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1. SUMMARY

The Yankee Nuclear Power Station (YNPS) is located in a valley in the town of Rowe,
Massachusetts on the east bank of the Deerfield River, three-quarters of a mile south of the
Verrnont-Massachusetts border. The site consists of approximately 2,000 acres straddling
the Deerfield River in the towns of Rowe and Monroe Bridge, Massachusetts. The station
is owned by the Yankee Atomic Electric Company (YAEC).

Construction of the station was completed in June 1960. The operating license was received
in July 1960, with commercial operation beginning in July 1961. The operating _ license, ;i

amended in 1987, was due to expire in July of 2000 after an expected 40 year operating life.
However, following a shutdown of plant operations in October of 1991, a decision was made -
to cease power operation. As such, this study was initiated to quantify, on a site specific
basis, the potential costs of decommissioning the facility, so that YAEC can better evaluate
its available options.

This study provides cost, schedule, waste generation / disposition and radiation exposure
estimates associated with decommissioning YNPS following the cessation of station2

operation (October 1,1991). The alternatives evaluated are DECON (Prompt Removal /
Dismantling) and SAFSTOR (Mothball with Delayed Dismantling). The estimates
delineated within this document reflect expenditures following receipt of the dismantling
order from the NRC. The costs to maintain the facility in its present configuration, until
such time, are not addressed within this study.

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 NRC 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 as described in the rule on decommissioning issued by the Nuclear Regulatory _ i

'

Commission (NRC)," General Requirements for Decommissionin4 uclear Facilities." ThisN
study further assumes that the remainder of the reactor facility wdl be dismantled and all
vestiges removed. The site is then restored and made available for alternative use.

SAFSTOR consists of placing and maintaining the facility in protective storage. During
mothball operations, the plant staff conducts general plant decontamination. activities,
radiation surveys, and removal.(including processing) of radioactive waste materials -
remaining from operations. In addition, a possession-only license is secured (if not done
previously) and the security, surveillance and maintenance plans for the delay period are
implemented. Delayed dismantling (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 dismantled and the site is restored to its original landscape. |

|
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An alternative to immediate decommissioning is one which provides for delayed
decommissioning of a power reactor under certain conditions, i.e., if decommissioning is
completed within 60 years of the conclusion of operations. The NRC can approve a
decommissioning plan which provides for completion of decommissioning beyond 60 years
if there is some demonstrated benefit to public health and safety (Ref.1). The SAFSTOR
alternative, evaluated in this study, assumes that the station will be decommissioned within
12 years of its cessation of power operations.

There are definite advantages to the DECON alternative. The alternative is less costly,in
1992 dollars, than a scenario involving extended delays in the station dismantling. (The
ultimate cost of any alternative will depend upon future economic factors such as inflation ;

and policy factors such as future NRC regulations and waste policy decisions and actions.)
The NRC recognizes the advantages of DECON (Ref. 2) in that it (1) immediately |
eliminates a potential long term safety hazard and (2) those individuals familiar with the
nuclear facility will still be available to support the dismantling effort.

The cost of the SAFSTOR alternative is significantly increased by the cost of maintaining
the station in protective storage. However, SAFSTOR does have some advantage over the ,

DECON alternative. Primarily, the dormancy period provides a decay period for the :

residual radioactivity, resulting in lower personnel radiation exposures during dismantling
than are incurred in the DECON alternative, and a potential savings in the disposal cost for
the waste volume generated during decommissioning operations.

Conversely, the utility continues to incur the cost of staffing and maintaining the site in the
SAFSTOR alternative. In addition, at the end of the SAFSTOR dormancy period, the
station must be partially reactivated (those systems necessary to support decommissioning
operations) and/or replacement services must be procured. Refurbishment activides may
involve requalifying the cranes and other lifting devices, reactivating electrical, lighting, air
handling, and other service systems. The procurement of waste processing / treatment
services would be necessary if plant systems could not be salvaged.

This study provides the costs for decommissioning the YNPS under current requirements
based on present day costs and available technology. The cost and schedule estimates
presented are based on the complete removal of all components and structures within the
property lines, as the station is presently configured, except as noted within the body of this
report. The costs for the DECON ar.d SAFSTOR scenarios are shown in Table 1.1. Table
1.1 is a summary taken from the detailed cost tables, Tables 4.2 and 43, and scheduling
analyses presented in Section 5.

:

While the disposal cost of spent fuel assemblies generated during plant operations is not
considered a decommissioning expense, the presence of those assemblies on site does have
an impact on the cost of decommissioning. This study recognizes that the current spent fuel
storage facilities at the YNPS will be active approximately fifty-six (56) months after the ;

'

October 1991 shutdown. During this period, the fuel will be transferred to dry storage casks
where the assemblies will remain for a period up to twenty three (23) years. The overall )

TLG ENGINEERING,INC. I
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twenty-eight (28) year on-site storage period is dictated by YAEC projections of the
availability of the United States Department of Energy (DOE) to accept spent nuclear fuel
at its yet to be developed high level waste repository.

.
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TABLE 1.1
i

COST AND SCIIEDULE ESTIMATE SUMMARY

Cost, 92$ Schedule -

(Thousands) . (Months)
.- .. .

DECON (Prompt Removal / Dismantling) .

Period 1 Operations 48,132 17.9

Period 2 Decommissioning Activities 120,385 19.6' .

Period 3 Site Restoration 13,057 11.3

Post Period 3 Dry Fuel Storage 50.561 232d
.

TOTAL 232,135 _287.9

SAFSTOR (Mothball with Delayed Dismantling)
,

Period 1 Operations 31,253 17.9
'

Period 2 Dormancy 16,093 303
Period 3 Operations 34,150 17.9

Period 4 Decommissioning Activities 112,009 18,4

Period 5 Site Restoration .13,006 -113
Post Period 5 Dry Fuel Storage .40.606 .192.0

TOTAL - 247,117 287.9
.

F

.

[.
*
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2. INTRODUCTION

2.1 OBJEC'ITVE OF STUDY I

The objective of this study is to prepare estimates of the cost, schedule, occupational
exposure and waste volume generated in decommissioning the YNPS site including
common and supporting facilities. The decommissioning alternatives evaluated are
DECON (Prompt Removal / Dismantling) and SAFSTOR (Mothball with Delayed
Dismantling).

The decommissioning scenarios are evaluated given the actual 31.2 year energy
producing life operation for the station.

This study relies upon state-of-the art estimating techniques, current regulations, and
an enhanced experience base for projecting the current cost to decommission the
YNPS.

2.2 SITE DESCRIITION

The YNPS is located in a valley in the town of Rowe, Massachusetts on the east
bank of the Deerfield River, three quarters of a mile south of the
Vermont-Massachusetts border. The site consists of approximately 2,000 acres
straddling the Deerfield River in the towns of Rowe and Monroe Bridge,
Massachusetts. The station is operated by the Yankee Atomic Electric Company
(YAEC).

The Nuclear Steam Supply System (NSSS) consists of four closed loops connected
in parallel to the reactor vessel. The principal components of each of the loops are
two gate-type motor operated stop valves, a steam generator, a canned- motor-type
circulating pump, a check valve, and related piping. Pressure controlis accomplished
in the pressurizer vessel by maintaining a steam water volume at an equilibrium
temperature. The NSSS operates at a limit of 600 MWt (Megawatts thermal) or
approximately 186 MWe (Megawatts electric). This system was supplied by the
Westinghouse Electric Corporation.

The NSSS is located inside of the Vapor Container (VC). This is a spherical steel
pressure vessel designed to contain the pressure build up resulting from a major
break in the Main Coolant System (MCS), or a main steam or feed line break
releasing the contents of the secondary side of one steam generator into the VC.
The VC is a nominal 125 foot diameter steel sphere with the equator approximately
86 feet above grade. It is supported by 16 steel columns. The VC houses, but does
not support the Reactor Support Structure (RSS). The RSS consists of two

,

concentric reinforced concrete cylinders which support the NSSS. The RSS is

| supported by eight reinforced concrete columns, six exterior, and two interior. These

TLG ENGINEERING, INC.
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columns are isolated from the VC by bellows where the steel encased concrete
colunms pass through the spherical shell. Total height of the RSS, including support
columns is approximately 122 feet. The support columns are braced by 4 inch
diameter steel rods with turn buckles that serve as cross bracing for lateral loads.
The steel columns are supported by reinforced concrete pedestals. The pedestals are
founded on massive concrete spread footings.

Heat produced in the reactor is converted to electrical energy by the Main Steam
System. A turbine-generator system converts the thermal energy of steam produced
in the steam generators into mechanical shaft power and then into electrical energy.
The unit's turbine generator consists of one high pressure and one low pressure
turbine driving a direct-coupled generator. The turbine is operated in a closed
feedwater cycle which condenses the steam; the heated feedwater is returned to the
steam generators. Heat rejected in the main condenser is removed by the Circulating
Water System.

Sherman Pond provides makeup for the Circulating Water System and serves as the
normal ultimate heat sink for the YNPS. Water enters the intake through a
vortex eliminator and is drawn through a 120-inch corrugated steel pipe to the
entrance of the concrete screenwell. The screenwell has a divided inlet channel with
a traveling screen and one circulating water pump in each side. The circulating
water is conducted to the Turbine Building and into the condenser inlet pipe, where
it enters the inlet water boxes, providing cooling to the main condensers. The outlet
water boxes are connected to a concrete seal pit located outside of the Turbine
Building. The discharge water is then passed over a weir and returned to Sherman
Pond, completing the loop.

2.3 REGUIATORY GUIDANCE

The U.S. Nuclear Regulatory Commission (NRC) provides decommissioning
guidance in the 10 CFR 50.75 rule " General Requirements for Decommissioning
Nuclear Facilities" (Ref.1) in addition to that previously set forth in Regulatory
Guide 1.86 (Ref. 3). This rule defines three decommissioning alternatives acceptable
to the NRC, i.e., DECON, (prompt removal / dismantling), SAFSTOR (mothball),
and ENTOMB (entombment).

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

SAFSTOR (Mothball) is defined as "the alternative in which the nuclear facility is ,

placed and maintained in a condition that allows the nuclear facility to be safely )
stored and subsequently decontaminated (deferred decontamination) to levels that

'

permit release for unrestricted use "

l

TLG ENGINEERING,INC.
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ENTOMB (Entombment) is defined as "the alternative in which radioactive
contaminants are encased in a structurally long-lived material, such as concretel the
entombed structure is appropriately maintained and continued surveillance c, carried
out until the radioactivity decays to a level permitting unrestricted release of the
property." However, this process is restricted in overall duration to 60 years and
therefore limited in application unless it can he shown that a longer duration is
necessary to protect the health and safety of the public.

