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BEFORE THE FLORIDA PUBLIC SERVICE COMMISSION

In re: Petition of Florida Power Docket No. 910890-EI

Corporation for authority to Submitted for filing:
increase its rates and charges. May 19, 1992

MOTION TO CONSOLIDATE

Florida Power Corporation (Florida Power or the Company) hereby moves
this Commission to consolidate and incorporate into this proceeding the
Company’s nuclear decommissioning cost study previously submitted in Docket
No. 910981-EI, and the testimony currently scheduled to be filed in that docket
regarding the Company’s study. In support its motion, Florida Power states as

follows:

1.  Pursuant to the Commission’s directive in Order No. 21928, issued
September 21, 1989 in Docket No. 870098-EI (regarding the Company’s previous
decommissioning study), on September 20, 1991, Florida Power filed in Docket
No. 910981-EI a site-specific nuclear decommissioning cost study (the Study) for
its Crystal River Unit 3 nuclear plant (CR3). The Study, which was based on
updated 1991 cost estimates, indicated a significant increase in decommissioning
costs from the prior study, due primarily to new regulatory requirements for
extended on-site storage of spent nuclear fuel. Anticipating that the higher costs
disclosed by the Study would lead the Commission to increase the Company’s
annual accrual to the decommissioning reserve, the Company included an
increased accrual based the Study’s costs in the calculation of revenue
requirements filed in this case.
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2. Based on developments in Docket No. 910981-El subsequent to the
Company’s rate case filing, including a recent stipulation that would defer the
need to consider certain generic issues for which the Study was initially required,
it now appears that the docket will be closed without consideration being given
to the adequacy of the Company’s current decommissioning accrual levels in light
of the Study’s updated cost estimates. Accordingly, Florida Power believes it is
appropriate to incorporate into this proceeding the evidentiary basis for
determining the current costs of decommissioning CR3, from which the annual

accrual needed to fund those costs can be calculated.

3. This evidentiary basis consists of the Study and the supporting
testimony of the Company’s consultant and expert witness, Mr. Thomas S.
LaGuardia, which was scheduled to be filed in Docket No. 910981-EL. A copy
of the Study is attached hereto as Exhibit A. Mr. LaGuardia’s testimony is
attached as Exhibit B.

WHEREFORE, Florida Power Corporation respectfully requests that its
Study and supporting expert testimony previously scheduled for consideration in
Docket No. 910981-EI, as set forth in Exhibits A and B hereto, be consolidated
with and incorporated into this docket for consideration in future proceedings.

Respectfully submitted,

OFFICE OF THE GENERAL COUNSEL
FLORIDA POWER CORPORATION

ames A, McGee
ost Office Box 14042
St. Petersburg, FL 33733

(813) 866-5184
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1. SUMMARY

The Crystal River Plant, Unit 3 (CR-3), is located on the Gulf of Mexico, in Citrus County,
in the township of Crystal River, Florida. The site is approximately 7.5 miles northwest of
Crystal River, and 70 miles north of Tampa. Florida Power Corporation (FPC) owns and
operates the nuclear unit.

This study provides cost, schedule, waste generation/disposition and radiation exposure
estimates associated with the decommissioning of the nuclear unit following the conclusion
of its operation. The cost estimates were based upon the DECON (prompt removal/ dis-
mantling) decommissioning alternative.

. ' ing) of a power reactor consists of removing from the
site all fuel assemblies and source material, radioactive fission and corrosion products, and
all other radioactive materials having activities above NRC release limits. The facility oper-
ator may then have unrestricted use of the site with no requirement for a license. This
scenario is equivalent to the DECON mode as described in the rule on decommissioning
issued by the Nuclear Regulatory Commission (NRC), "General Requirements for Decom-
missioning Nuclear Facilities.” The base study further assumes that the remainder of the
reactor facility will be dismantled and all vestiges removed. The site is then restored and
made available for alternative use.

This study provides the cost to decommission CR-3 under current requirements, in 1991 dol-
lars and with available technologi. Three separate cost estimates were developed for the
nuclear unit. The first cost and schedule estimate presented in this document is based upon
the complete removal of all components and structures within the property lines, as the sta-
tion is presently configured, except as noted. This is consistent with the earlier decommis-
sioning estimate TLG had prepared for FPC in 198S.

The two additional estimates were developed in response to the Florida Public Service Com-
mission’s Order No. 21928, issued in September 1989. The order required that FPC prepare
a site-specific economic cost study for CR-3 to determine if it was cost justified to retain the
non-contaminated portion of the nuclear plant assets for use with a new generating station.
In response, estimates are presented in Appendix A for the decommissioning of CR-3
assuming two different conversion options (pulverized coal and combined cycle). The
estimates were developed with the assistance of FPC and assume that essential systems and
facilities (to site repowering) are excluded from the scope of the decommissioning estimate.

The total cost for the base scenario (complete dismantling) is Krovided in Table 4.1 [pg. 25)
along with a schedule of expenditures in 1991 dollars. The repowering scenarios are
delineated (cost and schedule) in Appendix A [pg. 48].

While the disposal cost of spent fuel assemblies generated during glam operations is not
considered a J)ccommissioning expense, the presence of those assemblies on-site does have
an impact on the cost of decommissioning. is study recognizes that the spent fuel storage
facilities at CR-3 may be active fifteen (15) years after plant operations cease and has
treated these facilities as if they will be operated as an Independent Spent Fuel Storage
Installation until such time that all spent fuel can be removed from the site. The fifteen year
period is based upon information provided by FPC on spent fuel pool capacity, core dis-

TLG ENGINEERING, INC.
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charge rate, cooling requirements and present allocation projections, as well as the Depart-
ment of Energy’s (DOE) current time table to receive spent fuel assemblies at its yet-to-be
developed Waste Management System (WMS).

FPC has selected the DECON alternative as the basis for accruing decommissionin
funding. The alternative is less costly, in 1991 dollars, than the scenarios involving extende
delays in plant decommissioning. (The ultimate cost of any alternative will depend upon
future economic factors such as inflation and policy factors such as future NRC regulations
and waste policy decisions and actions.) The NRC endorses DECON frincipally because
(1) it immediately eliminates a potential long term safety hazard and (2) those individuals

familiar with the nuclear facility will still be available to supcfort the decommissioning effort. .

DECON also relieves the utility of long term obligation and liability for maintenance of the
property.

The cost of delaying plant decommissioni%is significantly increased by the cost of
maintaining the station in protective storage. The utility continues to incur the cost of man-
ning and maintaining the site. In addition, at the ¢nd of the dormancy period, the station
must be partially reactivated (those systems necessary to sugpon dccommissioninF opera-
tions) and/or replacement services must be procured. Refurbishment activities will involve
requalifying the cranes and other lifting devices, reactivatinf electrical, lighting, air handling,
and other service systems. In addition, the procurement of waste processinﬁ treatment ser-
vices would be necessary if plant systems could not be salvaﬁed. One of the biggest draw-
backs to a delayed decommissioning is the unavailability, at the time of decommissioning, of
station operations personnel, whose knowledge of the station is invaluable in supporting and
assisting decommissioning operations. Without personnel familiar with station operations,
the decommissioning program may incur additional cost and worker exposure as it com-
pensates for engineering and planning developed from an incomplete data base.

TLG ENGINEERING, INC.
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2.1

2.2

2. INTRODUCTION

OBJECTIVE OF STUDY

The objective of this study is to prepare an estimate of the cost, schedule, occupa-
tional exposure and waste volume generated in decommissioning the CR-3 nuclear
unit. The DECON (prompt removal/ dismantling) alternative was used as a basis for
the estimates.

FPC received the operating license for CR-3 in December of 1976. For the purposes
of this study, a final shutdown date was taken as 40 years following this date. This
time frame was used as input in the scheduling of decontamination and dismantling
activities as well as in the reporting of annual expenditures in Table 4.1 [pg. 25).

This study provides an update of the costs to decommission CR-3 previously devel-
oped in 1985. Although the previous siudy was used as a basis for updating the costs,
the current study relies upon state-of-the-art estimating techniques, current regula-
tions, and an enhanced experience base for projecting the cost to decommission CR-

SITE DESCRIPTION

The Crystal River Station is located on the Gulf of Mexico, in the township of Crystal
River, Florida. It is approximately 7.5 miles Northwest of Crystal River, and 70 miles
North of Tampa. Figure 2.1 shows the layout of the nuclear unit with the identifica-
tion of major structures.

The Nuclear Steam Supply System (NSSS) consists of a pressurized water reactor and
a two loop Reactor Coolant System. This system was supplied by the Babcock and
Wilcox Corporation. The generating unit has a reference core design of 2544 MWt
(thermal) with a corresponding net dependable capability electrical rating of 821
megawatts (electric) with the reactor at rated power.

The Reactor Coolant System is comprised of the reactor vessel, two vertical once-
through steam generators, four shaft-sealed reactor coolant pumps, an electrically
heated pressurizer and interconnected piping. The system is housed within a
“containment structure®, a seismic Category I reinforced concrete structure. The
reactor building is a concrete structure with a cylindrical wall, a flat foundation mat,
and a shallow dome roof. The foundation slab is reinforced with conventional mild-
steel reinforcing. The cylinder wall is prestressed with a post-tensioning system in the
vertical and horizontal directions. The dome roof is prestressed utilizing a three-way
post-tensioning system. The inside surface of the reactor building is lined with a
carbon steel liner to ensure a high degree of leak tightness during operating and acci-
dent conditions. Nominal liner plate thickness is 3/8 inch for the cylinder and dome
and 1/4 inch for the base. Figure 2.2, a sectional view through the Reactor Building,
shows the locations of the major NSSS components. The pressurizer is located in an
area behind the steam generator.

TLG ENGINEERING, INC.
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Heat produced in the reactor is converted to electrical energy by the Steam and
Power Conversion System (SPCS). A turbine-generator system converts the thermal
energy of steam produced in the steam generators into mechanical shaft power and
then into electrical energy. The unit’s turbine-generator consists of one high pressure
double-flow cylinder and two low pressure double-flow cylinders driving a direct-
coupled generator at 1800 rpm. The turbine is operated in a closed feedwater cycle
which condenses the steam; the heated feedwater is returned to the steam generators.
Heat rejected in the main condenser is removed by the Circulating Water System.

The Gulf of Mexico serves as the normal ultimate heat sink for the Crystal River Sta-
tion. The condenser clrculatmg water is taken from and returned to the Gulf of

Mexico through the intake and discharge canals, respectively.

TLG ENGINEERING, INC.
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FIGURE 2.1
GENERAL ARRANGEMENT OF THE CRYSTAL RIVER PLANT - UNIT 3
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FIGURE 2.2
SECTIONAL VIEW THROUGH THE REACTOR BUILDING
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2.3

REGULATORY GUIDANCE

The U.S. Nuclear Regulatory Commission (NRC) provides decommissioning guid-
ance in the rule "General Requirements for Decommissioning Nuclear Facilities"
(Ref. 1) in addition to that previously set forth in Regulatory Guide 1.86 (Ref. 2).
This rule defines three decommissioning alternatives acceptable to the NRC, i.e.,
DECON, (prompt removal/dismantling), SAFSTOR (mothball), and ENTOMB
(entombment).

> i ing) is defined by the NRC as "the alternative in

which the equipment, structures, and portions of a facility and site containing radioac-_

tive contaminants are removed or decontaminated to a level that permits the property
to be released for unrestricted use shortly after cessation of operations.”

is defined as "the alternative in which the nuclear facility is
placed and maintained in a condition that allows the nuclear facility to be safely
stored and subsequently decontaminated (deferred decontamination) to levels that
permit release for unrestricted use.”

ENTOMB (Entombment) is defined as “the alternative in which radioactive con-

taminants are encased in a structurally long-lived material, such as concrete; the
entombed structure is appropriately maintained and continued surveillance is carried
out until the radioactivity decays to a level permitting unrestricted release of the
property." However, this process is restricted in overall duration to 60 years and
therefore limited in application unless it can be shown that a longer duration is neces-
sary to protect the health and safety of the public.

Prior to the new rule, no endpoint was identified for either the SAFSTOR or
ENTOMB process, i.e., a facility could remain in either state indefinitely. This is no
longer the case as the rule places upper limits on the completion of the decommis-
sioning process. Consequently, with the new restrictions, the SAFSTOR and
ENTOMB options are no longer decommissioning alternatives in themselves, as nei-
ther terminates the license for the site. At the end of the dormancy periods (up to 60
years), both alternatives would still require site decontamination/decommissioning.

In most situations the DECON alternative is the preferred mode of decommissioning.
This decommissioning alternative is favored because (1) it immediately eliminates a
potential long term safety hazard and (2) individuals familiar with the nuclear facili
will still be available to support the dismantling effort. In addition, both the mothball
and entombment alternatives still require eventual decontamina-
tion/decommissioning even after the maximum allowed dormancy durations. This
results in higher overall costs as on-going dormancy expense and reactivation costs
offset the potential savings gained from the delay.

This study has been performed in accordance with the latest cost estimating meth-
odologies used in power plant decommissioning. The resultant cost estimate is
specific to the CR-3 nuclear plant and FPC. This approach is consistent with the

RC rule, "General Requirements for Decommissioning Nuclear Facilities" where a
site specific study is recommended for determining accurate funding levels.

TLG ENGINEERING, INC.
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3. DECON DECOMMISSIONING ALTERNATIVE DESCRIPTION

The following sections describe the basic activities involved in the prompt decommissionin
and dismantling of a nuclear unit. Although detailed procedures g)r each activity require
are not provided, and actual sequences of work may vary, these activity descriptions Snould
provide a basis for detailed engineering planning and scheduling at the time of decommis-

sioning.

The DECON alternative deals with the immediate removal of all radioactive materials from
the site after the cessation of operations. This study does not address the cost of the removal
of spent fuel from the site because such costs are assumed to be covered by the 1 mill/kwhr
U.S. Department of Energy (DOE) surcharge. However, the study does consider the on site
presence of sgent fuel and its potential constraint on other decommissioning activities. In

addition to the removal of radioactivitg, the base study also assumes the removal of the
remaining structures from the site; thereby permitting return of the CR-3 site for alternative
use.

3.1 PERIOD 1: PREPARATIONS

Prior to the commencement of decommissioning operations, detailed preparations
are undertaken to provide a smooth transition from plant operations to site decom-
missioning activities. These preparations include engineering planning, surveys of
plant areas to determine contamination levels, activation analyses of the vessel and
vessel internals, as well as the assembly of a decommissioning management organiza-
tion. Final planning for activities and writing of activity specifications and detailed
procedures also begin at this time. Preparations for decommissioning actually begin S
years prior to the projected end of plant Oﬁerations with the submittal of a
preliminary decommissioning plan to the NRC. However, the costs delineated within
this study only address post-shutdown activities. Period 1 ends upon receipt of a dis-
mantling order from the NRC.

3.1.1 Engineering and Planning

FPC will file a Decommissioning Plan (DP) with the NRC describing how it will
remove all radioactive comgonents and essentially all radioactivity from CR-3 site.
This document is initiated by the utility in the years prior to final shutdown, with
completion once the facility ceases operation and is defueled. The majority of the
cost to develop this document is staft related and will be incurred in the years fol-
lowing final cessation of plant operations.

The DP addresses the dismantling of the reactor and termination of the facility’s
license and should include a detailed plan describing the organization and program
that will be used durinﬁ the decommissioning of the facility. The plan will
accomflish the required tasks within the As-Low-As-Reasonably-Achievable
(A A as defined in 10 CFR 20) guidelines for protection of personnel from
exposure to radiation and radioactive contaminants. It will also clearly describe
how FPC will continue to protect the health and safety of the public and the
environment during the dismantling activity.

TLG ENGINEERING, INC.
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It is anticipated that prior to the start of decommissioning operations, FPC will file
for a revision to their operating license. A change in status to a "possession only"
license will allow decommissioning to proceed under less restrictive technical spec-
ifications.

The development of a decommissioning orfanization within the utility is essential
to the successful planning and execution of the decontamination and dismantling
of the nuclear unit. This activity not only includes identifying the staff require-
ments, but securing the commitment of key personnel.

In preparation for a change in license, regulatory criteria applicable to decommis-
sioning are reviewed. The existing technical specifications are reviewed and
modified to reflect decommissioning requirements and to delete non-applicable
operating specifications.

In addition to the DP an environmental assessment will be needed by the NRC to
evaluate the impact of the decommissioning operations on the environment. All
applicable records, i.e., as-built or revised drawings and specifications, operating
records, and site-specific background data, will be needed to support the develop-
ment of these submittals to the NRC.

Much of the work in the development of the DP is also relevant to the develop-
ment of the detailed engineering plans and procedures. This work includes:

*  Site preparation plans for decommissioning activities,
*  Detailed procedures and sequences for removal of systems and components,

*  Procedures for sectioning and disposing of the reactor vessel and its inter-
nals,

" Plans for decontamination of structures and systems,

*  Design/procurement and testing of special equipment,

*  Identification/selection of specialty contractor(s),

*  Procedures for removal and disposal of radioactive materials, and

. Sequential planning of activities to minimize conflicts with simultaneous
activities.

3.12 Site Preparations

Following final Flant shutdown and in prccraration for actual decommissioning
activities, the following activities are initiated:

. Prepare site support and storage facilities as required.

TLG RF 205 682)
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32

. Implementation of an organization to isolate and maintain spent fuel storage
in the Auxiliary Building, for up to 60 months, such that decommissioning
operations can commence. This activity may be carried out by existing plant
%ersonne'l in accordance with standard operating technical specifications.

ecommissioning operations in other areas of the plant are assumed to pro-
ceed without constraint. Once spent fuel is transferred to dry storage casks
the Auxiliary Building will be available for decontamination. The spent fuel
will remain in the dry storage casks for the remainder of the duration
required to complete the transter of the fuel to DOE.

. Clean all plant areas of loose contamination and process all liquid and solid
wastes.

