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

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

DECON (Prompt Removal/Djsmantlin&) of a power reactor consists of removing from the 
site all fuel assemblies and source material, radioactive fission and corrosion products. and 
all other radioactive materials having activities above NRC release limits. The facility oper· 
ator may then have unrestricted use of the site with no requirement for a license. This 
scenario is equiv~lent to the DECON n:ao.de as d.e.scribed in the rule on decommissioning 
issued by the Nuclear ReJ.':'Iatory C()mmission (NRC). "General Requirements for Decom· 
missioning Nuclear Facihties. • The base study further assumes that the rem.ainder of the 
reactor facility will be dismantled and all vestiges removed. The site is then restored and 
made available for alternative use. 

This study provides the cost to decommission CR-3 under current requirements. in 1991 dol· 
tars and w1th available technology. Three separate cost estimates were developed for the 
nuclear unit. Th~ first cost and~sehedule estimate present~d.in this docume~t is based upon 
the complete removal of all componen~ and structures Wlthm the P.roperty lanes, as the sta· 
tion is presently configured. except as noted. This is .consistent With the earlier decommis· 
sioning estimate TLG bad prepared for FPC in 1985. 

The two additional estimates were developed in. r. esponse to the Florida Public Service Com­
mission's Order No. 21928, issued in Sep_!emberJ989. The order required that FPC prepare 
a site·specl(ic economic cost study for CR·l to determine if it was cost justified to retain the 
non-contaniinated portion of the nuclear plant assets for use with a new 'enerating station. 
In res~onse, estimates are presented in Appendix A for the decommassioning of CR-3 
assummg two different conversion options (~ulverized coal and combined cycle). The 
estimates were developed with the assiStance of FPC and assume that essential systems and 
facilities (to site repowering) are excluded from the scope of the decommissioning estimate. 

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

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 spent fuel storage 
facilities at CR·3 may be active fifteen (15) years after plant operations cease and has 
treated these facilities as if they will be oferated as an fndependent Spent Fuel Storage 
Installation until such time that all spent fue can be removed from ahe site. The fifteen year 
period is based upon information provided by FPC on spent fuel pool capacity, core dis· 
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charge rate, cooling requirements and present allocation projections, as well as the Depart· 
ment of Energy's (DOE) current time Ulble to receive spent fuel assemblies at its yeHo-be 
developed Waste Management System (WMS). 

FPC has selected the DECON alternative as the basis for accruing decommissioning 
funding. The alternative is less costly, in 1991 clQllars, than the scenarios involving extendea 
delays in plant decommissionin~. (The ultimate cost of a11y alt.ernative will depend upon 
future economic factors such as mflation and poliC)' factors such as future NRC regulations 
and waste policy decisions and actions.) The NRC endorses DECON principally because 
(1) it immediately eliminates a potential long term safety b~rd and (2) those individuals 
familiar with the nuclear facility will still be available to support the decommissioning effort. 
DECON also relieves the utUity of loJ18 term obligation and liability for maintenance of the 
property. 

The cost of delaying plant decomrnis~ionlgg is significantly in~reased by the cost of 
maintaining tbe station in protective. storage. TJte utility ~c:mtin.ues to incur the cost of man· 
ning and mai.ntaining t~e sjte. In ad~itil)J'l, at tile en4 of the dormancy pc~io~. t.he station 
~ust be partaally reactavated (~Jaqs~ ~y~terns n~~essary tO sucport decom~a~SIODI!\1. opera­
tions) ~n~/or replacement servJce~ l!l.M~t~.Proc:ure~: R~fur ash~ent ~cu~ataes !JIIf mv~lve 
requahfying th~ era. nes.and othe. r.l~. (!. ·!J·n· ' .... d .. e.Yic:es, ..... r.ea ... ~·v.atll11 e.l·e. ctnc:al,. h. g~tfrn .• atr handhng, and other servace systems. In addatton • .the pro~rement of waste processm · treatment ser· 
vices would be necessary if plant systems could not be salvaged. One of t e bi)gest draw­
backs to a delayed decommissiollinJ is .the '-nav•ilability, at the time of decommassioning, of 
sta~io~ opcrations,pc:fSC?nnel. who~ knowl~dge f.lf the statiQn is .i~valu,ble in ~upporting. and 
assastmg dec~mp1~1omng opera!JO~ Wathop! personnel famahar with stat1on ope~auons, 
the decommassaotunc program may mcur addmonal cost and worker exposure as 1t com­
pensates for engineenng and planning deveiQped from an incomplete data base. 

-----------....-TLG ENGINEERING,INC.-------------..l 
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%.1 OBJEcrJVE OF STUDY 

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

FPC received the operating license for CR~3 in December of 1976. For the purposes 
of this study, a final shutdOWil date was taken as 40 years following this date. This 
time· frame was used as input in the sc::heduling of decontamination and dismantling 
activities as well as in the reporting of annual expenditures in Table 4.1 (pg. 25]. 

This study ~rovide.s an. update. of .. the costs to.de.commission·C.R-3 previously devel­
oped in 198S. Although the previous study was used as a basis for updating the costs, 
tne current study relies upon state-of-the-art estimating techniq&Jes. current regtJta­
tions, and an enhanced experieru:e base for projecting dle cost to decommission CR-
3. 

2.2 SITE DESCRIPTION 

The Crystal River Station is locat~d on the Gulf of Mexico, in the township of C~tal 
River, Florida. Jt.is approxirna,tely 7.S miles Northwest of Ceystal River, and 70 miles 
North of Tampa. Fijure 2.1 shows the layout of the nuclear unit with the identifica­
tion of major stn~ctures. 

The N\lclear Stea,lll Supply S)!•ern (NSSS) consists of a pressurized water reactor and 
a two IQOp Reactor COOlant. System. nus S)'$tem was supplied by the Babcock and 
Wilcox CO~tion. The generating unit has a reference c::ore design of 2544 MWt 
(thermal) whb .a conespondinJ net dependable capability electrical rating of 821 
megawatts {electric) witn the reactor at rate.d power. 

