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1.0 EXECUTIVESUMMARY

Purpose: The purposeof this study is to provide the Department of
Ener_) informationwith which it can establish the most efficient
program for the long term management and disposal, in the Waste Isolation
Pilot Plant (WIPP),of remote handled (RH) transuranic(TRU) waste. To
fulfill this purpose, a comprehensivereview of waste characteristics,
existing and projectedwaste inventories,processingand transportation
options, and WIPP requirementswas made. Cost differencesbetweenwaste
management alternativeswere analyzed and compared to an established
baseline. The result of this study is an informationpackage that DOE
can use as the basis for policy decisions.

Background: Approximately2% by volume (1330 cubic meters) of DOE's
transuranicwaste is remote handled, that is, having surface dose rates
greater than 200 mRem/hr. The baseline waste management plan (Ref. 7,
Ref. 8) for the RH TRU waste included: design and construct a facility
at each waste generatingand storage site for processingand certifying
RH TRU waste; packaging the waste in canistersat the generator sites;
transportation,by truck, of the canisters in shielded casks; and
disposal in WIPP.

As part of this study, a comprehensivelist of alternativesfor each
element of the baselinewas developed and reviewed with the sites. Two
workshops,with the participationof each generating site and WIPP, were
integral parts of the alternativesdevelopment. From this list of
alternatives,a group of scenarioscovering all combinationsof
alternativeswas defined. Each scenario was then considered for each
waste stream at each site. A complete round of visits to generator sites
and WIPP was made to review the final list of alternative/scenario/waste
stream combinationsfor applicabilityand to ensure that no combinations
had been omitted. Site specific cost and inventorydata were also
collected during this round of site visits. Detailed cost analyses were
made for most scenario/wastestream combinations;some combinationswere
clearly not applicableor possible and were not analyzed further.

A baseline system for management of RH TRU waste was defined, based
on the Defense Waste Management Plan (Ref. 7) and the latest revision of
the Long Range Master Plan (Ref. 8). This baseline provides the
reference point for evaluating potentialcost savingsand schedule
improvements.

Principal Conclusions" The principal conclusionsof the study
follow; supportinganalyses and data are given in the full report or in
the appendices.

I. A single processing facility for RH TRU waste is both necessary
and sufficient.

2. The RH TRU processing facility should be located at Oak Ridge
National Laboratory (ORNL).

3. Shieldingof RH TRU to contact handled levels is not an economic
alternativein general, but is an acceptablealternative for specific
waste streams.
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4. Compaction is only cost effective at the ORNL processing facility,
with a possible exception at Hanford for small scale compaction of
paint cans of newly generated glovebox waste.

5. lt is more cost effective to ship certifiedwaste to WIPP in
55-gal drums than in canisters, assuming a suitabledrum cask becomes
available. Some waste forms cannot be packaged in drums, a
canister/shieldedcask capability is also required.

6. Generators must begin certifying newly generatedwaste by the end
of FY 87 to support the 300 canister emplacementgoal of the
1989-1993 demonstrationperiod, to support the full scale operating
rate at WIPP in 1994, and to minimize additional interim

storage costs at the generator sites. (Some exceptions exist, see
sections 4.1 and 4.4.)

7. Three hundred canisters of certifiedwaste should be em_laced in
WIPP during the 1989-1993 demonstrationperiod.

8. Beginning in 1994, a disposal rate of 250 canisters per year is
required to complete inventoryworkoff by the year 2013. To achieve
this rate, the ORNL processing facility must be operational by 1996.

9. Implementingthe conclusions of this study can save approximately
$110 million, compared to the baseline, in facility,
transportation,and interim storage costs through the year 2013.

-2-



2.0 INTRODUCTION

2.1 Purpose

The goal of the Remote Handled Cost/ScheduleOptimization(RH C/SO)
report is to provide an informationpackage to DOE/HQ from which it can
establish,within institutionalconstraints,the most cost-effectiveand
efficientDefense RH TransuranicWaste Management Program. To accomplish
this purpose, waste inventoriesand WIPP requirementswere reviewed,a
baseline was established,processingand transportationalternativeswere
identified,and cost and schedule differenceswere evaluated.

2.2 Goals

The Defense Waste Management Plan (DWMP) (Ref. 7) establishesthat the
goals for management of transuranicwastes, includingRH TRU, are to end
interim storage and to achieve permanent disposal. To accomplish these
goals, the DWMP states that waste will be retreived, if necessary, then
processed, if necessary, to comply with the Waste IsolationPilot Plant
(WIPP) Waste Acceptance Criteria (WIPP-WAC)(Ref. lO), and transported to
WIPP for emplacement.

2.3 Baseline

The DWMP, in Section 5, "Plan for Permanent Disposal of Transuranic
Waste", establishesa plan and schedule for RH TRU processing facilities
at the Idaho National EngineeringLaboratory (INEL),Hanford, and the Oak
Ridge National Laboratory (ORNL). The plan for the Los Alamos National
Laboratory (LANL)does not differentiatebetweencontact handled and RH
processing facilities,but does establish a schedule for a TRU processing
facility. The DWMP does not specificallymention newly generated RH TRU
wastes arising from activities at the Argonne National Laboratory-East
(ANL-E),which has no waste interim storage facility.

The plans required to implement the goals set forth in the DWMP are found
in Ref. 8, The Long Range Master Plan for Defense TransuranicWaste
Management (LRMP). The schedule and milestones in the LRMP also identify
RH processing facilities at the sites listed above. The LRMP milestone
schedule is also reproduced in Appendix F.

For purposes of comparing alternatives in this study, and based on the
DWMP and LRMP elements discussedabove, the baseline RH TRU waste

management system is defined as follows:

I. INEL, Hanford, ORNL, and LANL will each construct a facility to
retrieve,process, examine, assay, package, and certify stored RH TRU
waste retreived from interim storage at that site; each of these
sites will certify its own newly generated RH TRU waste.

2. ANL-E will certify and package newly generatedRH TRU for direct
shipment to WIPP.
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3. All RH will be shipped from the generating/certifyingsite to
WIPP in RH canisters. The canisters will be transportedin shielded
canister transportationcasks; each cask will carry one canister.

4. WIPP will receiveand emplace all RH TRU wastes in canisters.

2.4
This study examines the economics and technical aspects of the system for
processing,certifying,and packaging RH TRU waste, followed by
transportationto and emplacement in the Waste IsolationPilot Plant
(WIPP),located near Carlsbad, New Mexico. This study focused on system
alternatives,not site-specificalternatives. For example, two of the
issues examined include the transportationalternativeof shipping RH TRU
to WIPP in 55-gal drums rather than canisters (see Section 4.9 and
Appendix B), and the processing alternativeof shielding to contact
handled (CH) levels (see Section 4.7 and Appendix H). These alternatives
have potential impacts on WIPP receiving and aboveground transfer
operations, as well as on-site and transportationsystem requirements.

Management alternativesfor Special Case (SC) TRU waste were not included
in this study. Finally,management options that do not include disposal
in WIPP, such as various greater confinement disposal technologies,were
not within the study scope.

Institutionalconcerns were not allowed to eliminate an option from
consideration,although they were identified.

The RH program is, in general, not as far advanced as the CH program. No
facilities for processing stored RH TRU waste have been constructed or
designed. No transportationcask presently exists that is licensed to
transport all forms of RH-TRU waste. (As of August l, 1986, seven
vendors have submitted proposals to manufacture and provide an RH
transportationcask by October, 1988.) However, because no large capital
expenditureshave yet taken place, the opportunityexists to achieve
significantsavings through careful long-rangeplanning, trade-off
studies and the resultant implementationof recommendations.

2.5 RH Program Objectives

The goals and objectives of the program are given here to define the
frameworkof the study.

As defined in the LRMP (Ref. 8), the goal of the TRU Waste Management
Program is to end interim storage and to achieve permanent isolationfor
TRU waste. The current alternativeof choice is to isolate TRU wastes in
a deep mined geological repository:the Waste IsolationPilot Plant
(WIPP). Some TRU waste is impracticalto certify. This waste is
classified as special case (SC) waste and will be evaluated for
alternativedisposal methods. This study is limited to non-special case
RH waste.

In order to achieve the goal of permanent geological isolation, several
objectives for the management of TRU wastes have been established in the
LRMP. For RH waste, these objectives are listed below.
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Objectives for Newly GeneratedRH Waste

o Reduced generationof both waste volume and radioactivityby
administrativeand technicalcontrols where such controlsare cost
effecive and practical.

o Direct shipment from a generation site to a disposal site.

o Permanent isolationfrom the biosphereof quantitiesthat would
otherwise pose a significantthreat to public health and safety.

Objectives for Stored RH-TRU Waste

o Phase out of all retrievablestorage activities,except surge
capacity as needed for wastes awaiting processingor shipment.

o Transfer to a disposal site.

o Permanent isolation.

o For as long as needed,continued safe operation and monitoring of
interim storage.

In order to accomplish the goals and objectives listed above, the WIPP
will begin a demonstrationperiod for emplacementof RH waste in January,
1989. During the demonstrationperiod of up to 5 years, WIPP will
emplace RH waste in a retrievablemanner. Upon successful completion of
the demonstration,a decision will be made to convert WIPP into a
permanent repository.

2.6 Report Organization

This report is organized into five sections,plus references and
appendices. The executive summarywas presentedabove. This
introductorysection is followed by a descriptionof the study
methodology, t_e developmentof scenarios for analysis, and a review of
alternativesthat were not analyzed. Section 4 presents the study
findings. This sectiondescribesmajor findings for each site, as well
as discussionsof several system alternativesand schedule
considerations. Finally, in Section 5, institutional,regulatory and
technicaluncertaintiesare presented. Also in this section, a
discussionof sensitivitiesis included. In particular,inputs that have
a reasonablepotential for changing conclusionsare identified. Detailed
analyses and raw data have been placed in the appendices.
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3.0 METHODOLOGY

The followingsections describe the methods used to determinewhat
subjectareas were examined in this report. Justificationis presented
for the eliminationof subjects from consideration.

3.1 Developmentof Scenarios

In order to maximize the potential for developing realisticand useful
recommendations,a formal processwas employed. This process was
initiatedby solicitinga wide range of ideas from waste management
personnel from each of the participatingsites. Two workshopswere held
with WIPP and all of the RH generator and storage sites represented.
During these workshops, the participantswere enc,_uragedto present any
alternativesto the baseline plans for RH TRh waste management. These
brainstormingsessions led to the considerat!e;,of many alternatives.
The goal of this scenario development processwas to provide a list of
study subjects that would satisfy two criteria. The first criterion
demanded that the list be comprehensive. No scenario should be
eliminated because of preconceivednotions of the authors or because they
did not conform to current programmethods and plans. Secondly, the list
of scenarioshad to be small enough so that each could be examined in the
time and resource constraints given. In order to satisfy this second
constraint, some scenarioswere grouped into a more general form.
Necessarily,some of the detail was lost. However, the intent of this
study is to show system alternativeswith large potential savings, not to
provide detailed implementationplans. In the process of developing
these implementationplans, trade-offs between the more specific
alternativesmay be examined. From this large list, certain alternatives
were eliminated based on previous studies, or based on technical
impracticality.

The next step was to create a flowchartof possible alternativesfor
management of this waste. The flowchart that was used is shown as
Figure I. From tnis flowchart,we see that there are four basic pathways
that RH waste can follow from retrieval to certification. They are:

I. Direct Certification
2. Volume Reduction Followed by Certification
3. Processing Followed by Certification

J 4. Processing Followed by Volume Reduction and Certification

If we now consider the possibilityof transportation,as shown in
Figure 2, these four pathways become lO scenarios. Six of the scenarios
apply to not directly certifiablewaste and four apply to directly
certifiablewaste.

The following pages describe all possible pathways through the
flowchart. Note that the first decision point on the flowchart
determines if the waste is directly certifiable,or if the waste requires
processing for certification. There is a strong correlation between
certifiablewaste and newly generated waste; and a strong correlation
between not directly certifiablewaste and stored waste. Thus certain
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scenariosfor stored waste that does not requireprocessing for
certificationhave correspondingalternativesfor newly generatedwaste.
These correlationsare noted in the scenariodescriptions.

This format presents a series of decision points and resultant pathways
that emcompa._every alternativethat merit consideration. While this
flowchart ircluded every scenario that was to be considered, it also
includedmany pathways (or scenarios)that were nonsensical. The
flowchartwas used to help determine, in a formal manner, that every
resonable scenariowas considered.

Scenarios for Not Directly CertifiableWaste

Scenario I: On-Site Processin_Iand Certification,No VR

On-site (not centralized)processing for certification. No volume
reductionprocesses are allowed. Processing,NDA/NDE, and canister
welding occur on-site. The waste is transportedto WIPP in an RH
shipping cask.

Scenario 2: On-Site Processing,No VR, CentralizedCertification

On-Site (not centralized)processing. No volume reduction processesare
allowed. Processingoccurs on-site, however, NDA/NDE (followedby
certification)and canister welding occur at a central facility.

Scenario 3: On-Site Processing and Certificationwith VR

On-site processing to includevolume reduction. Volume reduction
techniquesexamined includecompaction, repackaging,and shielding to CH
levels. (Shieldingis considered a volume reductiontechnique in
scenario developmentbecause it decreases the volume of RH waste, not the
volume of total waste.) Following processing,NDA/NDE for certification
and canisterizationoccur on-site. Transportationmode depends on the
volume reduction method. If shielding is employed, then the TRUPACT is
used.

Scenario 4: On-Site Processing,CentralizedVr and Certification

On-site processing for certification,fcllowed by centralized volume
reduction. Also, because of the justificationpresented (in Section 3.2,
AlternativesNot Considered)for preventing redundantshipping, NDA/NDE
for certification,as well as canister welding occur at the central
facility. Again, the method of volume reductiondictates the packaging
used for shipment.

Scenario 5: CentralizedProcessing and Certification,No VR

Centralizedprocessing for certification,followed by NDA/NDE, canister
welding and certification,all at the centralizedfacility.
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Scenario 6: CentralizedProcessing and Certificationwith VR

Centralizedprocessing for certification,followed by volume reduction,
NDA/NDE, canister welding and certification,all at the centralized
facility.

Scenarios for Directl_ Certifiableand Newly GeneratedWaste

Scenario 7" On-Site Direct Certificationwith On-Site VR

On-site volume reduction,NDA/NDE, canister welding and certification.

Scenario 8" On-Site Direct Certification

On-site NDA/NDE, canister welding and certificationwithout volume
reduction.

Scenario _: CentralizedCertificationand VR

Centralized NDA/NDE, canister welding, volume reduction and certification.

Scenario lO: CentralizedCertification,No VR

CentralizedNDA/NDE, canister welding and certification,no volume
reduction.

These scenarios have been used as a tool to develop a list of
alternativesto be studied (Section 4.6 presents the possibility of
modifying each scenario to include shipment of certified waste to WIPP in
drums rather than canisters, with canisterizationto be accomplishedat
WIPP. This possibility is not considered a unique scenario, but a
modificationto the above ten.) The next step in the process was to
eliminate some of these possiblitiesbased on technical impracticality,
on previous work, or on scoping analysis.

3.2 AlternativesNot Considered

This section of the report details the scenariosthat were not
considered. Bear in mind that this study does not examine site-specific
alternativesto site-specificwaste management challenges. Rather, only
system-wideimpacts are examined.

Rail Shipment of RH TRU Waste: Based on previous work (Ref. 2, Ref. 4)
it appears that rail shipment of TRU waste is not cost effective.
However, the conditions that may exist over the 25 year life of WIPP may
change to the extent that rail shipment may become an attractive
alternative. The responsibletraffic managers will establish the most
cost effective means for transportof waste to WIPP through competitive
bidding and through negotiationof published freight rates with
carriers. The present plan is that JIO will be the traffic manager.

