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EXECUTIVE SUMMARY

Per the requirements of the Task Order 21: Operational Requirements for Standardized Dry
Fuel Canister Systems, Statement of Work (SOW), EnergySolutions and its team partners: NAC
International, Booz Allen Hamilton and Exelon Nuclear Partners, hereafterreferred to as “the
Team”, is providing for the U.S. Department of Energy (DOE) an Updated Final Report, which
documents the results from the studies performed.

The purpose of Task Order 21 isto betterunderstand and seekinnovative solutions for
addressingthe operational impacts at nuclear power plant (NPP) utility sites of usinga
standardized transportation, aging and disposal (STAD) canister havinga smaller capacity than
conventional Dual Purpose Canisters (DPCs). This review was focused on identifyinginnovative
processesthat would facilitate moving the SOW designated number of spent nuclear fuel (SNF)
assemblies from NPP spentfuel poolsto on-site dry storage in a SOW designated time frame
(i.e.,the “required SNF throughput”). To ensure the processesidentified were universally
applicable, they had to apply to Pressurized Water Reactor (PWR) and Boiling Water Reactor
(BWR) fuel typesand to nine NPP cases with varying refueling schedules and numbers of
reactors on the site. Three different capacities of STAD canisters were alsorequiredto be
considered: small (4-PWR or 9-BWR), medium (12-PWR or 32-BWR) and large (21-PWR or
44-BWR).

OPERATIONAL APPROACHES

For the mediumand large STAD canisters, the Team has
determinedthat they will be loaded individually and will utilize
a loading process, which is similarto the process that was used

by ZionSolutions (an EnergySolutions company) to load sixty-
one 37-PWR DPCs in less than 52 weeks at the shutdown Zion
Nuclear PowerPlant, in lllinois. This process represents the
current state-of-the-artfor dry storage across the country and
the size of the Zion loading campaign has provided valuable
lessonslearned, operating experience and operations data,
which has beenfully utilized by the Team and is referredto as
“baseline data”.

For the small STAD canisters, the team knew that handlingthe w

small STADs individually would be a protracted process that
would require improved loading practices and technological
innovationsto meet the throughput requirements. To

Figure ES-1: STAD-in-Can
Design Concept

streamline processing operations, two loading processes were
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identified and evaluated; each of which involvesloading, welding, drying and transferring small
STAD canistersin groups of four. The first process isreferredto as the “STAD-in-Can”. The end
product thatis loadedinto a storage overpack for this design concept (see Figure ES-1) isan
overpack can that that has a welded lid and contains four small STAD canisters. Priorto
installingand weldingthe overpack lid, a single shield plug (with a liftingring) is installed and
weldedin each small STAD canister. The second process isreferredto as the “STAD-in-Carrier”
and reflects a design concept (see Figure ES-2) where the end product loaded into a storage
overpack is four small canisters; each with theirinner (shield plug) and outer (top plate with
liftingring) lidsinstalled and welded closed, and are jointly held within an open-sided carrier.
The STAD-in-Carrier design concept is the subject of design engineeringand analyses under
DOE Advisory and Assistance Services (A&AS) Contract Task Order 18, Generic Design for Small
Standardized Transportation, Aging and Disposal Canister Systems. This current report
documents all of the costs and benefits of each option, and the STAD-in-Carrier design concept
was the one finally recommended by the Team for processingthe small STAD canisters. The
STAD-in-Can design presents many challengesthat don’t exist with the current storage of DPCs,
e.g.ensuring adequate heat transfer to preclude fuel cladding damage, drying the can, excess

weight, and visual inspection of STAD canisters instorage. The details of each processing
optionare coveredin the body of this report.

In conjunction with the loading processes, the Team has also
performedin-depthinvestigations of two major dry storage
process technologies: canisterdrying and welding/non-destructive
examination (NDE), in order to identify improvements that will
optimize canister welding and drying times. For welding, according

0;
i
0

Q

i

to a weldingvendor (Liburdi Automation), welding foursmall STAD Eﬁw/;
canisters, in parallel, usingindependent remote controlled welding t‘gn;_){r

machinesis feasible; however, awelding development program
would need to be completed. Attributesthat affect drying times
include: fuel basket design (to minimize waterretention), fuel
assembly age and material condition (optimize available residual
heat and minimize waterretention), and neutron absorption
material composition (utilize metal matrix neutron absorbing
material). Use of automated vacuum drying systems has been

7,

;

Figure ES-2: STAD-in-
Carrier Design
Concept

demonstratedto achieve reduced vacuum drying times and more
consistentdryness condition in each canister.
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PARAMETRIC STUDIES

Utilizing the above operational approaches, baseline Zion data, dual transfer casks (so one can
be filled while the otheris beingunloaded) and process technology improvements, time and
motion studies (referred to as the “Parametric Studies”) have been performed. The approach
followed was:

Step 1 - Determine the maximum number of assemblies that could be movedto dry storage in a
12-week window' for each STAD canister variant, beginning with currently understood dry
storage operations (“Baseline”) and then applying process technology and dual transfer cask
improvements (“Optimized”) to the various STAD configurations.

Step 2 - Determine whether each STAD variant can provide the throughput required for each of
the nine plant cases definedinthe SOW and, if so, identify the number of 12-week loading
campaigns (assuming a maximum frequency of one campaign per calendar year) that are
required over a 6-year periodl.

Step 3 - Assess the margins between the required performance (based on SOW throughput
requirements) and the achievable performance and provide recommended loading frequencies
for each of the nine plant cases.

Parametric Studies— Step 1 Results

Assuminga 24/7 operational schedule, the numberof assemblies and STAD canisters that can
be processedin a 12-week loading campaign are shownin Tables ES-1 and ES-2, respectively.
For the “DPC (ref)” system, it should be noted that thisrefers to a DPC holdingeither37 PWR or
87 BWR spentfuel assemblies, and the purpose of showingthis informationisto providea
comparison betweenthe performance of the STAD canister variants and DPCs at or close to the
largest capacities beingused in industry today.

Table ES-1. Maximum Number of Assemblies per 12-Week Loading Campaign

Assemblies Per
12-Week C i
System ee ampaign
Baseline Optimized

BWR PWR BWR PWR
DPC (ref) 1131 [ 555 [ | _
Large STAD 660 | 357 ] 836 | 1420 [ ]
Medium STAD 608 | 252 [] 768 11300 L]
Small STAD-in-Can | 468 [] 224 [ 756 1352 [ |
Small STAD-in-Carrier| 504 [_] 240 [] 864 | | 400 [ |

' SOW requirement.

Page 5 of 224



Task Order 21: Operational Requirements for Standardized Dry Fuel Canister Systems

Table ES-2. Maximum Number of STAD Canister Variants per 12-Week Loading Campaign

DPC, Large/Medium STAD, or Can/Carrier
Per 12-Week Campaign
System
Baseline Optimized
BWR PWR BWR PWR
DPC (ref) 13 1 |15 ]
Large STAD 15 1|17z B ]| 19 | | | 20 | |
Medium STAD 19 210 ] 24 | | 25 |
Small STAD-in-Can | 13 ] |14 B ] | 21 | | 22 | |
Small STAD-in-Carrier| 14 [ | | 15 [ ] | 24 | | 25 |

Parametric Studies— Step 2 Results

The parametric time studies determined that each of the eight STAD systemvariants (4 PWR
STAD systems and 4 BWR STAD systems) evaluated has the potential to meetthe throughput
requirements foreach of the nine plant cases investigated, assumingthat dual transfer casks
and process technology improvements are used (i.e. the “Optimized” loading processes). As
expected, the STAD canister variants require differingnumbers of loading campaigns during a

6 year period and these are shown in Figure ES-3, below, together with how they compare with
the “baseline” performance of 37-PWR and 87-BWR DPCs.

Table ES-3. Number of 12-Week Loading Campaigns Required
Every 6 years Utilizing Optimized Loading Processes

m
o é Number of 12-week loading campaigns

5 (7 g required every 6 years
g 5 = using optimized loading processes
3 0| 2
o S| s
2 A
O Qo Q .
= ol ) DPC Large Medium Small Small
IS § o1 2 (reference) STAD STAD STAD-in-Can | STAD-in-Carrier
2| F |88
) Ko E| o
[oR S > [oR
ol [Z]|of1]2]3]ala]2]3]alaf2]3]al1]2]3]a]l1][2]3]4
1 1] 18 | [ I I I
2 BWR 1 [ 24| L | L | [
3 2| 24 | | [ | I | I | I |
4 3| 24 | | | |I=II__ [_I—
5 1] 18 || ] I I ]
6 1 [ 24| | i | |
7 |PWR| 2 | 18 |E | [ | I | I | L |
8 2 | 24 | | | | | | | | I |
9 3180 | C | = I IC I
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Parametric Studies - Step 3 Results

For the numbers of 12-week loading campaigns identified in Table ES-3, each one has a
“margin” associated with it, which is a calculation of the margin between plant throughput
needs (i.e.,the SOW required quantities of fuel assemblies that need to be loaded to dry
storage every 6 year period), and the peak STAD canister loading rate determined by the time
and motion studies (see Tables ES-1 and ES-2). (Note: The margins for all cases and canister
optionsare providedin Section 6 of this report). Two itemsto note pertainingto the medium
STAD canistersystem are:

e InTable ES-3, for Case # 4 (Three Unit BWR, 24 month operating cycle), the medium
STAD canistersystem has 9% margin when used for four loading campaigns during a
6 year period.

e InTable ES-3, for Case # 9 (Three Unit PWR, 18 month operatingcycle) the medium
STAD canistersystem has 4% margin when used for four loading campaigns during a
6 year period.

The margins for the two items, above, would be improved by moving to five or six 12-week
loading campaigns every six years.

It should also be noted that for Case # 9 in Table ES-3, the DPC reference case has 0% margin
when used for two loading campaigns during a 6 year period and could similarly be improved by
movingto at least three 12-week loading campaigns over the 6 year period.

OPTIMIZED LOADING PROCESS

Regarding the optimizedloading process, many of the operations performed during fuel
transfer are not amenable to improvement. Crane liftingand transfer speeds can’t be changed,
and transport of systemsto dry storage is slow by design. For the activities that are amenable
to process improvement, itis important to note the followingitems:

Dual Transfer Casks

In the baseline process, a loaded transfer cask is unavailable for furtherfuel loading operations
until the STAD canister(s) it holds have been transferred to a storage overpack in the receipt
area of the Fuel Handling Building. For the optimized loading process, by utilizingasecond
transfer cask and performingtransfer operations outside of the Fuel Handling Building then, as
soon as a loaded transfer cask is moved from the decontamination pitto the receiptarea, the
second transfer cask (loaded with a STAD canister or a carrier holding multiple small canisters)
can be movedto the decontamination pit to be preparedfor fuelloadingand then moved into
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the spentfuel pool for fuel loading. Once the firsttransfer cask has been emptied, itwill then
be returnedto the Fuel Handing building. Time is also saved usingthe dual transfer cask
because storage overpacks do not needto be received at the Fuel Handling Building because all
transfers are performed outside of the building, notingthat a cask transfer facility; with an
associated capital cost (estimated $2.76 M), would be required for performing these transfer
operations. When averaged over multiple transferloads, the use of dual transfer casks
provides an estimated 18 hours reductionin the baseline loadingtime for each transfer cask
load.

It should be noted that the above discussion addressesa PWR Light Water Reactor (LWR)

design with a Fuel Handling Building. However, a similarconfiguration could be establishedfor
BWRs; most of which do not have a separate Fuel Handling Building.

Process Technology Improvements

1. Vacuum Drying

The vacuum drying times used in the study were scaled (see Section 5.1) from the Zion data
and an additional 17% reduction was applied to the scaled dryingtime, based on the use of
automated vacuum drying systemtechnology, which, per operational observations at other
plants, has been demonstrated to achieve faster drying times compared with identical
equipmentthatis not automated. Some of the DPCs loaded at Zion had metal matrix
neutron absorbing panels, which have been noted to have significantly shortervacuum
drying timesthan more porous design alternatives such as Boral™. The Zionvacuum drying
times used as the baseline data for this study are for the DPCs that had metal matrix neutron
absorbers, whichis acceptable because the STAD canisters will contain borated stainless
steel; a neutron absorber that will have a similardrying time. It has also beenassumed that
the four small STAD canistersloadedin a can or carrier are driedin parallel, whichis a
reasonable assumption based on the Team’s experience.

To be able to achieve optimum drying times for future STAD canister systems and validate
the assumptions made in this study, notingthat fuel assembly age and condition can also be
significantfactors in canister vacuum drying durations, two recommendations of this study
are:

I.  The STAD canisters needto incorporate materials (e.g., low porosity) and design
features (e.g., minimal horizontal surfaces that can hold water) that minimize the
amount of residual water after canister blowdown.
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II.  Astandardized and automated drying system should be developed, whichis
optimized foruse with the STAD canister design and loading configuration.

2. Parallel Welding of Small STAD Canisters

It has been assumed that the four small STAD canisters loadedin a carrier (or can) will be
weldedin parallel usingindependent remote controlled welding machines. Thishas been
assessed as feasible by an expertwelding company but, as explained previously, in orderto
validate thisassumption, it is necessary to complete a welding development program, which
is a further recommendation of this study.

COST ESTIMATES

All STAD canister types would cost more than DPCs on a per assembly and total cost basis. For
the STADs themselves, the Large STAD shows the lowest cost. Overall percentage cost
increases for STADs over DPCs range from the 25% (BWR) to 35% (PWR) range for the Large
STAD, to the 55% to 85% range for the Small STADs-in-Carrier, to higher percentage increases
for the Medium STAD and the Small STADs-in-Can. Having said this, these extra costs would
likely be offset by avoidingthe needto repackage a portion of the SNF before it can be
consigned to a geologicrepository. Mobilizationand demobilization costsare notincludedin
the operational cost estimates.

PRACTICALITY OF STUDY RESULTS VERSUS PLANT OPERATING EXPERIENCE

The Team has alsodrawn on its plant operating experience and looked at the configurations of

operating sites with regards to the practicality of performingthe frequencies of loading
campaigns identifiedin Table ES-3.

The consensus for single unit PWR or BWR sites(Cases 1, 2, 5, and 6) is that the proposed
loading frequencies could be accommodated, noting that 18 month operatingcycles do lead to
more refueling outages overtime and thus, lesstime to perform other large projects and often
shorter windows to do so.

Dual unit BWR sitesrunningon 24-month operatingcycles (Case 3) require one refueling
outage per year alternating between each of the units, and the Refuel Floortime available for
spent fuel load out is limited, so a large dry storage loading campaign every other yearis
desirable. Thisequatesto three loading campaigns overa six year period and is consistent with
what is shown in Table ES-3 for the STAD canister systemvariants.

For dual unit PWR sites runningon 18 month refueling cycles (Case 7), refueling outages
alternate between the two units for two years and during the third year the site needsto
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implementan outage for both of the units. Itis not desirable to perform a loading campaign
during a year when both units will be executinga refueling outage. Thus, the ideal planis to
load fuel to dry storage for two consecutive years and thenskip a year to enable the site to
execute the refueling outages for both units. This would equate to loading campaigns being
performed during four of the 6 years, or the equivalent of an 18-month interval between
campaigns. Table ES-3 shows that each of STAD variants will be able to support thisfrequency.

Regarding why itis not desirable to perform a loading campaign duringa year when both units
will be executing a refueling outage, a refuel can take from 3 to 4 months?® and thus, two refuels
in a calendar year will not leave sufficient time to perform a 12-week loading campaign, even
without counting the time required for mobilization and demobilization. Conductingshorter
loading campaigns between refuel outagesis also not desirable because the
mobilization/demobilization costs for a loading campaign are high (several $100 K) and utilities
want to minimize them. It should also be noted that during single refuel outage years, utilities
could (and do) choose to extend a loadingcampaign.

For dual unit PWR sites running on 24 month refueling cycles (Case 8), an outage will be
executed every year; alternatingbetween the two units. Thereis no year where an outage is
executed for both units. Thus, it is possible forthese sitesto perform three loading campaigns
during each six year cycle. Table ES-3 showsthat each of the STAD variants will be able to
support this frequency.

For the three unit PWR site that runs on an 18 month refuelingcycle (Case 9), the Team’s
knowledge of operations at the Palo Verde site is that it typically loads to dry storage twice a
year between outages; of which there are two a year. Table ES-3 shows that each of the STAD
variants will be able to support this frequency. Itisalso important to note that the
configuration of the three PWR reactors at Palo Verde issuch that each reactor has itsown
spent fuel pool and overhead crane, which explains why Palo Verde is able to perform loading
campaigns at the above frequency.

For the three unit BWR site that runs on a 24 month refuelingcycle (Case 4), the Team’s
knowledge of operations at Browns Ferry is that it currently loads to dry storage everyyear.
Table ES-3 shows that each of the STAD variants will be able to support this frequency.
Regarding Browns Ferry, itis important to note that although there are three BWR reactors,
two of them function as a dual-unitinstallation with a shared spentfuel pool, and the other
reactor functions as a single-unitinstallation and has a dedicated spentfuel pool. This provides

2 Arefuel typically comprises of the following items: (i) Four weeks to stage new fuel in the pool, (ii) two weeks to
mobilize equipment, (iii) four to eight weeks for the refuel outage, and (iv) two weeks to demobilize equipment.
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Browns Ferry with the ability to load annually based on the refueling outage schedulesforwhat
are effectively two separate power plants.

The unique configurations for Browns Ferry and Palo Verde emphasize the important part that
the configuration of multi-unitreactor sites will ultimately play in determiningif loading
campaigns utilizing smaller capacity (compared with DPCs) STAD canisters will be able to
support the required throughput rates.

In conclusion, each STAD canister system option appears capable of working at most, if not all,
sites, dependingon the loading campaign frequency. However, the medium STAD canister
systems had the lowest overall performance and would not be recommended for the plant
scenarios with higherthroughput requirements.
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1 INTRODUCTION

On October 2, 2014, underthe U.S. Department of Energy (DOE) Advisory and Assistance
Services (A&AS), an integrated team headed by EnergySolutions was the sole awardee for Task
Order 21. This task assists the DOE Office of Nuclear Energy with a study that explainsand
optimizesthe movementof spentfuel at nuclear power plants (NPPs) from pools to dry
storage. This optimizationisa pre-requisite to any future use of standardized canisters that
have a smallercapacity than the conventional Dual Purpose Canisters (DPCs) currentlyin use at
the NPPs. Efficiencyimprovements are necessary to move the required number of Spent
Nuclear Fuel (SNF) assemblies fromthe spent fuel pool to onsite dry storage in the designated
time frame (i.e., the “required SNF throughput”) when smallercanisters are involved. In
particular, the DOE wished to gain a better understanding of the detailed tasks, durations,
costs, equipment, and human resource requirements to move a specificnumber of assemblies
to dry storage over a fixed time periodin three different smaller capacity standardized canister
designs. Identification of innovative approaches for reducing impacts while meeting the
required SNF throughput was also sought.

The standardized canisters to be considered for each SNF assembly type (Pressurized Water
Reactor [PWR] or Boiling Water Reactor [BWR]) are:

. 4-,12-, and 21-PWR assembly capacity canisters; and
. 9-, 32-, and 44-BWR assembly capacity canisters.

For each (small, medium, and large) canister size (i.e., 4-PWR/9-BWR, 12-PWR/32-BWR, and

21-PWR/44-BWR), the exteriordimensionsforthe PWR canisters, and for the BWR canisters,
are requiredto be the same.

Giventhe constraints of the study providedinthe Statement of Work (SOW) (reproduced in full
in Appendix ), the output from this study provides DOE with information, including use of
manpower and concepts for new equipmentand processes that would be required to meet the
SNF throughput while satisfying these constraints using the smaller canisters. DOE can use this
information to make decisions on canister standardization activities moving forward, including
areas of potential research and development

The background to Task Order 21 is that the DOE is evaluating the option of using a
standardized canister system suitable for storage, transport, and disposal of commercial SNF as
part of an integrated waste managementsystem. To accommodate a wide range of geologies
for potential disposal, some of these canisters are much smallerthan the DPCs currentlyin use.
This evaluationincludes developing and evaluating standardized canister system design
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concepts and operations and assessingthe associated benefits and impacts from an overall
waste management system perspective.

The EnergySolutions team assembled forthis task consists of the following members:

. EnergySolutions - Full nuclear fuel cycle company withinterestsin Federal and
commercial nuclear waste treatment, clean-up and disposition, nuclearreactor and
legacy facility decommissioning, SNF treatment, storage and disposition, and SNF
recycling.

. NAC International - Specialtiesinclude nuclear materials transport, and spentfuel
storage and transport technologies. NAChas provided transportable SNF storage
canisters and casks for a significant proportion of the commercial nuclear reactor
utilitiesinthe U.S.

. Exelon Nuclear Partners - A business unit of Exelon Generation. Operates 22
nuclear unitsand two retired units, with 11 Independent Spent Fuel Storage
Installations (ISFSIs) at both BWR and PWR sites. Maintains over 10,000 Metric
Tons Uranium (MTU) of SNF in pool storage and has moved over 3,500 MTU of SNF
into approximately 320 dry cask systems.

. Booz Allen Hamilton - A technology and strategy consulting company with
extensive experience in performing economicanalysis and risk management
assessments, and developing strategicplans and business models for nuclear
industry vendors and utilities.

2 PURPOSE AND SCOPE

The purpose of this report is to document the work completed by EnergySolutions and its team
partners: NACInternational, Booz Allen Hamilton and Exelon Nuclear Partners, here after
referredto as “the Team”, in addressingthe requirements provided by the DOE in the Task
Order 21 SOW. These requirements are detailed in Appendix |, and the sections of this report
that cover them are shownin Appendix B.

To meetthe requirements of Task Order 21, the Team followed afive-phase approach to

develop standardized canister design concepts and perform operational studies of innovative
approaches. The five phases were:

e Phase 1 - Subsequentto the award of Task Order 21 on October 2, 2014, the Team
reviewed current utility canister loading operations and practices, including capabilities
and constraints based primarily on first-hand experience. Thisincluded Exelon’s
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experience operating PWR and BWR nuclear power plants that are currently dry storing
SNF, EnergySolutions’ experience loading 37-PWR DPCs at Zion and EnergySolutions’
experience maintaining fuel pools at most of the US nuclear power plants. Existing
information was reviewed including the canister-in-canister approach detailed in the
Oak Ridge National Laboratory (ORNL) Letter Report: End-of-YearStatus Report on
Integrated Canister Design and Evaluation, ref. ORNL/LTR-2012/448) and the final
reports from DOE A&AS contract Task Order 12 (Standardized Transportation, Aging and
Disposal Canister Feasibility Study). Information on current SNF transfer operations was
gathered and reviewed by the Team. On November4 — 5, 2014, DOE and the Team
participatedin a facilitated workshop to discuss theirreviews. During the workshop, the
Team brainstormed options, ideas and recommendations for improving SNF transfers.
Innovative approaches were given special attention. EnergySolutions turned output
from the workshopinto a series of work assignments for the remainder of Phase 1. The
work assignments covered the three areas of design concepts, operations management
and technology improvements. Phase 1 concluded with the Initial Progress Review (30%
review) meeting with the DOE, which was held on January 6, 2015.

e Phase 2 - Utilizing the feedback from the Initial Progress Review meeting, and focusing
on maximizingthe SNF throughput and identifyinga base operational approach from
the operational approaches identified atthe workshop, the Team progressed work on
developingadescription of the standardized canister concept and associated storage
system; a description of the set of tasks required to load canisters with SNF and move
the required SNF throughput to dry-storage, includinga work process flow diagram; the
estimated durations for the tasks; and a listing of the major equipmentitemsthat would

be required. Phase 2 concluded with the submission of the Preliminary Reportto the
DOE.

e Phase 3 - The end goal of this phase was the production and submission to DOE of a
Draft Final Report. The team used previously completed operational approaches and
supporting reviews to feed parametric analyses. The parametric analyses captured how
various approaches affect key work attributes (work duration, work dose, cost, etc.).
The analysesalso captured how these attributes varied as a function of the number of
reactors at a givensite, the type of reactors at the site and refuelingfrequency. The
parametric analyses were conducted for all nine cases required by the SOW (see
Appendix |, Section 2, Item 3). The Team recommended the optimum frequency for
canister loading campaigns and operational approach for each of the nine cases based
on the parametric analyses.
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Phase 4 - This phase involved addressingand incorporating comments and feedback
received at the Final Progress Review Meetingand from the DOE’s review of the Draft

Final Report. Phase 4 culminated in the submissionto DOE of a Final Report and this
Updated Final Report.

Phase 5 — In this phase the team completed the Task Order by preparingand issuinga
Closeout Report, which summarized the results of the task order and offers suggestions
to the Contracting Officer’s Representative on ways to improve task order procedures.

This Updated Final Report documents the output from the above approach and is structured, as
follows:

Section 3, Systems Engineering Approach, outlines the phased approach that has been
followed in order to complete the requirements of the Task Order 21 SOW.

Section 4, Design Concepts and Loading Processes, describes the design concepts and
loading processes for the small, mediumand large Standardized Transportation, Aging
and Disposal (STAD) canisters, including the STAD-in-Can and STAD-in-Carrier design
concepts, which were identified as a meansto gang load small STAD canisters ingroups
of four. This sectionalso provides reasonable assurance regarding the capability of the

design concepts to meet fundamental licensing requirements for 10 CFR 71 and
10 CFR 72.

Section 5, Parametric Studies, describes the methodology, bases and resultsfrom the
time and motion studiesthat have been performed for each of the operational
approaches. This includesthe results of process technology, operations management
improvements and recommendations for which of these improvements constitute best
practices. The results from these operational approaches are also compared (based on
packaging an equivalentamount of spent nuclear fuel with like characteristics) with the
same set of information for DPCs at or close to the largest capacities beingusedin
industry today.

Section 6, Recommended Optimum Frequencies and Operational Approach for
Canister Loading Campaigns, summarizes, for the nine plant cases investigated, the
recommended intervalsfor fuel loading campaigns and the frequenciesforloading. This
sectionalso includesa discussion of the practicality of performingloading campaigns at
the recommended frequencies. Thisdiscussion draws on the Team’s plant operating
experience and considers the configurations of various operating sites.
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e Section 7, Cost Estimates, provides detailed cost estimates for the STAD canister
systems, process equipment and operations associated with the loading processes
evaluated for the Parametric Studies, including cost per spent fuel assembly and cost
per STAD canister system.

e Section 8, Research and Development Recommendations, discussesrecommendations
pertainingto residual moisture removal using ultra-dry nitrogen, welding of multiple
small STAD canisters in parallel and a standardized and optimized drying system for use
with the STAD canister systemin use.

e Section 9, Conclusion, documents the overall conclusions drawn from the work

performed by the EnergySolutions Team in addressing the requirements for Task
Order 21.

3 SYSTEMS ENGINEERING APPROACH

As indicatedin the Technical Proposal submitted to the DOE on August 26, 2014, the intent was
to follow a five-phase approach, in order to performthe scope of work for Task Order 21.
Figure 3-1 shows a logicdiagram of the systems engineeringapproach used by the team.
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Figure 3-1. Logic Diagram Showing Systems Engineering Approach.
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3.1 FACILITATED WORKSHOP

Fundamental to Phase 1 was a facilitated workshop, which was held from

November4 - 5, 2014, and was attended by representatives from each company within the
Team, the DOE Task Order 21 Technical Monitor, and representatives fromthe DOE support
team. The meeting notes for the workshop are providedin Appendix A and the key outputs
from the workshop are summarized below.

The following operational approaches were identified forthe differentsizes of STAD canister:

o Load the medium (12-PWR/32-BWR) and large (21-PWR/44-BWR) STAD? canisters
individually using a process that is similarto the process used by ZionSolutions to load
sixty-one 37-PWR DPCs inlessthan 52 weeks at the shutdown Zion Nuclear Power
Plant, lllinois.

o Gang load the small (4-PWR/9-BWR) STAD canisters and weld and dry them as a group.

i. Could be accomplished by a “STAD-in-Can” approach, which is akinto the design
concept developed by ORNL (ref. ORNL Letter Report ORNL/LTR-2012/448).

ii. Could be accomplished by a STAD-in-Carrierapproach.

iii. The end goal foritemsi)and ii), above, beingan integrated solution which
optimizesthe handling of multiple small STAD canisters from the spent fuel pool
to the storage overpack and from the storage overpack to the transportation
overpack.

Lessons learned, operations management, and operations data were gathered from the work
performed by the EnergySolutions company, ZionSolutions, in loading sixty-one 37-PWR DPCs in
lessthan 52 weeks once decommissioning of the Zion Nuclear Power Plant began. The loading
process used was performed 24/7 and representsthe current state-of-the-artfordry storage
across the country. It was determinedthatthe data from the Zion operationswould serve as
the “baseline” data for the time and motion studies performed under Task Order 21.

Recommendationsand ideas were also gathered for the process technologies, which are
fundamental elements of the loading process, i.e., weldingand non-destructive examination

(NDE) associated with sealing the shield plugs, top platesand ventand drain ports, and drying
the canister internals, including performing this work on multiple small canistersin parallel.

® Inthis reportthe term “STAD” is used interchangeably with the term “STAD canister” and the term “STADs” is
used interchangeably with the term “STAD canisters”.
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3.2 DESIGN CONCEPTS AND LOADING PROCESS

Building off the workshop, the team developed loading process flowsheets and design concepts
for the STAD canister systems. The development of thisinformation was an important
prerequisite to performingthe parametric studies as it provided:

e STAD canisterdimensional data and design features, which allowed the baseline Zion
data, e.g., weldingtime, canisterdryingtime, to be scaled for use withthe STAD
canisters.

e |dentifiedthatthe small STAD canisters would be gang loaded and processed in groups
of four.

e The individual stepsineach loading process.

The design concepts and loading process flowsheets are describedin detail in Section 4.2 and in

Appendix C(Standard Canister Concepts, Appendix L (Design Concepts for STAD-in-Can and
STAD-in-Carrier) and Appendix E (Loading Process Flowsheets).

3.3 PROCESS TECHNOLOGIES

In-depthinvestigations were performed of welding/NDE and canister drying technologies.
A summary of these studiesis given below and details are providedin Appendix G (Drying
Processes), Appendix K (Moisture Removal) and AppendixJ (Welding and NDE technologies).

Welding/NDE

The objective forthe welding/NDE technologies study was to evaluate candidate weldingand
NDE processes, with the goal of identifying hardware and processes that optimize welding
operations. Optimization considered setup and processing times for each weld pass, the
number of passesrequired, and inspection of the welds. The evaluationalso included
consideration of weldreliability and requirements forweld repair, if required. Another
objective was to investigate the feasibility of a welding system that would allow all four small
STADs in a carrier to be weldedin parallel. The results of the investigationintoweldingand
NDE processes are providedin AppendixJand are summarized below:

e Atthe presenttime,there are not enough advantages in other processesto consider
anything otherthan the Gas Tungsten Arc Welding (GTAW) that is currently used. This
process has a proventrack record in the nuclear arena. Itisveryforgiving, provideswelds
that are capable of passing any NDE that is required and facilitates easy repair of defects of
any shape orsize. There are numerous manufacturers of automated GTAW machines for
closure welds onradiation containers and some notable onesinclude Astro Arc Polysoude
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(used at the West Valley site for welding high level waste canisters), Liburdi Dimetrics
(providing systems for welding high level vitrified waste canisters at the Waste Treatment
Plant (WTP), Hanford Site) and Arc Machines (system used to weld DPCs at the Zion Nuclear
PowerStation).

e Inadditionto the basic GTAW welding process, other process adjustments that can offer
faster weldtimesinclude:

o optimizingthe welding parameters for maximizing the weld deposition,

o using hot wire GTAW, which has a higher deposition rate than cold wire GTAW,
and

o optimizingthe welddesignin order to minimize the amount of weldingtime
(e.g.,a
but have a narrower groove so the resultant weld volume will be less and the
weldingtime will be decreased).

IIJ ”n

bevel weld can still provide a thin land for a controlled melt through,

e Manual dye penetrant testing (PT) was chosen for the parametric studies. Previous work at
Zion using a remote PT system had identified that the remote PT process was not provingto
be a significanttime saver.

e Consideringthe configuration of four small STAD canisters ina carrier and the feasibility of
a welding systemthat would allow all four canistersto be weldedin parallel, discussions
were held with Liburdi Automation who are the suppliers for the WTP welding systems.
Their response was that this was feasible with the proper weldingequipmentand
parameter development,includingthe development of hardware and software controls
such as interlocking the positions of the weld torches and the taking of parameter samples.
It should also be noted that a welding machine would be assigned to each canister and the
weldingwould be remotely performed by a weldingtechnician. Thus, potentially, four
weldingtechnicians would be required. This also means four sets of control and monitoring
equipment that could become cumbersome to install. The potential benefitislarge enough
that parallel welding of the four small STADs isincluded as a topic worth pursuing in the
R&D section (Section 8.2) of this report. It shouldalso be noted that the use of parallel
weldingforthe small STAD canisters isassumed for the optimized loading processes
describedin Section 5.

CanisterDrying

The objectives forthis investigation were to provide a synopsis of the basic technology in use
today for fuel storage canister drying as a meansto reduce the overall canister loading
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duration. The results of the investigation are providedin Appendices G and K and are
summarized below.

In general, the vacuum drying process is used successfully with a wide variety of fuel
types (PWR and BWR) and canister sizes, but drying durations have varied from hours to
multiple days. The main contributing factors to this variability are:

©)

Internal fuel basket design — Need to ensure that the gross collection area for

free standing water is minimized and that draining to the bottom of the canister
is maximized.

Neutron absorption material compositionin the fuel basket cell - Borated metal

matrix composite (MMC) materials reduce drying durations significantly
compared with the more water-porous Boral™ or borated aluminum plate.

Age of each fuel assembly —Needto ensure that uniform (higher) heat loads are

obtained during loading, in order to compensate for older fuel that usually has
lessresidual heat compared with fuel more recently removed from the reactor.
By mixingin some newer “hot” fuel with older “cold” fuel, this will allow the
benefits of the decay heat from the fuel to be utilized during the drying process.
Loading a canisterwith all older fuel will resultinthe drying process taking
longer;irrespective of whetherforced helium dehydration or vacuum drying
systems are used.

Physical condition of the fuel cladding — Cracked or otherwise damaged fuel

cladding, such as pin-hole leaks, may cause water retentionin a fuel pin. There is
a needto develop a loadingplan that can deal with these anomaliesinthe most
efficient way possible.

Automated “Smart” vacuum drying systems have been demonstrated to reduce time

(by 17%) when compared with the same non-automated vacuum drying system.

3.4 PARAMETRIC STUDIES

Utilizing the output from the work on design concepts, loading proce sses, and process

technologies, parametricstudies were performed which are documentedin Section5. The

results from the parametric studies were then used to identify recommended optimum
frequencies and operational approach for performingthe loading campaigns (see Section 6).
The steps performedfor the parametric studies were:

Step 1 - Determine the maximum number of assemblies that could be movedto dry

storage in a 12-week window for each STAD canister variant beginning with currently
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understood dry storage operations (“Baseline”) and then applying process technology
and dual transfer cask (parallel processing opportunity) improvements (“Optimized”),
as applicable.

e Step 2 - Determine whethereach STAD variant can provide the throughput for each of
the nine plant cases definedinthe SOW and if so, identify the number of 12-week
loading campaigns (assuming a maximum frequency of one campaign per calendar year)
that are required overa 6-year period.

e Step 3 - Assessthe margins between the required performance (based on SOW
throughput requirements) and the achievable performance and provide recommended
loading frequencies for each of the nine plant cases.

In concert with the time and motion studies performed for the parametric studies, work was
performedto provide the estimated total cost and cost break-down for moving the required
SNF throughput for the nine plant cases evaluated and the STAD canister system variants that
were used. The cost estimates are providedin Section7. As afinal point, recommendations for
future research and development that might decrease processingtimes were identified and are
presentedinSection 8.

4 DESIGN CONCEPTSAND LOADING PROCESSES

This section describes the design concepts (Sections4.1.1, 4.1.2, and 4.1.3) and loading process
flowsheets (Section 4.2) for the small, mediumand large STAD canister systems, which were
evaluated as part of the Parametric Studies describedin Section5. The design concepts are
describedin more detail in Appendix C, while the loading processes are detailedin AppendixE.
In additionto the STAD canistersthemselves, the designs forthe STAD-in-Carrierand the
STAD-in-Can configurations for small STAD canisters are also presented (Section 4.1.5), with the
STAD-in-Carrier design concept being the approach recommended by the Team for processing
the small STAD canisters. This is because the STAD-in-Can design presents many challenges
that don’t exist with the current storage of DPCs, e.g., ensuringadequate heat transfer to
preclude fuel claddingdamage, the needto dry the can, additional weight, and constraints on
visual inspection of STAD canisters instorage. Detailsare also provided (Section 4.1.4) on the
canister design parameters, which were used to derive the welding, NDEand dryingtimes that
were used for the Parametric Studies. In addition, details are provided (Section 4.1.6) on the
capability of the design concepts to meetfundamental licensingrequirements. Section4
concludeswith a discussion on the design concepts for storage and transportation overpacks;
with a view to developinganintegrated transfer, storage, and transportation system.
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4.1 DESIGN CONCEPTS FOR THE STAD CANISTERS

The design concepts for the small, medium, and large STAD canisters are described below.
Conceptual sketches for the small, medium, and large STAD canisters are providedin
Appendix C.

4.1.1 Small STAD Canisters

For the small STAD canisters the Team has utilized information from Task Order 18 on the
design concepts for a 4-PWR and a 9-BWR STAD canister; each of which has the same exterior
dimensionsandis a right-circularcylinder. Figure 4-1 shows the design concept for the small
STAD Canisterand the design parameters are summarizedin Table 4-1.
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Figure 4-1. Design Concept for the Small STAD Canister
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Table 4-1. Small STAD Canister Design Parameters.

DesignParameters | 4P | 998

Shell Outer Diameter 29.0”

Shell Thickness 0.25”

Overall Length (w/ Lift Ring) 196”

Cavity Length 180"

Bottom Plate Thickness 2.0"

Shield Plug Thickness 9.0”

Lift Ring (O.D. x HT) ©@16.0” x 3.0

Guide Tube Opening 8.85" SQ. 5.85” SQ
Max. FA Weight 1,725 |b. 706 Ib.
Weight (dry, loaded) 14,000 Ib. 13,500 Ib.
Canister Shell Material Type 316L SS Type 316L SS
Basket Structural Materials Type 316L SS Type 316L SS
Basket Neutron Absorbers Borated SS Borated SS
Basket Thermal Shunts Aluminum N/A

Key points to note about the conceptual designfor the small STAD canister, as applicable to the
STAD-in-Carrierdesign concept, are that the weld size for the canister lids and the canister shell
thickness have been optimized following structural analyses performed for Task Order 18. In
addition, the outerlid is designed to provide the redundant closures for both the weldedinner
lidand the welded ventand syphon port covers, thus obviatingthe need to weld outer covers
over the weldedinnercovers for the ventand syphon ports.

The use of aright-circular cylindershape for the small STAD canister reflects what has widely
beenused by the dry cask storage industry and is the default shape for Task Order 21.

However, square STAD canisters would allow five small square STAD canisters to be packed into
the same area as four small right-circular cylinders. Scopinglevel structural analyses have also
determinedthat square STAD canisters can be designed to cope withinternal loading pressures,
albeitwiththe needto double the shell thickness of the right-circular cylinder STAD canisters
with an accompanying weight penalty. This better packing efficiency would be useful if the
required SOW throughputs were found not to be achievable with the use of right circular
cylinders. However, this study has shown that the required SOW throughputs are achievable,
so it was not necessary to pursue square STADs.

For the STAD-in-Can design concept, the designfor the small STAD canisterdiffersin that it
excludesthe top plate and instead, as shown in Figure 4-4, uses the welded shield plugas a

single lidwith a liftingring. This is because closure of the can providesthe required redundant
second closure.
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4.1.2 Medium STAD Canisters

Utilizing information from Task Order 12 *, the design concept for the medium STAD canister is
a right circular cylinderthat is fitted with a fuel basket capable of holding 12 PWR assemblies or
a fuel basket capable of holding 32 BWR assemblies. Ituses borated stainless steel forthe
neutron poison. The lid design would also achieve the same functions as the small STAD
canister; withthe outer lid providing the redundant closures for the weldedinnerlid and the
weldedventand syphon port covers. Figure 4-2 showsa 3-D image of the medium STAD
canister and cross sections of the 12-PWR and 32-BWR fuel baskets. Keydifferencesfromthe
small STAD canister are that the medium STAD canister has an outside diameterof 52” and a

shell thicknessis0.5”. To weldtheinner and outer lids, a 3/8” partial penetration groove weld
has beenassumed.

12-PWR Basket 32-BWR Basket
(Not to scale)

Figure 4-2. Design Concept for Medium STAD Canisters

4.1.3 Large STAD Canister

The design concept for the large STAD canister is a right circular cylinderthat is fitted with a
fuel basket capable of holding 21 PWR assemblies or a fuel basket capable of holding 44 BWR
assemblies. These capacities are the same as the Transportation, Aging, and Disposal (TAD)
canister, which was designed by industry for the DOE in 2008; with NAC International designing
the 21-PWR and AREVA designingthe 44-BWR. Key detailsfor the 21-PWR design were that
that ithas an overall length of 199” (includinglifting bail) and an outside diameterof 66.5”. It
also uses borated stainless steel forthe neutron poison. Figure 4-3 showsthe 21-PWR TAD
canister designed by NAC International. For Task Order 12, a large STAD canister was

* DOE A&AS Contract Task Order 12, Standardized Transportation, Aging, and Disposal Canister Feasibility Study.
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developed, which was capable of holding 24 PWR assemblies or 68 BWR assembliesand had an
overall length (without the liftring) of 195” and an outside diameterof 72”. For this study, the
larger diameterassociated with the 24 PWR/68 BWR large canister was selected forthe

purpose of deriving parametric study weldingand NDE times because it provides a more
conservative assumption.

Figure 4-3. 21-PWR TAD Canister Designed by NAC International

4.1.4 STAD Canister Design Parameters Usedto Derive Parametric Study Weldingand NDE
Times

As describedinSection 5.1, the assumptions for the weldingand NDE times for the small,
medium and large canisters were derived using baseline data from the Ziondry fuel storage
campaign and scalingit per key parameters of the STAD canisterdesign concepts. The key
parameters used are as follows, noting that the diameterused for the large STAD canister
reflectsthe Task Order 12 design concept and was selected because it provided a more
conservative assumption. Weld passesand layers correspond to the Task Order 18 design for

the small STAD canisters, and to the Zion canister design for the mediumand large STAD
canisters.

Small STAD canister:
Inner Closure Weld:

. 1/4” effective throat partial penetration groove weld x 28.2” I.D.
. Assume 2 layers with progressive PT examination (rootand final)
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Port Cover Welds (2x):
J 1/8” effective throat partial penetration groove weld x 2.0” diameter
. Assume 1 layer with surface PT examination
Outer Closure Weld:
. 1/4” effective throat partial penetration groove weld x 28.2” I.D.
J Assume 2 layers with progressive PT examination (rootand final)
Medium and Large STAD Canisters:
Inner Closure Weld:

. Partial penetration groove weldx 51” I.D. (medium) or 70.74" 1.D. (large)
. Assume 3 layers with progressive PT examination (all layers)
Port Cover Welds (2x):
) 1/8” effective throat partial penetration groove weldx 2.5” diameter
. Assume 1 layer with surface PT examination
Outer Closure Weld:
J Assume 1 layer with surface PT examination (similarto Zion baseline)

4.1.5 Design Concepts for the STAD-in-Can and the STAD-in-Carrier

Building on the “STAD-in-Can” loading process for small STAD canisters, which was identified at
the workshop (see Appendix A), the team developed and evaluated a design concept for this
process. In addition, utilizingwork performed under Task Order 18, the team evaluated an
alternative loadingapproach for small STAD canisters, which utilizes an open-frame carrier,
rather than an overpack can; with this design concept referredto as the “STAD-in-Carrier”. The
resultsfrom the developmentand evaluation of these design concepts are describedin detail in
Appendix Land are summarized below.

The design concept for the STAD-in-Canis shown in Figure 4-4 and the end product loadedinto
a storage overpack is four small STAD canisters; each with theirinnerlids (shield plugs) installed
and welded, which are contained within an overpack can that has a weldedlid. As describedin
Appendix L, the STAD-in-Can design presents many challengesthatdon’t exist with the current
storage of DPCs, e.g., ensuringadequate heat transferto preclude fuel claddingdamage,
effectively dryingthe inside of the overpack cans to prevent corrosion on the exteriorsurfaces
of the STADs inside, excessive weight, and the difficulty of visual inspection of the STAD
canisters instorage. Itis not possibletovisuallyinspectthe external surfaces of the STADs
stored inan overpack can unlessthe lid of the overpack can is removed. That may require
removingthe overpack can from the dry storage modulein a transfer cask and relocatingit to a
contamination controlled work area to remove the overpack can lid (dependingonthe type of

> DOE A&AS Contract Task Order 18, Generic Design for Small Standardized Transportation, Aging, and Disposal
Canister Systems.
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STAD lid closure(s) and how redundant seal isolation of the fuelis performed). Even inthe best
case scenario with both confinementseals welded onthe small STADs, visual inspection would
require removal of the dry storage module lid and the overpack can lid to obtain visual access
to the STAD surfaces through the small ventand drain ports in the overpack can shield plug.
That isa cumbersome process. In comparison, the STAD-in-Carrier design concept (see

Figure 4-5) providesan end product loaded into a storage overpack where four small canisters,
each with theirinnerand outer lidsinstalled and welded closed, are individually held withinan
open carrier. The STAD-in-Carrierdesign concept is the subject of design and engineering
analysesunder DOE A&AS Contract Task Order 18, Generic Design for Small Standardized
Transportation, Aging and Disposal Canister Systems, and is the design concept that is
recommended by the Team for processingthe small STAD canisters. It eliminates many of the
shortcomings of the overpack can and visual inspection of the external surfaces of the STAD
canisters whilstin storage would be possible by simplyinsertinga video probe through the vent
ports in the storage module. In addition, as detailed in Section 4.3, it is possible to designa
systemthat could extract individual canistersfrom a stored carrier.

Figure 4-4. STAD-in-Can Design Concept.
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Figure 4-5. STAD-in-Carrier Design Concept.

4.1.6 Reasonable Assurance that Design Concept has the Capability to Meet Fundamental
Licensing Requirements for 10 CFR 71 and 10 CFR 72

The regulatory compliance of the small STAD canisters has been assessed under Task Order 18°
and it was concluded that, subjectto several considerations, U.S. Nuclear Regulatory
Commission (NRC) approval of the STAD system design for both the initial 10 CFR Part 71
transport Certificate of Compliance and the initial 10 CFR Part 72 storage Certificate of
Compliance would be anticipated. The considerations are describedin detail inthe Task

Order 18 report and cover the areas of: aging management, high burnup fuel, multiple storage
configurations (vertical and horizontal), multiple STAD canisters in storage and transportation
overpacks (where four small STAD canisters are stored and transported whilstloadedin a
carrier), and moderator exclusion. It was also stated inthe Task Order 18 report that testing
and/or modelingand analysis would be necessary to demonstrate the acceptability of the STAD
canister transportation package to satisfy the routine, normal, and hypothetical accident
conditions. Likewise modelingandanalysis would also be necessaryto demonstrate the
acceptability of the STAD canister dry cask storage systemand its multiple storage
configurations under accident conditions.

The medium and large STAD canistersare intended to be stored and transported in single units
and so would not be subjectto any licensing considerations pertainingto storage or
transportation of multiple canisters. However, the considerations pertainingto aging
management, high burn up fuel and moderator exclusion (if employed as the primary means of
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criticality control for the transportation cask system) will be applicable. Itisconcluded that the
medium and large STAD canisterdesigns are capable of beinglicensed.

4.2 LOADING PROCESSES

For the small, medium and large STAD canister design concepts describedin Section 4.1,
loading processes were developed, which were primary inputs to the time and motion analyses
studiesdetailedin Section 5. The loading processes were captured in the form of flowcharts,
which are providedin AppendixE.

The loading processes developed are:

e Zion DPC Loading Process - This process reflects a prototypical SNF canister loading
process (derived from the ZionSolutions loading process {loaded 37-PWR DPCs} for the
shutdown Zion Nuclear Power Plant), which reflects the basic serial approach that is
applicable to the mediumand large STAD canisters and also serves as the starting
position from which the STAD-in-Carrierand the STAD-in-Can operational approaches
were derived.

e STAD-in-Can — This process for packaging small STAD canisters reflects the design
concept describedin Section4.1.5. The end product that isloaded into a storage
overpack for this design concept is an overpack can that that has a weldedlid and
contains four small STAD canisters. Priorto installingand weldingthe overpack lid, a
single shield plug (with a liftingring) is installed and welded in each small STAD canister.
Note. As detailedinSection4.1.5, the STAD-in-Can design concept offers several
optionsto achieve dual welded closures, butthermal design limits require a welded
closure on the overpack can to retain pressurized helium for heat transfer. This
required the above configuration for processing small STAD canistersas part of a
STAD-In-Can system.

e STAD-in-Carrier — This process for packaging small STAD canisters reflects the design
concept also describedin Section 4.1.5 and the end product loaded into a storage
overpack is four small canisters; each with their inner (shield plug) and outer (top plate
with liftingring) lidsinstalled and welded closed, which are jointly held within a single
carrier. A simplified version of the STAD-in-Carrierloading process is shown in
Figure 4-6. The number of heavy lifts (usinga single failure proof crane) for the
STAD-in-Carrierloading process are detailed in Table 4-2.
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Table 4-2. Number of Heavy Lifts for STAD-in-Carrier Loading Process

Number of Heavy Lifts (using a single
Description of Heavy Lift failure proof crane)
Remove Storage Overpack Cask (SOC) lid 1
Move carrier with empty STAD canisters from SOC 1
to transfer cask
Remove STAD canister shield plugs 4
Placetransfer caskinto the spentfuel pool 1
Install STAD canister shield plugs 4
Lift transfer cask from spent fuel pooland moveto 1
decontamination pit
Install transfer adapter on top of SOC 1
Movetransfercask to SOC 1
Load carrier into SOC 1
Movetransfercask to staging area 1
Removetransfer adapter 1
Install SOC Lid 1
TOTAL 18
Load Carrier into Load Fuel into the Canisters.
Insrfncc: %Z?agﬂfms ;egjzzggé:iiﬁé N Transf_er Cask and Inst:lslll a Shield Plug in each
Canisters into a place in the Spent Canister. Remove Transfer
Carrier Building Fuel Pool Cask from Spent Fuel Pool
Low er w ater iq the Canﬁsters and I_%:;?Zt:éﬁ acllgnpi)Srteesrstl;re Remove w aterfromthe aniste.rs
w eld the Shield Plug in each —> confirmthe sealing of the _— and dry the canister interiors via
Canister. Performw eld inspections. Shield Plugs vent and syphon ports

Install pressurized Helium into each Canister.
Close off ports and install and w eld Port
Covers. Perform Helium leak test to confirm

that the ports are sealed.

Install and w eld Top Plate
on each of the canisters.

Perform w eld inspections

Remove w ater from

the Transfer Cask

g S e B

Transfer Carrier from Transfer >
Cask to Storage Overpack

Inspect loaded Storage
Overpack prior to transport

>

Figure 4-6. STAD-in-Carrier Loading Process (simplified)
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4.3 DESIGN CONCEPTS FOR THE STORAGE AND TRANSPORTATION OVERPACKS

The operational processes for moving canisters of SNF to storage (whetherlarge DPCs, large
STADs, or small STADs in a carrier) are not amenable to design solutions that will decrease
processingtimes. These operations primarily involve heavy onsite transport and heavy lifting
activities. These are operationsthat proceed slowly for safety reasons. The number of lifting
operations decreases somewhat for horizontal storage configurations, but the lifts are replaced
by a slow rotational operation to transition storage systems from the vertical orientation as
they are lowered fromthe FHB handlingarea to a horizontal positionforstorage. The Team did
not identify any storage design modifications that would accelerate movingor lifting
operations.

Based on the results from the workshop, the decision to process the medium and large STAD
canisters as single units leads to options for storage and transportation overpacks akinto the
DPCs in use today, i.e., stored and transported individually. One option considered for the
medium size (12P) STAD canisters was storage in multiples of three as shown in Figure 4-7. This
designapproach would not speed processing since each STAD wouldstill have to be transferred
and loadedindividually (medium STAD canisters are not designed to be handledin multiples),
but there mightbe some hardware cost savings since fewerstorage casks would be required.

219000

3X 12P/328 STAD

Figure 4-7. ldea for Storage of Multiple Medium STAD Canisters

Storage of multiple medium STADs in one cask also has implications for thermal performance.
The thermal SNF design specifications forthis Task Order resultin an upper decay heat value of
2 kW/assembly. In a STAD with 12 PWR assemblies, that means 24 kW of decay heat per STAD.
The highest performingdry storage systemsin use today (the NACMAGNASTOR system) can
only handle a total of 35 kW of decay heat. A designisin NRC review (NUHOMS EQS) that, if
approved, will handle up to 47 kW of decay heat. These high thermal capacity dry storage
systems require optimal flow of the natural circulation coolingair to uniformly remove heat
from all surfaces of the storage canister as shown in Figure 4-8.
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Figure 4-8. Ideal Mixing of Cooling Air Flow

This optimal airflow is only possible with a single storage canister in each storage cask. Adding
additional canisters will create discontinuitiesinthe natural circulation airflow that will reduce
the effectiveness of the heat transfer.

Just two of the 12-PWR sized STADs with the specified SNF would exceed the thermal capacity
of the highestthermal capacity storage systemsunder review, 47 kW. Storing three canistersin
one storage cask would completely overwhelm the system’s heat removal capacity, particularly
with the less than optimal configuration for natural circulation airflow. More than one
mid-sized STAD could be stored ina large storage cask if additional pool cooling time were
allowedto reduce the total heat load, but that does not comply withthe fuel specified for this
work. Storing multiple mediumsized STADs filled with fuel releasing the maximum specified
decay heat is not practicable ina single storage cask.

Giventhe goal of speeding SNF processing times, there is no benefitto storing more than one
large or medium STAD in a storage cask. Processingtimesfor movingfuel from the poolto dry
storage will not be affected by the number of STADs in each storage cask. That means thereis
no advantage to developinglarge storage casks that could handle more than one larger STAD.
This is true even if more time were allowed for pool coolingto decrease the decay heat load per
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assembly. No innovative approachesto speed transport or loadingthe STADs into the storage
casks were thus identified.

For the small STAD canisters, the optionsfor storage and transportation overpacks are driven
by eitherthe carrier (STAD-in-Carrier) or the can (STAD-in-Can) that is used to package four
canisters at a time in the fuel handling building. Forthe STAD-in-Can, the STAD canisters
remain withinthe can until such time they can be removed at a repository or Interim Storage
Facility (ISF). As describedin Appendix L, the storage of small STAD canistersinside a can has
many challenges, including ability to dry the can and contents, difficulties with visual inspection
of the STAD canisters during storage, excessive weight, and issues with ensuringadequate heat
transfer from the STADs to preclude fuel cladding damage. The overpack can also add
noticeably to the overall diameter of the container that has to fit into transfer casks, storage
overpacks and transportation casks, necessitating design and licensing of new, larger Type B
transport casks. Although clearly preferable tothe STAD-in-Can, the STAD-in-Carrier concept is
also notimmune from issues associated with an overall diameterthat istoo large for existing
storage and transportation overpacks. It also has its own challenges with ensuringadequate
natural cooling whilstin storage and the inspection of canisters during storage; all of which
were progressed under Task Order 18, which selected the STAD-in-Carrieras the preferred
approach for handling small STAD-in-Carrier canisters. However, unlike the STAD-in-Can, the
STAD canisters each have redundant welded closures and the design of the carrier issuch that,
via a single STAD transfer cask and an indexed shielding arrangement, individual STAD canisters
could be extracted from a carrier loaded in a storage overpack. One option for this
arrangement would be for the STAD canisters to be transferred to a transportation cask that
optimizesthe loading of up to four small STAD canisters for transport via rail. Anotheroption
would be to extract single STAD canisters for R&D, or for placementina horizontal NUHOMS-
type aboveground storage module, or in a vaultat a consolidated storage facility.

Operation of a transfer cask to move individual small STADs from the storage system to a
transport cask would mirror the approach taken by NAC to load individual high level waste
canisters into dry storage systems at the West Valleysite. Althoughthe STAD carrier is
primarily designed for multiple STAD handling activities, each STAD remainsindependently
accessibleinthis arrangement. Developmentof additional STAD handlingequipmentcan allow
for single STAD removal and placement for variationsin transport and storage configurations.
Figure 4-9 describesthe systemsforloading and unloading single STAD canisters from both
storage and transportation casks. Note that a single STAD transfer cask can be designedtobe
capable of beinglaid down, transported and positioned for potential horizontal placement.

A system similarto that shown in Figure 4-9 allows for individual transfer operations while
maintaining the necessary shielding. The system shown on the left demonstratesa transfer
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eitherinto or from a STAD vertical concrete cask storage configuration. The systemon the right
demonstratesa transfer eitherinto or from a STAD transport cask configuration. Both
processes use small transfer casks integrated with special adapters on the storage or transport
cask that rotate to index access to specificstorage cellsin the basket. Similarly, a single STAD
transfer can be performed from or into individual in-ground caisson type storage or horizontally
into bunkertype storage positions.

Figure 4-9. A Special Transfer Cask Being Used to Move One Small STAD
from Storage to Transport

5 PARAMETRIC STUDIES

This section presents the parametric studies that were performedto investigate the impacts of
STAD canistersize as theyrelate to typical NPP operatingcycles in the U.S. In addition, the

study evaluates the impacts of certain specificimprovementsrelated to canisterloading
technology and operational process flow enhancements.

The objective of the parametric studies was, for each of the evaluated STAD configurations, to
assess the maximum intervals between STAD loading campaign that can be utilized while still
achieving the fuel throughputrequirements necessary for plant operation. The throughput
requirements are based on either900 BWR or 370 PWR fuel asse mblies beingtransferredto
dry storage per plant unit, everysix years. The calculated maximum loading campaign intervals
are based on optimum process rates usingimproved technology and concurrent workflow
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paths whereverpossible. Recommendations forloading campaign intervals are presentedin
paths wherever possible. Recommendations forloading campaign intervals are presented in
Section 6; and they consider the relative costs and benefits of the improved technology and
parallel workflow paths options.

Table 5-1 provides a roadmap to the results of the parametric time studies.

Table 5-1. Roadmap to Results of Parametric Time Studies

Results Refer to
MaximumSTAD Loading Campaign Intervals Section5.2.1
Summary of Throughput Study Processing Rates Section5.2.2
Detailed Summary for Large BWRSTADs Section5.2.3
Detailed Summary for Large PWR STADs Section5.2.4
Detailed Summary for Medium BWR STADs Section 5.2.5
Detailed Summary for Medium PWR STADs Section5.2.6
Detailed Summary for Small BWR STADs-in-Can Section5.2.7
Detailed Summary for Small PWR STADs-in-Can Section5.2.8
Detailed Summary for Small BWR STADs-in-Carrier Section5.2.9
Detailed Summary for Small PWR STADs-in-Carrier Section 5.2.10

5.1 METHODOLOGY, ASSUMPTIONS, AND CONSTRAINTS

The STAD system configuration options considered for these parametric studiesinclude eight
cases, coveringsix different STAD designs (3 PWR and 3 BWR). The large- and medium-sized
STADs are sufficiently large thatloading operations are anticipated to be similarto the
operations currently used for commercial dry fuel storage systems. The small-sized STADs are
assumed to be batched four at a time through the loading process to avoid unnecessarily long
loadingtimes, costs, and the associated personnel exposure. Two cases are investigated for
each of the small STAD systems: four STADs sealedina single largercanister (“STAD-in-Can”),
and four STADs placedinto an unsealed carrier (“STAD-in-Carrier”). The eightcases are
therefore:

1. Large BWR STAD (44 fuel assemblies)
2. Large PWRSTAD (21 fuel assemblies)
3. Medium BWR STAD (32 fuel assemblies)
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Medium PWR STAD (12 fuel assemblies)

Small BWR STAD-in-Can (9 fuel assemblies x 4)
Small PWR STAD-in-Can (4 fuel assemblies x 4)
Small BWR STAD-in-Carrier (9 fuel assemblies x 4)
Small PWR STAD-in-Carrier (4 fuel assemblies x 4)

© N o ok

Lastly, two cases are included for reference purposes: a BWR DPC and PWR DPC case. The DPC
baseline cases are assumed to be per the current commercial dry fuel loading best practices.
Consideringthe nine plant operational cycles, there are a total of 36° combinations of STAD
canister operational approaches and plant operational cases to be evaluated. The optimized
case includesimprovementsinvacuum drying technology as discussed above, usingtwo onsite
transfer casks in order to run certain operational stepsin parallel, and (inthe case of the small
STAD systems), carrying out canister draining, dryingand sealingoperationsin parallel. The
final results of the parametric studies, therefore, include 1447 calculated maximum loading
campaign intervals for each combination of plant operational cycle, STAD configuration, and
STAD loading optimization.