The R~actor Coolant System is ~omprised of the reactor vessel, two vertical once­
through steam 'en~rators, four shaft-sealed reactor coolant pumps. an electrically 
heated presSUriZer and interconnected piping. The system is boused within a 
•containment struct\lre•, a seismic Cate,ory I reinforced concrete stn~cture. The 
reactor building is. • .co ... ncrete stru.ctu. re wtth a .~lin. drical wall. a .nat fo. undation mat, 
and a shallow dome roof. The foundation slab is reinforc::ed with conventional mild· 
steel reinforcin.. 1be cylinder,.wall i$ prestressed with a post-tensioning system in the 
vertical and honzon~l direc:lions. The dome roof is prestressed ytilizing a three-way 
post-tensionina system. The inside surface of the reactor building is lined with a 
carbon steel liner to ensure a hi&h degree of leak ti&htness during operating and acci· 
dent c::onditions. Nominal liner plate thickness is 378 inch for the cylinder and dome 
and 1/4 inch for the base. fj~re 2.2, a sectional v1ew through the Reactor Building, 
shows the locations of the maJor NSSS components. The pressurizer is located in an 
area behind the steam generator. 

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

The Gulf of Mexico serves as the normal ultimate heat sink for the Crystal River Sta· 
tion. The condenser circulatinB water is taken from and returned to the Gulf of 
Mexico through the intake and dascharge canals, respectively . 
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FIGURE2.1 

GENERAL ARRANGEMENT OF 11tE CRYSTAL RIVER PLANT· UNIT 3 
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FIGURE2.l 

SECI'IONAL VIEW THROUGH THE REACI'OR BUILDING 
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2.3 REGUlATORY GUIDANCE 

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

PECON (Prompt RemovaJ/Djsmantlioe) is defined b): the NRC as "the alternative in 
which the e9uipment, structures, and portions of a facality and site containing radioac:· 
tive contaDUnants are removed or decontaminated to a level that permits the property 
to be released for unrestricted usc 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." 

ENTQMB (Emombmenl) is defined as "the alternative in which radioactive con­
taminants are e~~d in a s,~ructurall)l lo.ng-lived mat~rial, $UCh ~ conc.rete; ~he 
entombed structu.re 1S appropnately mamtamed and c:ontmued surveallance as carraed 
out until the radioactivity decays to a level permitting unrestricted release of the 
property.• However, this process is restricted in overall duration to 60 years and 
therefore limited in application unless .it can be shown that a longer duration is neces­
sary to protect the health and safety of the public. 

Prior to the new rule, no endpoint was identified for either the SAFSTOR or 
ENTOMB pr~ i.e., a facility could remain in either state indefinitely. This is no 
lc;mg~r the case as the rule places up~r limits on the ~OJ!lpletion of the decommis· 
s1onang. P.ro.~ess •.. Consequently •. wnh the .new restnctaons, t. he SAFST. OR and 
ENTOMB OJ)tions are no longer decommissioning ahernatives in themselves, as nei­
ther terminates the license for the site. At the end of the dormancy periods (up to 60 
years), both alte,...tives would still require site decontamination/decommissioning. 

In most situations the DECON alternative is the preferred mode of decommissioning. 
This decommissioning alternative is favored because (1) it immediately eliminates a 
potential long term safety tlazard 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 decontamina­
tion/decommissioning even after the maximum allowed dormancy durations. This 
results in higher overall costs as on-going dormancy expense and reactivation costs 
offset the potential savings gained from the delay. 

This study has been performed in accordance with the latest cost estimating meth­
odolOJies used in ~ower plant decommissioning. The resultant cost estimate is 
specifiC to the CR-3 nuclear plant and FPC. This approach is consistent with the 
NRC rule, "General Requirements for Decommissioning Nuclear Facilities" where a 
site specific study is recommended for determining accurate funding levels. 

~-------------n.G ENGINEERING, INC.------------....J 
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3. DECON DECOMMISSIONING ALTERNATIVE DESCRIPTION 

The followins sections describe the basic activities involved in the prompt decommissioning 
and dismanthng of •.nuclear unit. Although detailed procedures for each activity required 
are not provided, and actual sequences of work ma)' vary. these activity descriptions should 
p_ro~ide a basis for detailed engmeering planning and scheduling at the time of decommis­
slonang. 

The DECON alternative deals with the immediate removal of all radioactive materials from 
the site after the cessation of operations. This study does not address the cost of the removal 
of spent fuel from the site because such costs are assumed to be covered by the 1 mill/kwhr 
U.S. Department of Energy (DOE) surcharge. However, the study does consider the on site 
presence of spent fuel arlit its potential constraint on other decommissioning activities. In 
addition to the removal of radioactivity, the base study also assumes the removal of the 
remaining structures from the site; thereby permitting return of the CR-3 site for alternative 
use. 

3.1 PERIOD 1: PREPAJtA,TJONS 

Prior to the commencement of decommissioning operations, detailed preparations 
are undertaken to provide a smooth transition from plant operations to site decom· 
missioning activities. These prepar._tions include enJhtecring planning, surveys of 
plant areas to determine contamination levels, activataon analyses of the vessel and 
vessel internals. as ~II as the assembly of a decommissioning manaJement organiza­
tion. Final planninJ for activities and writing of activity specifications and detailed 
procedures also began at this-time. Pre~rations for dec:ommi5:5ioning actually beginS 
years prior to the p.-qjected end of J)lant operations with the submittal of a 
prelimmauy d~mmassioning plan to the NRC. Howev.er. the costs delineated within 
this study only, address ~st-stlutdown activides. Period 1 ends upon receipt of a dis· 
mantling order from the NRC. 

3.1.1 Eneipeerioeand Plannine 

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

The DP addresses the dismantling of the reactor and termination of the facility's 
license and should include a detaifed plan describing the organization and program 
that will be used during the decommissioning of the facility. The plan will 
accoll!plish the requirei:l tasks within the As-Low-As-Reasonably-Achievable 
(ALARA as definea in 10 CFR 20) guidelines for protection of personnel from 
exposure to radiation and radioactive contaminants. It will also clearly describe 
how FPC will continue to protect the health and safety of the public: and the 
environment during the dismantling activity. 

