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1.2

The purpose of this study is to prepare estimates of the cost, schedule, and the
waste volume generated in decommissioning the Connecticut Yankee Nuclear
Power Plant (CY). The DECON, SAFSTOR, and ENTOMB afternatives were
evaluated in this study. In addition, this study will determine the currently most
cost-effective decommissioning option for the CY Plant.

Summary

This study provides cost, schedule, and waste generation/disposition associated
with the decommissioning of CY. This estimate is different from previous
estimates as a resutt of the decision to permanently cease operations as of
December 4, 1996 instead of operadng until the expiration of the CY license on
June 29, 2007. Estimates are provided for the DECON (Prompt
Removal/Dismantling), SAFSTOR/ DECON (Mothballing with Delayed
Dismantling) and ENTOMB (Entombment with Delayed Dismantling)
decommissioning alternatives. Each alternative reflects the long-term storage of
spent fuel on the CY site following the cessation of plant operations. Definitions
of each of the aternatives evaluated in this study are as follows:

DECON 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
release limits. The facility operator may then have unrestricted use of the
site with no requirement for a license. This scenario is equivalent to the
DECON mode described in decommissioning regulations issued by the
Nuclear Regulatory Commission (NRC), "General Requirements for
Decommissioning Nuclear Facilities” (53 Fed. Reg. 24018). This study
also assumes that the balance of plant systems and structures are also
removed. The site can then be restored and made available for
alternative use.

The SAFSTOR alternative, as considered for Connecticut Yankee, initially
consists of placing and maintaining the facility in protective storage.
immediately after shutdown, the plant staff conducts general plant
decontamination activities, radiation surveys, and removal (including
processing) of radioactive waste materials remaining from operations.
Security, surveillance and maintenance plans for the delay period are
implemented. Delayed DECON (decontamination) activities are initiated



such that license termination is accomplished within the 60-year time
period set by the NRC. As with the DECON atternative, this study further
assumes that the remainder of the reactor facility is dismantied and the
site is restored to its original landscape.

ENTOMB initially places the facility into protective storage.
Contaminated components and structural materials that are located
outside the designated entombment boundary are removed from the site
or relocated within the boundary. The remaining radioactivity is sealed
within an entombment structure (includes the massive, concrete central
portion of the Reactor Building). This structure proviges for isolation of
the residual radioactive inventory on the site during the dormancy period.
Delayed DECON (decontamination) activities are initiated such that
license termination is accomplished within the 60 year time period set by
the NRC. As with the DECON alternative, this study further assumes that
the remainder of the reactor facility is dismantied and that the site is
restored.

After conducting a thorough review of the estimated costs and other factors
involved in the decommissioning methods currently available, the riajor
conclusion of this study is that CY decommissioning can be accomplished
technically, as well as in the most cost-effective manner, by the prompt
dismantiement (DECON) alternative.

There are definite advantages to this aternative. DECON is less costly than
scenarios involving an extended delay in the plant dismantling. (The uttimate
cost of any atternative for the CY site will depend upon future economic factors
such as inflation, changes in NRC regulations and long term waste policy
decisions and actions.) DECON ig favored in most situations because (1) it
minimizes long-term security, and radiological/environmental surveillance,

(2) operating personne! tamiliar with the nuclear facility will still be available to
support the dismantling effort, (3) it reduces the risk to the environment from the
continued presence of radioactive material at CY, (4) there is no lengthy period
of property taxes and insurance on a non-productive facility, (5) reduces
uncertainties of new regulatory requirements by avoiding the lengthy delays that
are inherent with the mothballing/delayed dismantiement and entombment
options, and (6) DECON reduces the long tarm obligation and liability for
maintenance of the property.

The cost of delaying plant decommissioning (either through the SAFSTOR or
ENTOMB alternatives) is significantly increased by the expense of maintaining
the station in protective storage, i.e., the utility continues to incur the cost of
manning and maintaining the site. In addition, at the end of the dormancy
period, the station must be partially reactivated (those systems necessary 1o
support decommissioning operations) and/or replacement systems and services
must be procured. Refurbishment activities involve requalifying the cranes and
other lifting devices, and reactivating electrical, lighting, air handling, and other



service systems. In addition, the procurement of waste processing/ treatment
services will be necessary if plant systems cannot be salvaged. One of the
biggest drawbacks to delaying 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.
Withcut personnel familiar with staticn operations, the decommissioning
program may incur additional cost and worker exposure as it compensates for
engineering and planning developed from a less than complete data base. The
advantages of these alternatives are: costs spread out over a longer period and
a reduction in personne! radiation exposure.

While the cost to dispose of the spent fuel assemblies generated during plant
operations is not considered a decommissioning expense, the on-site presence
of the assemblies can adversely affect the total cost to decommission. This
study recognizes that the spent fuel storage facilities at CY may be active for
twenty-five (25) years after operations have ceased at the plant. This period is
based upon both the spent fuel assembly inventory produced over the operating
life of the reactor as well as the U.S. Department of Energy's (DOE) timetables
for taking receipt of the fuel. For the purpose of this study, it was assumed that
the DOE will begin accepting spent fuel in the year 2006. 3ased on this
assumption, all the spent fuel would be removed by 2022.

This study provides a cost estimate for decommissioning CY under current
requirements, based on present day costs and available technology. Cost and
schedule estimates presented herein aré based on the complete removal of all
components and structures within the property lines, as the plant is presently
configured, except as noted within the body of this report. The cost estimate for
each of the scenarios is shown in Table 1.0. Cost details of the DECON
afternative are shown in Appendix B.

This study has been performed in accordance with the latest cost estimating
methodologies used in powe’ plant decommissioning. The resultant cost
estimate is specific to CY. This approach is consistent with the NRC rule, where
a site specific study is recommended for determining accurate funding levels.




TABLE 1.0

F MISSION / N
July 1896 Dollars (Millions)

Cost Schedule
Estimate* _(Years)

DECON (Prompt Removal/Dismantling)

Period 1 (Engineering and Decontamination) $76.2 2.0
Period 2 (Disposal of Plant Systems) 1848 3.0
Period 3 (Demolition of Site Buildings) 64.2 15
Period 4 (Spent Fuel Storage) .- 85

Total $426.7 26.0

SAFSTOR (Mothballing with Delayed Removal/Dismantiing)

Mothball Operations $718 25
53 year dormancy 2442 §3.0
Delayed dismantling 2756 45

Total g $591.6 60.0

ENTOMB (Entombment with Delayed Removal/Dismantiing)

Entombment Operations $180.7 45
51 year dormancy 1915 51.0
Delayed dismantling 2120 45

Tota! $584.2 60.0



14

Northeast Utilities (NU) is the parent company of the NU System. The four
principal NU System operating companies which furnish electric service in
regions of Connecticut, western Massachusetts and New Hampshire are: The
Connecticut Light and Power Company (CL&P), Western Massachusetts Electric
Company (WMECO), Holyoke Water Power Company (HWP) and Public
Service Company of New Hampshire (PSNH).

Other subsidiaries of NU include Northeast Utilities Service Company (NUSCO),
a service company supplying centralized administrative services to the system
operating companies; Northeast Nuclear Energy Company (NNECO), agent for
the NU System companies in the operation of the Millstone Nuclear Power
Station, and North Atlantic Energy Service Corporation (NAESCO), agent for the
NU System companies in the operation of the Seabrook Nuclear Power Station.

In addition to the Milistone units, the NU companies have a controlling interest in
the Connecticut Yankee Atomic Power Company (CYAPCO). CYAPCO is
owned by ton New England electric utility companies and operates a nuclear
generating plant known as Connecticut Yankee (CY). The 582-MWe CY nuclear
unit is @ Westinghouse pressurized water reactor and is located in the Town of
Haddam, Connecticut, on a site of approximately 545 acres.

CY Site Description

CY is located on the east bank of the Connecticut River in the town of Haddam,
Connecticut. The station is approximately 22 miles southeast of the city of
Hartford, and 16 miles northwest of Saybrook Point, where the Connecticut River
flows into Long Island Sound. Figure 1.0 depicts the major structures
considered within the scope of the decommissioning study for the station. The
cost estimates associated with the decontamination and dismantling of these
structures are provided in Table 3.1.

The Nuclear Steam Supply System (NSSS) of CY consists of a pressurized
water reactor and a four loop Reactor Coolant System (RCS). The NSSS was
supplied by the Westinghouse Electric Corporation. Tk generating unit has a
reference core design of 1825 MW (thermal) with a conespending net
dependable capacity electric rating of 583 .  agawatts (electric) with the reactor
at rated power.

The RCS is comprised of the reactor vesse! anc four heat transfer loops, each
containing a vertical shell and U-tube steam generator, and a vertical, single
speed centrifugal reactor coolant pump. In addition, the systern includes an
electrically heated pressurizer, a pressurizer relief tank and interconnected
piping. The system is housed within a containment structure (& seismic
Category | reinforced concrete dry structure) which is designed to function at a
slight positive pressure. It consists of a right circular cylinder topped with a




hemispherical dome, supported on a seismic bed (base mat) nine feet thick. An
epoxy covered welded steel liner plate, anchored to the inside face of the
containment, serves a leak-tight memprane. The liner on top of the foundation
mat is protected by a two foot thick concrete fill mat which supports the
containment internals and forms the fioor of the containment structure.

Heat produced in the reactor is converted to electrical energy by the steam and
power conversion system. A turbine-generator system converts the thermal
energy of the steam produced in the steam generators into mechanical shaft
power and then into electrical energy. The unit's turbine generator consists of a
tandem compound, quadruple exhaust, condensing turbine. It consists of one
high pressure double flow impulse section and two low pressure sections driving
a direct-coupled generator at 1800 rpm. The turbine is operated in a closed
teedwater cycle which condenses the steam, with the heated feedwater being
returned to the steam generators. Heat rejected in the main condenser is
removed by the circulating water system (CWS).

The Connecticut River serves as the ultimate heat sink for CY. Cooiing of the
main condanser system is accomplished by the CWS which takes water from the
river and pumps it through the condenser shells in the Turbine Building. The
heated water is then returned to the river by means of the discharge canal.




FIGURE 1.0

CONNECTICUT YANKEE SITE PLAN




2. DECOMMISSIONING ALTERNATIVE DESCRIPTIONS

Three specific decommissioning afternatives have been reviewed for CY: DECON
(prompt removal/dismantling) SAFSTOR (mothballing with deiayed dismantling) and
ENTOMB (entombment with delayed dismantling). The SAFSTOR/ENTOMB program
duration selected for use in this study was 60 yezrs, the maximum aliowed by the NRC
(unless it can be shown that a longer duration is necessary to protect public heatth and
safety). Although they differ with respec! to technique, process, cost, and schedule,
each alternative attains the same result: removal of ali radioactive materials from the
site and ultimate release of the site for unrestricted and/or alternative use.
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Eegulatory Guidance

The NRC provides decommissioning guidance in its “General Requirements for
Decommissioning Nuclear Facilities” (Ref. 1) in addition to thai previously set
forth in Regulatory Guide 1.86 (Ref. 2). This rule defines three decommissioning
afternatives acceptable to the NRC, i.e., DECON, (prompt removaldismantling),
SAFSTOR (mothball), and ENTOMB (entombment).