Figure 5-1. MAGNASTOR Canister Prior to Loading

The baseline throughput studies used input from the Zion dry fuel storage campaign. The
two-reactor Zion Nuclear Power Station operated from 1974 to 1998 and decommissioning was
performed by the EnergySolutions subsidiary, ZionSolutions, starting in 2010. The Ziondry fuel
storage campaign was completedinJanuary 2015, and was the largest loading campaign in the
United States to date: 61 MAGNASTOR canisters were placed on a storage pad inlessthan

®36 =4 BWR plantoperational cases x4 BWR STAD systems +5 PWR plant operational cases x4 PWR STAD
systems

7144 =36 STAD combinations (Baseline Case) +36 STAD combinations (including technology savings only) +36
STAD combinations (including parallel process savings only) + 36 STAD combinations (including technology and
parallel savings)
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52 weeks. Figure 5-1 shows a Zion MAGNASTOR canister prior to loading. The Zion
MAGNASTOR canister has a capacity of 37 PWR fuel assemblies. The loading process at Zion
represents the current state-of-the-artfordry storage across the country.

The size of the Zionloading campaign makes the loading operational experience datavaluable
for the parametric studies. An extendedloading campaign at a decommissioned nuclear power
plant representsthe best opportunity for well streamlined operating procedures and practices,
minimization of delays due to operating plant schedules, and the development of a skilled,
dedicated loading staff. Based on data obtained from ZionSolutions, typical timesfor the Zion
loading data were captured in a sequence of over 70 operational steps. The operational times
are realisticin that they include real-world considerations such as the time required to get
personnel and equipmentinand out of radiation areas, the time required to fill out necessary
guality assurance paperwork, the time requiredto perform work in a safe and repeatable
manner, etc.

The Zion baseline datashows that 130 hours are required to load a MAGNASTOR DPC, or about
3.5 hours per fuel assembly. Thistime excludes certain preparation tasks whichwere
presumedto occur “off the clock” for the purposes of the timing studies. In order to better
understand the distribution of task hours, each operational step was binnedinto one of five
groups consisting of:

e general handlingand preparation activities
e fuel movement/verification

e canisterdraining, drying, backfilling

e welding

e NDE and other testingactivities

Figure 5-2 shows the Zion task activities brokeninto these categories. General handlingand
preparation activities take 58.3 hours (approximately 45% of the time budget). Canister
draining, drying, backfilling, and welding activities consume another 38% of the remainingtime.
The time required for fuel movement and verification consumes the remaining time about
equally, together with a small amount required for NDE and other testingactivities.
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Figure 5-2. Zion Loading Times (hours) by Category

Durations for some of the operational steps usedin Zion were used directly in the parametric

studies, when applicable. Examples of these include fuel asse mbly movementand verification

times, timesto install equipmentsuch as lids, lifting fixtures, etc., and durations for moving

equipmentwithin the fuel handling buildingor out to the storage pad. In these cases, the size

of the canister does not have a significantimpact on the time required to complete operations.

Many other steps are dependentonthe size of the canister, or on its closure configuration. In

those cases, Zion operational durations were scaled as appropriate for the nature of the
operational step.

Zion fuel assembly movement and verification times were scaled by the number of fuel
assembliesinthe STAD as compared to the MAGNASTOR canister.

The first stepin evacuating a canister is to pump a small amount of water out of the
cavity so that the first canister weld may be placed. Zion pump-down data was scaled
by the cross sectional area ratio of the particular STAD design and the MAGNASTOR
canister. This assumesthat the operational pumpingcapacity issimilarbetweenthe
STAD system and the MAGNASTOR system, and that the wetted cross sectional area
scales proportionally with the radius squared. For the parallel operatingscenario,
scaled pump downtimes are divided by the number of STADs and an allowance is made
for the extra setup time required to stage the four canisters for simultaneous pump-
down.

Weldingtimesare scaled by the circumference of the weld. Zion operational experience
indicates that the amount of time necessary to lay the intermediate and final weld
layers are approximately the same, even though the amount of weld metal depositedis
somewhat different. Thisapproximationappears to be a good one for the large and
medium STAD systems, where the weld sizes are similarto the MAGNASTOR system.
The small STAD welds, however, will be much smallerbecause the smallerlid diameter
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will resultin much lowerloads on the canister lid welds. Scaling by the circumference of
the weldinthese cases may slightly overestimate the actual torch time requiredto weld
small STAD lids. This conservatism will have negligible impact on the results of the
parametric studies because of the relatively small portion of time necessary to weld the
small STADs. For the parallel operatingscenario, weldingtimesare divided by the
number of STADs (assumingthat each STAD has a dedicated welding machine and
operator) and an allowance is made for the extra set up time required to stage the four
canisters for simultaneous welding.

e NDE timesare scaled by the circumference of the weld.

o Afterweldingthe first canister lid, most of the remaining water in the canisteris
evacuated by pressurizing the canister cavity. The time required for this blowdown
process is scaled by the ratio of the STAD canister volume to that of MAGNASTOR.
Similarto canister pump-down, this assumes that the ratio of the cross sectional area of
the fuel withinthe canister to the cross sectional area of the canister (without fuel)is
approximatelythe same. For the parallel operatingscenario, scaled blowdown times
are divided by the number of STADs and an allowance is made for the extra set up time
required to stage the four canisters for simultaneous blowdown.

e The timerequiredto dry the canisterrepresentsthe largest of any of the operational
canister loading steps. The requiredtimeis a complex function of the amount of free
water remaining within the canisterafter blowdown, the free volume of the canister,
the thermal output of the used fuel, the materials of construction of the canister basket,
the particular design geometry of the basket, and other factors. Factors affecting
vacuum drying times are furtherdiscussedin Section 3.3. For the purpose of the
parametric studies, vacuum drying times were scaled linearly by the internal volume of
the canister shell, realizing that other factors important to vacuum drying times also
scale roughly with shell cavity volume, such as: the number of fuel assembliesandtheir
wetted surface area, the wetted area of other canisterinternals, and the wetted area of
the bottom of the canister. It should be noted that some of the MAGNASTOR canisters
loaded at Zion had metal matrix neutron absorbing panels, which have been notedto
have significantly shortervacuum drying times than the more porous design alternatives
such as Boral™. The Zion vacuum drying times used as the baseline datafor this study
are for the DPCs that had metal matrix neutron absorbers, whichis acceptable because
the STAD canisters will contain borated stainless steel; a neutron absorber that will have
a similardryingtime. Itis arecommendation of this study that STAD canisters
incorporate materials and design features that minimize the amount of residual water
after canister blowdown, thus no further factors are applied to Ziondrying timesto
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account for differencesin neutron absorber materials or basketgeometry. One
reduction factor is applied to the Zion vacuum dryingtimes as a candidate technology
improvement. Thisis based on operational observations at other plants, and achievesa
reduction factor of approximately 17% by using “smart vacuum drying system”
technology, as discussedin Section 3.3. For the parallel operatingscenario, scaled
vacuum drying timesare divided by the number of STADs and an allowance is made for
the extra setup time required to stage the four canisters for simultaneous vacuum
drying.

e Vacuum dryingis complete when the negative pressure stabilizes to an acceptable level.
If the negative pressure is maintained and does not decay, that indicates no additional
moisture is available to vaporize. At that pointcanisters are backfilled with helium, ora
similarinertgas. Zion helium backfill times are scaled by the STAD canister volumes.

e The parametricstudies point out that, as we take credit for enhancementsin parallel
processing and technology improvements, the remainder of the operations necessary to
load a canister make up the largest portion of the loading time budget. The study,
therefore, takes credit for the use of a second transfercask so that the effective
durations for activities like fuel movement and verification, and movingloaded storage
casks to the ISFSI pad can be reduced by a factor of two whena duplicate cask allows
actions to proceed in parallel rather than in series.

A credit of 50% savings on certain operational steps was taken for assuming two transfer casks.
These steps are isolated in Table 5-2, as taken from the large BWR STAD timing studyin
Appendix H, Table H-1 (similarsteps are credited for all of the STAD cases). With reference to
Table 5-2, the column headed “Time saved per STAD by Parallel Ops (hrs.)” reflects a savings of
19 hours. In order to validate the assumptions, a critical-path study was performed to assure
that the credited steps were truly independent. Usingschedulingsoftware, the timing study
stepsand durations were applied overa series of three consecutive loads, i.e., one transfer cask
scenario and parallel loads (using two transfercasks). For completeness, confirmatory
scheduleswere made for PWR and BWR fuels forall sizes of STADs. The results validate the
50% credit assumption taken for selected operational steps. As an example, the results from
the scheduling software for the Large BWR STAD canister are providedin Appendix M, and it
can be seenthat the average savings perload is 18.84 hours, which isin close agreement with
the time savings identified in Table 5-2.

Table 5-3 summarizesthe key process times by STAD systemtype. Thesevaluesrepresentthe
key scaling assumptions used to map baseline Zion data to the other STAD systems. Although
these factors drive many of the process timesin the study, the per-assembly and per-STAD data
appearing below in this report (e.g., Figure 5-3) do not scale directly with the data in Table 5-3
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because there may be other “overhead” tasks, like weldersetup time, that do not scale with
weld circumference. Times shownin Table 5-3 include technology and parallel operations
savingsfor all STAD systems. The DPC cases are reference casesfor current best-practicesand
do not include the time savings enhancements.

Table 5-4 summarizesthe key scaling parameters by STAD system type. These are the
underlyingassumed physical attributes that drive many of the timesin Table 5-3. They can help
explainrelationships between process times. For example, Table 5-3 says that the Can lidweld
(Small STAD-in-Can concept) takes about three timesthe time required for the reference DPC
cases. Table 5-4 shows that the diameters are nearly the same, but that the Can weld has three
layersvs. the DPC which has one (the Can lidis a structural weld that must bear the entire
liftingloads, while the DPC outer seal plate weld isnot a load bearing weld).

Table 5-2. Time-Saving Steps for Dual Transfer Cask Assumptions

e | Eo | BB |25
N $q1 55 | 2% 352
2 Operation §8| &2 s g Zq
7] o S 9o @ <3

% | 88| 8% |20

¢ 55 88 |F6
11 Start fuel moves B 0.5 50% 0.3
12 Fuel moves B 16.9 50% 8.5
13 Fuel verification B 2.2 50% 1.1
40 Transfer STAD to SC A 1.0 50% 0.5
41 Removwe rigging A 1.5 50% 0.8
42 Close transfer adapter A 0.5 50% 0.3
43 Install yoke A 0.5 50% 0.3
44 Disengage TC seismic restraint A 1.0 50% 0.5
45 Mowe TC to decon pit A 0.5 50% 0.3
46 Removwe rigging from STAD A 1.0 50% 0.5
47 Remowe transfer adapter A 1.5 50% 0.8
48 Set SC lid A 2.0 50% 1.0
49 Check SC vents A 0.5 50% 0.3
50 Perform fire hazards walkdown A 1.0 50% 0.5
51 Mowe SC to Transporter A 0.5 50% 0.3
52 Perform SC dose rates A 1.0 50% 0.5
53 Move support equipment to ISFSI A 0.5 50% 0.3
54 Move Transporter to haul road A 1.3 50% 0.7
55 Replace security barriers A 0.3 50% 0.2
56 Move Transporter/SC/STAD to ISFSI pad A 3.0 50% 15
57 The security barrier at ISFSI and open gate A 0.3 50% 0.2
58 Move Transporter into position at ISFSI A 0.5 50% 0.3
59 Position SC on pad A 0.5 50% 0.3
60 Install vent screens A 0.5 50% 0.3
61 Move equipment from ISFSI A 0.5 50% 0.3
62 Replace security barriers A 0.3 50% 0.2
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Table 5-3. Summary of Key Scaled Process Times by STAD System
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Fuel movement time, hours 33.4 14.0] 16.9 8.1 12.3 4.6 13.8 6.1 13.8 6.1
Fuel verification time, hours 4.4 1.6 2.2 1.1 1.6 0.6 1.8 0.8 1.8 0.8
Water pump downtime, hours 45 45 a4 a4 23 23 7 7 7 7
Water blowdown time, minutes 60 60 60 60 30 30 12 12 12 12
Vacuum drying time, hours 27 30 28 28 14 14 4 4 4 4
Helium backfill time, hours 2.0 2.0 2.1 2.1 1.1 1.1 0.3 0.3 0.3 0.3
Total welding* time forinner lid, hrs 45 4.5 4.4 4.4 3.2 3.2 1.2 1.2 1.2 1.2
Total NDE time for inner lid*, hours 3.0 3.0 2.9 2.9 2.1 2.1 0.8 0.8 0.8 0.8
Total welding* time for outer lid**, hrs 1.5 1.5 1.5 1.5 1.1 1.1 4.6 4.6 1.2 1.2
Total NDE time for outer lid**, hours 1.0 1.0 1.0 1.0 0.7 0.7 3.0 3.0 0.8 0.8

Notes: * Values represent arc-time only. Welding times elsewhere in the report
include fit-up, welder installation, and similar related activities.

Table 5-4. Summary of Key Scaling Parameters by STAD System

**Quter DPC or STAD lid, or the Can lid for STAD-in-Can concepts.
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STAD cavity ID, inches| 72.0| 72.0 70.7| 70.7
STAD cavity length, inches| 173.0[ 173.0| 183.0| 183.0| 183.0| 183.0f 183.0| 183.0| 183.0| 183.0
STAD cavity area, square feet| 28.3| 28.3| 27.3] 27.3| 14.2| 14.2 4.3 4.3 4.3 4.3
STAD cavity volume, cubicfeet| 407.6| 408.0| 416.2| 416.2 216.3|] 216.3| 66.3] 66.3] 66.3| 66.3
STAD cavity circumference, inches| 226.2| 226.0| 222.2| 222.2| 160.2| 160.2| 88.7| 88.7| 88.7| 88.7
Can ID, inches 72.6| 726
Can circumference, inches 228.1] 228.1
Weld layers forinner STAD lid 3 3 3 3 3 3 2 2 2 2
Weld layers for outer STAD lid 1 1 1 1 1 1 2 2
Weld layers for Can lid 3 3
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5.2 RESULTS OF PARAMETRIC TIME STUDIES

5.2.1 Maximum STAD Loading Campaign Intervals

Table 5-5 shows the results of the timing studiesin units of DPCs, large/medium STADs, or small
STAD can/carriers per hour. The equivalentdatais shownin Table 5-6 in units of hours per fuel
assembly for each system option. All STAD data are presented both with (“optimized”) and
without (“baseline”) credit for technology and parallel operations time-saving measures.

Table 5-5. Summary of Loading Process Rates (Hours/STAD)

Hours per
DPC, Large/Medium STAD, or Can/Carrier
System
Baseline Optimized
BWR PWR BWR PWR
DPC (ref) 145 B ][ 130 ]
Large STAD 127 | 117 2 J] 102 | | 97 | |
Medium STAD 1003 ] [95s ] | 84 79
Small STAD-in-Can | 148 | || 139 | 96 | [| 91 | |
Small STAD-in-Carrier] 136 [ || 128 | || 82 | | | 78 | |

Table 5-6. Summary of Loading Process Rates (Hours/Assembly)

Hours Per Assembly
System Baseline Optimized
BWR PWR BWR PWR
DPC (ref) 1.66 [ 3.51 ]
Large STAD 2.88 ] 557 1 |2.32[] 463 1
Medium STAD 3.23 ] 788 1]2.61[ | 6.60 I |
Small STAD-in-Can |411 1 [870E {266/ | 572 |
Small STAD-in-Carrier| 3.79 [_| 7.98 | []2.29] | 4.87 | |

Assuminga 24/7 operational schedule, the numberof STADs and corresponding number of

assembliesthatcan be processedin the model 12-weekloading campaign are shown in
Table 5-7 and Table 5-8.
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Table 5-7. Summary of Throughput (STADs)

DPC, Large/Medium STAD, or Can/Carrier
Per 12-Week Campaign
System
Baseline Optimized
BWR PWR BWR PWR
DPC (ref) 13 1 |15 ]
Large STAD 15 1|17 E ]| 19 | | | 20 | |
Medium STAD 19 [ | 21 24 | || 25 |
Small STAD-in-Can | 13 1 |14 B ] | 21 | || 22 | |
Small STAD-in-Carrier] 14 | |15 | | 24 | | 25 |
Table 5-8. Summary of Throughput (Assemblies)
Assemblies Per
12-Week Campaign
System paig
Baseline Optimized
BWR PWR BWR PWR
DPC (ref) 1131 [ 555 | _
Large STAD 660 | 357 [] 836 | 1420 [ |
Medium STAD 608 [ | 252 [ 768 | | | 300 g
Small STAD-in-Can | 468 ] 224 [ 756 352 g
Small STAD-in-Carrier| 504 [ | 240 [ 864 | | 400 [ |

The parametric time studies shows that each of the eight STAD system configurations evaluated

has the potential to meetthe throughput requirementsforeach of the nine operating cycle

cases investigated (see Table 5-9), assumingthe fully optimized parallel processingand vacuum

drying improvements are used.

Table 5-9. Summary of the Plant Operational Cases Investigated

. Per Reactor Number Total Number of
C Reactor Number of | Operating Cycle of Assemblies to be Assemblies to be Loaded
ase Reactors On Length .
Type Site (months) loaded to Dry Storage | to Dry Storage ewery Six
every Six Years Years
1 BWR 1 18 900 900
2 BWR 1 24 900 900
3 BWR 2 24 900 1800
4 BWR 3 24 900 2700
5 PWR 1 18 370 370
6 PWR 1 24 370 370
7 PWR 2 18 370 740
8 PWR 2 24 370 740
9 PWR 3 18 370 1110

Note: A maximum of 12 continuous weeks is assumed to mobilize, perform a cask | oading campaign, and
demobilize. Mobilizationand demobilization that occurs outside of the power plant (even if elsewhere on site) is
notconsideredin the 12-week window. Amaximum frequency of one campaign per calendar yearis assumed.
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Table 5-10 through Table 5-13 show how each STAD system performs whenloadedon a 12, 18,
24, or 36-month fuelloading campaign cycle, respectively. Eachtable showsthe details of the
plant operational scenario, the total number of assemblies required to be loaded per campaign
cycle, the DPC or STAD capacity, the number of DPCs or STADs that must be loadedin a
campaign to meet plant needs, and finally a calculation of the margin between plant
throughput needsand the DPC or peak STAD loadingrate determined by the timingstudies
(describedin more detail below).

The studies conclude that, with 12- or 18-month loading campaigns, the required throughputs
could be achieved for each operatingcycle case and each STAD canister system option, using
the time-saving optimizations discussed below in Sections 5.2.3 through Section 5.2.10.
However, as discussed below, as the frequency of loading campaigns is decreased to everytwo
years and then every three years, then certain STAD canister system options are unable to meet
the required throughputs for specificoperatingcycle cases. Longer intervals between loading
campaigns are possible for some combinations of STAD canister systems and operating cycle
cases and these are discussedin the detailed results for the STAD canister systems

(Section 5.2.3 through Section 5.2.10), and in the Recommendations (Section 6).

e Table 5-10 shows that all STAD system options can achieve the required throughput for
each of the nine operatingcycle cases when 12-month intervals betweenloading
campaigns are used. AllSTAD cases show very good margins, the lowest being 56% for
the medium PWR STAD system at a three-unitplant. Forreference, the two DPC cases
all show a margin of 200% or greater.

e Table 5-11 shows that all STAD system options can achieve the required throughput for
each of the nine operatingcycle cases when 18-month intervals between loading
campaigns are used. All STAD cases show satisfactory margins, the lowest being 4% for
the medium PWR STAD system at a three-unit plant. For reference, the two DPC cases
all show a margin of 88% or greater.

e Table 5-12 showsthat in the 24-month interval fuel loading campaign cycle, several
combinations do not meet plant operational requirements and others have an
estimated margin of lessthan 10% (all highlightedinred). All of the cases that do not
meet plant operational throughput requirements are for the three-unit plant scenarios.
The DPC reference cases for the three-unit plants still have margins of 50% or better.

e Table 5-13 shows that, for a 36-month fuel storage campaign interval, many of the STAD
systems are unable to meetthroughput requirementsfor the two- and three-unit plant
scenarios. The medium STAD systems are the poorest performers, having acceptable
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margins for only the single unit plants, but as much as a 47% shortfall for the multiple-
unit plantscenarios. By comparison, the DPC reference cases still show 200% margin for
the single-unit plants, butas low as break-evenforScenario 9, the three-unit PWR plant.

Table 5-10. STAD Loading Performance: 12-Month Campaign Cycle

Excess Time Capacity Margin for 12 Month Loading Campaign Cycle
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Table 5-11. STAD Loading Performance: 18-Month Campaign Cycle
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Table 5-12. STAD Loading Performance: 24-Month Campaign Cycle
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Table 5-13. STAD Loading Performance: 36-Month Campaign Cycle

. 2 Excess Time Capacity Margin for 36 Month Loading Campaign Cycle
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2 1 24 | 900 [ 450 6 [200% 11 [ 73% 15 | 60% 50 | 68% 50 | 92%
——BWR 87| 18 44| 19 32| 24 9| 84 9| 96
3 2 24 |1800| 900 11 | 64% 21 | -10% 29 |-17% 100 | -16% 100 | 4%
4 3 24 | 2700 | 1350 16 | 13% 31 | -39% 43 | -44% 150 | -44% 150 | -36%
5 1 18 | 370 | 185 5 1200% 9 |122% 16 | 56% 47 | 85% 47 1126%
6 1 24 | 370 | 185 5 [200% 9 [122% 16 | 56% 47 | 85% 47 1126%
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Section 5.2.2 summarizes the results from the individual timing studies thatare detailedin
Sections 5.2.3 through 5.2.10, breaking down the data by the types of loadingactivitieson a
per-assembly basis and a per-STAD basis. The benefits of the proposed technology and parallel
process time savings are quantified. The detailed timing studies draw on the data presentedin
Appendix F (Key Characteristics of Dry Cask Storage Systems at Operational Nuclear Power
Stations) and Appendix H (Detailed Time Calculations). A key pointto note is that, although
fully optimized STAD canister dry storage loading processes and drying/welding equipmentcan
be in place, the benefits of the optimized loading process and equipmentwill be diminished if
attentionis not paid to optimizing and choreographing the general handlingand preparation
activities, which account for around 50% of the total duration.

5.2.2 Summary of Throughput Study Processing Rates

Figure 5-3 providesa top level summary of the estimated STAD processing rates (by fuel
assembly) for each of the STAD system options investigated. Throughputrates are compared
on a time per fuel assembly basis. Because the small STAD optionsare based on batching for
STADs per can or carrier, comparisons must be made based on time per fuel assemblyfor
consistency.

The bar graphs in Figure 5-3 compare the process hours per assembly two ways for each of the
STAD system options. The BWR and PWR DPC cases are also shown for reference. Each baris
subdivided toshow total time broken out into the six task categories. Two bars are shown for
each STAD system option. The first bar representsa baseline time that corresponds to a series
workflow process usingtypical moderndry fuel storage best practices (i.e., scaled directly from
the Zion workflow data). The second bar shows the optimum durations including using “smart”
vacuum drying technology, parallel transfer casks, and (inthe case of the small STAD systems)
using parallel processing during welding, testing, and draining/drying operations. Note that the
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data presentedin Figure 5-3 assume that four STADs are processed in parallel per each can or
carrier; therefore, some tasks such as fuel verification appear shorter on the per-assembly basis
due to parallel operations.

Directly below the bar graphs in Figure 5-3 is a table containing the raw data for each bar, plus
the color coding key for the task categories.

Because of the relative physical sizes of BWR and PWR fuel assemblies, the STAD capacities
differand, therefore, the throughput metrics for BWR fuel appear superiorwhen compared on

a per fuel assembly basis. The processingtime for BWR fuel ranges from 2.3 to 4.1 hours per
assembly. Likewise, PWRfuel ranges from 4.6 to 8.7 hours perassembly.

Figure 5-4 providesa top level summary of the estimated throughput rates by large STAD

canister, medium STAD canister or can/carrier containing 4 small STAD canisters. The DPC
cases are also shown for reference (crosshatched bars).
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Process hours per assembly

0 1 2 3 4 6 7 9
BWR DPC (reference)
Large BWR STAD (baseline)
(optimum)
Medium BWR STAD (baseline)
(optimum)
Small BWR STAD-in-Can (baseline)
(optimum)
Small BWR STAD-in-Carrier (baseline)
(optimum)
PWR DPC (reference)
Large PWR STAD (baseline)
(optimum)
Medium PWR STAD (baseline)
(optimum)
mall PWR STAD-in-Can (baseline)
(optimum)
Il PWR STAD-in-Carrier (baseline)
(optimum)
Hours per assembly
Gen Fuel .
Drain/Dry/ NDE/
System Handling & | Movement/ _y Welding - Total Improvm't
. L Backfill Testing
Preparation | Verification
BWR DPC (reference) 0.67 0.44 0.37 0.11 0.08 1.66
Large BWR STAD (baseline) 1.32 0.45 0.75 0.23 0.15 2.88
(optimum) 1.09 0.22 0.64 0.23 0.15 2.32 19%
Medium BWR STAD (baseline) 1.81 0.45 0.53 0.26 0.17 3.23
(optimum) 1.50 0.23 0.46 0.26 0.17 2.61 19%
Small BWR STAD-in-Can (baseline) 1.64 0.45 0.81 0.72 0.49 411
(optmum)[ 1.45 0.22 0.28 0.41 0.29 2.66 35%
Small BWR STAD-in-Carrier (baseline) 1.59 0.45 0.57 0.74 0.44 3.79
(optmum)|_ 1.43 0.22 0.16 0.30 0.17 2.29 40%
PWR DPC (reference) 1.58 0.44 0.94 0.40 0.17 3.51
Large PWR STAD (baseline) 2.76 0.46 1.56 0.47 0.31 5.57
(optmum)|[ 2.28 0.23 1.34 0.47 0.31 463 17%
Medium PWR STAD (baseline) 4.83 0.48 1.42 0.69 0.46 7.88
(optmum)[ 3.99 0.24 1.22 0.69 0.46 6.60 16%
Small PWR STAD-in-Can (baseline) 3.70 0.46 1.81 1.62 1.11 8.70
(optmum)|_ 3.27 0.23 0.64 0.93 0.65 5.72 34%
Small PWR STAD-in-Carrier (baseline) 3.59 0.46 1.28 1.66 0.98 7.98
(optimum) 3.23 0.23 0.36 0.67 0.39 4.87 39%

Figure 5-3. Throughput Study Processing Rate Summary (by Fuel Assembly)
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Process hours per Lg/Med STAD or Can/Carrier
0 20 40 60 80 100 120 140 160

BWR DPC (reference) ;???????F?F????F???F??FF???FJ

Large BWR STAD (baseline)

(optimum)
Medium BWR STAD (baseline)
(optimum)

Small BWR STAD-in-Can (baseline)

(optimum)

Small BWR STAD-in-Carrier (baseline)

(optimum)

PWR DPC (reference)
Large PWR STAD (baseline)

(optimum) |

Medium PWR STAD (baseline)

(optimum) |

all PWR STAD-in-Can (baseline)

(optimum) |

PWR STAD-in-Carrier (baseline)

(optimum) |

STAD System Hours per Lg/Med _STAD or Can/Carrifar
Baseline Optimum Improvm't
BWR DPC (reference) 145
Large BWR STAD 127 102 19%
Medium BWR STAD 103 84 19%
Small BWR STAD-in-Can 148 96 35%
Small BWR STAD-in-Carrier 136 82 40%
PWR DPC (reference) 130
Large PWR STAD 117 97 17%
Medium PWR STAD 95 79 16%
Small PWR STAD-in-Can 139 91 34%
Small PWR STAD-in-Carrier 128 78 39%

Figure 5-4. Throughput Study Processing Rate Summary (by Large/Medium STAD or
Can/Carrier Containing Four Small STAD Canisters)
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5.2.3 Detailed Summary for Large BWR STADs

The timing study for large BWR STADs was performed usingthe following key parameters (see
Appendices Fand H for details of these parameters for this study and for the ones describedin
Sections5.2.4 through 5.2.10):

Y VY I or: o T Lol | 4V 44 BWR fuel assemblies

e Loading campaign........uveeeiiiiiiiiiiineeeeeeiiiee e 12 weeks

e Operatinghours perweek .......cccceeeeevvrnierennnne.. 168

e Numberoftransfercasks.....ccccoooviriiiiiininninnnnns. 2

e Parallel pump-downoperations..........cccceeeeue... not applicable for large STAD canisters
e Parallelweldingoperations ........ccccceeevvveeennnnnn. not applicable for large STAD canisters
e Parallel NDE operations .......ccoeeeevevieeeeevnneennnnnn. not applicable for large STAD canisters
e Parallel drain/dry/backfill operations................ not applicable for large STAD canisters

The key results of the large BWR STAD timingstudy are:

e Total estimated baselinetime......c.c..cccvveeeeennnn. 127 hours per STAD

e Total estimated time (optimized)........ccccceeec. 102 hours per STAD
........................................................................ 2.3 hours per assembly

e Maximum STADs per campaign (optimized)...... 19

Figure 5-5 providesthe time savings analysesfor the large (44-BWR) STAD canisters.

Table 5-14 summarizes the calculations of the maximum loading campaign intervals for large
BWR STADs. Foreach of the four timing study cases representing plant operational scenarios
and associated fuel assembly throughput requirements, the calculations are performed to
determine the minimum number of loading campaigns necessary to meetthroughput
requirements, and the associated maximum loading campaign intervals. The last two blocks of
columns summarize the various throughput requirements andindicate the margin between
those throughput requirements and throughput rate possible according to the timing study
results.

Note that the calculationsin Table 5-14 are necessarily “top-down” calculations that begin with
plant requirements and conclude the maximum loading campaign frequency and throughput
margin. STAD loads take essentially the same amount of time; and it is therefore importantto
round up the required number of STADs required per six years. Furthermore, the methods of
calculating the required numbers of loading campaigns and campaign intervals have significant
impact on the calculated margins. If a “bottom-up” approach is taken, the resultsdo not
accurately reflectthe throughput requirements forthe plant scenarios. For example, the
calculations for large BWR STADs ina plant operating cycle scenario 4 are as follows.
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assy assy
3reactors x 900 = 2700
reactor - 6yrs 6yrs
assy
2700 6yrs __STADs
assy 6Vrs
44 STAD Y
62 STADs
6yrs _campaigns
STADs 6 yrs
campaign

The loading campaign frequency for the large BWR STADs under operating cycle 4 is therefore
four campaigns every 6 years. If 62 STADs are required every six years, the required throughput
in any single campaign is 62 STADs/4 campaigns = 16 STADs/campaign. And if four campaigns
are required every six years, the campaigns must be performed once every 18 months. The
values 2700, 62, 4 and 18 can be seenon the bottom row of Table 5-14. With this target
throughput rate established, the margin between the plant throughput needs and the
maximum rate at which STADs can be processed can be calculated as follows. For large BWR
STADs, the maximum processing rate is estimated by the timingstudiesto be 19 STADs per
12-week campaign. But only 11 STADs must be processed every 12-week campaign in order to

meetthe plant throughput needs at one campaign per 12 months. The margin is therefore
(19-11)/11 = 73%.

Appendix H, Table H-1 contains a detailed listing of the large BWR STAD timing study.

Table 5-14. Maximum Loading Campaign Intervals for Large BWR STADs

— (o]
2 @ | £ s o8 s 5
S| 4|3 2 |§5¢| B2
2 & E & S0 g 2 Required throughput Margin between
> " < < ¥ = 0 ¢ 2 £ . .
O o gz = Fuel assembly =B ©S9a| E = for processing STADs required throughput
2|5 5 & |throughput requirements 22 (88 Sl0F 2 at maximum loading and peak predicted
2l 5| 8| @ k2 EaN| E2 campaign interval rate (%)
5 S5 x o 5 2o 2= ;
o | WL 5 iy =3 w5 | =€ (STAD/campaign
o 2 g ELE| B2 b
5 2| EgE| a2 aeis)
3 S @ 22| 8§
s =) ) per 6 yrs S E & & | STADs/ Hrs / Hrs /
$ z =3 per 6 yrs g 9] )
x O | per reactor © (S} campaign| STAD Assy
1 |BWR| 1 18 900 900 21 2 36 11 183 4.2 73%
2 |BWR| 1 24 900 900 21 2 36 11 183 4.2 73%
3 |BWR| 2 24 900 1,800 41 3 24 14 144 3.3 36%
4 |BWR] 3 24 900 2,700 62 4 18 16 126 2.9 19%
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Hours per STAD

20

10
0
Gen Handling & Prep | Fuel Movement/Verif | Drain/Dry/Backfill Welding NDE/Testing
@ Parallel operations time savings 10.1 9.8 0.0 0.0 0.0
B Technology time savings 0.0 0.0 4.8 0.0 0.0
@ Full technology and parallel savings 47.9 9.8 280 9.9 6.6

Time Breakdown by Category (hrs)
(Baseline case)

M Gen Handling & Prep
M Fuel Movement/Verif
m Drain/Dry/Backfill

B Welding

m NDE/Testing

Total estimated time baseline = 127 hours/STAD

Time Breakdown by Category (hrs)
(Including technology & parallel savings)

M Gen Handling & Prep
M Fuel Movement/Verif
w Drain/Dry/Backfill

u Welding

B NDE/Testing

Estimated combined savings = 25 hours/STAD (19%)

Time Breakdown by Category (hrs)
(Including technology savings only)

® Gen Handling & Prep
M Fuel Movement/Verif
™ Drain/Dry/Backfill
H Welding
‘ m NDE/Testing

Estimated technology savings = 5 hours/STAD (4%)

Time Breakdown by Category (hrs)
(Including parallel process savings only)

® Gen Handling & Prep
M Fuel Movement/Verif
™ Drain/Dry/Backfill

B Welding

M NDE/Testing

Estimated parallel operations savings = 20 hours/STAD (16%)

Figure 5-5. Time Savings Analysis for Large BWR STADs
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5.2.4 Detailed Summary for Large PWR STADs

The timing study for large PWR STADs was performed using the following key parameters:

Y VY I or: o - Lol 4V 21 PWR fuel assemblies

o Loading campaign.....ccccevviiiiiiiieeieiie e, 12 weeks

e Operatinghours perweek.........ccoeeeeevviieeennnn... 168

e Numberoftransfer casks .......cccceeeviiiiiiinnennnnnnn. 2

e Parallel pump-downoperations.........cccccccce..... not applicable for large STAD canister
e Parallelweldingoperations ........cccceeevvvveeeeennnn.. not applicable for large STAD canister
o ParalleINDE operations......ccccceeevvvvieeeevineeennnnn. not applicable for large STAD canister
e Paralleldrain/dry/backfill operations................ not applicable for large STAD canister

The key results of the large PWR STAD timingstudy are:

e Total estimated baselinetime.........cccccvvveeeens 117 hours per STAD

e Total estimated time (optimized)........ccccceeel 97 hours per STAD
........................................................................ 4.6 hours per assembly

e Maximum STADs per campaign (optimized)...... 20

Figure 5-6 providesthe time savings analyses for the large (21-PWR) STAD canisters. Table 5-15
summarizes the calculations of the maximum loading campaign intervals for large PWR STADs.
For each of the five timing study cases representing plant operational scenarios and associated
fuel assembly throughput requirements, the calculations are performed to determine the
minimum number of loading campaigns necessary to meetthroughput requirements, and the
associated maximum loading campaign intervals. The last two blocks of columns summarize
the various throughput requirements and indicate the margin between those throughput
requirements and throughput rate possible according to the timing study results. AppendixH,
Table H-2 contains a detailed listing of the large PWR STAD timing study.

Table 5-15. Maximum Loading Campaign Intervals for Large PWR STADs

— (o))
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> < = 2] 3 & 3 .
8) @ g =) Fuel assembly g S aa | E = for processing STADs required throughput
=4 % g & throughput requirements A 28 Ii: 3 % at maximum loading and peak predicted
= — s 0N e Q 2 A
g 2 &’ § |<£ S ;— 5 ) E campaign interval rate (%) .
& - 5 ) 2 E23| 5 (STAD/campaign
g o = o Z2oE| &8 basis)
o el = = = < o =3
I3} S © g Ea2| 9 %
8 =} @ | per6yrs D S E 28 |STADs/| Hrs/ Hrs /
Q z o 14 IS
o per 6 yrs S .
O | per reactor © (s} campaign| STAD Assy
5 |PWR| 1 18 370 370 18 1 72 18 112 5.3 11%
6 |PWR| 1 24 370 370 18 1 72 18 112 5.3 11%
7 |PWR| 2 18 370 740 36 2 36 18 112 5.3 11%
8 |PWR| 2 24 370 740 36 2 36 18 112 5.3 11%
9 |PWR] 3 18 370 1,110 53 3 24 18 112 5.3 11%
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Hours per STAD

10
0
Gen Handling & Prep | Fuel Movement/Verif | Drain/Dry/Backfill Welding NDE/Testing
@ Parallel operations time savings 10.1 4.9 0.0 0.0 0.0
B Technology time savings 0.0 0.0 4.8 0.0 0.0
@ Full technology and parallel savings 47.9 4.9 280 9.9 6.6

Time Breakdown by Category (hrs)
(Baseline case)

M Gen Handling & Prep
M Fuel Movement/Verif
m Drain/Dry/Backfill

B Welding

m NDE/Testing

Total estimated time baseline = 117 hours/STAD

Time Breakdown by Category (hrs)
(Including technology & parallel savings)

M Gen Handling & Prep
M Fuel Movement/Verif
w Drain/Dry/Backfill

u Welding

B NDE/Testing

Estimated combined savings = 20 hours/STAD (17%)

Time Breakdown by Category (hrs)
(Including technology savings only)

® Gen Handling & Prep
M Fuel Movement/Verif
™ Drain/Dry/Backfill
H Welding

‘ = NDE/Testing

Estimated technology savings = 5 hours/STAD (4%)

Time Breakdown by Category (hrs)
(Including parallel process savings only)

\

® Gen Handling & Prep
M Fuel Movement/Verif
™ Drain/Dry/Backfill

B Welding

M NDE/Testing

\

Estimated parallel operations savings = 15 hours/STAD (13%)

Figure 5-6. Time Savings Analysis for Large PWR STADs
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5.2.5 Detailed Summary for Medium BWR STADs

The timing study for medium BWR STADs was performed usingthe following key parameters:

Y VY I or: o - Lol 4V 32 BWR fuel assemblies

o Loading campaign.....ccccevviiiiiiiieeieiie e, 12 weeks

e Operatinghours perweek .......ccooeeeeiiiiiieinnnnn... 168

e Numberoftransfercasks......ccccccoevivviiiiiniennnnns 2

e Parallel pump-down operations..........ccccecce..... not applicable for medium STAD canister
e Parallelweldingoperations ........cccceeevvvveeeeennnn.. not applicable for medium STAD canister
o ParalleINDE operations......ccccceeevvvvieeeevineeennnnn. not applicable for medium STAD canister
e Parallel drain/dry/backfill operations................ not applicable for medium STAD canister

The key results of the medium BWR STAD timing study are:

e Total estimated baselinetime.........cccccvvveeeenns 103 hours per STAD

e Total estimated time (optimized)........ccccceeel 84 hours per STAD
........................................................................ 2.6 hours per assembly

e Maximum STADs per campaign (optimized)...... 24

Figure 5-7 providesthe time savings analyses for the medium (32-BWR) STAD canisters.

Table 5-16 summarizes the calculations of the maximum loading campaign intervals for medium

BWR STADs. For each of the four timing study cases representing plant operational scenarios

and associated fuel assembly throughput requirements, the calculations are performedto

determine the minimum number of loading campaigns necessary to meetthroughput

requirements, and the associated maximum loading campaign intervals. The last two blocks of

columns summarize the various throughput requirements and margins. Appendix H, Table H-3

contains a detailed listing of the medium BWR STAD timing study.

Table 5-16. Maximum Loading Campaign Intervals for Medium BWR STADs

— (o))
Q (%] el = .
3 gz 5 |2S,.| %2
© A g |ggs| ez
2 5 ;E, © S E o E8 Required throughput Margin between
Is) @ g 5 Fuel assembly o § @ a = T_ﬁ’ for processing STADs required throughput
= g g ic) throughput requirements & L8 E 3 g at maximum loading and peak predicted
2|3 & =EZ .
S8 g g = E g 5| ot campaign intenal rate (%)
& uw 5 ) g Eog| S 5 (STAD/campaign
5 g | 2 o 29g| 88 basis)
S 2 = = ETS| o
31 £ © =3 cazc| B %
8 =} @ | per6yrs o} S E 28 |STADs/| Hrs/ Hrs /
Q z o 14 IS
12 per 6 yrs S .
O | per reactor © (&} campaign| STAD Assy
1 [BWR| 1 18 900 900 29 2 36 15 134 4.2 60%
2 |BWR| 1 24 900 900 29 2 36 15 134 4.2 60%
3 |BWR| 2 24 900 1,800 57 3 24 19 106 3.3 26%
4 |BWR] 3 24 900 2,700 85 4 18 22 92 2.9 9%
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Hours per STAD

20
10
0 = = - - :
Gen Handling & Prep | Fuel Movement/Verif | Drain/Dry/Backfill Welding NDE/Testing
@ Parallel operations time savings 10.1 72 0.0 0.0 0.0
B Technology time savings 0.0 0.0 2.4 0.0 0.0
@ Full technology and parallel savings 47.9 7.2 14.6 8.3 55

Time Breakdown by Category (hrs)
(Baseline case)

M Gen Handling & Prep
M Fuel Movement/Verif
m Drain/Dry/Backfill

B Welding

m NDE/Testing

Total estimated time baseline = 103 hours/STAD

Time Breakdown by Category (hrs)
(Including technology & parallel savings)

M Gen Handling & Prep
M Fuel Movement/Verif
w Drain/Dry/Backfill

u Welding

B NDE/Testing

Estimated combined savings = 20 hours/STAD (19%)

Time Breakdown by Category (hrs)
(Including technology savings only)

® Gen Handling & Prep
M Fuel Movement/Verif
™ Drain/Dry/Backfill

H Welding

m NDE/Testing

Estimated technology savings = 2 hours/STAD (2%)

Time Breakdown by Category (hrs)
(Including parallel process savings only)

® Gen Handling & Prep
M Fuel Movement/Verif
™ Drain/Dry/Backfill
B Welding

l M NDE/Testing

Estimated parallel operations savings = 17 hours/STAD (17%)

Figure 5-7. Time Savings Analysis for Medium BWR STADs
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5.2.6 Detailed Summary for Medium PWR STADs

The timing study for Medium PWR STADs was performed using the following key parameters:

Y VY I or: o - Lol 4V 12 PWR fuel assemblies

o Loading campaign.....ccccevviiiiiiiieeieiie e, 12 weeks

e Operatinghours perweek .......ccooeeeeiiiiiieinnnnn... 168

e Numberoftransfercasks......ccccccoevivviiiiiniennnnns 2

e Parallel pump-downoperations.........cccccccce..... not applicable for medium STAD canister
e Parallelweldingoperations ........cccceeevvvveeeeennnn.. not applicable for medium STAD canister
o ParalleINDE operations......ccccceeevvvvieeeevineeennnnn. not applicable for medium STAD canister
e Parallel drain/dry/backfill operations................ not applicable for medium STAD canister

The key results of the medium PWR STAD timing study are:

e Total estimated baselinetime.........cccccvveeeenns 95 hours per STAD

e Total estimated time (optimized)........ccccceeel 79 hours per STAD
........................................................................ 6.6 hours per assembly

e Maximum STADs per campaign (optimized)...... 25

Figure 5-8 providesthe time savings analyses for the medium (12-PWR-) STAD canisters.

Table 5-17 summarizes the calculations of the maximum loading campaign intervals for medium
PWR STADs. For each of the five timing study cases representing plant operational scenarios
and associated fuel assembly throughput requirements, the calculations are performedto
determine the minimum number of loading campaigns necessary to meetthroughput
requirements, and the associated maximum loading campaign intervals. The last two blocks of
columns summarize the various throughput requirements and indicate the margin between
those throughput requirements and throughput rate possible according to the timing study
results. Appendix H, Table H-4 contains a detailed listing of the medium PWR STAD timing
study.
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Table 5-17. Maximum Loading Campaign Intervals for Medium PWR STADs

— (o]
§ s | £ 2 o g s 5
> 2|8 S 1388 £s
3 & = © S20| g g Required throughput Margin between
> ° 3 — 0 =R . .
8) @ g =) Fuel assembly g SEAE A E = for processing STADs required throughput
2| 5 5 & |throughput requirements 2 R = at maximum loading and peak predicted
= — s 0 E Q . a
g 2 &, § |<£ % g— 5 ) b= campaign interval rate (%) .
& o S5 3 2 E23| S g (STAD/campaign
5 g | 2 o 29E| 88 basis)
[=] el = = = © o Qo
3] £ ] g |Ec2| g &
8 =} © | per6yrs o} S E 28 |STADs/| Hrs/ Hrs /
Q z o 14 =3
Iv2 per 6 yrs S .
O | per reactor © (&} campaign| STAD Assy
5 |PWR| 1 18 370 370 31 2 36 16 126 10.5 56%
6 |PWR| 1 24 370 370 31 2 36 16 126 10.5 56%
7 |PWR| 2 18 370 740 62 3 24 21 96 8.0 19%
8 |PWR| 2 24 370 740 62 3 24 21 96 8.0 19%
9 |PWR| 3 18 370 1,110 93 4 18 24 84 7.0 4%
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Hours per STAD

20
10
0 - : - - -
Gen Handling & Prep | Fuel Movement/Verif | Drain/Dry/Backfill Welding NDE/Testing
@ Parallel operations time savings 10.1 29 0.0 0.0 0.0
B Technology time savings 0.0 0.0 2.4 0.0 0.0
@ Full technology and parallel savings 47.9 29 14.6 8.3 5.5

Time Breakdown by Category (hrs)
(Baseline case)

B Gen Handling & Prep
H Fuel Movement/Verif
= Drain/Dry/Backfill

H Welding

m NDE/Testing

Total estimated time baseline = 95 hours/STAD

Time Breakdown by Category (hrs)
(Including technology & parallel savings)

M Gen Handling & Prep
M Fuel Movement/Verif
™ Drain/Dry/Backfill
B Welding
W NDE/Testing

29

Estimated combined savings = 15 hours/STAD (16%)

Time Breakdown by Category (hrs)
(Including technology savings only)

®m Gen Handling & Prep
M Fuel Movement/Verif
™ Drain/Dry/Backfill

H Welding

m NDE/Testing

Estimated technology savings = 2 hours/STAD (3%)

Time Breakdown by Category (hrs)
(Including parallel process savings only)

H Gen Handling & Prep
H Fuel Movement/Verif
™ Drain/Dry/Backfill
W Welding
B NDE/Testing

2.9

Estimated parallel operations savings = 13 hours/STAD (14%)

Figure 5-8. Time Savings Analysis for Medium PWR STADs
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5.2.7 Detailed Summary for Small BWR STADs-in-Can

The timing study for small BWR STADs-in-Can was performed usingthe followingkey
parameters:

®  STAD CapaCity..ceeeeeeeeeeiriiieeeeiie e e e e e 9 BWR fuel assemblies
e Loading campaign.......uuuveeeiiiiiiiiinneeeeeiiiie e eeees 12 weeks

e Operatinghours perweek ........cccoeeeevvvnierennnn... 168

e Numberoftransfercasks.....ccccoooviriiiiiininninnnnns. 2

e Number of STADs perCan....ccccceevevueeeeevnneennnnnn. 4

e Parallel pump-downoperations.........ccccceeee..... 4 at atime

e Parallelweldingoperations ...........ccevvvvvineennns 4 at atime

o ParalleINDE operations......ccccceevvvvvieeieiveneennnnn. 4 at atime

e Parallel drain/dry/backfill operations................ 4 at atime

The key results of the small BWR STAD timing study are:

e Total estimated baselinetime.........cccccvvveeeenns 148 hours per STAD (4 STADs)

e Total estimatedtime (optimized).......cccccee... 96 hours per Can (4 STADs)
........................................................................ 2.7 hours per assembly

e Maximum STADs per campaign (optimized)...... 84

Figure 5-9 providesthe time savings analyses for the small BWR STADs-in-Can. With reference
to this figure and the pie chart showingthe “Estimated parallel operations savings”, it should be
noted that the saved hours reflect the use of dual transfer casks and an assumption that the
four small STAD canisters are welded and dried in parallel.

Table 5-18 summarizes the calculations of the maximum loading campaign intervalsfor small
BWR STADs-in-Can. For each of the four timing study cases representing plant operational
scenarios and associated fuel assembly throughput requirements, the calculations are
performed to determine the minimum number of loading campaigns necessary to meet
throughput requirements, and the associated maximum loading campaign intervals. The last
two blocks of columns summarize the various throughput requirements and indicate the
margin between those throughput requirements and throughput rate possible according to the
timing study results. Appendix H, Table H-5 contains a detailed listing of the small BWR STADs-
in-Cantiming study.
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Table 5-18. Maximum Loading Campaign Intervals for Small BWR STADs-in-Can
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31 [S © o c o 2 o £
i = @ | per6yrs D s E 28 |sSTADs/| Hrs/ Hrs /
& z Q per 6 yrs @ IS /5] )
O | per reactor © O campaign| STAD Assy
1 |BWR[ 1 18 900 900 100 2 36 50 40 4.5 68%
2 [BWR| 1 24 900 900 100 2 36 50 40 4.5 68%
3 [BWR| 2 24 900 1,800 | 200 3 24 67 30 3.3 25%
4 |BWR]| 3 24 900 2,700 [ 300 4 18 75 27 3.0 12%
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Hours per Can

20

10

0
Gen Handling & Prep |Fuel Movement/Verif| Drain/Dry/Backfill Welding NDE/Testing
O Parallel operations time savings 7.0 8.1 18.0 11.0 7.3
@ Technology time savings 0.0 0.0 3.1 0.0 0.0
M@ Full technology and parallel savings 52.3 8.1 10.2 14.9 10.4
Time Breakdown by Category (hrs) Time Breakdown by Category (hrs)
(Baseline case) (Including technology savings only)
M Gen Handling & Prep ®m Gen Handling & Prep
M Fuel Movement/Verif M Fuel Movement/Verif
w Drain/Dry/Backfill ™ Drain/Dry/Backfill
W Welding M Welding
m NDE/Testing m NDE/Testing
Total estimated time baseline = 148 hours/Can Estimated technology savings = 3 hours/Can (2%)
Time Breakdown by Category (hrs) Time Breakdown by Category (hrs)
(Including technology & parallel savings) (Including parallel process savings only)

M Gen Handling & Prep
M Fuel Movement/Verif
= Drain/Dry/Backfill

B Welding

M NDE/Testing

M Gen Handling & Prep
M Fuel Movement/Verif
™ Drain/Dry/Backfill
® Welding

4 B NDE/Testing

Estimated combined savings = 54 hours/Can (37%) Estimated parallel operations savings = 51 hours/Can (35%)

Figure 5-9. Time Savings Analysis for Small BWR STADs-in-Can
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5.2.8 Detailed Summary for Small PWR STADs-in-Can

The timing study for small PWR STADs-in-Can was performed using the followingkey

parameters:

o  STAD CapaCity..cceeeeeeeeeeeiiiiieeeeice e 4 PWR fuel assemblies
o Loading campaign....ccccoevvveiieriieeiiriineeeieeeeenanne, 12 weeks

e Operatinghours perweek ......cccoeevvvvviiiieeeennnnns 168

e Numberoftransfer casks......cccccoeevivviriiiiienennns 2

o Number of STADs perCan.....cccceevvvvieeevinnneennnnnn. 4

e Parallel pump-downoperations..........cccceeeeu.... 4 at atime

e Parallelweldingoperations ........ccccceevvvverennnnnn. 4 at atime

e Parallel NDE operations.......cccccceeeveeveeiiiiiinneeenns 4 at atime

e Paralleldrain/dry/backfill operations................ 4 at atime

The key results of the small PWR STAD timing study are:

e Total estimated baselinetime...........cccvveeeeennn.. 139 hours per Can (4 STADs)
e Total estimated time (optimized)........ccccceeee. 91 hours per Can (4 STADs)
........................................................................ 5.7 hours per assembly

e Maximum STADs per campaign (optimized)...... 87

Figure 5-10 providesthe time savings analyses for the small PWR STADs-in-Can. With reference
to this figure and the pie chart showingthe “Estimated parallel operations savings”, it should be
noted that the saved hours reflect the use of dual transfer casks and an assumption that the
four small STAD canisters are weldedanddried in parallel.

Table 5-19 summarizes the calculations of the maximum loading campaign intervals for small
PWR STADs-in-Can. For each of the five timingstudy cases representing plant operational
scenarios and associated fuel assembly throughput requirements, the calculations are
performed to determine the minimum number of loading campaigns necessary to meet
throughput requirements, and the associated maximum loading campaign intervals. The last
two blocks of columns summarize the various throughput requirements and indicate the
margin between those throughput requirements and throughput rate possible according to the
timingstudy results. Appendix H, Table H- 6 contains a detailed listing of the small PWR STADs-
in-Can timing study.
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Table 5-19. Maximum Loading Campaign Intervals for Small PWR STADs-in-Can
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S S = 3% |[Egg| 25 .
= T | 2 o s |[2o2E| 88 basis)
o Q = 5 = a £ 5 =3
Q = [} o Qe c 2c 8 %
IS > @ per 6 yrs 9] ES |SE £ 3 STADs / Hrs / Hrs /
9] z 14
x =3 per 6 yrs = < o <] .
O | per reactor © o campaign STAD Assy
5 |PWR| 1 18 370 370 93 2,139 2 36 47 43 10.7 85%
6 [PWR| 1 24 370 370 93 2,139 2 36 47 43 10.7 85%
7 |[PWR| 2 18 370 740 185 4,255 3 24 62 33 8.1 40%
8 |PWR| 2 24 370 740 185 4,255 3 24 62 33 8.1 40%
9 [PWR] 3 18 370 1,110 278 6,394 4 18 70 29 7.2 24%
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Hours per Can

20

0 Gen Handling & Prep |Fuel Movement/Verif| Drain/Dry/Backfill Welding NDE/Testing
O Parallel operations time savings 7.0 3.7 18.0 11.0 7.3
@ Technology time savings 0.0 0.0 3.1 0.0 0.0
M@ Full technology and parallel savings 52.3 3.7 10.2 14.9 10.4

Time Breakdown by Category (hrs)

(Baseline case)

N
<

M Gen Handling & Prep
® Fuel Movement/Verif
= Drain/Dry/Backfill

W Welding

B NDE/Testing

Time Breakdown by Category (hrs)
(Including technology savings only)

S
%

M Gen Handling & Prep
M Fuel Movement/Verif
™ Drain/Dry/Backfill

u Welding

M NDE/Testing

Total estimated time baseline = 139 hours/Can

Estimated technology savings = 3 hours/Can (2%)

Time Breakdown by Category (hrs)
(Including technology & parallel savings)

37

M Gen Handling & Prep
M Fuel Movement/Verif
w Drain/Dry/Backfill

B Welding

B NDE/Testing

Time Breakdown by Category (hrs)
(Including parallel process savings only)

37

M Gen Handling & Prep
M Fuel Movement/Verif
™ Drain/Dry/Backfill

® Welding

B NDE/Testing

Estimated combined savings = 50 hours/Can (36%)

Estimated parallel operations savings = 47 hours/Can (34%)

Figure 5-10. Time Savings Analysis for Small PWR STADs-in-Can
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5.2.9 Detailed Summary for Small BWR STADs-in-Carrier

The timing study for small BWR STADs-in-Carrier was performed using the followingkey
parameters:

®  STAD CapaCity..cceeeeeeeeeeeeiiieeeeice et e e e e 9 BWR fuel assemblies
e Loading campaign.......uuuveeeiiiiiiiiinneeeeeiiiie e eeees 12 weeks

e Operatinghours perweek ........cccoeeeevvvnierennnn... 168

e Numberoftransfer casks.....ccccccoevviiiiiiiiiiinnnnnns 2

e Number of STADs per Carrier.....cccoeeeevevneeeennnnn.. 4

e Parallel pump-downoperations.........ccccceeee..... 4 at atime

e Parallelweldingoperations ...........ccevvvvvineennns 4 at atime

o ParalleINDE operations......ccccceevvvvvieeieiveneennnnn. 4 at atime

e Paralleldrain/dry/backfill operations................ 4 at atime

The key results of the small BWR STAD timing study are:

e Total estimated baselinetime.........cccccvvveeeenns 136 hours per Carrier (4 STADs)

e Total estimatedtime (optimized).......cccccee... 82 hours per Carrier (4 STADs)
........................................................................ 2.3 hours per assembly

e Maximum STADs per campaign (optimized)...... 96

Figure 5-11 providesthe time savings analysesfor the small BWR STADs-in-Carrier. With

reference to thisfigure and the pie chart showingthe “Estimated parallel operations savings”, it

should be noted that the saved hours reflect the use of dual transfer casks and an assumption

that the four small STAD canisters are welded and dried in parallel.

Table 5-20 summarizes the calculations of the maximum loading campaign intervals for small
BWR STADs-in-Carrier. For each ofthe four timingstudy cases representing plant operational
scenarios and associated fuel assembly throughput requirements, the calculations are
performed to determine the minimum number of loading campaigns necessary to meet
throughput requirements, and the associated maximum loading campaign intervals. The last
two blocks of columns summarize the various throughput requirementsand indicate the
margin between those throughput requirements and throughput rate possible according to the
timing study results. Appendix H, Table H-7 contains a detailed listing of the small BWR STADs-
in-Carriertiming study.
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Table 5-20.

Maximum Loading Campaign Intervals for Small BWR STADs-in-Carrier
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i = @ | per6yrs D s E 28 |sSTADs/| Hrs/ Hrs /
& z Q per 6 yrs @ IS /5] )
O | per reactor © O campaign| STAD Assy
1 |BWR[ 1 18 900 900 100 2 36 50 40 4.5 92%
2 [BWR| 1 24 900 900 100 2 36 50 40 4.5 92%
3 [BWR| 2 24 900 1,800 | 200 3 24 67 30 3.3 43%
4 |BWR]| 3 24 900 2,700 [ 300 4 18 75 27 3.0 28%

Page 77 of 224




Task Order 21: Operational Requirements for Standardized Dry Fuel Canister Systems

Hours per Carrier

20

10

0 Gen Handling & Prep |Fuel Movement/Verif| Drain/Dry/Backfill Welding NDE/Testing
O Parallel operations time savings 5.8 8.1 14.0 16.0 9.5
@ Technology time savings 0.0 0.0 3.1 0.0 0.0
M@ Full technology and parallel savings 51.7 8.1 5.7 10.7 6.2
Time Breakdown by Category (hrs) Time Breakdown by Category (hrs)
(Baseline case) (Including technology savings only)

® Gen Handling & Prep
M Fuel Movement/Verif
™ Drain/Dry/Backfill

u Welding

m NDE/Testing

M Gen Handling & Prep

M Fuel Movement/Verif

w Drain/Dry/Backfill

W Welding |
B NDE/Testing 4

Total estimated time baseline = 136 hours/Carrier Estimated technology savings = 3 hours/Carrier (2%)
Time Breakdown by Category (hrs) Time Breakdown by Category (hrs)
(Including technology & parallel savings) (Including parallel process savings only)

M Gen Handling & Prep M Gen Handling & Prep

M Fuel Movement/Verif H Fuel Movement/Verif
» = Drain/Dry/Backfill » 1 Drain/Dry/Backfill

B Welding H Welding
M NDE/Testing M NDE/Testing

Estimated combined savings = 56 hours/Carrier (41%) Estimated parallel operations savings = 53 hours/Carrier (39%)

Figure 5-11. Time Savings Analysis for Small BWR STADs-in-Carrier
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5.2.10 Detailed Summary for Small PWR STADs-in-Carrier

The timing study for small PWR STADs-in-Carrier was performed using the followingkey

parameters:

o  STAD CapaCity..cceeeeeeeeeeeiiiiieeeeice e 4 PWR fuel assemblies
o Loading campaign....ccccoevvveiieriieeiiriineeeieeeeenanne, 12 weeks

e Operatinghours perweek .....c.ccovveeviviiiiieennnnn... 168

e Numberoftransfer casks.....ccccccoevriiiiiiiiiiinnnnnns 2

e Number of STADs per Carrier.....cccoeevevevveneernnnn.. 4

e Parallel pump-downoperations.........ccccc.......... 4 at atime

e Parallelweldingoperations ........cccceeevvvveeeeennnn.. 4 at atime

o ParallelNDE operations......ccccceeevvvviieeeinnnennnnnn. 4 at atime

e Paralleldrain/dry/backfill operations................ 4 at atime

The key results of the small PWR STAD timing study are:

e Total estimated baselinetime.......ccc.covvvevvnnnnnnn. 128 hours per Carrier (4 STADs)
e Total estimatedtime (optimized)........ccceeeeen... 78 hours per Carrier ( 4 STADs)
........................................................................ 4.9 hours per assembly

e Maximum STADs per campaign (optimized)...... 106

Figure 5-12 providesthe time savings analyses for the small PWR STADs-in-Carrier. With
reference to thisfigure and the pie chart showingthe “Estimated parallel operations savings”, it
should be noted that the saved hours reflect the use of dual transfer casks and an assumption
that the four small STAD canisters are welded and dried in parallel.