------------TLG ENGINEERING, INC.--------------' 
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It is anticitJated that prior to the start of decommissioning operations, FPC will file 
for a revis1on to their operating license. A change in status to a Npossession only" 
license will allow decommissioning to proceed under less restrictive technical spec· 
ifications. 

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

In preparation for a cha~e in license, regulato~ criteria applicable to decommis­
sioninJ arc reviewed .• The existing technical specifications are reviewed and 
modifted to reOect decommissioning requirements and to delete non-applicable 
operating specifications. 

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

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

• 
• 

• 

• 

• 
• 
• 

• 

Site preparation plans for decommissioning activities, 

Detailed procedures and sequences for removal of systems and components, 

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

Plans for decontamination of structures and systems. 

Design/procurement and testing of special equipment, 

Identification/selection of specially contractor(s), 

Procedures for removal and disposal of radioactive materials, and 

Sequ,e.ntial planning of activities to minimize conflicts with simultaneous 
acUvJUes. 

3.1.2 Site Preparations 

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

• Prepare site support and storage facilities as required . 

L------------TLG ENGINEERING, INC.-------------' 
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Implementation of an organization to isolate and maintain spent fuel storage 
in the Auxiliary Building, for up to 60 months, such that decommissioning 
operations can commence. This activity may be carried out by existing plant 
personnel in accordance with standard operating technical specifications. 
Decommissioning operations in other areas of the plant are assumed to pro­
ceed without constraint. Once spent fuel is transferred to dl')' storage casks 
the Auxiliary Building will be available for decontamination. The spent fuel 
wiU remain in the dry storage casks for the remainder of the duration 
required to complete the transfer of the fuel to DOE. 

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

Conduct radiation surveys of work area contamination and Jenera! dose 
levels; major component, piping, and structure dose levels (mcluding the 
rea.cto~ vessel and its int~rnals); _internal piping contamination levels; and 
actiVation profiles from pnmary shaeld core sampfes. 

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

Determine shipping container requirements for activated materials and fabri­
cate such contamers. 

DeveloP. procedures for occupational e~sure control, control and release 
of liquad and ga~eous effluents, control of solid radwaste, site security and 
emergency programs, and ind.ustrial safety. This study presumes that the 
decommissioning of CR.;J is performed in accordance wnh current regula­
tions as delineated in Sc.ction 4.4. 

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

3.2 PERIOD l: DECOMMISSIONING OPERATIONS AND LICENSE 
TERMINATION 

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

• 

• 

Construct temporary enclosures in existinf facilities and arran~e existing storage 
facilities to supeort the dismantling acuvities. These may mclude: changing 
rooms and "hot laundry for the increased work force, protected and open 
laydown areas to facilitate equipment removal and shippmg operations. addi­
tional roads to facilitate hauling and transportation, an(l additional airlocked 
access portals to control movement to and from contaminated areas. 

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

"-------------TLG ENGINEERING,INC.-·-----------J 
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Design and fabricate special shielding and contamination control envelopes, 
special tooling and remotely operated equipment. Modify the refueling canal to 
support segmentation activities and prepare riJging for segmentation and 
removal of piping sections and components, includang the reactor vessel and its 
internals. 

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

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

Conduct decontamination of components and piping systems as required . 
Remove, package and dispose of J)iping and components as they arc 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. 

lsolate reactor cavity and lower water level to below reactor vessel flange . 
Sever reactor vessel flange from vessel shell. Bolt flange to reactor yessel 
closure head and complete the package with steel plate. Decontaminate 
exterior surfaces for transport and dis~l. 

Remove .rea~or coolant piping and pumps once the water level has dropped 
below ttie elevation of the reactor vessel inlet and outlet nozzles. Piping is 
placed in standard Low Specific Activi~ (I.SA) containers; the reactor coolant 
pumps are scaled and decontaminated for transport and burial. 

Sepnc:nt the r~actor vessel shell and nozzle zone. Cutting is performed in air 
usmg a contamination control envelope. Segments are removeCI from the cavity 
and placed in the refueling canal for packaging. Shielded containers are used 
for transport to the disposal facility. The lower bead is left intact. 

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

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

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

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

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

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

Ship and b~ry all remaining radioactive materials . 

Conduct finalradiat.ion s1,1rve~ to assure that all radioactive materials have been 
removed. This survey may cotncide whh final NRC site inspection. 

Following notificaticm by RPC of completion of the decontamination and dis· 
J?Osal of com~nentJ -.nd .materials from the facility, the NRC regional staff con-
Ciucts an on-site survey to ~erify that the acceptable activity and contamination 
level.s. ar. e sat!sfied. Whc. n t~c rc. q~ireme.nts are satisfied! t~e .. N~C can 
tcmunatc the license for· the mam facili~ and an~ further NRC JUnsd&ct&on over 
that facility. Termination of an site bcense(s are predicated upon DOE's 
ability to ultimately take possession ofthc spent uel assemblies. 

3.3 PERIOD 3: SIJE RESTORATION 

FoUowin,& completion of the decommi$Sionins operations, site restoration activities 
may beg&n. These activities will permit unrestricted access bf the public, therefore, 
precluding liability of the ownen with regard to persons us&ng 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 portions of the primary containment structure and 
interior portions of the reactor building. Internal floors (and walls if above 
grade) arc removed from the lower levels upward, using controlled blasting 
technaques. Concrete rubble and other suitable materials can be utilized on site 
for fill. 

'---------------TLG ENGINEERING, INC.-------------.J 
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Remaining buildings are then removed using conventional demolition techni­
ques for above ground structures, including the Turbine BuiJdin' and Heater 
Bay, Auxilial'f. Building, Control Complex and Intermediate Budding. Diesel 
Generator Budding. and other site structures. In addition. outside storage tanks 
are drained and removed. 

Prepare the final dismantling program report. 