Prior to the new rule, no endpoint was identified for either the SAFSTOR or
ENTOMB process, f.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 the new restrictions, the SAFSTOR
and ENTOMB options are no longer decommissioning alternatives in themselves, as
neither terminates the license for the site. At the end of the dormancy periods (up
to 60 years), both alternatives would still require site decontamination /
decommissioning.

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

SAFSTOR, however, may become the default alternative for many other facilities.
Public law 99 240, the Low level Radioactive Waste Policy Amendments Act of
1985, gave the State the responsibility for providing for the disposal of lowlevel
radioactive waste generated within the State. The .aw encouraged the formation ofl

regional sites and provided for the exclusion of access to existing sites by January 1,
1993. Unfortunately, the siting of new facilities has been arduous, and in some cases
impossible. None of the currently sited facilities will be available by the end of this
year, and many states remain without any real alternatives. As such, several utilities
are facing the potential of having to store low-level waste at the site for some
indefinite time. This situation would preclude the use of the DECON option.

,

.

.
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3. DECOMMISSIONING ALTERNATIVE DESCRIPTIONS

Both the DECON and SAFSTOR alternatives are examined for the YNPS. The common
goalis the removal of all radioactive materials from the site and ultimate release of the site
for unrestricted and/or alternative use.

The following section describes the basic activities necessary for the DECON alternative.
Although detailed procedures for each activity required are not provided, and actual
sequences of work may vary, these activity descriptions provide a basis for detailed
engineering planning and scheduling at the time of decommissioning. A synopsis of the
SAFSTOR alternative is provided in Section 3.2.

3.1 DECON (Prompt Removal / Dismantling)

This alternative deals with the immediate removal of all radioactive materials from
the site after the cessation of operations. This study does not address the cost of the
removal of spent fuel from the site because such costs are assumed to be covered by
the 1 mill / kwhr U.S. Department of Energy (DOE) surcharge. However, the study
does consider the on site presence of spent fuel and its potential constraint on
decommissioning activities. In addition to the removal of radioactivity, this study also
assumes the removal of the remaining structures from the site; thereby permitting
return of the YNPS site for other use.

Deconunissioning activities at YNPS will be initiated upon approval of the
Deconunissioning Plan (DP), and receipt of the decommissioning order. YAEC is;

currently projecting receipt in January of 1995. In the interim, YAEC will develop'

the DP, secure a possession only license, and continue to maintain the spent fuel
storage facility at the site.

3.1.1 Period 1: Preparations

Upon receipt of the decommissioning order, detailed preparations are
undenaken to provide a smooth transition from current plant operations to
site decommissioning activities. Final planning for activities and writing of
activity specifications and detailed procedures also begin at this time. Starting
in 1996, spent fuel will be transferred to dry storage facility. This process is
envisioned to last some five months and may be carried out by existing plant
personnel operating under the current technical specification requirements
associated with fuel transfer.

TLG ENGINEERING, INC.
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3.1.1.1 Engineering and Planning

The DP will describe how it will remove all radioactive components and
essentially all radioactivity from the YNPS site. The majority of the cost to

- develop this document is staff related and will be incurred in the years prior
to the commencement of decommissioning operations.

This request for dismantling of the reactor and termination of the facility's
license will include a detailed plan describing the organization and program
that will be used during the decommissioning of the facility. The plan will
accomplish the required tasks within the As low As Reasonably Achievable
(ALARA as defm' ed in 10 CFR 20) guidelines for protection of personnel from
exposure to radiation and radioactive contaminants. It will also clearly
describe how YAEC will continue to protect the health and safety of the
public and the environment during the dismantling activity.

Prior to the start of decommissioning operations, work begins on the
documentation and planning necessary for both licensing change applications
and for accomplishing the work required. The development of a
decommissioning organization within the utility is essential to this planning.
This development includes identifying the staff requirements and commitment
of key personnel.

In preparation for a change in license, regulatory criteria applicable to
decommissioning are reviewed. The existing technical specifications are
reviewed and modified to reflect decommissioning requirements and to delete
non-applicable operating specifications. The DP is prepared during this time.

In addition, an environmental assessment may be required by the NRC and
all applicable records, i.e., as built or revised drawings and specifications,
operating records, and site specific background data, will be needed.

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

Site preparation plans for decommissioning activities,*

Detailed procedures and sequences for removal of systems and*

components,

Procedures for sectioning and disposing of the reactor vessel and its*

internals,

Plans for decontamination of structures and systems,*

TLG ENGINEERING, INC.
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Design / procurement and testing of special equipment,*

Identification / selection of specialty contractors,*

Procedures for removal and disposal of radioactive materials, and*

Sequential planning of activities to minimize conflicts with*

simultaneous activities.

3.1.1.2 Site Preparations

Following the receipt of the decommissioning order, and in preparation for
actual decommissioning activities, the following activities will be initiated:

Prepare site support and storage facilities as required.*

Implementation of a task force to maintain spent fuel storage*
.

requirements and transfer spent fuel assemblies to dry storage casks.
This activity will take place in the Spent Fuel Pit area and will span
some seventeen months. This period includes a twelve month
construction duration for the cask storage compound. Upon
completion of the transfer of fuel assemblies from the wet fuel pit to
dry storage casks, decommissioning operations can continue unimpeded
by the presence of spent fuel in wet storage. This activity may be
carried out by existing plant personnel in accordance with standard
operating technical specifications. The spent fuel will remain in the
dry storage casks for approximately twenty three years. This duration
is based upon projections concerning DOE's availability to receive
spent fuel assemblies at the yet to be constructed high level waste
repository.

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) and internal piping
contamination levels.

Calculate residual byproduct material inventory for plant components,*

structures and systems, and normalize neutron flux profiles from
operations to smvey data for development of packaging and shipping
requirements and decommissioning safety requirements.

TLG ENGINEERING,INC.
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Determine shipping container requirements for activated materials and*

fabricate such containers.

Develop procedures for occupational exposure control, control and* *

release of liquid and gaseous effluents, control of solid radwaste, site
security and emergency programs, and industrial safety. This study |
presumes that the decommissioning of the YNPS is performed in
accordance with now current regulations as delineated in Section 4.4.

With the completion of Period 1 activities, decommissioning operations at
YNPS can commence.

3.1.2 Period 2: Decommissioning Operations and License Termination

For the DECON alternative the decommissioning operations involve the
following:

Construct temporary enclosures in existing facilities and arrange*

existing storage facilities to support the dismantling activities. These
may include: changing rooms and " hot" laundry for increased work
force, protected and open laydown areas to facilitate equipment
removal and shipping operations, additional roads or modifications to
existing roads to facilitate hauling and transportation, and additional
airlocked access portals to control movement to and from
contaminated areas.

Design, procure, and install water cleanup system for removal of*

cutting residues and crud deposits from the reactor vessel and piping
systems.

Design and fabricate special shielding and contamination control*

envelopes, special tooling and remotely operated equipment. Modify
the reactor cavity / refueling chute area (RC/RCA) in the VC to
support 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 Low Specific Activity*

(LSA) containers from suppliers.
&

Disassemble reactor vessel internal components and transfer them to*

the staging area in the RC/RCA. Segment upper and lower core
support structures and in-core instrumentation for packaging and
disposition by shielded container. Cutting operations are performed
under water with remote equipment.

TLG ENGINEEFilNG,INC.
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Conduct decontamination of components and piping systems as*

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

Remove control rod drive housings and instrumentation tubes from*

reactor vessel head and cut housings and tubes into sections for
disposal in shielded containers.

Isolate neutron shield tank (NST) area and lower the water level in the*

RC/RCA to below the reactor vessel flange. Sever reactor vessel
flange from vessel shell. Bolt flange to reactor vessel closure head and
complete the package with steel plate. Decontaminate exterior
surfaces for transport and disposal.

Remove reactor coolant piping and pumps once the water level has*

dropped below the elevation of the reactor vessel inlet and outlet
nozzles. Piping is placed in standard LSA containers; the reactor
coolant pumps are scaled and decontaminated for transport and burial.

Segment the reactor vessel shell and nozzle zone above the vessel*

support lugs. Cutting is performed in air above the elevation of the
NST ring girder, and under water below the elevation of the top of the
NST ring girder. In-air cutting of generators are performed within a
contamination control envelope. Segments are removed from the
reactor /NST and placed in the RC/RCA for packaging. Shielded
containers are used for transport to the disposal facility.

The NST and RPV bang freely from a ring girder supported on a ledge*

in the concrete primary shield wall. Vertical support for the NST and
RPV must be provided prior to segmentation below the ring girder

| elevation. However, the bottom of the NST and RPV are inaccessible
for the placement of a support structure. Therefore, an estimated 50[

) cubic yards of grout will be injected in the areas listed below to

| provide a solid foundation for the support of the NST and RPV which
i will transfer vertical loads to the bottom of the concrete reactor

support structure. Grouted areas to include:

The void between the bottom of the NST and the
| concrete reactor support structure injected. Grout is

injected through existing drain lines and pipe vents;

Inside of the NST to the elevation of the RPV lower
head; and

TLG ENGINEERING, INC.
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The void between the bottom of the reactor vessel and
the inside wall of the NST to the elevation of the RPV
lower head.

3

'

Continue segmentation of the reactor vessel shell below the vessel-*
,

support lugs. Cutting is performed under water below the elevation of
the top of the NST. Segments are removed from the reactor /NST and
placed in the RC/RCA for packaging. Shielded containers are used
for transport to the disposal facility. The lower head is left intact.

4

Segment the walls of the NST as the removal of the reactor vessel*

exposes the NST wall to the cutting torch. Segments of the NSTwalls
are removed from the reactor /NST area and placed in the RC/RCA
for packaging. Shielded containers are used for transport to the
disposal facility.

Remove lower head from cavity and seal the package. Decontaminate*

exterior surfaces for transport and disposal.

Remove grout in NST cavity and segment inner NST wall. Remove*

grout inside NST and segment outer NST wall. Segments of the NST
walls and grout rubble are removed from the reactor /NST area and

~

placed in the RC/RCA for packaging. Shielded containers are used
for transport to the disposal facility.

Remove. systems and associated components' as they become non-*

essential to the support of vessel disposition, other decommissioning.

operations or worker health (e.g., decommissioning waste processing
systems, electrical systems, HVAC systems, water systems).