*  Conduct radiation surveys of work area contamination and general dose
levels; major component, piping, and structure dose levels (including the
reactor vessel and its internals); internal piping contamination levels; and
activation profiles from primary shield core samples.

*  Calculate residual byproduct material inventory for plant components, struc-
tures and systems, and normalize neutron flux profiles from operations to
survey data for development of packaging and shipping requirements and
decommissioning safety requirements.

*  Determine shipping container requirements for activated materials and fabri-
cate such containers.

. Develop procedures for occupational exposure control, control and release
of liquid and gaseous effluents, control of solid radwaste, site security and
emergency programs, and industrial safety. This study presumes that the
decommissioning of CR-3 is ferformed in accordance with current regula-
tions as delineated in Section 4.4,

Following approval of the DP by the NRC, the NRC will issue an order
authorizing implementation. The DP may then be implemented by FPC.

PERIOD 2: DECOMMISSIONING OPERATIONS AND LICENSE
TERMINATION

Implementation of dismantling procedures may begin upon receipt of the dismantling
order from the NRC. For the DECON alternative the decommissioning operations

involve the following activities:

*  Construct temporary enclosures in existing facilities and arrange existing storage
facilities to support the dismantling activities. These may include: changing
rooms and "hot" laundry for the increased work force, protected and open
laydown areas to facilitate etﬂuipment removal and shippmg operations, addi-
tional roads to facilitate hauling and transportation, and additional airlocked
access portals to control movement to and from contaminated areas.

= Design, procure, and install water cleanup system for removal of cutting
residues and crud deposits from the reactor vessel and piping systems.

TLG ENGINEERING, INC.
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. Design and fabricate special shielding and contamination control envelopes,
special tooling and remotely operated equipment. Modify the refueling canal to
support segmentation activities and prepare rigging for segmentation and
!'emovall of piping sections and components, including the reactor vessel and its
internals.

* Procure required shipping casks, liners, and waste containers from suppliers.

’ Disassemble reactor vessel internal components and transfer them to the
staging area in the refueling canal. Segment upper and lower core support
structures and in-core instrumentation for packaging and disposition by shielded
container. Cutting operations are performed underwater with remote equip-
ment.

*  Conduct decontamination of components and piping systems as required.
Remove, package and dispose of piping and components as they are no longer
required to support the decommissioning process.

. Remove control rod drive housings and instrumentation tubes from reactor
vessel head and cut housings and tubes into sections for disposal in shielded
containers.

*  Isolate reactor cavity and lower water level to below reactor vessel flange.
Sever reactor vessel flange from vessel shell. Bolt flange to reactor vessel
closure head and complete the package with steel plate. Decontaminate
exterior surfaces for transport and disposal.

*  Remove reactor coolant piping and pumps once the water level has dropped
below the elevation of the reactor vessel inlet and outlet nozzles. Piping is
placed in standard Low Specific Activity (LSA) containers; the reactor coolant
pumps are sealed and decontaminated for transport and burial.

*  Segment the reactor vessel shell and nozzle zone. Cutting is performed in air
using a contamination control envelope. Segments are removed from the cavity
and placed in the refueling canal for ackagin%. Shielded containers are used
for transport to the disposal facility. The lower head is left intact.

* Disconnect, dismantle and dispose of all lower head instrumentation. Remove
lower head from cavity and seal all openings. Decontaminate exterior surfaces
for transport and disposal.

. Remove systems and associated components as they become nonessential to the
support of vessel disposition, other decommissioning operations or worker
health (e.g., decommissioning waste processing systems, electrical systems,
HVAC systems, water systems).

. Remove concrete biological shield and all accessible contaminated concrete
(excluding steam generator and pressurizer cubicles). If dictated by the steam
generator and pressurizer removal scenarios, remove those portions of the asso-
ciated cubicles necessary for access and component extraction.

TLG ENGINEERING, INC.
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. Remove steam generators and pressurizer for shipment and burial. Decon-
taminate exterior surfaces, as required, and seal-weld all openings in steam gen-
erators and pressurizer, These components can serve as their own burial con-
tainers provided that all penetrations are properly sealed. Decontaminate all
remaining containment structure areas including steam generator and pres-
surizer cubicles.

*  Perform radiation survey to assure that the remaining portions of the contain-
ment structure are free of surface contamination and that containment integrity
is no longer required.

*  Remove contaminated equipment and material associated with the fuel storage
facility and any other contaminated areas once the spent fuel pool has been
emptied. Utilize radiation and contamination control techniques until radiation
surveys indicate that the structures can be released for unrestricted access and

conventional demolition,

*  Ship and bury all remaining radioactive materials.

i< Conduct ﬁnal_ radiation survey 1o assure that all radiqact_ive materials have been
removed. This survey may coincide with final NRC site inspection.

*  Following notification by FPC of completion of the decontamination and dis-
posal of components and materials from the facility, the NRC regional staff con-
ducts an on-site survey to verify that the acceptable activity and contamination
levels are satisfied. When the requirements are satisfied, the NRC can
terminate the license for the main facility and any further NRC jurisdiction over
that facility. Termination of all site hcensc(sz.are predicated upon DOE'’s

ability to ultimately take possession of the spent fuel assemblies.

PERIOD 3: SITE RESTORATION

Following completion of the decommissioning operations, site restoration activities
may begin. These activities will permit unrestricted access by the public, therefore,
precluding liability of the owners with regard to persons usm%the site, and assure
compliance with applicable codes. All building foundations are backfilled using non-
contaminated concrete rubble with a structural fill to the grade elevation. Site areas
affected by the dismantlilr% activities are cleaned up and the plant area graded and
landscaped as required. These activities include:

. Demolition of the remaining portions of the primary containment structure and
interior portions of the reactor building. Internal floors (and walls if above
grade) are removed from the lower levels upward, using controlled blasting
techniques. Concrete rubble and other suitable materials can be utilized on site

for fill.
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Remaining buildings are then removed using conventional demolition techni-
ues for above ground structures, including the Turbine Building and Heater
ay, Auxiliary Building, Control Complex and Intermediate Building, Diesel

Generator Building, and other site structures. In addition, outside storage tanks

are drained and removed.

Prepare the final dismantling program report.
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4. COST ESTIMATE

A site-specific cost estimate was prepared for CR-3 to account for the unique features of the
nuclear steam supply system, electric power generation systems, site buildings and structures.
The basis for the estimate, including the source of information, methodology, assumptions
and total costs, is described in this section.

4.1  BASIS OF ESTIMATE

The site-specific cost estimate was developed using CR-3 drawings and the inventory
documents provided by FPC. These drawings and documents were used to determine
the general arrangement of the facility and to determine estimates of building con-
crete volumes, steel quantities, numbers and size of components, and land area of the

site restored.

The decommissioning effort is a labor-intensive program. Representative labor rates
for each geographical region and each craft or salaried worker are essential for the
development of a meaningful site-specific decommissioning cost estimate. FPC pro-
vided typical craft labor rates and salary data for utilitg personnel from recent labor
contracts and utility records for the positions identified by TLG.

Disposition of radioactive wastes is a major contritutor to the cost of decommis-
sionin% The availability of burial sites is of national concern, with regional compacts
being formed to provide adequate burial space for operating and planned reactors.
In this study, a Southeastern Compact burial facility is assumed (for cost estimating)
to be located in central North Carolina, approximately 600 miles from the plant site.
The cost for dis at this future site is based upon the July, 1991 burial rate struc-
ture published ( Chem-Nuclear Systems for their current facility located in Barn-
well, South Carolina.

1.  CR-3 drawings, equipment and structural specifications, including construction
details, were provided by FPC. No significant facility was added or deleted
from the scope of the earlier (1985) study.

2. Employee salary and craft labor rates for site administration, operations, con-
struction and maintenance personnel were provided by FPC for positions
identified by TLG.

3. Engineering services for such items as writing activity specifications, detailed
procedures, detailed activation analyses, structural modifications, etc. are
assumed to be provided by a Decommissioning Operations Contractor (DOC).

4. Material and equipment costs for conventional demolition and/or construction
activities are taken from R.S. Means Construction Cost Data (Ref. 3).

5. Rates for shipping radioactive wastes were provided by Tri-State Motor Transit
in published tarifts for this cargo (Ref. 4).
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The costing basis for the estimate for low-level radioactive waste disposal relied
upon current burial charges for Southeast Compact members. Base rates as
well as package surcharges, e.g., on total curies, weight, special handling
requirements, etc., were dgerivcd from information provided by Chem-Nuclear
Systems, Inc., for their facility at Barnwell, South Carolina (Ref. 5).

All costs in this estimate are in 1991 dollars. This estimate excludes interest
and escalation both during the collection period and over the period of fund
expenditure.

Site property taxes were provided by FPC for inclusion in the total decommis-
sioning cost. Property values were based upon land value only.

This study does not address the removal or disposal of spent fuel from the site.
The costs for such activities are assumed to be covered under the 1 mill/kwhr
surcharge FPC is paying to DOE. However, this study does consider the con-
straints that the presence of spent fuel on site may impose on other decommis-
sioning activities, Conse?uemly. it is envisioned that the spent fuel will be
stored in the Auxiliary Building at CR-3 for as long as five years for the hottest
assemblies, as dictated by the design of the dry storage system. During this time
the cooler assemblies will be transferred to dry storage casks at some other
location on-site. The fuel would reside in dry storage until such time that the
transfer to DOE can be completed. Transfer of fuel is not expected to be com-
pleted until 2031 based upon current DOE acceptance schedules.

This study presumes the installation of additional spent fuel dry cask storage
modules such that decommissioning operations can proceed with minimum
impact, i.e., all fuel is transferred to the dry cask storage compound within 5
years of shutdown. FPC is assumed to have dual purpose dry storage canisters
available from operations for use in the post-operation storage of spent fuel.
However, to support plant decommissioning TLG has projected an additional
need for thirty-three (33) modules. As such, this estimate contains an allowance
for the procurement of these additional canisters. In addition, the disposition of
the entire storage pad has been included within the estimate once the transfer
of fuel to DOE has been completed.

Ultimate license termination for the CR-3 site is based upon DOE's current
acceptance schedule for the spent fuel assemblies 8enerated during plant opera-
tion with an initial start date for acceptance of 2010.

The FPC staffing requirements during decommissioning vary with the level of
activity on-site.

This study follows the principles of ALARA through the use of work duration
adjustment factors which incorporate such items as radiological protection
instruction, mock-up training, the use of respiratory protection and personnel
protective clothing. These items lengthen a task’s duration, which increases the
costs and lengthens the schedule. Costs are reported in the engineering and
planning, for activity specifications and detailed procedures, to include ALARA

considerations.
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4.2

14.  This stud{ is performed in accordance with the published study from the Atomic
Industrial Forum/National Environmental Studies Project report AIF/NESP-
036, "Guidelines for Producing Commercial Nuclear Power Plant Decommis-
sioning Cost Estimates" (Ref. 6). The contents of these guidelines were
prepared under the review of a task force consisting of representatives from
utilities, state regulatory commissions, architect/engineering firms, the Federal
Energy Regulatory Commission, the Nuclear Regulatory Commission, and the
National Association of Regulatory Utility Commissioners.

METHODOLOGY

The methodology used to develop the cost estimates follows the basic approach
originally presented in the AIF/NESP-009 study report, "An Engineering Evaluation
of Nuclear Power Reactor Decommissioning Alternatives” (Ref. 7) and the U.S. DOE
"Decommissioning Handbook" (Ref. 8). These references utilize a unit cost factor
method for estimating decommissioning activity costs to simplify the estimating cal-
culations. Unit cost factors for concrete removal (§/cubic yard), steel removal
($/ton), and cutting costs ($/in) were developed from the labor and material cost
information provided by FPC. With the item quantity (cubic yards, tons, inches, etc.)

developed from plant drawings and inventory documents, the activity-dependent costs
are estimated.

The activity duration critical path was used to determine the total decommissioning
program schedule. The program schedule is used to determine the period-

costs for program management, administration, field engineering, equipment rental,
qualit¥ assurance and security. FPC provided typical salary and hourly rates for per-
sonnel associated with period-dependent costs. The costs for conventional demoli-
tion of nonradioactive structures, materials, backfill, landscaping and equipment
rental were obtained from the "Building Construction Cost Data" published by R. S.
Means (Ref. 3). Examples of unit cost factor development are presented in the AIF
"Guidelines" study (Ref. 6), one of which is reproduced in Appendix B. Appendix C
lists the specific factors developed for CR-3 analyses.

The activity- and period-dependent costs are summed to develop the total decommis-
sioning costs. A contingency is then applied as described below. "Contingencies" are
defined in the American Association of Cost Engineers’ i o

(Ref. 9) as "specific provision for unforeseeable elements of cost within the defined
project scope; particularly important where previous exﬁerienge relating estimates
anJ actual costs has shown that unforeseeable events which will increase costs are
likely to occur." The cost elements in this estimate are based upon ideal conditions,
therefore a contingency factor has been applied. As with any major project, items
which could occur that have not been accounted for in this estimate are changes in
the regulatory requirements, the effects of craft labor strikes, bad weather halting or
slowing down waste shipments to the burial ground, equipment/tool breakage,
changes in the anticipated plant shutdown conditions, etc. In the AIF/NESP-036
study, "Guidelines for Producing Commercial Nuclear Power Plant Decommissioning
Cost Estimates” (Ref. 6), the types of unforeseeable events that are likely to occur in
decommissioning are discussed and guidelines are provided for percentage con-
tingency in each catego?'. Application of these types of contingencies, on a line item
basis, yielded a weighted average contingency of 19.55% for the cost estimate.
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The unit cost factor method provides a demonstrable basis for establishing reliable
cost estimates. The detail ofpactivitics provided in the unit cost factors for activity
time labor costs (by craft), and equipment and consumables costs provide assurance
that cost elements have not been omitted. These detailed unit cost factors coupled
with the Plant-s ecific inventory of pipin%], components and structures provide a high
degree of confidence in the reliability of the cost estimates.

The study was prepared utilizing all reasonable practices or procedures which would
reduce the ultimate cost of decommissioning. For example, the projection of radioac-
tive waste volume has decreased sigm’ﬁcamFy from earlier forecasts. This savings was
achieved by reassessing the decontamination of CR-3 inventory considering current

technology and regulations.
4.3  SITE-SPECIFIC CONSIDERATIONS

There are a number of site-specific considerations that affect the method for disman-
tling and removal of equipment from the site and the degree of restoration required.
The cost impact of these considerations identified herein are included in this cost

study.
4.3.1 Major Component Removal

The reactor geressute vessel (shell and nozzle zone) and reactor internal com-
ponents will be segmented for disposal and shipped in shielded casks. Segmenta-
tion and packaging of the internals packages will be performed in the refueling
canal where a turntable and remote cutter will be installed. The vessel will be seg-
mented in-place using a mast mounted cutter supported off the lower head and
directed from a shielded work platform installed overhead in the reactor cavi_t’y.
Shipping cask specifications and U.S. Department of Transportation (DOT)
regulations will dictate segmentation and packafing methodology; all packages
designated meet current phgsical and radiological limitations and regulations. All
cask shipments will be made in DOT approved, currently available, truck casks.
Both the closure head and the reactor vessel lower head will be disposed of intact.
These components will be modified for shipment as their own containers and
shigped to the burial site along with the steam generators, reactor coolant pumps
an

pressurizer.

Reactor coolant Fiping will be cut from the reactor vessel once the water level in
the vessel (used for personnel shielding during dismantling and cutting operations
in and around the vessel) is dropped below the nozzle zone. The piping will be
boxed and shipped by shielded van. The reactor coolant pumlps. motors and the
pressurizer wi'l be lifted out intact, packaged and transported along with the steam

generators.

The sieam generators will be extracted from the Reactor Building and moved to a
tem‘rorary staging area on-site. The generators are then moved off-site by an over-
land transport to a rail siding. The generators are then moved by a dedicated train

to the burial site.
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The main turbine will be dismantled using conventional maintenance procedures;
the turbine rotors and shafts are transported to a clean laydown area ll(’)r disposal.
The lower turbine casings will be removed from their anchors by controlled
demolition. The main condensers will be segmented and transported to the
laydown area for disposal as scrap along with the lower turbine casings.

4.3.2 Transportation Methods

For the purposes of cost estimation, it was assumed that the NSSS components will
be transported by rail for transport to the regional burial facility. These payloads
include the reactor vessel head packages, reactor coolant pumps, the steam gener-
ators and the pressurizer unit. At the burial facility the NSSS components will be
off-loaded to an overland transporter for the remaining distance to the burial site.

4.3.3 Site Conditions at Facility Closeout

It is assumed that the site will be restored by regrading to conform to the adjacent
landscape. Sufficient topsoil is to be placed to permit new growth of native vegeta-
tion. The intake and discharge structures on-site will be demolished and removed,
the circulating water piping collapsed and the depressions backfilled.

ASSUMPTIONS

The following are the major assumptions made in the deveiopment of the cost
estimates for CR-3.

1.  FPC will use an outside contractor/AE in the decommissioning of CR-3. The
Decommissioning Operations Contractor (DOC) shall provide sufficient staff to
perform the preparatory demolition planning and scheduling, and manage the
demolition efforts. Site security during demolition will be provided b C or
its subcontractor. The demolition work will be performed by the DOC or a
demolition subcontractor who will tS};rovidt: adequate staff, labor, equipment,
materials and overhead to complete the demolition.

2. Only existing site structures, those presently in the construction stage and any
approved (funded) future facilities were considered in the dismantling cost.
entative designs and site improvements are not considered.

3.  Anunspecified burial facility was assumed to exist in North Carolina. This loca-
tion was taken as the final destination for all radioactive waste shipments from
CR-3. Burial costs at the regional radioactive waste disposal facility were based
gon the current Chem-Nuclear Systems rate schedule for the Barnwell, South

rolina site. (Ref. ).