Table 5-21 summarizes the calculations of the maximum loading campaign intervals for small
PWR STADs-in-Carrier. For each of the five timing study cases representing plant operational
scenarios and associated fuel assembly throughput requirements, the calculations are
performed to determine the minimum number of loading campaigns necessary to meet
throughput requirements, and the associated maximum loading campaign intervals. The last
two blocks of columns summarize the various throughput requirements and indicate the

margin between those throughput requirements and throughput rate possible according the
timing study results. Appendix H, Table H-8 contains detailed listing of the small PWR STADs-in-
Carrier timing study.
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Table 5-21. Maximum Loading Campaign Intervals for Small PWR STADs-in-Carrier

— ()]
(0] (%] el =
8 2| £ g |22 =N
o 21 s e |8 zg| 2z
3 & £ © 2 g | s Required throughput Margin between
o — “— .
Is) @ g = Fuel assembly ] ® @ a = T_ﬁ’ for processing STADs required throughput
= g ‘g gca throughput requirements a L8 ff 3 qa) at maximum loading and peak predicted
= = an| g8 o
g T [ 2|2 < S ; 5| SE campaign interval rate (%)
| T 5 > 2 o =| =< (STAD/campaign
O e ] S == :
2 5 =2 @ 252 6% basis)
S el = 5 £ S =3
3] [S < =3 £2c| 3 %
) =} [} per 6 yrs 19} = £ 8 | STADs / Hrs / Hrs /
& z =3 per 6 yrs @ Z g 9] )
O | per reactor © O campaign| STAD Assy
5 [PWR| 1 18 370 370 93 1 72 93 22 5.4 14%
6 [PWR| 1 24 370 370 93 1 72 93 22 5.4 14%
7 |[PWR| 2 18 370 740 185 2 36 93 22 5.4 14%
8 |PWR| 2 24 370 740 185 2 36 93 22 5.4 14%
9 [PWR| 3 18 370 1,110 278 3 24 93 22 5.4 14%
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Hours per Carrier

20

10

0
Gen Handling & Prep |Fuel Movement/Verif| Drain/Dry/Backfill Welding NDE/Testing
O Parallel operations time savings 5.8 3.7 14.0 16.0 9.5
@ Technology time savings 0.0 0.0 3.1 0.0 0.0
M@ Full technology and parallel savings 51.7 3.7 5.7 10.7 6.2
Time Breakdown by Category (hrs) Time Breakdown by Category (hrs)
(Baseline case) (Including technology savings only)
M Gen Handling & Prep ® Gen Handling & Prep
M Fuel Movement/Verif M Fuel Movement/Verif
w Drain/Dry/Backfill ™ Drain/Dry/Backfill
W Welding H Welding
m NDE/Testing m NDE/Testing
Total estimated time baseline = 128 hours/Carrier Estimated technology savings = 3 hours/Carrier (2%)
Time Breakdown by Category (hrs) Time Breakdown by Category (hrs)
(Including technology & parallel savings) (Including parallel process savings only)

M Gen Handling & Prep
M Fuel Movement/Verif
= Drain/Dry/Backfill

- B Welding
M NDE/Testing

Estimated combined savings = 52 hours/Carrier (41%) Estimated parallel operations savings = 49 hours/Carrier (38%)

M Gen Handling & Prep
M Fuel Movement/Verif
™ Drain/Dry/Backfill

B NDE/Testing

Figure 5-12. Time Savings Analysis for Small PWR STADs-in-Carrier
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5.3 PERSONNEL EXPOSURE EVALUATION

Personnel exposure occurs due to a combination of radiation field intensity, operational steps,
and the timerequired to complete those steps. In order to compare the various STAD options
against their DPC reference counterparts, the relative operational durations from the timing
studies were used to scale actual exposure budgets from the Zion operational experience to
arrive at estimates by fuel assembly, canister, or 12-weekloading campaign as shown in

Figure 5-13.

The baseline data are actual exposure estimates measured during the Zionfuel loading
campaigns. These data are organized by radiation work permit, and so their detail sare coarser
than the operating stepsin the timingstudiesand some are divided by organizational lines.
Table 5-22 shows the baseline data, describes the scalingassumptions made for each step, and
presentsthe resulting scaling factors and person-mrem totals for each of the steps.

Similarto the timingstudies, the exposure studies show a great variationin exposure perfuel
assembly because of the wide range of capacities for the various system options and because of
the portions of the loading process that represent a relatively uniform “overhead” such as
transfer and storage cask operations. The resultsvary from 6.6 to 33.0 mrem/assembly. Ona
per STAD or can/carrier basis, the differences are reduced (357-561 mrem). When the results
are compiled over a 12-week loading campaign, the differences are shown to be approximately
similar(7.5-9.9 rem/campaign).
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Person-mrem Per Assembly
System
BWR PWR
DPC (ref) 6.6 15.2
Large STAD 11.5 23.2
Medium STAD 12.9 33.0
Small STAD-in-Can 11.4 24.8
Small STAD-in-Carrier| 10.3 22.3
Person-mrem per
System DPC, Large/Mediulm STAD, or
Can/Carrier
BWR PWR
DPC (ref) 574 561
Large STAD 505 487
Medium STAD 412 397
Small STAD-in-Can 412 397
Small STAD-in-Carrier| 372 357
Person-REM per
System 12-Week Campaign
BWR PWR
DPC (ref) 7.5 8.4
Large STAD 9.6 9.7
Medium STAD 9.9 9.9
Small STAD-in-Can 8.2 8.3
Small STAD-in-Carrier| 8.9 8.9

Figure 5-13. Personnel Exposure Estimates
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Table 5-22. Exposure Analysis Details

N N Small BWR | Small PWR
Zion baseline data BWR Large Large Medium Medium | Small BWR | Small PWR Stad-in Stad-in
DPC BWRSTAD | PWRSTAD | BWRSTAD | PWRSTAD |Stad-in-Can | Stad-in-Can . N
Basis for factor Carrier Carrier
Ela|s|B8|&|8|s|8|e|le|&|a|s|8|&|la|s]|8
g g 8 g g g g 8 g
Task TEDE SIHE|S|HE|&|F|&|F |8 F|8|*F|8|F |&8|® |8]|#
1 [Move ancillary equipmentinto fuel handling g0|3ame forany load-nota |, 55 50| 100| 200| 1.00| 200[ 1.00| 20,0 1.00[ 20.0| 1.00| 20.0| 1.00| 200[ 1.00| 20.0| 1.00[ 20.0
building function of STAD type.
Move new components into the proper fuel handling
. . . Same for any load- not a
2 |building locations for the start of each canister and N 1.00] 5.0| 1.00 5.0| 1.00]| 5.0 1.00 5.0| 1.00] 5.0| 1.00| 5.0| 1.00 5.0| 1.00] 5.0 1.00 5.0
function of STAD type.
repeat for each successive canister
3 |Place the canister into the transfer cask located in Same forany load-nota | 4 o5/ 50l 100| 20| 1.00| 20| 100| 20| 1.00] 20| 1.00| 20| 1.00| 20| 100| 20| 100| 20
the decontamination pit function of STAD type.
4 |Prepare the transfer cask/canister for placement into g|Same forany load-nota |4 ool 4o 3 00| 40| 1.00| 40| 1.00| 40| 1.00| 40| 1.00| 40| 100 40| 100 40| 100 4.0
the spent fuel pool function of STAD type.
5 [Place the transfer cask/canister into the spent fuel Same forany load-nota | 4 o5/ 10 100| 10| 1.00| 10| 100| 10 100] 10| 1.00] 10| 1.00] 10| 100| 10| 100[ 10
pool function of STAD type.
6 |commence fuel moves and verify fuel loading Y (S iy L 235| 28.2| 1.19| 14.3| 057| 68| 086 10.4| 0.32| 39| 0.97| 11.7| 0.43| 52| 0.97| 11.7| 0.43] 52
. . Same for any load- not a
7 y 1.00 7.0| 1.00 7.0 1.00 7.0| 1.00] 7.0 1.00 7.0 1.00 7.0| 1.00 7.0 1.00 7.0| 1.00] 7.0]
Install lids and remove rigging function of STAD type.
Remove transfer cask/canister from spent fuel pool
. . L Same for any load- not a
8 |and place in Decon pit for decontamination and 87| y 1.00| 87.0( 1.00( 87.0| 1.00| 87.0( 1.00( 87.0| 1.00| 87.0( 1.00| 87.0| 1.00| 87.0| 1.00| 87.0| 1.00{ 87.0
N function of STAD type.
closure processing
9 |Drain, dry, seal, and test canisters 108|Scale by operational time. 1.04| 111.8( 1.00( 107.9| 1.00| 107.9( 0.54| 58.1| 0.54| 58.1| 0.25| 26.8| 0.25| 26.8| 0.18| 19.7| 0.18 19.7|
10 |Remove shielding, install transfer cask retaining ring, g|Same forany load-nota |, g gl 100l 80| 1.00| 80| 1.00| 80| 100 so| 100 so0f 100 80| 1.00] 80| 1.00| 80
and prepare transfer cask/canister for stack up function of STAD type.
Move transfer cask/canister from decontamination
. . " Same for any load- not a
11 |pitto the transfer cask seismic restraint for stack up, wfuncliono'STADtype 1.00| 10.0f 1.00[ 10.0| 1.00| 10.0f 1.00| 10.0| 1.00| 10.0( 1.00| 10.0| 1.00| 10.0{ 1.00[ 10.0| 1.00| 10.0|
and prepare Crane hook for stack up ’
Transfer canister to storage cask, remove rigging
Same for any load- not a
12 |from crane hook, close transfer adapter doors, and 15 function of STAD type. 1.00| 15.0( 1.00( 15.0| 1.00| 15.0( 1.00( 15.0| 1.00| 15.0f 1.00| 15.0| 1.00| 15.0| 1.00| 15.0| 1.00{ 15.0
disengage transfer cask and seismic restraint ’
Install yoke on Crane hook and move transfer cask to
13 |decontamination pit for the next fuel canister Same forany load-nota | 4 o5l 50l 100[ 20[ 1.00] 20| 1.00| 20| 1.00| 20| 00| 20| L0oo| 20| 00| 20| 00| 20
function of STAD type.
starting at Task 3 above
14 |Remove the storage cask rigging and transfer adapter Same forany load-nota | 4 55 30 100| 30| 1.00] 30| 1.00| 30| 1.0o| 30| 10o| 30| 100| 30| 100] 30| 100 30
from the canister and storage cask function of STAD type.
Set the storage cask lid, check vents, prepare for Scale by total hours per
15 [storage cask move to the heavy haul path, complete 12|Large/Med STAD or 0.98| 11.7| 0.79 9.4 0.75 9.0| 0.64 7.7| 0.61 7.3[ 0.75 9.0 0.72 8.6 0.63 7.6| 0.60 7.2]
radiological survey of the storage cask Can/Carrier
16 |Support storage cask move to the ISFSI Same forany load-nota | 4 ol 5ol 100/ 50| 1.00] 50| 1.00| 50| 1.00| 50| 1.00| s0[ 100| 50| 100| S50 100| S0
function of STAD type.
Scale by total hours per
17 [RP coverage for all evolutions (inside and outside) 80|Large/Med STAD or 098 78.1| 0.79| 62.9 0.75| 59.9| 0.64| 51.4| 0.61| 48.7| 0.75| 60.2| 0.72| 57.5| 0.63| 50.6| 0.60| 47.9|
Can/Carrier
Scale by total hours per
18 [Decontamination activities 50|Large/Med STAD or 0.98| 48.8| 0.79| 39.3 0.75( 37.4| 0.64| 32.1| 0.61| 30.4| 0.75( 37.6| 0.72| 35.9( 0.63| 31.6| 0.60| 30.0]
Can/Carrier
Security coverage for all evolutions (inside and Scalclbyjtotallhorslpeg
19 . 5|Large/Med STAD or 0.98| 4.9] 0.79 3.9 0.75 3.7| 0.64] 3.2| 0.61 3.0| 0.75 3.8| 0.72 3.6( 0.63 3.2| 0.60] 3.0
outside) Can/Carrier
Scale by total hours per
20 |Fuels group support acti 100|Large/Med STAD or 0.98| 97.6| 0.79| 78.6( 0.75( 74.8| 0.64| 64.2| 0.61| 60.9| 0.75( 75.2| 0.72| 71.9( 0.63| 63.3| 0.60| 59.9
Can/Carrier
Scale by total hours per
21 |QA support activities 25|Large/Med STAD or 0.98| 24.4| 0.79| 19.7 0.75( 18.7| 0.64| 16.1| 0.61| 15.2| 0.75( 18.8| 0.72| 18.0( 0.63| 15.8| 0.60| 15.0]
Can/Carrier
561 574 505 487 412 397 412 397 372 357
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6 RECOMMENDED OPTIMUM FREQUENCIES AND OPERATIONAL
APPROACH FOR CANISTER LOADING CAMPAIGNS

Section 5 discussed the results of the timing studies, developed estimated throughput rates for
each of the STAD system concepts, quantified the potential time savings for loading STADs, and
demonstrated that all of the STAD system sizes have the potential to meetthe throughput
requirements for the nine plant operational scenariosinvestigated when the appropriate
optimization actions are taken. This section summarizes the recommended intervalsfor fuel
loading campaigns and the frequenciesforloading and draws on the Loading Process
flowsheets shownin Appendix E. These recommendationsare for the assumed discharge rates

in Table 5-9 plusthe assumption that loading campaigns will be made regularlyon 12, 18, 24, or
36 month intervals.

Table 6-1 summarizesthe maximum campaign intervals, number of campaigns per six years,
and the amount of schedule margin associated with each case analyzed. All systems evaluated
have the potential to meet plant needs; howevertwo of the medium STAD cases (4 and 9) have
small margins (lessthan 10%) at four loading campaigns per six years and are therefore
recommended only with caution. The margins could be increased by movingto five or six
loading campaigns per six years.

Table 6-1. Process Time Margins at Maximum Campaign Intervals

g Recommended Fuel Loading Campaign Intervals and Frequencies

2 g Small Small
5 o€ DPC (ref Large STAD Medium STAD ma me
é 5 = (reference) arge edium STAD-in-Can STAD-in-Carrier
2 0| 2
® sle|z|e 2lg 2l z|g zg

Q = = = =1 =
8 S18|5|¢ Ele sle 5l¢ 5l¢
= x|l 2|2 |2 E|2 E|2 El2
S| o |=]| 2|= =) Margin =15 Margin =15 Margin =5 Margin =15 Margin
sl Els]2||e T T|g T|g !
g ° 8|8 |8t 5| 5|E g & g &
£ g E|8|E]|8 £lo £l0 =R e 18
ol x |Zz]O
1 1|18 | 72| 1 | 64% 36| 2 |73% 36| 2 |60% 36| 2 |68% 36| 2 |92%
2 T 124|72] 1 |64% 36| 2 |73% 36| 2 |60% 36| 2 |68% 36| 2 |92%
3 2| 24|36 2 |64% 24 3 |36% 24| 3 |26% 24| 3 |25% 24 3 |43%
4 3|24 )|36(2]|13% 18| 4 |19% 18| 4 | 9% 18] 4 |12% 18| 4 |28%
5 1|18 | 72| 1 | 44% 72| 1 |11% 36| 2 |56% 36| 2 |85% 72| 1 |14%
6 124|721 |44% 72| 1 |11% 36| 2 |56% 36| 2 |85% 72| 1 |14%
7 |PWR| 2 | 18 | 36| 2 | 44% 36| 2 [11% 24| 3 [19% 24| 3 |40% 36| 2 [14%
8 2124|362 |17% 36| 2 [11% 241 3 [19% 241 3 |40% 36| 2 |14%
9 3|18 |36|2 ]| 0% 241 3 |11% 18| 4 | 4% 18| 4 |24% 241 3 |14%

The Team has alsodrawn on its plant operating experience and looked at the configurations of

operatingsites with regards to the practicality of performingthe frequenciesofloading
campaigns identifiedin Table 6-1.
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The consensus for single unit PWR or BWR sites (Cases 1, 2, 5, and 6) is that the proposed
loading frequencies could be accommodated, notingthat 18 month operating cycles do lead to

more refueling outages overtime, and thus allow less time to perform other large projects and
oftenshorter windowsto do so.

Dual unit BWR sites running on 24-month operatingcycles (Case 3) require one refueling
outage per year alternatingbetween the two units and the Refueling Floortime available for
spent fuel load out is limited, so a large dry storage loading campaign every other yearis
desirable. Thisequatesto three loading campaigns overa six year period and is consistent with
what is shown in Table 6-1 for the STAD canistersystem variants.

For dual unit PWR sites running on 18 month refueling cycles (Case 7), refuel outages alternate
betweenthe two units for two years and during the third year the site needsto implementan
outage for both of the units. It is not desirable to perform a loading campaign during a year
when both units will be executinga refueling outage. Thus, the ideal planis to load fuel to dry
storage for two consecutive years and then skip a year to enable the site to execute the outages
for both units. This would equate to loading campaigns being performed during four of the

6 years. Table 6-1 shows that each of STAD variants will be able to support this frequency.

Regarding why itis not desirable to perform a loading campaign duringa year when both units
will be executing a refueling outage, it isimportant to note that refuelsare a priority at all
operatingsites. Arefuelcan take from3to4 months® and thus, two refuelsina calendar year
will not leave sufficienttime to perform a 12-week loading campaign, in additionto time for
mobilization and demobilization. Conductingshorterloading campaigns between refuel
outages isalso not desirable because the mobilization/demobilization costs for a loading
campaign are high (several $100K) and utilities wantto minimize them. It should also be noted
that duringsingle refuel outage years, utilities could (and do) choose to extend a loading
campaign.

For dual unit PWR sites running on 24 month refuelingcycles (Case 8), an outage will be
executed every year; alternatingbetween the two units. Thereis no year where an outage is
executed for both units. Thus, it is possible forthese sitesto performthree loading campaigns
during each six year cycle. Table 6-1 shows that each of the STAD variants will be able to
support this frequency.

For the three unit PWR site that runs on an 18 month refueling cycle (Case 9), the Team’s
knowledge of operations at the Palo Verde site is that it typically loads to dry storage twice a
year between outages; of which there are two a year. Table 6-1 shows that each of the STAD

& Arefuel is typicallycomprised of the fol lowing items: (i) Four weeks to stage new fuel inthe pool, (i) two weeks
to mobilize equipment, (iii) four to eight weeks for the refuel outage, and (iv) two weeks to demobilize equipment.
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variants will be able to support this frequency. Itisalso important to note that the
configuration of the three PWR reactors at Palo Verde is such that each reactor has itsown
spent fuel pool and overhead crane, which explains why they are able to performloading
campaigns at the above frequency.

For the three unit BWR site that runs on a 24 month refuelingcycle (Case 4), the Team'’s
knowledge of operations at Browns Ferry is that it currently loads to dry storage everyyear.
Table 6-1 shows that each of the STAD variants will be able to support this frequency.
Regarding Browns Ferry, itis important to note that although there are three BWR reactors,
two of them function as a dual-unitinstallation with a shared spentfuel pool, and the other
reactor functions as a single-unitinstallation and has a dedicated spentfuel pool. This provides
Browns Ferry with the ability to load annually based on the refueling outage schedules for what
are effectively two separate power plants.

The unique configurations for Browns Ferry and Palo Verde emphasize the important part that
the configuration of multi-unitreactor sites will ultimately play in determiningif loading
campaigns utilizing smaller capacity (compared with DPCs) STAD canisters will be able to
support the required throughput rates.

In conclusion, in general, the medium STAD canister systems had the lowest overall
performance and would not be recommended for the plant scenarios with higherthroughput
requirements. But each STAD canistersystem option appears capable of workingat most, if not
all, sites, dependingonthe loading campaign frequency.

7 COST ESTIMATES

The Cost Estimate sectionis divided into six subsections, including:

1. Operations Costs per Assembly, STAD and 12-week Campaign (Section 7.1);
Operations Costs for Entire Period with 12, 24 and 36 Month Loading Campaign Cycles
(Section7.2)

3. Summary Baseline and Optimum Throughput Costs by Task Category and Per Campaign
(Section 7.3);

4. Cost Allocationsfor the Eight STAD Cases (Section 7.4);

5. Cask Systems and Other Capital Costs (Section 7.5); and
Comparison of Operational Costs for the Entire Six Years under the Recommended
Approach (Section 7.6).

In addition, Appendix Dincludes detailed estimates of the operational costs for the two
benchmark cases as well as the eight STAD cases.
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The cost estimatesare consistentwith the parametric studies presentedinSections 5 and 6.

Table 7-1, below, provides a roadmap to the cost study results and also providesreferencesto
the pertinentsectionsinthe parametric studies.

Table 7-1. Roadmap to Cost Study Results

Results Section 7 Section 5/6
Reference Reference

Parametric Cost Study Summary Results, including loading process | Section7.1 Section5.2.1
costs per STAD, assembly, and 12-week campaign
Parametric Cost Study Summary Results, including operations costs | Section 7.2 Section5.2.1
for theentire period with 12, 18, 24, and 36-month campaigns
Summary of Throughput Loading Process Costs Section7.3 Section 5.2.2
CostAllocations for Large BWR STADs Section7.4.1 Section 5.2.3
CostAllocations for Large PWRSTADs Section7.4.2 Section5.2.4
CostAllocations for Medium BWR STADs Section7.4.3 Section5.2.5
CostAllocations for Medium PWR STADs Section7.4.4 Section5.2.6
CostAllocations for Small BWR STADs-in-Can Section7.4.5 Section5.2.7
CostAllocations for Small PWR STADs-in-Can Section7.4.6 Section5.2.8
CostAllocations for Small BWR STADs-in-Carrier Section7.4.7 Section5.2.9
CostAllocations for Small PWR STADs-in-Carrier Section7.4.8 Section 5.2.10
STAD Cask Systems and Other Capital Costs Section 7.5 N/A
Process Costs at Recommended Campaign Intervals Section 7.6 Section 6

The operational cost tablesand figuresin this section are similarin structure to, and based on,

the quantitiesand hours in corresponding tables and figures presentedin Sections5 and 6.

Where appropriate, the tables and figuresinthis sectionreference those in Sections5 and 6.

As needed, referto the referenced tablesand associated explanations to understand how

pertinent quantities and hours were derived.

Consistent with the parametric studies, cost is being evaluated for two reference cases and

eight STAD cases. The two reference casesare:

1. BWR DPC (87 fuel assemblies)
2. PWR DPC (37 fuel assemblies)
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The eight STAD cases are:

1. Large BWR STAD (44 fuel assemblies)
Large PWR STAD (21 fuel assemblies)
Medium BWR STAD (32 fuel assemblies)
Medium PWR STAD (12 fuel assemblies)
Small BWR STADs-in-Can (9 fuel assemblies x 4)
Small PWR STADs-in-Can (4 fuel assemblies x 4)
Small BWR STADs-in-Carrier (9 fuel assemblies x 4)
8. Small PWR STADs-in-Carrier (4 fuel assemblies x 4)

N o vk wN

Each of the eight STAD cases is comprised of a baseline and an optimum scenario. The
optimized case includes both technology and parallel improvements, such as vacuum drying
technology, usingtwo on-site transfer casks in order to run certain operational stepsin parallel,
and (in the case of the Small STAD systems), carrying out canister draining dryingand sealing
operationsin parallel.

Initially, costs are presentedinvarious summary forms for both the baseline and optimized

cases. Furtheralongin the section, costs are shown broken down by technology and parallel
savings, and also by operational steps. Operational step categoriesinclude:

e general handlingand preparation activities
e fuel movement/verification

e canisterdraining, drying, backfilling

e welding

e NDE and other testingactivities

Appendix D provides further breakdowns by operational step and labor category for both the
two DPCreference and the eight STAD cases.

7.1 OPERATIONS COSTS PER ASSEMBLY, STAD, AND 12-WEEK CAMPAIGN

The tablesin this section contain operations costs per assembly, STAD, and 12-week campaign.
Table 7-2 provides operations costs which correlate to results of the timingstudiesin hours per
DPC, large/medium STAD, and small STAD can/carrier. The equivalentdataare shownin

Table 7-3 which provides operations costs per assembly for each system option. All STAD
optimized times and costs include credit for technology and parallel operations time-saving
measures.
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Table 7-2. Summary of Loading Process Costs ($/STAD)
(current year 2015 $; includes contingency)

Dollars per DPC, Lg/Med STAD, or Small STAD Can/Carrier
[ref. Table 5-5] [current year 2015 $; includes contingency]

Baseline Optimized
System
BWR PWR BWR PWR

Hours | Dollars | Hours | Dollars | Hours | Dollars | Hours | Dollars

DPC (ref) 145 $161,067 130 $130,953
Large STAD 127 $135,185 117 $126,046 102 $109,308 97 $104,780
Medium STAD 103 $113,395 95 $105,291 84 $92,176 79 $88,124
Small STADs-in-Can 148 $182,836 139 $175,529 96 $123,359 91 $119,705
Small STADs-in-Carrier 136 $159,787 128 $150,679 82 $109,943 78 $105,389

Table 7-3. Summary of Loading Process Costs ($/Assembly)
(current year 2015 $; includes contingency)
Dollars per Assembly [ref. Table 5-6]
[current year 2015 $; includes contingency]
System Baseline Optimized
BWR PWR BWR PWR

Hours | Dollars | Hours | Dollars | Hours | Dollars | Hours | Dollars

DPC (ref) 1.66 $1,851 3.51 $3,539
Large STAD 2.88 $3,072 5.57 $6,002 2.32 $2,484 4.63 $4,990
Medium STAD 3.23 $3,544 7.88 $8,774 2.61 $2,880 6.60 $7,344
Small STADs-in-Can 411 $5,079 8.70 $10,971 2.66 $3,427 5.72 $7,482
Small STADs-in-Carrier 3.79 $4,439 7.98 $9,417 2.29 $3,054 4.87 $6,587

Assuminga 24/7 operational schedule, the numberof STADs and corresponding number of
assembliesthatcan be processedin the model 12-weekloading campaign are shown in

Table 7-4.
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Table 7-4. Summary of Throughput Loading Process Costs ($/12-Week Campaign)
(current year 2015 $; includes contingency)

Dollars per 12-Week Campaign [ref. Tables 5-7 & 5-8]
[current year 2015 $; includes contingency]
Baseline Optimized
System
BWR PWR BWR PWR
# DPCs/ |# As'sem- Dollars # DPCs/ |# As.sem- Dollars # DPCs/ |# As.sem- Dollars # DPCs/ |# As'sem- Dollars
STADs blies STADs blies STADs blies STADs blies
DPC (ref) 13 1,131 [$2,093,867 15 555 $1,964,301
Large STAD 15 660 $2,027,772 17 357 $2,142,778 19 836 $2,076,853 20 420 $2,095,599
Medium STAD 19 608 $2,154,504 21 252 $2,211,109 24 768 $2,212,217 25 300 $2,203,092
Small STADs-in-Can 13 468 $2,376,871 14 224 $2,457,407 21 756 $2,590,534 22 352 $2,633,514
Small STADs-in-Carrier 14 504 $2,237,015 15 240 $2,260,181 24 864 $2,638,642 25 400 $2,634,736

7.2 OPERATIONS COSTS FOR ENTIRE PERIOD WITH 12, 18, 24, AND 36-MONTH LOADING
CAMPAIGN CYCLES

The tables below show cost for each STAD system whenloadedon a 12-, 18-, 24-, or 36-month
fuel loading campaign cycle. Each table provides details of the plant operational scenario, the
total number of assembliesrequired to be loaded per campaign cycle, the DPC or STAD
capacity, the number of DPCs or STADs that must be loadedin a campaign cycle to meet plant
needs, and finally the operational loading cost based on the activities defined foreach in
Appendix D.

The tables contain operations costs for the entire six year period. Table 7-5 provides operations
costs for six 12-month campaign cycles; Table 7-6 shows operations costs for four 18-month
campaign cycles; Table 7-7 provides operations costs for three 24-month campaign cycles; and
Table 7-8 shows operations costs for two 36-month operating cycles.

Table 7-5. STAD Loading Costs: 12-Month Campaign Cycles
(current year 2015 $; includes contingency)

Cost for 12-Month Loading Campaign Cycle [ref. Table 5-10]
[current year 2015 $; includes contingency]

< DPC (Reference) Large STAD Medium STAD Small STAD-in-Can Small STAD-in-Carrier

-]
?, & L € = C = C = C = C
] o o Qg w g g g w
Slaelg .oz o3 23 2 g « % 23

H A © [ « ") [

5 | 2|g2|sE|Lo|8 ¢ golTE £olQ € EolRE gol3 €
§|5|52/S5 |2 &|a 8| Total 25|65 S| Total |25 S| Total |25 S| Total |25 S| Total
213|x0| 2E |3 5T E| Ccost g 5|8 E| Cost g 5| B 5| Cost 8 5|8 E| Cost % 5|8 E| Cost
i * =] w ot c w g| = € w gl = € w o|l= € w gl = €
] © < S o < 5 9 < 5 2 < 5 9 < 5 9
& 3 gE g & 3 E 3 E 3 E

& =3 ] @ g @ o @ g
1 1 18 2 $1,932,800 4 $2,623,394 5 $2,765,272 17 | $3,145,648 17 | $2,803,557
2 n;: 1 24 87 2 $1,932,800 a 4 $2,623,394 32 5 $2,765,272 9 17 | $3,145,648 5 17 | $2,803,557
3 o 2 24 4 $3,865,601 7 $4,590,939 10 | $5,530,543 34 | $6,291,296 34 | $5,607,115
4 3 24 6 $5,798,401 11 | $7,214,333 15 | $8,295,815 50 | $9,251,906 50 | $8,245,757
5 1 18 2 $1,571,441 3 $1,886,039 6 $3,172,453 16 | $2,872,925 16 | $2,529,346
6 o 1 24 2 $1,571,441 3 $1,886,039 6 $3,172,453 16 | $2,872,925 16 | $2,529,346
7 ; 2 18 37 4 $3,142,881 21 6 $3,772,078 12 11 | $5,816,164 4 31 | $5,566,292 4 31 | $4,900,608

a

8 2 24 4 $3,142,881 6 $3,772,078 11 | $5,816,164 31 | $5,566,292 31 | $4,900,608
9 3 18 5 $3,928,601 9 $5,658,117 16 | $8,459,875 47 | $8,439,217 47 | $7,429,955
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Table 7-6. STAD Loading Costs: 18-Month Campaign Cycles
(current year 2015 $; includes contingency)

Cost for 18-Month Loading Campaign Cycle [ref. Table 5-11]

% £ DPC (Reference) Large STAD Medium STAD Small STAD-in-Can Small STAD-in-Carrier
@ :‘x:n . € 5 E 5 E 5 E 5 &
EBl.le |3 3 B 28 2 £ 2
= v @ [-% % % L o %
IR ERIEE f2l2¢ fgl2 g fql2 ¢ fglzE
H s|8 <] € H -g oloo Total -g = 5o Total -g = 2o Total -g = [ ] Total -g [ 54 Total
2 o -
T|2|E°|£E gE[TE| Cost g 5|BE| Cot 2 5|BE| Cot 2 5|BE| Cot 2 5|BE| Cot
@ s < ] < 2|5 ¢ < 2|5 ¢ < 2|5 ¢ < 2[5 ¢
& g gE z E cE gk gk
o = o x 5 e o x 8 x 8
1 1 18 3 $1,932,800 6 $2,623,394 8 $1,106,109 25 | $3,083,969 25 | $2,748,586
2 ; 1 24 87 3 $1,932,800 a $2,623,394 2 $1,106,109 9 25 | $3,083,969 5 25 | $2,748,586
3 o 2 24 6 $3,865,601 11 | $4,809,555 15 | $2,073,954 50 | $6,167,938 50 | $5,497,171
4 3 24 8 $5,154,134 16 | $6,995,717 22 | $3,041,799 75 | $9,251,906 75 | $8,245,757
5 1 18 3 $1,571,441 5 $2,095,599 8 $2,819,958 24 | $2,872,925 24 | $2,529,346
6 x 1 24 3 $1,571,441 5 $2,095,599 8 $2,819,958 24 | $2,872,925 24 | $2,529,346
7 ; 2 18 37 5 $2,619,068 | 21 9 $3,772,078 12 16 | $5,639,916 4 47 | $5,626,144 4 47 | $4,953,303
o
8 2 24 S) $2,619,068 9 $3,772,078 16 | $5,639,916 47 | $5,626,144 47 | $4,953,303
9 3 18 8 $4,190,508 14 | $5,867,677 24 | $8,459,875 70 | $8,379,364 70 | $7,377,260
Table 7-7. STAD Loading Costs: 24—Month Campaign Cycles
(current year 2015 $; includes contingency)
Cost for 24-Month Loading Campaign Cycle [ref. Table 5-12]
" < DPC (Reference) Large STAD Medium STAD Small STAD-in-Can Small STAD-in-Carrier
@ & . £ 5 E 5 € 5 E 5 S
.. |3 3 8 28 28 1 28
H Qv |« nw » 2 2 » 2 2 n = » 2 2
- alo o| = a a =] [=]
AL IS AT fol2E f9)2E fol2E Sol2E
o < |8 < &:n H -g ol o Total -g [ 5O Total -g N 5o Total -g 5 5o Total -g [ [ K] Total
‘é 2|E° £ E g ?g K] é Cost 253 '.:E Cost 25|38 '.E Cost 25| g Cost 253 '.:E Cost
@ ® < 5 ¢ < 2|5 ¢ < 2359 < %[5 ¢ <5
S g gE s E zE gk gk
o =3 e J e & e e J
1 1 18 4 $1,932,800 7 $2,295,470 10 | $2,765,272 34 | $3,145,648 34 | $2,803,557
2 n;: 1 24 87 $1,932,800 m $2,295,470 3 10 | $2,765,272 9 34 | $3,145,648 5 34 | $2,803,557
3 =] 2 24 $3,382,401 14 | $4,590,939 19 | $5,254,016 67 | $6,198,777 67 | $5,524,657
a4 3 24 11 | $5,315,201 21 | $6,886,409 29 | $8,019,288 100 | $9,251,906 100 | $8,245,757
5 1 18 4 $1,571,441 6 $1,886,039 11 | $2,908,082 31 | $2,783,146 31 | $2,450,304
6 x 1 24 4 $1,571,441 6 $1,886,039 11 | $2,908,082 31 | $2,783,146 31 | $2,450,304
7 3 2 18 37 7 $2,750,021 21 12 | $3,772,078 12 21 | $5,551,793 4 62 | $5,566,292 4 62 | $4,900,608
o
8 2 24 7 $2,750,021 12 | $3,772,078 21 | $5,551,793 62 | $5,566,292 62 | $4,900,608
9 3 18 10 | $3,928,601 18 | $5,658,117 31 | $8,195,504 93 | $8,349,438 93 | $7,350,913
Table 7-8. STAD Loading Costs: 36-Month Campaign Cycles
(current year 2015 $; includes contingency)
Cost for 36-Month Loading Campaign Cycle [ref. Table 5-12]
* < DPC (Reference) Large STAD Medium STAD Small STAD-in-Can Small STAD-in-Carrier
@ & . € 5 E 5 € 5 E 5 &
.. |3 3 8 28 2 1 28
= 2|5 ol 2@ | nw o P 42 »n 42 n ] 2 P 42
LR ISR TIEE: £9)2f ' ' HEE
H Fle? O |2 ad Total 2 e |E=Q Total Q| Total Q| g Total 2| Qg Total
i s|&68 “"g Ee'u.: [ Ewn Y Ewn |2 R
é 2 | £ % glege Cost g g @ S Cost ﬁ :‘:.’_ g E Cost % g g S Cost ﬁ g @ E Cost
g_ © < S5 O < 5 9 < 5 Q < 5 9 < 5 Q
8 2 g : g g g : g5 g3
o < 2 < 9 < 0 < 8 < 8
1 1 18 6 $1,932,800 11 | $2,404,778 15 | $2,765,272 50 | $3,083,969 50 | $2,748,586
2 n;: 1 24 87 $1,932,800 m 11 | $2,404,778 2 15 | $2,765,272 9 50 | $3,083,969 5 50 | $2,748,586
3 =4 2 24 11 | $3,543,467 21 | $4,590,939 29 | $5,346,192 100 | $6,167,938 100 | $5,497,171
4 3 24 16 | $5,154,134 31 | $6,777,101 43 | $7,927,112 150 | $9,251,906 150 | $8,245,757
5 1 18 5 $1,309,534 9 $1,886,039 16 | $2,819,958 47 | $2,813,072 47 | $2,476,652
6 o 1 24 5 $1,309,534 9 $1,886,039 16 | $2,819,958 47 | $2,813,072 47 | $2,476,652
7 3 2 18 37 10 | $2,619,068 | 21 18 | $3,772,078 12 31 | $5,463,669 4 93 | $5,566,292 4 93 | $4,900,608
o
8 2 24 10 | $2,619,068 18 | $3,772,078 31 | $5,463,669 93 | $5,566,292 93 | $4,900,608
9 3 18 15 | $3,928,601 27 | $5,658,117 47 | $8,283,627 139 | $8,319,512 139 | $7,324,565
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7.3 SUMMARY BASELINE AND OPTIMUM THROUGHPUT COSTS BY TASK CATEGORY AND
PER CAMPAIGN

This section provides baseline and optimum summary throughput costs by task category and
per campaign.

The summary costs within thissectionare captured in Figure 7-1 and Figure 7-2. Figure 7-1
provides baseline and optimum costs per assembly by task category for each of the STAD
system options investigated. The bar graphs in the figure compare the cost per assemblyin
total and by task categories for each of the STAD system options. The BWR and PWR DPC
reference cases alsoare shown. Each baris subdivided toshow total cost broken out into the
six task categories. Two bars are shown for each of the STAD system options. The first bar
represents a baseline cost that corresponds to a series workflow process using typical modern
dry fuel storage best practices, and the second bar shows the optimum durations. Directly
below the bar graphs isa table containing the raw data for each bar, plusthe color coding key
for the task categories.

Consistentwith the areas of emphasisin the baseline versus optimum evaluations, the greate st

costs and improvements are in General Handling & Prep (use of a second transfer cask),
Drain/Dry/Backfill (“smart” vacuum drying), and welding (parallel welder- forthe Small STADs).

Figure 7-2 provides baseline and optimum costs per STAD, includinga top level summary of the

estimated costs per large STAD canister, medium STAD canister or Can/Carrier containing
4 small STAD canisters. Here, too, the DPC reference cases are shown.
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Process Cost per DPC, Lg/Med STAD, or Small STAD Can/Carrier [ref. Figure 5-3]

Costs per Assembly

BWR DPC (reference)
Large BWR (baseline)

(optimum)

Medium BWR (baseline)

(optimum)

Small BWR STADs-in-Can (baseline)
(optimum)

Small BWR STADs-in-Carrier (baseline)
(optimum)

PWR DPC (reference)

Large PWR (baseline)

(optimum)

Medium PWR (baseline)

(optimum)

Small STADs-in-Can (baseline)
(optimum)

Small PWR STADs-in-Carrier (baseline)

(optimum)
$0 $2,000 $4,000 $6,000 $8,000 $10,000 $12,000
Costin $ per Assembly
A-Gen B - Fuel .
STAD System Handl:ng & Movimfeime.nt/ c- [:::f/“?rvl D - Welding i_e'::?:g/ Total Im’::_:;e-
B .. |
BWR DPC (reference) $899 $416 $345 $126 $65 $1,851 na

Large BWR (baseline) $1,629 $415 $686 $219 $124 $3,072
(optimum)|  $1,350 $207 $585 $219 $124 $2,484 19%

Medium BWR (baseline) $2,239 $419 $489 $255 $142 $3,544
(optimum)|  $1,856 $210 $419 $255 $142 $2,880 19%

Small BWR STADs-in-Can (baseline) $2,447 $375 $1,019 $672 $566 $5,079
(optimum) $2,120 $188 $341 $442 $335 $3,427 33%

Small BWR STADs-in-Carrier (baseline) $2,487 $469 $468 $635 $380 $4,439
(optimum) $2,199 $235 $128 $343 $150 $3,054 31%

PWR DPC (reference) $1,805 $406 $878 $310 $141 $3,539 na

Large PWR (baseline) $3,412 $430 $1,442 $459 $259 $6,002
(optimum)|  $2,828 $215 $1,229 $459 $259 $4,990 17%

Medium PWR (baseline) $5,971 $442 $1,303 $679 $378 $8,774
(optimum)|  $4,948 $221 $1,117 $679 $378 $7,344 16%

Small STADs-in-Can (baseline) $5,505 $388 $2,293 $1,512 $1,273 $10,971
(optimum) $4,771 $194 $768 $996 $753 $7,482 32%

Small PWR STADs-in-Carrier (baseline) $5,596 $487 $1,052 $1,428 $854 $9,417
(optimum) $4,947 $244 $289 S$771 $336 $6,587 30%

Figure 7-1. Throughput Study Processing Cost Summary
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Process Cost per DPC, Lg/Med STAD, or Small STAD Can/Carrier [ref. Figure 5-4]
Cost per Lg/Med STAD or Small STAD Can/Carrier

$20,000
$40,000
$60,000
$80,000
$100,0
$120,0
$140,0
$160,0
$180,000
$200,000

$0

BWR DPC (reference)

Large BWR

Medium BWR

Small BWR STADs-in-Can

Small BWR STADs-in-Carrier

PWR DPC (reference)

Large PWR

Medium PWR

Small PWR STADs-in-Can

Small PWR STADs-in-Carrier

Baseline Optimum

Cost per Lg/Med STAD or Small STAD Can/Carrier
STAD System - -
Baseline Optimum Improvement
BWR DPC (reference) $161,067 na
Large BWR $135,185 $109,308 19%
Medium BWR $113,395 $92,176 19%
Small BWR STADs-in-Can $182,836 $123,359 33%
Small BWR STADs-in-Carrier $159,787 $109,943 31%
PWR DPC (reference) $130,953 na
Large PWR $126,046 $104,780 17%
Medium PWR $105,291 $88,124 16%
Small PWR STADs-in-Can $175,529 $119,705 32%
Small PWR STADs-in-Carrier $150,679 $105,389 30%

Figure 7-2. Throughput Study Processing Cost Summary (by STAD)
(by DPC, Lg/Med STAD, or Small STAD Can/Carrier Containing 4 Small STAD Canisters)

7.4 COST ALLOCATIONS FOR THE EIGHT STAD CASES

This section provides cost allocations for the eight STAD cases. Informationinthis tableis
supported by Appendix D, Tables 15-3 through 15-10, whichincludesoperations costs broken
down by labor category and task for the eight STAD cases.

The following methodology was employedto arrive at the operational cost estimates:

e Detailed operational estimates were developed foreach of the DPC reference and STAD
cask types from estimated labor category FTEs for each task.

e Cost estimateswere developed usingthe tasks and corresponding time estimates from
the parametric study for each cask type.
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e Labor categories were developed that could be applied to each task; for each labor
category and task, a staff count and a fully-loaded labor rate were assigned.

o Labor categoriesinclude Crane Operators, Other Heavy Equipment Operators,
Mechanics, Riggers, Welders, Other Operations Staff, Supervisors/Foremen,
Deconners, Radiation Protection, RXS Techs, Quality Assurance/Quality Control,
Health Physics, Security, Planners, Trainers, Procedure Writers and Management

o Fully-loaded laborratesare costed at $75 per hour, with the exception of Health
Physics and Supervisors/Foremen ($100 per hour), and Management ($125 per

hour). Labor rates are based on engineeringjudgmentandare intended to
account for overhead as well as regularand overtime pay on a 24/7 schedule

e Total staff count timesthe labor rate timesthe number of hours was used to calculate
the total labor dollars for each task.

e Each DPC, large/medium STAD, or STADs-in-Can/Carriertotal cost was then divided by
the number of assembliesto arrive at a cost per assembly.

e Estimates include consumablesat 15% but do not include mobilization or
demobilization; estimates alsoinclude contingency of 20% [the latter consistent with

DOE guidance of 10 percent to 40 percent for budget or preliminary estimates (i.e., from
DOE G 413.3-21, Cost Estimating Guide)].

e Summary cost allocations are provided within this section, and the detailed operational
estimates can be found in Appendix D. Resultsfor the STAD options are provided for
the baseline, technology improvements only, parallel improvements only, and fully
optimized cases.

Estimates were developed usinglaborcategories and associated FTE levelsand costs based on
the prior operational experience of analysts at Exelon.

Also note that the “RXS Techs” mentioned above are those staff that load the fuel, do the
in-waterwork for the cask, and do some cask processingsuch as drying, backfill, etc.
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7.4.1 Cost Allocations for Large BWR STADs

Figure 7-3 includes cost allocations for Large BWR STADs (reference Figure 5-5).

$80,000

All Costs (incl. labor, consumables & contingency)
by Savings Type and Task Category

Total Estimated Cost Baseline = $135185 per STAD

Full Technology and Parallel Svgs - Cost
Breakdown by Task Category

$5,444

$9,636

® A - Gen Handling & Prep
= B - Fuel Movement/Verif
= C - Drain/Dry/Backfill

® D - Welding

= E - NDE/Testing

$9,129

Total Estimated Technology and Parallel Cost Savings = $109308 per STAD

$9,036

$70,000
$60,000
2 $50,000
E $
T $40,000
o
» $30,000
=
8 $20,000 .
0 N —
-$10,000
A - Gen Handling & Prep | B - Fuel Movement/Verif| C - Drain/Dry/Backfill D - Welding E - NDE/Testing
Parallel Operations Time Savings $12,277 $9,129 S0 S0 30
Technology Time Savings S0 S0 $4,471 o) 30
Full Technology and Parallel Svgs $59,380 $9,129 $25,720 $9,636 $5,444
Full Linear Step Baseline - Cost Breakdown by Technology Time Savings - Cost Breakdown
Task Category by Task Category
$5,444 $5,444
$9,636 $9,636
= A - Gen Handling & Prep ® A -Gen Handling & Prep
= B - Fuel Movement/Verif = B - Fuel Movement/Verif
= C - Drain/Dry/Backfill ® C- Drain/Dry/Backfill
= D - Welding = D - Welding
= E - NDE/Testing = E - NDE/Testing

Total Estimated Technology Cost Savings = $4471 per STAD

Parallel Ops Time Savings - Cost
by Task Category

$5,444

‘ "A-
=B-

“C-

=D-

"E-

$9,636

Y

4

$9,129

Breakdown

Gen Handling & Prep
Fuel Movement/Verif
Drain/Dry/Backfill
Welding
NDE/Testing

Total Estimated Parallel Cost Savings = $21406 per STAD

Figure 7-3. Cost Allocations
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7.4.2 Cost Allocations for Large PWR STADs

Figure 7-4 includes cost allocations for Large PWR STADs (reference Figure 5-6).

$80,000
$70,000
$60,000
$50,000
$40,000

$30,000

Dollars per STAD

$20,000
$10,000
$0
-$10,000

All Costs (incl. labor, consumables & contingency)
by Savings Type and Task Category

A - Gen Handling & Prep

B - Fuel Movement/Verif

C - Drain/Dry/Backfill

D - Welding

E - NDE/Testing

$4,518

$0

$0

S0

$4,471

$0

Parallel Operations Time Savings| $12,277
Technology Time Savings $0

Full Technology and Parallel Svgs $59,380

$4,518

$25,803

$5,444

Full Linear Step Baseline - Cost Breakdown by
Task Category

$5,444
$9,636

= A - Gen Handling & Prep
= B - Fuel Movement/Verif
= C - Drain/Dry/Backfill

= D - Welding

= E - NDE/Testing

$9,036

Total Estimated Cost Baseline = $126046 per STAD

Full Technology and Parallel Svgs - Cost
Breakdown by Task Category

$5,444

$9,636

® A - Gen Handling & Prep
® B - Fuel Movement/Verif
" C - Drain/Dry/Backfill

= D - Welding

" E - NDE/Testing

$4,518

Total Estimated Technology and Parallel Cost Savings = $104780 per STAD

Technology Time Savings - Cost Breakdown
by Task Category

$5,444
$9,636

O

$9,036

® A -Gen Handling & Prep

= B - Fuel Movement/Verif

= C- Drain/Dry/Backfill

= D-Welding
= E - NDE/Testing

Total Estimated Technology Cost Savings = $4471 per STAD

Parallel Ops Time Savings - Cost Breakdown
by Task Category

$5,444
$9,636

® A -Gen Handling & Prep
® B - Fuel Movement/Verif
" C- Drain/Dry/Backfill

= D - Welding

= E - NDE/Testing

$4,518

Total Estimated Parallel Cost Savings = $16795 per STAD

Figure 7-4. Cost Allocations for Large PWR STADs
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7.4.3 Cost Allocations for Medium BWR STADs

Figure 7-5 includes cost allocations for Medium BWR STADs (reference Figure 5-7).

$80,000
$70,000
$60,000
$50,000
$40,000

$30,000

Dollars per STAD

$20,000
$10,000
$0
-$10,000

All Costs (incl. labor, consumables & contingency)
by Savings Type and Task Category

A - Gen Handling & Prep

B - Fuel Movement/Verif

C - Drain/Dry/Backfill

D - Welding

E - NDE/Testing

$12,277

$6,707

S0

S0

S0

$0

$0

$2,236

$0 $0

Parallel Operations Time Savings
Technology Time Savings

Full Technology and Parallel Svgs

$59,380

$6,707

$13,403 $8,145 54,541

Full Linear Step Baseline - Cost Breakdown by
Task Category

$4,541
$8,145

= A - Gen Handling & Prep

= B - Fuel Movement/Verif

= C - Drain/Dry/Backfill
' = D - Welding

= E - NDE/Testing

Total Estimated Cost Baseline = $113395 per STAD

Full Technology and Parallel Svgs - Cost
Breakdown by Task Category
$4,541
$8,145
" A -Gen Handling & Prep
® B - Fuel Movement/Verif
" C - Drain/Dry/Backfill
= D - Welding

" E - NDE/Testing

$6,707(

Total Estimated Technology and Parallel Cost Savings = $92176 per STAD

Technology Time Savings - Cost Breakdown
by Task Category

$4,541
$8,145

® A -Gen Handling & Prep

= B - Fuel Movement/Verif

= C- Drain/Dry/Backfill
' = D -Welding

= E - NDE/Testing

Total Estimated Technology Cost Savings = $2236 per STAD

Parallel Ops Time Savings - Cost Breakdown
by Task Category

$4,541
$8,145

$6,707 l

Total Estimated Parallel Cost Savings = $18984 per STAD

= A - Gen Handling & Prep
= B - Fuel Movement/Verif
= C- Drain/Dry/Backfill

= D - Welding

= E - NDE/Testing

Figure 7-5. Cost Allocations for Medium BWR STADs
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7.4.4 Cost Allocations for Medium PWR STADs

Figure 7-6 includes cost allocations for Medium PWR STADs (reference Figure 5-8).

All Costs (incl. labor, consumables & contingency)
by Savings Type and Task Category

$8,145

o\

$5,310(

$2,655 /

$80,000
$70,000
$60,000
2 $50,000
E $
5 $40,000
»  $30,000
<
8 $20,000
o -
o — [ —
-$10,000
A - Gen Handling & Prep | B - Fuel Movement/Verif| C - Drain/Dry/Backfill D - Welding E - NDE/Testing
Parallel Operations Time Savings $12,277 $2,655 $0 S0 $0
Technology Time Savings S0 S0 $2,236 S0 S0
Full Technology and Parallel Svgs $59,380 $2,655 $13,403 $8,145 $4,541
Full Linear Step Baseline - Cost Breakdown by Technology Time Savings - Cost Breakdown
Task Category by Task Category
$4,541 $4,541

$8,145

= A - Gen Handling & Prep
® B - Fuel Movement/Verif

® A -Gen Handling & Prep
= B - Fuel Movement/Verif

= C - Drain/Dry/Backfill = C- Drain/Dry/Backfill

= D - Welding $5,310 = D - Welding

= E - NDE/Testing = E - NDE/Testing

Total Estimated Cost Baseline = $105291 per STAD Total Estimated Technology Cost Savings = $2236 per STAD
Full Technology and Parallel Svgs - Cost Parallel Ops Time Savings - Cost Breakdown
Breakdown by Task Category by Task Category
$4,541 $4,541
$8,145 $8,145

® A - Gen Handling & Prep = A -Gen Handling & Prep
= B - Fuel Movement/Verif = B - Fuel Movement/Verif
® C- Drain/Dry/Backfill = C - Drain/Dry/Backfill
= D - Welding = D -Welding
= E - NDE/Testing

v

$2,655 = E - NDE/Testing

Total Estimated Technology and Parallel Cost Savings = $88124 per STAD Total Estimated Parallel Cost Savings = $14932 per STAD

Figure 7-6. Cost Allocations for Medium PWR STADs
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7.4.5 Cost Allocations for Small BWR STADs-in-Can

Figure 7-7 includes cost allocations for Small BWR STADs-in-Can (reference Figure 5-9).

All Costs (incl. labor, consumables & contingency)
by Savings Type and Task Category

$100,000
$90,000
$80,000
$70,000
$60,000
$50,000
$40,000
$30,000
$20,000
$10,000

. —

Dollars perCan

A - Gen Handling & Prep

B - Fuel Movement/Verif| C - Drain/Dry/Backfill

D - Welding

E - NDE/Testing

Parallel Operations Time Savings|

$11,751

$6,759

$20,219

$8,260

$8,319

Technology Time Savings

S0

$0

$4,171

S0

$0

Full Technology and Parallel Svgs

$76,331

$6,759

$12,291

$15,928

$12,050

Technology Time Savings - Cost Breakdown

by Task Category

$13,517

Full Linear Step Baseline - Cost Breakdown by

Task Category

= A - Gen Handling & Prep = A -Gen Handling & Prep

u B - Fuel Movement/Verif

= B - Fuel Movement/Verif

= C - Drain/Dry/Backfill = C - Drain/Dry/Backfill

= D - Welding = D-Welding

= E - NDE/Testing E - NDE/Testing

$13,517

Total Estimated Cost Baseline = $182836 per Can Total Estimated Technology Cost Savings = $4171 per Can

Parallel Ops Time Savings - Cost Breakdown
by Task Category

Full Technology and Parallel Svgs - Cost
Breakdown by Task Category

$12,050

$12,050

® A - Gen Handling & Prep
® B - Fuel Movement/Verif

= C - Drain/Dry/Backfill

® A - Gen Handling & Prep
® B - Fuel Movement/Verif
= C - Drain/Dry/Backfill

= D - Welding ® D - Welding

» E - NDE/Testin,
/ s ® E - NDE/Testing

$6,759

Total Estimated Technology and Parallel Cost Savings = $123359 per Can Total Estimated Parallel Cost Savings = $58435 per Can

Figure 7-7. Cost Allocation for Small BWR STADs-in-Can
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7.4.6 Cost Allocations for Small PWR STADs-in-Can

Figure 7-8 includes cost allocations for Small PWR STADs-in-Can (reference Figure 5-10).

All Costs (incl. labor, consumables & contingency)
by Savings Type and Task Category

$100,000
$90,000
$80,000
$70,000
$60,000
$50,000
$40,000
$30,000
$20,000
$10,000
$0

Dollars per Can

A - Gen Handling & Prep | B - Fuel Movement/Verif

C - Drain/Dry/Backfill D - Welding E - NDE/Testing

$11,751 $3,105

Parallel Operations Time ing

$20,219 $8,260 $8,319

Technology Time Savings S0 S0

$4,171 S0 $0

L

Full Technology and Parallel Svgs $76,331 $3,105

$12,291 $15,928 $12,050

Full Linear Step Baseline - Cost Breakdown by

Task Category

$6,210

® A -Gen Handling & Prep
= B - Fuel Movement/Verif
® C - Drain/Dry/Backfill

= D -Welding

® E - NDE/Testing

Total Estimated Cost Baseline = $175529 per Can

Full Technology and Parallel Svgs - Cost
Breakdown by Task Category

$12,050

® A -Gen Handling & Prep
= B - Fuel Movement/Verif
= C - Drain/Dry/Backfill
' = D - Welding
/ = E - NDE/Testing

Total Estimated Technology and Parallel Cost Savings = $119705 per Can

Technology Time Savings - Cost Breakdown

by Task Category

$6,210

= A - Gen Handling & Prep
= B - Fuel Movement/Verif
= C - Drain/Dry/Backfill

= D - Welding

= E - NDE/Testing

Total Estimated Technology Cost Savings = $4171 per Can

Parallel Ops Time Savings - Cost Breakdown
by Task Category

$12,050

= A -Gen Handling & Prep

® B - Fuel Movement/Verif

= C - Drain/Dry/Backfill
7 = D - Welding

= E - NDE/Testing

Total Estimated Parallel Cost Savings = $54781 per Can

Figure 7-8. Cost Allocations for Small PWR STADs-in-Can
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7.4.7 Cost Allocations for Small BWR STADs-in-Carrier

Figure 7-9 includes cost allocations for Small BWR STADs-in-Carrier (reference Figure 5-11).

All Costs (incl. labor, consumables & contingency)
by Savings Type and Task Category

$100,000
$90,000
$80,000
$70,000
$60,000
$50,000
$40,000
$30,000
$20,000
$10,000

Dollars per Carrier

: —

A - Gen Handling & Prep | B - Fuel Movement/Verif

C - Drain/Dry/Backfill D - Welding E - NDE/Testing

Parallel Operations Time Savings $10,376

$8,451

$9,649 $10,522 $8,279

Technology Time Savings S0 S0

$2,567 $0 $0

i

Full Technology and Parallel Svgs $79,155

$8,451

$4,624 $12,331 $5,383

Full Linear Step Baseline - Cost Breakdown by

Task Category
$13,662
= A - Gen Handling & Prep
= B - Fuel Movement/Verif
= C - Drain/Dry/Backfill
= D - Welding

= E - NDE/Testing

$16,902
Total Estimated Cost Baseline = $159787 per Carrier
Full Technology and Parallel Svgs - Cost

Breakdown by Task Category

$5,383
$12,331

$4,624§

= A - Gen Handling & Prep
= B - Fuel Movement/Verif
= C - Drain/Dry/Backfill

® D -Welding

® E - NDE/Testing

Total Estimated Technology and Parallel Cost Savings = $109943 per Carrier

Technology Time Savings - Cost Breakdown

by Task Category
$13,662
= A -Gen Handling & Prep
= B- Fuel Movement/Verif
= C - Drain/Dry/Backfill
' = D-Welding

= E - NDE/Testing

$16,902

Total Estimated Technology Cost Savings = $2567 per Carrier

Parallel Ops Time Savings - Cost Breakdown
by Task Category

$5,383
$12,331

® A -Gen Handling & Prep
551266\ = B - Fuel Movement/Verif
> = C - Drain/Dry/Backfill

= D - Welding

® E - NDE/Testing

Total Estimated Parallel Cost Savings = $49202 per Carrier

Figure 7-9. Cost Allocations for Small BWR STADs-in-Carrier
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7.4.8 Cost Allocations for Small PWR STADs-in-Carrier

Figure 7-10 includes cost allocations for Small PWR STADs-in-Carrier (reference Figure 5-12).

$100,000
$90,000
$80,000
$70,000
$60,000
$50,000
$40,000
$30,000
$20,000
$10,000

s L

Dollars per Carrier

All Costs (incl. labor, consumables & contingency)
by Savings Type and Task Category

A - Gen Handling & Prep | B - Fuel Movement/Verif

C - Drain/Dry/Backfill D - Welding E - NDE/Testing

$9,649 $10,522 $8,279

Technology Time Savings S0 S0

$2,567 $0 $0

]Parallel Operations Time Savings $10,376 $3,897

Full Technology and Parallel Svgs $79,155 $3,897

$4,624 $12,331 $5,383

Full Linear Step Baseline - Cost Breakdown by

A
7

Task Category

= A - Gen Handling & Prep
= B - Fuel Movement/Verif
= C - Drain/Dry/Backfill

= D - Welding

= E - NDE/Testing

Total Estimated Cost Baseline = $150679 per Carrier

Full Technology and Parallel Svgs - Cost
Breakdown by Task Category

$5,383

= A -Gen Handling & Prep
54,624\ = B - Fuel Movement/Verif
$3,897 ‘ = C - Drain/Dry/Backfill

= D - Welding

® E - NDE/Testing

Total Estimated Technology and Parallel Cost Savings = $105389 per Carrier

Technology Time Savings - Cost Breakdown
by Task Category

$13,662

= A -Gen Handling & Prep

® B - Fuel Movement/Verif
= C - Drain/Dry/Backfill
= D-Welding

l/ = E - NDE/Testing

$7,794

Total Estimated Technology Cost Savings = $2567 per Carrier

Parallel Ops Time Savings - Cost Breakdown
by Task Category

$5,383

= A - Gen Handling & Prep
55'266\ = B - Fuel Movement/Verif

$3,897 ‘ = C - Drain/Dry/Backfill

= D - Welding

= E - NDE/Testing

Total Estimated Parallel Cost Savings = $44648 per Carrier

Figure 7-10. Cost Allocations for Small PWR STADs-in-Carrier

Some additional explanation on the detailed costs relates to the welders. For the small STADs,

up to four welders have been estimated for each of the processes. This can be seen by

referringto Appendix D tables 15-7 through 15-10.