-IU--



Current published rates for rail transportof TRU waste are higher than
those for truck transport. Although the publishedtariff rates are
highly negotiable,it is not considered probable that rail rates will be
reducedenough to overcome the cost of extra casks required for rail
transportation(Ref. 2, Ref. 4). (More casks are required for rail
transportationbecause it is much slower than truck transportation.)

Decontamination: Decontaminationwas not considercd as a viable
alternativefor severalreasons. First, if a site were to consider
implementationof this process, it would be a site-specificand waste
stream specific trade-off,and would thereforebe outside the scope of
this study. As a central processing option, it was not considered
practicalfor several reasons. First, most decontaminationmethods
employ a strippersolution that would become a mixed waste stream. This
mixed waste stream would require solidification,and thus the processing
complexity (and expense) increases dramatically. Secondly,because of
the diverse physical nature of the waste, decontaminationwill not work
well in many cases.

Sequential Transportation: If waste was to be transported from one site
to another, it is assumed that it would be subsequentlytransportedto
WIPP. This assumptioneliminated possibilitiesthat resulted in multiple
site to site shipmentsfor various certificationoperations. For
example, under this assumption,it would not be permissible to ship to
one site for processing,then to another for canister welding, and
another for NDA/NDE and final certification. In short, if waste is to be
transportedfor certificationprocesses,all necessary steps would occur
at one site. The justificationfor this assumption lies in the design of
a central processingfacility. Any processingfacility would be
constructedat an existing storage site, and that site will need NDA/NDE
and canister welding capabilities. Therefore,it does not make sense to
constructa central processing facility that lacks any necessary
equipment for certification.

Summary

The final list of options to be considered is given below:
..

compaction

shielding

transportation alternatives

schedule

central processing

The results are presented for each site, as appropriate,and by major
topic, in Section 4.
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4.1 ORNL

4.1.I Site Findings. About 95% (by volume) of the existing RH TRU waste
inventoryis in interim storage at ORNL. This waste is stored in several
forms and locations. The first form consists of large concrete casks.
This waste is stored both above ground, in Building 7855, and below
ground (retrievablyburied) in Solid Waste StorageArea 5. lt is
projectedthat this waste will result in about l,lO0 canisters. Also at
ORNL, about II6,000 gallons of RH TRU sludge are in storage in the rlelton
Valley Storage Tanks and in the Gunite Tanks. lt is projected that,
after a volume increase from solidification,this waste will fill 1500 to
1600 canisters. DOE-OR Is consideringclassifyingcans of uranium oxide,
from the ConsolidatedEdison SolidificationProject (CEUSEP)Campaign as
RH TRU. This would add about 2 cubic meters, or a minimum of 33
canisters,to the inventory. Finally, severalother miscellaneous
storagemethods are used, such as stainlesssteel wells and other small
packages.

Upon review of records, it is thought that none of the retrievably stored
RH waste at ORNL will be certifiablewithout some form of processing.
This processingmay be as simple as repackaging,or it may be more
complex, depending on the form of the retrievedwaste. This
determinationcan be made only upon retrieval. The judgement of ORNL
personnelis that the plastic buckets used for contaminationcontrol
within the concrete casks have degraded over time due to the radiation
fields present. The paint cans within the plasticbuckets may also have
rusted away due to the humid environment.

In FY 1986, ORNL determined that the Melton Valley Storage Tanks, which
had previously been used for hydrofractureinjection,and other inactive
liquid waste tanks (such as the Gunnite tanks) still contained
significantamounts of RH TRU waste and would requireprocessing and
disposal as such. Processingoptions for solidificationof the sludge
are still under investigation. Some of the options being considered
includean asphalt process, concreting, vitrification,and the TRUEX
process. In most alternativeprocesses,a volume increase of up to 2"I
appears likely. The addition of this waste to the existing inventoryhas
nearly doubled the projected amount of RH waste destined for WIPP.
Clearly, this sludge will require significantprocessing for
certification.

The TRUEX process has been proposed as a sludge treatment alternative,on
the basis that a decrease in TRU waste volume is possible. Therefore,
the ORNL contractor is currently investigatingthe TRUEX technology as an
alternativeprocess for management of the RH-TRU sludges in storage in
the Melton Valley and Gunnite tanks. A visit to ORNL by several experts
in the TRUEX process from Argonne National Laboratorytook place in
October 1986. A summary of the meeting discussionsof this elternative
follows (Ref. 20).

-14-



ORNL waste managen_nt personnel are pessimisticthat TRUEX can be a
technicallyfeasible, operationallyacceptable,or cost effective process
for management of RH-TRU sludges. The concerns regardingtechnical
feasibilityinclude: (a) TRUEX is an acid process, and the storage tanks
and ancillarypiping were not designed for an acid process. Since ORNL

plans future use of these tanks, the tanks must remain intact through any
sludge removal operation. If the sludges were removed from the tanks
mechanicallyrather than through acid dissolution,then constructionof a
shielded,remotely operable reaction vessel would be required. (b) The
sludges contain significantradioactiveiodine specieswhich will off-gas
in acid conditions. No capability for managing this iodine currently
exists at the storage tanks.

The concerns regardingoperationalacceptabilityderive from the
characteristicsof the low-levelwaste remainingafter the TRUEX process
has segregatedthe transuranimnuclides into a small volume. Since
essentiallyall of the total radioactivity,due to fission and
activation products, remains in the non-TRU phase, the resultant
low-levelwaste has a very high direct radiationdoes rate, possibly as
high as tens of rem/hr. ORNL does not presently have any other high dose
rate low-levelwaste stream (except for occasional very small volumes),
nor does ORNL have any on-site disposal option for such waste. The high
dose rate low-levelwaste would requireconstructionof interim storage
facilities,and eventual retrievaland transportto a disposal site. The
TRUEX process is not a volume reduction process, since the total volume
of waste is not reduced. While it is indeed true that the volume of

transuranicwaste could be reduced by this process, the volume of high
dose rate low-levelwaste is actually increased.

An accurate evaluation of the cost eifectivenessof TRUEX is not possible
yet. Great uncertainty remains regardingthe process cost as well as the
costs of additional low-levelwaste mangement. As cost data become
available,ORNL can compare the economics of TRUEX to other sludge
processingalternatives.

None of the waste in storage at ORNL is considered to be transportable
(under DOT rules)without significantprocessing.

Because ORNL has such a large volume of waste that is not certifiable or
transportablewithout processing,it is clear that processing
capabilitieswill be required on site. Because ORNL is the only site
that clearly requires processing facilities for RH waste, ORNL has
indicatedthai:it will attempt to support any off-site processing
requirementsfor stored RH waste and applicable SC waste (e.g., lead
lined waste drums in storage at INEL).

The nature of the ORNL waste dictates that both solidificationand

repackagingcapabilitieswill be required. The ORNL strategy is for
processingcapabilities to occur sequentially,with solid waste being
processed before sludges. ORNL personnel have evaluated processing
requirementsand have begun work on some very preliminarydesigns for the
Waste Handling Pilot Plant (WHPP). Initial indicationsare that such
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processingcapabilitieswill cost between $25 and $50 million to design
and construct. The actual cost will depend on several factors, including
the selected sludge solidificationprocess, on the availabilityof
existing facilities for modification,and on the extent to which volume
reductionwill be employed. The sludge solidificationprocess is planned
as a Phase II WHPP.

4.1.2 Cost and Schedule. The cost of constructingan RH TRU processing
facility at ORNL is estimated in the DWMP at $53 million and in the LRMP
at $48 million. These estimates assume a new facility. ORNL is
reviewingexisting site facilities for possible applicabilityand
potentialcost savings. Since the stored ORNL wastes require processing
for WIPP certification,the alternativesare processingat ORNL or
processing elsewhere. Processing the ORNL waste at another generator
site would require an additional $!5 million transportationexpense above
the baseline, and would not res'ult in facility savings at ORNL (See
Appendix G). No facility savings would accrue at ORNL since the
processing necessary to convert the wastes in storageto forms
transportableunder Department of Transportation(DOT) regulations
requires a facility that is not significantlydifferent from (nor cheaper
than) the facility necessaryto produce WIPP certifiedwaste forms. This
eliminates the possibilityof modifying the existing Engine Maintenance
and Disassembly (EMAD) facility (at NTS) for RH-TRU waste processing.

The transportationcost for shipping waste (from Hanford and ANL-E)to
ORNL for processing and certification (and subsequentlyto WIPP) versus
shipping directly to WIPP is less than $2 million (see Appendix G). In
order for the total RH inventoryto be emplaced in WIPP by the year 2013,
the emplacement rate at WIPP between 1994 and 2013 must be approximately
250 canisters per year. During the first two years of WIPP full scale
operations,1994 and 1995, the 250 canisters per year rate can be
achieved by a combinationof newly generatedwaste, waste generatedand
precertifiedbetween 1987 and 1993 in excess of the amount emplaced
during the demonstrationperiod, and stored waste not requiring
processing for certification. Beginning in 1996, all precertifiedand
directly certifiablestored wastes will have been worked off and the WIPP
rate of 250 canisters per year will be supplied by lO0-110 canisters per
year of newly certifiedwaste and 140-150 canisters per year of processed
stored waste from WHPP. To meet the milestone of WHPP start-up in 1996,
the project schedule shown in Figures 4 and 5 is required, lt is
importantto note that in order to achieve the desired 25 year workoff,
developmentwork must begin in FY 87, and the WHPP must be a FY 91 budget
line item.

As noted in Appendix A, ORNL newly-generatedwaste does not meet the
WIPP-WAC due to high neutron dose rates, and must be allowed to decay for
approximately5-I0 years before certificationand shipment to WIPP.

4.1.3 Recommendation. The TRU Waste Management Program recon1_endsthat
the ORNL WHPP be designed and constructed,on the schedule shown in
Figures 4 and 5, to process stored RH TRU wastes beginning in 1996. This
requires a budget year line item of FY 91.

-16-







4.2 ANL-E

4.2.1 Site Findings. Argonne National Laboratory-East (ANL-E) generates
about ten to twelve cubic meters of RH TRU waste per year. ANL-E has no
storage facilities for this waste, except for a small amount of staging
capability. ANL-E has hot-cell size limitations that preclude economical
on-site canisterization. For these reasons, the most logical alternative
for disposition of newly-generated waste from ANL-E is to ship off-site
for canisterization. This alternative is "n conflict with the objective
for newly generated RH TRU waste presented in the baseline that specifies
direct shipment of newly generated waste to WIPP. However, analyses
presented in the evaluation of WIPP canisterization capability clearly
show that on-site canisterization for ANL-E is not cost effective.

Historically, ANL-E has shipped waste to INEL for interim storage.
Depending on where canisterization facilities will exist and when these
facilities will come on line, this waste could be canisterized in a
number of locations. The practice of shipping waste to INEL could be
continued, and canisterization could occur there; or the waste could be
shipped to ORNL for compaction and canisterization; or, if WIPP develops
canisterization capabilities, the operation could be performed there (see
Appendices B and G). This decision will depend on the outcome of
facility development at the sites mentioned, lt will be the
responsibility of ANL-E to certify, as to form, waste generated at ANt.-E,
regardless of where the waste is finally canisterized. The cost
differentials involved in shipping the waste to ORNL or to INEL for
canisterization and final certification will not be large, due to the
small volume of ANL-E waste.

4.2.2 Cost and Schedule. Since ANL-E is not an RH TRU storage site, no
processing facility for stored wastes will be required. Newly generated
RH TRU is expected to be certifiable without processing. Therefore, the
waste management alternatives for this site are to canisterize the RH TRU
at ANL-E or at another site. A rigorous engineering estimate of the cost
of constructing a canisterization facility for RH TRU at ANL-E has not
been done. However, since the laboratory does not have an existing
facility with sufficient overhead room to handle the lO-ft long RH
canister in a vertical position, nor does the laboratory have lifting
equipment of the necessary capacity in any shielded facility, the expense
of providing canisterization capability for ANL-E is estimated to be at
least $2 million. (The actual cost would probably be much higher; WIPP
has estimated the cost to modify the WIPP hot cell to canisterize RH TRU
at $2.2 million, for a facility with no headroom or crane constraints.)
To transport the ANL-E waste to another site for canisterization would
increase the total transportation cost between ANL-E and WIPP.

The ANL-E RH TRU waste is central to the 60-300 canisters committed for
emplacement in WIPP during the 1989-1993 demonstration period. The
prototype RH canister welder developed at Hanford in 1985 should be
available, at ORNL or INEL, to canisterize this waste beginning in late
1988. During the demonstration period, waste generation at ANL-E should
be canisterized at INEL until the capability exists at ORNL. At that
point, ORNL should assume responsibility for the canisterization of ANL-E
waste.
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4.2.3 Recommendation. The ANL-E newly generatedwaste should be
certified as to form by ANL-E and transportedto an off-site
canisterizationfacility for final packaging.

4.3 INEL

4.3.1 Site Findings INEL has 164 canisters worth of waste in storage
(see Appendix A). NDA/NDE is expected to show that 8 canisters have dose
rates greater than lO0 rem/hr, and 2 canisters are not certifiabledue to
unidentifiablecontents. The 8 high-dosecanisterscould be shipped to
WIPP under the Agreementfor Consultationand Cooperation (Ref. 13).
This agreement states (in Article Vl - WIPP .Mission)that, "The DOE
agrees that no defense RH-TRU with a surface dose rate in excess of l,O00
rem per hour will be shipped to WIPP and that no more than 5% of the
total volume of 250,000cubic feet (or 12,500 cubic feet maximum) of
defense RH-TRU shipped to WIPP will exceed lO0 rem per hour surface dose
rate.

The stored RH at INEL could be certified by the proposed SWEPP II/PREPP
II. However, ignoring the SC waste at INEL, we would be constructinga
facility (or modifying an existing facility)to process waste that would
fill one RH canister. We therefore conclude that a prccessing facility
to be sited at INEL to process only INEL RH waste is not practical.

INEL is currently examiningalternativesfor certificationof SC and RH
waste. This study will be complete at the end of FY 86 and may provide
some alternatives for RH waste. INEL has over 5,000 packages of SC
waste, and only 2 packages of not directly certifiableRH waste that will
require processing for certification.Thus we see that the processing
requirementsat IT_ELthat are not satisfiedby the existing PREPP
facility will be dictated by characteristicsof SC waste. Some of the SC

waste contains shieldedwaste that could become RH if the package is ever
opened. Although constructionof PREPP II is not justified by the
characteristicsand amounts of RH TRU in interimstorage at INEL, the
facility may be justified in the future by the characteristicsand
amounts of special case wastes at INEL. If this is the case, then it is
possible that processing required for certificationof RH waste may occur
in this facility. Analysis of SC processing requirementsis outside the
scope of this study.

lt is important to remember that even though practicallyall iNEL stored
RH TRU waste is presumed to be directly certifiablewithout additional
processing,the waste must still be retreived from storage, subjectedto
NDA and NDE for certification,and packaged for transportation. The
facility and operations requirementsto acheive the retreival,
certification,and packaging are not clearly established. Historically,
the RH TRU wastes were placed into interim storage in open air transfers
using a combinationof ordinary lifting equipment (cranes and forklifts)
and generator specific shield/transportationcasks. Operations were
conducted on a year-round basis, with occasional interruptions for
springtime flooding and mud. However, the storage operations did not
include steps comparable to NDA/NDE or canisterization. Furthermore,the
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on-site transportationcasks are not licensed for travel on public
roads. Occasional retrievaloperations on RH TRU have been conducted at
INEL; for example, to carry out storage vault closure modificationsor to
return an HFEF canister to Argonne-West. These retrievalsdid not
disclose failed or leaking containers or contaminationcontrol problems.
(Nor did these retrievals includeassay, examination,or repackaging.)
The implicationsof this uncertaintyabout INEL requirementson system
costs are discussed in Section 4.3.2. The INEL site alternativesstudy
is scheduledfor completionat the end of FY 86; that study should
clearly establishrequirementsfor retrieving,certifying,and
canisterizingstored INEL RH TRU wastes.