Remove concrete biological shield ~and all accessible contaminated* '

concrete.(excluding steam generator and pressurizer cubicles). . lf
dictated by the steam generator and pressurizer removal scenarios,
remove those portions of the associated cubicles necessary for access
and component extraction.

Remove steam generators and pressurizer for shipment and buria!. .*

Decontaminate exterior . surfaces, as. required, ' and scal-weld all:
openings in steam generators and pressurizer. These components can
serve as their own burial containers provided that 'all penetrations are
properly sealed.' Decontaminate all remaining containment structure
areas including steam generator and pressurizer cubicles.

g
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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.

Remove contaminated equipment, the liner, and material from the fuel*
.

storage area and any other contaminated areas once the Spent Fuel Pit
has been emptied. Occontaminate, utilizing radiation and
contamination control techniques, until radiation surveys indicate that
the structure can be released for unrestricted access and conventional
demolition.

Decontaminate remaining stre;mres and facilities on site. Remediate*

any contamination exterior to e,e site structures.

Ship and bury all remaining yadicactive 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 YAEC 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 the requirements
are satisfied, the NRC can terminate the Part 50 license for the main
facility. The site will retain s. Part 72 license for the storage of spent
nuclear fuel ur:til such time that DOE is able to take r:ceipt. At that
time, the storare facility will be decontaminated, if required, and the
structure distrantled. A final survey would allow the NRC to
terminate the Part 72 license, ending its jurisdiction over the YNPS
facility.

3.1.3 Period 3: Site Restoration

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

Demolition of the remaining interior portions of the Vapor Container.*

Internal floors (and walls if above grade) are removed from the lower
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levels upward, using controlled demolition techniques. Concrete
rubble and other suitable materials can be utilized on site for fill.

Remaining buildings are then removed using conventional demolition*

- techniques for above ground structures, including tl.c Turbine Building,
Primary Auxiliary Building, Diesel Generator Building, Service
Building and other site structures. In addition, outside storage tanks
are drained and removed.

Preparation of the final dismantling program report.*

3.2 SAFSTOR (Mothball with Delayed Dismantling)

The SAFSTOR decommissioning alternative provides a condition that ensures public
health and safety from residual radioactivity remaining at the site without the need
for extensive modifications to the facility. While " mothball"is used to describe this
alternative (Ref. 3), it is a misnomer since under SAFSTOR reactivation of the plant
for commercial operatioa is not intended. During the SAFSTOR period the facility
is left intact and all structures are mabitained in a sound condition. All systems not
required to be operational for maintenance and surveillance purposes during the
dormancy perica are drained, de-energized, and secured. Minimal cleaning / removal
of loose con: antion and/or fixation and sealing of remaining contamination is
performed. All access points to contaminated areas are sealed and/or secured to
provide controlled access for inspection and maintenance.

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

Prior to commencement of decommissioning operations, YAEC will file a
Decommissioning Plan (DP) with the NRC describing how it will remove all
radioactive components and essentially all radioactivity from the YNPS site. This
rquest for eventual dismantling of the reactor and termination of the facility's
license includes a detailed plan describing the organization and program that will be
used during the decommissioning of the facility. The plan will accomplish the
required tasks within the ALARA guidelines for protection of personnel from
exposure to radioactive and non-radioactive contaminants. It will also clearly
describe how YAEC will continue to protect the health and safety of the public and
the environment during the dismantling activities.

Decommissioning activities at YNPS will be initiated upon approval of the
Decommissioning Plan (DP), and receipt of the decommissioning order. YAEC is
currently projecting receipt in January of 1995. In the interim, YAEC will develop
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the DP, secure a possession-only license, and continue to maintain the spent fuel
storage facility at the site. Other activities ongoing in the period prior to the receipt
of the decommissioning order are:

Drain /de-energize / secure all non-contaminated systems not required to*

support decommissioning operations.

Dispose of contaminated filter elements and resin beds not required for*

processing wastes from decontamination activities.

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

required.

Prepare 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.*

The " Possession Only" license permits ownership and possession of fuel, by-product
material and reactor components, but does not permit operation of the reactor. This
license status, though permitting significant relief from the technical specifications
and other program requirements, still requires adequate surveillance, monitoring and
reporting.

After plant shutdown, modified technical specifications are implemented. Spent fuel
and in-core 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.
All liquid and solid wastes are processed and removed for disposition off site.

3.2.1 Period 1: SAFSTOR Operations

Following approval of the DP by the NRC, the NRC issues an order
authorizing implementation. The DP may then be implemented by YAEC.
With much of the preparation performed in the years prior to 1995, the
SAFSTOR activity is abbreviated. - The following activities are expected to
be performed prior to dormancy:

Perform final 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 controlled access for
inspection and maintenance.
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Drain and decontaminate spent fuel pool once all assemblies have ;*

been moved to the dry cask storage facility on-site. This
decontamination is done by using high pressure spray as the water |

level is lowered. Cover pool with steel plate on steel framework and
'

provide a High Efficiency Particulate Air (HEPA) filter unit.

Install security and surveillance monitoring equipment and relocate*

security fence around secured structures as required.

Nonradioactive structures, located outside the secured area, may be*

demolished. However, this study assumes that demolition would be
delayed until after license termination.

Prepare final decommissioning program report for submittal to NRC.*

3.2.2 Period 2: SAFSTOR Dormancy

Activities required during the planned dormancy period, for the SAFSTOR
alternative, include a 24 hour security 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 a utility
maintenance staff. Their duty is to maintain the structures in a safe condition,
provide 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
controlled. Such releases are identified and quantified. Appropriate
emergency procedures are established and initiated for releases that exceed
prescribed limits. The environmental surveillance program will generally be
a modified / abbreviated version of that carried on 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 their
own actions. Security detection and notification systems used during plant
operations are augmented by the installation of audible alarms. Since
contaminated areas and equipment can conceivably be reached by the breach
of only 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 and fire. Liaison with

i
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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 site personnel.

In addition, until the fuel assemblies are removed from the site, additional
security will be maintained on-site.

3.2.3 Periods 3-5: SAFSTOR Delayed Removal / Dismantling

At the end of the dormancy period for the SAFSTOR alternative, the
remaining structures are completely dismantled. Basically, the same
dismantling operations as those described for the DECON alternative 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 3.1 of this report delineates the activities associated with each of these
phases of the decommissioning process. Because this alternative provides a
period of decay of the residual radioactivity, lower personnel radiation
exposures are incurred than with the DECON alternative. Many of the
dismantling activities may employ manual techniques rather than remote
procedures. Thus, dismantling operations can be simplified.

Although the initial radiation levels due to Cobalt-60 (Co60) will decrease

j 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
Niobium-94 (Nb94) and Nickel-59 (NiS9). 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 burial procedures. It 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 alternative are assumed
to be releasable after the dormancy; these are removed and disposed of as
contaminated material.

Follovdng notification by YAEC of completion of the decontamination and
disposal of components and materials from the facility, the NRC regional staff

i
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conducts an on-site survey to verify that the acceptable activity and
contamination levels are satisfied. When the requirements are satisfied, the
NRC can terminate the Part 50 license for the main facility. The site will
retain a Part 72 license for the storage of spent nuclear fuel until such time
that DOE is able to take receipt. At that time, the storage facility will be
decontaminated, if required, and the structure dismantled. A final survey
would allow the NRC to terminate the Part 72 license, ending its jurisdiction
over the YNPS facility.

Site restoration activities can be performed once the Part 50 license has been
terminated. The site is graded and landscaped as required. A final
decommissioning program completion report is then prepared.

TLG ENGINEERING,INC.
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4. COST ESTIMATE

Site-specific cost estimates were prepared for YNPS to account for the unique features of
the nuclear steam supply system, electric power generation systems, site buildings and
structures. The basis for the estimates, including the source of information, methodologj,
assumptions and total costs, is described in this section.

4.1 BASIS OF ESTIMATES

The site-specific cost estimates were developed using YNPS drawings and the
inventory documents provided by YAEC. These drawings and documents were used
to determine the general arrangement of the facility and to determine estimates of
building concrete volumes, steel quantities, numbers and size of components, and
land area of the site restored.

The decommissioning effort is a labor-intensive program. Representative labor rates
for each geographical region and each craft or salaried worker are essential for the
development of a meaningful site-specific decommissioning cost estimate. YAEC
provided typical craft labor rates and salary data for utility personnel from recent
labor contracts and records for typical craft personnel and salaried workers.

Rates for shipping radioactive wastes were provided by Tri-State Motor Transit
published tariffs for this cargo. Transportation costs have escalated in the past few
years and recent rates must be used for accurate site-specific cost estimates.

Disposition of radioactive wastes is a major contributor to the cost of
decommissioning. The availability of burial sites is of national concern, with regional
compacts being formed to provide adequate burial space for operating and planned
reactors. In this study, an unspecified burial facility is assumed at a distance of 1,000
miles from the site. The basis for the estimate for low-level radioactive waste
disposal relied upon a projection prepared by YAEC (Ref. 4) for volumetric unit
costs. Package surcharges, e.g., on total curies, weight, special handling requirements,
etc., were derived from information provided on the Chem-Nuclear facility at
Barnwell, South Carolina (Ref. 5).

Assumptions and Key Inputs

1. YNPS drawings, equipment and structural specifications, including
j construction details, were provided by YAEC.
t

| 2. Employee salary and craft labor rates for site administration, operations,
construction and maintenance personnel were provided by YAEC for required
positions and functions.

i
l
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3. Engineering services for such items as writing activity specifications, detailed
procedures, detailed activation analyses, structural modifications, etc. are
assumed to be provided by YAEC acting as its own Decommissioning

. Operations Contractor (DOC).
.

4. Material and equipment costs for conventional demolition and/or construction
activities are taken from R.S. Means Construction Cost Data (Ref. 6).

5. Rates for shipping radioactive wastes were provided by Tri-State Motor
Transit in published tariffs for this cargo (Ref. 7).

6. The basis for the estimate for low-level radioactive waste disposal relied upon
a projection prepared by YAEC for volumetric unit costs. Package
surcharges, e.g., on total curies, weight, special handling requirements, etc.,
were derived from information provided on the Chem-Nuclear facility at
Barnwell, South Carolina (Ref. 5).