DECON (Prompt Removal/Dismantling) is defined by the NRC as “the
alternative in which the equipment, structures, and portions of a facility and site
containing radioactive contaminants are removed or decontaminated to a level
that permits the property to be released tor unrestricted use shortly after
cessation of operations.”

SAFSTOR (Mothball) is defined as “the atternative 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.” 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 necessary to protect the health and safety of the
public.

ENTOMB (Entombment) is defined as “the alternative in which radioactive
contaminants are encased in a structurally long-lived material, such as concrete;
the entombed structure is appropriately maintained and continued surveiliance is
carried out until the radioactivity decays to a level permitting unrestricted release
of the property.” 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
necessary to protect the health and safety of the public.

Prior to adoption of an NRC rulemaking in 1988, 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 decommissioning process. Consequently, with these
restrictions, the SAFSTOR and ENTOMB options are no longer



decommissioning aiternatives in themselves, as neither terminates the license
for the site. At the end of the dormancy periods, both aiternatives would still
require site decontamination/decommissioning.

In most situations the DECON alternative is the preferred mode of
decommisgioning. This decommissioning atternative is favored because (1) it
minimizes long-term security, and radiological surveillance, (2) operating
personnel familiar with the nuclear facility will still be available to support the
dismantling effort, (3) minimizes risk to public safety by reducing the presence of
radioactive material at CY, (4) there is no lengthy period of insurance costs and
property taxes on a nonproductive facility, (5) reduces uncertainties of new regulatory
requirements by avoiding the lengthy delays that are inherent with the
mothballing/delayed dismantiement and entombment options, and (6) DECON reduces
the long term obligation and liability for maintenance of the property. In addition, both
the mothball and entombment alternatives still require eventual
decontamination/decommissioning after the maximum allowed dormancy durations.
This results in higher overall costs for the mothball and entombment altematives, as
ongoing dormancy expense and reactivation costs offset the potential savings gained
from the delay.

The following sections describe the basic activities necessary for each akernative.
Although detailed procedures for each activity required are not provided, and actual
sequences of work may vary, these activity descriptions should provide & basis for
detailed engineering planning and scheduling at the time of decommissioning.
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RECON (Prompt RemovalDismantling)

This alternative deals with the immediate removal of all radioactivity with the
exception of spent fuel from the site, upon cessation of operations at the
expiration of the operating iicense. 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 milkWhr DOE surcharge. However, the study does consider
the on-site presence of spent fuel and its potential constraint on
decommissioning activities. In addition to the removal of radioactivity, this study
also assumes the removal of the non-essential structures from the site, thereby
permitting return of the CY site for other use.

221 Period 1: Preparations

Prior to the commencement of decommissioning operations, detailed
preparations are undertaken to provide & smooth transition from piant
operations to site decommissioning activities. These preparations include
engineer.ng planning, surveys of plant areas to determine contamination
levels, activation analyses of the vesse! and vessel internals, as well as
the assembly of a decommissioning management organization. Final
planning for activities and writing of activ..y specifications and detailed
procedures are also initiated at this time. LUinder normal circumstances,
preparations for decommissioning begin five years prior to the projected



end of plant operations with the submittal of a preliminary
decommissioning plan to the NRC. However, with the early shutdown of
Connecticut Yankee, the planning and engineering required for
dismantiement will take about two (2) years. Period 1 is considered to
bsgin on December 4, 1996, which was the date of the official
announcement by the CY Board of Directors that the plant has ceased
operations.

2.2.1.1 Engineering and Planning

According to the Decommissioning Final Rule (Reference 13)
that become effective on August 28, 1996, licensees will no
longer be required to obtain NR”T approval of a Decommissioning
Plan before undertaking decommissioning, but rather will be
allowed to undertake decommissioning activities pursuant to
10CFR50.59, and to undertake—subject to the possible need to
obtain prior NRC approval based on Section 50.59 review—
“major” decommissioning activities 80 days after submitting a
Post-Shutdown Decommissioning Activities Report (“PSDAR") to
the NRC. After this time, licensees may undertake any
decommissioning activities that do not (1) foreclose release of
the site for possible unrestricted use; (2) result in there no longer
being reasonable assurance that adequate funds will be
available for decommissioning; or (3) cause any significant
environmental impacts not previously reviewed.

The PSDAR must be submitted within two years following
permanent cessation of operations. The PSDAR will include a
description and preliminary schedule of planned
decommissioning activities, an estimate of expected costs as wel!
as a statement as to whether environmental impacts of
decommissioning have been covered in previous environmental
impact statements or reports. If not, a license amendment is
required 10 address environmental concems. A 80 day hold is
required on the PSDAR to allow NRC review. Afterwards, if the
NRC has no objections, the licensee may begin major
decommissioning activities. These may include removal of the
reactor vessel, steam generators, pumps, valves and piping
systems, without specific NRC approval. The PSDAR will be
made available for public comment, and then presented in a
public meeting to be held near the plant. Licensees may not use
decommissioning funds (other than 3% of required funds which
may be used for planning purposes) prior 1o the expiration of the
90-day post-PSDAR-submittal period.

The development of a decommissioning organization by the
Licensee is essential to the successful planning and execution of



the decontamination and dismantiing of the nuclear unit. This
activity not only includes identifying the staff requirements, but
securing the commitment of key persorinel.

Much of the work in the development of the PSDAR is also
relevant to the development of the detailed decommissioning
engineering plans and procedures. This work includes:

*  Site preparation plans for decommissioning activities;

*  Identification of the detailed procedures needed and
sequence intended for removal of systems and components;

*  Scoping of procedures for disassembling and removing the
reactor vessel, internal packages and other NSSS
components;

. Plans for decontamination of structures and systems,
including the removal of all activated and contaminated
material;

*  |dentification of long-lead specialty components and
equipment including design, procurement and testing
requirements;

*  ldentificatiorvselection of specialty contractor(s);

*  ldentification of procedures for processing and treating
radioactive materials from the decommissioning waste
streams; and

*  Sequential planning of activities to minimize conflicts with
concurrent activities.

22.1.2 Site Prepacations

Following final plant shutdown, and in preparation for actual
decommissioning activities, the following activities are initiated:

* Prepare site suppor services, as required.

* Defuel the reactor and transfer the spent fuel assemblies to
the Fuel Building. Once completed, the Fuel Building will be
isolated and will serve as an ISFSI until such time that the
DOE can take receipt of the assemblies. This will aliow
decommissioning operations to commence once the PSDAR

‘ has beer. reviewed by the NRC. Fuel transfer will be carried




out by existing plant personne! in accordance with standard
operating technical specifications.

* 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, structures and systems, for development of
packaging and shipping requirements and decommissioning
safety requirements.

* Determine shipping container requirements for radioactive
materials and fabricate such containers.

* Develop procedures for occupational exposure control,
control and release of liquid and gaseous effiuent, control of
solid radwaste, site security and emergency programs, and
industrial safety.

The following listing indicates the Period 2 dismantiement activities:

Perform primary system decontamination to lower overall dose to
workers.

Perform asbestos abatement program.

in preparation for fuel storage, separate fuel building from the rest of
the site's mechanical and electrical systems. This involves
modifications to electrical, security, spent-fuel pool cooling and
ventilation systems.

Construct temporary enclosures in existing facilities and modify
existing storage facilities to support the dismantling activities. These
may include: changing rooms and "hot” laundry for the increasec work

~ force, protected and open laydown areas to facilitate equipment

remaval and shipping operations, additional roads to facilitate hauling
and transportation, and additional airlocked access portals to control
movement to and from contaminated areas.

-12-
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Design, procure, and install water cleanup system for removal of
cutting residues and crud deposits from the reactor vessel and piping
systems.

Design and fabricate special shielding and contamination control
envelopes, special tooling and remotely operated equipment. Modify
the refueling canal to supporn segmentation activities and prepare
rigging for segmentation and removal of piping sections and
components, including the reactor vessel and its internals.

Procure required shipping casks, liners, and waste containers f-om
suppliers.

Prepare and submit a license application for a 10CFR Part 72 license
to operate the Fuel Building as an ISFS! following termination of the
existing 10CFR Part 50 license.

Conduct decontamination of components and piping systems as
raquired. Remove, package and dispoce of piping and components &s
they are no longer required to support the decommissioning process.

Remove reactor vessel closure head and prepare for intact
disposition.

Remove control rod drive housings and instrumentation tubes from
reactor vesse! closure head and cut housings and tubes into sections
for disposal in shielding containers.

Remove reactor vesse! internal components and transfer them to the
staging area for disassembly. Segment upper and lower core support
structures including the control rod guide tubes upper and lowe: grid
piates, core baffle and in-core instrumentation for packaging and
disposition by shielded container. Cutting operations are performed
underwater with remote equipment. '

Isolate reactor well/cavity and lower water leve! to below reactor
vessel flange. Sever reactor vesse! flange from vessel shell. Flange
can be shipped intact with the reactor vessel closure head.

Compiste reactor vessel closure head/flange package with steel plate
for disposition as its own container. Decontaminate exterior surfaces
for transpon and disposal.

Remove reactor coolant piping and pumps once the inlet and outlet
nozzles have been isolated. Piping is placed in standard Low Specific
Activity (LSA) contair.ers; the reactor coolant pumps are sealed and
decontaminated for intact transport and disposal.



Segment the reactor vessel shell as the water level is dropped. In-air
cutting will use a shielded platform and contamination control
envelope placed over the reactor well/cavity. Segments are removed
from the cavity and placed in the refueling cavity for packaging.
Shielded containers are used for transport to the disposal facility.

Remove systems and associated components as they become
nonessential 1o the suppon of vessel disposition, other
decommissioning operations or worker health (e.g., decommissioning
waste processing systems, electrical systems, HVAC systems, water
systems).

Remove reactor vessel lower head and prepare for intact disposition.

Remove concrete biological shield and all accessibie activated and
contaminated concrete.

Remove steam penerators and pressurizer for intact shipment and
disposal. Decontaminate exterior surfaces, as required, and seal-weld
all openings in steam generators and pressurizer. These components
can serve as their own shipping and burial packages provided that all
penetrations are properly sealed. Decontaminate all remaining
containment structure areas, includmg nnm generator and
pressurizer cubicles.

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

Ship and dispose of all remiaining radioactive materials.