4.3.2 Cost and Schedule. The estimate for constructionof SWEPP II and
PREPP II is approximately$28 million. No breakdownhas been given
between the examination (SWEPP)and processing (PREPP)functio,_s.Since
the TRU program is funding developmentof a mobile NDA/NDE system and has
developed a prototype canister welder that could be provided to INEL for
use on INEL and ANL-E wastes (see Section 4.2.2), and since INEL has the
equipment used to originally place the RH TRU into interimstorage, this
study concludes that the entire $28 million facilitycost can be saved.
(This conclusion can be modified based on the resultsof the INEL site
alternativesstudy results,when published.)

The INEL stored RH inventorycan be worked off early in the period of
routine WIPP operations, specificallyduring 1994 and 1995. This
schedule requires use of the mobile NDA/NDE system, scheduled for trial
operations in FY 87. Meeting this schedule is necessary to allow the
scheduleproposed For the ORNL WHPP above.

4.3.3 Recommendation. The TRU Waste Management Program recommends that
SWEPP II/PREPP II is not required for the processingof INEL stored RH
TRU waste. The RH TRU stored at INEL should be certified and
canisterizedat INEL, making full use of the mobile NDA/NDE system. The
stored RH TRU inventoryat INEL should be worked off by the end of 1995.

4.4 Hanford
,, ,,

4.4.1 Site Findings. The RH TRU waste in storage at Hanford is not well
characterized. Thus the findings presented for Hanfordcontain more
uncertaintythan for other sites. The reason for the uncertaintymay be
traced to the fact that the fraction of directly certifiablewaste from
the alpha caissons at Hanford is not known. However, the volume of this
waste is relatively small (about 22 cubic meters), so it is difficult to
justify a dedicated processing facility.

These caissons contain about 5,000 one-gallon and five-gallonpaint cans
and other miscelleanousmaterials. The Hanford Defense Waste Draft
Environmental Impact Statement (Ref. 3) provides some detail on the most
likely method to be used for retrievalof the cassion waste. Figure 6
(FigureB.7 from the EIS) shows a caisson recovery buiding. This
buildingwould retrieve individualpaint cans and place them into a
shippingcask. lt should be noted that this building would only be used
if waste from TRU-ContaminatedSoil sites were to be retrieved. If the
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waste from the TRU-ContaminatedSoil sites were left in place, a smaller
but similar buildingwould be used. In any case, the current plan calls
for the retrievedRH TRU waste to be transportedto a waste processing
facility for conversion to a WIPP acceptable form. The EIS states that,
"The waste would be processed in a new facility, (or in a temporary
facility, since such a small volume is involved)of suitable size,
possibly as an addition to the Waste Receivingand Processing Facility

t!
• m m

lt is importantthat the chosen method allows for individualpaint can
retrieval. Such a method will permit some important,and possibly
cost-effective,alternatives.

Once a paint can is retrieved,one of three things may happen. First, if
a retrievedpaint can is directly certifiable,no processingwill be
necessary,and the can may go directly to WIPP. If the can is not
directly certifiable but still legally transportable,the can may be
shipped to an off-site processing facility for certifiaction. Finally,
if the can is not directly certifiable and not transportable,it must be
processedon site.

lt is clear that the capability of segregatingwaste into these three
categories is very important. Further, it is important to segregatethe
waste as early in the retrievaloperationas possible. The best
implementationof this concept would allow for a determinationas to
which category the waste belongs in before placing it into a shipping
cask.

To illustratethe significanceof this segregationcapability,we will
arbitrarilyassume that a certain cassion contains l,O00 one-gallon paint
cans. Further, we assume that 50% of the paint cans are directly
certifiable,that 40% are not directly certifiablebut transportable,and
that 10% are neither directXi certifiableor transportable. Next we
assume a shippingcask that will hold lO one-gallonpaint cans.

If no segregationof cans is possible before placing them into the
shipping cask, we will randomly retrieve lO cans and place them into a
cask. Elementaryprobability tells us that each of the lO0 resultant
casks-loadswill have only a l in I024 chance of containing only direcly
certifiablewaste. In this case, we obtain a likelihoodof better than
90% that each of the lO0 cask-loads would have to undergo some processing
step.

If, on the other hand, we assume perfect segregationcapability,we would
obtain 50 directly certifiablecask-loads,40 cask-loads that could be
shippedoff-site, and only lO cask loads that require processing on
site. If only one in ten paint cans require on-site processing,then the
facility requirementswould be much more modest. In fact it may be
possible to use an existing hot-cell for certificationoperations if the
amount requiring processing is small eF,ough.
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We again emphasize that the above values for percent directly certifiable
are assumed only for demonstrativepurposes. Because of the nature of
the cassion waste and historical waste management practices, it is not
known how much of the waste will be directly certifiable. When this
fraction is determined, it will play an importantrole in designingthe
retrieval, segregationand on-site processing facilties.

Other options for segregationmay exist. If segregationis not practical
as the waste is being retrieved, an attractiveoption may be to design a
facility that will receive the shipping casks, and individuallyNDA/NDE
and sort the paint cans. This facilty could accommodate both NGW and
stored waste, and have canister welding capabilities.

Bearing in mind the limited data available, it appears that Hanfordwill
require a hot cell for use in RH waste certificationand segregation.
The use of an existing hot-cell for certificationoperations is currently
being studied by WestinghouseHanford Company (WHC). The mission of the
process should be to ship the waste off site (to WIPP if certifiable,to
ORNL if not certifiable)with as little effort as possible. No volume
reduction is justified in view of the small volume of waste.

Clearly, trade-offswill exist in certain situations. For example, if a
paint can is retrievedthat is both not directly certifiable and not
tranportable,it is probable that it will be more cost effective to take
measures to solve both problems at once.

In 1995, a new waste stream will come on line, namely the hulls from the
Process Facility ModificationProject (PFMP). These hulls will add about
46 cubic meters per year of RH-TRU waste to the system (or about 73
canisters per year_. This waste stream is expected to be generated
through 2001. This waste will have very high surface dose rates and some
aging will be required. Also, the limit of 23 Ci/liter maximum acitivity
(Ref. 13) averaging over the canister, could present packaging problems
for this waste.

Beginning in 1995 and continuing through 1999, Hanford will be generating
4.3 cubic meters of Fast Flux Test Facility hulls per year. This will
result in about seven RH canisters of waste per year.

Hanford has proposed to begin storing newly generated RH TRU wastes, of
the type now put into the alpha caissons, into lead-lined 55-gal drums,
beginning in late 1988. The external dose rates of the shielded drums is
expected to be less than 200 mrem/hr, in other words, contact handled.
The costs of shieldingthis waste form and other RH TRU waste forms to CH
levels are analyzed in Section 4.7. The conclusion of the analysis is
that shielding to CH is not, in general, cost effective. However, for
the very small waste stream of newly generatedHanford alpha hot cell RH
TRU (2 cubic meters per year) the additional cost is justified because no
additional alpha caissons will be required. The PFMP hulls waste stream,
generated at 20 cubic meters per year, beginning in 1996, will have dose
rates too great to allow shielding to CH levels.

4.4.2 Cost and Schedule. Two facilities for management and processing
of stored RH TRU are identified for Hanford in the DWMP: the RH Waste

Receipt and PackagingPlant (RH-WRAP)and a caisson recovery building.
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The estimated costs for these facilities are $46 million and $17 million,
respectively. There is no apparent alternativeto a caisson recovery
building provided that the stored RH waste is going to be retrieved.
(GCD alternativesare not within the scope of this study.) There is no
apparent requirementfor RH-WRAP. Non-certifiableRH TRU retrievedfrom
alpha caisson storage can either be returned to a Hanfordhot cell for
correctionof deficienciesand packagingas newly generatedwaste, or
prepared in a caisson recovery building for shipment to the ORNL WHPP for
processing. The projectedcost savings are $46 million less the
additionaltransportationcosts that result for waste shipped to ORNL
rather than directly to WIPP. If all stored alpha caisson waste at
Hanford through 1988 is shipped to_NL, the total transportationcost
increase is about $600,000. Hence, cost savingsof at least $45 million
are possible.

The alpha caissons at Hanfordare adequate and low cost (providedno
additionalcaissons are constructed)interim storage units for RH TRU.
Workoff of the stored inventoryat Hanford is not critical to WIPP
operations,nor to WHPP operations if the waste is processedat ORNL.
Consequently,the caisson recoverybuilding can be deferred until 2000 or
Iater.

4.5 LANL

In examining the various scenarios,Los Alamos National Laboratory (LANL)
was not included in the analyses. Although LANL currently is both a
generator and storage site for RH TRU waste, current plans call for all
hot cells that are capable of handling RH TRU to be decommissionedby FY
1991. LANL will net produce any RH TRU after this date; nor will they be
able to process any of their stored waste for certification. For this
reason, all RH TRU activities (exceptfor storage) will cease at LANL in
the next three years, and no waste management alternativeswill apply.
LANL is in the process of acceleratingcertificationefforts for RH in
the next three years. In particular,any certificationsteps which will
require the use of a hot cell must be complete in this time frame.
These decommissioningefforts will generate a new stream of RH waste.
All LANL waste will be considered a primary candidate for the
demonstrationof RH disposal at WIPP. The use of LANL waste for the
demonstrationhas the advantageof close physical proximity to WIPP.

4.6 WIPP

4.6.1 Site Findings. WIPP is not impacted by many of the options
discussed in this study. Processing alternativesdo not affect WIPP, so
long as they result in a certified waste form. The areas that could
affect WIPP are transportationcask selection,and the canisterization
and shieldingalternatives.

The base case transportationsystem uses an RH canister inside a modified
Defense High Level Waste (DHLW) cask. WIPP has designed (and to a large
extent, procured and constructed)RH waste handling equipment and
facilitiesbased on this concept. To select an alternativecask (or
casks) will have an impact at WIPP, in particular if the selected
alternativeis not top loading. However, because this and
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other studies have recommendeduse of the modified DHLW cask for RH
shipments, and because the program to procure a suitable transportation
cask is on schedule toward an October, 1988, milestone, no impacts on
WIPP are expected.

The alternativesof whether or not to receive RH TRU wastes at WIPP in
55-gal drums as well as in the RH canister have been proposed. The
detailed analysis of these alternativesis presented in Appendix B. The
summaryof the Appendix B analysis is that considerablesystem savings
are possible if RH TRU can be shipped to WIPP in 55-gal drums,
transported in a suitable shield cask, and canisterizedin the WIPP hot
cell before undergroundemplacement. To accomplish canisterizationat
WIPP, modificationsto the WIPP hot cell and procurementof a drum
transportationcask are necessary. Detailed cost impacts are discussed
in Section 4.6.2.

The alternative of shieldingRH TRU to CH levels is analyzed in Section
4.7. The conclusion is that shielding is not a cost effectivemethod for
management of RH TRU, in general. If shieldingwere to be implemented
for a specificwaste stream, what would be the impacts on WIPP? Consider
newly generated hot cell wastes from Hanford, typically removed from the
hot cells in one-gallon metal "paint cans". Geometrically,84 of these
cans could fit into an RH canister (presumingoverpackagingof the cans
into intermediatedrums is required for contaminationcontrol). The same
84 cans could be packaged into six shielded drums under the Hanford
plan. Given that the capacity of a double-containmentvalue analysis
TRUPACT is 36 drums (per WPO communicationof July 28, 1986), six RH
canisters could be saved and one additional TRUPACT shipment would result
instead. The direct labor receipt-through-emplacementtimeline at WIPP
for a TRUPACT is essentiallyequal to the same timeline for one RH
canister, that is 40 man hours. Therefore, each canister-full of RH
shielded to CH saves WIPP about 33 man hours for other activities. This
is not a cash savings, since the crew remains on the payroll, but it is a
desireable result for WIPP. Unfortunately,Section 4.7 shows that extra
package costs more than offset both the labor savings at WIPP and
transportationsavings that result from shielding. Nevertheless,if
future waste form specific analyses show a system savings from shielding,
no adverse impactsare expected at WIPP.

,.

lt is essential to recognizethat 55-gal drums shipped in a shielded drum
cask cannot accommodate some existing or planned RH TRU waste forms. As
examples, the HFEF canisters from INEL, most of the stored RH at LANL,
and some equipment racks in storage at ORNL are too large to fit in
drums. By the time a drum cask has a large enough capacity, in volume,
to be more transportationcost effective than a canister cask, it becomes
weight limited. This is because the greater surface area requires more
mass for equal shielding thickness. As a result, a volume efficient
shielded drum cask will probably be limited to waste forms of less than
20 rem per hour in order to be within weight limits for transportation.
While much of the RH TRU inventory is below this dose rate, many waste
forms (PFMP hulls, HFEF canisters, essentially all LANL RH) are known to
be higher. Inventorydata to determine precisely how much RH TRU is

-26-



below a given level are not recorded for stored wastes (INEL is an
exception). In conclusion,it is cost effectiveto ship RH TRU to WIPP
in drums to the extent possible, but the transportationand WIPP
capability to ship and receive RH in canisters is essential.

4.6.2 Cost and Schedule. The alternativeof canisterizingRH TRU at
WIPP has the followingcost impacts: modifyingthe WIPP hot cell costs
an additional $2 million; transportationsavings are $I0 million, basedi

on a nine-drum transportationcask; and cask fleet acquisitionsavingsof
Sl million result becausea fleet of two canister casks and two drum
casks will suffice, as opposed to a fleet of six canister casks required
for canister-only shipments. The net possible system savings is
$12 million.

Canisterizationat WIPP can begin three years after a commitment is
made. This lead time is necessary to modify the hot cell (approximately
$500,000 in year minus two and $I.5 mi'Ilionin year minus one) and to
procure a transportationcask ($300,000developmentcost in year minus
three, $3 million obligation for procurementin year minus two).

4.6.3 Recommendation. The TRU Waste Management Program recommends that
RH TRU be shipped to WIPP in 55-gal drums and canisterizedat WIPP for
emplacement,to the maximum extent possible for variouswaste forms, lt
is also recommendedthat the capability to transportand receive RH TRU
in canisters be maintained. The canisterizationcapability at WIPP
should be implementedby the beginning of full scale operations in 1994.

4.7 Shielding

Introduction

The use of shielded 55-gallon (or 30-gallon)drums has been proposed for
storage (and perhaos shipment and emplacement)of RH TRU waste. This
section reviews this concept for transportationsystems, for WIPP, and
for interim storage at the sites. An analysis of the concept for several
waste forms is presentedin Appendix H. The resultsof the analysis are
clearly dependent on assumptions regarding fabricationcosts of the
shielded drums. The assumed costs used in Appendix H are either
engineeringestimates (the Rockwell-Hanforddrum of larger waste
capacity) or actual procurementcosts (the ANL-E drum of smaller waste
capacity). In a review of an earlier draft of this report, one site
challenged the cost estimates as being too high; however, that site was
unable to provide alternateestimates with any basis other than
intuition.