7. All costs in this estimate are in 1992 dollars. These estimates exclude interest
and escalation.

8. Site property taxes were provided by YAEC for inclusion in the total
decommissioning cost.

9. These studies do address the removal but not the disposal of spent fuel from
the site. The cost for disposal is assumed to be covered the 1 mill / kwhr
surcharge the owners of YNPS are paying to DOE. Rese studies do consider
the constraints that the presence of spent fuel on site may impose on other
decommissioning activities due to the unavailability of DOE to accept the
spent fuel inventory stored on site in a timely fashion. Consequently, the
spent fuel will be stored in dry spent fuel storage casks for a period of up to
twenty-three years before being transferred to DOE for ultimate disposition.

10. YAEC is projected to purchase 30 dry storage casks to support post
operational spent fuel storage. All spent fuel remaining on :,ite will be
transferred to dry cask storage no later than June 30,1996. This will allow .|
decommissioning activities to proceed unhindered by spent fuel pool
operational requirements and/or restrictions. i

i

11. The YAEC staffing requirements during decommissioning vary with the level |
of activity on-site. '

i

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

13. These studies are performed in accordance with the published study from the
Atrmic Industrial Forum / National Environmental Studies Project report
AIF/NESP-036, " Guidelines for Producing Commercial Nuclear Power Plant
Decommissioning Cost Estimates"(Ref. 8). The contents of these guidelines
were prepared under the review of a task force consisting of representatives
from utilities, state regulatory commissions, architect / engineering firms, the
Federal Energy Regulatory Commission, the Nuclear Regulatory Commission,
and the National Association of Regulatory Utility Commissioners.

4.2 METIIODOLOGY

The methodology used to develop the cost estimates follow the basic approach
originally presented in the AIF/NESP-009 study report,"An Engineering Evaluation
of Nuclear Power Reactor Decommissioning Alternatives"(Ref. 9) and the U.S. DOE
" Decommissioning Handbook" (Ref.10). These references utilize a unit cost factor
method for estimating decommissioning activity costs to simplify the estimating
calculations. Unit cost factors for concrete removal (S/ cubic yard), steel removal
(S/ ton), and cutting costs ($/in) were developed from the labor and material cost
information provided by YAEC. With the item quantity (cubic yards, tons, inches,
etc.) developed from plant drawings and inventory documents, the activity-dependent
costs are estimated.

The activity duration critical path was used to determine the total decommissioning
program schedule. The program schedule is used to determine the period dependent
costs for program management, administration, field engineering, equipment rental,
quality assurance and security. YAEC provided typical salary and hourly rates for
personnel associated with period dependent costs. The costs for conventional
demolition of nonradioactive structures, materials, backfill, landscaping and
equipment rental were obtained from the " Building Construction Cost Data"
published by R. S. Means (Ref. 6). Examples of unit cost factor development are
presented in the AIF " Guidelines" study (Ref. 8), one of which is reproduced in
Appendix A. Appendix B lists the specif c factors developed for the YNPS analysis.

The activity- and period-dependent costs are summed to develop the total
decommissioning costs. A contingency is then applied as described below.
" Contingencies" are defined in the American Association of Cost Engineers' Cost
Engineers' Notebook (Ref.11) 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" The cost elements in these estimates
are based upon ideal conditions, therefore a contingency factor has been applied.
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As with any major project, items which could occur that have not been accounted for
in this estimate are changes in the regulatory requirements, the effects of craft labor i

strikes, bad weather halting or slowing down waste shipments to the burial ground, ;

equipment / tool breakage, changes in the anticipated plant shutdown conditions, etc.
In the AIF/NEf.P-036 study," Guidelines for Producing Commercial Nuclear Power
Plant Decommissioning Cost Estimates" (Ref. 8), the types of unforeseeable events
that are likely to occur in decommissioning are discussed and guidelines are provided

'

for percentage contingency in each category. Application of these types of
contingencies, on a line item basis, yielded a weighted average contingency of 19.05%
for the DECON alternative and 1839% for the SAFSTOR alternative.

The unit cost factor method provides a demonstrable 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 consumables 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 studies were prepared with consideration of any reasonable practices or
procedures which would reduce the ultimate cost of decommissioning. For example,
the projection of radioactive waste volume has decreased significantly from earlier ;

forecasts. This savings was achieved by reassessing the decontamination of the YNPS ,

inventory considering current technology and regulations.

4.3 SITE-SPECIFIC CONSIDERATIONS

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

43.1 Major Component Removal ;

The reactor pressure vessel (shell and nozzle zone) and reactor internal
'

components are segmented for disposal and shipped in shielded casks. The
process is described in Section 3.1.2.

|

Segmentation and packaging of the internals packages is performed in the |

RC/RCA where a turntable and remote cutter will be installed. The vessel )
is segmented in place using a mast-mounted cutter supported off the lower
head and directed from a shielded work platform installed overhead in the
reactor cavity. Shipping cask specifications and U.S. Department of
Transportation (US DOT) regulations will dictate segmentation and packaging j

methodology; all packages designated meet current physical and radiological |
|limitations and regulations. All cask shipments are made in US DOT
|
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approved, currently available, truck casks. Both the closure head and the
reactor vessel lower head are disposed of intact. These components are
modified for shipment as their own containers and shipped to the burial site
along with the steam generators, reactor coolant pumps and pressurizer.

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

The steam generators are extracted from the Vapor Container and moved to
a temporary staging area on-site. The generators are then moved off-site by
an overland transport to an operating rail siding. The generators are then
moved by a dedicated train to the burial site.

The main turbine is dismantled using conventional maintenance procedures;
the turbine rotors and shafts are removed to a clean laydown area for
disposal. The lower turbine casings are removed from their anchors by
controlled demolition. The main condensers are segmented and transported
to the laydown area for disposal as scrap along with the lower turbine casings.

43.2 Transportation Methods

For the purposes of cost estimation, it was assumed that the NSSS
components are transported by overland transporter to an area serviced by
rail for shipment to the burial facility. These payloads include the reactor
vessel head packages, reactor coolant pumps, the steam generators and the
pressurizer enit. In this study, it is assumed that the steam generator units are
removed sequentially and stored on site in a temporary staging area. The
generators are then trucked to a rail siding and loaded onto a heavy duty
flatcar. This car is moved by a dedicated train containing the steam
generators and other components such as the reactor coolant pumps, upper
and lower vessel head packages, and the pressurizer. At the burial facility the
generators are offloaded to an overland transporter for the remaining
distance to the burial site.

433 Site Conditions at Facility Closcout

It is assumed that the site is restored by regrading to conform to the adjacent
landscape. Sufficient topsoil is to be placed to permit new growth of native
vegetation.
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4.4 ASSUMPTIONS

The following are the major assumptions made in the development of the cost
estimates for the YNPS.

1. YAEC will serve as its own Decommissioning Operations Contractor (DOC)
in the decommissioning of the YNPS. The Decommissioning Operations
Contractor (DOC) provides sufficient staff to perform the preparatory
demolition planning and scheduling, and manage the demolition efforts. Site
security during demolition is provided by YAEC's subcontractor. The
demolition wo:k is performed by YAEC acting as the DOC or a demolition
subcontractor who will provide adequate staff, labor, equipment, materials and
overhead to complete the demolition.

2. An unspecified burial facility was assumed to exist within 1,000 miles of the
site. This location was taken as the final destination for all radioactive waste
shipments from the YNPS. The basis for the estimate for low-level
radioactive waste disposal relied upon a projection prepared by YAEC (Ref.
4) for volumetric unit costs. Package surcharges, e.g., on total curies, weight,
special handling requirements, etc., were derived from information provided
on the Chem-Nuclear facility at Barnwell, South Carolina and projections of
disposal costs provided by YAEC.

Disposal costs were calculated using actual component dimensions for those
components not requiring additional packaging, e.g., the NSSS components.

3. The decommissioning activities are performed in accordance with the
following regulatory documents:

10 CFR 20 Standards for Protection Against Radiation
10 CFR 30 Rules of General Applicability to Ucensing of Byproduct

Materials
10 CFR 40 Ucensing of Source Material
10 CFR 50 Domestic Ucensing of Production and Utilization

Facilities
10 CFR 51 Ucensing and Regulatory Policy and Procedures for

Environmental Protection
10 CFR 61 Ucensing Requirements for Land Disposal of

Radioactive Wastes
10 CFR 170 Fees for Facilities and Material Ucenses 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
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All environmental regulations in force in 1992 are in force during
decomnussioning effort.

4. 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 final
decontamination of the site. Nuclear liability as well as property insurance
premiums were provided by YAEC.

5. The NSSS (reactor vessel and reactor coolant system) is chemically
decontaminated using one chemical flush and two water rinses prior to
segmentation. Typically, a decontamination factor (DF) of 10 is expected
(Ref.12).

6. Reactor vessel and internals packages conditions:

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

1) to have released fission products at sufficiently low levels that the buildup
of quantities of long-lived isotopes (e.g. cesium-137 or strontium-90) has been
prevented in reaching levels exceeding those which permit the major NSSS
components to be shipped as LSA waste and burial within the requirements
of 10 CFR 61 or the regional burial ground, or

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

The curie contents of the vessel and internals at final shutdown (October 1,
1991) are derived from a preliminary activation analysis performed by TLD
on the reactor core shroud; this study was based in part upon a detailed
neutron flux calculation performed for YAEC by Westinghouse Electric
Company. The balance of the reactor internals, vessel and neutron shield
tank inner wall were taken from an analysis performed by YAEC, which in
turn was based upon the NUREG/CR-0130 PWR study (Ref.12).

7. The disposal costs for the reactor vessel (beltline and nozzle regions) and the
internals packages are based on remote segmentation in-place, packaging in
casks with shielding, and shipping by truck to the burial ground. A maximum
normal road weight limit of 80,000 pounds is assumed for all truck shipments
including cask shipments. This included vessel segment (s), supplementary
shielding, cask tie-downs and tractor trailer. The maximum curies per
shipment assumed permissible are based on the allowable license limits and
practical curie limitations of available shielded shipping casks. The number
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and curie content of vessel segments are selected to meet these limits. The
upper and lower reactor vessel heads are shipped by rail along with the steam
generators.

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

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

10. Plant conditions & construction:

Insulation materials used throughout the station containing asbestos are
remediated and disposed of in accordance with current disposal regulations.

Transformers and capacitors certified to have PCB oil are drained and/or
incinerated according to the amount and type of PCB contained within them.

12ad is also removed and disposed ofin accordance with current regulations
regarding its treatment.

