 

Control 
Room 

Calcine 
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Radiological Monitoring Equipment 

X X 

X X X 
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Hot Cell Manned Entry Requirements 

The Hot cell manned entry requirements will change if the methods of processing or the 
configuration changes. 

Although the facility will be designed for the maximum remote operation and 
maintenance, the cells will require manned entry to perform non-periodic maintenance. 
The facility as referred to here is the process train area. The entry requirements for the 
facility are as follows: 

The facility shall be equipped with a breathing air system compliant with the 
applicable sections of 29CFR1910. 

The facility entrance will need to have a change out area that can isolate the 
operating area from the hot cells. This change out area should be air locked from 
the hot cells as a minimum with Zoned ventilation as defined in ANSVANS 57.8- 
1992. 

The cells shall be isolated from the access corridor by means of a door as a 
minimum. It is not necessary to airlock the cell entryways. 

The access corridor shall be wide enough to allow unencumbered access and 
egress. In addition, it is required that an outer pair of anti-contamination clothing 
be removed at the exit from the cell. The access corridor must be wide enough to 
allow an anti-c doffing station. 

An area large enough to store contaminated tools and equipment should be 
available inside of the contamination area. 

The access corridor will be maintained as a Contamination Area (CA) and 
Radiation Area (RA) in accordance with the requirements of 1 OCFR835. The 
cells will be controlled as High Contamination Areas (HCAs) and High Radiation 
Areas (HRAs) also in accordance with the requirements of 1OCFR835. 

The cells must be capable of remote decon operations in addition to the 
requirements for manned entry decon. The cells shall have RCRA compliant 
drains and supporting systems. 

Fire suppression systems and alarms compliant with applicable codes and 
standards shall be available. 

The access corridor will need to be shielded from the cells. The shielding does 
not need to be as thick as the exterior walls. 
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Breathing Air Requirements 

Compressed air used for respiration shall comply with the quality requirements 
contained in 29CFR1910 Part 134(d). Breathing air shall meet at least the requirements 
of the specification for Grade D breathing air as described in the Compressed Gas 
Association Commodity Specification G-7.1-1966. 

The Breathing Air supply that will provide air for airline respirators is contained in 
29CFR1910 Part 134. The system should supply air to a minimum of two OSHA 
compliant manifolds capable of supporting 6 airlines. One system per train would be 
required. The system will need to be provided with backup compressed gas cylinder 
air. The standby air shall comply with 29CFR191O(d)(2)(ii). Alarms to indicate 
compressor failure and overheating would be required. 

The breathing air system will need to be capable of supporting personnel in an 
atmosphere as defined by OSHA - Immediately Dangerous to Life or Health (ILDH). 

Although not all cells in the facility will need the requirement for ILDH supply air, some 
of them will. 

Radiological Risk Evaluation of Process 

The process has several parts that could increase the risk of radiological exposure and 
should be further evaluated in the design process. 

0 The ventilation system must be adequate to contain the radiological 
contaminants. The Hot cell area must be controlled as a process contamination 
area. Supply air ducting and exhaust ducting will be routed to and from the cells. 
These cell penetrations are a potential source of radiation streaming. The 
design must include a shielding evaluation. 

The utility support penetrations into the cells are a potential source of radiation 
exposure outside the cells and into the operating corridors. 

The Transfer tunnel could potentially be a source of very high exposure if 
maintenance is required while calcine is stuck in the tunnel. Consideration 
should be given to a method 

The insertion of calcine into t 
Calcine in notorious for solidifying in lines. Lessons learned in the process 
development of transferring the 
be considered in further develo 

0 

0 

otely removing cans stuck in transit. 

0 ss cell will be a weak point in the process. 

ine to the bin sets from the calciner should 
t of this option. 
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Containment of the contaminants within the cell will be difficult. Spread of 
radiological contamination must be minimized through the use of ventilation and 
air locks. -\ 

Summary 
The evaluation and recommendations of this EDF are based on existing technology and 
proven techniques and methods for handling highly radioactive material. The lessons 
learned from the NWCF Calciner, GSF canning station and the FSA fuel handling areas 
were evaluated for inclusion in this document. The process and facilities as currently 
defined provide a strong measure of radiological control and will maintain personnel 
exposures AURA.  Further studies should consider the recommendations and 
concerns as defined in this EDF. 

i 
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Project File Number 02BGO 

Projecflask Waste Treatment Project Feasibility Studies 

Subtask 

title: HWO Devolatilization Equipment 

p ' ~ O s e :  

HIP Waste Option (HWO) Scoping Study 

The purpose of this EDF is to document findings from a scoping study to identfy equipment 
that could be used to devolatilize and evacuate filled HIP cans prior to performing the HIP 
operation. The information provided in this report will be used as a basis to design that 
portion of the HIP facility where the HIP can devolatilization and evacuation will be 
performed. This report will also be used to prepare a cost estimate for the HWO. 

3ummq: The HWO will use a Hot Isostatic Press (HIP) process to prepare calcined waste from the Idaho 
Chemical Processing Plant (ICPP) for permanent disposal at a geological repository. An 
important step in the HIP process involves heating the calcine mixture to 650°C for 24 hours 
to drive off volatile components, and then evacuating and sealing the can prior to HIPing 
operations. 

This report identifies the proposed process and equipment needed to perform the 
devolatilization and evacuation of the HIP cans. Brief descriptions of the equipment are 
included along with their associated costs, sizes, and power requirements. 

This report proposes using a total of 12 furnaces for heating filled HIP cans during 
devolatilization. The furnaces have a square split tube design and have a screw gear to open 
and close the furnace during loading and unloading operations. The total cost for the 12 
furnaces, their control systems, and installation is approximately $600k. 

In addition, 4 vacuum pumps will be required for devolatilization and evacuation. The 
vacuum pumps will be connected to the HIP cans while they are heated and remove any 
volitile compounds that may be released. The pumps will maintain a vacuum while the HIP 
cans are sealed. The total cos urn pumps is approximately $8500. This does 
not include a control system or in 
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1. Introduction 

1.1 Description of HIPing Process: The proposed HWO of calcined waste is a result of 
research that has been performed at the Idaho National Environmental Engineering Laboratory 
(INEEL), the ICPP, and Argonne National Laboratory-West (ANL-W) for a number of years. The 
process will convert high level nuclear calcined waste to an impervious, non-leaching glass-ceramic 
waste form. The HWO calls for HIPing calcined waste using the following process [ref. 11: All 
remaining high level liquid waste (HLLW), Sodium-bearing waste (SBW), and other radioactive waste 
currently stored in the Tank Farm at the Idaho Chemical Processing Plant (ICPP) is calcined. The 
calcine is temporarily stored in binsets until it can be HIPed. Calcine is taken from storage and 
blended with dry, organic-free, sized, soil and titanium powder. The blended HIPing mixture is 
placed into thin-walled stainless steel HIPing cans designed to deform down to a size and shape which 
will allow +80% utilization of storage volume in a standard 2 ft diameter x 10 ft storagddisposal 
canister. A closure cap is welded to the tops of each can which incorporates a venting tube. The 

. latter is capable of being sealed by a standard crimp-and-weld operation. The cans are placed in a 
devolatilizing fixture in which the vent tubes are connected to a vacuum source and the centerline 
temperature of the can is raised to 625" C for approximately 24 hours. This step removes remaining 
undesired volatiles from the HIPing mixture (primarily residual H,O, CQ, Hg, and HO,), but leaves 
radionuclides [including Cs- 137) bound in the HIPing mixture. 

After devolatilization, the vent tube on the can is crimped and welded closed. The can is removed 
from the devolatilization fixture and placed in a non-sealing outer can for potential contamination 
control prior to placement in the pressure vessel. The outer can and the HIPing can are placed 
together inside a HIPing machine. The HIPing machine is sealed shut, 'evacuated, and pressurized 
with argon gas. The internal heater of the HIPing machine is activated and the cans are heated to 
1050°C and further pressurized (by heating only) to 20,000 psi. The high temperature causes the 
can wall and its contents to creep. The high pressure forces the can to collapse on itself yielding the 
desired impervious, dense, non-leaching, ceramic-glass waste form. The can volume is reduced 
approximately by one half of its pre-HIPed volume. 

HIPing is considered complete once the centerline temperatures of the cans have reached 1050°C and 
remained at that value for 4 hours. The cans are removed from the HIPing machine and moved to a 
cooling area. Following cooling to near-ambient temperature, the cans are moved to a 
decontamination area. The cans are decontaminated and non-destructively tested to verify 
solidification of all the mixture. Cans passing non-destructive testing are packaged in Savannah River 
shipping canisters and moved to interim storage prior to being sent for final geologic disposal. Three 
HIP cans will be placed inside one Savannah River shipping canister. Cans not passing non- 
destructive testing are transported to a dissolution cell where they are sized, ground, and redissolved 
in concentrated nitric acid solution. The latter is recycled with other liquid tank farm wastes through 
the calciner and back to the HIPing facility. 

1.2 Importance of Can Devolatiliration and Evacuation. Devolatilization and evacuation 
of the HIPing cans prior to HIPing serves two purposes: 1) Maximum size reduction of the HIPing 
can is realized when the can is evacuated and sealed prior to HIPing. Any volatile compounds 
present in the HIPing mixture during the actual HIPing process could vaporize and prohibit 



43l.W ENGINEERING DESIGN FILE Function File Number - SPR-07 
1 2 D W  EDF Serial Number - EDF-HWO-008 

Page 3 of 6 

sulting in a “failed” c 2) Devolatilization will drive maximum compression of the HIPing c 
’ wastes that mi sent in the HIPing mixture. 

repository at Yucca Mountain, Nevada [ref. 21. 

1.3 
devolatilizing/evacuation process and equipment: 

Assumptions: The following is a list of assumptions that were made while defining the 

The HIPing facility will be designed for a production rate of nine cans per day -with ten hours of 
operation per day and four days of operation per week. Hence, the production rate per week will 
be 36 cans. 
Equipment was sized to fit a pre-HIPed can 23 inches in diameter by 66 inches high. 
The lid of each HIP can will be fabricated with a vent tube and quick disconnect attached. Each 
vent tube will contain a small sintered metal filter designed to prevent the passage of calcine. 
The HIP facility’s HVAC equipment will be able to keep the devolatilization cell adequately 
cooled. 
The devolatilization cell will be equipped with manipulators and cameras to facilitate remote 
operations such as connecting vacuum hoses. 
There will be an off-gas system to treat any gases released during devolatilization. The off-gas 
system and its related equipment will be covered in a separate Engineering Design File (EDF). 

2. Devolatilization Equipment Description: Each filled HIP can will need to be 
devolatilized for approximately 24 hours. Twelve devolatilization stations in 4 process lines with 
three furnaces and one vacuum pump per line was selected for performing the devolatilization and 
evacuation operation. Three process lines will be in operation at any given time with one line 
maintained in stand-by status. 

2.1 Devolatilization Furnaces: There will be a total of 12 furnaces, three per process line. 
The furnaces will incorporate a clam shell design. Other designs that were considered included: 1) a 
free-standing top-loaded furnace with lid and 2) a partially “buried” top-loaded furnace with lid. A 
free-standing top-loaded furnace would require the HIP cans to be lifted more than seven feet off the 
ground when being loaded and unloaded into the furnace. In addition, the design does not allow for 
easy replacement of heater elements. The partially “buried” furnace would require that 
approximately two-thirds ( five feet) of the furnace be embedded in the floor. This would require 
that the floor depth be increased significantly. This design also presents accessibility problems. The 
clamshell design allows greater accessibility for servicing activities, and it greatly reduces the lifting 
height required for loading and unloading of cans. 

0 

. 

zation furnaces incorporate a s esign. One half of the furnace includes 
one side, a bottom, and a hinged half-lid. ace is stationary and is attached to the 
floor. The other half of the furnace consi a half-lid. This part of the furnace is 
mounted on wheels and driven by screw gear to make closing simple and repeatable (See Figure 1). 
The furnace walls will be made of ceramic fiber. Kanthal A-1 heating elements will be embedded in 
the ceramic fiber on two sides of the furnace. The sides, lid, and bottom of each furnace will be 
approximately six inches thick. An outer shell of 16 gauge stainless steel will protect the furnace 
from damage during can handling operations. The Kanthal A-1 elements are an iron-chrome type 
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with a maximum temperature of 2550'F. The elements will be modularized to facilitate replacement. 
There will be 3 elements embedded in two sides of each furnace for a total of six elements per 
furnace. Each devolatilization furnace requires a minimum foot print of approximately 37 inches by 
94 inches, and an overhead space of approximately 90 inches. 

Each furnace will require 480V 3 phase power, and will generate 40 kW with a loading of 12.66 watts 
per square inch. The surface temperature of the outer shell will be approximately 145'F. One vender 
provided a quote of $ 50k per furnace installed. The price included a control system to operate the 
furnaces remotely. The total price for fabricating and installing 12 furnaces will be approximately 
$600k. Individual elements will need to be replaced periodically. It is not known what effect the 
high radiation fields will have on the furnace materials. This will require further investigation if the 
HWO proceeds to the conceptual design phase. The wiring and electrical connections for the 
furnaces will need to be radiation-hardened. 

2.2 Vacuum Pumps: There will be a total of 4 vacuum pumps, one per process line. The 
vacuum pumps will be located in separate cells directly above the devolatilization cells. This will 
allow easier access for servicing and permit the pumps to be non-radiation hardened. The vacuum 
pumps will be used to pull a continuous vacuum on the HIP cans during devolatilization. Three cans 
per devolatilization cell will be manifolded together and connected to one vacuum pump. A 
condenserheat exchanger will be located in-line between the HIP cans and each vacuum pump. The 
condenser will remove Hg from the off-gas and is considered in a separate EDF [ref: 11. The vacuum 
will be increased to 0.5 torr just prior to can closure and sealing. No, and Hg will be present in the 
devolatilized off-gas. The presence of No, will require the selection of a corrosion resistant vacuum 
Pump. 

The pump that was chosen for this scoping study is designed to resist corrosion and handle corrosive 
gases to pressures below 1 x 10-4 torr. It features high contamination tolerance, low speed for low 
wear, and inert components. The pump requires 115/230 V, 60 Hz power. Each pump will cost 
$21 10. The total cost for the 4 pumps will be approximately $8440. This does not include 
installation or a control system. Each vacuum pump requires a minimum foot print of approximately 
49 inches by 36 inches, and stands approximately 40 inches high. 

3. Description of Devolatilization Process: The HWO facility will contain four separate 
process lines. Each process line will consist of a number of separate process cells. In the first process 
cell, three HIP cans are filled with the calcine mixture and a closure cap welded to the top of each. 
Each closure cap incorporates a vent tube. The vent tube includes: 1) a small sintered metal filter 
designed to prevent passage of calcine particles and 2) a quick disconnect fitting for attaching 
vacuum lines. The cans are then transported by an overhead crane to the devolitilization cell. The 
crane is used to place each can in a separate devolatilization furnace. The furnaces' screw drives are 
activated and each furnace is closed. The hinged furnace lids are shut using a master-slave 
manipulator. Two of these manipulators are located at each devolatilization cell [ref: 31. The master- 
slave manipulator connects the HIP cans' vent tubes to vacuum lines using quick disconnects. The 
vacuum lines are manifolded to the vacuum pump located in a separate cell directly above the 
devolatilization cell. 



431 .m ENGINEERING DESIGN FILE Function File Number - SPR-07 
1 m 7  EDF Serial Number - EDF-HWO-008 

Page 5 of 6 

The furnaces and the vacuum pump are turned on. The furnaces raise the centerline temperature of 
each can to 625" C for approximately 24 hours. During this time, the vacuum pump maintains a 

Ox, Hg, and HO,). Any radionuclides [including Cs-1371 that are present 
remain bound in the HIPing mixture. Before passing through the vacuum pump, the off-gas passes 
through a condenser for recovery of elemental mercury. After passing through the vacuum pump, 
the off-gas is sent through the facility's off-gas system where it passes through a HEPA filter and a 
sulfur-impregnated activated carbon filter. The carbon filter removes any remaining Hg [ref 11. 

* ,- 

o remove any volatiles that are released from the HIPing m' 

At the end of the devolatilization cycle, the HIP can is evacuated to 0.5 torr (0.01 psi) or less, and the 
vent tube is crimped and welded using the master-slave manipulators. The weld is non-destructively 
inspected and the cans are transported by overhead crane to the HIPing cell. 

4. Hems to be Resolved: This report is based on a number of assumptions that may or may 
not prove to be valid. The following is a list of items involving the devolatilization and evacuation 
process that will need to be resolved if the HWO proceeds to the design phase: 

0 A final design for the HIP cans will need to be selected, and the devolatilization furnaces will need 
to be sized accordingly. I 

The control system for the devolatilization furnaces will need to be integrated into the facility's 
control systems. 
Perform analytical analyses to determine if the facility's HVAC system can adequately cool the 
devolatilization cells. The rooms may require additional cooling. This could be accomplished 
by strategically placing cooling water pipes in the room. The water dould be circulated through 
the HIP furnaces' cooling system. 
The manufacturer does not know what effect the high radiation fields will have on the furnace 
materials. This will require further investigation. 

5. References: 
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Project File Number 02BGO 

Projectflask Waste Treatment Project 

Subtask Hot Isostatic Pressing Facility 

Title: Electrical Requirements 

Summary: This EDF evaluated the electrical requirements for the Hot Isostatic 
Pressing (HIP) Facility. The connected loads were estimated to be 12.2 
MVA, an evaluation of the usage indicated that the demand would be 
approximately 8.5 MVA. The majority of the demand is from the 
HlPing furnaces. These loads would be fed from a load center with a 
secondary voltage of 2,400 Volts or 4,160 Volts. This load center 
would be fed directly from Substation 2 and standby power would not 
be available. Other process loads, facility loads and any standby loads 
would be fed from a load center with a secondary voltage of 480 
Volts. This load center would be fed from Power Sectionalizing 
Switches located in the northeast quadrant of the plant. These 
switches are fed directly from Substation 15. Standby power would 
be supplied over the normal power distribution system from Substation 
60 via Substation 15 and the Power Sectionalizing Switches. The 
standby requirements for this facility are estimated to be 282 kVA. 

Distribution (complete package): 



HOT ISOSTATIC PRESSING 

1 .O ELECTRICAL REQUIREMENTS 

1.1 EXISTING AND PLANNED ELECTRICAL UTILTIIES AT ICPP 

The ICPP ties into the 138kV INEL loop at Substation 2 which is located outside 
the area fence to the south . Substation 2 transforms the 138kV to 13.8kV and 
provides power to Substation 10 which is located within the ICPP complex. Power 
at 13.8kV is than distributed fiom Substation 10 through the complex. The 
Electrical and Utility System Upgrade (EUSU) project is currently under 
construction. The EUSU project will install a new 13.8kV electrical distribution 
system throughout the complex. This new system will provide greater safety, 
additional capacity and greater reliability. 

Currently, standby power is provided by each facility. Standby generators are 
located at various facilities and operate as an island of power during a normal 
power outage. The EUSU project will construct a standby power plant, install 
new standby generators and tie existing generators into the standby power system. 
Standby power will than be distributed through the complex by the new 13.8kV 
distribution system, The Utility Control System (UCS) will control the usage of 
standby power. 

1.2 POWER REQUIREMENTS 

1.2.1 NORMAL POWER 

The electrical requirements of the Hot Isostatic Pressing (HIP) Facility were 
analyzed and determined to be 12,180 kVA connected, with a demand projected to 
be 8,472 kVA . The results of the analysis are shown in Tables 1 and 2. The 
major loads with the HIP Facility are the furnaces, air compressors, W A C  
equipment, and lighting. 

Normal power will be supplied to the fIIp Facility by 13.8 kV feeders fiom 
Substation 15. A combin 
the feeders. 

f new and existing duct banks will be used to route 



1.2.2 STANDBY P O W R  

The requirements for standby power for the HIP Facility were analyzed and 
determined to be 212 kVA. The results of the analysis are shown in Table 3. The 
standby loads for the HIP Facility will consist of the following: 
4 U P S  Normal and Bypass feeders 
4 Selected lighting and miscellaneous loads 
4 Exhaust and supply fans 
4 Other loads as determined in later designs 

Standby power to the HIP facility will be provided over the normal power 
distribution system fiom Substation 60, the Standby power plant substation via 
Substation 15. The standby power system is at or near capacity. Upon completion 
of the EUSU project, an evaluation of the spare capacity will be performed. If 
necessary, a 2000 kVA diesel generator and associated equipment will be installed 
in the space available in the standby generator plant. Shedding of the non-essential 
loads will be performed by the UCS. The UCS will control the operation of circuit 
breakers and equipment to assure that only those loads requiring standby power 
remain in operation 

1.2.3 DISTRIBUTION SYSTEM . 
Both normal and standby power will be provided by one set of redundant feeders. 
The EUSU project will install a redundant pair of sectionalking switches in the 
north east quadrant of the complex. These switches, PSS-NCE-1507A and PSS- 
NCE-1557A are supplied by one set of 5OOKCMTL cables each. These are 
switches are fed directly from Substation 15 and are very lightly loaded. New duct 
banks will be run fiom these switches to a new load center. The load center will 
be double ended and will provide a redundant source of power to the HIP facility. 

1.2.4 UNMTERRUBTABLE POWER SUPPLY (UPS) 

A solid state UPS with a static transfer switch will be provided. The UPS will be 
provided &th a 20 minute battery backup. Both the normal feed and the bypass 
feed to the UPS will be on standby power. The U P S  will feed a 208Y/120 Volt 
panel. The UPS and the panel will be located in the electrical room. The U P S  will 
support the following loads: Voice paginglevacuation systems, environmental 
monitoring system and other critical loads. 



1.3 LIGHTING 

1.3.1 INTERIOR LIGHTING 

Lighting in office areas and other low ceiling areas will be supplied by recessed of 
pendant mounted fluorescent fixtures. These fixtures will be operated at 277Volts 
and will be locally switched. Motion detectors will be utilized areas of low 
occupancy. Lighting in high bay areas will be will be supplied by metal halide 
fixtures operating at 277 volts. The metal halide fixtures will be switched at the 
lighting panel. 

1.3.2 CELL LIGHTING 

Lighting in the cells will be designed to allow for remote operation of the 
equipment via an in cell CCTV system or by operation through cell windows. 
Lighting of the cells will be indirect. Translucent panels will be provided on the top 
of the cells and on the side walls as required. Fixtures will be mounted so that 
maximum light is directed into the cell and so that the fixtures are easily accessible 
for maintenance. The light source will be metal halide. The lighting design will 
take into account light loss through the translucent panels as well as the light lost 
in viewing operations through the cell windows. 

1.3.3 EXTERIOR LIGHTING 

The exterior of the building will be illuminated with high pressure sodium wall 
pack fixtures mounted over each personnel door. Loading areas will be provided 
with high pressure sodium pall pack fixtures on each side of the doors. The need 
for area lighting in maneuvering areas will be evaluated during the conceptual and 
final designs. 

1.3.4 EMERGENCY AND EXIT LIGHTING 

Emergency egress lighting will 
Code. In areas where illumin 
fixtures will be provided with integral battery back up. In areas where illumination 
is provided by metal halide fixtures, selected Wures will be provided with a quartz 
lamp which will be used for emergency lighting. The quartz lamp will be 
connected to the UPS syste 

rdance with NFPA 101, Life Safety 
ded by fluorescent fixtures, selected 

ovided with an inte 



1.4 DESIGN DESCRIPTION 

1.4.1 SITE CONDITIONS 

Electrical equipment will be rated for continuous operation at an elevation of 5,000 
feet above sea level. 

1.4.2 HAZARDOUS LOCATIONS 

Several areas within the facility will be used for storing or handling of hazardous 
materials. An evaluation will be performed during the conceptual design and the 
final design to determine the effects of these materials on the installation of 
electrical equipment. Flammable and Combustible Liquids Codes " P A  30: 
National Electrical Code, NFPA 70; and Recommended Practice for Classification 
of Class I Hazardous Locations for Electrical Installations in Chemical Process 
Areas, NFPA 497A will be used in making the determination. 

1.4.3 SERVICES 

1.4.3.1 PRIMARY SERVICE 

Two 13.8 kV feeders will provided the primary service to the site. The feeders 
will originate from Substation 2 located outside the fence. Power for the HIP 
Facility will be carried over existing feeders up to Substation 15. From Substation 
15, new feeders will be routed through new and existing duct banks. 

1.4.3.2 STANDBY POWER 

Standby power will be provided at 13.8kV over the existing primary distribution 
system. The existing UCS in conjunction with the Plant Control System which will 
be installed in the HIP facility will control selected circuit breakers to limit the 
standby power distribution only to those loads deemed important. 

1.4.3.3 UTILIZATIONVOLTAGES 

Three and possibly four utilization voltages will be provided for the HIP facility. 
Transformers and load centers located near the facility will transform the 13.8kV 
to 480Y/277 Volt, transformers down stream will transform the 480 Volts to 
208Y/120 Volts. The third and fourth utilization will be determined during the 
conceptual and title designs. 4 160Y/2400 Volts is desired as the third utilization 
however, the ICPP currently utilizes 2400Y/1386 Volts. Preferably, only one will 
be used. Equipment selection and operating personnel preference will determine 
the voltage to be utilized. 



Electrical loads will be assigned voltages as follows: 7 

'. 

+ Motors OV, 3 phase 
+ Resistiv se or 2400V, 3 phase 
+ Motors % HP to less than 100 HP - 480V, 3 phase 
+ Resistive loads 1 kVA to less than 100 kVA - 480V, 3 phase. 
+ Motors less than % HP 120V, single phase 
+ Miscellaneous loads less than 1 kVA - 120V, single phase 
+ Lighting - 277V single phase. 

In certain circumstances, 480V, 3 phase will be utilized for motors over 100 HP 
and loads over 100 kVA. This will be determined on an individual basis after the 
effects have been evaluated. 

1.4.4 EQUIPMENT 

1.4.4.1 LOAD CENTERS 

Two load centers will be provided. These load centers will be located outside the 
HIP Facility and will be a NEMA 3R Walk-in type similar the load centers 
currently in use at the ICPP. One load center will provide 480Y/277 Volts and the 
other will provide either 4160V or 2400 Volts. The load centers will be double 
ended and each transformer will be sized to provide service to all loads on the load 
center. Load Centers will be provided with all equipment and wiring to insure that 
they are hlly compatible with the existing UCS System. 

1.4.4.2 TRANSFORMERS 

Transformers 5,000 kVA and below will be cast coil, dry type transformers. 
Transformers over 5,000 kVA will be oil filled. 

1.4.5 LIGHTING 

Lighting levels will conform the Illuminating Engineer's Society (IES) handbook 
and standard practices at the ICPP, In general , the design will provide the 
following illumination levels: 

+ Work Stations 70 foot candles 
+ Work Areas dles depending on activity ~ 

+ Non-Work Areas 10 foot candles, 50 where data is obtained 



1.4.6 GROUNDING 

Grounding at the ICPP is accomplished with bare copper conductors installed in all 
duct banks ahd ground rods installed in every manhole this in turn is solidly 
connected to the casing of the deep wells. Facilities and structures throughout the 
ICPP are connected to this ground system. As well, the HIP facility will be 
connected to the ground system. Grounding within the facility and at the outdoor 
load centers and other structures will be accomplished in accordance with the 
National Electrical Code and IEEE Standard 142-1991, IEEE Recommended 
Practice for Grounding of Industrial and Commercial Power 
Systems. 

1.4.7 LIGHTNING PROTECTION 

Lightning protection will be provided in accordance with " P A  78, Lightning 
Protection Code. 



TABLE 1 

WASTE TREATMENT PROJECT 
EASIBILITY STUDIES 

CONNECTED LOAD 
HOT ISOSTATIC PRESSING 

LOAD 
General Building Lighting 
168,952 sq. Ft @, 1.75 Watts per sq. Ft = 296,666 Watts 
Miscellaneous Loads 
168,952 sq. Ft. @, 1.0 Watts per sq. Ft = 168,952 Watts 
W A C  Loads: 
Supply Fan Motors 

Exhaust Fan Motors 

Miscellaneous W A C  

Process Equipment: 
Heaters: 

3@50 HP 

3@75 HP 

100 Hp Small Motors 

12 HIP Vessels @ 800KW 
Devolatization equipment 12 @ 40KW 

Compressors; 
8 @ l00Hp 

Welding Equipment 
4 @ 40kVA 

Miscellaneous Process 
SizeGrind 4@50HP 
CraneS lOOhp 

Total Connected kVA 

kVA 

296 

169 

150 

225 

100 

9600 
480 

800 

160 

200 
100 

12280 



TABLE 2 

WASTE TREATMENT PROJECT 
FEASIBILITY STUDIES 

DEMAND 
HOT ISOSTATIC PRESSING 

General Building Lighting 
168,952 sq. Ft 0 1.75 Watts per sq. Ft = 296,666 Watts 
Miscellaneous Loads 
168,952 sq. Ft. 0 1.0 Watts per sq. Ft = 168,952 Watts 
HVAC Loads: 
Supply Fan Motors 
3@50 HP 

Exhaust Fan Motors 
3@75 HP 

Miscellaneous HVAC 
100 HP 075% 

Process Equipment: 
Heaters: 

12 HIP Vessels @ 800KW 
Devolatization equipment 12 @ 40KW 

Compressors; 
8 @ lOOHP 

Welding Equipment 
4 @ 40kVA 

Miscellaneous Process 
Size Grind 4 @ 50 HP 
Cranes loow 

Total Demand kVA 

168,952 @ 50 % demand 

2@50 HP 

2@75HP 

lOOHP @, 75% demand 

9600KW @ 75%,demand 
480KW @ 75% demand 

1@1OOHP 

1 @ 40 kVA 

1@50HP 
1 0 7 0 H P  

kVA 
267 

85 

- 
- 

100 

150 

50 

7200 
360 

100 

40 

50 
70 - 

8412 - 



’ TABLE 3 

LOAD I STANDBY POWER 
General Building Lighting I 10% of 296,666 = 29,667 

. 

kVA 
30 

WASTE TREATMENT PROJECT 
FEASIBILITY STUDIES 

~ s ~ e i i a n e ~ ~ ~  WAC loow 
Process Equipment 

STANDBY POWER REQUIREMENTS 
HOT ISOSTATIC PRESSING 

- 
10% of looHP 10 

cranes 
Total Standby kVA 

Supply Fan Motors 3@50 HP I Exhaust Fan Motors 3@75 HP 

1@,70HP 70 
282 

1@50HP I 1@75HP 

I 
~~ 

6,895 17 

50 
75 
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Title: Hipping Waste Option (HWO) Staffing Estimate 

Summary: 
This EDF addresses the estimate of the total staffing requirement for the Hot 
Isostatic Press (HIP) Waste Option (HWO). The estimate was made based upon 
the level of detail that was developed to perform this scoping study which includes 
general facility process flow description depicting each major process operation, a 
general facility layout description, and a worded description of the sequential 
operating steps. This staffing requirement was less labor intensive than some of 
the other alternatives due to the need to automate much of the process. 
Essentially all of the actual Hot Isostatic Press operation is non-contact and will 
employ robotic manipulators and be remotely controlled. This process design is 
based on 4 operating days per week and 10 hours per operating day with a 50 
percent downtime for scheduled and unscheduled maintenance. The required 
operating coverage for this process assumes the inclusion of a skeleton (reduced- 
size) crew of 4 operating personnel on a rotating 24 hour schedule for the 4 
operating days per week. These 4 personnel work 10 hour shifts 4 days per week 
for monitoring of HIP canisters in processing and general foilow-up of HIP Canisters 
in the cool-down cycle. Due to the high degree of automation equipment included 
in this process, there are specially trained maintenance personnel required. This 
maintenance function has been allocated to occur both on the 10 hour day shift 
and on a 10 hour night shift. During the night shift, the operations are essentially 
shutdown so the maintenance function can be carried out more effectively. The 
total estimated staffing requirement is 78 personnel which is broken down into 29 
on-line operators, 15 on-line maintenance personnel and 34 support staff of varied 
disciplines. 
Distribution (complete package): WTP EIS Studies Library, D.J.Harrell MS 321 1, 
B.R.Helm MS 3765, V,L.Jacobson MS 321 1, R.T.Jamison MS 4146, D.D.Taylor 

See Management Control Procedure (MCP) 6 for instructions on use of this form. 
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Summary 
This EDF identifies a total staffing requirement of 78 personnel made up of the 
following categories; on-line operations, on-line maintenance, administration, 
supervision, engineering, security, health and safety (Radcon), industrial safety, 
process development and facility maintenance. This estimate is based upon a 
review of all available engineering documentation. The total break-out of staffing 
is as follows: 

Operations: 

0 Calcine RetrievaVOff-Spec Hnd‘lg 2 

per dav (unless noted otherwise) 
0 Receiving Systems; 2 

HIP Can Filling (3 Oper’ng trains) 
Off-gas Systems 
2’ x 10‘ Canister Loading 
Cool-down/decon/test/follow-up 

Maintenance: 
Machinists (Spec. Trained) 

0 Boilermakers (Spec. Trained) 
Pipefitters 

0 Inst. & Elec. Control 

Support Staffing: 
0 Administration 

Administration Support 
Supervision 
Engineering Tech. Support 
Security 
Health and Safety (Radcon) 
Industrial Safety 
Process Development 
Facility Maintenance 

Total Staffing Requirement: 

4 
3 
2 
4/shift, 16 total 

29 total 

per dav 
5 
3 
4 
3 

15 total 

2 
3 
8 
5 
2 
8 
2 
2 
2 

34 total 

78 total 
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EDF pagelof 4 

Title: Recycle Sizing Cell 

Abstract In the Hot Isostatic Press (HIP) waste processing there will be a small portion of 

the HlPed cans which will be recycled into the process due to Quality Assurance destructive 

examination of a representative portion of the cans or failure of the cans to meet output 

specifications. The HlPed material in these cans will need to be reduced to a granular size 

which can be placed back into the HIP process stream. This EDF documents a sizing 

operation which can be performed in a small cell. Included is a step by step process, an 

equipment list and a sketch of the equipment layout. 

Distribution: 



This EDF discusses a method to reduce the HIPed monoliths of reject and QA cans to a 
granular form which can be fed back into the process and re-HIPed. The object of this 
method is to use equipment which is small and thus fit into the available space. 

Step 1 Reject HIP can is received into the cell through a double door port. Transfer in 
the cell will be by means of an overhead crane. 

Step 2 Wafers are sliced off the can using a large concrete saw. This saw assembly will 
have a 36 inch diameter concrete saw which is capable of two axis motion to properly 
position the blade on the HIP can. The can will be mounted on a rotary table which can 
be turned by an out-cell mounted manual turn wheel or electric motor. Dust and particle 
debris will be collected in a vacuum dust collection system connected to a lexan dust 
hood which will enclose the cutting operation. 

Step 3 Wafers are lifted from the concrete saw to the screw press. An electromechanical 
manipulator using an ‘ice tong’ type of tool will lift the approximately 4 inch thick wafers 
from the saw to the screw pres:. The top of the press will swing out of the way to allow 
top placement of the wafer into the press. 

Step 4 Wafers are crushed in the screw press. The 250 ton press will crush the wafers 
into approximately 4 inch chunks. The press uses a curved surface die to assure that the 
wafer sections will be placed in a bending mode which will allow the wafer sections to 
fail in tension, the weakest failure mode for these types of materials. The can material 
will be placed in a separate hopper for disposal. A 5 hp motor wilLpower the press and 
can be mounted outside the cell. A screw press is used to preclude hydraulic fluid leaks 
in the cell. 

Step 5 Wafer sections are moved from the screw press to the jaw crusher using master 
slave manipulators, electromechanical manipulators and the vacuum system. 

Step 6 The jaw crusher will reduce the 4 inch pieces to approximately 1/16 in granules. 
The 5 horsepower crusher has a rated capacity of 1800 lbhr. Discharge from the crusher 
will fall directly into a granule/dust hopper which will also receive dust from the dust 
collection system. 

Step 7 The HIPed calcine dust and granules will be pneumatically transferred to the fill 
station for re-entry into the HIP process. 

Step 8 The can material will be compacted in the screw press and bagged out of the cell. 

L 



.. 
Assumptions 

1) Maximum rate of handling will be 1 rejkct HIP can per week per recycle cell. 
2) Alpha contamination will not be a big problem. 
3) 1/16 inch granule size can be handled by the main HIP process system. 
4) Stainless steel skin on cans can be broken away from the HIPed calcine. 
5 )  Grinding the HIPed calcine will be inherently dusty. Manned entry into the cell will 

require considerable cell clean-up. 

Equipment List 

1) Overhead Crane, 2 Ton 
2) Electromechanical Manipulator, 500 lb lift capacity 
3) Manipulator, master/slave, 2 each 
4) Concrete saw, 36 in diameter, 10 hp, mounted on x-y table, custom designed 
5 )  250 ton screw press, 5 hp, custom designed 
6) Jaw crusher, 5 hp 
7) Dust collection system, custom designed 
8) Pneumatic transfer system, custom designed 
9) Wafer handling tool 
10) Rotating positioning table 



DUST HOOD 

LEXAN\ 

REJECT 
HIP CAN\ 

DUST COLLECTION 
VACUUM SYSTEM 

I ,-DUST HOOD I I 
X-Y POSITIONING I /-FRAME 

SWING OFF 
FRAME 

JAW CRUSHER 

ROTATING TABLE 

A 
A 

Q 
Q 

Q A Q 
Q 

A A 
A 

Q 
a 

A Q A A  
Q 

Q 

A Q  A Q 4  
Q 

RECYCLE CELL EQUIPMENT SKETCH 
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Title: 

Summary: 

HIP’ing Waste Option (HWO) Design Basis 

This EDF describes the proposed process for the HIP’ing Waste Option (HWO) for 
treating high level radioactive waste calcine at the Idaho Chemical Processing Plant 
(ICPP) at the Idaho National Engineering and Environmental Laboratory (INEEL). The 
pro6ess consists of blending the calcine with suitable additives consisting of amorphous 
silica and titanium powder, devolatalizing the mixture, and hot isostatic pressing 
(HIP’ing) it at 1050°C and 20,000 psi to obtain a non-leaching, inert, durable waste 
form. The HWO process facility will be designed to operate 10 hours per day and four 
days per week. A process description, operational steps, processing rates, material 
balances, equipment lists, utility requirements and process flow sheets are provided. 
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1. REQUIREMENTS 

between DOE and the State of Idaho. These requirements are described in detail in Ref. 2. 
Process requirements are established by statutory laws, DOE orders, and the Batt agreement 

2. DESIGN BASIS AND ASSUMPTIONS 

2.1 Background 

The process described below (the “HIP’ing Waste Option”, hereafter referred to as the HWO 
process) is based on a decade’s collaborative research between the Idaho Chemical Processing Plant 
(ICPP) and the development and testing performed at the INEL3*475 on surrogate wastes. The process 
was invented by researchers at Battelle Columbus Laboratories in 1955, and involves heating and 
pressurizing a siliceous mixture until the point is reached at which phase transformation occurs, 
resulting in the formation of a glassceramic having 40-60% higher density than the starting mixture, 
and possessing waste immobilization properties similar to those of borosilicate glass. 

2.2 Assumptions 

The following assumptions have been made in developing the HWO process: 

All current liquid tank farm waste at ICPP will be calcined. Compositions and quantities of 
existing stored calcines, and of calcines that will yet be generated are as described in Ref. 1; 

Calcine will be retrieved from binsets into short term storage/mixing hoppers. After the hopper is 
filled the contents are homogenized by mixing, and characterized sufficiently to select which one of 
a set of roughly ten predetermined recipes is appropriate to use in HIP’ing the hopper contents; 

HIP’ing additives will also be stored in short term storage hoppers. Each hopper homogenizes the 
bulk additive sufficiently that the contents may be considered to be completely uniform for 
purposes of HIP’ing per specification of any given recipe; 

Calcine will be dry blended with HIP’ing additives in a suitable dry solids mixer; 

HIP’ing will be done in stainless steel HIP’ing cans designed to deform to a size and shape that 
allows at least 80% utilization of the internal volume in a standard 2 ft  diameter x 10 ft  
storage/disposal canister. The pre-HIP can dimensions will be determined by further research and 
development; 

Vibration of the HIP’ing can during filling will be sufficient to achieved the required degree and 
uniformity of compaction prior to HIP’ing; 

Mixing beyond the bulk mixing described in item 4 will not be required; 

Sizing of calcine and cold additives [INEEL soil or equivalent and Ti (or Al) metal] to 80 mesh 
(180 pm) is required to achieved an acceptable HIP’ed waste form; 
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9) A high-integrity seal can be achieved between the vent tube on each HIP’ing can and a vacuum 
manifold at temperatures typical of the devolatiiizatiohltep (650°C). A vacuum pressure of 
approximately 0.5 torr can be established, and a high-integrity crimp weld can be made (without 
cooling the can) which preserves the above level of vacuum within the can throughout the HIP’ing 
process; 

10) Pressurization during the HIP’ing step will be achieved with argon gas; 

11) All HIP’ed cans-will be nondestructively tested to verify solidification of all the‘mixture. 1 % of 
HIP’ed cans will be intrusively sampled to verify compliance with disposal facility waste 
acceptance criteria, and will require recycle;. 

12) 1 % of HIP’ed cans will be offspec (unacceptable for disposal), and will be recycled by sizing, 
grinding, and rerouting to the temporary calcine storage bin; 

13) Secondary solid and liquid waste streams generated by the HIP’ing process (e.g., decontamination 
wastes, liquid spills, filtered solids, etc.) must be accommodated by the HIP’ing process. 
Therefore, dissolution, evaporation, and calcination capabilities will be maintained throughout the 
HIP’ing program in order to able to recycle all wastes generated to the HIP’ing process. 

14) No radioactive components of the waste will escape from the HIP’ing mixture during the 
devolatilization step. This assumption is based on the premise that alkali silicates will be formed on 
heating the mixture such that all alkali metals (including (3-137) will be retained during 
devolatilization of filled HIP cans; 

15) Calcination of existing tank farm wastes be complete by 12/31/2012. Direct HIP’ing of calcine 
will begin on 01/01/13 and processing will be completed in 20 years. 

16) Plant online factor is 50%. This figure accounts for all scheduled down time, unscheduled 
downtime, and process inefficiency. 

17) All waste operations (except calcination) will be performed in one 10-hr shift per day. 

18) The devolatilization and HIP’ing steps 

19) The average dry HIP’ing mixture cons 

Calcine: 70.0% (bulk density 

INEL soil: 

Titanium metal:5.0% 

20) Dry titanium powder additi CPP and pneumatically offloaded to 
storage bins. 

21) INEL soil used as a HIP’ing ingredient will be extracted from the subsurface and will require only 
heat treatment at 500°C (to eliminated organic matter) and sizing (sieving) prior to use in HIP’ing 
process. 
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22) Radionuclide contamination during all waste processing operations is controlled by maintaining 
negative pressure inside all waste handling areas. Building air is double HEPA filtered to remove 
particulate radioactive contamination. 

23) Mercury in the offgas from the devolatilization step will be extracted from the offgas by 
condensation and/or adsorption on suitable materials. Elemental mercury extracted by 
condensation will be amalgamated and disposed as low-level radioactive waste. 

NOTE: This assumption presupposes that a delisting petition will be granted by EPA for ICPP 
calcines 

3. PROCESS DESCRIPTION 

3.1 Process Steps 

process flow diagrams for the HWO process (Section 10). These steps are described below. 
The processing steps for the HIP’ing Waste Option (HWO) are shown schematically on the 

3.1.1 Main Process 

The conceptual process description below is applicable to a single processing line. The actual 
scoping design of the processing facility utilizes multiple such lines. Steps in the main process for 
HIP’ing waste are as follows: 

High-level radioactive waste calcine stored at ICPP in the Calcine Solids Storage Facility (CSSF) 
binsets is remotely retrieved and pneumatically transported to a sizing operation (ball mill) where it 
is ground to pass an 80 mesh screen. After sizing, the calcine is deposited into a temporary 
mixingktorage bin (MB-201A in Dwg HIP-02); 

Once MB-201A (or B, C, or D) is filled, its contents are thoroughly homogenized and then 
sampled, analyzed, and characterized. Based on the characterization, a HIP’ing “recipe” is 
selected from a set of roughly ten recipes developed prior to the start of processing waste, based on 
the expected range of calcine composition in the binsets; 

Calcine is dry-blended with suitable cold ingredients (dry, organic-free, sized INEEL soil [or 
equivalent] and titanium powder) in proportions specified by the selected recipe in a suitable solids 
blender (RB-OOl in Dwg HIP-00); 

The blended mixture is gravimetrically metered into a stainless steel HIP’ing can. A load cell on 
the filling station is used to determine when the proper mass of mixture has been added (CV-001 in 
Dwg HIP-OO). A polyethylene liner will be inserted in each can prior to filling, and will be sealed 
shut upon completion of the filling operation; 

A closure cap (with a suitable venting tube and HEPA filter) is welded to the top of the can 
(WS-OOl in Dwg HIP-00); 

The can is dry decontaminated using COz blast decon to remove loose contamination that could be 
spread through the facility (V-301 in Dwg HIP-03); 



431*02# ENGINEERING DESIGN FILE Function File Number - SPR-10 
2/4/98 
Rev. #02 

EDF Serial Number - EDF-HWO-012 
Page 5 of 18 

7) The filled can is moved to a devolatilizing fixture in which the vent tube is connected to a 2” W.C. 
vacuum source, and the centerline temperature of the can is raised to approximately 65OOC for 
24 hrs (EH-001 in Dwg HIP-00). 

This step removes undesired volatiles from the HIP’ing mixture (primarily residual H20, CO,, Hg, 
and nitrates), but leaves radionuclides [including Cs-137; see Section 2.2, item 141 bound in the 
HIP’ing mixture. Offgas from the devolatilization step is routed to an offgas system where 
mercury and particulates are extracted prior to release to the environment; 

8) After devolatilization, the can is evacuated to 0.5 torr and the venting tube is crimped and weld 
sealed. These operations are performed without cooling (WS-002 in Dwg HIP-OO); 

9) The thermally hot can is overpacked in a second vented can for contamination control. This 
assembly is placed inside the pressure vessel of the HIP’ing machine, and pressurized to 
approximately 5,000-6,000 psi using argon gas. It is subsequently heated to 1O5O0C, during which 
time the pressure rises to approximately 20,000 psi. The HIP’ing step (including overpacking, 
placement in the HIP vessel, pressurization, heatup, and soak) is assumed to require approximately 
24 hrs (HM-401 in Dwg HIP-04); 

10) After the HIP’ing step is complete the argon gas is evacuated and analyzed for radioactivity to 
determine whether the HIP can has breached during HIP’ing. If breached, the can is unloaded 
from the HIP machine, cooled, and recycled (see item 13), and the HIP’ing vessel is deconned; 

11) If analysis of the argon does not indicated that breaching has occurred, the can is unloaded from the 
HIP’ing machine and allowed to cool (Dwg HIP-00); 

12) Once cooled, the HIP’ed can is evaluated (using non-destructive testing methods, together with 
surface radioactivity scans) to determine whether HIP’ing was successful (Dwg HIP-00); 

13) HIP’ed cans determined to be unsatisfactory are pulled from the normal process stream and sent to 
sizing/grinding prior to recycle to the temperary calcine storage bins. HIP’ed cans determined to 
be satisfactory are placed into 2’xlO’ disposal canisters (CV-001 in Dwg HIP-00); 

14) Once a disposal canister Is filled with three properly HIP’ed cans the canister is welded closed and 
transported to interim storage (L-001 in Dwg HIP-00); 

The intended final disposal site for the waste is an approved federal repository for high-level 

ncement of waste acceptance at 
radioactive wastes. However, the waste must be stored in an interim storage facil 

ess are as follows: 

d (broken down), ground, transported to a 1) HIP’ed cans which fail acceptance 
temporary storage bins (B-201 in Dwg HIP-02), and blended into the HIP’ing mixture with other 
HIP ingredients (RB-001 in Dwg HIP-00); 
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2) INEEL pre-treated soil (or equivalent) is received in bulk shipments at a bulk receiving terminal 
and pneumatically transported to a cyclone (CY-602 in Dwg HIP-06) atop a soil storage bin (B-602 
in Dwg HIP-06). Air used in transporting the soil to storage is routed through a baghouse (PB-601 
in Dwg HIP-06) and recycled to the receiving terminal. Fines collected in the baghouse are also 
discharged to the B-602; 

3) Titanium metal powder is received in bulk shipments at a bulk receiving terminal and transported to 
storage bin B-601 in Dwg HIP-06); 

4) HIP’ing cans and 2’xlO’ disposal canisters are received on a “just in time” basis and temporarily 
stored in a “clean” storage facility (ST-601 in Dwg HIP-06); 

5)  Dry ice (solid Cod  is received in bulk and manually offloaded to cryogenic storage (CR-601 in 
Dwg HIP-). The storage facility is in physical juxtaposition with the decontamination cell, and 
the dry ice is fed directly from storage into the shavinghlasting unit (DD-301 in Dwg HIP-03). 
Gaseous effluent from the dry decontamination operation goes to offgas system (Dwg HIP-OS) for 
filtration, prior to release; 

6) Air in the HIP’ing machine after the HIP’ing can is loaded is evacuated (P-401 in Dwg HIP-04) 
and pumped to the offgas system (Dwg HIP-05), prior to discharge to the atmosphere; 

7) Virgin argon gas is received in bulk and a compressor (CP-404 in Dwg HIP-04) is used to pump it 
into storage (T-401 in Dwg HIP-04). Argon from T-401 is used to charge the HIP’ing machine 
following removal of air. After a can is HIP’ed the argon is evacuated (CP-402 in Dwg HIP-04) to 
interim argon storage (T-402 in Dwg HIP-04). Gas from T-402 is sampled to determine whether it 
can be recycled to virgin argon storage, or must be discarded due to contamination. Gas which is 
recycled is filtered (F-401 in Dwg HIP-04) and pumpedkompressed (CP-403 in Dwg HIP-04) into 
T-401; 

8) The HWO process offgas system treats gaseous effluents from: 

0 

The HIP can devolatilization step 

Contaminated argon gas from the HIP’ing step (in the case of a HIP’ing can breach) 

Carbon dioxide gas from dry decontamination of HIP cans 

Air evacuation of HIP’ing machine 

Offgas from devolatilization is cooled (E-501 in Dwg HIP-OS) to condense out mercury volatilized 
from the HP’ing mixture. Elemental mercury condensate is discharged to a filling station for 1-gal 
canisters (“paint cans”). When filled to the appropriate level, elemental sulfur is added (in excess) 
to each canister, and the canister is capped and placed in a jar mill and mixed until the mercury has 
been completely amalgamated. After amalgamation is complete, the canister is removed, surveyed, 
characterized, and sent either to low-level radioactive waste disposal at the Radioactive Waste 
Management Complex, or to mixed waste storage at the Waste Reduction Operations Complex 
(WROC). 

Gaseous effluent from the offgas cooling operation, together with the other effluents from the above 
list (recycled argon gas, C02 from dry decon, and air from evacuation of HIP’ing cans) are routed 
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through a pre-filter (F-501 in Dwg 
finally through a HEPA’ filter for polishing. 

5) to strip out high co trations of particulates, and 

3.2 Processing Rates 

follows: 
The principal processing rates and overall processing statistics for the HWO process are as 

TABLE 1: PROCESS RATES AND STATISTICS FOR HWO PROCESS 

DESCRIPTION Hourly I Daily I I Yearly I TOTAL 

Operating time 1 hrs 10 hrs 993 hrs 19,857 hrs 

Calcine processed 849 Ibm 8,488 Ibm 842,744 lbm 16,854,890 lbm 

Ti metal consumed 61 lbm 606 lbm 60,196 lbm 1,203,921 lbm 

Pre-treated soil consumed 303 lbm 3,031 lbm 300,980 lbm 6,019,604 lbm 

HIP’ing cans filled 0.87 units 8.70 units 864 units 17,280 units 

2’xlO’ disposal canisters filled 0.28 units 2.84 units 282 units 5,645 units 

Total mass of HIP’ed waste 1,257 lbm 12,571 lbm 1,248,123 lbm 24,962,457 lbm 

(including cans) 

Total mass of HIP’ed waste 1,175 lbm 11,746 lbm 1,166,240 lbm 23,324,805 lbm 

(excluding cans) 

Total volume of HIP’ed waste 0.17 m3 1.67 m3 165 m3 3,309 m3 

(excluding cans) 

4. MATERIAL BALANCES 
Material balances for pr ings in Section 10 are given in Table 2 below. Material balances for process streams sho ings in Section 10 are given in Table 2 below. 

’ High Efficiency PArticle filter. 
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5. EQUIPMENTLIST 

5.1 Equipment Labels 

Labels used to specify equipment in the process flow diagrams are described below in Table 3: 

TABLE 3: EQUIPMENT LABELS USED IN PROCESS FLOW DIAGRAMS 

AC 

B 

BL 
BM 

CP 

CR 

cv 
CY 

DD 
E 

EH 

El 
EX 

F 

HM 

JM 

L 
MB 

P 

PB 

RK 
RT 

ST 

SZ 

sv 

Air Cooler 

Bin/Hopper 

BlowerlFan 

Ball mill 

Gas compressor 

Cryogenic storage vessel 

Vibrated can filling station 

Cyclone separator 

COz blast decontamination unit (shaves dry ice and entrains in high-speed air) 

Heat exchanger 

Electric heater 

Ejector 

Excavator 

Filter 

HIP'ing machine 

Jar mill 

Canister loading station 

Combination mixinglstorage bin (silo mixer) 

Pulsed baghouse 

Rotary kiln 

Bulk solids receiving terminal (with pneumatic transfer to storage) 

Storage building for non-bulk materials (empty canslcanisters) 

Sizing unit (cutting/breaking/grinding) 

Sieving unit 
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HIP-00 Four (4) ribbon blenders to mix 
HIP’ing mixture constituent 

Four (4) HIP can filling stations HIP-OO 

HIP-00 Four (4) stations to weld partial 
closures on filled HIP cans, 
including of vent tubes and HEPA 
filters 

T Tank 

TK 

V Vessel 

ws Welding station 

Truck for transporting cold, bulk solid material (soil) 

’ Four (4) stations for devolatilizing 
HIP mixture in cans. Cans are 
heated to 650OC for 24 hrs. 

5.2 Equipment Needed 

New equipment items required for the HWO process are described in Table 4, below: 

EH-001 

TABLE 4: NEW EQUIPMENT LIST FOR HWO PROCESS 

- ID DWG DESCRIPTION SIZING INFORMATION 

OVERALL PROCESS: 

- NO. 

HIP-00 

L-001 HIP-OO 

I P-401‘ 

CY-201 

,- ws-002 

HIP-02 Two (2) cyclones to extract calcine 
from pneumatic transport system 

(This item is called out in the design 
of the calcine retrieval system. For 

t 
CALCINE RETIUEVAI 

~ 309 lbdhr ,  each blender 

309 Ibdhr,  each station 

(see Ref. 8) 

0.22 c d h r  

0.22 canslhr, each station 

(see Ref. 9) 

(see Ref. 9) 

0.22 canshr, each station 

0.073 2’xlO’ canisterdhr, each 
station 
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HIP-02 

- ID DWG DESCRIPTION SIZING INFORMATION 
- NO. 

Four (4) booths for CO, blast decon 
of HIP cans 

Two (2) CO, shavinghlasting 
machines for C02 blast 
decontamination of HIP’ing cans 

CY-202 I HIP-02 

Decon capacity 0.22 canshrhooth 

2.2 l b d h r  per machine 

Fourteen (14) HIP’ing machine 
pressure vessels 

B-202 

(See Ref. 7) 

I 
BL-202 HIP-02 l- 

I 

CAN DRY DECON: 

V-30 1 HIP-03 

DD-30 1 HIP-03 c HIP: 

(one for each side of the facility) 

Two (2) cyclones to extract sized, 
ground offspec material from 
pneumatic transport system between 
sizing operation and calcine storage 
bins, MB-2Ola,b 

Four (4) Mixinghtorage bins to 
blend and store retrieved calcine 
(also sized recycled offspec HIP’ed 
material) prior to HIP’ing 

Four (4) ball mills to size retrieved 
calcine 

Four (4) storage bins for ground, 
recycled offspec material 

Four (4) blowers to provide motive 
force for pneumatic transport of 
recycled offspec material 

Four (4) ejectors for pneumatic 
transport of sized offspec HIP’ed 
material between sizing operation 
and temporary storage in MB-20la, 
b 

purposes of design of the HWO 
process, only space must be allotted 
for the equipment in the building .) 

3.6 scfm per cyclone, 

12.5 lbm/hr 

100 ft? for each bin 

Bins must have capacity to 
homogenized the bulk calcine 

Total bin inventory is sufficient for 
4 days’ production 

Each mill to grind 250 lbm/hr of 
1.0 mm calcine to pass 80 mesh 
screen 

20 ft? for each bin 

3.6 scfm air @ 1 psi pressure drop, 
each blower 

3.6 scfm air 

12.5 l b d h r  solids 

Sixteen (16) HIP’ing machine I I furnaces 
HM-401 (See Ref. 7) 
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DESCRIPTION SIZING INFORMATION - ID - DWG 
- NO. 

I 

CP-401,402 I HIP-04 

T-402 

T-40 1 

E-40 1 

H I P 4  

HIP-04 

HIP-04 

I 

RECEIVING: 

RT-601 

CY-601 

PB-602 

BL-60 1 

B-601 

CR-601 

ST-60 1 

RT-602 

B-60 1 

HIP46 

HIP-06 

HIP-06 

HIP-06 

HIP-06 

HIP-06 

HIP-06 

HIP46 

HIP-06 

Eight (8) vacuum systems for 
evacuation of HIP machines prior to 
charging with argon gas 

Eight (8) compressor systems for 
charging HIP machines to high 
pressure with argon gas 

Twenty-four (24) storage tanks for 
reclaimed argon 

Eighteen (18) storage tanks for 
uncontaminated argon gas 

Heat exchanger to coo1 argon gas 
exiting HIP’ing machines 

Receiving terminal for bulk Ti 
powder 

Two (2) cyclones to extract Ti 
powder from pneumatic transport 
system into storage bins B-60la,b 

Two (2) pulsed baghouses to 
remove fine Ti particles from 
pneumatic transport air prior to 
recycle to blowers 

Two (2) blowers to provide motive 

COz (dry ice) storage 

Storage bay for HIP’ing cans and 
2’xlO’ canisters 

Receiving terminal for INEEL soil 
(or equivalent) 

Two (2) storage bins for INEEL soil 
(or equivalent) 

(See Ref. 7) 

(See Ref. 7) 

(See Ref. 7) 

(See Ref. 7) 

600,000 Btuhr capacity 

34.6 ft?/2-~kS 

8.8 scfm per cyclone, 

61 lbdhr  

8.8 scfm per baghouse, 

3.0 l b d h r  

8.8 scfm per blower 

10 e capacity per bin 

7.2 ft? capacity, 

100 psig pressurization 

3 weeks’ production requirements 

(1 10-HIP cans, 35-2’xlO’ canisters) 

324 PI2-wks 

100 ft) capacity, each bin 



recycle to blowers 

Receiving terminal for bulk 
elemental sulfur 

0.49 ft3 per 2-wk period 
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- ID DWG DESCRIPTION SIZING INFORMATION 
- NO. 

HIP-06 Two (2) ejectors for pneumatic I 44.1 scfm air EJ-603 
transport of INEEL soil between 
receiving and temporary storage in 
B-602a, b 

Two (2) blowers to provide motive 
force for pneumatic transport 
INEEL soil to B-602a,b 

303 lbm/hr solids 

44.1 scfm per blower HIP-06 BL-603 

PB-601 HIP-06 Two (2) pulsed baghouses to I 44.1 scfm gas flow per baghouse, 
remove fine soil particles from 
pneumatic transport air prior to 15.2 lbm/hr solids rate 

RT-603 

OFFGAS SI 

HIP-06 

ITEM: 

600,000 Btulhr total capacity Heat exchanger/condensor to cool 
offgas from devolatilization and 
condense elemental mercury 

Granular activated carbon column to 
extract residual Hg from offgas, 
after condensation 

HEPA filter bank 

10 ft  diameter x 10 ft high F-50 1 HIP-05 

F-502 I HIP-05 10.2 scfm 

HG AMALGAMATION: 

0.71 paint cans/hr Filling station to decant elemental 
Hg from condensor E-501 into 1-gal 
paint cans 

L-101 HIP41 

JM-101 HIP-O 1 Jar mill to amalgamate elemental 
mercury with sulfur 

0.71 paint cans/hr . 

6. UTILITIESSUMMARY 
New utilities required to support the HWO process are summarized below in Table 5 :  
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HIP-04 

HIP-05 

HIP-04 

TABLE 5: HWO PROCESS UTILITIES SUMMARY 
3 . ,  

EOUIPMENT ID DWG NO. DESCRI~TION ‘ REQUIREMENT 

PROCESS WATER (COOLING): 
Cooling jackets for HIP’ing 
machines 

Heat exchanger for cooling offgas 
from devolatilization 

Heat exchanger for cooling argon 
gas from HIP’ing machines 

315 gpm 

3.2gpm . 

134 gpm 

452 gpm 
I 

PRESSURIZED AIR: 

(No specific requirement was identified. The figure at right is an 
estimate for total miscellaneous pressurized air requirements.) 

50 scfm @ 100 psig 

ELECTRICAL: 

Electrical requirements for the HIP’ing facility have been analyzed 
and documented in Ref. 10. New electrical equipment requirements 

12,280 kW total connected 
load 

and required modifications to the existing infrastructure atICPP are 
described in detail in the above reference. 

8,472 kW total demand load 

Figures at right include all identified electrical power requirements, 
including: 

0 building lighting 

0 miscellaneous building loads 

0 HVAC loads (supply fan motors, exhaust fan motors, 
miscellaneous HVAC loads) 

0 HIP’ing machines 

0 devolatilization equipment 

0 compressors 

0 welding equipment 

0 sizing (grinding) equipment 

0 cranes 

e 

(saturated @ 100 psig) 



, 
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EOUIPMENT ID DWG NO. DESCRIPTION REOUIREMENT 

POTABLE WATER: 

Total, all building services (see Ref. 11) 35 gpm maximum 

7 gpm average 

FIRE PROTECTION WATER: 

Total, all building services see Ref. 11) 1250 gpm 

7. CHEMICALS SUMMARY 
Required chemicals and additives for the HWO process are summarized below in Table 6: 

TABLE 6: CHEMICALS SUMMARY FOR HWO PROCESS 

8. CONCERNS 
The following concerns have been identified relative to the HWO process: 

1) Significant quantities of argon gas must be used to pressurize each HIP’ing machine. Because of 
the cost of the gas, it is not feasible to discard it after use. However, each time a HIP machine is 
charged with argon during pressurization, some contamination of the gas will unavoidably occur. 
(At worst, breached HIP’ing cans inside the HIP’ing machine will result in contamination of the 
gas. At best, residual air left in the HIP’ing machine following air evacuation will be mixed with 
argon aft& HIP’ing is completed.) 