Disposal costs were calculated using actual component dimensions for those
components not requiring additional packaging, e.g., the NSSS components.
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The decommissioning activities are performed in accordance with the following
regulatory documents:

10 CFR 20 Standards for Protection Against Radiation

10 CFR 30 Rules of General Applicability to Licensing of Byproduct
Materials

10 CFR 40 Licensing of Source Material

10 CFR S0 Domestic Licensing of Production and Utilization Facilities

10 CFR §1 Licensing and Regulatory Policy and Procedures for
Environmental Protection

10 CFR 61 %‘}censing Requirements for Land Disposal of Radioactive

astes
10 CFR 170 Fees for Facilities and Material Licenses and Other

Regulatory Services

29 CFR 1910 Occupational Safety and Health Standards

49 CFR 170-178  Department of Transportation Regulations Governing the
Transport of Hazardous Materials

The cost estimate reflects the environmental regulations currently in effect.

Nuclear liability insurance provides coverage for damages or injuries due to

radiation exposure from equipment, material, etc. used during decommis-

sioning. Nuclear liability insurance is phased out upon final decontamination of

{’he Fs‘l,tce: Nuclear liability as well as property insurance premiums were provided
y .

The NSSS (reactor vessel and reactor coolant system) will be chemically decon-
taminated using one chemical flush and two water rinses prior to segmentation.
Typically, a decontamination factor (DF) of 10 is expected (Ref. 9).

Reactor vessel and internals packages conditions:

Any cladding failure that has or may occur during the lifetime of the plant is
assumed:

1) to have released fission products at sufficiently low levels that the buildup of
uantities of long-lived isotopes (e.g. cesium-137 or strontium-90) is prevented
rom reaching levels exceeding those which permit the major NSSS con;g{mcms

to be shipped as LSA waste and burial within the requirements of 10 CFR 61 or

the regional burial ground, or

2) to have necessitated sgstcmatic decontamination during the operating life of
the plant and therefore the levels again are at acceptable levels for transport as
LSA waste and burial within the requirements of 10 CFR 61.

Control element assemblies will be packaged with the spent fuel for disposition
by DOE. No additional cost is included for their disposal.

The curie contents of the vessel and internals at final shutdown are derived
from those listed in NUREG/CR-3474 (Ref. 11). Actual estimates are derived
from the Ci/gram values in NUREG/CR-3474 and adjusted for the different
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mass of CR-3 components, as well as for different periods of decay. Additional
short-lived isotopes were derived from NUREG/CR-0130 (Ref. 10) and
NUREG/CR-0672 (Ref. 12) and benchmarked to the long-lived values from
NUREG/CR-3474.

The disposal costs for the reactor vessel (beltline and nozzle regions) and the
internals packages are based on remote segmentation in-place, packaging in
casks with shielding, and shipapin by truck to the burial ground. A maximum
normal road weight limit of 0.0%0 pounds is assumed for all truck shipments
including cask s ?ments. This included vessel segment(s), supplementary
shielding, cask tie-downs and tractor trailer. The maximum curies per shipment
assumed permissible are based on the license limits of available shielded ship-
ping casks. The number and curie content of vessel segments are selected to
meet these limits. The upper and lower reactor vessel heads are shipped by rail
along with the steam generators. Current rail shipping rates were obtained
from CSX Transportation for this cargo.

Overland transport costs for the steam generators are based on discussions with
Reliance Trucking of Phoenix, AZ. Reliance has handled the overland trans-
port and installation of NSSS components for several plants.

Steam generators are removed sequentially and stored on site until ready to be
moved. This scenario will consolidate shipping and reduce mobilization costs
for the heavy haul vehicles and specialty rail cars. The steam generators will be
trucked to the nearest active rail siding.

Plant conditions & construction:
*  Insulation materials used throughout the station contain no asbestos.
*  Transformers and capacitors are certified to have PCB-free oil.

CR-3 is isolated electrically from the rest of the transmission system and com-
pletely decommissioned f?'e" the station will be out of service prior to com-
mencing the demolition effort).

FPC will provide for the electrical power required to demolish the station to be
brought on-site.

Scrap generated during decommissioning is not included as a salvage credit line
item in this study for two reasons: (1) the scrap value merely offsets the associ-
ated site removal and scrap reprocessing costs, and (2) a relatively low value of
scrap exists in the market. Scrap processing and site removal costs are not
included in the estimate. :

FPC, acting as Project Manager, will remove all items of furniture, tools, mobile
equipment such as forklifts, trucks, bulldozers, other similar mobile equipment
and other such items of personal property owned by FPC that is easily removed
without the use of special equipment. The cost for removal of such non-affixed
items is not included in this decommissioning cost estimate.
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16. A future FPC project team assigned to the decommissioning effort will investi-
gate the economics of reusable construction materials.

17.  Existing warehouses will remain for use by the demolition contractor and its
subcontractors, as well as FPC. The warehouses will be dismantled as they are
no longer needed to support the decommissioning program.

18.  All contaminated piping, components and structures other than the reactor
vessel and internals are assumed to meet DOT limits for LSA material.

19. Fuel oil tanks will be emptied. Tanks are cleaned by flushing or steam cleanin
as required prior to disposal. Acid and caustic tanks are emptied throug
normal usage. Lubricating and transformer oils will be drained and removed
from site by a waste disposal vendor.

20. All above grade structures will be removed to a minimum of 3 feet below grade
level. Structures will be backfilled to grade level. Water drain holes will be
drilled in the bottom of all subgrade structures to be abandoned. Piping and
electrical manholes will be backfilled with a suitable earthen material and aban-
doned. Vertical pump structures and sumps will be backfilled with a suitable
earthen material and abandoned.

21. Non-contaminated underﬁround piping Scxcc t the intake, discharge, and cir-
culating water piping) will be abandoned without special considerations. The
plant intake and discharge circulating water piping will be removed/collapsed
and backfilled to eliminate the potential for collapse after the site is released
for unrestricted access.

22. The station grounds will be planted with vegetable matter for erosion control
and will have a final contour consistent with adjacent surroundings. Culverts,
head walls and rip-rap will remain in place to allow natural drainage.

23. The switchyard is left intact for use by the balance of the utility’s electrical dis-
tribution system. Transmission towers remain in place.

24. The perimeter fence will be moved as appropriate to conform with the technical
specifications in force at the various stages in the froject. Plant roadways and
parking areas with asphalt or concrete surfacing will be broken up and the area
covered with fill. Site access roads will remain intact.

25. This study estimates that there will be some radioactive waste generated which
is greater than 10 CFR 61 Class C quantities, resulting from disposal of the
highly activated sections of the reactor vessel internals. If this material is
unsuitable for shallow land disposal at the regional facility, an alternative may
be disposal at the DOE's deep %eological repository. However, the cost of dis-
posal, unlike that for the spent fuel, is not covered by DOE's 1 mill/kWhr sur-
charge and not currently available. As such, disposition of this material has
been estimated from information available on highly radioactive Type C waste

disposal.
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4.5

COST ESTIMATE SUMMARY

A summary of the decommissioning alternative costs with annual expenditures is pro-
vided in Table 4.1. Table 4.2 provides the detailed listing and costs of major activities

for the DECON decommissioning scenario.

As used in the headings of Table 4.2, "DECON" refers to decontamination, and
"Total" is the sum of Decon, Remove, Pack, Ship and Bury as well as other miscel-
laneous items not listed (such as engineering and preparations and insurance). All
costs are reported out in 1991 dollars. The scrap amount values are in standard tons.
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TABLE 4.1
SUMMARY OF DECOMMISSIONING COSTS
(Thousands of Dollars)
1991
Alternative Period Calendar Cost
Years 1000s $
DECON (Prompt Removal/Dismantling)
Preparations 1 2016 1,731.9
2017 22,591.1
2018 22,591.1
2019 29,519.5
2020 6.728.7
Subtotal Period 1 83,162.1
Decommissioning Activities 2 2020 49,420.0
2021 62,494.8
2022
Subtotal Period 2 157,182.2
Site Restoration 3 2022 8,678.4
2023 32,0189 ‘
2024 1,588.4 ,
2025 1,588.4 ‘
2026 1,588.4 '
2027 1,588.4
2028 1,588.4
2029 1,588.4 :
2030 1,588.4 ’
2031 _'975.0 '
Subtotal Period 3 52,791.4 :
Total Cost 293,135.7
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TABLE 4.2
COST ESTIMATE FOR PROMPT REMOVAL/DISMANTLING:
Crystal River Plant Unit 3
(Thousands of 1991 Dollars)
Activity Decon Remove Pack Ship Bury Total Cu Yd Scrap M-hrs N-Rem

PERIOD 1

1. Remove fuel & source material n/a

2. Decon plant & process waste a

3. Review plant dwugs & specs. 39

4. Perform detailed rad survey 2

5 Estimate by-product inventory 95

6. Submit for license amendment 136

7 End product description 85

8 Detailed by-product inventory 120

9. Define major work sequence 642

10. Perform safety analysis 269

11. Submit dismantling plan I

12. Receive license amendment

13. Receive dismentling order 2
Subtotal Period 1 Activity Costs 1782
Period 1 Undistributed Costs

1. Decon equipment 57 57

r Decon supplies 98 98

3. 0OC staff relocation expenses b 1g4

4. Process liquid waste 45 26 28 56 153 1" 119 <«
S. Insurance 1612

6. Property taxes 2

/ 8 Health physics supplies 679 679

8. Heavy equipment rental 187 187

9. Disposal of contaminated solid waste 43 11 428 L2 219 1611 4
10. ISFSI capital expenditures 19775

11.  Plant energy budget 1616

Subtotal Period 1 Undistributed Costs 201 866 67 39 484 24840 230 1730 4
DOC Staff Cost 5624

Utility Staff Cost 37

Subtotal Staff Costs for Period 1 42941

TOTAL PERIOD 1 COST 201 866 67 39 484 69563 230 1730 4

NOTES: - "n/a® indicates that fuel handling, packaging, shipping, and disposal are charged to
plant operations, not decommissioning
- "a* indicates that costs are included in the utility staff costs.
= All costs are rounded; columns mesy not total due to rounding error
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; TABLE 4.2 (continued)
| COST ESTIMATE FOR PROMPT REMOVAL/DISMANTLING:
| Crystal River Plant Unit 3
! Activity Decon Remove Pack Ship Bury Total Cu Yd Scrap M-hrs M-Rem
PERIOD 2
Activity Specifications
14.1 Plant & temporary facilities 418
14.2 Plant systems 354
14.3 Reactor internals 604
14.4 Reactor vessel 553
14.5 Biological shield 43
14.6 Steam generators 265
14.7 Reinforced concrete 136
14.8 Turbine & condenser 68
14.9 Plant structures & buildings 265
14.10 Waste management N
14.11 Facility & site closeout 7
14. Total nns
Plamning & Site Preparations
15. Prepare dismantling sequence 204 |
16. Plant prep. & temp. svces 1347 |
17. Design water clean-up system 119 |
18. Rigging/CCEs/tooling/etc. 1140
19. Procure casks/liners & containers 105 '
Detailed Work Procedures |
20.1 Plant systems 402 "
20.2 Vessel head 213 ;
20.3 Reactor internals 213 |
20.4 Remaining buildings 115 |
20.5 CRD cooling assembly 8s E
20.6 CRD housings & ICI tubes 85 .
20.7 Incore instrumentation 85 |
20.8 Reactor vessel 309 I
20.9 Facility closeout 102 '
20.10 Missile shields 38 |
20.11 Biological shield 102 i
20.12 Steam generators m !
20.13 Reinforced concrete 85 |
20.14 Turbine & condensers 265 i
20.15 Auxilisry building 232
20.16 Reactor building 232 |
20. Total 2953
Decon WSSS/Rack Removal
21. Decon primary loop 524 524 800 8
22. Remove spent fuel racks 1002 W 69 16 2095 555 28299 172
TLG ENGINEERING, INC. =
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|
{ TABLE 4.2 (continued)
| COST ESTIMATE FOR PROMPT REMOVAL/DISMANTLING:
| Crystal River Plant Unit 3
l Activity Decon Remove Pack Ship Bury Total Cu Yd Scrap M-hrs M-Res
Nuclear Steam Supply System Removal
23.1 Reactor Coolant Piping 67 168 13 7 113 367 52 7492 154
23.2 Pressurizer Relief Tank 10 7 3 2 28 89 13 1820 &6
23.3 Reactor Coolant Pumps & Motors 92 3% 36 19 748 928 357 3952 89
23.4 Pressurizer 33 36 S 7 328 408 158 1934 38
23.5 Steam Generators 137 1745 72 760 1888 4603 895 52347 669
23.6 CRDMs/ICls/Service Structure Removal 88 41 20 12 160 2 67 3495 89
23.7 Reactor Vessel Internals 185 1601 563 1259 8944 12552 266 18925 121
23.8 Reactor Vessel 117 2402 265 321 1102 4208 287 18925 121
23. Totals 728 6074 977 2387 13310 23477 2095 108891 1329
Disposal of Plant Systems
26.1 Main & Reheat Steam 199 199 515 7222
26.2 Cycle Start-Up 34 34 47 1284
26.3 Extraction Steam 112 12 255 3989
26.4 Auxiliary Steam 167 167 76 6007
264.5 Feeduater 90 90 139 3327
24.6 Emergency Feedwater 66 66 55 2317
24.7 Condensate 115 15 174 4130
24.8 LP & HP Feeduater Drains & Vents 222 222 218 8148
24.9 Feedwater Heater Relief Vents & Orains 46 46 3% 1666
24.10 Misc Turbine Room Steam Drains 12 12 4 437
24.11 18 Sump & Oily Water Separator 27 27 15 M
24.12 Condenser Air Removal & Priming m 144 70 2773
24.13 Turbine Gland Steam & Drains 66 66 49 2358
26.14 Seal & Spray Water 51 51 35 1836
24.15 Condensate Demineralizer 149 149 136 5375
24.16 Cycle Makeup Water Treatment 103 103 134 3517
24.17 Condensate Demin Regeneration 58 58 49 2036
24.18 Chemical Feed Secondary Cycle 38 38 15 1366
24.19 Secondary Cycle Sampling 3 3 3 133
24.20 Condensate & Demin Water Supply 56 56 33 1995
24.21 Chemical Clesaning Steam Generators 16 16 1% 561
24.22 Wet Layup/N2 Blanketing Cond & FVW 7 3 248
24.23 Circulating Water 25 25 6 901
24.24 Screen Wash Water 87 a7 147 3128
24.25 Domestic Water 84 84 59 3000
24.26 Secondary Services Closed Cycle Cooling 181 181 345 6546
24.27 Fire Service Water 7 377 420 13691
24.28 Instrument & Station Service Air "7 17 127 4343
24.29 EDG FO & Compressed Air & Exhaust 52 52 51 18
24.30 EDG Jacket Coolant n n 7 382
24.31 EDG Air Coolant 10 10 6 353
264.32 Lube Oil Piping 17 17 7 on
24.33 AC Turbine Generator Seal Oil 7 7 3 267

LG ~F
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TABLE 4.2 (continued)
COST ESTIMATE FOR PROMPT REMOVAL/DISMANTLING:
Crystal River Plant Unit 3

Activity Decon Remove Pack Ship Bury Total Cu Yd Scrap N-hrs N-Rem
Disposal of Plant Systems (continued)
26.34 Turbine Lube Oil 53 53 4 1840
24.35 Reactor Coolant Pump Motor Lube Oil &4 2 « 18 65 9 1425 4
24.36 Nuclear Service Closed Cycle Cooling 313 313 438 11302
24.37 Nuclear Services & Decay Heat Seawater 108 108 219 3920
24.38 Spent Fuel Cooling 478 60 14 491 1043 251 16626 46
24.39 Decay Heat Closed Cycle Cooling 433 77T 16 581 1106 297 14826 43
24.40 Decay Heat Removal 608 73 15 542 1238 217 20516 62
24.41 Miscellaneous Reactor Coolant Components 10 7 2 57 76 29 4461 3
24.42 Makeup & Purification 1000 77 18 6% 1770 315 33813 186
24.43 Chemical Addition 12 12 1" 4«28
26.44 Liquid sampling 6 7 2 ST 1y » 6 4
24.45 Nitrogen/HWydrogen & Carbon Dioxide 21 21 17 778
24.46 Liquid Waste Disposal 1310 1726 122 30 1089 4276 558 101111 304
26.47 Waste Drumming 22 22 1 o 9 S4 S 1437 4
26.48 Aux & Reactor Floor & Equip Drains «37 8 2 64 s 33 14078 40
26.49 RC & Misc Waste Evaporator 132 1 6 152 300 78 4289 12
26.50 waste Gas Disposal 320 10 2 80 612 4 10456 25
24.51 Waste Gas Sampling 3 a9 « 6 9 3 12 «
24.52 Containment Monitoring 10 ) 4 373
24.53 PASS Cont Monitor AIM Monitor 7 7 3 257
24.54 Noble Gas Effluent Monitoring 7 7 4 N
24.55 Post Accident Sampling 6 [} & 226
24.56 Core Flooding 3 1 2 85 151 13 1880 6
24.57 Reactor Building Spray 56 56 89 2002
24.58 RB Pressure Sensing & Testing 1 1 1 50
26.59 R8 Leak Rate Testing 21 21 37 754
24 .60 Post Accident Venting 19 19 8 691
264.61 RB, FH & Auxiliary Building WVAC 617 92 21 T3h 166 376 19862 39
26.62 AB & Fuel Handling Ares NVAC 415 56 12 429 911 220 12941 25
24 .63 Control Complex HVAC 109 109 170 3995
24.64 Turbine Area WVAC 12 112 227 4080
24.65 Reactor Building Penetration Cooling n n 13 2557
26.66 Chilled Water 268 248 145 8863
24.67 Ooffice Building NVAC 90 123 3196
24.68 Industrial Cooler Water 133 133 148 4761
24.69 Control Complex EFIC Rooms 106 2209
264.70 Aux Building Post Accident Sampling n 1" " “21
24.71 Technical Support Center 106 2886
24.72 ICI Instrumentation Piping 278 3 « 22 304 1" 8957 25
24.73 Electrical (clean) 352 352 2990 12337
24.76 Electrical (contaminated) 152 S2 12 418 635 214 5445 7
24.75 Electrical (Decontaminated) 1) 119 210 s77 7356
24.76 Wypochlorite Injection 12 12 16 425
26. Totals 1423 11491 670 154 S449 19187 2791 BE76 442192 836

TLG ENGINEERING, INC.
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TABLE 4.2 (continued)
COST ESTIMATE FOR PROMPT REMOVAL/DISMANTLING:
Crystal River Plant Unit 3

Decon Remove Pack Ship Bury Total Cu Yd Scrap M-hrs M-Rem
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Decontamination of Site Buildings

25.1
25.2
25.3
25.4
25.5
25,

20.
27,

Reactor

Auxiliary

Intermediate

Rad Materials Storage & Processing
Chemical Radiation Building

Totals

License termination survey
Terminate license

Subtotal Period 2 Activity Costs

Period 2 Undistributed Costs

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
1",
12.
13.