11. YNPS is 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).

12. YNPS owners provide for the electrical power required to demolish the
station.

13. Scrap generated during decommissioning is not included as a salvage credit
line item in these studies for two reasons: (1) the scrap value merely offsets
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.

14. YAEC removes all items of furniture, tools, mobile equipment such as
forklifts, trucks, bulldozers, other similar mobile equipment and other such
items of personal property owned by YAEC that is easily removed without the
use of special equipment. That is, the cost for removal of such non-affixed
items is not included in this decommissioning cost estimate.

15. A future YAEC project team assigned to the decommissioning effort will
investigate the economics of reusable construction materials.

TLG ENGINEERING, INC.
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16. Existing warehouses will remain for use by subcontractors, as well as YAEC.
The warehouses will be dismantled as they are no longer needed to support
the decommissioning program.

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

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

19. Water drain holes are drilled in the bottom of all sub grade structures to be
abandoned. Piping and electrical manholes are backfilled with a suitable
earthen material and abandoned. Vertical pump structures and sumps are
backfilled with a suitable earthen material and abandoned. The site grade
will be adjusted such that removal of foundations at grade will not be
required.

20. Non-contaminated underground piping (except the intake, discharge, and
circulating water piping) will be abandoned without special considerations.
The plant intake and discharge circulating water piping will be capped and
filled to eliminate the potential for collapse after the site is released for
unrestricted access.

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

22. The switchyard is left intact for use by the balance of the utility's electrical
distribution system. Transmission towers remain in place.

23. The perimeter fence is moved as appropriate to conform with the technical
specifications in force at the various stages in the project. All road and
parking area base material remains in place. Road and parking areas with
asphalt surfacing or concrete are broken up and the area covered with fill.
All gravel road and parking areas remain in place and the area coverej with
fill.

24. These studies estimate that there will be some radioactive waste generated
which is greater than 10 CFR 61 Class C quantities, resulting from disposal
of the highly activated sections of the reactor vesselinternals. This waste will -

- most likely be disposed of as High Level Waste in the DOE's deep geological
repository unless an alternative solution is approved by the NRC. The cost

TLG ENGINEERING, INC.
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of disposal, unlike that for the spent fuel, is not covered by DOE's 1
mill / kwhr surcharge, and has been estimated as being highly radioactive Type
C waste. 1

i

4.5 COST ESTIMATE SUMMARY l

A summary of the decommissioning alternative costs with annual expenditures is
provided in Tables 4.la and 4.1b. Tables 4.2 and 43 show the detailed listing and
costs of major activities for the decommissioning scenarios.

On Tables 4.2 and 43, "Decon", for example, refers to decontamination costs, and
' Total" is the sum of Decon, Remove, Pack, Ship and Bury as well as other
miscellaneous items not listed (such as insurance, property taxes, plant energy budget,
and ISFSI transfer costs). All costs are reported out in 1992 (January) dollars. The
scrap amount values are in standard tons,

TLG ENGINEERING,INC.
uun y, ..a.
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TABLE 4.la
SUMMARY OF DECOMMISSIONING COSTS

(Thousands of Dollars)

1992-

Alternative Period Calendar Cost .

Years 1000s$

DECON (Prompt Removal / Dismantling)

Preparations 1 1995 32,256.7

1996 15.875.8

Subtotal Period 1 48,132.5

Decommissioning 2 1996 37,464.8

1997 73,774.2

1998 - 9.146.0

Subtotal Period 2 120,385.0

Site Restoration 3 1998 12,144.3

1999 .91Ui
Subtotal Period 3 13,056.7

Post Period 3 - 1999 2018 50,560.6

On Site Fuel Storage

Total Cost $232,134.4

All costs reported in 1992 dollars; costs may not add due to rounding

TLG ENGINEERING,INC.-
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TABLE 4.Ib
SUMMARY OF DECOMMISSIONING COSTS

(Thousands of Dollars)
1992

Alternative Period Calendar - Cost

Years .1000s $

SAFSTOR (Mothball / Delayed Dismantling)

Mothball Operations 1 1995. 20,944.9

1996 10.308.4-
31,253.3.

Subtotal Period 1

Dormancy
1996 99 16,093.2 ~

Preparations 3 1999 22,404.1

2000 11.746.2

Subtotal Period 3 34,150.2

Decommissioning Activities 4 2000 35,427.6

2001 72,923.7

2002 3.657.8

Subtotal Period 4 112,009.0

Site Restoration 5 2002 13,005.6

Post Period 5 - 2002 2018 40,605.7.

On site Fuel Storage

$247,117.1
Total Cost

,

All costs reported in 1992 dollars; costs may not add due to rounding -

.1

|

!
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4.6 DECOMMISSIONING vs. SITE RESTORATION

The total projected cost of dismantling the YNPS, for the DECON alternative, is
$232,134,790. Of the total cost, approximately $210,324,690 is directly attributable
to the engineering and planning for and the actual disposition of the residual
radioactivity at the YNPS. Of the total cost for SAFSTOR, $247,117,090,
approximately $224,896,870 is directly attributable to the engineering and planning
for and the actual disposition of the residual radioactivity at the YNPS. It should be
noted, however, that a direct accounting of only these costs is not entirely accurate
in portraying the actual cost of " decommissioning" as defined by the NRC and
consideration must also be given to the methods of executing the decontamination
processes.

Nuclear power plants are designed to contain the radioactivity inherent in the normal
operation of the facility. Accordingly, radioactive and potentially radioactive systems
are located in shielded labyrinths, tunnels and pipe chases. This inaccessibility, while
essential during operation serves to impede decommissioning activities.
Consequently, disposition of these components requires that in many situations that
additional access (and working space) be developed. This access is achieved by
dismantling structures and components along the intended path of egress and in the
immediate working area; material which in most cases is non radioactive and
therefore not normally perceived as a necessary constituent in facility
decontamination. Failure to establish adequate vcorking room will increase the
residence times for decontamination and dismantling activities resulting in increases
in the incurred occupational exposure.

The cost associated with the removal of non-contaminated and other releasable
materials in support of the decommissioning process are commonly referred to as
cascading costs. Upon evaluating the dismantling processes involved in
decommissioning the YNPS, it is estimated that an additional $7,924,950 of
" cascading costs" will be incurred for the DECON alternative and $7,821,930 for the
SAFSTOR alternative in the decommissioning process. Consequently, for the utility )

to meet the intent of the NRC's definition of decommissioning, ("... release of the i

property for unrestricted use and termination of license") a cost of $218,249,630
would be required to terminate the facility's license for the DECON alternative, or

'

approximately 94.02% of the total cost. The total cost to terminate the license for ,

the SAFSTOR alternative is 232,718,800, or 94.18% of the total decommissioning |
cost. These percentages of the projected costs for license termination at YNPS are |
NRC's minimum requirements for decommissioning as delineated in title 10 of the !
code of Federal Regulations, Part 50.75. The remaining 5.98% for DECON and
5.82% for SAFSTOR would be required for site restoration as described in Section 3.

,

TLG ENGINEERING,INC.
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4.7 SPENT FUEL STORAGE COSTS
>

,

Costs associated with the design, licensing, construction, and operation of an
independent spent fuel (SF) storage installation (ISFSI) have been included in the
cost estimate. ISFSI costs are based on the following assumptions: (1) the U.S.
Department of Energy (DOE) removes all YNPS spent fuel between 1998 and 2018,
and, (2) YNPS transfers any SF remaining in the spent fuel pit to the ISFSI by June
1,1996. Thirty vertical, dry concrete storage casks, each holding 21 spent fuel
assemblies, are required. The rate of spent fuel removal by DOE is based on the
lower rate of fuel acceptance published by DOE in the Annual Capacity Report until
the opening of a repository in 2010. Thereafter, accelerated shipment of YNPS SF
is assumed until 2018 when the last SF is removed by DOE.

TLG ENGINEERING,INC.
w. .v, m
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5. SCHEDULE ESTIMATE

The schedules for the decommissioning alternatives considered for the YNPS in this study
follow the sequence presented in the AIF/NESP-036 study with minor changes to reflect
recent experience and revised estimates. TLG has devised schedules for YNPS. The
assumptions are listed in Section 5.1. Figure 5.1 presents the schedule of key activities for
the DECON scenario. Figure 5.2 presents the schedule for the SAFSTOR scenario. Note
that the activities listed in the schedules do not reflect a one to one correspondence with
the activities in Tables 4.2 and 43, but reflect splitting some activities for clarity and
combining others for convenience. Figure 53 contains a legend defining the schedule
nomenclature and depictions. The schedule was prepared using the computer code
"HPM 3.02" (Ref.13).

5.1 SCIIEDULE ESTIMATE ASSUMPTIONS

The schedule in Figures 5.1 and 5.2 reflect the results of a precedence network
developed for the YNPS decommissioning activities. The durations used in the

| precedence network reflect the actual manhour estimates from Tables 4.2 and 43.
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 schedules for the YNPS.

1. All work except vessel and internals removal activities is performed during an
8 hour workday,5 days per week with no overtime. There are eleven paid
holidays per year.

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

3. System and facilities supporting operations in the Spent Fuel Pit (SFP) will
continue until such time that all spent fuel has been transferred from the SFP
to dry cask storage modules, i.e., decontamination of the Spent Fuel Pit can
begin approximately fifty-six months (56) after shutdown.

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

TLG ENGINEERING, INC.
nw m.e
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5.2 PROJECT SCHEDULE

The period dependent costs presented in Tables 4.2 and 4.3 are based upon the
durations developed in the schedules for the DECON and SAFSTOR alternatives.
Durations are established between several milestones in each project period; these
durations are used to establish a critical path for the entire project. In turn, the
critical path duration for each period was used as the basis for determining the total
costs for these items.

A project time line is delineated in Figure 5.4 for both decommissioning alternatives.
Milestone dates are based on a 31 year plant operating life.

>

1

&

I
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FIGURE 5.1
DECON ACTIVITY SCHEDULE
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FIGURE 5.1
DECON ACTIVITY SCHEDULE

(continued)
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FIGURE 5.1
DECON ACTIVITY SCHEDULE

(continued)
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FIGURE 5.2
SAFSTOR ACTIVITY SCIIEDULE

1996 1996 1997 1998 1999 2000 2001 2002 2003

Name Jan | Jul Jan | Jul Jan | Jul Jan ] Jul Jan | Jul Jan 1 Jul Jan | Juf Jan | Jul Jan | Jul

Start >
'

_ _ _ _ . _ , |
Corstrud lSF SI g 1

|Mow Fuel : i

- _ . . ._ | | ],

o*=a== I : i
- ,

intenrn Survey 4;- -] $

I

i. _ _ _ _ . . _ . . . - . . _ . .M,Penod 1 Waste
,

iPenod 1 Licenung g
. _ _ _ _ . . _ _ . . _ _ .