Discussion

The concept of shieldingRH TRU waste to CH levels has been explored both
at ANL-E and at the Hanford site. ANL-E is currently shipping a small
amount of waste to Hanford in a shielded 55-gallondrum. RHO is
exploring the possibilitiesof using the shieldeddrum in order to avoid
some of the difficulty associated with retrievalof RH waste from the
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alpha cassions. Hanford personnel stated in a May, 1986, workshop that
use of the shielded drum will be reexamined based on the system costs
presented in this study and based on schedule. Initially it was belie;ed
that the fourth (and last to be used) alpha cassion at Hanfordwould be
filled before WIPP opens, lt now appears that it may be possible to
extend the life of the fourth cassion until October, 1988 which is nearly
the date on which WIPP will begin to recieve RH waste. If this is
possible, the use of the shielded drum may not be necessary, and Hanford
can ship newly generated waste directly to WIPP.

The Rockwell shielded drum would hold about 15 one-gallon paint cans
compressed into an eight-galloninner container surrounded by lead and
overpacked in a 55-gal drum. The dose rate at the outer surface of the
drum would be less than 200 mrem/hr, and would thereforebe contact
handled. Such a system will be initiated at RHO for newly-generatedhot
cell waste in FY 1989. Clearly, interim storage requirementsare
simplifiedwith this method. Waste stored in this manner can be stored
with other CH waste in above ground facilities with little or no
shielding or occupationalhazard. Retrieval of RH waste from these
drums, if required,will be simpler than from the alpha cassions.

The ANL-E shielded drum holds three one-gallon waste cans in a shielded
cavity constructedof concentric steel pipes with a lead filled annulus.
This shielded inner container is held in the center of a 55-gal drum by
metal supports.

In this report it is assumed that RH waste that has been shielded to CH
levels may be shir_,_edin the TRUPACT. Further, it is assumed that no
weight penalty wil"_result from the shipment of the heavy shielded
drums. In other wjrds, enough light CH waste will be available to mix
with the heavy shielded waste to allow full shipments. This assumrtion
is employed so that no penalty is assigned to shielded RH shipments. The
calculated weights of proposed shielded drums range from 1400 pounds for
the ANL-E design (which holds three one-gallon waste cans) up to 5000
pounds for the heaviest RHO design (which holds about 15 one-gallon waste
cans of high dose rate). With the TRUPACT payload weight limited to
12,500 pounds, only two to eight shielded drums can be transportedper
TRUPACT. The Appendix H analysis shows that even with this assumption,
shielded RH drums are not a cost effective alternative to the RH
canister. By adding a weight penalty, the cost penalty for shielded
drums increases, lt has been established that WIPP can accept this waste
and emplace it as CH, with no operationalpenalties (see Section 4.6).

Conclusions

This study concludes, based on the data available, that shieldingRH TRU
to CH levels is not cost effective as a generic processing method. This
study did not discover any system impediment to the shielding concept
other than higher cost. If a site determines that shielding can be
accomplishedfor lower costs than those estimated here, or if a site
determines that site-specificconsiderationsoffset the higher system
costs for a particularwaste form, shielded wastes can be accommodatedby
WIPP.
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As mentioned in section 4.4, this generic conclusion should not imply
that shielding the small volume of Hanford, newly-generated, hot-cell
waste is not an attractive option. Implementation of shielding at
Hanford may be cost effective due to facility cost savings. (The matter
is currently under study at Hanford.)

4.8 Compaction

Analysis shows that installation of a compactor in the ORNL WHPPfacility
would be cost effective. No other site has enough volume of waste to
justify the cost of the compactor, let alone the cost of the hot cell.
At ORNL, since a processing facility appears to be necessary, little
additional expenditure would be required to facilitate the installation
of a compactor.

Because of transportation costs, it does not appear cost effective to
ship from any storage site to ORNL for volume reduction.

The analyses of compaction involves a trade-off between the cost of the
compactor and associated equipment, compared to the savings associated
with reduced volume. These savings include decreases transportation
requirements and reduced WIPP operation costs. In addition, extra
transportation steps need to be analyzed for the case of shipping waste
to the compactor from off-site.

Commercially available compactors have been used extensively for
compacting dry low level waste at commercial power pl ants, and have an
impressive operating hi story. These compactors can be installed
permanently at a plant or they can be mounted on a tractor trailer and
brought to the plant for a batch campaign. For RH TRU waste, however,
health and safety requirements dictate that a compactor be used only in a
hot cell facility.

The analysis shown in Appendix J shows a minimum savings of $16 million
if compaction is employed at ORNL. In addition, further savings up to
$5 million are possible, for a total potential savings of up to $21
million.

4.9 Transportation

Previous studies (Ref. 6) have concluded that modified Defense High Level
Waste (DHLW) casks should be used for routine RH TRU waste shipments.
This conclusion was based on interface capabilities, radiation exposure
(ALARA), cost, package certification ease, and minimization of the need
for special permits. In each of these categories, including cost, the
modified DHLW cask ranked high. In the period since the above reference
was publ_shed, no new casks have become con_ercially available that would
cause this conclusion to change.

lt should be remembered that the current base case shipping cask is not

commercially available. DOE is funding the development effort to obtain
a cask that will fill the RH transportation needs. If we assue that this



process could be repeated if economicallyjustifiable,then we may
examine other cask designs. Particularlyif WIPP develops
canisterizationcapabilities,a more efficient cask becomes very
attractive. For example, if a shielded cask could be developed that
could carry lO drums, and WIPP could canisterize,then the total number
of trips of RH waste to WIPP could be reduced to approximatelyone third
of the currently planned system. (The RH canister can carry three
55-gallondrums.) The savings could amount to approximately$15
million. (For detailed analyses, see Appendix B.)

If the drum cask can be successfullyprocured, this will not eliminate
the need for the modified DHLW cask. Severalwaste forms will be too
large for the drum cask or will have dose rates that will be too high.

4.10 Optimum System

Based on the findings and analyses of this study, we conclude that the
system baseline defined in Section 2.3 is not the optimum system. In
this section, the optimum system is defined, with the intent that the
defined system become the new baseline system for management of RH TRU
wastes. Section 4.11 presents a schedule of key milestones that are
required to implement the new baseline,and Section 4.12 summarizes the
cost savings expected as a result of implementingthe new baseline.

The essential elements of the optimum system, recommendedas the new
system baseline,are:

I. Newly generated RH TRU wastes should be certifiablewithout
processiF.g,certified by the waste generator, and shipped
directly from the generator to WIPP. Generators should begin
certificationof newly generated RH TRU as soon as possible and
not later than the end of FY 87.

2. To the maximum extent allowed by waste form characteristics,
certified RH TRU should be shipped to WIPP in drums, either
55-gal or 30-gal, and canisterizedat WIPP. Canisterizationat
WIPP should begin by early FY 1994.

3. Canisterizationcapability will be required at the INEL and
Hanford sites for waste forms that cannot be shipped in drums.
INEL requires that capability by January, 1989, and Hanford
requires the capability in 1996, coincidentalwith the start of
the PFMP hulls waste stream. ANL-E should utilize the
canisterizationcapability of INEL through 1993, and ship drums
to WIPP for canisterizationbeginning in 1994.

4. Transportationcapability for both canisters and drums will
be required. The TRU program should procure a fleet of two
canister casks and two drum casks of six drum or greater
capacity for transportationof certified RH TRU to WIPP.



5. A facility for processing RH TRU wastes that are not
directly certifiableshould be constructedat ORNL. This
facility,WHPP, should be used for processingwastes from all RH
TRU generators,as necessary. The WHPP should be operational by
January, 1996.

6. The proposed facilities at INEL (SWEPP II/PREPP II) and at
Hanford (RH-WRAP)are not required for processing RH TRU waste.

7. LANL, which will not generate new RH TRU waste after the end
of FY 88, should retrieve,certify, and canisterizethe stored
RH TRU waste at that site, and transport the waste to WIPP
beginning in January, 1989.

4.11 Optimum System Milestone Schedule

The milestone schedule required to implementthe optimum system described
in Section 4.10 is shown in Figure 7, below.

4.12 Summary of Cost Savings

Projectedlife cycle cost savings possible from implementationof the
system described in Section 4.10 are approximately$110 million, as shown
in Figure 8, below.

-31-

E



SCHEDULEIIII

o WIPP

- C0_Dops_0/87
- FIRST CH 10/88

- FIRST RH (BEGIN DEM0) 1/89

- COMPLETE RH DEM0 1/94
o TRANSPORTATION

- SHIPPING CASK AVAILABLE 10/88

- FULL FLEET AVAILABLE1/94
o PROCESSING

- WHPP DEVELOPMENT FY 87-90

- WHPP DESIGN FY 91

- WHPP CONSTRUCTION FY 92-95

- WHPP START-UP FY 96

- HANFORD WRF START-UP FY 06

Figure 7
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SAVINGS: TOTAL LIFE CYCLE

SAVINGS UP TO $110 MILLION
I I

o CAPITAL: $70 MILLION

'T • .o DRUM SHIPMENT. $10 MILLION

o VOLUME REDUCTION: $30 MILLION

Figure 8
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5.0 ISSUES AND UNCERTAINTIES

This section of the report explores uncertainties in the analyses (data
and assumptions), in technical areas, and in institutional areas.

5.1 Uncertainties in Analyses

The analyses were not very sensitive to variations in much of the data,
due to the fact that such a large fraction of the waste is in storage at
ORNL; and due to the fact that this waste is not transportable without
processing.

5.2 RH Demonstration

An analysis of the number of canisters that should be emplaced in WIPP
during the demonstration concluded that there were insignificant cost
differentials. Other factors that may influence the number of canisters
emplaced in the demonstration include the following:

Availability of RH shipping casks

Budget levelization

WIPP Considerations (Technical Demonstration of Full Scale Operations)

One factor not considered was retrieval of waste from WIPP in the

unlikely event that the demonstration was not successful. In that c se,
it is clear that very little waste should be emplaced in WIPP. However,
the CH program is proceeding as if the demonstration will be successful,
and it is assumed that the RH program will be successful as weil.

5.3 Hanford Retrieval

The retrieval of Hanford alpha cassion waste will determine the extent to
which processing will be required and the extent to which the waste is
transportable. However, even in the worst case, (I00% requires
processing for certification and I00% requires processing for
transportation) it is still difficult to justify a facility at Hanford.
Hanford has only 22.5 cubic meters of RH waste in the alpha cassions. If
the facility costs only $15 million and operations cost only $5 million,
the cost of certification of this waste would approach one million
dollars per cubic meter. These figures would suggest that this waste
might be considered for alternate disposal practices, lt should be noted
that this worst case is considered unlikely.

As waste is retrieved from alpha caissons, judgement is required to
determine if certification processing at WHPP is required. Therefore,
assay and examination capabilities, as well as DOT acceptable packaging
will be required. If existing Hanford hot cells cannot be used to
fulfill this requirement, the capabilities of the caisson recovery
building will have to be enhanced, at additional cost.

5.4 INEL Special Case Waste

Ir_ELdoes not need a facility for RH waste processing. However, if it is
determined that they do need one for SC waste processing, it is possible
that some benefit could accrue to the RH program.
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5.5 ORNL Facility Cost

The cost of the proposed WHPP fdcility at ORNL is not yet well defined.
Options for WHPP construction (or existing facility modification)are
still being explored, as well as options for sludge solidification.
However, the cost of this facilitywill not change the need. The stored
waste at ORNL cannot be shippedto another site for processingwithout
extensivepreparation. This preparationwould cost very nearly as much
as certification.

5.6 Cost of the Shielded Drum

One actual and one estimatedcost for the shielded drum have been
obtained, and these costs vary by a factor of seven. This difference is
due to the _riations in design used. The cost of the shielded drum
influencest_ledesirabilityof the concept. Uncertaintiesin the use of
the shielded drum have been discussed earlier.

5.7 Transportation

The cost of production casks is not well defined. The feasibilityof
obtaining a cask to ship eight to ten 55-gallon (or 30-gallon) drums is a
big unknown as applied to the concept of canisterizationat WIPP. As
mentioned earlior, if such a cask could be certified for shipment of
RH-TRU waste, the cost effectivenessof shipping drums to WIPP (rather
than canisters) is very favorable.

5.8 Canisterizati_ at WIPP

As mentioned above, transportationis the hurdle for implementationof
canisterizationat WIPP. The concept of abandoning the RH canister after
the demonstrationand directly emplacing RH drums in WIPP is very
attractive.

5.9 Technical Uncertainties

Compaction

Although compaction appears to be cost effective at ORNL, the technical
feasibilityof the concept is unproven on TRU waste. If the volume
reduction is diminished by dose rate considerationsor by Pu limits, the
attractivenesswill be limited.

Processing

The sludge solidificationprocessing facilities required at ORNL will
represent the first applicationof large scale solidificationof RH TRU
waste, lt should be anticipated that some schedule and cost projections
may be soft.
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NDA/NDE

The applicabilityof non-destructivetechniques for examinationand assay
of RH waste may present problems for certificationof stored waste.
Althoughconfidence is growing, this technology is unproven. If certain
waste forms are not amenable to these techniques,additional processing
may be necessaryfor certification.

Retrieval

The retrievalof waste from the alpha cassions at Hanfordwill challenge
the availabletechnology of robotics and of transportablecontainment
structures. If the costs for retrievalof this waste becomes excessive,
considerationof on-site disposalmay be appropriate.

5.10 InstitL_ionalIssues

Double Containment

The issue of double containmenthas apparently been solved by DOE's
recent commitment to double contain the RH shippingcask.

Central Processing at ORNL

The concept of shipping uncertifedwaste to ORNL from other sites may not
appeal to the corridor states. However, in view of the potential savings
and the small amount of waste to be shipped, institutionalconsiderations
should not be extreme. Precedentsexist for transportationof
radioactivewastes between DOE sites in compliancewith DOT regulations.

Canisterizationat WIPP

The concept of performingthe canisterizationoperationat WIPP may not
fall into WIPP's historicallydefined role; however, this does not appear
to be an obstacle. The concept of discarding the RH canister following
the demonstrationmay prove problematic.

Schedule

Delaying facility schedulescould necessitatean extension to the life of
WIPP, but the life of WIPP is defined in the WIPP FEIS, and may be
challenged on this basis.
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APPENDIX A

SUMMARYOF TOTAL RH CANISTERS
TO BE EMPLACEDAT WIPP

Source data for existing and projected waste amounts was provided by the
generating and storage sites through their Inventory Workoff Plan (IWOP)
submissions. Workoff rates submitted by the sites reflect the baseline
described in Section 2.3 (i.e., each site processes its own waste).
Therefore, the IWOP shipment rates differ from the uniform rate
recommended by this study.

This Appendix gives projections for the number of RH canisters to be
emplaced at WIPP. These numbers are given by site for both store( and
newly generated waste. Assumptions regarding volume changes due to
processing are explained. The availability of waste as a function of
time is presented. The supporting data for this section includes
Refs. II, 12 and 15 through 19, and conversations with site waste
management personnel.

Table A-I shows both the volumes in storage as of 12/31/85 and the
resulting number of canisters. The reader is reminded that the number of
canisters in storage is not a linear conversion from the volume in
storage. Rather, to convert volume to canisters, the storage container
geometry must be accounted for. The date 12/31/85 was used to ensure
consistancy with Ref. II. Table A-2 shows the projected number of
canisters generate_ for the period 1986 through 1993. This time pericd
was chosen to support Table A-4, which projects the amount of waste
available for the WIPP demonstration.

Following presentation of the data tables, details on the basis for the
tables are given. The assumptions regarding canister packing and volume
changes due to processing are presented. For each site, the waste
generation is given in the time frame 1986 - 1993 in order to show the
amount of waste available for the WIPP demonstration.
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Table A-I

Stored RH Waste
(As of 12/31/85)

Site Total Number of Canisters Volume (CubicMeters)*

Hanford 69 20

INEL 164 35

LANL 28 5

ANL-E 0 0

ORNL 2654 (including sludges) 1,270

TOTAL 2915 l,330

* Volume numberswere taken from site IWOP submission (Refs. 12 and 15-19).