Conduct final radiation survey to assure that all radioactive materials
have been removed. This survey may coincide with final NRC site

inspection.

Following notification by CYAPCO of completion of the
decontamination and disposal of components and materials from the
facility, the NRC regional staff conducts an on-site survey to verify that
the acceptable activity and contamination levels are satisfied. When
these requirements are satisfied, the NRC can terminate the 10 CFR
Part 50 license for the facility. (Termination of all site license(s) is
predicated upon DOE's ability tc ultimately take possession of the
spent fuel assemblies. A 10 CFR Part 72 license will be in effect until
this occurs.)
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2.2.3 Period 3: Site Restoration

Following completion of the decommissioning operations, site restoration
activities may begin. These activities will (once all spent fuel has been
transfarred to DOE) assure compliance with applicable codes and permit
unrestricted access by the public, therefore limiting liability of the owners
with regard to intentional or unintentional intrusion by the public on the
site. Building foundations are backfilled, using non-contaminated
concrete rubble with a structural fill to the grade elevation. Site areas
affected by the dismantiing activities are cleaned up and the plant area
graded and landscaped as required. These activities are listed below.

* Demolition of the remaining portions of the primary containment
structure and interior portions of the Reactor Building. Internal fioors
(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.

* Ancillary buildings are then removed using conventional demolition
techniques for above ground structures, including the Turbine, Primary
Auxiliary, Intake, Administration, Engineering and Waste Disposal
Buildings, as well as other non-essential site structures. In addition,
outside storage tanks are drained and removed.

* Prepare the final dismantling program repon.

* Inthe DECON scenario outlined in this report, CYAPCO will be
operating tha Fuel Building for many years after the plant has been
decommissioned and dismantied. Once the turnover of the spent fue!
to DOE is complete, CYAPCO will be able to decontarinate and
dismantle the Fuel Building and surrender any associated licenses.

SAFSTOR (Mothball with Delaye(( Dismantiing)

The SAFSTOR decommissioning attsmative provides a condition that ensures
public health and safety from residual radiozctivity remaining at the site without
the need for extensive modifications to the facility. While "mothball” is used to
describe this afternative (Ref. 2), it is a misnomer since under SAFSTOR
reactivation of the plant is not intended. During the SAFSTOR pariod the facility
is left intact and all structures are maintained in a sound condition. Systems not
required to be operational for maintenance and surveillance purposes during the
dormancy period are drained, de-energized, and secured. Minimal
cleaning/remuval of loose contamination and/or fixation and sealing of remaining
contamination is performed. Access points to contaminated areas are sealed
and/or secured to provide controlled entry for inspection and maintenance.

VBDTXW.003 goc «15-



afternative although a shorter time period is expected for these activities. Site
preparations are also similar to those for the DECON afternative. However, with
the exception of required radiation surveys, the mobilization and preparation of
site facilities is less extensive.

2.3.1 Period 1: SAFSTOR Operations

Prior to the start of the decommissioning process, CYAPCO will file a
PSDAR with the NRC describing how it will remove all radioactivity from
the CY site. The PSDAR addresses the eventual dismantling of the
reactor and termination of the facility operating license and also includes
a description of the organization and program that will be used during the
decommissioning of the facility. The report will describe how the major
activities will be accomplished with personne! radiation exposure
controiled to reasonably acnievable levels.

[ The engineering and planning requirements are similar to those for the DECON
I

The PSDAR will describe spent fuel disposition, partial decontamination
and a delay period before the remaining radioactive components are
removed.

The submission of the PSDAR will permit ownership and possession of
spent fuel, by-product material and reactor components, but doas not
permit operation of the reactor. This license status, though permitting
significant relief from the technical specifications, still requires adequate
surveillance, menitoring and reporting.

After plant shutdown, modified technical specifications are implemented.
Spent fuel and in-cors source materials are isolated in the spent fuel
storage facilities awaiting ultimate disposal or until they can be
transferred to another facility. These steps may be carried out by plant
personnel in accordance with standard operating procedures. Liquid and
solid wastes are processed and removed and plant radiation surveys
initiated. ;

The decommissioning activities for the SAFSTOR alternative are as
follows:

* Drain/de-energize/secure non-contar inated systems not required to
support decommissioning operations.

* Dispose of contaminated filter elements and resin beds not required
for processing wastes from decontamination activities.

* Drain reactor vesse!; internals will remain in place.




* Drain/de-energize/secure all contaminated systems. Decontaminate
as required.

* [repare lighting and alarm systems whose continued use is required.
De-energize and/or secure portions of fire protection, electric power,
and HVAC systems whose continued use is not required.

* Clean loose surface contamination from building access pathways.

* Perform radiation survey of plant; post warning signs as appropriate.

* Erect physical barriers and/or secure all access to radioactive or
contaminated areas, except as required for controlied entry for
inspection and maintenance.

* Install security and surveillance monitoring equipment and relocate
security fence around secured structures as required.

* Sections of the site outside the controlied area may be graded and
landscaped as required. Part of this site area may be released for
unrestricted use or for restricted use.

2.3.2 Period 2: SAFSTOR Dormancy

For the SAFSTOR alternative, activities required during the planned
dormancy period include a 24 hour guard force, preventive and corrective
maintenance on security systems, area lighting, general building
maintenance, heating and ventilation of buildings, routine radiological
inspections of contaminated buildings, maintenance of structural integrity,
and an environmental and radiation monitoring program.

Maintenance and equipment inspection activities are provided by the
utility maintenance staff. Their duty is to maintain the structures in a safe
condition, p:ovide adequate lighting, ventilation, and heating, and perform
periodic preventative maintenance on essential equipment.

An environmental surveillance program is carried out during the dormancy
period to ensure that releases of radioactivity to the environment are
controlied (i.e., they are ideritified, quantified and maintained within
prescribed limits). Appropriate emergency procedures are established
and initiated to provide a high degree of assurance that unplanned
releases will not exceed prescribed limits. The environmental
surveillance program will generally be a modified/abbreviated version of
that carried out during normal plant operations.

Security during the dormancy period is conducted primarily to prevent
unauthorized entry and to protect the public from the consequences of
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2.3.3

such entry. Security detection and notification systems used during plant
operations are augmented by instaliation of audible alarms. Since
contaminated areas and equipment can conceivably be reached by the
breach of a door or window, a full-time security force is maintained on site
throughout the SAFSTOR dormancy. Additionally, silent alarms may be
installed to alert off-site security personnel to trespass or fire. Liaison
with local law enforcement agencies is maintained and their assistance
requested as necessary.

Primary physical security is provided by the security fence which must be
maintained in good condition for the duration of this period. The facility
will also be secured by high security locks on exterior doors and intrusion
alarms. Fire and radiation alarms will be monitored continuously by
security personnel.

Periods 3-5: SAFSTOR Delaved Removal/Dismantling

At the end of the dormancy period for the SAFSTOR alternative, the
remnaining structures are completely dismantied. Basically, the same
dismantling operations as those described for the DECON akernative will
be performed. SAFSTOR Period 3 activities would correspond to the
DECON Period 1 Planning Phase, Period 4 to the Period 2
Decommissioning Operations Phase, and Period 5 to the Period 3 Site
Restoration Phase. Section 2.2 of this report delineates the activities
associated with each phase of the dismantling process. Because the
SAFSTOR atternative permits a period of decay of the residual
radioactivity, lower personnel radiation exposures are incurred than with
the DECON afternative. Many of the dismantling activities may therefore,
employ manual techniques rather than remote procedures, and
dismantling operations can be simplified.

Although the initial radiation levels due to Cobah-60 (Co60) wil! decrease
during the dormancy period, the internal components of the reactor vesse!
will still have sufficiently high radiation dose rates to require remote
sectioning under water, due to the presence of long-lived radionuclides
such as Niobium-84 (Nb94), Nickel-59 (Ni59) and Nickel-63 (Ni63).
Therefore, the dismantling procedures described for the DECON
alternative would be employed. Portions of the concrete shield will still be
radioactive because of the presence of activated trace elements with long
half-lives and will require controlled removal, packaging, and waste
disposal procedures. M is unlikely that radioactive corrosion products on
inner surfaces of piping and components will have decayed to levels that
will permit unrestricted use or allow conventional removal. These
systems and components are surveyed as they are removed, with
disposition dependent upon the existing release criteria. No systems in
this study designated as contaminated in the DECON ahernative are
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assumed to be releasable after the dormancy; these are removed and
disposed of as contaminated material.

Following notification by CYAPCO of completion of the decontamination
and disposal of components and materials from the facility, the NRC
regional staff conducts an on-site survey to verify that the acceptable
activity and contamination level requirements are satisfied. When these
requirements are satisfied, NRC can terminate the license and any further
NRC jurisdiction over the facility.

Site restoration activities may then be 'performod. similar to those for
DECON, for structures still remaining on site. The site is graded and
landscaped as required.

ENTOME (Entombment with Delayed Dismantling)

This alternative requires creation of an entombment structure within the Reactor
Building. An entombment structure serves as an additional barrier in preventing
contact with the reactor vessel and internals, steam generators, reactor coolant
pumps, piping, pressurizer, and the refueling area. This structure uses the
existing biological shield concrete where possible; new concrete is added, as
necessary, to pr.. /ide a sealed reinforced concrete barrier around the primary
system, preventing personnel access. Feedwater and steam piping to and from
the steam generators is also isolated. Radioactive material exterior to this
structure is either moved within the entombment structure, or removed and
packaged for off-site disposal. The decontaminated structures and systems and
all other non-essential site structures and systems external to the sntombment
barrier will be decontaminated and removed at the end of the dormancy period.
At the end of the dormancy period, the remaining contaminated materials on site
within the entombment structure are removed and shipped for controlied
disposal ard the Reactor Building dismantied.

2.4.1 Period 1: Entombment Operations

Prior to the start of the decommissioning process, detailed preparations
are undertaken for the site and the personnel involved in
decommissioning in order to provide a smooth transition from operations
to decommissioning. These preparations include engineering planning,
surveys of plant areas to determine contamination levels, and activation
analyses of the vessel and vessel internals, as well as the assembly of a
decommissioning management organization. Upon final shutdown, more
detailed surveys and benchmarking of calculated estimates are performed
to validate results. Final planning for activities and writing of activity
specifications and detailed procedures are also initiatad at this time.
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2.4.1.1 Engineering and Planning

CY will file a Post Shutdown Decommissioning Activities Report
(PSDAR) with the NRC describing how it will remove ll
radioactive components and essentially 2!l radinactivity from the
CY site. The PSDAR includes eventual dismantling of the reactor
and termination of the facility operating license and will include a
detailed plan describing the organization and program that will be
used during the decommissioning of the facility. The PSDAR will
describe how the major activities will be accomplished with the
least possible personnel exposure to radioactive and other
hazardous contaminants. It will also clearly describe how
CYAPCQ will continue to protect the health and safety of the
public and the environment during the dismantling activities.