Penod 2 $
. . . _ _ .

Dormancy [v ?I-

. _..- - ._._ j i ,

Penod 3 1 $ '

t

Gm A Specs E !

Grp B Specs ; E |
,

. _ _ . . . . ._ ; , ,

Grp C Specs j j M
,

DetaM htadbey | | E
~

,

. _ . . _ _ . . _ . |

Detaaed By Prod j M j

S'afety An$hs" g !
I I

q |Period 3 Lkensing it m >

Revise DP M I

|

| Pered 3 Waste

Parod 4 $
\ t |

G 9 A Procs g j
1

-

| Grp B Procs

Grp C Procs j M |

_ _ _ . _ _ . j

RrnvNonEssstr M i
e

Rrny Turb Gen

Rmv Condenst j

Rrnv A Systems | !

Cel 1e ?m W + ' .-1 Milestone $
Protect YNPS Decommeoning Nonentcal Summary
Date 5/12,72

i Prcgress -

!

____ -. _ _ _ _ - _ - _ - - - _ _ - _ _ - _ _ _ -_ _ _ _ __ _ _ -___ _ - _ _ _ _ _ _ _ _



..- .- - - ._

Y0125-004
Page 55 cf 82

,
,,

FIGURE 5.2
SAFSTOR ACTIVITY SCIIEDULE

(continued)
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FIGURE 5.2
SAFSTOR ACTIVITY SCHEDULE

(continued)
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FIGURE 5.3
DEFINITION OF TERMS

. . ..

Backfill Site Backfill below grade volds
Construct ISFSI Construction of dry storage compound
Decon Racks Hydrolasing spent fuel racks
Decon NSSS Reactor system decontamination
Detailed Rad Survey Site characterization prepared in support of decommissioning

planning
Detailed By Prod Calculation of site radionuclide inventory
DG Exterior Dmin Demolition of the exterior of the Diesel Generator Building

(DG)
DG Interior Dmin Demolition of the interior of the DG
Dormancy SAFSTOR dormancy period
End End of primary decommissioning operations
FHA Decon Decontamination of Fuel Handling Area (FHA)
FHA Exterior Dmin Demolition of the exterior of the FHA ;

FHA Group C Sys Disposition of essential contaminated systems located with the
FHA

FHA Group D Sys Disposition of essential non contamination systems located
within the FHA

FHA Interior Dmin Demolition of the interior of the FHA ;

Fnt Survey Final site radiological survey in support of license termination
I

Grp A Procs Preparation of detailed work procedures for non essential
systems

Grp B Procs Preparation of detailed work procedures in support of NSSS
disposition

Grp C Procs Preparation of detailed work procedures for essential
contamination systems

Grp A Specs Preparation of activity specifications for non essential systems ,

Grp B Specs Preparation of activity specifications in support of NSSS I

disposition
Grp C Specs Preparation of activity specifications for essential contamination

1systems
Interim Survey Radiological survey, prior to plant dormancy
Landscaping Landscape site 1

Move Fuel Transfer of spent fuel to dry storage compound i

Office Interior Dmln Demolition of the interior of the Office Building |
Other Group D Sys Disposition of essential non-contamination systems located

,

within the remaining facility !

PAB Interior Dmln Demolition of the interior of the Primary Auxiliary Building |
1

(PAB)
PAB Exterior Dmin Demolition of the exterior of the PAB
PAB Decon Decontamination of PAB |

|
l

TLG ENGINEERING, INC.
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FIGURE 5.3
DEFINITION OF TERMS

(continued)

PAB Group C Sys Disposition of essential contaminated systems located with the
PAB

PAB Group D Sys 'isposition of essential non contamination systems located
thin PAB

Period 1 Ucensing :ensing activities in support of decommissioning operations
JECON), and mothball operations (SAFSTOR)

Period 1 Waste Processing waste generating in Period 1
Period 2 Decommissioning Operations (DECON), Dormancy

(SAFSTOR)
Period 3 Site Restoration (DECON), Preparations for delayed

decommissioning (SAFSTOR)
Period 3 Licensing Ucensing activities in support of Period 3 decommissioning

planning (SAFSTOR)
Period 3 Waste Processing waste generating in Period 3 (SAFSTOR)
Period 4 Delayed Decommissioning Operations (SAFSTOR)
Period 4 Ucensing Ucensing activities in support of decommissioning

operations (SAFSTOR)
Period 4 Waste Processing waste generating in Period 4
Period 5 Site restoration (SAFSTOR)
Remove Racks Remove spent fuel racks
Rmv A Systems Disposition of systems non-essential to decommissioning

operations
Rmv B Systems Disposition of systems essential to removal of reactor system
Rmv Condenst Removal of the condenser
Rmy Essential Struc Dismantle remaining essential structures and facilities
RmvNonEssStr Demolition of non-essential structures |

Rmy Pressurizer Disposition of pressurizer |
Rmy RCS Pipe Disposition of reactor coolant piping
Rmy Steam Generators Disposition of steam generators
Rmv Turb Gen Removal of the turbine generator set

iRmv Vessel Segmentation of reactor vessel and internals
Revise DP Revision of Decommissioning Plan for delayed decommissioning

(SAFSTOR)
RPV RmvPrep Preparation for reactor vessel and internals segmentation
Safety Analysis Preparation of Safety Analysis Report
SB Exterior Dmin Demolition of the exterior of the Service Building (SB)
SB Interior Dmin Demolition of the interior of the SB

.

Start Commencement of decommissioning operations on 1/1/95 |
TB Exterior Dmin Demolition of the exterior of the Turbine Building (TB)

TLG ENGINEERING,INC.
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FIGURE 5.3
DEFINITION OF TERMS

(continued)
_.

.

TB Group C Sys Disposition of essential mntaminated systems located within the
TB

TB Group D Sys Disposition of essential non-contamination systems located
within the TB

TB Interior Dmin Demolition of the interior of the TB
VC Group C Sys Disposition of essential contaminated systems located within the

Vapor Container (VC)
VC Decon Decontamination of VC
VC Interior Dmin Demolition of the interior of the VC
VC Exterior Dmin Demolition of the exterior of the VC

,

f
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I FIGURE 5.2
h Yankee Nuclear Power Station

Decommissioning Tiineline
(not to scale)
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6. RADIOACTIVE WASTE VOLUME

The radioactive waste volume generated during decommissioning is shown by line activity
in the cost tables. Approximately 3,556 cubic yards of radioactive material are generated
in the DECON alternative and 3,747 cubic yards are generated in the SAFSTOR alternative. ;

SAFSTOR produces additional volumes of waste from dormancy operations.

Waste volumes are quantified consistent with 10 CFR 61 classifications. The waste volumes
shown in Table 6.1 are calculated based on the gross container volume to be shipped and
buried in controlled burial grounds.

.

Most of the materials for controlled burial are categorized as Iow Specific Activity (LSA)
| material containing less than Type A quantities as defm' ed in 49 CFR 173-178 (Ref.14).

The containers must be 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.

The waste volume attributed to decommissioning is primarily generated during Period 2 of
DECON, and Period 4 of SAFSTOR. The radioactive waste generated as a result of the
decommissioning of the YNPS is destined for disposal at an unspecified burial facility within
1,000 miles of the site.

.

TLG ENGINEERING,INC.
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TABLE 6.1

RADIOACTIVE WASTE BURIAL VOLUMES FOR
DECOMMISSIONING YNPS

2Alternative Waste Volume
2Class (cubic yards)

DECON

A 3,233.0
B 235.8
C 41.9
>C fia

Total 3,556.0

SAFSTOR

A 3,507.4
B 175.0
C 39.4
>C 212

Total 3,747.0

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

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

TLG ENGINEERING,INC.
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7. OCCUPATIONAL EXPOSURE

Estimates of occupational radiation exposure were developed by TLG Engineering.
Radiation doses to decommissioning workers are calculated as the product of the estimated
radiation zone work force requirements and the radiation exposure rates postulated for each
decommissioning task. The decommissioning occupational exposure estimates are based on
the following assumptions:

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

2. Personnel exposure to radiation is minimized by utilizing shielding and remote
handling techtnues and avoiding higher radiation fields when personnel presence is
not necessary.

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

4. Careful prompt accounting of accumulated radiation exposure is maintained to
rapidly identify tasks causing excessive dose accumulation by workers so that
corrective action can be taken.

5. Cobalt 60 is the primary contributor to radiation exposure. The reductior in
personnel exposure from area and components after the delay is assumed to be that
of the reduction in Cobalt 60.

6. Exposures as the result of spent fuel storage activities are expected to be minimal
and therefore are not included.

Table 7.1 summarizes the occupational personnel exposures that are projected to be
incurred in the performance of the various decommissioning activities. Exposures were
calculated from an estimate of residence times within the various radiation areas for each
plant system and structure targeted for decontamination and decommissioning. The totals
reflect only craft exposure, i.e., no estimate has been made of staff exposures due to their
incidental nature.

'

TLG ENGINEERING,INC.
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TABLE 7.1 .

OCCUPATIONAL EXPOSURE FOR DECOMMISSIONING YNPS
!
'

.

!

Decommissioning Alternative ManRem! -l

, .
DECON (Prompt Dismantling) 1,094.5

,

SAFSTOR (Mothball w/ Delayed Dismantling) 1,037.7-

No estimate has been made of the occupational radiation exposure that will be
-

2
.

incurred during the operation of the fuel storage facility due to the low residency
times required in any radiation field,

i

.

i

|

l
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8. CONCLUSIONS

Decommissioning technology is well established and the tools and equipment necessary to
completely dismantle the YNPS are available and have been demonstrated. The cost to
decommission the nuclear station using the DECON (Prompt Removal / Dismantling)
alternative is $232,134,790, including shipment of all wastes and dismantled materials to a
regional burial site and demolition of the remaining site structures. The cost for
decommissioning the YNPS using the SAFSTOR option is $247,117,090. The estimates
reflect the site-specific features of the YNPS and the estimated cost of radioactive waste
shipping and burial costs. An analysis of the major activities contributing to the total cost
is shown in Table 8.1.