'---------------n.G ENGINEERING, INC.------------.....J 
TW AF·205 (6182) 



. 
Document FOl-25-001 

Page 16of64 

4. COST ESTIMATE 

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

4.1 BASIS OF ESTIMATE 

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

The decommissioning effort is a labor-intensive program. Representative labor rates 
for each geographical region and ea.ch craft or saharied worker are essential for the 
development of a meaningful site-specific decommissioning cost estimate. FPC pro­
vided typical craft labor rlltes. and salacy data ~.or utility ~rsonnel from recent labor 
contracts and utility records for the positions identified by 1LG. 

Dispo. sition. o. f radioactive w.. ast .. e. s is. a major contributor. to the cost of decommis­
sionillg. The availability of burial sites is of national concern, with regional compacts 
bein$ formed to provide a~uate budal space for operating and' pTanned reactors. 
In ttias study. a SOutheastern Compact buriil facility is assumed (for cost estimating) 
to be lQCated ~ central t-19rth Caiol~nat •cr::;imately 600 miles from ~he plant site. 
The cost for disposal at this future sat~ IS . .. up_on the Jul'-, 1991 bunal rate struc­
ture ~blished by Chea:n.;Nuclear Systems for their current facility located in Bam· 
well. South Carolina. 

1. 

2. 

3. 

4. 

s. 

CR·3 drawings, equipment and structural specifications. including construction 
details. were provided by FPC ... No significant facility was added or deleted 
from the scope of the earfier (t98S) study. 

Empl~ee salary and craft lltbor rates for site administration, operations. con­
struction and maintenance' personnel were provided by FPC for positions 
identified by 'ILG. 

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

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

Rates for shipping radioactive wastes w.ere provided by Tri-State Motor Transit 
in published tariffs for this cargo (Ref. 4 ). · 

-------------TLG ENGINEERING, INC.------------___. 
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6. The costing basis for the estimate for low-level radioactive waste disposal relied 
upon current burial ~barges for Southeast. Compact members. Base rates as 
well as package surch.arges, e.g., on total curies •. weight, special handling 
requirements, etc., were derived from information provided by Chem-Nuclear 
Systems, Inc., for their facility at Barnwell, South Carolina (Ref. S). 

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

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

9. This study does not address the removal or disposal of spent fuel from the site. 
The costs for such actiVities are assumed to be covered under the 1 mill/kwhr 
surcharge FPC is paying to DOE. However, this study does consider the con· 
!;traints that the presence of.spent fu~l on site may impose on other decommis­
sionin• activities: . Co~S~9U~ntly, it is envisioned tbat the spent r.,el will be 
stored ·~. the A~. d.•ary B. uU.~mg .... •~ C. R. -3 for. as Jon. g .as. five ye. ars fo! the ~. ot~est 
assemblies, as d1ctat.ei:l ~>; the des1gp of the dry storage system. Durang th1s tame 
the cooler asscmbltes wall· be transferred to dry storage casks at some other 
location on-site. The fuel would reside in dry stor~e until .such time that the 
transfer to. DOE can be eo~pleted .. Transfer offuehs not expected to be com· 
pleted untal2031 based upon current DOE.acceptance schedules. 

10. This study presumes the installatio.n of additional spent fuel dry cask storage 
~odules. such that deCOJilniissionhlg operations. can proceed with mi~i~um 
1mpact, 1.e., all fuel is transferred to th~ dey cask $forge compound w1t~1n 5 
yea~ of shutdown. ~ is assumed, to have Clual pufP,OSC dry storage canasters 
available fro. m operations for ~se .1n the _post-o..pe rataon storage or spent fu. el. 
However, to support plant decommissioning TLG has projected an additional 
need for thirty·tbree (33) modules. As such, this estimate C()ntains an allowance 
for the procurem~t of these ~ditional canisters. In addition. the .disposhion of 
the entare storage ~ad hu been included within the estimate once die transfer 
of fuel to DOE has been completed. 

11. Ultimate license termination for the CR·3 site is based upon DOE's current 
acceptance schedule for the spent fuel assemblies generated during plant opera· 
tion;with an initial stan date for acceptance of 2010. 

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

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

,__-----------TLG ENGINEERING, INC.-----------__... 
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14. This study is performed in accordance with the published study from the Atomic 
Industrial Forum/National Environmental Studies Project report Alf /NESP-
036, •Guidelines lor Producing Commercial Nuclear Power Plant Decommis­
sioning Cost Estimates• (ReT. 6). The contents of these guidelines were 
prepared under the review of a task force consisting of reP-resentatives from 
utilities, state regulatory commissions, architect/engineering firms, the Federal 
Energy Regulatory Commissjon, the Nuclear Ref!latory Commission. and the 
National Association of Regulatory Utility Commassioners. 

4.2 ME'IlfODOWGY 

The methodology used to dc=vel~ t~e cpst estimates follows the bJtsic approach 
originally presented in the AIF/NE~P;~ ~tudy rep~rt, "An Engineering Evaluation 
of NucJ~ar Power Reactor I>ecomm•ss•on1qg Mternat1ves• (Ref. 7) and die U.S. DOE 
•Decommissioning Handbook• (Ref .. 8)~ These references utilize a unit cost factor 
method for estimating decom'"isSioning;~CiiYity ~ts to siJilplify the estimating cal· 
culations. Unit ~ost fa.ctors (!.or .concret.e reln .. ov···ai.'(S/. c. ubac ya. rd .. ), steel r~moval 
(S/ton), and cuttm& costs (S/in) were. developed from the labor and matenal cost 
information provided by FPC. ·with the hem quantity (cubic yJrds, tons, inches, etc.) 
developed from plant drawings flnd inventory documents, the activitl·<lcpendeot costs 
are cstamated. 