The PSDAR will describe speit fuel disposition, partial
decontamination of plant facilities that are outside of the
entombment boundary and a delay period before the remaining
radioactive components within the entombment are removed.

After submission of the certificates that the plant has ceased
operations and that fuel is out of the reactor, the amended
license would permit ownership and possession of spent fuel,
by-product material and reactor components, but not permit
operation of the reactor. “This license status, though permitting
significant relief irom the technical specifications, siill requires
adequate surveillance, monitoring and reporting.

The goal in the ENTOMB method of decommissioning is to
confine the highly radioactive or contaminatea components (e.g.,
the reactor vesse! and iis internals) within a concrete structure
integral with the primary containment and other designated
portions of the reactor buiiding. This method includes the
removal and disposal of solid and liquid wastes, and any
remaining radioactive materials, components, and structural
materials exterior to the entombment structure. The spent fuel
assemblies will continue to be stored within the Fuel Building.
The engineering and planning requirements for this alternative
are similar to those described for the DECON method. However,
the PSDAR will include descriptions for monitoring the structures/
facility and the enwvironmerit, with associated reports, security
requirements, and any other activities necescary during the
dormancy period.



2.4.1.2 Site Preparations

Site preparations for ENTOMB include most of the activities
previously described for the DECON alternative. Radioactive
components and structures will be removed or gecontaminated.
The decortaminated facilities will not be dismantied until the ¢ d
of the dormancy period.

The Fuel Building will remain operational until all of the spent fuel
has been transferred to the DOE. Once the storage pool within
the Fuel Building has been emptied, the building will be
decontaminated and then dismantied at the end of the dormancy
period. The Reactor Building and the remaining decontaminated
structures will also occupy the site for the entire 60 year duration
of dormancy.

After final plant shutdown, modified technical specifications are
implemented. Spent fuel and in-core source materials are
isolated in the fug! building awaiting ultimate disposal or transter
to another facility. These steps may be carried out by plant
personnel in accordance with standard operating procedures.

An entombment structure is constructed within the containment
structure to serve as an additional barrier in preventing contact
with the reactor vessel and internals, steam generators and

{ pressurizer, reactor coolant pumps, piping, and the refueling
area. This structure uses the existing concrete where possibie;
new concrete is added as nece. sary to provide a sealed
reinforced conrete barrier arcund the Nuclear Steam Supply
System, preventing access. Except for draining and drying the
reactor coolant system, only minimal work is pertormed on any
component(s) within the entormbment boundary prior to the
dormancy period, thereby significantly reducing the occupational
radiation exposure. By the time deferred dismantiement
commences, plant radiation fields are reduced due to natural
decay of the radionuclides during the dormancy period.

Following review of the PSDAR by the NRC, CYAPCO can begin
major decommissinning activities.



2.4.2 Perigd 2. Decommissioning Oparations
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The activities necessary to accomplish the entombment requirements are
as ‘ollows:

Drain/de-eriergize/secure non-contaminated systems not required to
support dezommissioning operations.

Isolate the Fuel Building frorr the other strutures on site such that
decommissionirg operations van commence. This activity may be

carried out by existing plant personnal in accordance with standard
operating technical specifications.

Dicpose of contaminated fiter elements and resin beds not required
for processing waste. from decontamination activities. '

Draun reactor vessel, steam ganerators and pressurizer. Cut, cap, and
seal weld all piping at the entombment boundary interface.

Drain/de-energize/secure contaminated systems. Decontaminate, as
required, and remove portions of these systems located outside the
entombment boundary. Package, ship, and dispose of removed
systems; isolate remaining systems, if required, at entombment
boundary. Certain components can be moved or stored within the

entombment structure. ’

Prepare lighting and security alarm systems required for continued
use. De-energize and/or secure sections of the fire protection, electric
power, and HVAC systems not required for continued use.

Remove all large contaminated components extemal to the
entombment boundary. Where feasible, these componants are
decontaminated and then removed; otherwise the components are
boxed/packaged and shipped for additional treatment or disposa.

Complete the entombment barrier by capping and sealing all openings
and penstrations with concrete.

Structural surfaces exterior 10 the entombment barrier are
cleaned/decontaminated to unrestricted levels. Equipment and normal
personnel access hatches located outside the entombment barrier
boundary remain operational, with controlied access.

Dismantle all other radioactive structures and remove all racdioactive
materials for shipping and disposal. Atternatively, selected
contaminated material and non-comhustible wastes may be
transferred to storage within the entombment structure.
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Decontaminated structures other than the Reactor Building and Fuel
Building will not be dismantied at this time.

* Install security and surveillance monitoring equipment and relocate
security fence around structures containing radioactive material, if
required.

* perform radiation survey of plant and post warning signs, as
appropriate.

Beriod 3: ENTOMB Dormancy

For the ENTOMB alternative, activities required during the planned
dormancy period include routine inspection, preventive and corrective
maintenance on safety systems, maintenance of structural integrity, and
an environmental and radiation monitoring program. Maintenance and
equipment inspection activities may also be performed over a quarterly
period in such a manner that all portions of the plant are inspected and
maintained within that period.

Unti! such time as the DOE completes the transfer of spent fuei for
ultimate disposition, CYAPCO will maintain an operational Fuel Building.
Once the transfer has been achieved, the building will be decontaminated
and dismantied.

An environmental surveillance program is carried out during the dormancy
period to ensure that releases of radioactivity to the environment are
controlied (i.e., they are identified, quantified and maintained within
prescribed limits). Appropriate emergency procedures will be established
and initiated to provide a high degree of assurance that unplanned
releases will not exceed prescribed limits. The environmental
surveillance program is generally a modified/abbreviated version of that
carried out during normal plant operations.

Security during the dormancy period is primarily conducted to prevent
unauthorized entry and to protect the public from the consequences of
such entry. Security detection and notification systems, used during plant
operations, are augmented by installation of audible alarms. Additionally,
silent alarms rmay be installed to alert off-site sesurity personnel to
trespass or fire. it is assumed that CYAPCO will maintain a minimal site
security presence during the dormancy period. These personnel can
provide periodic site checks and prompt response to alarms. Liaison with
local law enforcement agencies is maintained and their assistance
requested as necessary.

Primary physical security is provided by the security fence which must be
maintained in good condition for the duration of this period. The facility is




secured; exterior doors locked and alarmed for intrusion. Fire and
radiation alarms are monitored continuously by security personnel.

CYAPCO will designate a representative who will be responsible for
controlling authorized entry into, and movement within, the facility.

Interior access doors are also under this person's control. In addition, this
representative is responsible for plant maintenance, surveillance
programs and for providing notification and administrative reports for
security breaches and taking appropriate actions.

2.4.4 Periods 4-6. ENTOMB Delaved Removal/Dismantling

At the end of the dormancy period for the ENTOMB afternative, the
Reactor Building will be decontaminated and dismantied. Basically, the
same dismantling operations as those described for the DECON
atternative are performed. Because the ENTOMB alternative permits a
period of decay for the residual radioactivity, lower personnel radiation
exposures will be incurred than in the DECON alternative. Many of the
dismantling activities may employ manual techniques rather than remote
procedures, and dismantling operations can be simplified.

Although the initial contact dose levels due to Co60 would decay
significantly during the dormancy period, the internal components of the
reactor vessel will still have sufficiently high radiation dose rates to
require remote sectioning under water, due to the presence of long-lived
radionuclides such as Nb94, Ni58, and Ni63. Therefore, the same
procedures described for the DECON atemative are empioyed during the
deferred phase. Portions of the concrete biological shield will still be
radioactive because of the presence of activated trace elements with long
half-lives and will require controlied removal, packaging, and burial
procedures. It is unlikely that radioactive corrosion products on inner
surfaces of piping and components wi!l have decayed to levels that will
permit unrestricted reiease or allow conventional removal. These
systems and components will have to be removed under controlled
conditions and their interiore surveyed to determine their disposition as
either radioactive waste or releasable as unrestricted scrap material.

The Fue! Building and all other decontaminated structues left standing
outside the entombment will also be dismantied. Following notification of
completion of the decontamination and disposal of components and
materials from CY, the NRC regional staff will conduct an on-site survey
to verify that the acceptable activity and contaminaticn levels are
satisfied. When these requirements are satisfied, the NRC can terminate
the license and any further NRC jurisdiction over the facility.

Site restoration activities may then be performed. A final radiation survey
is prepared for the NRC and the site released for aternative use.




3. COST ESTIMATE

A site-specific cost estimate was prepared for CY to account for the unique features of
the nuclear steam supply systems, 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.

31  Basis Of Estimate

CY developed site-specific cost estimates using the proprietary computer code
“DECCER" purchased from TLG Services. The DECCER program utilizes site,
system and structure databases that contain the unit and site-specific inventory
acquired from CY plant drawings and inventory documents. The program
computes the decommissioning cost estimate by accumulating the costs
associated with decontamination, removal, packaging, shipping and disposal for
each activity. The program output defines many aspects of the

. decommissioning effort including activity and period-dependent costs, schedule,
and waste generated.

The decommissioning effort is labor-intensive. Representative labor rates for
hourly craft and salaried administrative workers in the geographical region, are
essential for the development of a meaningful site-specific decommissioning
cost estimate. Recent salary data for NU craft personnel was used for the
positions identified as being necessary te perform Jabor intensive
decommissioning activities at the site. NU salary data was also used for the
supervisory, engineering and administrative positions necessary to accomplish
the decommissioning.

Disposition of radioactive wastes is a significant contributor to the cost of
decommissioning. The availability of disposal sites is of national concern, with
regional compacts formad to provide adequate disposal space for operating and
planned reactors if and when existing disposal sites close. Currently, there are
no regional compact burial sites available for the disposal of CY radioactive
waste.

In this study, estimates for disposal of decommissioning LLRW were provided by
Envirocare of Utah, Inc. and Barnwell South Carolina facility. The combination
of these rates resulted in an average low level radioactive waste disposal cost of
$168.70 per cubic foot.

Listed below are the major factors considered as the basis of the cost estimates.

1. CY plant drawings, equipment and structural specifications, including
construction details.



10.

11.

Current employee salaries for site administration, operations, construction
and maintenance personnel were used for the identified positions.

Engineering services for g.ch items as preparation of activity
specifications, detailed procedures, detailed activation analyses,
structural modificationg, etc. are assumed to be provided by Northeast
Utilities engineering personnel and supplementary specialty contractors.

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

Rates for shipping radioactive wastes by truck were provided by Tri-State
Motor Transit in published tariffs for this type of cargo (Ref. 4). Barge
shipping costs were provided by Chem-Nuclear Systems, Inc.