In order to minimize the quantity of argon gas that is discarded due to contamination, it may be 
necessary to incorporate a system for separation of argon the gaseous mixture discharged from the 
HIP’ing machine. This could add considerable cost to the facility. 

2) Entire recycled offspec HIP’ed cans are assumed to sized and ground, including the stainless steel 
can. The sizing operation is assumed to yield material that can 

be pneumatically transported upward from the sizing area back to the calcine temporary storage 
bins above the HIP can filling stations, and 

be re-HIP’ed along with the virgin HIP’ing mixture of calcine, soil, and Ti metal, with no 
effect on the HIP’ing recipe. In particular, the components of the stainless steel HIP’ing 
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canister (i.e., steel, chromium, 'etc., are presumed to HIP'able without affecting the normal 
HIP mixture. . -  

The validity of the above assumptions has not been demonstrated. 

9. 

1. 

2. 

3. 

4. 

5.  

6. 

7. 

8. 

9. 

10. 

11. 

12. 

10. 

REFERENCES 

EDF-WTS-001 in the project file. 

EDF-WTS-003 in the project file. 

Krishna Vinjamuri, "Candidate Glass-Ceramic Waste Forms for Immobilization of the Calcines 
Stored at the Idaho Chemical Processing Plant", Ceramic Transactions, Vol61, p. 439. 

Krishna Vinjamuri, "Soil Based Glass-Ceramic Waste Forms for Immobilization of the 
Fluorinel/Sodium Calcined High-Level Waste Stored at the Idaho Chemical Processing Plant", 
Proceedings of the International Topical Meeting on Nuclear and Hazardous Waste 
Management, Spectrum '94, August 14-18, 1994, Atlanta, GA. 

L. 0. Nelson, K. Vinjamuri, "Results of Intermediate-Scale Hot Isostatic Press- Can 
Experiments", INEL-95/0145, May 1995. 

S. Raman, "Hot Isostatically Pressed Aluminosilicate Glass-Ceramic With Natural Crystalline 
Analogs for Immobilizing Calcined HLW at the Idaho Chemical Processing Plant", 
WINCO-1173, UC-510, December 1993. 

EDF-HWO-003 in the project file. 

EDF-HWO-004 in the project file. 

EDF-HWO-008 in the project file. 

EDF-HWO-009 in the project file. 

Estimated by Stephanie Austad. 

EDF-HWO-014 in the project file, 

PROCESS FLOW DIAGRAMS 
Process flow diagrams (HWO-00 through HW0-08) are provided in Appendix B of the main 

(summary) document for the HWO process. 

11. MAXIMUM RADIOACTIVE INVENTORY 
The maximum potential activity inventory inside a facility used to house the HIP'ing process 

was estimated using the following assumptions: 

0 Maximum calcine activity (for alumina calcine) = 14,500 Ci/m3 

Density of hottest calcine = 1.09 gm/cm3 
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0 The following equipment items in the facility are full of raw calcine: 
- 
- 4 ribbon blenders (10 ft? in each) 

4 calcine storage bins (100 ft? in each) 

All the following equipment items in the facility contain one HIP’ing can: 

- 4 can filling stations 

- 4 can welding stations 
- 4 can decontamination stations 

- 12 devolatilization furnaces 

- 12 HIP’ing machines 

- 12 cooling stations 

- 4 offspec material recycle storage bins 
0 Maximum HIP cans in 2’xlO’ canisters awaiting transport to interim storage = 36 

- 3 canisters per processing line 

- 4 processing lines 

- 3 HIP’ing cans per canister 

0 

Pre-HIP olume per HIP can = 

Pre-HIP ompacted mixture density = 

Waste loading in HIP mixture = 

From the above assumptions the following results were obtained: 

Total raw calcine volume in HIP facility (outside HIP’ing cans) = 

Total raw calcine volume in HIP facility (inside HIP’ing cans) = 

Total calcine activity in HIP facility = 

canisters 

12.89 ft? 
1.77 gm/cm3 

0.7 lbdlbm 

440 ft? 
1,288 ft? 

710,254 Ci 
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Project File Number 02BG4 

Projecflask HIPing Facility Instrumentation and Control 
Evaluation 

Subtask HWO Scoping Study 

ritle: Instrumentation and Controls 

3ummary: This EDF documents the effort to estimate the instrumentation and controls required for the Hot Isostatic 
Press (HIP) waste option. 

The results are based on a scoping level effort for a HIP facility having a 20 year operating life. 

Radiation fields are estimated in the lOOR range. Instrumentation will be located as far away from the 
radiation fields as possible and shielding will be used as necessary to prolong instrumentation life. 
Corrosive solutions will be used in cells for decontamination and as a result, materials will need to be 
capable of surviving in a hostile environment. 

All processes will be handled remotely from a control room with a number of operations requiring 
robotic handling. 

Iistribution (complete package): N.E. Russell M.S. 3765, K. L. Williams M.S. 3765 

Iistribution (summary package only): 
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lee Management Control Procedure (MCP) 6 for instructions on use of this form. 
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Introduction 

This report presents an outline of the instrumentation needed to support the operation of the Hot Isostatic Press 
(HIP) Facility. The Hipping Waste Option will be used in the disposal of calcined waste in an approved waste 
container suitable for disposal in a Mined Geologic Disposal System (MGDS). The process HIP can will be loaded 
with calcine waste and an additive, pressurized to 20,000 psi and heated to 1050 degrees C for several hours then 
removed and allowed to cool. 

Process 

The process will contain 4 identical lines with typically 3 lines operation at any one time. Canisters will enter the 
facility, filled, blended with a glass additive, a lid welded on the canister, run through a decon operation, have a 
devolatilization operation performed, pressurized and heated. The can is removed from the HIPing machine and 
allowed to cool, assayed, loaded onto a cart and sent to a loading area. Evaluation of the instrumentation for the 
system is in listed in Table 1. 

Assumptions 

1. Devolatilization furnace will have a control system to operate the furnace remotely. 

2. Devolatilization evacuation pump control system will be included in the general controls. 

3. Radiological instrumentation for monitoring all aspects of the HIPing facility were extracted from the 
“Radiological Evaluation for the Calcine HIP Feasibility Study” (Reference - EDF-HWO-006) 

4. HVAC I&C is not included in this estimate. 

5.  Telephones, Facility Public Address System, Fire Alarm Systems and Lightning Protection Systems are included 
in the Electrical Estimate. 

6. Remote controlled robotics will come with a control system for each unit. 

7. Estimates of cost and labor were extracted from the Raytheon design. 
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Project File Number 02BGO 

ProjecVTask Waste Treatment Project Feasibility Studies 

Subtask HIP HVAC 
Title: HlPing Facility HVAC EDF 

Summary: The HVAC design for the HIPing Facility was predicated on a floor plan of the facilit) 
designed by S.L., Austad, and design requirements gleaned from similar facilities an< 
DOE 6430. I A. 

This EDF contains a list of design requirements for the HVAC system for the Direc 
HIPing Facility. From the design requirements and floor plan, a design is proposed 
The design is based on the room volumes and ventilation rates given in the attachec 
table. The design presented in this EDF has not been optimized for maximum 
performance nor economics. It is presented as a starting point for cost estimating, the 
review process and future studies. 

In general, 167,000 cfm of air is supplied to the building secondary confinement areas 
from the outside. 136,000 cfm of the secondary confinement air is then supplied to 
the primary confinement areas {hot cells). From the primary confinement areas the air 
is exhausted up an exhaust stack. 

Air to the main facility will be heated for personnel comfort, but will not be cooled 
(except for the office areas). All air supplied to the primary confinement areas will 
have single stage HEPA filtering. Air exhausted from the primary confinement areas 
will have two stage HEPA filtering. All air in the primary and secondary areas in the 
facility will be once-through air (no recirculation). 

Additional water cooled air handlers may be required in order to remove excess 
process heat from the process cells. These air handlers will recirculate the air within 
the individual cells for cooling purposes only, and will not have any air filtering 
capabilities. A cold water chiller sized for the excess process heat will be provided to 
supply water to the air handlers 



2.3 HVAC 

Direct W i n g  Facility 

The design requirements for the building W A C  System are: 

Maintain office and operational areas at temperature recommended by the appropriate 
codes and standards specified to s u r e  personnel comfort and safety and to protect 
instruments and equipment during n o d  and off-normal conditions. 

Detect and monitor ventilation flows and pressure differentials throughout the f i d t y  as 
required to prevent the possible spread of potential hazards. All ventilation air flows and 
pressure differentials will be alarmed if out of compliance. 

Assure facility airflows are fiom areas of less contamination potential to areas of greater 
contamination potential. Means should be provided to seal all containment boundaries in 
the event of loss of ventilation andlor pressure differentials. 

Confine radioactive materials as close as practicable to the point of release. 

Maintain ALARA release of the radioactivity to the environment as required by DOE 
Order 5400.5. 

Provide redundant or backup equipment in all exhaust systems serving contaminated areas 
as needed to assure contamination control. 

Provide sampling ports in the individual branches of supply and exhaust ducting for testing 
to ver@ system performance, operability, and in-place filter component leakage. 

Provide air changes sufficient to remove heat, hazardous and particulate gases, and other 
contaminants. System will be designed to provide proper distribution of air flow 
throughout the facility during normal, off-normal and maintenance activities. 

Provide an interlocked HVAC barrier system so that reversed airflow patterns cannot be 
established. 

Provide stack for exhausting all contamhated or potentially contaminated air. The stack 
will be monitored usiig isokinetic sampling techniques, in accordance with ANSI-13.1, 
Guide to Sampling Airborne Radioactive Particles in Nuclear Facilities and, as a minimum 
monitor for BetdGamma particulate, Alpha particulate, and tritium. The monitoring 
equipment should allow for both local and remote readout and alarm annunciation. 

General: 



Drawing SK-Hvxxx depicts the air flow diagram of the HVAC system for the Direct 
W i n g  Facility: 

Up to three Air Handling Units wil1 supply 167, 
Operating Corridor at Levels +24', 0'4, and -2 
cascaded into the hot Cells via air handling units each consisting of supply blower and a 
one stage testable HEPA filter. The cascade air supply units will have 100% redundancy 
for filter sections with less that 6900 CFM and 50% redundancy for filters sections with 
air flow greater than or equal to 6900 CFM. . Air fiom the hot cells will be exhausted to 
the ambient via a two stage testable HEPA filter units and exhaust fans. HEPA filters and 
exhaust fans will have 100% redundancy for filter sections with less than 6900 CFh4 air 
flow and 5OOh redundancy for filters sections with air flow of greater than or equal 6900 
CFM. 

HEPA Filter Units for Zone II & Zone 111 will be located in the four maintenance 
corridors between the hot cells.. 

of wnditioned air to the 
the operating corridors will be 

The Control Room will be provided with an independent HVAC system. Air from the 
room will be recirculated. Supply air handler will have 1004/0 redundancy. 

The supply air handlers u t i l i  for delivering air to various spaced in facility, will be 
housed in HVAC equipment Rooms located at Levels 0'-0". This room will be provided 
with conditioned air via one single zone air handler to offset the internal heat gains. Air 
fiom the room will be recirculated. 

Administrative offices will be provided with an independent W A C  system. Air fiom the 
rooms will be recirculated. 

The facility will be provided with an independent chilled water system consisting of central 
chillers and pumps, delivering chilled water to various cooling coils. This cooling is to 
remove build up heat fiom process equipment and is not for personnel comfort. No 
cooling is required for personnel comfort in the operating corridor. 

The facility will utilize steam from earn plant for comfort heating. 

d by a central electronic control system 

A ventilation confinement system is p 
barriers, maintains a continuous ai 
contamination to areas of high potential for contamination. The objectives of the 
confinement systems are to prevent the spread of radioactive and other hazardous 
materials to occupied areas; and to minimize the release of radioactive and other 

which, in conjunction with the physi 
of low potential for 



hazardous materials in hcility efnuents. 

This facility is required to have two confinement zones per DOE Order 6430. IA. 

The primary confinement (Zone III) consists of the process hot cells. Primary confinement 
also includes primary exhaust system through the two stages of HEPA filtration. 

The primary confinement boundary is comprised of hot cell walls, welded stainless steel 
ductwork and W A C  equipment designed to maintain its structural integrity during and 
after operational and natural phenomena DBAs. 

The secondary confinement boundary (Zone II) consists of the operating corridors and 
other building structure which totally surround the primary confinement. 

The secondary confinement boundary contains all of the ventilation system equipment 
such as HEPA filter units and exhaust fans. 

The non-confinement boundary consists of offices, control rooms and support areas 
outside of the secondary confinement boundary. The non-confinement zones do not 
require unique ventilation systems. These areas will be maintained at a slight positive 
pressure with respect to ambient. 

HEPA filters are included to remove contaminated particulates. Carbon absorber beds are 
not provided in the filter trains because semi-volatile fission products and iodine will be 
removed fiom gas streams in the hot cells before their release to thi W A C  system. 

Redundancy will be provided to ensure proper ventilation confinement during HEPA filter 
changeout or maintenance on the fans. 

Exhaust ductwork will be located in areas that are not normally occupied. 

HEPA filter housings will have the capability to be leak tested and tested for filter 
efficiency in place. 

Single stage HEPA filtration will be provided at the hot cell intakes to prevent possible 
spread of contamination due to momentary back flow to the occupied areas. 

Confinement boundaries are sealed to maintain isolation when pressure differentials f d  
below n o d  conditions. 

Exhaust systems for Zone 11 and Zone 111 are round stainless steel welded joint ductwork 
designed and installed in accordance with applicable SUACNA and UMC standards, and 
the ACGM Industrial Ventilation Manual. 

Confinement zones are supplied by a once-through ventilation system. All the airflow 



fiom these zones is HEPA filtered and discharged out the stack, with no air recirculation. 

Exhaust air HEPA filter units include a stainless steel housing, a prefilter, two stages of 
side bagout HEPA filters, DOP test ports, and aq ejliulst fan, The exhaust fan has 
manufacturer designed and installed adjustable flow control. 

The supply and exhaust fans for the hot cells have the capability to be powered fiom the 
INEEL site standby power grid. This allows for the ventilation confinement to be 
maintained in the hot cells during a loss of off-site power condition. 

The HVAC systems will be controlled automatically by local stand-alone co&rollers 
provided with the W A C  equipment. Graphic displays mimicking the W A C  system will 
be available in the central control room for monitoring and for remote manual override 
control. The HVAC system will be operated locally fiom local operator stations. 
However, the control room operator will have supervisory control capability to start and 
stop the HVAC system and to change setpoints. Alarms and out-or-tolerance conditions 
will be annunciated in the control room. 

I 

Stack: For the Direct HIping Facility, there will be one exhaust stack provided for the 
discharge of ventilation system exhaust and offgas system effluents. The stack will be 
located so that the stack exhaust will not be entrained into the building ventilation intakes. 

Stack Monitor: An isokinetic exhaust stack monitoring system will be provided at the 
ventilation exhaust stack to monitor plant emissions as required by RCRA. The system 
will be self-contained package units providing sample probes, transbrt tubing closed loop 
flow controllers and analyzers, all enclosed in industrial control cabinets. A dual radiation 
exhaust stack sampling system, consisting of an isokinetically controlled record sampler 
and an isokinetically cpntrolled continuous sampling system will be provided. The stack 
monitoring system will keep local records of concentrations measured. Concentration 
levels will be indicated and recorded in the main control room. High concentration levels 
in emissions andor analyzer trouble alarms will be annunciated in the main control room. 

This facility is designed with the following ventilation requirements: 

-Eight air changes per hour for second 
-Four air changes per hour for tertiary confinement zones (Zone I). 
-1 CFM per square foot for administrative areas. 
-2 CFM per square foot for the control room. 
-One stage of testable HEPA filters for hot cell inlet 
-Two stages of testable HEPA filters for hot cell exhaust. 
-One stage of testable HEPA filters for tertiary confinement exhaust. 
-100% once through ventilation for secondary and tertiary confinement zones. 
-Maintain room pressure in accordance with Table X. 

It is assumed that areas with large in-cell heat loads that are in excess of what the normal 

nfinement zones (Zones II and m). 



ventilation can readily cool will have additional fan coil cooling units installed in them. 
These units will recirculate the room air for cooling purposes only and will have no 
filtering capabilities. 



HIPing Facility Ventilation Requirements 

Volume 
(Ft3) 
XlOOO 

Required Static Ventilation 
Air Pressure Required 
Changes Required (CFM) 
per&. (IWG) XlOOO # 

1 

2 

3 

4 

Room 

Operating Corridor (24) 

Operating Corridor (0) 

Operating Corridor (-20) 

Cyclone Rm Train 1 

1,700 

530 

4 -0.25 113 

-4 -0.25 35 

13 

14 

15 

16 

17 

18 

HIPing Eqpt Train 3&4 

Equipment Corridor 
Train 1&2 

Equipment Corridor 
Train3&4 

Blender Rm Train 1 

Blender Rm Train 2 

Blender Rm Train 3 

29 8 -0.75 3.8 

285 14 1-0.25 I19 

6 I 8  1-0.75 I 1 
6 I 8  1-0.75 I 1 

6 I Cyclone Rm Train 3 6 I s  1-0.75 I 1 
7 I Cyclone Rm Train 4 

15 I 8  1-0.75 12.3 8 I Calcine Retr Train 1&2 

9 I Calcine Retr Train 3&4 15 18 1-0.75 12.3 

10 I Devol Eqpt Train 1&2 17 I s  14.75 12.3 

11 I Devol Eqpt Train 3&4 17 18 1-0.75 12.3 

12 I HIPing Eqpt Train 1&2 41 I 8  1-0.75 15.5 

41 I s  14.75 15.5 

18 1-0.75 13.8 

12 18 1-0.75 1 1.6 
12 I8 1-0.75 I 1.6 

19 1 Blender Rm Train 4 12 18 1-0.75 I 1.6 



I 0.7 i 

27 

28 

Weld Eqpt Rm Train 4 5 8 -0.75 

DeconRmTrain1 16 8 -0.75 

29 

30 

31 

DeconRmTrain2 16 8 -0.75 

Decon Rm Train 3 16 8 -0.75 

DeconRmTrain4 16 8 -0.75 . 

17 

I 7  
0.5 

0.5 

43 

44 

QA Assay Rm Train 4 4 8 -0.75 

LoadingRmTrainl 26 8 -0.75 

22 IFillTankRmTrain3 112 18 1-0.75 

23 1FillTankRmTrain4 112 I 8  1-0.75 

24 I Weld Eqpt Rm Train 1 1 5  I 8  1-0.75 

0.7 i I I I I 

25 I Weld Eqpt Rm Train 2 1 5  I 8  1-0.75 

26 I Weld Eqpt Rm Train 3 15 I 8  1-0.75 

2.1 1 
2.11 
2.1 1 
1.8 1 32 I Devol Weld Rm Train 1 I 13 18 1-0.75 

33 I Devol Weld Rm Train 2 I 13 I 8  1-0.75 

34 I Devol Weld Rm Train 3 I 13 18 1-0.75 

35 I Devol WeldRmTrain4 I 13 I 8  1-0.75 

36 I HIP Furnace Train 1 I52 I 8  I -0.75 

37 I HIP Furnace Train 2 I52 Is 1-0.75 

38 I HIP Furnace Train 3 I52 I S  1-0.75 

39 I HIP Furnace Train 4 152 18 I -0.75 

41 I QA Assay Rm Train 2 14 Is 1-0.75 

42 I QA Assay Rm Train 3 14 18 1 -0.75 0.5 

-0.51 
3.5 I 



5 8 

- 
45 

46 
- -0.75 3.5 Loading Rm Train 2 

Loading Rm Train 3 26 18 -0.75 3.5 

47 

48 
- 

. .  _.. 

26 18 
c -  

Loading Rm Train 4 -0.75 3.5 

Remote Maintenance Rm 
Train 1 

-0.75 0.7 

49 

- 
50 

- 
51 

Remote Maintenance Rm 
Train2 

-0.75 0.7 

Remote Maintenance Rm 
Train 3 

-0.75 0.7 

Remote Maintenance Rm 
Train 4 

-0.75 0.7 5 18 

52 
- 
53 

- 
54 

55 
- 

Crane Maintenance Rm 
Train 1&2 

-0.75 2.5 

Crane Maintenance Rm 
Train 3&4 

-0.75 2.5 

Offices +o. 1 3 45 14 

Incoming Load Rm Train 1 9 Is -0.25 1.2 

56 

57 

58 

59 

60 

61 

- 
- 
- 
- 
- 

Incoming Load Rm Train 2 9 18 -0.25 1.2 

-0.25 1.2 Incoming Load Rm Train 3 9 I 8  

Incoming Load Rm Train 4 9 I 8  -0.25 1.2 

9 18 Can Fill Rm Train 1 

Can Fill Rm Train 2 

-0.75 

-0.75 

1.2 

1.2 9 18 

Can.Fill Rm Train 3 -0.75 1.2 

1.2 62 

63 
- 

- 
64 

- 

Can Fill Rm Train 4 -0.75 

-0.75 0.7 Capping/Welding Rm 
Train 1 

CappinglWelding Rm 
Train 2 

0.7 -0.75 



1 5  
65 Capping/ Welding Rm 

IT-3 
8 

8 

-0.75 0.7 

-0.75 0.7 5 66 Capping/ Welding Rm 
Train4 

69 ISize/GrindRmTrain3 118 

67 

68 

70 ISize/GrindRmTrain4 118 

Size/GrindRmTrainl 18 

Size/GrindRmTrainZ 18 

71 

72 

73 I W A C  Supply Eqpt Rm 148 

Transfer Tunnel Train 1&2 27 

Transfer Tunnel Train 3&4 27 

74 I W A C  Exhaust Eqpt Rm I 148 

75 I Can Loading Bay I15 

76 IElectricalRm I13 

77 IElectricalRm 113 

8 1-0.75 12.4 

8 14.75 12.4 

8 1-0.75 124 

8 1-0.75 12.4 

-0.75 

-0.25 10 ' 

4 1-0.25 I10 

4 1-0.25 11 

4 I +0.1 10.9 

4 I +O.l 10.9 
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Title: Calcine Retrieval and Transportation 
Summary: 
A calcine retrieval and transportation system is presented to retrieve calcine fiom the CSSFs and 
transport it to the Waste Treatment Facility. The calcine retrieval and transportation system is 
designed to supply calcine to the treatment options currently understudy (Cementitious Waste 
Option (CWO), Direct Cementitious Waste Option (DCWO), Hot Isostatic Press (HIP) Waste 
Option (HWO), Vitrification Waste Option (VWO), and TRU Separations options). The system 
is divided into three subsystems: CSSF access method, calcine retrieval system, and calcine 
transportation system. During CSSF access, the buildings, equipment, and piping are removed 
fiom the superstructure of each CSSF. Retrieval risers are installed and accessed. The CSSFs are 
prepared for calcine retrieval. The calcine retrieval system presents a viable method to retrieve 
calcine fiom the CSSFs. The system relies on an air jet and a suction nozzle. The calcine 
transportation system is a pneumatic system similar to one currently used at the ICPP for 
transportation of calcine. A process data sheet and cost estimate were developed for the calcine 
retrieval and transportation system. 

Project File Number 02BD7 

The first cost estimate was developed to meet the 5-year operating schedule of the Cementitious 
Waste Option (CWO). This system delivers calcine from the CSSFs to an NWCF addition. A 
second estimate was developed to deliver calcine to the TRU Separations options’ calcine 
dissolution facility. A third cost estimate the calcine retrieval and transportation system is 
presented for the DCWO, HWO, and VWO options which require an intermediate transport 

r the calcine to the 

d that begins 1/1/2013. The total unescalated 
cost for the calcine retrieval and trans 

ement reserve, and 
$1 66,409,000. 

The TRU-Separations Options have twenty year operating periods that begin 1/1/2013. The total 
unescalated cost for the calcine retrieval and transportation system is $237,389,000. The total 

000. The total cost including 
scounted annual cost is 

Projectflask Waste Treatment Facility Study 

Subtask Retrieve calcine from CSSFs and deliver it to the Waste Treatment 
Facility 
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Project File Number 02BD7 

cost including escalation, management reserve, and contingency is $53 1,023,000. The 
discounted annual cost is $192,309,000. 

The DCWO, HWO, and VWO options have twenty year operating periods that begin 1/1/2013. 
The total unescalated cost for the calcine retrieval and transportation system is $243,039,000. 
The total cost including escalation, management reserve, and contingency is $543,371,000. The 
discounted annual cost is $196,878,000. 

The scope of this study was limited to the Fluor-Daniels feasibility design. The purpose was to 
compare this system directly to the Fluor-Daniels system. However, two issues that 
further review and inclusion in the cost estimate were identified. Separate cost estimates were 
developed for the removal of corrosion coupons from the bins and installation of D&D risers. 
Distribution (complete package): A complete copy of this EDF will be included in the 
following reports: 

R. E. Dafoe, Direct Cementitious Waste Option Study Report, 1NEEVEXT-97-01399, 
February 1998. 

W. H. Landman, TRU Separations Options Study Report, INEEL/EXT-97-01428, 
February 1998. 

A. E. Lee, Cementitious Waste Option Preliminary Study Report, INEEUEXT-97- 
01 400, February 1998. 

ID. A. Lopez, Vitrified Waste Option Study Report, INEEUEXT-97-01389, February I 
11998- 
N. E. Russell, Hot lsostatic Press (HIP) Waste Option Study Report,INEEUEXT-97- 
01 392, February 1998. 
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Calcined Solids Storage Facility 
Cementitious Waste Option 
Direct Cementitious Waste Option 
High Activity Waste 
High Level Waste 
Hot Isostatic Pressing (HIP) Waste Option 
Idaho Chemical Processing Plant 
Idaho National Engineering and Environmental Laboratory 
Intermediate Transport Station 
Low Activity Waste 
Nuclear Regulatory Commission 
New Waste Calcining Facility 
Sodium Bearing Waste 
Vertical Deployment Apparatus 
Ventilation Instnunentation and Control Building 
Vitrified Waste Option 
Waste Calcining Facility 
Waste Treatment Facility (generic facility name for the facility developed in each 
waste treatment option) 
Waste Treatment Study 
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1.0 Introduction 

At the ICPP, a fluidized bed calcination process changes the chemical composition of high-level 
radioactive mixed liquid waste generated from the reprocessing of spent nuclear fuel and sodium 
bearing waste (SB W) generated fiom decontamination activities. The calcination process 
converts the liquid waste to a solid waste and reduces the volume of the waste by a factor of 7. 
After the calcination process, the resulting solid waste, called calcine, is pneumatically 
transported fiom the calciner to one of seven storage facilities, named calcined solids storage 
facilities (CSSF). 

The settlement agreement between the Department of Energy and the State of Idaho mandates 
that high level waste be ready for removal from Idaho by a target date of 2035 for disposal. The 
calcine in the CSSFs must be retrieved h m  the CSSFs and treated. Tlhs EDF details a method 
to access and prepare the CSSFs for calcine retrieval, a calcine retrieval system, and a transport 
system to deliver the calcine to the Waste Treatment Facility. The information presented is 
applicable to the non-separations waste treatment options (DCWO, HWO, and VWO) and the 
TRU Separations waste treatment options. 

1.1 Background Information 

The calcine is stored in cylindrical steel bins within a CSSF. The number of separate, self 
contained bins in a CSSF varies from 3 to 7. The bins are either cylindrical or annular. The 
outside diameter of the bins is approximately 12 ft. The length of the bins range from 24 ft to 61 
ft. A passive convection cooling system is used to cool the bins inside a large concrete vault. 
Above the bin vault are structures that house the necessary equipment to receive the calcine. 
These structures form the superstructure of each CSSF. Figure 1 shows a sketch of each CSSF. 

Calcine production began in November 1963*. The first six CSSFs store several forms of calcine. 
Currently, CSSF 6 is being filled while CSSF 7 remains empty. As of 1996, the CSSFs housed 
approximately 134,500 
zirconia calcine, and calcine blends. The amount of calcine stored in each CSSF is shown in 
Table 1. The information for this Table was taken fiom reference 1. 

of calcine. There are three main calcine types: alumina calcine, 
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CSSF 1 
CSSF 3 CSSF 2 

CSSF 4 CSSF 5 CSSF 6 
Figure 1. Calcined Solids Storage Facilities (CSSFs). 

r i 
Table 1. Volume of Calcine Type in Each CSSF- A 

CSSF 7 

f 1997. 

r CSSF I Alumina I Zirconia I Other I Calcine I Cold 1 Total 1 



431.02# ENGINEERING DESIGN FILE Function File Number - SPR-MS-01 
01 l29t98 EDF Serial Number - EDF-WTS-002 
Rev. #OO Page 8 of 62  

1.2 Purpose and Scope 

The purpose of this study is to define a calcine retrieval and transportation plan that is 
compatible with the calcine processing options currently under study by the WTF program 
(namely the CWO, DCWO, HWO, VWO, and the TRU Separations Options). The plan will 
consist of accessing the calcine in each CSSF, removing the calcine fiom the 
transporting the calcine fiom each CSSF to the Waste Treatment Facility (the 
developed in each option study). Three versions of this plan were necessary to meet the needs of 
each waste treatment option. The equipment necessary for CSSF access, calcine retrieval and 
transportation will be approximately sized. A cost estimate for each option will be developed. 
The cost estimate will include capital equipment costs as well as operating and maintenance 
costs over the life of the project. As necessary, sketches will be included to clarifjl the systems 
and processes developed. 

The scope of EDF is limited to the scope of the Fluor-Daniels2 design for the calcine retrieval 
and transportation system as presented in reference 2. The design presented in this EDF should 
not seek to define unique systems to accomplish the overall tasks. Modifications to the systems 
presented in the Fluor-Daniels2 design should only be made to accommodate the unique needs of 
the five processing options currently under study. The issues and recommendations for fbture 
study identified during this study will be documented. Additional activities, that are necessary 
to fully implement the calcine retrieval and transportation system but are beyond the scope of the 
Fluor-Daniels design, will be included in the cost estimate. 

2.0 Design Basis 

Although the overall design is based on the Fluor-Daniels2 design, design criteria and key 
assumptions were made. The requirements that must be met are explained in section 2.3. The 
criteria, assumptions, and requirements were independently developed and applied to the calcine 
retrieval and transportation system. 

2.1 Design Criteria 

The design criteria are listed below. All portions of the design must satisfy criteria in the general 
category. These criteria are essential to satisfy ES&H goals. 

General: 

1. Minimize worker radiation exposure and spread of contamination. 
2. The systems should be designed to withstand any credible fire or other applicable accidents 

and still serve as a confinement barrier. 
3. The systems should be designed to withstand appropriate natural phenomena hazards. 
4. Provide primary and secondary confinement at all times while minimizing the confinement 

volumes. 
5. Adequately heat and cool occupied areas of enclosures. 
6. Provide instrumentation and control for operation and data acquisition. 
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7. Facility equipment and calcine retrieval and transport systems must be capable of being 
decontaminated and/or replaced safely and easily. 

8. The systems should minimize the generation of hazardous wastes 

Retrieval: 

1. Minimize the amount of remote mechanical equipment placed in the bins. In effect, 
minimize the potential for equipment breakdown. 

2. The bin pressure must remain slightly more negative than the surrounding vault space during 
retrieval. Controls are required to maintain the negative-pressure confinement. 

3. Calcine will be retrieved from one bin in a CSSF a time. Although, calcine &om more than 
one CSSF can be retrieved from at a given time. 

4. Retrieval will be performed only if the transportation systems are operational. 
5. Retrieve and deliver calcine to the Waste Treatment Facility according to the demand of the 

process. 

TransDortation: 

1. Design the transportation system for a 30 year service life. 
2. The transportation system should be readily maintainable. 
3. Provide the appropriate amount of rod-out stations for the pneumatic transport system. 

2.2 Key Assumptions 

The scope of this study mandates the first and foremost assumption is that Fluor-Daniels* has 
developed a viable and competitive option for calcine retrieval and transportation. The 
remaining assumptions are outlined below. They are divided into three categories: CSSF access, 
calcine retrieval, and transportation. A basis for each assumption is provided. 

Assumption 
CSSF Access: 
Installation of risers can be accomplished 
with little modification to existing- 

construction and CSSF 1 access is 
contaminated. 

Basis I 
Similar risers were installed on hazardous 
waste bins. The technology was developed 
by West Valley Nuclear, Inc. and applied 
to the CSSFs by Raytheon Engineers and 
constructors. 
References: 3 and 4 
References: 2 and 3 



i 

All types of calcine in all the bins are 
retrievable as a dilute phase using the 
retrieval method provided. 
The retrieval method is a viable option for 
all bin shapes. This is pertinent to the 
cylindrical bins. 
Relocation of retrieval equipment (VDA 
and jumper) fiom one CSSF to another will 
take approximately 1 week. 

Calcine is assumed to have remained 
unchanged. This mainly means that it has 
not agglomerated in any of the CSSFs. 

431.02# 

Rev. #OO 
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Reference: 2 

Reference: 8 and S. E. afford, telephone 
conversation with Dan Griffith, MEEL. 

In the Fluor-DanielsL cost estimate 
relocation of the confinement enclosure 
and all associated equipment is 
accomplished in two weeks. 
Reference: 2 
This assumption allows the same retrieval 
equipment design to be used in all the 
CSSFs. Samples from CSSF 2 indicate 
that the calcine can remain unchanged 

ENGINEERING DESIGN FILE 

outlined in the WCF and NWCF closure 
plans. This piping will remain accessible 
for D&D without endangering personnel. 
Access activities do not reduce CSSF 
integrity. Additionally, superstructure 
demolition reduces static stress on the 
CSSF. 

An adequate place for retrieval riser 
attachment can be located on each bin. 
Piping inside the bin vault will not interfere 
with riser location. 

Bins will not be structurally weakened by 
the attachment of retrieval risers. Measures 
to avoid this (support retrieval riser weight 
above bin and installation of a self- 
supporting floor) can be taken but are not 
documented. 
Remote equipment can be sized 
appropriately fiom equipment developed 
for previous projects. 
Retrieval: 
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Shoring activities will occur during fill 
removal. The Raytheon study analyzed the 
roof of CSSF 1 and found that these 
activities would help to stabilize CSSF 1. 
Reference: 3 
The exact location of retrieval risers was 
not determined because it is highly 
dependent on the requirements of the riser 
welding method. This method is currently 
being studied at the ICPP. However, 
locations for 40 retrieval risers were found 
for CSSF 1. This number far exceeds the 
24 retrieval risers required for CSSFl. The 
remaining CSSFs at most require an 
additional 8 retrieval risers to be installed. 
Reference: 3 
Reference: 3 and 4 

Reference: 4 
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During calcine retrieval no less than 95% 
of the calcine in a bin will be removed. 
Beyond this level, as much of the calcine as 
is reasonable will be retrieved. 

No internal obstructions (stiffening rods, 
thermowells, etc.) will interfere with 
extending the retrieval lines into the bins. 

No miscellaneous materials will enter the 
suction nozzle. Where possible, such 
material will be removed from the bins 
prior to retrieval activities. 

Transportation: 

' % _  Page 11 of 62 

during storage. Samples from all CSSFs 
are necessary to validate this assumption 
for future studies. 
Reference: 7 
The 95% of the calcine in a bin has been 
demonstrated to be retrievable at a high 
rate. The next 4.7% of the calcine is 
retrievable at a significantly lower rate. 
Reference: 8 
The internal obstructions are well 
documented. It is anticipated that the 
retrieval risers can be located to avoid these 
obstructions. The scope of this study does 
not permit an in depth examination of this 
issue. 
Reference: INEEL drawings 
The scope of this study does not permit an 
in depth examination of this issue. 
However, this is necessary that 
miscellaneous materials present in the bins 
do not enter the transportation system. 
References: 3 and S. E. Gifford, separate 
conversations with Dan Griffith and Dan 
Staiger, INEEL. 

establish the requirements for the calcine 
ments are examined in referen 
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3.0 Process Design 

The process design has been split into three sections to provide clarity to the description. CSSF 
access (section 3.1) will prepare each bin for calcine retrieval by decontaminating the CSSF 
superstructure and installing or accessing the retrieval risers. Calcine retrieval (section 3.2) will 
remove the calcine from each bin and place it directly in the transportation system. The 
transportation system (section 3.3) will deliver the calcine to the Waste Treatment Facility and 
provide the motive for r. A basis, process description, equipment description, and process issues 
are detailed for each section of the design. 

3.1 CSSF Access 

3.1.1 Process Basis 

CSSF access prepares each bin for calcine retrieval by reducing radiation exposure, adding 
necessary retrieval risers, and accessing existing retrieval risers. The CSSFs will be prepared for 
calcine retrieval by erecting permanent confinement enclosures. The access method presented 
by Fluor-Daniels2 was originally developed in the Raythe0n3 design for CSSF 1. The specific 
details for each CSSF may vary but the overall the process is the same for all CSSFs. 

3.1.2 Process Description 

The primary goal of this phase of the retrieval and transport system is to prepare the CSSFs for 
retrieval. Bin vault ventilation systems will be replaced, confinement hclosures will be 
constructed, and retrieval lines will be installed and accessed. All modifications to the CSSFs 
and construction of new buildings will Comply with the general design criteria outlined in 
reference 10. The CSSF access process is outlined in 9 steps. In order to protect the integrity of 
each CSSF some of these steps may overlap in the schedule. 

1. Earthwork. Extensive excavation of CSSF 1 will expose the superstructure down to the bin 
vault roof. The excavation necessary to reach CSSF 1 will affect the earthen berms of CSSFs 
2 and 3. Retaining walls must be installed to preserve these shielding berms. The 
uncontaminated portion of excavated fill, which must be covered, is estimated at 90%. The 
contaminated fill must be disposed of appropriately. This work begins in an uncontaminated 
work area. Shoring of the CSSFs, construction of the retaining wall for CSSF 1, and removal 
of 10% contaminated fill require work in a radiation zone. Therefore, shielded or remote 
equipment should be used during this step. 

An equipment ramp must be built to CSSF 1. This ramp will be used during the installation 
of the bridge crane and the construction of the confinement buildings. For CSSF 2-7, a 
mobile crane will place the equipment on the CSSF roof. This work will primarily occur 
under a temporary decontamination tent. The cooling air stacks will interfere with locating 
the confinement enclosure on the bin vault roof. Relocation of the cooling air stacks will 
begin in this step. 
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2. Construct ventilation, instrumentation, and control (VIC) building for each CSSF. The 
primary purpose of the VIC building is to house the ventilation, instrumentation, and control 
equipment. It will, be SF 
During this step the H d. 
W A C  equipment will regulate and decontaminate air from the bin vault, confinement 
enclosure, and this building. The interface between the VIC building and confinement 
enclosure for each CSSF is shown in sketch CRT-01. Temperature control will be 
maintained in the control room and operating areas with this system. Air flow will be 
monitored to minimize the risk of contamination spread by circulating air from low risk areas 
to high risk areas. Sampling ports will be provided to ensure the W A C  equipment is 
compliant with the applicable standards. 

Installation of instrumentation will consist of relocating panels and rewiring because the 
instrumentation is functional in each CSSF. The control room will house the remote 
operations control and instrumentation. It will allow for internal viewing of the bins through 
the CCTV system as well as aide in installation of retrieval risers. Construction of this 
building includes floor, lights, windows, doors, OH doors, insulation, and fire protection. 
For all the CSSFs, this building will have the same layout and size. The VIC building for all 
CSSFs will require electricity, water, heating andor cooling, breathing air, and plant air. 

3. Construct confmement enclosure for each CSSF. The confinement enclosure is a 
nonreactor nuclear facility. It is pictured in figure 2 as it would appear on CSSF 5,6,  or 7. 
For CSSFs 1,2,3, and 4 the confinement enclosure will be constructed on the roof of the bin 
vault. It acts as a confinement barrier during retrieval activities. T h i s  enclosure is a pre- 
manufactured steel building. This enclosure also includes ladder, guardrail, steel plate, and 
structural steel. It will be complete with fire protection equipment, lighting, equipment 
wiring and CCTV capabilities. The interior of the confinement enclosure will be coated with 
strippable coatings for decontamination purposes. 

A negative pressure will be maintained inside the enclosure in order to reduce the risk of 
contamination spread. The confinement enclosure will house a bridge crane, core drilling 
platform, welding equipment, vertical deployment equipment, and shielded jumpers. The 
bridge crane will be installed for use during decontamination of the superstructure equipment 
and piping, core drilling procedures, 

This building will be decontaminated times throughout the calcine retrieval process. 
The confinement enclosures for all th s will require electricity, water, breathing ak, 
plant air, high pressure steam, service water, and instrument air. After construction of the 

ment tent over the constructi closure, the tempo 
~ 

4. Access vaults that requi ecommissioning. In this step, 
equipment inside the vaults will not be disturbed. CSSFs 1 , 2,3, and 4 require installation of 
access ways to the vaults. This will be accomplished by core drilling into the inaccessible 
rooms. Existing access ways to the vaults (CSSFs 5,6, and 7) will be cleared. Necessary 
portable shielding should be placed at the vault entry locations. For all CSSFs, external 
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Figure 2. Confinement Enclosure and equipment pictured for 
CSSF 5,6, or 7. 



Function File Number - SPR-WTS-01 
EDF Serial Number - EDF-WS-002 

431.02# ENGINEERING DESIGN FILE 
01 m i 9 8  
Rev. #OO Page 15 of 62  

"t  

structures and equipment such as corrugated metal buildings, cooling stack ductwork, 
cooling air blowers, and their associated ductwork will be removed. As necessary, 
installation of plugs in ductwork penetrations will reduce worker exposure. Lead brick and 
conduit will be removed during this step. This work will be performed in a low radiation 
zone. 

5. Decontaminate superstructure ts and rooms. The vaults and rooms above the large 
concrete vault housing the bins comprise the superstructure of the CSSFs. The cyclone vault, 
equipment vault, instrument room, fan room, inlet plenum room, and exhaust plenum room 
will be decontaminated during this step- The vault that contains the calcine storage bins will 
not be decontaminated during CSSF access. Portable shielding should be placed in the vaults 
to reduce the exposure to acceptable limits. Remotely vacuum vault floors before entering 
with HEPA filtered vacuums. These vacuums have the ability to remove small debris and 
dust but not large objects. Strippable coating should be applied to the walls and floors of 
vaults that will be entered. Cut existing transport, probe, off-gas, rod out, monitoring and 
other nonessential piping that penetrate vault and room floors. The cut lines should then be 
plugged to prevent contamination spread during calcine retrieval. In CSSF 1,2,3, and 4 the 
pipes must be accessible after the new concrete floor is poured for closure activities. Access 
to the pipes should be provided in a similar manner to the accesses of existing retrieval lines 
in CSSFs 5,6, and 7. 

Once access to the vaults has been gained, decontamination activities begin. These activities 
require extensive shielding if it is to be accomplished manually. A better alternative is to 
employ remote equipment. This remote equipment must be desigped and tested. The relative 
level of radiation in the superstructure vault is shown in Table 2. These relative levels of 
radiation are based on the function of the vault and if calcine was ever present in the vault. 
In the high radiation areas, shielding concrete floors should be poured before temporary 
shielding is installed. Furthemore, Table 2 notes vaults that may have solids 
accumulations*. These accumulations are a result of damage to transport piping during 
filling of several CSSFs. Efforts may have been made to clean and repair these vaults but a 
conservative approach is to assume these vaults are extremely contaminated. 

During this step, piping, vessels, and conduit will be disassembled and packaged in 
appropriate containers. The bridge crane will be used to remove the packages &om the 
CSSF. Wall penetrations should be plugged when the piping is removed. Contaminated 
lines that lead away fkom the CSSFs (such as transport lines fiom the WCF or the NWCF) 
should be deco activities are discussed in section 3.1.4. 
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CSSF Low High 
Radiation Radiation 

Zone Zone 
1 Ventilation Exhaust Room Cyclone Vault 
2 Instrument Building Cyclone Vault 
3 Instrument Building Cyclone Vault 

4 Instrument Building Cyclone Vault 
Equipment Vault 

Ventilation 
Equipment Room 

5 Instrument Room Cyclone Vault 

6 Instrument Room Cyclone Vault 
Access Cell 

Fan Room Off-Gas Filter Room 
Inlet Plenum Room 
Exhaust Plenum Room 

Fan Room Off-Gas Filter Room 
Inlet Plenum Room 
Exhaust Plenum Room 

7 Instrument Room Cyclone Vault 

K n O W n  
Solids 

Accumulations 

Cyclone Vault 
Cyclone Vault 

7. Prepare confinement enclosure for bin access. This is accomplished by removing and 
replacing strippable coatings. Portable C@ decontamination equipment will be used to 
remove any residue contamination on the walls and floors. After the confinement enclosure 
is decontaminated, the shielding concrete pad will be poured on the bin vault roof. Attention 
must be given to maintaining access to all piping exiting the bin vault through the floor and 
existing retrieval risers. The concrete pad will be 21 in. thick for CSSF 1 and 18 in. thick for 
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CSSFs 2,3, and 4. CSSFs 5,6, do not require shielding floors because the 
will provide shielding. 

- I  

8. Access bins. The distinction between CSSFs is significant in this step. CSSF 1 requires all 
new access lines. Retrieval lines must be uncapped for CSSFs 4,5,6, and 7. In CSSFs 2 and 
3, the existing retrieval lines must be uncapped and new retrieval lines must be added. Table 
3 details the location of existing risers by CSSFs and superstructure location. Retrieval lines 
in CSSFs 5,6, and 7 have multiple lengths. The shorter lines rise fiom the bins to the floor 

.of the superstructure. The longer lines pass through the cyclone vault. 

Table 3. Location of Ex 

CSSF I 1 I 2 I 3 
I 

Vault Roof 7 7 
Instrument 

Room 

Room Floor 
Cyclone 

Room Roof 
Fan Room 
Access Cell 

Exhaust 
Plenum 
Off-Gas 

Cyclone -- 

Filter Room 
Inlet Plenum 
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The steps involved in adding risers and accessing risers are explained separately. 

Additional Retrieval Line Access: The core drilling equipment will be placed with the 
overhead crane. A 1 in. pilot hole will be drilled through the concrete floor to the bin vault. 
A 9 in. diameter hole will then be drilled through the concrete floor. Core capture 
equipment will prevent the core fiom falling into the bin vault and damaging the bins. The 
8 in. retrieval lines will be extended and welded to the top of each bin. Inspection of the 
welds is necessary to ensure that calcine will not be released. Each bin requires two 
retrieval risers for calcine retrieval. The system used to install the risers will require further 
development and testing. It was used to access bins at the West Valley Demonstration 
Project4. In that project, the pipe diameter was half the size and the concrete floor was 
nearly twice as thick. A throughway between the riser and the bin will be made with 
remote equipment. A remotely operated hole saw could be used to cut a hole in the bin. 
Then a plug will be placed on the top end of the retrieval riser to minimize contamination 
of the confinement enclosure. CSSFs 1-3 and the bins will be inspected for safety hazards 
prior to welding and cutting operations. If hazards are identified (such as the presence of 
explosive gases) these hazards will be mitigated or a different welding or cutting method 
will be used. 

Existing Retrieval Line Access: The flanged and welded terminations of the existing 
retrieval lines should have been located in the vault demolition step. These lines will be 
opened and capped until needed for calcine retrieval. It will be necessary to core drill 
through the confinement enclosure floor to access some of the retrieval lines in CSSF 5,6, 
and 7. The existing retrieval risers will be plugged with steel lined, concrete plugs. At the 
conclusion of each of these activities the radiation levels of the confinement enclosure 
should be inspected. If they are found to be excessive the enclosure should be 
decontaminated. 

At the conclusion of step 9, the CSSF is prepared for calcine retrieval activities. The 
retrieval lines will remain in the bins. The retrieval risers will be plugged with the steel 
lined, concrete, steppedplugs. Step I O  occurs during CSSF closure. 

9. CSSF D&D preparation. The bins will be prepared for D&D by adding 18 in. diameter 
risers. The method used to install retrieval risers will be used to install the D&D risers. It is 
anticipated the same core drilling platform can be used to install the D&D risers and the new 
retrieval risers. However, a larger drill bit will be required. The riser will be welded to the 
bin and extended to the floor of the confinement enclosure. A steel lined plug will be placed 
on top of the riser. As a safety precaution, the bin will not be opened into the D&D risers 
until D&D begins. Annular bins require two D&D risers (CSSF 1,5,6, and 7). Cylindrical 
bins require one D&D riser (CSSF 1 center bins, 2,3, ahd 4). The riser will be used to insert 
a robot to aid in the retrieval of the final 5% of the calcine in the bins. The installation of the 
D&D risers is essential to CSSF closure plan presented in reference 12. The cost of 
installing the D&D risers is included in the cost estimate (see section 6.0). 
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The retrieval system will be 
deployment apparatus (VDA), and shielded jumper will be available for D&D. The retrieval 

e for D&D. The positive displacement blower, vertical 

shielded jumper and VDA within a CSSF). The installation of the D&D risers are costed 
separately fiom the capital equipment. The operation of the retrieval system, once the CSSF 
is declared empty, is the responsibility of the CSSF closure team. These costs are 
documented in section 6.0. 

3.1.3 Process Equipment Description 

The equipment necessary for CSSF access mainly consists of ventilation and riser installation 
equipment. The ventilation equipment will satisfl the ventilation requirements of the bin vault 
and the confinement enclosure. This equipment is described in the equipment list in appendix A. 
The riser installation equipment consists of an overhead crane (used to remove packaged, 
contaminated equipment and place the remote drilling platform), remote drilling platform, and 
remote welding equipment. 

The remote drilling plat5orm will drill penetrations through the bin vault roof (2 ft to 3 A of 
concrete) of each CSSF. Retrieval risers and D&D risers will be inserted through these 
penetrations. The basic operation is as follows: drill a pilot hole (1 in. to 2 in.), insert a toggle 
type capture mechanism (to prevent the core from falling into the CSSF and damaging the bins), 
finally, drill a larger diameter hole (allowing installation of the risers). Secondary confinement 
will be provided during drilling operations by a tent confinement around the drilling plat6orm. 
The tent confinement will reduce exposure to workers and contamination spread within the 
confinement enclosure. The remote drilling platform will be relocated fiom bin to bin within a 
CSSF. This will require coordinating the construction schedules. The platform’will be secured 
to the confinement enclosure floor with anchor bolts. Safety baniers and warning signs will 
prevent exposure to shine radiation directly above the open penetration. A riser plug will be 
installed to provide a shielding barrier once the penetrations have been drilled. 

The remote welding device will weld the new ri 
welding is often used to join tubs to surfaces in a hands on manner. A test program is currently 
underway at the MEEL to better understand the parameters involved in converting this technique 
to remote operation. In general terms, flanged risers, approximately 4 ft to 5 ft long, will be 
welded to the top of each bin. The remaining length of the riser will be bolted to the flanged 
riser. It is anticipated that the welds will need to be inspected prior to opening the b 
the risers. At this stage, a remote weld inspection technique has not been identified. 
should be a simple matter to convert a test method for remoter inspection of the welds. The best 
time to develop a remote weld inspection method is during the weld test program, 

the bins. Commercially, resistance 

hole drill will be used to ay into the bin fiom the new retrieval 
riser. It will cut a circular hole, inside a new retrieval riser, on the top of a bin. The retrieval 
lines will be inserted into the bins through these holes. Bins with existing retrieval risers will not 
require the use of this equipment. This equipment should be purchased off-the-shelf and then 
converted for remote operation. The core should be captured to prevent it fiom falling into the 

c 



Function File Number - SPR-WTS-01 
EDF Serial Number - EDF-WTS-002 

431.02# ENGINEERING DESIGN FILE 
01/29/98 
Rev. #00 Page 20 of 62 

bins. 

3.1.4 Process Issues 

The CSSF access plan described above is not perfect, complete, or final. It is based on methods 
developed by Raytheon and Fluor-Daniels* in previous and current studies. The details of the 
CSSF access plan are broad. They do not address the requirements of each CSSF individually. 
The specific points remain to be identified in a feasibility report. This section attempts to point 
out potential errors and concerns in the CSSF access method. They are not expected to impact 
the cost or schedule of the project but they warrant further examination and study. 

Radiation Levels in CSSF Su~erstructure: 
The radiation levels vary throughout the vault superstructure of each CSSF. The cost of 
demolishing the vault superstructure increases as the radiation level increases. At this stage in 
the design process, relative radiation levels were used to develop the cost estimate. The hc t ion  
of the room and evidence of operational anomalies determined the relative radiation level. Not 
all of the CSSFs contain all of these rooms. For fbture studies and cost estimates, a survey of 
each superstructure vault should be completed to quantify the level of radiation in the vaults. 

The cyclone vault and the off-gas filter room were considered to be the highest radiation areas. 
These areas were exposed to the greatest levels of calcine solids. The cyclone vault houses the 
cyclone and the distribution piping. In CSSF 2 and 3, erosion failures are known to have 
occurred in this vaulta. The accumulated calcine was cleaned up but higher levels should be 
expected in the cyclone vault for CSSF 2 and 3. All equipment housed in this vault should be 
considered highly contaminated. During filling, the bins were vented through filters in the off- 
gas filter room. The HEPA filters in this room are highly contaminated. After filling, this room 
was isolated to minimize contamination spread. Shielding is necessary for work in this room. 
The cyclone vaults and the off-gas filter rooms should be considered high radiation areas. 

The instrument room, equipment room, and access cell are assumed to be low radiation zones. 
These rooms house the instrumentation and equipment used to monitor the CSSF. Calcine did 
not enter these rooms. The inlet and exhaust plenum rooms are used to passively cool the bin 
vault. It is unlikely these rooms have levels of contamination beyond that of a radiation area. 
The fan room contains HEPA filters used only if contamination is detected in the exhaust plenum 
room. This system has never permanently activated in any of the CSSFs. It is unlikely the 
HEPA filters in this room are contaminated but they should be treated as such for disposal 
purposes. The equipment and ductwork downstream from the HEPA filters should be considered 
uncontaminated. The remaining rooms in the superstructure are assumed to be radiation areas. 
Unless noted above, the piping or bins in the vault are assumed to be intact. 

Existing Lines from the Calcining Facilities WCF & NWCF) to the CSSFs: The CSSF access 
plan calls for the original calcine transport lines to be cut and capped at the CSSFs. The cost of 
cutting and capping these lines is reflected in the cost estimate (section 6.0). However, the cost 
of decontaminating these lines is not included. The cost of decontaminating, cutting, and 

’ Staiger, D., “Review of High-Level Wastes Stored at the ICPP”, draft, September 1997. 
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closure plan calls for the line from CSSF 1 to be used to flush the calcine transport line back to 
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CSSFs is part of the F closure cost. The WCF 

dwitha UP 
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from CSSFs 2 and 3 to the WCF. It would be advantageous to develop detailed plans to flush 
and properly close these lines. Closure plans for other contaminated lines should be developed 
as they are identified. 

Weight Loading of CSSFs: The weight loading on the CSSFs during access activities and 
retrieval operations is not expected to be a significant problem. The amount of equipment used 
during these activities has been minimized to reduce the weight loading on the CSSFs. The final 
design of the calcine retrieval and transportation system will incorporate the weight loading 
restrictions of the CSSFs. This issue will be resolved during the design stages of the calcine 
retrieval and transportation system. 

3.2 Calcine Retrieval 

3.2.1 Process Basis 

The calcine retrieval system will remove the calcine from a bin and place it directly in the 
pneumatic transport system. The system minimizes the number of moving parts used to retrieve 
the calcine to reduce the risk of failure and downtime. The remote operation design of the 
calcine retrieval system duces worker exposure. 

The calcine retrieval system consists of the equipment necessary to remove calcine from a bin. 
Each CSSF is equipped with a complete set of retrieval equipment. The retrieval system relies 
on the transport system to provide the means for the calcine retrieval. There are two transport 
systems. The calcine retrieval system and the calcine transportation system are separate and 
distinct. Neither system can operate without the other. The interface between the calcine 
retrieval system and the calcine transpo is shown in sketches CRT-02 and CRT-03. 

ign to satis@ the needs of the 
processing options. The basic design, 
design for calcine retrieval. The Fluor-Daniels2 design specifies that alumina calcine and 
zirconia calcine are retrieved and transported using separate systems. The overall system will be 
more efficient if there are no restrictions placed on the type of calcine that can be retrieved and 
transported by a system. The alumina c 
because the CSSFs contain more 
separate CSSFs, to be retrieved from at one time. Safety and efficiency issues require that one 

ly emptied before 

difications have been made to 
are based on the Fluor-Daniels2 

ne system would be idle a large part of the time 
cine. The duplicated systems allow two bins, in 

ed from within a CSSF. 

3.2.2 Process Description 
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Calcine retrieval will be accomplished pneumatically with a suction nozzle and an air jet. The 
air jet will fluidize the calcine inside the bin. The suction nozzle will lift the fluidized calcine 
out of the bin. Calcine will enter the transport system through a shielded jumper fiom the 
retrieval line. A retrieval system has been mocked up at the MEEL as a pilot plant facility. It is 
the only system to have successfblly demonstrated solids retrieval fiom a I11-scale bin model. 

Two retrieval lines will be placed 180" apart inside the bin. The retrieval lines will be composed 
of rigid, concentric pipes. The outer diameter of the retrieval lines will be 5 in.. The inner pipe 
will function as the suction line. It will be fitted with a nozzle designed to prevent clogging and 
uptake of miscellaneous items in the bins. The annulus will be an air jet. It will be fitted with an 
appropriate fluidizing nozzle. At a given time, a retrieval line will function as a suction line or 
an air jet. The suction nozzle and air jet will not be housed in the same retrieval line. The 
function of the retrieval lines will alternate, one line will act as the suction line while the other 
acts as the air jet. Calcine retrieval will be more efficient. Each line will have the capability to 
sweep a full circle but it will not be continuously rotating. This will aid in fluidizing 
agglomerated calcine. 

The pressure inside a bin during retrieval should be slightly negative. The negative pressure 
reduces the risk of contamination spread while a vault is open for retrieval. The negative 
pressure will provide an additional safety if the confinement were to fail. The negative pressure 
must not maximum exceed the design pressure of the bins. The design pressure rating varies by 
CSSF. 

A vertical deployment apparatus (VDA) will be used to keep the retried lines near the surface 
of the bulk calcine. This equipment is similar to well-drilling equipment. The retrieval lines will 
be sectioned. The length of each retrieval line can be extended as the calcine is retrieved. The 
retrieval system functions most effectively when the suction nozzle and air jet are near the 
calcine surface. However, it is necessary to adjust the level of each line independently. After 
the bin is emptied, the lines will be disconnected fiom the VDA and remain in the bin. The 
retrieval risers will be plugged, with steel-lined stepped plugs, before the VDA is 
decontaminated and moved to the next bin. 

The calcine will be retrieved at a rate of 2700 kg/hr fiom each bin. When both transport systems 
are operating, calcine will be delivered to the Waste Treatment Facility at a rate of 5400 kg/hr. 
The retrieval rate is set by Fluor-Daniels*. The mock-up tests' reveal that retrieval rates above 
2300 kg/hr can be achieved with 3 in. retrieval lines and a maximum air flow rate of 300 scfm at 
12-15 psig. The higher retrieval rate could be reached by increasing the air flow rate and the 
blower capacity. More testing is necessary to show that this is a sustainable retrieval rate. The 
retrieval rate is dependent upon how agglomerated the calcine is. This issue is discussed further 
in section 3.2.3. 

The retrieval system will retrieve at least 95% of the calcine each bin. This estimate is based on 
results from a pilot plant program (reference 8). The '/4 and 111-scale mockup tests provide the 
best information about the amount of calcine that can be retrieved using this retrieval method. 
The details of the tests are not explained in this EDF. The target retrieval rate was not maintained 
after 95% of the solids were retrieved. In the 1/4 scale test, less than 1% of the initial retrieval 
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rate could be maintained during 1 of the final 3% of solids./ A significant amount of time 
is necessary to retrieve the final 3-4% of calcine at the bottom of the bin. For the fuil-scale tests, 
the as rate 
bel rat 

A conservative retrieval estimate is 95%. A conservative approach is taken for several reasons. 
The calcine in the “nooks and crannies” created by thermowells, internal stiffening rods, and the 
bottom of the bins will be difficult to remove with this retrieval method. This system has not 
been tested on a caked material. It is highly possible that calcine in some of the bins may be 
caked. Such a material would have a greater tendency to stick to the walls, floors, and internal 
structure of the bins. It should be noted that in the actual operation of the retrieval system, 
retrieval should continue as long as a reasonable retrieval rate can be maintained. The schedule 
and other processing requirements must define that rate. 

Throughout calcine processing, retrieval will switch fiom CSSF to CSSF as CSSFs are emptied 
or different calcine types are reached. For example, the CWO option requires fiequent switching 
between CSSFs to achieve the correct calcine blend. The other processes need to switch CSSFs 
once a CSSF is emptied. Safety issues prevent switching fiom bin to bin within a CSSF before 
the first bin is emptied. Additionally, such a feature is not necessary to meet the process 
requirements. The process of switching the retrieval to another CSSF is outlined below: Let bin 
A be the bin that is currently being retrieved and let bin B be the bin that retrieval is being 
switched to. 

1. Turn off retrieval system for bin A: This is accomplished by shytting off the transport air 
blower connected to the suction nozzle and air jet. Flush the shielded jumper and upper line 
with dolomite to remove any calcine deposited in the lines. Close the valve at the CSSF 
transport line connection. Disconnect the vertical deployment apparatus fiom the retrieval 
lines. The lines will rest on the bottom sdace  of the bin. Place the steel-lined, concrete 
plugs on the retrieval risers. Disconnect the shielded jumper from the VDA. Decontaminate 
and relocate the VDA to bin B. 

2. Adjust Transport System: Diverter valves will be used to connect the CSSF leads to the 
main transport system. The diverter valves will be pneumatically controlled fiom the control 
room adjacent to each CSSF. The steam traced lines in the transportation system will 
condensation in the return air lines. 

3. Turn on retrieval system for bin B: If necessary, the VDA must be transported to and 
correctly positioned at bin B. The correct set of retrieval line extensions must be placed in 
the extension tube carousel. The confinement tenting will be replaced around the VDA. The 
shielded jumper will connect the retrieval lines to the transport system. The plugs on the 
retrieval risers will be pulled. Retrieval lines will be extended to the top of the calcine in bin 
B. The power to the retrieval blower and suction jet will be turned on. Retrieval fiom bin B 
begins. 