The staff costs and burial costs represent the. largest percentages of the total cost. These
cost centers reflect the labor intensive nature of the decommissioning process and the large
increase in recent low level waste burial cost projections, respectively. Shipping will be most
sensitive to increases in fuel costs and distances to existing or new burial facilities. Removal
costs are dependent on the degree of remotely operated equipment available in the future
and the associated higher cost of that equipment versus the savings in labor costs. These
results point to the need for periodic reviews of these estimates.

This study for the YNPS provides an estimate for decommissioning the site under current
requirements based on present day costs and available technology. As additional
dismantling experience on large reactors becomee available, cost estimates must be modified
to reflect this experience. In addition, historical; e te costs for low level waste disposal have
increased at rates significantly higher than inflationary trends and, therefore, should be
reviewed periodically.

:

I
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TABLE 8.1
SUMMARY OF DECOMMISSIONING COSTS

1992
Costs Percent of

Work Category (Thousands) Total Costs

DECON (Prompt Removal / Dismantling)

Decontamination 3,991 2.05

Removal 20,130 10.32

Packaging 1,906 0.98

Shipping 4,405 2.26

Burial (off site) 43,682 22.40

Decommissioning Staffs 45,776 23.48

Other * 75,094 38.51

100.00

TOTAL " 232,135

SAFSTOR (Mothball w/ Delay Removal / Dismantling)

Decontamination 2,948 1,41

Removal 20,165 9.66

Packaging 1,818 0.87

Shipping 4,083 1.96

Burial (off-site) 41,472 19.87

Decommissioning Staffs 59,386 28.45

Other * 78,855 37.78

100.00

TOTAL " * 247,117

Other includes: insurance, property taxes, plant energy budget, and ISFSI*

transfer costs as examples

Includes an average contingency of 19.05%"

Includes an average contingency of 13.39%"*

TLG ENGINEERING, INC.
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UNIT COST FACTOR DEVELOPMENT
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APPENDIX A

UNIT COST FACTOR DEVELOPMENT
.

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

1. SCOPE

Heat exchangers weighing < 3,000 lb will be removed in one piece using a cran small
hoist. They will be disconnected from the inlet and outlet piping. The heat exchanger will
be sent to the packing area.

2. CALCULATIONS

Act Activity Act. Crt.
ID Description Dur Dur

a Mount pipe cutters 45 45
b Install contamination controls 20 (a)
c Disconnect inlet and outlet lines 60 60
d Cap openings 20 (c)
e Unbolt from mounts 30 30
f Remove contamination controls 15 (e)
g Rig for removal 30 (e)
h Remove, wrap in plastic, send to packing area 60 60

..

Totals (Activity / Critical) 280/195

Duration adjustment (s):
+ Respiratory protection adjustment (50 % of critical duration) 98

+ Radiation /ALARA adjustment (35 % of critical duration) 68

Adjusted work duration 361
.

+ Protective clothing adjustment (30 % of adjusted duration) 108

Productive work duration 469

+ Work break adjustment (8.33 % of productive duration) 39

Total work duration 508 min

"* Total duration = 8.467 hr "*

TLG ENGINEERING,INC. I
1u ,. . -
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UNIT COST FACTOR DEVELOPMENT

3. LABOR REQUIRED
'

Crew Number Duration Rate Cost

(hr) ($/hr)
_

.

l2borers 3.0 8.467 $21.25 5 539.77
Craftsmen 2.0 8.467 $2730 $ 46230
Foreman 1.0 8.467 $28.16 $ 238.43

Subtotal labor cost $1,240.50

Overhead & Profit on labor @ 27.89% $ 345.98

Total labor cost $1,586.48

4. EQUIPMENT & CONSUMABLES COSTS

Equipment Costs none

Consumables/ Materials Costs
Blotting paper 50 @ $0.76/sq ft {2) $ 38.00
Plastic sheets / bags 50 @ $0.06/sq ft {3} $ 3.00

-Gas torch consumables 1 @ $6.87/hr x 1 hr {1} $ 6.87 ,

Subtotal cost of equipment and materials $ 47.87
Overhead & profit on equipment and materials @ 15.000% $ 7.18

Total costs, equipment & material $ 55.05 3

TOTAL COST Removal of contaminated heat exchanger <3000 pound: $1,641.53

Total labor cost: $1,586.48

Total equipment / material costs: $ 55.05

Total adjusted exposure manhours incurred: 32357
Total craft labor manhours required per unit: 50.802 i

,

I
:
1

.

\
*

.
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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.

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

3. Adjusted for regional material costs; for Springfield, MA

4. References:

1. R.S. Means (1992) Division 016 Section 420-6360 pg 19
2. McMaster-Carr Ed. 94 pg 735
3. R.S. Means (1992) Division 015 Section 602 0200 pg 12

i

|
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UNIT COST FACTOR LISTING
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APPENDIX B
DECON UNIT COST FACI'OR LISTING

Site VC
Unit Cost Factor Value Value

Removal of [can instrument and sampling tubing, $/ linear f$o$0.25 $0.28c
Removal of clean pipe 0.25 to 2 inches diameter $/ linear foot $1.49 $1.49

Removal of clean pipe >2 to 4 inches diameter $/ linear foot $1.96 $2.15

Removal of clean pipe >4 to 8 inches diameter $/ linear foot $8.65 $937
Removal of clean pipe >8 to 14 inches diameter $/ linear foot $13.58 $14.69

Removal of clean pipe >14 to 20 inches diameter $/ linear foot $15.59 $17.17

Removal of clean pipe >20 to 36 inches diameter $/ linear foot $21.71 $23.73

Removal of clean pipe >36 inches diameter $/ linear foot $29.61 $32.30

Removal of clean valves >2 to 4 inches $22.27 $24.09

Removal of c!can valves >4 to 8 inches $86.47 $93.67

Removal of clean valves >8 to 14 inches $135.77 $146.94

Removal of clean valves >14 to 20 inches $155.93 $171.67

Removal of clean valves >20 to 36 inches $217.10 $237.26

Removal of clean valves >36 inches $296.15 $323.03

Removal of clean pipe fittings >2 to 4 inches $23.54 $25.25

Removal of clean pipe hangers for small bore piping $16.46 $17.65

Removal of clean pipe hangers for large bore piping $60.97 $66.22

Removal of clean pumps, <300 pound $118.17 $118.17

Removal of clean pumps,300-1000 pound $347.92 $347.92

Removal of clean pumps, 100010,000 pound $1,344.14 $1,464.62

Removal of clean pumps, >10,000 pound $2,34139 $2,553.44

Removal of clean pump motors,300-1000 pound $129.95 $129.95

Removal of clean pump motors, 1000-10,000 pound $598.41 $652.55

Removal of clean pump motors, >10,000 pound $1,283.79 $1,400.02

Removal of clean turbine-driven pumps < 10,000 pounds $1,531.93 $1,531.93

Site Value Unit cost factor used in the decontamination, decommissioning and
dismantling of all structures and facilities exclusive of the Vapor Container.

VC Unit cost factors used in the decontamination, decommissioning and )
dismantling of the Vapor Container, incorporating higher work difficulty |

factors for access.

TLG ENGINEERING,INC.
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APPENDIX B

DECON UNIT COST FACTOR LISTING ,

(continued) -|
ISite VC'

Unit Cost Factor Value Value

Removal of clean turbine driven pumps > 10,000 pounds $2,910.16 $2,910.16

Removal of clean PWR turbine generator $95,719.73 $95,719.73

Removal of clean hea; exchanger <3000 pound $666.89 $666.89

Removal of clean heat exchanger >3000 pound $1,961.52 $1,961.52

Removal of clean feedwater heater /deaerator $4,19338 $4,571.81

Removal of clean moisture separator / reheater $9,905.65 $10,78331

Removal of clean PWR main condenser $247,M3.80 $268,247.91
Removal of PWR main steam generator $247,043.80 $268,247.91
Removal of clean tanks, <300 gallons $207.76 $207.76
Removal of clean tanks,300-3000 gallons $454.91 $496.00

,

- Removal of clean tanks, >3000 gallons, .

$/ square foot surface area $4.43 $4.80

Removal of clean electrical equipment, <300 pound $76.91 $76.91 ,

Removal of clean electrical equipment,300-1000 pound $270.15 $270.15 t

Removal of clean electrical equipment, 1000-10,000 pound $54031 $54031
Removal of clean electrical equipment, > 10,000 pound $1,14538 $1,249.52

,

Removal of clean electrical transformers < 30 tons $867.77 $867.77
'

Removal of clean electrical transformers > 30 tons $2,290.79 $2,499.05'
;

Removal of clean standby diesel-generator, <100 kW $811.72 $88635
Removal of clean standby diesel generator,
100 kW to 1 MW $1,812.93 $1,978.41 ,

Removal of clean standby diesel-generator, > 1 MW $3,753.84 $4,095.72

Removal of clean electrical cable tray, $/ linear foot $6.53 $7.10

Removal of clean electrical conduit, $/!inear foot $2.72 $3.08

Removal of clean mechanical equipment, <300 pound $76.91 $76.91

Removal of clean mechanical equipment,300-1000 pound $270.15 $270.15

Removal of clean mechanical equipment, 1000-10,000 pound $54031 $54031

- TLG ENGINEERING,INC.
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~

(continued)
Site VC

Unit Cost Factor Value Value
.