The activity duration ~iu.·caLp• ... 'h. was .... use. d to.det. e. I'm .. ine t)le .t .. otal decommissio·n .. ing 
program schedule. The.pr~ schedule is used to determine the period-dependent 
costs for program manaaemegti ;administration. field ensineering. equipment rental, 
quality assurance and security. FPC provided t)'pical 5alary and hourly rates for ~r­
S!>nnel usociat~ ~th )MSriOd-c:lepenCie"t .~IlL, The .• ts fQr ~nventional ~emoli· 
taon of nonr.adJoactave .stru. ct. ur. es.. m .. atert .. al. '· .. b. llCkfUI, landscapllll and ~quapment 
rental were obtained from the ~~ilcding Construction Cost Data" publish~d by R. S. 
Means (Ref. 3). Examples of unat cost Iactor development are presented m the AIF 
"Guidelines" study (Ref. 6). one of which is reproduced in Appendix B. Appendix C 
lists the specific factOF$ developed for CR~3 anAlyses. 

The activity· and period-dependent costs are,, summed to develop the total decommis­
sioning costs. A contingency .is then applied as described below. •Contingencies" are 
defined.in the American Association of Cost Engineers' Cost Eqjneers' Notebook 
(Ref. 9) 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 wtdch will increase costs are 
likely to occur." The cost elements in this estimate are based upon ideal conditions, 
therefore a contingency factor has been applied. As whh any major project, items 
which could occur that have not been accounted for in this estimate are chanJeS in 
the regulatory requirements, the effects of craft labor strikes, bad weather haltm& or 
slowing down waste shipments to the burial ground, equipment/tool breakage, 
changes in the antici~ated plant shutdown conditions, etc. ln the AIF /NESP-036 
study, "Guidelines for Producing Commercial Nuclear Power Plant Decommissioning 
Cost Estimates" (Ref. 6), the typ_es of unforeseeable events that are likely to occur in 
decommissioning are discussed and guidelines are provided for percentage con­
tingcnC)' in each category. Application of t.hese types of contingencies, on a line item 
basis, y•elded a weighted average contingency of 19.55% for the cost estimate. 

L-------------n.GENGINEIRING,INC.------------' 
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The unit cost factor method yrovides a demonstrable basis for establishing reliable 
cost estimates. The detail o activities provided i.n the unit cost factors for activity 
time labor costs (by era. ft). and equipment and consumablcs costs provide assurance 
that cost clements '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 study w~ prepared utilizing all. r~as~nable practices or proce~ure.s which ~ould 
reduce the ulumate cost of dccomnussaorung. For example. the proJeCtaon of radioac­
tive waste volume has decreased significantly from earlier forecasts. This savings was 
achieved by reassessiDJ the decontamination of CR-3 inventory considering current 
technology and replataons. 

4.3 SITE-SPECIFIC CONSIDERATIONS 

There are a num~r of site-specific considerations that affect the method for disman· 
ding and removal of equipment .from the site and the degree of restoration required. 
The cost impact of these considerations identified her.ein are included in th1s cost 
study. 

4.3.1 Major Component Remoyal 

The react~r press\,lre vessel (s~ell and na:zzl~ zon~) an~ reactor internal com· 
ponents will be :segmented for d1s~sal and shapped an shaelded casks. Segment&· 
don and packaaing O:f the intcr11als packa.es will be performed in the refueling 
canal where a .Jurntable and remote cutter wall be installed. The vessel will be seg­
mented in-place using a mast mounted cutter supported off the lower head and 
directed from a shielded work platform installed overhead in the reactor cavity. 
Shipping cask specifications and U.S. Department of Transportation (DOT) 
regulations will die. tate segmentation and p. ackagin~; me. thodo.logy. ; all pac. kages 
designated meet current ptiysical and radiological Jimatations and regulations. All 
cask shipments will be made in DOT approved, currently available, truck casks. 
Botb tbe closure bead and the reactor vessel lower head will be disposed of intact. 
These components win be modified for shipment as their own containers and 
shipped to ~be burial site along with the steam generators. reactor coolant pumps 
and pressunzer. 

Reactor coolant piping will be c:ut from the reactor vessel once the water level in 
the vessel (used for personnel shielding during dismantling and c:uttin~ operations 
in and around the vessel) is dropped below the nozzle zone. The ptping will be 
boxed and shipped by sh1elded van. The reactor coolant pumps. motors and the 
pressurizer will be lifted out intact, packaged and transported along with the steam 
generators. 

The steam generators will be extracted from the Reactor Building and moved to a 
temporary staging area on-site. The generators arc then moved off-site by an over­
land transport to a rail siding. The generators are then moved by a dedicated train 
to the bunal site. 

'-------------TLG ENGINEERING, INC.------------...J 
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The main turbine will be dismantled using conventional maintenance procedures; 
the turbine rotors and shafts are transported to a clean laydown area for disposal. 
The lower turbine casings will be removed from their anchors by controlled 
demolition. The main condensers will be segmented and transported to the 
laydown area for disposal as scrap along with the lower turbine casings. 

4.3.2 Transportation Methods 

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

4.3.3 Site Condjtions at Facility Closeout 

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

4.4 ASSUMPTIONS 

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

1. 

2. 

3. 

FPC will use an outside contractor I AE in the decommissioning of CR-3. The 
Decommissioning Operations Contractor (DOC) shall provide sufficient staff to 
perform the P.reparatory demolition planning and scheduling. ar,d manage the 
oemolition efforts. Site $CCUrity during demolition will be provided by FPC or 
its subcontractor. The demolition work will be performed by the DOC or a 
demolition subcontnactor who will provide adequate staff, labor, equipment, 
materials and overhead to complete the demolition. 

Only existing site structures, those presently in the construction stage and any 
appro~ed (fu~ded) fut~re. fa£ilities were c:onsidere~ in the dismantling cost. 
Tentative desagns and sue Improvements are not consadered. 

An unspecified burial facility w;as assumed to exist in North Carolina. This loca­
tion was taken as the final destination for all radioactive waste shipments from 
CR-3. Burial costs at the regional radioactive waste disposal facility were based 
upon the current Chem-Nuclear Systems rate schedule for the Barnwell, South 
Carolina site. (Ref. 5). 