Decon equipment

Decon supplies

DOC staff relocation expenses
Process liquid waste
Insurance

Property taxes

Health physics supplies
Heavy equipment rental

Small tool allowance

Pipe cutting equipment

Decon rig

Disposal of contaminated solid waste
Plant energy budget

Subtotal Undistributed Costs Period 2

DOC Staff Cost
Utility Staff Cost
Subtotal Staff Costs for Period 2

TOTAL PERIOD 2

PERIOD 3

Removal of Major Equipment

28.
29.

Main Turbine/Generator
Main Condensers

1337
1350

26

279

64T

m

248

744

775 148 38 1464
829 8 21 835
<1 b 1 51

1 <« 14

« <« -

1605 239 61 2369

19214 1955 2618 22092

430 503 1092
1713
6316
188
533
33 9 39

8750 463 512 1488

8326 27964 2418 3130 23581

TLG ENGINEERING, INC.

59
216

3762
3101
147
41
15
7067

383

61774

mn
248
b 144
2769
1620
2
1713
6316
188
533
692
439
1427

16294
19969

33441
53410

750
428
26

1213

6654

215

17

61261 200
63781 419
2479 8
702 1
252 «
128475. 629

8876 708656 2974

1981 4
1234 3
3215 7

131478 6886 8876 711872 2980

59
216

1799
%79

1894
6878




Document F01-25-002

Page 31 of 64
TABLE 4.2 (continued)
COST ESTIMATE FOR PROMPT REMOVAL/DISMANTLING:
Crystal River Plant Unit 3
Activity Decon Remove Pack Ship Bury Total Cu Yd Scrap M-hrs W -Rem
Demolition of Remaining Site Buildings
30.1 Reactor 5007 5007 1811 110192
30.2 Auxiliary 4218 4218 726 97257
30.3 Intermediate 547 547 384 13705
30.4 Turbine & Heater Bay 26M 267 3TN 67292
30.5 Diesel Generator 316 316 64 6820
30.6 Control Complex 1091 1091 205 23843
30.7 Intake & Discharge 1930 1930 110 24448
30.8 Administration 143 143 97 2667
30.9 Office 121 21 1602
30.10 Warehouses & Shop Facilities 576 576 315 10737
30.11 Miscellaneous Structures 968 968 133 21038
30.12 Technical Support Center 60 60 40 m
30.13 Rad Materials Storage & Processing n n 17 577
30.14 Chemical Radiation Building 9 9 H 165
30.15 Dry Cask Storage Compound 159 159 2957
30. Totals 17846 17846 7678 384410
Site Closeout Activities
31. Remove Rubble 3824 3824 67385
32. Grade & landscape site 181 181 922
33. Final report to NRC 133
Subtotal Period 3 Activity Costs 22126 22258 10957 461490
Period 3 Undistributed Costs
, Insurance 2313
18 Property taxes 6
3. Heavy equipment rental 2244 2244
4. Small tool allowance 118 118
S. Plant energy budget 88
Subtotal Period 3 Undistributed Costs 362 4770
DOC Staff Cost b Ygtd
Utility Staff Cost 13398
Subtotal Staff Costs for Period 3 17130
TOTAL PERIOD 3 26488 44158 10957 461490
- -
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TABLE 4.2 (continued)
COST ESTIMATE FOR PROMPT REMOVAL/DISMANTLING:
Crystal River Plant Unit 3

Activity Decon Remove Pack Ship Bury Total Cu Yd Scrap M-hrs N-Rem
TOTAL COST TO DECOMMISSION 8527 53318 2484 3169 24065 (245199) 7115 19€32 1175092 2985
TOTAL COST TO DECOMMISSION WITH 19.55 X CONTINGENCY: $293,135,700
Total radwaste volume buried: 7,115 cu yds
total scrap metal removed: 19,832.4 tons
total craft labor requirements: 1,175,092.0 man-hours
total personnel radiation exposure: 2,984.7 man-Rem
total craft labor cost with 19.55 X contingency: $ 41,497,370
MOTE: () This cost includes $113,480,900 for Utility & DOC staff periods 1-3 costs

and $40,155,160 for engineering and preparations, property taxes, insurance,
plant energy budget, and staff relocation expenses.

TLG ENGINEERING, INC.
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4.6

DECOMMISSIONING vs SITE RESTORATION

The total gr%'ected cost of dismantling the CR-3 facility, for the DECON alternative,
is $293,135,700. Of this total cost, approximately $226,894,000 is directly attributable
to the engineering and planning and the actual disposition of the residual radioac-
tivity at CR-3. It should be noted, however, that a direct accounting of only these
costs is not entirely accurate in portraying the actual cost of "decommissioning" as
defined by the NRC and consideration must also be given to the methods of executing
the decontamination processes.

Nuclear power plants are designed to contain the radioactivity inherent in the normal
operation of the facility. Accordingly, radioactive and potentially radioactive systems
are located in shielded labyrinths, tunnels and pipe chases. This inaccessibility, while
essential during operation serves to impede decommissioning activities. Con-
sequently, disposition of these components requires that in many situations that addi-
tional access (and working space) be developed. This access is achieved by disman-
tling structures and components along the intended path of egress and in the
immediate working area. In most instances this material is non-radioactive and
therefore not normally perceived as a necessary constituent in facilitr decontamina-
tion. However, failure to establish adequate working room will increase the
residence times for decontamination and dismantling activities resulting in increases
in the incurred occupational exposure.

The cost associated with the removal of non-contaminated and other releasable
materials in support of the decommissioning process are commonly referred to as cas-
cading costs. Upon evaluating the dismantling processes involved in decommis-
sioning CR-3, it is estimated that an additional $12,329,000 of "cascading costs" will be
incurred in the decommissioning process. Consequently, for the utility to meet the
intent of the NRC's definition of decommissioning, (“...release of the property for
unrestricted use and termination of license") a cost of $239,223,000 would be required
to terminate the facility’s license, or approximately 81.6% of the total cost. This per-
centage of the projected costs for license termination at CR-3 meets the NRC’s min-
imum requirements for decommissioning as delineated in title 10 of the code of Fed-
eral Regulations, Part 50.75. The remaining 18.4% would be required for site
restoration as described in Section 3.

TLG ENGINEERING, INC.
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S. SCHEDULE ESTIMATE

The schedule for the decommissioning alternatives considered for CR-3 in this study follows
the scqucncc‘rrcsented in the AlFﬁ‘JESP-O% study with minor changes to reflect recent
experience and revised estimates. The assumptions for the schedule are listed in Section S.1.
Figure 5.1 presents the schedule of key activities for the DECON scenario. Note that the
activities listed in the schedules do not reflect a one to one correspondence with the
activities in Table 4.2, but reflect splitting some activities for clarity and combining others for
convenience. Figure 5.1 contains a legend defining the schedule nomenclature and depic-
tions. The schedule was prepared using the computer code "Microsoft Project” (Ref. 13).

5.1 SCHEDULE ESTIMATE ASSUMPTIONS

The schedule in Figure 5.1 reflects the results of a precedence network developed for
CR-3 dccommissionini activities. The durations used in the precedence network
reflect the actual manhour estimates from Table 4.2. The schedule output is then
adjusted by stretching certain activities over their slack range; other activities were
pushed to the end of their slack period. The following assumptions were made in the
development of the schedule for CR-3.

1.  All work except vessel and internals removal activities will be performed during
an 8-hour workday, S days per week with no overtime. There are eleven paid
holidays per year.

2.  The fuel storage area in the Auxiliary Building will be isolated until such time
that all spent fuel has been transferred from the spent fuel (pool to dry cask
storage modules, i.e., decontamination of the fuel storage pool and supporting
systems can begin approximately five years (S) after shutdown.

3.  Vessel and internals removal activities will be performed by using separate
crews for different activities working on different shifts, with a corresponding
backshift charge for the second shift.

4.  Multiple crews will work Farallel activities to the maximum extent possible con-
sistent with optimum efficiency, adequate access for cutting, removal and
laydown space, and with the stringent safety measures necessary during demoli-
tion of heavy components and structures.

52 PROJECT SCHEDULE

The period degcndem costs presented in Table 4.2 are based upon the durations
developed in the schedule for the DECON alternative. Durations are established
between several milestones in each project period; these durations are used to estab-
lish a critical path for the entire project. In turn, the critical path duration for each
period was used as the basis for determining the total costs for these items.

A project time line is shown in Figure 5.2 for the DECON decommissioning scenario.
Milestone dates are based on a 40 year plant operating life.

TLG ENGINEERING, INC.
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FIGURE 5.1

CRYSTAL RIVER PLANT - UNIT 3 DECOMMISSIONING SCHEDULE

1D Name _ZD ) '
: 1 Start ] . {
i 2 Special uipment I I
| P Equi pm: ' - f
; 3 Procure Casks, Liners ’ -
| 4 Plant Preparation -
b} Prepare Dismantling Sequencs .
6 Group B Specifications — :
7 End-product Description . ;
8 Review Plant Drawings - {
3 .Encmunng Preparations - i!
10 Design Water Cleanup Sys. . {
11  Group C Procedures - :
12 Group C Specifications . E
13 'Group A Spocaﬂcu‘l.mrm l :
14 Define Work Sequence . !
15 Establish By-product Inventory - (i
16  Fuel Decay l
17 Decontaminate NSSS ‘ ' : |
18 Period 1 Start . | l
|
19 Period 1 Waste - !
20 Group A Procedures - !
21 Safety Analysis . : ’
22 Detailed Radiation Survey . |
23 'Detailed By-product Inventory - :
24 Period 1 Licensing Activities [:] |
25 End Period 1 . “
26  Period 2 Waste - ;
27 Period 2 Licensing Activities — l
{ S—— J
Critical [ 7] Milestone @ '
;:::?c;;m/m Noncritical _ Summary ﬁ
Progress HBELIINRRIRE. . i Slack
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FIGURE 5.1
(continued)

CRYSTAL RIVER PLANT - UNIT 3 DECOMMISSIONING SCHEDULE

2021

2022

B

[ 2016 | 2017 | 2018 | 2019 | 2020 Zbii_l}.bz; 12023
| 10 |Name FTH ISV EITHE ETH EFTE EFTE T E I ‘26 1 25
; 28 Group B Procedures . i
| 23 Remove Group B Systems - '
30 Remove Pressurizer . !
] )1 Hemove Non-Essential Structures - |
32  Remove Turbine Generator Set -] i
33  Remcve Group A Systems - !
| 34 HRemove Condenser - i g
| 35 RFV Removal Preparations D li
;l 36 Remove RPV E:] i
! 37 Remove RCS Pipe .
; 38 RB Group C Systems H
| 39 RB Group D Systems |
40 Decontaminate RB D.
i 41 IB Group C Systems l
E 42 1B Group D Systeas l
43 Decontaminate IB |
“t TB Group D Systems '
45 Other Buildings Group D i i |
46 Decontaminate Other Buildings
47 DG Group D Systems | , ]
“8 'CC Group C Systems
48 CC Group D Systems i
50 AB Group C Systems [:J
S1  AB Group D Systems |
52 Remove Spent Fuel Racks l
53 HRemove Steam Generators '
54 Decontaminate AR D
Critical m Milestone @
;:::?c;}m/ex Noncriticel [NENNNENE ooy Pr———
Progress SR RN S Slack
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FIGURE 5.1
(continued)
CRYSTAL RIVER PLANT - UNIT 3 DECOMMISSIONING SCHEDULE
2016 1 2017 | 2018 ! 2019 | 2020 | 2021 | 2022 | 2023 ZOZiI 40235 |
[ 1D |Name a6 [ a2 T -qef 9T -20T 20T -227:207 207251 |
55 License Termination Survey ﬂ |
: % End Period 2 ‘ .
; 57 RB Interior Demolit.on - ‘ ;
: 58 ®B Exterior Demolition [j :
: 9  Backfill RB Void j
| 40 1B Interior Demolition 1 l
; 6l 1B Exterior Demolition ' ‘
| 62 Backfill IB Void | ‘
E 63 Interior Demolition I
| 64 DG Exterior Demolition |
! 65 Backfill DG Void :
66 AB Interior Demolition . | '
67 AB Exterior Demolition l ’ i
68 Shop Interior Demolition | ' |
69 Shop Backfill |
70 CC Interior Demolition ] f :
71 CC Exterior Demolition ' ‘ : i N I
72 TB Interior Demolition i y i | - i 3
73 TB Exterior Demolition ‘ | | ‘
74 Backfill TB Void | . l ‘
75 Remove Essential Structures ! l I'
76 Landscaping ' l
77  End L 2 J ’
|
|
Critical m Milsstone .
g:i:?c;}m/u Noncritical — Summary m ;
Progress SRR Seiekia T Y Slack
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FIGURE 5.1
DECON ACTIVITY SCHEDULE
DEFINITION OF TERMS

ID Term Definition

1 Start Plant shutdown, project start

2 Special Equipment Procure special equipment

3 Procure Casks, Liners Procure LSA casks and liners

4 Plant Preparation Prepare plant for decommissioning

S Prepare Dismantling Sequence  Prepare dismantling sequence

7 End-product Description Provide end-product description for decommis-
sioning

8 Review Plant Drawings Review plant drawings

9 Engineering Preparations Begin engineering for decommissioning operations

10 Design Water Cleanup Sys Design water cleanup system

11 Group B Procedures Detailed procedures for group C system removal

12 Group C Specifications Activity specifications for group C system removal

13 Group A Specifications Activity specifications for group A system removal

14 Define Work Sequence Define decommissioning work sequerice

15 Establish By-product Inventory  Establish by-product inventory

16 Fuel Decay Pcllay to permit fuel to cool to DOE acceptance

evels

17 Decontaminate NSSS Perform decontamination flush of nuclear steam
supply system

18 Period 1 Start Begin period 1 decommissioning activities

19 Period 1 Waste Process liquid and solid waste from period 1
activities

20 Group A Procedures Detailed procedures for group A system removal

21 Safety Analysis Perform detailed safety analysis

22 Detailed Radiation Survey Perform detailed radiation survey of the plant

23 Detailed By-product Inventory ~ Determine detailed by-product inventory

24 Period 1 Licensing Activities Licensing activities for duration of period 1

25 End Period 1 End of period 1 detailed engineering and planning

26 Period 2 Waste Process solid and liquid waste from period 2
activities

27 Period 2 Licensing Activities Licensing activities for duration of period 2

28 Group B Procedures Detailed procedures for group B system removal

29 Remove Group B Systems Remov;, systems, group B (essential NSSS support
systems

30 Remove Pressurizer emove pressurizer

31 Remove Non-Essential Structures Remove all non-essential structures (e.g.,
warehouses)

32 Remove Turbine Generator Set Remove turbine, generator and exciter

33 Remove Group A Systems Remove systems, group A (non-essential to decom-

TLG ENGINEERING, INC.

missioning




Document F01-25-002
Page 39 of 64

FIGURE 5.1
DECON ACTIVITY SCHEDULE
DEFINITION OF TERMS
ID Term Definition
34 Remove Condenser Remove main condenser
35 RPV Removal Preparation Prepare reactor vessel for segmentation
36 Remove RPV Remove reactor vessel by remote segmentation
37 Remove RCS Pipe Remove reactor coolant system piping and valves
38 RB Group C Systems Remove reactor building group C systems
39 RB Group D Systems Remove reactor building group D systems
40 Decontaminate RB Decontaminate reactor building
41 IB Group C Systems Remove intermediate building group C systems
42 1B Group D Systems Remove intermediate building group D systems
43 Decontaminate IB Decontaminate intermediate building
44 TB Group D Systems Remove turbine building %roup D systems
45 Other Buildings Group D Remove group D systems from outbuildings
46 Decontaminate Other Buildings Decontaminate misceilaneous outbuildings
47 DG Group D Systems Remove diesel fcnerator building group D systems
48 CC Group C Systems Remove control complex group C systems
49 CC Group D Systems Remove control complex group D systems
50 AB Group C Ssystems Remove auxiliary building group C systems
51 AB Groug D Systems Remove auxiliary building group D s¥stems
52 Remove Spent Fuel Racks Remove spent fuel racks from spent fuel pool
53 Remove Steam Generators Remove steam generators
54 Decontaminate AB Decontaminate auxiliary buildini
55 License Termination Survey License termination survey by NRC
56 End Period 2 End of period 2, site released for conventional dis-
mantling
57 RB Interior Demolition Reactor building interior demolition
58 RB Exterior Demolition Reactor building exterior demolition
59 Backfill RB Void Backfill reactor building below grade void
60 1B Interior Demolition Intermediate building interior demolition
61 IB Exterior Demolition Intermediate building exterior demolition
62 Backfill IB Void Backfill intermediate building below grade void
63 DG Interior Demolition Diesel generator building interior demolition
64 DG Exterior Demolition Diesel generator building exterior demolition
65 Backfill DG Void Backfill diesel generator building below grade void
66 AB Interior Demolition Auxiliary building interior demolition
67 AB Exterior Demolition Auxiliary building exterior demolition
68 Backfill AB Void Backfill auxiliary building below grade void
69 Shop Interior Demolition Shop and Warehouse interior demolition
70 Shop Backfill Backfill Shop and Warehouse below grade void

TLG ENGINEERING, INC.
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FIGURE 5.1
DECON ACTIVITY SCHEDULE
DEFINITION OF TERMS
ID Term Definition
71 CC Interior Demolition Control complex interior demolition
72 CC Exterior Demolition Control complex exterior demolition
73 TB Interior Demolition Turbine building interior demolition
74 TB Exterior Demolition Turbine building exterior demolition
75 Backfill TB Void Backfill turbine building below grade void
76 Remove Essential Structures Remove essential support structures
77 Landscaping Landscape site
78 End End of project, site released for unrestricted use

TLG ENGINEERING, INC.
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FIGURE 5.2
DECON
DECOMMISSIONING TIMELINE
(not to scale)
Crystal River Plant - Unit 3
Spent Fuel Storage
< Wet >|< Dry Cask >
Startup Shut- Period | Period | Period
down 1 2 3
1 1
T 1 1 || 1 1 |
<— Plant Operation —>40 43 44 45 46 47 55
1976 2016 2019 2020 2022 2023 2031
Dec Dec Mar Mar Sep Dec Jun
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6. RADIOACTIVE WASTE VOLUME

The radioactive waste volume generated during the DECON program at CR-3 is shown by
line activity in the cost tables. Approximately 7,115 cubic yards of radioactive material are
generated during the entire program as shown in Table 6.1. Waste volumes are quantified
consistent with 10 CFR 61 classifications. The waste volumes shown are calculated based on
the gross container volume to be shipped and buried in controlled burial grounds.