Table A-2

Newly Generated RH Waste
(For the eight year period l986-1993)

Site Total number of Canisters

Hanford 12

fUEL 82

LANL 0

.,

ANL-E • 136 (Identifiedin the INEL IWOP)

ORNL 280*

TOTAL 510

* Not shippable for 5-I0 years from date of generation due to neutron dose
rates.
(See Table A-4 for Waste Available for WIPP Demonstration.)
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Table A-3

Ntehwl_Generated RH Waste(For 20 year peri od 1994-2013)

Site Canisters

Hanford 546

INEL 220

LANL 0

ANL-E 338 (Identified in the INEL IWOP)

ORNL 700

TOTAL 1804

NOTE: For stored and newly generated waste the grand total is 5229 canisters.

Table A-4

Waste Available for the WIPP Demonstration
{l 989-I 993)

Site Canisters

LANL 28

ORNL 33

Newly Generated* 196
(All Sites)

TOTAL 257

* Assumes certification beginning in CY 87, including the waste available from
ANL-E staging storage. AI so, the Hanford newly-generated waste is not
included because it will be stored in the alpha caissons and will not be
retrieved until that work off begins in 1997.
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Table A-5

Waste Available for WIPP Emplacementby Site

Site Canisters

ORNL 3634

Hanford 627

INEL 466

ANL-E 474

LANL 28

TOTAL 5229
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WASTEAVAILABLEBYSITE

1

(627)

0.5 (474) (466)

(28)
0

ORNL HANF ANL-E INEL LANL

SITE
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Hanford

Stored:

Alpha Cassions:

5283 one-gallon paint cans currently in storage
93 five-gallonpaint cans currently in s_orage
14 other containers (Approximatelythree gallons each)

Packaging: 28 one-gallon paint cans per 55-gallondrum
3 55-gallondrums per RH canister

Total of 63 canisters from one-gallonpaint cans

6 five-gallonpaint cans per 55-gallondrum
3 55-gallondrums per RH canister

Total of 5 canisters from five-gallonpaint cans

Assume one canister for 14 other containers

Total of 69 canisters from alpha cassions

Newly Generated (1986 through 1988)(3 years):

l.l M3 per year of not-cellwaste or approximately:

300 one-gallorJpaint cans per year

Same packaging as above for 4 canisters per year, 12 canisters total

IJOTE" Beginning in 1989, this waste will be shielded and handled as CH
waste.

Beginnin9 in 1995 through 2001 (7 years):

46 M3 per year of N reactor hulls

Packaging: .21 M3 per 55-gallondrum
3 55-gallondrums per RH canister

Total of 73 Canisters per year of N reactor hulls, total
of 511 canisters
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Hanford (Continued)

Beginning in 1995 through 1999 (5 years)"

4.3 M3 per year of FFTF hulls

Packaging: As N reactor hulls

Total of 7 canisters per year, total of 35 canisters

The Hanford IWOP lists two other sources of RH waste. The first in 70.8
M3 every three years from the Hanford Waste VitrificationPlant
(HWVP). This waste consists of melters which are replaced every three
years. Their huge size* prevents them from being handled as normal
RH waste and classifies them as Special-Case(SC) waste. Since SC waste
is beyond the scope of this report, this waste is not reflectedin
RH inventoryfor the report.

The second source is waste retrievedfrom the 618-II burial sites. This
waste is considered buried waste (i.e., not retrievable)and also not
reflected in the RH inventoriesfor this report.

*(A vessel 70.8 M3 can be considered as a sphere over 5 meters in
diameter)
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INEL
...,.,,,.,u...

Stored:

369 30-gallon drums currently in storage
90 30-gallon drums staged at ANL-E awaiting shipment to INEL

Total: 459 drums

Packaging: Three 30-gallon drums per canister for a total of
153 canisters

21 inserts (from Hot Fuel ExaminationFacility) currently in storage

(An "insert" is INEL terminology for a 65 inch long by 12 inch
diameter, stainlesssteel canister, generated at ANL-W in the Hot
Fuels ExaminationFacility (HFEF))o

Packaging: 2 inserts per canister
Total of II canisters

Total Stored: 164 canisters

Newly Generated {!qg6 through 1993) (8 years):

I0 inserts per year

Packaging: 2 i_serts per canister
Total of 5 canisters per year, for a total of 40 canisters

Newly/Generated (1986 through 1993) (8 years):

50 drums per year originating at ANL-E

Packaging: 3 drums per canister for a total of 17 canisters per
year, or 136 canisters total
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INEL (Continued)

Newl_ Generated (1994 through 2013)(20years):

lOl2 drums total (IWOP inventory is 1412 drums, less 400 from
1986-1993)originatingat ANL-E

Packaging: 3 drums per canister for a total of 338 canisters at the
approximaterate of 17 canisters per year

Newl_ Generated (1994 through 2013) (20 years):

lO inserts per year

Packaging: 2 insertsper canister
Total of 5 canisters per year or lO0 canisters

Newly,Generated (1987 through 1993) (7 years):

18 55-gallondrums per year originatingat ICPP

NOTE: The INEL IWOP shows 32 30-gallondrums per year; based on
discussionswith INEL personnel, packaging in 55-gallondrums is
operationallyacceptable at ICPP and the RWMC. Therefore, this
analysis assumes packaging in 55-gallondrums.

Packaging: 3 ,_rums per canister for a total of
6 canisters per year, or 42 canisters total.

Newl_ Generated (I794 through 2013) (20 years):

18 55-gallondrums per year originating at ICPP (see above)

Packaging: Same as above for 6 canisters per year, or 120 canisters
total

NOTE: The ICPP portion of the INEL IWOP indicatesthat this waste
stream will total 960 30-gallondrums. The timeframe for this
generation is the 30 years from 1986 through 2015. The totals
shown above for this document reflectwaste generation through
2013 only, at an equivalent annual rate of 32 30-gallon drums
per year.
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ORNL

Stored:

CEUSP (ConsolidatedEdison Uranium SolidificationProject) Waste and
MUO (Mixed Uranium Oxide) cans in storage: 33 canisters
(ORNL Provided Data)

Building 7920 waste in storage through 1986:

19,706 plastic buckets

Packaging: 6 buckets per 55-gallondrum, 3 55-gallondrums per
canister

Total of I095 canisters

Sludges:

1,526 canisters resulting from solidificationof II5,000 gallons
of sludge.

Grand Total of Stored Waste:

CEUSP and r1OU: 33 Canisters

Building 7920: 1,095 Canisters

Sludges: l,526 Canisters

Total: 2,654 Canisters

Newly-Generated (I986-I993):

440 buckets per year

Same packaging as above for 25 canisters per year (but subject to 5-I0
year delay in shipping due to neutron decay for WIPP-WAC)

Newly-Generated (l994-2013):

Same as above for 25 canisters per year
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LANL

Stored As of 1988"

28 Canisters (LANL provided number)

Los Alamos has ._;ioredhot-cell waste in a variety of long steel pipes,
shielded with concrete, that are placed in underground retrievable
vaults. Where their size permits, these can only be packaged one pipe
per canister. Other hot-cell wastes are packaged in small welded steel
containers (cans) which may be stored either in underground retrievable
vaults or unused hot-cells.

Newly-Generated"

None
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APPENDIX B

SAVINGS DUE TO USE OF A SHIELDED DRUM CASK AND
CANISTERIZATIONAT WIPP

This sectionwill explore the consequencesof use of a shielded,double
contained cask that can carry individual 55-gallondrums. If such a cask
were available, WIPP would receive individualdrums of RH TRU waste,
place the drums in canisters in the Waste Handling Building and weld the
canisters shut prior to emplacement. The analyses is expanded to
determine the minimum drum capacity such a cask would have in order to be
cost effective.

As shown in Appendix A, a total of 5229 canisterswill be shipped to WIPP
using the modified DHLW cask. Th_se canisters originate from the sites
in quantities shown in Table A-5. Th_ freightcost projectionsused for
this report are given in Appendix C. Table B-l shows freightcosts,
number of canistersand total freight costs for the transportationof RH
TRU to WIPP.

Table B-l

Total F_eight Cost for Shipping RH TRU Waste to WIPP

Total Freight
Cost

Site Canisters Frei_lhtCost to WIPP per Trip (Tn-'FTillions

ORNL 3634 $4743 $17.24

Hanford 627 $6014 $ 3.77

INEL 466 $4600 $ 2.14

ANL-E 474 $4901 $ 2.32

LANL 28 $I770 $ 0.05

Total 5229 $25.52

Again using data presented in Appendices A and C, we calculate the number of
casks required, and the cost of these casks, based on the number of canisters
shipped and the miles to WIPP from each site.
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Calculation of required number of casks:

We will first reduce the inventory by the number of canisters to be
shipped during the demonstration,and then calculate the number of casks
required during the work off period, which is the most demanding period
in terms of fleet size. Based on carrier supplied information,we assume
840 miles per day (Ref. B.l). We also assume a total of 3 days of cask
turnaround time per round trip.

Table B-2

Number of Canisters, Cost and Cask Requirements for RH Waste Emplaced
During WIPP Demonstration by Site

Cask Days to WIPP Freight Cost Total Cost
Site Canisters (Round Trip) Total Days Per Trip (Millions)

Stored

LANL 28 3.7 104 S1770 $ .05

ORNL 33 6.1 201 $4743 $ 0.20

Newly Generated*

ANL-E II9 6.2 738 $4901 $ 0.60

INEL 77 5.7 439 $4600 $ 0.40

TOTAL 257 1482 $ l.30

*This assumes that all waste generated in 1987 and after will be
certifiable and tn_t waste generated in 1986 is not certifiable.
However, if some waste generated in 1986 is certifiable,then it will
also be eligible. Also, some of the aged ORNL waste may prove to be
usable for the demonstrationperiod. Hanford newly-generatedwaste is
not included because it will be placed in the alpha caisson storageand
not retrieved until 1997.

These numbers were based on the current plan of emplacing 300 canisters
during the demonstration. Assuming an availabilityof 300 (Ref. B.2)
cask-days per year (allowing for holidays and some breakdowns),we see
that we need 4.9 cask years for the 5 year demonstration. In other
words, one cask could probably suffice for the demonstration. Another
cask, however, will be required to support the radioactive experimentsat
WIPP. After these experiments are completed, the second cask may be used
for routine RH-TRU shipments. Using the data presented in Table A-5, we
now present the total number of remaining canisters to be shipped, by
site, as Table B-3.
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Table B-3

Total Canisters to be Emplaced Followin_ithe Demo by Site

Site Canisters

INEL 389

Hanford 627

ORNL 3601

ANL-E 355

TOTAL 4972

Using these numbers for the number of shipmentsfollowingthe
demonstration,we can calculated the number of requiredcasks. Again we
assume 840 miles per day and a total of 3 days of cask turnaround time
per round trip.

Table B-4

Total Cask Days Followin_IThe Demo
(Using a fleet of canister casks)

Site Canisters Miles to WIPP Days Per Trip* Total Days

INEL 389 II50 5.7 2217

Hanford 627 1550 6.7 4201

ORNL 3601 1303 6.1 21966

ANL-E 355 1350 6.2 2201

TOTAL 4972 30585

* Includesturnaround time
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With a total of 30,585 cask-days required, and a workoff period of 20
years (followingthe demonstration),we require 1529 cask-daysper year.

With 300 days per year (Ref. B.2), allowing for holidays and some
breakdowns,we find that the number of requiredcasks is 5.1, which we
round to 6.

The cost of these casks is $3.2 million for developmentand procurement
of the first two, with each additionalcask costing $I million. Thus the
total cask cost is $7.2 million.

Thus the total transportationcost for RH TRU waste to WIPP using the
canister cask is $7.2 million for the casks and $25.5 for freight, for a
total of $32.7 million.

The same methods used above will be employed to estimate the savings due
to use of a postulated shielded, double contained cask. As has been
mentioned several times, some canister casks will be necessaryto
transport large items and items with high dose rates. This analysis
assumes that two canister casks will be constructed (one of the casks
will be primarily used for the radioactiveexperimentsduring 1989-93).
lt is further assumed that all of the LANL waste will be transported
using the canister cask, and that the cask will then be used for waste
from other sites. To begin, we will assume that the drum cask has a
capacity of lO 55-gallondrums. We will later vary this assumption to
examine the sensitivity.

To begin, we first calculate the number of shipmentsthe canister casks
could make.

First of all, the .-anistercask would support the demonstration. They
would ship the number of canisters shown in Table B-2. Next, if the
canister casks moved waste "full-time"from January, 1994 through
October, 2013, they would accrue a total of 19.75 cask-years each, or at
300 cask-days per year, I1850 cask-days.

The canister casks would be primarily used to ship waste that cannot be
shipped in drum casks. Due to the fact that dose rates for the RH
inventoriesare not precisely characterized,some engineering judgement
was exercised when deciding which waste will be shipped in the canister
casks, lt is assumed that all of Hanford'swaste will be shipped in the
canister casks due to 1:hehigh dose rates and waste configurationsnot
suitable to 55-gallondrums. All of the HFEF hulls generated at INEL
will also be shipped in this manner. The remainderof the casks'
shipping capacity will be utilized to ship ORNL waste. Table B-5 shows
the RH canisters shipped via the canister casks.
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Tabl e B-5

Waste Shipped Using the Canister Casks

Miles to Days
Site Canisters WIPP Per Trip TOTAL

Hanford 627 1 550 6.7 4201

INEL I00 1150 5.7 570

ORNL 1160 1303 6.1 7076

TOTAL 1887 11847

This shipping strategy is intended to a conservative case. If some of
the waste identified in Table B-5 proves to be shippable in the drum
casks, then it would be shipped in that manner. This would increase the
savings associated with the use of the drum casks.

The drum casks would only have to transport the quantities shown below in
Table B-6. This table al so show the equivalent number of drums.

Table B-6

Cani:_ters Remainin_I After Use of Canister Casks

Si te Cani sters Drums

OR._JL 2441 7323

ANL-E 355 1065

INEL 289 867

TOTAL 3085 9255

We now assume I0 drums per cask, and find the number of casks required.
We will assume that use of the drum cask begins following the
demonstration, in 1994. Table B-7 show the number of cask days required.
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Table B-7

Cask Days Required for the Ten Drum Cask

Drums

Site (lO per Cask) Cask Days (Round Trip to WIPP) Total Days

ORNL 7323 6.1 4467

ANL-E I065 6.2 660

INEL 867 5.7 494

TOTAL 9255 5621

We now find that if we use 300 cask days per year and a 20 year
post-demonstrationwork off, we only need .94 casks, which we round to I.

For cask cost we will assume a cost of $4.2 million for the three casks
(two canister casks and one drum cask.)

Freight costs are given below in Table B-8. For comparison, this table
gives freight costs for both the demonstrationperiod and for routine
operations.

Table B-8

Freight Costs for a Three Cask Fleet
(Two Canister Casks, One Modified Drum Cask)

Shipments Freight Total

Site Canisters Drum Equiv. DHLW Cask Drum Cask (per Trip) Million....3634 10902 I193 733 $4743 _ 9.10
Hanford 627 x 627 x $6014 $ 3.80
INEL 466 1348 177 87 $4600 $ 1.20
LANL 28 x 28 x $1770 $ .05
ANL-E 1422 1422 119 107 $4901 $ I.I0

Total 5229 2144 927 $ 15.30

In summary, the total cost for this three-cask system is $15.3 million
for freight, and $ 4.2 million for casks for a total of $19.5 million.
This compares to $ 32.7 million for the system that uses only the
modified DHLW cask. The total savings for this system is $ 13.2 million
dollars.