Removal of clean mechanical equipment, >10,000 pound $1,14538 $1,249.52

Removal of clean HVAC equipment, <300 pound $76.91 $76.91

Removal of clean HVAC equipment,300-1000 pound $270.15 $270.15

Removal of clean HVAC equipment, 1000-10,000 pound $54031 $54031

Removal of clean HVAC equipment, >10,000 pound $1,14538 $1,249.52

Removal of clean HVAC ductwork, $/ pound $0.57 $0.57

Removal / manual flame cut of clean thin metal
components, $/ linear inch $2.83 $3.06

Surface decontamination of equipment, $/ square foot $4.67 $4.83

Decontamination of large components, $/ square foot $16.23 $17.02

Decontamination rig hook-up and flush $2,040.02 $2,040.02

Chemical flush of compor.ents/ systems, $/ gallon $436 $436
Asbestos clean removal (pipe / components), $/ cubic foot $4.67 $4.83

Removal of contaminated instrument
and sampling tubing, S/ linear foot $0.43 $0.46

Removal of contaminated pipe 0.25 to 2 inches

diameter $/ linear foot $'" , $13.50

Removal of contaminated pipe >2 to 4 inches
diameter $/ linear foot $23.79 $24.86

Removal of contaminated pipe >4 to 8 inches
diameter $/ linear foot $54.00 $56.51

Removal of contaminated pipe >8 to 14 inches
diameter $/ linear foot $102.47 $106.95

Removal of contaminated pipe > 14 to 20 inches

diameter $/ linear foot $11233 $117.71

Ren. oval of contaminated pipe >20 to 36 inches

diameter $/ linear foot $140.24 $146.97

Removal of contaminated pipe >36 inches

diameter $/ linear foot $182.51 $191.01

TLG ENGINEERING,INC.
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APPENDIX B

DECON UNIT COST FACTOR LISTING
(continued)-

Site VC

Unit Cost Factor Value Value 1

Removal of contaminated valves >2 to 4 inches $122.59 $126.13

Removal of contaminated valves >4 to 8 inches $308.52 $324.59

Removal of contami'tated valves >8 to 14 inches $51233 $534.77

Removal of contaminated valves >14 to 20 inches $595.28 $624.32

Removal of contaminated valves >20 to 36 inches $766.16 $799.78

. Removal of contaminated valves >36 inches $988.66 $1,040.29

Removal of contaminated pipe hangers for small bore piping $38.55 $40.93

Removal of contaminated pipe hangers for large bore piping $150.35 $158.84

Removal of contaminated pumps, <300 pound $398.28 $398.28

Removal of contaminated pumps,3001000 pound $989.64 $989.64
s

Removal of contaminated pumps, 1000-10,000 pound $3,355.71 $3,517.85

Removal of contaminated pumps, >10,000 pound $7,645.23 $8,027.93

Removal of contaminated pump motors,3001000 pound $414.29. $414.29

Removal of contaminated pump motors, 1000-10,000 pound $1,477.90 $1,552.74

Removal of contaminated pump motors, >10,000 pound $3,142.44 $3,292.14

Removal of contaminated turbine-driven
pumps < 10,000 pound $3,942.88 $3,942.88

'

Removal of contaminated turbine-driven
pumps > 10,000 pound $7,420.65 $7,420.65

Removal of contaminated heat exchanger <3000 pound $1,641.53 $1,641.53

Removal of contaminated heat exchanger >3000 pound $5,195.54 $5,195.54
.

Removal of PWR main steam generator $623,115.13 $654,691.88

Removal of contaminated tanks, <300 gallons $725.01 $725.01

Removal of contaminated tanks, >300 gallons, $/squue foot $1531 $16.03

Removal of contaminated electrical equipmeut, <300 pound $273.45 $273.45

Removal of contaminated electrical
equipment,3001000 pound $706.04 $706.04

Removal of contaminated electrical
equipment, 100010,000 pound $1,317.24 $1,317.24

,

.
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APPENDIX B

DECON UNIT COST FACTOR LISTING
(continued)

Site VC
Unit Cost Factor Value Value

Removal of contaminated electrical
equipment, >10,000 pound $2,573.59 $2,744.51

Removal of electrical transformers < 30 tons $955.89 $955.89
Removal of electrical transformers > 30 tons $2,576.42 $2,811.42

Removal of standby diesel-generator, <100 kW $907.83 $990.48
Removal of standby diesel-generator,100 kW to 1 MW $1,957.10 $2,135.88

Removal of standby diesel generator, >1 MW $4,231,87 $4,616.34
Removal of contaminated electrical cable tray, $/ linear foot $24.70 $25.98
Removal of contaminated electrical conduit, $/limar foot $20.80 $22.58
Removal of contaminated mechanical equipmem, <300 pound $273.45 $273.45

Removal of contaminated mechanical
equipment,300-1000 pound $706.04 $706.04

Removal of contaminated mechanical
equipment, 1000-10,000 pound $1,317.24 $1,317.24

Removal of contaminated mechanical
equipment, >10,000 pound $2,573.59 $2,744.51

Removal of contaminated HVAC equipment, <300 pound $273.45 $273.45
Removal of contaminated HVAC equipment,300-1000 pound $706.04 $706.04

Removal of contaminated HVAC
equipment, 1000-10,000 pound $1,317.24 $1,317.24

Removal of contaminated HVAC
equipment, > 10,000 pound $2,573.59 $2,744.51

Removal of contaminated HVAC ductwork, $/ pound $1.89 $1.89
Removal / plasma are cut of contaminated thin metal
components, $/ linear inch $1.76 $1.86

Additional decontamination of surface by washing,$/ square foot $4.67 $4.83
Additional decontamination of surfaces by
hydrolasing, $/ square foot $16.23 17.02

|
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APPENDIX H

DECON UNIT COST FACTOR LISTING
(continued)

Site VC

Unit Cost Factor Value Value
~

Decontamination rig hook-up and flush $2,040.02 $2,040.02

Chemical flush of components / systems, $/ gallon $436 $436
Asbestos contaminated removal (pipe / components), $/ cubic foot $4.67 $4.83

Removal of standard reinforced concrete, $/ cubic yard $270.95 $270.95

Removal of grade slab concrete, $/ cubic yard $145.94 $145.94

Removal of clean concrete floors, $/ cubic yard $16333 $177.16

Removal of sections of clean concrete floors, $/ cubic yard $571.42 $571.42

Removal of clean heavily reinforced concrete
$124.23 $135.15w/#9 rebar, $/ cubic yard

Removal of contaminated heavily reinforced concrete
w/#9 rebar, S/ cubic yard $1,005.98 $1,05630

Removal of clean heavily rein concrete
w/#18 rebar, $/ cubic yard $15837 $172.29

Removal of contaminated heavily rein concrete
w/#18 rebar, $/ cubic yard $1,334.21 $ 1,40. 152

Removal heavily rein concrete w/#18 rebar & steel
embedments, $/ cubic yard $234.21 $255.01

Removal of below grade suspended floors, $/ square foot $16333 $177.16

Removal of clean monolithic concrete structures, $/ cubic yard $44339 $482.84

Removal of contaminated monolithic concrete
structures, $/ cubic yard $1,002.85 $1,053.16

Removal of clean foundation concrete, $/ cubic yard $377.86 $377.86

Removal of contaminated foundation concrete, $/ cubic yard $934.81 $981.76

Explosive demolition of bulk concrete, S/ cubic yard $1835 $1835

Removal of wooden structures, $/ cubic foot $0.43 $0.47

Removal of clean hollow masonry block wall, $/ cubic yard $51.51 $51.51
.

Removal of contaminated hollow masonry
block wall, $/ cubic yard $123.84 $123.84

Removal of clean solid masonry block wall, S/ cubic yard $51.51 $51.51

Removal of contaminated solid masonry block wall,
$123.84 $123.84$/ cubic yard

Backfill of below grade voids, $/ cubic yard $5.22 $5.22

Placing entombment concrete, $/ cubic yard $256.40 $256.40

TLG ENGINEERING,INC.
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APPENDIX B

DECON UNIT COST FACTOR LISTING
(continued) H

Site VC q

Unit Cost Factor Value Value a

Removal of subterranean tunnels / voids, $/ linear foot $85.82 $85.82
Placement of concrete for below grade voids, $/ cubic yard $74.77 $74.77
Excavation of clean material, $/ cubic yard $2.48 $2.48
Excavation of contaminated material, $/ cubic yard $5.95 $5.95
Excavation of submerged concrete rubble, $/ cubic yard $830 $830.

Removal of clean concrete rubble, $/ cubic yard $8,01 $8.01
'

Removal of contaminated concrete rubble, $/ cubic yard $19.13 $19.13
Removal of building by volume, $/ cubic foot $0.18 $0.18
Removal of clean building metal siding, $/ square foot $0.88 $0.88
Removal of contaminated building metal siding, $/ square foot $2.12 $2.12 -

Asbestos removal clean fireproofing/ structural, $/ cubic foot . $3.55 $3.55
Asbestos removal (roofing), $/ cubic foot $3.61 $3.61.

Removal of standard asphalt roofing, $/ square foot $0.00 $0.00
Removal of galbestos wall panels, $/ square foot $0.00 $0.00
Removal of transite panels, $/ square foot $1.16 - $1.26 -

Placement of cofferdam, $/ linear foot $0.00 $0.00
Scarifying contaminated concrete surfaces (drill & spall) $3.95 $4.18

Scabbling contaminated concrete floors $/ square foot $2.49 $2.70
Scabbling contaminated concrete walls $/ square foot $14.78 $15.48 .

Scabbling contaminated ceilings $/ square foot $49.25 $51.60

Scabbling structural steel $/ square foot $332 $3.48

Removal of clean overhead cranes / monorails
< 10 ton capacity $343.08 $373.78

Removal of contaminated overhead
cranes / monorails < 10 ton capacity $789.78 $828.09 -

Removal of clean overhead cranes / monorails
> 10 - 50 ton capacity $82233 $897.08

Removal of contaminated overhead
cranes / monorails > 10 - 50 ton capacity $1,895.73 $1,991.66

,

,
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APPENDIX B

DECON UNIT COST FACTOR LISTING
(continued)

Site VC
Unit Cost Factor Value Value

Removal of polar cranes > 50 ton capacity, each $3,329.99 $3,631.40

Removal of gantry cranes > 50 ton capacity, each $12,789.03 $13,952.99

Removal of structural steel, $/ pound $0.22 $0.22.

Removal of clean steel floor grating, $/ square foot $2.00 $2.00
Removal of contandnated steel floor grating, $/ square foot $4.82 $4.82

Removal of clean free standing steel liner, $/ square foot $6.65 $7.19
Removal of contaminated free-standing steel
liner, $/ square foot $16.28 $17.01

Removal of clean concrete anchored steel liner, $/ square foot $3.33 $3.60

Removal of contaminated concrete anchored steel
liner, $/ square foot $18.86 $19.77

Placement of scaffolding in clean areas, $/ square foot $3.09 $3.09

Placement of scaffolding in contaminated areas, $/ square foot $5.08 $5.08

Landscaping with topsoil, $/ acre $14,810.03 $14,810.03

Landscaping w/o topsoil, $/ acre $4,526.51 $4,526.51

Cost of LSA box & preparation for use $967.66 $967.66

Cost cf LSA drum & preparation for use $125.49 $125.49

Cost of cask liner for CNSI 14-195 cask $6,549.89 $6,549.89

Cost of cask liner for CNSI 8-120A cask (resins) $9,278.44 $9,278.44

Cost of cask liner for CNSI 8-120A cask (filters) $9,271.63 $9,271.63

Decontamination of surfaces with vacuuming, S/ square foot $0.77 $0.80

.
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