In tables 15-7 and 15-8 (STADs-in-Can), four
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weldersare required to complete the followingsteps: B4 - Perform weldingof 4 STAD innerlids
(all passes), and B14 -Weld Can lid. In Tables 15-9 and 15-10 (STADs-in-Carrier), fourwelders
are required to complete the followingsteps: B6 - Perform weldingof 4 STAD innerlids (all
passes), B9 - Perform welding of 4 STAD outer lids (all passes), and B14 - Weld & Test STAD
innersiphon and vent port covers (all 8).

7.5 CASK SYSTEMS AND OTHER CAPITAL COSTS

This section provides STAD cask systems and other capital costs. Table 7-9 depicts cask system
costs for STADs as well as for the benchmark DPC casks.

Table 7-9. Comparative Cask System Costs

BWR PWR -4 -3
— — £ s
g o £ £ _ g 2 £ £ | = ~
COST ELEMENT s = 2z 23 o i 25 25 8 5 85
(current year 2015 $; includes 2 2 @ < < T 2 bl S < T Y £ a
" < ~ ez Pl = EN = = g c O [c=]
contingency at 20%) I 320 ©w s L= »n 3 ©w & b £ £
o % T © ] o ° s 9 = 8 < <
@ S £ £ © ] s £ E© g g
L 2 I @ s [ » 2 &
Canister(s) $684,740 | $497,993 $560,242 $560,242 | $575,020 | $328,583 | $438,110 | $438,110 | $835,055 $835,055
Can/Carrier (as applicable) na na $173,719 | $429,188 na na $173,719 | $429,188 na na
Storage Overpack $347,413 | $317,203 | $360,000 | $360,000 | $347,413 | $317,203 | $360,000 | $360,000 | $548,005 | $548,005
Transfer Cask $795,757 | $726,560 | $824,588 | $824,588 | $795,757 | $726,560 | $824,588 | $824,588 |$1,539,632 | $1,539,632

Costs in the above table are derived as follows:

1. Canister(s)— Costs for the small STADs are derived from the EnergySolutions team Task
Order 18 estimates of $116,717 and $91,273 for the 9B and 4P, respectively. In
Table 7-9, each estimate is multiplied by 4 to arrive at a total sub-system cost for the
four canisters. Costs for the mediumand large STAD canisters are each scaled up from
the 9B or 4P single canister estimates based on per assembly prices of $12,969 and
$22,818 for the 9B and 4P, respectively. Thisline of reasoning was based on discussions

with cask designerson the EnergySolutions Task Order 21 team, and the specific
calculationsare as follows
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2.

4.

Per Assembly Price for 9B = $116,717 / 9 assemblies = $12,968.56 per assembly
32B Canister Price = 512,968.56 * 32 * (1+20% contingency) = 5497,993
44B Canister Price = 512,968.56 * 44 * (1+20% contingency) = 5684,740

Per Assembly Price for 4P = 591,273 / 4 assemblies = $22,818.25 per assembly
12P Canister Price = 522,818.25 * 12 * (1+20% contingency) = $328,583
21P Canister Price = $22,818.25 * 21 * (1+20% contingency) = 5575,020

Finally, the canister costs for the 87 BWR and 37 PWR DPCs are derived from average

costs from DOE’s 2005 Cask Capability Assessment Report, increased by 3 percent per
year forinflation. A contingency of 20% has been addedto all canister estimates.

Can/Carrier — The estimates for the 9B/4P carrier are derived fromthe EnergySolutions
team Task Order 18 estimate of $357.657. Based on discussions withinthe
EnergySolutions Task Order 21 team, the cost of the can was adjusted from that of the
carrier based on their relative weights (17,000 Ibs for the can versus 42,000 lbsfor the
carrier). This adjustmentreflects fewer materialsand components as well as
correspondingreductions inlabor required to develop and assemble these materials
and components. A contingency of 20% has beenadded to all can/carrier estimates.

Storage Overpack — The estimates for the 9B/4P storage overpacks are derived from the
EnergySolutions team Task Order 18 estimate of $300,000. Costs for the medium and
large STAD transfer casks are each scaled from the 9B/4P transfer cask estimate based
on the storage overpack outside diameters foundin the EnergySolutions Task Order 12
report for the small, medium, and large (typical TAD) diameters of 143 in., 126 in., and
138 in., respectively. Based on discussions with members of the Energy Solutions team,
outside diameterwas deemedto be a reasonable scaling factor that would reflect
proportionate scaling and also take into account the incorporation of additional
shieldingforthe larger casks (if needed). The storage overpack cost for the 87 BWR and
37 PWR DPCs is derived from average costs in DOE’s 2005 Cask Capability Assessment
Report, increased by 3 percent per year for inflation. A contingency of 20% has been
added to all storage overpack estimates.

Transfer Cask — The estimate for the 9B/4P transfer cask is derived from the
EnergySolutions team Task Order 18 estimate of $687,157. Costs for the medium and
large STAD transfer casks are each scaled from the 9B/4P transfer cask estimate based
on the storage overpack outside diameters. Whereas the transfercask diameteris less
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than that for the storage overpack, proportionately the deltas from one size to the next
are about the same. The transfer cask cost for the 87 BWR and 37 PWR DPCs isderived
from average costs in DOE’s 2005 Cask Capability Assessment Report, increased by

3 percent per year for inflation. A contingency of 20% has been added to all transfer
cask estimates.

5. Contingency—A contingency of 20 percent appliedto the individual elementsis
consistent with DOE guidance of 10 percent to 40 percent for budgetor preliminary
estimates (i.e., from DOE G 413.3-21, Cost Estimating Guide).

Table 7-10 provides other capital costs including selected equipment and facilities.

Table 7-10. Other Costs

COST ELEMENT
(current year 2015 $; includes Cost
contingency at 20%)

Welding Equipment $90,000
Welding Equip. (parallel) $360,000

Vacuum Drying Equipment $112,210

Vacuum Drying Equip. (Smart) | $510,000

Canister Transfer Facility (CTF)| $2,760,000

Crawler for CTF $3,900,000

Specificestimatesinthe above table are derived as follows:

1. Weldingequipment—This estimate isa per canister price, e.g., forone DPC. A
contingency of 20% has beenadded. The estimate was obtained from engineering
analysts at Exelon.

2. Weldingequipmentforparallel processing — This estimate represents the welding
equipment price multiplied by 4, correspondingto the numberof welders operating at
the same time for a small STAD system. A contingency of 20% has been added.

3. Vacuum Drying Equipment— The vacuum drying equipment cost for all casks is derived
from average costs in DOE’s 2005 Cask Capability Assessment Report, Table 3, increased
by 3 percent per year for inflation and by 20% for contingency.

4. Vacuum Drying Equipment (smart dryingtechnology) — This estimate includesthe
vacuum drying equipment, plant modifications and ancillary activities (Testing &
Qualification, procedures, dry runs). A contingency of 20% has been added. The
estimate was obtained from engineering analysts at Exelon, who checked with a vendor.
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5. CanisterTransfer Facility (CTF) — This is a conceptual estimate for a CTF on or near an
existingpad. The estimate includes $500,000 for design plusup to $1,000,000 for
construction, plus $300,000 for a steel shell for the CTF, plus S 500,000 for project
managementand a design change package. A contingency of 20% has beenadded. Itis
possible that the initial $500,000 designfee could be waived as part of a cask order
contract. The estimate was obtained from engineeringanalysts at Exelon.

6. Crawlerforthe CTF —This is a conceptual estimate forthe crawler for the CTF, if needed.
A contingency of 20% has beenadded. The estimate was obtained from engineering
analysts at Exelon.

7. Contingency—A contingency of 20 percent applied to the individual elementsis
consistent with DOE guidance of 10 percent to 40 percent for budgetor preliminary
estimates.

7.6 COMPARISON OF OPERATIONAL COSTS FOR THE ENTIRE SIX YEARS UNDER THE
RECOMMENDED APPROACH

This section compares operational costs for the entire six years underthe recommended
approach, i.e., process time margins at maximum campaign intervals. Table 7-11 shows
operations costs for the DPCs and the four types of STADs for all nine operational cases. This
table provides cost information correspondingto Table 6-1 from the timingstudy.

As the table shows, all STAD types would cost more than DPCs on a per assembly and total cost
basis. For the STADs themselves, the Large STAD showsthe lowest cost. Overall percentage
cost increases for STADs over DPCs range from the 25% (BWR) to 35% (PWR) range for the
Large STAD, to the 55% - 85% range for the Small STADs-in-Carrier, to higher percentage
increases for the Medium STAD and the Small STADs-in-Can. Having said this, these extra costs
would likely be offset by avoiding the need to repackage a portion of the SNF before it can be
consignedto a geologicrepository. In addition, as with previous operational estimatesin this
section, mobilization and demobilization costs are not includedin the operational estimates.

Table 7-11. Process Costs at Recommended Campaign Intervals

Table 7-11. Process Costs at Recommended Campaign Intervals (reference Tables 6-1 & 5-14 to 5-21)
. Small Small
@ DPC (Reference) Large STAD Medium STAD STADs-in-Can STADS-in-Carrier
2|t

5 | E ole Lcol2la -=l2|a -=le2la -=lela
E=} c [= 32|50 S2|s Se|s 32| 8 32| 8
El |1915|z|e|B8|S|5|3 zle|Eg|S|E(2 zle|2g|S|E|2 2le|E5| (2|2 2le|E5| (2|2
2 2|2l [>]2>|2|2|E ~ s[> >|o|o|E ~ S>>0 |0 |E o M RERIRNEPS S>>0 |2|E o
@ 2l12lg1gleela|f|8 8 sleleelgls|o® slelee(g|s|a® slelee|lg|s|a® slelee|lg|s|a®
2 SI12|E2|E 2|05 |25 |Toacost|E|L|E 2|2 |2 |2 8| TotalCost [E|Z|E 2|2 |2 |2 2|Totalcost |E[E|E 2|2 |2 |2 &|Totalcost|E[E|E 2|2 |2 |2 & | Total Cost
S glelzlolnel5 (8 5 g =3 L= gl I} E gl =3 L= g I} £ =22 e|5 |8 E =l2|2s|5 |8 £
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ojr|Zz]|O
| 1) 1]18f72| 1| 900 |11 $1,771,734[36( 2 | 900 |21 $2,295,470 |36 2 | 900 |29 $2,673,096|36| 2 | 900 |100 $3,083,969|36| 2 | 900 |100 $2,748,586
2| | 1]24f{72| 1| 900 |11 $1,771,734| 36 2 | 900 |21 $2,295,470 | 36| 2 | 900 |29 $2,673,096|36| 2 | 900 |100 $3,083,969|36| 2 | 900 |100 $2,748,586
— = 87 [$1,851 44|$2,484 32$2,880 9 [83.427 9 [$3,054
i o | 2]24|36| 2| 1800 |21 $3,382,401| 24| 3 | 1800 |41 $4,481,631 | 24| 3 | 1800 |57 $5,254,016 24| 3 | 1800 200 $6,167,938| 24| 3 | 1800 | 200 $5,497,171
4 3 (24|36 2 [ 2700 | 32 $5,154,134 18 4 | 2700 | 62 $6,777,101 | 18 4 | 2700 | 85 $7,834,936| 18| 4 | 2700 | 300 $9,251,906| 18| 4 | 2700 | 300 $8,245,757
i 1]18f72| 1| 370 [10 $1,309,534| 72| 1 | 370 [18 $1,886,039 [36] 2 | 370 |31 $2,731,835|36| 2 | 370 | 93 $2,783,146|72| 1 | 370 | 93 $2,450,304
6 = 1|24|72| 1| 370 [10 $1,309,534| 72| 1 | 370 |18 $1,886,039 [36] 2 | 370 |31 $2,731,835|36| 2 | 370 | 93 $2,783,146|72| 1 | 370 | 93 $2,450,304
LE 2 (18|36 2 [ 740 |20|37($3539($2,619,068| 36| 2 | 740 |36(21|$4,990| $3,772,078 | 24| 3 | 740 [62|12($7.344($5,463,669|24 | 3 | 740 |185| 4 |$7.482|$5,536,366|36| 2 | 740 [185| 4 [$6,587| $4,874,261
| 8 | 2 |24|36| 2 [ 740 |20 $2,619,068|36( 2 | 740 |36 $3,772,078 | 24| 3 | 740 |62 $5,463,669| 24| 3 | 740 |185 $5,536,366| 36| 2 | 740 |185 $4,874,261
&l 318|36] 2| 111030 $3,928,601{24( 3 | 1110 |53 $5,553,337 | 18| 4 | 111093 $8,195,504| 18| 4 | 1110|278 $8,319,512| 24| 3 | 1110|278 $7,324,565
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8 RESEARCH AND DEVELOPMENT RECOMMENDATIONS

The following Research and Development (R&D) activities are recommended.

8.1 RESIDUAL MOISTURE REMOVAL USING ULTRA-DRY NITROGEN

From the Team’s review of options for drying the internals of the STADs, many commercial
drying options were identified, but most of those processes are incompatible with drying SNF.
Some of the processes usedindustrially, like use of triethylene glycol (TEG) as a desiccant,
involve chemicals that could cause complicated interactions with the fuel cladding. Others, like
use of supercritical nitrous oxide, are highly oxidizingand would potentially have very
deleterious effects on SNF fuel. Still others rely on mechanical processesinvolving substantial
gas flowsthrough the cavity to be dried and these are incompatible with the small orifices
penetratingthe STAD containments.

There was one option that did not involve any chemical or mechanical attributes that otherwise
would automatically precludeits use indrying the interior of the STADs. Thisis the drying
process usedin manufacture of lasersand other electro-optical equipmentused at high
altitudes by the air and space industries. Drying of these highly specialized systemsis critical to
avoid the negative impacts of condensation at the very low temperatures experienced at high
altitudesand in space. Forthese applications, ultra-dry nitrogen with a dew pointof -94°F is
introduced under pressure into an enclosure or cavity whereitisallowed to reach moisture
equilibrium with internal components. The extremely dry nitrogen not only removes moisture
from the atmospherein the enclosure, but also removes moisture entrainedin hygroscopic
materials within the enclosure. The process involvesintroduction of the extraordinarily dry
nitrogen under pressure, allowingitto absorb moisture from the cavity and then exhaustingit
from the cavity. This process is repeated until the humidity of the exhausted nitroge nreaches
the desiredlevel. This process creates a much drier internal environmentthan can be achieved
by the use of standard desiccants. Nitrogen purging is normally accomplished through

commercially available purging systems like those provided by AGM Container Controls of
Arizona.

Background information thisteam found on the industrial use of ultra-dry nitrogen for moisture
removal was focused on drying small cavities. It is a common process for removing moisturein
aviationinstrumentsand small electro-optical devices (rangefinders, thermal imagers, long
range surveillance systems, etc.). In these applications, use of enhanced nitrogen drying
systems reduces dryingtime substantially over traditional moisture purging systems. In
addition, the pressurized dry nitrogen process was more effective atremoving moisture
entrainedin hygroscopic materials than traditional dry, hot purge systems. How well this
process would work with the much larger cavitiesinvolved with SNF storage is unknown. The
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time required to achieve a comparable level of internal dryness provided by vacuum systems is
also unknown. The benign nature of ultra-dry nitrogen moisture removal and the effectiveness
of the process in aerospace applications would suggest it is worth investigatingfor SNF canister
drying applications. Giventhe uncertain availability of helium and price fluctuations driven by
helium supply uncertainty, there are many reasons to pursue R&D on the effectiveness of this
process both as a drying process and as a permanentfill for SNF storage applications.

8.2 DEVELOPMENT OF A MULTIPLE SMALL STAD CANISTER WELDING MACHINE

As describedin AppendixJ of thisreport, discussions with Liburdi Automation indicated that
weldingup to four small STAD canistersin parallel (onthe basis of using remote controlled
weldersand a weldingtechnician assigned to each small STAD canister) isachievable, subject to
the completion of a weldingdevelopment program. The time and motion studies completed
for the small STAD canisters have assumed that four canisters, loadedin a carrier, will be
weldedin parallel and thus, completing the above welding development program is necessary
to underpinthe STAD-in-carrier operational approach. Budgetary informationreceived from
Liburdi Automation is provided below and forms the basis of the estimate detailedin
AppendixJ.

* Total budgetary cost for the welding development program for the remote welding of
four small STAD canistersin parallelis $232,940 (withoutany contingency applied).

* Estimated scheduledforthe weldingdevelopment program is four months (withoutany
contingency applied).

8.3 DEVELOPMENT OF A STANDARDIZED AND OPTIMIZED DRYING SYSTEM FOR USE WITH
STAD CANISTER SYSTEM

In concert witha recommendation (see Section 9) that dedicated and experienced nuclear work
loadingteams be usedin conjunction with a standard set of proceduresthat can be tailored to
site specificconditions, the following R&D activity isrecommended in order to avoid start-up
problems during a loading campaign using STAD canisters. To ensure that the drying system
used with the STAD canisters is optimized foruse with the canister designit isrecommended
that a standardized and automated drying system be developed. Asdescribedin thisreport
(see Appendix G), automated drying systems have been shownto reduce drying times.
Developingsuch a systemthat is specifically designed forthe STAD canister systemand utilizes
standard operating procedures would provide the option for multiple units to be produced and
deployedto utilities ahead of loading campaigns. A unit could also be utilizedina central
training facility, where fuel transfer operations personnel can be trained on using the STAD
canister system, includingthe standardized drying system and any welding systems that is
specifically designed forthe STAD canisters, i.e., foursmall STAD welding system.
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9 CONCLUSIONS AND RECOMMENDATIONS

Timing studies have been performed using process inputs from the Zion dry fuel storage loading
campaign as baseline datato determine whetherSTADs, which are inherently less efficient due
to their smallercapacities than the large DPC technology typically used at operating nuclear
power plantfacilities, can nevertheless be used effectively forloading SNF into dry storage at
these facilities. Because of the size of the Zion campaign, and its completion date, the Zion data
providesthe bestsource currently available forboth dry fuel storage technology and fuel
loading process practices.

The baseline data were adapted to each of the eight STAD configurations analyzed (Large,
Medium, and Small STADs-in-Can and STADs-in-Carrier for both BWR and PWR fuel types) using
scaling assumptionsfor size-dependent process steps such as welding, vacuumdrying, etc. In
order to be a viable technology, STADs must be capable of reaching sufficientloading
throughput to meet plant operational needs. Several technology improvements were identified
that could be appliedto STAD loading to lessen the throughput gap between the various STAD
system options and the large DPC system throughput performance. The improvements
included “smart” vacuum drying technology, and employing two transfer casks to minimize
unnecessary down time. The Small STAD system is at the greatest relative throughput
disadvantage; and so additional time-saving measures were consideredincluding two concepts
for handling Small STADs four at a time, and also for performing parallel draining, drying, and
sealing operations. Overall, the various improvements promise to accelerate STAD loading
times by 16-40%.

The throughput results for the various STAD systems (see Table 5-14 through Table 5-19) were
compared against nine plant operating scenarios to determine whetherthe STAD systems had
the potential to meet plant throughput requirements, recommend appropriate fuel loading
campaign frequencies, and quantify the estimated margin by which the systems could meet
plant needs. Table 6-1 shows the results of the evaluation.

In general, the Large and Small STADs are capable of providing the required loading throughput
requirementsat all NPPs. The Medium STAD systems also met required loading throughputs
but had the smallest margins and lowest overall performance and so would not be
recommended for the NPP scenarios with higher throughput requirements. Nevertheless, all
STAD system optionsappear to be capable of working at most, if not all, sites, dependingonthe
loading campaign frequency.

All STAD canister types would cost more than DPCs on a per assembly and total cost basis. For
the STADs themselves, the Large STAD shows the lowest cost. Overall percentage cost
increases for STADs over DPCs range from the 25% (BWR) to 35% (PWR) range for the Large
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STAD, to the 55% to 85% range for the Small STADs-in-Carrier, to higher percentage increases
for the Medium STAD and the Small STADs-in-Can. Having said this, these extra costs would
likely be offset by avoiding the need to repackage a portion of the SNF before it can be
consigned to a geologicrepository. Mobilizationand demobilization costsare not includedin
the operational cost estimates.

A number of recommendations have also beenidentified during the course of the work on
Task Order 21.

1. To beable to achieve optimumdrying timesfor future STAD canister systems and
validate the assumptions made in this study, noting that fuel assembly age and
condition can also be significantfactors in canister vacuum drying durations, two
recommendations of this study are:

a. The STAD canistersneedto incorporate materials (e.g., metal matrix composite

neutron absorber plates, rather than borated aluminum) and design features
that minimize the amount of residual water retained after canister blow-down.

b. A standardized and automated drying system should be developed, whichis
optimized foruse with the STAD canister design and loading configuration.

2. It has beenassumed that the four small STAD canisters loadedin a carrier (or overpack
can) will be weldedin parallel usingindependent remote controlled welding machines.
In order to validate this assumption, it is necessary to complete the welding
development program describedin Section 8.2.

3. There are real advantages to using more than one transfer cask, so that loaded STAD
canisters (medium, large, or small STADs ina can or a carrier) can be transferred to the
storage overpacks outside of the fuel handling building, while STAD loadinginto the
second transfer cask is taking place in parallelin the fuel handling building. The impact
of usingdual transfer casks was assessed as part of this study.

It should be noted that the above discussion addressesa PWR Light Water Reactor
(LWR) design with a Fuel Handling Building. However, a similar configuration could be
established forBWR LWRs; most of which do not have a separate Fuel Handling
Building.

4. In orderto avoid startup problemsdueto personnellackingexperienceinfueltransfer
operationsand workingin a nuclear safety work environment, it would be
advantageous to have dedicated, experienced, STAD canister loading crews, in addition
to a set of standard procedures, which can be easily adapted for site specificconditions.
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These crews could eitherbe internal to utilities or provided by a third party and thus
move between NPPsas required. These crews could also use automated canister
drying and welding systems, which are designed and optimized forthe STAD canister
systemin use and for which offsite training and familiarization of the equipment could
be provided prior to a loading campaign.

As a final point, Appendix F provides a database of the key characteristics relative to the use of
dry storage systems at operational nuclear power plants, e.g., dual units that share a single
spent fuel pool, dual units with separate pools, but only one decontamination pit, etc. This
emphasizes the importance of completing, priorto a dry storage loadingcampaign, an analysis
of the choreography regarding the handlingand staging of storage overpacks, transfer casks,
and moving components through hatches. Integrated dry-runs should also be performed prior
to loading campaigns. The bottom lineisthat fully optimized STAD canister dry storage loading
processesand drying/welding equipment can be fullyin place but, as detailedin Sections5.2.3
through 5.2.10, if attentionis not paid to optimizingand choreographingthe general handling
and preparation activities, which account for around 50% of the total duration, then the
benefits of the optimizedloading process and equipment will be diminished.
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12 APPENDIX A - RESULTS FROM FACILITATED WORKSHOP,
COLUMBIA, MD - NOVEMBER 4 - 5, 2014

The workshop was held from —November4 - 5, 2014, at EnergySolutions officesin Columbia,
Maryland, and was attended by representatives fromall of the companies comprising the team.
The workshop was facilitated by the Task Order 21 Project Manager and followed the agenda
below:

[}
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Q
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=

Review scope of work and required delivery schedule
Review and Finalize Workshop Objectives

Phase 1 Presentations

Review Generic Work Process Diagram

Options Identification

Options Down-Select

Options Confirmation
Planningfor Subsequent Phases
Closeout

[ ]
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<
OO O O p OO0 O 0 O

DAY 1

Followingintroductions, the Task Order 21 scope of work and the required schedule for
completingit werereviewed. Keydates are, as follows:

e |nitial Progress Review Meeting — January 6, 2015

e SubmitPreliminary Report - February 4, 2015 (Note. Subsequentlyrevised to
February 12, 2015)

e Second Progress Review Meeting — February 18, 2015 (Note. Subsequently revisedto
February 26, 2015)

e SubmitDraft Final Report — April 15, 2015
e Final Progress Review Meeting— April 29, 2015
e SubmitFinal Report — May 20, 2015
e SubmitCloseoutReport — May 27, 2015
The following objective forthe workshop was reviewed and agreed to:

Workshop Objective

1. To gather and share experience, knowledge, lessonslearned, ideas, and
recommendations pertinentto the scope of work.

2. Utilizinga generic work process flow diagram, brainstorm options, ideas and
recommendations and identify candidate operational approaches, including generally
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categorizing plants by their capabilities and constraints and how they might match up
with loading smaller capacity STAD canisters.

3. The output from this workshop will be a set of innovative operational approaches,
which are considered to be the most promisingtechnically feasible ones. These
approaches will be addressed with further scrutiny in preparation for the Initial Progress

Review Meetingwhere progress is expected to be around 30%. Work to be completed
willinclude:

e Draft task descriptions;
e Work process flow diagrams and analysis;

e (Critical sequence task analysis, e.g., canister closure, vacuum drying, handling, etc.

e List of assumptions (including assumed facility constraints) and uncertaintiesfor
each approach;

e Conceptual engineeringto develop draft sketches and outline specifications forthe
STAD canistersizes considered and the storage cask concepts, transfer cask concepts
and transport cask concepts plus associated ancillary equipment necessary to
optimizingloading operations;

e Initial assessmentof the design concepts to meet storage and transport licensing
requirements;

e Identification of opportunitiesforimprove ment;
e I|dentification of automation approaches;

e I|nitial assessments of the task durations and worker dose for each of the operation
approaches for reactor site operating scenarios Cases 1 and 5;

e Preparation and delivery of a briefing to the DOE on January 6."

Brian Gutherman and Jack Wheeler provided some contexton the reasons for Task Order 21.

e Jack advised that the data collected from this task order will support work beingled by
ORNL for DOE to assess standardization as part of an integrated waste managementsystem,
including supporting systems analysis being conducted by ANL. Task Order 21 will provide
betterdata on how operating plants could process smallercanisters.

e Brian mentionedthat cost and personnel requirements are not drivers for this particular
workshop since we are developingarange of optionsfor DOE to considerfurther. Right
now the desireis for a range of optionsthat could be considered for future use, and focus
should be placed on developinginitial operational approaches capabl e of satisfying the

throughput requirements specifiedin the statement of work. [Note: Cost estimates can be
developed laterafteroperational approaches are identified].

e Brianreferenced the fact that some large Dual Purpose Canisters (DPCs) may not be
disposable;smallercanisters usingcurrent designs and handling processes currently present
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challengesfor movingthe desired amount of fuel to dry storage at operating nuclear plants
because of schedule and cost considerations.

e Brian said recommendations should only include a high level assessment of licensing
challenges, butto not eliminate ideas simply because of licensing concerns. We should also
look at recommendations for equipmentand processesthat need more of an R&D effortto
becomeviable. We just needto caveat the recommendations with the challengesthey

present.

Discussion on the Results from Information Gathering

The team then reviewed, viaa mixture of discussions and presentations, the results of the
information gatheringactivities performed prior to the workshop. The key points were, as

follows:

1. Brian Wood provided a presentation on ZionSolutions experience

a.

The scope of the Zion Dry Storage project is to package 2226 assembliesfordry
storage. 1665 already packaged into the Magnastor system (37 PWR DPC). 45 of
61 cask systemsare loaded on the pad; with some canisters short loaded

3 fabricators used to diversify the supplier chain and reduce schedule risk.
Brian provided a loading process flowchart.

75% of the fuel assemblies hadto be sipped (non-destructive method used to
test for failed fuel elements by investigating the fission productreleasedina
fixed volume of spentfuel pool water) to check for cladding leaks.

One bighurdle was the fact that the agreement for this decommissioning project
should have exemptedthe fuel transfer operations from the local labor
agreement because normal union laborers required considerable time to gain
experience as nuclear radiation workers. Using a dedicated and experienced
nuclear work team from outside of the area would have streamlined the process.

Drying timesfor canisters are driven by the poisonthat is used. Boral™ poison
takes up to 40 hours to dry. The metal matrix poison systems only take 10-12
hours to dry. Boral™ is cheaper to buy, but it takes more operational time on the
plant floor. The engineeringeconomicanalysis performed when making material
selections needsto cover more than just the fabrication of the canisters, it needs
to include operational costs as part of the cost/benefitanalysis. The vacuum
drying process was not optimized and there is definitely an art to vacuum drying.

Most of the areas for improvement were management processes, not
mechanical processissues. Things like the need for standardized shift turnover
briefings, the need for additional first line supervisors, the need for redundant
supply chain options for supply, etc.

Due to an issue with the top nozzle cracking, an instrumenttube tie rod was
added to allow the fuel assemblies to be handled, noting that there have been
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issues where assemblies have been dropped at other sites. Once thistie rod was
added the fuel was no longerconsidered to be damaged fuel.

i. 95 assembliesareinDFCs, including45 high burnup assemblies.

j. Now processing2 canisters every 9 days, but it took about 20 canisters before
this processing rate was obtained. The clock starts whenthe DPC entersthe
building.

k. AfullyloadedZion Vertical Concrete Cask weighsabout 314,000 Ibs. The weight
of a fullyloaded Zion dual purpose canister is about 101,000 Ibs.

I. They have redundant processing equipmentand essential spares (2 chillers,
2 vacuum drying systems, 2 welders, etc.).

m. Integrated dry-runs were performed prior to operations.

n. A weldtechnicianwas added to the crew to attend to the welding machine.

o. Needto have a pre-scripted briefing - rather than craft a new one for each
briefing.

2. Brian Wood and Bruce Holmgren (ZionSolutions) discussed damaged fuel
determinations at the Yankees. Some of the determinations were made to mitigate off
site transport risk. This was the case for high burnup (45 assemblies) and some other
fuel for a total of 95 assemblies characterized as damaged even though not all were
actually physically damaged fuel.

3. Gary Lanthrum (NAC) mentioned exploringalternate closure designs like the autoclave
lockinglid used for chemical weapons disposal or the twistlock lid used for sealed
source canisters. He also advocated for a phased approach that uses different hardware
and processes as the waste handling system changes. The status quo may be used while
interim storage at utility sitesisstill the norm. A change may be logical when a
centralized storage facilityis available and another change may be useful once a
repositoryis up and running. The regulationscall for "redundant closuresseals" but do
not explicitly require two welded seals. It might be possible to design a single
mechanical closure that does not require multiple closure bolts or expensive soft metal
seal rings like the systemusedin autoclave furnaces. It might also be possible to design
a closure that uses mechanical connectionsfor strength and a simple seal weld for leak
tightness. This would be applicable to STAD-in-Can arrangements where small spent
fuel canisters might have a single welded closure and then be containedin a larger can
with a mechanical closure and a simple seal weld.

4. Ray Termini (Exelon) mentioned that we should avoid focusingtoo closely on the

current regulations and anything should be on the table at this stage. Reclamation of
emptied DPCs may also be a future possibility.

5. Greg Lane (EnergySolutions) advised that work on pulling togetherinformation on
operatingfacilities, e.g., facility constraints, shared pools, operating cycles, etc., is
ongoing.

Page 118 of 224



Task Order 21: Operational Requirements for Standardized Dry Fuel Canister Systems

6. Stewart Beckwith (BAH) highlighted some of the elements, which will be important for

deriving cost information for the parametric studies, e.g., training, dry-runs, spares,
learning curve, upset conditions, and off normal conditions, etc.

Generic Work Process Diagram

The team then reviewed a pre-prepared generic process flow diagram for STAD canisters and a

set of genericmechanical flow diagrams for packaging and storing SNF in STAD canisters. Key
points from the discussion were:

1.

Would having more than one transfer cask be helpful? That might depend on the floor
space available so one design approach may not work at all plants.

Needto be careful with lifting operations moved away from the main buildingcrane. A
jibcrane or auxiliary hook won't be single failure proof and may not have the lifting
capacity required. This may reduce the number of options available for removinguse of
the main hook as a schedule constraint. You can't hoist with the auxiliary hoistand
main crane hoist at the same time because they use the same trolley. It would be
beneficial to do as many of the liftingand transfer operations outside of the aux.
buildingas possible. The lid could be removed from an empty storage cask outside the
fuel building with a portable crane since no nuclearmaterial isinvolved. A review of the
liftsthat could be performed outside is worth considering.

Needto add the chemical analysis of boron concentrations inthe water at PWR plants
within4 hours of the fuel transfer. Getting the cask vendors to use burnup credit rather
than soluble boron for criticality control could be a benefit. This doesnot needto be
investigated but should be noted inthe report as a potential time saver.

Eliminating the step for contamination removal for the outside surface of the canister
might save time at the utility, butwould add time at the follow-onfacility. Thisideadid
not receive a lot of support from the DOE team.

An analysis of the choreography needsto be done regarding the handling of storage

overpacks, transfer casks, and moving components through hatches. Assumptions need
to be made regarding how components will be staged.

Welding— Jay Wellwood (DOE) mentioned that a lid welding machine, whichis
suspended above the canister, rather than placed onto the canister, is being evaluated
on another project. An automated welderthat uses multiple welding points should be a
goal. The most conservative approach is to assume that the welding machine has to be
removed and replaced. Needto look at repeated repositioning of the welding machine.

For the mediumand large STAD canisters a transporter could be usedinstead ofa
crawler.

Options |dentification

Afterlunch, the team brainstormed options, ideas and recommendations, including
consideration of the followingitems:

Candidate innovative operational approaches
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- Optionsto performcritical functions, e.g. canisterclosure, drying, welding

- Optionsto automate

- Past endeavors that are worth a second look

- Use of alternate materials or resources

- Special features on the canister systems to optimize process

- Modification of existing systems, structures and components

For specificstages in the process the followinglists were developed.

e STAD/Loading
o Loading 4-PWR/9-BWR STADs in a serial process is not to be considered.
o 4-PWR/9-BWR STADs would be gang loaded and welded/dried as a group.

o 12-PWR and 21-PWR canisters (and their BWR counterparts) would be processed
individually.

o Lookat trying to get 5 small STADs into a single storage can by using somethingother
than right circular cylinders for the small canister design. Criticality may be as much a
problem as space limitations. Heattransfer may also be a problem. Suggestedlooking
at superpoison (hafnium) materials as a way of dealing with criticality challenges.
ES/Campbell will look at this.

o Look at closure options. One mechanical and one welded closure? Two mechanical
screw-top lids versus autoclave type lockinglid closures. Exhaust the range of closure

combinationsthat meet 10 CFR 72 redundant closure requirementstofind the best
optionsto presentto DOE.

o The use of duplexstainless steel might simplify the welding process, improve heat
transfer and could have other benefits.

e Transfer
o Choreography of the loading process becomesimportant:
= Plant specific
= Door sizes
= Number of crane picks

* |ndoor versusoutdoor location of loaded and empty canister transfers between
casks

o The plumbingfor drying STADs withina can, i.e., STAD-in-Can, could become
complicated. This could eliminate an extra transfer operation so careful analysis of the
mechanical stepsinvolvedinthe full transfer process would be useful inorder to
produce an apples-to-apples comparison of all of the tasks involvedin preparing
canisters for storage.
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o Maybe atest tube type carrier could be used to move individual small STADs as a group
into a larger storage overpack.

o Designingthe transporter so that it can get into a building with minimal vertical and
horizontal clearances would be helpful.

o Could use multiple transfer casks.
Welding & Drying
o Look at underwaterwelding;
o NDE
= Remote NDE — Zion tried this
= Different NDE process
= |ntegrate withwelder
= Automatic
o Plan for bulk gas delivery;

o Forthe drying part of the equation, we might want to look at the definition of "dry".
That isa licensingissue that might be worth exploring;

o Combine blowdown, drying, backfillingand hydrostatic testing. EMS system is a good
process.

o Why hydro test canisters after welding? Why not a simpler pressure test? There are
differencesfromvendorto vendor. Can the post closure integrity tests be streamlined
and made routine across all of the storage canister designs?

o Improve the vent and siphon connections to reduce leaks and maximize dryingair flow.
o Improve leak detection capability and reduce uncertainty.

Storage

o Load multiple small STADs into an over pack can. Allsubsequenthandlingwould he
based on the overpack, not the individual smaller canisters. This wouldintegrate
handlingin the plantfor drying and welding with handling for storage and transport and
possibly disposal.

Transport

o DOE wouldliketo see 20 assembliesina transport cask. Can we squeeze 5 small STAD
canisters; each with4 PWR assemblies, into a transportation cask withoutexceeding
Plate B dimensional limitations during transport? Could alternative impact limiter
materials shrink the overall outside diameter? How about depleted uranium for body
shieldingto shrink the body diameter? Maybe 5 PWR assembliesinan octagonal STAD
canister. Then 4 of the octagonal STADs would then be loadedinto a storage cask and a
transport cask.
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Operational Approaches for Small STAD Canisters

Consideringthe idea of processing multiple small STAD canistersvia a “STAD-in-Can” approach,

which isakin to the design concept developed by ORNL, the team derived the following
process.

1

N o v M W N

10.
11.
12.
13.
14.

15.
16.
17.
18.

Receive Storage Overpack with can (withlid) containing4 or 5 STADs (with lids {1 lid per
STAD})

Remove Storage Overpack lid
Remove Can lid
Lift can with STADs (with lids)
Place can into the Transfer Cask
Remove STAD lids (need to keeplids matched to STADs)
Fill with deionized waterthe followingareas:
a. Annulusbetweenthe Transfer Cask and the Can
b. AreabetweenSTADs and the Can
c. Each STAD

Install an inflatable annulus seal between the Can and the Transfer Cask.

Note. A shieldingdisk will be preinstalledinthe can, whichincorporates openingsfor
each of the STADs; each of which will have wiperseals between the shielding disk and
the STAD. The shieldingdisk will have ventand siphon ports for the purpose of filling
the area betweenthe STADs and the can with water, and later removingall of the water
in the can and dryingthe internal surfaces of the can. The shieldingdisk will be thick
enoughto provide shieldingduringlater STAD lid welding operations and would help
guide the STADs into the can so that they don’t become canted.

Check water chemistry (boron) - for PWR pools.
Place transfercask into the pool.

Load STADs.

Installinnerlidson each of the STADs.

Lift Transfer Cask with loaded STADs from the pool.

Deflate the annulus seal betweenthe Can and the Transfer Cask and lowerthe water
level.

Lower the water levelin each of the STADs.
Perform Weldingand NDE for the inner lids on each of the STADs.
Hydrostatic/pressure test as required.

Blowdown all water in each of the STADs using an octopus and bulk gas
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19. Dry STADs and backfill them with helium (simple pressure) each of the STADs and
perform a pressure test.

20. Install the syphon and vent port covers for each of the STADs and perform heliumleak
tests.

21. Blowdown or siphon water out of the can below the shielding disk with ports on the

disk. Establish the level of drying needed forthe can. You can't vacuum dry the can
because the wiperseals around the STADs will not maintain a differential pressure.

22. Install the Can lid [Note. This step could be switched with Step # 23 and dependson
how the void spaces below and above the shielding disk will be dried].

23. Dry and backfill can void spaces. [Note. This step could be switched with Step# 22 and
dependson how the void spaces below and above the shielding disk will be dried and
decontaminated.]

24. Drain the annulus between the Can and the Transfer cask.
25. Prepare for the transfer of the Can to a Storage Overpack.
26. Transfer the Can into the Storage Overpack.

27. Install the lid on the Storage Overpack.

28. Transport Storage Overpack to the pad.

The team also concurred that the above process also needs to be evaluated usinga transfer
carrier instead of the can and the carrier goinginto the storage and transportation overpacks.

DAY 2

Day 2 began with the team looking at operational approaches for the 12-PWR/32-BWR and
21-PWR/44-BWR sized STADs. These really can't be handledin groups, so each STAD would be
processedindividually. Key points noted duringthe discussion on the mediumand large STAD
sizesand the results from the optionsidentification work on Day 1 were:

e Ray Terminisuggestedthat transferring a medium or large STAD into the storage cask
outside of the fuel building (like ata cask transfer facility) would provide real schedule
advantages. The stack up heightcan be problematicat some plants and competing for
overhead crane timeis a challenge at all plants. Moving the transfer operation outside of
the fuel building, combined with having 2 transfer casks, would allow bringinga second
STAD intothe fuel building truck bay and staging it for insertioninto the pool in parallel with
the recentlyloaded one beingremoved for drying and welding. This only works at plants
where there is sufficient operating space, and where an external facility could support these
operations

e Brian Gutherman asked about an animation or graphic that showsthe whole loading
process using differentapproaches for comparison. Both NAC and ES offered to look at
other graphics that might convey this information. Perhapsa resource loaded Gantt chart
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complied at a high level would be useful to show cycle timesfor the current process
compared to the other options we propose.

Gary Lanthrum brought up the ideaof a composite closure with the structural closure being
done with a mechanical systemthen a light metal seal weld overthe crack to possibly
eliminate the need for leak monitoring. This wouldrequire a thicker lid systemto allow the
mechanical closure connections (bolts or lugs or threads) to be offsetfrom the seal crack.

Ivan Thomas asked if laser welding makes sense to pursue actively, or if it should be placed
on the back burner. The decisionwas to leave iton the back burner because it does not
appear to offertime savings. The same number of weld passes will be required and the
same number of NDE reviews will be necessary.

Looking at multiple welding bays, multiple function heads (weldingand NDE), and better
robotic welding systems seem to offermore significantthroughput benefits.

We shifted to a discussion of hydro test requirements. There was some hope that the
hydro could be eliminated since the weld NDE assures there is no leak path, and the leak
test of the seal weld shows that boundary is secure.

We looked at innovative means of leak detection. Ultrasonic leak test equipment can be
used during vacuum dryingto find the source of vacuum leaks. That can speedthe start of
the dryingequipment, but doesn't speed the actual time requiredto get dry.

The team agreed that, based on the results of the brainstorming and subsequent discussion,
that the followingitemsshall be considered during subsequent work assignments:

Minimize ancillary systems

Licensingand operational risks for closure options (e.g., autoclave, other mechanical
closures)

Welding
a. Suspended (froma frame) welder (for multiple small STADs — 4 is a better
configurationthan 5)
b. NDE

i. Remote NDE — Zion tried this
ii. Different NDE process

iii. Integrate withwelder
iv. Automatic

c. Multi-function (NDE and welding) head
d. Multi-pointweld head
e. Optimizedweldsizes

f. Minimize number of welds
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g. Minimize needfor shims
h. Optimizedgas delivery (bulk supply)
i. Portcovers—whyweld?
j. STAD-in-Canlid— combined mechanical closure followed by a seal weld — autoclave?
4. Drying (needredundantsystems,i.e., like ZionSolutions)
a. Leak detection (ultrasonic)
b. Types
i. Combinedvacuum drying and forced He (E1000 system)
ii. Vacuum drying
c. Multi-canisterdrying in parallel
d. Improve connections + biggerconnections
e. Automatedequipment
5. Hydro testingof weldedinnerlid
a. Requiredby Section 3, Div.3 of the B&PV code
b. Do we have to hydro? Code states that hydro or pneumatic testingisrequired
6. Operations

a. Systemsneedto besimpleto operate (some loading crews may be very experienced
in canister loadingand others may not)

b. Have standard proceduresfor the systems, which can then be modified, as needed,
to reflectsite-specificconditions

c. Focuson task efficiency
d. Focus on parallel activities

e. The process of gettinginto and out of the buildingisarduous, with the Truck Bay
beinga bottleneck.

f. Use non-crawlersfor the mediumand large STADs
7. Developand evaluate “STAD-in-Can” approach for small STADs

8. Developand evaluate carrier approach for small STADs

Work Assignments

The workshop concluded with the team deriving the followinglist of work assignments and
plannedthe work to be performed through completion of the Draft Final Report.
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1. Produce flowcharts, storyboard, pictures, and steps for each of the approaches

[ES Richland (with support from BAH)]

a. DPCapproach to processing STADs
b. Multiple STADs using STAD-in-Can
c. Multiple STADs using a carrier

d. Medium and large STADs

2. Time and Motion Study
[ES Campbell (with support from BAH)]

Task Durations

Critical paths

Human resources
Equipmentrequirements
Building entry/exits

f. Crane picks

m oo oo

3. Produce design concept for the “STAD-in-Can” operational approach
[NAC]
4. Welding
[ES Richland and ES Campbell (with supportfrom NAC)]
5. Drying
[ZionSolutions (with support from Exelon)]
6. STAD Design Concepts
[ES Campbelland ES Richland]

Design concepts for STADs (small, mediumand large)

Non right circular cylinderfor small STADs?

Lift lug design

Mixed metal matrix poisons, instead of Boral™

316L for the material of construction

Produce a design concept for the small STAD “carrier” system utilizinginputfrom
Task Order 18.

g. Designfortwo lids to be installed (would install only one for “STAD-in-Can”)

Do o0 T

7. Storage Overpacks Design Concepts
[NAC]

a. Assume above ground storage overpack (eitherfree standingor bolted to the
pad like Diablo Canyon and new Vogtle)

b. Lookto performtransferto the storage cask external to the spentfuel pool
building
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C.

Multiple small STADs loaded eitherviaa “can” or a “carrier”
d. Store 3 mediumSTADs in an overpack

8. Transportation Casks Design Concepts

[ES Campbell and ES Richland]

a.

Can we fit5 small STADs in a transport cask?

9. Dose Estimates

[ES Campbell and ES Richland]

a.

Worker dose
b. SNF assumptions

10. Operating Plant Knowledge
[ES Columbia, SC]

moo oo

Facility constraints

Plant configurations

Operatingcycles

Loading approaches

Plants that might be the best candidates for loading the small, medium and large
STADs, e.g.,

Pool cask loading pits with size, weight or seismicconstraints

Plants with crane and/or headroom constraints

Plants with floorloading and heavy loads constraints

Plants with cask decon. pit constraints for canister weldingand vacuum
drying

Other plant-specificconditions that limit cask loading
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13 APPENDIX B - CROSS-REFERENCE BETWEEN TASK ORDER 21 SCOPE OF WORK AND THE
OPERATIONAL REQUIREMENTS FOR STANDARDIZED DRY FUEL CANISTER SYSTEMS REPORT

Statement of
Work Section

Statement of Work Requirement

Operational Requirements for
Standardized Dry Fuel Canister
Systems Report, Section No.

Scope of
Work

Using experience designing, licensing, and supplying SNF cask systems to commercial
utilities in the U.S., operational experience in loading such casks, and the assumptions
and requirements identified in this task order, the contractor shall develop standardized
canister design concepts and perform operational studies of innovative approaches, as
described below, that will increase DOE’s understanding of potential alternativesto
using DPCs with the goal of maximizing waste management system flexibility and ease of
disposal, while minimizing the utility impacts, potential re-packaging needs, and overall
system costs.

Section 3

1.

The Contractor shall outline operational approaches for, and assess the associated
impacts of, moving the required SNF throughput quantities identified below in a
standardized canister to an on-site dry storage facility. An emphasis shall be placed
on identifying innovative operational approaches that minimize impacts in terms of
avoiding or minimizing any impacts to other utility operations as well as minimizing
impacts directly attributable to performing the effort (e.g., duration, cost, dose,
etc.).

Three different capacity standardized canisters for each SNF assembly type (PWR or
BWR) shall be considered:

e 4-,12-,and 21-PWR assembly capacity canisters; and

* 9, 32-, and 44-BWR assembly capacity canisters.

For each canister size (i.e., 4-PWR/9-BWR, 12-PWR/32-BWR, and 21-PWR/44-BWR),
the exterior dimensions for the PWR and BWR canisters must be the same.

Section 4
Section 5
Appendix C
Appendix E
Appendix L
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Statement of

Statement of Work Requirement

Operational Requirements for
Standardized Dry Fuel Canister

BB Systems Report, Section No.
For the 4- and 9-assembly capacity canisters, a “canister-in-canister” approach shall
be assessed to reduce in-plant cask handing operations, e.g., using an outer canister
5 containing multiple 4-PWR or 9-BWR canisters. The Contractor shall also make a Section 4.1.5
determination on the number of inner canisters that will minimize impacts to utility Appendix L
operations and implementation.
2 The operational approach outlined for each canister option shall include:
Section 4.1
2 a description of the standardized canister concept and associated storage system; Section 4.3
Appendix C
_— . . . Section 5
a description of the set of tasks required to load canisters with SNF and move the .
2 required SNF throughput to dry-storage, including a work process flow diagram; Appendix E
! ! Appendix H
the estimated durations for the tasks and worker dose incurred in performing those .
2 Section 5
tasks;
2 a listing of the major equipment items that would be required, Section 4
and the estimatedtotal cost and cost break-down for moving the required SNF
throughput. Cost estimates shall be based on techniques such as material takeoffs,
vendor quotations, recent nuclear facility costs, past operational experience, and/or
) engineering judgment (i.e., for envisioned new equipment or processes). The cost Section 7
estimatesand the associated justification must be sufficiently detailed to allow Appendix D
externalreview and reproduction. The detailed cost estimatesshould be included as
an appendix in the final report.
For comparison purposes, the operational approaches outlined for the different
capacities of standardized canisters shall be compared with the same set of
) information (described in the paragraphabove) for DPCs at or close to the largest Section 5

capacities being used in industry today. Comparisons should be based on packaging
an equivalent amount of spent nuclear fuel with like characteristics.
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Statement of

Statement of Work Requirement

Operational Requirements for
Standardized Dry Fuel Canister

BB Systems Report, Section No.
In performing the work under this task order, the Contractor shall take into account
two primary constraints: 1) the minimum number of SNF assemblies to be moved
(i.e., the required SNF throughput); and 2) the maximum amount of calendar time
available between refueling outages for dry cask storage activities as indicated
below:
e Required SNF throughputs values are as follows for each reactor type:
o  EachBWR reactor must move at least 900 SNF assembilies to dry storage
over a recurring six-year period.
o  EachPWR reactor must move at least 370 SNF assemblies to dry storage
over a recurring six-year period.
e A maximum of 12 continuous weeks should be assumed to mobilize, perform a
cask loading campaign, and demobilize. Mobilization and demobilization that
2 occurs outside of the power plant (even if elsewhere on site) does not need to Section 5.0

fit into the 12-week window. A maximum frequency of one campaign per
calendar year should be assumed.

From projected domestic operating nuclear power plant spent fuel discharges,
bounding values of 900 BWR and 370 PWR SNF assemblies were chosen as the
amount of SNF that must be moved from wet to dry storage at eachreactor over
recurring six year periods to maintain the status quo in the spent fuel pool. A
six-year recurring period is chosen because itis a common whole-number multiple
for 18-month and 24-month operating cycles. Some reactors permanently discharge
more fuel than others each refueling outage due to cycle length or other variables.
Other variables that could cause differences in actual discharges are power uprates,
operating cycle length changes and capacityfactor. The 900BWR/370PWR values
are considered reasonable for use in this study based on actual nationwide
projected discharge data at this time.
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Statement of

Statement of Work Requirement

Operational Requirements for
Standardized Dry Fuel Canister

BB Systems Report, Section No.
The Contractor shall perform a parametric study to assess how the operational
approaches identified under Item 1 above, including associated characteristics
(durations, worker dose, cost, etc.), are expected to vary as a function of the number
of reactorsat a given site, the type of reactorsat the site, and the reactor cycle
length for the cases indicated in the table below. All reactorson agiven site may be
assumed to be of the same reactor type and have the same operating cycle length.
OPERATING CYCLE
NUMBER OF
CASE | REACTORTYPE v 0 LENGTH
REACTORS ON SITE
(months)
1 BWR 1 18
2 BWR 1 24
) Section 5
3 BWR 2 24 Section 7
4 BWR 3 24
5 PWR 1 18
6 PWR 1 24
7 PWR 2 18
8 PWR 2 24
9 PWR 3 18

"Caseland Case5 arethetwo initial cases mentioned inltem 1 under this Section2 on
Scope of Work
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Statement of
Work Section

Statement of Work Requirement

Operational Requirements for
Standardized Dry Fuel Canister
Systems Report, Section No.

Again, innovative operational approaches for achieving the required SNF throughput
and minimizing impacts shall be considered when analyzing these cases. Canister
loading campaigns should only take place during times when all reactorson thesite
are scheduled to be operating to minimize impacts to utility operations.

Section 5
Section 6

Typical facility constraints (e.g. shared spent fuel pools or shared lifting equipment
for cases with multiple reactorsat a site) should be identified by the Contractor
based on experience and knowledge of typical conditions in the field. The facility
constraints assumed in the development and analysis of innovative operational
approaches which achieve the required SNF throughput while minimizing impacts
are to be identified and justified for each case evaluated.

Section 6
Appendix F

A recommendation for the optimum frequency for canister loading campaigns
should be determined for each case identified in the table above. For example,
multi-reactor sites mayrequire annual canister loading campaigns just to keep up
with the required dry storage throughput, but single-reactor sites maybe able to
maintain the required throughput with biennial or triennial loading campaigns to
save on mobilization and demobilization costs.

Section 6

In addition to those parametersin ltems1 and 2 (e.g. canister capacity, cycle length,
etc.), the Contractor shall identify and assess the influence of any other parameters
or constraints the Contractor believes to have an important influence on the
operational approach proposed for achieving the required SNF throughput.

Section 4
Section 5

In considering innovative approaches, the Contractor shall assess potential benefits
and issues of using canister concepts in which welding can be avoided or deferred
until later when it is not on critical path, e.g. some time prior to downstream
transport or disposal. As part of this assessment, the Contractor shall consider
canister-in-canister systems for which the inner and/or outer canisters may be non-
welded concepts, at least initially. For welded canister concepts, the Contractor shall
also consider available automatic (robotic) or semiautomatic equipment. Other
innovative canister design features may be considered, however there should be

Section 4.1.5
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Statement of
Work Section

Statement of Work Requirement

Operational Requirements for
Standardized Dry Fuel Canister
Systems Report, Section No.

reasonable assurance that each design concept has the capability to meet
fundamental licensing requirements for both storage under 10 CFR 72 and
transportation under 10 CFR 71. Disposal compatibility and licensing requirements
relatedto disposal may be ignored for this task order.

The focus of this task order is on the operational requirements involved in loading
standardized canisters and moving the required SNF throughput into dry storagein a
manner that minimizes impacts to utilities. In developing outlines for innovative
operational approaches, some conceptual engineering effort will be required.
Engineering sketches, and outline specifications shall be developed, as required, to
depict structures, systems, and components which support the proposed innovative
operational approaches.

Although this effort is not focused on standardized canister design details, key
assumptions regarding the canister design and configuration made to support the
study shall be provided. Sketches shall also be provided to visualize the general
designs/outlines for the following:

» Standardized canisters for those capacitiesand configurations assessed in the
study as described in Item 1 above, including the canister-in-canister
configurations assessed.

* Associated ancillary equipment to support throughput objectives

* Associated storage cask concepts

* Associated transfer cask concepts to move canistersto their storage location

* Associated transportation cask concepts to move canisters off-site.

Appendix C
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Statement of
Work Section

Statement of Work Requirement

Operational Requirements for
Standardized Dry Fuel Canister
Systems Report, Section No.

Assumptions: This task order is intended to encourage the successful bidder(s) to
think innovatively in terms of canister design and configuration, processes,
equipment, and use of personnel to achieve the goal of meeting the required SNF
throughput while minimizing impacts to utility operations and required resources.
Itis recognizedthat using smaller-capacity and smaller-sized standardized canisters
to move fuel into dry storage will likely be more expensive on a per-assembly basis
for the storage portion of the integrated waste management system as compared
to use of conventional DPCs and canister loading processes. To achieve the
required SNF throughput and/or allow innovation subject to certain constraints, the
following assumptions should be used in performing the scope of work as described
in this section:

e There is no limit on the number of personnel available, loading operations may

run up to 24 hours per day, seven days per week. This includes loading
personnel and all support services such as health physics, security, chemistry,
etc. Relative cost estimates developed under this task order for the different
cases examined should take into account personnel costs, including those which
may be incurred in complying with the fatigue rule, though operational
approaches identified should seek to minimize these costs and other impacts.

e Nuclear power plants have a cask crane capacity of 125 tons and a standard

cranesister hook. The crane and all load lifting attachments and below-the-
hook lifting devices may be assumed tomeet the requirements of NUREG 0612,
Section 5.1.6 for single-failure-proof lifting systems. The number of crane picks
is a key area of utility concern. Crane and truck or rail bay time is at a premium.
Due consideration should be given to minimizing additional crane picks, but the
number of crane picks should not be considered a constraint to standardized
canister design concepts.

e Higherrelative worker dose on a per assembly basis incurred in using

standardized canisters having smaller capacities comparedto DPCs should not

Section 5
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Statement of
Work Section

Statement of Work Requirement

Operational Requirements for
Standardized Dry Fuel Canister
Systems Report, Section No.

be considered a limitation in developing innovative operational approaches and
design concepts because worker dose avoided by not having to re-package DPCs
later may more than balance this out. Standardized canister design and
processing concepts must, however, keep the concept of ALARAin mind and
provide reasonable assurance that users will be able to comply with the
personnel dose limitsin 10 CFR Part 20.

e Although a detailed analysis supporting canister design concepts is not required
for this task order, the Contractor should document and justify key supporting
assumptions used in their evaluation of innovative operational approaches
including those assumptions used in developing estimates of worker dose rates.

Applicable
Codes,
Standards,
and
Standards

The Contractor shall prepare the deliverables of a technical nature under Quality Rigor
Level 3 guidelines. (Reference: Fuel Cycle Technologies Quality Assurance Program
Document (FCT QAPD), Revision 2.)