3.2.3 Process Equipment Description 

The Vertical Deployment Apparatus (VDA) will extend the retrieval lines into the bins during 
calcine retrieval. The VDA will extend the retrieval lines independently. The equipment is 



431.02# 
01 129198 
Rev. #OO 

ENGINEERING DESIGN FILE Function File Number - SPR-WTS-01 
EDF Serial Number - EDF-WTS-002 

Page 24 of 62 

similar to well drilling equipment. Temporary ventilation and confinement shielding is required. 
This will be accomplished with a confinement tent and a portable blower. A catch pan will 
collect radioactive dust and runoff water introduced in the VDA confinement area. The VDA is 
relocated with the bridge crane. It will be stabilized with anchor bolts attached to the 
confinement enclosure floor. The apparatus is 5 ft to 6 ft square and 25 ft tall. External 
shielding panels, 2 '/z in. thick, reduce radiation fields inside the confinement enclosure during 
retrieval. An external ladder and gate provide maintenance access to the VDAs. When the plug 
is removed fiom the retrieval riser, the confinement area within the VDA has the same 
ventilation requirements as the calcine bin. 

The VDA is equipped with a plug removal hoist, extension tube carousel, and extension tubes 
and couplings. A detailed description of their function appears in reference 3. The plug removal 
hoist lifts the plug fiom the retrieval riser and stores it inside the VDA. The motor, brake, 
controls, and cable require periodic inspection. The load carrying capacity should also be regular 
checked. The extension tube carousel stores the extension tubes for the risers and retrieval lines. 

The extension tubes with couplings fonn the retrieval line sections. As the retrieval lines are 
lowered into the bins, a section of tube is added. Each CSSF requires a particular set of 
extension tubes. These must be loaded into the VDA each time it is relocated. 

The shielded jumper connects the discharge of the calcine retrieval line (top of the VDA) to the 
transport line. The jumper configuration will allow this connection to be made regardless of 
location of VDA. The shielded jumper is made of double walled, heavy pipe. The jumper is 
composed of 4 ft to 5 ft sections that are equipped with lifting lugs for.easy handling. The 
jumper must be flushed with high velocity dolomite to reduce the amount of contamination in the 
line before it is moved. 

The CCTV system contains a camera, light, boom, and control system. This system is installed 
to allow viewing inside the bins. It is not an essential component for the retrieval operation but it 
will be usell  if unforeseen problems develop. 

The retrieval equipment described in this section is located inside the Confinement enclosure. 
This equipment must interface with the transport system in order for calcine to be retrieved. 

3.2.4 Process Issues 

The calcine retrieval system described has been tested at the INEEL. Even so, some unresolved 
issues exist regarding the system. bytheon3 developed the equipment used in this system in a 
previous study. The purpose of this section is to ensure the feasibility of the calcine retrieval 
system by expressing concerns and issues that warrant M e r  examination and study. 

Corrosion Coumns and Miscellaneous Items in CSSFs: 
Calcine retrieval will be hampered by internal obstructions inside the bins. At some point during 
the retrieval process, these obstructions should be removed fiom the bins. For example, the 
corrosion coupons should be retrieved from each CSSF prior to decontamination of the 
confinement enclosure during CSSF access. The corrosion coupons in each bin are hung fiom XI 
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on coupon sets were ed fiom CSSF 2. A crane 

uring this operatio 
ts the CCTV syste n coupon removal. 

can be used to retrieve the corrosion coupons sets. Upon removal of the corrosion coupons, they 
should be placed in a shielded cask. The coupons should be examined for evidence of corrosion. 
This information is valuable for retrieval and closure of the CSSFs. The analysis should take 
place at ICPP in a shielded cell. After the coupons have been analyzed they should be disposed 
of as radioactive waste. Table 4 describes the corrosion coupons in each CSSF. 

Table 4. Corrosion Coupon Description 

Number Remaining 
in Bin 

0 
3/bin 

-1 . 5 
5/bin 
5 I bin 

5 I bin 

5 

I 1 

Bin Location Description 

VES-WCS-136-1 and Wall mounted 

VES-WC-140- 1 Inside riser 
All bins Wall mounted 
VES-WS5-149 and Corrosion coupon 
VES-ws5- 15 1 

VES-WS5-156 and Corrosion coupon 
VES-WS6-159 retrikvd through n o d e  

VES-ws7-164 Corrosion coupons in 

VES-WCS-136-4 

retrieval through n o d e  
J (6 in. Sch 40) 

J (8 in.) 

retrieval nozzle F 

There are other miscellaneous items (such as rodout lines, weighted lines, lost samplers and 
penetrometer points) in the binsb. These items will not be as easy to retrieve as the corrosion 
coupons because their location is not known me of these items may be below the calcine 
surface while others may be on the surface o calcine. Something must be done to reduce the 
risk of these items damaging the bins, the retrieval lines, and the transportation system. The air 
jet could pick up these items. The bin walk may not survive an impact. The bin could be 
breached. If these items enter the transportation system they could clog or puncture the system. 
The ideal solution is to detect and re 

It sary to remove the 
assumed that this 
For purposes of d 
included in the cost estimate. A cost estim 
The escalated cost of planning and equipment to remove the comsion coupons from all the 

will occur during theconstruction phase of the project for each CSSF. 
, the corrosion coupon removal activity was 
veloped to remove the corrosion coupons. 

a bounding co 

Staiger, D. “Review of High-Level Wastes Stored at the ICPP”, draft, September 1997. 
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CSSFs is $1,620,000. This activity was also included in the operating and maintenance cost 
estimate (See section 6.0 for details). 

Control of Retrieval Rate: 
The retrieval rate cannot be rigidly controlled due to the nature of the system. The retrieval rate 
depends upon several factors. As the calcine supply in the bin diminishes the retrieval rate 
decreases. The retrieval rate also depends upon how free flowing the calcine is. This retrieval 
method has been extensively tested with free flowing solids. It is anticipated that agglomerated 
calcine can be broken up and placed in a dilute phase by the air jet. However, retrieval of 
agglomerated solids in this manner has not been tested. This issue has not been examined 
because of the difficulty of simulating agglomerated solids on a large scale. The bins should be 
sampled to determine if the calcine has agglomerated. If agglomerated calcine is found, a pilot 
plant study should be conducted to determine the ability of agglomerated calcine to be retrieved 
with this retrieval method. 

Location and Number of Retrieval Lines: 
Limited testing has been conducted to identify the optimum location and number of retrieval 
lines. The number, size and location of the air jet and suction nodes  will effect the efficiency 
of the calcine retrieval system. It is necessary to determine if the most efficient configuration 
has been selected. Reference 8 suggests that two suction nozzles located BOo from the air jet 
may be more efficient. The costs associated with this activity are included in the cost estimate 
for the design of the retrieval system. 

Additionally, the perfonmince of the retrieval system in a cylindrical hin is not known. Tests3 
have been conducted on an annular bin mock-up. Preliminary indications fiom the annular bin 
mock up tests suggest that the retrieval system will be even more effective for these bins. This is 
a source of concern because the optimal suction nozzle and air jet configuration may vary 
significantly fiom that of the annular bin. 

CSSF Retrieval Order: 
The order that the CSSFs will be retrieved is not identified in this EDF. Each CSSF will be 
ready for retrieval by 1/1/2013. The order of retrieval is heavily dependent upon the operation of 
the Waste Treatment Facility. The operation of the Waste Treatment Facility determines when 
the calcine will be retrieved. The majority of the treatment options do not require a specific 
blend of calcine. Therefore, they do not have a preference for the CSSF retrieval order. 
However, it would be beneficial to the Waste Treatment Facility operating crews to retrieve and 
process the more homogeneous calcine in CSSF 1 and 2 first. The closure studyI2 for the CSSF 
facilities would prefer the placement of class C grout in the better constructed CSSF 5,6, and 7. 
The order the CSSFs should be retrieved to accommodate the closure schedule is CSSFl, CSSF 
5, CSSF 6, CSSF 7, CSSF 2, CSSF 3, and finally CSSF 4. This is an issue that must be 
coordinated between the waste treatment options and CSSF closure. Political input should be 
considered a major factor in determining the retrieval order. 
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. 3.3 Calcine Transport I X  

Process Basis i t  

The calcine transportation system will deliver the retrieved calcine from the CSSFs to the calcine 
Waste Treatment Facility with a pneumatic transport system. It also provides the motivation for 
the suction nozzle and air jet necessary for calcine retrieval (see sketches CRT-02 and CRT-03). 
Pneumatic transport systems have been used to transport calcine from the calcining facility 
(NWCF or WCF) to the CSSFs for more than 30 years. Additionally, Raythe0n3 studied the 
advantages and disadvantages of open-loop, closed-loop, and combined loop (combining a 
retrieval system with a closed-loop transport system) pneumatic transportation systems. The 
combined loop pneumatic transport system provides the best alternative for calcine 
transportation because recycling of the transport air minimizes the amount of air released. 

The Fluor-Daniels' design consists of two independent transportation systems. The independent 
transportation systems were specified to transport zirconia and alumina calcine separately. There 
appears to be no advantage, to the non-separations options and TRU Separations options, to keep 
the zirconia calcine separate from the alumina calcine. The two independent transportation 
systems, in this study, will allow retrieval and transportation of calcine from 2 CSSFs at one 
time. 

3.3.2 Process Design 

The calcine transport system will deliver calcine from the CSSFs to the Waste Treatment 
Facility. Each CSSF will be connected to one of the two pneumatic transport systems. The 
double transport systems will provide greater flexibility during calcine retrieval (allow more 
desirable calcine blends to be achieved) and CSSF closure (allow retrieval of the remaining 5% 
of calcine in the bins during off-peak hours). 

The pneumatic transport system reduces the risk of calcine release by conveying the calcine 
under negative pressure a break develops in the transport line, air will flow in rather than out. 

alCie release by reducing the potential for calcine to leave the 
omentum of large particles may overcome the negative pressure and escape 

stem the calcine 
particles would be pushed out of the 
erosion failures in the transport p 
system". The costs associated 
cost estimate (section 6.0). 

d through proper layout of the transport 

two transport sy 
encased in 15 mm (6 in) 30 
calcine transport line, to be used if the original line becomes permanently clogged or otherhise 
unusable. Rod out stations will be placed along straight runs to clear clogged transport lines. 
The transport lines will be accompanied by two return air lines, one for each transport system. 
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The return air lines will be 20 mm (8 in) 304L stainless steel. These lines will be steam-traced to 
prevent water from condensing. 

The transport lines and the return air lines will be surrounded by a concrete pipe chase. The pipe 
chase will be designed to allow access to the diverter valves and rod out stations. The pipe chase 
will minimize “shine” radiation at accessible locations. An earthen berm will shield the pipe 
chase. Raythe0n3 examined many routings and found a large number of obstructions from 
CSSF 1 to CSSF 6 that prevent burying the transport lines. For purposes of this study, it is 
assumed that it is more convenient and cost efficient to lay the transp6rt lines above grade. 
Although, above ground placement does not preclude necessary relocation of some utility lines. 

Diverter valves will be used to prevent back flow of calcine into CSSF connections. These 
valves will be manufactured out of stainless steel. Diverter valves are a typical component of 
pneumatic systems. Three diverter valves will be necessary to ensure that calcine can be 
transported from the CSSFs to the Waste Treatment Facility in either line of the transport system. 
These valves are ideal for use in the calcine transport system because they require little 
maintenance over their service life. 

It is generally accepted in industry, that a vacuum transport system can transport fluidized solids 
up to 300 ft efficiently. The CWO and TRU Separations options require calcine to be delivered 
to the NWCF and the Calcine Dissolution Facility, respectively. The site plan for the CWO 
option is shown in sketch CRT-05. The site plan for the TRU Separations options can be found 
in the TRU Separations options study report (sketches TRU-C-6 and TRU-C-12). Calcine can be 
transported from all the CSSFs to these facilities without exceeding thc transport distance 
limitation. The Waste Treatment Facility in the DCWO, HWO, and VWO options are located in 
the north east comer of ICPP. The required transport distance from CSSF 3 to the Waste 
Treatment Facility is approximately 550 fi. An Intermediate Transport Station (ITS) and two 
separate transport system legs must be included in the transport system design to deliver calcine 
from the CSSFs to the Waste Treatment Facility for the DCWO, HWO, and VWO options. The 
relationship between the ITS and the transport system is shown in sketches CRT-03 and CRT-04. 

For the DCWO, HWO, and VWO options, the calcine transport from the CSSFs to the Waste 
Treatment Facility is accomplished with two transport system legs (each leg contains piping and 
equipment for each transport system). The first leg transports calcine fiom the CSSFs to the ITS. 
At the ITS, the transport air is separated fiom the fluidized calcine with a cyclone and sintered 
metal filter. The calcine enters a storage hopper. As the calcine is metered out of the hopper it is 
fluidized by the second leg of the pneumatic transport system. The calcine is then transported 
from the ITS to the Waste Treatment Facility, as shown in CRT-04. 

3.3.3 Process Equipment Description 

For the CWO and TRU-Separations Options, there are two independent transportation systems. 
For the DCWO, HWO, and VWO options, there are four transportation systems (two from the 
CSSFs to the ITS and two from the ITS to the Waste Treatment Facility). Each transportation 
system has a backup calcine transport line installed. Two sets of transport equipment (transport 
air blower, cyclone, sintered metal filter, heat exchanger, and balancing air blower) are located 
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inside the Waste Treatment Facility for all the waste treatment options. The DCWO, HWO, and 
VWO options have two additional sets of transport equipment located in the ITS. The shielding 
con e CS te Tre acili 

The transport air blower is a positive displacement blower. It hct ions as the transport &r 
blower. For the CWO and TRU Separations options, it also serves as the retrieval blower. It has 
a capacity of 800 cfin and 1 SOkPa (1 Opsi). The blower sized in the Fluor-Daniels2 design was 
examined in reference 1 1. It was found that it is slightly oversized for the longest transport line 
length (CSSF 3 to the Calcine Dissolution Facility). The pressure drop and solids velocity are 
higher than optimum for a vacuum system. However, the blower is also used to ietrieve the 
calcine from the bins. The extra capacity may be necessary to retrieve the calcine from the 
bottom of the bins. 

The cyclone separates approximately 99% of the calcine solids from the transport air. It is sized 
at 2 A ID X 6 A. This size is slightly higher than the one specified by Fluor-Daniels2. A larger 
cyclone is suggested by the Raytheon studies. It will be reinforced with nitronic plating to 
reduce the risk of erosion failures. 

The sintered metal filter separates the entrained calcine particulates after the transport air leaves 
the cyclone. About 99.9% of these particles will be removed as the transport air passes through 
the sintered metal filter. Air will be back blown through the sintered metal filter to deliver 
calcine to the process batch bin. 

The heat exchanger cools the air after it leaves the transport air blower. It is anticipated this will 
be water cooled heat exchanger. After the air leaves the heat exchanger it will be separated. 
Most of the air will be recycled but 10% of it will be exhausted through the process facility 
exhaust system. 

The balancing air blower removes excess air from transport system. It is used to maintain a 
slightly negative pressure in the bin being retrieved. This is necessary to provide an additional 
contamination confinement. 

The concrete shie 
Waste Treatment Facility. The radiati 
chase. The design of the chase is s 
account for the higher transport rate. It will protect the transport lines fiom weather damage. 

chase provides s transport l ies that run fiom CSSFs to 
ed to acceptable levels outside the 
sign. The wall thickness is increased to 

to transport calcine for over 30 years, 
as requiring further study that 

g this study are detai 

Central location of the Waste Treatment Facility will serve to minimize the length of pipe runs. 
This will raise the efficiency of the transport equipment. Currently, the Waste Treatment Facility 
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for the DCWO, HWO, and VWO options is located far fiom the CSSFs (as shown in sketch 
CRT-04). The location chosen by the TRU Separations Options (as shown in sketches TRU-C-6 
and TRU-C-12.) is a better location considering the limitations of a vacuum transport system. 
However, even this location has its own unresolved issues. The requirements to move the ICPP 
fence must be identified. The Waste Treatment Facility will extend off the current ICPP site 
boundary marked by the fence. It is not known if the fence can simply be moved. The Waste 
Treatment Facility should be located as close to the CSSFs as possible. 

3.4 Implementation 

The calcine retrieval and transportation system could be implemented in several ways. Initially, 
two options were examined for the capital cost estimate. Alternative A was designed to meet the 
minimum need of the majority of the processing options @CWO, HWO, VWO, and TRU 
Septions).  Alternative B was designed to satisfy the requirements of CWO and CSSF closure 
activities. Both of these options differ fiom the implementation plan presented by Fluor- 
Daniels2. Alternative B was selected as the best implementation plan. A cost estimate is 
included in section 6.0 based on altemative B. 

Alternative A was based on the requirements of the majority of the waste treatment options. The 
DCWO, HWO, VWO, and TRU Separations options require a well-blended and accurately 
categorized batch of calcine. These treatment options do not require a specific blend of calcine. 
In alternative A, the CSSFs were accessed (a confinement enclosure and VIC building were 
constructed for each CSSF) during the construction phase of the project. Two sets of retrieval 
equipment (consisting of a VDA and a shielded jumper) will be purchased. The retrieval 
equipment will be moved h m  CSSF to CSSF as the CSSFs are emptied. The retrieval 
equipment must be decontaminated before relocation. Moving the retrieval equipment between 
CSSFs is assumed to take less than one week. 

The drawback to this implementation alternative is the impact it will have on D&D work. CSSF 
closure requires that as much calcine as possible be removed from each bin. After, calcine 
retrieval as much as 5% of the calcine may remain in each bin. The CSSF closure study12 
expects to use the retrieval equipment to remove as much as possible of the remaining calcine. 
The capital cost estimate for altemative A was not significantly lower that the estimate for 
alternative B (a copy of the preliminary capital cost estimate for alternative A is located in the 
project file). For these reasons, alternative A was not selected for M e r  study. 

Alternative B satisfies the requirements of the remaining waste treatment option, CWO, and 
CSSF closure. CWO requires a specific blend of calcine for each processing batch. The calcine 
blend is achieved with calcine from up to four CSSFs (see reference 13 for details). Switching 
between CSSFs is required to maintain the blend as large layers of calcine are encountered in the 
bins. The large number of required moves between CSSFs make purchasing seven sets of 
retrieval equipment the most cost effective selection. It is not necessary, in this altemative to 
move the VDAs and shielded jumpers fiom CSSF to CSSF. The retrieval equipment will be 
moved between bins within a CSSF. It is expected that moving the retrieval equipment within a 
CSSF can be accomplished in less than a day. 
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Option A 
2700 kg/hr 

2 

7 

2 
Yes 

(< 1 week due to 
decontamination activities) 

Alternative B does not adversely i n each CSSF when 
calcine retrieval 

implementation alternatives. 

Table 5 .  Characteristics of Calcine Retrieval System Options 

CSSFs Costed with New 
VDAS 
VDAs Relocated to CSSFs 
Tasks to Utilize Alternative 

Transport System Available 
for Closure of CSSFs 
during omrations 

1 and2 

3,4,5,6, and 7 
DCWO, HWO, VWO, 

TRU Separations 
No 

Option B 
2700 kg/hr 

2 

7 
Not required 

1,2,3,4,5,6, and 7 

VWO, TRU Ser>arations) 

-7 
~ 

Alternative B was selected as the best implementation option. It was used as the basis for the cost 
estimate. 

4.0 

A project data sheet was not compl the calcine retrieval and transportation system. 
Instead the data was appended to the project data sheets for each waste treatment option. Table 6 
shows the data that should be inc into the project data sheets of the each waste 
treatment option. It summarizes on, operations, and some D&D project data. Appendix 
D contains the calculations and justifi 

The closure of the CSSFs is 
CSSFs will be reported in re 
added confinement enclosures, 
included in Table 6 for closure of the transport lines, ITS (building and transport equipment), and 

Input to Project Data Sheet 

data presented in Table 6. 

, therefore, the D&D project data for the 
12 will cover closing of the CSSF structures, 

uildings, and the retrieval equipment. D&D project data is 
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transport equipment located in the WTF. The D&D project data included in Table 6 is not 
comprehensive because a closure method for the transport lines, ITS, and transport equipment 
has not been developed. It was assumed that the D&D portion of the project would have a 1- 
year duration. The work may be more effectively accomplished over a longer period of time. A 
comprehensive examination of the D&D requirements of the transportation system, based on a 
closure method, should be completed. 

Table 6. Input to Project Data Sheets 

Generic Information 

structure size (m2) 

Location 

Construction Information 

Seven Confinement Enclosures which are each 40 
ft X 40 ft (978 m2 total) 
Seven VIC Buildings which are each 40 ft X 60 ft 
(1560 m2 total) 
One ITS Building that is 600 ftz (55.7 m2 ) 
A Confmement Enclosure will be built on the roof 
of each CSSF. 

A VIC Building will be built adjacent to each 
CSSF. 

An ITS Building will be built pid way between the 
CSSFs and the Waste Treatment Facility. 

Cost (S): Preconstruction (escalation included) CWO, DCWO, HWO, VWO & TRU Separations 
Options 

Conceptual Design S 18,000,000 

Project Management 

Permitting and Documentation 

Start Up Activities 

Contingency 

Total Preconstruction 

Cost (S): Construction (escalation included) 

Engineering, Design, and Inspection 

Management Reserve (PWCM) 

Construction 

Government Furnished Eqiupment 

G&NPIF 

S 2,700,000 

S 4,800,000 

S 5,100,000 

$ 10,500,000 

S 41,100,000 

CWO & mu 
Separations Options 

$ 18,500,000 $ 19,400,000 

3 22,900,000 S 23,500,000 

s 104,200,000 $106,500,000 

S 18,200,000 S 19300,000 

DCWO, HWO, & VWO 

S 10,400,000 S 10,700,000 
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Procurement Fees, Management Reserve, S 64,600,000 $ 66,600,000 
and Contingency . i  

Total Construction +.  S 238,800,000 S 246,100,000 

Schedule stadend: Preconstruction 

Schedule stadend: Construction 

1/1/2004 - 12/31/2007 
1/1/2008 - 12/32/2012 

Number of workers each year of construction 100 workers per year 

Number of radiation workers (construction) 

Average annual worker radiation dose (rem@) 
Heavy equipment 

90 workers per year 

252 mrendyr per worker 

Equipment used 

Trips Cycle timeloperation not applicable 
Hours of operation 

Mobile crane, roll off truck, loader, bulldozer, and 
cement truck 

12,480 hr (total) 
Acres disturbed and duration of disturbance 

Air emissions 

0.5 acres for VIC Buildings, Transport Line Chase, 
ITS building and ramps 

Major gases (C02, H20,02, N2) 7,255 tons 

Contaminants (Particulates, CO, NOx, 42.5 tons 
502, hydrocarbons) 

Radioactive wastes 

Type Contaminated fill (1 500 yd3) 

SteeVasbestos (279,000 lb) 
Lead brickdmixed wastes (4,900 lb) 

Energy requirements 

Electrical ( M W y r )  

Fossil fuel (liters) 

Pennits needed for construction 

ODerational Information 

Cost (S): Operations (not escalated) 

156 M W y r  

start of Title I1 

r non-rad air emissions; 
HAP'S and TAP'S and RCRA (part AA, BB, and 
CC for air) for hazardous air emissions; air 

subpart H for rad air emissions; approval of 
Engineering Plans; Cross Connection Control 
Plans; reports and specifications for drinking water 

perating permit; NESHAP's, NPDES, NESHAP's 

Part A and Part B permits. 

CWO TRU Separations DCWO, 
Options HWO, VWO 
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Facility Operations 

Utilities 

$ 1,218,000 $ 4,661,000 $ 4,761,000 

$ 1,054,000 $ 4,158,000 $ 4,158,000 

Maintenance of Equipment $ 7,866,000 $ 28,840,000 $ 28,840,000 

Building Maintenance $ 9,255,000 $ 33,933,00 $ 35,120,000 

Total Operations $ 19,393,000 $ 71,594,000 $ 72,781,000 
u 

Schedule W e n d  5-Year Operation: 1/1/2013 - 12/31/2017 

20-Year Operation: 1/1/2013 - 12/31/2032 

5-Year Operation 20-Year Operation Number of workers each year of operation 

Managers 0.5 0.25 

Engineers and other technicians 0.75 0.5 

Supervisors and AdministatiodSupport 3 2 

operators 6 3 

Maintenance 1 1 

Number of radiation workers 5-Year Operation: 10 workers 
20-Year Operation: 6 workers 

192 mrem/year per worker Average annual work radiation dose (rem/year) 

Air Emissions 

Type (radioactivekhemicd) Calcine 

Quantity (Cilyear, todyear) CWO Option: 5.6 x IO4 todyear 

TRU Separations Options: 1.4 x lo4 todyear 

DCWO, HWO, VWO Options: 2.8 x IO4 todyear 

Release of Cilyear dependent on the type and 
storage length of the calcine released. 

Energy Requirements 

Electrical (MWyr) CWO Option: 93.2 M W y r  

TRU Separations Options: 74.1 MWh/yr 

DCWO, HWO, VWO Options: 88.7 MWh/yr 
HAP'S and TAP'S and RCRA (part AA, BB, and 
CC for air) for hazardous air emissions; air 
operating permit; NESHAP's, NPDES, NESHAP's 
subpart H for rad air emissions; approval of 
mgineering Plans; Cross Connection Control 
Plans; report specifications for drinking water 
supply; RCRA Part A and Part B permits. 

Permits needed (for facility operations) 

Decontamination & Decommissionine CD&D) 
Information 
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Cost ($): DD&D (Unescalated) CWO TRU- DCWO, HWO, 
Separations & vwo 

Options 

Decommission $ 2,555,000 $ 2,555,000 $ 2,681,000 

Decontamination $ 7,223,000 $ 7,223,000 $ 7,415,000 

Demolition $ 4,935,000 $ 11,557,000 $ 11,864,000 

Total DD&D $ 14,713,000 $ 21,335,000 $ 21,960,000 

Schedule start/end D&D CWO: 1/1/2018- 12/31/2018 

TRU-Separations Options: 1/1/2034 - 1213 1/2034 

DCWO, HWO, & VWO: 1/1/2034 - 12/31/2034 

Number of workers each year of D&D 
(newlexisting) 

CWO: 108 

TRU-Separations Options: 155 

DCWO, HWO, & VWO: 160 

CWO: 75 

TRU-Separations Options: 104 

DCWO, HWO, VWO: 102 

252 mrem/yr for each worker 

Number of radiation workers @&D) 

Average annual worker radiation dose (redyr) 

Heavy equipment 

Equipment used 

Hours of operation 

Mobile Cranes, Roll-off Trucks, Dozers, Loaders, 
cement trucks, and other specialty equipment used 
during D&D 

CWO: 4,992 hr 

TRU-Separations Options: 6,240 hr 

DCWO, HWO, & VWO: 7,488 hr 
CWO & TRU-Separations Options (transport lines 
only): 0.09 acre 

DCWO, HWO, & VWO (ITS & transport lies): 
0.11 acre 

Acres disturbed and duration of disturbance 

Air emissions 

Major gases (C02, H20,02, N2) 
arations: 3,627 tons (total) 

0, Hwo & vwo 4,353 tons (total) 

ontaminants (Particulates, CO, NOx, 

eparations: 21 tons (total) 

DCWO, HWO, & VWO: 25 tons (total) 

hydrocarbons) 

Solid wastes 
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VPe 

Quantity (m3) 

Metal building and uncontaminated transport 
equipment 

cwo & nu-Separations Options: 45 m3 

DCWO, HWO, & vwo options: 90 m3 

Radioactive wastes 

Type and Quantity 

Cyclones, metal filters, and hoppers from transport 
system 

cwo & mu-Separations Options: 1.2 m3 

DCWO, HWO, & VWO options: 2.6 m3 

Energy requirements 

Electrical (MWyr) 

Fossil fuel (liters) 

156 M W y r  (based on John Duggan’s estimate of 
3000kWwk, 52 wk/yr) 

CWO: 113,380 liters 

TRU-Separations Options: 14 1,725 liters 

DCWO, HWO, & VWO: 170,070 liters 

Work will be done under closure provisions f 
existing permits 

Permits needed (e.g. for facility closures, 
physical characteristics and quantities of 
radioactive and hazardous materials remaining 
after closure) 

Some differences are present between the input to project data sheets and the more formal 
project data sheet. The primary difference involves the waste streams generated by the system. 
Quantities for effluents, solid wastes, hazardous/toxic chemicals and wastes, and pitdponds were 
not reported. These values are negligible, therefore, the categories have been eliminated fiom 
Table 6. The most significant waste stream is the radioactive waste removed from the CSSFs 
during construction activities. 

5.0 Program Schedule 

The calcine retrieval and transportation system will observe the Same construction schedule for 
each waste treatment option (CWO, DCWO, HWO, VWO, and TRU Separations Options). The 
DCWO, HWO, VWO and TRU Separations options operate under a 20-year schedule. The 
CWO option has a 5-year operational schedule. The calcine retrieval system has the capacity to 
meet both of these schedules. 

Conceptual Design 
Title Design 
Construction 
operations 

1/1/2004 - 12/31/2005 
1/1/2006 - 12/31/2007 
1/1/2008 - 12/31/2012 
1 /1/20 1 3 -1 2/3 1 /2032 or 1 A120 1 3-1 2/3 1 /20 17 

At the end of construction all of the CSSFs should be ready for retrieval by 1/1/2013. SO testing 
and operational readiness reviews will be conducted during the construction period. The waste 
treatment options require that calcine retrieval begin on 1/1/2013 to allow time for D&D of the 



431.02# 
01129198 
Rev. #00 

Function File Number - SPR-WTS-01 
EDF Serial Number - EDF-WTS-002 

ENGINEERING DESIGN FILE 

Page 37 of 62  

Waste Treatment Facility and the CSSFs by the target date of 2035 for storage of road ready 
HLW. 

The calcine retrieval and tr abov capaci 
estimated total volume of calcine during the operations time period. The total estimated volume 
of calcine present in the CSSFs by 2013 is 5435 m3 (determined in reference 14). The average 
bulk density of calcine is 1400 kg/m3 (according to reference 1). The calcine retrieval and 
transportation system has the capacity to retrieve calcine at a combined retrieval rate of 5400 
kg/hr (two independent systems with a retrieval rate of 2700 kg/hr). The calcine retrieval and 
transportation system will need to operate for 1409 hr to retrieve the total estimated volume of 
calcine. The waste treatment facilities generally assume a downtime factor of 50% to allow for 
equipment maintenance. Accounting for the 50% downtime factor, the calcine retrieval and 
transportation system will need to operate for 10.8 hdwk and 2.7 hr/wk for the 5-year and 20- 
year operation schedules, respectively. The short operating time suggests that the optimum 
retrieval rate could be reduced without adversely impacting the schedule. The calcine retrieval 
and transportation system has the capacity to retrieve the total estimated volume of calcine 
during the required operational periods. 

A retrieval schedule for the CSSFs not presented in this EDF. There are too many unknown 
parameters to develop a complete and optimum calcine retrieval schedule. The retrieval 
schedule must be coordinated between the Waste Treatment Facility and the CSSF closure 
studyI2. This section is merely intended to show that the proposed retrieval system has the 
capacity to retrieve the estimated volume of calcine in the time period outlined by the Consent 
Order. The Consent Order requires that all high level waste be placed in a road ready form by a 
target date of 2035. The above calculation shows the total estimated calcine volume can be 
retrieved and delivered to the Waste Treatment Facility in the necessary time fiaxne. 

6.0 Costs 

The cost estimate for the calcine retrieval and transportation system was completed in modular 
sections to accommodate the differences in the waste treatment options. Each CSSF was 
independently evaluated. CSSFs 5,6, and 7 are lar therefore one cost estimate, which may 
be applied to CSSF 5,6, and 7, was developed. transport system costs were developed. 
Transport system A reflects the cost of transporting calcine fiom the CSSF to the necessary 
facilities for the CWO and TRU Separations options. Transport system B reflects the cost of 
transporting calcine from the CSSFs to the Waste Treatment Facility for the DCWO, HWO, and 
VWO options. Estimates to purchase and install D&D risers and remove corrosion coupons are 
also included. The cost estimate fiom implementation altemative B (see section 4.0) is presented 
below. A preliminary cost estimate for implementation of altemative A can be found in the 
project file. 

APpe F contains the Cost Estimate Recapitulation, summary sheets, and 
contingency analysis for each module of the capital cost estimate and the complete life cycle cost 
estimate. The detail sheets used to develop the capital cost estimate are not included in this EDF. 
They are located in the project file and are available upon request. 
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Although the Fluor-Daniels study was the basis for this study, the total estimated cost (TEC) of 
the calcine retrieval and transportation system developed in this EDF is nearly twice the TEC for 
the Fluor-Daniels’ design. The higher cost estimate can be attributed to 4 factors. First, more 
demolition work during the CSSF access phase was estimated for this design than for the Fluor- 
Daniels design. The higher cost of demolition work is a result of higher estimated radiation 
levels in the superstructure and removal of more equipment (including the cyclone and its 
associated piping). Second, Fluor-Daniels specified that 2 sets of retrieval equipment 
(confinement enclosures, bridge cranes, VDAs, and shielded jumpers) were necessary. The sets 
of retrieval equipment would be moved fiom CSSF to CSSF. Seven sets of retrieval equipment 
were necessary for the design presented in this EDF because of the interfaces with the Waste 
Treatment Facility and the CSSF closure study. Third, the location of the Waste Treatment 
Facility for the DCWO, HWO, and VWO options requires an intermediate transport station to 
deliver the calcine to the Waste Treatment Facility. This resulted in 2 more sets of transport 
equipment (transport air blowers, balancing air blowers, HEPA filters, heat exchangers, 
cyclones, and sintered metal filters) as well as additional transport piping. This additional 
equipment resulted in a higher cost for the transport system. Fourth, the Fluor-Daniels study did 
not examine removal of corrosion coupons or installation of D&D risers. During this study it 
was found to be necessary to remove the corrosion coupons prior to retrieval activities. The 
corrosion coupons present a significant risk to the safe and efficient operation of the calcine 
retrieval and transportation system. D&D risers, installed after retrieval operations are complete, 
are necessary to interface with the CSSF closure project. The TEC of the calcine retrieval and 
transportation system developed in this EDF is nearly twice the TEC for Fluor-Daniels’ calcine 
retrieval and transportation system. t 
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* 
21.267 21,Zbl zi.zw 21Pbf Z1 , Z b i  
9.358 9,358 9.358 9,358 9,358 

0 0 0 0 0 
10,475 10.475 10,475 10.475 10,475 
41.100 41.100 41,100 41,100 41.100 

Table 7. Cost Summary of the Calcine Retrieval and Transportation System 
(Costs% Shown are x1000) 

Xost item 
brc; (unescaiateo) 
OPC Escalation 
OPC Mgmt Reserve 
OPC Contingency 
Total OPC 

TEC (unescalated) 
TEC Escalation 
TEC Mgmt Resenre 
TEC Contingency 
Total TEC 

TPC (unescalated) 
TPC Escalation 
TPC Mgmt Reserve 
TPC Contingency 
Total TPC 

Operations (unescalated) 
Operations Escalation 
Operations Contingency 
Total Operations 

Post Operations (unescalated) 
Post Operations Escalation 
Post Operations Contingency 
Total Post Operations 

144.460 148.298 
61.688 63.199 
13,406 13.788 
60.467 62.086 

280.021 287,371 

iota1 Gost (unescabateo) 
Total Cost (w/escalation. mgt reserve, 8 contingency) 
Discounted Cost (escalated) 

148.298 
63,199 
13,788 
62,086 

287,371 

72.781 
71,923 
43.41 1 

188.1 15 

21.960 
37.071 
8.855 

67.886 

123,193 
52.330 
13,406 
49,992 

238.921 

72.781 
71,923 
43.41 1 

188,115 

21,960 
37.071 

8.855 
67.886 

127,031 
53.841 
13,788 
51.611 

246.271 

1 

1 l8.566 243,034 
348,880 543.371 
166,409 196.876 

127,031 
53.841 
13.788 
51.611 

246.271 

243.089 243,039 23I.388 
543,371 543,371 531.023 

, 196.876 196.876 192,309 

19,393 
11.085 
9,143 

39,621 

14,713 
10.712 
3.814 

29.239 

72.781 
71,923 
43.41 1 

188.1 15 

21,960 
37,071 

8.855 
67.886 

127,031 
53.841 
13.788 
51,611 

246.271 

148.298 
63,199 
13.788 
62.086 

287,371 

123.193 
52,330 
13,406 
49,992 

238.921 

144.460 
61.688 
13,406 
60.467 

280.021 

71,594 
70.751 
42.704 

185.049 

21.335 
36.016 

8.603 
65.954 

7.0 Recommendations for Further Study 

Issues that should be further studied are identified in sections 3.1.4,3.2.4, and 3.3.4. The 
majority of these issues will be resolved as feasibility studies and title design are completed. 
Several have significantly more impact on whether or not the design is viable. Efforts should be 
made to characterize the state of calcine in the bins as well as the radiation levels in the CSSF 
superstructures. The limits on the transport length of a vacu& system should be identified. The 
feasibility of an intermediate transport station and its configuration should be examined. A 
closure method should be developed for the transportation system. There are several issues that 
require coordination with the Waste Treatment Facility and the CSSF closure studyi2. These 
issues must be resolved before title design 

8.0 Uncertainties 

Many issues and the 
These issues will not be repeated in 

re discussed in sections 3 
. The major uncertainties, 
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8.1 Maturity of Technology 

Guidance for determining the maturity of technology is found in the U.S. Department of Energy 
Standard Operating Procedure, Interim Guidance, Office of Science and Technology,Technology 
Decision Process, May 8, 1997. The technological maturity is classified into stages 1 through 7. 
They are titled Basic Research, Applied Research, Exploratory Development, Advanced 
Development, Engineering Development, Demonstration, and Implementation. This reference 
details the minimum goals, objectives, measures of effectiveness, actions, and responsibilities to 
include requirements for entry into the next stage. 

The basic technologies (brief descriptions of these basic technologies can be found in sections 
3.1 .2,3.2.2, and 3.3.2) necessary to implement the calcine retrieval and transportation system are 
generally well developed. The classifications of the various technologies range fiom the 
“Exploratory Development” stage to the “Implementation” stage. Some of these technologies 
(particularly the remote welding device and VDA) have been proven in industry in hands on 
applications. They must be converted for remote use prior to implementation in the calcine 
retrieval and transportation system. The majority of the remote technologies necessary for 
decontamination have been demonstrated at the INEEL and other facilities. Applied research on 
MEEL surrogate calcine has shown that fiee flowing calcine is retrievable using this technology. 
These systems require development and testing to ensure their reliability and Mormance in this 
application. Some aspects of engineering development require considerably more work. 

8.2 Risk Assessment 
Schedule and cost risks are identified in this EDF. They are categorikd below according to the 
source of the risk. The risks are the same for both implementation options and project schedules. 
Risk Assessment Forms for all identified risks are included in Appendix E along with an 
explanation of the Risk Rating calculation method. 

The risk ratings can vary from “1” to ‘9. The highest risk in each category is rated at “4”. The 
risks with the highest ratings will be discussed in this section. 

8.2.1 Project Risk 

P.l Integrity of CSSF maintained risk = 3 
P.2 Location of retrieval risers 
P.3 Estimated retrieval percentage too high 
P.4 Internal obstructions prevent retrieval 
P.5 Waste Treatment Facility too slow 
P.6 Miscellaneous materials prevent retrieval 

risk = 3 
risk = 2 
risk = 2 
risk = 2 

risk = 4 

This risk is discussed in some detail in section 3.2.4. However, it bears repeating here. During 
filling of the CSSFs, miscellaneous materials entered the bins. No attempt has been made to 
remove these materials fiom the bins. There is a high potential that the material is scattered 
throughout the bins. These materials may damage the bins or the calcine retrieval and 
transportation system if they were to be picked by the suction nozzle or air jet. Therefore, this 
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risk was assigned a probability of “2.” There is some potential that the schedule will be 
disrupted, costs will increase, and the performance of the system may be degraded. The impact 
of this risk is rated at “2” because the calcine retrieval and transportation system minimizes the 
impact. The potential for schedule disruption and increased costs are reduced because each 
transport system has a back up transport line and retrieval could be switched to another bin or 
CSSF. 

8.2.2 Technical Risk 

T. 1 Objective retrieval rate too high 
T.2 All calcines are not retrievable 

risk = 3 
risk = 4 

This risk is based on an assumption. It was necessary to assume at the onset that all types of 
calcine could be retrieved with one system. It is possible that some of the calcine in the CSSFs is 
agglomerated. If it is agglomerated the potential exists that it is not retrievable. Schedule 
disruptions and increased costs are possible if a significant amount of calcine is not retrievable 
using the calcine retrieval and transportation system. This risk was assigned a probability and 
impact of “2” because it is possible that it will occur and adversely affect the schedule and costs. 

8.2.3 ES&H Risk 

ESH. 1 Construction radiation dose rates incorrect risk = 4 

The radiation levels in the CSSF superstructures are not known. A COmprehensive survey of 
these areas has not been conducted. The relative radiation levels used to develop the cost 
estimates were assumed. It is likely that these levels were incorrectly estimated. The radiation 
levels may be significantly higher in the CSSF superstructure. If the actual radiation levels are 
different fiom the estimated levels there is a potential to impact the schedule and costs. 
Therefore, the probability and impact were each assigned a value of “2.” The risk is given a 
value of“4.” 

8.3 Failure Modes 

Possible failure scenarios are identified 
to evaluate these scenarios. However, efforts have been made to ensure that double confinement 
of the calcine is maintained at all times. This reduces the risk of a source-term release due to a 
failure of the calcine retrieval and 

Loss of negative pressure in 
Leakage in the confinement enclosure 
Bin breach caused during in 
into the bin vault 
Loss of calcine confineme during operation of retrieval 
equipment 
Erosion failure in the transport lines 

tion. It is outside the work sc 

ion system. The failure modes include: 

eval risers leading to a calcine release 
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A failure would most significantly affect the schedu.:. The level of significance is dependent 
upon the failure. Any failure is expected to halt all activities involving calcine retrieval and 
transportation until the cause of the failure is resolved and necessary modifications are made. 
The current schedule for calcine retrieval allows 50% downtime for maintenance. This allows 
some slack time for unanticipated failures. 

8.4 Cost Estimate Uncertainties 

Competent cost estimators who are familiar with work conducted at the ICPP prepared the cost 
estimate. Efforts have been made to ensure the cost estimate for the calcine retrieval and 
transportation system is consistent with the cost estimates for the non-separations options and the 
TRU Separation option. Radiation zone work has been conservatively estimated based on 
known incidents during filling of the CSSFs (Dan Staiger’s draft report “Review of High Level 
Wastes Stored at the ICPP”). The assumptions used to develop the cost estimate are outliied in 
the introductory letter. The cost estimate is well detailed. 

9.0 Potential Impacts of NRC Licensing 

Licensing a nuclear facility requires preparing and submitting an application and supporting 
documents to the NRC, such as Safety Analysis Reports, an Environmental Reports, quality 
assurance documents, training plans, monitoring plans, and safeguards’and security plans. The 
NRC licensing process is divided into four stages: pre-application stage, application review 
stage, construction and operating license stage, and decontamination and site closure stage. The 
licensing duration fiom submitting the application to receiving the license is expected to require 
a minimum of an additional three to five years. The benefits of NRC licensing are enhanced 
operating safety, strengthened relationships with stakeholders, and license-holder participation in 
future regulation development. 

According to data developed by Fluor-Daniels*, the estimated cost for NRC licensing is 14% of 
the escalated Total Estimated Cost to comply with the NRC requirements that exceed the current 
DOE requirements. A NRC licensed facility will experience greater costs during the operating 
period. These additional costs are discussed in the reports for the separate processing options (in 
the section titled “Potential Impacts of NRC Licensing”). . 

Some of the potential major impacts associated with NRC licensing of Waste Treatment 
Facilities, other than cost, are: 

0 Increased oversight, including more public involvement and input in all decision 
processes 

0 More restrictive physical limits on some parameters, including exposure limits, 
seismic, and tornado 



431.02# 
01129198 
Rev. #00 

0 

0 

0 

0 

e 

0 

0 

e 

ENGINEERING DESIGN FILE Function File Number - SPR-WTS-01 
EDF Serial Number - EDF-WTS-002 

Page 43 of 62 

More strict radiation monitoring 

Restrictions on sharing utilities between facilities 

More stringent evaluations of the impact from off-site hazards. 

+. 4> 
L _  

Full testing required for emergency utilities 

Physical changes to the plant and equipment 

More elapsed schedule time required 

The methods to comply with some other codes and standards may be complicated and 
require more time 

Although the NRC may license the WTS facilities, it may not automatically inherit or 
adopt the Same agreements and obligations with the State of Idaho and EPA Region 
10 that are in place for DOE and TNEEL 

10.0 Summary and Conclusions 

The calcine retrieval and transportation system presented above combines the best elements of 
previous studies (references 2,3, and 8), pilot plant tests, and experience. The system meets the 
requirements set forth in the Consent Order, statutory law, and DOE orders. The assumptions 
used to develop this system have strong bases. 

The system was discussed in three sections: CSSF access, calcine retrieval system, and calcine 
transportation system. During CSSF access, the CSSFs will be prepared for calcine retrieval. 
Superstructure buildings, equipment, and piping will be decontaminated and removed fiom 
CSSFs 1-4. The concrete vaults of CSSFs 5-7 will be decontaminated but not removed. 
Existing retrieval lines will be accessed. New retrieval lines will be added to CSSFs 1,2, and 3. 
The calcine retrieval and transportation systems will function simultaneously. Calcine will be 
retrieved fiom the CSSFs using a fluidizing airjet and a suction nozzle. Then the calcine will be 
directly placed in the pneumatic transport system for transport to the Waste Treatment Facility. 

There are several issues that must be resolved before the calcine retrieval and transportation 
system can be termed feasible. A plan to deal with the corrosion coupons and other 
miscellaneous items in the bins should be developed. These items should be removed from the 
bins or prevented fiom entering the transport system. The transport system currently calls for 
longer transport distances than are accepted by industry. It was proposed that testing be done to 
verify that a vacuum system (with intermediate transport stations, if necessary) can be efficiently 
used over long distances. Resolving these issues will increase the feasibility of the calcine 
retrieval and transportation system. The remaining issues (sections 3.1.4,3.2.4, and 3.3.4) 
should be resolved over the course of feasibility studies and title design. 
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The cost estimate was developed in modules to allow an “apples to apples” comparison with the 
Fluor-Daniels retrieval and transportation system. Initially, two alternatives for implementation 
were examined. The first alternative was removed from consideration. It did not satisfy all the 
processing options and adversely impacted CSSF closure study1* because only 2 sets of retrieval 
equipment were specified. The second alternative represents a retrieval and transportation system 
that interfaces with the Waste Treatment Facility and the CSSF closure study’*. A cost estimate 
based on the second alternative bounds the cost of the project. Separate capital cost estimates 
were developed for installation of D&D risers and removal of corrosion coupons. 

Life cycle costs for construction, operation, and closure of the calcine retrieval and transportation 
system were developed. Removal of corrosion coupons and installation of D&D risers are 
included in the life cycle cost estimate for each waste treatment option. 

The CWO option requires a 5-year operating period. This option uses transport system A to 
deliver the calcine from the CSSFs to the NWCF. The total unescalated cost for the CWO option 
is $1 78,566,000. The total cost with escalation, management reserve, and contingency is 
$348,880,000. The discounted annual cost for the CWO option is $166,409,000. 

The TRU-Separations Options requires the calcine retrieval and transportation system to operate 
for 20 years. This option employs transport system A to deliver the calcine fiom the CSSFs to 
the Calcine Dissolution Facility. The total unescalated cost for the CWO option is $237,389,000. 
The total cost with escalation, management reserve, and contingency is $53 1,023,000. The 
discounted annual cost for the CWO option is $192,309,000. 

The DCWO, HWO, and VWO options have a 20 year operating period. These options require 
transport system B to deliver the calcine h m  the CSSFs to the Waste Treatment Facilities. The 
total unescalated cost for the CWO option is $243,039,000. The total cost with escalation, 
management reserve, and contingency is $543,371,000. The discounted annual cost for the 
CWO option is $196,876,000. 
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Appendix A 

Drawing 

CRT-01 W A C  Flow Diagram 
CRT-02 Pneumatic Transport System 
CRT-03 Intermediate Transport Station (ITS) 
CRT-04 Site Pian for DCWO, HWO, and VWO 
CRT-05 Site Plan for CWO 
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Name 

Dan Griffith 

Memo of Conversation 

Organization Phone 

LMlTCO Chief Engineer 6-3760 

Sara Gifford MC&I Engineering 

Date: 12 November 1997 

Subject: Nozzle design and retrieval system efficiency 

6-5 162 

Discussion: I 

In the mock up facility, the retrieval method appears to be just as efficient (if not more 
so) for cylindrical bins as it is for annular bins. This is evidenced by returning the solids 
to the outer bin. 

Previous designs indicate that it is not too difficult to design a nozzle that will prevent 
uptake of extraneous materials. The nozzles used in the Rover project shown that it not 
be a significant design effort to develop a nozzle for the retrieval lines. 
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Appendix C 

Equipment List 

QV. 
- 
Equiprnenl 

ID 
Remarks 

4HU-1 

iF-1, HF-i 

I F 3  

iF-4 

iF-1, EFS 

LF-2 

SSF Aca 

SSF Retri 

100% outside air unit 
to furnish air to the 
VIC buildings 

These units filter 
outside air supplied 
to each CSSF. 

This unit fitters 
exhaust air from each CSSF. 

This unit filters 
exhaust air from the 
vault ventilation shack 

The fan is part ofthe 
exhaust filter train for 
each CSSF. 

The fan is part ofthe 
exhaust filter train for 
the vault ventilation 

IEPA Filter Unit Unit consists of a prefilter, one 
stage of HEPA filter, and control 
dampers. 840 CFM 

Unit consists of a prefilter, two 
stages of HEPA filter, and control 
dampers. 1680CFm 

Unit is a canister type consisting 
of one stage HEPA filter. 120 CFM 

IEPA Filter Unit 

IEPA Filter Unit 

xhaust Fan Centrifugal exhaust fan 

xhaust Fan entrifugal exhaust fan 

ridge Crane 10 ton cap. 30' span 

ortable C02 Decontaminate vaults 
econtamination System 

Orill Motor 
Drill Bit Twret 
Remate Operating 
Station 

7 

1 

830' 

14 

1 

2 

equipment enclosure. 

Drilling platform 
placement end 

CorroSioncouponretrieMl 

Reuseable from CSSF to 
CSSF 

wl couplings each end 
3 w L  steel lines 

Ventilationconfinement 
Floor anchor bolts 
CorecaptLIrefeature 
safetybarriers 
(handrail (1 signs) 
Maintain negative pressure 
Reuseable 

Avaihableonsite 
Reuseable 

7 

14 

7 

14 

14 

7 

I 



Equipment 
ID 

dune 

dune 

alcine 
I 

IFUlrT”n 

Equipment Title Descripbon 

Remote Welding 
Equipment including 
WeldlnspectionUnit \ ofthewelds. 

Remote Hole Saw 

Remotely welds the risers to the 
bins. Then inspect the integrity 

Open bins into added rebkval 
risers 

CCTV Equipment 
a. Camera Lens & Lighting 
b. Extension Tubes 
c. Vie0 workstation Wl 

d. Switching Panel, 2 

e. TPZ Head Control, 

Direct during retrieval riser 
installation, V i  inside of bins to 
ensure retrieMl is complete. 

Camera 

Monitors, Light Contrd 

Drive Interface Patch 
Panel 

Retrieval System: Mechanical 

Retrieval lines rigid lines that form 
the wction and air 
jet lines; stainless steel 

Ratriwal System: Remote Equipment 

Vertical Deployment Deploys extension pipe for 
Appa- -*Irkerr 
a. Plug Removal Hokt 25 tall, 6x6‘ base maximum 
b. Rotation Drive vestibulehousescarwsel 
c. Extension Tube ventiiconnection 

CarwSevTraret 
d. Air Supply House Reel 
e. Confinement Casing 
f. LadderhPWmns 
g. External Drives 
h. Talwcoping Line with 

i. Vertical Position I n d i i  
Lower Seal 

Shielded Jumper Connectsdscharge 
of system to 
*-r=Portwstem 

I 
Transportation System: HVAC (equipment located in Waste Treatment I 

Prefitter and 2 stage 
HEPA filters 
38oLk(8oodm) 

w. 
t 

1 

Remarks 

Similar technology used in 
Reference 4 
Reuseable 

Capturecoretoprevent 
problems during retrieMl 
Reuseable 

El 

51 

7 I Inspectriserwelds 

Balancing Ab Blower 8odm 

Tnnsport Air Blower =Lk(=cw 
atsSkPa(l0psi) 
304L stainless steel 

23lp’ coupling at each end ! size:fi” diameter 

2 

2 

7 

Providetransport 
air for system as well as 
suction and air jets 

Ventilation confinement 
SS casing for shielding 
Anchortofloorbdts 
Safetybanier 
(handpila signs) 

Should befitted sothat it 
can beusedto ktdl 
retrieval risers as well as 
extend retrieval lines. 

7 double wall, heavy wall 
pipe, shielded and 
independently mounted 
(steel flanged, gasketed) 

i l i )  

I 



- 
Equipmen 

ID - 
1F-1 

:Y-l 

IX-1 

alcine Tra 

HU-2 

F-7 

F-8 

F-9 

F-1 0 

L - ~  

Equipment Tae Description I 
<i . L ' t  

0.3 micron 
380 us (800 Cfm) 
z x 1 4 '  
304L stainless steel 

0.3m ID X 0.6m 
(1' ID X 2 )  
Raytheon recommends 
a longer length 3-6' 

38 kW (0.13 Mbtukr) 
0.3m X 2.4m 

304L stainless steel 

Twway stainless 
steel valve, electric 
motor controlled 

380 us (8oocfm) 

Sintered Metal Filter 
I . -  $74 

Removes calcine fines 
entrained in air exiijng the 
cyclone and delivers to hopper 

Separates calcine from 
transport air and delivers it 
to facility hopper 

Cools air from transport 
blower to acceptable 
operating temperature 
of the balancing air blower 

Air tight valves 
void of leakage 
motor lowted outside of 
shielding to ease repair and 
maintenance 

Provides air for the 
pneumatictranspwt 
system; reqded to reduce 
releasest0 the environment 

Transport calcine from the 
CSSF #o pmcessing 
facility 

Encase calcine transport lines 

>yclone 

20 mm (8 in) 304L 
stainless steel 
(length depends on location of 
Waste Treatment Facility) 

10 mm (4 in) 304L 
stainless steel 
(length depends on location of 
Waste Treatment Facility) 

15 mm (6 in) 304L stainless 
steel 
(length depends on location of 

feat Exchanger 

lent 

1 

2 

1 

1 

1 

'fat side 
l i i r ter  Valve 

located in lntennediate Transport Station) 

lOO%outsiieairunit 
tofumkhairtotheITS 

Filter air before entering 
transport air blower 
38ous (800 chn) 

Filter air a n g  Secondary 
Equipment Room in ITS 

Filter air &ng Transport 
Equipment Room in ITS 

Fitter air exiting Transpod 
Room in ITS 

'ransport Air Lines 

ilter Train 

itter Train 

Ache Transport Lines 

Prefilter and 2 stage 
HEPA filters 
32oocfm 

Prefilter and 2 stage 
HEPA filters 

ncasement Lines 

IWaste Treatment Facility) 

I 
portation System: HVAC (Additional for DCWO, MNO, W O :  eqt, 

ir Handling Unit 

ilter Tram 

ilter Train 

/Air handling unit conskts of a 
supply fan, heating coil, coding 

Remarks QtY. 1 
2 

2 

2 

21 

2 

4 

4 



Equipment 
ID 

Equipment T i e  Description 

Pretlbr and single 
stage HEPA fitter 

Centrifugalexhaustfan 
1 hP 

QV. 

1 

1 

1 

1 

Remarks 

Filter air entering Transport 
Room in ITS 

Exhaust fan for Secondary 
Equipment Room in ITS 

Exhaust fan for Transport 
Equipment Room in ITS 

Exhaust fan for Transport 
Room in ITS 

152 

B-2 

1 F-2 

;Y-2 

K-2 

IP-1 

- 

IF-11 

iF-4 

Prefilter 

Exhaust Fan 

0.- ID X 0.6m 
(1' ID X 1) 
Raytheon recommends 
abngerlength3'-6' 

iF-6 Exhaust Fan Centrifugalexhaustfan 
1 hp 

4.8 m3 

:alcine Tn portation System: Mechanical (For DCWO, WVO, HWO: equipmc 

lalancing Air Blower 

'ransport Air Blower 

iintered Metal Filter 

8odn 

380 us(800 dn) 
at 69 kPa (lopsi) 
304L stainless steel 

0.3 micron 
380 us (800 dn) 
2 x 1 4  
304L stainless steel 

2 

Provide transport 
air for system as well as 
suction and air jets 

Removes calcine fines 
entrained in air exithg the 
cyclone and deli in to hopper 

Separates calcine from 
transport air and delivers it 
to facility hopper 

COOIS Ar from transport 
Mower to acceptable 
operating temperature 
of the balancing air blower 

Cdlects calcine from first leg of 
transport system and delivers it 
tothesecondlegofthetransport 

leat Exchanger 38 kW (0.13 MMulhr) 
0.3m x 24m 
380 us (8oocfm) 
304L stainless steel 
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Appendix D 

Background for Project Data Sheets 
? I <  

Table 6 is repeated here for convenience. The justifications for the data entered in this table are 
found below along with brief explanations. Reference letters coordinate the data. 

Table D-1 . Input to Project Data Sheet 

Generic Information 

structure size (m2) Seven Confmement Enclosures which are each 40 ft X 40 
fr 
(978 m2 total) 

Seven VIC Buildings which are each 40 ft X 60 ft (1560 
m2 total) 

One ITS Building that is 600 d (55.7 m2 ) A 
Location A Confmement Enclosure will be built on the roof of each 

CSSF. 

A VIC Building will be built adjacent to each CSSF. 

An ITS Building will be built mid way between the CSSFs 
and the Waste Treatment Facility. 

Construction Information 

Cost (S): Reconstruction (escalated included) CWO, DCWO, HWO, VWO & TRU Separations Options 
B 

Conceptual Design S 18,000,000 

Project Management S 2,700,000 

Permitting and Documentation S 4,800,000 

Start Up Activities S 5,100,000 

Contingency S 
Total Reconstruction s 

CWO & TRU 
Separations Options 
S 18,500,000 

Management Reserve (PMICM) S 22,900,000 

Construction S 104~00,000 

Government Fumished Eqiupment S 18,200,000 

G&A/PIF S 10,400,000 

10,500,000 

41,100,000 

Dcwo, Hwo, & vwo 

S' 19,400,000 c 
S 23,500,000 

6 106,500,000 

s iejoo,ooo 
S 10,700,000 



431.02# 
02/37/98 

ENGlNEERlNG DESIGN FILE Function File Number - SPR-WTS-01 
EDF Serial Number - EDF-WTS-002 

Rev. #OO Page 49 of 62 

Procurement Fees, Management Reserve, $ 64,600,000 $ 66,600,000 
and Contingency 

Total Construction $238,800,000 $246,100,000 

Schedule M e n d :  Preconstruction 

Schedule stadend: Construction 

1/1/2004 - 12/3 1/2007 

1/1/2008 - 12/31/2013 

Number of workers each year of construction 100 worken per year D 
Number of radiation workers (construction) 90 workers per year 

Average annual worker radiation dose (e) 252 mrem/yr per worker E 
Heavy equipment F 

Equipment used 

Trips Cycle timeloperation not applicable 

Hours of operation 

Mobile crane, roll off truck, loader, bulldozer, and cement 
truck 

12,480 hr (total) 

0.5 acres for VIC Buildings, Transport Line Chase, ITS Acres disturbed and duration of disturbance 
building and ramps G 

Air emissions H 
Major gases (C02, H20,02, N2) 7,255 tons (total) 

Contaminants (Particulates, CO, NOx, S02, 42.5 tons (total) 
hydrocarbons) 

Radioactive wastes I 

Energy requirements 

Electrical (Mwhlyr) 

Fossil fuel (liters) 

Permits needed for construction 

Contaminated fill (1500 yd3) 

SteeYasbestos (279,000 lb) 

Lead brickshnixed wastes (4,900 lb) 

J 
156 M W y r  

283,452 liters (total) 

NEPA documentation (prior to start of Title II 
construction); New stationary sources/PTC/NOC/PSD for 
non-rad air emissions; HAP’S and TAP’S and RCRA (part 
AA, BB, and CC for air) for hazardous air emissions; air 
operating permit; NESHAP’s, NPDES, NESHAP’s subpart 
H for rad air emissions; approval of Engineering PIans, 
Cross Connection Control Plans; reporb and specifications 
for drinking water supply; RCRA Part A and Part B 
permits. 

Operational Information 
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Cost (S): Operations (includes contingency but CWO TRU Separations DCWO, HWO, VWO 
not escalation) 

L .  

Options K 
Facility Operations S 1,218,000 S 4,661,000 S 4,761,000 
Utilities S 1,054,000 S 4,158,000 S 4,158,000 
Maintenance of Equipment S 7,866,000 S 28,840,000 S 28,840,000 
Building Maintenance S 9,255,000 S 33,933,OO S 35,120,000 

Total Operations S 19,393,000 S 71,594,000 $ 72,781,000 
Schedule M e n d  5-Year Operation: 1/1/13 - 1/1/18 

20-Year Operation: 1/1/13 - 1/1/33 

Number of workers each year of operation 
(new/existing) 

20-Year Operation 5-Year Operation 

Managers 0.5 

Engineers and other technicians 0.75 
Supervisors and Administration/Support 3 

0.25 

0.5 

2 

Operators 6 3 

Maintenance 1 1 

5-Year Operation: 10 workers 
20-Year Operation: 6 workers' 

192 -dYear per worker 

Number of radiation workers 

Average annual work radiation dose (redyr) 

Air Emissions 

Type (radioactivekhernical) Calcine 

Quantity (CYyear, tons/year) CWO Option: 5.6 x lo4 ton/year 

L 

M 
N 

epmtions Options: 1.4 x lo4 todyear 

0, VWO Options: 2.8 x IO4 todyear 

dependent on the type and storage 

0 Energy Requirements 

Electrical (MWh/yr) CWO Option: 93.2 W y r  

TRU Separations Options: 74.1 MWhEyr 

DCWO, HWO, VWO Options: 88.7 MWh/yr 

W s  and TAP'S and RCRA (part AA, BB, and CC for 
air) for hazardous air emissions; air operating permit; 
N E S W s ,  NPDES, NESHAP's subpart H for rad air 
emissions; approval of Engineering Plans; Cross 
Connection Control Plans; report specifications for 
drinking water supply; RCRA Part A and Part B permits. 