The costing basis for the estimate for low-level radioactive waste disposal
were based on estimates for the disposal of decommissioning waste as
provided by Envirocare of Utah, Inc. and Chem-Nuclear Systems, Inc.
Package surcharges, such as total shipment curies, package weight,
special handling requirements, etc., were derived from information
provided by Chem-Nuclear Systems, Inc., for the Barnwaell facility (Ref. 5).

Costs in this estimate reflect July 1996 dollars. This estimate excludes
interest and escalation, during the decommissioning period.

This study does not address the costs for removal or disposal of spent
fuel from the site. The costs for such activities are assumed to be
covered under the 1 milkWhr surcharge the Licensee is paying to the
DOE during plant operations. However, this study does consider the
constraints that the presence of spent fuel on site will impose on other
decommissioning activities.

Uttimate license termination for the CY site is based upon DOE's current
acceptance schedule for the spent fuel assemblies generated during plant
operation, with an initial start date for acceptance of January 2006.

Based upon this start date, NUSCO determined that the final fue!
shipment would occur in 2022.

The Licensee staffing renuirements 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 personne! protective clothing. These items lengthen a task's
duration, which increases the costs and lengthens the schedule. Costs
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shown for engineering and planning reflect ALARA planning
considerations.

12. This study has been 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 Decommissioning 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 NRC, and the National Association of Regulatory Utility
Commissioners.

Methodolcqy

The methodology used to develop CY's cost estimates follows the basic
approach presented in the AIF/NESP-036 study (Ref. 6) and the U.S. DOE
"Decommissicning Handbook" (Ref. 7). These references utilize a unit cost
factor method for estimating decommissioning activity costs to simplity the
estimating calculations. Unit cost factors for concrete removal ($/cubic yard),
steel removal ($/ton), and cutting costs ($/in) were developed from current labor
and material cost information. With the item quantity (cubic yards, tons, inches,
etc.) deveioped from plant drawings and inventory documents, these

activity-dependent costs are ostlmnod

The unit cost factor method provides a demonstrablo basis for establishing
reliable cost estimates. The detail of activities provided in the unit cost factors
for activity time labor costs (by craft), and equipment and consumable costs,
provide assurance that cost elements have not been omitted. These detailed
unit cost factors, coupled with the plant-specific inventory of piping, components
and structures, provide a high degree of confidence in the reliability of the cost
estimates.

The activity duration critical path was used to determine the total
decommissioning program schedule. The program schedule is used to
determine such periog-dependent costs as program management,
administration, field engineering, equipment rental, quality assurance and
security. Typical NU salary and hourly rates for personnel associated with
period-dependent costs are used. The costs for conventional demolition of
nonradioactive structures, materials, backfili, landscaping and egquipment rental
were obtained from the "Building Construction Cost Data” published by R. S.
Means (Ref. 3). Examples of unit cost factor development are presemed in the
AIF "Guidelines" study (Ref. 6), one of which is reproduced in Appendix C
Appendix D lists the specific factors developed for the CY estimates.

The activity-dependent and period-dependent costs are summed to develop the
total decommissioning costs. Contingency is applied to each element of cost, as
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described below. "Contingencies” are defined in the American Association of
Cost Engineers' Cost Engineers' Notebook (Ref. B) as "specific provision for
unforeseeable elements of cost within the defined project scope; particularly
important where previous experience relating estimates and actual costs has
shown that unforeseeable events which will increase costs are likely to occur.”
As with any major project, tems which could occur that have not been explicitly
accounted for in this estimate are changes in the reguiatory requirements, the
effects of craft labor strikes, bad weather hatting or siowing down dismantiing
activities or waste shipments to the disposal facility, equipmentitool breakage,
changes in the anticipated plant shutdown conditions, etc. In tne AIF/NESP-036
study, "Guidelines for Producing Commercial Nuclear Power Plant
Decommissioning Cost Estimates” (Ref. 6), the types of unforeseeable events
that are liksly to occur in decommissioning are discussed and guidelines are
provide d for percentage contingency in each category. Application of these
types of contingencies, on a line item basis, yielded a weighted average
contingency of 14.04% for the DECON cost estimate.

Site-Specific Considerations

There are a number of site-specific considerations that affect the method chosen
for dismantling and removal of equipment from the site and the degree of
restoration required. The cost impact of these considerations is included in this
cost study.

3.3.1 Maior Component Removal

The reactor pressure vessel (shell and nozzle zone) and reactor internal
components will be segmented for disposal and shipped in shieided
casks. Segmentation and packaging of the internals packages will be
periormed underwater in the refueling cavity where a turntable and
remote cutter will be installed. The vessel will be segmented in-place
using a mast-mounted cutter supported off the lower head of the reactor
pressure vessel and directed from a shielded work platform instalied
overhead in the reactor cavity. Shipping cask specifications and U.S.
Department of Transportation (DOT) regulations will dictate segmentation
and packaging methodology. All designated packages must meet current
physical and radiological limitations and regulations. Shielded shipmerits
will be made in DOT approved, currently available, truck casks. Large
components such as the pressurizer and the four steam generators, may
be modified for barge shipment as their own containers. An existing
barge docking facility in the CY discharge canal will be refurbished for this

purpose.

Reactor coolant piping will be cut from the reactor vessel once the iniet
and outlet nozzles have been isolated. The piping wiil be boxed and
shipped by shielded van. The reactor coolant pumps and motors will be
lited out intact, and packaged for barge transport with the pressurizer.



34

3.3.2

3.3.3

The steam generators will be extracted from the Reactor Building anJ
moved to a temporary on-site staging area. The generators are then
moved off-site by barge.

The main turbine will be dismantled, using conventional maintenance
procedures. The turbine rotors and shafts are transported to a clean
laydown area for disposal. The lower turbine casings wiil be removed
from their anchors by controlied demolition. The main condensers will be
segmented and transported to the laydown area for disposal, together
with the lower turbine casings.

Transportation Methods

For the purposes of this ccst study, it was assumed that the NSSS
components will be transported by a combination of barge and overland
transporter. These payloads inciude the reactor coolant pumps, steam
generators and the pressurizer unit. At the disposal facility, the NSSS

components will be off-loaded to an overiand transporter for the remaining
distance to the disposal site.

Site Condi Eagility I

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 vegetation. The intake and gischarge structures on-site
will be demolished and removed, with the circulating water piping sealed
and backfilied.

Assumptions

The following are the major assumptions made in the development of the cost
estimates for CY:

1.

CYAPCO will act as the Decommissioning Operations Contractor (DOC).
in this role, CYAPCO will provide sufficient staff to perform the
preparatory decommissioning planning and scheduling, and manage the
demolition efforts. Site security during demolition will be provided by the
Licensee or its subcontractor. The demolition work will be performed by
the subcontractors, who will provide adequate staff, labor, equipment and
materials to complete the demolition.

Existing site structures and alternations necessary to support long term
wet storage of spent fuel were considered in the dismantling cost. The
alterations considered include provision of a closed cooling system in the
tuel building, establishment of a control room and primary access point in




the radwaste reduction facility, establishment of a dedicated spent fue!
cooling electric supply and provision of construction power.

Disposal fees based upon estimates for the disposition of
decornmissioning waste provided by Envirocare of Utah, Inc. and
Bamwell.

Disposa! costs were calculated using actual component dimensions for
those components not requiring additional packaging, ©.g., the NSSS
components.

The decommissioning activities are performed in accordance with the
following regulations:

10CFR 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 50 Domestic Licensing of Production and Utilization
Facilities -

10 CFR 51 Licensing and Regulatory Policy and Procedures for
Environmental Protection

10 CFR 61 Licensing Requirements for Land Disposal of
Radioactive Wastes

10CFR 72 Licensing Requirement for the Independent Storage
of Spent Nuclear Fuel and High Level Radioactive
Waste

10CFR 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
decommissioning. Nuclear liability insurance is phased out upon finai
decontamination of the site.

The NSSS will be chemically decontaminated using one chemical flush
and two water rinses prior to segmentation in the DECON scenario.

Reactor vessel and internals packages conditions:




10.

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

(i) to have released fission products at sufficiently low levels that the
buildup of quantities of long-lived isotopes (e.g. cesium-137 or
strontium-80) has not reached levels that would prevent the major
NSSS components 1o be shipped as Low Specific Activity (LSA) waste
and disposal within the requirements of 10 CFR 61 or the regional
disposal facility; or

(i) to have necessitated systematic decontamination during the operating
life of the plant and because of such decontamination the levels again
are at acceptable levels for transport as LSA waste and disposal
within the requiremnents of 10 CFR 61.

Contro! 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 vesse! and internals at final shutdown are
estimated from those radionuclides listed in NUREG/CR-3474 (Ref. 10).
Actual estimates are derived from the Ci/gram values in NUREG/CR-3474
and adjusted for the different mass of CY components, as well as for
different periods of decay. Additional short-lived isotopes were derived
using NUREG/CR-0130 (Ref. 8) and NUREG/CR-0672 (Ref. 11),
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, packaging in
shielded casks and transported by truck to the disposal facility. A
maximum normal road weight limit of 80,000 pounds is assumed for all
truck shipments including cask shipments. This weight inciudes vessel
segment(s), supplementary shielding, cask tie-downs and tractor trailer.
The maximum curies per shipment are based on the license limits of
available shielded shipping casks and Barnwell site limits on maximum
curie content per shipment. The number and curie content of vessel
segments are selected to meet these limits.

Barge and overland transport costs for the steam generators are based
on an estimate provided by Chem-Nuclear Systems, Inc.

Steam generators are removed sequentially and stored on site until ready
to be moved. This scenario will consolidate shippin ; and reduce
mobilization costs for the heavy haul vehicles. The s\>am generators will
be transported to the CY barge docking facility (in the discharge canal).
Here they will be Inaded on to barges for transport to the Chem-Nuclear
Savanah River site. At the Chem-Nuclear barge sits, the steam

-31.




11.

12.

13.

14,

15.

16.

17.

18.

generators will be reloaded on to an overland transport vehicle for
movement to the actual burial location.

Because of the new Barnwell weight b2sed burial cost schedule, only a
small percentage of the contaminated metallic inventory is assumed to be
routed through a waste recovery vendor. This is because the cost of
decontamination yields no benefit under the weight based disposal cost
schedule unless it eliminates all burial cost by reaching a contamination
level that permits unrestricted release.

Materials containing asbestos insulation are assumed to be removed
under a decommissioning asbestos abatement program. Radioactivity
contaminated asbestos is assumed to be disposed of at Envirocare.
Clean asbestos will be disposed of at an approved landfill in accordance
with applicable state and local regulations.

It is assumed that all PCBs have been removed from the power
transformers and capacitors. Therefore, no additional remediation is
included in decommissioning.

CY will be isolated electrically from the rest of the transmission system
and completely decommissioned (i.e., the station will be out of service
prior to commencing the demolition effort).