Technical Review performed and
documented via FCT Document
Cover Sheet.
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14 APPENDIX C - ENGINEERING SKETCHES AND OUTLINE
SPECIFICATIONS FOR STANDARDIZED CANISTER DESIGN CONCEPTS

Utilizing design work from Task Order 18, the conceptual designs for the small STAD canisters
(4-PWR and 9-BWR) are shownbelowin Figures 14-1, 14-2 and 14-3:
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Figure 14-1. Conceptual Design for Small STAD Canister
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Figure 14-2. Cross-Section Showing Basket Arrangement for the 4-PWR STAD Canister
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Figure 14-3. Cross-Section Showing Basket Arrangement for the 9-BWR STAD Canister

Utilizing past work under Task Order 12, the design concepts for the Medium STAD Canisters
(12-PWR or 32-BWR), are shown in Figures 14-4 and 14-5 below:

Utilizing past work on the TAD canisters (21-PWR or 44-BWR), which were designed by industry
for the DOE in 2008 and which have equivalent capacities to the SOW-required large STAD
canisters, a drawing of the 21-PWR TAD canister designed by NACInternational is shown in
Figure 14-6 below.
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Figure 14-4. Conceptual Design for Medium (12-PWR) STAD Canister
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I 5 I 4 < ] I 2 I

Qrty. NOMENCLATURE/DESCRIPTION MATERIAUREFERENCE | 'TEM
"1 | BOTTOM PLATE, 2" PL. | ASME SA-240, TYPE 316L | 1
1 | SHELL, 1/2" PL. ASME SA-240, TYPE 316L | 2
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Figure 14-5. Conceptual Design for Medium (32-BWR) STAD Canister
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Figure 14-6. Drawing Showing 21-PWR TAD Canister Designed by NAC International
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15 APPENDIX D — DETAILED COST ESTIMATES

This appendixincludes detailed cost estimates for the operational costs for the two benchmark
cases and the eight STAD cases. These cases include the following:

1. Table 15-1 Operations Approaches — Zion Benchmark Loading Times and Estimated
Costs — 87 BWR DPC Reference Case - Basis of Estimate
2. Table 15-2 Operations Approaches — Zion Benchmark Loading Times and Estimated
Costs — 37 PWR DPC - Basis of Estimate
Table 15-3 Operations Approaches — Large BWR STAD Canisters - Basis of Estimate
Table 15-4 Operations Approaches — Large PWR STAD Canisters - Basis of Estimate
Table 15-5 Operations Approaches — Medium BWR STAD Canisters - Basis of Estimate
Table 15-6 Operations Approaches — Medium PWR STAD Canisters - Basis of Estimate
Table 15-7 Operations Approaches — Small BWR STADs-in-Can - Basis of Estimate
Table 15-8 Operations Approaches— Small PWR STADs-in-Can - Basis of Estimate
Table 15-9 Operations Approaches— Small PWR STADs-in-Carrier - Basis of Estimate
10. Table 15-10 Operations Approaches — Small BWR STADs-in-Carrier - Basis of Estimate

L 00 N O Uk Ww

Each estimate has been developed usinglabor categories and associated full-time equivalent
(FTE) levels and costs based on the prior operational experience of analysts at Exelon. Each
estimate is then aggregated according to effort (in hours) by activity for a based case as well as
cases that include technology improvements and parallel processingimprovements. The final
baseline and optimized estimates are then aggregated to include percentagesfor consumables
and contingency, with the final results being shown in terms of cost per STAD and cost per
assembly.
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Task Order 21: Operational Requirements for Standardized Dry Fuel Canister Systems

Table 15-1. Operations Approaches — Zion Benchmark Loading Times and Estimated Costs — 87 BWR DPC Reference Case — Basis of Estimate

>
Task Location Legend: Task Category Legend: 2 e E E
FHB Prep Area 3| Gen Handling & Prep S Other Opera- . - 5 o <o
= Fuel Pool -}l Fuel Movement/Verif E> Crane Other Heavy Eq. Mechanics Riggers Welders tion: SRRy Deconners Radlatl_on Techs QA/QC HP Security Planners Trainers Proct.edure Management E g’-‘, § 'E §
g Cack Decon Pit = rain/ Dry/ Backil Ea Operators. Operators staft Foremen Protection Writers ;_-; i %8
3 £ T |8 S
IsFsi BY welding 3 e |5 %
| [ NE/Testing [ @
Step Description : # $ # $ # $ $ # $ # $ # $ # $ $ $ $ # $ # $ # $ # $ # $ hrs
1 |Move Transporter & SCinto FHB A 0| $75 1 s75 4] $75 0| 75 0) $75 0| 75 1| $100] 0]  $75 1| $75 0| 75 0] 75 0] $100 1 $75 1 $75 0| $75 1 $75 1| $125 11 0.5 $450]
2 |Move SC to under seismic restraint A of 75 1§75 4] $75 of $75] 0 $75 of $75] 1| $100| of 75 1 $75 of $75] of 75 o $100 o $75] 1 475 of 75 1 $75 1| $125 10[ o5 $413
3 |Remove the SClid and install adapter A 1 75 o $75 5| $75) 2| $75 0 $75 o $75 1| $100) o $75 1 875 o $75 o $75 o $100 o $75 1 $75 of s75) 1| $75 1| $125 13| 15 $1,575
4 |Load spacers A 0| $75 0] $75 3| $75] 0| 75 0) $75 0| 75 1| $100] 0] $75 0| 75 0| 75 1 $75 0] $100 0| $75 1 $75 0| $75 1| $75 1| $125 8| 038 $540|
5 |Move DPCinto FHB A of 75 1§75 4] $75 of s75] 0 $75 of $75] 1| $100| of 75 1 475 of $75] of 75 o $100 o $75] 1 $75 of 75 1 $75 1| $125 10[ o5 $413
6 |TC Preparation A o $75 o $75 4 $75 o] $75 0 $75 o $75 1| $100) o $75 1 875 o $75 o $75 o $100 o $75 1 $75 o $75 1 $75 1| $125 9| 2.0 $1,500)
7 |Move TCinto decon pit A 1| s75 0] $75 4] $75 3| $75) 0) $75 0| 75 1| $100] 0] $75 1| $75 0| 75 0] 75 0] $100 0| $75 1 $75 0] 75 1| $75 1| $125 13 0.5 $525
8 |TC Preparation A 1§75 of 75 o $75] of $75] 0 $75 of $75] 1| $100| of 75 1 75 3| 75 of 75 o $100 o $75 1 $75 of 75 1 $75 1| $125 9| 44 $3,300]
9 |Place DPCinto TC A 1 $75 of 75 3| 75 3| 75 0 $75 of $75] 1| $100| of 75! 1| $75 2| 75 of  $75) o $100 o $75] 1 475 of  $75] 1 $75 1| $125 14 1.0 $1,125
10 [Place TC/DPC into SFP A 1§75 of $75 3| $75) 3| $75) 0 $75 2| $75) 1] $100| of $75 2| $75) 3| $75) of $75 1| $100| o $75] 1§75 of $75 1 $75 1] $125 19| 26 $3,965
11 [Start fuel moves ] of 75 of 75 o $75] o s75] 0 $75 2| 75 1| $100| of 75 1 $75 3| 75 of 75 o $100 o $75] 1 $75 of 75 1 $75 1| $125 10[ 05 $413
12 [Fuel moves B of $75] of 75 o $75] of $75] 0 $75 of $75] 1| $100| of 75 1 $75 3| 75 of 75 of $100 o $75] 1 $75 of 75 1 $75 1| %125 8| 334 $22,545
13 |Fuel verification B of $75 o $75 of 75 of $75 0| $75) of $75 1] $100] o $75 1 75 3] $75 1 75 0] $100 0| 75 1| 75 0] $75 1 75 1| $125 9| 44 $3,300)
14 [Install DFC lids/spacers A 1§75 of 75 2| $75] 2| 75 0 $75 1§75 1| $100| of 75! 2| s75) 3| 75 of 75 1| $100| o $75] 1 $75 of 75 1 $75 1| $125 16 3.0 $3,900]
15 [Install DPC lid A 1 $75 of 75 2| $75] 2| 75 0 $75 1 475 1| $100| of 75 2| $75) 3| 75 of 75 1| $100] o $75] 1 475 of 75 1 $75 1| %125 16 0.5 $650)
16 [Remove TC/DPC from SFP A 1§75 of 75 4] $75 2| $75) 0 $75 2| $75) 1] $100| 3| $75 2| $75) 3| $75) of $75 1] $100| o $75] 1§75 of $75 1 $75 1] $125 22 26 $4,550)
17 [Place TC/DPC into the decon pit A 1§75 of 75 4] $75 2| 75 0 $75 of s75] 1| $100| 3| $75 3| 75 of s75] of 75 1| $100| o $75] 1§75 of 75 1 $75 1| $125 18] 05 $725
18 [Decon TC/DPC A of $75] of 75 o $75] of $75] 0 $75 of  $75] 1| $100| 2| $75 2| $75) of $75] of 75 1| $100| o $75] 1 475 of 75 1 $75 1| %125 9| 4. $3,178]
19 [Remove 70 gallons water C o $75 o $75 3 $75 o $75 0 $75 o $75 1| $100 o] s75 2 $75 o $75 o $75 0| $100| of $75 1] $75 o $75 1| $75 1| $125) 9 0.8 $600]
20 |Test for hydrogen N 0| $75 0]  $75 2| 75 0| $75 3 $75 0] 75 1| $100] 0] $75 1| $75 0 75 0| $75 0] $100 0| $75 1| $75 0| 75 1 $75 1| $125 10( 05 $413
21 [Perform lid fit up A of  $75] of 75 o $75] o  $75] 3 $75 of  $75] 1| $100| of 75 1| 475 of $75) of 75 o $100 o $75] 1 475 of 75 1 $75 1| %125 8| 4.0 $2,700|
22 |Weld DPCinner plate (all passes) D o $75 o $75 of $75 o $75 4 $75 o $75 1| $100 o] s75 1| $75 o $75 1 $75 0| $100| of $75 1] $75 o $75 1|  $75 1| $125) 10 4.5 $3,713]
23 [NDE DPC inner plate (all passes) o] $75 0]  $75 0|  $75] 0| 75 0) $75 0| 75 1| $100] 0] $75 1| $75 0| 75 1 $75 0] $100 0| $75 1 $75 0| 75 1 $75 1| $125 6| 3.0 $1,575)
24 [Hydro pressure test DPC inner plate el of $75] of 75 3| $75) of $75] 0 $75 of  $75] 1| $100| of 75 1 475 of $75] 1 $75 o $100 o $75] 1 475 of 75 1 475 1| %125 9] 1.0 $750)
25 |Blowdown DPC c of s75 of s75 3| $75) of $75] 0 $75 of $75] 1| $100) o $75 2| 75 o] $75 o $75 o $100 o 75 1 $75 o $75 1 $75 1| $125 9| 1.0 $750)
26 |Set up the VDS C o] $75 0] $75 3| $75] 0| 75 0) $75 0| 75 1| $100] 0] $75 1| $75 0| 75 0| 75 0] $100 0| $75 1 $75 0| 75 1 $75 1| $125 8| 1.0 $675
27 [Vacuum dry DPC c of $75) of 75 2| $75] of $75] 0 $75 of  $75] 1| $100| of 75 1 475 of $75] 1§75 o $100 o $75] 1 475 of 75 1 $75 1| %125 8| 27.0 $18,225
28 |Helium Backfill DPC c of $75 of $75 3| $75) of $75) 0 $75 of $75) 1| $100) o $75 1| $75 o $75 1 75 o $100 o $75 1 75 o $75 1 $75 1| $125 9| 2.0 $1,500)
29 |Weld and test inner port covers D 0| $75 0] $75 0|  s75] 0| 75 3 $75) 0| 75 1| $100] 0] $75 1| $75 0| 75 1 $75 0] $100 0| $75 1 $75 0| 75 1 $75 1| $125 9 4.0 $3,000]
30 [Helium leak test port covers el of $75] of 75 1| 475 o $75] 0 $75 of $75] 1| $100| of 75 1 475 1 475 1 $75 of $100 o $75] 1 $75 of 75 1 475 1| %125 8 1.2 $810)
31 |Weld DPC outer plate D o $75 o $75 o 75 o $75 4 $75 o $75 1| $100) o $75 1 $75 o $75 1 75 o $100 o $75 1 $75 o $75 1 $75 1| $125 10 15 $1,238|
32 [NDE DPC outer plate | =] o] $75 0] $75 0|  $75] 0| 75 0) $75) 0| 75 1| $100] 0]  $75 1| $75 0| 75 1 $75 0] $100 0| $75 1 $75 0 75 1 $75 1| $125 6) 1.0 $525
33 [Install TC retaining lugs A of $75] of 75 2| $75] o  $75] 0 $75 of $75] 1| $100| of 75! 1 475 of $75] of 75 of $100 o $75] 1 $75 of 75 1 475 1| $125 7| 15| $900)
34 |Prep TC/DPC for stack-up A o $75 o $75 4 475 o $75 0 $75 o $75 1| $100) o $75 1 875 o] $75 o $75 o $100 o $75 1 $75 o $75 1 $75 1| $125 9| 2.0 $1,500)
35 [Remove TC/DPC from the decon pit A 1§75 of 75 4] $75 2| 75 0 $75 of s75) 1] $100| of 75 2| s75) of s75] of s75] 1] $100| o $75] 1§75 of s75] 1 $75 1] $125 14| 05 $575
36 [Place TC/DPC in stack-up A 1§75 of 75 4] $75 2| 75 0 $75 of  $75] 1| $100| of 75 2| $75) of  $75] of 75 1| $100 o $75] 1 475 of 75 1 475 1| $125 14 15 $1,725
37 |Engage TC seismic restraint A o $75 o $75 4 $75 o $75 0 $75 o $75 1| $100) o $75 2| $75 o $75 o $75 o $100 o $75 1 $75 o $75 1 $75 1| $125 100 1.0 $825)
38 |Remove yoke from FHB hook A 1 s75 0] $75 3| $75] 0| 75 0) $75 0| 75 1| $100] 0] $75! 1| $75 0| 75 0] 75 0] $100 0| $75 1 $75 0| 75 1 $75 1| $125 9 0.5 $375
39 [Rig DPC to FHB hook A 1§75 of 75 4] $75 2| 75 0 $75 of $75] 1| $100| of 75 1 475 of  $75] of 75 o $100 o $75] 1 $75 of 75 1 $75 1| $125 12 18 $1,755
40 [Transfer DPC to SC A 1 75 o $75 4 $75 2| $75 0 $75 o $75 1| $100) o $75 2| $75 of  $75] of  $75) 1| $100] o $75] 1 475 of 75 1| $75 1| $125 14 1.0 $1,150}
41 |Remove rigging A 1 75 0] $75! 3| $75] 2| $75) 0) $75 0| 75 1| $100] 0] $75 1| $75 0| 75 0| 75 0] $100 0| $75 1 $75 0| 75 1 $75 1| $125 11 1.5 $1,350)
42 |Close transfer adapter A of 75 of 75 3| $75) o s75] 0 $75 of $75] 1| $100| of 75 2| $75 of $75] of 75 o $100 o $75 1 $75 of 75 1 $75 1| $125 9] 0.5 $375
43 [Install yoke A o $75 o $75 3| $75) 2| $75 0 $75 o $75 1| $100) o $75 1 875 o $75 o $75 o $100 o $75 1 $75 o $75 1| $75 1| $125 10 05 $413
44 |Di TC seismic restraint A of $75 o $75 3] $75) of $75 0| $75) of $75 1] $100| o $75 1 75 of $75 0| $75 0] $100 0| 75 1| 75 0|  $75 1 s75 1| $125 8 10 $675)
45 |Move TC to decon pit A 1§75 of 75 4 $75 2| 75 0 $75 of $75] 1) $100| of 75 1) $75 of s75] of 75 o $100 o s75] 1 $75 of 75 1 $75 1| $125 12 05 $488
46 |Remove rigging from DPC A 1 $75 of 75 2| $75) 2| 75 0 $75 of  $75] 1| $100| of 75 2| 75 of  $75] o $75 o %100 o $75 1 $75 o $75 1 $75 1| $125 1) 10 $900)
47 |Remove transfer adapter A 1 75 0] $75 4] $75 2| $75) 0) $75 0| 75 1| $100] 0] $75 1| $75 0| 75 0] 75 0] $100 0| $75 1 $75 0| 75 1 $75 1| $125 12 1.5 $1,463]
48 |set SC lid A 1§75 of 75 2| $75) o s75] 0 $75 of s75] 1| $100| of 75! 1 $75 of s75] of 75 o $100 o $75] 1 $75 of 75 1 $75 1| $125 8| 2.0 $1,350)
49 |Check SC vents A of $75] of 75 2| $75] of $75] 0 $75 of $75] 1| $100| of 75 2| $75) of $75] of 75 o $100 o $75] 1 475 of 75 1 $75 1| $125 8 0.5 $338]
50 |Perform the hazards walkdown A of $75 o $75 1 75 of $75 0| $75) of $75 1] $100] o $75 of 75 of $75 0| $75 0] $100 0| 75 1| 75 0] $75 1 75 1| $125 5| 10 $450)
51 |Move SC to transporter A o 75 1§75 4l 475 2| s75) 0 $75 of s75) 1) $100| of 75! 2| s75) of s75 of 75 0 $100 1) $75 1) $75 of 75 1 $75 1| $125 14 05 $563
52 |Perform SC dose rates A of  $75] of 75 o $75] of s75] 0 $75 of  $75] 1| $100| of 75 2| $75) of  $75] of 75 1| $100] o $75] 1 475 of 75 1 $75 1| %125 7| 1.0 $625)
53 |Move support o ISFSI A o] $75 1 75 2| $75) 0| 75 0) $75 0| 75 1| $100] 0] $75 0| 75 0| 75 0] 75 0] $100 2| 75 1 $75 0] 75 1 $75 1| $125 9 0.5 $375
54 |Move transporter to haul road A o| 75 1§75 4l $75 of s75] 0 $75 of s75] 1) $100| of 75! 2| s75) of s75 of 75 1| $100] 4] $75 1) $75 of 75 1 $75 1| $125 6] 1.3 $1,690)
55 [Replace security barriers A of  $75] 1| $75 3| $75) o $75] 0 $75 of  $75] 1| $100| of 75 o $75] of $75] of 75 o $100 o $75] 1 475 of 75 1 $75 1| $125 8| 03 $203]
56 |Move transporter/SC/DPC to ISFSI pad A o] $75 1 75 4] $75 0| 75 0) $75 0| 75 1| $100] 0] $75 2| $75] 0| 75 0] 75 1| $100 5| $75 1 $75 0] 75 1 $75 1| $125 17| 3.0 $4,125)
57 |Tie security barrier at ISFSI and open gate A o] 75 1§75 4l 475 of s75] 0 $75 of s75] 1) $100| of 75! 2| s75) of s75 of 75 1) $100| 5| $75] 1) $75 of 75 1 $75 1| $125 17| 03 $413)
58 |Move transporter into position at ISFSI A of $75] 1 $75 4] $75 of  $75] 0 $75 of  $75] 1| $100| of 75 2| $75) of $75] of 75 1| $100] 5| $75] 1 475 of 75 1 $75 1| %125 17| 05 $688|
59 [Position SC on pad A of $75 1 $75 4] $75 o $75] 0 $75 o $75 1| $100) o $75 2| $75 o $75 1 75 1| $100, 5| $75 1 75 o $75 1 $75 1| $125 18] 05 $725)
60 |Install vent screens A of $75 o $75 2[  $75) 0| 375 0| $75) 0| $75 1 $100| o $75 2  $75) o] 375 0| $75 1| $100] 0| 75 1| $75 0| $75 1 s75 1| $125 9| 05 $388)]
61 [Move equipment from ISFSI A of $75) 1 $75 3| 475 of $75] 0 $75 of $75] 1| $100| of 75 o $75] of $75] of 75 o $100 4] $75 1 475 of 75 1 $75 1| %125 12 05 $48g)|
62 [Replace security barriers A of $75 1 $75 3| $75) o $75 0 $75 o] $75 1| $100) o $75 o $75 o] $75 o $75 o %100 4 $75 1 $75 o $75 1 $75 1| $125 12[ 03 $293)
Total Time per STAD (hours) 144.8]
Total Time per STAD (days) 6d
Subtotal Labor Costs $116,715|
Other Costs (consumables) 15% $17,507|
Costs w/o C $134,222]
Contingency 20% $26,844)
Total Cost per DPC $161,067
# of Assemblies per DPC 87 87
Cost per y w/o C $1,543]
Contingency 20% $309)
Total Hours/Cost per bl 1.66 $1,851
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Task Order 21: Operational Requirements for Standardized Dry Fuel Canister Systems

Table 15-2. Operations Approaches — Zion Benchmark Loading Times and Estimated Costs — 37 PWR DPC Reference Case — Basis of Estimate

£ s g
Task Location Legend: Task Category Legend: 2 3 H s " Z s
FHB Prep Area /3| Gen Handling & Prep S Other Opera- £ Eo g % £ 2 g B g,
= N > Crane Other Heavy Eq. 5 N . Supervisors/ Radiation B B Procedure 2 g £ z 8 = < = K] z=
s Fuel Pool (-}l Fuel Movement/Verif % Operators Operators Mechanics Riggers Welders tions — Deconners Fe—— Techs QA/Qc HP Security Planners Trainers Writers Management k] 3 s E g z3 % s
& Cask Decon Pit {4 Drain/Dry/Backfill 2 staff = §a k] S & %S K] g =
IsFs| Ll welding 3 - 5 © 2 5
Outside Prot Area | - [NDE/Testing b * 3 <
Step Description : # B # $ # $ # $ # B # $ # B # $ # $ # $ # B # B # $ # s # $ # s # s # hrs s hrs | hrs s hrs B
1 |VCT pre-use inspection of $75! 1] 475 of $75] of $75] 0f $75) of $75] 1| $100 of $75] of $75] of $75] of $75! 0| $100| of $75] 1§75 of $75] 1 $75 1] $125 5 1.0 $450) 1.0 $450] 0.0 $0|
2 |VCC pre-use inspection 0| $75 o $75 3| $75 o] $75 0) $75, 0] $75 1| $100] 0| $75 o $75 o] $75 1| $75 0] $100 1 $75] 1| $75] o] $75 i  $75 1| $125] 9) 1.0 $750] 1.0 $750 0.0 $0|
3 |Load VCC onto VCT of $75 1 $75 3| $75 of $75 0 $75 of $75 1] $100| ol $75| o $75 of $75 of $75 o] $100| of $75| 1 $75 of $75] 1 75 1 $125 8 08 $506 0.8] $506| 0.0 30|
4 |Move VCC to security protected area of $75! 1] 475 3| $75] of $75] 0f $75) of $75] 1| $100 of $75] of $75] of $75] of $7s! 0| $100| 1] $75 1§75 of  $75] 1 $75 1] $125 9] 0.5 $375 0.5 $375 0.0 30|
5 |Move VCT & VCCinto FHB A of $75 1| $75] 3| 75 0| $75 0of $75] o] $75 1| $100] o] $75 0] $75 0| $75 of $75 0| $100] 1| $75 1| $75 of $75] 1| $75 1| $125) 9 0.5 $375[ x 0.0 $0| 0.5) $375)
6 _|Move VCC to under seismic restraint A of $75! 1 $75 3| s75) of s75) [ $75) of $75] 1| $100| of $75| of s75| of s75) of $75! 0| $100| of $75| 1) $75 of $75] 1 $75 1| $125 8] 0.5 $338] x 0.0 $0| 0.5 $33]
7_|Remove the VCC lid and install adapter A 1 $75 of $75] 2| $75] 1§75 0f $75) of $75] 1| $100 of $75] of $75] of $75] of $75! o] $100| of $75] 1§75 of  $7s] 1 $75 1] $125 8] 1.5 $1,013] x 0.0 $o|  1.5] $1,013
8 |Load spacers A of $75 o] $75 2| $15 0| $75 0of $75) o] $75 1| $100] o] $75 0] $75 0| $75 1) $75 0| $100] 0| 75| 1| $75 of $75] 1| $75 1| $125) 7 0.8 $480[ x 0.0 $0| 0.8 $480|
9 |Move TSC into FHB A of $75! 1 $75 4l $75) 2| 75 [ $75) of $75] 1| $100| of $75| 1 $75 of s75) of $75! 0| $100| of $75| 1) $75 of $75] 1 $75 1] $125 12| 05 $488| x 0.0 $0|  0.5] $488]
10 [MTC preparation A of $75! of $75] 3| $75] of $75] 0f $75) of $75] 1| $100 of $75] of $75] of $75] of $75! 0| $100| of $75] 1§75 of $75] 1 $75 1] $125 7| 2.0 $1,200] x 0.0 $o| 2.0 $1,200|
11 [Move MTC into decon pit A 1| $75) 0| $75] 4 $75] 2| $75] 0of $75) 0| $75 1| $100) ol 75| 0| 75 0| $75 ol $75 0| $100] o] $75 1| $75] o] $75 1| $75 1| $125) 11 0.5 $450[ x 0.0 50| 0.5 $450|
12 |MTC preparation A of $75! of $75| 3| $75) of $75] 0 $75 of $75 1] $100| o] 75| o $75 of $75 of $75 o] $100| o] 75| 1| $75 of $75 1| 75 1 $125 7| a4 $2,652] x 0.0 s0| 44 $2,652]
13 [Place TSC into MTC A 1 $75 of $75| 4l s75) 2| $75 0f $75) of s75) 1| $100 of $75| of s75] of s75) of $75! 0| $100| of $75] 1§75 of $75] 1 $75 1] $125 1] 1.0 $900| x 0.0 $o| 1.0 $900|
14 [Place MTC/TSC into SFP. A 1 $75 o $75] 4 s75] 2| 475 of $75) of $7s] 1| $100 o $75] 2| 75 2| 475 of 75! 1| $100 of  $75] 1§75 of s7s] 1 $75 1] $125 16 26 $3,367] x 0.0 S0l 2.6] $3,367|
| 15 |Start fuel moves B o| 75! of $75| of s75] of s75) 0f $75) of s75) 1| $100| of $75| 1 $75 3| 875 of $75! 0| $100| of $75| 1 $75 of $75] 1 $75 1] $125 8| 0.5 $338] x 0.0 $o|  0.5] $338|
16 [Fuel moves B o| s75! of $75| of s75] of s75) 0f $75) of s75) 1| $100 of $75| 1 $75 3| s75) of 75! 0| $100| of $75] 1§75 of  $75] 1 $75 1] $125 8| 14.0] $9,450] x 0.0 $0| 14.0] $9,450|
17 [Fuel verification B of 75! o $75] of s75] of s75] of $75) of $7s] 1| $100 o $75] of  s75] 3] 75 1 $75 0| $100| of  $75] 1 475 of s7s] 1 $75 1] $125 8| 16| $1,087] x 0.0 $0|  1.6] $1,087|
18 |Install DFC lids/spacers A of $75! of $75] of $75] of $75] 0f $75) of $75] 1| $100| of $75| of $75] 3| 475 1 $75 0| $100| of $75| 1 $75 of $75] 1 $75 1] $125 8| 3.0 $2,025 x 0.0 $o| 3.0 $2,025
19 [Install TSC lid A 1 $75 of $75| of s75] of s75) 0f $75) of s75) 1| $100 of $75| 2| s75) 3| 75 of $75! o] $100| of $75] 1§75 of $7s] 1 $75 1] $125 10, 05 $413] x 0.0 $o|  0.5] $413
20 [Remove MTC/TSC from SFP. A 1 $75 of $75] 4 s75] 2| 475 of $75) of $7s] 1| $100 o $75] 3| 75 3] 75 of 75! 1| $100 of $75] 1§75 of $7s] 1 $75 1| $125 18] 26 $3,770] x 0.0 so|  2.6] $3,770|
21 [Place MTC/TSC into the decon pit A 1 $75 of $75| 4l $75) 2| 475 0f $75) of $75] 1| $100| of $75] 2| $75) of $75] of $75! 1| $100 of $75| 1 $75 of $75] 1 $75 1| $125 14| 05 $575] x 0.0 $o|  0.5] $575
22 |Decon MTC/TSC A of 75! of $75] of $75] of $75] 0f $75) of $75] 1| $100 3| 475 3| $75] of $75] of $75! 1| $100 of $75] 1§75 of $75] 1 $75 1] $125 1] 41 $3,774] x 0.0 so| 4. $3,774|
23 [Remove 70 gallons water c of 75! o] 75| 2| s75] of $75 of $75) of $75] 1| $100 o $75] 1 75 of $75] of 75! o] $100| o] 75 1) $75 of $75] 1 $75 1| $125 7| o8] $450] x 0.0 so| 0.g] $450|
24 |Test for hydrogen A of $75! of $75] of $75] of $75] 2 $75) of $75] 1| $100| of $75] of $75] of $75] 1 $75 0| $100| of $75| 1 $75 of $75] 1 $75 1] $125 7| 05| $300] x 0.0 $o|  0.5] $300|
25 |Perform lid fit up, welder setup A of $7s! of $75] of $75] of  $75] 3 $75) of $75] 1| $100 of $75] 1§75 of $75] of $7s! 0| $100| of $75] 1§75 of  $75] 1 $75 1] $125 8| 4.0 $2,700 x 0.0 $o| 4.0 $2,700|
26 [Weld TSC lid root weld start D of 75! o $75] of  $75] of  s7s] 3 $75) of s7s] 1| $100 of $75] 1§75 of  s75] of 75| o] $100| of $75] 1 475 of $7s] 1 $75 1| $125 8 0.7 $466]  x 0.0 so| 0.7] $466|
27 |Weld TSC lid root weld finish D of $75! of $75| of s75) of s75) 3 $75) of s75) 1| $100| of $75| 1 $75 of s75) of $75! o] $100| of $75| 1 $75 of $75] 1 $75 1| $125 8 1.5 $1,013] x 0.0 $o|  1.5] $1,013
28 |NDE TSC lid root weld E 0| $75! of s75| of s75] of s75] 1 $75) of s75] 1| $100 of s75| 1 $75 of s75] 1| $75 0| $100| of $75] 1§75 of $75] 1 $75 1] $125 7| 1.0 $600] x 0.0 $o| 1.0 $600|
29 |Weld TSC lid intermediate weld D of 75! of $75] of $75] of s75] 3 $75) of s7s] 1| $100 o $75] 1§75 of $75] of 75| o] $100| of $75] 1 475 of s7s] 1 $75 1| $125 8 15| $1,013) x 0.0 $o|  1.5] $1,013
30 [NDE TSC lid intermediate weld || o| $75! of $75| of s75) of s75) 1 $75) of s75] 1] $100 of $75| 1 $75 of s75) 1 $75 o] $100| of $75| 1 $75 of $75] 1 $75 1| $125 7| 1.0 $600] x 0.0 $o| 1.0 $600|
31 [Weld TSC lid final weld D 0| $75! of s75| of s75] of s75] 3 $75) of s75) 1| $100 of s75| 1 $75 of s75) of $75! 0| $100| of $75] 1§75 of  $7s] 1 $75 1] $125 8 1.5 $1,013] x 0.0 S0l 1.5] $1,013
32 [NDE TSC lid final weld of 75! o $75] of  $75] of  s7s] 1 $75) of s7s] 1| $100 of $75] 1 475 of s7s] 1| $75 o] $100| of $75] 1 475 of s7s] 1 $75 1| $125 7| 1.0 $600]  x 0.0 $o| 1.0 $600|
33 [Hydro pressure test TSC lid | -] of 75! of $75] 3| $75] of $75] 0f $75) of $75] 1| $100 of $75] 1 $75 of $75] 1 $75 0| $100| of $75| 1 $75 of $75] 1 $75 1| $125 9| 1.0 $750]  x 0.0 $o| 1.0 $750|
34 |Weld closure ring of $7s! of $75] of $75] of $75] 2 $75) of $75] 1| $100 of $75] 1§75 of $75] of $7s! 0| $100| of $75] 1§75 of $7s] 1 $75 1] $125 7| 15| $900| x 0.0 $o|  1.5] $900|
35 [NDE closure ring el of 75! o $75] o] 75 of $7s] 1 $75) of s7s] 1| $100 of $75] 1§75 of $75] 1| $75 o] $100| of $75] 1 475 of $7s] 1 $75 1| $125 7| 1.0 $600]  x 0.0 $o| 1.0 $600|
36 |Blowdown TSC c of $75! of $75| 3| s75) of s75) 0f $75) of s75) 1| $100 of $75| 1 $75 of s75) of 75! o] $100| of $75| 1 $75 of  $75] 1| $75 1| $125 8| 1.0 $675| x 0.0 $o| 1.0 $675
37 [Set up to the VDS c of $75! of $75] 3| $75] of $75] 0f $75) of $75] 1| $100 of $75] 1§75 of s75] of $7s! 0| $100| of $75] 1§75 of $7s] 1 $75 1] $125 8] 1.0 $662] x 0.0 $o| 1.0 $662
38 [Vacuum dry TSC c of 75! o $75] 2| s75] of s7s] of $75) of s7s] 1| $100 o $75] 1 475 of s75] 1| $7s o] $100| of $75] 1§75 of 75 1| s75 1| $125 8| 30.0] $20,250[ x 0.0 $o| 30.0] $20,250|
39 [Helium backfill TSC c of $75 of $75| 3| s75) of s75) of $75) of s75) 1| $100 of $75| 1 $75 of s75) 1 $75 o] $100| of $75| 1) $75 of  $75] 1| $75 1| $125 9| 2.0 $1,500] x 0.0 $o| 2.0 $1,500|
40 |Weld and test inner port covers D of 75! of $75] of $75] of $75] 0f $75) of $75] 1] $100 of $75] 1§75 of $75] of $7s! 0| $100| of $75] 1§75 of $7s] 1 $75 1] $125 5| 4.0 $1,800] x 0.0 $o| 4.0 $1,800|
41 |Helium leak test port covers el of 75! o $75] of $75] of  s7s] of $75) of s7s] 1| $100 of $75] 1§75 of s7s] 1| $7s o] $100| o] 75 1 475 of  $7s] 1| $75 1| $125 6 1.2 $641| x 0.0 so| 1.2 $641
42 |Weld and test and outer port covers D of $75! of $75] of $75] of $75] of $75) of $75] 1| $100 of $75] 1§75 of $75] 1 $75 o] $100| of $75| 1§75 of $75] 1| $75 1| $125 6| 4.0 $2,100] x 0.0 $o| 4.0 $2,100|
43 |Install MTC retaining lugs A of $75! of $75] 2| $75] 1§75 of $75) of $7s] 1] $100 of $75] of $75] of $75] of $7s! 0| $100| of $75] 1§75 of  $7s] 1 $75 1] $125 7| 15| $924| x 0.0 $o|  1.5] $924|
44 |Prep MTC/TSC for stack up A of $75 ol 75| al  $75 of $75 0 $75 of $75 1] $100| o 75| 1 $75 of $75 of $75 o] $100| o 75 1 75 of $75 1 15 1 $125 9] 20 $1,500] x 0.0 $0| 2.0 $1,500)
45 |Remove NTC/TSC from the decon pit A 1 $75 of $75] 4l $75] 2| 475 0f $75) of $75] 1| $100 of $75] 2| $75] of $75] of $75! o] $100| of $75| 1§75 of $75] 1 $75 1| $125 13] 05 $525 x 0.0 $o|  0.5] $525
46 |Place NTC/TSC in stack up A 1 $75 of $75] 4 $75] 2| $75 of $75) of $7s] 1| $100 of $75] 2| $75] of $75] of $7s! 1| $100 of $75] 1§75 of $7s] 1 $75 1] $125 14 15 $1,725 x 0.0 $o|  1.5] $1,725
47 |Engage MTC seismic restraint A of $75 ol $75| 3| $75 of $75 0 $75 of $75 1] $100| ol 75| of 75 of $75 of $75 o] $100| of s75| 1 75 of $75] 1 75 1| $125 7| 1.0 $600] x 0.0 $0| 1.0 $600)
48 |Remove yoke from FHB hook A 1 $75 of $75] 2| $75] 2| 475 of $75) of $75] 1| $100 of $75] of $75] of $75] of $75! o] $100| of $75| 1§75 of $75] 1 $75 1] $125 9] 0.5 $375| x 0.0 $o|  0.5] $375
49 |Rig TSC to FHB hook A 1 $75 of s75| 4l s75) 2| $75 of $75) of s75] 1| $100 of s75| of s75] of s75) of $7s! o] $100| of $75] 1§75 of $75] 1 $75 1] $125 1] 18 $1,575] x 0.0 so| 18] $1,575
50 [Transfer TSC to VCC A 1 75 ol 75| 4l $75 2| $75 0 $75 of $75 1] $100| o] 75| 2| $75 of $75 of $75 1| $100 o 75 1 $75 of $75 1 75 1 $125 14 10 $1,150 x 0.0 $0| 1.0 $1,150|
51 [Remove rigging A of $75! of $75] 2| $75] 2| 475 0f $75) of $75] 1| $100 of $75] 1§75 of $75] of $75! o] $100| of $75| 1 $75 of $75] 1 $75 1| $125 9| 1.5 $1,125 x 0.0 $o|  1.5] $1,125
52 |Close transfer adapter A 0| $75! of s75| 2| s75) of s75] of $75) of s75] 1| $100 of s75| 1 $75 of s75) of $7s! o] $100| of $75] 1§75 of $7s] 1 $75 1] $125 7| 05| $300] x 0.0 $o|  0.5] $300|
53 [Install yoke A 1 75 o] 75| 2| $75 2| $75 0 $75 of $75 1] $100| o] 75| of $75 of $75 of $75 0| $100| o 75 1 $75 of $75 1 75 1 $125 9] 05 $375] x 0.0 $0| 0.5 $375)
54 |Di MTC seismic restraint A of $75! of $75| 2| s75) of s75) of $75) of s75) 1| $100 of $75| of s75] of s75) of $75! o] $100| of $75| 1§75 of $75] 1 $75 1| $125 6/ 1.0 $525 x 0.0 $o| 1.0 $525
55 [Move MTC to decon pit A 1 $75 of s75| 4l s75) 2| $75 of $75) of s75] 1| $100 of s75| 1 $75 of s75) of $7s! o] $100| of $75] 1§75 of $7s] 1 $75 1| $125 12| 05 $488] x 0.0 $o| 0.5] $asg|
56 [Remove rigging from TSC A 1 75 ol 75| o 75 2| $75 0 $75 of $75 1] $100| o] 75| 1 $75 of $75 of $75 o] $100| o 75 1 $75 of $75 1 75 1 $125 8 1.0 $675| x 0.0 $0| 1.0 $675)
57 [Remove transfer adapter A 1 $75 of $75] 3| $75) 2| $75 0f $75) of $75] 1| $100 of $75] 1§75 of $75] of $75! 0| $100| of $75] 1§75 of $75] 1 $75 1| $125 1] 15 $1,350] x 0.0 $o|  1.5] $1,350|
58 [Set VCC lid A 1 $75 of s75| 2| s75) 1) $75 of $75) of s75] 1| $100 of s75| 1 $75 of s75) of $75 0| $100| of $75] 1§75 of $7s] 1 $75 1] $125 9] 2.0 $1,500] x 0.0 so| 2.0 $1,500|
59 |Check VCC vents A 0| $75 of $75| 2| $75 of s75) of $75) of $75] 1| $100| of $75| 1 s75 of s75) of $75! 0| $100| of s75| 1) $75 of $75] 1 $75 1 $125 7] o5 $300] x 0.0 $0| 0.5 $300)
60 |Perform fire hazards walkdown A of $75! of $75| 1 $75 of s75) 0f $75) of s75) 1| $100 of $75| of s75] of s75) of $75! 0| $100| of $75] 1§75 of  $75] 1 $75 1| $125 5 1.0 $450|  x 0.0 $o| 1.0 $450|
61 [Move VCC to VCT A o $75! 1 $75 3| s75) of s75] of $75) of s75] 1| $100 of s75| 1 $75 of s75) of $75 0] $100| of $75] 1§75 of $75] 1 $75 1] $125 9] 0.5 $375| x 0.0 $o|  0.5] $375
62 |Perform VCC dose rates A 0| $75 of $75| of s75| of s75) [ $75) of $75] 1| $100| of $75| 2| s$75 of s75) of $75! 0| $100| of $75| 1) $75 of $75] 1 $75 1 $125 6| 1.0 $525| x 0.0 $0| 1.0 $525)
63 [Move support equi to ISFSI A of $75! 1] 475 2| $75] of $75] 0f $75) of $75] 1| $100 of $75] of $75] of $75] of $75! o] $100| 2| $75] 1§75 of $7s] 1 $75 1] $125 9] 0.5 $375| x 0.0 $o|  0.5] $375
64 |Move VCT to haul road A of $75 1| $75] 3] 715 0| $75 0of $75] o] $75 1| $100] o] $75 1| $75] 0| $75 of $75] 0| $100] 3| $75] 1| $75 of $7s5] 1| $75 1| $125) 12 13 $1,229| x 0.0 $0| 13 $1,229]
65 [Replace security barriers A of $75 1 $75 2| $75 of $75 0 $75 of $75 1] $100| ol 75| of 75 of $75 of $75 o] $100| 1 $75 1 $75 of $75 1 75 1 $125 8 03] $169| x 0.0 $0| 03] $169)
66 |Move VCT/VCC/TSC to ISFSI pad A of $75! 1 475 4l $75] of $75] 0f $75) of $75] 1| $100 of $75] 2| $75] of $75] of $7s! o] $100| 3| $75] 1§75 of  $75] 1 $75 1| $125 14| 3.0 $3,375 x 0.0 $o| 3.0 $3,375
67 |The security barrier at ISFSI and open gate A of $75 1| $75] 2| $75 0| $75 0of $75] o] $75 1| $100] o] $75 o] $75 0| $75 of $75 0| $100] 2| $75] 1| $75 of  $7s5] 1| $75 1| $125) 9 0.3 $188[ x 0.0 $0| 0.3 $188)
68 [Move VCT into position at ISFSI A of $75 1 $75 4l $75 of $75 0 $75 of $75 1] $100| o] $75| 2| $75 of $75 of $75 o] $100| 2| $75 1 $75 of $75 1 75 1| $125 13 05 $525| x 0.0 $0| 0.5 $525)
69 |Position VCC on pad A of $75! 1] 475 4l $75] of $75] 0f $75) of $75] 1| $100 of $75] of $75] of $75] 1 $75 o] $100| 2| $75] 1§75 of $7s] 1 $75 1] $125 12 05 $488| x 0.0 $o|  0.5] $as8s|
70 [Install vent screens A of $75 o $75 2| $715 0| $75 0of $75] o] $75 1| $100] o] $75 1| $75] 0| 75 of $75] 0| $100] 0| 75| 1| $75 of $75] 1| $75) 1| $125) 7 0.5 $300[ x 0.0 $0| 0.5 $300]
71 [Move equipment from ISFSI A of $75 1 $75 2| $75 of $75 0 $75 of $75 1] $100| o 75| of 75 of $75 of $75 o] $100| 2| $75 1 $75 of $75 1 75 1 $125 9] 05 $375] x 0.0 $0| 0.5 $375)
72 |Replace security barriers A of $75! 1 475 2| $75] of $75] 0f $75) of $75] 1| $100 of $75] of $75] of $75] of $7s! o] $100| 2| $75] 1§75 of $7s] 1 $75 1] $125 9] 03] $188] x 0.0 so| 03] $188|
Total Time per STAD (hours) 133.3 00[ 33 130.0
| [Total Time per STAD (days) 5.6d od | 0.1d 5.4d
Labor Costs $96,975 $2,081] $94,894)
Other Costs (consumables) 15% $14,546| $312 $14,234)
Costs w/o Conti $111,521 $2,393| $109,128)
Contingency 20% $22,304] $479 $21,826|
Total Cost per DPC $133,826 $2,872 $130,953|
# of Assemblies per DPC 37 37, 37 37|
Cost per y w/o Conti $3,014] $65, $2,949|
Contingency 20% $603| $13] $590|
Total Hours/Cost per Assembly $3,617| $78] 3.51 $3,539|

Page 143 of 224



Task Order 21: Operational Requirements for Standardized Dry Fuel Canister Systems

Table 15-3. Operations Approaches — Large BWR STAD Canisters — Basis of Estimate

TABLE 15-3. Operations Approaches - Large BWR STAD Canisters Detailed Costs [ref. Table 19-3]
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Step Description : # $ # $ # $ $ $ # $ # $ # $ # $ # $ # $ $ # $ # $ # $ # $ # $ # hrs $ hrs hrs $ hrs hrs $ hrs
1 |Move Transporter & SCinto FHB A o $75 1§75 3| $75 o $75 0 $75| of 75 1| $100 o $75 1 $75 o $75 o $75 o] $100 1 $75 1| $75 o $75 1 $75 1| $125) 10/ 0.5 $413)  00[ 05 $413| 100%| 00| 0.5 $413) 05 $413
2 |Move SC to under seismic restraint A o $75 1 75 3| 875 o $75 0 $75 of $75 1| $100 o $75 1 $75 o $75 o $75 o $100| of $75 1| $75 o $75 1 $75 1| $125 9 05 $375] 0.0] 05 $375| 100%| 0.0] 05 $375] 05 $375)
3 |Remove the SClid and install adapter A 1 $75 of $75) 4| s75 2| 75 0 $75 of 75 1| $100 o $75 o 75 o $75 o $75 0| $100| of $75 1| $75 o $75 1 $75 1| $125)  11] 15 $1,350] 0.0 1.5 $1,350] 100%| 0.0] 15 $1,350] 15 $1,350)
4 |Load spacers A 1 $75 of $75) 2| s75 o $75 0 $75 of $75 1| $100 o $75 o $75 o 75 1 75 0| $100| of 75 1| $75 o] $75 1 $75 1| $125 8| 08| $540]  0.0] 0.8 $540| 100%| 0.0] 0.8 $540] 0.8 $540)
5 |Move STAD into FHB A of $75| 1 $75 4 s75) 2| 875 0 $75) of s75| 1] $100 of $75 1 $75 of $75 o $75 0| $100 1| 75 1) $75 o $75 1 75 1] $125 13| 05 $525| 0.0 05 $525| 100%| 0.0 0.5 $525| 0.5 $525)
6 |TC Preparation A of $75| of 75| 3| $75 o s75 0 $75 of $75 1| $100 o $75 o $75 o $75 o 75 0| $100| of $75) 1| $75 o $75 1 $75 1| $125 7| 2.0 $1,2000 0.0 2.0 $1,200] 100%| 0.0]  2.0] $1,200]  2.0] $1,200]
7_|Move TCinto decon pit A 1 $75 of 75 4l $75 2] 75 0 $75 of 75 1| $100 o $75 o $75 o $75 o 15 o[ $100| of $75 1| 475 o $75 1 $75 1] $125] 11] 05 $450] 00| 05 $450] 100%| 0.0] 0.5 $450] 05 $450)
8 |TC Preparation A of $75| of $75) 3] $75 o $75 0 $75 of $75 1| $100 o $75 o $75 o $75 o 75 o[ $100| of $75 1| $75 o $75 1| $75 1 $125 7| 44 $2,640| 0.0 4.4 $2,640| 100%| 0.0]  4.4] $2,640)  4.4] $2,640)
9 |Place STAD into TC A 1 $75 of $75) 4l $75 2| 75 0 $75 of 75 1| $100 o $75 o $75 2] $75 o $75 o[ $100| of $75) 1| $75 o $75 1| $75 1| $125 13| 1.0 $1,050 0.0 1.0 $1,050| 100%| 0.0] 10| $1,050,  1.0] $1,050)
10 |Place TC/STAD into SFP A 1 $75 o 75 4] s75 2| $75 0 $75| 2| $75 1| $100 o $75 2| $75 2| $75 o $75 1| $100 o 75 1 s75 o $75 1 $75 1 125 18] 2.6 $3,770, 00| 26 $3,770| 100%| 0.0] 2.6 $3,770] 2.6 $3,770
| 11 [Start fuel moves B o $75 o 75 of 75 o $75 0 $75| of 75 1| $100 o $75 1 $75 3] $75 o $75 o] $100 o $75 1| $75 o $75 1 $75 1| $125 8 05 $338] 00[ 05 $338] 50%| 03] 03] $169] 03 $169)
12 |Fuel moves B o 75 of 75 of $75 o $75 0 $75 of $75 1| $100 o $75 1 $75 3| $75 o 75 0| $100| of $75 1| 475 o $75 1 $75 1| $125 8| 16.9) $11,408]  0.0] 16.9 $11,408| 50%| 85 85 $5,704] 8.5 $5,704]
13 |Fuel verification B o 75 of $75) of $75 o $75 0 $75 of $75 1| $100 o $75 o $75 3| $75 1 75 o $100| of $75 1| $75 o $75 1 $75 1| $125 8 22 $1,485 0.0 2.2 $1,485| 50%| 11 1.1 $743] 11 $743]
14 |Install DFC Lids/Spacers A 1 $75 of $75) 2| 75 o] $75 0 $75 of $75) 1| $100 o $75 o $75 2| $15 1 $75 o $100| of $75) 1| $75 o $75 1 $75 1| $125 10| 3.0 $2,475| 0.0 3.0 $2,475| 100%| 0.0]  3.0] $2,475|  3.0] $2,475)
15 [Install STAD lid A 1) $75 of s75| 4 s75) 2| 475 0 $75) of s75| 1] $100 of $75 2] 875 3| 875 o $75 0| $100 0| $75 1) $75 o $75 1 75 1| $125 16| 0.5 $638] 0.0 05 $638) 100%| 0.0 0.5 $638| 0.5 $638)|
16 |Remove TC/STAD from SFP A 1 $75 of $75) 4 $75) 2] $75 0 $75 2| 75 1| $100 o $75 3| 5 3| $15 o $75 1] $100 of $75) 1| $75 o $75 1 $75 1] $125 20|  2.6| $4,160 0.0  2.6] $4,160 100%| 0.0] 2.6 $4,160] 2.6 $4,160)
17 |Place TC/STAD into the decon pit A 1 $75 of $75) 4l $75) 2] 75 0 $75 of $75 1| $100 o $75 3| 15 o $75 o 15 o[ $100| of $75 1| 475 o $75 1 $75 1] $125] 14] 05 $563] 00| 0.5 $563] 100%| 0.0] 0.5 $563] 0.5 $563]
18 [Decon TC/STAD A of $75) of 75 of $75 o $75 0 $75 of $75 1| $100 3| 75 3| 75 o $75 o 75 1] $100 of $75 1| $75 o $75 1 $75 1| $125 1] 41 $3,793] 0.0 4.1 $3,793| 100%| 0.0 4.1 $3,793] 41 $3,793]
19 |Remove 70 gallons water C of $75| of $75) 2] $75 o $75 0 $75 of $75) 1| $100 o $75 1 $75 o $75 o $75 o[ $100| of $75) 1| $75 o $75 1| $75 1| $125 7 07 $420 00| 07 $420| 100%| 0.0 0.7 $420] 07 $420)
20 |Test for hydrogen & o $75 o $75 of 75 o $75 2| $75| of 75 1| $100 o $75 o $75 o $75 1 $75 o] $100 o 75 1 s75 o $75 1 $75 1 $125 7] o5 $300] 00[ 05 $300( 100%| 00| 0.5 $300] 05 $300)
21 [Perform lid fit up A 1 75 of 75 of 75 o $75 3 $75 of 75 1| $100 o $75 1 $75 o $75 o $75 o] $100 o 75 1| $75 o $75 1 $75 1 $125 9| 40 $3,000 0.0] 4.0 $3,000( 100%| 0.0 4.0 $3,000 4.0 $3,000
22 [Weld STAD inner plate (all passes) D o 75 of $75) of $75 o $75 3 $75 of $75 1| $100 o $75 1 $75 o $75 o $75 o $100| of $75) 1| $75 o $75 1 $75 1| $125 8| 44 $2,970] 0.0 4.4 $2,970 100%| 0.0]  4.4] $2,970|  4.4] $2,970)
23 [NDE STAD inner plate (all passes) o $75 of 75 of 75 o $75 1| $75 of 75 1| $100 o $75 1 $75 o $75 1 $75 o $100| of $75 1| $75 o $75 1 $75 1| $125 7| 29 $1,740] 0.0 2.9 $1,740 100%| 0.0] 2.9 $1,740] 2.9 $1,740)
24 [Hydro pressure test STAD inner plate N of $75) of 75 2| s75 o $75 0 $75 of 75 1| $100 o $75 1 $75 o $75 1 $75 0| $100| of 75 1| $75 o $75 1 $75 1| $125 8| 1.0 $675] 0.0 10 $675| 100%| 0.0]  1.0| $675| 10| $675)
25 |Blowdown STAD c of $75| of s75| 2| 475 of $75 0 $75) of s75| 1] $100 of $75 1) $75 of $75 o $75 0| $100 0| $75 1) $75 o $75 1 $75 1] $125 7| 09 $540| 0.0 09 $540| 100%| 0.0 0.9 $540) 0.9 $540)
26 [Set up the VDS C o] $75) o] $75 2[ $75 of $75 [4) $75| 0] $75 1) $100 o $75 1 $75 o 75 0]  $75 0] $100 0] $75 1| $75 0| 75 1| 75 1| 125 7] 10 $600] 0.0 1.0 $600| 100%| 0.0 1.0 $600[ 10| $600}
27 [Vacuum dry STAD c of $75) of $75) 2| $75 o $75 0 $75 of $75 1| $100 o $75 1 $75 o $15 1 $75 o[ $100| of $75 1| 475 o $75 1 $75 1 $125 8| 28.0) $18,900( 4.8] 232 $15,660] 100%| 0.0 28.0] $18,900| 23.2] $15,660
28 [Helium Backfill STAD c of $75) of $75 2| 75 0 $75 0 $75 of $75 1| $100 o $75 1 875 o $75 1 875 o[ $100| of $75 1| $75 o $75 1 $75 1| $125 8 21 $1,418] 0.0 2.1 $1,418] 100%| 0.0 2.1 $1,418) 2.1 $1,418]
29 [Weld and test inner port covers D of $75) of $75) of $75 o $75 3 $75 of $75) 1| $100 o $75 1| $75 o $75 1 $75 o $100| of $75) 1| $75 o $75 1| $75 1| $125 9| 4.0 $3,000] 0.0 4.0 $3,000] 100%| 0.0]  4.0] $3,000,  4.0] $3,000]
30 |Helium leak test port covers & o $75 o $75 of 75 o $75 0 $75| of 75 1| $100 o $75 1 $75 o $75 1 $75 o] $100 o $75 1 s75 o $75 1 $75 1 $125 6 12 $630 00 1.2 $630] 100%| 0.0 1.2 $630) 1.2 $630)
31 |Weld STAD outer plate D o $75 o 75 of 75 o $75 3 $75| of 75 1| $100 o $75 1 $75 o $75 o $75 o] $100 o s75 1| $75 o $75 1| $75 1| $125 8 15 $1,013] 00] 15 $1,013| 100%| 0.0 15 $1,013] 15 $1,013}
32 |NDE STAD outer plate i o 75 of 75 of $75) o $75 1 $75 of $75 1| $100 o $75 1 $75 o $75 1 s75 o $100| of $75 1| 475 o $75 1 $75 1| $125 7| 1.0 $600] 0.0] 10 $600] 100%| 0.0]  1.0] $600] 1.0} $600)
33 [Install TC retaining lugs A 1 $75 of $75) 2| $75 o $75 0 $75 of 75 1| $100 o $75 1 $75 o $75 o $75 0| $100| of $75 1| $75 o $75 1 $75 1| $125 8 15 $1,013(  00[ 15 $1,013| 100%| 0.0 15 $1,013] 15 $1,013}
34 [Prep TC/STAD for stack-up A ol $75 ol $75 3| $75] 0| 75 0| $75) 0]  $75 1| $100 0| $75] 2| S75 0| 75 0| $75 0] $100 0] $75 1| $75 0]  $75] 1|  $75 1| $125 9 2.0 $1,500| 0.0} 2.0 $1,500] 100% 0.0} 2.0} $1,500 2.0} $1,500)
35 [Remove TC/STAD from the decon pit A 1§75 of $75) 4 $75) 2] 75 0 $75 of $75 1| $100 o $75 2| 15 o 75 o 75 0| $100| of $75) 1| $75 o $75 1 $75 1| $125] 13| 05 $525]  0.0] 05 $525| 100%| 0.0] 0.5 $525| 0.5 $525|
36 [Place TC/STAD in stack-up A 1 $75 of $75) 4 $75) 2] 75 0 $75 of $75 1| $100 o $75 2| 5 o 75 o 75 1] $100 of $75) 1| $75 o $75 1 $75 1| $125  14] 15 $1,725|  0.0[ 1.5 $1,725| 100%| 0.0] 15 $1,725| 15 $1,725)
37 |Engage TC seismic restraint A of $75) of $75) 3| $75 o $75 0 $75 of $75 1| $100 o $75 o $75 o $75 o 15 0 $100| of $75 1| 475 o $75 1 $75 1| $125 7| 1.0 $600] 0.0] 10 $600] 100%| 0.0] 10| $600] 1.0} $600)
38 [Remove yoke from FHB hook A 1 $75 of $75) 2] $75 o $75 0 $75 of $75 1| $100 o $75 o $75 o $75 of 75 o[ $100| of $75 1| $75 o $75 1| $75 1| $125 7l 05 $300 00| 05 $300] 100%| 0.0] 05 $300] 05 $300)
39 [Rig STAD to FHB hook A 1 $75 of $75) 2| $75 2] 875 0 $75 of $75 1| $100 o $75 o $75 o $75 o $75 1] $100 of $75) 1| $75 o $75 1| $75 1| $125 10| 18| $1,530 0.0 1.8 $1,530] 100%| 0.0] 18 $1,530] 1.8 $1,530)
40 [Transfer STAD to SC A 1§75 o 75 4| s75 2| $75 0 $75| of 75 1| $100 o $75 2| $75 o $75 o $75 1| $100 o $75 1| $75 o $75 1 $75 1 125 14| 1.0 $1,150, 0.0] 1.0 $1,150| 50%| 0.5 0.5 $575 05 $575)
41 [Remove rigging A 1 $75 o $75 2| $75 2| $75 0 $75| of 75 1| $100 o $75 1 $75 o $75 o $75 o] $100 o $75 1| $75 o $75 1 $75 1| $125( 10/ 1.5 $1,238) 00] 15 $1,238| 50%| 0.8 08 $619| 0.8 $619)
42 [Close transfer adapter A o 75 of 75 2| 75 o $75 0 $75 of $75) 1| $100 o $75 1 $75 o $75 o 75 o $100| of $75 1| $75 o $75 1 $75 1| $125 S $300 0.0] 05 $300] 50%| 03] 03 $150] 03 $150)
43 [Install yoke A 1 $75 of $75) 2| $75 2| 75 0 $75 of 75 1| $100 o $75 o 75 o $75 o $75 o $100| of $75) 1| $75 o $75 1 $75 1| $125 9 05 $375] 0.0] 05 $375| 50%| 03] 03 $188] 0.3 $188]
44 [Di TC seismic restraint A of $75) of $75) 3| 75 o $75 0 $75 of $75 1| $100 o $75 1 $75 o 75 o 75 0| $100| of $75) 1| $75 o $75 1 875 1| $125 8| 1.0 $675] 0.0 10 $675| 50%| 05| 0.5 $338] 0.5 $338]
45 |Move TC to decon pit A 1| 75 o] $75 4] $75 2 $75 [4) $75] 0] $75 1) $100 o $75 2] $75 o 75 0|  $75 0] $100 0] $75 1| $75 0| 75 1| 75 1| $125 13 05 $525| 0.0] 0.5 $525( 50%| 03| 0.3 $263|  0.3] $263
46 |Remove rigging from STAD A 1| 75 o] $75 2[ $75 2 $75 [4) $75| 0] $75 1) $100 o $75 1 $75 o 75 0] $75 0] $100) 0] $75 1| $75 0| 75 1| 75 1| 125 10 1.0] $825| 0.0 1.0 $825( 50%| 05| 0.5 $413| 0.5 $413
47 |Remove transfer adapter A 1 $75 of 75 4l $75 2] 75 0 $75 of 75 1| $100 o $75 2] 75 o $75 of 15 o[ $100| of $75 1| $75 o $75 1 $75 1] $125 13| 15 $1,575| 0.0 1.5 $1,575| 50%| 0.8 08 $788] 038 $788|
48 [Set SC lid A 1 $75 of $75i 2| $75 2] 75 0 $75 of $75 1| $100 o $75 1 875 o $75 o 75 o[ $100| of $75 1| $75 o $75 1| $75 1| $125 10/ 2.0] $1,650] 0.0 2.0 $1,650] 50%| 1.0] 10| $825|  1.0] $825|
49 |Check SC vents A of $75) of $75) 2| 75 o s75 0 $75 of $75 1| $100 o $75 1 $75 o $75 o $75 o $100| of $75 1| $75 o $75 1| $75 1| $125 7105 $300 00| 05 $300] 50%| 03] 03 $150, 03 $150)
50 [Perform the hazards walkdown A of $75 of $75) 1| $75 o $75 0 $75 of $75 1| $100 o $75 o $75 o $75 o $75 0 $100| of $75 1| $75 o $75 1| $75 1| $125 5 1.0 $450 0.0[ 1.0 $450] 50%| 05| 0.5 $225 05 $225)
51 |Move SC to transporter A o $75 1 $75 3| $75 o $75 0 $75| of 75 1| $100 o $75 1 $75 o $75 o $75 o] $100 o $75 1| $75 o $75 1 $75 1| $125 9 05 $375]  00[ 05 $375| 50%| 03] 03] $188] 03 $188
52 [Perform SC dose rates A o 75 of $75) of $75 o $75 0 $75 of $75 1| $100 o $75 2| 75 o $75 o $75 o $100| of $75 1| 475 o $75 1 $75 1| $125 6| 1.0 $525] 0.0 10 $525| 50%| 05| 05 $263] 05 $263]
53 [Move support equi to ISFSI A o 75 1 75 2| $75 o $75 0 $75 of 75 1| $100 o $75 o 75 o $75 o $75 0 $100| 2| s75 1| $75 o $75 1 $75 1| $125 9 05 $375] 0.0] 05 $375| 50%| 03] 03 $188] 03 $188|
54 [Move transporter to haul road A ol $75 1| $75] 3| $75] 0]  $75] 0| $75) 0|  $75 1| $100 0| $75 2| S75 0| 75 0| $75 0] $100 2[  $75) 1 $75 0| $75 1|  $75 1| $125 12| 1.3 $1,268| 0.0} 1.3 $1,268 50% 0.7} 0.7 $634 0.7 $634]
55 [Replace security barriers A o] $75) 1| 75 2 $75 of $75 [4) $75| 0] $75 1) $100 o $75 o 75 o 75 0| $75 0] $100 2[  $75] 1| $75 0| 75 1| 75 1| $125 9| 03] $225| 0.0 03 $225( 50%| 02| 0.2 $113[  0.2] $113
56 [Move transporter/SC/STAD to ISFSI pad A of $75| 1 s75 4l $75 0 $75 0 $75 of $75 1| $100 o $75 2| 75 o $75 o 75 o[ $100| 4 $75) 1| $75 o $75 1 $75 1| $125 15| 3.0 $3,600] 0.0/ 3.0 $3,600] 50%| 15| 15 $1,800] 1.5 $1,800)
57 [Tie security barrier at ISFS| and open gate A of $75| 1 75 2] 75 o $75 0 $75 of 75 1| $100 o $75 o $75 o $75 o 15 o[ $100| 2] $75 1| $75 o $75 1 $75 1| $125 9 03 $225] 00| 03 $225| 50%| 0.2 0.2 $113] 02 $113]
58 [Move transporter into position at ISFSI A of $75) i $75 4l $75) o $75 0 $75 of $75 1| $100 o $75 2] 15 o $75 of 75 o[ $100| 4l $75) 1| $75 o $75 1| $75 1| $125 15| 05 $600] 00| 05 $600] 50%| 03] 03 $300] 03 $300)
59 [Position SC on pad A of 75 1) $75 4l  $75) o $75 0 $75 of $75) 1| $100 o $75 2] 75 o $75 1 $75 o[ $100| 4l  $75) 1| $75 o $75 1| $75 1] $125] 16| 05 $638] 00| 05 $638] 50%| 03] 03 $319] 03 $319)
60 [Install vent screens A of $75 of $75) 2| $75 o $75 0 $75 of $75 1| $100 o $75 1| $75 o $75 of $75 0 $100| of $75 1| $75 o $75 1| $75 1| $125 7l 05 $300 00| 05 $300( 50%| 03] 03] $150 03 $150
61 [Move from ISFSI A o $75 1 75 2| 75 o $75 0 $75 of 75 1| $100 o $75 o $75 o $75 o $75 o| $100| 2| 75 1| 475 o $75 1 $75 1| $125 9 05 $375] 0.0] 05 $375| 50%| 03] 03 $188] 03 $188]
62 [Replace security barriers A o 75 1 75 2| 75 o $75 0 $75 of $75) 1| $100 o $75 o $75 o $75 o $75 o $100| 2| 75 1| $75 o $75 A 1| $125 9] 03 $225]  0.0] 03 $225| 50%| 0.2 0.2 $113| 0.2 $113]
Total Time per STAD (hours) 126.8 4.8| 122.0] 19.9[ 106.9] 102.1
Total Time per STAD (days) 5.3d 0.2d | 5.1d 0.8d | 4.5d 4.3d
Labor Costs $97,960| $94,720| $82,449| $79,209)
Other Costs (cor bl 15% $14,694 $14,208| $12,367 $11,881)
al Costs w/o C $112,654 $108,928 $94,816| $91,090}
Contingency 20% $22,531 $21,786) $18,963 $18,218f
Total Cost per STAD $135,185 $130,714 $113,779 $109,308]
# of Assemblies per STAD 44 44| 44 44 44]
Cost per y w/o C: $2,560 $2,476) $2,155) $2,070)
Contingency 20% $512| $495 $431 $414)
Total Hours/Cost per Assembly 2.88) $3,072 2.77| $2,971 2.43) $2,586| 2.32 $2,484]
Note: FTE counts apply to both the baseline and optimized cases.
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Task Order 21: Operational Requirements for Standardized Dry Fuel Canister Systems