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

L...------------TLG ENGINEERING, INC.--------------' 
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4. The decommissioning activities arc performed in accordance with the following 
regulatory documents: 

lOCFR20 
10CFR30 

10CFR40 
lOCFRSO 
lOCFRSt 

10CFR61 

lOCFR 170 

29CFR 1910 
49 CFR 170.178 

Standards for Protection Against Radiation 
Rules .or General Applicability to Licensing of Byproduct 
Materaals 
Ucensing of Source Material 
Domestic Licensing of Production and Utilization Facilities 
Licensing and Regulatory Policy and Procedures for 
Environmental Protection 
Licensing Requirements for Land Disposal of Radioactive 
Wastes 
Fees for Facilities and Material Licenses and Other 
Regulatory Services 
Occupational Safety and Health Standards 
Department of Transportation Regulations Governing the 
Transport of Hazardous Materials 

The cost estimate reflects the environmental replations currently in effect. 

S. Nuclear liability insutance provides coverage for damages or injuries due to 
radiation exposure ft()m equipment, material, etc. used during decommis­
sioning. Nucleadiability insurance is phased out upon final decontamination of 
the site. Nuclear liability as well as property insurance premiums were provided 
by FPC. 

6. The NSSS (reactor vessel and reactor coolant system) will be chemically decon­
. taminated usi"l one chemical flush and two water rinscs/rior to segmentation. 
Typically, a ctccontamination factor (DF) of 10 is expccte (Ref. 9). 

7. 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) is prevented 
from reaching levels exceeding those which permit the major NSSS com~onents 
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 or 
the plant and therefore the levels again arc at acceptable ievels for transport as 
LSAwastc and burial within the requirements of 10 CFR 61. 

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

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

The disposal costs for the reactor vessel (beltline and nozzle regions) and the 
internals packag.es. are based on remote seg. mentation in-place, packaging in 
casks with shielding, .and shipping by truck to the burial ground. A maximum 
nonnal road weight limit of 80,000 pounds is assumed for all truck shipments 
including c&sk shipments. This included vessel se,ment(s), supplementary 
shielding, cask tie~downs and tractor trailer. The maxamum curies per shipment 
assumed permissible are based on the license limits of available shielded ship· 
ping casks. The number and curie content of vessel segments are selected to 
meet these limits. The upper and lower reactor vessel heads arc shipped by rail 
along with the steam generators. Current rail shipping rates were obtained 
from CSX Transportation for this cargo. 

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

Steam generators arc removed se9ucntially and stored on site until ready to be 
moved. 111is scenal'io will consohdate shaP.ping and reduce mobilization costs 
for the heavy haul vehicles and specialty rad can. The steam generators will be 
trucked to the nearest active .rail siding. 

11. Plant copditions & construction: 

• 

• 
Insulalion materials used throughout the station contain no asbestos . 

Transformers and capacitors arc certified to have PCB· free oil . 

12. CR-3 is isolated electrically from the rest .of the transmission system and c:om· 
pletely decornmi55ioned (I.e., the station will be out of service prior to com­
mencing the demolition effort). 

13. FPC will providetfor the electrical power required to dem.olish the station to be 
brought on•site. 

14. Scrap generated during decommissioning is not .included as a salvage credit line 
item in this $tudy for two reasons: (1) tne scrap value merely offsets the associ· 
ated site removll 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. 

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

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

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

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

20. All above grade structures will be removed to a minimum of 3 feet below ~rade 
level. Structures will be backfille.d to grade level. Water drain holes w&ll be 
drilled in the bottom of all subgrade structures to be abandoned. Piping and 
electrical manholes will be backfilled wilh a suitable earthen material and aban­
doned. Vertical pump structures and sumps will be backfilled with a suitable 
earthen material and aba'ridoned. 

21. Non-contaminated underground piping (except the intake, discharge, and cir­
culating water piping) wiD be abanCI.one.d without special considerations. The 
plant intake anCI Clischarge circulating water piping will be removedfcollapsed 
and backfilled to eliminate the potential for collapse after the site as released 
for unrestricted access. 

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

23. The switchyard is left intact for use by the ,balance of the l!tility's electrical dis· 
tribution system. TransmisSion towers remain in place. 

24. The P-Crimeter fence will be moved as appro.priate to conform with the technical 
speCJfications in force at the various stg~s m the project. Plant roadways and 
parking areas with asphalt·Or concrete surfacinJ will be broken up and the area 
covered with fill. Site access roads will remain antact. 

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

A summa!')' of die deCQmmissioning alternative costs with annual e~nditures is pro­
vided in Table 4.1. Table 4 . .2 proviiles the detailed listing and costs of major activaties 
for the DECON decommissioning scenario. 

As used in the headings of Table 4.2, "DECON" .refers to decontamination, and 
"Total" is the sum of Decon. Remove, Pack, Ship and Bury as well as other miscel­
laneous items not listed (such as engineering and preparations and insurance). All 
costs are reported out in 1991 dollars. The scrap amount values are in standard tons. 
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Alternative 

Preparations 

TABLE4.1 
SUMMARY OF DECOMMISSIONING COSTS 

(Thousands of Dollars) 

Period Calendar 
Years 

DECON (Prompt Removai/Dismantlin&) 

1 2016 
2017 
2018 
2019 
2020 

Subtotal Period 1 

Dec:ommissioninJ Activities 2 2020 
2021 
2022 

Subtotal Period 2 

Site Restoration 3 2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 

Subtotal Period 3 

Total Cost 

Paae2Sor64 

1991 
Cost 
1000s $ 

1,731.9 
22,591.1 
22,591.1 
29,519.5 
6.728.7 

83,162.1 

49,420.0 
62,494.8 
45.267.4 

157,182.2 

8,678.4 
32,018.9 

1,588.4 
1,588.4 
1,588.4 
1,588.4 
1,588.4 
1,588.4 
1,588.4 

975.0 
52,791.4'\ f ~ 

293,135.7 
.c 
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COST ESTIMATE FOR PROMPT J(EMOVAL/DISMANTLING: 
Crystal River Plant Unit 3 

(Thousands of 1991 Dollars) 