CY will provide for the availability of the electrical power required to
decommission and dismantie the station.

Scrap generated during decommissioning is not included as a salvage
credit line item in this study for two reasons: (1) the scrap value is offset
by the associated 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.

CY will act as project manager and will remove all items of furniture, 1ools,
mobile equipment (such as forklifts, trucks, bulldozers, other similar
mobile equipment) and other such items of personal property owned by
CY 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.

All contaminated piping, components and structures (other than the
reactor vessel and internals) are assumed to meet DOT limits for LSA
matarial,

Fuel oil tanks will be emptied. Tanks will be cleaned by flushing or steam
cleaning, as required, prior to disposal. Acid and caustic tanks are



18.

20.

21.

22.

23.

24,

emptied through normal usage. Lubricating and transformer oils will be
drained and removed from site by a waste disposal vendor.

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 below grade structures to be
abandoned. Piping and electrical manholes will be backfilied with a
suitable earthen material and abandoned. Vertical pump structures and
sumps will be backfiled with a suitable earthen material and abandoned.

Non-contaminated underground piping (except the intake, discharge
tunnel, and circulating water piping) will be abandoned without special
considerations. The plant intake and discharge circulating water piping
and tunnel will be sealed/backfilled or partially collapsed and backfilled to
eliminate the potential for collapse after the site is released for
unrestricted access.

The station grounds will be landscaped to match the environs 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. The discharge canal will be left in its existing
condition.

The switchyard that exists in the woods above the plant will be left intact
for use by CL&P's electrical distribution system.

The perimeter fence will be moved to conform with the technical
specifications in force at the various stages in the project. Plant roadways
and parking areas with asphalt or concrete surfacing will be broken up
and the areas covered with fill. Site access roads will remain intact.
Contaminated asphalt and soil discovered during the process of
decommissioning will be disposed of as low level waste.

This study estimates that there will be some radioactive waste generated
which is greater than 10 CFR 61 Class C quantities, as the result of
disposal of the highly activated sections of the reactor vessel internals.
“Currently, this material exceeds the limits on the type of waste that can
be buried as low level waste. This estimate assumes that this material
can be disposed of in the same manner as spent fuei at a DOE deep
geological repository. Since greater than class C waste disposal cost is
not covered by the accrual of funds under the DOE's 1 milkWhr fuel
surcharge, a separate cost has been estimated for the deep repository
disposal of this material. This estimate for deep repository disposal of
greater than class C waste is based on a mode! that simulates this
material as spent fuel (i.e., the 1 milkWhr surcharge is the basis for
calculating greater than class C disposal costs).”




as

25. Segments of the reactcr vessel internals that exceec 10 CFR 61 Class C
burial limits will be stored with the spent fuel in the Fuel Building. For the
purposes of this study, it is assumed that this material will be removed
from the site by shielded cask shipments at some point in the 18 year fuel
storage period.

26.  Spent fuel will remain on-site for approximately 25 years following final
plant shutdown. CY will provide staffing throughout this time period to
safeguard the fuel, and to process spent fuel shipments 10 DOE's tacility.

Cust Estimate Summary

A summary of the decommissioning atternative costs, with annual expenditures,
is provided in Table 3.1. Appendix B provides the detailed listings and costs of
major activities for the DECON decommissioning scenario. .

As used in the headings of Appendix B, "DECON" refers to decontamination,
and "Total" is the sum of L'econ, Remove, Pack, Ship and Disposal as well as
other miscellaneour items not listed (such as engineering, taxes and insurance).
“Other” cost, as shown in the disposition for piant systems and structures reflect
the costs associated with asbestos abatement, primary system decontamination
and spent fuel storage. Costs are reported in July 1986 dollars.



TABLE 3.1a

SUMMARY OF DECON
DECOMMISSIONING COST ESTIMATES
(Thousands of Dollars)

Calendar
Period Years *Cost

Preparations 1 1897 $ 10,800
1998 $ 55,506

1969 $£ 9942

Subtotal Period 1 $76,248

Decommissioning Activities 2 19899 $64 810
2000 $65,123

2001 $64.840

Structure Demolition/
Site Restoration

Subtotal Period 2 $184,782

3 2002 £46,289

2003 $17.831

Subtotal Period 3 . : $64,220

Post Period 3 Fuel Storage 2003-2022  $82,345
Fuel Building Decunt/Demolition 2022 $9.132
Subtotal Post Period 3 $01,477

TOTAL COST $426,727

"Costs reporied in July 1996 dollars; may not add due to rounding.



TABLE 3.1b

SUMMARY OF SAFSTOR !
DECOMMISSIONING COST ESTIMATE
(Thousands of Dollars)
Calendar
Period Years *Cost
SAFSTOR Operations 1 1897 $10,800
1998 $37,561
1999 $23.408
Subtotal Period 1 $71,818
Dormancy (including fuel storage) 2 1998-2052 $244,167
Decommissioning Preparations 3 2052 $15,713
2053 $36,299
2054 $2387
Subtotal Period 3 $54,399
Decommissioning Activities ~ 2054 $60,507
2055 $64,765
- 2056 $60.1952
Subtotal Period 4 $185,424
Site Restoration 5 2056 $2.484
2057 $33.304
Subtotal Period 5 $35,788
TOTAL COST $591,586

"Costs reported in July 1996 dollars; may not add due to rounding.




TABLE 3.1¢

SUMMARY OF ENTOMBMENT
DECOMMISSIONING COST ESTIMATE
(Thousands of Dollars)
Calendar

Period Years *Cost

ENTOMB Preparations 1 1997 $10,800
1998 $39,787

1999 $£10.684

Subtotal Period 1 $61,271

ENTOMB Operations 2 19899 $50,409
2000 $51,108

2001 $17.763

Subtotal Period 2 $118,462

Dormancy (including fuel storage) 3 2001-2053 $191,501
Decommissioning Preparations ‘4 2053 $28,745
2054 $25213

Subtotal Pericd 4 $53,958

Decommissioning Activities 5 2054 $16,338
2055 $55,216
2056 $30.601

Subtotal Period 5 $122,155

Site Restoration 6 2056 $2476
2057 $33.377
Subtotal Period 6 $35,853
TOTAL CCST $584,200

"Costs reported in July 1996 dollars; may not add due to rounding.



Post-operation spent fuel storage can represent a significant expense.
Therefore, the assumptions used to construct the current scenario need periodic
evaluation as DOE moves closer to developing a repository for high-level waste
and finalizes its acceptance schedule.

Spent fuel storage costs entail initial expenditures to isolate the fuel building and
long-term expenses related to staffing, pool maintenance, and fuel shipments.
Accordingly, long-term storage costs are directly rei. ted tc the length of the
spent-fuel storage period in the pool. The storage period, in turn, is a direct
function of when the United States Department of Energy (DOE) begins to
remove fuel and the rate at which fuel is taken. The revised study assumes that
the DOE will begin taking CY fuel in 2006, and will finish by January 1, 2022.

The 2006 assumption is based on the possibility that DOE will have access to a
centralized interim storage facility by 2006 and reflects CY's priority ranking to
have fuel taken away in the first year that centralized interim storage is available
to the nation.

The rate at which fue! will continue to be taken away from CY (thoriaﬁer) is
based upon:

() The annual national spent fuel acceptance rates that were specified in the
legislation which was recently passed by the U.S. Senate (S. 1936), and

(b) CY's Acceptance Priority Ranking (relative to other contract-holders), as
established by DOE.

Both initial and long-term cocts for fuel storage have been included in this
estimate. Capital costs for the isolation of the Fuel Building and (initial)
licensing costs are included within the estimates. Period-dependent (longer-
term) costs, i.e., staffing, security, licensing, and insurance, have also been
included in support of operations in the Fue! Building over the 25 years (1997-
2022).

One advantage of isolating the fuel assemblies from the remainder of the site is
that decommissioning can commence unimpeded by the presence of the fuel,
providing a substantial cost saving. After the remainder of the site has been
cleared, the Fuel Building would contiiue to function until all fuel has been
removed from the site.



4.  SCHEDULE ESTIMATE

The schedule for the DECON decommissioning alternative considered in this study
follows the sequence presented in the AIF/NESP-036 study, with minor changes to
reflect recent experience and revised estimates. The assumptions for the schedule are
listed in Section 4.1. Figure 4.1 presents the schedule of key activities for the DECON
scenario. Note that the activities listed in the schedule do not reflect a one to one
correspondence with the activities in Appendix B, but reflect splitting some activities for
clarity and combining others for convenience. The schedule was prepared using the
computer software "Microsoft Project 4.0 for Windows.” A project time line is shown in
Figure 4.2 for the DECON, ENTOMB and SAFSTOR scenarios.

41 Schedule Estimate Assumptions

The schedule in Figure 4.1 reflects the results of a precedence network
developed for CY decommissioning activities. The durations used in the
precedence network reflect the actual man-hour estimates from Appendix B.
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 CY:

1. All work except vesse! and internals removal activities will be performed
during an B-hour workday, 5 days per week with no overtime.

2.  The Fuel Building will be isolated, maintained, and operational until the
time when all spent fuel has been transferred from the spent fuel pool to a
DOE facility, approximately 25 years after shutdown.

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

4. Muttiple crews will work parallel activities to the maximum extent possible
consistent with optimum efficiency, adequate access for cutting, removal
and laydown space, and compliance with the stringent safety measures
necessary during demolition of heavy components and structures.
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42  Project Schedyle

Period-dependent costs are based upon critical path durations developed in the
schedules for the DECON, SAFSTOR and ENTOMBMENT alternatives. Each of
the decommissioning schedules is composed of periods (or milesiones) that
mark the beginning and/or completion of major phases to the decommissioning
project. The schedules combine the sequence in which activities are to be
performed within a period with activity durations obtained from DECCER output

to determine critical path and critical path duration.

Scherule critical path durations were also used to develop the decommissioning
timeiines i Fiqure 4.2






5. RADIOACTIVE WASTE VOLUME

The radioactive waste volume generated during the various decommissioning programs
at CY are shown by line activity in the cost tables. Approximately 283,117 cubic feet of
radioactive material are buried during the DECON program as shown in Table 5.1.

Waste volumes are quantified consistent with 10 CFR 61 classifications and are based
on the gross container volume and weight to be shipped to controlled disposal facilities.

Most of the materials for controlled disposal are categorized as Low Specific Activity
(LSA) material containing less than Type A guantities, as defined in 49 CFR 173-178
(Ref. 13). The cor.ainers are strong, tight packages. For this study, commercially
available steel containers are used for packaging piping, small components and
concrete.

The reactor vessel and internals are categorized as large quantity shipments and,
accordingly, must be shipped in reusable shielded casks with disposable liners. In this
case, the liner volume is taken as the waste volume.