Most of the materials for controlled burial are categorized as Low Specific Activity (LSA)
material containing less than Type A quantities as defined in 49 CFR 173-178 (Ref. 14). The
containers must be strong tight packages. For this study, commercially available steel con-
tainers are used for packaging piping, small components and concrete.

The reactor vessel and internals are categorized as large quantity shipments and, accor-
dingly, must be shipped in reusable shielded casks with disposable liners. In this case, the

liner volume is taken as the waste volume.

The waste volume attributed to the prompt dismantling is primarily generated during Period
2 (for DECON). The radioactive waste generated as a result of the decommissioning of CR-
3 is destined for dis at the yet-to-be developed regional facility for the Southeast Com-
pact. This unspecified burial facility was assumed to exist in North Carolina, the first host
state designated for the Compact. This location was taken as the final destination for all
radioactive waste shipments from CR-3. Burial costs at the regional radioactive waste dis-
gosal facility were based upon the current Chem-Nuclear Systems rate schedule for the
arnwell, South Carolina site. (Ref. 5).
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TABLE 6.1
PROJECTED RADIOACTIVE WASTE BURIAL VOLUMES
Waste Volume?
Class! (cubic yards)
Crystal River Plant - Unit 3
A 6,555.3
B 226.0
C 200.2
>C 1335
Total 7,115.0

Waste is classified according to the reguiremems as delineated in Title 10 of the
Code of Federal Regulations, Part 61.55

Class A and B wastes contain types and quantities of radioisotopes that will decay
within 100 years, with Class B waste having more rigorous requirements on waste
form to ensure stability. Class C wastes require addition measures at the disposal
facility to protect against inadvertent intrusion for up to S00 years. Waste in
which the radionuclide concentrations identified for Class C are exceeded is
generally not suitable for near-surface disposal; such waste is classified as >C.

No estimate has been made of the LSA waste that will be generated during the
operation of the fuel storage facility.
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7. OCCUPATIONAL EXPOSURE

An estimate of the occupational radiation exposure associated with the performance of the
DECON decommissioning activities was developed by TLG. Radiation doses to decommis-
sioning workers are calculated as the product of the estimated radiation zone work force
requirements and the radiation chosurc rates postulated for each decommissioning task.
The decommissioning occupational exposure estimates are based on the following assump-
tions:

1. Occupational exposure estimates include only the craft labor necessary for decon-
tamination, removal and packaging activities as well as all required health physics
personnel exposures in support of these activities. Casual exposures to the plant staff
are not included in this estimate.

2. Personnel exposure to radiation is minimized by utilizing shielding and remote hand-
ling techniques and avoiding higher radiation fields when personnel presence is not

necessary.

3 Local exposure rates near items such as tanks and pipes are reduced by a successful
chemical decontamination program prior to work in that area.

4. Careful é)rox_npt accounting of accumulated radiation exposure is maintained to
rapidly identify tasks causing excessive dose accumulation by workers so that correc-
tive action can be taken.

5. No estimate has been made of the occupational radiation exposure that will be
incurred during the operation of the fuel storage facility due to the low residency
times required in any radiation field.

It should be noted that the radiation exposure rates used to calculate the exposures shown in
Table 4.2 are based on optimum conditions; factors such as plant age, maintenance and
operating history could cause the cted exposure rates at the time of decommissioning to
vary significantly. A total of 2,984.7 manRem was postulated for the DECON activities.

Table 4.2 provides a breakdown by line activity.
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8. CONCLUSIONS

Decommissioning technology is well established and the tools and equipment necessary to
completely dismantle CR-3 are available and have been demonstrateg. q‘he cost to decom-
mission the nuclear unit using the DECON (Prompt Removal/Dismantling) alternative is
$293,135,700, including shipment of all wastes and dismantled materials to a regional burial
site and demolition of the remaining site structures, The estimate reflects the site-specific
features of CR-3 and the estimated cost of radioactive waste shipping and burial costs. An
analysis of the major activities contributing to the total cost is shown in Table 8.1.

The decommissioning and utility staff costs and removal costs are the largest percentages of
the total cost, reflecting the labor intensive nature of decommissioning programs. Burial is
the next most costly activity in the program. Shirping costs will be most sensitive to changes
in fuel costs and distance to waste disposal facilities. Removal costs are dependent on the
degree of remotely operated equipment available in the future and the associated higher
cost of that equipment versus the savings in labor costs. These results point to the need for

periodic reviews of these estimates.

This study for CR-3 provides an estimate for decommissioning the site under current
requirements based on present day costs and available technology. As additional disman-
tling experience on large reactors becomes available, cost estimates must be modified to
reflect this experience. In addition, historically the costs for low-level waste disposal have
increased at rates significantly higher than inflationary trends and, therefore, should be

reviewed periodically.
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Other includes: engineering & preparations, insurance and DOC staff relocation
expenses

Includes an average contingency of 19.55%.
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TABLE 8.1
SUMMARY OF DECON COSTS
1991
Costs Percent of
Work Category (Thousands) Total Costs
DECON (Prompt Removal/Dismantling)
Decontamination 8,527 3.48
Removal 53,318 21.74
Packaging 2,484 1.01
Shipping 3,169 1.29
Burial (off-site) 24,065 9.81
Decommissioning Staffs 113,481 46.28
Other * 40,155 16,38
SUBTOTAL 245,199 ’
TOTAL ** 293,136 100.00 L
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A. SITE REPOWERING

Three separate cost estimates were developed for the nuclear unit. The cost and schedule
estimates {)rcscnted within the main body of this document are based upon the complete
removal of all components and structures within the property lines, as the station is presently
configured, except where noted. This is consistent with the earlier decommissioning
estimate TLG had prepared for FPC in 1985.

The two additional cost estimates were developed in response to the Florida Public Service
Commission’s Order No. 21928, issued in September 1889. The order required that FPC
prepare a site-specific economic cost study for CR-3 to determine if it is cost justified to
retain the non-contaminated portion of the nuclear plant assets for use with a new genera-
ting station. In response, estimates are presented within this section for the decommis-
sioning of CR-3 assuming two different conversion options. The estimates weie developed
with the assistance of FPC and assume that essential systems and facilities (to site
repowering) are excluded from the scope of the decommissioning.

A.1  Conversion to a Pulverized Coal Unit

The base decommissioning estimate was modified, for this scenario, to exclude those
portion of CR-3 systems and facilities that could potentially be used in repowering the
site with pulverized coal fueled boilers. The design assumed by FPC was conceptual
in that no detailed review and/or analysis was é)e ormed for the various steam cycles
and equipment combinations. However, FPC did do a comparison to the Zimmer
Nuclear Plant which was recently converted to a pulverized coal steam unit.

Assumptions

The followir:f systems, portions of systems and facilities were excluded from the
scope of the decommissioning:
Portions of Systems
Main Steam and Reheat
Extraction Steam
Auxiliary Steam
Feedwater
Condensate
LP/HP Feedwater Drains and Vents
Feedwater Heater Relief Vents and Drains
Misc. Turbine Room Steam Drains
Chemical Feed Secondary Cycle
Domestic Water
Fire Service Water
Instrument Air and Station Service Air

Chilled Water .
Emergency Diesel Generator (only one of two existing)
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Entire Systems

TB Sump and Oily Water Separator
Condensate Air Removal & Priming
Turbine Gland Steam & Drain

Seal and Spray Water

Condensate Demineralizers

Cycle Makeup Water Treatment
Condensate Demin. Regeneration System
Secondary Cycle Sampling System

Wet Layup/N2 Blanketing Condensate & Feedwater Systems
Circulating Water

Screen Wash System

Secondary Services Closed Cycle Cooling
Turbine Lube Oil

AC Turbine Generator Seal Oil
Condenser Tube Cleaning System

N2, H2, and CO2

Office Building HVAC

AC Turbine Generator Gas

Turbine Area HVAC

Buildi | Facilit

Turbine

Heater Bay

Cold Shop

Warehouse

Office

Nuclear Administration
Tech Support Center
Intake/Discharge Structures

These systems are assumed to be placed in protective lay-u‘) for the duration of the
decommissioning period. The turbine plant systems would be drained, moisture
removed, and maintained under dehumidified conditions to avoid rust buildup or
degradation. The main turbine would be rotated periodically. The main generator
would be filled with dry instrument air, generator and exciter coolers valved out and
drained to prevent moisture intrusion. Resins would be removed from storage tanks
and the tanks would be refilled with demineralized water. Air and gas systems would
be shutdown and purged with dry instrument air. Cathodic protection systems would
remain energized as a mears of providing corrosion protection. Non-essential power
supplies would be de-energized and isolated. Condenser and underground circulating
water lines would be drained. Routine maintenance would be provided for all com-

nents identified for reuse in the repowering scheme including switchgear and trans-

ormers.
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A2

Facilities not needed to support decommissioning operations will be secured to pre-
vent inadvertent intrusion and possible damage. Essential cranes and hoists will not
be allowed to degrade, non-essential cranes and hoists would be de-energized. The
carbon dioxide and halon systems will be maintained as long as needed. The fire
water supply, pumps, hydrants and underground mains will be maintained. Suppres-
sion systems and fire extinguishers will be maintained in areas posing significant fire
hazard or which remain occupied by plant personnel.

Conversion to a Combined Cycle (gas turbine) Unit

The base decommissioning estimate was modified, for this scenario, to exclude those
portion of CR-3 systems and facilities that could potentially be used in converting the
site to a gas turbine based, combined cycle facility. FPC was conceptual in that no
detailed review and/or analysis was performed for the various steam cycles and
equipment combinations. However, FPC did do a comparison to the Midland
Nuclear Plant which had undergone a recent conversion to a combined cycle facility.

Assumptions

The following systems, portions of systems and facilities were excluded from the
scope of the decommissioning for possible reuse in site repowering:

Portions of Systems

Main Steam and Reheat

Condensate

Misc. Turbine Room Steam Drains

Chemical Feed Secondary Cycle

Domestic Water

Fire Service Water

Instrument Air and Station Service Air

Chilled Water

EDG Fuel Oil and Compressed Starting Air .
Emergency Diesel Generator (only one of two existing)

Entire Systems

TB Sump and Oily Water Separator
Condensate Air Removal & Priming
Turbine Gland Steam & Drain

Seal and Spray Water

Condensate Demineralizers

Cycle Makeup Water Treatment
Condensate Demin. Regeneration System

Secondary Cycle Sampling System
Circulating Water

TLG ENGINEERING, INC.
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A4

E
(continued)

Screen Wash System

Secondary Services Closed Cycle Cooling
Turbine Lube Oil

AC Turbine Generator Seal Oil
Condenser Tube Cleaning System

N2, H2, and CO2

Office Building HVAC

AC Turbine Generator Gas

Turbine Area HVAC

Buildi | Facilit

(same as in Pulverized Coal scenario)
Costs and Schedule

The base decommissioning cost model was modified for each of conversion scenarios.
The process is described below.

1. The inventory designated for reuse was removed from the decommissioning
data base.

2. New schedules were devised for CR-3 decommissioning reflecting decommis-
sioning and dismantling sequences for only those systems and structures desig-
nated for removal.

3. Costs were added to layup the systems designated for the repowering scenarios.
Maintenance costs for systems layup was assume to continue through to the
completion of decommissioning operations.

4. The modified cost model was rerun for each conversion alternative.

The new cost estimates for CR-3, assuming conversion of the remaining plant
facilities once decommissioning operations have ceased, are delineated in Table A.1.
The cost and schedule for the base scenario is also provided for comparison.

Conclusions

As can be seen in Table A.1, there is very little change in the first two periods of
decommissioning for either repowering scenario. Primarily, the cost savings is from
the non-removal of the repowering systems and components. The schedule, which
can have a major imract on period-dependent costs, is not affected. The equipment
that is being left in-place had been scheduled in the base estimate for disposition con-
current wit%'n other, more critical decommissioning activities. Since the decommis-
sioning activities controlled the program duration, deletion of these other non-critical
activities had no effect on the schedule for Periods 1 and 2.
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The major difference in cost is seen in Period 3. Again, the major cost savings is from
the reduction in building demolition and site restoration. None of the facilities slated
to remain for repowering had controlled the dismantling sequence in the base
estimate, so no savings were extracted from the schedule. In fact, the need to keep
the Turbine Building, Heater Bay and Shop Facilities for repowering, reduces access
to the Auxiliary, Control and Intermediate Buildings. Consequently, the durations to
demolish these structures may actually increase from base scenario projections.

In summary, the estimate presented in the base study, as well as that Freviously
prepared for FPC in 1985 are not greatly affected by the disposition of the non-
contaminated portions of the CR-3.
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TABLE A.1
COST AND SCHEDULE COMPARISON FOR VARIOUS
DECOMMISSIONING ALTERNATIVES
1991
Scenario Period Cost Schedule
1000s $ (months) .
Decommissioning & Total Site Restoration
Preparations 1 83,162.1 39.5
Decommissioning Activities 2 157,182.2 303
Site Restoration 3 52,791.4 105.1
Total Cost 293,135.7 174.9 .
r
Decommissioning/Partial Site Restoration/Pulverized Coal Conversion '
Preparations 1 83,162.1 39.5
Decommissioning Activities 2 156,420.8 30.3
Site Restoration 3 40,979.1 105.1 1
Total Cost 280,562.0 174.9 :
Decommissioning/Partial Site Restoration/Combined Cycle Conversion |
Preparations 1 83,162.1 39.5
Decommissioning Activities 2 157,003.2 30.3 .
Site Restoration 3 40,979.1 105.1 :
Total Cost 281,144.4 174.9 i
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APPENDIX B
UNIT COST FACTOR DEVELOPMENT
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UNIT COST FACTOR DEVELOPMENT
Example: Unit Cost Factor for Removal of Heavily Reinforced Activated or Contaminated
Concrete.
1. SCOPE

Concrete that has been contaminated or neutron activated will be removed by controlled
blasting. Holes will be drilled vertically into the concrete with a track drill; the holes loaded
with explosives; and the face of the concrete blown off. An oxyacetylene torch will be used
for reinforced concrete rebar cutting or other misc. structural steel. Reinforcing is assumed
to be No. 18 rebar (2-1(2“ OD) on 12" centers. Each sequence removes 7.4 cubic yards (cy)
of concrete. The rubble will be loaded into containers, transferred to the packaging area,
and loaded into boxes for shipment and burial.

2. EQUIPMENT AND MATERIALS REQUIRED

Pneumatically operated track drill

Compressor 750 CFM; diesel-driven

Air hoses and connections

Blasting mats (minimum 10’ x 12’ steel)

Fog spray system - multiple spray heads

Explosives magazine

Oxyacetylene torch, gas bottles, hoses, fire extinguishers
Front end loader with backhoe

Rubble transfer container

3. CALCULATIONS

Durations:!

Required Operations Sequence Integrated
a Check all equipment (drills, compressor fog 15 15
spray, blast mats)
b Move drilling equipment to location 15 (a)
¢ Drill holes on center, 2'x 20'x 5'(depth) 160 160
d Place charges in holes 100 100
e Place blast mats and start fog spray 30 30
f Evacuate area and detonate charges 15 15
ﬁ Verify charges have been shot 10 10
Remove fog spray & blasting mats 30 30
i Sample concrete rubble/rebar for radioactivity 15 g)
j Cut rebar with torch 120 120
k Remove rubble into transfer container 60 60
| Move transfer container to packaging area 30 30
Total Durations: 600 570

Base Activity Duration = 570 minutes to remove 7.4 cy

TLG ENGINEERING, INC.
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Work Difficulty Factors®

Work Difficulty Factors Against Base Duration

Access (20%) 114

Masks (50%) 285

Radiation (40%) 228

Actual Duration 1197
Work Difficulty Factors Against Actual Duration

Protective Clothing Changeout (30%)

Productive Duration 1556
Nonproductive Time Factors

ork breaks (8.33%)
Work Duration 1686

Total Time in Minutes = 1686 minutes or 28.1 hours per 7.4 cy,

Duration Rate Cost
Labor Crew No. (hrs) ($/hr) (3)
Laborers 4 28.10 $11.02 $1238.65
Operators 2 28.10 20.51 1152.66
Blasting expert 1 28.10 23.90 671.59
Assistant 1 28.10 23.90 671.59
Foremen 1 28.10 23.90 671.59
Subtotal labor costs 4406.08
Overhead & Benefits on labor 3403.26
Total Labor cost $7809.34
Equipment Rate, § Cost? Ref!
3 Blasting mats (l(O’xhlZ') ) Sgggﬂ:t szsg.gg é
Fog spray system (1 hr oper time 4 r .
75& Cf;-‘ N{ comJJressor 15.51/hr 435.83 K}
Front end loader w/backhoe 10.24/hr 287.74 g

Track drill 18.30/hr

_514.23
Subtotal materials $1474.53
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(a) Activity runs concurrently with (a)
(J) Activity runs concurrently with (j)

1. Durations are shown in minutes. The integrated duration accounts for
those activities that can be performed in conjunction with other activities,
indicated by the designator (a through 1), of the concurrent activity. This results in
an overall decrease in the sequenced duration.