Activity o-. 1-Pa Dip lury Total cu Yd SCriP •·hra •·•• 

PElla» , 

1. • ..,. fwl I ._,ce •terial "'• z. Decon plant & proc ...... to a 
3. levi• plant .,.. I .,_ •. 391 
4. Porfon1 detailed red ._,vtl' • 
5. Estt•t• ~-procluct hwentorr 95 
6. salt for lic:en.e -ldllet•t 136 
7. End procluct deacriptlon 85 
a. Detailed ~-prodyc:t ,,__,.,.r 120 
9. Def ,,. •Jor 110rk .....-nee 642 
10. Perfon. .. fotr ~lysia 269 
11. w.tt cn-tlhll plan 44 
12. lecolw licen.e- ._,t • 
13. l.celve di.-.ntllnt ~r • 

s..tttotat Period 1 Acttvttr C.ts 171Z 

Period 1 lftti!ltrllluted C.ts 
1. hcon ..,,,...t 57 57 
2. o.c .. ..,.. .... 91 91 
3. DOC staff rot..r;tt I on ~ 377 
4. Procesa l t.,td WMte 45 24 28 S6 153 11 
5. lnauranc:e 1412 
6. Prapertyt- 2 
7. .... ,, .. ptar-tc:s -..u .. "' 67'9 
d. .... vy eqyl.-nt rantal 117 187 
9. Dlspoaal of cont•lnated .olid .,..,, 43 11 421 412 219 
10. ISFSI capital e ....... hur• 19775 
u. Plant ener~r bulfeet 1616 

~otol hrled 1 antistrlauted C.ts 201 "' 67 ]9 .u.t. Z4I40 DO 

DOC Staff Ca.t 5624 
Utility Stoff Ca.t 37317 
Subtotal Stoff Ca.ta for Period 1 42941 

TOTAl. PUICI» 1 aliT 201 166 67 J9 414 69561 230 

IDlES: • -N_. hllllc:at• ~~ fwl Mrlllt 1111, ,.c:k .. illl, MiiPPilll, and diapDNl ere .,.... to 

pl.m ...... , ... , .... ~-·-·"' 
• ._. lndjcot• thet COIIts .,. lfiCl.-d lrt 1M utH lty ateff ca.ta. 
- All c•t• .,. ........_ col.-. _, not totol .._ to ,.,..ine error 

119 "' 

1611 4 

1130 4 

1130 4 

'--------------TLG ENGINEERING, INC.---------------' 



Doealilent F01;.25-00l 

Paael7or64 

TABLE 4.2 (contlnaed) 
COST ES'nMATE FOR PROMPI' REMOVAL/DISMANTLING: 

Crystal River Plant Unit 3 

Activity 

PfiiC» 2 

Activity -..ctflcetl.n~ 
14.1 Plent I t-.porery fecllltlet 
14.2 Plent ayat-
14.3 leector tntern.lt 
14,4 leector vea .. l 
14.5 liolotic•l ahteld 
14.6 Ste .. eeneretort 
14.7 Reinforced concrete 
14.1 TurbiM I Condtnter 

14.9 Plent atructuret & bulldifiiS 
14.10 W..te -.net•••nt 
14.11 Fecltlty & alte cloteout 
14. Total 

Pl ... il'll I lite ,,...,._,_ 

u. Pr..-re cu-.cu.,. ....-nee 
16. Plent prep. & t ..... tweet 
17. Delltn •tar cl_.. ... IPt• 
11. lit~ina/CClt/toollftl/etc. 

19. Procure ca~kt/llnera & container~ 

Detailed u.rt ,......_ 
20.1 Plent ayat .. 
20.2 .,.. .. , ..... 
20.3 leector lntem.lt 
20.4 l ... tntn~ bulldlftll 
zo.s CliO cool tn~ ....-tv 
20.6 CliO Mull,_. & IC:I c-. 
20. 7 lncore inetn.ntatlon 
20.1 INctor vetMl 
20.9 Fecility cloeeout 
20.10 Mitt He ehiel• 
20.11 liologicel shield 
20.12 see .. eener•tora 
20.13 leinforced concrete 
ZO. 14 TurbiM I condenlert 
20.15 Aultit tary but tdine 
20.16 IHCtor building 
20. Totel 

Decon IISSS/bet a-w.t 
21. lecon pri•ry loop 
zz. I.-we ~pent fuel recta 

._ a-we P.ct •tp 1urt Total C:U Yd Scrip l·hn 11·1• 

411 
354 
604 
553 
43 

265 
136 
61 

265 
391 
17 

3173 

204 
1347 
119 

1140 
105 

402 
213 
213 
115 
15 
IS 
15 

309 
102 
:sa 

102 
391 
IS 

265 
232 
232 

2953 

524 524 aoo I 
1002 44 69 16 964 2095 555 21299 172 

'--------------TLG ENGINEERING, INC.-------------J 
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TABU 4.2 (continued) 

Document FOI~S.OOl 

Paae21of64 

COST ESTIMATE FOR PR()MPT REMOV,\L/DISMANTLING: 
Crystal River Plant Unit 3 

Activity .._.__,_, .... , IUry Total c:u Yd Scrap ll·hnl •·•• 

IIUClear It- I&W'Y tyat• --..a 
21.' leector Cootent Plpi"' 67 161 13 7 113 367 52 7492 154 
21.2 Pr .. eurlaer letlef Tank 10 47 J 2 21 19 1l 1120 46 
23.] leector Coollftt ,..._ I Motors 92 34 36 19 74e 921 357 3952 !9 
23.4 ,, .. .,..,., 3J J6 5 7 321 401 151 1934 J8 
23.5 st .. a.n.raton 137 1745 72 760 ,. 4603 195 52347 669 
21.6 ClllteiiiCit/lerVIce Structure l.ovtl • 41 20 12 160 321 67 3495 19 
23.7 laector v .... t Jntemala 115 1601 S63 1259 1944 12552 266 11925 121 
23.1 INCtor VMMl 117 2402 265 321 1102 4201 217 11925 121 
23. Totals 721 6074 977 2317 1]310 23477 ZOPS 101191 1529 