Permits needed (for fa 
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Decontamination & Decommissionine (D&D) 
Information 

Cost (S): DD&D (Unescalated) 

Decommission 

Decontamination 

Demolition 

Total DD&D 

Schedule startfend: D&D 

Number of workers each year of D&D 
(new/existing) 

Number of radiation workers @&D) 

Average annual worker radiation dose (e) 
Heavy equipment 

Equipment used 

Hours of operation 

Acre5 disturbed and duration of d b c e  

Air emissions 

Major gases (C02, H20,02, N2) 

Contaminants (Particulates, CO, NOx, S02, 
hydrocarbons) 

Function File Number - SPR-WTS-01 
EDF Serial Number - EDF-WTS-002 

Page 51 of 62 

CWO TRU-Separations DCWO, HWO, & 
vwo P Options 

S 2,555,000 S 2,555,000 S 2,681,000 

S 7,223,000 S 7,223,000 S 7,415,000 

S 4,935,000 S 11,557,000 $ 11,864,000 

S 14,713,000 S 21,335,000 S 21,960,000 

CWO: 1/1/2018- 12/31/2018 Q 
TRU-Separations Options: 1/1/2034 - 12/31/2034 
DCWO, HWO, & VWO: 1/1/2034 - 12/31/2034 
CWO: 108 
TRU-Separations Options: 155 
DCWO, HWO, & VWO: 160 
CWO: 75 
TRU-Separations Options: 104 

DCWO, HWO, VWO: 102 

252 mrem/yr for each worker ' R 
S 

Mobile Cranes, Roll-off Trucks, Dozers, Loaders, cement 
trucks, and other specialty equipment used during D&D 

CWO: 4,992 hr 
TRU-Separations Options: 6,240 hr 

DCWO, HWO, & VWO: 7,488 hr 

CWO & TRU-Separations Options (transport lines only): 

DCWO, HWO, & VWO (ITS & transport limes): 0.1 1 acre 

0.09 acre T 

U 
CWO: 2,902 tons (total) 

TRU-Separations: 3,627 tons (total) 

DCWO, HWO & VWO: 4,353 tons (total) 

CWO: 17 tons (total) 

TRU-Separations: 2 1 tons (total) 

DCWO, HWO, & VWO: 25 tons (total) 
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Solid wastes V 
TYPe -- 3-Metal building and uncontaminated transport equipment 

Radioactive wastes 

Type and Quantity 

Energy requirements 

Electrical (MWh/yr) 

Fossil fuel (liters) 

Permits needed (e.g. for facility closures, 
physical characteristics and quantities of 
radioactive and hazardous materials remaining 
after closure) 

cwo & mu-Separations Options: 45 m3 

DCWO, HWO, t VWO options: 90 m3 

Cyclones, metal filters, and hoppers from transport system 

w 
cwo & mu-Separations Options: 1.2 m3 

DCWO, HWO, & VWO options: 2.6 m3 

X 
156 MWh/yr (based on John Duggan’s estimate of 
3000kWhhvk, 52 wk/yr) 

CWO: 113,380 liters 

TRU-Separations Options: 14 1,725 liters 

DCWO, HWO, & VWO 170,070 liters 

Work will be done under closure provisions f existing 
permits 

A. Confinement Enclosures: (30 ft 6 in. X 30 ft 6 in.) + 6 40 ft X 40 fk) = 10530 @ = 978 m2 1 VIC Buildings: 7(40 fi X 60 fti = 16,800 @ = 1560 m 
ITS building: 600 @ = 55.7 m 

B. Preconstruction costs taken from the Cost Estimate prepared by Frosty Hanson (see 
escalated summary sheets in Appendix F). The reported costs reflect the cost associated 
with CSSFs 1-7, installation of D&D risers, removal of corrosion coupons, and the 
appropriate transportation system. The values reported include escalation, contingency, and 
management and management reserve. 

C. Construction costs taken from the 
summary sheets in Appendi 
1-7, installation of D&D rise 
transportation system. The 

D. The of construction eloped fiom - -  
P. Hanson in the capital co 

percentage (90%) of the total 
Typically, the number of rad wo force. In this case, 
the electricians, welders, and other finishing personnel should receive rad worker training. 

spreadsheet ietails how the nunbe; of 
on workers was develop number of rad workers was taken as a high 

of the construction work. 
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E. Entry into and demolition work will occur in highly contaminated areas throughout the 
construction phase of the project. The historical dose rates at ICPP were examined to 
develop a reasonableestimate of the worker dose. The average annual worker dose rates at 
ICPP were examined for the period 1994-1 996. The dose rates were highest in 1995 when a 
significant amount of work was completed on the tank f m .  It was assumed that the 1995 
dose would be representative of the average annual worker dose rate during construction. 
The average annual worker dose rates for 1994-1 996 at ICPP are reported in a memo 
“Average Worker Dose Rate at ICPP” dated 1 1/24/97. 

F. The most prominent pieces of heavy equipment used during the construction phase of this 
project include a mobile crane, roll off truck, loader, bulldozer, and cement truck. It is 
estimated that at any given time an average of 4 vehicles will be in operation during the 5- 
year construction period. Each vehicle was assumed to operate for 624 h/yr (which is 
approximately 1/3 of a man-year). The hours of operation are (4 vehicles)(624 
br/vehicle*yr)(5 yr) =12,480 hr. 

G. For CWO and TRU-Separations Options: 
VIC Buildings: 1560 m2 = 0.39 acre (ap roximately the VIC building footprint) 
Transport Lines: (800 ft) (5 ft) = 4000 3 = 0.09 acre (approximately the footprint of the 
shielding chase) 
Total = 0.48 acre which is approximately 0.5 acre 

For DCWO, HWO, and VWO options: 
VIC Buildings: 1560 m2 = 0.39 acre (a roximately the VIC bpilding footprint) 

shielding chase) 
ITS building: 600 f? = 0.01 acre 
Total = 0.5 acre 

Transport Lines: (925 ft) (5 ft) = 4625 3 = 0.1 acre (approximately the footprint of the 

H. The construction air emissions are primarily derived fiom emissions of heavy equipment. A 
spreadsheet was developed by Rod Kimmitt to analyze the air emissions produced by heavy 
equipment, A copy of the spreadsheet is attached for the calcine retrieval and transportation 
system. 

I. An estimate of the radioactive wastes removed fiom CSSF 1 is made in reference 3. This 
estimate includes removal of equipment and concrete vaults. The removed contaminated fill 
is estimated to be 1,500 yd3. The removed steel and suspected asbestos material is 
estimated to weigh 5,300 lb. The lead bricks are estimated to weigh 300 lb. These 
estimates were used as the basis for the radiactive wastes removed from CSSF 2 - 7. 

CSSF 2 and 3 are estimated to be similar to CSSF 1 because similar construction will occur 
on these CSSFs. However, the amount of contaminated fill is assumed to be negligible. 
There is no need to (except no contaminated fill is removed). 

CSSF 4,5,6, and 7 are expected to have less concrete and steel removed because the 
superstructure vaults will not be demolished. There is no fill removal for these CSSFs. 

1 
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Equipment (steel) that is rem0 estimated to weigh about 3,000 lb. The lead bricks are 

Contaminated fill: 
Steel and suspected asbestos material: 
Lead bricks and mixed waste: 

3(5,300 lb) + 4(3,000 lb) = 279,000 lb 
3(300 lb) + 4 (1,000 lb) = 4,900 lb 

J. The electrical energy requirement is derived from John Duggan's suggestion that 
construction requires 3000 kWh/wk. (3000 kWh/wk)(52wk/yr) = 1 5 6 W y r .  The 
estimated fossil fuel consumed during the construction phase of this project was determined 
from an average value for fuel consumption of heavy equipment. The John Deere 
Construction equipment web page (www.deere.com) indicates an average fuel consumption 
of heavy equipment to be 6 galh.  (6 gal/ hr)(12,480 hr) = 74,880 gal = 283,452 liters. 

K. Operational costs are derived from the Cost Estimate prepared by Bob Turk. The operational 
costs associated with retrieving calcine from CSSF 1-7 and transport system, installation of 
D&D risers, and removal of corrosion coupons are included. These values are not escalated. 

L. Operational crew requirements were developed with the assistance of Jack Prendergast for 
the 5-year and 20-year operations options. The number of radiation workers was derived 
from the number of operators, maintenance workers, and other technicians. 

M. The average value of the average annual dose rates at ICPP for 1994-1996 was used to 
determine the average annual work radiation does rate during opeptions. The average over 
the 3 year period is more representative of work that would occur during the operations 
phase of the calcine retrieval and transportation system. (1 80 mredyr + 252 mredyr + 143 
mredyr) / 3 = 192 mredyr. See attached memo (also referenced in E). 

N. During normal operations and idle time for each CSSF, air emissions are assumed to be 
negligible due to the multiple layers of confinement. These layers include several stages of 
HEPA filters. Air emissions were estimated for the exhausted transport air. This estimate is 
developed for the transport air after it has been through a two stage HEPA filter. The air 
emissions are primarily composed of calcine particles. The radioactivity of the calcine 
emitted to the environment varies depending upon the type of calcine and its length of 
storage. 

g the cyclone will have 99% 
, and the HEPA filter will 

e sintered metal fi 11 have 99.9% 
. Rod Kilnmitt provided these 

efficiencies. 

Calcine remaining in the transport air 
(0.01 .0003)(2700 

Total hours each transport syste 
(5435 m3)(1400 kg/ m3)(l hrl5400kg) = 1409 hr 
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For CWO (5-Year Operations): 
Assuming all the transport air is exhausted through the Waste Treatment Facility off-gas 
system. 

The transportation system will release: 
2(0.009 g/hr)(1409 hr) = 25 g = 2.8 x lo-’ ton 

The total air emissions fiom both transportation systems are 2.8 x lo-’ ton for 5-years (5.6 
x 10“ toIl/yr). 

For TRU Separations Options (20-Year Operation): 
Assuming all the transport air is exhausted through the Waste Treatment Facility off-gas 
system. 

The transportation system will release: 
2(0.009 g/hr)(1409 hr) = 25 g = 2.8 x ton 

The total air emissions fiom both transportation systems are 2.8 x lo5 ton for 20-years 
(1.4 x 1 0“ ton/yr). 

For DCWO, HWO, and VWO (20-Year Operation): 
Assuming all the transport air is exhausted through the Waste Treatment Facility off-gas 
system. 

The transportation system will release: 
4(0.009 g/hr)(1409 hr) = 50 g = 5.6 x 10’’ ton 

The total air emissions h m  the 4 transportation system legs are 5.6 x lo5  ton for 20-years 
(2.8 x lo4 todyr). 

For actual operations the air emissions would be much lower because 90% of the air is 
recycled in the transportation system. These calculations assume that all of the transport air 
is released through the facility off-gas system. 

0. The power requirement is determined by the power needs of the transportation equipment, 
ventilation equipment, and VDA. The transport air blower and balancing air blower require 
37.8 kW and 4 kW of power, respectively. The exhaust fans (EF-1 and EF-3) require 50 W 
of power. The remaining exhaust f8n (EF-2) requires 1 kW. The VDA is estimated to 
require 15 kW. These power consumption values used to compute the power requirement are 
estimates based on manufkcturer specifications. 

For CWO (5-Year Operation): 
The transportation system operates 10.8 hr/wk for 26 wklyr. The ventilation blowers in 
each VIC building operated 24 hr/day everyday. The VDA is estimated to be in operation 
approximately 3 hr/wk during calcine retrieval. 
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+ 7(24:)(365$)(2(0.05RW) + 1RW) 

+ 2(&(26:](15kW) = 93.2 W - h r  
yr 

For TRU Separations Options (20-Year Operation): 
The transportation system operates 2.7 hr/wk for 26 wk/yr in this alternative. The 
ventilation blowers in each VIC building operate 24 hdday every day. The VDA is 
estimated to be in operation approximately 1 hr/wk during calcine retrieval. 

Power = 2( 2.7$pF)(37.8RW + 4RW) 

+ 7(24 -f-)(365 $)(2(0.05kW) + 1RW) 

+ 2(l$)( 26 :)(I 5RW) = 74.1 MW-hr 
yr 

For DCWO, HWO, VWO (20-Year Operation): 
There are 4 transportation system legs operating 2.7 hr/wk for 26 wWyr in these alternatives. 
Therefore, there are 4 transport air blowers and 4 balancing air blowers. The ventilation 
blowers in each VIC building operate 24 bdday every day. The VDA is estimated to be in 
operation approximately 1 hdwk during calcine retrieval. Additionally, the ventilation 
blowers in the ITS run 24 hr/day every day. The power requirement for EF-4 and EF-6 is 
estimated to be 100 W each. The power requirement for EF-5 is estimated to 800 W based 
on the estimate for EF-2. 

(37.8kW +4kW)  

W . h r  
yr 

= 88.7 
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P. D&D costs taken fiom life cycle cost estimate developed by Bob Turk. See Appendix F. 
The numbers presented are not escalated. 

Q. The number of workers needed during D&D was developed fiom the unescalated D&D 
costs (See Appendix F). The unescalated costs for each option was inputed into a 
spreadsheet developed by Rod Kimmitt. The spreadsheets are attached. 

R. D&D work will occur in highly contaminated areas of the transportation system. The 
historical dose rates at ICPP were examined to develop a reasonable estimate of the worker 
dose. The average annual worker dose rates at ICPP were examined for the period 1994- 
1996. The dose rates were highest in 1995 when a significant amount of work was 
completed on the tank farm. It was assumed that the 1995 dose would be representative of 
the average annual worker dose rate during construction. The average annual worker dose 
rates for 1994- 1996 at ICPP are reported in a memo “Average Worker Dose Rate at ICPP” 
dated 11/24/97. The dose during the D&D phase was assumed to be the same as during the 
construction phase of the project. 

S. The most prominent pieces of heavy equipment used during the D&D phase of this project 
include a mobile crane, roll off truck, loader, bulldozer, cement trucks, and other specialized 
demolition equipment. 

For the CWO options, it is estimated that at any given time an average of 8 vehicles will be 
in operation during the 1-year construction period. Each vehicle was assumed to operate for 
624 hdyr (which is approximately 113 of a man-year). The hours, of operation are (8 
vehicles)(624 hr/vehicle*yr)( 1 yr) = 4,992 hr. 

For the TRU-Separations Options, it is estimated that at any given time an average of 10 
vehicles will be in operation during the 1-year construction period. Each vehicle was 
assumed to operate for 624 hr/yr (which is approximately 113 of a man-year). The hours of 
operation are (1 0 vehicles)(624 hr/vehicle* yr)( 1 yr) = 6,240 hr. 

For the DCWO, HWO, and VWO options, it is estimated that at any given time an average 
of 12 vehicles will be in operation during the 1-year construction period. Each vehicle was 
assumed to operate for 624 hr/yr (which is approximately 1/3 of a man-year). The hours of 
operation are (12 vehicles)(624 hr/vehicle*yr)(l yr) = 7,488 hr. 

T. For the CWO and TRU-Separations Options, only the transport lines are D&D. 
Transport Lines: (800 ft) (5 ft) = 4000 ftz = 0.09 acre (approximately the footprint of the 
shielding chase) 
Total = 0.09 acre which is approximately 0.5 acre 

For DCWO, HWO, and VWO options: 
Transport Lines: (925 ft) (5 ft) = 4625 fl? = 0.1 acre (approximately the footprint of the 
shielding chase) 
ITS building: 600 f? = 0.01 acre 



431.02# ENGINEERING DESIGN FILE Function File Number - SPR-MS-01 
02/37/98 EDF Serial Number - EDF-MS-002 
Rev. #OO Page 58 of 62 

Total = 0.11 acre 

spreadsheet was developed by Rod Kimmitt to analyze the air emissions produced by heavy 
equipment. A copy of the spreadsheet is attached for D&D work on the calcine 
transportation system. 

U. For the CWO and TRU-Separations Options: 
The solid wastes disposed of during the D&D of the transport system include the 2 transport 
system blowers, 2 heat exchangers, and the associated piping and duct work. The transport 
equipment for a single transport system is located in a 10 ft X 20 ft area. The equipment is 
assumed to be no greater than 5 ft tall. The transport equipment is assumed to occupy 60% 
of the area. The associated piping is assumed to occupy 20% of the transport equipment 
area. 

Volume = 2(0.6)(103 x 20fi x 53) + 2(0.2)(103 x 203 x 53) 
= l2OOfi’ + 4003’ =1600fi3 =45m3 

For the DCWO, HWO, and VWO options: 
The solid wastes include metal from the metal building in the ITS, 4 transport system 
blowers, 4 heat exchangers, and the associated piping and duct work. The upper level of the 
ITS is 20 fi X 30 ft X 14 ft. It is assumed that the metal can be compacted into no more than 
5 m3. 

Volume = 4(0.6)(10$ x 20fi x 53) + 4(0.2)(103 x 2 0 3  x 5 f i )  + 5m’ 
= 24003’ + 8003’ + 5m3 =95m’ 

W. For the CWO and TRU-Separations Options: 
The radioactive wastes include the 2 cyclones and 2 sintered metal filters. The cyclone has a 
2 ft diameter and is 6 A long. The sintered metal filter has a volume of 3.1 f?. This 
equipment is located in the Waste Treatment Facility. 

Volume = (2)[ z(yr ( 6 4  + (2)(3.1fi3) = 44B’ = l.2m’ 

For the DCWO, HWO, and VWO options: 
The radioactive wastes include 4 cyclones, 2 sintered metal filters, and hoppers. The 
additional equipment is located in the ITS. The hoppers hold 4.8 m3 it is assumed that it may 
be compacted 50%. 

Volume = (4) a - (6$) + (4)(3.1fi3) + (0.5)(2)(4.8m3) = 92.8fi3 = 2.6m’ 1 (2:r 1 
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X. The electrical energy requirement is derived fiom John Duggan’s suggestion that 
construction requires 3000 kWh/wk. (3000 kWwk)(52wk/yr)( lyr) = 156MWh 

The estimated fossil fuel consumed during the construction phase of this project was 
determined fiom an average value for fuel consumption of heavy equipment. The John 
Deere Construction equipment web page (www.deere.com) indicates an average fuel 
consumption of heavy equipment to be 6 gaVhr. 

For CWO: (6 gal/ hr)(4,992 hr) = 29,952 gal = 113,380 liters 

For TRU-Separations Options: (6 gal/hr)(6,240 hr) = 37,440 gal = 141,725 liters 

For DCWO, HWO, and VWO options: (6gal/hr)(7,488 br) = 44,928 gal = 170,070 liters 

. 
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Memo of Telephone Conversation 

I . : 
. .  . .  
. i :. . 

" .. i 
. .  . , 

. .  . .  

. .  

. .  

Name Organization Phone 

Steve Atken ' LMlTCOS&H 6-3 1 74 
ICPP AMRA Coordinator 

Bill Landman Chemical and Environmental Eng'g . 6-5279 

Date: - November 24,1997 - Time: 4:15 pm 

- .  Subject: . Average Worker Dose Rate at ICPP 
\ 

Discussion:. 

Steve-was contacted for information to support development of the Project Data 
' Sheet for &e Separations Options. He provided the following information for the 

ICPP site:' 

*Average dose (per worker) for 1996 180 mR/hr 
Average dose (per worker) for 1995 . ' - 252 mWhr 
Average dose (per worker) for 1994 , 143 mWhr 

The 1995 year average was. higher'due to extensive work on the tank farm. 

. .  



I Estimate of Diesel Enaine Emissions I 

'Bases & Assumptions: I 

\ i from Wark, K. and C.F. I 
Calcine Retrieval & Transportation I 

5. Particulates = 5 mglsd , Wark and Warner, p. 446 

Warner, Air Pollution, Its 
,Origin and Control, IEP, 
]New York, 1976, p. 446, I 

I 

I 

8. Unburned hydrocarbons = 100 ppmv I 

9. Diesel fuel (# 2 fuel oil) contains 1 wt. % sulfur 
Wark and Warner, p. 446 I 
Wark and Warner, p. 336 1 

Total Lb-Moles of Fuel (as CSH18) I 

! I I 
Lb-Moles of Construction Fuel I 4,454 I I 

4,454 1 

I 

I I 

I Lb-Moles of Air for Combustion Fuel I I 483,823 
Lb-Moles of Air for Operations Fuel j ~ - 
Lb-Moles of Air for D&D Fuel I - 
Total Lb- Moles of Air 483,823 

Grand Total of Materials Fed, Lbs. I 14,592,109 
1 I 

Lbs of Air for Construction Fuel (based on air-to-fuel ratio) I 14,030,874 1 
- I  

Total Lbs. of Air Added I I I ! 14.030.874 1 

Lbs.of Air for Operations Fuel (based on air-to-fuel ratio) ; 
Lbs.of Air for D&D Fuel (based on air-to-fuel ratio) I i - 

I 

Exhaust Gases, Construction Fuel Total Lbs. TotalTons I Total Moles I TotalSCF 
1,746,242 j 873 I 39,687 I 14,247,751 c02 I 

714,372 : 357 1 39,687 I 14,247,751 H20 I 
673 i 42,072 1 15,103,807 

N2 I f 10,702,170 I 5,351 
02 

Subtotal of Major Gases i 14,509,085 i 7,255 503,667 180,816,419 
so2 11,225 I 5.6 I 

co I I 35,257 I 17.6 I 

! 1,346,300 i 
I 382,220 ! 137,217,109 

Particulates 1.991 I . 1.0 ' ! 

NOx (assumed NO) 1 I 30,220 , 15.1 1 
Unburned Hydrocarbons ! I 6,346 3.2 I i i 



BaccsLq4-0 Q 

Averaae annual worker radiation dose (rem/vr) 

~ 

I Project Data Sheet for Calcine Retrieval - CWO I 

0.1 91 rem/vr loerworker i 

I $4,935,000 1 i Demolition i i I 
TotalD&D ! i $14.713.000 I I 

Hours of operation (all heavy equipment) 1 27,990 (Hours 1 

I I 
Heaw equipment: 
Equipment used 
Tri~s I Rolloff trucks 15I~erdav I I 

I I 

I Mobile Cranes, Roll-off trucks, Dozers, Loaders 

New I 1 None I I 

Reveaetated ! I None I 

non-radioactive 

non-radioactive 

16,269 tons (total) Fuel combustion gases (COz, H20,02, Nz) 
Fuel combustion contaminants (CO, 
particulates,NO,, SO,, hydrocarbons) 1 95 tons (total) 

1 
I 

radioactive 
non-radioactive 
non-radioactive 

Spent decontamination solution 1,703,250 I liters (total) 1,703 Ci 

Lube oil 5,297 liters (total) 

I Sanitary wastewater I 2,295,160 liters (total) 

Page 4 of 5 

I I 

Solid wastes: 1 ! \ 
radioactive 1 I 29,421 m3 . 
Non-radioactive (industrial) 22,122 m3 

I Hazardous i I IO im3 

I 

I 
294 Ci 

I I I I 



....... _ _ _  . . . . . .  ... .. ~~ . . . . .  

. .- D&D Labor _ _  
- -  1 

D&D Labor 

. .  _._ - -. - -  
. _ _  _ . ~ _  1.. . . . . . . . .  .... I ...... ---.- .... .... - - . .- - . 

. - -  __ 
- --_ ._ 
DAD Cost 

Allocated (FY 97 
Crew # 1 Total MHlday Crew Function Total $/day 

- .-_ - 
I I Characterization . 44 $2.302 $460 
D Documentation 

Material 
$/day 

- . - _- - 
2 Rad Demolition-Systems . - _- _- - - 77 

2A Rad Demolition-Building 99 
72 3 Demolition-Svstems 

- I - __ - - - - 

$81 8 
$1,064 

$752 

$41091 
$5,319 
$3.762 . 

$962 
$375 $3,753 

$3,753 $751 
-- 

.. . . . . . . . .  ... . ._ . . - -  

. . . . . . . . .  . . . . . . .  ......... . . . . . .  . . . . . .  . . . . .  - - --I- -- .- I 
. .  ....... .- ....... . I . . . . . . . . . . .  

.......... ..... . . . .  . . . . . . . . .  . .  vailable ..... 

. .-_--. 
._ - _______________-_I __-I__-__ L L-.- _ _  

- _ _  - 1 Crew functions and daily estimates are from the D&D program (Dave H 

- -  . 

___-- ___- - - - - -- -- -- 
2 -Total costs are based on life cycle estimate by R. Turk I 
3 Assume all workers in crews 2,2A, __ 5, -__ and 7 are rad workers - 
4 Assume a man-year is 1800 hours. 

_ _ _  _- _______ __ ___ __ - - - - 
- - - -__ 

Equipment 
$/day 

.- 3 -  - 
$691 - -_z 

$1,023 
_ _  $1,596 

$94 1 

--__ -_ 

- --  
$1,442 
$188 

__ . . _. __ - - 
- - . - - - 

$1,126 
$965 
$779 

... _-- 
- _---- 

_ _  
...... .- 

. .  . 
$5.630 I I f'- 5&OO.OOO-k . .  

. 

. . . .  ..... 

$ 14,713,000 . . .  1 
-_ -- - . -. .- __ . I __ - 

. . . . . . . . . . .  . . .  ... . t $ 14,713,000 
............. - .... - ..... _i 

__ - ...... ...... .... .-- -- - 
- . ..... - .... 

-- 1 f-- ....... ._-- . ._. ... . . .  

. .. - - .__ - 

Total MH .- . 
10.800 _._ 
23:000 

.. 32,451 
6,204 - -- 

- 9,899 
6.101 

--.- - 
. .  194,043 ..... 

.... . . . . .  

-- . . . . . . . .  

.- -. ...... - . 

Man-hourslyr -. 

23.660 
10,860 
.- - . 

.. 32,451 
6.204 

.-.. . 

-. 
-_ 68,384 
8.575 

- ........ 

......... 

. . .  -. ......... 

. -  . . 

-. - 
. . . . . . .  

. . . . . . . . . . .  -. 
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D D Assumptions 

Assume each roll-off truck makes 3 trips per day to RWMC I 

\Duration of D D = 1 years 

I 

I 

Assume each piece of equipment uses 6 gallon of diesel fuel per hour. Consumption rate from John h e r e  
I 

No. of gallons of fuel used during D 8 D = 635,653 ( l i en  (total) i 

Acreage disturbed is the same as for construction = ' 2.7 j acres j , 

Web S i  (Construction Equipment - http://www.deere.cofMind/product/product.l) 
1 167,940 I gal = 

I 
! I 

I 

I 1 .  

Decontamination solution stored= I 2,000 1 gallons 205 /m5 I 
I 

I I ! 

! 
Daily process water usage= 3000; gaVday = f 2,284,875 1 liters (total) 

I (washing, decon, etc.; based on 225 days/yr) 
I ! I 

Domestic water usage = , 2,295,160 !liiers(total) I I I 

I I 1 

Sanitaly wastewater = same as domestic water usage , I 

~ 

20001 scfm i 26,173 ! Tons (total) I Assume portable HEPA systems offgas rate= 
(assumes 225 dayslyr) j I ! I I I 

i 1 I 
Assume daily spent decon. solution= I 2000! gaVday : 1,703,250 l i e n  (total) 
(assumes 225 days&r total) i I I I 

I I I 

Page 1 of 2 
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D D Assumptions 

L 
Air emissions from fuel are based on the diesel emissions spreadsheet. 

1 manyear of labor = ; 1800lmanhoun 1 

Lube oil = 
(based on 3 gal for every 60 hours of operation) 

I I 
I t I I 

I I I I I 

I 
5.297 I liiers (total) I 

, Compactable Building * ! 
Debris 0.1951 175.878 34,296 : 972 ' I I 

I 

RWMCUW Non- 4 

, I 
I t i I 

Radioactivity associated with waste materials: I 1 
I I 

Spent decontamination solution = 
(based on an assumed average activity concentration of 1 uciiml) I I I 

Radioactive solid waste = 

1,703 !Ci 

I 
I 

I I 

I 

I 

294 Ci 
(based in an assumed activity concentration of 0.01 uCiicc (0.01Cim~) 

,(based on an assumed ac t i v i  concentration of 0.01 uCicc 10.01 CVm?) 

I 

Mixed waste = 0 Ci I 
i 

, 
Compactable Equipment 0.513 175.878 90.225 2,556 i i 
RWMCUW Non-Compt I ! I 
Building Debris 0.684' 175,878 120,301 3,408 

I I 

las that recommended by 
lthe D&D program to 

I lmis factor is twice as large I 
RWMCUW Non-Compt I I account for that lame I 

Concrete Rubble 3.44 175.878 f 605.020 j 17.139 lamounts of concrete used. 
RWMGUW Non-Compt : I I I I Scrap Metal 0.778 175,878 i 136,833 ' 3,876 1 ! I 
RWMGUW : .  I I 

I I i lAsbestoslACM Covered : i ! I 

Pipe f 0 ' 175.878 - !  - [  i 
CFA Landfill Non-Compt I 

I , I I 
I 

1.99. 175,878 349,997 j 9,915 1 Building Debris 

(HglPCBsletc) O.W2/ 175.878 352 I 10 i I 1 
Metal Recycle 0.0221 175.878 3.869 ! 110 1 I 

I I I ! 
U W =  I 1,038,560 1 29.421 j I I 
Non-Rad = a 780,898 22,122 1 
Hazardous = 352 ! 10 I 
Metal = 3.869 110 ' I 

I 

I 

I 

I 

I I 
Mied waste = 12,375 !gal (total) = j 47 m3 (total) I I 
(based on an assumed 5 55gallon drums generated per week... work only 45 weekslyr) I 
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HazardoySlfp)cic chemicals and wastes UY@ I 
Stomgelinventory ' 205 m3(total) I 

PiWPonds created (m2) None I 
radioactive I(mixed waste) 47 rn'(tota1) I 0 Ci 

Water usaae.. I I 
Process water 1 
Domestic water; ! 3,301,896 liters (total) t I 
Source of water I ICPP site wells 1 1 
Fnerav reautrements; I 1 I ! 

I 

. I  
I I I 

I 

I 

2,284,875 liters (total) I I 

I t 

I 
I 



.. .- 

D&D Labor 

... 
D&D Cost 

Allocated (FY 9; 
. dollars) ... 

750.000 
__-. .. Crew # 

D 
1 
2 

-- - Total - $/day 
$1,250 

$5.932 

- .- ----. 
$3,453 - . 

Total -- MH 

- 22,363 
77,883 
12.408 

_-_ 1 O,i500 

- - -- -. -. 

Man-hours/vi : Crew Function 
. . _. - - _ -  . 

Documentation I C haracterizahon 
. ---- . . . . .  

... 

-. 
__  __ . _- - - - - - I 

Rad Demolition-Systems 
2A - Rad - _  Demolition-Building - 
3 Demolition-Systems 

-- - --- 
. .  .- 

$941 I - - . -_ 
.- 271718 
17.604 

72 $3,762 

- -..----- - .- .----I I ___ _ _ _  
$751 - _  .- --- $1,126 -- 5,000,000 _- 

~ $4,826 ---- $-  1,057,240 $643 $965 
$519 - $778 $3.894 $ 2.230.000 

- -__ $Si630 - $ 
- ..--. -I_-_ _ _  - . ____ 

... 

.. ..... . t  ....... -. . . . .  I L- ... ........ A-- .A:.:-,-. I +  : .... _-. .. 
. *  ..... 

.......... ....... . . .  

....... .......... ... ........ 

..... ... 

I . . . .  . - 
.. . .  . 

vailable . .  
..... __ ... ...... . . . . . . . .  ................. ........ .......... .................. 

Notes: _--- - - . l . . - - I  -------L-- -- -- 

- 

- --_ - - - - 
1 Crew functions and daily estimates are from the D&D program (Dave Haycraft) ---__- I- 

3 Assume all workers in crews 2,2A, 5, and 7 are rad workers 
4 Assume a man-year is 1800 hours. 

____-~__I -- - __ 
. ._ - - - - - - _ _  2 Total costs are based on life cycle estimate - ~ -  by R. T u g -  - -I -- - - - - 

-- . __ - ___- - __ __ - - ___ - - - - - -- -- - -- -_ __ - _- 

-- .- _.. 

... . . . .  - 
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D D Assumptions 

RWC-LLW Non-Compt I I .  

Building Debris 0.684 175.878 120,301 3,408 I I 

I 
I 

Concrete Rubble I 2.45, 175,878 I 430,901 12,207 !amounts of concrete used. 
CFA Landfill Asbestos 0 :  175,878 I * I  - 1  j 

I I 

1 

u w =  ! 1,038.560 j 29,421 I 
, i 780.898 i 22,122 , I Non-Rad = I 

Hazardous = I 
Metal = 3,869 I 110 I ! I 

I I i 
Electric power usage = I 156,000 IkWhIyr I 156jMWh/yr I 

I 

352 { 10 I I 

(based on 3,000 k W k  -John Duggan) 

Air emissions from fuel are based on the diesel emissions spreadsheet. 

I 
I ! I i 

I I i I I i 

t i 1 i I 

1 I i I ! i 

r 
I 

1 manyear of labor = 18001manhours 1 I i 

Lube oil = 5,297 ]liters (total) 1 i 1 

Mixed waste = I 12,375 (gal(total)= .47 ; m3 (total) I I 

(based on an assumed 5 55gallon drums generated per week ... work only 45 weekslyr) 

Radioactivity associated with waste materials: I I I 

I Spent decontamination solution = : 1.703 ici I 
(based on an assumed average activity concentration of 1 uCilml) 1 

I 

I 

I 

I ! 
, 1 

(based on 3 gal fqr every 60 hours of operation) 

I 
I I I 

I I 
I 

I I t , 

i 

I 
01 175,878 1 * I  - 1  I i 

Landfill Non-Compt I I 
I 

i t  
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Cost 6): D&n Nndismunted dollaN I 

! 
~~ 

Decontamination I $7,415,000 1 
Demolition I i $11,864,000 1 f 
Total D&D L $21,960,000 1 ! 
Schedule stadend: D&D 
Number of workers each year of D&D (newlexisting) 160 New workerdyr I 

Number of radiation workers fD&D) 1 102 1 New workers/vr ; 

I I 
I 

1 January 2033 through December 2037 
I 

I 

I 

M a w  equ iDment I I I I '  
Equipment used I Mobile Cranes. Rolloff trucks. Dozers, Loaders 

t i 

I Trips (Rolloff trucks I ! 15iperday j I 

Hours of owation (all heaw eauiement) i 27.990 /Hours I ! 

New I None I I 1 

Revegetated ! I None I 1 
I i 

1 I I 1 

16,269 tons(tota1) 1 
I I Fuel combustion contaminants (CO, 

95 ,tpns (total) I 

I 

Previous I 1 2.7 lacres 

. .  P.ir emissim 
non-radioactive I Fuel combustion gases (COz, HzO, 02, Nz) 

non-radioactive 1 particulates,NO,, SO,, hydrucarbons) 

1 I 
I 1 

i 
radioactive 1 HEPA filtered off-gas 26,173 1 tons (total) 1 I 

I I I 

I 4 I ! 

I 1,703,250 i liters (totar) I 1,703 ICi 
Effiuents 
radioactive !Spent decontamination solution 
____ non-radioactive i Sanitary wastewater 5 3,4-/-! 

non-radioactive I Lube oil I 5,297 I liters (total) I 

! 
Solid wastes, , I I I 

radioactive j 29,421 jm3 294 (Ci 
Non-radioactive (industrial) i 22,122 lm3 f I 
Hazardous I 10 /m3 

J-la7ardwsb~xic chemicals and wastes 
Storagelinventory I 205 m3(total) I 

PWonds  created (m') {None 1 
radioactive 1 (mixed waste) ! 47 m3(totat) 1 0 \Ci 

I 

I I 
I 

. I  

I 
I I I 
I 

! 
Water usaae; , i 

I 

Process water 2,284,875 liters (total) 1 

Domestic water 3,412,304 ]liters (total) j I 
Source of water I ICPP site wells I 

I ! 
1 I I 

1 

I 

I I 
Acres dsturbed I and duration of disturbance i January 2033 through December 2037 I 



D&D Labor 

itaiiabi 

I I 1 Material 
Crew Function { Total MH/day Total $/day $/day - I -- - .  ._  _ _ _  ___- 
Documentation 18 I $1.136 I $114 

- - _ _  . . .. _-__,______I_ --. 

---- _____-_I $:::.-: 
- - - - - -- , _--_ Notes: 

. 1 Crew functions and daily estimates are from the D&D program (Dave H 
2 'fatal costs are based on life cycle estimate by R. Turk 

Tp-- 
-__I_ 

- . 3 Assume all workers in crews 2,2A, 5, and 7 --- are rad workers 
4 Assume a man-year is 1800 hours. 

------ 
__ --. -~ - -___ -_I 

-..__- 

Equipment I 

---- -- - - -__-  
$1,442 1 - -  .- $7;212 

$188 $4.316 

. . . -__ .. -. ... . . . I -- 1 . . - 
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-. .. - .__ , -. . . 

--...__._ 
D&D Cost 

Allocated (FY 97 
dollars) 

$ -.-- 750,000 
$ 1,931,000 

$ 500,000 

I- ---__I_ 

5 6,000,000 ... - __ __ 
- -  
-- $ 3,000,000 - -. 

$ 500,000 
3- -- -I-- 
$ 5.415.000 

. .-... . 

$ .-. --- 21,960,000 - . . 

$ -21,ss0,ooo - -  

.- . ... . .. -. - 

-- . 

Total MH 
10,800 
24,6& - _ > _  

77,883 
6.204 
- .-- 

74,oa- 
23.W - ._ 
25,681 -.. - __. 

. .. . ._. . . 

... . , 

--- - . 
i 

- .. . __ 
-- - . . . 

Man-hours/y - ~ ~ . .  r 
10,800 

77.883 
54,636 - - --_ 

.- _ _  
- 6,204 _ _  

39.597 

- . . -. - 
. .. . . 

.-- - -  - .  . . .... 

- . . - . . . . . 

. - - . . . 
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D D Assumptions 

Heavy Equipment .#Used bHourslday ! Days/wk iWks/yr 
'Mobile Crane 1, 3 4 45 
I Roll-off TN& I 51 8' 5 :  45 
!Dozer 21 5 5 ,  45 
'Loader 5'  8 5 1  45 
,Scabbler(w/ , 1 
Vacuum 

I ' 

Duration of D 8 D = 1 {years I 
I I I I 

Hourslyr I 
540 i 

9.000 ; 
2,250 j 
9,000 i 

I 
I System) 3' 81 5 j  45 
IPneumatic ! 
;Ram l! 41 41  45 
'Demoiiiion 1 

Control) : 2 4'  31 45 

iMachine 
f(Remote i 

I 
I ! 

i i I I 
Total hoursEyr I 

8 

5,400 1 

720 1 
I 

I 

i 1 
1.080 I 

27.990 I 
I 

! 
I I I 

I 
Total heavy equipment hours = I 27.990 i I 

I 

Assume each piece of equipment uses 6 gallon of diesel fuel per hour. Consumption rate from John Deere I 
I 

No. of gallons of fuel used during D & D = . 167,940 gal = i 635,653 !liters (total) j 
Web Site (Construction Equipment - http:/~.deere.comlind/produdlprodudl) 

Acreage disturbed is the same as for construction = 2.7 1 acres I I 

I I I 
I 

I 1 

Page 1 of2 
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Estimate of Diesel Engine Emissions 
Calcine Retrieval for CWO 

Lb-Moles of Construction Fuel 

Bases & Assumptions: f I I 1 
I from Wark, K. and Ck. I 

- 

I 

Lb-Moles of Operations Fuel 

I Warner, Air Pollution, Its 
lorigin and Control, IEP, 
/New York, 1976, p. 446, 

i 
I 

I 

I I - 

I I 1. Air to fuel ratio = 25:l (Mass Basis) ' 
2. Diesel fuel densitv = 7.5 Ibs./aal. , 

j 423 
I I ! 

I Total Lbs. of Air Added I 

3. Air is 21% 02,79% N2, with a pseudomolecular weight of 29. I 
4. Combustion is simulated as: C9H18 + 13.502 -5 9C02 + 9H20 
5. Particulates = 5 mdscf I I 1 Wark and Warner. D. 446 I 

j 

5.612.310 I 

6. CO = 2,500 ppmv 
7. NOX = 2.000 DDmV I I I Wark and Warner. D. 446 I I ! Wark and Warner, p. 446 1 

I 

. . .  
I 1 Wark and Warner; p. 446 

i Wark and Warner, p. 336 I 
8. Unburned hydrocarbons = 100 ppmv 
9. Diesel fuel (# 2 fuel oil) contains 1 wt. % sulfur 
10. Combustion is about 99% efficient. 1 I 

I 
1 

I 

I - - I  - ! - 
I 0 2  I - 1  - i  - I  

N2 I - i  - I  - !  - 
- 1  

so2 - 3  - I  

Particulates - 1  

co t I 
NOx (assumed NO) : - I  - 
Unburned Hydrocarbons - I  

H20 - 
I 

S S  I 

I 

- - 
I 

Lbs. Of Construction Fuel I - 
Lbs. Of Omrations Fuel I I - I  

I 
I I 

5,836,802 i 
I I 1 

I I 1 
Grand Total of Materials Fed, Us. / ! 

I I 
Exhaust Gases. Constructinn Fuel ! Tatal Lba I Total Tons i Total Moles I Total SCF I 



. .  

L 

0 2  I - I 

N2 - - - I  - - 
Subtotal of Major Gases i 
so2 - I  I 

I 

.. - 
I 

- 1  - 1  

- 

.I - 1  ubtotal of Contaminants I I 

I NOx (assumed NO) I - I  
Unburned Hydrocarbons ; - 1  I 

Subtotal of Contaminants I - I . I J 

7 

I I t 

I I I 

I 1 - I - i  e. * Particulates 
co I - 1  

I 

t 
I 
I I 698,492 1 349 15,875 I 5,699,060 1 

I 285,747 143 15,875 I 5,699,060 
c02 
H20 
0 2  538,516 1 269 16.829 1 6,041,480 

1 4,280,837.83 1 2,140 I 152,887 1 54,886,457 
5,803,593 I 2,902 I 201,465 1 72,326,057 

N2 I 
Subtotal of Major Gases 
SO2 I 4.350 I 2.2 I I 
I 

1 NOx (assumed NO) 1 i 12,088 j 6.0 . 
Subtotal of Contaminants 33,875 1 17 i 

I 
Unburned Hydrocarbons 1 2,538 I 1.3 I j 



Estimate of Diesel Engine Emissions 
Calcine Retrieval for TRUSep 

Bases & Assumptions: I I 
I I i from Wark, K. and C.k. ' 

I I 
Lbs. Of Construction Fuel I I I - 

Total Lbs. of Fuel Used I 280,616 

Lb-Moles of Construction Fuel 1 - 
Lb-Moles of D&D Fuel 1 ! I 2,227 

Lbs. Of Operations Fuel 1 - 
Lbs. Of D&D Fuel 280,616 I I 

I 

i I I 

LbMoles of Operations Fuel 

Total Lb-Moles of Fuel (as C9H18) i 2,227 

I - 
I 

I I I 

I 

I hamer, Air Pollution, Its 
lorigin and Control, IEP, 
lNew York, 1976. D. 446. I 

Lbs.of Air for D&D Fuel (based on air-to-fuel ratio) / 7,015,388 
Total Lbs. of Air Added I I I I 7,015,388 

. .  
1. Air to fuel ratio = 251 (Mass Basis), I 1423 I 
2. Diesel fuel density = 7.5 IbsJgal. ! I 

I 
4. Combustion is simulated as: C9H18 + 13.502 -> 9C02 + 9H20 i 
5. Particulates = 5 m g k f  j Wark and Warner, p. 446 1 
6. CO = 2,500 ppmv ! Wark and Warner, p. 446 I 
7. NOx = 2.000 ppmv j I 4 Wark and Warner, p. 446 I 
9. Diesel fuel (# 2 fuel oil) contains 1 wt. % sulfur I Wark and Warner, p. 336 

3. Air is 21% 02,79% N2, with a pseudomolecular weight of 29. I 
, 
I 

I 

1 

I 
I 

8. Unburned hydrocarbons = 100 ppmv 

10. Combustion is about 99% efficient. 

1 Wark and Warner. p. 446 
I 

Lb-Moles of Air for Operations Fuel I I I 
i - 

LMoles of Air for D8D Fuel 241,910 

I i 

Grand To&! of Materials Fed, Us. I 7,296,003 1 1 

- N2 - 1  

1 I 

Exhaust Gases, Construction Fuel ! Total Lbs. j Total Tons 1 Total Moles 1 TotaISCF 
c02 ! 

- 1  - 
so2 ! 
Particulates I - 1  - 1  

- - 
I 



- ubtotal of Contaminants - 1  i 

i f I 

- ,  - . I  I Particulates ! 

co - i  - 8  I 
NOx (assumed NO) : I - I 

i 
Subtotal of Contaminants ! - *  - I  

I - Unburned Hydrocarbons i - 1  

. .  , N2 I ! 5,351,04729 ! 2,676 I 191,109 1 68,608,071 
Subtotal of Major Gases 7,254,491 j 3,627 I 251,832 1 90,407,672 
so2 5,437 2.7 I I 
Particulates 996 ! 0.5 I 

I I 

I I 

, co j 17,628 I 8.8 1 
NOx (assumed NO) I 15,110 ! 7.6 ! I 
Unburned Hydrocarbons ! I 3,173 i 1.6 I 

I Subtotal of Contaminants 42,344 I 21 ~ I 



Estimate of Diesel Engine Emissions 
Calcine Retrieval for W O ,  W O ,  DCWO 

Bases & Assumptions: t I 
\ I from Wark, K. and Ck. ' 

I Warner, Air Pollution, Its 1 I Origin and Control, IEP. 1 
lNew York. 1976. D. 446. I 

i 

I 
I i 

! 

I :Lbs. Of D&D Fuel I , 336,739 
Total Lbs. of Fuel Used i 1 336,739 

' I  
1. Air to fuel ratio = 25:l (Mass Basis) I I j423 i 

f 
3. Air is 21 % 02.79% N2. with a pseudomolewlar weight of 29. I 

5. Particulates = 5 mg/sd ! I 1 Wark and Warner, p. 446 1 
6. CO = 2,500 ppmv / Wark and Warner, p. 446 I 
7. NOx = 2,000 ppmv I I / Wark and Warner, p. 446 f 
8. Unburned hydrocarbons = 100 ppmv ; Wark and Warner, p. 446 
9. Diesel fuel (# 2 fuel oil) contains 1 wt. % sulfur ! Wark and Warner, p. 336 
10. Combustion is about 99% efficient. 

. .  

2. Diesel fuel density = 7.5 Ibs./gal. 

4. Combustion is simulated as: C9Hl8 + 13.502 9C02 + 9H20 i I 
I 8 

! 

I 

I I 

Total Lbs. of Air Added 1 I 

i , I i 

8,418,465 I 

, 
I I Lbs. Of Construction Fuel ! - 1  

Lbs. Of Omrations Fuel ; i - I  I 

I 
I I 

I - &  

I I I 

1 
I 

Lb-Moles of Construction Fuel t 
LbMoles of Operations Fuel I 

Total Lb-Moles of Fuel (as C9H18) 1 I 2,673 1 

I - 
I I 2,673 I Lb-Moles of D&D Fuel I 

I 
I 1 ! 

M o l e s  of Air for Combustion Fuel I I - 
Lb-Moles of Air for Operations Fuel ; I I - 1  
M o l e s  of Air for D&D Fuel I 290.292 I I 

I 

I I 
ITotaI Lb- Moles of Air ! I I 290,292 1 

I I I I 1 
Grand Total of Materials Fed. Lbs. I , 8.755.206 I I 

~~~ 

I I 

Exhaust Gases, Construction Fuel Total Lbs. TotalTons i Total Moles 1 Total SCF - bUL I - I  I 
H20 - !  - ;  - i  

- 
to2 ! - 1  - I  - !  

IParticulates - 1  - 1  I 

IUnburned Hydrocarbons . i 



- ! ubtotal of Contaminants ! 

! I I 

- i  H20 - 1  

02 - 1  - 1  - 1  - 
N2 - 1  - t  - 
Subtotal of Major Gases - 1  . .) - 
so2 - !  

I 
I 

L 
I 

I 9,062,220 
N2 I 6,421,256.75 I 3,211 ; 229,331 I 82,329,685 
Subtotal of Major Gases I 8,705,390 I 4,353 I 302,198 1 108,489,086 

02  I I 807,775 / 404 ' 25,243 I 

I I so2 I I 6.524 I 3.3 i I 

- _ _  , l Particulates - 1  1 I - 

1.195 1 0.6 1 i Particulates ! ! 

co 21,154 i 10.6 j I 

NOx (assumed NO) i 1 18,132 1 9.1 I . 
3,808 : 1.9 1 I Unburned Hydrocarbons 1 i 

Subtotal of Contaminants ! 50.813 I 25 1 I 
I 

IC0 - I  - I I 
NOx (assumed NO) j I . -  
Unburned Hydrocarbons I - 1  

Subtotal of Contaminants i - 1  

- I 

! 1 I 

- 
I I 

~ 

I i ! ; ! j 
Exhaust Gases, D8D Fuel ! TotalLbs. I TotalTons 1 Total Moles I TotalSCF 
c02 i 1,047,738 / 524 23,812 1 8,548,590 
H20 I I 428.620 1 214 I 23.812 1 8.548.590 
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Appendix E 

Risk Assessment Data Sheets 

This appendix contains a Risk Assessment Form for each significant risk identified in the calcine 
retrieval and transportation system. The risks have been assigned to one of three categories: 
Project, Technical, and ES&H (Environmental, Health, and Safety). 

Project Risk (cost or schedule): 

P. 1 Integrity of CSSF maintained 
P.2 Location of retrieval risers 

P.4 Internal obstructions prevent retrieval 
P.5 Waste Treatment Facility too slow 
P.6 Miscellaneous materials prevent retrieval 

Risk = 3 
Risk = 3 

Risk = 2 
Risk = 2 
Risk = 4 

P.3 Estimated retrieval percentage too high R i ~ k = 2  I 

Technical Risk 

T. 1 Objective retrieval rate too high 
T.2 All calcines are not retrievable 

Risk = 3 
Risk = 4 

ES&H Risk (environment, Safety, or health): 

ESH. 1 Construction radiation dose rates incorrect Risk = 4 

As risks were evaluated, the probability of occurrence and the impact if the risk is realized were 
rated. The probability and impact were assigned numerical values of “3” for high, “2” for 
medium, and “1” for low. The equation for risk calculation is Risk = Probability X Impact. The 
maximum risk rating is “9.” 



I 

- . .  

Medium (2) 
Low (1) 

431.02# ENGINEERING DESIGN FILE Function File Number - SPR-MS-01 
0213ma EDF Serial Number - EDF-MS-002 
Rev. #OO Page 61 of 62 

- -  . .  . .  . .  
Monitor (2) Contingency Plan (6) Contingency Plan (6) 
Forget (1) Monitor (2) Evaluate (3) 

The risk matrix, Table E-1 , shows what action to take as a function of risk rating. These actions 
are defined in table E-2. 

Table E-1 . Risk Matrix 
Risk = Probability X Impact 

- %  

Impact 
Probability 

Low (1) Medium (2) High (3) 

High (3) 1 Evaluate (3) I Contingency Plan (6) I Eliminate Risk (9) I 

I 1 .  . .  - . _  . .  I 

Table E-2. Risk Action Definition 

1 RiskRating 
9 I r 
3 

Action 
Any risk determined to be in this category will be mitigated through 
additional design or analysis until the risk is not longer in this category. 
Risks in these categories will be mitigated to the extent feasible within 
the cost and schedule guidelines. For those risks that cannot be 
mitigated, contingency plans have been made to deal' with the risk if it 

Risks in this category will be evaluated during the project to identify if 
they are becoming problems. 
These risks will be monitored with no specific action identified. 
These risks are noted for interest only. 

OCCUTS. 



Risk Assessment - Data Sheet 
Risk Type @ Project 0 Technical 0 ESH 

RISK Integrity of CSSFs maintained 

Significant construction activities will occur on the roof of each 
CSSF. For nearly all CSSFs, 8" holes must be drilled through 
the concrete roof. There is a possibility that the strudural 
integrity of the CSSFs will be reduced. 

PROBABLE CAUSEIS): 

Structural integrity of the CSSF roofs will b compromised during 
access activities. 

PROBABIUTY IMPACT 

Risk= 3 

Risk =Probability x Impact 

Pmbability De6nitioa 
High - Likelytooccurduringthepfnject. 
Medium - Has the potential to ormrdumg the proien 
Low - Hts#tlepotentialtoocMduringthepmjed. 

Impact Dednition 
High - ukelyto cause significant disruption of rchcduk. inmass in 

Medium - Hzt the polential to cause tome d e n  to s h d u l e .  
hcrease in cost. or degndation of perkmpnce. 

Low - l-&sSttlepotentialtocausedisruptiontoschedule.incmsein 

mst,ordegndationofprkrmance. 

cost. ordegndation of perkrmanee. 

PREVENTIVE PLANS 
As part of locating the retrieval risers, a structural analysis of th 
CSSF roofs will be conducted. 

. 

CONSEQUENCES IF RISK NOT RESOLVED 

The schedule and cost would be effected by this risk. The CSS 
roof would need to be shored up. This would slow down the . 
construction schedule and increase the cost. 

CONTINGENCY PLANfS) IF RISK IS REALIZED: 
The CSSF storage vault roof should be shored up. 

TRIGGER POINT61 FOR EARLY RiSK 
IDENTIFICATION: 
During feasibility studies, a structural analysis of the CSSF roof 
should be conducted. 



Risk Assessment - Data Sheet 
Risk Type @ Project 0 Technical 0 ESH 

RISK: Location of retrieval risers 

Locations for installation of retrieval risers must be identifiid. 
Enough locations may not exist on each bin to Install the 
necessary retrieval risers. 

* 

PROBABLE CAUSEW: 

The requirements for installing retrieval risers are rot currently 
known. However, pipes in the bin vault may prevent the 
installation of the retrieval risers. There may not be adequate 
space on the bins to install the retrieval risers. 

PROBABILITY IMPACT 

@ High (3) 

0 Medium (2) 

0 Low(1) 

Risk= 3 

Risk =Probability x Impact 

Probability Definition 
High - likely to occur during the Project. 
Medium - Has the potential to oaxr during the p 
Low - Has Me potential lo occur during the 

hnpact De5infcion 
High - Ukelyto cause significant disruption of schedule, inuease in 

cost.ordegndationofperlomtance. 
Medium - Has the potential to cause lome dianpiin to &&le, 

increase in cost, of degradation of perfomsn#. 
Low - Has M e  potential to cause disruption to sdwdula, ircreasc h 

cwt. or degradation of prfonnanoe. 

PREMNTNE PLANS 

This risk has been significantly minimized by decreasing the 
number of retrieval fines need for calcine retrieval. . e. 

CONSEQUENCES IF RISK NOT RESOLED 
Caldne retrieval using the proposed calcine retrieval and 
transportation system would be prevented if the retrieval risers 
could not be installed. This would dgnifiintly impact the 
schedule and costs. 

CONTINGENCY PLANtS) IF RISK IS REALIZED: 
Develop a less restrictive method for installing the retrieval lines 

TRIGGER POINTfS) FOR EARLY RISK 
IDENTIFICATION: 

The requirements of the riser installation process must be know 
prlor to the early identification of this risk. 



Risk Assessment - Data Sheet 
RiskTypa @ Project OTechnical 0 ESH 

RISK Estimated retrieval percentage too high 

It is estimated that 95% of the calcine in each bin can be 
retrieved. This estimate is based on the best available data fro 
pilot plant tests (ref. 9) 

PROBABLE CAUSEfS): 

Calcine may stick to the walls of the bin. It may get wedged in 
the hooks and crannies-created by themowells 8nd internal 
stiening rings and rods. The more agglomerated the calcine is 
the harder it is to retrieve. 

PROBABILITY IMPACT 

0 Medium(2) @ Medum(2) 

Risk= 2 

Risk =Probability x Impact 

Probability Delinition 
High - Lacelytooccurdutingthepfvjed. 
Medium - tias the potential to ocandurirgthe pject. 
Low - HaslittlepolentkltoaoarrduringthepW. 

Impact Definition 
High - W y  to cause signifiani disruption of schedule. incre?se in 

cost,wdesndabon . ofpelfommce. 
Medium - Itas the potentiil to ause 8408 disugin to -de. 

imrease in cost. 01 degradation of perknname. 
Low - Has little potential to cause dkruption to &edule, kmse in 

cost. or degradation of perfomnce. 

PRRlENTWE PLANS 
The optimum configuration of suction nozzles and air jets shoul 
be identified through pilot plant study. The optimum configurati 
should minimbe the number of retrieval lines while maximizing 
the retrieval rate. 

_ _ ~ _ _ ~ ~  ~~ ~~ 

CONSEQUENCES IF RISK NOT RESOLVED 

This risk will effect the dosure of the CSSFs the most. The mo 
calcine left in each bin will increase dosure costs and lengthen 
the closure schedule. Pilot plant tests show that 97% of the 
calcine (ref. 9) is retrievable at a high retrieval rate. 

CONTINGENCY PLANE) IF RISK IS REALIZED: 

The best that can be done is to provide ample time in the 
schedule for CSSF closure. 

TRIGGER POINT(S) FOR EARLY RISK 
IDENTIFICATION: 

During operation of the calcine retrieval and transportation 
system. 
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Risk Assessment - Data Sheet 
Risk Type @ Project 0 Technical 0 ESH 

- RISK: Internal obstructions prevent retrieval 

Internal obstructions may interfere with extension of the rigid 
retrieval lines into the bins. _ *  

PROBABLE CAUSEtS): 
Each bin has its own set of stiffening rods and thennowells. TI 
retrieval lines may run into these internal obstructions. 

PROBABIIJTY IMPACT 

0 High (3) 

0 Medium(2) @ Medium(2) 

Risk= 2 

Risk =Probability x Impact 

Probabiliq De 
High - Likely to occur during the project. 
Medium - Has the potential to occur during 

patential to occur dudng the project. 

Impact Definition 
High - Ukelyto cause significant dhption ofschedule, inc?ease 

mst. or degradation of perfomme. 
Medium - Has the potential to cause m e  d*rutpkn to schedule. 

b#rease in cast, or degradation of performance. 
Low - Has M e  potential to cause dkruption to &&le. inaease m 

cost. or degradation of perfomme. 

PREVENTWE PLANS 

Examine the available CSSF drawings to determine retrieval ti 
locations that will not interfere with existing, internal obstructio 

CONSEQUENCES IF RISK NOT RESOLVED 
Calcine retrieval may be completely stopped from a bin. This 
would adversely impact the schedule and drive costs up. 

CONTINGENCY PLAN(S) IF RISK B REALIZED: 

None. 

~ _ _ _  ~~ 

TRIGGER POINTtS) FOR EARLY RISK 
IDENTIFICATION: 

During operation of the calcine mtrievai and transportation 
system. 



Risk Assessment - Data Sheet 
Risk Type @ Project 3 Technical 0 ESH 

RISK Waste Treatment Facility too slow 

The waste treatment facility cannot process calcine fast enougt 
It falls behind the retrieval rate ob-lcine. 

PROBABLE CAUSE(S1: 
The waste treatment facility may be slowed down by an 
equipment failure. The processing rate may be over estimated 
the adjoining scoping studies. 

PROBABIUTY IMPACT 

0 Medium(2) @ Mediurn(2) 

R i s k = 2  

Risk =Probability x Impact 

Probability Delinition 

Medium- Has the potential to arurduringthe pruject. 
b w  - HasMepotentiaItooaxlrdurinqthepmjed. 

High - LikPlytooc~urd~ringtheproject. 

h p a c t  Definition 
High - L i M y  to cause significant disfuption of -le, increase in 

cost.ordegndationofperfomrance. 
Medium - Has the potential to ause ame d i i  to schedule. 

in- in cost. or degradation of performance. 
Low - Has little potential to cause disruption to sdmdule, mclease in 

cost, adegradation ofptrfomrance. 

PREVENTIVE PLANS 
The processing capacity of the Waste Treatment Facility shouli 
be defined during the conceptual design phase. The operation 
the Waste Treatment Facility and the calcine retrieval and 
transportation system must be coordinated. 

CONSEQUENCES IF RISK NOT RESOLVED 

The calcine retrieval and transportation system should not 
operate unless the WTF requires additional calcine. The 50% I 
time estimate provides for some operational lapses. The risk is 
that the calcine batch bins will overflow with calcine. This will 
further contaminate the shielded cell when calcine is delivered 
the Waste Treatment Facility. 

CONTlNGENCY PLANlS) IF RISK IS REALIZED: 
The amount of calcine retrieved should be adjusted to match tt 
amount of calcine processed in each batch. 

TRIGGER POINT(S1 FOR EARLY RISK 
IDENTIFICATION: 

Changes in operations of the Waste Treatment Facility would 
identify the need to adjust the caldne retrieval rate. 



Risk Assessment - Data Sheet 
Risk Type @ Project 0 Technical 0 ESH 

~ 

RISK: Miscellaneous material prevents retrieval 

The miscellaneous material may damage or plug the calcine 
retrieval and transportation system. Damage tot he calcine 
retrieval and transportation system or the bins may occur wher 
this material is picked up by the air jet. Clogging can occur if E 
item enters the transportation system 

~~ 

PROBABLE CAUSE(S1: 
Overthe years, non-calcine materials have entered the CSSFs 
2, and 3. Rod out lines have been lost. Weighted lines have 
purposefully fallen into the bins. And other foreign materials hi 
entered the bins. This material is scattered throughout the 
calcine. It is at different levels. It is not known exactly what 
material entered the CSSFs 1,2, and 3. 

PROBABIUTY IMPACT 

@ Medium(2) @ Medium(2) 

Risk= 4 

Risk =Pmbability x Impact 

ProbabK on 
High - Likelytooca~duringtheprojed. 
Medium- Hasthepotentialtoocanduringthepmject. 
Lwv - Has W e  potential to oc(xIr during the pmjed. 

Impact Dehifion 
High - W y t o  cause significant disruption of schedule. inaease in 

cost. or degradation of performance. 
Medium - Hasthe potential to cause m e  disutpion to cchedule, 

haease in cost. or degradation of perfomnce. 
Low - H a s  little potential to cause dwption to cdredule, haeast h 

cost. or degradation of performance. 

PRRIENTNE PLANS 

As much of this miscellaneous materias should be removed a: 
possible. 

CONSEQUENCES IF RISK NOT RESOLVED 
The schedule can tolerate a fair amount of down time (cumnth 
operated 50% of the time). The backup transportation lines 
should minimize delays in the schedule. This will impact the CI 
if the damage is extensive. 

CONTINGENCY PLANW IF RISK IS REALIZED: 
Implement a method to remove these items before they enter tl 
transport system. 

TRIGGER POINT(S) FOR EARLY RISK 
IDENTIFICATION: 
During operation of the calcine retrieval am! transport system. 



Risk Assessment - Data Sheet 
Risk Type 0 Project @Technical 0 ESH 

~~~ ~ 

RISK Objective retrieval rate too high 

The objective retrieval rate is 2700 kghr. It is expected that 
calcine can be retrieved near this rate. Thk rate is based on thi 
Fluor-Daniels design retrieval rate. Retrieval tests (ref. 9) show 
that it is difficult to maintain any given retrieval rate. 