2. Work difficulty factors were developed in conjunction with the AIF program
to standardize decommissioning cost studies and are delineated in the
"Guidelines" study (Ref. 7, p. 64).

3.  Adjusted for regional material costs; for Tampa, 100.9%

4.  References
R.S. Means (1991) Division 022 Section 234-4000 pg 37
McMaster-Carr Ed. 94 pg 735
R.S. Means (1991) Division 016 Section 420-0700 pg 13
R.S. Means (1991) Division 016 Section 408-0400 pg 11
1991) Crew B-47 pg xiv
.S. Means (1991) Division 016 Section 420-6360 pg 15
S. Means (1991) Division 015 Section 602-0200 pg 9
.S. Means (1991) Division 022 Section 234-3700 pg 37
S. Means (1991) Division 022 Section 234-3500 pg 37

©ENOUN B LN
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Equipment Rate, § Cost? Ref.?
Oxyacetylene torch/consumables (2 hrs) $6.83/hr $13.66 6
Compressor consumables 16.04/hr 450.72 3
Bucket loader consumables 6.27/hr 176.19 4
Drill: bits, etc.(2.667 hr oper time) 9.15/hr 24.40 5
Plastic sheets/bags (250) 0.05/sf 12.50 7
40 Eounds explosive 1.35/1b 54.00 8
20 blasting caps 1.81/cap _36.20 9
Subtotal consumables $767.67

Total equipment & materials (inc overhead $2600.95

and profit @ 10% and sales tax @ 6%)
Total Cost (labor & materials for 7.4 cy) $10410.29

TOTAL UNIT COST FACTOR: $1406.80 per cy
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APPENDIX C
UNIT COST FACTOR LISTING
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APPENDIX C-1
UNIT COST FACTOR LISTING
Non-contaminated Factors
Unit Cost Factor Cost/Unit ($)
Removal of clean pipe 0 to 2 inches dia. $/If 5.54
Removal of clean pipe >2 to 8 inches dia. §/1f 9.56
Removal of clean pipe >8 inches dia. §/If 19.16
Removal of clean valves >2 to 8 inches 117.23
Removal of clean valves >8 inches 216.81
Removal of clean pumps, <300 1b 116.05
Removal of clean pumps, 300-1000 Ib 268.93
Removal of clean pumps, 1000-10,000 1b 1,549.78
Removal of clean pumps, > 10,000 Ib 2,686.48
Removal of clean heat exchanger <3000 Ib 540.54
Removal of clean heat exchanger >3000 Ib 1,536.79
Removal of clean moisture separator/reheater 11,158.07
Removal of clean tanks, < &’:glons 187.49
Removal of clean tanks, 300-3 allons 447.42
Removal of clean tanks, >3000 gallons, $/sq ft surface 4.49
Removal of misc. clean equipment, <300 Ib 69.27
Removal of misc. clean equipment, 300-1000 Ib 252.60
Removal of misc. clean equipment, 1000-10,000 Ib 505.20
Removal of misc. clean equipment, > 10,000 Ib 1,602.94
Removal of clean electrical cable tray, §/1f 6.41
Removal of clean electrical conduit, $/1f 4.25
Removal of clean feedwater heater/deaerator 4,837.87
Removal/manual flame cut of thin mtl comp, $/in cut 3.36
Removal of electrical transformers < 30 tons 834.92
Removal of electrical transformers > 30 tons 2,404.38
Removal of standby diesel-generator 3,940.59
Removal of clean HVAC ductwork, $/1b 0.45
Removal of clean turbine-driven pumps < 10,000 lbs 1,603.24
Removal of clean turbine-driven pumps > 10,000 lbs 9%%?38%

Removal of clean PWR turbine-generator

TLG RF. 205 &/82)
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APPENDIX C-1

UNIT COST FACTOR LISTING

Non-contaminated Factors

Unit Cost Factor

Cost/Unit ($)

Removal of clean pipe 0 to 2 inches dia. $/If
Removal of clean pipe >2 to 8 inches dia. $/If
Removal of clean pipe >8 inches dia. §/If
Removal of clean valves >2 to 8 inches
Removal of clean valves >8 inches

Removal of clean pumps, <300 Ib
Removal of clean pumps, 300-1000 Ib
Removal of clean pumps, 1000-10,000 1b
Removal of clean pumps, >10,000 Ib
Removal of clean heat exchanger <3000 Ib

Removal of clean heat exchanger >3000 Ib

Removal of clean moisture S%e&arator/reheater
Removal of clean tanks, < llons

Removal of clean tanks, 300- allons

Removal of clean tanks, >3000 gallons, $/sq ft surface

Removal of misc. clean equipment, <300 Ib
Removal of misc. clean equipment, 300-1000 Ib
Removal of misc. clean equipment, 1000-10,000 Ib
Removal of misc. clean equipment, > 10,000 Ib
Removal of clean electrical cable tray, §/1f

Removal of clean electrical conduit, $/1f

Removal of clean feedwater heater/deaerator
Removal/manual flame cut of thin mtl comp, $/in cut
Removal of electrical transformers < 30 tons
Removal of electrical transformers > 30 tons

Removal of standby diesel-generator

Removal of clean HVAC ductwork, $/1b

Removal of clean turbine-driven pumps < 10,000 lbs
Removal of clean turbine-driven pumps > 10,000 lbs
Removal of clean PWR turbine-generator

TLG RF 205 &/82)

5.54
9.56
19.16
117.23
216.81

116.05
268.93
1,549.78
2,686.48
540.54

1,536.79
11,158.07
187.49
447.42
4.49

69.27
252.60
50520

1,602.94
6.41

4.25
4,837.87
3.36
834.92
2,404.38

3,940.59
0.45
1,603.24
2,648.02
92,213.94
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i
APPENDIX C-1
UNIT COST FACTOR LISTING
Non-contaminated Factors
(continued)
Unit Cost Factor Cost/Unit ($)

Removal of clean PWR main condenser 252,148.70
Rmvl of clean pipe hangers for small bore piping 15.02
Rmvl of clean pipe hangers for large bore piping 52.77
Rmvl of clean instrument and sampling tubing, 3/If 0.23 -
Remove clean concrete floors, $/cubic yard (cy) 173.92 5
Remove heavily reinforced concrete, $/cy 133.43
Removal of concrete floor sections, $/cy 657.13
Demolish subterranean tunnels, $/If 74.15 |
Excavation, $/cy 1.94 i
Perform bldg demolition (volumetric), $/cf 0.16 |
Removal of foundation concrete, $/cy 370.47 5
Remove structural steel, $/1b 0.19 l
Remove steel floor grating, §/sf 2.77 ,
Remove free-standing steel liner, §/sf 7.88 .
Remove grade slab concrete, $/cy 137.76
Landscaping, $/acre 14,607.86 |
Remove monolithic concrete, S/c?' 473.22
Remove concrete anchored steel liner, $/sf 3.37
Remove standard reinforced concrete, $/cy 239.55
Remove masonry/block, §/cy 33.11
Placement of scaffolding, $/sf 2.46
Backfill of below grade voids, $/cy 13.83
Removal of overhead cranes/monorails < 10 ton cap ! gggg; |

0 0 |

Removal of overhead cranes/monorails > 50 ton cap
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APPENDIX C-2
UNIT COST FACTOR LISTING
Contaminated Factors
Unit Cost Factor Cost/Unit ($)
Remove pipe <2.5 inches diameter, $/If 42.83
Remove pipe 2.5-8 inches diameter, $/1f 62.29
Remove pipe >8 inches diameter, $/If 118.95
Remove valves 2.5-8 in 35741
Remove valves >8 in 594.75
Remove pumps, <300 Ibs 374.21
Remove pumps, 300-1000 Ibs 959.17
Remove pumps, 1000-10000 lbs 4,062.78
Remove Bumps, > 10000 Ibs 8,430.80
Remove heat exchanggrs. <3000 lbs 1,681.56
Remove heat exchangers, >3000 lbs 5,193.41
Remove tanks, <300 gallons (falg 678.05
Remove tanks, >300 gallons, $/s 15.44
Remove misc. components, <300 lbs 255.77
Remove misc. components, 300-1000 lbs 683.81
Remove misc. components, 1000-10000 Ibs 1,278.99
Remove misc. components, > 10000 lbs 3,414.73
Remove electrical cable tray, $/1f 23.99
Remove electrical conduit, $/1 20.98
Plasma arc cut of cont. equip, $/square inch 9.87
Surface decontamination, $/sf 4.32 s
Procure and prepare LSA box 932.43 ;
Remove activated/contaminated concrete, $/ 1,060.61 J
Drill & spall contaminated concrete surfaces, ?}sf 7.30 ~
Decontaminate large components, $/sf 18.72 !
Decontamination rig hookup, each « 3,999.07 i
Remove concrete anchored steel liner, $/sf 18.91 !
Decon flush of components/systems, $/gal 4.51 ?
Remove frcc-stmdn:? steel liner, $/sf 21.50 1
Scabble concrete surfaces, $/sf 5.02 ,

TLG ENGINEERING, INC.
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APPENDIX C-2

UNIT COST FACTOR LISTING

Contaminated Factors

Unit Cost Factor

Cost/Unit ($)

Remove pipe <2.5 inches diameter, §/If
Remove pipe 2.5-8 inches diameter, $/1f
Remove pipe >8 inches diameter, $/1f
Remove valves 2.5-8 in

Remove valves >8 in

Remove pumps, <300 Ibs

Remove pumps, 300-1000 Ibs
Remove pumps, 1000-10000 Ibs
Remove Eumps, > 10000 Ibs
Remove heat exchangers, <3000 lbs

Remove heat exchangers, >3000 lbs
Remove tanks, <300 gallons ( alz
Remove tanks, >300 gallons.f s
Remove misc. components, <300 lbs
Remove misc. components, 300-1000 1bs

Remove misc. components, 1000-10000 1bs
Remove misc. components, > 10000 Ibs
Remove electrical cable tray, S/lf

Remove electrical conduit, ;/l

Plasma arc cut of cont. equip, $/square inch

Surface decontamination, $/sf

Procure and prepare LSA box

Remove activated/contaminated concrete, $/
Drill & spall contaminated concrete surfaces, ?l/sf
Decontaminate large components, $/sf

Decontamination rig hookup, each
Remove concrete anchored steel liner, $/sf
Decon flush of components/systems, $/gal
Remove free-standing steel liner, §/sf
Scabble concrete surfaces, $/sf

TLG RF-205

682)

42.83
62.29
118.95
357.41
594.75

374.21
959.17
4,062.78
8,430.80
1,681.56

5,193.41
678.05
15.44
255.77
683.81

1,278.99
3,414.73
23.99
20.98
9.87

4.32
93243
1,060.61
7.30
18.72

3,999.07
18.91
4.51
21.50
5.02

TLG ENGINEERING, INC.
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UNIT COST FACTOR LISTING
Contaminated Factors
(continued)

Unit Cost Factor Cost/Unit (§)
Placement of scaffolding, $/sf 3.90
Removal of HVAC ductwork, $/1b 1.63
Removal of turbine-driven pump < 10000 Ibs 3,736.18
Removal of turbine-driven pump > 10000 lbs 7,027.21
Cost of LSA drum & preparation for use 96.57
Cost of cask liner for CNSI 14-195 cask 6,353.68
Cost of cask liner for CNSI 8-120A cask resin; 9,083.57
Cost of cask liner for CNSI 8-120A cask (filter 9,076.91
Removal of small bore pipe hangers 35.23
Removal of large bore pipe hangers 128.59
Removal of instrument/sampling tubing, $/1f 0.40
Decontamination of surfaces by vacuuming, $/sf 1.89

TLG ENGINEERING, INC.
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APPENDIX C-2
UNIT COST FACTOR LISTING
Contaminated Factors
(continued)

Unit Cost Factor Cost/Unit ($)
Placement of scaffolding, $/sf 3.90
Removal of HVAC ductwork, $/1b 1.63
Removal of turbine-driven pump < 10000 Ibs 3,736.18
Removal of turbine-driven pump > 10000 Ibs 1,027.21
Cost of LSA drum & preparation for use 96.57
Cost of cask liner for CNSI 14-195 cask 6,353.68
Cost of cask liner for CNSI 8-120A cask ?esin; 9,083.57
Cost of cask liner for CNSI 8-120A cask (filter 9,076.91
Removal of small bore pipe hangers 35.23
Removal of large bore pipe hangers 128.59
Removal of instrument/sampling tubing, $/1f 0.40
Decontamination of surfaces by vacuuming, $/sf 1.89

L

TLG ENGINEERING, INC.
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APPENDIX C-2
UNIT COST FACTOR LISTING
Contaminated Factors
(continued)

Unit Cost Factor Cost/Unit ($)
Placement of scaffolding, $/sf 3.90
Removal of HVAC ductwork, $/1b 1.63
Removal of turbine-driven pump < 10000 Ibs 3,736.18
Removal of turbine-driven pump > 10000 Ibs 7,027.21
Cost of LSA drum & preparation for use 96.57
Cost of cask liner for CNSI 14-195 cask 6,353.68
Cost of cask liner for CNSI 8-120A cask ?csing 9,083.57
Cost of cask liner for CNSI 8-120A cask (filter 9,076.91
Removal of small bore pipe hangers 35.23
Removal of large bore pipe hangers 128.59
Removal of instrument/sampling tubing, $/If (1);8

Decontamination of surfaces by vacuuming, $/sf

TLG ENGINEERING, INC.

TLG AF.205 &82)
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Docket No. 910890-E)

DIRECT TESTIMONY.
oF
THoMAS S. LAGUARDIA

PLEASE STATE YOUR NAME AND BUSINESS ADDRESS.
Thomas S. LaGuardia, 148 New Milford Road East, Bridgewater, Connecticut

06752

WHAT ARE »YOJUI")%'RESPd&LSLZIiBJLITIESiWITH THAT ORGANIZATION?

I am responsible forthe technlcal and business management of the engineering
consulting,serQibes :iln:tf:\é,ra’re'ais bf decontamination, decommissioning, waste
management and,,geﬁéral“erigineering for nuciear and fossil fueled generating

stations.

WHAT IS YOUR EDUCATIONAL AND PROFESSIONAL BACKGROUND?
A resume of my. éduéational.and,pro'fessional‘ba.ckground is ‘provided as an

attachment to my testimony.

WHAT 1S THE PURPOSE OF YOUR TESTIMONY IN THIS PROCEEDING?

| am presenting the results of the 1991 decommissioning cost study prepared
by TLG Engineering, Inc. for the Crystal River Plant - Unit 3 ("CR-3"}). My
testimony addresses the decommissioning alternatives evaluated, summarizes

the results of the study, and discusses decommissioning feasibility.
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ARE YOU SUPPORTING ANY EXHIBITS AND SCHEDULES IN THIS MATTER?
Yes, | am supporting the following schedule:
(Schedute TSL-1), '.';D_ecommissic)ning Cost Study for'the Crystal River Plant

- Unit 3," dated September 1991,

WHAT DECOMMISSIONING EXPERIENCE DO YOU HAVE?

My decommasslonmg expenence began as slte representatlve for United Nuclear
Corporation: (UNCI dunng the BONUS reactor decommass;onmg in.1969 and
1970. BONUS was a 17 Megawatt electnc (MWe} demonstration power
reactor and- t_hp Igr‘_g‘e.sg; rgacgor dppomm;;salongdvby\entombment up to that
time. The"prdgrém\ mvolved ‘extén/sive c,h)emIcal dé’con‘témination of radioactive
systems, Selg\c't_ivg. pip‘iﬁ‘g‘,a‘_nd,cqm‘poneht 'r_emo‘val,/ and entombmernt of the
reactor vessel Mthid\a‘mﬁ;éiw concrete barrier, The entombment has a design
life of 12b years. My role as site representative was to act as a technical
liaison and provide. project engineering-and schedule management assistance
during system:decontamination, component removal, vessel entombment and
facility closeout.