Several factors were not considered in the above analyses. First, WIPP
modifications to accept the drum cask and to perform routine
canisterizationoperations have been estimated at $ 2.1 million. The
expense of the modificationscan be partially offset by some of the
generatorsites not having to purchase canister welding equipment and
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facilities. The cost of the canisterizationoperationwas not addressed
because it will have to occur at the sites or at WIPP, and these costs
were assumed to be the same regardlessof the location. Also, cost
differentialsassociatedwith loading and unloadingwere not considered.
Although the two cask system described resulted in fewer trips, loading
of individualdrums could be more difficult to the sites. These two
effects were assumed to cancel.

Also, the assumptionof which sites would be served by the drum cask and
which sites would be served by the canister cask were somewhat arbitrary,
and variationson this selectioncould slightly change the magnitudeof
the savings.

Since loading equipment at the sites has not yet been purchased, it is
assumed that this cost will not result in a differential. At INEL, both
casks were used in this example, and the use of two loading techniques
and two sets of equipmentwould result in a slight reductionin the
savings.

We now examine the cost implicationsif the postulated drum cask could
carry fewer than lO drums. Because of the methods used in this analysis,
we need only repeat Tables B-7 and B-8 for the new conditions.

We now assume 8 drums per cask, and find the number of casks required.
Table B-8 show the number of cask days required.

Table B-9

Cask Days Required for the Eight Drum Cask

Drums

Site (8 per Cask) Cask Days (Round Trip to WIPP) Total Days

ORNL 7323 6.1 5584

ANL-E 1065 6.2 825

INEL 867 5.7 618

TOTAL 9255 7027

We now find that if we use 300 cask days per year and a 20 year
post-demonstrationwork off, we only need 1.2 casks, which we round to 2.

For cask cost we will assume a cost of $5.2 million for the four casks
(two canister ca:.ksand two modified drum casks).
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Freight costs are given in Table B-IO.

Table B-IO

Freight Costs for a Four Cask Fleet
(Two canister Casks, Two Drum Casks)

(8 Drums per Drum Cask)

Shipments Freight Total
Site Canisters Drum Equiv. DHLW Cask Drum Cask (per Trip) Million

3634 "I0902 i193 915 $4743 $I0.00
Hanford 627 x 627 x $6014 $ 3.80
INEL 466 1398 177 I08 $4600 $ 1.30
LANL 28 x 28 x $1770 $ .05
ANL-E 474 1422 II9 133 $4901 $ 1.20

TOTAL 5229 2144 I156 $ 16.40

In summary, for a drum cask that holds only 8 drums, the freight cost
increases by $I.I million, the cask cost increasesby $ l.O million for
an additional cask, so the system savings are reduced from $13.2 million
to $ ll.l million.

We now assume 6 dr.!msper cask, and find the number of casks required.
We will assume th_L use of the drum cask begins following the
demonstration,in _94. Table B-ll shows the number of cask days
required.

Table B-ll

C_sk Days Required for the Six Drum Cask

Drums

Site (6 per Cask) Cask Days (Round Trip to WIPP) Total Days

ORNL 7323 6.1 7445

ANL-E 1065 6.2 IlOI

INEL 867 5.7 824

TOTAL 9255 9370

We again find that if we use 300 cask days per year and a 20 year
post-demonstration work off, we need two additional casks.

For cask cost we will assume a cost of $5.2 million for the four casks
(two canister casks and two drum casks).
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Freight costs are given below in Table B-I2.

Table B-I2

Freight Costs for a Four Cask Fleet
(Two canister Casks, Two Drum Cask)

(6 Drums per Drum Cask)

Shipments Freight Total

Site Canisters Drum Equiv. DHLW Cask Drum Cask (per Trip)3634 10902 1193 'l'221 $4743 ,,lp u u . '-v'_

Hanford 627 x 627 x $6014 $ 3.80
INEL 466 1398 177 145 $4600 $ l.50
LANL 28 x 24 x $1770 $ .05
ANL-E 474 1422 II9 178 $4901 $ l.50

TOTAL 5229 2144 1544 $ 18.30

In summary, for a drum cask that holds only 6 drums, the freight cost
increasesto $18.3 million, the cask cost remains at $5.2 million, so the
system savings are reduced from $13.2 million to $9.2 million (compared
to the lO drum cask).

We now assume four drums per cask, and find the number of casks
required. Table B-13 show the number of cask days required.

Table B-l3

Cask Days Required for the Four Drum Cask

Drums
Site (4 Per Cask) Cask Days (Round Trip to WIPP) Total Days

.
..

ORNL 7323 6.1 II168

ANL-E I065 6.2 1651

INEL 867 5.7 1235

TOTAL 9255 14054

We find that if we use 300 cask days per year and a 20 year
post-demonstrationwork off, we need three additional casks.

For cask cost we will assume a cost of $6.2 million for the five casks
(two canister casks and three drum casks).
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APPENDIX C

TRANSPORTATIONDATA

This appendix presents the freight cost data used to calculate the cost of
shipping waste from one site to another, or from the sites to WIPP. These data
were developed using Tri-StateMotor TransitCompany tarrif rates (Ref. 5). lt
should be understoodthat these rates are negotiable,and the rates presented
here are not actual. However, in order to quantify alternatives,use of these
published rates is considered the best method. In order to verify the
reasonablenessof these rates, a second truckingcompany, A.J. Metler Hauling
and Rigging, Inc. was contacted (Ref. 14). The rates given by Metler were
found to be in generally good agreementwith those presented here.

Table C-l gives mileage and costs for shippingRH waste under the assumptions
that DOE will provide a trailer, and that a second driver will be used.

Table C-l

TRUCK COSTS FOR SHIPPING RH TRU WASTE

2ND TRAILER
DESTI- TRIP COST RETURN COST BASIC DRIVER ALLOWANCE

ORIGIN NATION ;41LEAGE (PER MILE) (PER MILE) COST COST (.15/MI) (.05/MI) TOTAL

ANL-E ORNL 600 l.85 l.85 2220 180 60 2340
ANL-E WIPP 1350 l.87 l.56 4631 405 135 4901
HANF ORNL 2442 1.56 l.74 8059 733 244 8547
HANF WIPP 1550 l.84 l.84 5704 465 155 6014
INEL ORNL 2131 l.56 l.77 7096 639 213 7522
INEL WIPP II50 l.90 l.90 4370 345 II5 4600
LANL ORNL 1419 1.56 l.86 4853 426 142 5137
LANL WIPP 300 2.85 2.85 1710 90 30 1770
ORNL WIPP 1303 l.88 l.56 4482 391 130 4743
INEL HANF 594 2.22 2.22 2637 178 59 2756
WIPP NTS 967 l.93 l.93 3733 290 97 3926
HANF NTS 960 l.93 l.93 3706 288 96 3898
INEL NTS 715 2.09 2.09 2989 215 72 3132
ORNL NTS 1993 l.80 l.56 6696 598 199 7095
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Turnaround Costs

When a cask is delivered to a site for loading or delivered to WIPP for
unloading, some time is required to perform the required tasks. The time
from when the shipment arrives to when it departs is called turnaround.
There are certain transportationcosts associatedwith turnaround. These
charges compensate the carrier for time lost due to having to wait for
another shipment or for having to return with no load. Costs vary
according to the length of turnaround time, the proximity to the nearest
carrier transit center, and the strategy employed. Two options for
turnaround strategy are shown below.

I. Vehicle Detention

This strategy assumes that the driver and rig are held over until
another load is available. The advantage is that the driver is
available whenever the cask is ready to go. The associated cost is
$17.50 per hour (Ref. 5) with the followingexceptions:

a) The first three hours are free.

b) The maximum charge for the first day is the charge for lO
hours (S175).

2. Trailer Set Out

This strategy Dssumes that the cask is delivered, dropped-off,and
that the drive, is released to return to the carrier's nearest
transit center. The charge is $I.98 per mile (Ref. 5) for this trip
during which no load is hauled. This option could also present
additional dispatchingproblems due to uncertaintiesin driver
availability.

The dispatching system for the cask fleet has not yet been established.
lt is therefore impossible to determine which of the above strategies
will be used at each site. Once the dispatchingdecisions are made, then
estimates for turnaround costs will be included in the transportation
costs.
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APPENDIX D

BASIC COST PER CERTIFIED RH CANISTER

This analysis presents the costs associatedwith packagingcertifiableRH
TRU waste into an RH canister,certifying the canister, transportingthe
canister to WIPP, and emplacing the canister at WIPP. Costs are included
for canister procurement;for canister welding equipment and operations;
for NDA/NDE equipmentand operations;for WIPP emplacementoperations;
for RH cask use; and finally, for freight cost to WIPP. The costs of any
processing facilitiesor operations necessaryto get the waste into a
certifiable form have not been included in this base cost analysis. The
numbers presented here are used later in the report to evaluate
alternatives,such as volume reductionor shielding,which involve a
trade-offbetween capital expenditureand change in RH volume.

Canisters

The estimated cost of one RH canister is $I0,000.

NDA/NDE

The cost of an NDA/NDE system for RH TRU waste has been estimated to be
about $650,000. The life of the system will probably be limited only by
the amount of waste available, not by system wear out. In order to
amortize the cost f this equipment, it is assumed that each NDA/NDE
system will have a _ effective life of l,O00 operations.We assume that
one NDA/NDE operat on can be completed in one man-day at $50 per hour.
Thus the total cos; per canister for NDA/NDE is as follows"

NDA/NDE Capital Cost = $.65 million / l,O00 canisters

= $650 per canister

NDA/NDE Operations Cost = 8 hours * $50 per hour

: $400 per canister

Total NDA/NDE Cost = $I050 per canister

Canister Welding

The cost of a RH canister welder has been estimated at $I million,
including installation. We assume that the life of the welder is l,O00
canisters. We assume that one weld takes one man-day at $50 per hour.
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Thus the cost per canister for welding is as follows:

Capital Cost per Canister = $I million / lO00 canisters

= Sl,O00 per canister

Operations Cost per Canister = 8 hours * $50 /hour

= $400 per canister

Total Welding Cost per Canister = $1,400

WIPP Emplacement

The direct cost for emplacementof one RH canister at WIPP is assumed to
be $I,000. This representsonly direct labor costs, and does not include
equipment or facility. These costs are assumed to be sunk because most
of the facility will be used for CH waste.

RH Cask Usage

The production cost of the RH cask has been estimated at $I million per
copy. (Developmentalcosts are considered sunk at the time the first
casks are procured. Similar logic is used for estimating per use costs
for TRUPACT. If the developmentalcosts of the casks is amortized over
the entire cask fleet, the totals in Table D-2 change by less than 3%.)
We assume a life c,_lO00 shipments (one round trip per week for each
cask, 50 trips per year, 20 yeer routine operation). The usage cost of
the cask is therefore$I000 per shipment. We use this approximation
regardlessof the length of trip. lt should be noted that the lO00
shipment life is an estimate and could possibly be extended.

Freight Cost

Freight cost has Lcen estimated using published tarriffs. The freight
cost from each site to WIPP is listed below, in Table D-l.

Table D-l.

FREIGHT COSTS

ORIGIN DESTINATION COST

INEL WIPP $4600
HANFORD WIPP $6014
ORNL WIPP $5284
ANL-E WIPP $4901

From the above we find the total cost for three drums of directly
certifiable waste, presented below, in Table D-2.
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Tabl e D-2

TOTAL FREIGHT COSTS

SITE BASIC COST CONTINGENCY(20%) TOTAL COST

INEL $ 19,000 $ 3,800 $ 22,800

Hanford $ 20,414 $ 4,082 $ 24,497

ORNL $ 19,684 $ 3,937 $ 23,621

ANL-E $ 19,301 $ 3,860 $ 23,161

Because of the large uncertainty in many of these costs, we will ignore
the small site-to-site variability in freight cost, and assume that the
cost from each site is equivalent and use the value $23,000 per three
drums. Of course, caution must be used in employing these values. These
costs assume that enough waste exists at a site to fully amortize the
costs of welding equipment and NDA/NDE equipment {and installation), or
that the mobile system will be fully functional.

From these numbers we can address volume reduction options. For example,
if ORNL proposes a $3 million dollar (capital and operations) volume
reduction capability, to pay for itself it would have to eliminate the
equivalent of 127 .anisters (or 381 55-gal!on drums)of volume. (For
example, 2:1 volume reduction on 762 55-gallon drums.) For shielding
options, the cost of CH drums, NDA/NDE, transportation, and WIPP
operations must be accounted for.
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APPENDIX E

FACILITY DESCRIPTIONSAND SCHEDULES
- :

_"is appendix presents as much data as is currentlyavailable on RH TRU
i.rocessingfacilities. Facility capabilities,descripions,cost
estimates, and schedulesare given by site.

INEL

INEL has proposed SWEPP II/PREPP II for retrieval,processing, and
certificationof contact-handled(CH) special-case(SC) and
remote-handled(RH) stored TRU waste. In FY 1985, a characterizationof
INEL stored CH SC and RH was conducted to determine the amount of RH
waste that could be certified through non-destructivetesting and records
examination. This study concluded that 95% of all stored waste at INEL
is expected to meet the WIPP-WAC without processing. However, 5436
packages (7% of total inventory) are expected to be SC.

SWEPP II/PREPP II is still in the early stages of conceptual
development. Alternativesbeing examined include: modification of
existing SWEPP and PREPP, modificationof other facilities (e.g. hot
cell), and constructionof a new facility. Of course, the alternative
for shipping to another (off-site)facility is still under consideration.

If a new facility is constructed,the cost estimate is as follows:
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Table E-I

SWEPPII/PREPP II COSTESTIMATE

Description Cost (In $ Thousand)

Waste Characterization $ 50 (complete)

Alternative Selection $ 300 (underway)

Conceptual Design $ 400 (sched.FY 1988)

Title l and II Design $ 1,600

Construction

Buildings and Structures $ 3,600
Remote Handling Equipment $ 1,800
Instrumentation $ 900
Remote Retrieval Equipment $ 2,800
TransportationEquipment $ 1,500

ConstructionTotal $I0,600

Technology Development $ 4,000

Staffing and Training $ 3,380

EG&G TRU Program _!gmt. $ 2,000

TOTAL $22,330

Less FY 1985,1986 _mounts $ 350

Total to Complete $21:980

The operatingcost for SWEPP II/ PREPP II is estimated to be $5 million
per year.

Error bands for these estimates are significant (up to 60% for some
items). The uncertainty of the operations cost is given as plus or minus
50%.
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October, 1994 is the start date for SWEPP II/PREPP II, and the operating
campaign (of 13 years) would last until October, 2007. Again, this time
period estimate is based on a new facility. If SWEPP and PREPP are
modified, operationscould not commence until a later date.

HANFORD

Hanford is proposing the Remote-HandledWaste Handling and Packaging
Facility (RH WRAP). This facility is also in the very early stages of
conceptual design.

ORNL

ORNL has proposed the Waste Handling Pilot Plant (WHPP) for processing
stored RH waste. While this facility has been examined more closely than
those at INEL and Hanford, again, it is still in the early stages of
conceptual design. Current plans call for this facility to have three
cells, as described in Ref. I. However, due to the large amount of
recently discoveredRH TRU sludge at ORNL, the addition of some form of
solidificaioncapability is now contemplated. Ref. l estimated a
baseline WHPP cost of $35 million. Due to the addition of a glass melter
and ancillaryequipment, this estimate has been revised upward to $47.6
million. Details of this estimate appear on the following page.

The WHPP, as curre,_tlyenvisioned,would have the capability of opening,
repackaging,and processing for certification_ The addition of a
super-compactorcould be expected to cost about $I million. Operating
costs have not yet been established.