PROBABLE CAUSEIS): 
The retrieval rate appears to be directly related to the amount 0 
calcine in the bin. The less calcine there is to retrieve the less 
calcine can be retrieved. Agglomerated calcine is more difficult 
to retrieve than free flowing calcine. The transport air blower, 
which provides the air jet and suction nonks, may be 
undersized to retrieve such a large volume of calcine near the 
bottom of the bins. 

PROBABILITY IMPACT 

Risk= 3 

Risk =Pmbability x Impact 

Pmbability D e d n i n .  
High - Likely to ormr dufing the pject. 
Medium - Has the potential to ormr dumg the Propa 
Low - Has We potential to OcQIr during the wed. 

Impact Definition 
High - Likely to cause significant disnrption of schedule. increase in 

Medium - Has the potential to cause o ~ m e  dknRpbn to scttedule, 

Low - Has W e  pohtial to cause d m n  to &&le. inaease in 

cost,ordeg~dationofpe~ruz. 

imxsaseincost.ocdegndatiOnofpcr(ormanc3. 

axt. of degndatiml of perfomgnce. 

PREVENTIVE PLANS 
R minimum and maximum retrieval rate should be defined. The 
Dperator should be able to control, to some extent, the retrieval 
rate by changing the heights of the suction and air jet nozzles. 

CONSEQUENCES IF RISK NOT RESOLVED 

The schedule should not be adversely impacted as long as the 
calcine can be retrieved at a rate greaterthan approximately 50 
kg/hr. However, the cost will increase for operations if the 
calcine retrieval and transportation system must be operated for 
more than two 10 hr daystweek. 

CONTINGENCY PUN(S1 IF RISK Is REAUZED: 

Calcine retrieval will be conducted using extra shins if the calcir 
can be retrieved at a reasonable rate. The reasonable rate will 
be determined by the needs of the waste treatment process. A 
good general number would be on the order of 500 Iblhr. 

TRIGGER POINT(S) FOR EARLY RISK 
IDENTIFICATION: 

Operation of the calcine retrieval and transportation system 



Risk Assessment - Data Sheet 
Risk Type 0 Project @Technical 0 ESH 

- RISK: All calcines are not retrievable 

All typesof calcine are retrievable as a dilute phase using this 
calcine retrieval and transportation system. 

PROBABLE CAUSE(S1: 

The calcine may be agglomerated. It is anticipated that 
agglomerated calcine will not fluidize as readily as free nowing 
calcine 

PROBABIUN IMPACT 

0 High (3) 

@ ~ e d i u m ( 2 )  @ Medium(2) 

Risk= 4 

Risk =Probability x Impact 

High - Likely to occur dudng the project 
Medium - Hasthe potential to occur 
Lcw - HasSnlepotentialtooccu 

Impact Definition 
High - Likelyto cause significant disruption ofschedule, increase in 

4.01 degradation of perlonnance. 
Medium - Hatosthe potential to cause some dwutpion to cchedule, 

LKsease in cost. w degndation ofperfonnance. 
Lwu - Has M e  potential to cause diwption to rehedule. hneasa m 

a&, or degradation of performane. 

PREVENTIVE PLANS 

Pilot plant tests should be conducted on agglomerated calcine 
Also samples of themkine in the CSSFs should be taken and 
analyzed to determine if the calcine has agglomerated. 

CONSEQUENCES IF RBK NOT RESOLVED 

The retrieval rate could be significantly lowerthan expected. T 
operating costs will increase. The schedule may fall behind. 

CONTINGENCY PLAN61 IF RISK Is REALEED: 

The agglomerated calcine must be broken up before it retrievec 
If the potential for agglomerated calcine is high for a particular 
bin, a vibrator should be added to the end of the retrieval line 
before it is inserted into the bin. If agglomerated calcine is not 
suspected, then the air jet should be increased. 

TRIGGER POINT(S1 FOR EARLY RISK 
IDENTIFICATION: 

Operation of the calcine retrieval and transportation system on 
actual calcine. 