Table 15-4. Operations Approaches — Large

PWR STAD Canisters — Basis of Estimate

TABLE 15-4. Operations Approaches - Large PWR STAD Canisters Detailed Costs [ref. Table 19-4]
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Step Description : # $ # $ # $ $ $ # $ # $ # $ # $ # $ $ $ # $ # $ # $ # $ # $ # hrs $ hrs hrs $ % hrs hrs hrs $

1 [Move Transporter & SCinto FHB A 0 $75 1] $75 3 $75) 0] $75) 0| $75) 0| $75 1| $100 0 $75! 1] $75) 0| $75) 0| $75 0| $100) 1] $75 1] $75) 0] $75) 1] $75) 1| $125 10 0.5 $413 0.0 0.5 $413| 100% 0.0 0.5 $413) 0.5 $413)

2 [Move SC to under seismic restraint A 0 $75 1] $75! 3 $75) 0] $75) 0| $75) 0| $75 1| $100 0 $75! 1] $75) 0] $75) 0| $75, 0| $100) 0 $75! 1] $75) 0] $75) 1] $75) 1| $125 9 0.5 $375 0.0 0.5 $375| 100% 0.0 0.5 $375) 0.5 $375)

3 [Remove the SClid and install adapter A al $75 0 $75 4 $75 2] $75 0] $75 0] $75 1| $100 0 $75 0 $75 0] $75 0] $75 0 $100] 0 $75 1] $75 0] $75) 1] $75 1| $125 11 1.5 $1,350) 0.0, 1.5 $1,350| 100% 0.0) 1.5 $1,350] 1.5 $1,350f

4 |Load spacers A 1] $75 0 $75 2 $75) 0] $75) 0| $75) 0| $75 1| $100 0 $75! 0f $75) 0] $75) 1 $75 0| $100) 0 $75 1] $75) 0] $75) 1] $75) 1| $125 8 0.8 $540 0.0 0.8 $540 100% 0.0 0.8 $540f 0.8 $540]

5 |Move STAD into FHB A 0 $75 1] $75 4 $75) 2] $75) 0| $75) 0| $75 1| $100 0 $75! 1] $75) 0| $75) 0| $75 0| $100) 1] $75 1] $75) 0] $75) 1] $75) 1| $125 13 0.5 $525 0.0 0.5 $525( 100% 0.0 0.5 $525 0.5 $525

6 |TC Preparation A 0 $75 0 $75! 3 $75) 0] $75) 0| $75) 0| $75 1| $100 0 $75! 0f $75) 0] $75) 0| $75) 0| $100) 0 $75! 1] $75) 0] $75) 1] $75) 1| $125 7 2.0 $1,200 0.0 2.0 $1,200{ 100% 0.0 2.0 $1,200] 2.0 $1,200f

7 [Move TC into decon pit A l $75 0 $75 4 $75 2] $75) 0] $75 0] $75 1| $100 0 $75 0 $75) 0] $75) 0] $75 0 $100] 0 $75 1] $75 0] $75) 1 $75 1| $125 11 0.5 $450) 0.0 0.5 $450| 100% 0.0 0.5 $450) 0.5 $450)

8 |TC Preparation A 0 $75 0 $75 3 $75) 0] $75) 0| $75 0| $75 1| $100 0 $75! 0f $75) 0] $75) 0| $75 0| $100) 0 $75 1] $75) 0] $75) 1] $75 1| $125 7| 4.4] $2,640) 0.0 4.4] $2,640| 100% 0.0 4.4 $2,640] 4.4 $2,640f

9 |Place STAD into TC A 1] $75 0 $75 4 $75) 2] $75) 0| $75) 0| $75 1| $100 0 $75! 0f $75) 2] $75) 0| $75, 0| $100) 0 $75 1] $75) 0] $75) 1] $75) 1| $125 13 1.0 $1,050) 0.0 1.0 $1,050| 100% 0.0 1.0 $1,050] 1.0 $1,050f

10 [Place TC/STAD into SFP A 1] $75 0 $75! 4 $75) 2] $75) 0| $75) 2] $75 1| $100 0 $75! 2 $75) 2] $75) 0| $75 1| $100 0 $75! 1] $75) 0] $75) 1] $75) 1| $125 18 2.6 $3,770) 0.0 2.6 $3,770| 100% 0.0 2.6 $3,770] 2.6 $3,770|

11 |Start fuel moves B 0 s75 o $75 o 75| of 575 0 $75) of $75 1| $100 o s75 1 $75 3| 875 of s75) 0] $100| of 75 1 $75 of s75| 1 $75 1| $125 8 05 $338| 00 05 $338| 50%| 03] 03 $169] 03| $169)

12 |Fuel moves B 0 $75 0 $75 0f $75) 0] $75) 0| $75 0| $75 1| $100 0 $75! 1] $75) 3 $75) 0| $75 0| $100) 0 $75 1] $75) 0] $75) 1 $75 1| $125 8 8.1 $5,468) 0.0 8.1 $5,468|  50% 4.1 4.1 $2,734] 4.1 $2,734)

13 |Fuel verification B 0 $75 0 $75 0f $75) 0| $75) 0| $75) 0| $75 1| $100 0 $75! 0f $75) 3 $75) 1 $75 0| $100) 0 $75 1] $75) 0] $75) 1] $75) 1| $125 8 11 $743 0.0 11 $743|  50% 0.6 0.6 $371 0.6 $371

14 [Install DFC Lids/Spacers A 1] $75 0 $75! 2 $75) 0] $75) 0| $75) 0| $75 1| $100 0 $75! 0f $75) 2] $75) 1 $75 0| $100) 0 $75! 1] $75) 0] $75) 1] $75) 1| $125 10 3.0 $2,475] 0.0 3.0 $2,475| 100% 0.0 3.0 $2,475| 3.0 $2,475|

15 |Install STAD lid A 1] $75 0 $75 4 $75) 2] $75) 0| $75) 0| $75 1) $100 0 $75 2 $75) 3] $75) 0| $75 0 $100] 0 $75 1] $75) 0] $75) 1] $75) 1| $125 16 0.5 $638| 0.0 0.5 $638| 100% 0.0 0.5 $638 0.5 $638]

16 [Remove TC/STAD from SFP A 1) $75] of 75 4 $75) 2| $75 0| $75 2| $75 1) $100 of 75 3 $75) 3| $75) 0| $75 1) $100 of 75 1 $75 0| $75) 1| $75 1| $125] 20, 26 $4,160| 0.0 26 $4,160| 100%| 0.0 26 $4,160(  2.6| $4,160

17 |Place TC/STAD into the decon pit A 1] $75 0 $75 4 $75) 2] $75) 0| $75) 0| $75 1| $100 0 $75! 3 $75) 0| $75) 0| $75 0| $100) 0 $75 1] $75) 0] $75) 1] $75) 1| $125 14 0.5 $563 0.0 0.5 $563| 100% 0.0 0.5 $563) 0.5 $563)

18 [Decon TC/STAD A 0 $75 0 $75! 0f $75) 0] $75) 0| $75) 0| $75 1| $100 3 $75. 3 $75) 0| $75) 0| $75) 1| $100 0 $75 1] $75) 0] $75) 1] $75) 1| $125 11 4.1 $3,793] 0.0 4.1 $3,793| 100% 0.0 4.1 $3,793] 4.1 $3,793

19 |Remove 70 gallons water C 0 $75 0 $75! 2 $75) 0] $75) 0| $75) 0| $75 1| $100 0 $75! 1] $75) 0] $75) 0| $75 0| $100) 0 $75! 1] $75) 0] $75) 1] $75) 1| $125 7 0.7 $420) 0.0 0.7 $420| 100% 0.0 0.7 $420| 0.7 $420)

20 |Test for hydrogen - 0 $75 0 $75 0f $75) 0] $75) 2] $75) 0| $75 1| $100 0 $75! 0f $75) 0] $75) 1 $75) 0| $100) 0 $75 1] $75) 0] $75) 1 $75) 1| $125 7| 0.5 $300] 0.0 0.5 $300( 100% 0.0 0.5 $300 0.5 $300]

21 [Perform lid fit up A 1] $75 0 $75 0f $75) 0] $75) 3] $75) 0| $75 1| $100 0 $75! 1] $75) 0] $75) 0| $75 0| $100) 0 $75 1] $75) 0] $75) 1] $75) 1| $125 9 4.0} $3,000) 0.0 4.0] $3,000 100% 0.0 4.0] $3,000] 4.0 $3,000f

22 |Weld STAD inner plate (all passes) D 0 $75 0 $75! 0f $75) 0] $75) 3] $75) 0| $75 1| $100 0 $75! 1] $75) 0| $75) 0| $75 0| $100) 0 $75 1] $75) 0] $75) 1] $75) 1| $125 8 4.4] $2,970) 0.0 4.4] $2,970| 100% 0.0 4.4 $2,970] 4.4 $2,970|

23 [NDE STAD inner plate (all passes) 0 $75 0 $75! 0f $75) 0] $75) 1 $75) 0| $75 1| $100 0 $75! 1] $75) 0] $75) 1 $75 0| $100) 0 $75! 1] $75) 0] $75) 1] $75) 1| $125 7 2.9 $1,740 0.0 2.9 $1,740| 100% 0.0 2.9 $1,740) 2.9 $1,740|

24 [Hydro pressure test STAD inner plate - 0 $75 0 $75 2 $75 0] $75 0) $75 0) $75 1| $100 0| $75 1] $75 0] $75 1 $75 0 $100| 0 $75 1] $75 0] $75 1 $75 1| $125 8 1.0 $675 0.0 1.0 $675| 100% 0.0 1.0 $675 1.0 $675)

25 [Blowdown STAD C 0 $75 0 $75 2 $75) 0] $75) 0| $75) 0| $75 1| $100 0 $75! 1] $75) 0] $75) 0| $75 0| $100) 0 $75 1] $75) 0] $75) 1] $75) 1| $125 7 1.0 $600] 0.0 1.0 $600( 100% 0.0 1.0 $600 1.0 $600}

26 |Set up the VDS C 0 $75 0 $75! 2 $75) 0| $75) 0| $75) 0| $75 1| $100 0 $75! 1] $75) 0| $75) 0| $75 0| $100) 0 $75 1] $75) 0] $75) 1] $75, 1| $125 7 1.0 $600] 0.0 1.0 $600( 100% 0.0 1.0 $600 1.0 $600}

27 [Vacuum dry STAD C 0 $75 0 $75! 2 $75) 0] $75) 0| $75) 0| $75 1| $100 0 $75. 1] $75) 0] $75) 1 $75, 0| $100) 0 $75! 1] $75) 0] $75) 1] $75 1| $125 8| 28.0 $18,900 4.8 23.2 $15,660| 100%. 0.0[ 28.0f $18,900|  23.2) $15,660)

28 [Helium Backfill STAD (o 0 $75 0 $75 2 $75 0] $75) 0) $75 0) $75 1| $100 0| $75. 1] $75) [ $75 1 $75 0| $100) 0| $75 1] $75) 0] $75) 1 $75 1| $125 8| 28] $1,418) 0.0, 2.1 $1,418| 100% 0.0) 2.1 $1,418| 2.1 $1,418]

29 [Weld and test inner port covers D 0 $75 0 $75 0f $75) 0] $75) 3] $75) 0| $75 1| $100 0 $75! 1] $75) 0] $75) 1 $75 0| $100) 0 $75 1] $75) 0] $75) 1] $75) 1| $125 9 4.0] $3,000) 0.0 4.0] $3,000, 100% 0.0 4.0f $3,000] 4.0 $3,000f

30 [Helium leak test port covers - 0 $75 0 $75 0f $75) 0] $75) 0| $75) 0| $75 1| $100 0 $75! 1] $75) 0| $75) 1 $75 0| $100) 0 $75 1] $75) 0] $75) 1] $75) 1| $125 6 12 $630] 0.0 12 $630| 100% 0.0 1.2 $630 1.2 $630]

31 [Weld STAD outer plate D 0 $75 0 $75! 0f $75) 0] $75) 3] $75) [y $75 1| $100 0 $75! 1] $75) 0] $75) 0| $75 0| $100) 0 $75! 1] $75) 0] $75) 1] $75) 1| $125 8 15 $1,013 0.0 15 $1,013| 100% 0.0 1.5 $1,013) 1.5 $1,013

32 [NDE STAD outer plate - 0 $75 0 $75 0 $75 0] $75) 1 $75 0| $75 1| $100 0 $75 1] $75) 0] $75 1 $75 0 $100] 0 $75 1] $75 0] $75) 1 $75 1| $125 7 1.0 $600) 0.0 1.0 $600| 100% 0.0 1.0 $600| 1.0 $600)

33 [Install TC retaining lugs A 1] $75 0 $75 2 $75) 0] $75) 0| $75 0| $75 1| $100 0 $75! 1] $75) 0] $75) 0| $75 0| $100) 0 $75 1] $75) 0] $75) 1] $75) 1| $125 8 1.5 $1,013] 0.0 15 $1,013| 100% 0.0 1.5 $1,013| 1.5 $1,013|

34 |Prep TC/STAD for stack-up A 0 $75 0 $75 3 $75) 0| $75) 0| $75) [y $75 1| $100 0 $75! 2| $75) 0| $75) [y $75 0| $100) 0 $75 1] $75) 0] $75) 1] $75) 1| $125 9 2.0 $1,500) 0.0 2.0 $1,500| 100% 0.0 2.0 $1,500] 2.0 $1,500f

35 |Remove TC/STAD from the decon pit A 1] $75 0 $75! 4 $75) 2] $75) 0| $75) 0| $75 1| $100 0 $75! 2 $75) 0] $75) 0| $75, 0| $100) 0 $75! 1] $75) 0] $75) 1] $75) 1| $125 13 0.5 $525 0.0 0.5 $525| 100% 0.0 0.5 $525) 0.5 $525)

36 |Place TC/STAD in stack-up A l $75 0 $75 4 $75 2] $75) 0] $75 0] $75 1| $100 0 $75 2 $75) 0] $75) 0| $75 1| $100 0 $75 1] $75 0] $75) 1 $75 1| $125 14 15 $1,725 0.0 15 $1,725| 100% 0.0 1.5 $1,725 15 $1,725]

37 |Engage TC seismic restraint A 0 $75 0 $75 3 $75) 0] $75) 0| $75) 0| $75 1| $100 0 $75! 0f $75) 0] $75) 0| $75 0| $100) 0 $75 1] $75) 0] $75) 1] $75) 1| $125 7| 1.0 $600 0.0 1.0 $600( 100% 0.0 1.0 $600f 1.0 $600}

38 [Remove yoke from FHB hook A 1] $75 0 $75 2 $75) 0] $75) 0| $75) [y $75 1| $100 0 $75! 0f $75) 0| $75) 0| $75) 0| $100) 0 $75 1] $75) 0] $75) 1] $75) 1| $125 7 0.5 $300] 0.0 0.5 $300( 100% 0.0 0.5 $300f 0.5 $300}

39 [Rig STAD to FHB hook A 1] $75 0 $75! 2 $75) 2] $75) 0| $75) 0| $75 1| $100 0 $75! 0f $75) 0] $75) 0| $75 1| $100 0 $75! 1] $75) 0] $75) 1] $75) 1| $125 10 1.8 $1,530) 0.0 1.8 $1,530| 100% 0.0 1.8 $1,530] 1.8 $1,530f

40 [Transfer STAD to SC A 1] $75 0 $75 4 $75) 2] $75) 0| $75 0| $75 1) $100 0 $75 2 $75) 0] $75) 0| $75 1| $100 0 $75 1] $75) 0] $75) 1] $75 1| $125 14 1.0 $1,150 0.0 1.0 $1,150|  50% 0.5 0.5 $575 0.5 $575)

41 |Remove rigging A al $75 0 $75 2 $75) 2] $75) 0| $75 0| $75 1| $100 0 $75! 1] $75) 0] $75) 0| $75 0| $100) 0 $75 1] $75) 0] $75) 1 $75 1| $125 10 5 $1,238) 0.0 1.5 $1,238|  50% 0.8 0.8 $619 0.8 $619|

42 [Close transfer adapter A 0 $75 0 $75 2 $75) 0] $75) 0| $75) 0| $75 1| $100 0 $75! 1] $75) 0] $75) 0| $75 0| $100) 0 $75 1] $75) 0] $75) 1] $75) 1| $125 7 0.5 $300 0.0 0.5 $300[  50% 0.3 0.3 $150f 0.3 $150]

43 [Install yoke A 1] $75 0 $75! 2 $75) 2] $75) 0| $75) 0| $75 1| $100 0 $75. 0f $75) 0| $75) 0| $75) 0| $100) 0 $75 1] $75) 0] $75) 1] $75) 1| $125 9 0.5 $375 0.0 0.5 $375|  50% 0.3 0.3 $188) 0.3 $188|

44 [Disengage TC seismic restraint A 0 $75 0 $75 3 $75) 0] $75) 0| $75) 0| $75 1) $100 0 $75 1] $75) 0] $75) 0| $75 0 $100] 0 $75 1] $75) 0] $75) 1] $75) 1| $125 8 1.0 $675 0.0 1.0 $675|  50% 0.5 0.5 $338 0.5 $338]

45 [Move TC to decon pit A 1| $75 o $75 4] $75] 2 $75 0 $75 0]  $75 1| $100 0 $75 2| $75] 0] 75 0|  $75] 0 $100] 0 $75 1| $75 0|  $75] 1 s75 1| $125 13| 0.5 $525 0.0] 0.5 $525|  50% 0.3 0.3] $263 0.3] $263

46 [Remove rigging from STAD A 1] $75 0 $75 2 $75) 2] $75) 0| $75, 0| $75 1| $100 0 $75! 1] $75) 0| $75) 0| $75 0| $100) 0 $75 1] $75) 0] $75) 1] $75) 1| $125 10 1.0 $825 0.0 1.0 $825)  50% 0.5 0.5 $413) 0.5 $413)

47 [Remove transfer adapter A 1] $75 0 $75! 4 $75) 2] $75) 0| $75) 0| $75 1| $100 0 $75. 2| $75) 0] $75) 0| $75) 0| $100) 0 $75 1] $75) 0] $75) 1] $75) 1| $125 13 15 $1,575] 0.0 15 $1,575|  50% 0.8 0.8 $788) 0.8 $788|

48 [Set SClid A 1] $75 0 $75! 2 $75) 2] $75) 0| $75) 0| $75 1) $100 0 $75. 1] $75) 0] $75) 0| $75 0 $100] 0 $75 1] $75) 0] $75) 1] $75) 1| $125 10 2.0 $1,650 0.0 2.0 $1,650| 50% 1.0 1.0 $825 1.0 $825)

49 |Check SCvents A 0 $75 of 75 PIEYE] of 75 0 $75) o] s75) 1| $100 of 75 1 $75 of 75 of s75) 0| $100| of 75 1 $75 of s75] 1 $75 1| $125 71 05 $300] 00 05 $300] 50%| 03] 03 $150[  0.3| $150)

50 [Perform the hazards walkdown A 0 $75 0 $75 1] $75) 0] $75) 0| $75) 0| $75 1| $100 0 $75! 0f $75) 0| $75) 0| $75 0| $100) 0 $75 1] $75) 0] $75) 1] $75) 1| $125 5 1.0 $450 0.0 1.0 $450(  50% 0.5 0.5 $225 0.5 $225

51 |Move SC to transporter A 0 $75 1] $75! 3 $75) 0] $75) 0| $75) 0| $75 1| $100 0 $75! 1] $75) 0| $75) 0| $75, 0| $100) 0 $75 1] $75) 0] $75) 1] $75) 1| $125 9 0.5 $375 0.0 0.5 $375|  50% 0.3 0.3 $188) 0.3 $188]

52 [Perform SC dose rates A 0 $75 0 $75! 0f $75) 0] $75) 0| $75) 0| $75 1| $100 0 $75! 2 $75) 0] $75) 0| $75 0| $100) 0 $75! 1] $75) 0] $75) 1] $75) 1| $125 6 1.0 $525 0.0 1.0 $525|  50% 0.5 0.5 $263) 0.5 $263)

53 [Move support i to ISFSI A 0 $75 1] $75 2 $75 0] $75 0] $75 0] $75 1| $100 0 $75 0| $75 0] $75 0] $75 0 $100] 2 $75 1] $75 0] $75 1] $75 1| $125 9 0.5 $375 0.0 0.5 $375| 50% 0.3 0.3 $188 0.3 $188)|

54 [Move transporter to haul road A 0 $75 1] $75 3 $75) 0] $75) 0| $75 0| $75 1| $100 0 $75! 2 $75) 0] $75) 0| $75 0| $100) 2 $75 1] $75) 0] $75) 1] $75) 1| $125 12 1.3 $1,268) 0.0 13 $1,268|  50% 0.7 0.7 $634f 0.7 $634)

55 [Replace security barriers A 0 $75 1] $75! 2 $75) 0| $75) 0| $75) 0| $75 1| $100 0 $75! 0f $75) 0| $75) 0| $75 0| $100) 2 $75 1] $75) 0] $75) 1] $75) 1| $125 9 0.3 $225 0.0 0.3 $225|  50% 0.2 0.2 $113) 0.2 $113)

56 |Move transporter/SC/STAD to ISFSI pad A 0 $75 1] $75! 4 $75) 0] $75) 0| $75) 0| $75 1| $100 0 $75. 2 $75) 0] $75) 0| $75 0| $100) 4 $75! 1] $75) 0] $75) 1] $75) 1| $125 15 3.0 $3,600 0.0 3.0 $3,600]  50% 15 1.5 $1,800) 1.5 $1,800f

57 [Tie security barrier at ISFSI and open gate A 0 $75 1] $75 2 $75 0] $75) 0] $75 0| $75 1| $100 0 $75 0 $75 0] $75 0| $75 0 $100] 2 $75 1] $75 0] $75) 1 $75 1| $125 9 0.3 $225 0.0 0.3 $225| 50% 0.2 0.2 $113 0.2 $113

58 |Move transporter into position at ISFSI A 0 $75 1] $75 4 $75) 0] $75) 0| $75) 0| $75 1| $100 0 $75! 2 $75) 0| $75) 0| $75 0| $100) 4 $75 1] $75) 0] $75) 1] $75 1| $125 15 0.5 $600] 0.0 0.5 $600[  50% 0.3 0.3 $300 0.3 $300}

59 [Position SC on pad A 0 $75 1] $75 4 $75) 0| $75) 0| $75) 0| $75 1| $100 0 $75! 2| $75) 0| $75) 1 $75 0| $100) 4 $75 1] $75) 0] $75) 1] $75) 1| $125 16 0.5 $638| 0.0 0.5 $638|  50% 0.3 0.3 $319 0.3 $319|

60 [Install vent screens A 0 $75 0 $75! 2 $75) 0] $75) 0| $75) 0| $75 1| $100 0 $75! 1] $75) 0] $75) 0| $75 0| $100) 0 $75! 1] $75) 0] $75) 1] $75) 1| $125 7 0.5 $300 0.0 0.5 $300[  50% 0.3 0.3 $150f 0.3 $150)

61 [Move equipment from ISFSI A 0 $75 1] $75 2 $75 0] $75) 0] $75 0] $75 1| $100 0 $75 0 $75 0] $75 0] $75 0 $100] 2 $75 1] $75 0] $75) 1 $75 1| $125 9 0.5 $375 0.0 0.5 $375|  50% 0.3 0.3 $188 0.3 $188)]

62 [Replace security barriers A 0 $75 1] $75 2 $75) 0] $75) 0| $75) 0| $75 1| $100 0 $75! 0f $75) 0] $75) 0| $75 0| $100) 2 $75 1] $75) 0] $75) 1] $75) 1| $125 9 0.3 $225 0.0 0.3 $225(  50% 0.2 0.2 $113) 0.2 $113)
Total Time per STAD (hours) 117.0 4.8 112.2 15.0[ 102.1 97.3
Total Time per STAD (days) 4.9d 0.2d | 4.7d 0.6d | 4.3d 4.1d

Labor Costs $91,338 $88,098 $79,168| $75,928

Other Costs (consumables) 15% $13,701 $13,215 $11,875) $11,389)

tal Costs w/o Ci $105,038 $101,312 $91,043 $87,317,

Contingency 20% $21,008 $20,262 $18,209 $17,463)

Total Cost per STAD $126,046 $121,575 $109,251 $104,780)

# of Assemblies per STAD 21 21 21 21 21

Cost per y w/o Conti $5,002| $4,824 $4,335 $4,158)

Contingency 20% $1,000| $965 $867| $832|

Total Hours/Cost per Assembly 5.57, $6,002| 5.34 $5,789) 4.86 $5,202) 4.63| $4,990]
Note: FTE counts apply to both the baseline and optimized cases.
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Task Order 21: Operational Requirements for Standardized Dry Fuel Canister Systems

Table 15-5. Operational Approaches — Medium BWR STAD Canisters — Basis of Estimate

TABLE 15-5. Operations Approaches - Medium BWR STAD Canisters Detailed Costs [ref. Table 19-5]
v = -
z t |5 z5 2 |3 zes |2 z3
Task Location Legend: Task Category Legend: 3 3 g 3 2 |2 2= RN 2 £ 2| 23
o 3 s | £ B =2 |28 g g Sf|balfo| B3 [ g5
FHB Prep Area IV Gen Handling & Prep 8 Other Opera- i . s | ] < R ] < oslvs|sE| €8, |5 H < gy
= [ |ruel Poot (Y Fuel Movement/Verif g Crane |Other Heawy Eq.| 1o tanics Riggers Welders tions ST | — Radiation RXS Techs aa/ac HP Security Planners Trainers Procedure |\ @ gement | 5 | & 3 3 22y el 23 s2|83|5<| 825 |53z| &%
g - - 4 % | Operators Operators Foremen Protection Writers a |8 g % SEg g g2 £E3 /35| og| $E< |es| 553
& [ |cask Decon it (3| Drain/Dry/Backfil e staff T |5 S g31ER S3 8c| 5| Ea| S& Eg| 8¢
ISFS1 W welding 4 e |5 E s | &” £ g8(9 4 £ E o £E
& & E & &a e £ 2 & 3 2 & 3
NDE/Testing = 3 5 a &
Step Description : # $ # $ # $ $ $ # $ # $ # $ # $ # $ # $ $ # $ # $ # $ # $ # $ hrs $ hrs hrs $ % hrs hrs $ hrs $
1 [Move Transporter & SC into FHB A 0| $75) 1] $75 3 $75) 0 $75. 0| $75 0 $75) 1] $100 [y $75! 1] $75) 0 $75) 0 $75) 0| $100) 1] $75] 1] $75) 0 $75) 1 $75! 1| $125 10 0.5 $413) 0.0 0.5 $413| 100% 0.0 0.5 $413] 0.5 $413]
2 |Move SC to under seismic restraint A 0| $75 1 $75 3 $75 0 $75! 0] $75 0 $75 1| $100 0] $75! 1 $75 0 $75 0 $75) 0] $100, 0] $75 1] $75 0 $75) 1] $75! 1| $125 9 0.5 $375 0.0 0.5 $375 100% 0.0, 0.5] $375, 0.5 $375)
3 [Remove the SClid and install adapter A 1 $75) 0f $75 4 $75) 2 $75. Y $75) 0 $75) 1] $100 0| $75! 0] $75) 0 $75) 0 $75) 0| $100) 0] $75) 1] $75) 0 $75) 1 $75! 1| $125] 11 1.5 $1,350] 0.0 15 $1,350( 100%. 0.0 1.5 $1,350} 15 $1,350)
4 |Load spacers A 1 $75 of $75 2| $75 o $75 0 $75) of $75 1| $100| of s75 of s75 of $75 1 $75) 0| $100| of s75 1| $75) of $75 1 75 1| $125 8 o8 $540|  0.0[  0.8] $540( 100%| 0.0  0.8] $540| 0.8 $540
5 |Move STAD into FHB A Y $75) 1] $75 4 $75) 2 $75. Y $75) 0 $75) 1| $100 0| $75! 1] $75) 0 $75) 0 $75) 0| $100) 1] $75) 1] $75) 0 $75) 1 $75! 1| $125 13 0.5 $525) 0.0 0.5 $525| 100% 0.0 0.5 $525, 0.5 $525)
6 _|TC Preparation A 0| $75] 0f $75 3 $75) 0 $75. 0| $75 0 $75, 1| $100 0| $75! 0] $75 0 $75) 0 $75) 0| $100) 0] $75 1] $75 0 $75) 1] $75! 1| $125 7| 2.0, $1,200} 0.0 2.0 $1,200( 100%. 0.0 2.0 $1,200} 2.0 $1,200
7_[Move TC into decon pit A 1 $75) 0 $75, 4 $75) 2 $75. Y $75) 0 $75, 1] $100 Y $75! 0] $75) 0 $75, 0 $75) 0| $100) 0] $75) 1] $75, 0 $75) 1 $75! 1| $125 11 0.5 $450) 0.0 0.5 $450( 100% 0.0 0.5 $450) 0.5 $450)
8 |TC Preparation A 0| $75) 0f $75 3 $75) 0 $75! 0| $75 0 $75) 1| $100 0| $75! 0] $75 0 $75 0 $75) 0| $100) 0] $75 1] $75) 0 $75) 1] $75! 1| $125 7 4.4 $2,640] 0.0 4.4 $2,640( 100% 0.0 4.4 $2,640} 4.4] $2,640
9 [Place STAD into TC A 1] $75) 0] $75, 4 $75) 2 $75! 0] $75 0 $75, 1] $100 Y $75! 0] $75) 2 $75, 0 $75) 0| $100, 0] $75) 1] $75, 0 $75) a $75! 1| $125 13 1.0 $1,050) 0.0 1.0 $1,050[ 100%. 0.0 1.0 $1,050} 1.0 $1,050
10 [Place TC/STAD into SFP A 1 $75) 0f $75 4 $75) 2 $75. 0| $75 2 $75) 1| $100 0| $75! 2] $75 2 $75) 0 $75) 1| $100) 0] $75) 1] $75) 0 $75) 1] $75! 1| $125 18 2.6 $3,770] 0.0 2.6 $3,770[ 100%. 0.0 2.6 $3,770] 2.6 $3,770
11 |Start fuel moves B 0] $75 0 $75 0 $75) 0 $75! 0] $75 0 $75 1| $100 0] $75! 1] $75 3 $75 0 $75) 0| $100, 0] $75 1] $75 0 $75) 1] $75! 1| $125 8 0.5 $338 0.0 0.5 $338| 50% 0.3 0.3 $169) 0.3 $169)
12 |Fuel moves B 0| $75) 0f $75 0 $75) 0 $75. 0| $75 0 $75) 1] $100 [y $75! 1] $75] 3 $75, 0 $75) 0| $100) 0] $75) 1] $75) 0 $75) 1 $75! 1| $125 8[ 12.3 $8,303| 0.0 123 $8,303| 50%. 6.2 6.2 $4,151 6.2 $4,151]
13 |Fuel verification B 0] $75 0 $75 0 $75 0 $75! 0] $75 0 $75 1| $100 0] $75! 0] $75 3 $75 1] $75) 0] $100, 0] $75 1] $75 0 $75) 1] $75! 1| $125 8 1.6 $1,080) 0.0) 1.6 $1,080[ 50% 0.8 0.8 $540) 0.8 $540)
14 [Install DFC Lids/Spacers A 1 $75) 0f $75 2 $75) 0 $75! 0| $75) 0 $75) 1| $100) 0| $75! 0] $75) 2 $75) a $75) 0| $100) 0] $75) 1] $75) 0 $75) 1 $75! 1| $125 10 3.0 $2,475| 0.0 3.0 $2,475| 100%. 0.0 3.0 $2,475 3.0 $2,475)
15 |Install STAD lid A 1 $75 of $75 4 $75 2| $75 0 $75) of $75 1| $100| of s75 2| $75 3| $75 of $75 o[ $100| of s75 1| $75 of $75 1 75 1] $125 16| 0.5 $638]  0.0[ 05 $638[ 100%| 0.0 0.5] $638] 0.5 $638
16 [Remove TC/STAD from SFP A 1 $75) 0f $75 4 $75) 2 $75. 0| $75) 2 $75) 1| $100) 0| $75! 3] $75) 3 $75) 0 $75) 1| $100) 0] $75) 1] $75) 0 $75) 1 $75! 1| $125 20 2.6 $4,160| 0.0 2.6 $4,160( 100%. 0.0 2.6 $4,160| 2.6 $4,160)
17 |Place TC/STAD into the decon pit A 1] $75) 0f $75 4 $75) 2 $75. 0| $75 0 $75) 1| $100 0| $75! 3] $75 0 $75 0 $75) 0| $100) 0] $75 1] $75 0 $75) 1] $75! 1| $125 14 0.5 $563| 0.0 0.5 $563| 100% 0.0 0.5 $563| 0.5 $563|
18 [Decon TC/STAD A Y $75) 0f $75 0 $75) 0 $75. Y $75) 0 $75, 1| $100 3] $75! 3] $75) 0 $75) 0 $75) 1| $100) 0] $75) 1] $75) 0 $75) 1 $75! 1| $125 11 4.1 $3,793] 0.0 4.1 $3,793| 100%. 0.0 4.1 $3,793 4.1 $3,793)
19 |Remove 70 gallons water C 0| $75) 0f $75 2 $75) 0 $75. 0| $75 0 $75) 1| $100 0| $75! 1] $75 0 $75) 0 $75) 0| $100) 0] $75 1] $75) 0 $75) 1] $75! 1| $125 7 0.4 $240 0.0 0.4 $240( 100% 0.0 0.4 $240) 0.4 $240)
20 |Test for hydrogen - Y $75) 0 $75, 0 $75) 0 $75. 2] $75 0 $75, 1| $100 Y $75! 0] $75) 0 $75, 1] $75) 0| $100, 0] $75) 1] $75, 0 $75) a $75! 1| $125 7 0.5 $300) 0.0 0.5 $300| 100% 0.0 0.5 $300) 0.5 $300
21 |Perform lid fit up A 1] $75] 0f $75 0 $75) 0 $75. 3] $75 0 $75) 1| $100 Y $75! 1] $75 0 $75) 0 $75) 0| $100] 0] $75) 1] $75) 0 $75) 1] $75! 1| $125 9 4.0 $3,000} 0.0 4.0 $3,000( 100% 0.0 4.0 $3,000} 4.0] $3,000
22 |Weld STAD inner plate (all passes) D 0] $75) 0 $75 0| $75) 0| $75 3 $75 0| $75 1| $100 0) $75 1] $75 0 $75 0 $75) 0| $100, 0] $75 1] $75 0| $75) 1] $75 1] $125 8| 3.2 $2,160} 0.0) 3.2 $2,160( 100% 0.0, 3.2 $2,160} 3.2 $2,160)
23 |NDE STAD inner plate (all passes) 0 $75) 0f $75 0 $75) 0 $75. 1 $75 0 $75) 1| $100 0| $75! 1] $75) 0 $75) a $75) 0| $100) 0| $75) 1] $75) 0 $75) 1 $75! 1| $125 7 2.1 $1,260| 0.0 2.1 $1,260( 100%. 0.0 2.1 $1,260] 2.1 $1,260)
24 |Hydro pressure test STAD inner plate - 0] $75) 0] $75 2| $75) 0| $75 0| $75 0| $75 1| $100 0) $75 1 $75 0| $75 1] $75| o[ $100) 0] $75) 1 $75 0| $75) 1] $75 1| $125 8| 1.0 $675) 0.0) 1.0 $675 100% 0.0, 1.0 $675, 1.0 $675)
25 |Blowdown STAD C Y $75) 0f $75 2 $75) 0 $75. 0| $75) 0 $75) 1| $100 0| $75! 1] $75) 0 $75) 0 $75) 0| $100) 0] $75) 1] $75) 0 $75) 1 $75! 1| $125 7 0.5 $300) 0.0 0.5 $300( 100% 0.0 0.5 $300) 0.5 $300]
26 |Set up the VDS c 0| $75 0 $75 2| $75 o $75 0) $75 0 $75 1| $100 0| $75 1| $75 0 $75 o $75 0| $100) 0 $75 1| $75 o $75 1 $75 1| $125 7| 1.0 $600[ 0.0 1.0 $600 100% 0.0 1.0 $600) 1.0 $600)
27 |Vacuum dry STAD C 0| $75) 0f $75 2 $75) 0 $75. 0| $75) 0 $75) 1] $100 0| $75! 1] $75) 0 $75) 1] $75) 0| $100) 0] $75) 1] $75) 0 $75) 1 $75! 1| $125 8[ 14.0 $9,450] 2.4 11.6 $7,830( 100%. 0.0[ 14.0 $9,450| 11.6 $7,830)
28 [Helium Backfill STAD c of s75 of $75 2| 875 o $75 0 $75) of $75 1| $100| of s75 1| $75 of $75 1 $75) 0 $100| of s75 1| $75 of $75 1 $75 1| $125 8 11 $743]  00[ 11 $743[ 100%| 0.0] 1.1 $743| 1.1 $743
29 |Weld and test inner port covers D 0| $75) 0f $75 0 $75) 0 $75. 3] $75) 0 $75) 1| $100 0| $75! 1] $75) 0 $75) a $75) 0| $100) 0] $75) 1] $75) 0 $75) 1 $75! 1| $125 9 4.0 $3,000] 0.0 4.0} $3,000( 100%. 0.0 4.0 $3,000} 4.0} $3,000
30 |Helium leak test port covers - 0| $75] 0f $75 0 $75) 0 $75. 0| $75 0 $75 1| $100 0| $75! 1] $75 0 $75) a $75) 0| $100) 0] $75 1] $75 0 $75) 1] $75! 1| $125 6 1.2 $635) 0.0 12 $635 100% 0.0 1.2 $635, 12 $635)
31 |Weld STAD outer plate D 0] $75) 0 $75, 0 $75) 0 $75! 3] $75) 0 $75, 1| $100 Y $75! 1] $75) 0 $75, 0 $75) 0| $100, 0] $75) 1] $75, 0 $75) 1 $75! 1| $125 8 1.1 $743) 0.0 11 $743| 100% 0.0 1.1 $743) 11 $743
32 |NDE STAD outer plate - 0 $75] 0f $75 0 $75) 0 $75. 1 $75 0 $75) 1| $100 0| $75! 1] $75 0 $75 a $75) 0| $100] 0] $75) 1] $75 0 $75) 1] $75! 1 $125 7 0.7 $420) 0.0 0.7, $420( 100% 0.0 0.7 $420) 0.7 $420)
33 |Install TC retaining lugs A 1] $75) 0 $75, 2 $75) 0 $75! 0] $75, 0 $75) 1| $100 0) $75 1 $75) 0| $75) 0| $75| o[ $100) 0] $75) 1] $75) 0| $75) 1 $75 1] $125 8| 1.5 $1,013| 0.0) 1.5 $1,013| 100%. 0.0, 1.5 $1,013 1.5 $1,013)
34 |Prep TC/STAD for stack-up A 0| $75) 0f $75 3 $75) 0 $75. 0| $75 0 $75) 1] $100 0| $75! 2] $75) 0 $75) 0 $75) 0| $100) 0] $75) 1] $75) 0 $75) 1 $75! 1| $125 9 2.0 $1,500] 0.0 2.0 $1,500( 100% 0.0 2.0, $1,500} 2.0 $1,500
35 |Remove TC/STAD from the decon pit A 1 $75) 0] $75 4 $75) 2| $75 0| $75 0| $75 1| $100 0) $75 2 $75 0| $75 0| $75| o[ $100) [ $75) 1 $75 0| $75| 1] $75 1| $125 13| 0.5 $525) 0.0) 0.5 $525| 100% 0.0, 0.5] $525, 0.5 $525)
36 |Place TC/STAD in stack-up A 1 $75) 0f $75) 4 $75) 2 $75. 0| $75) 0 $75) 1| $100) 0| $75! 2] $75) 0 $75) 0 $75) 1| $100) 0] $75) 1] $75) 0 $75) 1 $75! 1| $125 14 1.5 $1,725| 0.0 15 $1,725| 100%. 0.0 1.5 $1,725 15 $1,725)
37 [Engage TC seismic restraint A of  s75 of $75 3| $75 o $75 0 $75) of $75 1| $100| of s75 of s75 of $75 of $75 0 $100| of s75 1| $75 of $75 1 75 1| $125 7l 10 $600(  0.0[ 10| $600( 100%| 0.0 1.0 $600[ 1.0 $600
38 |Remove yoke from FHB hook A 1 $75) 0f $75 2 $75) 0 $75. 0| $75) 0 $75) 1| $100 0| $75! 0] $75) 0 $75) 0 $75) 0| $100) 0] $75) 1] $75) 0 $75) 1 $75! 1| $125 7 0.5 $300) 0.0 0.5 $300( 100% 0.0 0.5 $300) 0.5 $300)
39 [Rig STAD to FHB hook A 1 $75 of $75 2| $75 2| $75 0 $75) of $75 1| $100| of  s75 of $75 of $75 of $75 1| $100| of s75 1| $75 of $75 1 $75 1] $125 10 1.8 $1,530  0.0[ 18| $1,530] 100%| 0.0[ 18 $1,530 1.8 $1,530)
40 |Transfer STAD to SC A 1 $75) 0f $75 4 $75) 2 $75. Y $75) 0 $75) 1| $100 0| $75! 2] $75) 0 $75) 0 $75) 1| $100) 0] $75) 1] $75) 0 $75) 1 $75! 1| $125 14 1.0 $1,150] 0.0 1.0 $1,150(  50%. 0.5 0.5 $575, 0.5 $575)
41 |Remove rigging A 1] $75] 0f $75 2 $75) 2 $75. 0| $75 0 $75) 1| $100 0| $75! 1] $75 0 $75) 0 $75) 0| $100) 0] $75 1] $75) 0 $75) 1] $75! 1| $125 10 1.5 $1,238| 0.0 1.5 $1,238) 50% 0.8 0.8 $619) 0.8, $619)
42 |Close transfer adapter A 0] $75) 0 $75, 2 $75) 0 $75. 0| $75) 0 $75, 1| $100 Y $75! 1] $75) 0 $75, 0 $75) 0| $100) 0] $75) 1] $75, 0 $75) 1 $75! 1| $125 7 0.5 $300, 0.0 0.5 $300[ 50% 0.3 0.3 $150) 0.3 $150)
43 |Install yoke A 1] $75) 0f $75 2 $75) 2 $75. 0| $75 0 $75) 1| $100 0| $75! 0] $75 0 $75 0 $75) 0| $100] 0| $75] 1] $75 0 $75) 1] $75! 1 $125 9 0.5 $375) 0.0 0.5 $375  50% 0.3 0.3 $188| 0.3 $188)|
44 |Disengage TC seismic restraint A 0] $75) 0 $75, 3 $75) 0 $75. 0] $75, 0 $75, 1| $100 0] $75! 1] $75, 0 $75, 0 $75) 0| $100, 0] $75) 1] $75, 0 $75) 1] $75! 1| $125 8 1.0 $675) 0.0 1.0 $675|  50% 0.5 0.5 $338| 0.5 $338
45 |Move TC to decon pit A 1 $75) 0f $75 4 $75) 2 $75. 0| $75 0 $75, 1] $100 0| $75! 2] $75) 0 $75) 0 $75) 0| $100) 0| $75] 1] $75) 0 $75) 1 $75! 1| $125 13 0.5 $525) 0.0 0.5 $525  50% 0.3 0.3 $263| 0.3 $263|
46 |Remove rigging from STAD A 1 $75) [ $75 2| $75) 2| $75 0| $75 0| $75 1| $100 0) $75 1 $75 0| $75 0| $75| o[ $100) [ $75) 1 $75 0| $75| 1] $75 1| $125 10| 1.0 $825) 0.0) 1.0 $825 50% 0.5] 0.5] $413] 0.5 $413|
47 |Remove transfer adapter A 1 $75) 0f $75 4 $75) 2 $75. 0| $75) 0 $75) 1] $100 0| $75! 2] $75) 0 $75) 0 $75) 0| $100) 0] $75) 1] $75) 0 $75) 1 $75! 1| $125 13 1.5 $1,575| 0.0 15 $1,575(  50%. 0.8 0.8 $788| 0.8 $788|
48 [Set SC lid A 1 $75 of $75 2| $75 2| $75 0 $75) of $75 1| $100| of s75 1| $75 of $75 of $75 o $100| of s75 1| $75 of $75 1 75 1| $125 10 2.0 $1,650  0.0[  2.0] $1,650 50%| 1.0[ 1.0 $825| 1.0 $825
49 |Check SC vents A [y $75) 0f $75 2 $75) 0 $75. 0| $75) 0 $75) 1] $100 0| $75! 1] $75) 0 $75) 0 $75) 0| $100) 0] $75) 1] $75) 0 $75) 1 $75! 1| $125 7 0.5 $300) 0.0 0.5 $300[ 50% 0.3 0.3 $150) 0.3 $150)
50 [Perform the hazards walkdown A of  s75 of $75 1| $75) o $75 0 $75) of $75 1| $100| of s75 of $75 of $75 of $75 o[ $100| of $75 1| $75) of $75 1 $75 1] $125 5| 10 $450]  0.0[ 10| $450( 50%| 0.5]  0.5] $225| 0.5 $225
51 |[Move SC to transporter A 0| $75) 1] $75 3 $75) 0 $75. 0| $75) 0 $75) 1| $100 0| $75! 1] $75) 0 $75) 0 $75) 0| $100) 0] $75) 1] $75, 0 $75) 1 $75! 1| $125 9 0.5 $375) 0.0 0.5 $375| 50% 0.3 0.3 $188| 0.3 $188)|
52 |Perform SC dose rates A 0| $75) 0f $75 0 $75) 0 $75. 0| $75 0 $75) 1| $100 0| $75! 2] $75 0 $75) 0 $75) 0| $100) 0] $75 1] $75 0 $75) 1] $75! 1| $125 6 1.0 $525) 0.0 1.0 $525  50% 0.5 0.5 $263| 0.5 $263]
53 |[Move support equipment to ISFSI A 0] $75) 1] $75, 2 $75) 0 $75. 0] $75) 0 $75) 1| $100 Y $75! 0] $75) 0 $75, 0 $75) 0| $100) 2] $75) 1] $75, 0 $75) 1 $75! 1| $125 9 0.5 $375) 0.0 0.5 $375| 50% 0.3 0.3 $188| 0.3 $188|
54 |Move transporter to haul road A 0| $75) 1] $75 3 $75) 0 $75! 0| $75 0 $75) 1| $100 0| $75! 2] $75 0 $75 0 $75) 0| $100] 2] $75] 1] $75 0 $75) 1] $75! 1| $125 12 1.3 $1,268| 0.0 13 $1,268|  50% 0.7 0.7 $634) 0.7 $634]
55 |Replace security barriers A 0] $75) 1] $75, 2 $75) 0 $75! 0] $75, 0 $75, 1| $100 0] $75! 0] $75, 0 $75, 0 $75) 0| $100, 2] $75) 1] $75, 0 $75) 1] $75! 1| $125 9 0.3 $225) 0.0 0.3 $225|  50% 0.2 0.2 $113] 0.2 $113
56 |Move transporter/SC/STAD to ISFSI pad A 0| $75) 1] $75 4 $75) 0 $75. 0| $75 0 $75) 1] $100 0| $75! 2] $75) 0 $75) 0 $75) 0| $100) 4 $75) 1] $75) 0 $75) 1 $75! 1| $125 15 3.0 $3,600] 0.0 3.0 $3,600(  50%. 1.5 1.5 $1,800} 15 $1,800
57 |Tie security barrier at ISFS| and open gate A 0] $75 1] $75 2| $75) 0| $75 0| $75 0| $75 1| $100 0) $75 0] $75 0| $75 0| $75| o[ $100) 2 $75) 1] $75 0| $75| 1 $75 1| $125 9| 0.3 $225) 0.0) 0.3 $225|  50% 0.2 0.2 $113] 0.2 $113]
58 |Move transporter into position at ISFSI A 0| $75) 1] $75 4 $75) 0 $75. 0| $75 0 $75) 1] $100 0| $75! 2] $75) 0 $75) 0 $75) 0| $100) 4 $75) 1] $75) 0 $75) 1 $75! 1| $125 15 0.5 $600) 0.0 0.5 $600[  50% 0.3 0.3 $300) 0.3 $300)
59 |Position SC on pad A 0) $75] 1 $75 4 $75) 0| $75 0] $75 0| $75 1| $100 0) $75! 2 $75 0| $75 1] $75) 0| $100) 4 $75 1] $75 0| $75) 1] $75! 1| $125 16| 0.5] $638| 0.0) 0.5 $638 50% 0.3 0.3 $319) 0.3 $319)
60 |Install vent screens A 0| $75) 0f $75 2 $75) 0 $75. 0| $75) 0 $75) 1] $100 0| $75! 1] $75) 0 $75) 0 $75) 0| $100) 0] $75) 1] $75) 0 $75) 1 $75! 1| $125] 7 0.5 $300) 0.0 0.5 $300[  50% 0.3 0.3 $150) 0.3 $150)
61 [Move 1t from ISFSI A of s75 1| $75 2| $75 o $75 0 $75) of $75 1| $100| of s75 of $75 of $75 of $75 0 $100| 2| $75 1| $75) of $75 1 $75 1] $125 9] 05 $375] 0.0[ 05 $375] 50%| 03] 03] $188] 0.3 $188
62 |Replace security barriers A Y $75) 1] $75 2 $75) 0 $75. Y $75) 0 $75) 1| $100 0| $75! 0] $75) 0 $75 0 $75) 0| $100) 2] $75) 1] $75) 0 $75) 1 $75! 1| $125 9 0.3 $225) 0.0 0.3 $225|  50% 0.2 0.2 $113] 0.2 $113]
Total Time per STAD (hours) 103.2] 2.4 100.8| 17.3|  85.9) 83.5
Total Time per STAD (days) 4.3d 0.1d | 4.2d 0.7d | 3.6d 3.5d
Labor Costs $82,170 $80,550) $68,414) $66,794)
Other Costs (G bles) 15% $12,326) $12,083 $10,262 $10,019
Costs w/o Ci $94,496 $92,633 $78,676) $76,813|
Contingency 20% $18,899) $18,527 $15,735 $15,363)
Total Cost per STAD $113,395 $111,159| $94,411| $92,176|
#of blies per STAD 32 32 32] 32 32|
Cost per y w/o C $2,953| $2,895 $2,459] $2,400|
Contingency 20% $591 $579| $492| $480|
Total Hours/Cost per Assembly 3.23 $3,544| 3.15 $3,474] 2.68 $2,950( 2.61 $2,880|
Note: FTE counts apply to both the baseline and optimized cases.