The WHPP schedule calls for start-up to occur in FY 1996, and for
operations to continue through the life of WIPP, or the year 2013. This
schedule assumed that development work would begin <_ FY 1987.
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APPENDIX F

MILESTONE SUMMARY

SITE MILESTONE DATE

PROGRAMMATI C

* Complete plans for retrieval, preparation, and 12/86
transportation of RH wastes to WIPP

Complete greater confinement disposal field test 09/87
* SC Management Decisions 09/87

SC assay system operational 09/87
Mobile NDA/NDE system operational 09/87
Complete NEPA documentation for small sites 09/87
Begin shipping certified waste to WIPP 10/88

* Decisions complete on long-term management of 12/94
buried waste, all sites

PACKAGING AND TRANSPORTATION ,,

* Decision on Follow-on Type B packaging 12/86
Initiate DOE certification of TRUPACT I 05/87
Packages of simulated CH and RH waste available 07/87

for non-radioactive demonstration at WIPP
RH canister performance final report 07/87
Final design c)mplete, Follow-on Type B packaging 09/87
TRUPACT II certificate of compliance 02/88
Delivery of Fo]low-on Type B packaging prototype 05/88

for testing
Qualification testing of Follow-on Type B 07/88

packaging complete
* RH Cask Available 09/88

TRUPACT fleet available for shipment to WIPP 10/88
TRUPACT II fleet fabrication complete 08/89
Complete construction of RH shipping fleet 01/94

WASTE ISOLATION PILOT PLANT (WIPP)

Packages of simulated waste available for 07/87
demonstration

* Begin WIPP demonstration operations with 10/88
radioactive waste

Receive first shipment of RH TRU at WIPP 01/89
* Decision on whether to convert WIPP to a 10/93

permanent repository
* Decision whether follow-on repository needed 04/02

i n 2008
WIPP decommissioning complete 12/16

** Includes Contingency Operations
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SITE MILESTONE DATE

IDAHONATIONALENGINEERINGLABORATORY

Begin treating uncertified stored/retrieved 03/88
CH waste at INEL {PREPPexperiments)

Complete waste sorting studies in PREPP 09/88
Stop receiving off-site CH waste at INEL 10/88
Begin shipping stored/retrieved CH waste to 10/88

WIPP from INEL

Begin retrieval of stored not precertified 10/93
RH waste at INEL

Begin treating uncertified stored/retrieved 10/93
RH waste at INEL

Stop receiving offsite RH waste at INEL 01/94
Begin shipping new RH waste directly to WIPP 01/94

from INEL

Begin shipping precertifiedRH waste to WIPP 01/94
from INEL

* Begin full operationof SWEPP-II 09/94
Complete shipping stored/retrievedRH waste to I0/95
WIPP from INEL

* Complete retrievaland processing of stored/ I0/95
not precertifiedRH waste at INEL

INEL goal for completion of SWEPP and PREPP I0/96
experiments

Complete retri--.-valand processing of stored/ lO/O0
not precerti,_iedCH waste at INEL

Complete proce:,_<ingof SC and CH waste at INEL I0/06
Complete shipp,ng stored/retrievedCH waste to lO/13
WIPP from INEL

HANFORD

Final Hanford Defense Waste EIS to public 04/87
Complete certificationplans for stored waste 09/87
at Hanford

Begin shipping new CH waste directly to WIPP I0/88
from Hanford

Begin retrieval of stored/not precertifiedCH 04/94
waste at Hanford

Begin treating uncertified stored CH waste at 04/94
Hanford (WRAP)

Begin shipping stored/retrievedCH waste to 04/94
WIPP from Hanford

Begin shipping new RH waste directly to WIPP I0/97
from Hanford

Begin shipping precertifiedRH waste to WIPP I0/97
from Hanford

Begin retrieval of stored RH waste at Hanford I0/97

- * Key Decision
•* Includes Contingency Operations_

--
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SITE MILESTONE DATE

Complete retrieval and processing of stored/ 10/13
not precertified CH waste at Hanford

** Complete shipping stored/retrieved RH waste to 10/13
WIPP from Hanford

* Complete shipping stored/retrieved CH waste to 10/13
WIPP from Hanford

LOS ALAMOSNATIONAL LABORATORY

Complete certification plans for stored waste at 03/88
LANL

Begin shipping new CH waste directly to WIPP from 10/38
LANL

Complete shipping stored/retrieved RH waste to 10/89
WIPP from LANL

Begin shipping new RH waste directly to WIPP from 01/89
LANL

Begin shipping precertified RH waste to WIPP 01/89
from LANL

Begin retrieval of stored not precertified RH 08/89
w_ste at LANL

Begin shipping stored/retrieved CH waste to WIPP lO/91
from LANL

Complete size reduction on oversize boxes of 09/97
metal stored at LANL

Complete retri_=valand processing of stored/ 09/97
not precertified CH waste at LANL

Complete shipping stored/retrieved CH waste to lO/13
WIPP from LANL

NEVADA TEST SITE

Begin shipping stored/retrieved CH waste to WIPP 10/88
from NTS

Stop receiving offsite CH waste at NTS 10/88
Complete retrieval and processing of stored/ 09/91

not precertified CH waste at NTS
Complete shipping stored/retrieved CH waste to 09/91

WIPP from NTS

OAK RIDGE NATIONAL LABORATORY

Begin generating certifiable RH waste, but not 01/87
containers, at ORNL (it is planned to age RH
waste before shipment)

Complete certification plans for stored waste 09/87
at ORNL

Complete certification of stored/not precertified 10/88
CH waste at ORNL

** Includes Contingency Operations
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SITE MILESTONE DATE

Begin shipping new CH waste directly to WIPP 10/88
from ORNL

Begin shipping stored/retrieved CH waste to 10/88
WIPP from ORNL

Begin retrieval of stored not precertified RH 10/95
waste at ORNL

Begin shipping aged RH waste to WIPP from ORNL 01/96
Complete retrieval and processing of stored/ 10/13

not precertified RH waste at ORNL
Complete shipping store RH waste to WIPP from 10/13

ORNL
Complete shipping stored/retrieved CH waste to 10/13

WIPP from ORNL

SAVANNAHRIVER PLANT

Complete formal NEPAanalysis 09/87
Begin shipping new CH waste directly to WIPP 10/88

from SRP
Complete certification plans for stored waste 12/91
Begin retrieval of stored not precertified CH 04/94

waste at SRP
Begin treating uncertified stored/retrieved 04/94

CH waste at SRP
Begin shippinq stored/retrieved CH waste to 04/94

WIPP from SR?
Complete retrieval and processing of stored/ 04/09

not precertified CH waste at SRP
Complete shipping stored/retrieved CH waste to 10/13

WIPP from S_.P

ROCKYFLATS PLANT

Certify all major streams of new CH waste at 04/87
at RFP

Fluid Bed Incinerator Operational 05/87
RFP HEPA filter compacter .or coating operational 11/86
Begin shipping new CH waste directly to WIPP 10/88

from RFP
Begin operation of second generation LOSAC 01/90

OTHERGENERATINGSITES

Begin generating certifiable CH waste for major 10/86
new streams

Submit RH certification plan (ANL-E) 09/87
Begin certifying new RHwaste for major steams 04/87
Begin shipping new CH waste directly to WIPP 10/88
Begin shipping new RH waste directly to WIPP 01/94

: ** Includes Contingency Operations
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APPENDIX G

TRANSPORTATIONCOST ANALYSES FOR
CENTRAL PROCESSING

This appendix analyzes the cost impacts for processingRH TRU waste at a
central processing facility located at ORNL. Because ORNL has about 95%
of the stored waste, it is clear that the transportationpenalties for
central processing will be smallestat ORNL. Further, the waste in
storage at ORNL (both the stored hot cell waste and the sludges)cannot
be transportedwithout extensive processing. This processingwould have
to occur in a facility nearly as sophisticatedand expensive as the
proposed ORNL WHPP facility. Therefore, only the cost consequensesfor
shipping waste to ORNL have been evaluated.

Assumptions:

I. As presented in Appendix C, the freight costs and mileages between
sites are as follows"

Site Mileage Frei_lhtCost

Hanford to WIPP 1550 $6014

Hanford to ORNL 2442 $8547

ORNL to WIPP 1303 $4743

ANL-E to ORNL 600 $2340

ANL-E to WIPP 1350 $4901

2. The waste that will require processing is as follows:

INEL" None. For this analyses, the entire amount of waste from

INEL is considered certifiablewithout processing.

Hanford: 69 Canisters. As shown in Appendix A, Hanford has the
equivalent of 69 canisters in storage. All of this waste
is assumed to require processing for certification.

LANL: None. This waste is considered certifiablewithout
processing.

ANL-E: 474 Canisters. As shown in Appendix A, ANL-E will produce
474 canisters over the life of WIPP. Although this waste
will be certified as to form, ANL-E does not have
canisterization facilities

3. As presented in Appendix B, a truck travels 840 miles per day with
three days total turnaround per round trip.

4. No volume reduction occurs. (Note that volume reduction is analyzed
in Appe.<-.."_J.)

_
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The cost differentialfor transportationfor central processing
involves eliminatingthe cost of shipping directly from a site to
WIPP, and adding the cost of shipping from the site to ORNL and then
from ORNL to WIPP. These cost are quantifed both for freight costs
and for cask fleet size effects.

Table G-l shows the extra cask days required for central
processing. Cask-days per trip are calculated by multiplying the
mileage by two (for a round trip), and dividing the product by 840
(miles per day), and then by adding three days for turnaround,
queueing,and breakdowns.

Table G-l
,,, ,m ,

Extra Cask Days Required for Central Processin_

Trip Canisters Distance Cask Days Total Days
Per Trip

Reduced Travel

ANL-E to WIPP 474 1350 6.2 2939

Hanf to WIPP 69 1550 6.7 462

Added Travel

ANL-E to ORNL 475 600 4.4 2086

Hanf to ORNL 69 2442 8.8 607

ORNL to WIPP 543 1303 6.1 3312

Net Total 2604

With 2604 extra cask days required, and 300 days per cask-year and a
20 year work off of stored waste, we require .43 extra casks. We
round this to one extra cask, and assume that casks cost $I million
each, for a cask penalty of $I million.

Table G-2 shows the freight cost differential for central processing
at ORNL.
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Table G-2

Freight Cost Differentialfor Central Processin_

Site Canisters Site to ORNL* ORNL to WIPP* Site to WIPP* Net Total
(Added Cost) (Added Cost) (Savings) -- (Millions)

ANL-E 474 $2340 $4743 $4901 $I.0

Hanford 69 $8547 $4743 $6014 $0.5

The total freight and cask fleet size penalty for central processing
is $2.5 Million ($I Million for the extra cask and $I.5 Million for
the added freight).

* These costs are on a per canister basis.

G-3



APPENDIX H

SHIELDINGREMOTE-HANDLEDTRANSURANICWASTE
TO CONTACT HANDLED LEVELS

SUMMARY AND CONCLUSIONS

The concept of shieldingremote-handled(RH) transuranic(TRU) waste to
contact-handled(CH) levels (i.e., less than 200mRem/hr)is evaluated in

this appendix. The costs of packaging, transporting,and emplacingwaste
at WIPP were estimated for up to three options for each of several waste
forms, he total costs for shielded-to-CHoption(s)are higher than the
RH caniszer option in all cases, by ratios rangingfrom about 2.4"I to
greater than 4:1. Total estimatedcosts are presented in the Table H-l.
Savings in transporters,freight and emplacementcosts for the shielded
option(s)are more than offset by the much higher packagingcost of the
shielded option(s). Also, some stored RH waste forms cannot be shipped
in a CH form without extensive and expensive repackaging.

A waste generatormay find site specific or waste form specific
advantages for the shielded option, based on ALARA, operational
constraints,or in-housecosts, that offset the higher packaging costs
developed in this analysis. An example is the RHO decision to use
shielded drums to avoid the need to construct additional alpha caissons
for RH TRU storage.

The conclusion of this analysis is that an RH transportationcask fleet
is justified because: (a) it is cost-effective;and (b) some stored
waste forms cannot be transportedwithout it.

ANALYSES

COST: The example cost estimates are presented in Table H-l. The
input data and assumptionsare detailed below.

APPLICABILITY. Most newly generated RH waste could be packaged in a
CH form, even though this option is not more cost-effective (as shown
in the table). An exceptionmay be the projected inventory of PFMP
hulls from Hanford. The dose rate expected for this waste form
precludes shieldingto CH levels within the constraints of TRUPACT.
Several waste generating facilities or processeswould require
changes to achieve an all-CH inventory or newly generated waste.
Stored RH waste inventoriesinclude waste forms with characteristics
or geometries,or both, that cannot be readily shielded. Examples
include existing RH TRU containers at LANL and INEL. An RH
transportationsystem (canisterand cask) is essential to disposal of
stored RH in WIPP.
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TABLE H-I

ESTIMATED LrFE CYCLE COST FOR RH PACKAGING OPTIONS
($ in $ Millions)

WASTE FORM

NEWLY
GENERATED
Hot Cell
Waste in 30 gal.
Paint Cans Drums Sludges
(6,.000cans)(a) (I,400 drums)(b) 916 M3 (c)

RH CANISTER 1.3 8.2 26.5

SHIELDED 2.6 Not suitable I05.6
DRUM for this
(ANL-E DESIGN) waste form

SHIELDED 3.2 II.2 127.7
DRUM
(RHO DESIGN)

MOST COST
EFFECTIVE
OPTION RH CANISTER RH CAnnISTER RH CANISTER
FOR THIS
WASTE FORM

(a) Estimated inventory of newly generated hot cell waste in paint cans,
Hanford, 1988-2013.

(b) Estimated total inventoryof waste packaged by ANL-E in 30-gal.
drums, stored plus newly generated through 2013.

(c) Estimated inventory of sludges in storage at ORNL. No new
generation of this waste form is expected.
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INPUT DATA AND ASSUMPTIONS

i. Packages

a. RH Canister Cost $I0,000

Contents - Three 55-gal drums, each containing up to 28
one-gal, inner containers ("paintcans") =
84 cans/canister

b. ANL-E Shielded Drum Cost $1,100 (existingprocurementcost)
Contents - 3 paint cans

c. Weight Approximately 1,500 Ibs.

d. RHO Shielded Drum Cost $7,800 (estimatedproductioncost)
Contents - 15 each paint cans (compacted)

I

Weight Approximately 5,000 Ibs.

2. Transporters

a. RH Cask - Cost $1,600,000each for first two
Usable life - l,O00 trips
Cost per use = $1,600
Capacity - l RH canister

b. TRUPACT - Cost $800,000
Useable life - 2,000 trips
Cost per use = $400
Contents - 48 drums

3. TransportationFreight Cost

l RH Cask = l TRUPACF = (applicablevalue from Table C-l)

4. EmplacementOperation Cost

l RH Cask = l TRUPACT = $I,000

5. Assume that sufficientunshielded,light-weightCH is available
to fill all TRUPACTs

COST ANALYSIS, HANFORD PAINT CANS

Waste Form" Newly generated hot well waste in l-gallon paint cans

Inventory" 300 cans/yr for 20 years = 6,000 cans
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Option I" Ship in RH Canisters

6,000 cans x Canister = 72 canisters
84 cans

72 canisters x $10,O00/canister= $720,000

72 canisters x $1,600 (cask) + 6,014 (freight)= $548,000
Canister

72 canisters x $1,O00/emplacement= $72,000

Total = $1,340,000

Opticn 2" Ship in ANL-E Drum

6,000 cans x Drum : 2,000 drums
3_s

2,000 drums x $1,100/drums : $2,200,000

2,000 drums x TRUPACT: 56 TRUPACTS
_'6 drums

56 TRUPACTSx [$400 (TRUPACT)+$6,014(frei_lht)] : $359,000
TRUPACT

56 TRUPACTSx $1,OOG/emplacement : $56,000

Total : $2,615,000

Option 3" Ship in RHODrums

6,000 cans x Drum : 400 drums
15 cans

40_ drums x $7800/drum : $3,120,000

400 drums x TRUPACT: 12 'FRUPACTS
36 drums

12 TRUPACTSx $6,414/TRUPACT : $77,000

12 TRUPACTSx $I ,O00/emplacement : $12,000

Total : $3,209,000
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COSTANALYSIS, ANL-E 30-GALLONDRUMS

Waste Form" Hot cell waste from ANL-E, stored and newly generated,
packaged by generator in 30-gal. drums.