Risk Assessment - Data Sheet 
Risk Type 0 Project 0 Technical @ ESH 

- RISK Construction radiation dose rates incorrect 

The radiation dose rates are estimated from the best available 
data. The big unknown is the radiation levek in the CSSF 
superstructures. 

~~~~ 

PROBABLE CAUSE(S1: 

A comprehensive radiological survey of the CSSF 
superstructures has not been conducted. The radiation levek in 
the supstructures are not known. They may be significantly 
higher than estimated. 

PROBABIUTY IMPACT 

@ Medium(2) 

Risk=4 

Risk =Pmbability x impact 

knnpact Delinition 
High - W y t o  ause signiliant disuption of schedule. imrease in 

a&. a degradation of peroDmsnce. 
Medium- Hasthe potential to muse sane disutpionto hchedule. 

hraease m cod. a degradation of perbmrance. 
Low - HasliWepobentialtocausedisrvptiontoEchadule,bcreaseh 

a&. ordegradation of perlonmnca. 

PREVENTNE PLANS 
Proposed radiological surveys of each CSSF superstructure. 

CONSEQUENCES IF RISK NOT RESOLVED 

More workers will be needed during the constnrciion phase of th 
project. This will negatively impad the schedule and costs 
during construction. There is a high confidence that the radiatio 
levels can be maintained at lower levels during the operations 
phase of the project. 

CONTINGENCY PLAN(S) IF RISK IS REALIZED: 

More workers and time will b e necessary during the construdio 
phase of the project. 

TRIGGER POINT(S) FOR EARLY RISK 
IDENTIFICATION: 

This risk should be addressed during the conceptual design 
phase. If not, it well become evident during construction. 
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CSSF RETRIEVAL & "b SPORT SYSTEM 
CWO S-&OPTION 

5 PERMITTING 

6 PROJECT MANAGEMENT 

7 TITLE DESIGN 

8 CONSTRUCTION 

9 CORROSION COUPON REMOVAL 
I i 

10 D8D RISER INSTALLATION { 12/18 I Im 
I :  

- 
201 9 - 
b 

I 

i 

. 

I 

Date: mu 1/29/98 



--.. .- ... . ... .. .. . . . .-... ... 

This schedule represents calcine retrieval and transportation activities for the DCWO, 
HWO, VWO and TRU-Separations Options. Activities 12-18 represent retrieval of 
calcine from a specific CSSF. The CSSFs retrieval order has not been determined. The 
order must be coordinated between CSSF closure and the Waste Treatment Facility 
needs. All CSSFs will be prepared for retrieval by 1/1/2013. 

I 

Date: Thu 1/29/98 

Page 1 I 
- -  - -  



L O C K H E E D  M A R T I N  * 
Lockheed Martin Idaho Technologies Company 
INTERDEPARTMENTAL COMMUNICATION 

Date: January 24, 1998 

To: S. E. Gifford MS 3765 6-5162 

From: F. P. Hanson -#! MS 3655 6-0548 

Subject: HLW EIS WASTE TREATMENT SCOPING STUDIES - FPH-01-98 
Reference: F. P. Hanson letter to S. E. Gifford, FPH-33-97, Same Subject, 

December 9, 1997 

Cost Estimating has reviewed the referenced draft cost estimates and prepared 
the attached final Planning Cost Estimates for the subject project. Nine 
estimates have been prepared for the activities shown below; the work scope 
for each activity is described in the respective estimate. 

1. Other Project Costs (OPC) including conceptual design, proof of 
process, permitting and documentation, start-up activities, and 
re1 ated project management costs. 

One estimate each for Option B for Calcined Sblids Storage 
Facilities (CSSFs) 1 through 4, and one estimate for CSSFs 5 
through 7. Since the scope and nature of work for CSSFs 5 
through 7 are nearly identical, one estimate has been prepared 
showing costs which may be applied to each of those CSSFs. 

2. 

3. Installation of D&D risers 

4. Removal of corrosion coupons 

5. One estimate each for Option A and Option 6 for the Calcine 
Transport System. Option B incorporates an Intermediate 
Transport Station with associated equipment. 

The general scope of work covere 
modification of the CSSF vaults and CSSFs; construction of a new Containment 
Enclosure and a new Ventilation, Instrumentation, and Control (VIC) Building 
at each CSSF; construction of a new calcine transport system; and removal o f  
corrosion coupons from the CSSFs. 

The estimates incorporate all comments received to date, including your 
review of the draft estimates dated December 9, 1997 and intermediate draft 
estimates for the Calcine Transport System, as well as appropriate internal 
reviews. In addition, G&A and Performance Incentive Factor (PIF) fees, not 
previously applied, have been added to the estimates as appropriate. 

he estimates includes necessary 



S. E. Gifford 
January 24, 1998 

Page 2 
FPH-01-98 

Option A for modification of the CSSFs incorporated relocation and reuse o f  
certain operational equipment. An examination of this option showed that it 
did not fully meet the needs of the system and was not sufficiently cost 
effective to warrant further consideration; therefore, in accordance with 
your directive, estimates are provided for Option B only. 

Assumptions which form the bases of the estimates and any concerns that may 
affect the costs are shown in the attached Support Data Recapitulation 
Sheets. Cost Estimate Summary Sheets, Detail Sheets, and Contingency 
Analysis Sheets for each estimate are also attached for your information. 
These describe in detail the scope o f  work and unit costs upon which the 
estimates are based. 
prepared showing the Total Project Cost for each estimate. 
further comments or questions regarding the estimates, please feel free to 
call. 

In addition, a Summary o f  Cost Estiriiates has been 
If you have 

Attachment 

cc: Estimate File #2414-1 
F. P. Hanson File 



Lockheed Martin Idaho Technologies Co. 
(Rev. 06/96) 

COST ESTIMATE SUPPORT DATA RECAPITULATION ’- ‘ ’  
Project Title: HLW EIS Waste Treatment Estimator: F. P. Hanson 

Scoping Studies Date: 1-24-98 
Cal cine Retrieval and Transport 

Type of Estimate: Planning 
File No: 2414-1 Approved By:& ’ 

I. SCOPE OF WORK: - Br ie f  description o f  the  proposed project .  

Thi s project wi 11 prepare Cal ci ned Sol ids Storage Facil i ti es (CSSFs) #1 
through f7 for retrieval and transport of calcined waste to a processing 
facility. Each .CSSF vault and CSSF will be modified as required, a new 
Containment Enclosure, and a new Ventilation, Instrumentation, and Control 
(VIC) Building will be constructed at each CSSF, and a new calcine transport 
system will be constructed. Construction of treatment and process facilities 
are not in the scope o f  the attached estimates. 

11. B A S I S  OF THE ESTIMATE: Drawings, Design Report, Engineers notes, 
and/or other documentation upon which the  
estimate i s  or ig icated.  

a. Cost Estimate for Alternative 3, Phase I & I1 Special Studies, Bin Set 1. Bin 
Set 1 Calcine Retrieval System, Raytheon Engineers and Constructors, Inc;, 
11-8-94. 

b. Feasibility Study Cost Estimate, Waste Treatment Facilities, Fluor Daniel 

c. Draft Bin Set Access Plan with accompanying tables, provided by S. E. 
ford, cognizant technical 1 

d. Drawings, sketches, and‘ miscel 
E. Gifford. 

e. Title I1 Cost Estimate, Waste Characterization Facility, Lockheed Idaho 
Technologies Co., 11-22-94. This estimate provides the basis for costs for 
the, Calcine Transport System Intermediate Transport Station. Costs are 
updated to current costs. 

Northwest, 10-22-97. 

supporti ng i nformati on provided by S . 



,ockheed Martin Idaho Technologies Co. 

COST ESTIMATE SUPPORT DATA RECAPITULATION 
( CONTINUATION) 

File No: 2414-1 Page 2 of 6 

1x1. 

1. 

2. 

3 .  

4. 

6. 

. ASSUMPTIONS: Condition statements accepted or supposed t r u e  without 
proof or demonstration. An assumption has a d i r e c t  
impact on t o t a l  estimated cost. 

(Continued) 

Conceptual design and process development costs have been assumed at 30% 
of Title design costs for CSSF #1. It is assumed that conceptual design 
costs would not be impacted by subsequent Title design modifications for 
the remaining CSSFs. See Section IV for further comments. 

It has been assumed that removal of corrosion coupons will be accomplished 
by LMITCO operating personnel. 

The Raytheon estimate provides a comprehensive breakdown of work tasks and 
associated costs for work required to prepare CSSF #l. The Fluor Daniel 
estimate addresses CSSFs #2 and iY3, and closely reflects the Raytheon 
estimate, with no further scope or significant cost development. Because 
the Raytheon estimate represents the primary scope and cost development, 
it has been used as the basis of costs and scope of work addressed by the 
attached estimates. Work scopes and associated labor and material costs 
have been adjusted as deemed appropriate for subsequent CSSFs. 

It has been assumed that the Raytheon estimate was developed from a 
reasonably well developed description of work scope, therefore, 
quantities, unit costs, and labor effort have been incorporated as 
presented in the Raytheon estimate, except as otherwise determined by 
factors specific to this estimate effort. The 'costs provided in the 
attached estimates are dependent upon the underlying assumptions, 
inclusions, exclusions, and basis of quantity development and pricing for 
the Raytheon estimate. 

Design, Title I11 Inspection, and Management costs were applied in the 
Raytheon estimate as a .percentage of construction costs. Those rates have 
been modified for the attached estimates as follow: Title Design at 20% 
o f  construction and GFE; Title 111 at 5% o f  construction and GFE; and PM 
and CM each at 10% of construction and GFE. Title design modifications 
for CSSFs #2 through #7 have been assumed at 20% of Title design costs for 
CSSF #1, assuming only relatively minor design modifications would be 
required. 



. .. . .  . .. 
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Lockheed Martin Idaho Technologies Co. 

COST ESTIMATE SUPPORT DATA RECAPITULATION 
(CONTINUATION) 

FSle No: 2414-1 Page 3 of 6 

111. 
5. 

7. 

a. 

9. 

ASSUMPTIONS : (Continued) 
It is assumed that all demolition and new construction work will be 
competitively bid and performed by a general contractor as the prime 
subcontractor, with specialty lower tier subcontractor as appropri ate. 
One tier of subcontractor markups has been applied, at 0% for overhead 
and profit, plus 1% for bonding, in accordance with the Raytheon estimate. 

The Raytheon estimate does not specifically identify costs for 
subcontractor supervision. It has been assumed that the labor figures 
incorporated include allowances .for subcontractor project coordination and 
supervision. Costs for personnel OS&H and site specific training have 
been included at 2% of project labor, per the Raytheon estimate, for CSSF 
#1, and at 1% of labor for the remaining CSSFs, assuming primarily 
refresher and update training for subsequent CSSFs. Construction of the 
Calcine Transport System and installation of the D&D risers are assumed to 
require additional personnel, therefor, the 2% allowance for training has 
been applied to those estimates. 

Unit costs are assumed to include all costs necessary to accomplish the 
work including, but not necessarily limited to, site preparation, 
installation and removal of waste products, decontamination and cleanup, 
mobilization and demobilization, and cost of supporting organizations. 

The labor hours shown in the Raytheon estimate have been incorporated; 
however, current INEEL Site Stabilization Agreement rates have been used, 
which may differ from the rates shown in the reference. 

10. Allowances for undefined costs and for NQA-1 have been applied as shown in 

11. Material costs have been ap 

the Raytheon estimate, and 

appropriate, and further escalated at approximately 1.5% per year from the 
date of the estim 

not include costs for the tainment Enclosure 
or the V I C  Buildi ttached estimates assume both the structures to 
be pre-engineered metal buildings, complete with 'appropriate services nd 
equipment. The Containment Enclosure is assumed to be 30' x 30' or 40' x 
40', depending upon the vaul dimension, with a 60' eave height. The VIC 
building i s  assumed to be 40 x 60' x 14' eave height in all cases. Costs 
.are based on historical data and estimating judgement. 

sumed t o  be appr 

as shown in the 

for the project- 

n estimate, as 

current date. 

12. The Raytheon estima 

(Cont i nued) 



Lockheed Martin Idaho Technologies Co. 

COST ESTIMATE SUPPORT DATA RECAPITULATION 
(CONTINUATION) 

File No: 2414-1 

111. ASSUMPTIONS: (Continued) 
.Page 4 of 6 

13. It is assumed that minimal site preparation will be required.. . Costs have 

14. The following equipmen is associated with the Calcine Transport System 

not been included for additional service and access roads. 

and is to be located in the processing facility; costs are assumed .to be 
addressed in the appropriate facility cost estimate and have not been 
included herein. Equipment. numbers are identified 'n appropriate drawings 

Air Handling Unit, 2,130 CFM I 

Exhaust Fan, 830 CFM 

0 Exhaust Fan, 230 CFM 

. and equipment lists. 

HEPA Filter w/Prefilter, 530 CFM 

HEPA Canisters w/Prefilters, 230 CFM 

15. The cost estimate for Other Project Costs (OPC). is intended to show all 
permitting costs associated with the entire CSSF modification and . 
construction of the transport system. Costs for permitting and 
documentation are assumed to encompass all activities required. 

16. The estimates identify certain activities related to demolition, 
earthwork, and construction which are to be accomplished during the 
overall time frame shown, rather than showing labor hours for the specific 
activities. 
are adequate to accomplish the activities. 

17. The proposed schedule shown in the Raytheon estimate calls for engineering 
. from 10/1997 to lO/l999, with a mid-pint of 10/1998, and all other 

activities from 12/2000 to 5/2005, with a mid-point of 11/2002. Using the 
schedule of operations provided, the following activity mid-points have 
been established for purposes of calculating escalation: 

It is assumed that the time frames and labor loading shown 

Conceptual design: 2003 - 2005, mid-point 2004. 
Title design: 2005 - 2007, mid-point 2006. 
Construction: 2008 - 2013, mid-point 2011. 

(Continued) 



Lockheed Martin Idaho Technologies Co. 

COST ESTIMATE SUPPORT DATA RECAPITULATION 
CONTINUqTION) . a 

File No: 2414-1 Page 5 of 6 

I I I. ASSUMPTIONS : (Continued) 
Installation of D&D risers: Mid-point of operations (2014 - 2033), 2023 

Removal of corrosion coupons: Mid-point o f  construction 

19. It is assumed that the Calcine Transport System will consist of two 
separate systems. The quantities shown in the estimate reflect total 
quantities for the two systems. 

21. It i s  assumed that the Intermediate Transport Station for Option B will be 
of reinforced concrete construction housing process equipment, with a pre- 
engineered metal building portion housing util ities and support equipment, 
and that the facility will require normal features for equipment shielding 
and accessibility, personnel protection, and normal util ities, HVAC, and 
el ectri cal services . 

20. Information available to the cognizant technical lead indicates that, due 
to corrosion failure of piping in CSSFs 2 and 3, radiological conditions 
arising from contamination are similar to CSSF bl. The estimates for 
CSSFs 2 and 3 have been prepared with that factor in mind, and labor 
a1 1 owances incorporated accordingly . 

$500,000 ceiling applied, and the Performance Incentive Fee (PIF) has been 
applied at 5.5%. Procurement fees have been assumed at 1%, as procurement 
support to DOE, rather than the normal 3% fee. Adders are applied to each 
estimate based on the assumption the work addressed therein will be 

22. LMITCO G&A has been applied at 23% of construction and.GFE, with a 

ompl ished i n  one 
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Lockheed Martin Idaho Technologies Co. 

COST ESTIMATE SUPPORT DATA RECAPITULATION 
(CONTINUATION) 

File No: 2414-1 fage.6 of 6 

IV. CONTINGENCY GUIDELINE IMPLEMENTATION: The percentage used f o r  
contingency as determined. by the contingency a7 lowance guide1 ines can 
be a l t e r e d  t o  r e f l e c t  the type of construction and conditions tha t  may 
impact t h e  t o t a l  estimated cost. 

Time constraints and lack of definit ive design and project requirements have 
been taken into consideration i n  generating the costs  and attendant ra tes  of 
contingency shown i n  the estimate. Very l i t t l e  is  known a t  this time 
regarding specif ic  f ac i l i t y  and process requirements, and there is a very real 
potential for  encountering radiological conditions beyond those anticipated, 
result ing i n  increased labor and equipment costs. T h i s ,  together w i t h  the 
unknowns associated w i t h  subsurface work and radiological. conditions, w i t h  the 
inherent possibi l i ty  of encountering differing conditions as existing work is  
opened up, create  a high potential fo r  increased costs. Some equipment may 
not be standard and may require development, and the schedule extends over 
many years. For these reasons, the r a t e  o f  c.ontingency typically exceeds the 
guidelines for  a planning estimate and extends into the range for special 
conditions, as defined by DOE/FM 50, Cost Estimating Guide, Vol. 6, and the 
INEEL Cost Estimating Guide. 

Overall contingency rates  for escalated estimates are s l igh t ly  higher than 
unescalated estimates, due t o  the assumed higher degree o f  associated risk as 
ac t iv i t i e s  and costs are extended i n t o  the out years. 

v. OTHER COMMENTSICONCERNS SPECIFIC TO THE ESTIMATE: 
Individual estimates have been prepared for Other Project Costs (OPC) ;  two 
options fo r  the Calcine Transport System; and each of CSSFs 1 through 4. 
Since the scope and nature of work for  CSSFs 5 through 7 are  nearly identical, 
one estimate has been prepared showing costs which may be applied t o  each of 
those CSSFs. After analyzing draf t  cost estimates for  Option A and Option 6, 
fo r  CSSF modifications, i t  was determined by the cognizant technical lead that 
Option A did  not sufficiently meet system requirements and would not be 
fur ther  pursued; therefore, complete estimates are  provided only for  Option B 
fo r  each case, and Summary Sheets are provided for  both escalated and 
unescalated costs for each estimate. Separate estimates have also been 
prepared for  instal l ing D&D r i se rs  and for  removing corrosion coupons. 

The allowance of 30% of construction for  T i t l e  Design included i n  the Raytheon 
estimate appears excessive for this magnitude of work. I t  was determined by 
the cognizant technical lead that  this allowance was based on the to ta l  lack 
of a.proven retrieval method a t  the time the Raytheon estimate was prepared. 
Because of subsequent design development, the allowance is  reduced t o  20% i n  
the attached estimates. 

, 
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ocWleed Matfin Idaho Technologies Co. 

SUMMARY OF COST ESTIMATES 

4LW EIS WASTE TREATMENT 
;COPING STUDIES 

OCATION: INEEMCPP ' 

!EWESTOR: K L WlLLlAMS 

~ALCINE RETRIEVAL AND TRANSPORT 

ACTIVITY 

OTHER PROJECT COSTS (OPC) 

CSSF #l 

. CSSF#2 

CSSF #3 

CSSF #4 

CSSF #5 

CSSF #6 

CSSF #7 

IblSTAU D&D RISERS 

REMOVE CORROSION COUPONS 

TOTAL PROJECT COST 
(LESS TFUNSPORT SYSTEM) 

~- 

CALCINE TRANSPORT SYSTEM OPTlONS 

CWO & TRU SEPARATION OPTIONS (A) 

HWO, WVO, DCWO OPTIONS (B) 

D A E  24 JAN 1998 

CHECkD 

APPROVED 

'LANNING ESTIMATE 
STMATE NO. 2414-1 

'REPARED BY: f. P. HANSON 

OPTl 

UNESCALATED 
COSTS 

. $28,300,000 

$37,100,000 

$24,000,000 

$23,400,000 

$1 6,000,000 

$14,700,000 

$14,700,000 

$14,700,000 

$5,100,000 

' $1,125,000 

$179,125,000 

$15,300,000 

320,400,000 

N B  

ESCALATED 
COSTS 

stj,ioo,ooo 

$52,750,000 

$34,000,000 

$33,100,000 

$22,500,000 

$21,000,800 

$21,000,000 

$21,000,000 

$10,300,000 

$1,620,000 

5258,370,000 

$21,650,000 

$29,000,000 



Lzgchhed Martin ldaho lechnologies Co. COST ESTIMATE SUMMARY 
MCT w*r~: HLW US -WASTE TREATMENT SCOPING !STUDIES TYPE OF ESTIMATE: PLANNING NE: =-Jan-1998 

RE~UESTOR: KLWILLIAMS -FIT NAME Cost Estimate Summary 
:m12 CALCINE RETRIEVAL AND TRANSPORT PROJECTNO: 24141 (OPC) 

LWIION 1: INEEL - ICPP PREPARED FT: F. P. HANSON -cIQD ar: 
APPRO ar: 

L5 
1.1.1 

La 
1 2 1  

la 
iai 

1 A.1 

Is 
15.1 

15.2 

9THER PROJECT COSTS - DESIGN 

CONCEPTUAL DESIGN 

OTHER PRO JECT COSTS -MANAGE MENT 
DESIGN PROJECT MANAGEMENT 

P F R M r n N  G AND OOCU MENTATlOq 

PLANS AND SAFETY REVIEWS - 
SO TESTING AND ORR 

F&A/PIF 
G W F  ADDER 

PROCUREMENT FEES 

SUBTOTAL INCLUDING ESCALATlON 

PROJECT CONTINGENCY 

MANAGEMENT RESERE 

CONTINGENCY 

TOTAL ESnMATED COST 

ST PARAMETERS 

ED1 AS A %OF CONST. + GF& ".% 

1%500,000 

1,875,Ooo 

3,34Q,000 

3.552400 

0 

0 

1,469,600 

1,563,056 

0 

0 

I 

Total 
lnel Escalation 

'> slmwQQQ 
1e,ooo,ooo 

*> $Z.toO.OOQ 

%mO,OW 

>54.8o9.600 
4,809,600 

> $5.115. 456 
5,115,456 

> SQ 
0 

*> $30,625,056 

r> so 

*> S10,474,944 

r> S41,100,000 



Lockheed Martin Idaho Technologies Co. t COST ESTIMATE SUMMARY 
Rev. 6196 

P R ~ E ~  WE HLW US -WASTE TREATMENT SCOPING STUDIES W)dnTE: PUNNING 

LOCATION 1: INEEL - lcpp PREPARED BY: F. P. HANSON 
CALCINE RETRIEVAL AND TRANSPORT PAQ~ECTNO: 2414-1 (OPC) 

REOUESTOA: K L W W A M S  REPORT NAME: Cos! Estimate Summary 

Ll 
1.1.1 

la 
121 

l2 
13.1 

19 
1.4.1 

Ls 
1.5.1 

1 sa 

WBS I cost Estimate Bement 

QmER PROJECT COSTS - DESIGN. 

CONCEPTUAL DESIGN 

9THER PROJECT COSTS - MANAGEMENT 

DESIGN PROJECT MANAGEMENT 

P- 
PLANS AND SAFETY REVIEWS 

SmmUaMm 
SO TESTING AND OAR 

GmElE 
G W I F  ADDER 

PROCUREMENT FEES 

SUBTOTAL INCLUDING E$CALATlON 

PROJECT CONTINGENCY 

MANAGEMENT RESERVE 

CONTINGENCY 

Total 
Unescaiated 

21 267.400 

. 

12500,Ooo 

1 ,s;rs,OOo 

0 

0 

PROJECT COST PARAMETERS 

ED1 AS A %OF CONST. + GFEr - . T o  

Escalation 

0 

0 

0 

0 

Q 

Total 
lncl Escalation 

&> ~12.500.00 0 
~WWoOo 

p> sta 75.00Q 
1,875,OOO 

b> $3.340.000 

WQm 

#> $3.552. 404 

3,555400 

*> sp 
. o  

>> $21,267,400 

8> ’ so 
r> 37,032,600 

r> s2a.30o.000 

1 CONTINGENCY= 33.07% 1 



Lockheed Martin Idaho Technologies Co. COST ESTIMATE SUMMARY 
Rev. &96 

P R m E m  NIME: HLW U S  -WASTE TREATMENT SCOPING STUDIES W E  OF ESTIWTE 
CALCINE RETRIEVAL AND TRANSPOW - OPTION B 

PUNNING 
2414-1-1 (CSSF 1) PRCJECT No: 

ulcATIoN I: IN- - ICPP PREPARED BY: F. P. HANSON 
REQUESTOR: K. L WlUAMS REPORT NAME Cost Estimate Summary 

NBS 
Element 

Cost Estimate Element 

&I 
1.1.1 

1-12 

2 
121 
12.2 

d 
13.1 

19.2 
133 

13.4 

13.5 
19.6 
13.7 
13.8 
13.9 
13.10. 

13-11 
13.1 2 
13.13 
13.14 
13.15 
13.1 6 

9 
1.4.1 

d 
15.1 

.15.2 

ENGINEERIN G. DESIGN AND INSPECTION 

DESIGN ENGINEERING 
TITLE 111 INSPECTION 

MANAGEMENT C O m  

PROJECT MANAGEMENT 

CONSTRUCTION MANAGEMENT 

n N  
GENERAL CONDmONS 

SITEWORK 
CONCRm 
MASONRY 
METALS 
WOOD PLAsncs 
THERMAL & MOISTURE PROTECTION 
DOORS & WINDOWS 
FINISHES 
SPECIALTIES 
EQUIPMENT 
FURNISHINGS 
SPECIAL CONSTRUCTION 
CONVEYING SYSTEMS 
MECHANICAL 
ELECTRICAL 

EOVERNMFNT FURNISHED EQUIP, 

GOVERNMENT FURNISHED EQUIP. 

GCAIPtF 
G W I F  ADDER 

PROCURE&IEM FEES 

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTINGENCY 

MANAGEMENT RESERVE --------- 
COmNGENCY -_-- .-,-c.- . - ------ 

TOTAL EmMATED COST .--*-. I ---e --- ..I_... ---. 

PROJECT COST PARAMETERS 

ED1 AS A % OF CONST. + GFE= 22.00% I 

~ 

Total 
Unescalated 

3,600,000 

M0,000 

1,800,000 
1,800,000 

236,475 
11,013,683 
1,521,726 

0 

37,671 
0 
0 

34.1 50 

59,314 
0 

1,380,985 
0 

221 ,$87 
251,836 
594346 
492,051 

2,126,370 

1,284,499 

27,534,395 

Escalation 

864,000 
396,000 

795000 
79z000 

104,049 

4,846,020 
669,560 

0 

16,575 
0 
0 

15,026 

26,098 
0 

607,633 
0 

97,542 
11 0,808 

261,468 
21 6,502 

765,493 

565,180 

77368 

1 1,223,322 

Total 
lncl Escalation 

> $5.760.600 

4,464000 

1W.oOO 

> Ss.184.000 

5595000 
5592,000 

> $22.815.105 

340,524 
15,859,703 
2,191,286 

0 

54246 
0 

0 
49,176 
85,412 

0 

1,988,618 
0 

319,229 
362,644 
855,714 
708,553 

> S2.8 91.863 
2,891,863 

>> S38,757,717 

>> 52,781,372 

>> S11.210.911 

>> S52.750.000 

I CONTINGENCY= 36.10% 



Lockheed Martin Idaho Technologies Co. * COST ESTIMATE SUMMARY 
Rev. &96 

OATE %Jan-1998 PROIECTNW: HLW US -WASTE TREATMENT SCOPING STUDIES # EmkuE PUNNING 
CALCINE RETAIEVAL AND TRANSPORT - OPTION B PR- K): 2414-14 ( C S  I )  

CHECKED m: LocATloN 1: JNEEL - lCPP P R E P ~ E D  BY: F. P. HANSOh 
FIECIIIESTOR: IdLMLLtAMS REWRT NAME Cost Estimate Summary 

was 
Element 

a 
1 .l .l 
1.19 

a 
121 

122 

d 
11.1 

139 
13.3 
13.4 

15.5 
13.6 

1.3.7 
13.8 
13.9 
1.3.1 0 

13.1 i 

1.3.12 
1.3.13 
1.3.14 
1.3.1 5 
13.1 6 

9 
1.4.1 

u 
15.1 

15.2 

a "  

Cost Estimate Element 

ENGINEERING. DES IGN AND INS PECTlON 

DESIGN ENGINEERING 
TITLE 111 INSPECTION 

YANAGEMFM C O W  

PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

VCTlON . 

GENERAL CONDITIONS 
SITWORK 
CONCRETE 

MASONRY 
METALS 
WOOD a P u s T i c s  
THERMAL a MOISTURE PROTECTION 

DOORS a WINDOWS 
FINISHES 
SPECIALTIES 
EQUIPMENT - 
FURNISHINGS 
SPECIAL CONSTRUCTION 
CONVEYING SYSTEMS 
MECHANICAL 

ELECTRICAL 

EOVERNMFNT FURN ISHED EQ UIP, 

GOVERNMENT FURNISHED EQUIP. 

G W I F  ADDER 

SUBTOTAL INCLUDING ESCAUTION 

PROJECT CONTINGENCY 

MANAGEMENT RESERVE-- 

- -. CONTINGENCY -- 

ROJECTCOSTPARAMR_ERS 

ED1 AS A 36 OF CONST. + GF& 25.00% 

Total 
Unescalated 

3,600,000 

900,OOO 

1,8W,000 
1 ,800,000 

236,475 

11,013,683 
.1,521,726 

0 

37,671 
0 '  

0 

34,150 
59,314 

0 

1,380,985 

* o  
221,687 

251,836 
594246 
492,051 

2.1 26,370 

1384,499 

179,702 

27,534,395 

Escalation 

0 

0 
0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 

0 

0 

0 

0 

lncl Total Escalation 

> S3.600.00Q 

1,800,000 

1,-,OOO 

> s15.843.8 24 
236,475 

11,013,683 
1,521,726 

0 

37,671 
0 
0 

34.1 so 
59.314 

0 

1.380.98s 
0 

221,687 
251,836 

' 594246 
492,051 

> 52.126.374 

2.126.370 

> $1.28 4.499 
1,284,499 

>> $27,534,395 

b> $1,943,439 

L> S7,622,166 

b> S37.100.000 



Lockheed Martin Idaho Technologies Co. COST ESTIMATE SUMMARY 
Ror. w6 

PROJEcTNMQ: HLW US -WASTE TREATMENT SCOPING STUDIES TypE OF mu=. PLANNING 
24141-2 (CSSF 2) CALCINE RETRIEVAL AND TRANSPORT - OPTION B PROJECT No: 

~0uyM)N 1: JNEEL - JCPP PREPARED BY: F. P. HANSON 
REauEsToR: KLWIUAMS REPOFIT NAME: Cost Estimate Summary 

ENGINEERING. OFS IGN AND INSPECTTON 
DESIGN ENGINEERING 
TITLE 111 INSPECTION 

MANAGEMENT COSTS 
PROJECT MANAGEMENT 
CONSTRUCTIONMANAGEMENT 

CONSTRUCTIOF( 
GENERAL CONDITIONS 
SITEWORK 
CONCR€E 
MASONRY 
METALS 
WOOD PLASLlCS 
THERMAL & MOISTURE PROTECTION 
DOORS a WINDOWS 
FINISHES 
SPECIALTIES 
EQUIPMENT 
FURNISHINGS 
SPECIAL CONSTRUCTION 
jCONVEYlNG SYSTEMS 

MECHANICAL 
ELECTRICAL 

EOVFRN MEW W RNISHED EOU IP. 
GOVERNMENT FURNISHED EQUIP. 

GIAlPlF 
G W I F  ADDER 

PROCUREMENT FEES 

WBS I cost Estimate aement 

&I 
1.1.1 
1.12 

a 
12.1 

1.2.2 

d 
1.3.1 
13.2 
13.3 
13.4 
13.5 
13.6 
13.7 
13.8 
13.9 
13.10 
13.11 
13.12 
13.13 
13.14 
13.1 5 
13.16 

!A 
1.4.1 

u 
1.5.1 

15.2 

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTINGENCY 

MANAGEMENT RESERVE 
~ 

- CONTINGENCY - 
TOTAL ESTIMATED COST ----111-- 

PROJECT COST PARAMmRS 

ED1 AS A % OF CONST. + GFE= TlJWo 

Total 
Unescalated 

720,OOO 

650,OOO 

79,168 
6,912,013 
1,020,501 

0 
37,671 

0 
0 

34.150 
6441 1 

0 
1.1 99,716 

0 
291,lfl 
278,560 
596,103 
530,366 

1,68431 3 

980.577 

127,280 

17,755,900 

Escalation 

316,800 
286,000 

0 
561,000 

34,834 
3,041,286 
449,020 

0 
16,575 
: 0 

0 
15,026 
28,341 

0 
527,87S 

0 
128.1 15 
122$67 
262,285 
233,361 

606,317 

431,454 

54,656 

7,115.51 2 

-- 

Inti Total Escalation 

1, $1.972.600 
1,036,800 
936,000 

’> s3.111.000 
1,275,000 
1,836,000 

.> SlS.9 03.115 
1 14,002 

9,953399 
1,469,521 

0 

59,246 
0 
0 

49,176 
92,752 

0 
1,727,591 

0 
41 9,286 
401 ,I 27 
858,388 
763,727, 

*> $2.29 0.530 
2,290,530 

,> $1.412.031 
1,412,031 

>> $24,871,412 

>> S I  ,978,761 

>> S34.000.000 



Lockheed Martin Idaho Technologies Co. COST ESTIMATE SUMMARY 
Rw. m 

DATE man-1998 P R ~ W W M E :  HLW R S  -WASTE f R a t M E M  SCOPING SfUDlES W E  OF PLANNING 
2414-1-2 (CSSF 2) 094727 CALCINE RETRIEVAL AND TRANSPORT - OPTION B PRQlECT No: 

LwnoN 1: INEEL - ICPP PREPARED BY: F. P. HANSON 
REQUESTOR: K. L. WILLIAMS REmm NAME: Cost Estimate Summary 

A P w m  BY: - 
WBS 
Element . - 
1 .I .l 
1.1.2 

K 
1 2 1  

122  

d 
13.1 

13.2 

13.3 
13.4 

13.5 
13.6 
1 3.7 
13.8 
13.9 
13.10 

13.11 
13.12 
13.13 
13.14 
13.15 
13.1 6 

A 
1.4.1 

Ai 
1.5.1 

16.2 - 

ENGINEERING. DESIGN AND INSPECTION 
DESIGN ENGINEERING 

TITLE 111 INSPECTION 

NANAGE M E M  COS TS 
PROJECT MANAGEMENT 

CONSTRUCTION MANAGEMENT 

GONSTRUCTION 

GENERAL CONDITIONS 
SITEWORK 
CONCRETE 
MASONRY 

METALS 
WOOD a PLASTICS 

THERMAL a MOISTURE PROTECTION 
DOORS a WINDOWS 

FINISHES 
SPECIALTIES 

EQUIPMENT 
FURNISHINGS 
SPECIAL CONSTRUCTION 
CONVEYING SYSTEMS 

MECHANICAL 
ELECTRICAL 

POVERNMEM NRNlS HED EQU IP, 

GOVERNMENT FURNISHED EQUIP. 

GdrA/pIF 
GWPIF ADDER 

PROCUREMEM R E S  

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTlNGENCY 

MANAGEMENT RESEAVE 

CONTINGENCY - 
.- ....-..--- TOTAL ESTIMATED COST ----e. 

Total 
Uneswlated 

- 720,Ooo 

650,000 

1,275,WO 

1,275,000 

79.1 68 

6,912,013 
1,020,501 

0 

37,671 
0 

0 
34,150 

64.41 1 
0 

1.1 99,716 
0 

291,1?1 
278,560 
596,103 
530,366 

1,684,213 

980,577 

127,280 

17,755.900 

PROJECT COST PARAMETERS 

- 
i. .' Escalation -. - - 

0 

0 

0 
0 

0 

0 

0 
0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

S1.370.000 

720,oOCr 
650,OOO 

52.$59,600 
fS275,OOO 

ll27S.aoO 

$1 1.043.830 
79.1 68 

6,912,013 
1,020.501 

0 

37.671 
0 
0 

34.1 50 

64.41 1 

0 

1,199,716 
0 

291,171 
278,560 
596.103 
530.366 

S1.684.213 

1,684,213 

9ao.m 

gi980.577 

*> $1383.590 

D> S4,860,510 

-> S24.000.000 

ED1 AS A X OF CONST. + GFE= 77.00% 

CONTINGENCY.: 35.17% 



L Z E k e d  Martin Idaho Technologies Co. COST ESTIMATE SUMMARY 
m H S r  NAME: HLW US -WASTE TREATMENT SCOPING STUDIES NPE OF ESS~MAE PLANNING DATE man-1998 

aaumm: K. L WIUIAMS FIEPORT NAME: Cost Eshmate Summary 

CALClNE RETRIEVAL AND TRANSPORT - OPTION B PROJECT No: 2414-1-3 (CSSF 3) 
m n O N  1: INEEL - ICPP mEP*RD BY: ' F. P. HANSON CHECKED By: 

APPRO w. 

a l  

1.1.1 

1.12 

a 
121 

122 

d 
19.1 

14.2 
133 
13.4 
133 
13.6 
13.7 
i.3.a 
13.9 
13.10 
13.11 

13.12 
13.13 
13.14 
13.15 
1.3.16 

1-4 
1.4.1 

ls 
1.5.1 . 

1.52 

WBS 
Element 

Cost Estimate Uement 

:N: 

IESIGN ENGINEERING 
YlLE 111 INSPECTION 

VANAGEMFNT COSTS 

'ROJECT MANAGEMENT 
:ONSTRUCTION MANAGEMENT 

I. ,ONSTRUCTION 

SENERAL CONDmONS 
3TEWORK 
:ONCRETE 
JIASONRY 
lAETALS 

No00 & PLAsflcs 
MERMAL & MOISTURE PROfECTlON 
IOORS 8 WINDOWS 
:INISHES 
SPECIALTIES 
EQUIPMENT 
QRNISHINGS 
SPECIAL CONSTRUCTION 

:OWEYING SYSTEMS 
MECHANICAL 
ELECTRICAL 

GOVERNMENT FURNISHED EQUIP. 

GOVERNMENT FURNISHED EQUIP. 

G&AIPIF 
G W I F  ADDER 

PROCUREMENT FEES 

SUBTOTAL INCLUDING ESCALATION 

. PROJECT CONTINGENCY 

MANAGEMENT RESERVt 

CONTINGENCY 

------ TOTAL ESTIMATED COST ------- 

-S 

ED1 AS A 36 OF CONST. + G E  77.00% 

Total 
Unescalated 

720,000 

620,000 

1g50,oO0 
1 p50,Ooo 

79315 

6,564,926 
1,020501. 

0 

37,671 
0 
0 

34,150 
64,411 

0 

1,207,349 
0 

291,171 

278,560 
61 9,048 
530,366 

1,68421 3 

962230 

124,116 

17,337,927 

Escalation 

31 6,800 

nZm0 

0 

550,000 

34,855 

449,020 
.0 

16,575 

. o  
0 

15,026 
28,341 

0 

531,234 
0 

128,115 
122567 

27291 
233,361 

2,aaa,sm 

606,317 

s m a r  

53,264 

6,942,604 

Total 
lnd Escalation 

1,036,800 

. 892,800 

, 1P4000 
1,8W,OOO . 

> $15. 447.41 Q 

11 4,070 
94s3.493 
1,469,521 

0 

54,246 
0 
0 

49,176 

92752 
0 

1 ,Fa,= 
0 

41 9,286 
401.127 
891,429 - 
763,727 

.> $2.290.530 
2,290,530 

,> $1 385.61 1 
1,385,611 

>> S177.380 

>> 529,280,531 

*> S1,930,093 

c> $6,889,376 

D> S33.100.000 



Lockheed Martfn Idaho Technologies Co. COST ESTIMATE SUMMARY 
PRQ~ECTNAME: HLW us -WASTE TREATMENT SCOPING ~ " ~ ~ O I E S  TYPE OF ESTIMATE PLANNING 

CALCINE RETRIEVAL AND TRANSPORT - OPTION B PRQIECT No: 2414-1-3 ( C S F  3) 
m n m  1: INEEL - ICPP PREPARED BY: F. P. HANSON ~ E c K E o  8y: 
REOUESTOR: K L WILLIAMS REPORT NAME: Cost Estimate Summary 

Rev. W96 

DATE =an-1998 
n u c a  i om:@ 

-By: - 
WBS 
Element 

L1 
1.1.1 

1.1.2 

Lz 
1 2 1  
1.2.2 

u 
13.1 
13.2 
13.3 

13.4 
is 
13.6 

13.7 
13.8 
13.9 
13.10 
13.11 
13.12 
13.13 
1.3.14 
13.15 
13.16 

L4 
1.4.1 

L5 
15.1 

1.5.2 

~ d s t  Estimate aemeni 

r n m  N P C  N 

DESIGN ENGINEERING . 
MLE 111 INSPECTION 

MANAGElMENTCOSTS 
PROJECT MANAGEMENT 
SONSTRUCTION MANAGEMENT 

CONSTRUCTION 

SENERAL CONDITIONS 
SITEWORK 
XNCRETE 
UASONRY 
UETALS 

WOOD P u s n c s  
FHERMAL & MOISTURE PROTECTION 
DOORS & WINDOWS 
=INISHES 
SPECIALTIES 
EOUIPMEM 
FURNISHINGS 
SPECIAL CONSTRUCTION 
SONVEYING SYSTEMS 
UECHANICAL 

ELECTRICAL 

GOVERNMEN FUR NISHFD EOU IP, 
SOVERNMENT FURNISHED EQUIP. 

GIAlPlF 
S&AJPIF ADDER 

3ROCUREMEM FEES 

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTINGENCY 

MANAGEMENT RESERVt 

CONTINGENCY 

TOTAL ESTIMATED COST 

I ROJECT COST PARAMETERS I '  

Total . 
UnescaIated 

720,Odo 

620,000 

1 ~ 0 , 0 0 0  

rso..ooo 

79215 
6,564,926 
1,020501 

0 

37,671 
0 

0 

34.150 
64,411 

0 

1,207,349 
0 

291.1 fl 
278,560 
61 9,048 

536,366 

1,684,213 

962,230 

124,116 

17,337,927 

I V' 

Escalation 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 
0 
0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

h -2 

lncl Escalation 

I> S1.34O.OOQ 

n0,m 
62O.OOO 

$ZSOO.OOQ 
1?2sO,ooo 
1250,wo 

*> slO.727. 368 
7931 5 

6,564,926 
1,020,501 

0 

37,671 
0 
0 

34,150 
64.41 1 

0 

1207.349 
0 

291,171 
278,560 
61 9,048 
530,366 

> $1.684.219 

1,684,213 

Total 

> 3362.230 

962230 

>> $124.116 

>> $1 7,337,927 

LP S1.349.792 
~ ~ 

P> s4,712,281 

D> S23.400.000 

ED1 AS A % OF CONST. + G F E  17.00% 

CONTINGENCY= 34.96% 



a 

WBS 
Element 

b&cbbed Martin Idaho Technologles Co. COST ESTIMATE SUMMARY 
PRQlECT “E XLW U S  -WASTE TREATMENT SCOPING STUDIES TYPE OF ESTIMATE: PLANNING 

2414.14 (CSSF 4) CALCINE RETRIEVAL AND TRANSPORT - OPTlON B PROJECT No: 
Lwnw t INEEL - ICPP PREPARED BY: F. P. HANSON 
REOUESTOA: ICLWILLIAMS REPORT MAE: Cost Estimate Summary 

Cost Estimate Element \ 

a l  

1.1 .l 
1.12 

a 
121 

122 

d 
13.1 
1.3.2 
13.3 
13.4 

1.3.5 
1.3.6 
13.7 
1.3.8 
13.9 
13.10 

1.3.1 1 
13.12 
13.13 

13.14 
13.15 
13.16 

9 
1 A.1 

LE 
1 b.1 

1.55 

U G I  1 n 
DESIGN ENGINEERING 
TllLE 111 INSPECTION 

MANAGEMFNT CO- 

PROJECT MANAGEMENT 
CONSTRUCTlON MANAGEMENT 

CONSTRUCTION 
GENERAL CONDITIONS 
StTEWORK 
CONCRETE 
MASONRY 
METALS 
woo0 (L PLASTICS 
THERMAL & MOISTURE PROTECTION 
DOORS &WINDOWS 
flNlSHES 
SPECIALTIES 
EQUIPMENT, 
FURNISHINGS 
SPECIAL CONSTRUCTION 
CONVEYING SYSTEMS 
MECHANICAL 
ELECTRICAL 

FQVERNMFNT fU RNISHEO EO UIP, 

GOVERNMENT FURNISHED EQUIP. 

GIA/pIF 
G W I F  ADDER 

PROCUREMENT FEES 

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTINGENCY 

MANAGEMENT RESERVE 

CONTINGENCY 

TOTAL ESTIMATED COST - 

Total 
Unescalated 

720,000 

420,000 

825,000 

825,000 

42,042 
2,818,113 
1,020,501 

0 
37,671 

0 
0 

34.1 50 

59,314 
Q 

944.094 
0 

246,630 
251,836 
59934s 
51 0,570 

1,684,213 

720,862 

-484 

1 1,841,725 

--- 
--e-- 

Escalation 

31 6.800 

184,800 

0 
363,000 

18.499 
ts9,970 

449.020 
0 

16,575 
0 
0 

15.026 
26,098 

0 
41 5,401 

0 

108,517 
110,808 

224,651 
263,668 

606,317 

317,179 

34.945 

4.7ll.274 

t 

Total 
lncl Escalation 

$1.641.604 
1,036,800 

604,800 

$2.013.00 0 
82S,ooO 

1,188.m 

$9.452.399 

60,541 
4,0!58,033 
1,469,521 

0 

54846 
0 
0 

49.176 
85.412 

- 0  

1,359,495 
0 

355,147 
362,644 
862,913 
735-1 

52.290.530 
5290,530 

a038.041 
i,ma,o41 

>> $117.429 

>> $16,552,999 

>> 51,289,840 

>> $4,657.1 61 

>> s22.500.00( 

OS1 PARAMETERS 

ED1 AS A % OF CONS. + G F b  14.00% 



Lockheed Martin Idaho Technologies Co. La COST ESTIMATE SUMMARY 
Rev. (y96 

UTe man-1998 PRUEnNAME: HLW US -WASTE TREATMENT SCOPING STUDIES OF WWE PLANNING 
CALCtNE RETRIEVAL AND TRANSPORT - OPTION E P R ~ J W M  2414-14 (CSSF 4) 

L m n O N  1: INEEL - ICPP PREPWED BY: F. P. HANSON WEMD BY: 
REQUESTOR: K. L WILLIAMS REPORT .WE: Cost Esbmate Summary 

A l  

1.1.1 
1.12 

a 
121 

12.2 

3 
13.1 

13.2 

13.3 
13.4 
13.5 
13.6 
13.7 
13.8 

1 3.9 
13.10 
13.11 
13.1 2 
13.1 3 
13.1 4 
13.15 
13.1 6 

d 
1.4.1 

B 
1 b.1 

WBS 
Element 

1 .  

Cost Estimate Element 

ENGINFERING. OFS IGN AND INS PECTION 

DESIGN ENGINEERING 
*E 111 INSPECTION 

MANAGEMENT COSTS 

PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CONSIRUCTIOF( 

GENERAL CONDITIONS 
SITEWORK 
CONCRETE 
MASONRY 
METALS 

WOOD a PLAsncs 
THERMAL a MOISTURE PROTECTION 
DOORS a WINDOWS 
FINISHES 
SPECIALTIES 
EQUIPMENT 
FURNISHINGS 
SPECIAL CONSTRUCTION 

CONVEYING SYSTEMS 
MECHANICAL 
ELECTRICAL 

GOVERNMEN T FURNISHED EO UIP, 

GOVERNMENT FURNISHED EQUIP. 

GcAlplF 
G W I F  ADDER 

1 
is.2 IPROCUREMENT FEES 

SUBTOTAL INCLUDING ESCALATlON 

PROJECT CONTINGENCY 

MANAGEMENT RESERVE- 

CONTINGENCY -' 

ED1 AS A % OF CONST. + GFE= 74.00% 

Total 
Unescalated 

720,ooO 

420,QQQ 

825,QQQ 
825,000 

42,042 
2,818.1 13 
1,020,501 

0 0  

37,671 
0 
0 

34.1 50 
59,314 

0 
944,094 

.Q 

246,630 
251,836 
599p45 
51 0,570 

1,684,213 

720,862 

82.484 

11,841,725 

~ 

Escalation 

0 
0 

0 
0 

0 
0 

0 
0 

0 

0 
0 

0 
0 
0 
0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

Total 
lncl Escalation 

'> $1.1 40.00Q 

720,ooO 
420,000 

,> 31.650.000 
82S.000 
825.000 

,> $6.564.166 

42,042 , 
&616,1 13 
1,020,501 

0 

37,671 
0 
0 

34,150 
, 59,314 

0 
944,094 

0 

246,630 
251,836 
599p45 
5 1 0 m  

> $1.68 4.21 9 
1,684,213 

* S720.062 
720,862 

>> $02.484 

s> $1 1,841,725 

c> $905,172 

>> S3,253;103 

+> s i  6.ooo.ooa 

I CONTINGENCY= 35.12% ] 



Lockheed Martin Idaho Technologies Co. COST ESTIMATE SUMMARY 
Rev. 696 

PROIECTM HLW US -WASTE TREATMENT SCOPlNG STUDIES NPE OF E ~ M A =  PLANNING 
CALCINE RETRIEVAL AND TRANSPORT - OPTION B PROIECT Na: 2414-1-5 (CSSFS 5 7)  

Lmm 1: INEEL - ICPP PREPAAEO BY: F. P. HANSON 
REcUESlOR . KLWlUIAMS REPORTNAAE Cost Estimate Summary 

WBS 
Element 

L l  
1.1.1 
1.12 

i Cost Estimate Element Total Total 
Unescalated Escalation lncl Esealatfon 

ENGINEERING. DES IGN AND INSPECTION >> S1.332.000 

DESIGN ENGINEERING . 72o.ooo 17j?800 895800 

TITLE 111 INSPECTION 305.000 134,200 439200 

L2 
1 2 1  
1.22 

u 
1.4.1 

LS 
15.1 

L3 
13.1 

13.2 
133 

1 a.4 

1.3.6. 
13.5 

13.7 
13.8 

13.9 
13.10 
13.1 1 

13.12 
13.13 
13.14 
13.1 5 

13.16 

GOVERNMENT WRNISHED EQUIP. 

GOVERNMENT FURNISHED EQUIP. 

GIAlplF 
G W I F  ADDER 

MANAGEMENT COSTS 

PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CONSTRUCTION 
GENERAL CONDITIONS 

SmWORK 
CONCREE 

18.2 

SUBTOTAL INCLUDING ESCALATION 

MASONRY 
METALS 
WOOD 8 PLASTICS 
THERMAL 6 MOISTURE PROTECTION 
OOORS (L WINDOWS 

FINISHES 

SPECIALTIES 
EQUIPMENT 
FURNISHINGS 
ISPECIAL CONSTRUCTION 

SYSTEMS 

LEcfRlCAL 

76,100 32,136 >> 5108.236 

10,914,905 4,522,475 >> 315,437,380 
# 

MANAGEMENT RESERVE 

CONTINGENCY 

TOTAL ESTIMATED COST ------ 

760,000 

760,000 

I I '>a $1,191,658 1 
>> 54,370,962 I 
>> s21 .ooo.ooo i --I-,. -. 

33sm 
581 8,113 

113,649 
0 

37,671 
0 
0 

34,150 
64.41 1 

0 

1.1 16,330 
0 

291,171 
278,560 

61 9,048 

51 9,072 

334,400 

334,400 

14,770 

1a9.970 
50,006 

0 

16,575 
0 
0 

15.026 
28.341 

0 
491.1 85 

0 
128,115 
122,567 
272,381 
228,392 

'> s2.188.800 
. 1,094,400 

1,094,400 

*> S8.533.071 

am 

163,655 
4,0sa,m 

0 
54,246 

0 
0 

49.176 
92,752 

Q 
1,607,515 

0 
41 9,286 

401,127 
891,429 
747,464 

$2.290.530 I 1,684.213 I 606,317 2,290,530 

s984.743 
683,849 1 300,894 984,743 

PROJECT CONTINGENCY I I I t 
I 

PROJECT COST PARAMRERS 

ED1 AS A % OF CONST. + GFE= 1200% 

t 



Lockheed Martin Idaho Technologies Co. COST ESTIMATE SUMMARY 
PROJECT NAME: HLW EIS -WASTE TREATMENT SCOPING S ~ D I E S  TYPE OF ESTIMATE: PLANNING 

W n O N  1: INEEL - ICPP PREPARED BY: F. P. HANSON 
REQUESTOR. K. L. WILUAMS REmmwE: Cost Esmate Summary 

R w .  8196 

DAE man-1998 CALCINE RETRIEVAL AND TRANSPORT - OPTION B PROJECTNO: 2414-1-5 (CSSFS 5 -7) 
CHECKED 8y: 

APPRO BY: 

ENGINEE RING. DESIGN AND INS PECTlON 
DESIGN ENGINEERING 
TITLE 111 INSPECTION 

MANAGEMENT COSTS 

PROJECT MANAGEME’h 

CONSTRUCTION MANAGEMENT 

FONSTRUCTlON 

GENERAL CONDITIONS 
SITEWORK 
CONCRETE 
MASONRY 

METALS 
WOOD & PLASTICS 
THERMAL I MOISTURE PROTECTION 
DOORS I WINDOWS 
FINISHES 
SPECIALTIES 
EQUIPMENT 
FURNISHINGS 
SPECIAL CONSTRUCTION 

CONVEYING SYSTEMS 
MECHANICAL 

ELECTRICAL 

GOVERNMENT FURNISHED EQUIP, 

GOVERNMENT FURNISHED EQUIP. 

WBS 1 cdst istimate Bement 
Element 

L1 
1.1.1 
1.1.2 

La 
121 
12.2 

13 
I 3.1 
13.2 
133 
13.4 

13.5 
13.6 
13.7 
13.8 
13.9 
13.10 
13.11 

13.12 
13.13 
13.14 

13.1 5 
1.3.1 6 

4 
1.4.1 

a 
15.1 

16.2 

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTINGENCY 

MANAGEMENT RESERVE --- - 
---.- I--.. .-.-- CONTINGENCY 

TOTAL ESTlMAfED C o s t  --.- 

ED1 AS A % OF CONST. + G F G  13.00% 

Total 
Unescalated 

720,000 
305,000 

760,000 
760,000 

33,568 

2,818,113 
113,649 

0 

37,671 
0 

0 

34,150 
64,411 

0 

1,116,330 
0 

291,lfl 

278,560 
61 9,048 
51 9.072 

1,684,213 

76.1 00 

10,914,905 

~- 

Escalation 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 

0 

0 

0 
0 

0 
0 

0 

0 

‘ 0  

0 

0 

0 .  

0 

Total= 
lnci Escalation 

i t  

.> S1.025.00Q 

720,000 
305,000 

,> $1 S20,OOQ 

76woo 
760,000 

> S5.925.743 
33,568 

I 2,818,113 

113,649 
0 

37,671 
0 
0 

34.150 

64.41 1 

0 

1,116,330 
0 

291,171 

278,560 
61 9,048 
51 9,072 

$1.684.21 3 
1,684,213 

’5683.843 
683,849 

P> 576.100 

r* S10,914,905 

*> 52,948,105 

* S14.700.000 

1 CONTINGENCY= 34.68% 



Lockheed Martin Idaho Technologies Co. COST ESTIMATE SUMMARY 
Rw. 6'96 PRoJECTNAW? HLW US -WASTE TREATMENT SCOPING STUDIES TYPE OF ESTIMATE: PLANNING . DATE man-1998 

REOUESTOA: IC. L WlUAMS 

CALCINE RETRIEVAL AND TRANSPORT PROJECTNO: 2414-1 (D&D RISERS) 

REPORT NAME: Cost Estimate Summary 
LOCATION I: I N E L  - ICPP PREPARED BY: F. P. HANSON C H E N D  By: 

APPRD BT: 

NBS 
Element 

Cost Estimate Element 

z l  

1.1.1 

1.12 

2 
121 
122 

d 
13.1 
132 

13.4 
133 

13.5 
1.3.6 
13.7 
1.3.8 

G 
15.1 

16.2 

FNGINEERING. DESIGN AND INSPECTlON 

DESIGN ENGINEERING 
T'KLE 111 INSPECTION 

MANAGEMENT COSTS 

PROJECT MANAGEMENT 

CONSTFiUCTION MANAGEMENT 

CONSTRUCTIO N 

GENERAL CONDmONS 
CSSF # l  

CSSF x2 

CSSF #3 
CSSF #4 

CSSF YS 

CSSF 46 

CSSF #7 

FIAlPrF 
G W I F  ADDER 

\PROCUREMENT FEES 

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTINGENCY 

MANAGEMENT R E S E R V F  

CONTINGENCY --..- -_ 
-- 

TOTAL ESTIMATED COST - 

Total 
Unescalated 

260,000 
130,oO 

260,000 

260,000 

21 m 
653,462 
228,733 
228,733 
98,069 

457,419 
457,419 
457,419 

272207 

26.025 

3,810,694 

. .a .Cl i l  

Escalation 

6Z400 
137,800 

275,600 

275,600 

22l481 
692,670 
242,457 
242,457 
103.953 
484,864 

484,864 
4 8 4 , ~  

288,539 

27,586 

3,826.1 35 

*_-..-- 

Total 
lncf Escalation 

* $ a Q  
535,600 
535,600 

* $5.361.072 

4.689 

1346,132 
471,190 
471,190 

202,022 
942283 

' 942283 

> $560.746 

560,746 

>> $53.611 

>> s597,543 

>> S2,065,628 

>> S10.300.00C 

PARAMETERS 

ED1 AS A 910 OF CONST. + GFE= 1I.mo 

CONTINGENCY= 34.87?6 



Lockheed MaHin Idaho Technologies Co. COST ESTIMATE SUMMARY 
P R ~ E ~ ~ N A M E  HLW U S  -WASTE TREATMENT SCOPING S'bDlES TypE OF ESTIMATE: PLANNING 

CALCINE RETRIEVAL AND TRANSPORT PRQ~ECTNQ 2414-1 (D&D RISERS) 

REQUESTOR: K. L W U M S  REPORT NAME: Cost Estimate Summary 

Rev. W5S 

mre llhE&,p56:11 man-1998 
Loo;noN 1: INEEL - ICPP PREPARED BY: F. P. HANSON CHECKED By: 

Total 
Unescalated I 

K 
1.1.1 
1.19 

L2 
T2.1 
1 2 2  

u 
1.3.1 

1.3.2 
11.3 
1.3.4 
13.5 

13.6 
1.3.7 
18.8 

!as 

1.5.1 

1 S.2 

: * 
Total 

Escalation tncl Escalation 

ENGINEERING. DES IGN AND INSPECTION 

DESIGN ENGINEERING 

TITLE 111 INSPECTION 

YANAGEMFM COS= 

PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CO" 
GENERAL CONDITIONS 

CSSF #l 

CSSF IY2 

CSSF #3 

CSSF #4 

CSSF #5 
CSSF 86 

CSSF X7 

F&nrPlF 
G W I F  ADDER 0 

0 

0 

- 

 PROCUREMENT FEES 

>> S273.207 

272,207 

>> $26.025 

>> $3,810,694 

->> $290,069 

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTINGENCY 

MANAGEMENT RESERVE 

260,000 

130,000 

260,000 
260,000 

21 $08 

653,462 
228.733 

228,733 

98,069 
457,419 
457.41 9 
457,419 

272,207 

26,025 

3,810,694 

> s39o.000 

260,000 

130.000 

S520.000 
0 260,000 
0 260,000 

>> $2.602.462 

21 $08 

653,462 
228,733 
228,733 

98,069 
457.41 9 
457,419 
457,419 

e-.A* '* -'-"""-I; $999,231 

55.100.000 

cr c o s  PARAMETERS 

ED1 AS A Ye OF CONST. + GF& 15.00% 



. 
!ENGINEER ING. DES IGN AND INSPECTION 
DESIGN ENGINEEFUNG 
TITLE 111 INSPECTION 

MANAGFMFNT COSTS 

PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CONSTRUCTION 

GENERAL CONDmONS 

SITEWORK 
CONCRETE 

MASONRY 
WOOD a PLASTICS 
THERMAL a MOISTURE PROTECTION 
SPECIALTIES 
EQUIPMENT 
FURNISHINGS 

SPECIAL CONSTRUCTION 
CONVEYING SYSTEMS 
MECHANICAL 
ELECTRICAL 

GOVERNMENT FURNISHED SERVE= 
COUPON RETRIEVAL 

G&AlPlF 

G W I F  ADDER 

PROCUREMENT FEES 

Lockheed Martin Idaho Technologies Cc. COST ESTIMATE SUMMARY 
RH. (y96 

PAOIE~T HLW US -WASTE TREATMEM SCOPING STUDIES PLANNING 

LOCATON I: INEEL - ICPP 
CALCINE RETRIEVAL AND TRANSPORT ~(IOJECITNO: . 2414-1 (CORR CPNS) 

PREPARED BY: F. P. HANSON 
FIEPORTNAME: Cost Estimate Summary REGUESTOFL KLWILLIAMS 

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTINGENCY 

MANAGEMENT RESERVE 

CONTINGENCY 

WES I cost ~stimate Uement 

841,465 

K 
1.1.1 

1.12 

!2 
121 

12.2 

K 
13.1 

13.2 
1 3 3  
1.3.4 

l a 6  
13.7 

iaii 

ia.13 

13.10 

1.3.12 

1 3.1 4 
13.15 

13.16 

t4 
1 A.1 

Is 
18.1 

15.2 

d 
4: 
kJ x 
2 * 
F 
\ 

Total 
Unescalated 

43,600 

21,800 

45.wo 
45,000 

233,310 

0 
0 
0 
0 

0 

0 
202,662 

0 

0 

0 

0 

' 0  

99,707 

146,601 

4,2S 

I 
TOTAL ESTIMATED COST I 

~~ 

PROJECT COST P A R A M m R S  

ED1 AS A % OF CONST. + GFE= 11.00% 

CONTINGENCY= 34.58% 

Escalation 

10,464 
9,592 

102,656 

0 
0 

0 
0 
0 

0 
83,171 

0 

0 

0 

0 

0 

64,504 

1,886 

Total 
lncl Escatatfon 

*> $85.456 

54,064 
31,392 

'> s129.600 
64,aoo 

64400 

> S627.799 

335,966 
0 
0 
0 

0 
0 
0 

291m 
0 

0 

0 

0 

0 

> 5143.578 
143,578 

,> $211.105 
21 1.1 05 

>> $6.171 

361,744 >> S1,203,709 

>> $98,865 

>> 5317,426 

>> S1.620.00C 



Lockheed Martin Idaho Technologies Co. COST ESTIMATE SUMMARY 
Rev. 696 

WBS 
Uement 

PROJECT NMAE: HLW U S  -WASTE TREATMENT SCOPING -DIES PIPE OF ESTIMAE PLANNING DATE 23-Jan-1998 
W n O N  1: INEEL - ICPP PREPARED B Y  F. P. HANSON 
REauESTOR: K. L WILLIAMS REmm NAME Cost Estimate Summary 

CALCINE RETRIEVAL AND TRANSPORT PROJECTNO: 2414-1 (CORR CPNS) n m  ii:s2:04 
CHECKED B Y  

C& A m a t e  amen; 

APPRD By: 

MANAGEME NTCOSTS 

PROJECT MANAGE ME^ 
CONSTRUCTION MANAGEMENT . 

CONSTRUCllON 
GENERAL WNDlllONS 

SITEWORK 
CONCRm 
MASONRY 
WOOD a PUSTlCs 

SPECIALTIES 
EQUIPMENT 
FURNISHINGS 
SPECIAL CONSTRUCTION 

1CONVEYlNG SYSTEMS 

THERMAL (L MOISTURE PROTECTION 

u 
1.1.1 

1.19 

!a2 
121  

1 2 2  

u 
13.1 
13.2 
13.3 

13.4 
13.6 

13.7 
13.10 
13.11 
13.12 
13.13 
13.1 4 
13.1 5 
13.16 

!A 
1.4.1 

E 
1 A 1  

1 5.2 

GW!?E 
GWPlF ADDER 

IPROCUREMENT FEES . 

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTINGENCY 
~ ~ ~~ 

MANAGEMENT RESERVE-. *. 

CONTINGENCY -- 

TOTAL ESTIMATED COST ----- 

Total 
Unescalated 

43.600 
21,800 

45.m 
45,000 

233.310 
0 

0 

0 
0 

0 

0 

202,662 
0 
0 

0 
0 
b 

99,707 

146,601 

4.285 

841,965 

Escalation lncl Escalation = 
' 0  

0 

0 
0 

0 

0 

0 -  

0 
0 

0 

0 

0 
0 
0 
0 

'> 

o~ 0 

$65.400 

43,600 
21,800 

S90.000 
45.000 

45,000 

s3iEaZ2 
233.31 0 

0 

0 

0 

0 

0 
0 

202,662 
0 

0 

0 

0 
0 

s99.;1of 
99,707 

s146.601 
146,601 

S68.657 

=+%G 
>> S1.125.000 I_ 

ED1 AS A ?'o OF CONST. + GFEr 1200% 

CONTINGENCY= 33.62% 



3 

Lockheed Martin Idaho Technolo9ies Co. COST ESTIMATE SUMMARY - 
AW. 6/96 

PRQ~ECT NMnE: HLW EIS -WASTE TREATMENT SCOPING STUDIES NPE OF ESTIMATE: PLANNING DATE Wan-1998 

REaUESTOR: K . L M m M S  REPORT &ME: Cost Estimate Summary 
13:48.01 CALCINE RETRIEVAL AND TRANSPORT -OPTION 6 PRWECT No: 2414-1 W A N S  SYS A) 

LOCATK)N I: INEEL - ICPP PREPARED BV: F. P. HANSON -cn, By: 

APPRO By: 

NES Cost Estimate Element \ 
Element 

5 . '  
1.1.1 
1.1.2 

2 
12.1 
1.2.2 

d 
13.1 
13.2 

1.33 
13.4 

13.5 
13.6 
13.7 
13.8 
13.9 
13.1 0 

iaii 
13.12 
13.13 
13.14 
13.15 
13.1 6 

'.4 
1.4.1 

L5 
1.5.1 

1.52 

ENGINEERING. DESIGN AND INSPECTION 

DESIGN ENGINEERING 
TITLE 111 INSPECTION 

MANAGEMENT C O m  
PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CONSTRUCTIO N 

GENERAL CONDITIONS 
SIfEWORK 
CONCRETE 
MASONRY 

METALS 
WOOD 8 PLASTICS 
THERMAL & MOISTURE PROTECTION 
DOORS 8 WINDOWS 
flNlSHES 

SPECIALTIES 
EQUIPMENT 
FURNISHINGS 
SPECIAL CONSTRUCTION 
CONVEYING SYSTEMS 
MECHANICAL 
ELECTRICAL 

GOVERNMENT FURNISHED EQUIP. 

GOVERNMENT FURNISHED EQUIP. 

S&APIF 
GWPIF ADDER 

PROCUREMENT FEES 

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTINGENCY 

MANAGEMENT RESERVE 

CONTINGENCY 

TOTAL ESTIMATED COST -- .----IL-- 

I 1 PROJECT' COST PARAMETERS 

Total 
Unescalated 

1,450,000 
360,000 

no,m 
720,000 

32,491 

264,243 
945,754 

0 

0 
0 

0 
0 

0 
0 

322,925 
0 

' 0  

0 
4,594,441 

0 

1,049,598 

793,988 

72,095 

11,325,535 

Escalation 

638,Ooo 

1 5&400 

0 

31 6,800 

14,296 

1 1 6,267 
41 6,132 

0 

0 

0 

0 
0 

0 

0 

142,087 

0 
0 

0 

4021,554 
0 

371,855 

349355 

30,882 

4,581,628 

Total 
lncl Escalation 

> 

> 

*> 

#> 

a606.4QQ 
4088,000 

51 8,400 

51.156.800 
720,000 

1,036,800 

s8,870.1. 
46,787 

380,510 

1,361.886 
0 

0 
0 
0 

0 

0 

0 

465,012 
0 
0 

0 

6,615,995 
0 

5-3 
1,427,453 

$1.143.343 

1,143,343 

>> S102.977 . 
>> S15,907,163 

s> S1,154,396 

*> $4,583,441 

D> S21.650.000 

ED1 AS A 76 OF CONST. + GFE= 25.00% 

CONTINGENCY= 36.10% 



Lockheed Martin Idaho Technologies Co. COST ESTIMATE SUMMARY 

CAlClNE RETRIEVAL AND TRANSPORT - OPTION 8 PRolEcTNo: 2414-1 mANS SYS A) nME: iw7:ii  

Rw. w96 
PROIECTNA~(E: HLW us -WASTE TREATMENT SCOPING S~~OIES TYPE OF ESTIMATE: PUNN~NG MTE: man-1998 

LmnoN 1: INEEL - ICPP Pf?EPldEO BY: F. P. HANSON CHECKED BY: 
m u t x m  K. L WILLIAMS REPORT WME: Cost Estimate Summary 

WBS 
Element 

APPRO BY: 

~~ ~ _ _ _  
bi "; 

cost Estimate memeit 

L1 
1.1.1 
1.19 

La 
12.1 
1.2.2 

L2 
13.1 
132 
13.3 
ia.4 
1 a.5 
13.6 
13.7 
13.8 

1 a.9 
13.1 0 
13.11 

1.3.12 
13.13 
13.14 
13.15 
19.16 

u 
1.4.1 

Y 
11.1 

1.5.2 

WGINEERI NG. DESIGN A NO INSPECTION 

DESIGN ENGINEERING 
TlTLE 111 INSPECTION 

MANAGEMENT CO- 

PROJECT MANAGEMENT 

CONSTRUCTION MANAQEMENT 

CO"' 
GENERAL CONDITIONS 

SITEWORK 
CONCRETE 
MASONRY 
METALS 
WOOD & PLASTICS 
THERMAL 8 MOISTURE PROTECTION 
DOORS & WINDOWS 
FINISHES 
SPECIALTIES 
EQUIPMENT 
FURNISHINGS 
SPECIAL CONSTRUCTION 

CONVEYING SYSTEMS 
MECHANICAL 
ELECTRICAL 

FOVFRNMFM FURNlSHFD EQUIP. 

GOVERNMENT FURNISHED EQUIP. 

OIAlPlF 
G&PIF ADDER 

PROCUREMENT FEES 

SUBTOTAL INCLUDING ESCAUTlON 

PROJECT CONTINGENCY 

MANAGEMENT RESERVE"-' 

CONTINGENCY'-- - _L 

TOTAL ESTIMATED COST ------------ 

Total 
Unescalated 

. 1,450,OOo 
360,000 

720,OOO 
720,OOO 

32,491 

264,243 
945,754 

0 

0 

0 
0 

0 

0 

0 

3a925 
0 

' 0  

0 

4,594,441 
0 

1,049,598 

793,988 

72.095 

11,325,535 

L I I  1- I- 

ED1 AS A Ya OF CONS. + GFEr 25.00% 

Escalation 

0 

0 

0 
0 

0 

0 

0 
0 

0 

0 

0 
0 

0 
0 
0 

0 .  

0 

0 

0 

0 

0 

0 

0 

0 

I-.-- 

~ '.. 
rot& 

lncl Escalation 

sS1.810.000 
1,450,OOo 

360,000 

> 51.440.000 
720,OOO 
720,000 

> SJ59.854 
32,491 

264,243 
945,754 

0 

0 

0 

0 

0 

0 
0 

322,925 
0 

0 

0 
4,594,441 

0 

>> 53,166,912 

b> S15.300.000 



Lockheed Martin Idaho Technologies Co. COST ESTIMATE SUMMARY 
Rcr. &% 

PRQIECT.WME HLW EIS -WASTE TREATMENT SCOPING STUDIES TYPE OF ESTITIM;\TE: PLANNING DATE man-1998 

LocIInm 1: INEEL - ICPP PREPARED BY: F. P. HANSON 
REGUESTCR K. L WWAMS REPORTNAME Cost Estimate Summary 

CALCINE RETRINAL AND TRANSPORT - OPTION B PRQIECTNo: 2414-1 m A N S  SYS B) 

CONSTRUCTION MANAGEMENT 

CONSTRUCTION 

GENERAL CONDITIONS 
SITEWORK 
CONCRRE 
MASONRY , 
METALS 
WOOD 8 PLASTICS 
THERMAL & MOISTURE PROTECTION 

DOORS &WINDOWS 
FINISHES 
SPECIALTIES 

EQUIPMENT 
FURNISHINGS 
SPECIAL CONSTRUCTION 

CONVEYING SYSTEMS 
MECHANICAL 
ELECTRICAL 

GOVERNMENT FURNISHED EQUIP, 

GOVERNMENT FURNISHED EQUIP. 

G&A/PIF 

G W I F  ADDER 

WRS Cost Estimate Element 

a!. 

1.1.1 
1-19. 

d 
1 2 1  

122 

3 
1.3.1 
13.2 

13.3 
13.4 
13.5 

13.6 
1.3.7 

13.8 
13.9 
13-10 
13.11 
13.12 
13.13 
13.14 
13.1 5 
13.16 

!A 
1 A.1 

P 
1.5.1 

1.52 (PROCUREMENT FEES 

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTINGENCY 

.----_. MANAGEMENT RESERVE' 

ED1 AS A Yo OF CONST. + GFE= 25.00% 

CONTINGENCY= 36.43% 

Total 
Unescalated 

1,950,000 
490,000 

975,000 
975,000 

39,795 
34-06 

1,009,448 
0 

38.21 6 

1,332 
4,808 
8,801 

12.391 
0 

660,480 
.O 

28,952 
0 

' 5,656,948 
75,274 

1,856,981 

940,447 

97,356 

15.1 63,435 

I------ 

-..--- 

APPRD By: 

Escalation 

858,ooo 

21 5,600 

0 
429,000 

17,510 
150,571 

444,157 
0 

16.815 
586 

2115 

3,872 
5,452 

0 
290,611 

0 
12,739 

0 
2489.057 

33.121 

668313 

41 3,797 

41 151 

6,092,867 

-. .. . .- 

Total 
lncl Escalation 

> 9-0 
S808,WO 

705,600 

> $2.379.060 

1,404,000 
975;m 

> $11.3 45.257 

nl3os 
495777 

1,453,605 

0 

55,031 
1,918 
6,923 

12673 
17,843 

0 
951,091 

0 

41,641 
0 

8,146.OO5 
108395 

*> $2.52 5.494 
5525,494 

$1.354.244 

1,354,244 

r> 5138.707 

S21,256,302 

~ 

b> $1,536,370 

#> $6,207,328 

b> S29.000.000 
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CALClNE RETRIEVAL AND TRANSPORT - OPTION B PRaECTNO: 2414-1 W A N S  SYS 6)  

WBS I C& &timate aement 

!?I 
1.1.1 
1.12 

a 
1 2 1  
1.2.2 

3 
13.1 
13.2 

1 3.4 
13.3 

13.5 

13.6 
1 3.7 
13.8 . 
13.9 
13.10 
13.11 
13.12 
13.13 
13.14 
13.1 5 

13.16 

M 
1 A.1 

L5 
1.5.1 

1.5.2 

1 

ENGINEER1 NG. DES IGN AND INSPECTION 

DESIGN ENGINEERING 
TITLE 111 INSPECTION 

MANAGEMFM COSTS 

PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 

CONSTRUCTl OH 
GENERAL CONDlllONS 
SITEWORK 
CONCRETE 
MASONRY 

METALS 
WOOD & PLASTICS 
THERMAL & MOISTURE PROTECTION 
DOORS &WINDOWS 
FINISHES 
SPECIALTIES 
EQUIPMENT 
FURNISHINGS 
SPECIAL CONSTRUCTION 
CONVEYING SYSTEMS 
MECHANICAL 

ELECTRICAL 

G NI EO IP. 

GOVERNMENT FURNISHED EQUIP. 

FLAPIF 
G W I F  ADDER 

PROCUREMENT FEES 

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTINGENCY 

MANAGEMENT RESERVE--'-'- -- 
CONTINGENCY --------- 

TOTAL ErnMAED COST --. . . I --- .-. -I--- 

ED1 AS A % OF CONST. + GFE= 25.00% 

CONTINGENCY= 34.53% 

Total . 
Unescalated 

1,950,ooo 

490,000 

975,000 
975,000 

39,795 

34m 
1 ,w9,448 

0 

1,332 
4,808 
8,801 

12,391 
0 

660,480 
0 

28,952 
0 

5,656,948 
75374 

38.216 

940,447' 

97,356 

15,163,435 

Escalation 

0 

0 

0 
0 

0 

0 

0 
0 

0 
0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

Total 
lncl Escalaffon 

>s2.440.6oo 
1,950,000 

490,000 

> $1.9 50.000 
975,000 
975,QQQ 

>51.878.651 
39.795 

342,206 

1 ,0Q9,448 

0 

3831 6 

1332 
4,808 
8.801 

1w91 
0 

660,480 
0 

28,952 
0 

5,656,948 
75274 

> 856.981 
i.ss6.9ai 

> $340.447 
940,447 

*> ' 937.356 

>> S15,163,435 

PW s1.077.343 

*> $4,159222 

c> S20.400.00C 
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Lockheed Martin Idaho Technologies Company 
INTERDEPARTMENTAL COMMUNICATION 

Date: January28,1998 

To: S. E. afford MS 3765 6-5 162 

From: R J. Twk kF& MS 3875 6-361 1 

Subject: ECONOMIC AND LIFE CYCLE ANALYSIS CONDUCTED FOR CALCINE 
RETRIEVAL SYSTEM -RJT-08-98 

Purpose: 

As requested an Economic and Life-Cycle Cost (LCC) has been conducted to evaluate the 
CALCINE RETRIEVAL SYSTEM. This process is proposed to retrieve calcine fiom the 
Calcine Solids Storage Facilities (CSSF) and transport it to the waste treatment hcility. The 
calcine retrieval and transportation system is designed to supply calcine to the treatment options 
of Vitrification, Direct Cementitious, Cementitious, Hot Isostatic Pressing and TRU currently 
understudy. A five and a twenty-year option utilizing a transport system “A or B” per your 
direction was conducted to coincide with various waste treatment activities. 

This economic analysis is based on information provided by Karen Williams, Sara Word, A. E. 
Lee, Ron DaFoe, Dan Griffith, D. Lopez, N. Russell, B. Landman, R. Kimmett and other team 
members. 
F. P. Hanson provided cost estimates. Jack Prendergast provided process personnel modeling. 

Methodology: 

The Economic Evaluation assumed a fiv 
estimated time required to supply the calcine to the waste treatment options 
evaluated. The LCC identifies and evaluates the initial development, construction, operation and 
post-operating costs over the life-cycle. A discounted LCC assumes a current 1998dollar basis, 
discounted at 6.30% annually per the Office of Management and Budget (Om) Cifcular A-94. 
All costs are conservatively discounted assuming the end-of-year convention. 



S. E. GSord 
January 28,1998 

Page 2 
RJT 08-98 

- Assumptions: 

The scope of work and requiremen.; of d l  re1a.A activities are vague at this time. Facility and 
processing costs were developed from historical experience associated with DD&D work at the 
INEEL. The LCC analysis was generated to match cost estimating cost structure. These costs 
include Permitting, Direct and Indirect Construction, G&A, Procurement Fee, Engineering, 
Inspection, Project Management, Construction Management, Escalation and Contingency costs. 
The design period was assumed to be accomplished in five years with construction completed in 
six years, complete with eighteen months of start-up and testing. Labor rates were assumed as 
follows: Managers, $ 1 2 5 k ,  Engineers, $108 $h, Other Technicians $ 8 5 h ,  
AdministratiodSupport staff$65/hr; Operators and Maintenance personnel $65/hr. The 
operational period for these facilities was modeled for five and twenty years, followed by one 
year of post-operations activities. Utilities were assumed to cost $3.00/sf for the facility. 
Due to this projects lack of complexity and relative cleanliness this analysis assumed a 
decommissioning cost equal to 20% of the unescalated engineering design cost, decontamination 
costs equal to 5% of total unescalated pre-operation cost, and demolition costs equal to 8% of 

. total unescalated pre-operation cost. . 
Results: 

The Five-year operation of the CALCINE RETRIEVAL SYSTEM “A”0ption has a Discounted 
LCC of $167 million. 

The Twenty-year operation of CALCINE RETRIEVAL SYSTEM “A” Option has a Discounted 
LCC of $192 million. 

The Twenty-year operation of CALCINE RETRIEVAL SYSTEM ‘‘B” Option has a Discounted 
LCC of $ 197 million. 

Attachments: 

cc: R J. TurkFile 
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Project File Number 02BD7 
6 z p  w-4 

ProiectA'ask HLW EIS Supporting Studies 

Subtask 

Me: 

Summary: This EDF identifies and provides the cxisting emironmental regulations and codes pertaining to 

Regulatory Requirements for the Design, ConstructiOn, and Operations of the ICPP Proposed Waste 
procesSing F d G e s  i 

- 
the desigd, comtructio~.~-optzations, and pe2omiance of the proposed waste treatment and storage 
facilities at the Idaho Chemical Processing Plant (ICPP). This study also presents an assessment 
ofthe current NRC regulations and tbeir potential applicability to the proposed facilities ifthe 
facilities were 6 be licensed by the NRC in the futrrre. The NRC 'kequirements for regdating 
DOE fiicilities or activities have not been defined yet. The NRC requirements to be applied will 
need to be determined by the appropriate NpC and DOE Task Forces. 

The principal sources of requirements for the design, construction, and operations presented here 
are the Department of Energy (DOE), the DOE Idaho Operations'Office (DOE-ID), the 
Environmend htection Agency ("A), the Idaho laws and reguktions, the National 

I Environmental Policy Act W A ) ,  and other local codes and standards. The proposed fkiities 
under consideration in this study will provide waste retrieval, treatment, ~nd-kkrixn storage 
capabilities. They will process various wastes that are considemj mixed wastes. These are wastes 
that contain both radioactive and RCRA hazatdous constituents. The RCRA constituents include 
C- 'c heavy metals an6 "listed" hazardous constituents, as defined in 40 CFR 261, 
subparts C and D. The management of the wastes, as well as the M i t i s ,  is subject to the 

hughtheDOE. The radioactive waste management developed under the AEA are admlnlstered 
proposed treatment facilities are expected to process several types of waste and to convert them to 
distinct waste forms that are suitab~e for disposal. Tbt regdatory requirements for the disposa~ of 
the various waste forms 
potential target repositories are d in detail in I"-9761147. It is assumed that 
the wastes resulting from the treatment options will be delisted and will no longer be considered 

.. . 

* requirementS of both the EPA and the Atomic Energy Act (AEA). The specific requirements for . .  

m the proposed treatment options and the criteria of the 

OE, facilities. The degree of applicabiitj 
d be detennined by the NRC and the DOE, 

with input from the DOE co . Of the &sting NRC regulations, it has been determind in 
this study that 10 CFR 61 will apply to the pposed near-dace disposal facility for the grouted 
Low-Activity Waste (LAW) or grouted 10 CFR 72 will be applidle to the proposed 

facilities for the vitrified, Hot Isostatic Pressed (HIPed), or grouted High-Level 
and for the liquid High-Activity Waste (HAW) and vitrified HAW storage 

facilities. Independently, it was detexmined by Leroy and Morgan ih "Nuclear Regulatory 
Commission (NRC) Licensing Assessment for the Idaho National Engineering and Environmental 
Laboratory m L )  High-Level Waste program," April 23,1997, that 10 CFR 30 and 10 CFR 74 
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I 
I c will apply to the following faciities: 

0 10 CFR 30 for the LAW ~ ~ l l e d o n  and p & g  facilities and for the collection and treatment 
of the U W  h m  the INEEL ongoing operations. 

0 10 CFR70 for the @om W V ,  for the interim storage of liquid HAW resulting fiom 
the sgwraton proctsses, and for the HAW vitrification facility. 

0 10 CFR 70 for the HLW vitrification, HIPing, or grouting facilities. 
I 10 CFR 70 for the calcine r e t i i d  and dissolution Wits. 

A d d i t i o n a l ~ ~ ~ ~ ~ o ~ a p p l i c a b l c t o t h e ~ ~ ~ ~ t i e s a r e i n ~ ~ ~ ~ ~ ~  ~ O C F R I ~ , I O  
CFR20,10CFR21,10cFR50,10'CFR51,10CFR5~and10cFR73. 10CFR71d49  
CFR 173 (Department of TranspOrtaton) contain reqUirtments for the packaging and . 
transportation of wastc. These requirements could have impact on the design and operations of 
the storage -tics. The ucisting facilititsthatwfllbe modifiedto be used for storage oftreated 
HLW or HAW are anticipated to be exempted by DOE fiom any further jurisdiction of NRC. 
Such a jurisdiction would be e x c e s s i ~ y  difficult, costly, and complex to apply. All the work 
reqrtirements for the modifidon of the existing facilties are expected to be perfiied in 
accordance with the DOE/RW/0333P, "Quality ASSI&CC RequitementS and Description." 

' . IfDOE -ties become regulatdl by NRC, the jurisdiction of other &tly government 
applicable authorities will not automatidyor necessarily cease. ~a particular, it is txpected that 
local, Statc, Federal P A ,  and some DOE regulatory requirements Gdd still apply. 

In addition to a l l  the regulatory established by the YarioUs government authorities 
discussed above, the s c w e  ofthe CoLIStNction and operations ofthe proiiosed facilities must 
meet the terms and the dates of the ~ t m e n t s  8s stated in the Settlement Agreement between 
the State of Idaho and the DOE. 

Distnhtion (complete package): HLW EIS Lifbmy, also contained in XNEEL-E,XT-O~~~~ (VWO), INEEL- 

97-01428 mW Separations), S. L. A d  MS 3650, J. B. Bosley MS 3428, R E. Dafoe MS 3765, W. H. 
Landman MS 3625, A. E. Lee MS 3765, D. k Lopez Ms 3765, B. R Helm bds 3765, J. J. McCarthy MS 
3625, T. A. Solle Us 3428, N. E. Russell MS 3765, D. S. Vmdel MS 3625. 

ExT-97-01392 P O ) ,  INEEL-EXT-97-0140O (CWQ), INEEGExT197-01399 (DCWO), and INEEL-ECT- 
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1. INTRODUCTION 

This study identifies and presents the existing environmental regulations and standard codes for 
the design, qmstruction, operations, and performance of the proposed waste treatment and 
storage fiilcilities at &e Idaho chemkd proceSSing P b t  (ICPP). &o, it provides the applicable 
existing Nuclear Regulatory Commission (NRC) regulations and guidance documents to the 
proposed facilities ifthey were to be licensed by the NRC in the firture. The Cxisting licensing 
process and related licensing issues applicable to the proposed facilities are also?discussed. 

The emironmental kguIations are primdy based on safety and hdth considerations. The 
standards define 
s o u r k  for the andcodespresentedhereare: 

Environmental Protection Agency 

National Environmental Policy Act (NEPA) 
DepartmentofEnergy 

. 

that protect human health and the environment. The principal 

I d a h O L a W s a n d r e ~ O ~  

DOE Idaho operations Offim (DOE-ID) 
Other applicable standards and codes 

In addition to the current regulations, the governing stazkds for the facility design and 
performance co&ddons of the future @e., DOE Orders 435.1) draf&d at the time of 
preparation of this report are also presented. 

The facilities under consideration in this study will provide waste retrieval, treatment, and 
interim storage capabilities. They will process various wastes that are considered mixed wastes. 
These are wastes that contain both doactive and Reso- Conservation and Recovery Act 
(RCM) hazardous constituents. The RCRA constituenfs include characteristic lieavy metals and 

management developed 

CandD. Themanagement 
of both the EPA and the 

sed treatment facilities are expe process several types of waste to convert them 
to distinct waste forms that are suitable for disposal. The wastes resulting fromthe proposed 
treatment options are assumed to be &listed prior to being transported to the proposed interim 
storage fkilities. The waste forms are produckxi starting from a variety of mixed wastes 
including high-level liquid waste (HLLW), S d u m - W g  liquid waste (SBW), and other 
radioactive wastes form ongoing opedons (1996-2012), h o r n  as the newly generated wastes 

the HLLW have in the Tank Farm at the ICPP. Mo 
Solids Storage Facility (CSSF'). 

The EPA has establishedtreament standards under the RCRA Land Disposal Restrictions 
(LDRs), in 40 CFR 268, for hazardous waste constituents prior to land disposal. The regulatory 
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requirements for the disposal of the various waste forms resulting fiom the proposed options and 
the criteria of the potential target repositories are described in detail in INEEL/EXT-97-01147. 

2. PROPOSED WASTE TREATMENT OPTIONS 

Several treatment options are being proposed including four non-separations and two s 
processes. In addition, a n d o n  alternative will likely be considered, defined as the 
continuation ofthe current practice of Calcinaton and storage in stainless steel bins at ICPP. The 
non-separation options include: (a) vitrified waste option (VWO), (b) Hot Isostatic Pressed 
(HP) waste option (HWO), (c) direct cementitious waste option (DCWO), and (d) cementitious 
waste option (CWO). The separation processes are expected to generate up to three different 
waste streams; designated as high activity waste (HAW), low activity waste (LAW), and 

n 

tranmranic (TRU) waste. These options 2lre.sumxmnd below 

Vitrified Waste Option 

This option involves the following steps: 1) calcination of HLLW, SBW, and the NGW, 2) 
. vitrification of all ths &cine wastes (existing And firture) and placing in canisters (2’ x 10’ or 

Other canistm approved by the repository/NRC), and 3) interim storage . prior to shipment to a 
HLW repository. 

Process d d o n :  20 year Schedule 

’ , 

HIP Waste Option (HWO) 

As in the VWO, the wastes will be calcined but instead of b e i i  vitrified, they will be directly 
HIPproccssedandplacedincanisters (2’ x lo’ or other canisters approved by the 
repositoryhIRC), and 3) will be sent to an interim storage facility prior to shipment to and 
disposal at a HLW repository. 

procesS duration: 20 year schedule 

Cementitions Waste Option (CWO) 

This option includes calcining the HLLW, retrieving the calcine wastes, and recalcining with the 
SBW in the modified New Waste Calcining Facility (NWCF), grouting in canisters (2’ x 10’ 
canisters), and sending to an interim storage’fEility for transport to and ultimate disposaI at an 
off-site HLW disposal facility. It is proposed that the cementitious waste would be suitable for 
disposal at the Nevada Test Site (NTS) using Greater. Confinement Disposal (GCD) facility. 
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Currently, the GCD facility has not been approved for disposal of HLW and waste acceptance 
requirements for the GCD facility have not been defined. hnsuant to the 1987 Nuclear Waste 
Policy Amendments Act (NWPM), the Yucca Mountain inNevada is designated for 
C- ' 'on as the only candidate site for a HLW geologic repository. However, projections 
of future wastes suggests a need for a second repository at some time in the h, or expansion 
of the first potential repository. Criteria for acceptance and disposal of waste at the potential 
HLW repository at the Yucca Mountain have not been finalhi. The current waste acceptance 
criteria are prehinary at the present time. These criteria are covered in detail 
97-01 147. 

procesS duratioE 5 year schedule 

Direct Cementitiobs Waste Option 

The DCWO consists of step 1 of the VWO, then direct grouting of all the calcined wastes and 
PaCEcagingin Canisters (2' x 10' or other canisters approved by the repository/NRC), and interim 
storage prior to shipment to an off-site HLW repository such as the NTS-GCD, if approved for 
the HLW disposal, or possibIy to a potenthl HLW geologic repository at the Yucca Mountain. 
This option is planueci to have the same processing time as ihe cwo with the difference in - startingdate. ... 

. 
Separations Options 

Two separation options have beenproposed: H A W U W ,  known as full separations, and 
TRU separations. The full separations option involves calcining the HLW and SBW, retrieving 
and dissolving the calcine, and fteding the dissolved calcine andthe remaining liquid SBW and 
the NGW to a wastc separations Wlity to separate them into the HAW and LAW sgeams. The 
NGW, ifciassifid as LLW, would bypass the separations fiicility and would ultimately be 

on option, the dissolved calcine e 
femaining liquid SBW, and the NGW will be fed to a waste separations system. Two separation 
alternatives are beiig considered under this option, Mgn$ed as (1) TRu/LAW Class C and (2) 
TRUlLAW Class AHAW. In the first alternative, the wastes would be s 
waste and LAW. The TRU waste fiaction.is expected to contain alpha- 
radionuclides with half-lives greater than twepty years. The re-g waste 
as LAW Class C, would contain Cesium (Cs) and strontium (Sr) isotopes, and low actiVity waste 
portior~ It is anticipated that the LAW in this alternative would meet the definition of NRC 
LLW C k s  C. In the second a l t e d v e ,  Cs and Sr will 6 separated as HAW, and the remaidng 
waste h m  separations will be designated as TRU and LAW. The LAW is expected to meet the 
definition of NRC LLW Class A. 
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The HAW is planned to be vied using the same process described in the VWO and be 
shipped to a HLW geological repository for permanent disposal. The HAW containing isolated 
Cs and Sr would be stored at the INEEL awaiting disposal in a HLW geologic rep 
altcmate approved disposal fiicilty. The TRU waste stream would be converted to 
to be send to the Waste Isolation Pilot Plant (WIPP) for disposal. The LAW would be grouted 
and shipped to a LLW disposal Wty. The disposal options being considered for the grouted 
LAW are the CSSF, the tanks at ICPP, or a U W  near-mfbce disposal facility. The 
requirements for the design and operations of a near-sdkce LLW disposal facility are covered in 
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detail in EDF-FD0608. This reference is c~ntahed in NEEL/EXI’-98-00051. 

Based on the NRC source term definition of HLW (10 CFR 60.2), the HAW, LAW and the TRU 
waste streams are actuauy cons idd HLW. These wastes do not conform to the existing 
classification for radioactive waste. Although, the separations alternatives and the resultant 
wastc streams may be technically and economidy f d b l e  and W v e ,  they will need to . 
receive duation, -definition of types of waste, and the concurrenek of applicable government 
authorities. It is assumed that a detcrmtnatr *on will be made by the appropriate authorities (e.g., 
the DOE and theme) that the TRU waste and the LAW streams meet the TRU waste and the 
NI€C LLW-CIass A or Class C definition, respeCtively. The LAW also meets the definition of 
incidental waste in the NRC evtlruation of HLW separation processes at W o r d  Site (58 FFt, 
“Statc of Washington and Oregon, Denial for Petition for Rd-,’’ U.S. Nuclear 
Regulatory commission, ” March 4,1993, p. 12342.). The HAW would be consided HLW and 
CanbeclassifiedaSHLw. L 

3. ASSUMPTIONS 

1) All of the wastcs produced h m  the treatment and storage facilities will meet the requirements 
dorced  by the EPA, the DOE, the DOT, the NRC, and other potential target repositories for the 
disposal. 

2) Under EPA 40 CFR 268.42@), an equivalency petition for using alternative waste treatment 
technologies including CWO and DCWO to borosilicate glass8 will be granted by the EPA. 

3) AII of the wastes resulting h m  the various treatment options will be delisted prior to being 
transported to the interim storage Witits. The EPA Upbnt Exclusions for the petitioned 
wastes will bejpmtcd to delist the RCRA listed hazardous waste codes. The EPA d e l i g  

Vitrification using borosilicatt glass tcchology is CoLlSidercd by the EPA a best demonstrated available 
technology (BDAT) for treatment of mixed HLW (55 FedetaReghRegiSter (ER), June 1,1990, ~22627). DOE’S 
midies of glass-ccramic process and comparison of glass-ccramic process and waste form with borosilicate glass 
waste have shown that glasscuamic waste fonn meets the definition of EPA Vitrification and borosilicate glass. 
EPA has concurred with the DOE conclusion and has detcruxined that the glass-ceramic process is an acceptable 
technology to meet BDAT (sn 57 FR, May 26,1992, p. 22024). 
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criteria and processes for preparing 8 delisting petition are contained in "Petiti~m to Delist 

Uphnt Exclusions may be &ted €or 
generated, but will be generated in the future. The EPA will evaluate the petitioned wastes based 
on available idormation such as the c w  'cs of the untreated wastes, process description, 
and bench-scale or pilot scale treatment data. 

4) An off-site fiiciliv would need to be approved for the disposal of HLW resulting from the 
CWO, DCWO, and HWO. 

Hazmdous Wastes: A Guidance Manual," d Edition, PB93-169365, March 1993. 
r waste residues that have not been 

4. ENVIRO NTAL REGULATIONS, DOE CRITERIA, OTHER 
STANDARD CODES 

4.1 FEDERALANDS LAWS AND REGULATIONS 

Resource Conservation and Recovery Act 

The RCRA has established minimum standard requirements which apply to owners'ar 
operators of& -ties that treat, store, or dispose ofhazatdous d. The state ofIdaho has 
the authority to implement the RCRA requirements through the Idaho Department of Health and 
WeEire (IDHW). The State of Idaho adopted the Federal RCRA regulations, pursuant to the 
Idaho Hazardous Waste Management Act of 1983. The regulations are incorporated by reference 
as provided in the Federal requirements under 40 CFR into the "Idaho Rules and Standards for 

.. . 

Hazardous waste", 

Storage, and Disposal 

40 CFR 264 sets regulatory 

The existing hazardous waste facilities used for any future hazardous waste management 
activities can continue operations while meeting the requirements in 40 CFR 265 (16.01.05.009), 
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"h&rim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage, 
and Disposal Facilities". This will allow the existing facities to continue operations while 
meeting minimum operational requirements defined in 40 CFR 265. To be qualified for interim 
status, the existing facility must have been in operation.or under construction on November 19, 
1980 or have been in operation when the fhc%ty became subject to the RCRA requhments. 

40 CFR 262.34 (subpart of 40 CFR 262 - IDAPA 16.01.05.006), "Accumulation Time" and 40 
CFR 268.50 (subpart of 40 CFR 268 - IDAPA 16.01.05.01 l), "Prohibitions on Storage of 
Restricted Wastes" contain requiremen&'conditions, and time limits for storage of hazardous 
wastes. Basdon 40 CFR 262.34, a generator may accumulate hazardous waste on-site for 90 
days or less without a permit or an interim status, provided that the generator meet the conditions 
specified in 40 CFR 26234. A generator who accuxnulates hazardous waste for more than 90 
days is an operator of a storage fkdity and is subject to the requirements of 40 CFR 264 and 40 
CFR 265, and the permit of 40 CFR 270 unless the generator has been granted an 
extension to the 9-y period by the EPA. A 3O-day extension may be granted at the dismtion 
of the EPA on a case-bylcase basis. A generator who accumulates hazardous waste greater than 
100 kilograms but less than lo00 kilograms in a calendar month may accumulate hazardous 
waste on-site for 180 days or less without a pennit or without an interim status provided the 
generator meets the requirements stated in 40 CFR 262.34. 

Page 8 of 44 

. Under 40 CFR 268.50, the storage of hazardous W!ES such as those present in the Tank Farm is 
prohibited, d e s  the following conditions are met: * 

(1) A generator stores such wastes in tanks, containers, or containment buildings on-site solely to 
&iditate proper recovery, treatment, or disposal and the generator complies with the 
requirementS in 40 CFR 262.34,40 CFR 264, and 40 CFR 265. 

(2) An ownedopmator of abazardous waste treatment, storage, or disposal Edcity stores such 
wastes in tanks, containers, or containment buildings to fkditak proper recovery, treatment, or 
disposal, and an owner/operator must comply with the operating record requirements specified in 
40 CFR 264.73 and 40 CFR 265.73. 

An ownedoperator of atreatmenk storage, or disposal fkiity may store hazardous waste 
restricted from land disposal beyond one year provided that the ownedoperator proves to the 
EPA that such storage was solely for the purpose of Wta t ing  p p e r  recovery, treatment, or 
disposal. 

- The prohibition in storage does not apply to hazardous wastes that meet the LDRtreatmcnt 
standads and treatment oquivalency as defined in 268.42@). However, ifthe 
the generator must comply with the RCRA requirements for hazardous waste storage. 

is stili listed, 
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Permit Requirements 

Various permits are required prior 
of the proposed facilities. These include RCRA permit, air emissions permit, wastewater 
discharges permit, etc. In addition, separate permits may be needed once the processes or 
activities are better known, as individual pilot plant operations or modifications to the existing 
f8cilities/systems may require separate permits. The applicable permit requirements are 
described below. A summary of the permit requirements and regulatory drivers presented 
Section 5. 

on and operations, and during the operations 

All faciities that treat, store, or dispose of hazardous wastes are required t0.0 
pennit during the active life (including the closure period). 40 CFR 270 establishes the 
requiremenis for obtaining a Permit A RCRA Permit application c o m b  of two parts, Part A 
and Part B. Part A of the permit application is a short standard form &it collects general 
idormation about the treatment, storage, or disposal facility, Part B of the permit application 
includes a mmich more detailed technical Bescription of the fkcility. The permit application 
covers all aspects of the design, construCtion, operation, monitoring, and maintenance ofthe 

. faciity. The requkements for Part A permit application are hi SC CFR 270.13, and for Part B 

RCRA 

Permit applicati in 40 CFR 270.1 .-.. . 

Once the owner or operator of a facility 
conducts an indepth evaluation to determine ifthe application satWes the RCRA requirements. 
For the new hazardous waste fkiitics, Parts A and Part B of the permit application must be 
submitted a least 180 days prior to physical construction is expected to commence. For the 
cxisting hazardous waste fkiities, the to submit an application is satisfied by 
submitting only Part A application 
sets a date for submitting Part B of 

a permit application, the regulator 

and/or EPA Region X prior to 
=wi~rad iohveand  

requirements are implemented by the IDHW under Idaho codes (see Idaho Codes and regulations 
below) or by EPA Region X. The CAA implementing regulations are in 40 CFR 50,52,60,61 , 
62,63,70,77, and 124. The air permit requirements are briefly described below. 
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For n o d  emissions a Permit to Constnrct (PTC) will be required from the IDHW for each of 
the new emission points prior to the construction or modifications o 
plant systems may require separate PTCs once the processes are 
Pollutants (HAPS) and the Toxic Air Pollutants (TAPS) will need to be quantified prior to 
permitting. 

The National Emission Standards for Hazardous Air Pollutants (NES 
standards for the radioactive air emissions. The proposed fkiities will qualify as radiological 
sources ifthey .emit any radiological emissions. They are redated by the EPA under the 
NESHAPs andthe State of Idaho for radioactive air Cmidons. The state of Idaho treats the 
INEEL, as one large f id i ty.  Currently, the maximum off-site limits for the total IME 
radiological emissions is 10 nuem&. . . 

SI, subpart H sets the 

The National Ambient Air Quality Pollutants Stapdards (NAAQS) has established requirements 
for particulate matter, d f b r  dioxide, ozone, nitrogen dioxide, wbon monoxide, fluoride, and 
lead. Iftheir emissioIls are signScant as defined in IDAPA 16.01.01.8 rmlst comply with 
the rcquirementS of the Prevention to Significant Deterioration (PSD). The Best Available 
Control Technology (BACT) mist be used to contiol pollutants if compliance with the PSD is 

The air emissions must be Catculattd for each of the new facilities to determine the permit 
-requirements and compliance with the regulatory stan&, and to ideki& how they impact the 
sitewide total emissions at the INEEL because the State of Idaho treats the WEEL as one large 
fdity.  T h e m  tion of the orpected air emissions is usually done during the Title II 
design, 

Appendix D to 40 CFR 61 should be used for Cstimating the radionuclide emissions fiom the ' 

new soufces to determine ifaNESHAPs approval to construct is needed. Ifthe estimated dose is 
greater than 0.1 mre!m/yar, the NESHAPs applicafion will be required. In such case, a PSD 
evaluation will required by the State of Idaho. 

Some of the process vents assoiiated with the hazardous wage treatment units must meet the 
RCRA air emission standards in 40 CFR 2641265 Subparts AA A process vent is any open- 
ended stack or pipe that is vented to the atmosphm. 40 CFR 264/265 Subparts BB and CC 
contain air emissions standards which are applicable only to certain types of processes such 8s 
equipment leaks, tanks, and containers. 

The EPA proposed h4ACT Rule which enforces limits on ak pollutants 
waste incinerators or other comparable Eacilities which bum hazardous 
as an incinerator by the EPA. This study assumes that the MACT Rule will be applicable to the 
Vitrification and HIPing Eacilities. The MAC" Rule sets emission limits for d i o x i d ~  ' 

hydrocarbons, chlorine, carbon monoxide, lead, cadmium, mercury, antimony, arsenic, 
beryllium, chromium, and particulate matter. 
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The EPA has established requirements for stormwater and nonstormwater discharges into the 
environment under the National Pollution Discharge Elimination System (NPDES). The NPDES 
contains the requirements that control the discharge of pollutants to waters of the U.S. (e.g., Big 
Lost River) as defined in the Clean Watcr Act (CWA) in 40 CFR 122. These s o w  can include 
sanitary, industria! processes, and storm water runoff fiom industria! and constmction areas. 

A permit under the “DES is requirtd for storm and nonstorm waters (e.g., sewice water, sewer. 
discharges). The INEEL has a general NPDES permit. Thqfore, the existing INEEL NPDES 
permit should be evaluated to determine ifthere is a need for modifications of thelNEEL permit 
or addendum to the p d t  to satisfjt the permit requirements for the proposed facilities. 

wastewater Land Application Permits are required for construction, modifi&ons, and operation 
of M t i e s  that dispose of municipal and industria! wastewater to the land surfkce. The 
requirements are defined in40 CFR 122 (CWA). 

Pursuant to the CWA, the facilities that engiige in storing, transferring, and consuming oil and oil 
products which could reasonably be expected to discharge oil in the Big Lost River or other 
waters of the U.S. must have Spill Control Prevention and Countemeasures Plans. The Plans ’ 

are required ifthe oil discharges are in harmful quantities that violate the applicable water quality 
standards and cause harm to the human health and environment. 

Idaho Laws and Regulations 

This section lists the Idaho codes and standards for air and water pollution control and for 
releases into the environment. The 
by the CAA, the CWA, and the RC 

Idaho Code 39-44, “Hazardous 
IDAPA 16.01.05, 
IDAPA 16.01.01, “Rules for 

. IDAPA. 16.01.01.161, 
IDAPA 16.01.01.210, “I)emonstration of 
IDAPA 16.01.01.575, “Air Quality Stan 
IDAPA 16.01.01.650, “Rules for Contro 
IDAPA 16.01.09, “Idaho Radiation Control 
Idaho Code 39-36, “Water Quality Act” 
IDAPA 16.01.02, “Water Quality Standards and Wastewater Treatment” 
IDAPA 16.01.08.500, “Design Standards for Public Drinking water Systems” 
IDAPA 16.01.08.551, “Construction Req*ment for Public Water Systems’’ 
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IDAPA 16.01.08, "Idaho Rules for Public Drinking Water Systems" 
IDAPA 16.01.17, "Wastewater Land Application Permit Regulations" 

40 CFR 191, uEnvironmental Radiation Protection Standards for Management and 
Disposal of Spent Nuclear Fuel, High-Level Waste and Transuranic Waste" 

The EPA has set radiation protection requirements for management of radioactive wade in 40 
CFFt 191. The radiation protection standards for xnanagement and storage of radioactive wastes 
apply to: 

(a) Radiation doses received by members of the public as a d t  of the management (except for 
transportation) and storage of spent nuclear h l  or HLW or TRU waste at any k i l i t y  regulated 
by the NRC or by Agreement States, to the extent that such management and storage operations 
are not subject to the proviSions of 40 CFR 190, "bdronmentd Radiation Protection Standards 
for Nuclear Power operations"; and 

(b) Radiation doses received by members of the public BS a result of the management and storage 
of spent nuclear he1 or HLW or TRU waste at any disposal bility @it is operated by the DOE 
and that is not regulated by the NRC or by Agreement States. 

. - ... . . _.. 

40 CFR 257, "Criteria for Classification of Solid Waste Disposal FkiIities and Practices" 

The proposed LLW land disposal facility at the INEEL will be comparable to the LLW disposal 
fi@ty of the Radioactive Waste Managment Complex (RWC). The Idaho Department of 
Environments! Quality @EQ) evafuated the appk&dWy of federal and state regulations to the 
RWMC LLW disposal M i .  The DE@ bas concluded that, in addition to othcr'requirements, 
disposal of waste at RWMC is subject to Subtitle D landfill standards, 40 CFR 257. The 
CnVironmentaI standards required by 40 CFR 257 are based on saf" and health considerations 
which protect human hdth, wildlife, and the environment. The DOE or the NRC requirements 
for design and performance of a LLW disposal facity are much more stringent than those in 40 
CFR 257 and supersede the subtide D landfill stan-. 

40 CFR 257 rtquires that disposal facities or practices in fldplains not restrict the flow of the 
base flood, reduce the temporay water storage capacity of the floodplain, or result in washout of 
solid wastcs which pose a hazard to human life, wildlife, land or water resources. The disposal 
Eacilities shall not cause a discharge of pollutants into waters of the United States. Such a 

underground drinking water source beyond solid waste facility boundary or beyond an alternative 
discharge would be a violation of the NPDES. Also, the hilities must not con tamhate =Y 

SpecifiedbOuIldary. 

b 
DEQ lettcr to Jay Mitchell, Manager of LMlTCO NEPNPermitting, July 23,1996. 
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The AEA of 1954 
its hilities, and to protect human h d t h  and to mhhize dangers to life and property. The DOE 
has developed a series of Orders and D d v e s .  They contain standards that require the. 
planning, design, and comtmtion of DOE facilities be perf'ormed in a manner 

the DOE criGa. The DOE and DOE-ID standards applicable to this study include the 

criteria to ensure safe operations of 

will satisfl. 
d applicable Federal, State, and local enVirOnmenta, d e t y  and health laws an Y regulations, and . 

following: 

+. 

DOE Order 6430.1A, Weneral Desi 

Compliance with DOE Order 6430.1A ry under the current LMITCO contract. DOE- 
ID Notice 430.1A, "Lift Cycle Asset ID expectations," requires that for fbcilities 
under the purview of the Defense Safety Board (DNFSB), the DOE Order 
6430.1A remains effective until 10 CFR 830.346, "Maintenance Management", and DOE order 
420.1, . - .  "Facility . ~ Sdety", are halized and incorporated into the LMITCO contract. 

DOE-ID Notice 430.1A establishes the DOE-ID expectations of the contractor in areas covered 
by DOE Order 430.1, “tie Cycle Asset Management", in managing the INEEL. This order 
inc~rporats private industry standards saftty design criteria, and requires d d i t i o d  nuclear 

. safety criteria for nuclear f8cilities. I 

DOE Order 6430.1A provides general ific design standards, guidance, and practices for 
&e in the DOE facilities. The standards are to provide levels ofdesign for occupant life safety, 

Section 1324, Radioactive 
Also, Section 0900-99.0, Nonreactor Nucl es, contains additional criteria relevant to 

not sure about the definition of a "defense" nuclear facility. However, they all befie 
consideration in this study could be considered “defense" nuclear facilities because they will be used for 
management of the DOE defense related wastes. en, the R W C  U 

e" nuclear facility. 

uclear facility is in MCP-2446. Based ility" is a facility with 
opetations that involve radioactive andlor fmionable material in such form and quantity that a nuclear hazard 
potentially exits to the employees or the general public. A nuclear facility includes nonreactor and reactor facilities. 
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facity design. All of these criteria provide minimally -table requirements for the filcity 
design. It should be noted that the applicable local building codes and models always take 
precedence on the issues c o v d  in the DOE order and provide additional design requirements 
not covered in the DOE order. 

DOEID, uArchitectaral Engineering Standards" (AE) 

The AE contains general design requirements such as those defined in DOE Order 6430.1A, and 
additional specific collstNction codes. The following is a list of some of the applicable standards 
and codes included in the AE documents: 

ICBO UBC, "UnKorm Building Code, latest edition" 
ICBO UFC, "UnKom Fire Code, latest edition" 
29 CFR 1910, "Occupational Safety andHeaIth Standards" 
29 CFR 1926, "Safety and Health Rtgulations for Comtruction" 
ADAAG, "Americans with M i t i e s  Act (ADA) - Accessil~ility Guidelines" 
AS--86, "Seismic Analysis of Safcty-Rtlatcd Nuclear Structures" 
ASCE-7793, "Minimum Design Loads for Buildings and Structures" . 
DOE-STD-93, WatmI Phenomena Hazard Performance categorization" 
DOE-STD-1020-94, "Natural Phenomena Hazard Design and Ev&don Criteria for 

DOE-STD-1021-93, ''Natural Phenomena Hazards Pcxformance &ego&ation Guidelines for 
Department of Energy Facilities" 

Stmcbms, Systems, and Components" 

DOE Order 58202A, "Radioactive Waste Management" 

DOE Order 5 8 2 0 2  established policies and criteria for management of HLW, TRU, and LLW. 
The Order requires that radioactive and mixed waste be mmged in amannerthat is m 
compliance with all applicable Federal, State, and local environmental, safety, and health 
regulations and laws and DOE Criteria 

. 
* 

Design objoctiveS for facilities shall assure protection of the public and operating personnel from 
hazards associattd with n o d  HLW operatiom, accident conditions, and the effects of natural 
phenomena. Other objectives are compliance with the DOE policies regarding nuclear safety, 
quality assurance, contingency plans, training, fire protection, pollution control, and safeguards 
and security protection for waste and protection of essential operations from the effects of 
potential accidents. 

The development of large scale waste treatment facilities shall be supported by the appropriate 
documentation such as NEPA documentation, construction design report including projected 
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waste throughputs, and treatment methods, construction and operating cost estimates, and Safety 
Analysis Report (SAR). 

All new HLW handling, transfer, and storage facilities shall be doubly contained. Where 
required, ventilation and filtration systems shall be provided to maintain radionuclide releases' 
within the guidelines specified in DOE Order 5481.1B, "Safety Analysis and M e w  System", 
DOE Order 5480.23, "Nuclear Safety Analysis bport,"and other applicable orders discussed in 
this EDF. Ventilation systems shall be provided where the possibility exists for generating 
flammable and explosive mixtures of gases (e.g., hydrogen or organic). 

Nuclear criticality safety considerations and controls shall be evgluated for normal operations 
. and, before any significant operational changes are made, to protect against an uncontrolled 
nuclear criticality incident. Each facility shall utilize remote maintenance feahnes and other 
appropriate techniques to minimirre p o m e 1  radiation expo- in accordan~e &th DOE . 
5481.1B, "Environment, Safkty, and Health Program for Department of Energy Operations," 
DOE Order 5480.23, and DOE Order 5480.24, "Nuclear Criticality Safety." 

Monitoring, surveillance, and leak detection capability shall be incorporated in the engineering 
systems (e.g., liquid level seqsing devices and alarms for high-level waste liquid systems) to 
provide rapid identification of failed containmeslt, and measurement of abnormal temperatures. 

ventilation exhaust, and liquid effluent streams asSociated with HLW hzcilities. Where the 
possibility exists for the generation of flammable and explosive & of gases, monitoring 
shall be conducted. 

r 

. The following, at a minimum. shall be monitond temperature; pressure: radioactivity in 

Training and qualification standards developed and an up-to-date of training 
status shall be maintained. Worker safety training must comply with the requirements of DOE 
5480.1B and appli-cable Orders. Quality Assurance consistent with DOE Order 5700.6C, , 

"Quality Assurance", shall be conducted in accordance with applicable requirements of the 
. 

with 
monitoring, surveillance, and leak detecti es. The DOE Order 5820.2A requires that 
the TRU temporary storage area at the gen , prior to shipment to the WIPP, be designed, 
coL1stNcted, operated, and monitored to midmize the possibility of fire, txpfosion, or accidental 
release of waste to assure the self storage of TRU waste shall 

0 CFR 191. In this study, no interim 
dthat the TRUwastc will be road- 

ready for shipment to the WIPP. A tempomy staging or package transfer berequired 
for the waste container handling 

LLW disposal perfommce must be in a manner that assures e x t e d  exposure to the waste and 
concentrations of radioactive material which may be released into Surface water, ground, water, 
soil, plants and animals results in and effmtive dose equivalent that does not exceed 25 mredyr 

waste transfer to &e WIPP. 
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to any member of the public. Releases to the atmosphere shall meet the requirements of 40 CFR 
61. Reasonable effort should be made to maintain releases of radioactivily in effluents to the 
general environment 8s low as is reasonably achievable. 

DOE Order 435.1 (Draft), "Radioactive Waste Management" 

Currently, a draft DOE @der 435.1 has beep issued by the DOE for review. This order will 
wlace the current DOE Order 5820.ZA, Radioactive Waste Management. The cancellation of 
this order does not, by itselfmodifjr or otherwise affect contractual obligation with the order. 
Therefore, the provisions of the 5820.2A will remain in effect until the LMITCO contract is 
modifiedto delete the r e f m e  to the requirements in the canceled order. 

DOE Order 435.1 requiffs that facility siting and design be in compliazlce with all ftderat, state, 
and local laws and regulations, and be pe&orxned in accordance with the reqUirements in DOE 
Manual 435.1, Radioactive Waste Management Manual, and with other applicable DOE Orders. 

. DOE Manual 435.1 frather describes and estabhhes the requirements of DOE Order 435.1 €or 
maaagcment of DOE HLW, TRU, and UW. Based on the DOE Manual 435.1, waste storage, 
prc-treatment, and treatment €kiities design and operation are required to comply with the 
following applicable orders and regulations. 

DOE 0 151.1, "Comprehensive Emergency Management System" 
DOE 0 420.1d, "Facility Safety" 
DOE 0 430.1, "Liife-Cycle Asset hhag&ent" 
DOE 0 440.1, "Worker Protection Management for DOE Federal and Contractor Employees" 
DOE 0 460.lA, "Pachgbg and Transportation Safety" 
DOE 0 4330.4B, "Maintcnancc Management Program" 
DOE 0 5400.1, "General Enviromd Protection Requirements" 
DOE 0 5400.5, "Radiation Protection of the Public and the EnvirOnment 
DOE 0 5480.19, "Conduct of Operations Rquiremcnt~ for DOE.Facilities" 
DOE 0 5480.20~4, "Personnel Selection, QuaIitidon, a d  Training Requirements for DOE ' 

DOE 0 5480.21, "uoreviewed Safety Quesrsons" 
DOE 0 5480.22, 'Technicat S d e q  Rtquirements" 
DOE 0 5480.23, "Nuclear safety Analysis Reports" 
DOE 0 6430.1A, General Design Citeria" 
10 CFR 820, "Rocedd Mes for DOE Nuclear Activities" 
10 CFR 830.120, "Quality Assutanct Requirements 10 CFR 835, Occupational Radiation 

10 CFR 1021, ''National Environmental Policy Act Implementing Procedures" 
29 CFR 1910, "occupational Safety and Health Standards" 

. 

Nuclear Facilities" 

Protection" 

d 
DOE Order 420.1 will replace DOE Order 548024. "Nuclear Criticality Safety." 
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40 CFR 61, National Emission Standards for Hazardous Air Pollutants" 
40 CFR 264, "Standards for Owners and Operators of Hazardous Waste Storage, Treatment, and 

40 CFR 265, "Interim Status Standards for Owners and Operators of k d o u s  W a p  Storage, 

49'CFR 106 - 110 Subchapter A, wazardous Materials TranspOrtation" 

Disposal Facilities" 

Treatment, and Disposal Facilities" 

49 CFR 171-180 Subchapter C, "Hazardow Materials Regulations" 

DOE Order 5400.5, "Radiation Protection of the Public and the Environment" 

DOE Order 5400.5 establishes standards and requirements for operations of the DOE and 
contractors to protect'the public and environment against undue risk fiom radiation 

Chapter II, Rtquirements for Radiation 
that exposure of members of the public to radiation sources as a consequence of all routine DOE 
activities shall not cause, in a year, an e f fdve  dose equivalent greater than 100 mrem. The 100 
mrem limit is the sum of the effective dose equivalent firom exposure to radiation sources 
extcrnal to the body during the year plus 
radionuclides taken into the body (radioactive decay inside the body) during the year. Exposure 

* of members of the public to radioactive materials r&ased to the atmosphere as a consequence of 
routine DOE activities shall not cause members of the public to receive an effective dose 

on of the public Etnd the Environment, specifies 

committed dfkdive dose from 

equivalent greaterthan 10 mrem annually. 

Chapter IV, Residual Radioactive Material, presents radiologid protestion requirementS and 
guidelines for cleanup of residual radioactive material and management of the resulting residues 
and release of property. Basic dose limits, guidelines and authorized limits for allowable levels 
of residual radioactive material, and control of the radioactive wastes and residua are provided. 

by this Order docurnen& the 
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DOE Order 548038, "Natural Phenomena Hazard Mitigation" 

The requirements p v i ~  in this order w be used in Conjunction with the general design 
criteria in DOE 6430.149 and other departmental design criteria as applicable. DOE Order 
5480.28 requires that W t i e s  stntcaaes, systems, and components (SSCs) be designed and 
constructed to withstand the effects of natural phenomena hazards. An objective for all SSCs is 
to prevent loss of structuial integrity endangering life safety. An additional objective for selected 
SSCs or site activities is to prevent loss of capabiity to perform functions consistent with: (1) 
importance to safiety for workers and the public; (2) impact on the environment;' (3) 
repaidreplacement costs; or (4) propmnlatic mission. 

DOE Order 5700.6C, "Quality Assurance" 

The provisions of this order apply to the work performed by all Departmental Elements and 
management and operating (M&O) contractors as prbvided by law andlor contract and as 
implemented by the Department's Contracting Officer. Ifconflicts between this and other 
Departmental @den exist, the quality assurance requirements of DOE 5700.6C take precedent, 
Work licensed by the NRC or an NRC Agreement State and subject to the q d t y  assurance ' 

requirements ofthat agency art exc~ucied fiom this mer. 
. .._ 

4.3 NATIONAL ENVIRONMENTAL POLICI? ACT 

Under 10 CFR 1021, the NEPA establishes national policy procedures promoting awareness of 
the cnvironrnental impacts of major fa activities during the planning and decisionmaking 
stages of a project. TheNEPA requires all agencies of the federal government prepare a detailed 
EIS describing potentid effects of the proposed mjor federal actions that may be significantly 
affect the quality of the human enviroment. 

All federal fkilitics under the NEPA are encouraged, to the extent practicable, to hcoprate 
'on (PUwMin) criteria and recycling in the planning Pollution Prevention/\Kastt h4hmmt1 

stages and in the design of the new facilities or modific8tions to the existing facilities. The 
pz/wMin and recycling activities will make facilities more efficient and compatible with f k r e  
environmena regulations iyld increase energy efficiency and c o n s d o n .  

. .  

4.4 OTE€ER STANDARDS AND CODES 

In addition to the requirements discussed above, this section provides a list of other applicable 
standard codes pertinent to h d t h  and safety. 
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Uniform Building Code, 
American Institute of Steel Construction ' 
American Welding Society Standards 
AmericanConcreteInstitute . 
DOE-ID Welding Procedure Specification Manual 
DOE-STD-1027-92, "Hazard Categorization and Accident Analysis Techniques'' for 

Compliance with DOE Order 548023, "Nuclear Safety Analysis Reports'' 

The hazard categorization is based on a simple approach which is intended 
to meet DOE Order 5480.23 requirements for a preliminary assessment and 
hazard Categorization. DOE Order 5480.23, states that a hazard categorization of 
the DOE.facilities is to be performed on processes, operations, or activities and 
not necessarily whole fkcilities. 

Department of Energy Non-Reactor Nuclear Facilities" 
DOE-STD-3007-93, "Guidelines for Preparing Criticality Safety Evaluations at 

DOE-STD-3009-94, "Preparation Guide for U.S. DOE Nonreactor Nuclear Facility Safety 
Analysis Reports" 

. ..- 
2) Raniological control design features 

INEL Radiological'control ~ u a l  
10 CFR 8 3 5 C ,  "Occupational Radiation Protection'' 

3) Firedesignfeatnres 

* 

onal conference of . 

Department of Energy 
40 CFR 264.18 
40 CFR 270.14 . 

' DOE Order 5480.1 1 has been canceled and repland by 10 CFR 835. 
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5. SUMMARY OF REGULATORY DRIVERS AND PERMIT 
. REQUIREMENTS 

The following table presents a summary of the Federal and State regulatory requirements 
appiicabie to the CoIIStNction and operations of thepropsed facilities. 

Media or type 
of stream 

NEPA 

N d a i r  
emissions 

Hazardouswastcair 
emisdons 

Radioactive air 
emissions 

All air emissions 

Asbestos 

Ozone deplaing 
substances 

Requirements prior 
to: 

Tie II Design and 
proananat 

Construction and operation 

canstruction and operation 

operations 

Renovation anddexnolition 

opaatian,nportink 
training 

Discharges 

c o ~ c t i o n  and 

Permit, approval, 
or requirements 

NEPA documentation 

PTC for new emission 
sources 

NAAQS, PSD (if 
significant emissions) 

HAPS and TAPS 

Airoperatingpermi 

N&&onpriOrto 
renovation or demolition 

Rclcase prcventiol& 
mvcrykcycle, 
M f i e l a b e l i n g  

NPDES Permit 

NPDES Permit 

Regalatory 
Agencr 

DOE 

IDHW, P A  

IDHW, EPA 

IDHW, EPA 

IDHW, EF'A 

IDHW, EPA 

IDHW, EPA 

DHW, EPA 

ID", EPA 

EP& IDHW 

EP&IDHw 

Regulatory citation 

10 CFR 1021 

- /  

40 CFR 50 
40-60, 
40 CFR 62 
40 CFR 63 
40 CFR70 
40 CFR 77 
40 CFR 124 

40CFR52 
.-. 

40 CFR6l 
40 CFR 63 
IDAPA 16.01.01 

40 CFR 264,40 CFR 265 
(Subpar0 AA, BB, and CC), 
IDAPA 16.01.01 
IDAPA 16.01.05 

40 CFR 61, Subpart H 
IDAPA 16.01.01 

40 CFR 70 
IDAPA 16.01.01 

40 CFR 61, Subpart M 

40CFR82 

40 CFR 122, and 125 
IDAPA 16.01.02 

40 CFR 122 
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Underground 
storage Tanks 
0 
Landdisposalof 
WBste 

Constructionand 
operations 

Construction and 
opeations 

&lS@UCtiOIl, -0% 
and maintenan cc of new 
facilities or modifications 
of existing fac ies  

opeations 
canstructionand 

NPDES Permit or 
compliianct with Idaho 
wakr Quality standards 

Approval of E n g m d g  
Plans, cross coMcc&ion 
Conml Plans, Report, 
and Spec. 

HazarrtousW~Pmnit 
(PartAandB) 

Technicalstandards 

LDRS 
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EPA 

IDHW, EPA 

IDHW, EPA 

DHW, EPA 

IDHW, EPA 

6. SE"LEMENTAGREEMENT 
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IDAPA 16.0 1.02 
~ . - , *  

4ocFR 122 

40 CFR 141, 
40 CFR 143, 
IDAPA 16.01.08. 

40 CFR 270 
40CFR264 
40 CFR 265 

40 C'FR 280 

40 CFR 268,40 CFR 257, 
IDAPA 16.01.05,lO CFR61 

The State of Idaho and the DOE signed an agreement on October 16,1995. The Agreement contains 
several commitments for the treatment of the HLW and SBW and their transfer out of Idaho. Based on 
the Agreement, all remaining liquid HLW must be calcined by June 30,1998, and calcination of all SBW 

procurement contract for the Facility by June 1,1997, complete construdon of the Facility by 

schedule shall provide for completion of the treatment of all calcined waste located at the INEEL 
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by a date established by the Record of Decision (ROD) for the EIS that analyzes the alternatives 
for treatment of such waste. The State of Idaho expressly reserves its right to seek appropriate 
relief fiom the Court in the event that the date established in the ROD for the EIS that analyzes 
the alternatives for treatment of such waste is significantly later than the DOE'S tzkget date. 
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7. NUCLEAR REGULATORY COMMISSION 

The purpose of this study is to provide anassessment of the current NRC regulations and their 
potentid applicability to the proposed facilities ifthe fhciities were to be licensed by the NRC in 
the future. The NRC requirement for regulating the DOE facilities or activities have not been 
defined yet. The requirements will need to be determined by the NRC and DOE Task Forces. 
Existing NRC regulations apply to commercial, non-DOE, fkilities. The 
of the NRC requirements to the proposed facilities should be determined by the NRC and DOE, 
with input fiom the DOE contractor. If DOE fkciities become regdated by NRC, the 
jurisdiction of other currently government applicable authorities will not 
necessarily cease. In particular, it is expected that local, State, Federal 
reguhtory *men& would still apply. 

of applicability 

' Currently, the NRC is not authorized by law to license DOE facilities for: 

HLW processing such 8s those for vitrification, solidifkation, Cs and Sr extraction, 
. ...- - 

short term storage of HLW, for TRU waste storage and disposal &om DOE activities, and 

DOE LLW procesSing, storage, and disposal. 

However, based on the recent DOE proposal, the NRC could take responsibilities for regulating 
the DOE nuclear facilities. Existing NRC regulations are compiled in 10 CFR, titled "Energy". 
These regulations follow a similar philosophy as the DOE, the EPA, and other codes and 
standards previously discussed above. The Commission has also issued a number of regulatory 
guides (e.g., NUREG) and other guidance documents which provide acceptable methods for 

. complying with the NRC regulations. They contain criteria for kility design, operations, and 
for safety and health. 

Ofthe existing NRC regulations, it has been determined in this study that 10 CFR 61 will apply 
to the proposed LAW or the U W  disposal Wty, and 10 CFR 72 will be applicable to the 
proposed interim storage kilities for the vitrified, HIpcd, or grouted HLW, and for the liquid 
HAW and vitrified q W  storage facilities. Independently, it was determined by L+&y and 
Morgan in ''Nuclear Regulatory Commission (NRC) Licensing Assessment for the Idaho 
National Engineesing and Environmental Laboratory (INEEL) High-Level Wake program," 
April 23,1997, that 10 CFR 30 and 10 CFR 70 will apply to the following Eacilities: 
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0 

0 10 CFR 70 for the separations facility, for the interim storage of liquid HAW from the 
separation processes, and for the HAW vitrification hility. 

k 10 CFR 70 for the HLW vitrification, HIPing, or grouting facilities. 
0 10 CFR 70 forthe calcine retrieval and dissolution facilities. 
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30 for the LAW collecti 
W fiam the INEEL-ongoing om. 

uting facilities add €or the coll 

10 CFR 30, “Rules of General Applicability to Domestic Licensing of Byproduct Mater@”’, and 
10 CFR 70, ”Domestic Licensing of Special Nuclear Material’’, are not speciscally or directly 
appli~able to the tiiciiities listed above. ~ccording to Steve L~ROY m o k a l  communication, 

treatment, separations, and retrieval facilities. It is believed that certain elements of 10 CFFt 30 