Page 146 of 224



Task Order 21: Operational Requirements for Standardized Dry Fuel Canister Systems

Table 15-6. Operations Approaches — Medium PWR STAD Canisters — Basis of Estimate

TABLE 15-6. Operations Approaches - Medium PWR STAD Canisters Detailed Costs [ref. Table 19-6]
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Step Description : # s # s # $ $ $ # s # s # $ # $ # $ $ s # s # $ # $ # $ # $ # hrs $ hrs | hrs $ % | hrs | hrs hrs $

1 [Move Transporter & SCinto FHB A o 75 1 75 3| $75) o 75 0 $75 of $75 1| $100 o $75 1 875 o 75 of $75 0| $100| 1 75 1 875 of 75 1| 75 1f s125] 10| 05 $413]  00] 05 $413| 100%| 0.0 0.5 $413| 05 $413)

2 [Move SC to under seismic restraint A o s75 1 $75 3| 75 of 75 0 $75 of $75 1| $100 o s75 1 $75 of 75 of $75 0] $100| o 75 1 $75 of 75 1 75 1 $125 9 05 $375] 00| 05 $375| 100%| 0.0] 0.5 $375] 05 $375}

3 [Remove the SClid and install adapter A 1| 475 o 75 4 $75) 2| $75 0 $75 of $75 1| $100 o 75 o $75) of $75 of $75 0] $100| o 75 1 $75 of $75 1 75 1l s12s|  11] 15 $1,350| 00 15 $1,350| 100%| 00| 1.5 $1,350] 1.5 $1,350)

4 |Load spacers A 1 $75 o 75 2| $75) of 75 0 $75 of $75 1| $100 o 75 o 75 of 75 1| 75 o] $100| o 75 1 75 of 75 1| 75 1 125 8 08| $s40] 00] 08 $540| 100%| 0.0 0.8 $540] 0.8 $540)

5 [Move STAD into FHB A o 75 1 75 4 $75) 2| 75 0 $75 of $75 1| $100 o 75 1 875 of $75 of $75 0| $100| 1 75 1 75 o 75 1 75 1l s12s] 13 05 $525] 00| 05 $525| 100%| 0.0 0.5 $525| 0.5 $525]

6 [TC Preparation A o $75 o s75 3| 75 of 75 0 $75 of $75 1| $100 o s75 o] s75 of 75 of $75 0] $100| o 75 1 75 of 75 1 75 1 $125 7] 2.0 $1,200] 0.0[ 2.0 $1,200( 100%| 0.0 2.0 $1,200] 2.0 $1,200)

7_|Move TCinto decon pit A 1| 475 o 75 4 $75) 2| $75 0 $75 of $75 1| $100 o 75 o $75) of $75 of $75 0] $100| o 75 1 $75 of $75 1§75 1 s125]  11] 05 $450] 0.0] 05 $450| 100%| 0.0[  0.5] $450] 05 $450)

8 |TC Preparation A o 75 o 75 3| $75) of 75 0 $75 of $75 1| $100 o 75 o 375 of 375 of 75 o] $100| o 75 1 75 o 375 1| 75 1 s125 7| 44 $2,640] 0.0 4.4 $2,640| 100%| 0.0] 4.4 $2,640 4.4 $2,640)

9 |Place STAD into TC A 1 $75 o] 75 4] $75) 2| 75 0 $75 of $75 1| $100 o 75 o 75 2| 75 of $75 0| $100| o 75 1 75 o 75 1 75 1 s125]  13[  10 $1,050] 0.0[ 1.0 $1,050] 100%| 0.0]  1.0] $1,050 1.0 $1,050}

10 |Place TC/STAD into SFP A 1 $75 o 75 4] $75) 2| 75 0 $75 2| 75 1| $100 o 75 2| $75) 2| 75 of $75 1| $100 o 75 1 $75 of 75 1 75 1 s125] 18] 26 $3,770]  0.0[ 2.6 $3,770| 100%| 0.0 2.6 $3,770| 2.6 $3,770)

11 [Start fuel moves :3 of $75 of $75 of $75| o] $75 [9) $75 o] s75) 1] $100 of 75 1 75 3| $75 0| $75) 0 $100| of $75 1) s75 of $75) 1 $75 1] $125) 8 05 $338] 0.0/ 0.5 $338| 50%| 03] 03 $169] 0.3 $169

12 [Fuel moves B of $75 of 75 of $75| of s75] [y $75 o $75 1] $100 of $75 1 $75 3| $75) o $75) 0 $100| of $75 1 75 0| $75) 1) $75 1| $125 8| 4.6 $3,105| 00| 46 $3,105| 50%| 23| 23 $1,553|  2.3| $1,553]

13 |Fuel verification B o 75 o] 75 o 75 of 75 0 $75 of $75 1| $100 o 75 o] 75 3| $75 1 $75 o] $100| o 75 1 75 o 75 1| 75 1| $125 8| 0.6 $405| 0.0] 06 $405| 50%| 03] 03] $203| 03 $203|

14 |Install DFC Lids/Spacers A 1 $75 o $75 2| $75) of 75 0 $75 of $75 1| $100 o 75 o] 75 2| 75 1 $75 0] $100| o 75 1 875 o 75 1 75 1 s125] 10 3.0 $2,475|  0.0[ 3.0 $2,475| 100%| 0.0] 3.0 $2,475| 3.0 $2,475}

15 |Install STAD lid A 1| $75 o s75 4] 75 2| s75 0 $75 of $75 1| $100 o s75 2| 75 3| $75 of $75 0] $100| o 75 1 $75 of $75 1§75 1 s125] 16| 05 $638] 00| 05 $638| 100%| 0.0] 0.5 $638] 0.5 $638|

16 |Remove TC/STAD from SFP A 1| s75 o] $75 4 375 2| 75 0 $75 2| $75 1| $100 o] 75 3| 375 3| 375 of $75 1| $100 o 75 1 75 of 75 1| 75 1 s125] 20 2.6 54,160 0.0 2.6 $4,160| 100%| 0.0] 2.6 $4,160] 2.6 $4,160)

17 |Place TC/STAD into the decon pit A 1 $75 o 75 4 $75) 2| 75 0 $75 of $75 1| $100 o 75 3| $75) of 75 of $75 o] $100| o 75 1 75 o 75 1| $75 1| s125] 14 05 $s63| 0.0 05 $563| 100%| 0.0 0.5 $563| 0.5 $563|

18 | Decon TC/STAD A o 75 o $75 o] 75 of 75 0 $75 of $75 1| $100 3| $75 3| $75) o 75 of $75 1| $100 o 75 1 875 o 75 1 75 1 s125] 1] 41 $3,793]  0.0[ 4.1 $3,793| 100%| 0.0 4.1 $3,793| 4.1 $3,793

19 |Remove 70 gallons water [ o 75 o 75 2| $75) of $75 0 $75 of $75 1| $100 o 75 1 75 of $75 of $75 0] $100| o 75 1 $75 of $75 1§75 1 $125 7] 04 $240  00] 04 5240 100%| 0.0]  0.4] $240] 0.4 $240)

20 |Test for hydrogen e o $75 o $75 o 475 o 475 2 75| o] $75) 1| $100 o $75 o 475 o $75) 1 $75 o] $100| o $75 1 $75 o 475 1 $75 1| $125 7l _os $300] 00[ 05 $300] 100%| 0.0[ 05 $300 05 $300)

21 [Perform lid fit up A 1 $75 o 75 o] 75 of 75 3 $75 of $75 1| $100 o 75 1 75 of 75 of $75 o] $100| o 75 1 75 o 75 1| 75 1| s$125 9| 4.0 $3,000 0.0[ 4.0 $3,000] 100%| 0.0] 4.0 $3,0000 4.0 $3,000}

22 |Weld STAD inner plate (all passes) D o $75 o $75 o] 75 of 75 3 $75 of $75 1| $100 o $75 1 $75 of 75 o] $75) 0| $100| o 75 1 75 of 75 1 75 1 $125 8 3.2 $2,160] 0.0[ 3.2 $2,160] 100%| 0.0] 3.2 $2,160] 3.2 $2,160}

23 [NDE STAD inner plate (all passes) o 75 o 75 o] 75 of $75 1 $75 of $75 1| $100 o 75 1 75 of $75 1§75 0] $100| o 75 1 $75 of 75 1§75 1 $125 7] 21 $1,260]  0.0[ 2.1 $1,260] 100%| 0.0] 2.1 $1,260] 2.1 $1,260)

24 [Hydro pressure test STAD inner plate el o $75 o 75 2| $75) of $75 0 75| o] $75) 1| $100 o $75 1 $75 of $75 1 $15 0] $100| o 75 1 $75 of $75 1 $75 1| $125 8 1.0 $675|  00] 1.0 $675| 100%| 0.0[ 1.0 $675] 1.0 $675)

25 [Blowdown STAD c o 75 o 75 2| $75) of 75 0 $75 of $75 1| $100 o 75 1 875 of 75 of $75 o] $100| o 75 1 75 of 75 1| 75 1 125 7l o5 $300 00| 05 $300] 100%| 0.0 0.5 $300] 05 $300)

26 |Set up the VDS c o 75 o $75 2| $75) o 75 0 $75 of $75 1| $100 o $75 1 $75 of 75 of $75 0| $100| o $75 1 875 of 75 1| 75 1| 125 7] 1.0 $600 0.0] 1.0 $600| 100%| 0.0 1.0 $600] 1.0 $600)

27 [Vacuum dry STAD C o s75 o s75 2| 75 of 75 0 $75 of $75 1| $100 o s75 1 $75 of 75 1 $15 0] $100| o 75 1 875 of $75 1 75 1 $125 8| 14.0 $9,450]  2.4] 11| $7,830] 100%| 0.0 14.0 $9,450| 11.6 $7,830)

28 [Helium Backfill STAD c o 75 o 75 2| $75) o 475 0 75| o] $75) 1| $100 o $75 i $75 o 475 1 ¢75 o] $100| o ¢75 1 $75 o 475 1 $75 1| $125 g 11 $743)  00[ 11 $743] 100%| 0.0 1.1 $743 11 $743

29 |Weld and test inner port covers D o 75 o 75 o 375 of 75 3 $75 of $75 1| $100 o 75 1 75 of 75 1| 75 o] $100) o 75 1 75 of 375 1| 75 1 125 9| 4.0 $3,000 0.0[ 4.0 $3,000] 100%| 0.0]  4.0] $3,0000 4.0 $3,000}

30 [Helium leak test port covers e o 75 o $75 o] 75 of 75 0 $75 of $75 1| $100 o $75 1 875 of 75 1 $75 o] $100| o 75 1 875 of 75 1| 75 1 125 6 12 $635| 00| 1.2 $635| 100%| 0.0 1.2 $635| 1.2 $635)

31 |Weld STAD outer plate D o s75 o s75 o] s75 of 75 3 $75 of $75 1| $100 o s75 1 $75 of 75 of $75 0] $100| o $75 1 $75 of 75 1§75 1 $125 8 11 $743|  00] 11 $743| 100%| 0.0[ 1.1 $743] 1.1 $743

32 [NDE STAD outer plate e o 75 o 75 o 75| of $75 1 $75 of $75 1| $100 o 75 1 75 of $75 1 75 0] $100| o 75 1 $75 of $75 1 75 1| $125 7l 0.7 $420  00] 07 $420 100%| 0.0[ 0.7 $420] 0.7 $420)

33 [Install TC retaining lugs A 1 $75 o 75 2| $75) of 75 0 $75 of $75 1| $100 o 75 1 75 of 75 of $75 o] $100| o 75 1 75 of 75 1| 75 1 125 8 15 $1,013]  00[ 15 $1,013| 100%| 0.0 15 $1,013) 15 $1,013}

34 [Prep TC/STAD for stack-up A o 75 o] 75 3| $75) of 75 0 $75 of $75 1| $100 o $75 2| $75 of 75 of $75 o] $100| o 75 1 875 of 75 1 75 1 125 9| 2.0 $1,500] 0.0[ 2.0 $1,500] 100%| 0.0] 2.0 $1,500 2.0 $1,500)

35 [Remove TC/STAD from the decon pit A 1 $75 o $75 4] $75) 2| 75 0 $75 of $75 1| $100 o $75 2| $75) of $75 of $75 0] $100| o 75 1 $75 o 75 1 75 1f s12s]  13[  05 $525] 0.0 05 $525| 100%| 0.0] 0.5 $525| 0.5 $525}

36 [Place TC/STAD in stack-up A 1| 475 o 75 4 $75) 2| 75 0 $75 of $75 1| $100 o 75 2| $75) of $75 of $75 1| $100 o 75 1 $75 of $75 1 75 1 s125] 14 15 $1,725|  0.0[ 1.5 $1,725| 100%| 0.0] 15 $1,725| 1.5 $1,725)

37 [Engage TC seismic restraint A o $75 o 75 3| $75) o 75 0 $75 of $75 1| $100 o 75 o 75 of 75 of 75 o] $100| o 75 1 75 of 375 1| 75 1 s$125 7l 1.0 $600 00] 1.0 $600| 100%| 0.0 1.0 $600] 1.0 $600)

38 [Remove yoke from FHB hook A 1| $75 o 75 2| $75) o 75 0 $75 of $75 1| $100 o 75 o 75 o 75 of $75 o] $100| o 75 1 $75 o 75 1| 75 1| $125 7l o5 $300 00| 05 $300] 100%| 0.0 0.5 $300] 05 $300)

39 [Rig STAD to FHB hook A 1 $75 o s75 2| $75) 2| $75 0 $75 of $75 1| $100 o s75 o] $75 of 75 of $75 1| $100 o $75 1 75 of 75 1 75 1| s125] 10 18 $1,530 0.0[ 18 $1,530] 100%| 0.0 1.8 $1,530 1.8 $1,530)

40 [Transfer STAD to SC A 1| $75 o s75 4] 75 2| $75 0 $75 of $75 1| $100 o s75 2| 75 of $75 of $75 1| $100 o 75 1 $75 of $75 1 75 1 s125] 14 1.0 $1,150] 0.0[ 1.0 $1,150] 50%| 05| 0.5 $575] 05 $575)

41 |Remove rigging A 1 $75 o $75 2| 475 2| $15 0 75| o] $75) 1| $100 o $75 i $75 o 475 o] $75) o] $100| o $75 1 $75 o 475 1 $75 1| $125] 10/ 15 $1,238] 00| 15 $1,238| 50%| 08 08§ $619) 08 $619)

42 [Close transfer adapter A o 75 o 75 2| $75) of 75 0 $75 of $75 1| $100 o 75 1§75 o 75 of $75 o] $100| o 75 1 75 o 75 1| 75 1 125 7l o5 $300 00] 05 $300] 50%| 03] 03] $150] 03 $150)

43 [Install yoke A 1| $75 o s75 2| $75) 2| $75 0 $75 of $75 1| $100 o $75 o] 75 of 75 o] $75) 0| $100| o 75 1 875 of 75 1§75 1 $125 9 05 $375] 00| 05 $375| 50%| 03] 03] $188] 0.3 $188]

44 |Disengage TC seismic restraint A o s75 o s75 3| 75 of 75 0 $75 of $75 1| $100 o s75 1 $75 of 75 of $75 0] $100| o 75 1 $75 of $75 1 75 1 $125 8 1.0 $675]  0.0] 1.0 $675| 50%| 05| 0.5 $338) 05 $338]

45 |Move TC to decon pit A 1 $75 o $75 4] $75) 2| $15 0 75| o] $75) 1| $100 o $75 2| 475 o $75) o] $75) o] $100| o $75 1 $75 o 475 1 $75 1| s12s5] 13| 05 $525]  0.0[ 05 $525] 50%| 03] 03 $263[ 03 $263

46 [Remove rigging from STAD A 1 $75 o 75 2| $75) 2| 75 0 $75 of $75 1| $100 o 75 1 75 of 75 of $75 o] $100| o 75 1 75 o 75 1| 75 1f s125]  10] 1.0 s825|  00] 1.0 $825| 50%| 05| 0.5 $413| 05 $413)

47 [Remove transfer adapter A 1| $75 o s75 4 $75) 2| $75 0 $75 of $75 1| $100 o $75 2| $75 of $75 o] $75) 0| $100| o 75 1 875 o 75 1 75 1f s125] 13 15 $1,575] 0.0[ 15 $1,575| 50%| 0.8 0.8 $788] 0.8 $788]

48 [Set SClid A 1| $75 o s75 2| 75 2| s75 0 $75 of $75 1| $100 o s75 1 $75 of 75 of $75 0] $100| o 75 1 $75 of $75 1 75 1 s125]  10] 2.0 $1,650] 0.0[ 2.0 $1,650] 50%| 10|  1.0] $825| 1.0 825}

49 |Check SC vents A of $75 of $75 PIEYE] of s75] [ $75 o $75 1] $100 of $75 1 $75 of s75) o $75) 0 $100| of $75 1 75 o $75) 1 $75 1| $125 7l 05 $300] 00 05 $300] 50%| 03] 03 $150[  0.3| $150)

50 [Perform the hazards walkdown A o $75 o 75 1 875 of 75 0 $75 of $75 1| $100 o 75 o 75 of 75 of $75 o] $100| o 75 1 75 o 75 1| 75 1| s$125 s| 1.0 $450]  0.0] 1.0 $450] 50%| 05| 0.5 $225| 05 $225|

51 [Move SC to transporter A o $75 1 $75 3| $75) of 75 0 $75 of $75 1| $100 o $75 1 875 of 75 of $75 0| $100| o $75 1 875 of 75 1 75 1 125 9] 05 $375] 00| 05 $375| 50%| 03] 03] $188] 0.3 $188]

52 [Perform SC dose rates A o s$75 o s75 o] s75) of $75 0 $75 of $75 1| $100 o s75 2| 75 of 75 of $75 0] $100| o 75 1 75 of $75 1 75 1 $125 6| 1.0 $525]  0.0] 1.0 $525| 50%| 05| 0.5 $263| 05 $263

53 [Move support to ISFSI A o 75 1 $75 2| $75) of $75 0 $75 of $75 1| $100 o 75 o $75) of $75 of $75 0] $100| 2] $75 1 $75 of $75 1 75 1| $125 9 05 $375] 00| 05 $375| 50%| 03] 03] $188) 03 $188]

54 [Move transporter to haul road A o 75 1 75 3| $75) of 75 0 $75 of $75 1| $100 o 75 2| 375 of 75 of $75 o] $100| 2| $75 1 75 of 75 1| 75 1f s125] 12 13 $1,268]  0.0[ 1.3 $1,268] 50%| 07| 0.7 $634] 0.7 $634]

55 [Replace security barriers A o $75 1 $75 2| $75) o 75 0 $75 of $75 1| $100 o $75 o] 75 of 75 of $75 o] $100| 2| $75 1 875 of 75 1 75 1 125 9] 03 $225 00| 03 $225| 50%| 02| 0.2 $113| 0.2 $113)

56 [Move transporter/SC/STAD to ISFSI pad A o s75 1 $75 4 75 of 75 0 $75 of $75 1| $100 o s75 2| 75 of 75 of $75 0] $100| 4] $75 1 75 of $75 1 75 1 s125] 15[ 3.0 $3,600] 0.0[ 3.0 $3,600 50%| 1.5 15 $1,800] 1.5 $1,800}

57 [Tie security barrier at ISFS| and open gate A o 75 1 $75 2| $75) of $75 0 $75 of $75 1| $100 o 75 o $75) of $75 of $75 0] $100| 2] $75 1 $75 of $75 1 75 1| $125 9 03 $225| 00| 03 $225| 50%| 02 0.2] $113] 02 $113]

58 [Move transporter into position at ISFS! A o 75 1 75 4 $75) of 75 0 $75 of $75 1| $100 o 75 2| 375 of 75 of 75 o] $100| 4] $75 1 75 o 75 1| 75 1| s125] 15| 05 $600 00| 05 $600] 50%| 03] 03] $300] 03 $300)

59 [Position SC on pad A o 75 G 4 $75) of 75 0 $75 of $75 1| $100 o $75 2| $75 of 75 1 $75 o] $100| 4] 475 1 875 of 75 1| 75 1| s125] 16 05 $638] 00| 05 $638] 50%| 03] 03] $319] 03 $319)

60 [Install vent screens A o $75 o s75 2| $75) of 75 0 $75 of $75 1| $100 o s75 1 $75 of 75 of $75 0] $100| o $75 1 75 of 75 1 75 1 $125 7] 05 $300 00] 05 $300] 50%| 03] 03] $150] 03 $150)

61 [Move equipment from ISFSI A o 75 1 $75 2| $75) of $75 0 $75 of $75 1| $100 o 75 o $75) of $75 of $75 0] $100| 2] $75 1 $75 of $75 1 75 1| $125 9 05 $375] 00| 05 $375| 50%| 03] 03] $188) 03 $188]

62 [Replace security barriers A o 75 1 75 2| $75) of 75 0 $75 of $75 1| $100 o 75 o 75 of 75 of $75 o] $100| 2| $75 1 75 of 75 1| 75 1 125 9] 03 $225] 00| 03 $225| s0%| 02| 0.2 $113| 02 $113)
Total Time per STAD (hours) 94.5] 2.4 921 13.0] 81.6) 79.2]

Total Time per STAD (days) 3.9d 0.1d | 3.8d 0.5d | 3.4d 3.3d
Labor Costs $76,298| $74,678| $65,478| $63,858}
Other Costs (consumables) 15% $11,445 $11,202 $9,822| $9,579
tal Costs w/o C $87,742| $85,879) $75,299| $73,436}
Contingency 20% $17,548 $17,176 $15,060 $14,687|
Total Cost per STAD $105,291 $103,055 $90,359 $88,124
# of Assemblies per STAD 12 12 12 12 12|
Cost per y w/o Conti $7,312) $7,157, $6,275| $6,120)
Contingency 20% $1,462| $1,431) $1,255| $1,224]
Total Hours/Cost per Assembly 7.88 $8,774) 7.68 $8,588) 6.80) $7,530| 6.60) $7,344]

Note: FTE counts apply to both the baseline and optimized cases.
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Table 15-7.

Task Order 21: Operational Requirements for Standardized Dry Fuel Canister Systems

Operations Approaches — Small BWR STADs-in-Can — Basis of Estimate

TABLE 15-7. Operations Approaches - Small BWR STADs-in-Can Detailed Costs [ref. Table 19-7]
° > -
£ g |8 z5 2 |3 e |2 zs
Task Location Legend: Task Category Legend: 3 K] E 'é _§ g9 '% < E BI85 'é % i '§ s
FHB Prep Area PY Gen Handiing & Prep 8 Other Opera- ) o R < ET £S5 22 |us|28|ct| 28, |58| 28,
- - > Crane Other Heavy Eq. . ) i} Supervisors/ Radiation . . Procedure @ g= z 559 3% z3 §8 |33 z 2 - £3 R
s Fuel Pool :M Fuel Movement/Verif % Operators Operators Mechanics Riggers Welders tions e — Deconners Coalsiin RXS Techs QA/QC HP Security Planners Trainers Writers Management g & % - 'E E E E E z8a 23|z 5 % 2 rza - 253
& | |cask pecon pit (2] Drain/Dry/Backfil 2 staff T |8 S 23 Ez3 S 8c|z8|Ea| S E5|l s&°
IsFs B welding 3 2 |5 & 5 [ 87| §& g5 %9 g EE a £E
] & E | & 3 E E 2 Ea & 33
NDE/Testing = 3 1= & @
Step Description : # $ # $ # $ $ $ # $ # $ # $ # $ # $ $ $ # $ # $ # $ # $ # $ # hrs $ hrs hrs % hrs hrs $ hrs
A5 [Move VCT & SOC into PCT A of $75 1) 875 4 475 1 75 0| $75 o $75 1] $100 of $75 1) $75 1) 875 o 75 0| $100 1| 875 1| $75 1 $75 1 $75 1| $125 14| 0.5] $563] 0.0 0.5 $563| 100%| 0.0 0.5 $563] 0.5 $563]
A6 [Move SOC to seismic restraint A of $75 1| $75 3| 475 1 $75 0 $75 of s75 1| $100 of $75 of $75 1 $75 of s75 o $100 of $75 1| $75 1 $75 1| $75 1| $125 1) 0.5 $450[  0.0[  0.5] $450| 100%| 0.0 0.5 $450[ 05 $450
A7 [Remove the SOC lid A 1) $75 of $75 3| $75 1 75 0| $75 o $75 1] $100 of $75 of $75 1) 875 0 75 0| $100 o $75 1| $75 1 $75 1 $75 1| $125 11 1.5 $1,350] 0.0 15 $1,350) 100%| 0.0 15 $1,350] 1.5 $1,350)
A8 [Remove Can lid A 1| $75 of $75 2| 475 1 $75 0 $75 of $75 1| $100 of $75 of $75 1 $75 of s75 o $100 of $75 1| $75 1 $75 1 $75 1| $125 10 1.5 $1,238) 00| 15 $1,238) 100%| 0.0 15 $1,238] 1.5 $1,238
A9 [Lift Can with STADs from SOC A 1) $75 of $75 4 $75 2| $75 0| $75 o $75 1] $100 of $75 of $75 1) $75! 0| 75 0| $100 o $75 1| $75 1 $75 1 $75 1| $125 13| 2.0 $2,100] 0.0 2.0 $2,100) 100%| 0.0  2.0] $2,100]  2.0| $2,100}
A10[Place Can into Transfer Cask A 1| $75 of $75 AEE 2| 475 0 $75 of s75 1| $100 of $75 of $75 1 $75 of s75 o $100 of $75 1| $75 1 $75 1| $75 1| $125 13[ 2.0 $2,000 00| 2.0 $2,00( 100%| 0.0] 2.0 $2,100( 2.0 $2,100
A11|Remove STAD lids A 1) $75 of $75 3| $75 2| $75 0| $75 o $75 1] $100 of $75 of $75 1) $75 0 75 0| $100 o $75 1 $75 1 $75 1 $75 1| $125 12| 4.0 $3,900] 0.0 4.0 $3,900| 100%| 0.0  4.0] $3,900]  4.0] $3,900)
A12]Fill Transfer Cask with de-ionized water A of $75 of $75 2| 475 of s75 0 $75 of s75 1| $100 of $75 o $75 1 $75 of s75 o $100 of $75 1| $75 1| $75 1 $75 1| $125 8 20 $1,3500 0.0 2.0 $1,350( 100%| 0.0] 2.0 $1,350[ 2.0 $1,350
A13|Install inflatable seal between Can and Transfer Cask A of $75 of $75 2| $75 o $75 0| $75 o $75 1] $100 of $75 of $75 1) $75 0 75 0| $100 o s75 1| $75 1 $75 1 $75 1| $125 8 20 $1,350] 0.0 2.0 $1,350] 100%| 0.0 2.0 $1,350]  2.0| $1,350)
A14|Verify water chemistry matches fuel pool A of $75 of $75 o $75 of s75 0 $75 of $75 1| $100 of $75 of $75 1 $75 1 $75 o $100 of $75 1| $75 1 $75 1 $75 1| $125 7l 10 $600 0.0[ 1.0 $600| 100%| 0.0 1.0 $600( 1.0 $600
A15|Place Transfer Cask into Fuel Pool A 1 $75 of $75 4 $75 2| $75 0| $75 2| $75 1] $100 of $75 1) $75 1) $75! 0| $75 1| $100 o $75 1| $75 1 $75 1 $75 1| $125 17| 2.6] $3,575| 0.0 2.6 $3,575| 50%| 13| 1.3 $1,788] 1.3 $1,788]
A16|Fuel moves B o $75 o $75 o $75 o 75 0 $75, o 75 1| $100 o $75 1| $75 1§75 o 75 o $100 o $75 1| $75 1§75 1§75 1| $125 7| 143 $8,580  0.0| 14.3 $8,580( 50%| 7.2| 7.2 $4,290[ 7.2 $4,290
[A17|Fuel verification B of $75 of $75 of s75 o $75 0| $75 o $75 1] $100 of $75 1) $75 1) $75 1| $75 0| $100 o $75 1| $75 1 $75 1 $75 1| $125 8 18 $1,215| 0.0] 1.8 $1,215| 50%| 09| 0.9 $608] 0.9 $608
B1 [Install 4 STAD lids A 1 $75 o $75 3| 75 2| $75 0 $75, o 75 1| $100 o $75 1| $75 1 $75 o 75 o $100 o 75 1| $75 1§75 1 475 1| $125 13 1.0 $1,050] 0.0[ 1.0 $1,050] 100%| 0.0] 1.0 $1,050 1.0 $1,050)
B2 |Lift Transfer Cask from Fuel Pool A 1| $75 of $75 S 2| $75 0 $75 2| $75 1| $100 2| $75 2| $75 1 $75 of s75 1] $100 of $75 1 $75 1 $75 1| $75 1) $125] 20 26 $4,160] 0.0[ 26 $4,160( 100%| 0.0] 2.6 $4,160[ 2.6 $4,160
B3 |Lower water level in 4 STADs © of $75 o $75 2| $75 of 75 0 $75 o 75 1] $100 o $75 2| $75 1 $75 of $75 0| $100 of $75 1 $75 1| $75 1 475 1| $125 10 0.5] 5413 00[  0.5] $413| 45%| 03| 0.2 $186(  0.2] $186
B4 |Perform welding of 4 STAD inner lids (all passes) D o 75 of $75 o $75 of s75 4 $75 of s75 1| $100 of $75 1| $75 1 $75 of s75 o $100 of $75 1| $75 1 $75 1 75 1| $125 11[ 93] $6,278] 0.0[ 9.3 $6,278] 47%| 5.0 4.3 $3,892| 4.3 $3,892)
B5 |Perform weld NDE for 4 STAD innter lids (all passes) of $75 o $75 o $75 of 75 4 $75 o 75 1| $100 o $75 1| $75 1 $75 IGE o] $100 o 75 1| $75 1 $75 1 475 1| $125 12] 3.2 $2,400] 0.0  3.2] $2,400 33%| 21| 1.1 $1,030 1.1 $1,030)
B6 [STAD hydrostatic test (all 4) | ] o] 75 of $75 2| $75 of s75 1 $75 of $75 1| $100 of $75 1| $75 1 $75 1| $75 o $100 of $75 1| $75 1 $75 1 $75 1| $125 11{ 2.0 $1,800, 0.0[ 2.0 $1,800( 25%| 15| 0.5 $450[ 0.5 $450
B7 |STAD water blowdown (all 4) © o $75 o $75 2| $75 of 75 1) $75, o 75 1| $100 o $75 1 $75 1 $75 of 75 0 $100 of $75 1 $75 1 $75 1 $75 1| $125 10 0.8 $660]  0.0]  0.8] $660| 88%| 01| 0.7, $578]  0.7] $578
B8 [STAD drying and helium backfill (all 4) [ of $75 of $75 3| $75 of s75 1) $75 of s75 1| $100 of $75 1| $75 1 $75 1 $75 o $100 of $75 1| $75 1 $75 1 $75 1| $125 12[ 182 $17,745] 3.1 151 $14,723| 25%| 13.7] 4.6 $4,436| 3.8 33,681
B9 [STAD |eak test (all 4) || of $75 o $75 2| $75 of 75 1) $75 of 75 1] $100 of $75 1 $75 1 $75 1§75 o[ $100 of $75 1 $75 1 $75 1 $75 1) $125 11| 4.9 $4,4100 00| 4.9 $4,410( 25%| 37| 1.2 $1,103| 1.2 $1,103
B10|Install STAD siphon and vent pool covers (all 8) D of $75 of $75 o $75 of s75 4 $75 of s75 1| $100 of $75 1| $75 1 $75 of s75 o $100 of $75 1| $75 1 $75 1 $75 1| $125 11{ 8.0 $5,400 0.0 8.0 $5,400( 25%| 6.0] 2.0 $1,800[ 2.0 $1,800
B11|Perform siphone and vent cover He leak tests (all 8) || of $75 o $75 o $75 of 75 1) $75 of 75 1] $100 of $75 1 $75 1 $75 1§75 o[ $100 of $75 1 $75 1 $75 1 $75 1) $125 9 24 $1,800 00[ 24 $1,800( 100%| 0.0] 2.4 $1,800( 2.4 $1,800
B12[Blowdown can water level below shielding disk c of $75 of $75 2| $75 of  s75 1] $75 of $75 1| $100 of $75 1| $75 1 $75 of  s75 o $100 of $75 1| $75 1 $75 1 $75 1| $125 10 0.5 $413|  0.0[ 0.5 $413| 100%| 0.0 0.5 $413[ 05 $413
B13|Install Can lid A 1) $75 of $75 3| $75 1 75 1 $75 o $75 1] $100 of $75 1) $75 1) 875! 0 75 0| $100 o s75 1| $75 1 $75 1 $75 1| $125 13| 4.0 $4,2000 0.0 4.0 $4,200) 100%| 0.0  4.0] $4,200]  4.0] $4,200)
B14|Weld Can lid D of $75 of $75 1 $75 of  s75 1 $75 of $75 1| $100 of $75 1| $75 1 $75 of s75 o $100 of $75 1| $75 1 $75 1 $75 1| $125 9 46 $3,450 0.0 4.6 $3,450( 100%| 0.0 4.6 $3,450[ 4.6 $3,450
B15{NDE Can lid weld || of $75 of $75 1) 875! o $75 1 $75 o $75 1] $100 of $75 1) $75 1) 875! 1| $75 0| $100 o s75 1| $75 1 $75 1 $75 1| $125 10| 3.0 $2,475| 0.0 3.0 $2,475| 100%| 0.0  3.0] $2,475|  3.0] $2,475)
B16{Dry and backfill Can with helium 4 of $75 of $75 2| $75 of s75 0 $75 of s75 1] $100 of $75 1| $75 1 $75 1 $75 o $100 of $75 1| $75 1 $75 1 $75 1| $125 10 8.0 $6,600 0.0 8.0 $6,600 50%| 4.0] 4.0 $3,300[ 4.0 $3,300
B17|Can pressure test | =] o $75 0| $75 2| $75 0 75 2 $75 o s75 1| $100 o $75 1| $75 1 $75 1| $75 0] $100 0| $75 1 $75 1 $75 1 $75) 1 $125 12 1.0 $975| 0.0 1.0 $975| 100% 0.0 1.0) $975 1.0 $975)
B18§[Install Can siphon and vent pool covers D of $75 of $75 o $75 of s75 0 $75 of $75 1| $100 of $75 1| $75 1 $75 of s75 o $100 of $75 1| $75 1 $75 1 $75 1| $125 7| 40 $2,400 00| 4.0 $2,400( 100%| 0.0] 4.0 $2,400[ 4.0 $2,400
B19|Perform Can siphon and vent cover leak test | 2] o $75 0| $75 1 $75 0 75 0) $75 o s75 1| $100 o s75 1 $75 1 $75 1| $75 0] $100 0 $75 1 $75 1 $75 1 $75) 1| $125 9 12 $900) 0.0 1.2 $900| 100% 0.0 1.2 $900] 1.2 $900)
B20| Deflate seal between Can and Transfer Cask A of $75 of $75 2| 475 of s75 0 $75 o 75 1| $100 o $75 1| $75 1§75 o 75 o $100 o $75 1| $75 1§75 1 475 1| $125 9] 03 $225|  0.0[ 03] $225| 100%| 0.0] 03 $225| 03 $225)
B21{Drain water from Can/Transfer Cask annulus [ of $75 of $75 2| $75 of s75 0 $75 of $75 1] $100 of $75 1 $75 1 $75 of s75 o[ $100 of $75 1 $75 1 $75 1 $75 1| $125 9 10 $750[  0.0[ 1.0 $750| 100%| 0.0 1.0 $750( 1.0 $750)
B22|Decon Transfer Cask A of $75 of $75 o $75 of s75 0 $75 of s75 1| $100 3| $75 2| $75 1 $75 of s75 o $100 o $75 1| $75 1§75 1 475 1| $125 1) 4.1] $3,690] 0.0 4. $3,690] 100%| 0.0 4.1 $3,690] 4.1 $3,690)
B23|Prepare for the Can to SOC transfer A of $75 of $75 3| $75 o $75 0| $75 o $75 1] $100 of $75 2[ $75 1) $75 0| s75 0| $100 o $75 1| $75 1 $75 1 $75 1| $125 11 2.0 $1,800] 0.0 2.0 $1,800| 100%| 0.0  2.0] $1,800  2.0| $1,800)
B24|Mover Transfer Cask to SOC A 1| $75 o $75 4 $75 2| s75 0 $75, o 75 1| $100 o $75 2| 75 1§75 o 75 o $100 o 75 1| $75 1 $75 1 $75 1| $125 15 6.8 $8,160] 0.0|  6.8] $8,160| 100%| 00| 6.8 $8,160] 6.8 58,160}
B25|Load Can into SOC A 1| $75 of $75 4] s75 2| $75 0 $75 of s75 1| $100 of $75 2| $75 1| $75 of s75 o $100 of $75 1| $75 1 $75 1| $75 1| $125 15| 1.0 $1,200, 00[ 1.0 $1,200( 100%| 0.0] 1.0 $1,200 1.0 $1,200
B26|Move Transfer Cask to staging area A 1 $75 o $75 4 $75 2| s75 0 $75) o 75 1| $100 o $75 1| $75 1§75 o 75 o $100 o $75 1| $75 1| $75 1| $75 1| $125 14| 6.5 $7,313]  00[ 6.5 $7,313] 100%| 00| 65 $7,313| 65 $7,313
C1 |Install SOC lid A 1| $75 of $75 2| $75 1| $75 0 $75 of s75 1| $100 of $75 1| $75 1 $75 of s75 o $100 of $75 1 $75 1 $75 1| $75 1| $125 11| 2.0 $1,800] 0.0[ 2.0 $1,800( 50%| 1.0] 1.0 $900( 1.0 $900
C2 |Load SOC onto VCT A of $75 1 $75 3| $75 of 75 0 $75 of 75 1| $100 o $75 1| $75 1§75 o 75 o] $100 o 75 1| $75 1§75 1 475 1| $125 1] 2.0 $1,800] 0.0 2.0 $1,800] 50%| 1.0[ 1.0 $900] 1.0 $900)
€3 |Transport SOC to storage pad A ol 75 1| $75 4 s75 of s75 0 $75 of s75 1| $100 of $75 1| $75 1 $75 1 $75 o $100 4 $75 1| $75 1 $75 1 $75 1| $125 17| 7.3] $9,855| 0.0[ 7.3 $9,855( 50%| 3.7] 3.7 $4,928] 3.7 $4,928
Total Time per STADs-in-Can (hours) 147.9 3.1 144.8 51.3| 96.6 95.8
Total Time per STADs-in-Can (days) 6.2d 0.1d 6d 2.1d 4d 4ad
Subtotal Labor Costs $132,490) $129,468) $90,146 $89,390)
Other Costs (consumables) 15% $19,874] $19,420| $13,522| $13,409|
tal Costs w/o C $152,364] $148,888) $103,668| $102,799)
Contingency 20% $30,473 $29,778 $20,734 $20,560)
Total Cost per Can $182,836 $178,665) $124,402] $123,359
# of STADs per Can 4 4 4 4 4
# of Assemblies per STAD 9 9 9 9 9|
Cost per y w/o Conti $4,232| $4,136| $2,880| $2,856
Contingency 20% $846 $827 $576 $571}
Total Hours/Cost per Assembly 4.11] $5,079| 4.02] $4,963| 2.68 $3,456| 2.66| $3,427|
Note: FTE counts apply to both the baseline and optimized cases with the following exceptions - for steps B4, BS and B10, four welders are shown for the optimized case, whereas only 1 welder has been included for the baseline case (not shown)
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Task Order 21: Operational Requirements for Standardized Dry Fuel Canister Systems

Table 15-8. Operations Approaches — Small PWR STADs-in-Can — Basis of Estimate

TABLE 15-8. Operations Approaches - Small PWR STADs-in-Can Detailed Costs [ref. Table 19-8]

. " . - . z g | 8 |, _|Z3 |2 e |2 3
Task Location Legend: Task Category Legend: @ o] 2 3 e o 2= SB| 2.5 2 £ 8 23
FHB Prep Area .¥| Gen Handling & Prep E Other Opera- . - E E o Et E,>‘; f‘ - £ _5 g E" é ':é: :.n: & _t E g L:D' " .E ‘%n Et & o
’:_ Fuel Pool -} Fuel Movement/Verif 5 Sisne Other Heavy Eq. Riggers Welders tions SRR Deconners Radla“?" RXS Techs QA/QC HP Security Planners Trainers Proct.adure Management g § E 2 E E g i ?, 2 § : = 2 E § < 2 % 5 H E 2 2 §
2 - - % Op Op Foremen Protection Writers a <8 2 S g8 EE 22 H 28T 28 g8 i 2% &
& Cask Decon Pit (& Drain/Dry/Backfill £ Staff 2 3 o &3 E 3 o 3 SE|la8|EQ oa E & oe
ISFSI 0l welding S e |5 % 5 [8° g g o £ o £ E
] & E |3 8% £ 2 &3 2 a2
NDE/Testing = H E & @
Step Description : # $ # $ # $ $ $ # $ # $ # $ # $ # $ $ $ # $ # $ # $ # $ # $ hrs $ hrs hrs $ hrs hrs hrs $
A5 [Move VCT & SOC into PCT A of 75 1 475 4l $75 1 $75 0 $75 of 75 1| $100| o| 75 1 $75 1 875 of 75 o[ $100 1 $75 1| 75 1 475 1 $75 1| $125) 14| 05 $563] 0.0 0.5 $563] 100%| 0.0] 0.5 $563 05 $563
A6 [Move SOC to seismic restraint A of $75 1 475 3| $75 1| 75 0 $75 of $75 1| $100] o| 75 of $75 1§75 of $75 o[ $100 o $75 1| $75) 1 475 1 $75 1| $125) 11| 05 $450] 0.0 0.5 $450] 100%| 0.0 0.5 $450 05 $450)
A7|Remove the SOC lid A 1 475 0 $75 3 $75 1 $75 0 $75 o] $75 1) $100] of $75 o $75 1) $75 0| $75 0] $100 0| $75 1| $75) 1| 75 1 75 1| $125) 1) 15 $1,350( 0.0 15 $1,350[ 100%| 0.0 1.5 $1,350] 15 $1,350
A8 [Remove Can lid A 1| 75 of $75 2| $75 1 $75 0 $75 of 75 1| $100| o| 75 of $75 1 $75 of 75 o[ $100 o| 75 1| 75 1 475 1 $75 1| $125) 100 15 $1,238) 0.0 15 $1,238] 100%| 0.0 1.5 $1,238) 15 $1,238]
A9 [Lift Can with STADs from SOC A 1| $75) o] $75 4 $75 2| $75) 0 $75 of 75 1| $100] o 75 of $75 1§75 of $75 o[ $100 o $75 1| $75) 1 475 1 $75 1| $125) 13 2.0] $2,1000 0.0 2.0 $2,100] 100%| 0.0] 2.0 $2,100] 2.0 $2,100)
A10|Place Can into Transfer Cask A 1 475 o $75 4] 875 2| 475 0 $75 o] $75 1) $100] of $75 o $75 1) $75 o $75 0] $100 0| $75 1 $75] 1 75 1 75 1| $125) 13 2.0 $2,100(  0.0]  2.0] $2,100[ 100%| 0.0 2.0 $2,100] 2.0 $2,100
/A11|Remove STAD lids A 1| 75 of $75 3| $75 2| s75) 0 $75 of 75 1| $100| o| 75 of $75 1 $75 of 75 o[ $100 o| 75 1| 75 1 475 1 $75 1| $125) 12| 4.0 $3,900] 0.0 4.0 $3,900] 100%| 0.0] 4.0 $3,900[ 4.0 $3,900)
A12|Fill Transfer Cask with de-ionized water A of 75 o] $75 2| $75 of $75 0 $75 of $75 1| $100) o $75 of $75 1| $75 of $75 o $100 o] $75 1) $75 1| $75 1 $75 1] $125 8 20 $1,350  0.0[ 2.0 $1,350| 100%| 0.0 2.0 $1,350 2.0 $1,350)
A13|Install inflatable seal between Can and Transfer Cask A o] $75 o $75 2[ 475 o $75 0 $75 0| $75 1) $100] of $75 o $75 1) $75 o $75 0] $100 0| $75 1 $75) 1 75 1 75 1| $125) 8 20 $1,350[  0.0]  2.0] $1,350[ 100%| 0.0 2.0 $1,350] 2.0 $1,350
A14|Verify water chemistry matches fuel pool A of $75 of $75 of 75 of $75 0 $75 of 75 1| $100| o| 75 of $75 1§75 1| $75) o[ $100 o| 75 1| $75) 1§75 1 $75 1| $125) 7| 1.0 $600]  0.0] 1.0 $600] 100%| 0.0] 1.0 $600[ 1.0 $600)
A15|Place Transfer Cask into Fuel Pool A 1| $75) o] $75 4 $75 2| $75) 0 $75 2| $75) 1| $100] o 75 1| 75 1§75 of $75 1| $100 o| $75 1| $75) 1 475 1 $75 1| $125) 17| 2.6 $3,575| 00| 2.6 $3,575| 50%| 13| 13| $1,788] 13| $1,788]
A16|Fuel moves B o] $75 0 $75 of $75 o $75 0 $75 o] $75 1) $100] of $75 1 $75 1) $75 o $75 0] $100 0| $75 1| $75) 1 75 1 75 1| $125) 7| 6.6 $3,960( 0.0] 6.6 $3,960[ 50%| 3.3] 3.3 $1,980] 3.3 $1,980
A17|Fuel verification B of 75 o $75 of 75 of $75 0 $75 of $75 1| $100| o| 75 1| 75 1 $75 1| $75) o[ $100 o 75 1| $75) 1 475 1 $75 1| $125) 8| 0.8 $540] 0.0 0.8 $540] 50%| 04| 04 $270 0.4 $270)
B1 [Install 4 STAD lids A 1) $75) o] $75 3| $75 2| 475 0 $75 of $75 1| $100 o $75 1 475 1| $75 of $75 o $100 o] $75 1| $75 1| $75 1 $75 1| $125 13 1.0 $1,050  0.0[ 1.0 $1,050| 100%| 0.0 1.0 $1,050 1.0 $1,050)
B2 [Lift Transfer Cask from Fuel Pool A 1 475 0 $75 4| $75 2| 475 0 $75 2| 475 1) $100] 2] 475 2| 475 1) $75 o $75 1] $100 0| $75 1| $75) 1 75 1 75 1| $125) 200 26 $4,160(  0.0] 2.6 $4,160[ 100%| 0.0 2.6 $4,160| 2.6 $4,160
B3 |Lower water level in 4 STADs c of $75 of $75 2| $75 of $75 0 $75 of 75 1| $100] o| $75 2| $75) 1§75 of $75 o[ $100 o $75 1) $75) 1 475 1§75 1| $125) 100 05 $413] 00| 05 $413| 45%| 03| 0.2 $186| 0.2 $186)
B4 |Perform welding of 4 STAD inner lids (all passes) D of 75 o] $75) of 75 of $75 4 $75 of $75 1| $100) o $75 1 $75 1| $75 of $75 o $100 o] $75 1| $75 1 475 1| $75 1| $125) 1) 93 $6,278]  0.0] 9.3 $6,278| 47%| 50| 43| $3,892| 43| $3,892f
B5 |Perform weld NDE for 4 STAD innter lids (all passes) el of 75 of $75 of 75 o $75 4 $75 of 75 1| $100| of 75 1) $75 1 875 1 $75 o[ $100 o 75 1| $75) 1] $75 1 $75 1) $125 12| 32 $2,400] 0.0 3.2 $2,400| 33%| 21| 1.1 $1,030] 1.1 $1,030)
B6 |STAD hydrostatic test (all 4) of 75 of $75 2| $75 of $75 1] $75 of 75 1| $100] o $75 1| 75 1 475 1| $75) o[ $100 o $75 1) $75) 1 475 1 $75 1| $125) 11| 2.0 $1,800] 0.0] 2.0 $1,800] 25%| 15| 0.5 $450 05 $450)
B7 |STAD water blowdown (all 4) of 75 o] $75 2| $75 of 375 1] $75 of $75 1| $100) o $75 1 $75 1| $75 of $75 o $100 o $75 1| $75 1 475 1 $75 1| $125 10 0.8] $660]  0.0] 0.8 $660| 88%| 0.1] 0.7 $578] 0.7 $578]
B8 |STAD drying and helium backfill (all 4) of 75 of $75 3| $75 o $75 1 $75 of 75 1| $100| of 75 1) $75 1 875 1 $75 o[ $100 o 75 1| 75 1 875 1 $75 1) $125 12| 182 $17,745| 31| 151 $14,723|  25%| 13.7] 4.6 $4,436| 3.8 $3,681]
B9 |STAD leak test (all 4) of 75 of $75 2| $75 of $75 1] $75 of 75 1| $100] o $75 1| 75 1 475 1| $75) o[ $100 o $75 1| $75) 1 475 1 $75 1| $125) 11| 49 $4,410 0.0 4.9 $4,410] 25%| 3.7 1.2 $1,103| 1.2 $1,103
B10|Install STAD siphon and vent pool covers (all 8) of $75 o $75 of $75 of $75 4 $75 of $75 1| $100) o $75 1 $75 1| $75 of $75 o $100 o $75 1| $75 1 475 1| $75 1| $125 11| 8.0] $5,400|  0.0] 8.0 $5,400] 25%| 6.0] 2.0 $1,800] 2.0 $1,800)
B11|Perform siphone and vent cover He leak tests (all 8) of 75 o $75 of 75 o $75 1 $75 of 75 1| $100| of 75 1) $75 1 875 1 $75 o[ $100 o 75 1| 75 1] $75 1 $75 1) $125 9| 24 $1,800] 0.0 2.4 $1,800 100%| 0.0 2.4 $1,800] 2.4 $1,800)
B12|Blowdown can water level below shielding disk of 75 of $75 2| $75 of $75 1] $75 of 75 1| $100] o $75 1| 75 1§75 of $75 o[ $100 o| $75 1| $75) 1 475 1 $75 1| $125) 100 05 $413] 00| 05 $413| 100%| 0.0] 0.5 $413( 05 $413
B13|Install Can lid 1) $75) o] $75 3| $75 1| 75 1 $75 of $75 1| $100) o $75 1| $75) 1 $75 of $75 o[ $100 o $75 1) $75) 1§75 1| $75 1| $125 13| 4.0] $4,2000  0.0] 4.0 $4,200] 100%| 0.0] 4.0 $4,200] 4.0 $4,200)
B14{Weld Can lid of 75 of $75 1 $75 of $75 1 $75 of 75 1| $100| of 75 1| 75 1 475 of 75 o[ $100 o 75 1| 75 1 875 1 $75 1| $125) 9| 4.6 $3,450]  0.0] 4.6 $3,450 100%| 0.0] 4.6 $3,450| 4.6 $3,450)
B15|NDE Can lid weld of 75 of $75 1 $75 of $75 1] $75 of 75 1| $100| o 75 1| 75 1 475 1| $75) o[ $100 o $75 1| $75) 1 475 1 $75 1| $125) 10 3.0 $2,475| 00| 3.0 $2,475| 100%| 0.0 3.0 $2,475| 3.0 $2,475)
B16|Dry and backfill Can with helium of $75 o] $75 2[ 75 of $75 0 $75 of $75 1| $100| o $75 1| $75) 1 875 1) $75) o[ $100 o $75 1) $75) 1 $75 1) $75 1| $125) 10 8.0] $6,600]  0.0] 8.0 $6,600| 50%| 4.0 4.0 $3,300] 4.0 $3,300)
B17|Can pressure test of 75 of $75 2|  $75 o $75 2 $75 of 75 1| $100| of 75 1) $75 1§75 1 $75 o[ $100 o 75 1| 75 1 875 1 $75 1) $125 12| 1.0 $975| 0.0 1.0 $975| 100%| 0.0] 1.0 $975 1.0 $975
B18|Install Can siphon and vent pool covers of $75 of $75 of $75 of $75 0 $75 of $75 1| $100] o $75 1| 75 1§75 of $75 o[ $100 o $75 1| $75) 1 475 1§75 1| $125) 7| 4.0 $2,400] 0.0 4.0 $2,400] 100%| 0.0 4.0 $2,400] 4.0 $2,400)
B19|Perform Can siphon and vent cover leak test 0 $75 0| $75 1| 75 0 $75 0 $75 o $75 1| $100) 0 $75 1| $75 1| $75 1| $75 0 $100 0 $75 1| $75 1| $75 1| $75 1| $125 9 1.2 $900 0.0 1.2 $900[ 100% 0.0) 1.2 $900| 1.2 $900)
B20| Deflate seal between Can and Transfer Cask of 75 o $75 2|  $75 of $75 0 $75 of 75 1| $100| o| 75 1 $75 1 875 of 75 o[ $100 o 75 1| $75) 1§75 1 $75 1| %125 9| 03] $225| 0.0 03] $225| 100%| 0.0] 03| $225| 03 $225
B21|Drain water from Can/Transfer Cask annulus of 75 of $75 2| $75 of $75 0 $75 of 75 1| $100] o 75 1| 75 1§75 of $75 o[ $100 o $75 1| $75) 1 475 1§75 1| $125) 9| 1.0 $750] 0.0 1.0 $750] 100%| 0.0 1.0 $750] 1.0 $750)
B22|Decon Transfer Cask o] $75 of $75 o $75 o $75 0 $75 0| $75 1) $100] 3 $75 2| 475 1 $75 0| $75 0] $100 0| $75 1 $75) 1 75 1 75 1| $125) 1) 41 $3,690 00 4.1 $3,690[ 100%| 0.0 4.1 $3,690 4.1 $3,690
B23|Prepare for the Can to SOC transfer of 75 of  $75 3| $75 of $75 0 $75 of 75 1| $100| o 75 2| 75 1 875 of 75 o[ $100 o 75 1| $75) 1 875 1 $75 1| %125 11| 2.0 $1,800]  0.0] 2.0 $1,800] 100%| 0.0] 2.0 $1,800[ 2.0 $1,800)
B24|Mover Transfer Cask to SOC 1| $75) of $75 4l $75 2| $75) 0 $75 of 75 1| $100] o $75 2| 75 1§75 of $75 o[ $100 o $75 1| $75) 1 475 1 $75 1| $125) 15| 6.8 $8,160| 0.0 6.8 $8,160] 100%| 00| 6.8 $8,160| 6.8 $8,160)
B25|Load Can into SOC 1 $75) of $75 4| $75 2| 475 0 $75 o] $75 1) $100] of $75 2| 475 1) $75 0| $75 0] $100 0| $75 1| $75) 1 75 1 75 1| $125) 15 1.0 $1,200(  0.0]  1.0] $1,200( 100%| 0.0 1.0 $1,200 1.0 $1,200
B26|Move Transfer Cask to staging area 1| 75 o $75 4l $75 2| 75 0 $75 of 75 1| $100| o| 75 1 $75 1 875 of 75 o[ $100 o 75 1| $75) 1 875 1 $75 1 %125 14| 65 $7,313] 00| 6.5 $7,313| 100%| 0.0 6.5 $7,313) 65 $7,313
C1 [Install SOC lid 1| $75) of $75 2| $75 1| 75 0 $75 of $75 1| $100] of 75 1| 75 1§75 of $75 o[ $100 o $75 1| $75) 1 475 1 $75 1| $125) 11| 2.0 $1,800] 0.0 2.0 $1,800] 50%| 1.0 1.0 $900[ 1.0 $900)
C2 |Load SOC onto VCT o] $75 1) $75 3 $75 o $75 0 $75 o] $75 1) $100] of $75 1 $75 1 $75 0| $75 0] $100 0| $75 1 $75] 1 75 1 75 1| $125) 1) 2.0 $1,800(  0.0]  2.0] $1,800( 50%| 1.0 1.0 $900] 1.0 $900}
C3 [Transport SOC to storage pad of 75 1 475 4l $75 of $75 0 $75 of 75 1| $100| o| 75 1| 75 1§75 1 $75 o[ $100 4 $75 1| 75 1§75 1 $75 1| $125) 17| 73 $9,855|  0.0] 7.3 $9,855| 50%| 3.7] 3.7 $4,928| 3.7 $4,928]
Total Time per STADs-in-Can (hours) 139.2] 3.1] 136.1 47.0 92.2| 91.5
Total Time per STADs-in-Can (days) 5.8d 0.1d | 5.7d 2d 3.8d 3.8d
Labor Costs $127,195 $124,173) $87,499| $86,743)
Other Costs (consumables) 15% $19,079 $18,626 $13,125 $13,011
Costs w/o C $146,274] $142,798 $100,623| $99,754]
Contingency 20% $29,255 $28,560 $20,125 $19,951]
Total Cost per Can $175,529 $171,358) $120,748 $119,705
# of STADs per Can 4 4 4 4 4
# of Assemblies per STAD 4 4 4 4 4
Cost per Assembly w/o Conti Y $9,142| $8,925 $6,289 $6,235)
Contingency 20% $1,828| $1,785| $1,258 $1,247|
Total Hours/Cost per Assembly 8.70 $10,971 8.51 $10,710 5.76) $7,547| 5.72 $7,482|
Note: FTE counts apply to both the baseline and optimized cases with the following exceptions - for steps B4, B5 and B10, four welders are shown for the optimized case, whereas only 1 welder has been included for the baseline case (not shown)
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Task Order 21: Operational Requirements for Standardized Dry Fuel Canister Systems

ble 15-9. Operations Approaches — Small BWR STADs-in-Carrier - Basis of Estimate

TABLE 15-9. Operations Approaches - Small BWR STADs-in-Carrier Detailed Costs [ref. Table 19-9]
z g |5 gk 212 | ze |2 | zs
Task Location Legend: Task Category Legend: 3 o] £ 2 3 | Qo - %2 . [ 2 £ S 23
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% 5 > Crane Other Heavy Eq. . ) ) Supervisors/ Radiation . . Procedure a o= z s 59 < zs § LA 3| % g zz g i Ze g
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Step Description : # $ # $ # $ $ $ # $ # $ # $ # $ # $ # $ $ # $ # $ # $ # $ # $ hrs $ hrs hrs $ % hrs hrs hrs $
A5 |Move VCT & SOC into FHB A of 75 1| $75) 3| $75 1 875 0 $75 0| $75 1| $100| of $75 1| 875 of $75 of $75 o $100 1| 75 1| $75) 1| $75) 1 $75 1| $125 12| 05 $488| 0.0 0.5 $488| 100%| 0.0] 0.5 $488| 0.5 sasg|
A6 |Move SOC to seismic restraint A of $75 1| $75) 3| $75 o] $75 0 $75 o] $75 1| $100| of $75 of $75 of $75 of $75 of $100 of $75 1| $75) 1| $75) 1§75 1| $125 9] 05 $375| 00 05 $375| 100%| 00| 05 $375| 0.5 $375)
A7|Remove the SOC lid A 1 $75) of $75 2| 475 1) $75 0| $75 of $75 1) $100) 0 $75 o $75 o $75 0 $75 0| $100 0| $75 1| $75) 1| $75] 1| 75 1| $125 9 15 $1,125| 0.0/ 1.5 $1,125| 100%| 0.0/ 1.5 $1,125 1.5 $1,125
A8|Move Carrier with empty STADs fro SOC to TC A 1| $75) ol $75 4 $75 2| $75 0 $75 o $75 1| $100] of $75 of $75 of $75 of $75 o[ $100 of 75 1| $75) 1| $75) 1 875 1| 8125 12 15 $1,463|  0.0[ 15 $1,463| 100%| 0.0 15 $1,463| 1.5 $1,463]
A9 |Prepare TC for SFP A of $75 o| $75 2| $75 o $75 0 $75 o] $75 1| $100| of $75 of 75 of 75 of 75 o $100 o[ $75 1| $75 1| $75 1| $75 1| $125 7l 20 $1,2000 0.0 2.0 $1,200( 100%| 0.0] 2.0 $1,200( 2.0 $1,200
A10Remove STAD lids A 1| $75) o| 75 3| $75 1 $75 0 $75 o] 75 1| $100| of $75 of $75 of $75 of $75 o $100 of 75 1| $75) 1 $75 1 $75 1| 8125 10 2.0 $1,650 0.0 2.0 $1,650] 100%| 0.0 2.0 $1,650] 2.0 $1,650)
A11|Fill TC & STADs with deionized water A of $75 o| $75 2| $75 o $75 0 $75 o] $75 1| $100] of $75 of $75 of $75 of $75 of $100 of $75 1| $75) 1| $75) 1§75 1| $125 7| 2.2 $1,3200 0.0[ 22 $1,320] 100%| 0.0 2.2 $1,320] 2.2 $1,320)
A12|Install inflatable seal between Carrier and TC A of 75 o| 75 2| $75 0| $75 0 $75 0| $75 1| $100| of $75 of $75 of $75 of $75 o $100 of 75 1| $75) 1| $75) 1 $75 1| $125 7| 1.2 $7200 0.0 1.2 $720| 100%| 0.0 1.2 $720| 1.2 $720)
A13|Verify water chemistry matches fuel pool A of 75 o| $75 1§75 0| $75 0 $75 o] $75 1| $100| of $75 of $75 of $75 1| 75 o[ $100 of $75 1| $75) 1| $75) 1 $75 1| $125 7| 1.0 $600] 0.0 1.0 $600] 100%| 0.0 1.0 $600] 1.0 $600)
A14]Place TC into Fuel Pool A 1 $75) of $75 4] $75 2| 475 0| $75 2| 475 1) $100) o $75 2| 875 3| 875 0 $75 1| $100] 0| $75 1| $75] 1| $75] 1| 75 1| $125 200 26 $4,160  0.0[ 2.6 $4,160| 100%| 0.0 2.6 $4,160| 2.6 $4,160f
A15|Load Fuel into STADs B of 75 o| 75 o| 75 o] $75 0 $75 o] 75 1| $100| of $75 1| 75 3| 75 of $75 of $100 of 75 1| $75) 1| $75) 1 $75 1| 8125 9| 13.8 $10,350]  0.0] 13.8 $10,350] 50%| 6.9 6.9 $5,175| 6.9 $5,175|
A16|Fuel verification B of $75 o $75 o $75 0| $75 0 $75 o $75 1| $100| of 75 1| 75 3| $75 1) 75 o $100 o[ $75 1| $75) 1| $75) 1 $75 1| $125 100 23 $1,898] 0.0[ 23 $1,898| 50%| 12| 1.2 $949| 1.2 $949)
B1 [Install 4 STAD inner lids A 1| 75 o| 75 3| $75 2| $75 0 $75 0| 75 1| $100| of $75 1§75 3| 75 of $75 o $100 of 75 1| $75) 1 $75 1 $75 1| 8125 15 1.0 $1,200 0.0/ 1.0 $1,200] 50%| 0.5 0.5 $600] 0.5 $600)
B2 |Lift TC from Fuel Pool A 1| $75) o| $75 4 $75 2| $75 0 $75 2| $75 1| $100] 2| 75 3| 875 3| $75 of $75 1] $100 of $75 1| $75 1| $75 1| $75 1| $125 23| 5.2 $9,490| 0.0 5.2 $9,490| 100%| 0.0] 5.2 $9,490| 5.2 $9,490
B3 |Move to decon pit and decon TC A 1| $75) o| $75 4] $75 2| $75 0 $75 o] $75 1| $100| 3| $75 2| $75 of $75 of $75 1) $100 of 75 1| $75) 1| $75) 1 $75 1| $125 18| 4.6] $6,670] 0.0 4.6 $6,670| 100%| 0.0 4.6 $6,670| 4.6 $6,670)
B4 | Deflate seal between Carrier and TC A of $75 o| $75 2| $75 0| $75 0 $75 0| $75 1| $100| of $75 1| $75) of $75 of $75 o[ $100 of $75 1| $75) 1| $75) 1§75 1| $125 8| 03 $203| 00 03 $203| 100%| 00| 03 $203| 03] $203]
B5 |Lower water level in 4 STADs © of $75 of $75 of $75 of $75 0| $75 of $75 1) $100) o $75 1 $75 o $75 0 $75 0| $100 0| $75 1| $75] 1| $75] 1| 75 1| $125 6 0.5 $263) 0.0 05 $263| 45%| 03[ 0.2 $118) 0.2, $118]
B6 |Perform welding of 4 STAD inner lids (all passes) D of 75 ol $75 o $75 o] $75 4 $75 0| $75 1| $100] of $75 1 $75 of $75 of $75 o[ $100 of 75 1| $75) 1| $75) 1 $75 1| 8125 100 93 $5580| 0.0 9.3 $5,580| 47%| 5.0/ 43 $3,568] 4.3 $3,568]
B7 |Perform weld NDE for 4 STAD inner lids (all passes) of $75 o| $75 o $75 o $75 1 $75 0| $75 1| $100 of $75 1§75 of $75 1 $75 o $100 of $75 1| $75 1| $75 1| $75 1| $125 8 32 $2,160  0.0] 3.2 $2,160( 33%| 21| 11 $713 1.1 $713]
B8 |STAD hydrostatic test (all 4) of 75 o| 75 o 75 o 75 0 $75 o 75 1| $100| of $75 1 $75 of $75 1) 75 of $100 of 75 1| 75 1 $75 1 $75 1| 8125 7| 2.0 $1,200 0.0 2.0 $1,200] 25%| 15[ 0.5 $300] 0.5 $300)
B9 |Perform welding of 4 STAD outer lids (all passes) D of $75 o| $75 o $75 o $75 4 $75 0| $75 1| $100] of $75 1| 75 of $75 of $75 of $100 of $75 1| $75) 1| $75) 1§75 1| $125 100 93 $5580 0.0 9.3 $5,580| 47%| 5.0/ 4.3 $3,568] 4.3 $3,568]
B10|Perform weld NDE for 4 STAD outer lids (all passes) = 0| $75 o $75 0| $75 o[ $75 1 $75 o[ $75 1| $100] 0 $75 1 $75 0 $75 1| $75 0] $100 0 $75 1| 75 1| 75 1| $75 1| $125 8| 32 $2,160 0.0 3.2 $2,160| 33% 2.1 1.1] $713 1.1] $713|
B11{STAD water blowdown (all 4) c of $75 o| $75 o] $75 o] $75 0 $75 o] $75 1| $100] of $75 1| $75 of $75 of $75 o[ $100 of $75 1| $75) 1| $75) 1§75 1| $125 6| 0.8 $4200 00| 0.8 $420] 88%| 01| 07 $368] 0.7, $368]
B12|STAD drying and helium backfill (all 4) C 0| $75 0| $75 0| $75 o[ 75 0 $75 o[ 75 1| $100] 0 $75 1 875 0 $75 1| $75 0] $100 0 $75 1| 75 1 75 1 $75 1| $125 7| 182 $10,920] 3.1 15.1 $9,060| 25%| 13.7 4.6 $2,730[ 3.8 $2,265)
B13[STAD leak test (all 4) = of $75 ol $75 0| $75 0| $75 0 $75 o $75 1| $100] of $75 1| 75 of $75 1| 75 o[ $100 of 75 1| $75) 1| $75) 1 $75 1| 8125 7| 49 $2,940 0.0 49 $2,940| 25%| 37| 1.2 $735| 1.2 $735)
B14|Weld & test STAD inner siphon and vent port covers (all 8) of $75 o $75 o $75 o] $75 4 $75 o $75 1| $100 of $75 1 $75 of $75 1 $75 o $100 of $75 1| $75 1| $75) 1§75 1| $125 1) 8.0 $5,400, 0.0 8.0 $5,400( 25%| 6.0 2.0 $1,800] 2.0 $1,800)
B15|Perform siphon and vent cover He leak tests (all 8) = of 75 o| 75 o 75 o| 75 0 $75 0| 75 1| $100| of $75 1 875 of $75 1| 75 o $100 of 75 1| $75) 1 $75 1 $75 1| 8125 7| 2.4 $1,440, 0.0 2.4 $1,440| 100%| 0.0 2.4 $1,440| 2.4 $1,440)
B16|Drain water from Carrier/TC annulus c o[ $75 o| $75 1§75 o] $75 0 $75 o] $75 1| $100] of $75 1| 75 of $75 of $75 of $100 of $75 1| $75) 1| $75) 1§75 1| $125 7l 1.0 $600] 00| 1.0 $600] 100%| 0.0] 1.0 $600] 1.0 $600)
B17|Prepare for the Carrier to SOC transfer A of $75 o| $75 2| $75 2| $75 0 $75 0| $75 1| $100| of $75 1 $75 of $75 of $75 o[ $100 of 75 1| $75) 1| $75) 1 $75 1| 8125 10 2.0 $1,650 0.0/ 2.0 $1,650] 100%| 0.0 2.0 $1,650] 2.0 $1,650)
B18|Install transfer adapter on top of SOC A 1| $75) o| $75 4 $75 2| $75 0 $75 0| $75 1| $100] of $75 1| $75 of $75 of $75 of $100 of $75 1| $75) 1| $75) 1 $75 1| $125 13 15 $1,575|  0.0[ 15 $1,575| 100%| 0.0 15 $1,575| 1.5 $1,575]
B19|Move TC to SOC A 1 $75) of $75 4] $75 2| $75 0| $75 of $75 1) $100) o $75 i $75 0| $75 0 $75 0| $100 0| $75 1| $75] 1| $75] 1| 75 1| $125 13 5.3 $5,565| 0.0 5.3 $5,565| 100%| 0.0 5.3 $5,565| 5.3 $5,565
B20|Install Carrier lift rigging A 1| $75) o| 75 3| $75 2| $75 0 $75 o 75 1| $100| of $75 1 $75 of $75 of $75 of $100 of 75 1| $75) 1| $75) 1 $75 1| 8125 12 15 $1,463|  0.0[ 15 $1,463| 50%| 0.8/ 0.8 $731 0.8 $731
B21|Load Carrier into SOC A 1| $75) o $75 4 s75 2| $75 0 $75 o $75 1| $100 of $75 1§75 of $75 of $75 o $100 of $75 1| $75 1| $75 1| $75 1| $125 13 1.0 $1,050( 0.0 1.0 $1,050| 100%| 0.0 1.0 $1,050, 1.0 $1,050)
B22|Move TC to staging area A 1| 75 o| 75 4] $75 2| $75 0 $75 0| 75 1| $100| of $75 1 875 of $75 of $75 o $100 of 75 1| $75) 1 $75 1 $75 1| $125 13| 65 $6,825| 0.0 65 $6,825| 100%| 0.0 6.5 $6,825| 6.5 $6,825|
B23|Remove transfer adapter A 1| $75) o| $75 4 $75 2| $75 0 $75 o $75 1| $100| of $75 1| 75 of $75 of $75 of $100 of $75 1| $75) 1| $75) 1§75 1| $125 13 1.0 $1,050 0.0 1.0 $1,050| 100%| 0.0 1.0 $1,050] 1.0 $1,050)
C1 |Install SOC lid A 1| $75) of $75 2| 475 2| 475 0| $75 of $75 1) $100) 0 $75 1 475 o $75 o $75 0| $100 0| $75 1| $75) 1| $75] 1| 75 1| $125 1) 2.0 $1,800 0.0/ 2.0 $1,800] 100%| 0.0]  2.0] $1,800( 2.0 $1,800f
C2 [Check SOC vents A of 75 o| $75 2| $75 0| $75 0 $75 o] $75 1| $100| of $75 1| $75 of $75 of $75 o[ $100 of $75 1| $75) 1| $75) 1§75 1| $125 8| 0.5 $338] 00/ 05 $338| 100%| 00| 05 $338] 0.5 $338]
C3 |Perform fire hazards walkdown A of $75 of $75 1 $75 of $75 0| $75 of $75 1) $100) o $75 0 $75 0 $75 0 $75 0| $100 0| $75 1| $75] 1| $75] 1| 75 1| $125 6 1.0 $525| 0.0 1.0 $525| 100%| 0.0[ 1.0 $525| 1.0 $525]
C4 [Load SOC onto VCT A of 75 1| $75) 4 $75 2| $75 0 $75 0| 75 1| $100| of $75 1 875 of $75 of $75 o $100 of 75 1| $75) 1| $75) 1 $75 1| 8125 13 05 $525| 0.0 0.5 $525| 50%| 03| 03] $263| 03] $263]
C5 [Survey SOC dose rates A of $75 o| $75 o| $75 o] $75 0 $75 o] $75 1| $100| of 75 2| 75 of $75 of $75 o $100 of $75 1| $75 1| $75 1| $75 1| $125 71 10 $600(  0.0] 1.0 $600[ 50%| 05| 05 $300] 0.5 $300
C6 [Transport SOC to storage pad A of 75 1| $75) 4] $75 2| $75 0 $75 0| 75 1| $100| of $75 2| 75 of 75 1) $75 of $100 4l $75 1| $75) 1 $75 1 $75 1| 8125 19 75 $11,250| 0.0 7.5 $11,250| 50%| 3.8 3.8 $5,625| 3.8 $5,625|
Total Time per STADs-in-Carrier (hours) 136.3] 3.1 133.2 53.2| 83.1 82.3
Total Time per STADs-in-Carrier (days) 5.7d 0.1d | 5.6d 2.2d | 3.5d 3.4d
btotal Labor Costs $115,788| $113,928| $80,134 $79,669)
Other Costs (consumables) 15% $17,368| $17,089 $12,020 $11,950
btotal Costs w/o C $133,156, $131,017, $92,154 $91,620]
Contingency 20% $26,631 $26,203 $18,431 $18,324|
Total Cost per Carrier $159,787| $157,220| $110,585 $109,943]
# of STADs per Carrier 4 4 4 4 4|
# of Assemblies per STAD 9 9| 9 9 9
k | Cost per A bly w/o C $3,699 $3,639 $2,560 $2,545]
Contingency 20% $740 $728 $512 $509
Total Hours/Cost per Assembly 3.79 $4,439 3.70| $4,367 2.31] $3,072| 2.29 $3,054]
Note: FTE counts apply to both the baseline and optimized cases with the following exceptions - for steps B6, B9 and B14, four welders are shown for the optimized case, whereas only 1 welder has been included for the baseline case (not shown)
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Task Order 21: Operational Requirements for Standardized Dry Fuel Canister Systems