Inventory" 1400 drums total

Option I" Ship in RH Canisters

1400 drums x canister = 467 canisters
J drums

467 canisters x $10,O00/canister= $4,670,000

467 canisters x $1,600(cask)+ $4,901(frei_ht)= $3,040,000
canister

467 canistersx $1,O00/emplacement= $467,000

Total = $8,177,000

Option 2" Not suitable for this waste form, since the 30-gal. waste
drum will not fit into the 9" diameter annulus of the ANL-E
design shielded drum.

Option 3" Shield in RHO Drums

1,400 waste drums x l shielded drum = 1,400 drums
l waste drum

1,400 drums x $7,800/drum = $I0,920,000

1,400 drums x TRUPACT = 39 TRUPACTS
36 drums

39 TRUPACTS x ($400 + $4901) : $207,000
TRUPACTS

39 TRUPACTS x $1,O00/emplacement= $39,000

Total = $II,166,000
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COST ANALYSIS, ORNL SLUDGES

Waste Form: Existing sludges.

Inventory" 961 m3 (Assumeno volume change results from the
processing required to produce certified waste form.
Relative cost estimates will not be changed if this
assumption is changed.)

Option l- Ship in RH Canisters

961 m3 x 55-_aI drum x canister = 1526 canisters
0.21 m3 ' 3 drums

1526 canisters x $10,O00/canister= $15,260,000

1526 canisters x ($.1,600+ $4,743) = $9,680,000
canister

1526 canisters x $1,O00/emplacement= $1,526,000

Total = $26,500,000

Option 2" ANL-E Design Shielded Drums

961 m3 x shielded drum = 83,600 drLIms
O.Oll5 m3

83,600 drums x $1,100/drum = $91,960,000

83,600 drums x TRUPACT = 2,323 TRUPACTS
_J6drums

2,323 TRUPACTS x ($400 + $4,473) = $II,320,000
TRUPACT

2,323 TRUPACTS x $1,O00/emplacement= $2,323,000

Total = $I05,600,000

Option 3" Hanford Design Shielded Drum

961 m3 x shielded drum = 16,000 drums
O.06 m3

16,000 drums x $7,800/drum = $125,000,000

16,000 drums x TRUPACT = 445 TRUPACTS
36 drums

445 TRUPACTS x ($400 + $4,743) = $2,300,000
_-TRUPACT

445 TRUPACTS x $1,O00/emplacement: $445,000
i

Total = $127,700,000
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ADDITIONAL DISCUSSION

I. The apparent cost disadvantages from shielding RH to CH in the above
analysis results from the much higher shielded package cost. If the
cost of shielded packages is lowered, other costs and institutional
issues for the shielded option, not considered here, may become
significant for decision making. Examples include Type A testing of
shielded drums, and re-test or re-analysis of the TRUPACT for
radionuclide or physical loading not covered by the existing SARP.

2. As more RH is shielded to CH, more shipments of partially full
TRUPACT's could result, since only a few heavy shielded drums can be
accommodated within the weight limit for TRUPACT.

3. Good waste management practices by TRU waste generators should
include shielding small hot items at the point of generation so that
the items can be packaged in routine CH waste drums.
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APPENDIX I

ANALYSIS OF COST IMPACTSFOR SHIPPING
RH TRU WASTE FROM ANL-E TO ORNL FOR CANISTERIZATION

This appendix assumes that a facility will be constructedat ORNL and
evaluatesthe consequensesof shipping RH TRU from ANL-E for the purpose
of canisterization,volume reduction, and subsequentshipment to WIPP.
The analyses varies the number of drums per shipping cask and the volume
reductionfactor to examine the sensitivity.

Assumptions:

I. Facility will exist at ORNL (No capitalcost)

2. A canisterizationfacility at ANL-E will cost $2.0 million to
construct

3. RH canister cost $I0,000 per copy

4. WIPP emplacementcost is $I,000 per canister

5. Freight costs as presented in Appendix C are as follows:

ANL-E to WIPP 1350 Miles $4901 per trip
ANL-E to ORNL 600 Miles $2340 per trip
ORNL to WIPP 1303 Miles $4743 per trip

6. Total waste to be shipped from ANL-E as presentedin Appendix A, 474
canisters,each containing three 30-gallondrums

7. As presented in Appendix B, a truck moves 840 miles per day, 300 days
per year, with three total days turnaround time per round trip

Case One: Three Drums per Shipment, No Volume Reduction

Each case examined identifiesthe additional transportationsteps
required, the transportationsteps not required,and the fleet size
consequences. This first case is relatively simple, in that no volume
reductionoccurs. The extra transportationsteps are shipments from
ANL-E to ORNL and from ORNL to WIPP. The transportationstep that is
saved is from ANL-E directly to WIPP.

Extra TransportationSteps:

ANL-E to ORNL

474 Shipments x $2340 per Shipment = $I.I09 Million

ORNL to WIPP

474 Shipments x $4743 per Shipment = $2.248 Million
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TransportationSteps Not Required:

ANL-E to WIPP

476 Shipments x $4901 per Shipment = $2.323 Million

Net TransportationCost Penalty:

Extra Cost = $I.I09 + $2.248 - $2.323 (In Millions)

Extra Cost = $I.0 Million

Thus it will cost an addition $I Million in freight cost to ship all waste
from ANL-E to ORNL and subsequentlyto WIPP rather than directly to WIPP.

Fleet Size Consequenses"

Extra Cas.k Usage

ANL-E to ORNL

474 trips x ((2 x 600 miles/840 miles per day) + 3 days turnaround)
: 2100 Cask-Days

ORNLto WIPP

474 trips x ((2 x 1303 miles/840 miles per day) + 3 days turnaround)
: 2893 Cask-Days

Reduced Cask Usage

ANL-E to WIPP

474 trips x ((2 x 1350 miles/840 miles per day) + 3 days turnaround)
: 2946 Cask-Days

Net Extra Cask-Days : 2100 + 2893 - 2946
: 2047 Cask-Days

Net Extra Cask Requirements : 2047 Cask-Days/(20 year work off x 300
days/yr)

: 0.34 Casks

Since only integer casks are possible, we will need either zero or one
extra cask. To be as conservative as possible, we will assume one is
necessary, at a cost of $I million.

Finally, the cost of a canisterization facilty at ANL-E is avoided, for a
savings of $2 Million. In this case, the cost of canister operations are
not subject to change (the operation will have to occur the same number of
times, regardless of the location), the number of canisters required and
the number of emplacement operations are al so unchanged because no volume
reduction occurs.
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In sun_ary, for this first case, the $2 million dollar facility cost at
ORNL is offset by $I million in extra transportationand $I million in
extra cask requirements. Thus no savingsor exper_ditureis realized.
However, it must be rememberedthat it is not clear (or even probable)that
an extra cask is truly required. An extra cask was assumed for
conservatism. Also, the $2 million estimate for the ANL-E canisterization
facilitymay be low.

Case Two: Three Drums per Shipment, 5:1 Volume Reduction

This second case has an added element in that a volume reductionof 5:1 is
assumed to occur at an existing ORNL facility. This large volume reduction
is reasonable becausethe packagingmode of this waste consists of three
30-gallondrums per canister, with a large void volume. As in case one,
the extra transportationsteps are shipments from ANL-E to ORNL and from
ORNL to WIPP. The transportationstep that is saved is from ANL-E directly
to WIPP.

Extra TransportationSteps"

ANL-E to ORNL

474 Shipments x $2340 per Shipment = $I.I09 Million

ORNL to WIPP

Volume Reductionof 5:1 leaves 95 shipmentsfrom ORNL

95 Shipments x $4743 per Shipment = $0.451 Million

TransportationSteps Not Required: '

ANL-E to WIPP

474 Shipments x $4901 per Shipment = $2.323 Million

Net TransportationCost Penalty:

Extra Cost = $I.I09 + $0.451 - $2.323 (In Millions)

Extra Savings = $0.76 Million

Thus, due to the volume reduction at ORNL, it will save $0.76 Million in
freightcost to ship all waste from ANL-E to ORNL and subsequentlyto WIPP
rather than directly to WIPP.
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Fleet Size Consequenses:

Extra Cask Usage

ANL-E to ORNL

474 trips x ((2 x 600 miles/840 miles per day) + 3 days turnaround)
= 2100 Cask-Days

ORNL to WIPP

95 trips x ((2 x 1303 miles/840 miles per day) + 3 days turnaround)
= 580 Cask-Days

Reduced Cask Usage

ANL-E to WIPP

474 trips x ((2 x 1350 miles/840 miles per day) + 3 days turnaround)
= 2946 Cask-Days

Net Cask-Days Savings = 2100 + 580 - 2946
= 266 Cask-Days

In this case, central processing actually saves cask-days due to volume
reduction. This small savings will be neglected.

Again, the cost of a canisterizationfacilty at ANL-E is avoided, for a
savings of $2 Million.

The number of canisters required is reduced from 474 to 95. At a cost of
$I0,000 per canister, this results in a savingsof $3.8 Million.

The number of WIPP emplacement operations is reduced by a like amount. At
a cost of $I,000 per operation, this results in a savings of $ .38 Million.

The cost of the volume reduction operation is assumed to be small.

In summary, this case saves $0.76 Million in transportationcosts, $2.0
Million ir_facility costs at ANL-E, $3.8 Million in canister costs (due to
compaction), and $0.38 Million in WIPP emplacementcosts, for a total of
$7.0 Million.

These savings would be slightly reduced by increasedoperations costs at
the ORNL facility.
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Case Three" Ei_lhtDrums per Shipment, 5"I Volume Reduction

This case includes the volume reductionof 5"I and also examines the
consequensesof using a drum cask that will carry eight drums per shipment.
In this case, ANL-E will only make 178 shipments. (474 canisters x 3 drums
per canister,_ 8 drums per cask.)

Extra TransportationSteps:

ANL-E to ORNL

178 Shipments x $2340 per Shipment = $0.416 Million

ORNL to WIPP

Volume Reductionof 5:1 leaves 35 shipmentsfrom ORNL

36 Shipments x $4743 per Shipment = $0.171 Million

TransportationSteps Not Required:

A_L..Eto WIPP

178 Shipments x $4901 per Shipment = $0.872 Million

Net TransportationCost Penalt>,:

Extra Cost = $0.416 + $0.171 - $0.872 (In Millions)

Extra Savings = $0.29 Million

Thus, due to the volume reductionat ORNL, it will save $0.29 Hillion in
freight cost to ship all waste from ANL-E to ORNL and subsequentlyto WIPP
rather than directly to WIPP.

Fleet Size Consequenses:

Extra Cask Usage

ANL-E to ORNL

178 trips x ((2 x 600 miles/840 miles per day) + 3 days turnaround)
= 778 Cask-Days

ORNL to WIPP

36 trips x ((2 x 1303 miles/840 miles per day) + 3 days turnaround)
= 220 Cask-Days
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Reduced Cask Usage

ANL-E to WIPP

178 Shipmentsx ((2 x 1350 miles/840 miles per day) + 3 days
turnaround) = I106 Cask-Days

Net Cask-Days Savings = 778 + 220 - IlO6
= 108 Cask-Days

Because the difference in cask requirementsis only I08 days over 20 years,
this factor will be neglected.

Again, the cost of a canisterizationfacilty at ANL-E is avoided, for a
savings of $2.0 Million.

The number of canisters required is reduced from 474 to 96 (even though
there are 36 shipmentsto WIPP, each will contain 8 drums, and will result
in about 96 canisters). At a cost of $I0,000 per canister, this results in
a savings of $3.8 Million.

The number of WIPP emplacement operations is reduced by a like amount. At
a cost of $I,000 per operation, this resluts in a savings of $0.38 _lillion.

The cost of the volume reductioncperation is assumed to be small.

In summary, this case saves $0.29 Million in transportationcosts, $2.0
Million in facil;ty costs at ANL-E, $3.8 Million in canister costs (due to
compaction),and $0.37 Million in WIPP emplacementcosts, for a total of
$6.5 Million.

Again, these savings would be slightly reduced by increased operations
costs at the ORNL facility.

Summary :

These three cases represent a wide range of factors for volume reduction
and freight capabilities. In the most optimistic case, nearly $7.0 million
dollars was saved.
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APPENDIX J

ANALYSIS OF VOLUME REDUCTIONAT ORNL

The analysis shows a minimum savings of $20 million if compaction is
employed. In addition,further savings up to $I0.4 million are possible,
for a potential savingsof up to $30 million.

Assumptions:

I. A compactorwill cost roughly $I million to purchase and another $I
million to install. The operating cost for a compactor is assumed to be
negligible.

2. The volume reduction (VR) from the compactor is assumed to range from
2:1 to 5:1, with 3:1 being the most likely case.

3. In the analyses, the compactor is used only for ORNL retrievable
stored and newly-generatedhot cell waste. The sludges are not
compactable.

4. The cost to emplace one canister at WIPP is $I000 (40 man-hours at
$25 per hour) (Ref. WIPP-Westinghouse).

Appendix A shows that ORNL has I128 canisters in storage and generates 35
canisters per year (for the period 1986 through 2013), for a total of
2108 canisters. This excludes all the stored sludge,which is not
appropriatefor compaction. Appendix C provides the cost of
transportation,from ORNL to WIPP as $4743 per trip. Table J-l gives a
cost comparison for three cases, two with and one without compaction.

Table J-l

Cost Comparison for Volume Reduction at ORNL

Case One Case Two Case Three
Without VR With 3:1 VR With 5:1 VR

,

Beginning Canister Population 2108 2108 2108

Compaction Cost -- $2.0 Million $2.0 Million

Resulting Canister Population 210_ 703 422

Canister Cost $21.I Million $7.0 billion $4.2 Million

TransportationCost $I0.0 Million $3.3 Million $2.0 Million
(At $ 4743 per shipment.)

WIPP EmplacementCost $02.1 Million $0.7 Million $0.4 Million
(At $ lO00 per operation)

Total Cost $33.2 Million $13.0 Million $8.6 Million
-
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Under these assumptions,a _avings of $20 million dollars occurs if 3"I
volume reduction occurs. Several other factorsmay influencethis
savings, and they are listed below:

* Waste shipped to ORNL for processing would be compacted,
with potential added savings up to $4 million. This assumes
that all storedwaste from Hanford will be shipped to
ORNL, and all newly-generatedwaste from ANL-E.

* Volume Reduction of 5"I would increase the savings of compacting
ORNL waste an additional $4.4 million, with added savings for
off-site waste compaction.

* Otileroperations were not considered, such as the cost of loading
the cask. Reducing thz,number of operationswould increase
savings. Offsetting thls effect is the assumption that the
operating cost of the compactor is negligible.

* By reducing the number of shipments to WIPP, the cask fleet size
could be reduced from five, to four or three, depending on the
amount of volume reductionassumed. This would increase the
savings by $I to $2 million.

In summary, it is easy to show a savings of $20.2 million if compaction
is employed. In addition, further savings up to $I0.4 million are
possible, for a total potential savings of up to $30 million.
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