and 10 CFR 70 could potentially be applicable to licensing of the proposed f8cilities. The fact 

* remains that NRC will most likely have to promulgate new regulations specifically for the DOE 
HLW, LLW, and calcine retrieval and treatment fkiilities or to revise the requirements of 10 
CFR 30 and 10 CFR 70 ifthey were to apply them to the proposed fkiilities. 

Additional NRC regulations that are applicable to all of the proposed facilities are in 10 CFR 2, 
10 CFR 19,lO CER 20,lO CFR 21,lO CFR 50,lO CFR 51,lO CFR 52, and 10 CFR 73. 10 
CFR 71 and 49 CFR 173 (Department of Transportation) contain r q h e n t s  for the packaging 

. and transportation ofradioactive wastes. These requirements would have impact on the design 
and operations of the storage Wties. 

Appendix Aprovides a detailed source 
non-reactor, nuclear facilities. The regulations are primarily based on the health and safety 
considerations. . The list includes applicable parts and subparts of 10 CFR 20,21,30,50,51,61, 
70, and 72 as well as related guidance documents. The requirements and guidance documents 
are listed under the following categories: 1) radioactive waste management, 2) design of 
structuns, components, equipment, and systems, 3) electric power, utility services, and fire 
protection, 4) radiation protection, 5) conduct of operation, 6) safety analysis report criteria, 7) 
qualily assurance, and 8) 

The exist& fplcilities that will be 
exempted by DOE from any 
excessively difficult, costly, 
modification of the 

’ 12/03/97), they are the only ones which came close to being applicable to the proposed 

’ 

* 

the regulations used by the NRC in commercial, 

by exposun to the radiation‘incident to the process of producing or utilizing special nuclear material. Special 
nuclear material means (1) plutonium, urapium 233, uranium enriched in the isotope 233 or in the isotope 235, and 
any other maferid which the Commission determines to be special nuclear mattrial, but does not include source 
material; or (2) any material artificially enriched by any of the foregoing but does not include source material. 
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(OCRWM) which carries out the DOE mission for safe design and operation of a HLW geologic 
repsitory and a HLW storage hcility. 

Carrent Licensing Process 

Most of the discussion in tbis section is based on the information contained in fhe DOE-STD- - 
101-92, "Compilation of Nuclear Safety Cnte&t Potential Application to the DOE Nonreactor 
Facilities" and in the report by Morgan and LeRoy, "Nuclear Regulatory Commission (NRC) 
Licensing Assessment for the Idaho National Engineerins and Environmental Laboratory 
(INEEL) High-Level Waste program," April 23,1997. 

The applicable NRC regulations that &€he licensing processes are in 10 CFR 2,lO CFR 30,lO 
CFR 51, and 10 CFR 61 for LLW Mties  and in 10 CFR 2,lO CFR 50,lO CFR 52,lO CFR 
70, and 10 CFR 72 for HLW or HAW fkcilities. The licensing of a nuclear facility requires 
preparation and submittal of an application and a number of supporting documents to the NRC 
such as SAR, environmental report (ER), quality assurance document, training plan, monitoring 
plan, and safeguards and security plan. The following is a generic description of the various 
documents that will be applicable to the proposed fhciities. 

ne =must meettheNRC requirementS in 10 CFR 51. Appendix& Section 7 provides 
. regulatory sources containing quality t i s s ~ ~ c e  procedures for the facility design, construction, 

and operatiom. The q d t y  assurance r e q h e n t s  in DOERW4333F are expected to be used 
for the existing fkcilities that will be modified to be used for storage of HLW or HAW. The SAR 
documents the adequacy of safety analysis for a nuclear facility to ensure that the facility can be 
designed, comtmckd, operated, maintained, shut down, and decommissioned safely and in 
compliance with applicable laws and regulations. The SAR criteria must meet the regulations 
listed in Appendix & Section 6. The training, monitoring, and safeguards and security plans 
used by the license applicant to protect health and midmize danger to life or property must be 
developed in accordance with the applicable regulations. The training program should include an 
analysis of the job, lcarning objectives and performance criteria, procedures for pekonnel 
monitoring, procedures to avoid accidents, ctc. It is assumed that the DOE will retain the 
responsl'bility for safeguard and security for its facilities. 

The NRC licensing process is divided into four stages: pre-application stage, application review 
stage, comtrudon and operating license stage, arid decontamination and site closure stage. The 
licensing duration from submittal of the application to receipt of the license is expected to take 
three to five years or longer. 

Pre-application stage is prior to filing a license application with the NRC. It entails the 
development of the license application and the prc-submittaI communicatiom with the NRC. 
Thk includes the NRC and DOE interactions to clearly define the NRC acceptance criteria 
against which the ICPP proposed facilities license application will be revi 

' 
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The application review stage des miWaf the license application to 
-A notification will 

the. applicatio 
r e f d  to as ar)ocketing Review“ which is usually pedormed within 1 to 3 months. This 
review is to ensure that the application is complete and contains the necesary information. The 
Docketing Review process is followed by a detailed safety review of the application by the NRC 
staff. The NRC will ensure that the regulatory requirements are met as established in the 
regulations. The NRC d y  requ$lsts additionat information during this review which can be 
extensive and delay the review. Submittal of high quality, complete, and detailed SAR will 
reduce the request for additional information, hence the review time. 

The CoIlStNction and operating license stage follows the receipt oEthe license. The NRC will 
have the regulatory oversight during coIlstNction and operations. 

NRc issues a license for certain time period Before a k % t y  license expires, a . 
decommissioning planwill be developed by the DOE for review by the NRC. Itk expected that 
the EPA will regulate the decontammab *on and decommissioning activities. .Before the final 
closure, the DOE must submit a closure plan to the NRC for review. The closure plan must 
describe how the ownedoperator will conduct clean-up, what clean-up levels will be attained, 
and how clean-up will be verified. The plan also includes a post-closure, &d long term 

. monitoring and maintenance. Upon review and acceptance, the NRC will abthorize closure. 
Monitoring will be pedormed during the plan in accordance with the applicable 
requirements. When all the monitoring and control requirements are set, the license will be 
terminated. 

LLW Near-Surface Disposal 

10 CFR 61, LictnSing Rtquirements for Land Disposal of Radioactive Waste 

10 CFR61 Contains specific 
near-surfkcc disposal ofradi 

the uppermost portion of the earth, approximately 30 meters or 100 feet of natural grade. “he 
NRC maintains that the “e of shallow 1 
the public, when boperly sited, desi 

closure and post-closure, and monitorin surfkce disposal involves disposal of waste in 

waste at any time &r active 

land disposal facility, which shall be governed by 10 CFR 6 1.41. At the time 8 license 
application is submitted, the applicant shall have conducted a preoperational monitoring program 
to provide basic environmental data on the disposal site characteristics. The applicant shall 

in effluents from the 
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obtain information about the ecology, meteorology, climate, hydrology, geology, geochemistry, 
and seismology of the disposal site. For those characteristics that are subject to seasonal 
variation, data must cover at least a twelve month period. 

The regulations for near surface disposal of radioactive wastes include a waste classification 
system which divides the wastes into three classes: Class A, B, and C. The classification system 
is based on the overall disposal hazards of the wastes. Certain minimum requirements must be 

. met for all waste Classes as provided in 10 CFR 61.56 (a). In additioq Class B and C wastes are 
required to have structural stabiity as discussed in 10 CFR 61.56(b); The detailed idomation 
regarding the NRC requirements for a U W  disposal facility can be found in EDF-FDO-008. 

Page 26 of 44 

' 

HLW Storage 

10 CFR 72, "Licensing Rtquirements for the Independent Storage of Spent Nuclear Fuel and 
High-Lmel Radioactive Waste'' 

IO CFR 72 contains regulations and procedures that are applicable to HLW or HAW interim 
storage fitcilities. The regulations in this part establish requiremcnts for the issuance of licenses 
to the DOE to receive, transfikr, package, and possess HLW, spent &I, and other radioactive ' 

materials assocktd with spent &I and HLW storage, in a monitored retrievable storage fhcility 
(MRSY. 
structure and equipment. It requires that structures, systems, and comhnents be designed, 
fdxicated, erected, and tested to provide protection against mvirOnmentaI conditions and  tut tal 
phenomena such as earthquakes, tornadoes, lighting, hurricanes, and floods. The kilities 
should also be designed to prevent massive collapse of building structures or the dropping of 
heavy objects as a result of building stmctud fidure on the spent fuel or high-level radioactive 
waste or on to structures, systems, and components important to safety. Ifthe facilities are 
located over an aquifkr which is a major water resource, measures must be taken to preclude the 
transport of radioactive mattrials to the tnvironmint through this potential pathway. 

Structures, systems, and com*nents against fires and explosions must be designed and located 
so that they can continue to perform their safety functions effectively under credible fire and 
explosion exposure conditions. Noncombustiilc and heat-resktant materials must be used 
wherever practical, particularly in locations vital to the control of radioactive materials and to the 
maintcnanCe of safety control functions. Explosion and hre detection, alarm, and suppression 
systems shall be designed and pvided  with sufficient capacity and capability to minimize the 
adverse effects of fires and explosions on structures, systems, and components important to 
safety. 

part also defines requirements for the safety design features of the faciity 

t 
Pursuant to the Nuclear Waste Poticy Act, a MRS is an option fm providing safe and reliable long-term storage of 

HLW or spent nuclear fbeL However, dkposa! of HLW and spent fuel in a repository should proceed regardless of 
any wnstruction of a MRS pursuant to the Act 
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departments, ambulance service, and other emergency agencies. 

Ventilation systems and off-gas sysems must be provided where necessary to ensure the 

such that the licensee fl be able to determine Hihen c o d v e  action needs to be taken to 
maintain safe storage conditions. Instnunentation and control systems must be provided to 
monitor systems that are important to safety over anticipated ranges for n o d  operation and 
of f -nod  operation. Those instnrments and COntroI systems that must remain operational under 
accident conditions must be identified in tbe SAR. 

Control room or control area must be' designed to permit occupancy and actions to be taken to 
monitor the fidities under normal conditions, and to provide safe control 
of the faciiities under o f f - n o d  or accident conditions. Utility or other services must be 

ate materials during n o d  or off-normal conditions. 
capability for continuous monitorin$j in a manner 

designed to meet emergency CoELditioIlS. 

. It is required that HLW be packaged in a manner that allows handling and retrievability without 

CFR 20, ''Standards for Rotcction Against Radiation", limits. The p k a g e  must be designed to 
conhe the high-level radioactive waste for the duration of the license. During n o d  
operations and anticipated OCCU~~CIIC~S, the annual dose equivalent to any d individual who is 
located beyond the controlled area must not exceed 25 mrem to the whole body, 75 mrem to the 
thyroid and 25 mrem to any other organ as a result of exposure to planned discharges of 
radioactive materials and decay products excepted, to the general environment, and direct 
radiation fiom operations. Operational restrictioIls must be cstabfished to meet as low as is 
reasonably achievable (ALARA) objectives for radioactive nutmiah in effluents and direct 
radiation levels associated with storage operations. Operational limits must be established for 
radioactive materials in effluents and direct radiation levels associated operations to meet the 
limits given above. 

* the release of radioactive materials to the environment or radiation exposures in cx&s of 10 

10 CFR 72.124, ''Cderia for nuclear Criticatity safety" 

The design of handling, packaging, and storage systems must include mar@ of safety 
for the nuclear criticality parameters that are commensurate with the uncertainties in the data and 
methods used in calculations. It must demonstrate safety for the handling, packaging, transfet 
and storage conditions and in the nature of the ate environment under accident conditions. 

When practicable the design of an MRS must be based on fkvorable geometry, permanently fixed 
neutron absorbing materials (poisons), or both, Where solid neutron absorbing mtenals are 
&d, the design shall provide for positive means to v e m  their continued efficacy. 
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A criticality monitoring system shall be maintained in each area where special nuclear niaterial is 
handled, used, or stored which will me!rgize clearly audible alarm signals ifaccidental criticality 
occu~s. Monitoring of dry storage areas where special nuclear material is packaged in its stored 
configuration under a license issued under this subpart is not required. 

10 CFR 72.128, "Criteria for spent - .  fbel, high-level radioactive waste, and other radioactive waste 
storage and handling: 

The regdationi of this subpart require that HLW storagegnd other systems that might contain or 
handle radioactive materials be designed to ensure adequate safety under n o d  and accident 
conditions. These systems must be designed w i k  (1) a capability to test and monitor 
components important to dkty, and suitable shielding for radioactive protection under n o d  
and accident conditions, (2) confinement systems, (3) a heat-removal capability having testability 
and reliability consistent with its importance to dety, and (4) means to mhimize the quantity of 
radioactive wastes generated. Provisions must be made for the packing of site-generated low- 
level wastes in a form suitable for storage onsite awaiting transfet to disposal sites. 

. -.. . 
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The following lists the current NRC requirements and guides applied to the areas of safety 
addressed in the SAR. The requirements are listed under the following categories: 1) radioactive 
waste management, 2) design of structures, components, equipment, and systems, 3) electric 
power, utility services, and fire protection, 4) radiation protection, 5) conduct of operation, 6)' 
safety analysis report criteria, 7) quality assurance, and 8) decommissioning. 

1) Radioactive waste management 

This section identifies criteria for the control, collection, handling, processing, storage, and 
disposal of liquid, gaseous, and solid wastes that may contain radioactive materials, and the 
instrumentation used to monitor the release of radioactive materials. Also, as previously 
discussed, all RCRA hazardous and radioactive waste (mixed waste) management facilities are 
also subject to EPA RCRA regulations. 

, 

10 CFR 30, "Rules of General Applicabiity to Domestic Licensing of Byproduct Material" 

10 CFR 61, ''Licensing Requirements for Land Disposal of Radioactive Waste" 
. -. 

IO CFR 70.59, ''EfXluent Monitoring Reporting Requirementsn 

10 CFR 72.104, "Criteria in Efnuents and Direct Radiation in Effluents and I)- Rackition 
fiom an ISFSI or MRS" 

D. 10 CFR 72.128, ''Criteria for 
Radioactive Waste Storage and 

Regulatory Guide 121, "Measuring, 
and Releases of Radioactive Materials 
cooled Nuclear Power Piants." 

kadioa&& in Solid Wastes 
ftom Light-Water- 

Regulatory Guide 1.143, "Design Guidance for Radioactive Wastc Management Systems, 
Struckes, and Components Installed in Li 

RcguIatory Guide 3.10, "Liquid Waste 
Fuel Fabrication Plants." 

Regulatory Guide 3.13, "Guide for Acceptable Waste Storage Methods at UF6 Production 
Plants." 

Cooled Nuclear Power Plants." 

Guide for Plutonium 
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Regulacry Guide 3.20, "Process Off-gas Systems for Fuel Reprocessing Plants." 

Rt'gulatory Guide 3.49, "Design of an Independent Spent Fuel Storage Installation (Water-Basin 
Type)." 

Regulatory Guide 3.60, ''Design of an Independent Spent Fuel Storage Installation (Dry 
Storage)." 

Regulatory Guide 4.18, "Standard Format and Contents of Enviromental Reports for Near- 
surf' Disposal of Radioactive Waste." 

NUREG-1 199, "Standard Format and Content of a License Application for a Law-level 
RadioactiveWasteDisposalFacility." 

NUREG-1200, "Standard Review Plan for the Review of a License Application for a Radioactive 
Low-level Waste Disposal Facility." 

NUREG-1300, "Standard Review Plan for the Review of a License Application for a Radioactive 
Low-level Waste Disposal, Facility." 

. 

NUREG-0800, Section 11.2, "Liquid Waste Managemmt Systems." 

NUREG-0800, Section 11.3, "Gaseous Waste Management Systems."' 

"REG-0800, Section 11.4, "Solid Waste Management Systems." 

NUFEG-0800, Section 11.5, "process and EfFluents radiological MonitOring." 

NUREG-1567, "Offgas Treatment and Ventilation." 

2) Design of structures, components, equipment and systems 

10 CFR 21, "Reporting of Defects and Noncompliance" 

10 CFR 50.34, "Contents of Applications: Technical Information" 

10 CFR 50, Appendix F, "Policy Relating to the Siting of Fuel Reprocessing Plants and Related 
Waste Management Facilities" 

10 CFR 61.5 1, "Disposal Site Design for Land Disposal" 

10 CFR 61.52, "Land Disposal Facility Operation and Disposal Site Closure" 
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S4, "Alternative Requirements for Design and Operations" 
1 -  

10 CFR 70, "Domestic Licensing of Special Nuclear inaterial" 

10 CFR 72, "Licensing Requirements for the Independent Storage of Spent Nuclear Fuel and 
High-Level Radioactive Waste" 

10 CFR 72.120, "General Considerations" 

10 CFR 72.122, "Overall Requirements" 

10 CFR 72.124, "Criteria for Nuclear Criticality Safety" 

10 CFR 72.126, "Criteria for Radiological Protection" 

10 CFR 72.128, "Criteria for Spent Fuel, High-LeVel Radioactive Waste, and Other Radioactive 
Waste Storage and Hand-ling" 

. . 10 CFR 72.130, "Criteria for Decommissioning" 

Regulatory Guide, 3.10, "Liquid Waste Treatment System Desip Guide for Plutonium 
Procesbg and Fuel Fabrication Plants." 

Regulatory Guide 3.12, "General Design Guide for Ventilation Systems of Plutonium Processing 
and Fuel Fabrication Plants." 

Regulatory Guide 320, "Process Off-gas Systems for Fuel Reprocessing Plants" 

Regulatory Guide 3.32, "General Design Guide for Ventilation Systems for Fuel Reprocessing 
Plants." 

Regulatory Guide 338, "General Fire 

Regulatory Guide 3.56, "General 
Emission Control Devices at Uranium 

Regulatory Guide 5.25, "Design 
Nuclear Material in Equipment 

10 CFR 61.12, "Specific Technical Information" 
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10 CFR 72.120, "General Considerations" 

Regulatory Guide 1.29, "Seismic Design Classification." 

Regulatoiy.Guide 3.14, "Seismic Design Classification for Plutonium Processing and Fuel 
Fabrication Plants. 

Page 32 of 44 
, 

d To- . .  

j 10 CFR 61.12,."Specific Technical M o d o n "  

10 CFFt 72.40, rssuanCe of LicenSe" 

10 CFR 72.90, "General Considerations" 

10 CFR 72.92, "Design Basis External Natrnal Events" 

10 CFR 72.98, ''Iden- Regiok Around an ISFSI or MRS Site" 

10 CFR 72.122, "Overall Requirements" 

Resulatory Guide 1.76, "Design Basis Tornado for Nuclear Power Plapts." 

Regulatory Guide 3.10, ''Liqirid Waste Treatment Design Guide for Plutonium Processing and 
Fuel Fabrication Plants." 

Regulatory Guide 3.12, "General Design Guide for Ventilation Systems of Plutonium Processing 
and Fuel Fabrication Plmk." 

Regulatory Guide 3.16, "General Fire Protection Guide for Plutonium procesSing and Fuel 
Fabrication Plants." 

Regulatoxy Guide 3.18, "Confinement Barriers and Systems for Fuel Reprocessing Plants. 

Regulatory Guide 3.20, "process offgas Systems for Fuel Reprocessing Plants." 

Regulatory Guide 3.3 1, "Emergency Water Supply Systems for Fuel Reprocessing Plants." 

Regulatory Guide 3.32, "General Design Guide for Ventilation Systems for Fuel Reprocessing 
Plants." 

Regulatory Guide 3.38, "General Fire Protection Guide for Fuel Reprocessing Plants." 
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Regulatory Guide 3.49, "Design of an Independent Spent Fuel Storage Installation, (Water Basin 
Type)." 

Regulatory Guide 3.53, "Applicability of Existing Regulatory @ides to the Design and 
Operation of an Independent Spent Fuel Storage Installation." 

Regulatory &de 3.60, "Design of t l ~ l  independent Spent Fuel Storage &tallation (Dry 
. Storage)." 

* 

NUREGKR-3874, "Near-orO~d Fields," McDonald, J*k T- Tech. 
Universiv, July 1984. 

NUREGICR-3848, "Experimental Investigation of Unsteady Tornadic WGd Loads on 
Structures," Jiichke, M.C., Oklahoma Teaching Hospitals, June 1984. 

NUREGKR-3058, "A Methodology for Tornado Hazard probability Assessment," McDonald, 
J.R., Texas Tech University, october'1983. 

NUREGKR-2944, ' ' T o d o  Damage Risrc Assessment," Reinhold, T.A. and Ellingw&d, B., 
National Bureau of Standards, February 1983. 

. NUREGKR-2565, " S m  Performance of HEPA Filters Under Simulated Tornado 
Conditions," Horak, H.L. and Smith, P.R., Los Alamos National Labohmy, May 1982. 

NUREG/CR-2014, "Kinematics of Translating Tornado Wind Fields," Peterson, RE., Texas 
Tech. University, April 1981. 

NUREG/CR-1585, "Modeling Tornado Dynamics," Aeronautid Research Association, 
September 1980. 

od) design . 
10 CFR 61.12, "Specific Technical 

1.50, " D i i s a l  Site Suitabiity Requirements for Land D 

10 CFR 72.40, "Issuance of License" 

10 CFR 72.90, "General Consid 

10 CFR 72.92, "Design Basis External Natural Events" 

10 CFR 72.94, "Design Basis External Man-Induced Events" 
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10 CFR 72.122, "Overall Requirements" 

Regulatory Guide 3.1O,."Liquid Waste Treatment Design Guide for Plutonium Processing and 
Fuel Fabrication Plants." 

. Regulatory Guide 3.1 1, "Design, constrUCtion, and Inspection of Embankment Retention 
Systems for Utanium Mills." 

Regulatory Guide 3.18, "Confinement Barriers and Systems for Fuel Reptocessing Plants. 

Regulatory Guide 3.3 la "Emergency Water Supply Systems for Fuel ReprocesSing Plants." 

* RtgulatorJI Guide 3.40, "Design Basis Floods for Fuel.Reprocesshg Plants and for Plutonium 
procesShg and Fuel Fabrication Plants." 

Regulatory Guide 3.49, "Design of an Mependent Spent-Fuel Storage Installation, (Water Basin 
Type)." - 

Regulatory Guide 3.53, "ApplicabiiV of Existing Regulatory Guides @ the Design and 
operation of an Independent Spent Fael Storage Installation." 

Regulatory Guide 3.60, "Design of an Indepdcnt Spent Fuel Storage Installation (Dxy 
Storage)." 

NUREG/CR-2678, "Flood Risk Analysis Methodology Development Project - Final Report," 
Wagner, D.P. et al., Oak Ridge National Laboratory, July 1982. 

tectipn 

10 CFR 61.12, "Specific Technical Idormation" 

10 CFR 72.40, " h m c e  of License" 

10 CFR 72.90, "General Considerations" 

10 CFR 72.92, "Design Basis Exttrnal Natural Events" 

10 CFR 72.94, "Design Basis External Man-Induced Events" 

10 CFR 72.98, "Identifying Regions Around 811 ISFSI or MRS Site" 
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10 CFR 72.122, "Overall Requireme 

Regulatory Guide 3.10, "Liquid Waste 

Regulatory Guide 3.12, "General Design Guide for Ventilation Systems of Plutonium Processing 
and Fuel Fabrication Plants." 

ent Design Guide for Plutonium Processing and 
, Fuel Fabrication Plants." 

Regulatory Guide 3.16, "General Fire Protection Guide for Plutonium Processing and Fuel 
Fabrication Plants." 

Regulatory Guide 3.1 8, "Confinement Barriers and Systems for Fuel Reprocessing Plants." 

Regulatory Guide 320, "process Off-gas Systems for Fuel Repmessing Plants." 

Regulatory Guide 3.3 1, "Emergency Water Supply Systems for Fuel Reprocessing Plants." 

Regulatory Guide 3.32, "General Design Guide for Ventilation Systems for FueI Reprocessing 
PhtS." * 

Regulatory Guide 3.38, "General Fire Protection Guide for Fuel Reprocessing . Plants." 

Regulatory Guide 3.49, "Design of an Independent Spent Fuel Storage Installation, (Water Basin 
Type)." 

Regulatory Guide 3.53, ''Applicability of Existing Regulatory Guides to the Design and 
Operation of an Independent Spent Fuel Storage Installation." 

Regulatory Guide 3.60, "Design of an Independent Spent Fuel Storage Instahtion (Dsy 
Storage)." 

Data Base for Assessment of Air Carrier 

Plant Structures to Resist Blast Loading," 
ries, September 1983. 

NURE 
et al., Argonne National Laboratory, S 

859, "Evaluation of AircraA Crash Hazards for Nuclear Power Plants 
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10 CFR 61.12, "Specific Technical Idormation" 

10 CFR 70.22, "Contents of Applications" 

10 CFR 70.23, "Ftquirements for the Approval of Applications" 

IO CFR 72.40, "Issuance of License" 

10 CFR 72.90, "General Considerations" 

10 CFR 72.92, "Design Basis External Natural Events" 

10 CFR 72.98, "IdentifLing Regions Around an ISFSI or MRS Site" 

10 CFR 72.102 "Geological and Seismological characteristics" 

10 CFR 72.122, "overall Requimnents? 

. Regulatory Guide 3.10, "Liquid Waste Treatment Design Guide for Plutonium Processing and 
Fuel Fabrication Plants." * 

Regulatory Guide 3.12, "General Design Guide for Ventilation Systcms of Plutonium Processing 
. .and Fuel Fabrication Plants." 

Regulatory Guide 3.14, "Seismic Design Classification for Plutonium procesSing and Fuel 
Fabrication Plants." 

Regulatory Guide 3.16, "General Fire Protection Guide for Plutonium Processing and Fuel 
Fabrication Plants." 

Regulatory Guide 3.17, "Earthquake Instrumentation for Fuel R c p d g  Plants." 

Regulatory Guide 3.18, "Confinement Barriers and Systems for Fuel Reprocessing Plants. 

Regulatory Guide 3.20, "Process Off-gas Systems for Fuel Reprocessing Plants." 

Regulatory Guide 3.31, "Emergency Water'Supply Systems for Fuel Rcprocesshg Plants." 

Regulatory Guide 3.32, "General Design Guide for Ventilation Systems for Fuel Reprocessing 
Plants." 

Regulatory Guide 3.38, "General Fire htection Guide for Fuel Reprocessing Plants." 
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Regulatory Guide 3.49, "Design of m Independent Spent Fuel Storage Installation, (Water Basin 

Regulatory Guide 3.53, "Applicabdity of Existing Regulatory Guides to the Design and 
Operation of an Independent Spent Fuel Storage Installation." 

Regulatory Guide 3.60, "Design of an Independent Spent Fuel Storage Installation (Dry 
Storage)." 

NUREGKR-1069, "Eff" of Earthquakes on Underground Facilities: Literature Review and 
Disckion," Carpenter, D.W. and Chung, D.C., Lawrence Livermore National Laboratory, June 
1986. 

Type)*" 

10 CFR 72.132, "overall Requirements" 

Regulatory Guide 1.140, "Design, Testing, and Maintenance for Normal Ventilation Systems." 

Regulatory Guide 1.52, "Design, Testing, and Maintenance aCnteria for Post-accident 
engineered Safety Feature Ventilation Systems." 

Regulatory Guide 3.12, "General Design Guide for Ventilation Systems of Plutonium Processing 
and Fuel Fabrication Plants." 

* .  

b 

Rcgulat6ry Guide 3.20, "Process Off-gas Sy&m for Fuel Reprocesshg Plants." 

Plants." - e 

Regulatory Guide 3.49, "Design of an ndent Spent Fuel Storage Installation 
Type)." 

Regulatory Guide 3.60, "Design of an 
Storage)." 

67, Section 11.4.1.3 (D 
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3) Electrical power, utility senices, and fire protection 

10 CFR 50.55(a), "Codes and Standards" 

10 CFR 72.122, "Overall Requhments" 

Regulatory Guide 1.108, "Periodic Testing of Diesel Generator Units Used as Onsite Electric 
Power Systems at Nuclear Power Plants." 

Regulatory Guide 3.14, "Seismic Design Classification for Plutonium Processing and Fuel 
Fabrication Phts." 

Reguhtory Guide 3.16, "General Fire Protection Guide for Plutonium Processing and Fuel 
Fabrication Plants." 

Rtgulatory Guide 3.38, "General Fire Protection Guide for Fuel Reprocessing Plants." 

4) Radiation protection 

The criteria identified in this chapttr are for theiadiation protection of operating, coI1stNction, 

compilation includes criteria for bi l i ty  equipment design and programs to minimhe and 
.monitor radiation exposure to meet the standards for protection against radiation of 10 CFR 20. 

10 CFR 19.12, "Instructions to Workers" 

10 CFR 20, "Standards for Protection Against Radiation" 

. and maintenance personnel during n o d  a&i anticipated operational occumnces. The 

10 CFR 61.41, "Protection of the G e n d  Population From Releases of Radioacfivity" 

10 CFR 61.43, "Protection of Individuals During Operations" 

10 CFR 72.44, "License Conditions" 

10 CFR 72.104, "Criteria for Radioactive Materials in Effluents and Direct Radiation h m  an 
ISFSI or MRS" 

10 CFR 72.126, "Criteria for Racliological Protection" 

Regulatory Guide 3.6, "Content of Technical Specifications for Fuel Reprocessing Plants." 

Regulatory Guide 8.1, "Radiation Symbol." 
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Regulatory Guide 8.2, "Administrative Practices in Radiation Modtoring." 

Regulatory Guide 8.10, "Operating Philosophy for Maintaining Occupational Radiation 
Exposures as Low as is Reasonably Achievable." 

Regulatory Guide 8.24, "Health Physics Surveys During Enriched Uranium Processing and Fuel 
Fabrication." 

s) Conduct oCoperations 

The criteria identified in this chapter address training, emergency planning, plant procedures, and 
the maintenance of records and reporthg.. 

10 CFR 61, "Licensing Requirements for Land Disposal of Radioactive Waste" 

10 CFRR 51, "Environmental Protection Regulations for Domestic Licensing and Related 
Regulatory Functiom" 

- 10 CFR 70, "Domestic Licensing of Special Nuclear Material" . 

10 CFR 72.190, ''Operator Requirements" * 

10 CFR 72192, "Operator Training and Certification Program" 

10 CFR 72.194, "physical Rtquirements." 

Regulatory Guide 328, "Welder Qualiscation for Welding in Areas of Limited Accessibii~ in 
Fuel Reprocessing Plants and in Plutonium processing 

Rtgulatory Guide 3.42, "Emergency P1 
Under 10 CFR Parts 50 and 70. 

and Fuel Fabrication Plants." 

for Fuel Cycle Facilities and Plants J4i=nd 

10 CFR 30, "Rules of General Applicab Material" 

on" 10 

10 CFR 50.36(b), "Environmental Con&tiom" 
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10 CFR 50.55, "Conditions of ConstruCtion Permits" 

10 CFR 50.71, "Maintenance of Records, making Reports" 

10 CFR 61, ''Licensing Rtquiremtnts for Land Disposal of Radioactive Waste" 

10 CFR 61.10, "Contents of Application" * 

10 CFR 70, "Domestic Licensing of Special Nuclear Material'' 

10 CFR 70.22, '(Contents of Application" 

. '10 CFR 70.23, "Rtquirements for the Approval of Applications" 

10 CFR 72, "Licensing Requirements for the Independent Storage of Spent Nuclear Fuel and 
High-LmelRadiOactive Waste" 

10 CFR 72.22, "Contents of Applidox General and Financial Information" 

10 CFR 72.24, "Contents of Application: Technical Information" - 
. 10 CFR 72.30, "D&&missioning Planning, Including Fmcing and Record Keeping" 

* 

10 CFR 72.48, "Changes, Tcsts, and Experiments" 

Regulatory Guide 3.15, "Standard Format and Content of License Application for Storage Only 
of Unirradiated Power Reactor Fuel and Associated Radioactive Mattrial." 

Regulatory Guide 3.25, "Standard Fo+ and Content of Safkty Analysis Reports for Uranium 
Enrichment Facilities." 

Regulatory Guide 3.26, "Standard Format and Content of Safety Analysis' Reports for Fuel 
Reprocessing Plants." 

Regdatob Guide 339, ''Standard Format and Content of License Applications for Plutonium 
procesSing and Fuel Fabrication Plants." 

Regulatory Guide 3.44, "Standard Format and Content for the Safety Analysis Report for an 
Independent Spent Fuel Storage Installation (WaterBasin Type).'' 

Regulatory Guide 3.48, "Standard Format and Content for the Safety Analysis Report for an 
Independent Spent Fuel Storage Installation or Monitored Retrievable Storage Installation (Dry 
Storage)." 
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Regulatory Guide 3.50, “Standard Format and Content for a License Application to Store Spent Fuel and High-Level Radioactive Waste.” . I <  

Regulatory Guide 3.52, “Standard Format and Content for the Health and Safety Sections of 
License Renewal Applications for Uranium Processing and Fuel Fabrication.” 

Regulatory Guide 3.55, “Standard Format and Content for the Health and Safety Sections of 
License Renewal Applicatiom for Uranium Hexafluoride Production.” 

Regulatory Guide 3.61, “Standard Format and Content for a Topical Safety Analysis Report for a 
Spent Fuel Dry Storage Cask.” 

Regulatory Guide 3.62, “StanM Format and Content for the Safety Analysis Report for Onsite 
Storage of Spent Fuel Storage Casks.” 

The critdria in this chapter are for initiating events that result in a criticality accident. 

. 10 CFR 50.34, ‘‘Co~tWs of Applications: Technical Information” 

10 CFR 61.13, “Technical Analyses’’ 

10 CFR 70.22, “Content of Applications” 

10 CFR 70.23, “Requirements for the Approval of Applications” 

10 CFR 72.24, “Contents of Application: Technical In fodon”  

10 CFR 100.1 1, ”Dete 
Center Distance” 

Regulatory Guide 1.25, ” 
Consequences of a Fuel 
and pressurized WaterReactos.” 

Population %ne, and Population 

the Potential Radiological 
ident in the Fuel-Handling and Storage Facility for Boiling 

atory Guide 1.9 1, “Evaluations of 
Routes Near Nuclear Power Plants.” 

Regulatory Guide 1.1 13, “Estimating Aquatic 
Routine Releases.” 
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Regulatory Guide 1.145, "Atmospheric Dispersion Models for Potential Accident Consequence 
Assessments at Nuclear Power Plants." 

NUREG-1320, ''Nuclear Fuel Cycle Facility Accident Analysis Hauwk," USNRC, May 1988. 

NUREG-1 179, "Rupture of Model 48Y UF6 Cylinder and Release of Uranim Hexafluoride," . 

USNRC, February 1986. 

NUREG-0772, "The Effects of Natural the Exxon Nuclear Company Mixed-. 
Oxide Fabrication Plant at Richland Washgton," USNRC, September 1980. 

NUREG/CR-4303, "High-Level Waste Preclosure Systems Safety Analysis, " GA Technologies, 
Inc., September 1985. 

NUREG/CR-3682, ''Nuclear Fuel Cycle Risk Assessment-Review and E 
Methods," Pelto, PJ. et al., Battclle Pacific Northwest Laboratories, May 1984. 

NUREG/CR-3210, "Low-Level Waste Risk Methodology Development," Cox, N.D. et al., 
EG&G Inc., May 1983. 

. NUREGICR-3 139, "Scenarios and Analytical Methods for UF6 Releases at NRC-Licensed Fuel 
Cycle Facilities," Simantov, M. et al., Oak Ridge National Laboratory, July 1984. 

I 

7) Quality assurance during design, construction, and operation 

10 CFR 50.4, "Written Communidons" 

10 CFR 50.55, "Conditions of Construction Pexmip" 

10 CFR 50, Appendix B, "Quality Assurance Criteria for Nuclear Power Plants and Fuel 
Repmessing Plants" 

10 CFR 61.12, *Specific Technical Information" 

10 CFR 72.40, "Issuance of License" 

10 CFR 72 Subpart G, "Quality Assuranct" 
. 

Regulatory Guide 1.30, "Quality Assurance Requirements for the Installation, Inspection, and 
Tcsting of Instrumentation and Electric Equipment." 

Regulatory Guide 2.3, "Quality Verification for Plate-T+ Uranium-Aluminum Fuel Elements 
for Use in Research Reactors." 
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Regulatory Guide 3.3, "Quality Assurance Program Requirements for Fuel Reprocessing Plants 
and for Plutonium Processing and Fuel Fabrication Plants." 

Regulatory Guide 3.10, "Liquid Waste Treatment System Design Guide for Plutonium 
Processing and Fuel Fabrication Plants. 

Rcgulatory Guide 3.12, "General'Design Guide for Ventilation Systems or Plutonium Processing 
and Fuel Fabrication Plants." 

8)  Decommissioning 

10 CFR 50, Appendix F, "Policy Relating to the Siting of Fuel Reprocessing Plants and Related 
Waste Management Facilities." 

10 CFR 50.75, "Reporting and Record Keeping for Ikc&missioriing Planning" 

10 CFR 50.82, "Application for Termination of Licenses" 

. .  10 CFR 61.12, "Specific Technicat Information" 

10 CFR 61.14, "Insti&onal Information" 

10 CFR 61.23, "Standards for Issuance of a License" 

10 CFR 61 24, "Conditions of Licenses" 

10 CFR 6 1.28, "Contents of Application for Closure" 

10 CFR 61 59, "Post Closure Obsetvation and 

10 CFR 61.30, "Transfer of License" 

10 CFR 61.31, "Termhation of License" 

10 CFR 61.40, "General R q u k n d '  

10 CFR 61.42, "Protection of Indivi 

10 CFR 61.44, "StabfiG of the D 

10 CFR 61.52, "Land Disposal Facility Operation and Disposal Site Closure" 

From Inadvertent ~trusion" 
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10 CFR 61.53, "Enviromental MonitOrh~g" 

10 CFR 61.62, "Funding for Disposal Site Closure and Stabilization" 

10 CFR 7025, "Fiicial Assaxauce and Record Keeping for Decommissionhg" 

10 CFR 70.38, ''Expiration and TCrmination of Licenses" 

10 CFIE n.30, "Decommissioning Planning Including Financing and Record Keeping" 

10 CFR ~ ~ . ~ ~ , ' " I s s w I I c ~  of License" 

10 CFR 72.54, "Application for Termination of License" 

10 CFR 72.130, "Criteria for I)ecommissioning" 

Regulatory Guide 3.65, "Standard Format and Content of Decommissioning Plans for License& 
Under 10 CFR Parts 30,40, and 70." 

IUUREG-0436, Rev. 1 and Supplements 1 and 2, "Plan for Reevaluation of NRC Policy on 
DecommisSiOning ofNuclear Facilities," USNRC, December 1978. 

NUREG-0278, Vol. 1 & Vol. 2, "Technology, Saf'ety, and Costs of Decommissioning a 
Refkrence Nuclear Fuel RcproGessing Plant," Schneider, K.J. ct al., BatteUe Pacific Northwest 
Laboratory, October 1977. 

"REGKR-1754, Addendum 1, "Technol~gy, Saf'ety, and Costs of Decommissioning 
Ref-ce Non-Fuel-Cycle Nuclear Facilities," Short, S.M., Pacific Northwest Laboratory, 
October 1989. 
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the purposes of this study and at the direction of the high level waste alternatives feasibility studies 
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Introduction 

The purpose of this document is t& delineate the design requirements for the non-separations 
and TRU only separations options for the Waste Treatment Facilities (WTF) feasibility studies. The 
facilities will be designed and constructed under one of three possible regulatory scenarios: 1) 
performance against US Department of Energy (DOE) Orders with maintenance of status-quo 
interfaces with other regulatory and oversight agencies such as the EPA (State of Idaho) and the 
Defense Nuclear Facilities Safety Board (DNFSB), 2) performance against DOE Orders with all 
current regulatory/oversight relationships maintained and or Nuclear Regulatory Commission (NRC) 
oversight to achieve “NRC Equivalency” or, 3) NRC licensing though replacement of DOE Orders 
with NRC Regulations and replacement of DNFSB oversight with NRC licensing process. For the 
purposes of this study and at the direction of the high level waste alternatives feasibility studies 
project manager, the base case for this study is performance against DOE Orders (scenario 1, above). 
This is consistent with the approach taken by Fluor Daniel, Inc., at the direction of the HLW Program 
in the preparation of the planning alternative and will provide an apples-to-apples comparison of the 
alternatives. 

With the ground rules clearly established above. the following is a discussion of how they will 
be selectively appliedignored. 

This EDF will identify the applicable DOE orders, regulations and guidance documents that 
‘ would be used in the design of the facilities. There are currently no NRC regulations in place for the 

licensing of waste processing facilities such as those discussed herein. The only WTF activities for 
which the NRC has been routinely involved is the licensing of waste storage and disposal facilities. 
Never-the-less, NRC requirements are looming on the horizon. In addition, the waste products to be 
produced are in many cases destined for NRC licensed storage facilities. Therefore, there are some 
NRC requirements that just cannot be ignored. Thus, where appropriate, NRC regulations are 
explicitly specified in the design requirements. Where specific design criteria is provided under NRC 
regulations and guidance documents whether directly applicable or for similar facilities, it will be 
referenced. This will be useful in helping to determine the cost differential between DOE 
regulatory/oversite and NRC licensing requirements. 

1.0 Facilities For Which This Document Applies 

1.1 Process Description 

The following is a very brief description of each of the processes that this document will 
consider: 

Direct Vitrification Direct vitrification is a process for converting calcine into a glass waste. In 
the direct vitrification process, calcine is mixed with “frit” materials and fed to a melter, which 
would operate at a temperature of around 1100°C. Numerous small-scale tests have been 
performed to determine frit formulations and glass properties, primarily leachability. No pilot 
data or design data is available for direct vitrification of calcine. 



431 .M# ENGINEERING DESIGN FILE 
647197 
Rev. #04 

Function File Number - SPR-WS-03 
EDF Serial Number - EDF-WTS-004 

Page 3 of 22 

* >  

Direct Grout Grouting is an ambient temperature process for solidifying or stabilizing a waste 
material. Grouting utilizes hydraulic cement that’ hardens by chemical interactions with water, 
and various additives which may aid dispersion, control hardening, control pumping 
characteristics or enhance retention of certain contaminants in-the waste. 

Cementitious Waste Process Darryl Siemer has proposed a direct grouting process33 with 
differences from that described above. Siemer suggests mixing existing calcine with existing 
SBW, and recalcining the resulting slurry in the existing calciner, using sugar as *additive to permit 
calcination of high-sodium waste. This recalcined waste would then be mixed with a combination 
of cementitious agents and water, and transferred to a stainless steel can. After setting at ambient 
temperature, the can is transferred to an autoclave and cured with steam. If further processed by 
HIPing, the can would be vented and placed in a furnace to remove volatiles. Then the can would 
be transferred to the HIP chamber, an inert gas added to pressurize to 30-125 MPa (4350-1 8,100 
psi), and the can heated at 850-1050°C for the required “soak” time. 

Hot Isostatic Press (HIP) The HIP process uses high pressure and high temperature to convert 
calcine or other solid wastes to a glass-ceramic waste form. In a conceptual flowsheet proposed 
for processing calcine, calcine from storage is mixed with frit or other additives, fed to a HIP can, 
the can sealed and decontaminated, and then isostatically pressed in a furnace. Processing 
temperatures for the HIP process are similar to vitrification, typically 1050-1 100°C. The typical 
HIP operating pressure is 20,000 psi. 

TRU Waste Alternative In this alternative, calcine is dissolved and ktinides removed from the 
resulting solution by the TRUEX process. TRUEX wash effluents and raffinate along with other 
ICPP low level wastes, are evaporated, denitrated and grouted. The TRUEX strip effluent is 
evaporated, denitrated and then packaged for shipment to WIPP. An alternative to denitration 
would be to neutralize and evaporate the effluents from separation. 

1.2 Facility List 

Below is a list of the primary, main ancilla 
each of the options discussed herein: 

1. Non-Separations Direct Vitrification 

common support facilities that will be required for 

- Vitrification Facility 

2. Non-Separations Direct Grout Option: 

Grouting Facility 

3. Non-Separations Calcine Hot Isostatic Press (HIP) Option: 

- Calcine HIP Facility 
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4. Non-Separations Cementitious Waste Option: 

- Calcine Slurry and Grouting Facility 

5 .  TRU-Only Separations: 

- TRU Separations Facility 

- TRU Product Handing, Packaging and Lag Storage Facility (TRU-only Separations Option): 

- Class C Grouted Waste Interim Storage Facility: 

In addition, a number of common support facilitiedsystems will be required to support the 
above facilities which include: 

- Calcine Retrieval System (may vary depending on the process design for each option) 

Temporary Calcine (surge or staging) Storage - 

- Interim HLW Storage Facility 

Note: For all of these alternatives, the study ends with interim storage of the waste product prior to 
shipment. Thus none of the studies includes facilities for receiving and ihternment of the final waste 
product at a repository. 

2.0 Licensing Authority 

As previously stated, for the purposes of this effort, the base case for this study is 
performance against DOE Orders. The following discussion is presented to defined under what NRC 
regulations each of the above referenced facilities would be licensed if NRC licensing were the 
preferred approach. This information is provided for reference only. 

In early 1997 the INEEL Spent Nuclear Fuel, High-Level Waste and Related Programs 
prepared a licensing assessment report for proposed INEEL ICPP High Activity Waste Treatment 
Facilities (Idaho Chemical Processing Pfant High Activity Waste Treatment Project Regulatory 
Assessment Report, prepared by R. G. Morgan and S. E. Leroy, Duke Engineering Services, Inc. S. E. 
Leroy letter to V. L. Jacobson, dated April 25, 1997) (1). The report provided an assessment of how 
the proposed ICPP Waste Treatment Facilities could be licensed under existing NRC regulations and 
processes. The report identifies the applicable NRC regulations and guidance documents that would 
be used in the licensing process. It also identifies those areas where additional NRC guidance 
documents, regulations, or rulemaking may be necessary. 

The above referenced report specifically addresses the facilities defined in the ‘preferred 
alternative’, whereas this EDF is examining other methods of processing and disposing of the 
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calcined wastes at ICPP. For the purpose of defining the licensing criteria for the options discussed in 
this EDF, the above referenced repoct will be used. Licensing criteria will be based on similarities 
between the preferred alternative facilities and the facilities described here. 

2.1 Non-Separations Options (Primary and Ancillary Facilities) 

The non-separations options include: 1) direct vitrification, 2) direct grouting, 3) calcine 
HIPing, and 4) the Cementitious Waste options. Each option will include a facility to perform the 
appropriate operations to produce the end product (e.g., vitrification facility, direct grouting facility, 
HIPing facility, and a calcine slurry and grouting facility for the Cementitious Waste option). 

The non-separations options are similar in scope to the High Activity Waste Treatment 
(HAWT) Facilities described in reference 1. The HAWT facilities include a calcine retrieval, transport, 
and receiving system; a calcine dissolution process; a high activity waste vitrification process; and 
vitrified product storage. The non-separations options include a calcine retrieval, transport, and 
receiving system; a waste stabilization process (vitrification, grouting, HIPing); and product storage. 

The facilities which will be licensed are the Waste Stabilization (WS) Facilities (e.g., the 
vitrification, grouting, HIPing facilities), the temporary calcine (surge or staging) storage tanks 
associated with the receipt of the feed stock, the calcine retrieval system, and the interim HLW storage 
facility. 

Based on the existing NRC regulations and rulemaking activities, it is expected that the 
following licenses would be required to support the non-separations optiin plan: 

0 Waste Stabilization (WS) Facilities (e.g., the vitrification, grouting, HIPing facilities) would require 
a 10 CFR Part 70 license 

Temporary calcine (surge or staging) storage tanks associated with the receipt of the feed stock 
would require a 10 CFR Part 70 license. 

0 

Calcine retrieval system would requi - 

Interim (temp ) HLW storage facilit quire a IO CFR Part 72 license. 

Other NRC regulations that are applicable 
be addressed later in this EDF. 

d operations of the facilities will 

2.2 TRU-Only Separations Options (Primary and Ancillary Facilities) 

As with the non-separations option 
were derived by similarity to the preferred 

e TRU-only separations options licensing 
HAWT facilities. 

The facilities which will be licensed are the TRU Separations (TS) facility, TRU product 
handing, packaging and lag storage facility, class C grouted waste interim storage facility, the 
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temporary calcine (surge or staging) storage tanks associated with the receipt of the feed stock, and 
the calcine retrieval system. 

Based on the existing NRC regulations and rulemaking activities, it is expected that the 
following licenses would be required to support the non-separations option plan: 

0 TRU Separations (TS) facilities, including product handling, packaging, and lag storage would 
require a 10 CFR Part 70 license 

Temporary calcine (surge or staging) storage tanks associated with the receipt of the feed stock 
would require a 10 CFR Part 70 license. 

0 

0 

Other NRC regulations that are applicable to the design, licensing, and operations of the facilities will 
be addressed later in this EDF. 

3.0 Design Requirements 

Calcine retrieval system would require a 10 CFR Part 70 license. 

. 

3.1 Overview 

The criteria contained in this document are based only on the rudimentary descriptions of the 
processes presented in section 1.1. As the design is developed further, some of the criteria may 
become nonapplicable, and others will be identified. The purpose here'is to provide a set of high- 
level requirements to guide the development of the conceptual designs of the facilities and provide a 
reasonable basis for cost estimating purposes. In general this document will not attempt to cover 
criteria outside of the design and construction of the facilities. Process criteria such as the waste form 
acceptance criteria, treatment standards and so forth will be addressed by others. 

3.1.1 A Note on NRC Regulations 

NRC regulations are contained in Title 10, Energy of the Code of Federal Regulations. 
CFR's have the authority of legal mandates, and require compliance, under penalty of law, by all 
affected parties. NRC generates guidance documents as needed to provide clarification and 
elaboration of the regulations, describe information to be included in the reports, and give acceptance 
criteria. These publications truly are guidance documents which are not required to be followed but 
provide suggested methods for achieving successful licensing. Guidance documents include: 

NRC Regulatory Guides 

Regulatory Guides delineate acceptable methods of meeting NRC requirements. Different 
methods for meeting these requirements may be used if justified but the licensees usually attempt 
to use the Regulatory Guide methods because alternate approaches require extensive justification 
and additional NRC review. The use of the guides simplifies and shortens the licensing process. 
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There are over 480 Regulatory Guides that have been issued to support the licensing of 
commercial nuclear facilities. While many of the guides apply to nuclear reactors, others, such as 
those describing waste storage may be viewed as applicable to the WTF. However, no definitive 
guidance is available for the type of facilities discussed below. 

NRC Reports 

NRC Reports (NUREGs) and other NRC reports developed by contractors are published on a 
variety of technical and regulatory issues. They may pertain to specific proceedings such as 
Safety Evaluation reports or Environmental Impact statements. 

NRC Technical Positions 

Technical Position and Staff Position Papers are also prepared by the NRC as a means of 
providing guidance on requirements for specific facilities regulated by the agency. 

Generic Communications 

NRC Generic communications include NRC Information Notes, Generic Letters and NRC 
Bulletins. These documents provide the licensees with specific information on problems or 
matters of interest to the licensee. 

National Standards 

NRC regulations and documents often incorporate or refer to national codes such as the 
ASME boiler and pressure vessel codes. These codes then become a requirement and are used in 
developing design criteria. If the licensee wishes an exception, the exception must be identified 
and basis for the exception agreed to during the licensing process. 

3.2 Non-Separations Options Waste Stabilization Facility 

The non-separations options include: 1) direct vitrification, 2) direct grouting, 3) calcine 
HIPing, and 4) the Cementitious Waste options. Each option will include a facility to perform the 
appropriate operations to pr duct (e.g., vitrification facility, direct grouting facility, 
HIPing facility, and a calci ting facility for the Cementitious Waste option). The 
requirements for supporting (ancillary) facilities will be discussed under separate headings. 

3.2.2 Civil Requirements 

A suitable site shall be located ation Facility at the INEEL in the vicinity 
of the Idaho Chemical Processing Plant (ICPP) with the proximity to waste sources, utilities, other 
facilities, vehicular access, shipping and storage capability, and future growth. A study of the impact 
of this facility on site utilities and infrastructure shall be performed. Information regarding 
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topography, soil conditions, subsurface rock formations, road and structure locations shall be 
included in the- final site decision process. 

3.2.2.2 Flood Design 

Flood design shall be in accordance with DOE-STD-1020. Additionally, if the facility is a 
RCRA facility, design shall be in accordance with 40 CFR 270.14. This standard requires the facility 
to be located above the 100-yr flood elevation or for engineered barriers against flooding of the site 
to be constructed. If the facility is a TSCA facility, 40 CFR 761.65 requires the facility to be located 
above the 100-yr flood elevation with no allowance for engineered barriers against flooding. 

3.2.2.3 Surface Drainage 

Design for surface drainage from local precipitation shall be in accordance with DOE-STD- 
1020 and should be consistent with the ICPP site drainage plan. The INEEL site specific local 
precipitation standard for a 25-year. 6-hour storm is 1.4 inches total. 

3.2.2.4 Subsurface Investigation and Surveying 

Surveying and subsurface investigation for design shall be conducted to determine depth of 
rock, confirm soil characteristics and evaluate existing soil for chemical and radiological 
contamination. Locations of ground surface interferences and site characteristics shall be determined 
with a survey of the site. 

3.2.2.5 Soil Excavation and Shoring 

Specifications for excavation work shall require that excavations comply with OSHA 
Standards, 29 CFR 1926, Subpart P (and Subpart U if blasting is necessary), Subsection 1926.641. 
Where major complex temporary support systems such as shoring, cribbing. sheet piling, etc. are 
required, they shall be fully design by the AE as part of the design package. 

3.2.2.6 Paving and Surfacing 

Paving shall be provided around the building for parking areas and access roads. All paved 
areas adjacent to buildings and structures shall have a 1 %  minimum slope away from the buildings or 
structures. Unpaved areas shall be sloped 2 9  minimum. 

Design for paved roads shall conform to Idaho State Highway Standard Specifications and 
AASHTO HS-20 loading. Geometric design of all roads, streets, access drives and parking areas shall 
comply with AASHTO. Other loadings such as those imposed by transfer cask operations shall be 
incorporated into pavement design where applicable. 

3.2.2.7 Slabs, Sidewalks, and Stoops 
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Sidewalks, door stoops, and approaches shall be provided at all building personnel exits or 
vehicle openings. Sidewalks shall be iilStalled to provide a safe and efficient means for personnel to 
access doorways and walk to other nearby facilities. Concrete slabs, door stoops, truck ramps, etc., 
shall be sloped at least 2%. 

3.2.2.8 Physical Protection 

The facility shall be located within the ICPP security system and fence. Construction of the 
new facility may take place outside of the existing main security fence if an equivalent level of 
security protection is established. 

3.2.2.9 Underground Utilities 

Existing underground ICPP utilities (sewer, potable and fire water systems) shall be extended 
as necessary to provide necessary services. Design of potable systems shall be in accordance with the 
State of Idaho Department of Health and Welfare, Idaho Regulations for Public Drinking Water 
Systems. Sanitary waste water shall be routed to the ICPP sewage treatment system. Water used for 
cleaning of the hot cells, if applicable, shall be removed by floor drains or sumps, filtered, contained 
in double containment tanks, monitored for hazardous materials, and if allowable, routed to the 
sanitary sewer system. 

3.2.2.1 0 Site Demolition 

Site demolition, as required, will be dependent of the final site loiation. 

3.2.3 Architectural Requirements 

3.2.3.1 General . 

Architectural designs shall be in accordance with the DOE-ID Architectural Engineering 
Standards, DOE 6430.1A, and the following design criteria. The facility shall have a minimum 
design life of 40 years. Interim Storage Facility design life shall be 50 years minimum. The facility 
shall be planned and laid out on the basis of repetitive or discrete processing steps. The need for safe 
normal and emergency access, egress and internal traffic flow shall be considered. 

Energy conservation shall be give 
10 CFR 435, Energy Conservation Volunt 
for Federal Buildings. 

3.2.3.7.7 Hot Cell. 

tention during planning and design in accordance with 
rformance Standards for New Bui 

Hot Cell design shall be based upon a Uniform Building Code (UBC) occupancy 
classification of Group H, Division 7. Occupancy separations and construction types shall be 
designed in accordance with the UBC. 
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Layout of the Hot Cell area shall include a buffer area for personnel entering and exiting the 
cell and shielded viewing windows for remote operations. 

\ 
The Hot Cell shall include shielded, impervious and decontaminable walls, floors and ceilings 

as appropriate. The hot cell walls shall provide sufficient shielding to protect personnel from gamma 
and neutron radiation. The dose rate at the exterior of the Hot Cell wall in the operating gallery shall 
be below 0.1 mremlhr. 

3.2.3.1.2 Buffer Area. 

A Buffer Area shall be provided between the Hot Cell and other areas. Design shall be based 
upon a UBC occupancy classification of Group H, Division 7. Facilities for changing anti-c clothing 
and personnel monitoring (frisking) devices shall be provided adjacent to the Hot Cell. A shielding 
labyrinth leading from the Hot Cell to the Buffer Area and then to an Anti-C Change Room shall be 
provided. These areas shall be separated from each other and the pressure barriers maintained. 

The Buffer Area shall provide space for discarded protective clothing used in the Hot Cell 
and a step off pad for frisking of contamination by PCM machine. All surfaces in the Buffer Area 
shall be impervious and decontaminable as well as the floors and walls of the Anti-C room. 

3.2.3.1.3 Operating Galleries. 

Operating galleries shall be provided as required by view angles and retractionhepair of remote 
equipment. Space and utilities shall be provided to accommodate remote equipment operations. 
Operating galleries shall be separated from the Hot Cell by a concrete shielded wall. 

3.2.3.1.4 Utility Support Areas. 

Utility Support Areas design shall be based upon a UBC occupancy classification of H-7 and 
shall be designed to accommodate remote and contact maintenance of equipment. 

3.2.3.1.5 Equipment Maintenance Areas. 

Crane maintenance areas shall be provided to support maintenance of in-cell equipment. 

3.2.3.1.6 Administrative Areas. 

The Administrative Area design, which includes office and support areas, shall be based upon 
a UBC occupancy classification of Group B. 

The Administrative Area shall include a minimum of three offices for a shift supervisor and 
HP support personnel. A Ready Room shall be provided for conduct of meetings and work breaks. 
Men's and women's lavatories, showers, lockers, and change facilities shall be provided. Storage space 
and a janitor's room shall also be provided. 
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3.2.3.2 Building Features 

Materials selected for the wall hall address durab intenance, shielding, insulation 
and decontamination. The walls shall meet the recommended R value of the DOE-ID A E  Standards. 
The UBC Construction Type of 11-N shall be used for the Facility. 

The entire surface area of the contaminated work areas shall be decontaminable. Where wash 
down or decontamination activities are to be located, the floors shall be sloped to drains that lead to 
appropriate holding tanks. 

Devices (such as door types or air lock arrangements) shal 
hot cell and operating gallery areas. 

3.2.4 Structural -Requirements 

maintain pressure barriers for the 

3.2.4.1 General 

Structural design shall be in accordance with the DOE-ID Architectural Engineering 
Standards, DOE 0 420.1, and DOE-STD- 1020. 

3.2.4.2 Classification and Design Loads 

The performance categories for SSCs shall be established using DOE-STD- 102 1. Natural 
Phenomena Hazards Design and Evaluation Criteria for Department oy Energy Facilities. ” Site- 
specific studies and hazard assessments of the site, as needed, shall be developed in accordance with 
DOE-STD- 1022, “Natural Phenomena Hazards Site Characterization Criteria ” and DOE-STD- 
1023, “Natural Phenomena Hazards Assessment Criteria. ” 

All permanent and transient loads that could exist or be developed during normal operations 
of the facility shall be considered in the design of the facility. Loads to be considered shall include: 
dead, live, thermal, lateral soil, snow, natural phenomena, seismic, wind, flood, off-normal operating 
and accident loads, and load combinations. 

Dead and live loads shall be determin ordance with ANSYASCE 7, “Minimum Design 
Loads for Buildings and Other Structures.” Loadings due to natural phenomena hazards (wind, 
seismic, flood, etc.) shall be determined in accordance with DOE-STD-1020, Natural Phenomena 
Hazards Design and Evaluation Criteria for D ent of Energy Facilities.” 

e with DOE-STD- 1020, t rm Building Code shall be used 
seismic design for Performance Category 1 and 2 SSCs. The seismic input control motion for the 
INEEL for Performance Category 3 SSCs is specified by appropriately scaling the USNRC R.G. 1.60 
horizontal spectra (0.18g). The input motion is assumed to occur in the free-field at the top of a real 
or hypothetical rock outcrop near the facility location. The vertical input spectra shall be taken as 2 3  
of the horizontal spectra. A detailed soil amplification analysis or the soil surface spectra shall be 
taken to equal the rock outcrop spectra multiplied by: 
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(a) 1.2 for soil overburden up to 20 ft. 

(b) 1.5 for soil overburden between 20 ft and 50 ft. 

Snow loads shall be determined in accordance with ANSVASCE 7, with a ground snow load 
of 35 psf and a minimum roof snow load of 30 psf. Tornado loads are not anticipated and need not 
be included. Load combinations shall be determined in accordance with ANSVASCE 7. 

3.2.4.2.1 NRC Specific-To meet NRC requirements, seismic loads shall be determined in 
accordance with 10 CFR 72, Subparts D and E, 10 CFR 100, and USNRC Reg. Guide 1.6. Tornado 
loads shall be determined in accordance with ANSVANS-2.3. Load combinations shall be designed 
using applicable load combinations and stress limits stipulated in ANSYAISC N690 and ANSYACI- 
349. 

3.2.4.3 Footings and Foundations 

Footings shall be designed to support the structure and keep differential settlement within 
allowable limits. Design frost depth shall be 5-ft below grade. The Hot Cell and shielded storage 
areas shall be provided with continuous reinforced grade beams or wall footings as required for 
shielding. 

3.2.4.4 Structural Features 

The Hot Cell walls and roof design shall be consistent with shielding and 'loading 
requirements. Other shielded area walls and roofs shall be designed consistent with shielding and 
loading requirements. The structural design must support crane systems. 

3.2.5 Handling Requirements 

3.2.5.1 Cranes (Critical Lift Devices Only) 

All crane designs shall meet the ASME NOG-I and where applicable, CMAA 70, Crane 
Manufacturers Association of America, Inc., Specification for Electric Overhead Traveling Cranes 
and CMAA 74-1987, Specifications for Top Running and Under Running Single Girder Electric 
Overhead Traveling Cranes Utilizing Under Running Trolley Hoist. 

In addition, all cranes shall meet the requirements of NUREG-0612, Control of Heavy Loads 
at Nuclear Power Plants. 

Cranes shall have true vertical lift on the hoist and all motions shall be the slowest that are 
commercially available to allow for more precise control when placing or picking objects. 

3.2.5.2 Work Piatforms 
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The facility shall be equipped with decontaminable work platforms that shall provide a safe 
and convenient elevated work area for personnel as required. Design of the platforms and their 
means of access shall be in accordance with OSHA 1910. Removable guard rails may be utilized as 
necessary to meet. process and handling requirements. 

3.2.8 HVAC Requirements 

All HVAC systems shall be in accordance with Regulatory Guides RG 1.140 Design, resting, 
and maintenance for normal ventilation systems, RG 1 Design, testing, and maintenance criteria for 
post-accident engineered safey feature ventilation systems, NUREG-8800 Section 9.4.3 Auxiliary 
and radioactive waste area ventilation, NUREG-0800 Section 1 1.3 Gaseous waste management 
systems, NUREG 0800 Section 1 I .5 Process and efluent radiological monitoring, NUREG- 1567 
Offgas treatment and ventilation, NUREG-I 567 (Draft) Section 1 1.4. I .3, Ventilation offgas system 
design features. 

HVAC systems shall be in accordance with 29 CFR 1910, Occupational Safety and Health 
Standards for General Industry, Subpart G (Occupational Health and Environmental Control) and 
Subpart Z (Tox'ic and Hazardous Substances). 

The HVAC systems shall meet the air quality requirements addressed in 40 CFR 50-53, 
and 58. 

The HVAC systems shall be in accordance with ANSYASME N509-1989, Nuclear Power 
Plant Air Cleaning Units and Components and ANWASME N510-198'9, Testing of Nuclear Air- 
Cleaning Systems. 

The HVAC systems shall meet the requirements of Idaho Administrative Procedures Act 
(IDAPA) 16.01 .O 1000-0 1999. 

The HVAC systems shall be in accordance with MIL-F-51068C (Filter: Particulate High 
Efficiency, Fire Resistant) and MIL-F-5 A (Filter Medium: Fire Resistant, High Efficiency). 

The Hot Cell atmospheric pressure shall be controlled during hot operations to -0.6 W. G. (or 
spheric pressure. 

Ing loads shall be based on a minimum winter outdoor design temperature of -14°F. 
shall be based on temperatures of 93°F dry bulb and 61°F wet bulb. The HVAC 

system should maintain a minimum temperature of 65°F in the winter and approximately 76°F in the 
summer in the operations area (not including the vitrification cell). The HVAC system must maintain 
a minimum' temperature of 65 OF in the winter and approximately 72°F in the summer in the 

ure conditioning shall be based on ASHRAE HVAC design for 
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Air shall flow from areas of least contamination potential to areas of highest contamination 
potential. The HVAC system shall collect exhaust air from contamination control areas and pass it 
through HEPA filters prior to discharge to the atmosphere. 

3.2.9 Mechanical Utilities Requirements 

Mechanical utilities systems shall meet the requirements of the ASME Code for Pressure 
Piping B31. 

3.2.9.1 Compressed Air 

Compressed air for plant and instrument air shall be provided for pneumatically operated 
HVAC system equipment and other pneumatic operations in the facility. The system design for 
compressed air shall be in accordance with 29 CFR 1910, Occupational Safety and Health Standards 
for General Industry, Subpart M (Compressed Gas and Compressed Air Equipment). Instrument air 
shall be ISO-141 Grade or better. 

3.2.9.2 Compressed Gas 

Argon compressed gas shall be supplied for welding processes 

Helium compressed gas shall be supplied for pressure testing and inerting operations. 

The system design for compressed gas shall be in accordance with 29 CFR 1910, 
Occupational Safety and Health Standards for General Industry, Subpart H (Hazardous Materials) 
and Subpart M (Compressed Gas and Compressed Air Equipment). 

3.2.9.3 Potable Water 

Potable water, including hot water where applicable, shall be provided to the facility- to service 
water closets, urinal(s), sinks, showers, shower/eyewash facilities, evaporative coolant units, drinking 
fountains, and miscellaneous ports. 

Cross-connection control shall be in accordance with the Idaho Code (IDAPA 16.01.08), 
“The Cross Connection Control Manual, Accepted Procedure and Practice” (Pacific Northwest 
Section of American Water Works Association), and the Foundation for Cross Connection Control 
and Hydraulic Research (University of Southern California.) 

3.2.9.4 Waste Systems 

3.2.9.4.1 Liquid Wasfe-Liquid waste system(s) shall be provided for in the Hot Cells and 
other process areas. The liquid waste systems shall be designed in accordance with NUREG-0800 
Section 1 1.2 Liquid waste management systems. Condensate from HVAC equipment shall be 
disposed of using the liquid waste system. Liquid waste shall be collected and tested prior to being 
pumped into the waste line 
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3.29.4.2 Sanitary Systems-The sanitation system design shall be in accordance with 29 
CFR 1910, Occupational Safety and Health Standards for General Industry, Subpart J (General 
Environmental Controls). Sanitary sewer drains, cleanouts, and vents shall be provided as needed 

3.2.9.5 Fire Protection 

Fire water shall be provided in accordance with DOE 6430.1A, DOE Order 420.1, and the 
DOE-ID Architectural Engineering Standards. Fire protection systems shall ensure .nuclear criticality 
and suppressant-HLW chemical reactions cannot occur. All underground fire water lines shall be 
cathodically protected and meet State of Idaho requirements for minimum distances from potable 
water piping. 

3.2.9.6 Steam 

Steam shall be provided and routed to the HVAC system as required. The steam lines shall be 
insulated. 

3.2.1 0 Electrical Requirements 

The criteria for the electrical design of the WTF is based on requirements from NFPA, ANSI, 
Factory Mutual (FM), DOE 0 420.1 and 29 CFR 1910, Occupational Safety and Health Standards for 

. General Industry, Subpart S (Electrical). 

Electrical design and installation shall incorporate the most efficient methods of penetration, 
shielding integrity retention, efficiency, and operational convenience. 

The facility shall require an electrical room a communications room, and an Uninterruptable 
Power Supply (UPS) room. 

3.2.70.7 Power 

The electric power system shal provide standard p r to the facility and 
emergency electrical supply to e ntation, emergency lighting, emergency 
communications, and physical securi ower shall be supplied for the Hot Cells, 
process areas, and HVAC system exhaus 

An Uninterruptable Power provide emergency power 
support the Fire Alarm, Voice Paging, HVAC, Radiation Monitoring and Alarm, and security systems. 
There shall sufficient battery capacity to carry the rated load for a minimum of 30 minutes. 

3.2.10.2 Grounding 

Grounding shall be provided in accordance with the DOE-ID Architectural Engineering 
standards. 
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3.2.10.3 Cathodic Protection 

Utility piping shall be protected through connection to the existing ICPP cathodic protection 
system. A testinghonding station shall be included to periodically monitor the cathodic protection 
system. 

3.2.10.4 Lighting 

Interior and exterior lighting shall be designed and included in accordance with current 
Illuminating Engineering Society (IES) recommendations. Emergency and exit lighting shall be 
provided at each means of egress. Hot Cell lighting shall be provided by high-pressure sodium 
fixtures. 

3.2.1 0.5 Lightning Protection 

A lightning protection system shall be included and shall be designed in accordance with 
NFPA 780. 

3.2.1 0.6 HVAC Controls 

A HVAC control system shall be provided. It shall be a smart system that can automatically 
generate control signals to change HVAC equipment operating parameters based on signal received 
from various monitors. A computer monitor shall be provided in the Shift Supervisor's office for 
reviewing the operating status of the system and making adjustments to control setpoints. 

Instrumentation shall.be provided to detect and alarm both high and low differential pressure 
across filters in the HVAC system. Instrumentation shall be provided to initiate isolation of the 
HVAC system filters in the event of fire detection. 

3.2.1 0.7 Equipment Controls 

Facility control, process control, and data acquisition systems shall be provided. 

Remotely controlled CCTV cameras shall be provided in the Hot Cells and process areas for 
general visual observation, operations, inspection, and documentation. Each Hot Cell window shall be 
equipped with a visual inspection station which shall include two high resolution cameras; a monitor; 
camera controls for pan, tilt, and zoom functions; and recording capability for archival purposes. 

Instrumentation shall be provided to measure and record the facility structural response to an 
earthquake. 

A system shall be provided for the collection of alarms from the HVAC system and other 
alarms. This shall be located in the Shift Supervisor's office. 
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3.2.1 0.8 Radiation Monitoring and Alarms 

Radiation detection instrumentation shalt be provided to warn operating personnel of 
The RAMS shall alarm locally and radiation and airborne radioactivity levels above set limits. 

remotely in the RadCon office. 

Stack monitoring shall be provided for the detection of radioactive particulates in the air 
exhaust stream. These instruments shall comply with ANSI-N42.17B-1989. 

Provisions shall be made in the design for monitoring groundwater in the vicinity of the 
storage area for radioactive contamination. 

Activity monitors shall be provided in the wash water collected from the Hot Cells and process 
areas. 

3.2.10.9 Communications and Alarms 

Voice and data telecommunications lines shall be provided throughout the occupied areas of 
the facility. The existing Broadband Local Area Network (LAN) shall be made available in the 
facility. Access ports shall be provided in all normally occupied offices. 

Fire alarm, emergency voice paging, and evacuation alarm systems shall be compatible with 
existing systems at ICPP. 

3.2.10.10 Data Acquisition and Recording 

A data entry station shall be provided to record and monitor all fuel movements. The stations 
shall be linked for data communications. 

3.2.10.1 1 Security Systems 

Physical protection of the facility shall be in accordance with IO CFR 73 and IO CFR 72, 

3.2.11 Design Life 

1 be 30 years and have maintainable or 

3.2.12 Safety Requirements 

The facility is assumed to be a Hazard Category 2. 
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3.2.1 2.2 Construction 

The design of utility ,services and distribution systems that are important to safety shall 
include redundant systems to the extent necessary to maintain, with adequate capacity, the ability to 
perform safety functions assuming a single failure.' 

The facility and its systems important to safety2 shall be designed to be evaluated by 
appropriate tests or by other means acceptable to the NRC to demonstrate that they will reasonably 
maintain confinement of radioactive material under normal, off-normal, and credible accident 
conditions. 

Structures, systems, and components important to safety shall be designed and located so that 
they can continue to perform their safety functions effectively under credible fire and explosion 
exposure conditions. 

The design of the facility shall include provisions to protect against nuclear criticality that 
might otherwise result from the operation or the failure of fire suppression or decontamination 
systems. 

Material handling, packaging, transfer, and storage systems shall be designed to be 
maintained subcritical under the worst case moderated and reflected conditions, and to ensure that, 
before a nuclear criticality accident is possible, at least two unlikely, independent, and concurrent or 
sequential changes must occur in the conditions essential to nuclear criticality safety. . 

Each entrance or access point into a high radiation area shall have either a control device that 
energizes a conspicuous visible or audible alarm signal so that the individual entering the high 
radiation area and the supervisor of the activity are made aware of the entry; or entryways that are 
locked, except during periods when access to the areas is required, with positive control over each 
individual entry. 

Process materials that are reactive with water or other chemicals shall be protected from 
exposure to those materials. 

The facility shall be designed to prevent the dropping of critical loads under normal and off 
normal conditions including the design basis accidents (DBAs) that they shall withstand. 

1. A single failure is an occurrence that results in the loss of capability of a component to perform its intended safety 
function(s). A multiple failure, i.e., loss of capability of several components, resulting from a single occurrence, is 
considered to be a single failure. Systems are considered to be designed against an assumed single failure if neither 
(1) a single failure of any active component (assuming passive components function properly) nor, (2) a single failure 
of any passive component (assuming active components function properly) results in loss of the system's capability 
to perform its safety function@). 

2. Structures, systems, and components important to safety mean those features of the Storage Facility whose 
function is: (1) To maintain the conditions required to store spent fuel safely, (2) To prevent damage to the spent fuel 
waste container during handling and storage, or (3) To provide reasonable assurance that spent fuel can be received, 
handled, packaged, stored, and retrieved without undue risk to the health and safety of the public. 
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The facility shall be designed to prevent the dropping of critical loads under normal and off 
normal conditions including the design basis accidents (DBAs) that they shall withstand. 

The facility shall be designed to be able to recover from accidents involving dropping of 
critical loads. 

In-cell equipment shall be designed for recovery from all possible conditions to the extent 
that manned entry into the cell, for maintenance, can be accomplished. 

Fire doors shall be provided as required by UBC, UFC, NFPA-80, and NFPA-101. In 
addition, all fire doors and frames shall meet all requirements of the Underwriters Laboratories and 
shall bear the UL or FM label. Fire doors and frames shall be constructed from metal. Structural 
members, such as steel channels embedded in wall openings, shall not substitute as door frames. All 
fire doors shall be provided with fitted frames which are anchored to, but separate from, the building 
structural members. The fire doors shall contain windows fitted with UL approved safety glass which 
is not removable from the outside of the door. Their installation shall meet all of the requirements of 
NFPA-80 and NFPA- 101. 

The facility design shall mitigate natural phenomena hazards. The design shall address 
common cause effects and interactions for: earthquakes, volcanic events, tornadoes, hurricanes, high 
winds, floods, excessive rains, excessive snow, ice cover, lightning, and fires. The secondary natural 
phenomena include drought, fog, frost, high temperatures, low temperatures, landslides, subsidence, 
surface collapse, uplift, storm surges, and waterspouts. Damage and failure will be considered for 
systems, structures, and components. In addition, the facility shall have instrumentation or other 
means to detect and record the occurrence and severity of seismic events. 

3.2.12.3 Operation 

Radiation protection for occupational workers shall be per 10 CFR 835 (Occupational 
Radiation Protection) and the INEEL Radiological Control Manual 

Facility design features and physical controls shall ensure occupational exposure is 
maintained ALARA during normal and off-normal operations 

diation exposure levels throughout facility shall not exceed 0.1 mrhr for 
continuously-occupied areas. 

Safe access will be provided to all 
inspection, and maintenance. 

vehicles, and installed components 

3.2.1 3 Environmental Requirements 

Facility emission limits shall be per requirements listed in EDF-WTS-003, Section 5. 
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Administrative controls and Best Available Control Technology shall be used to minimize the impacts 
of air emissions 

The facility processes and equipment shall be designed to limit solid waste generation of LLW 
and industrial (cold) waste 

Solid radioactive waste produced by operations shall be packaged in standard R W C  4 x 4 
x&ft plywood boxes for contact-handled (CH) LLW or INEL Mark111 concrete containers for 
remote-handled (RH) LLW, and shipped to RWMC for disposal 

Means for measuring the amount and concentrations of radionuclides in effluents during 
normal operations, and under accident conditions, shall be provided for effluent control systems 

Warm liquid waste shall be controlled and verified to meet the criteria for existing ICPP 
handling systems, and shall be transferred to those systems 

If all or part of the facility is located outside of existing ICPP fences, the use of new land shall 
not exceed 551 acres when combined with other storage systems included in DOE/EIS-0203-F. 

3.2.14 Safeguards and Security 

The materials are not attractive as defined in DOE Order 5633.3B. 

A data minagement system shall be provided to keep records. The data management system 
shall meet the requirements of 10 CFR 72, Licensing Requirements for the Independent Storage of 
Spent Nuclear Fuel and High-Level Radioactive Waste, Subpart D (Records, Reports, Inspections, and 
Enforcement). 

Dual records shall be maintained to ensure an off-normal event cannot result in the loss of the 
sole records. These records shall be retained for as long as the material is stored, and for a period of 
five years after the material is disposed of or transferred. 

The following are NRC requirements that may or may not apply 

Equipment shall be provided to conduct a physical inventory of all material in storage at 
intervals not to exceed 12 months unless otherwise directed by the Commission. A copy of the current 
inventory shall be retained as a record until the Commission terminates the license. 

Physical protection of the facility and materials shall be in accordance with I O  CFR 72, 
Licensing Requirements for the Independent Storage of Spent Nuclear Fuel and High-Level 
Radioactive Waste, Subpart H (Physical Protection): I O  CFR 73, Physical Protection of Plants and 
Materials; and 10 CFR 1046, Physical Protection of Security Interests. 

, 

3.2.1 5 Quality Assurance Requirements 
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The applicable portions of DOE/RW-O333P, Quality Assurance Requirements and 
Description, shall be invoked as the baseline requirements document for developing and 
implementing quality assurance programs. ~ These requirements apply to activities related to interim 
storage or disposal, including charactehzation for data collection, .tonditioning, or placing into a 
form for disposal. In addition, the EM-WAPS Rev. 01, Waste Acceptance Product Specifications for 
Vitrified High-Level Waste Forms, May 1995, also imposes a QA Program consistent with the QA 
requirements under the DOERW-0333P. 

_ .  

All purchased items will be restricted to those not suspecdcounterfeit, misrepresented, used, or 
other than representedadvertised in accordance with INEL-95/227, “Guidelines for Identifying 
SuspecdCounterfeit Material.” 

Records, reports, and inspections shall be done in accordance with 10 CFR 72, Licensing 
Requirements for the Independent Storage of Spent Nuclear Fuel, Subpart D (Records, Reports, 
Inspections, and Enforcement). 

Training of personnel shall be performed in accordance with 10 CFR 72, Licensing 
Requirements for the Independent Storage of Spent Nuclear Fuel, Subpart I (Training and 
Certification of Personnel). 
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4.0 References 

Nuclear Regulatory Commission (NRC) Licensing Assessment for  the Idaho National Engineering and 
Environmental Laboratory (INEEL) High-Level Waste Program, prepared by R. G. Morgan and S. E. 
Leroy, Duke Engineering Services, Inc., April 23, 1997. Referenced in Idaho Chemical Processing 
Plant High Activity Waste Treatment Project Regulatory Assessment Report - SEL-11-97, prepared by 
S .  E. Leroy, dated April 25, 1997. 
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HWO STUDY ASSUMPTIONS 

laTUB7 

BULI 

5 
10/23/97 
BUM 

iareento e An usum$ioo WU made that the storage facility would be li ceased 
under 10 FR 72, (reference 1) #gKcli2 wA%ieatm2Aoj6a % m e ' n u m ~ ~ s m d  2 e r n a i w  a2 $Fix &!j $2884 

Re@latw Lswsment Re pnp.rrd will be completed by completed by othm. pmp@iwl.gov 
"he key component of the INEEL wash management plan is the de- R. 0. M a  an and S. E eq, Duke 
Iiating of vuiw hazardous wutw in Ute wioru  wute atrum auch & m a i n  &rviicu, Inc S. E. Leroy 
that RCRA requirements do not apply (reference 2). letter to V.'L Jacobson, dated April 25, 

1997 

(2) Idaho Qlcmical Rocwing Plant 
High Aclivit W u t s  Treatment Rojea 
~e u~atory Leaament RC 
by\. 0. Magan and S. E. 
Engineering Servicw, Inc S. E. Leroy 
lener to V. L Jmbaon, dated April 25, 
1997). 

o emica oarsing ant is re err to . 

others 

n e  HLWXIF ing Faulity will Po( have any interim storage capability. A HIP'd caruater . will have to be removed from the MP'ing Facility u won u it ia ready for interim aonge. 

An interim storage facility is being dcsigaed u 

facility will be coonlinated to e m  that it is  on-linu to support Hwo processw. 

o! the enure 
system It is anticipated that the achedule for ihe intenm storage @j k Z 2 8 8 1  

pmp@inel.gov 

The canister wed in containing, and handling the m W  is the one used at thc Def cnse War~e Rocusing Facility (DWPF) at the Savannah bver  si ts  ?his canister is fabricated from 
24 in. pipe and has dimensions of approximately 61 cm in diameter and 3 meters long. The canister will have to b: 'modified' to load the HIP'd waste produn 

e Huor 60% Dw ign statu that the aefwnd canister is the I Idaho Chenucal Yrocusine Plant Wute I I I v 1 r.mh..... 

6 f ie  HLWFIRT) f mlity will operate on a 4 x IC e u e wi on- ine proassing e iciency. n a ay year equates to amve WOK ays. up urn eavw 
llw/97 operating operating period). dayrlyear. A ?he 4 x 10hr processing work week ~ I C  d e f i f i  with a skeleton crew to monitor pnmssw such u devolitalization and HIP'ing during off-houn Q.e. 24 hdda processing) yields a 96 hour 

campaign cycle (4 x 24 hr). This impliw that erch major proas s is complete aRer a 24 hr cycle allowing the m e a s  to be conveniently sutpended at Xe end of any 24 hr period. 
BUN The 4 x 10 hr schedule w u  set by the proja oftice to provide 

comparaMc cart and schedule buis  (on a 20 year campaign) with I 
other non-separations alternativw. 

I 
1 I 6&!jkZ28, pmp9iml.gov 

standard HLW cad&. The Fluor 30% Dwign stated that the 
preferred caniater is the West Valley Demonstntion Projea 
(WVDP) camater. Boch the WVDP a d  DWPF canisten ue 
approximately 61 cm in diameter and 3 metar 10118. An 8/21/97 
Dofodacobson memo of conversation indudw statement that 
Jacobson told Fluor that the DWPF canister w u  the one to we. 

. . Y 

Treatment Facilitiw Feui6lity Study 
Repat, Fluor Ihniet, Inc. Government 
SeMcw operating Company, Delivery 
Order 94-36,60!% Duign Review 
Package, August 1997. 

Pro' ct Mana er (26 52637th 

8 
1MOt97 

Buis 

AI1 matenab placed inside a 61 cm by 3 m canister am considered when determining caniata volumc filled. 

?heWAPS requirement is that the HLW canister be filled to a R E. llrfas 
2oa-s26-67n hcie t  equivalent to at least 80% of tho volume of the e 

mater. The produat shall also repat this height Th%!,APS 
refem to h u m d a r y  caniatrtab in materials diswsioa The WAS 
RD statu b I. realed inside austenitic stahlws aesl Uaiater(a) ... d 
when discussing whrt the ud is placed in. Ihe we of a HlPed 
drumlcan laad inside a e W  canister a- to fit within the 
scape of $e WAPS and WAS-RD text. 

Level Wute Forms, May, 1995. 

WWRW-035lP Rev 02 DCN 02, Wuce 
Acceptance System Requirementr 
Document, December, 1996 

mailto:pmp@iwl.gov
mailto:pmp@inel.gov
http://pmp9iml.gov
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L O C K H E E D  M A R T I N  
.* 

Lockheed Martin Idaho Technologies Company 
INTERDEPAR-TMENTAL COMMUNICATION 

Date: January27,1998 

To: N. E. Russell MS 3765 

From: D. R. James MS 3655 

6-8619 

6-7 139 

Subject: HWO HIP FACILITY - DRJ-02-98 

As requested, Cost Estimating has completed the Planning Cost Estimates for the project 
referenced above. Listed below are the various types of estimates prepared and the associated 
estimated cost: 

Total Estimated Cost - Escalated 

Total Estimated Cost - Unescalated 

$644,000,000 

$5 12,000,000 

Other Project Cost - Escalated $265,200,000 

Other Project Cost - Unescalated $247,000,000 

Attached please find the Estimate Summary, Support Data Recapitulation and Detail Sheets for 
y o u  reference. These documents should adequately describe the scope of work, assumptions and 
unit cost associated with the project. 

If you have any questions or co 
Offic NE. 

t hesitate to contact me at 526-7139 or 

DRJ 

Attachments / 

cc: Estimate File #I2419 
D. R. James Files 



Lockheed Martin Idaho Technologies Company 
(Rev. 06/96] 

COST ESTIMATE SUPPORT DATA RECAPITULATION 

Project Title: HWO HIP FACILITY 
Type of Estimate: Planning 
File No: 2419 

I. SCOPE OF WORK: 

Estimator: D. R. James 

U 

Br ie f  description o f  the proposed project .  

Construct a Hot Isostatic Press (HIP) facility to accept, process and transport 
calcined waste. The facility will be complete with all internal utilities and 
process equipment necessary to accompl ish the HIP process. 

11. BAS I S  OF THE ESTIMATE: Drawings, Design Report, Engineers notes, 
and/or other documentat ion upon which the 
estimate i s  originated. 

1. Sketches, equipment 1 ists and descriptions from cognizant project personnel. 

2. Discussions with the individuals responsible for the various components of 
the facility. 

3. Historical data on waste processing facilities. 

4. Raytheon Engineers and Constructors, Inc., Cost Estimate dated Nov. 7, 1994. 

111. ASSU MPTIONS: Condition statements accepted or supposed t r u e  without 
proof or demonstration. An assumption has a d i rec t  
impact on t o t a l  estimated cost. 

1. The soil containing low level radioactivity, encountered during excavation, 
will be stockpiled and used as backfill or processed at a later date. 

2. Open cut excavation with a 1 1/2 / 1 slope will be used. 

3. Costs for utilities to the facility will be evaluated in a different study. 

5. Modifications to the existing facilities that will support the HIP Facility 
will be evaluated in separate studies. 

6. 

7. The exhaust stack will be fabricated from carbon steel material. 

A concrete batch plant will be mobilized at the INEEL for construction of 
this facility. 

8. Excess clean soil will be spread outside the facility within 1 mile. 



Lockheed Martin Idaho Technologies Co. 

COST ESTIMATE SUPPORT DATA RECAPITULATION 

111. ASS UMPTIONS : (Cont i nued) 

9. Construction w i l l  begin i n  January, 2006 and complete i n  December, 2011. 

10. Costs f o r  the Transfer Tunnel f rom the HIP  F a c i l i t y  t o  the In ter im Storage 
F a c i l i t y  (ISF) w i l l  be included i n  the ISF Cost Estimate. 

11. It i s  assumed t h a t  the process w i l l  work as designed. Costs have not been 
estimated t o  compensate f o r  the incorporation o f  an a l te rna t i ve  process i n  
the event the current process does not work. 

I V .  CONT INGENCY GUIDELINE IMPLEMENTATION: The percentage used f o r  
cont ingency as determined by the cont ingency a7 7owance guide7 ines can 
be al tered t o  r e f l e c t  the type o f  construction and conditions that  may 
impact the t o t a l  estimated cost. 

The estimate was prepared from l i m i t e d  information. I n  some instances the 
d e t a i l s  are based on the estimator's best judgement o f  the requirements t o  
construct  t h i s  f a c i l i t y .  Areas o f  major r i s k  are the process equipment, 
mechanical systems and e l e c t r i c a l  systems. Therefore the contingency f o r  these 
areas has been increased accordingly. 

The estimated contingency f o r  t h i s  pro ject  o f  43.5% i s  w i th in  the guidel ines f o r  
a p ro jec t  a t  t h i s  stage o f  design. Please r e f e r  t o  the Contingency Analysis 
sheet f o r  the breakdown o f  contingency. 

L 

1 
V. OTHE R COMMENTSKONC ERNS SPECIFIC TO THE ESTIMATE: 

. G&A and PIF have been applied 
current  guide1 ines. 

he estimated costs i n  accordance w i t h  

2. Considering the magnitude o f  the project, a 1% Procurement Fee was applied 
ra the r  than the standard 3%. 



COST ESTIMATE SUMMARY . 

- 
P R O J E ~  MANAGEMENT 

UCTION MANAGEMENT' -. 

l a 1 4  * 

lS.15 
l t 1 6  ~ 

L1 
184.1 

LE 
1.5.1 

CONSTRUCTiON- 
GENERAL CONDITIONS 
SITEWORK 
CONCRE~E 
MASONRY 
METALS 
WOOD 6 PLASTICS 
THERMAL 6 MOISTURE PROTECTI 
DOORS 6 WINDOWS 

SPECIALTIES 
EQUIPMENT , 

FURNISHINGS 
SPECWL CONSTRUCTION 
CONVEY!NG SYSTEMS 
MECHANICAL 
ELECTRICAL 

imNiSHES 

, 

is.z IPROCUREMENTFEES . 

G ESCALATION 

MANAGEMENT RESERVL 

31,866,000 

4,941,905 
1,401,722 

'0 
7,369,155 

0 
5,095,395 
4,779,638 
29370,288 

27,134,488 
70,722,791 
2,152,136 

0 
73&434 

64432,523, 
21,273,498 

15205,905 

0 

13,681,389 

Zn%lW 

355,098,3376 

0 
2,137,055 

0 
1,477,664 

687,384 
-7,869,001 
20,509,609 

624,120 
0 

2151 
18,685,432 
6,169,314 

1,386,095 ' 

0 

s,967,603 

660.072 

93,691,669 

.. . . . . - .  
1098 

. 19,615,617 
. o  

9,50631 0 
' 0  

6,573,059 
6,165,733 
3,051;672 

35,003,489 
91332,400 
2,776,2SS 

0 

83.1 17,955 
27,442,812 

. W S O  

* s p  
0 

P817.648.892' 

*> 3i2SGm 

*> $448;790,345 

17,648,992 

>> $31.420.321 

>> $163,789,334 

>> S644.000.OOa 

EM AS A Sb OF CONST. + GFE= 23.00% 



p - e e d  Martih pahu Technologies Co. COST ESTIMATE SUMMARY 
'-NAME. tiwo HIP FAUUTY' TYPE OF ESIIMATE: PLANNING 

LOCAT~ON~: J08LOCATDN PFIEPAREDBY: D. R. James 
TOTAL ESTIMATED COST - UNESC. -NO: 2419 

REPORT NAME. Cost Estimate Summary 

I 

DESIGN ENGINEERING TITLE I & II 
~ 

CONSTRUCTION MANAGEMENT 

15.3 CONCRETE 
i a.4 MASONRY ' 
1.3.5 METALS 
i 5.6 WOOD & PLASTICS 
1.3.7 THERMAL & MOISTURE PRoTEcTlON 
1a.a DOORS 6. WINDOWS 
1 5.9 FINISHES 
l.S.10 - SPECIALTIES . 

1.3.12 FURNISHINGS 
1.3.13 SPECIALCONSTRUCTION 
1.3.14 . CONVEYING SYSTEMS 

1.3.16 ~ ELECTRICAL 

1.3.11 - EQUIPMENT 

ia.15 . MECHANICAL 

9 GOVFRNMFNT FURNISHED FQUIP, 
1 A.1 GOVERNMENT FURNISHED EQUIP. 

d SaAa3E 
1.5.1 GiWPIF ADDER 

1.5.2 PROCUREMENT FEES 

SUBTOTAL INCLUDING ESCALATION 

PROJECT CONTINGENCY 

MANAGEMENT RESERVE 

' Total 
Unescalated 

45,522,Ooo 
11,381,Ooo 

31,866,000 
22,761 ,OOO 

4,W1,905 
1,401,722 

15,205,905 
0 

7,369,155 
0 

5,095,395 
4I779.638 

27,134,488 
14722;191 
2,152.136 

. o  
731,434 

64,432,523, 
21 #273,498 

2 , 3 7 0 ~  

0 

13,681,389 

2,276,109 

355,098,376 

Escalation 

0 
- 0  

- . o  

0 
0 '  
0 
0 
0 

- 0  
. o  

- .  0 
0 
0 
0 
0 
0 
0 
0 

' 0  

0 

D 

EM AS A 76 OF CONST. + GFE= 25.00% 

0 

CONTINGENCY 

TOTAL ESTIMATED COST 

.Total 
lncl Escalation 

'> $56.903.000 
5,522,000 
1,381,000 

4,941,905 

7,369,155 
0 

5,095,395 
4,779,638 
2,370,288 

27,154,488 
70,722,791 
2,152,136 

0 
731,434 

64,432,523 
21,273,498 

.> $13.681.389 
13,681,389 

>> $2.276.109 

>> $355,098,376 

, 



M A n  CREW 
CODE , DES- w UOM lhsrrcosr’ SUB 

DESIGN ENQINEERINQ rmE I & II S/T I I I I 
I I 

I ’ I lot I 

llJ3Em 
Tie 111 at 

TITLEIN S/T . 

II I I I I I 
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Lockheed Martin /dah0 TeChnO/og/e8 Co. - DETAILED COST ESllWATE SHEET 
PROJECT NAME: HWO HIP FACILITY WPEOFESTIMATE: PLANNINQ . 

Rw bso 

TOTAL ESTIMATED COST - ESC. PROJECTNO.: 2419 
LocAnori 1: JOB LOCATION PREPAREDBY: 0. R. James 
REQUESTOR: N RUSSOl 

IfJAlNlNa AND SUP- 



Lockheed Martln 
Rev 0-90 

PROJECT NAME 

LOCATION 1: PREPARED BY: 
PRQlECT No.: 



_ .  . . 

CONST. 
EQUIP. 

bockheed Marth Idaho Technologles Co. 

PROJECT NAME: HWO HIP FACILITY 
Rw &SO 

TOTAL ESTIMAlED COST - ESC. 

81c TOTAL 
MATT (OTHER1) COST 

DETAILED COST ESTIMATE SHEET 
TYPE OF ESTIMATE: PLANhlNa DATE 2Wa61998 

PROJECT No.: 2419 
.. REPORT NAME: Detail Cast Estlmate ShM 

la 

m m o N  1: JOE LOCATION PREPARED B Y  D. fl. James 

rl!Awtm 

METALS S/T 

ER PLATE, 
P' 
Shuct. Steel. Liner Plate, Crane 
Rails and Mi%. Metals 

Carbon Steel, 10' Dia., 108'tall 
stack 

Excavation and concrete 

Fab stack 

Palnt stack 

Stack Installation 

I I I I I 
I 

I I 

1,150 ton 

1 Is CARP O.oO0 

155,094 Ibs SHEE 0.OOO 

1 subcon PAIN 0.M)O 

1 job IRON 64O.m 

rm 
MFCh 

PAIN7 

SrrFl 

MASONRY SR . 

METALS, 

I 

I 

I 
I -  

23,551 =I= 



Lockhted Marifn ld8hO TeChnQlOgfeS CO. 

PROJECT NAME: HWO HIP FAcltcry 

LocATloN 1: JOB LOC PREPAREDBY: D. R. Jam 

Rev 6-W 
TYPEOFESTIMATE PLANNl 

PROJE~N~. :  2419 TOTAL ESTIMATED COST - E 

REWESTOR: NRUSSe( 

-E RAILS & MiS- 
stack sMeW plebe 1 ea 500,000.00 PIPE 

MFQ 

STRUCTURAL STEEL LINER PLATE. CRANE RAILS d( MISC. 



, Lackheed MsrNn Idubo Tecbnolugfes Co. 

PROJECT NAME: HWO HIP FACILITY 

&TAILED COST ESTIMATE SHEET 
AW ew 

~VPE~FESTIMAT~: PLAN~WNQ 
TOTAL ESTIMATED COST - ESC. PROJECTNO.: 24lB 

LocAnm 1: JOB LOCATION PREPARED BY: D. R. James 
REWESTOR: N Russel 

50 MIL Floor Finish, 30 MIL WaH 



. .". " . _. . . .. -..- .- .. . ... ..-.. .-____"__.I I .. " _  .,_. ._ "_ .._. _"".l_".. , . .,, . . . ~  .......... .,. _ ._ ,_ , . ~  . . ... . ,  . . . .... 

'. . lockheed Martln ldaho Techn 
PROJECT ".E HWO HIP FACILITY , .  MPEOFESIIMAA: PLAMMNQ . . 

DETAILED COST ESTIMATE'SHEET 
Rw 6-W 

nME: 164246 TOTAL ESnMAtED COST - ESC. . PROJECTNO.: 2419 
L O C A W  1: JOB LOCATION PREPARED BY: D. R. James 





. .  



bCkh&?d &f8H/fI /dah0 TWhfIOl@bS CO. 

PROJECT NAME: HWO HIP FACILITY 

DETAILED COST ESTIMATE SHEET 
RW bB0 

TYPEOFESnMAm PLArnINa 
TOTAL ESnMATED COST - ESC.  NO.: 2419 

LocAnoN 1: JOB LOCATION PREPAREDBY D. fl. 



Air Handling Units, HEPA Fitter Units, 
Exhaust Fans, D a m  & Lowsn, I 

I 
I Chiller 

1.3.15.2 

Lockheed Maifin Idaho Technologies Co. DETAILED COST ESTIMATE SHEET 
RW 646 

PROJEC~NAME: HWO HIP FACILITY 

LOCNWIY I: JOB LOCATION 

TypE OF ESTIMATE: PLANhIMa 
TOTAL ESTIMATED COST - ESC. PROJECTNO.: 2419 , 

PREPAREDBY: D. R. James 
REQUESTOR: N Russel 

I 

I 
J , 

F 
0.00 

- 
400.00 

90.m 
- 

24.00( 

0 . h  - 

I I I I I 

I I I I 
I I I I 



' Lockheed Martin lduho Technologles Co. 
Rev 598 

PROJECTNAME: HWO HIP FACILITY 
TOTAL ESTIMATED COST - ESC. 

OCA~ON 1: JOB LOCATION 

DETAILED COST ESTIMATE SHEET PME9 12 t 

' WEOFESTIMATE: PLANEllNG . 
PROJECTNO.: 2419 

' PREPAREDBY: D. R. James ' REPORTNAME Detail CO 

nn, suppmsslon, Sprlnklers and 
detectors 

FIRE PROTECTION S/T 

u LELISCTRICAL 

ELECTRICAL S/T 

GGlumIm 
CCW cameras and operating equipmmt 

Cabling and supportr, 

Removable Cell Lights 
18.16.2 

ICELL LIGHTING - REMOVEABE S/T 
I 

1.3.16.a 1 HIP FaciliW Inst. and Controls 

I E-'cort 

3 

40 

1 
- 

40 - 

1 

I I 

260,000 



Lockbe& Mertfn ~ieho  recbnologles CO. DETAILED COST ESTIMATE SHEET, I .  Ea 13 

 ME: 164246 

- 
RW&W 

PROJECT NMM: HWO HIP FACIUTY T Y P E O F ~ M A T E :  PLANl"t3 

LwAnoN 1: JOB LOCATION PREPM~EDBY: D. R James 
TOTAL ESTIMATED COST - ESC *PR(XIECTNO.: 2410 

Estlmata Sheet - 
TOTAL 

LAB HRS - MATL 
UNW COS CODE 

l L3au  + 
Is 1 

7 

ENT WRNISHED E@JE 

I I 

I I ZOVERNMENT FURNISHED EQUIP. S/T I I 

1 
I 0.m 1 

1 
- LOT 

LOT 
- -- PIF . 

0 - IUIAIPIFADDER SII 

r f 



1 

b-kh-eed Martin Idaho Techndogies Co. CONTINGENCY .ANALYSIS 
pAoJEcr~HwOHIPFAClurY" . WpE a: PLANNING 

LOCATKXJ~: J O E L O C "  . P R E P ~ B Y :  D.R. James 
REQUESTOR: NRussel 

TOTAL ESTIMATED COST - UNESC. PAMCT NO: 2419 

CONFIDENCE LEVEL AND ASSUMED R I S K S  
The Lockheed ldaho Technologies Co. Cost Estimate Conti?gency Analysis 
Model is basedon the W i e d  continge and the assumptiom upon which 
the estimate was predicated. a he mod?& 
of 18% @ a  level of confidence of 90% the estimate will fall within the bid range 
The c o n b n g e n c y ~  is bssed ona weight+ average to provide a 
90% pmbabniiof 

with a suggested risk tevet 

e m  and a 10% pmbabMy of ovemm. 

CONTINGENCY ANALYSIS GUIDE BY lYPE OF ESTIMATE 
Guidelines established by DOElFM SO, Cost Estimating Guide, Vd. 
Cost Guide, and as presented in the INEL Cost Estimating Guide. 

PLANNING 20%-30% 
Experimentavspecial conditions ............ Up to 50?A 

Conceptual 15% - 25% 
rimentaVSpecial Conditions ...-....... Up to 40% 

10% -20% 
5% -15% TITLE i t  

TITLE IVAFC Market Condition 

TmsE"f" 

. _ _  _.* 



CONTINGENCY A W Y S I S  GUIDE B 

enWpecial Conditions ....... 



FEE Q 1% = 

CONSTRUCTION OR 
CEILING # OF YEARS = 

$0 GFEE 
PROCUREMENT FEE = $2,276;110 

* - $2,m;OOo 

Subtotal $4,276,110 . 

FEE Q 23% = $4,276,110 * 023 = $983,505 

PiF Q 5.5% . 
CONSTRUCTION = $227,611 ,OOO 

' $0 GFE = 
PROCUREMENT FEE 5: ' . $2,276,110 
G&A= $983,505 

Subtotal $230,870,615 

FEE Q 5.5% = $230,870,615 0.055 = $12,697,884 

TOTAL PROCUREMENT FEE 

TOTAL G&A FEE 

TOTAL PIF 

$2,276,110 

$983,505 

$12,697,884 



Lockheed Martin Idaho Techno/ogies Co. COST ESTIMATE SUMMARY Rev. #%@8 
&NAME: two HIP FACIUTY' 

EQUESTOR . N. E. Russell REPORT NAME: Cost Estlmate Summary 

T DEVELOPMENT 

NO L DOCUMENTATION 

. .  
SUBTOTAL INCLUDlNG ESCALATtON 

PROJECT CONTINGENCY 

MANAGEMENT RESERVL 

. CONnNGENCY 

TOTAL ESTIMATED COST 

- .  
131,881,000 

13,881,000 

2,904,000. 

, 
39,663,000 

0 

188,329,000 

>> $0 

>> $61.710,7lO 
. .  

>> $265.200,000 

EM AS A X OF CONST. + GFG -.n% 

I CONTINGENCY= 30.33% 



kcoeed Martin Idaho Technologies Co. 
PFOECTNAME: HWO tap FACIUTY- 

OTHER PROJECT COSTS - UNESC. 
LOCATI~NI: INEEUICPP 

- SUBTOTAL INCLUDING ESCALATlON 

PROJECT CONTINGENCY 
t 

' MANAGEMENT RESERVE 

CONTINGENCY - 

TOTAL ESTIMATED COST 

.O 

188,329,000 . 0 I >>$188,329,000 

. .__- . 
>> $58,671,000 

I 4 >> $247.000.000 

EM AS A % OF CONST. + GFE= "."% 
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LocMmd M8Hffl Idaho Ti?~hndoglea CO. RETAILED COST ESTIMATE SHEhe - 
PRofECT NAME: HWO HIP FACILITY 

R w W  7 

TYPE OF ESTIMATE: PlANNlNQ 
-NO: 24190 

LW?” 1: INEEUlCPP PAEPARED BY: D. R. James 

\ 



~ o c k h m l  Marttn /dah0 rechnologles Co. 

TYPEOF ErnMATE: PIANrnO 
OTHER PROJECT COSTS - ESC. PROJECT NO.: 24190 ’ 

LOCATION 1: INEEUlCPP PREPARED BY: D. R. James 
REWESTOR N. E. RUSSell 

3‘ 

t &mate St 

48,- - 
Y~,O00 

’ 34,000 
1 

118,000 . .  . .  
: 

162,000 

59,500 

30,000 

126,000 

; 9,Ooo 

180,000 

60,W 

49,000 

* 599,000 

97,500 
I 

80.560 

TOTAL, 

I. 

34,W I 
156,000 

I 162,000 

59,500 ‘=I 
128,000 4 
49,000 
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Emergency Plan 
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ORR 
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SO TEST & START-UP Srr 
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L O C K W E E D  M A R T I N  

Lockheed Martin Idaho Technologies Company 
INTERDEPARTMENTAL COMMUNICATION 

Date: January30,1998 

To: Neal E. Russell MS 3765 6-86 19 

From: R J. Turk @& MS 3875 6-361 1 

Subject: ECONOMIC AND LIFE CYCLE ANALYSIS CONDUCTED for the HOT 
ISOSTATIC PRESSING (rrp) WASTE OPTION- R 3’T-IO-PB 

Purpose: 

As requested an Economic and Life4 
HOT ISOSTATIC PRESSING (HIP) WASTE OPTION. This fkcility will accept all raw 
calcined waste, or other solid waste to convert to a glass-ceramic waste form, cast into a HIP can, 
then placing three cans into an SRS-Type canister. The canisters will be sent to an interim 
storage fitcility until transport to final disposition. 

This economic analysis is based on information provided by S. Gifford, D. Taylor, A Pinto, 
S. Alstad and other team members. D. James and R Adams provided cost estimates. J. 
Prendergast provided process personnel modeling. 

Methodology: 

The Economic Evaluation assumed a 36-year period (2001-2036) since this is the estimated time 
required to complete all of the anticipated remediation activities. The LCC identifies evaluated 
the initial development, construction, operation and post operation costs over the life-cycle. A 
discounted LCC analysis assumes a current-dollar basis, discounted to 1998 using a discount rate 
of 6.3O% per the Ofice of Management and Budget (OMB) Circular A-94. All costs are 
conservatively discounted assuming the endsf-year convention. 

Cost @CC) has been conducted to evaluate for the 

Assumptions: 

The scope of work and requirements of all ivities are vague at this time. Facility and 
processing costs were developed fiom historical experience associated with DD&D work at the 
INEEL. The LCC analysis was generated to match cost estimating cost structure. These costs 
include Permitting, Direct and Indirect Construction, G&A, Procurement Fee, Engineering, 



N. E. Russell 
Jarmary 30,1998 

Page 2 
RJT 10-98-b.3 

Inspection, Project Management, Construction Management, Escalation and Conhigency costs. 

The design period is assumed to be accomplished in four years with construction completed in 
four years. Labor rates were assumed as follows: Managers, $125/hr, Engineers, $108 $/hq 
Other Technicians $ 85/hr, Administdodsupport staff $ 6 5 k ,  Operators and Maintenance 
personnel $65/hr. The operational period for this facility was assumed to be twenty years, 
followed by three years of postqerations activities. Due to this projects lack of complexity and 
relative cleanliness this analysis assumed a decommissioning cost equal to 20% of the 
engineering design cost, decontamination costs equal to 5% of total pre-operation cost2 and 
demolition costs equal to 8?h of total pre-operation cost. Utilities calculated assuming a 
S.0824per kwh. Procurement wsts for HIP cans $2,500 each and SRS Canisters at $10,000 each. 
Material blending costs were developed by several sources to cost as follows: Amorphous Silica 
Frit !§ 1 .00/kg and Titanium $22.00 k g .  

. 
Results: 

The HOT ISOSTATIC PRESSING (HP) WASTE OPTION has a Discounted LCC of $1.106 
billion. 

Attachments: 

cc: R J. TurkFile 
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CUMLATIVE DISCOUNTED LCC 
HIP WASTE FACILITY 
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Appendix E 

Backup Information for Project Data Sheet 



Introduction to Project Data Sheet Backup Information 

This Appendix provides the backup information for the project data sheet, Section [TBD]. The 
i n f o d o n  is divided into five parts: 

0 Construction estimates and assumptions 

Operations estimates and assumptions 

0 D&D labor estimates 

Other D&D estimates and assumptions 

Diesel emission estimates for construction, operations, and D&D 

Cost information presented in the data sheet comes directly from the capital and life cycle cost 
estimates in Appendix D. 

E- 1 



Construction Assumptions 

I 605,600 liters (total) 

1 I 

Watar used b r  dust control = 20001gaIhvk = I 
jassumes dust control required 20 week w... R. Kimmk) 

Elecbical usage assumed to be 3,000 kwh (from John *gan) I 

I I ! 
1561 hWh/y r I I 

j 1,417 

i 
1 
I 

I Assume 3 gallons of lubricating oil 
and hydraulic fluid generated for I 
every 60 hours of operation of 
heavy equipment = 

I 
I 

I 
liters (total) 

I 

Air emissions during SO & start-up testing are based on non-radioactive operations for  3 years: 1 
Flow rate - 
(based on 1 scfm, 24 houra/day for 100 d a w )  

I 11,632 ‘IbsEyr = I 7 1 tons (total) 
I 

I 6,200 /vd3 (total) = ! 4,742 lm’ (total) 
r e  15.5 yd3yr per cap ita. This is twice the generation rate of trash from site operations) I I 1 

I I I 

I I 
I 

I I I I I so testing Iiiua effluent = I 81,360.000 lgallons total I : I 307,947,600 /liters (totan 
(based on 452 gpm for 10 hours/day. 100 dayslyr. and 3 years... see EDFHWO-012) ! 1 I I 

[Concrete: 

Pagelof2 



Materials delivery: 
Nwnber of trudtkads = 
Fuel usage = 

I 
750/(assumed) I 

22,500 I@ (assumes 5 mpg and round trip of 150 miles) 
i I I I I 

I I 

, 

! 

Page 2 of 2 

Housofrsekrheavyeq tdpment- I 7,488 
"S of d d i i w  vehiie~ = 4,134 

I 

1 
To ta lo f~opera t ion=  I 11,622 

I 
Total heaw egllipmsnt and materials ddiierv fuel used 4 

I 
Assumes 60 mph 

L 
357,807 !liters 



I I I I 

I I I 

i t I ! 1 I I 
i 1.152.000 iCi/vr I . I  vioihedrrsste. 

I I 
I I I I I 

ppoelotl 



DllD Labor 

-- ,--I Total $/day 
s1 1 3 R  

I I 
wmw YMl 1 I Allocated F Y 9 7  I 1 

3 

4 
5 

34 
. - .  

...- .-I 
- 
c- . . . - . 

-' '- t t 

3 V Y V  $691 89,121 
$5,932 8 30,000,000 

$5,456 $ 8,951,000 
$7,212 $ 2,000,000 

,091 - $818 $1,023 
$5,319 $1,084 $1,596 

782 $752 $941 
BO8 $962 $1,442 

$J ,126 

$7,979 $ 18,000,000 

$375 $188 $4,316 $ 
$3,753 
*- 2L7 

P a g e l o i l  



D D Assumptions 

Duration of D & D = 5 l years 

Heavy Equipment 1 Hourslyr 
I 540 

# used Hou Wday Days/wk Wkslyr 
Mobile Crane 1 3 4 45 
Roll-Off Truck 5 8 5 45 
Dozer 2 5 5 45 
Loader 5 8 5 4: 
Scabbler (w/ 
Vacuum 
System) 2 8 5 45 
Pneumatic Ram_- 1- 4 4 45 

-3% 
I 9.000 

Demolition 
Machine 

I (Remote 
;Control) 1 

T 
3,600 

720 

4 3 45 540 

Total hours& 25.650 

Total heavyequlp2ent hours t 

equipment uses 6 gallon of 
diesel fuel per hour. 

-. 

_wERF-LLw combustble PPES ! 0.167 34,778 1 985 
WEFtF-LLW Combustible 1 I 

Building Debris I 0.1281 208,249 f 26.656 1 755 1 

128,250 
~~~~ 