Table 15-10. Operations Approaches — Small PWR STADs-in-Carrier - Basis of Estimate
TABLE 15-10. Operations Approaches - Small PWR STADs-in-Carrier Detailed Costs [ref. Table 19-10]
z 2 | z8 212 | ze |2 | z3
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Step Description : $ # $ $ $ $ # $ # $ # $ # $ # $ $ $ # $ # $ # $ # $ # $ hrs $ hrs hrs $ % hrs hrs $ hrs. $
A5 [Move VCT & SOC into FHB A o[ $75 1 $75 3| $75 1 $75 0 $75 o $75 1| $100 of $75 1 $75 of $75 o $75 0| $100 1| $75 1 $75 1| $75 1| $75 1| $125 12[ 05 $488]  00[ 05 $488| 100%| 0.0] 05 $488] 05 $488
A6|Move SOC to seismic restraint A 0| $75 1 $75 3| $75 of $75 0 $75 of $75 1) $100 0| $75 o $75 o $75 of $75 0| $100 o[ $75 1 $75 1 75 1 75 1| s125 9 0.5 $375| 0.0 0.5 $375| 100%| 0.0 0.5 $375| 0.5 $375
A7 [Remove the SOC lid A 1§75 of 75 2| $75 1 $75 0 $75 o $75 1| $100 o[ $75 of 75 of 75 o 75 0| $100 o] s75) 1§75 1| $75 1 $75 1| $125 9| 15 $1,125)  00[ 15 $1,125| 100%| 0.0[ 15 $1,125| 15 $1,125]
A8 [Move Carrier with empty STADs fro SOC to TC A 1 $75 of 75 4l $75 2| $75 0 $75 o| $75 1| $100 of 75 of 75 of 75 o 75 0| $100 o] $75) 1 475 1| $75 1 $75 1| $125 12| 15 $1,463 00 15 $1,463| 100%| 00 15 $1,463| 15 $1,463]
A9 [Prepare TC for SFP A of 75 of 75 2| $75 of 75 0 $75 o| $75) 1| $100 of 75 of 75 of 75 of $75 0| $100 o] $75) 1 475 1| $75 1 $75 1| $125 7| 2.0 $1,200 0.0 2.0 $1,200] 100%| 0.0] 2.0 $1,2000 2.0 $1,200)
/A10|Remove STAD lids A 1§75 of 75 3| $75 1 $75 0 $75 o $75 1| $100 of $75 of $75 of $75 o $75 0| $100 o $75 1 $75 1| $75 1| $75 1| $125 10 2.0 $1,650  0.0[ 2.0 $1,650( 100%| 0.0 2.0 $1,650 2.0 $1,650)
A11Fill TC & STADs with deionized water A 0| $75 o $75 2| $75 of $75 0 $75 of $75 1) $100 0| $75 o $75 o $75 of $75 0| $100 o[ 75 1 $75 1 75 1| 75 1| s125 7| 2.2 $1,320( 00| 2.2 $1,320] 100%| 0.0 2.2 $1,320( 2.2, $1,320]
A12|Install inflatable seal between Carrier and TC A o[ $75 of 75 2| $75 of 75 0 $75 o 75 1| $100 o[ $75 of 75 of 75 o 75 0| $100 o $75) 1§75 1 $75 1 $75 1| $125 7| 1.2 $7200 00| 12 $720] 100%| 0.0[ 1.2 $7200 1.2 $720
A13|Verify water chemistry matches fuel pool A of 75 of 75 1 $75 of $75 0 $75 o $75 1| $100 of 75 of 75 of 75 1§75 0| $100 o s75) 1 $75 1 $75 1 $75 1| $125 7| 1.0 $600]  0.0] 1.0 $600] 100%| 0.0[ 10 $600] 1.0 $600
A14{Place TCinto Fuel Pool A 1 475 of 75 4 $75 2| $75) 0 $75 2| 75 1| $100 of 75 2| $75 3| $75 of $75 1| $100] o] $75) 1 475 1| $75 1 $75 1| $125 20| 2.6 $4,160] 0.0 2.6 $4,160] 100%| 0.0  2.6| $4,160] 2.6 $4,160)
A15|Load Fuel into STADs B o[ $75 of $75 of $75 of $75 0 $75 o $75 1| $100 o[ $75 1 $75 3| $75 o $75 0| $100 o $75 1 $75 1 $75 1| $75 1| $125 9 61 $4,575  0.0[ 6.1 $4,575| 50%| 3.1] 3.1 $2,288| 3.1 $2,288
A16|Fuel verification B 0| $75 o $75 o $75 of $75 0 $75 of $75 1) $100 0| $75 1 $75 3 $75 1) $75 0| $100 o[ 75 1 $75 1 75 1| 75 1| s125 100 1.3 $1,073|  0.0] 13 $1,073| 50%| 0.7 0.7 $536| 0.7 $536]
B1 [Install 4 STAD inner lids A 1§75 of 75 3| $75 2| $75 0 $75 o 75 1| $100 o[ $75 1§75 3| $75 o 75 0| $100 o $75) 1 875 1§75 1 $75 1| $125 15 1.0] $1,2000 0.0] 10| $1,2000 50%| 05] 05 $600] 0.5 $600
B2 [Lift TC from Fuel Pool A 1 475 of 75 4l $75 2| $75 0 $75 2| 75 1| $100 2| $75) 3 $75 3| $75 o $75 1| $100| o] $75) 1 $75 1| $75 1 $75 1| $125 23| 5.2 $9,490 00[ 52 $9,490| 100%| 00| 5.2 $9,490| 5.2 $9,490)
B3 [Move to decon pit and decon TC A 1 475 of 75 4l $75 2| $75) 0 $75 o $75) 1| $100 3| $75) 2| $75 of 75 of $75 1| $100] o] s75) 1 475 1| $75 1 $75 1| $125 18] 46 $6,670]  0.0] 4.6 $6,670] 100%| 0.0]  4.6| $6,670] 4.6 $6,670)
B4 |Deflate seal between Carrier and TC A o[ 75 of $75 2| $75 of $75 0 $75 o $75 1| $100 o[ $75 1 $75 of $75 o 75 0| $100 o $75 1 $75 1| $75 1| $75 1| $125 8 03 $203  00[ 03 $203| 100%| 00| 03 $203| 03 $203]
B5 [Lower water level in 4 STADs c o] $75 of $75 of $75 of $75 0 $75 o $75 1] $100 o] $75 1 875 of $75 of $75 0| $100 of $75 1) $75 1 $75 1 $75 1| %125 6 05 $263| 00| 05 $263| 45%| 03| 0.2 $118| 0.2 s118)
B6 |[Perform welding of 4 STAD inner lids (all passes) D o[ $75 of 75 of 75 of 75 4 $75 o 75 1| $100 o[ $75 1§75 of 75 of 75 0| $100 o $75) 1 875 1§75 1 $75 1| 125 100 93 $5580  0.0] 93 $5,580| 47%| 50[ 43 $3,568| 4.3 $3,568]
B7 |Perform weld NDE for 4 STAD inner lids (all passes) of 75 of 75 of 75 of $75 1] $75 o| $75 1| $100 of 75 1 $75 of 75 1 $75 0| $100 o] $75) 1 $75 1 $75 1 $75 1| $125 8| 3.2 $2,160] 0.0] 3.2 $2,160] 33%| 21| 11 $713) 11 $713
B8 [STAD hydrostatic test (all 4) B of 75 of 75 of 75 of 75 0 $75 o| $75) 1| $100 of 75 1| $75 of 75 1§75 0| $100 o] $75) 1 475 1| $75 1 $75 1| $125 7| 2.0 $1,200 0.0 2.0 $1,2000 25%| 15| 05 $300] 05 $300)
B9 |Perform welding of 4 STAD outer lids (all passes) D of 75 of 75 of $75 of $75 4 $75 o $75 1| $100 o[ $75 1 $75 of $75 of $75 0| $100 o] $75) 1§75 1 $75 1 $75 1) $125 100 93 $5580  0.0[ 93 $5,580( 47%| 5.0] 43 $3,568] 4.3 $3,568
B10|Perform weld NDE for 4 STAD outer lids (all passes) & 0 $75 0| $75 0| $75 0| $75 1 $75! 0| 75 1| $100 0 $75 1 75 0| $75 1 75 0| $100 0| $75 1| $75] 1| $75 1| $75 1| $125 8| 3.2 $2,160 0.0 3.2 $2,160| 33% 2.1 1.1 $713 1.1] $713
B11|{STAD water blowdown (all 4) c of $75 of 75 of 75 of 75 0 $75 o 75 1| $100 of $75 1| $75 of 75 o 75 0| $100 o $75) 1§75 1| $75 1 $75 1| $125 6| 08 $4200 00| 08 $420 88%| 01] 07 $368| 0.7 $368|
B12|STAD drying and helium backfill (all 4) C of $75 of 75 of 75 of 75 0 $75 o| $75 1| $100 o[ $75 1| $75 of 75 1 $75 0| $100 o] s75) 1 $75 1 $75 1 $75 1| $125 7| 182 $10,920 3.1 151 $9,060] 25%| 13.7] 4.6 $2,730] 3.8 $2,265|
B13[STAD leak test (all 4) = of 75 of 75 of 75 of $75 0 $75 o $75 1| $100 of 75 1| $75 of 75 1 $75 o $100 o] s75) 1 475 1| $75 1 $75 1| $125 7| 49 $2,940, 0.0 4.9 $2,940| 25%| 37| 12 $735] 12 $735)
B14{Weld & test STAD inner siphon and vent port covers (all 8) D 0| $75 of $75 o $75 o $75 4 $75) of $75 1| $100 0| $75] 1| $75 o $75 1 $75 0 $100| o $75 1|  $75 1l $75 1| $75 1| $125 11 8.0| $5,400 0.0 8.0| $5,400 25% 6.0 2.0 $1,800 2.0 $1,800)
B15|Perform siphon and vent cover He leak tests (all 8) & 0 $75 0| $75 0| $75 0| $75 0| $75! 0| 75 1| $100 0 $75 1 75 0| $75 1 75 0| $100 0| $75 1| $75 1| $75 1| $75 1| $125 7] 24 $1,440, 0.0[ 2.4 $1,440( 100% 0.0 2.4 $1,440, 24 $1,440)
B16|Drain water from Carrier/TC annulus c o[ $75 of 75 1 $75 of 75 0 $75 o $75 1| $100 o[ $75 1 $75 of 75 o 75 0| $100 o $75) 1§75 1 $75 1 $75 1| $125 7| 1.0 $600[ 0.0 10| $600| 100%| 0.0[ 1.0 $600] 1.0 $600
B17|Prepare for the Carrier to SOC transfer A of 75 of 75 2| $75 2| $75 0 $75 o $75 1| $100 of 75 1| $75 of $75 o $75 0| $100 o $75) 1 $75 1| $75 1 $75 1| $125 10 2.0] $1,650] 0.0] 2.0 $1,650] 100%| 0.0 2.0 $1,650] 2.0 $1,650)
B18{Install transfer adapter on top of SOC A 1 475 of 75 4 $75 2| $75) 0 $75 o $75) 1| $100 of 75 1| $75 of 75 o $75) o] $100 o] $75) 1 475 1| $75 1 $75 1| $125 13 15 $1,575| 0.0 15 $1,575| 100%| 00 15 $1,575| 15 $1,575)
B19|Move TC to SOC A 1 $75 of $75 4 $75 2| $75 0 $75 o $75 1| $100 of $75 1| $75 of $75 o $75 0| $100 o| $75) 1 475 1 $75 1| $75 1| $125 13 53 $5,565|  0.0] 53| $5,565| 100%| 0.0 53 $5,565 5.3 $5,565|
B20|Install Carrier lift rigging A 1 $75 0| $75 3| 75 2| $75 0| $75! 0| 75 1| $100 0 $75 1 75 0| $75 0| $75 0| $100 0| $75 1| $75 1| $75 1| $75 1| $125 12| 1.5] $1,463] 0.0 1.5] $1,463| 50% 0.8 0.8 $731 0.8 $731
B21|Load Carrier into SOC A 1 875 of 75 4l $75 2|  $75 0 $75 o $75 1| $100 o[ $75 1 $75 of 75 o 75 0| $100 o $75) 1 875 1§75 1 $75 1| 125 13 1.0] $1,050]  0.0] 10| $1,050] 100%| 0.0[ 10 $1,050] 1.0 $1,050)
B22|Move TC to staging area A 1 475 of 75 4l $75 2| $75 0 $75 o $75 1| $100 of 75 1 $75 of 75 o $75 0| $100 o $75) 1 475 1| $75 1 $75 1| $125 13| 65 $6,825| 00 65 $6,825| 100%| 00| 65 $6,825 65 $6,825|
B23|Remove transfer adapter A 1 475 of 75 4] $75 2| $75) 0 $75 o $75) 1| $100 of 75 1| $75 of 75 of $75 o $100) o] $75) 1 475 1| $75 1 $75 1| $125 13 1.0] $1,050 0.0 1.0 $1,050] 100%| 0.0 1.0 $1,050] 1.0 $1,050)
C1 [Install SOC lid A 1 $75 of $75 2| $75 2| $75 0 $75 o] $75 1| $100 of $75 1 $75 of $75 o $75 0| $100 o $75 1 $75 1 $75 1| $75 1| $125 1) 2.0 $1,800(  0.0[ 2.0 $1,800( 100%| 0.0 2.0 $1,800] 2.0 $1,800)
C2 [Check SOC vents A 0| $75 o $75 2| $75 of $75 0 $75 of $75 1) $100 o] $75 1 $75 o $75 of $75 0| $100 o[ $75 1 $75 1 75 1 75 1| s125 8 0.5 $338| 0.0 0.5 $338| 100%| 0.0 0.5 $338] 0.5 $338]
€3 |Perform fire hazards walkdown A o[  $75 of 75 1| $75 of 75 0 $75 o 75 1| $100 of $75 of 75 of 75 o| 75 0| $100 o $75) 1§75 1 $75 1 $75 1| $125 6| 1.0 $525| 0.0 10| $525| 100%| 0.0[ 10 $525| 1.0 $525
C4 |Load SOC onto VCT A of 75 1 $75 4l $75 2| $75 0 $75 o| $75 1| $100 of 75 1 $75 of 75 of 75 0| $100 o s75) 1 $75 1| $75 1 $75 1| $125 13 05 $525| 00| 05 $525| 50%| 03] 03 $263| 03 $263
C5 |Survey SOC dose rates A of 75 of 75 of 75 of 75 0 $75 o| $75) 1| $100 of 75 2| $75 of 75 of $75 0| $100 o] $75) 1 475 1| $75 1 $75 1| $125 7| 1.0 $600] 0.0] 10| $600[ 50%| 05 05 $300] 05 $300)
C6 [Transport SOC to storage pad A o[ $75 1 $75 4l $75 2| $75 0 $75 o] $75 1| $100 of $75 2| $75 of $75 1| $75 0| $100 4 s75 1 $75 1| $75 1| $75 1| $125 19 75 $11,250| 0.0 7.5 $11,250| 50%| 3.8 3.8 $5,625 3.8 $5,625|
Total Time per STADs-in-Carrier (hours) 127.6] 3.1] 124.5 48.9| 78.7| 77.9
Total Time per STADs-in-Carrier (days) 5.3d 0.1d | 5.2d 2d 3.3d 3.2d
Labor Costs $109,188) $107,328) $76,834) $76,369]
Other Costs (consumables) 15% $16,378 $16,099 $11,525 $11,455
Costs w/o C $125,566 $123,427 $88,359 $87,825
Contingency 20% $25,113 $24,685 $17,672 $17,565|
Total Cost per Carrier $150,679) $148,112| $106,031 $105,389)
# of STADs per Carrier 4 4 4 4 4|
# of Assemblies per STAD 4 4 4 4 4
Cost per y w/o Conti Y $7,848 $7,714 $5,522, $5,489)
Contingency 20% $1,570 $1,543] $1,104] $1,008]
Total Hours/Cost per Assembly 7.98! $9,417 7.78! $9,257 4.92. $6,627| 4.87 $6,587|
Note: FTE counts apply to both the baseline and optimized cases with the following exceptions - for steps B6, B9 and B14, four welders are shown for the optimized case, whereas only 1 welder has been included for the baseline case (not shown)
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16 APPENDIX E — LOADING PROCESS FLOWSHEETS

L 2
_________ Tagks peroimed i PREIEL TS SSSIE L e e o — — — — — — —
r ACRONYMS
I VCT PRE-USE 1 VCC PRE-USE 1 LOAD VCC ONTO VCT |0.75
INSPECTION INSPECTION VCC - Vertical Concrete Cask
I 1 2 3 TSC - Transportable Storage
I_ Canister
_____ T T T T T T T T e e m————————— MTC - MAGNASTOR Transfer
e o — — — — — — — — — — — — — — — — — — — — — — — — — — — —— — Cask
-l VCT - Vertical Cask Transporter
MOVE VCC TO 0.5 MOVE VCT & VCC 0.5 MOVE VCC TO UNDER ]0.5 REMOVE VCC LID AND |15 | SFP - Spent Fuel Pool
SECRITY PROTECTED INTO FHB SEISMIC RESTRAINT INSTALL ADAPTER L FHB - Fuel Handling Building
AREA 4 5 5 7 I ISFSI - Independent Spent Fuel
Storage Installation
e o — — — — ———————— — — — ————— — o 2o, s, s s e ] VDS - Vacuum Dry System

e S — — — — — ——— — — — — — — SeMW&B — — — NOTES

I MTC PREPARATION 2 MOVE MTC INTO 0.5
I DECON PIT

L LOAD SPACERS 0.8 MOVE TSC INTO FHB 0.5 1 - All time intervals are in hours.

2 - Total process time = 144 hrs (6
10 11 days). Time estimates from ZION
Fuel Transfer Campaign dated
11/19/14.

3 - Process step format:

I : 9

Step 3, Time = 2.592 hrs

-
I
|
- - ____—_—_
|
I
|

—’
MTC PREPARATION 4.42 PLACE TSC INTO MTC |1 I PLACE MTC/TSC 2.59 I I START FUEL MOVES 0.5 process step time
INTO SFP step
12 13 I 14 I I 15
—— e e e e e
FUEL MOVES 14 FUEL VERIFICATION 1.61 INSTALL DFC 3
LIDS/SPACERS CONTINUED ON SH 2
16 17 18
N/A I Booz | Allen | Hamilton . /..--—-/";'—~ st srevens e sure
o NAC NERGYSOLUTIONS :
“lefﬁl!‘_.p' alw I LR\\I I(‘)\‘\L CONTRACT NO. DE-NE-0000293 I PROJECT NO. 205592
o TASK ORDER 21
. _ S ZION FUEL CANISTER LOADING PROCESS
REV DESCRIPTION orvn| ENG | chx [ apvo| ov | DaTE E:i:'JSEDON :: Sé: R DWG-205592-ME-0001 E’
REVISIONS SCALE SHOWM [ sweer 1 OF 4
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4
————— —— — — — — — — — — — ———— —— — — — e i Al — —— —
—r
INSTALL TSC LID 05 ||| |REMOVE MTCITSC 26 PLACE MTC/TSC INTO |05
CONTINUED FROM SH 1 —= L| FROM SFP DECON PIT
19 (11 20 21
—_—— e e
—_—_———————— e ———  — ————————— — — — — —
DECON MTC/TSC 4.08 REMOVE 70 GAL 0.75 [ | | | TEST FOR HYDROGEN |05 PERFORMLIDFITUP |05
WATER :
22 23 ||| 24 25
—_——— e e e
— e e e e SERSIMEIRSEN L e e e e s . . — — — — — —
WELD TSC LID ROOT | 0.69 WELD TSC LID ROOT |55 NDE TSC LID ROOT 5 WELD TSC LID 55
WELD START WELD FINISH WELD INTERMEDIATE WELD
26 27 28 29
NDE TSC LID 2 WELD TSC LIDFINAL |55 NDE TSC LID FINAL 2 HYDRO PRESSURE 1
INTERMEDIATE WELD WELD WELD TEST TSC LID
30 31 32 33
—_————— e
WELD CLOSURE RING |55 NDE CLOSURERING |2 || | |BLOWDOWN TSC 1
- - = CONTINUED ON 3
36 55 || 36
—— o e e e e e e o ] e —
N/A ‘ BOOZ | A”en I Hamllton /—/ 2345 STEVENS DRIVE, SUITE 240
) NAC ENERGYSOLUTIONS RICHLAND, WA 99354
\E‘x?‘!:)r! %I\JTER\‘\H()\\L CONTRACT NO. DE-NE-0000283 I PROJECT NO. 205582
ST T T TASK ORDER 21
. _ e ZION FUEL CANISTER LOADING PROCESS
REV BESCRRTON T I R ) T I e L B | DWG-205592-ME-0001| A
REVISIONS SCALE SHOWN | sHeeT 2 OF 4
t
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¥

Step 7 Time = 33.984 hrs
———————————h———————————————————ﬂ

SET UP TO VDS 0.98 VACUUM DRY TSC 30 HELIUM BACKFILL TSC |2 I
CONTINUED FROM SH 2 —={

l———————ﬁiewewmﬁ———————————————ll————————

I WELD AND TEST 4 HELIUM LEAK TEST 1.22 WELD AND TEST 4 I I INSTALL MTC 1.54
= INNER PORT COVERS PORT COVERS OUTER PORT COVERS | RETAINING LUGS
| 40 41 2 || 43
s
PREP MTC/TSC FOR 2 REMOVE MTC/TSC 0.5 PLACE MTC/TSC IN 1.5 ENGAGE MTC SEISMIC | 1
STACK UP FROM DECON PIT STACK UP RESTRAINT
44 45 46 47
—— — — — — — — — — — — —— —— — — — — — — — — — — — — — — — ——
REMOVE YOKE FROM |0.5 RIG TSC TO FHB HOOK | 1.75 TRANSFER TSC TO 1 REMOVE RIGGING 1.5
FHB HOOK VCC
48 49 50 51
CLOSE TRANSFER 0.5 INSTALL YOKE 0.5 DISENGAGE SEISMIC 1
ADAPTER - ~| MTC SEISMIC = CONTINUED ON 4
52 53 RESTAINT 54
‘ BOOZ | A”en I Hamilton /—4 2345 STEVENS DRIVE, SUITE 240
N/A Exelon NAC ENERGYSOLUTIONS RICHLAND, WA 99354
Riclear Partners ﬁI\HER\‘\HO\’\L CONTRACT NO.  DE-NE-0000283 | FrosEcT NO. 205652
Y (R o TASK ORDER 21
. _ e ZION FUEL CANISTER LOADING PROCESS
REV BESCRRTON T I R ) T I e L B | DWG-205592-ME-0001| A
REVISIONS SCALE SHOWN | sHeeT 3 OF 4
t
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¥
MOVE MTC TO DECON |05 REMOVE RIGGING 1 REMOVE TRANSFER | 1.5
CONTINUED FROM SH 3—={ PIT FROM TSC ADAPTER
55 56 57
—_—_——————— e —_—_——————— —— — —— — —— — — — — — —
SET VCC LID 2 | | CHECK VCC VENTS |05 PERFORM FIRE 1 MOVE VCC TO VCT 05
: HAZARDS WALKDOWN
58 | | 59 60 61
—_—— e e e e e e e e e —
— e —— ——— — —— — . o e s S0 TS OS2 e e e e o e S S . S e o e e
PERFORM VCC DOSE |1 MOVE SUPPORT 0.5 MOVE VCT TO HAUL | 1.26 REPLACE SECURITY |0.25
RATES EQUIPMENT TO ISFSI ROAD BARRIERS
62 63 64 65
MOVE VCTNVCC/TSC |3 MOVE SECURITY 0.25 MOVE VCT INTO 05 POSITION VCC ON PAD | 0.5
TO ISFSI PAD BARRIER AT ISFSI AND POSITION AT ISFSI
—_———— e e — — —
INSTALL VENT 05 MOVE EQUIPMENT 05 REPLACE SECURITY  |0.25 I
SCREENS ~| FROM ISFSI BARRIERS
70 71 72 ||
— o —— — — — ——— ————— — —— — — — o o]

N/A

} Booz | Allen | Hamilton

. NAC
Exelon. AN Ernar

IONAL sowmacrvo.

= 2345 STEVENS DRIVE, SUITE 240
ENERGY SOLUTIONS RICHLAND, WA 99354

DE-NE-0000283 I PROJECT NO. 205682

BY

DATE

DRAWN

F CHAVEZ

12/5i14

ENGINEES

R

CHECKER

FC

APPROVED

1DV

A

NA

TASK ORDER 21

ZION FUEL CANISTER LOADING PROCESS

DESCRIPTION

orw| ENG | CHK | aPvD)

Dv | DATE

DORCM

[

REVISIONS

MNEXT USED ON A

SIZE

B |* DWG-205592-ME-0001| A

SCALE SHOWN | sHeeT 4 OF 4
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¥
VCT PRE-USE time SOC PRE-USE time LOAD SOC ONTOVCT [time
INSPECTION INSPECTION
A1 A2 A3
ACRONYMS
MOVE SCC TO time MOVE VCT & SOC time MOVE SOC TO SEISMIC| time REMOVE SOC LID time
SECRITY PROTECTED INTO FHB RESTRAINT - =, STAD - Standardized Transporattion
AREA A4 AS AB AT Aging and Disposal Canister
SQOC - Storage Overpack Cask
TC - Transfer Cask
VCT - Vertical Cask Transporter
SFP - Spent Fuel Pool
i - - - ISFSI - Independent Spent Fuel
REMOVE CAN LID time LIFT CANWITH STADs |time PLACE CAN INTO time REMOVE STAD LIDS time st Installati
FROM SOC TRANSFER CASK orage instaflaton
VDS - Vacuum Drying System
A8 A9 A10 A1 FHB - Fuel Handling Building
NDE - Non-Destructive Examination
NOTES
FILL TRANSFER CASKWITH | time INSTALL INFLATABLE |time VERIFY WATER time PLACE TRANSFER time 1 - The SOC is recieved with can
DEIONIZED WATER AND SEAL BETWEEN CAN CHEMISTRY MATCHES =] CASK INTO FUEL o= (with lid) and 4 or 5 STADs (with one
STADs WITH POOLWATER [ o ¢> AND TRANSFER CASK | 443 FUEL POOL A14 HANDLING PCOL A15 lid per STAD) inside.
LCAD FUEL INTO time FUEL ASSEMBLY time
STADS SERIAL NUMBER
a1e | | vERIFICATION A7 /
B1

N/A

ENERGYSOLUTIONS

ﬁ

2345 STEVENS DRIVE, SUITE 240
RICHLAND, WA 99354

CONTRACT NO.

DE-FE-0000253 I PROJECT NO. 205592

Et

DATE

EMEINEER

DRAMWN F CHAYET

125714

CHECHER

F

AFPHLOVED

1D [y

TASK ORDER 21

STAD IN CAN LOADING PROCESS

REY

DESCR T ON OFM) ENG | SHK | AD| 1D

CATE

DRCM s

REAISIONS

HELT USED DN s,

BI7E

B

oS REY

" DWG-205592-ME-0002 | A

SALE

SO I SIICCT. 1 CF 3
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¥
INSTALL STADs LIDS | time LIFT TRANSFER CASK [time LOWER WATER LEVEL |time PERFORMWELDING  [time
FROM FUEL POOL INALL STADs OF STADLIDS
B1 B2 B3 B4
PERFORM WELD NDE | time STAD HYDROSTATIC | time STAD WATER time STAD DRYING AND time
FOR STAD LIDS TEST BLOWDOWN HELIUM BACKFILL
B5 B6 B7 B8
STAD PRESSURE TEST | time INSTALL STAD time PERFORM SYPHON time BLOWDOWN CAN time
=1 SYPHON AND VENT =1 AND VENT COVER =] WATER LEVEL BELOW -
B9 PORT COVERS B10 HELIUM LEAK TESTS B11 SHIELDING DISK B12
INSTALL CAN LID time WELD CAN LID time NDE CAN LID WELD time DRY AND BACKFILL time
CAN WITH HELIUM
B13 B14 B15 B16
CAN PRESSURE TEST | time INSTALL CAN SYPHON | time PERFORM CAN time
AND VENT PORT SYPHON AND VENT CONTINUEDON 3
B17 COVERS B18 COVER LEAKTEST  [g1o
N/A /‘-"-/S 2145 STEVENS DRIVE, SUITE 240
EN—ERGY OLUHONS RICHLAND, WA 99354
CONTRACTNO. _ [IE HIE. 000233 ] PROJECT HO. 206550
B DATE
[ R F_CHAUEL 12578 TASK ORDER 21
- - T STAD IN CAN LOADING PROCESS
: - D i, N
TEY LESCR FTON tron] EnG | Sk [Ao] 10w [EaTe EZ\?USEDON :jj: QE o DWG-205592-ME-000 F;\.
REVISIONS 30ALE I T s FEE
1
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+
DEFLATE SEAL time DRAIN WATER FROM time DECON TRANSFER time
CONTINUED FROM SH 2—=] BETWEEN CAN AND CAN AND TRANSFER CASK
TRANSFER CASK B20 CASK ANNULUS B21 B22
PREPARE FOR THE time MOVE TRANSFER time LOAD CAN INTO SOC time MOVE TRANSFER time
CAN TO STORAGE CASK TO 8SOC CASK TO STAGING
OVERPACK TRANSFER | go3 B24 B25 AREA B26
INSTALL SOC LID time LOAD SOC ONTO VCT |time TRANSPORT SOC TO time
STORAGE PAD
C1 Cc2 C3
N/A - 2345 STEVENS DRIVE, SUITE 240
ENERGY SOLUTIONS RICHLAND, WA 99354
CONTRACT NO. DE-NE-0000293 I PROJECT NO. 205592
BY DATE
DRAWWN F. CHAVEE 12514 TASK ORDER 21
_ - o STAD IN CAN LOADING PROCESS
REV] DESCRIPTION DRWN| ENG | CHI | APVD| 1DV | DATE E;C:LSED o :ji B no DWG-205592-ME-0002 A
REVISIONS SCALE SHOWN ] stEeT 3 OF 3
t
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VCT PRE-USE time SOC PRE-USE time LOAD SOCONTO VCT |time
INSPECTION INSPECTION
A1 A2 A3

ACRONYMS

MOVE SOC TO time MOVE VCT & SOC time MOVE SQC TO SEISMIC] time REMOVE SOC LID time

SECRITY PROTECTED INTO FHB RESTRAINT - = SOC - Storage Overpack Cask

AREA Ad AS AB A7 STAD - Standardized, Transportation,
Aging and Disposal
VCT -Vertical Cask Transporter
SFP - Spent Fuel Pool
ISFSI - Independent Spent Fuel

MOVE CARRIER WITH [time PREPARE TC FOR SFP [time REMOVE STADLIDS | time INFLATE SEALS time Stggag?\'/ziﬂ':'%” o Svetem

EMPTY STADs FROM BETWEEN CARRIER ving Sy

SOC TO TC AND TC TC - Transfer Cask

A8 A9 A10 A1 FHE - Fuel Handling Building

NOTES
1 - The SOC is received with 4 small |¢-

FILL TC WITH DEIONIZED | time VERIFY WATER time PLACE TRANSFER time LOAD FUEL INTO time STADs (with an inner and outer lid

WATER AND STADs CHEMISTRY MATCHES CASK INTO SFP =1 STADS = per STAD) loaded in a carrier.

WITHPOOLWATER [ 10 SFP A13 A14 A5

FUEL ASSEMBLY time

SERIAL NUMBER

VERIFICATION A6 /

B1

N/A

ENERGYSOLUTIONS

ﬁ

2345 STEVENS DRIVE, SUITE 240
RICHLAND, WA 99354

CONTRACT NO.

DE-FE-0000253 I PROJECT NO. 205592

Et

DATE

EMEINEER

DRAMWN F CHAYET

125714

CHECHER

F

AFPHLOVED

1D [y

STAD-IN-CARRIER LOADING PROCESS

TASK ORDER 21
TASK ORDER 18 STUDY

REY

DESCR T ON OFM) ENG | SHK | AD| 1D

CATE

DRCM s

REAISIONS

HELT USED DN s,

BI7E

B

oS REY

" DWG-205592-ME-0003 | A

SALE

SO I SIICCT. 1 CF 3
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¥
INSTALL STADs INNER | time LIFT TC FROM SFP time MOVE TO DECONPIT |time LOWER WATER LEVEL [time
LIDS AND DECON TC (AS INALL STADs
B1 B2 REQUIRED) B3 B4
PERFORM WELDING time PERFORM WELD NDE | time STADs HYDROSTATIC | time STAD WATER time
OF STAD INNER LIDS FOR STADs LIDS TESTS BLOWDOWN
(SHIELD PLUGS) B5 B5 B7 B8
STAD DRYING AND time STAD PRESSURE TEST | time WELD & TEST STADs time PERFORM SYPHON time
HELIUM BACKFILL INNER SYPHON AND AND VENT COVERS -
B9 B10 VENT PORT COVERS | g11 HELIUM LEAK TESTS B12
INSTALL AND WELD time NDE STADs OUTER time DEFLATE SEAL time DRAIN WATER FROM time
STADs OUTER LIDS LIDS BETWEEN BASKET TRANSFER CASK
B13 B14 AND TC B15 ANNULUS B16
PREPARE FOR THE time INSTALL TRANSFER time MOVE TRANSFER time
CARRIER TO STCRAGE ADAPTOR ON TOP OF CASK TO S0OC CONTINUEDON 3
OVERPACK TRANSFER | g7 soc B18 B19
N/A /‘-"-/S 2145 STEVENS DRIVE, SUITE 240
EN—ERGY OLUHONS RICHLAND, WA 99354
CONTRACT NO. _DIE-1E-DL0026 ] PROJECT HO. 206550
B DATE
[ R F_CHAUEL 12578 TASK ORDER 21
TASK ORDER 18 STUDY
- — E STAD-IN-CARRIER LOADING PROCESS
: - D i, N
TEY LESCR FTON tron] EnG | Sk [Ao] 10w [EaTe EZ\?USEDON :jj: QE o DWG-205592-ME-000 F;\.
REVISIONS SALE I ] sicc FEE
1
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4
INSTALL CARRIER LIFT |time LOAD CARRIER INTO | time MOVE TRANSFER time
CONTINUED FROM SH 2= RIGGING sQC CASK TO STAGING
B20 B21 AREA B22
REMOVE TRANSFER time
ADAPTER
B23
INSTALL SOC LID time CHECK SOC VENTS time PERFORM FIRE time LOAD SOC ONTOVCT | time
p- w1 HAZARDS WALKDOWN - -
C1 c2 C3 C4
PERFORM SOC DOSE | time TRANSPORT SOC TO  |time
RATES ISFSI
C5 Cé
N/A /‘-"-/S 2145 STEVENS DRIVE, SUITE 240
EN—ERGY OLUHONS RICHLAND, WA 99354
CONTRACT NO. _DIE-1E-DL0026 ] PROJECTHO. 206550
B DATE
[ R F_CHAUEL 12578 TASK ORDER 21
TASK ORDER 18 STUDY
- — TR STAD-IN-CARRIER LOADING PROCESS
N B 10 A N7 |
TEY LESCR FTON tron] EnG | Sk [Ao] 10w [EaTe EZ\?USEDON :jj: JB no.” DWG-205592-ME_0003I
REVISIONS 30ALE 50w T s I CF 3
1
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17 APPENDIX F — DATABASE OF KEY CHARACTERISTICS RELATIVE TO THE USE OF DRY CASK STORAGE SYSTEMS AT OPERATIONAL NUCLEAR POWER STATIONS

Plant Name Reactor Vendor Reactor Type Pool Arrangement Refueling Cycle Storage Vendor Crane Info Cask Pit Info Heavy Loads Issues Floor Loading Issues Truckbay Access
ANO 1 Entergy Babcock & Wilcox PWR One Separate from U2 18 Holtec No Issues 10x10 No Issues New Transfer Facility No Issues
Combustion .
ANO 2 Entergy T CE PWR One Separate from U1 18 Holtec No Issues 10x10 No Issues New Transfer Facility No Issues
Beaver Valley First Energy Westinghouse PWR-3L Two 18 ISFSI in Design Stages Under Evaluation Under Evaluation Under Evaluation Under Evaluation
Braidwood Exelon Westinghouse PWR-4L Two One pool for both units 18 Holtec No Issues Safe Load Path Established No Issues No Issues
Browns Ferry TVA General Electric BWR-4 Three Uilas e Connecte.d, L 24 Holtec No Issues Crash Pad, No Decon Pit No Issues No Issues No Issues
Separate w/Pit
Brunswick Duke General Electric BWR-4 Two Two Separate Pools 24 TN/AREVA No Issues Standar(:\llz)lsv]z;slzon Area, No Issues No Issues No Issues
Byron Exelon Westinghouse PWR-4L Two One pool for both units 18 No Issues No Known Issues No Known Issues No Known Issues
Calloway Ameren Westinghouse PWR-4L One Single Unit / Single Pool 18 Holtec No Issues Have Drawing No Issues No Issues No Issues
. Combustion .
Calvert Cliffs Exelon T —— CE PWR Two Two Connected Pools 24 TN/AREVA No Issues 25 x 25 with decon area No Issues Some, but Resolved No Issues
Catawba Duke Westinghouse PWR-4L Two Two Separate Pools 18 NAC No Issues 9'6 by 9'6 No Issues No Issues No Issues
Clinton Exelon General Electric BWR-6 One Single Unit / Single Pool 24 None Gty 1503 Currently Being Evaluated Bty e Currently Being Evaluated
Upgraded Evaluated
Columbia 2 Nfrr:}all;/%};st General Electric BWR-5 One Single Unit / Single Pool 24 Holtec No Issues No Known Issues No Known Issues No Known Issues
. . . . . Safe Load Path
Cooper NPPD General Electric BWR-4 One Single Unit / Single Pool 24 TN/AREVA No Issues Tight - Special Yoke No Issues Established No Issues
Commanche Peak Luminant Westinghouse PWR-4L Two S M D Es 18 Holtec Recently Upgraded In p'001 ) e I,)lt on (s ca.n t ST ] Sles.mlc Bestramts No Issues
Pools different elevation building floor Required in truckbay
DC Cook AEP Westinghouse PWR-4L Two One Shared Pool 18 Holtec No Issues Pit & Washdown Area No Issues No Issues No Issues
Davis Besse First Energy Babcock & Wilcox PWR One Single Unit / Single Pool 24 TN/AREVA 135T SFP 20x20 with Wash Pit No Issues No Issues No Issues
. . In-Pool w/Separate Cask
Diablo Canyon PG&E Westinghouse PWR-4L Two Two Separate Pools 24 Holtec No Issues . . No Issues No Issues No Issues
Pit for Welding
Dresden Exelon General Electric BWR-3 Two Separate Pool 24 Holtec Safe Load Paths No Issues No Issues No Issues
Duane Arnold FPL General Electric BWR-4 One Single Unit / Single Pool 24 TN/AREVA 100t- cannolt perform 15x15 can beisolated No Issues No Issues No Issues
full lift from the SFP
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Cask Pit Info

Heavy Loads Issues

Floor Loading Issues

Truckbay Access

Fermi 2 DTE General Electric BWR-4 One Single Unit / Single Pool 18 Holtec No Issues Work done in DSP Yes, work done in DSP Yes, work done in DSP | Yes, stackup done outside
Combustion . . .
Fort Calhoun OPPD Engineering CE PWR One Single Unit / Single Pool 18 TN/AREVA No Known Issues No Known Issues No Known Issues No Known Issues
Ginna Exelon Westinghouse PWR-2 One Single Unit / Single Pool 18 TN/AREVA
Grand Gulf Entergy General Electric BWR-6 One S e B 24 Holtec No Issues Wens (e (,BWR_6)
Arrangement Decon Pit
H. P. Robinson Duke Westinghouse PWR-3L One Single Unit/Single Pool 18 TN/AREVA No Issues 9x9 with Support. No issues No issues R BNl
Platforms for Welding Removed for Access
Hatch SNC General Electric BWR-4 Two Two Pools, One Cask Pit 24 Holtec No Issues Aty Bttt Separ.ate No issues No issues
Cask Washdown Pit
Hope Creek PSEG General Electric BWR-4 One Single Unit, One Pool 18 Holtec Polar Crane that.can a 10x12 pit w/Handling No Issues No Issues No Issues
problem be at times Area
Indian Point Entergy Westinghouse PWR-4L Two Two Separate Pools 24 Holtec M‘m.ls performedatboth | Wash pits available, but No Issues (see crane info) [No Issues (see crane info) | No Issues (see crane info)
units to accommodate not used
J. A. Fitzpatrick Entergy General Electric BWR-4 One Single Unit, One Pool 24 Holtec No Issues 10x10 w/Cask Decon Pit | "Softener” Above the Torus No Issues No Issues
LaSalle Exelon General Electric BWR-5 Two Two Interconnect Pools 24 Holtec No Issues No Issues No Issues No Issues
Limerick Exelon General Electric BWR-4 Two Two Interconnect Pools 24 TN/AREVA No Issues No Issues No Issues No Issues
McGuire Duke Westinghouse PWR-4L Two Two Units, Separate Pools 18 NAC No Issues 9'6" by 9'6" No Issues No Issues No Issues
" . Combustion . .
Millstone 2 Dominion RO CE PWR One Separate from U3 18 TN/AREVA No Issues 20x20 with Wash Pit No Issues No Issues No Issues
Millstone 3 Dominion Westinghouse PWR-4L One Separate from U2 18 TN/AREVA No Issues 20x20 with Wash Pit No Issues No Issues No Issues
Nine Mile 1 Exelon General Electric BWR-2 One Separate from U2 24 TN/AREVA No Issues Inside SFP No Issues No Issues No Issues
Nine Mile 2 Exelon General Electric BWR-5 One Separate from U1 24 TN/AREVA No Issues Outside SFP No Issues No Issues No Issues
North Anna Dominion Westinghouse PWR-3L Two One pool for both units 18 TN/AREVA 125T SFP 17x17 No Issues No Issues No issues
Monticello Xcel General Electric BWR-3 One Single Unit / Single Pool 24
Oconee Duke Babcock & Wilcox B&W PWR Three U1 & U2 Share, U3 Separate 24 TN/AREVA No Issues ) S\}/lvelf‘}llel\:ultlple No Issues No Issues No Issues
Oyster Creek Exelon General Electric BWR-2 One Single Unit / Single Pool 24 TN/AREVA No Issues Ade?\;;agee/c E;a;ﬁ S| No Issues No Issues No Issues
Palisaides Entergy Con?bustl_on CE PWR One One Unit / One Pool 18 No Issues HE) 512 an.d No Issues No Issues No Issues
Engineering Washdown Pit
Palo Verde APS Con?bustl_on CE PWR Three Three Separate Pools 18 I LTS 7 RS e No Issues Will upgrade for Magnastor No Issues No Issues
Engineering NAC Magnastor
Peach Bottom Exelon General Electric BWR-4 Two Two Separate Pools 24 TN/AREVA No Issues In-Pool Pit No Issues No Issues No Issues
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Plant Name Reactor Vendor Reactor Type Pool Arrangement Refueling Cycle Storage Vendor Crane Info Cask Pit Info Heavy Loads Issues Floor Loading Issues Truckbay Access
Perry First Energy General Electric BWR-6 One SO 24 Holtec o vinee 14x13 with Shelf Resolved Resolved No Issues
Arrangement w/ 2 Pools Resolve
Pilgrim Entergy General Electric BWR-3 One Single Unit / Single Pool 24 Holtec Evaluation In Progress In-Pool Crash Pad Evaluation In Progress Evaluation In Progress | Airlock Work In Progress
Point Beach NMC Westinghouse PWR-2L Two Single Pool 18 TN/AREVA No Issues In-Pool Only Resolved No Issues No Issues
Prairie Island Xcel Westinghouse PWR-2L Two 18
Quad Cities Exelon General Electric BWR-3 Two Interconnected 24 Holtec No Issues gicha Sragg]Tlg Safe Load Path Established No Issues No Issues
Area - No Decon Pit
River Bend Entergy General Electric BWR-6 One Single Unit BWR 6 24 Holtec 125T SFP Separate from SFP, No Issues No Issues Mods requu?ed for each
Arrangement 14x16 with mods move in/out
Salem PSEG Westinghouse PWR-4L Two 18
. . . . 14x23 and can be .
Seabrook FPL Westinghouse PWR-4L One Single Unit / Single Pool 18 TN/AREVA Recent Upgrade isolated Safe Load Path Established No Issues No Issues
Sequoyah TVA Westinghouse PWR-4L Two Shared Pool 18 Holtec No Issues In-Pool Pit No Issues No Issues No Issues
Sheron Harris Duke Westinghouse PWR-3L One Single Unit with Four 18 None No Issues 12x12 Connected to Al No Issues No Issues No Issues
Interconnected Pools Pools
St. Lucie FPL T CE PWR Two Two Separate Pools 18
Engineering
South Texas NRG Westinghouse PWR-4L Two 18
Surry Dominion Westinghouse PWR-3L Two One pool for both units 24 Various / TN/AREVA 125T SFP 17x17 No Issues No Issues No issues
Susquehanna Exelon General Electric BWR-4 Two Urrglroels on' LFle . Jre 24 TN/AREVA No Issues e P (10X1_5) e Safe Load Path Established No Issues No Issues
Cask Loading Pit Decon Pit
Three Mile Island Exelon Babcock & Wilcox B&W PWR One Single Unit / Single Pool 24
Turkey Point FPL (AormlaTsidton CE PWR Two Shared Pool 18
Engineering
V. C. Summer SCE&G General Electric PWR-3L One Single Unit / Single Pool 18 Holtec Upgraded to 125T SFP 12x13 w/ decon pit In Progress In Progress No Issues
Combustion . . . . . . . .
Waterford TVA T CE PWR One Single Unit / Single Pool 18 20x20 with Wash Pit | Safe Load Path Established | Can't Set Cask Down Current issue with HVAC
Watts Bar TVA Westinghouse PWR-4L One Single Unit / Single Pool 18 Holtec Evals in Progress S pool.w1th In Progress In Progress In Progress
washdown outside
Wolf Creek WCN Westinghouse PWR-4L One Single Unit / Single Pool 18 No Currently Dry Storing N/A N/A N/A N/A N/A

Note: if no information was available, the cell was left empty.
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18 APPENDIX G — INVESTIGATION OF CANISTER DRYING PROCESSES
AND TECHNOLOGIES

The objective of this investigation was to provide a synopsis of the basic technologyin use
today for fuel storage canister drying and to identify opportunities to reduce canister drying
time as a means to reduce the overall canisterloading duration.

Overview of the Vacuum Drying Process for Dry Fuel Storage

Beginning with the developmentand first use of dry fuel storage at commercial reactors it has
beenthe practice to remove water and water vapor from the loaded canister. This is done to
maintainthe structural integrity of the fuel, the fuel basket, and the storage canister. The
degree to which this drying process is performed, that is, how dry isdry enough has beenthe
subject of much technical review. The fuel storage canister drying process and the resulting
end state condition are especially importanttoday due to the uncertainty of the timingof a
final repository and the long-term aging effects of dry storage on the fuel and its storage
canister.

Virtually all usedfuelgdry storage systems currentlyin use have three basic components, a fuel
basket into which the fuelis placed, a steel shell canister with integral bottom and top covers,
and an outer concrete or metal shell or enclosure for shielding and physical protection.
Vacuum drying involves only the fuel basket and canister. Dry storage preparations are
essentially the same for all dry storage systems currently in usein the U.S. The STAD(s) or an
empty canisteris placed into a transfer cask, which inturn is placedin the fuel pool. Once all
fuel assemblies have beenloadedinto the fuel canister, the lidis installed and the transfer cask
with a loaded canisterinside isremoved from the fuel pool. From there it is usually movedto a
decontamination pit or other shielded work area. The transfer cask is decontaminatedand a
smallamount of water is drained from the canister to allow for canister lid welding or bolting.
The bulk of the water inventory, up to 3000 gallonsfor some types of canisters in use today, is
keptinthe canister for As Low As Reasonably Achievable (ALARA) dose protection until lid
weldingor boltingis complete.

The next phase in canister preparationis dewateringand vacuum drying. First the remaining
bulk water is drained from the canister through a drain tube, which in most cases extendsto
the bottom of the canister. Thisis achieved by using heliumto “blow down” the bulk water and
force it out of the canisterthrough the drain tube.

After most of the free standing water is removed a vacuum pump is connected to the canister
using flexible hoses and vacuum drying commences. During this process moisture and the

° The terms “used fuel” and “spent fuel” are usedinterchangeably throughout this report.
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residual free water in the canister are vaporized as the internal pressure is reduced. The
resultantvapor and residual gasses are removed from the canister through the vent ports by
the vacuum pump. The internal decay heat of the fuel assistsin the vaporization process as the
canister internals and fuel temperaturesincrease during the drying process. Temperature rise
and duration are carefully monitored and regulated by the dry cask storage system per the
Technical Specifications. Controllingthe canisterinternal temperature protects the fuel
cladding from heat-induced damage. The vacuum pumpingoperationis continued until the
canister internal cavity pressure is reduced to a specified value. For example, the vacuum limit
for the Zion Nuclear Power Station dry cask storage system canistersis at or below 10 torr,
which corresponds to one-half the vapor pressure of water at 72°F.

Once the specified canisterinternal pressure (vacuum) is achieved, the canister is isolated from
the vacuum pump and the pump is turned off. At that point, if free water still existsin the
canister, the water will vaporize and increase the canister pressure to above the 10 torr
acceptance criterion. In the case of Zion, the dryness verification minimum hold periodis ten
minutes. Upon successful completion of the dryness verification, the vacuum pump is restarted
and the canister continuesto be evacuated until the NUREG-1536 [39] recommended pressure
of lessthan 3torr isreached. The continued reductionin cavity pressure from 10 torr to less
than 3 torr removes any residual non-condensing and oxidizing gasesto a level of less than

1 mole. The canister is then backfilled with high purity helium (= 99.995%) to a positive
pressure. Heliumis an inert gas that virtually eliminates the potential for fuel and canister
oxidation and subsequentlong-term degradation.

In general, the vacuum drying process has been used successfully with a wid e variety of fuel
types (PWR and BWR) and canister sizes, but drying durations have varied from hours to
multiple days. The main contributing factors to this variability are the internal fuel basket
design, the neutron absorption material compositionin the fuel basket cells, the age of each
fuel assembly (decay heat), the physical condition of the fuel cladding, and the Dry Cask Storage
(DCS) System Technical Specification acceptance criterion for dryness.

Opportunities for Vacuum Drying Improvement

e Basic Methods

Currently, two basic methods are employedinthe drying process — conventional vacuum
drying (use helium to blow down the bulk water and then apply a vacuum) and Forced
Helium Dehydration (FHD) where a forced flow of helium gas (moisture is removed from the
helium by condensing, demoisturizing, and preheating the gas outside the canister)is used
instead of applying decreased pressure (vacuum) to effectthe drying. One major nuclear
utility that uses both drying methods has found that the durations for vacuum drying and
FHD are about the same. The major DCS designers are actively researchingimprovements
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to both methodologies and their continued efforts should be encouraged, but a substantial
breakthrough in drying duration reduction does not seem likely just by changing from
vacuum drying to FHD.

Fuel Basket Design

The fuel basket designs have improved over time. Among the changes made by some DCS
suppliersisa reductionin total horizontal surface area. Thisreduces the gross collection
area for free standing water and maximizes drainingto the bottom of the canister. Every
effort should be made during the STAD design phase to minimize horizontal surfacesin the
canister basketand shell projections.

Neutron Absorption Material Composition

Probably the most effective method of reducing the vacuum drying process timeis to use a
metal matrix neutron absorbing material instead of the more porous Boral™ or borated
aluminum plate used in some canister designs as a neutron fuel moderating material for
criticality control. The more recent use of these borated metal matrix composite (MMC)
materials has reduced vacuum drying durations significantly. Vacuumdrying durationsfor
the metal matrix materials are often less by one-halftoa third (i.e., 8 to 14 hours versus 36
to 40 hours). At the presenttime MMC materials are generally more costly than Boral™,
but the cost differential should be weighed against the predicted vacuum drying time
savingsduring the development of the STAD system.

Vacuum Drying System (VDS) Equipment

The VDS process essentially usesthree alternative modes: “standard” vacuum drying pump,
forced helium dehydration, and a new automated system now employed at Duke Energy
facilities. All of the systems include piping, control and flow valves, and measurementand
test equipment. The Duke McGuire and Catawba plants had been using a standard set of
vacuum drying equipment. Catawba subsequently switched froma standard VDS to an
automated LT-1000 Phoenix system that was developed by EMS Solutions. The Catawba
automated system routinely outperforms the standard equipment setdeployed at McGuire
by four hours (18-20 hours versus 22-24). This four-hourdifferential is a direct comparison
given both sites used the same DCS system design and canister fabricator, which uses
identical neutron absorbing material. In additionto reducingvacuum drying durations, the
automated VDS produces more consistent dryness conditionsin each canister. The STAD
system could benefit by using an automated vacuum drying system that incorporates
industry-wide lessonslearned as the starting point for development of a universal VDS for
each STAD size.
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Other process improvements are possible by replacing poorly insulated hoses to reduce
heat loss (for FHD system) and by using standardized pumps and ancillary equipmentso
that failed components can be replaced quickly thus reducing down time. Selectingthe
right size vacuum pump isimportant so that the canistervolume can be evacuated as
quickly as possible, but not so fast as to freeze the moisture inside the canister.

There have been numerouslessons-learned as the canister VDS have evolved. Forexample,
both the fuel type and canister configuration have been altered or modifiedtoinclude:
oversizedfill and vent ports; tilting (shimming) the canister bottom to create a low spot for
the water to collect; applying external heat if the SNF is too cool to assist in the drying
process.

Once the critical canisterdimensions and configurations are known a standard VDS could be
designed and undergo a test program, the objective of which would be to establisha
universal VDS. This universal VDS should have identical replacement parts and standardized
operating procedures. There would likely be one VDS for each of the three STAD sizes.

Fuel Assembly Age and Material Condition

The age of fuel assembliesisa significant factor in canister vacuum drying durations. In
general, olderfuel usually has less residual heat as compared to fuel havingbeenremoved
more recently from the reactor. Of course, the collective heatload from all used fuel at
each reactor site cannot be modified, however, by developing astrategic canister loading
plan for the entire used fuel inventory, a mix of used fuel assembly heat per canister can be
achieved; the result of which could be canisters with approximately uniform total heat loads
and subsequently consistent vacuum drying durations.

The physical condition of the fuel isanother factor that can drastically affect vacuum drying
durations. Cracked or otherwise damaged fuel cladding, such as pin hole leaks, may cause
water retentionina fuel pin. The presence of a single damaged fuel assemblyina dry
storage canister can potentially increase the vacuum drying time. Developinga load plan
forall or at leasta large number of used fuel assemblies at one time provides as
opportunity to deal with these anomaliesin the most efficient way possible and thus
minimize the vacuum drying difficulties.

Anotherfuel material condition that can affect vacuum drying durationis the presence of
water trapping configurations. For example, some olderfuel has control rod dashpots that
lack drain holes at theirbase. By developinga planto modify these fuel assemblies well
before fuel loading to dry storage takes place, vacuum drying durations can be dramatically
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reduced. These types of physical challenges are more common inolder fuel, but many
commercial reactor sites still have many such fuel assemblies to deal with.

e (CanisterDrying Criteria

Assumingall options are available, there isan opportunity to redefine or confirmthe

criteria of a canister being consideredin a vacuum dried condition versus NUREG-1536 [39]

recommended pressure of lessthan 3torr witha 10 minute hold. DOE and industry

concurrence on the end state vacuum dried conditionis essential to establishing utility

confidence inthe STAD program.

Summary of Typical Drying Timesin the Field

Table 18-1 was developedforusein the time and motion studies.

Table 18-1. Typical SNF Canister Drying Times in the Field.

Vacuum Equipment

Vacuum Drying Times - Hours

Canister Neutron Absorption Material

Boral™ or Borated
Aluminum Alloy

Borated Metal
Matrix Composite

Canister Type

Zion "Standard Vacuum Equipment" 32-40 12 -16 MAGNASTOR 37 PWR
Duke "Standard Vacuum Equipment” 22 -24 NA MAGNASTOR 37 PWR
Duke "Enhanced Vacuum Equipment" 18 -20 NA MAGNASTOR 37 PWR
Exelon "ForcedHeliumDehydration NA 3-16 Holtec MPC 68 BWR//32 PWR

Equipment"

Alternative Residual Moisture Removal Methods

In additionto the drying techniquesthat are currently being used for DCS systems, a study on

alternative residual moisture removal methods was performed, in order to deter