Because of the high charge for waste disposal, a percentage of the contaminated
metalliic inventory is assumed to be routed through a waste recovery vendor. It is
expected that a percentage of this material can be recovered, i.e., decontaminated to
levels permitting unrestricted use, at a significant savings. The waste volumes reported
in Table 5.1 represent what could not be reclaimed, as well as the inventory that was
not identified as being suitable for recovery.



TABLE 5.1

PROJECTED RADIOACTIVE WASTE DISPOSAL VOLUMES

Volume?
Waste Class' (cubic feet)
DECON
“ 272 641
B 8,753
C 115
>C —508
Total 283,117
SAFSTOR
A 276,637
B 5,754
C 631
>C il
Total 283,21
ENTOMB :
A 278,284
B 5,302
C 631
>C adll
Total 28B4 498

Waste is classified according to the requirements delineated in 10 CFR 61.55.

|
\
Class A and B wastes contain types and quantities of radioisotopes that will decay

within 100 or 300 years respectively, with Class B waste having more rigorous

requirements on waste form to ensure stability. Class C wastes require additional

measures at the disposal facility to protect against inadvertent intrusion for up to

500 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 greater than Class C.

No estimate has been made of the LSA waste that will be generated by spent fuel

shipping.




6. CONCLUSIONS

In the selection of decommissioning aternatives, several factors must be considered;
mainly the post-decommissioning use of the site and facilities, public and occupational
safety aspects, the environmental impact of dismantling operations, the
decommissioning cost, and the cost of post decommissioning surveillance, security and
other activities. The evaluation of alternatives for decornmissioning must e based on
an evaluation and balancing of these factors.

‘01
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Connecticut Yankee's Decommissioning Recommendat!an

oJecommissioning techinology is well established and the tools and equipment
necessary to completely dismantie CY are available and have been
demonstrated through normal plant maintenance and past reactor
decommissioning. This study provides an estimate for decommissioning the site
under current requirements, based on present costs and available technology.
The cost to decommission the CY nuclear unit using the DECON (Prompt
Removal/Dismantling) alternative is $426,727,000, including shipment of all
wastes and dismantled materials to a disposal site and demolition of the
remaining site structures. The decommissioning costs using the SAFSTOR and
ENTOMB atternatives are $591,596,000 and $584,200,000, respectively. The
estimate reflects the site-specific features of CY and the estimated cost of
radioactive waste shipping and disposal costs. An analysis of the major
activities contributing to the total cost is shown in Table 6.1.

The decommissioning and CY staff costs and removal costs are the largest
percentages of the total cost, reflecting the labor intensive nature of
decommissioning programs. Radicactive waste disposal is the next most costly
activity in the pregram. Shipping 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 puint to the need for periodic reviews of these estimates.

In summary, on the basis of this study, Connecticut Yankee believes that prompt
dismantling is the decommissioning method which, at this time, provides its
customers with the safest and most cost-effective alternative for Connecticut
Yankee, and the decommissioning alternative which is planned to be used for
this plant.




TABLE 6.1

SUMMARY OF DECOMMISSIONING COSTS

Costs™* Percent of

Work Category (Thousands) ___ Total Costs
DECON
Decontamination $ 3,638 1.0
Removal 35,147 9.4
Packaging 1,845 0.5
Shipping 7,644 20
Radioactive waste disposal 61,265 16.4
Decommissioning Staff 168,726 45.4
Other * 24920 L4

Total $374,185 100.0
Contingency 52,542 14.0
GRAND TOTAL*™ $426,727
SAFSTOR
Decontamination $5118 1.0
Removal 34,964 6.6
Packaging 1,334 0.3
Shipping 7,556 14
Radioactive waste disposal 53,004 10.0
Decommissioning Staff 284 845 53.9
Other * 141819 L8.8

Total $528,739 100.0
Contingency 62,857 11.9
GRAND TOTAL* $591,506
ENTOMBMENT
Decontamination $ 3,526 0.7
Removal 35,248 6.8
Packaging 1,387 0.3
Shipping 7,507 1.4
Radioactive waste disposal 61,133 118
Decommissioning Staff 213,233 41.2
Other * 195713 318

Total $517,747 100.0
Contingency 66,453 128
GRAND TOTAL"™ $584,200

* "Other" includes items such as engineering & preparations, insurance, and spent
fuel storage expenditures.
** Costs are shown in July 1996 dollars. Numbers may not add due to rounding.
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DEFINITION OF ACRONYMS



APPENDIX A
DEFINITION OF ACRONYMS
AE Architect/Engineer
AL RA As Low As Reasonably Achievable ‘
Cws Circulating Water System
CYAPCO Connecticut Yankee Atomic Power Company ‘
D&D Decontamination and Decommissioning :
DOC Decommissioning Operations Contractor
DOE United States Department of Energy i
ISFSI independent Spent Fuel Storage Installation ‘
LSA Low Specific Activity
NNECO Northeast Nuclear Eporgy Company
'- NRC Nuclear Regulatory Commission
NSSS Nuclear Steam Supply System
NUSCO Northeast Utilities Service Company
PSDAR Post Shutdown Decommissioning Activities Report
RCS Reactor Coolant System
MWt Megawatts thermal
MWe Megawatts electrical




APPENDIX B
DECON COST ESTIMATE
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APPENDIX C
UNIT COS1 FACTOR DEVELOPMENT

{

Example: Unit Cost Factor for Removal of Contaminated Heat Exchanger < 3000 ibs.

1. SCOPE

Heat exchanpers weighing < 3,000 Ib. will be removed ir one piece using a crane or

small hoist. They will be disconnected from the inlet and outiet piping. The heat

exchanger will be sent to the packing area.

2. CALCULATIONS

Act  Activity Aztual Critical

ID  Description Duration Duration

e Mount pipe cutters 45 45

b install contamination controls 20 (a)

c Disconnect iniet and oitiet lines €0 60

d Cap openings 20 (c)

€ Rig for remove| 30 30

f Unbolt from mounts . 30 30

0 Remove contamination controls ' SET 15

{ h  Remove, wrap in plastic, send to packing area 50 80
Totals (Activity/Critical) 280 240

Duration adjustment(s):

+ Respiratory protection adjustment (50% of critical duration) 120
+ Radiation/ALARA adjustment (33% of critical duration) 18

Adjusted work duration 439
+ Protective clothing adjustment (30% of adjusted duration) 132

Productive work duration 571

+ Work break adjustment (8.33 % of produc.ive duration) AB

Total work duration: 6518 minules
- ** Total duration = 10.317 hr ***

" Letters refer 1o the Activity Identifications in the left column of this table; a letter
indicates that this activity runs in paralle! with the activity corresponding to the Activity
identification

{



APPENDIX C

UNIT COST FACTOR DEVELOPMENT (Cont'd)

3. LAGOR REQUIRED

Crew Number Duration Rate Cost
(hr) ($/hr)

Laborers 3.0 10.317 $21.30 $659.26
Craftsmen 2.0 10.317 $27.94 $576.51
Foreman 1.0 10.317 $30.24 $311.90
General Foreman 0.25 10.317 $32.07 $8272
Subtota! labor cost $1.630.48
Overhead & Profit on labor @ 33.305% $543.03
Tota! labor cost $2,173.51

4. EQUIPMENT & CONSUMABLE COSTS

Equipment Costs none
Consumable/Materials Costs ; :

- Blotting paper 50 @ $0.67 sq. ft {2} ' : $33.50
- Plastic shests/bags 50 @ $0.07/sq. ft {3) $3.50
- Gas torch consumables 1 @ $7.85/hr x 1 hr {1} $785
Subtotal cost of equipment and materials $44.85
Overhead & profit on equipment and materials @ 16.60% S$7.45
Total costs, equipment & material $52.30

TOTAL COST Removal of contaminated heat exchanger <3000 pound: $2,225.81

Total labor cost $2,173.51
Total equipment/material costs: $52.30
Total adjusted exposure man-hours incurred: 42.47
Total craft labor man-hours required per unit: 64.48

* The rumbers within the {} brackets indicate the relevant reference on the next page

E e .



5. NOTES AND REFERENCES

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 alpha designator of the concurrent activity. This results
in an overall decrease in the sequenced duration.

Work difficulty factors were developed in conjunction with the AlF
program to standardize decommissioning cos! studies and are delineated
in page 64 of the "Guidelines" study (Ref. €.

Costs are adjusted for regional material variations as per R.S. Means; this
study used 1.068 above the national average, based upon Hartford,
Connecticut.

References:
5 R.S. Means (1896) Division 016 Section 420-5360 pg 016-6

B McMaster-Carr Edition 101, pg 1136
3. R.S. Means (1996) Division 015 Section 602-0200, pg 015-4
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APPENDIX D

UNIT COST FACTOR LISTING
Unit Cost Factor Cost/Unit($)

Removal of clean instrument and sampling tubing, $/linear foot $ 029
Removal of clean pipe 0.25 10 2 inches diameter $/linear foot 5.21

Removal of clean pipe >2 10 4 inches diameter $/linear foot 6.22
Removal of clean pipe >4 to B inches diameter $/linear foot B.43
Removal of clean pipe >8 to 14 inches diameter $/linear foot 11.91

Removal of clean pipe >14 to 20 inches diameter $/linear foot $ 16.99
Removal of clean pipe >20 to 36 inches diameter $/linear fuot 26.68
Removal of clean pipe »>36 inches diamater $/linear foot 32.60
Removal of ciean valves >2 to 4 inches 62.24
Removal of clean vaives >4 to 8 inches 84.30
Removal of clean vai. 2s >8 10 14 inches $ 11911

Removal of clean valves >14 to 20 inchas 169.89
Removal of clean valves >20 to 36 inches 266.80
Removal of clean valver »36 inches : 325.96
Removal of clean pipe fittings >2 10 4 inches 62.24
Removal of clean pipe fittings >4 to 8 inches $ 84.30
Removal of clean pipe fittings >8 to 14 inches 118.11
Removal of clean pipe fittings >14 to 20 inches 169.89
Removal of clean pipe fittings >20 to 36 inches 266.80
Removal of clean pipe fittings >36 inches 325.96
Removal of clean pipe hangers for small bore piping $ 16.74
Removal of clean pipe hangers for large bore piping 67.14
Removal of clean pumps, <300 pound 155.26
Removal of clean pumps, 300-1000 pound 387.56
Removal of clean pumps, 1000-10,000 pound 1,482.11