Page 1 of 2 

~~ 

Consumption rate from John I 
No. of gallons of fuel used during D & D = 

I 
769,500 gal= 2,912,558 liters (total) 



0 D Assumptions 

I 

I 

8 
I 

Mixed waste = 61,875 !gal (total) = i 234 I m3 (total) 
p s e d  on an assumed 5 55-gailon drums generated per week ... work only 45 keekdyr) 

Radioactivity associated with waste materials: 
I I I 

1 

I 

Page 2 of 2 



L Estimate of Diesel Engine Emissions I 

Lb-Moles of Construction Fuel 5,623 
,Lb-Moles of Operations Fuel j 
Lb-Moles of D&D Fuel ! 45,769 
,Total L&-Moles of Fuel (as C9H18) I 51.391 

Hwo 
1 -6ases a Assumptions: I 

I I 

Lbs of Air for Construction Fuel @ased on air-to-fuel ratio) 
Lbs.of Air for Operations Fuel (based on air-to-fuel ratio) 
&.of Air for D&D Fuel (based on air-to-fuel ratio) 
Total Lba of Alr Added I 

1 

' !  

17,711,467 

144,171,596 
161,883,083 

1 

I . 

from w&?K. and C.F. wamer, 
Air Ponution, tts Origin and 
Control. IEP. New York. 1976. p. 

I 
I 

. Air to fuel ratio = 25:l (Mass Basis) 

. Diesel fuel density = 7.5 Ibs./~al. I I I i 
1446. 423 

Total Lb- Moles of Alr 1 5,582,175 

1 subtotalof Contaminants ! I 107.346 I 64 I I 
I I I I 

Page 1 of 2 



w I I 7,340,394 I 3,670 407,800 146,400,077 

lo, I 13,833,655 1 6,917 432,302 155,196,320 

N2 I 1 109,966.127.90 1 54,984 3.927.433 1,409,946,497 
Subtotal of Halor Gases 1 I 149,085,962 1 74,543 6,175,334 1,857,944,971 

I 

I 
! i 111,733 1 55.9 
I I 20,462 I 10.2 

co I I 362,273 181.1 

 subt tot at of Contaminants I I 870.198 1 435 I 

‘sq 

‘NO,, (assumed NO) I 310.520 1 155.3 

Particulates 

UnbwnedHydrowbOns I L 65.209 I 32.6 , 
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