Foilowing the BONUS program, i was lead engineer for UNC on the Elk River
Reactor decommissioning project during 1970 through 1974. Elk River was a
20 MWe demonstration power reactor that was decommissioned by the
method of complete dismantlement. The programinvolved segmentation of the
reactor vessel and internals-using remotely operated cutting torches, as weill as
the packaging, shipping and controlled burial of the segments. Radioactive
piping and components were removed, packaged, shipped and buried in a

2
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similar manner. "ﬁad{o\acti\ie‘éb}}h'cre.te,Was demolishe,d,by controlled:blasting,
and nonradioactive concrete was demo}ighéd_?bylgwreck:ihgkball-«t'o completely
dismantle the facility. Initially, my role for UNC on the Elk River Project was
consulting engineer and Iater lead engineer for UNC technical support for on-

site activities.

| acquired additional prefie(}CG as Project Engineer for Nuclear Energy Services,

Inc. {NES}, dutihg*;'fhe;deitéilféd‘érig'_ineering and planning of the Shippingport
Station De(iomrnis‘sidh‘in{g“ Rfojgct frorh?1979v,,to*:19'82. Shippingport-was a 72
MWe light water breeder {éé‘étor. TLG Engineering, Inc., with its joint venture
partner, Cleveland«\W.ré‘élking»'Company, ,dis'mantléd, -all..of the piping and
components, both_(‘._dh‘t’a'minétgd‘ and'nonfco;ﬁtaminatey. with the exception of
the reactor vkes‘se\i,\'-\a'nd removéd contaminated concrete from Shippingport. ‘My
role for the TLG/Cleveland team was ‘Project Director, -and | selected and
managed. -an ons:te projeci ‘management team which, in turn, hired and
supervised work crews 10 accomplish-the dismantling. Our work is.complete

and was performed on schedule and within budget.

| also assisted Atomic Energy of Canada, Ltd. in the detailed engineering and
planning for the decommissioning of the 238 MWe Gentilly Unit 1 reactor.
Gentilly, Unit 1, is a CANDU, natural uranium fueled, heavy water moderated,
boiling light water cooled reactor. The station has been decommissioned to a

"static state,” equivalent to a SAFSTOR condition. My role was to provide
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overall decommissioning consulting services and detailed cost estimation of

alternatives.

TLG a‘ssistjeq.,z'l}lorthérn States: Power 'Companﬁy in ‘the -preparation of the
decommissi\cg‘rf_{iﬁfg pyl?aﬁ for the Pathfinder ‘Atomic Power Plant. Pathfinder,
located fn':Siéﬁx'Fails;-S‘D was a 60. MW.electric reactor .initially placed in
SAFSTOR condntuon after an abbrevnated operating-life. TLG prepared detaeled
costand schedule estlmates vessel activation estimates, analyzed the reactor
vessel‘to,jbg:uﬁrsqq;as"lt's:own sh_:pp!ngv \contalner; and prepared the decommis-

sioning plan in {sijb'p‘or/t of plant decommissioning.

TLG is',aséistiﬁgf'_thg;SabrarﬁentO' Municipal Utility District in the decommission-
ing. of the Rancho Seco Nuclear Generating Station. This work includes
performmg a detaued reactor vessel actwat;on -analysis, preparing decommis-

s!onnng'tealte;natuve cost ,and schedule ‘estimates, and assisting with the

preparation of the decommissioning-plan.

TLG has asgist:ed the:Long Island Lighting Company in the decommissioning of
the Shoreha'rmwNucle_z‘irll;-’ower Station. This work included the preparation of a
detailed reactor vessel activation analysis, preparation of cost estimates,
schedules,'management staffing levels, waste volume estimates and prepara-

tion of a draft decommissioning plan.
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TLG was selected by Ciﬂti’cberﬁ, Inc. (asubsidiary of Hoffman-LaRoche) as
Decommissidning‘Co-Mana‘g_e'rs: of a 10 MW thermal research reactor and
associated hot cells a"nq faci,lities; TLG's staff prepared a reactor core

activation analysis, and a cost and schedule estimate for the project. TLG

assisted in‘the‘br’éparatiohbf"\the decommissioning plan-which has received

NRC approvai TLG’s fueld management staff IS 0n-site assisting in the project
management. and superv:suon of the work crews in decommissioning and
dismantling the facmty My role tn the pro;ect is-Senior.Decontamination and
Decommnssnonmg Expert on the Nuclear Safeguards Committee.

HAVE YOU PREPARED OR CO AUTHORED ANY: STUDIES 'AND REPORTS ON
DECOMMISSIONING COST ESTIMATING AND TECHNOLOGY?

While at ‘Nucalea\r;;Energy» Services, | was principal investigator for the Atomic
Industrial Fofgr‘nfdie’\_éommisskiqniﬁg_stuqventitled " An Engineering Evaluation of
Nuclear Powa‘r.EB:e‘aﬁc::‘tOrf Decommissioning Alternatives" {AIF/NESP-009), dated
November 1976 This studyaevaIuatgdlthe costs, schedule-and environmental
impacts of decommissioning 1 1(004 MWe reactors (Pressurized Water Reactors
[PWRs]), Boiling- Water Reactors [BRWSs], and High Temperature Gas Reactors

[HTGRs]).

i also co-authored the "Decommissioning Handbook" for the U.S. Department
of Energy (DOE)}, DOE/EV/10128-1, dated November 1980. The Handbook
reported the state of the art in decommissioning technology {as of 1980},
inciuding decontamination, piping and component removal, vessel segmenta-
tion, concrete demalition, cost estimating and environmental impacts.

5
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At TLG Engmeermg, I-co- authored “Gundellnes for Producmg ‘Commercial
Nuclear Power Plant Decommrsssonmg Cost Estumates" (AIF/NESP 036) dated

May 1986, for the Atomnc Industnal Forum, Natlonal Envuronmental Studles

Project. The Gu:delmes |dent|fy the elements of costs to be mc'uded in the

estimation of decommassromng, as well as. sute restorataon actwrtues, for each
of the pnncrpa_l; deeommlsslomng alternatuves. Specnflc guidance: in cost
estimating me\thodo‘logy ,‘arrd're:ferenpe oost;data?is provided in this study. The
major-objective of tr/ijis/study: is to provide a basis for consistent cost estimating

methodology.

TLG Englneenng also prepared a study entrtled "Identlfrcatlon and Evaluation
of Faculltatron Technlques for Decommrssuonmg Lnght Water Power Reactors"

(NUREG/CR 3587). dated June 1986 for the Nuclear Reguiatory Commission
(NRC). 1 was the prmclpa! mvest:gator and author of: the. study The study
evaluated the costs and bene_f:ts.of techn_rques to reduce occupa_tuonal exposure

and waste volume from decommissioning:

In addition, | have personally Ls‘upervised ‘TLG Engineering’s staff in the
preparation of site-specific *sdeeomrnis_sionin_gv ‘studies for most:of the nuclear

units in the United A}:\Sta'tes, irjoluding‘CB-S, and 21 fossil-fueled power plants.

HAS THE NRC APPROVED SITE-SPECIFIC COST ESTIMATES UTILIZING
THE TLG COST ESTIMATING METHODOLOGY?
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Yes. The NRC. has reviewed TLG 5. cost est:matmg methodologv ‘Most
recently, the NRC approved the decommrssucmng pkan for the Pathfinder
Atomic Power Statlon Fundlng provrsnons were based upon a snte -specific
estimate deveioped bv TLG Upon revuew of the cost estrmate and
supportmg documentatron the NRC recommended TLG s methodo!ogy,

for its Ievel of detall and comprehensaon to another uttllty un the process

of preparmg a decommrssnonmg esttmate TLG was also’ selected by the

~Long IsIand Lrghtlng Company and the Sacramento Mumcupal Utmty

D:stnct to develop"‘"sn \*specmc cost estlmates for mclusuon in.the

decommlssnonmg plans for the Shoreham Nuclear Statlon and the Rancho
Seco Nuciear Generatmg Statlon respectwely Smce these documents
(plans): will requure NRC approval both utalatles are reiying upon TLG cost
studies because of the companv s experlence and reputation in nuclear

plant- decommussuonrng and thelr acceptance with the NRC.

HAVE YOU PREVIOUSLY TESTIFIED BEFORE THIS COMMISSION?
Yes. | provided testimony in 1989 on a estimate prepared by TLG in 1985

for CR-3, in Docket No. 870098-El.

IS THE 1991 STUDY, SPONSORED BY THIS TESTIMONY, AN UPDATE OF
THE 1985 STUDY PRESENTED IN DOCKL?T NO. 870098-EI?

Yes. The 1991 study updates the 1985 study and uses the latest
developments in decommissioning cost methodology, scheduling and

technical planning.
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WHAT WAS THE PURPdS‘E-FORTﬂ\E‘ 1991 DECOMMISSIONING COST
STUDY FOR CR-3? ) o

There was a two-fold. purpose to the. study The pnmary objective was to
respond to the Flonda Pubhc Serv:ce Commnssnon s Order No 21928,

issued:in September of 1989 The order requnred that FPC prepare a srte-
specific economnc cost study for CR 3 to determ" e} the economncs in
retaining the non contammated pornon of the nuclear plant assets for use
with ‘a new- generatmg statlon Thrs studv fulfrlls thls oblectuve by
providing.cost. pro;ectlons for two repowenng vanatuons on the base case:

decommlssmnlng scenario

A secondaryobjec,t_i\ie,;infprepering[t"his‘ study, ‘was to update the 1985 cost
projection to deco'mmi_ssz’_i,o’ri C,{B?;_{.;’Tﬁis would allow FPC 1o verify the adequacy
of current funding levels and, if: nﬁet’:eéis"'ary,‘ ‘aﬂiﬁst-cqn;ribptio‘ns:to reflect

current cost projections.

. WAS THE DECOMMISSIONING STUDY PREPARED UNDER YOUR DIRECTION

AND SUPERVISION?

Yes.

WHAT IS THE BASIS FOR THE CURRENT DECOMMISSIONING STUDY?
The study was developed using the detailed engineering drawings, together
with plant description and inventory documents, as provided by FPC. These

drawings and documents were used to identify the general arrangement of the

8
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facilities and to generate estimates of building concrete volumes, steel
quantities, numbers and ;izeé‘ of components and.degree of site restoration

required.

Decommussronmg |s a labor mtensrve program Represematwe labor rates for
the geographrcal regeon and each craft or salarled work group are essentral for \

development of a meanmgfui srte specmc decommassronmg cost est:mate :

Accordlngly, typxcal craft Iabor rates and utmty salary data were provrded by

FPC.

‘Rates for sh'ipbi'rrg'"Jradidac;tive'WaStes “for burial were: obtained’ from tariffs

pubhshed by Tri- State Motor Transrt Tri-State Motor Transit-is a ‘reputable
carrier with. many years of expenence in handlmg radioactive fuel and low:level

radioactive wastes.

All-low-level radioactive waste was presumed to be shipped to a facility in the
Southeast Compact, located within ‘600 miles of the plant. For cost estimating
purposes, the burial costs for radioactive materials were derived from rate
schedules published by Chem-Nuciear Systems, Inc., operators of the Barnwell,

S.C. facility.

ARE THERE ANY FEDERAL REGULATIONS APPLICABLE TO DECOMMISSION-

ING?
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Yes. The NRC -has reguiatnons dealmg wuth the ISSUe of decomm:ss;omng
These regulations are: Identmed in TItIe 10 of the US Code of Federal Reguia-
tions (CFR) Parts 20, 30 40 50 51 70 and 72 ‘and: spec:f:c guidance-for

their implementation:is- provuded |n NFIC Regulatory Gmde 1 86 "Termlnatnon

of Operating:Licenses for‘ ‘,Nucrl/e'arh Reacto_rs»,,(June, 1974).

The NRC published the Final Rule ;entitled ",.Gene‘r;aI“‘Reqoirement’s?for-"'Decom-
missioning Nuclea‘rfﬁFac:iIi‘ties" in'the Federal Register of June 27, 1988 (53 FR
24108; 10lcraspans'sowo”so 51, 70~and~,'7;2)‘{o establish technical and
financial criteria.for decommnssuonmg IIcensed facnlmes As dlscussed later, the

new NRC rule on decommtssronlng recognuzes the advantages of a sute specific

cost esnmate for decommussuonmg fundmg, and recommends that decommns-

sioning: be accomphshed m the shortest practlcal time foIIowmg cessatson of
operations. The decommlssaonmg cost est:mate prepared by TLG for CFI 3 fully
satisfies this new rule ‘ T

WOULD YOU PLEASE SUMMARIZE THE DECOMMISSIONING COSTS IDENTI-
FIED BY YOUR: STUDY?

The total cost to \deco'rnmissionland completeiy dismantie CR-3 is estimated to
be $293,1356,700. This cost was developed in constant 1991 dollars and
includes a 1/9.‘55l% contingency allowance. The cost-estimate does notinciude

future inflation or consider the cost of money over the time period involved.

WHAT ARE THE MAJOR REASONS FOR THE INCREASE IN.COST OVER THE
1985 STUDY?
10
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The 1991 study ‘was prepared wrth the benefrt of an expanded experrence

base; experrence gamed both from freld“_work :'n actual decommlssromng

programs and from) plant related decommlsslonmg actrvmes such ‘as piant

outages, retrofrts and change out programs

Many of the cost drfferences between the 1985 and 1991 studies .can. be

attnbuted to. a new techmcal |ssue addressed m the Iatter study. The 1991

decommnssronmg cost studv consrders the storage of spent fuel on sute follow-

f normal statlon operatrons, to be mtegra! wrth the

decommrssronrng-~- process "'l Spent fuel storage and dlsposmon was not ,
addressed in the 1985 study j Thrs change is. a major contrrbutor to'the overall
increase in the current cost and schedule now prolected for decommissioning

CR-3.

The 1891 study also mcorporates new cost pro;ectrons for radloactwe waste
drsposal wnth base burral costs more than doub!rng srnce the 1985 estimate
was: performed In addrtron new cost elements have been added to the current
estrmate. e. g Ve rn the areas of. sute rnsurance and utility and plant statf support

requrrements, whlch drove the drfferentral between the two-estimates higher.

The 1991 )dlecomrnissioning)cost estimate includes a detailed scheduling
analysis, not available for the 1985 estimate. The analysis calculates individual
decommissioning‘_acltivity durations'and considers the sequence of the activities
within the de‘comm‘isSiOning scenario. As such, the project schedule has

11
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become one of the most sugmfrcant varrables m the cost estlrnate This
capabmty has allowed the currem studv to quantrfy the cost rmpact of post-

shutdown spent fuel storage operatlons

WHAT METHODOLOGY WAS USED TO PREPARE THE COST ESTIMATES?
The methodology used to develop the cost estnmates foIIowed the -basic

approach presented m the AIF/NESP 036 studv report. "Gurdelmes for

’Producmg Commercral Nuclear Power Plant Decommussuonlng Cost Estimates”

(AIF/NESP 036), and the U S DOE Decommisslonlng Handbook" (DOE/EVI10-
128-1).

These referen'ceslus‘e aumt \cos'tfac:tor 'metho’d for estimating deCdntmissioning
activity costs to standarduze the estrmatrng calculatlons Unit cost factors for
activities such as concrete removai ($Icubrc vardl steel removal (SIton), -and
cutting costs ($/|nch}-~weredeveloped usmg'therlabor manhour information
provided by FPC Materral rnformatron was: taken in Iarge part: from R. S,
Means, "Burldmg Constructron Cost Data 1991" (49th Annual Edition). The
activity-dependent costs for decontamination, remoyal.p‘ackegmg, shippingand
burial were. estimetedy using the item quantity (cubic yards, tons, inches, etc.)
developed from plant drawings and inventory documents. The activity duration
critical path derived from key activities, e.g., the disposition of the ‘Nuclear
Steam Supply System'(NSSS), was used to.determine the total.decommission-

ing program schedule.

12
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The: program schedule |s used to determme the perrod dependent cOsts such.as

‘program : management admmastratnon, fleld engmeenng, equupment rental,

quality assurance and secunty The salary and hourlv rates for the.pérsonnel
associated wath penod dependent costs were prowded by. FPC The costs for
conventional - demolmon of ‘non- radroactrve structures. ‘materials, -backfill,
Iandscapmg and equnpment rental were obtamed from conventtonal demolition

references such as R S Means, "Bmldung Constructlon Cost Data 1991" (49th

Annual: Edmon)

In addmon collateral (non-dlstnbuted) costs were included for heavy equrpment
rental or purchase. safetv equupment and ‘supplies,. energy costs, permuts.

taxes and msurance. :

The: actwnty-dependent perlod dependent, and ‘collateral costs were added to
develop. the total decommlssronmg costs A contnngency ‘was added to allow

for the effect of unprednctable program problems on costs. Sucha contingency

s appropnate for a pro;ect of thns slze and tvpe as: will-be drscussed later in

this testnmony One of: the pnmary objectives of every decommissioning

program.is:-to- protect publlc health and safety. The cost estamates for CR-3
decommrssnonrngactwutnes include the necessary planning, engineering and

implementation to provide this protection. to the public.

DOES THE ESTIMATED COST OF DECOMMISSIONING INCLUDE AN ALLOW-
ANCE FOR DISPOSAL OF HIGH LEVEL RADIOACTIVE WASTE?

13
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No. Itis: |mportant to. note that although decommssmnung of asite. cannot be

complete w1thout the rernoval of all spent ‘Tfuel and source ‘material, the
disposition:of- htgh Ievel waste is outsrde the scope of decommiissioning. - in
accordance wuth the Nuclear Waste Polncy Act of 1982 (Pubhc Law 94-425),

the Department of Energv (DOE) ss reqmred by. Iaw to enter.into-.contracts with

'owners and/or generators of spent fuel pursuant to whrch the. DOE is

contractuaily responsrble for frnal dlsposmon of spent fuel as hrgh -level nuclear

waste To cover the cost of spent fu ldlsposmon the DOE assesses the

faculrty operatort i r |Illkwhr based on net electncal generatron Therefore, the

-‘cost of g_sp_o_s_al of spent fuel is accounted for separately and is specifically

-excluded from the decommlsslomng cost estlmates

All radloactwe wastes generated durrng the decommrssronmg .process are
categorized as Class A B or C wastes in accordance wrth ‘10CFR61 and are
low-level, radloactwe wastes. They wrll be: transported to.a federal or state
licensed commerc_ral iow-level waste“_facmty for ultimate disposal in a near-
surface burial fac’i'llitv, as required;‘byvfthe appropriate regulations in-effect at the
time of decomrntssion'ing. ‘Greater than Class C wastes are also considered low
level wastes, but are.not suitable for near-surface burial. |If no commercial
burial facility will accept this greater than Class C waste, DOE will accept it at

a federal repository.