APPENDIX D

UNIT COST FACTOR LISTING
Unit Cost Factor Cost/Unit($)
Removal of clean pumps, >10,000 pound $ 3,043.85
Removal of clean pump motors, 300-1000 pound 141.10
Removal of clean pump motors, 1000-10,000 pound 658.45
Removal of clean pump motors, >10,000 pound 1,482.96
Removal of clean turbine-driven pumps < 10,000 pounds 1,877.80
Removal of clean turbine-driven pumps > 10,000 pounds $ 3,848.30
Removal of clear PWR turbine-generator 105,897.90
Removal of clean heat exchanger <3000 pound 809.70
Removal of clean heat exchanger >3000 pound 2,318.82
Removal of clea feedwater heater/deaerator 4,682.92
Removal of clean moisture separator/reheater $ 10,704.51
Removal of clean PWR main condenser 272,620.90
Removal of clean tanks, <300 gallons 199.78
Removal of clear: tanks, 300-3000 gallons , 578.96
Removal of clean tanks, >3000 gallons, $/square foot surface area 4.89
Removal of clean electrical equipment, <300 pound $ 8569
Removal of clean electrical equipment, 300-1000 pound 297.88
Removal of clean electrical equipment, 1000-10,000 pound 595.75
Removal of clean electrical equipment, >10,000 pound 1,303.30
Removal of clean electrical transtormers < 30 tors 987.39
Removal of clean electrical transformers > 30 tons $ 2,606.57
Removal of clean standby diesel-generator, <100 kW 923.58
Removal of zlean standby diesel-generator, 100 kW to 1 MW 2,062.83
Removal of clean standby diesel-generaior, >1 MW 4,271.32
Removal of clean electrical cable tray, $/linear foot 7.28




APPENDIX D

UNIT COST FACTOR LISTING
Unit Cost Factor Cost/Unit($)
Removal of clean electrical conduit, $/linear foot $ 306
Removal of clean mechanical equipment, <300 pound 85.69
Removal of clean mechanical equipment, 300-1000 pound 297.88
Removal of clean mechanicai equipment, 1000-10,000 pound 585.25
Removal of clean mechanical equipment, >10,000 pound 1,303.30
Removal of clean HVAC equipment, <300 pound $ B569
Removal of clean HVAC equipment, 300-1000 pound 297.88
Removal of clean HVAC equipment, 1000-10,000 pound 595.75
Removal of clean HVAC equipment, >10,000 pound 1,303.30
Removal of clean HVAC ductwork, $/pound 0.63
Removal/manual flame cut of ciean thin metal components, $/linearinch $ 3.18
Surface decontamination of equipment, $/square foot 4.3
Decontamination of large components, §/square foot 18.37
Decontamination rig hook-up and flush % 2,237.28
Removal of contaminated instrument and sampling tubing, $/linearfoot § 0.49
Remova! of contaminated pipe 0.25 to 2 inches diameter $/linear foot 19.91
Removal of contaminated pipe >2 to 4 inches diameter $/linear foot 39.48
Removal of contaminated pipe >4 to 8 inches diameter $/linear foot 50.07
Removal of contaminated pipe >8 to 14 inches diameter $/linear foot 89.64
Removal of contaminaied pipe >14 to 20 inches diameter $/linear foot § 111.66
Removal of contaminated pipe >20 to 36 inches diameter $/linear foot 164.06
Removal of contaminated pipe >36 inchus diameter $/linear foot 196.60
Removal of contaminated valves >2 o 4 inches 179.45
Removal of contaminated vaives >4 to 8 inches 237.36
Removal of contaminated vaives >8 to 14 inches $ 448.18
Removal of contaminated valves >14 1o 20 inches 634.62
Removal of contaminated valves >20 to 36 inches 881.97
Removal of contaminated valves >36 inches ok 983.00
Removal of contaminated pipe fittings >2 to 4 inches 179.45




APPENDIX D

UNIT COST FACTOR LISTING
Unit Cost Factor Cost/Unit($)
Removal of contaminated pipe fittings >4 to 8 inches $ 237.36
Removal of contaminated pipe fittings >8 to 14 inches 448.19
Removal of contaminated pipe fittings >14 to 20 inches 592.75
Removal of contaminated pipe fittings >20 to 36 inches 820.29
Removal of contaminated pipe fittings >3€ inches 983.00
Removal of contaminated pipe hangers for small bore piping $ 4390
Removal of contaminated pipe hangers for large bore piping 162.26
Removal of contaminated pumps, <300 pound 483.24
Removal of contaminated pumps, 300-1000 pound 1,171.49
Removal of contaminated pumps, 1000-10,000 pound 4,081.44
Removal of contaminated pumps, >10,000 pound $10,615.60
Removal of contaminated pump motors, 300-1000 pound 520.00
Removal of contaminated purmp motors, 1000-10,000 pound 1,711.81
Removai of contaminated pump motors, >10,000 pound 3,569.84
Removal of contaminated turbine-driven pumps < 10,000 pound 5,195.79
Removal of contaminaied turbine-driven pumps > 10,000 pound $ 10,964.04
Removal of contaminated heat exchanger <3000 pound 2,225.81
Removal of contaminated heat exchanger >3000 pound 6,060.95
Removal of contaminated tanks, <300 galions 859.82
Removal of contaminated tanks, >300 galions, $/square foot 16.77
Removal of contaminated electrical equipment, <300 pound 300.87
Removal of contaminated electrical equipment, 300-1000 pound $ 76587
Removal of contaminated electrical equipment, 1000-10,000 pound 1,437.82
Removal of contaminated electrical equipment, >10,000 pound 2,887 .44
Removal of electrical transformers <30 tons 1,087.65
Removal of electrical transformers >30 tons 2,931.59




APPENDIX D

UNIT COST FACTOR LISTING
Unit Cost Factor Cost/Unit($)

Removal of standby diesel-generator, <100 kW $1,032.97
Removal of standby diesel-generator, 100 kW to 1 MW 2,226.89
Removal of standby diesel-generator, >1 MW 481523
Removal of contaminated electrical cable tray, $/linear ‘oot 27.25
Removal of contaminated electrical conduit, $/linear foot 22.87
Removal of contaminated mechanical equipment, <300 pound $ 300.87
Removal of contaminated mechanical equipment, 300-1000 pound 765.87
Removal of contaminated mechanical equipment, 1000-10,000 pound 1,437.82
Removal of contaminated mechanical equipment, >10,700 pound 2,B87.44
Removal of contaminated HVAC equipment, <300 pound 300.87
Removal of contaminated HVAC equipment, 300-1000 pcund $ 76587
Removal of contaminated KVAC equipment, 1000-10,000 pound 1,437.82
Removal of contaminated HVAC squipment, >10,000 pound 2,887.44
Removal of contaminated HVAC ductwork, $/pound 1.96
Removal/plasma arc cut of contaminated thin metal components,

$/inch cut 1.98
Surface decontamination of eguipment, $/square foot $§ 431
Decontamination of large components, $/square foot 18.37
Decontamination rig hook-up and flush 2,237.28
Chemical flush of components/systems, $/gallon B.72
Removal of standard reinforced concrete, $/cubic yard 308.72
Removal of grade slab concrete, $/cubic yarr $ 165.04
Removal of clean concrete floors, $/cubic yard 197.33
Removal of sections of clean concrete floors, $/cubic yard 668.91
Removal of clean heavily rein concrete w/#8 rebar, $/cubic yard 152.97
Removal of contaminated heavily rein concrete w/#9 rebar, $/cubic yard 1,227.37
Removal of clean heavily rein concrete w/#18 rebar, $/cubic yard $ 19488
Removal of contaminated heavily rein concrete w/#18 rebar, $/cubic yard 1,626.89
Removal heavily rein concrete w/#18 rebar & steel embedments,

$/cubic yard 281.51
Removal of below grade suspended floors, $/square foot 197.33
Removal of clean monolithic concrete structures, $/cubic yard 548.30

VROT oW 003 e -7



APPENDIX D

UNIT COST FACTOR LISTING

Unlt Cost Factor Cost/Unit($)

Removal of contaminated monoiithic concrete structures, $/cubic yard $ 1,223.68

Removal of clean foundation concrete, $/cubic yard 467.78
Removal of contaminated foundation concrete, $/cubic yard 1,140.12
Explosive demolition of bulk concrete, $/cubic yard 22.68
Alemoval of clean hollow masonry block wall, $/cubic yard 57.40
Removal of contaminated hollow masonry block wall, $/cubic yard $ 136.44
Removal of clean solid masonry block wall, $/cubic yard 57.40
Removal of contaminated solid masonry biock wall, $/cubic yard 136.44
Backfill of below grade voids, $/cubic yard 15.91
Removal of subterranean tunnels/voids, $/linear foot 100.03
Placement of concrete for below grade voids, $/cubic yard $ 7533
Excavation of clean material, $/cubic yard 2.82
Excavation of contaminated material, $/cubic yard 6.71
Excavaticn of submerged concrete rubble, $/cubic yard 8.62
Removal of clean concrete rubble, $/cubic yard : 65.22
Removal of contaminated concrete rubble, $/cubic yard $ 2198
Removal of building by volume, $/cubic foot 0.20
Removal of clean building metal siding, $/square foot 1.01
Removal of contaminated building metal siding, $/square foot 2.39
Removal of standard asphalt roofing, $/square foot 1.48
Scarifying contaminated concrete surtaces (c\ill & spall) $ 828
Scabbling contaminated concrete floors $/square foot 1.16
Scabbling contaminated concrete walls $/square foot 4.30
Scabbling contaminated ceilings $/square foot 43.02
Scabbling structural stee! $/square foot 3.04
Removal of clean overhead cranes/monorails < 10 ton capacity $ 38297
Removal of contaminated overhead cranes/monorails < 10 ton capacity 870.83
Removal of clean overhead cranes/monorails >10 - 50 ton capacity 917.94
Removal of contaminated overhead cranes/monorails >10 - 50 ton

capacity 2,094 .83
Removal of polar cranes > 50 ton capacity, each 3,852.33
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UNIT COST FACTOR LISTING
Unit Cost Factor Cost/Unit($)
Removal of gantry cranes > 50 ton capacity, each $14,551.97
Removal of clean structural steel, $/pound 0.25
Removal of clean steel floor grating, $/square foot 2.24
Removal of contaminated steel floor grating, $/square foot 5.32
Removal of clean free-standing stee! liner, $/square foot 7.34
Removal of contaminated free-standing steel liner, $/square foot $ 1NN
Removal of clean concrete anchored stee! liner, $/square foot 3.67
Removal of contaminated concrete anchored steel liner, $/square foot 20.71
Placement of scaffolding in clear areas, $/square foot 10.58
Placement of scaffolding in contaminated areas, $/square foot 12.69
Landscaping with topsoil, $/acre $ 16,555.21
Cost of LSA box & preparation for use 136.61
Cost of LSA drum & preparation for use 101.50
Cost of cask liner for CNSI 8-120A cask (resins) 8,184.89

: Cost of cask liner for CNEI| 8-120A cask (filters) ' 8,184.89
. Decontamination of surtacec with vacuuming, $/square foot 0.86