DOES THE PRESENCE OF SPENT FUEL ON-SITE IMPACT THE DECOMMIS-
SIONING PROCESSES?

14
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Yes Although' he} study does not address the removal or drsposal of spent fuel

from: the CR 3 srte, |t does consrder the constramt that the presence of spent
fuei.on: srte can |rnpose on other decommrssronmg actwrtles in partlcular the
decommsssmnmg schedulrng performed in support of the CR 3 study recognizes
delays due to the mablllty to shrp spent fuel cooled Iess than five. years to-the

DOE. reposrtory, due'to government desrgn crrtena on the transport vehicle:

This delay is reflected rn the mcreased cost ‘of. the penod dependent activities.

To. the extent possrble the decommrssuomng estrmate was structured around

the spent fuel area of the plant and the constramt of avarlabrlrty for decontami-

*natron, such that delays in decornmtssromng other portrons of the facility:could

be minimized.

The: study also addresses the addmonal potentral for long term on- srte storage

of spent fuel brought about by an rnablllty to shrp spent fuel. assemblres during
such, |t ts expected that the CR-S fuel storage fac:lrtv wrll be at capacrty when
the plant ultrmately ceases operatrons, even-. wrth supplementmg dry cask
storage The removal of thIS mventory wrll delav the avarlabrlrty of the site for

ultimate: decommrssromng

The actual SCenarlo;at the time of decommissioning, will depend in part-on the
allocation and prronty of CR 3 for spent: fuel disposal by the DOE. It is
expected that the utrlity wrll use dry cask: storage at the site in conjunction with

the segregation of the existing spent fuel facilities for the period when wet

15
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tstorage |s requrred Thls‘combmatron would free the remalnder of the site for

decommrssromng

WOULD YOU DESCRIBE THE DECOMMISSIONING ALTERNATIVES YOu
NVESTIGATED FOR FPC7
Three separate estlrnates were prepared for CR 3, wrth two of the three being
variations -on: the base case The DECON (prompt removal/dlsmantirng)
decommussronmg alternatrve formed the bases for all three estrmates Thns
alternatwe rs deflned by the NRC aS' e | |
‘_the alternatwe in Wthh the equnpment | structures -and
,;portrons of a ‘facility and srte containing radioactive contam-_
‘inants are removed or decontaminated to a level that permits”

i ltermmatlon of the license) "and the property to-be released
4for unrestncted use shortly after cessatron of operatrons

Q. 1S DECON THE PREFERRED DECOMMISSIONING ALTERNATIVE?

Yes. DECON prowdes the most reasonable means for. termrnatmg the license
for ‘each srte m the shortest possrble trme, and consequently relreves the
Ilcensee of regulatory oblrgatlons at the srte Furthermore. this. alternative
avoids the Iong-term costs and commrtments assocrated w:th the mamtenance,
surverllance and secunty requrrements of. the conventronal delayed dnsmantlmg

alternatrves, e g SAFSTOR

This alternative,al'so allows use of the plants’ knowledgeable current operating
staff, a valuable asset to a well-managed, efficient decommissioning program.
Furthermore, equipment needed to support decommissioning operations such

16
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1 as: cranes ventrlatron systems and radwaste processmg equrpment would be \

2 fully. operatronal ln addrtron,& the srte would be avarlab!e for alternatrve uses in

3 a shorter. perrod of trme

5 Q. ;WOULD YOU DESCRIBE THE PFIOCESS OF DECOMMISSIONING A NUCLEAR

6 ‘TPOWER REACTOR UTILIZING THE DECON ALTERNATIVE?

‘ngineenng and plannmg

7 AL ;;Approxrmately two vears prror to frnal shutdown,

8 ;would begrn on the preparatron of the Decommrssmnrng Engrneermg Pian (Plan)

9 '-,and Envrronmental Report : ,The' Plan descrrbes the status of the facrlrty at
'to ‘,shutdown work to be accomplrshed i':safety anatyses assocrated wrth each of
11 the rna]or actrvrtres general procedures and sequence to be foilowed and final
12 ‘site condrtron upon completron of aII work Srmrlarly, the envrronmental report
13 ‘would evaluate envrronmental effects (e g vl radlatron exposure) to workers and
14 the pubirc. and w f‘;te generatron °ffects on the srte and envrronrnent “These
15 documents would be‘ submrtted to the NRC for revrew and -approval and
16 authorrzatrcn,t‘qsi‘p'roceed. anee phases\arernvolved in.the DECON alternative
17 following the initial work. o
18 | "

19 Period 1 - Site. Preparati‘ons-'iwc_uld ‘begin upon-shutdown of the facility, and
20 would involve 'site,‘r)reparat‘iens to initiate decommissioning. The operating
21 license may be: CO"QéﬁEd‘ 10 a:possession-only license which permits decom-
22 missioning actifv’it'resato be ce‘rformed, while reducing unnecessary technical
23 specification requirements associated with normal plant operations. The reactor
24 would be defueled with the fuel placed in the fuel storage pool until it was

17
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cooled sufficiently to be tra hgfg'f‘tédf‘té‘i tﬁe;QO'Ev';_s‘penti' fuel repository or 'to dry

storage casks.

As noted earlrer, fuel removal paukagmg, shrppmg and drsposal are not
considered  part of decommassronmg and no costs assocaated with ‘these
activities are rncluded rn the decommrssronmg estrmates However the impact

on.the: decommrssronrng schedule due to the presence of such materral on-site.

has:been addressed |n th study through the schedule. All flurds and wastes,

remaining from plant operauons wouid be removed from the srte and all

systems nonessentral to decommrssronrng would be rsolated and drained.

Period 2 - Decommlssronmg:Operatrons - would begm upon receipt of.a

dismantling order from tkﬁe NRC Thrs phase of the work involves the removal
of radioactivity from: the srte and termmatron of the hcense The actlvmes in
this period include" selectrve decontamlnatlon of contaminated: systems, e. g 9y
using aggressive che'mieal_ solvents to. dissdlve corrosion films holding

radionuclides, thereby reducing radiation levels.

While effective, the decontamination processes are not expected to reduce
residual radioactivity to the levels necessary to release the material as clean
scrap. Therefore, all congawmijnated‘ components -will ‘have to be removed. for
controlled burial. However, déconiaminé’tidn wiil-reduce personnel exposure
and permit workers to.operate in the immediate vicinity of most components,
cutting and removing them for controlled disposition at a:low-level radioactive
waste burial facility.

18
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All contamlnated plpmg to and from ma]or components wall be cut and,

removed. Large components wrll then be removed lntact and sealed so that?

they may be shlpped as thelr own contalners for dlsposal Smaller components‘f‘

will be ‘{oaded. lnto contamers and shrpped for bunal

‘The reactor vesseland |ts mternals wrll be segmented and remotely Ioaded rnto

steel lrners for transp i ‘ to the bunal facrlrty I": heavaly shrelded shrppnng casks :

The reactor vessel and mternals wnll have sufflcrently hrgh radratlon Ievels toé

require all cuttmg to be done'underwater (to Shle|d the workersl, or behmd

heavy shlelds, usmg cuttlng torches operated by remote control

Concrete lmmedtately F urroundmg the reactor vessel is. expected to be
radioactive (actrvatedl and wrll be removed by controlled blastrng Thrs blastrng
process is well developed and ts the rnost cost effectlve way to remove the
heavily-reinforced concrete from the structure Sectrons of mterror floors wrthm
areas of the: contalnment and other burldmgs |n the power block are expected
to be surface contamlnated from exposure to contamnnated arr/water as aresult
of plant operations. Thrs contamrnatlon ‘will be removed by :scarification
(surface removal} so the remaining surface will be clean and not require costly
controlled burial. All contaminated process ‘equipment, pipe hangers, supports
and electrical components will be removed and disposed of by controlied burial.
Finally, an extensive radiation survey will be performed-to ensure all radioactivi-
ty above the levels specified in Regulatory Guide 1.86 has been removed from

the site. Once verified by the NRC, the facility may then be released for

19
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unrestrlcted access H‘

'ever, Ircense termmataon wrll not be possuble until all

spent fuel has been removed from the sute

‘Period 3 - S|te Restoratlon - would mvolve the demolmon of all rema:nmg'

,structures typacally to a depth of three feet below grade Clean rubble would

be’ used on- srte fo ' |II and addltronal sorl would be used to cover each subgrade:.

WHAT ASSURANCE IS T HERE THA /,;THE ESTIMATED cos1' FOR' THE

; DECOMMISSIONING WILL REFLECT FUTURE DEVELOPMENTS AND INCREAS-

ES OR DECREASES IN COSTS?
The cost estlmates prepared for CR 3 are based on state of-the -art technology
and on current federal regulations No provns:on is made to mc!ude future costs

or savrngs (rmprovements m technology, major regulatory changes, infiation

‘ factors, etc ) However. as see n by the update revrsrons can be made to the

costs as dlctated by changes m the major factors controllmg the decommrssron-

ing estimate.

WHAT IS THE BASIS FOR THE CONTINGENCY?

The purpose of the contmgency is to. allow for the costs of high probability
program problems occumng in.the freld where the accurrence, duration, and
severity cannot be accurately predrcted and have not been rncluded in-the basic
estimate. The AmencanAss}oclatlon of Cost Engineers {AACE) {in their Cost

Engineers Notebook) defines contingency as follows:

20
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Contingency - specrfrc pro /1on for unforeseeable elements

of cost within the defined prolect scope; partrcularly |mpor-f o
tant where prevrous experlence relating: estlmates ‘andactual .
costs has ‘shown that unforeseeable events whrch wull'_" ‘
increase costs are hkely to occur : , g S

Past decomrmssronrng experrence has:‘shown that unforeseeable elements of

cost are Irkely to occur rn the fleld andmay have a cumulatwe umpact A more e

-extensive drscussron of contmgency rs rncluded rn the AIF/NESP 036 Guldelrnes |

’ /n that study, TLG exammed the ma;ori

Study (Chapter 13) referred to earlrer;

activity- related problems (decontammatron segmentataon equrpment handlmg,

packagmg, shrppmg and burlal) wrth respect to reasons for contrngency

lndwrdual actrvrty contmgencres ranged from 10% to 75% dependmg on'the

'degree of drffrculty 1udged to be appropnate from our actual decommlssnomng

experience. The overall contmgency, ‘when' applred to the approprlate
components of ‘the CR-3- estrrnate, results in.:an average of approximately
19.55%. Therefore;,\l;freeommend that this contingency be added to the total

estimated costs for financial planning purposes.

WHY IS THE OVERALL CONTINGENCY F'ERCENTAGE RECOMMENDED FOR
THE 1991 STUDY LOWER THAN THAT PROPOSED PREVIOUSLY?

The scope of the decommissioning cost estimate has changed since the study
was originally prepared for CR-3 in 1985. New elements have been added,
specifically in areas of spent fuel storage and utility staffing. The costs
associated with spent fuel storage and staffing are well known with relatively
little uncertainty. Consequently, low risk would be reflected in a contingency

assessment for these activities. As such, in a weighted average of contingen-

21
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¢y, these low-risk- actwltues serve to depress the overall value for contmgency,*’ G

as applied over the entire estlmate As such, \ LG belleves that a lower valuef‘

is now justified in-light of the estlmate s currenk ;composmon ,7

WHAT IS THE FEASIBILITY OF THE DECOMMISSIONING PREMISE?

There is' extensive expenence m the Unlted States and rn other countrles for the'

complete dlsmantllng of nuclear plant‘ Thrs ex‘perlence mcludes the chermcal/

decontamlnatron. component removal packagmg,shrppmg and bunal and

building demolmon Thls'ihlrectly related expenence shows that CR 3 can be \

completely- dnsmantled

‘Between 1960 and 1991 92 lrcensed nuclear reactors were desrgnated for. or

were in the process of belng, decommrssloned m the Unlted States Of these,

thirteen were nuclear power plants, four’were demonstratron nuclear power

plants,: erght were hcensed test reactors and 49 were research reactors The

remaining 18 were cntlcal (non power producmgl reactors and/or critical
facilities decommussuoned or scheduled to be decommnssuoned Thev have been
or will be totally dlsmantled wrth thelr lrcenses termmated Many other reactor
facilities in Europe -Japan.and Canada have been successfully decommussnoned
using demonstrated techniques. F,rance, has decommrssuon_ed 13 reactors,
Germany (FR) 6, ttaly 8, Japan 7, rswitzerland 2, United Kingdom 5 and

Canada 2.
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The lnternatronal Atomrc Energy Agency rndlcates that 147 decommrssronmg

rts member ‘countries.

,However no breakdown |s avallable for the varrous types of reactors from the

IAEA.

The feasrbulrty of decommrssnomng in the U S s well documented in the

successful _"dlsmanthng of Shrpprngport Atomrc Power Statton, Elk River

Reactor, Walter Heed Army Research Reactor, Ames Laboratory Reactor and

Sodrum Reactor Expertment (SRE) Facrlrtles Internationally, the decommis-

‘,sronlng programs underway m AEngland (Wmdscale Reactor) Germany {FR]

apan Power Demonstratlon Reactor) are further

‘-jevrdence of demonstrated‘ technology The baslc actrvrtles of “cutting pipe,

segmentlngfv ssels, cemolrshmg rernforced concrete and decontamlnattng

,‘contamrnated systems and structures are mdependent of the size of the

C‘structure or megawatt ratmg of the plant on a unrt cost factor basis($/cut,

\ For example, a contamrnated 12 rnch drameter pipe in a

it: does in a 58 MWt plant although

the: length of prpe to be cut wrll be greater in the larger plant

The major actrvrtles rnclude removal and burial of:contaminated piping and
components usmg conventronal power ‘hack saws, oxyacetylene or plasma arc
torches wlthrn a contamlnatro_n control tent. Removal of the reactor vessel and

internals can be-accomplished using an arc-gouging fuel gas torch or an arc
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saw which'isCUr\rentIy‘capabl‘efgofz cutting through carbon and stainless steel up

to 12 inches thick (current vessels are less than 10 inches thick).

The remote mampulatcr technology requlred to cut ‘the reactor vessel and

internals was developed by Oak Rldge Natuonal Laboratory for the Elk Rrver

Reactor dlsmantlmg Thrs technology uses the plasma arc torch for cuttmg

This same tool was used m the SRE vessel cuttmg actrvuty

Many of the: tools and techmques used in decommlssromng have beenused in
operating plants for mamtenance and equrpment replacement programs Such-
technology, therefore, is ‘not - unique -and further 'shows the ,feasrbrllty .of

decommissioning.

in 1979, Vlrg:ma Electnc and Power Company removed and replaced the

contamlnated 823 MWe steam generators m |ts Surry plants The contammat--
ed.steam generators (measurung 65 feet hlgh by 170 rnches outsrde d:ameter

with 3.5 inch thlck wallsl each werghed 340 tons The reactor coolant system.-

“and feedwater plpmg (14 inch..

dlameterl were cut wuth a plasma arc torch to |solate the steam generator from

the pnmary and secondary systems :I,The steam generator shell was crrcumfere«

ntlally cut at the transrtron cone wnth the plasma arc torch The two lower shell

sectrons were removed through the exrstlng equrpment hatch for drsposal =In

1981, a srmrlar steam generator removal program was mmated and successfully
performed by Florrda Power & Lrght Company at rts Turkey Pomt Statlon
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Controlled blastrng concrete demolmon methods*are well developed They have'

‘been used rn the mmlng mdustry”iand were successfully demonstrated :n thef‘n,' ,

sections of. the brologlcal shreld were safely removed wrth explosrves w:thout:' s

~,damaglng o'r"_’,‘ vnterferrng wrth the‘;operatlo of ad;acent 7joperatrng power"

generatrng unlts The successful applrcatron of \these decommrssronrngl'
technrques |n both small and Iarge nuclear power plants demonstrates'/;’

assurance of decommrssnonrng feasrbrlrty "'f"Both the technology and the‘"

methodology for effrcnent"decommlssronmg are avallable and fully tested

,DOES THE NRC s RULE ON DECOMMISSIONI‘NG "GENERAL REQUIREMENTS

FOR DECOMMISSIONING NUCLEAR FACILITIES AS PUBLISHED IN THE

‘FEDERAL: REGISTER ONV /UNE 27 1988 HAVE "ANY - EFFECT ON 'YOUR

DECOMMISSIONING COST ESTIMATE?

-The Rule, as publlshed requrres Ilcensees to assure 'he avarlabrlrty of fundt. by

3ubmrttrng a decommrssnomng fundrng plan The Rule rdentrfres the acceptable

decommrssromng alternatrves-i"l; descnbed earller DECON lprompt removal/
drsmantlrngl, SAFSTOR (mothballmgl and under special crrcumstances
ENTOMB (entombmentl Delayed decommrssromng followung mmal mothballmg
or entombment actwmes should not exceed more than 60 years unless it can
be shown necessary to protect publrc health and safety The: Rule d:scourages
the use of the ENTOMB alternatsve unless specrflc advantages can be-shown.
Both the DECONand: SAFSTQR alternatives are consrdered reasonable options
for decommissioning reactorsilike that at.CR-3. The Rule also requires utilities

25
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to perform a penoduc revnew<of the fundmg plan over the hfe of the fac:hty
TLG Engmeermg s srte specaflc cost esnmate and decommussuonrng alternatwe

are formulated wuthln the framework of the new NRC Rule

IS IT NECESSARY TO SELECT A DECOMMISSIONING METHOD AT THIS -
TIME? E L S T

; ;:No The actual method or combmatlon of methods selected to decommlsslon

' the CR 3 piant should be based on a detarled economlc, engmeerlng and

envaronmental evaiuatlon of the alternatuves consndenng the srte and surround

"mgs at the trme of decom ssuonmg and reflecting the Iatest expenence in‘the

,decommlsslomng of slml,ar:nuclear power facrlmes

DOES THIS CONCLUDE YOUR PREPARED DIRECT TESTIMONY?

Yes.
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