Oispaul ef Pln sw-u. 
24.1 Min&l ..... t St ... 199 199 515 7222 
24.2 Cycle Start·Up 34 34 47 1214 
24.3 E•tractlon st ... 112 112 255 :s• 
24.4 AYlillary ., ... 167 167 76 6007 
24.5 , .... ,er 90 90 139 3127 
24.6 E .. r.-ncy fee~Mater 66 66 55 Z317 
24.7 Condlnute 115 us 174 4130 
24.1 LP & • ,..._tar Drains f. Vtnta 222 222 211 1141 
24.9 ,..._ter ... ter lellef Vents & Drains 46 46 34 1666 
24.10 llisc Turbine loa~ St .... Drelns 12 12 4 431 
24.11 Tl IUip & Oily W.ter .....,..,., 27 27 1S 971 
Z4 .12 condMier At r I.-vel I Pri•ine 77 77 70 2m 
24.13 TurbiM Gl ... lt .. I Drains 66 66 49 2351 
24.14 ... , I lpray .ter 51 51 15 1136 
24.15 CGndlnute ... ln~rallur 149 149 136 5375 
24.16 Cycle-... Yater Trea-..nt UQ 103 134 J517 
24.17 C...,..t• '-In ......-au~n 5I 5I 49 20]6 

24.11 at.icel FMd lac•lllrory Cycle Jl Jl 1S 1366 
24.19 lacelndai"J Cycle ... 11111 l 3 4 133 
24.20 Condlnute I '-In Ullter .._..,,, 56 56 33 1995 
24 •. 21 a.-leal C:l.-1"1 lt .. ca.naratora 16 16 14 561 
24.22 Yet L~NZ ll..Uei"' COnd I FW 7 7 J 241 
24.Z3 Circulati"' water Z5 Z5 6 901 
24.24 -re~n.,.... W.ter 17 17 147 ]121 
24.25 Da181tte water 14 14 S9 ]000 

24.26 sac:_.ry lervlc• ClOHd Cycle Cool iftl 111 111 345 6546 
24.27 fire service W.ter 377 J77 420 13491 
24.21 lnlt,.._.t I Station lervlee Air 117 117 127 4341 
24.29 IUMi fO & COIIpreaNd Afr I E..._t 52 52 51 1111 
24.10 EDG .lacket C:OOllftt 11 11 7 312 
24.Jt fDG •tr Coolent 10 10 6 35] 
24.J2 lube oil 'lplne 17 17 7 611 
24.JJ AC TurbiM Generator ... , Oil 7 7 3 247 

------------1\.G ENGINEERING. INC.-------------' 
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TABLE 4.2 (co.-tlnue4J) 

Docunaeat FOl-25-002 

Paae2tor64 

COST ES'I1MATE FOR PROMPT REMOVAL/DISMANTLING: 
Crystal River Plant Unit 3 

Activit, Decen a-. Peck Ship lury Total Cu fd scr., ........ ·-·-
oi.,_.l of Plene IJit- (contl,...) 
24.34 Turbine L. Oil 51 53 41 1860 
24.35 ae~ecor Coolent P\IIIP.Motor La ou 44 2 c1 11 65 9 1425 4 
24.36 llutl•r service c&.- Cycle Coollna 311 313 431 11302 
24.37 llucl•r Services & Decev lelit S...tor 101 101 219 3920 
24.31 Spent fwl c.ouna 471 60 14 491 1043 251 16424 46 
24.39 Dace, ~e~~c .c&.- Cycle Ceol 1111 433 77 16 Sl1 1106 297 14126 4] 
24.40 Dace~ .... t I.-oval 601 73 15 542 1231 277 20516 62 

24.41 "'~•lleneoua leec:tor Coolenc ~~· 10 7 2 57 76 29 441 ] 

24.42 Makeup I Purification 1000 77 11 614 1710 115 13113 116 
24.43 c.._,,., Addt tlon 12 12 , 421 
24.44 Llfflld hiiPtlna 46 7 2 57 113 29 167S 4 
24.45 •itraten~lydrOitfl I C.rban Dl•l• 21 21 17 771 
24.46 Liq~.~icl.,..te Di8fiGHl 1J10 1724 122 :so 1019 4276 sse 101111 304 
24.47 WHte O~ina 22 22 1 C1 9 54 5 1437 4 
24.41 AuK I leec:tor floor I Eq~.~tp DraiM 4]7 I 2 64 511 SJ 14071 40 
24.49 IC I •lee .... te EWipOI"ater 132 12 4 152 300 71 4219 12 
24.50 W.•t• Gaa Dlapo~al ~ 10 2 10 412 41 10456 25 
24.51 Wlilte GH hiiPlJna ] c1 c1 6 9 ] 112 <1 
24.52 contat,_..t Monitortna 10 10 4 373 
24.53 PASS cone Monitor AIM Monitor .7 7 3 257 
24.54 lable GH EfflUMt lklnitort"' 7 7 4 271 
24.55 Post Accidlnt SMplina 6 6 4 226 
24.56 Core floodlfll 5] 11 2 15 151 44 11110 6 
24.57 le~ecor luilclilll lp"a, S6 S6 19 2002 
24.51 II Pr....,. S.lna I T•tlftl 1 , 50 
Z4.S9 II Leak late T•tlna 21 21 ]7 7S4 
24.60 Post Acetdlnt Vtntlna 19 19 • 691 
24.61 11. fl I a&atl iary lulldlna IVAC 617 9Z 21 734 1464 176 19162 39 
24.62,,M I fuel INndliftl ArH IVAC 415 54 12 429 911 220 12941 25 
24.63 Control ~lea IVAC 109 109 170 3995 
24.64 Turbine ArH IVAC t12 112 227 4080 
24.65 ••ector IUildint Ptnetratton Coolifll 71 71 131 2557 
24.66 Chilled Yater 241 241 145 1163 
24.67 Office luilcllfll IVAC 90 90 123 ]196 
24.68 lr.._triat Cooler Witter 133 133 '" 4761 
24.69 Control Cllllplu EfiC ·- 62 62 106 2209 
24.70 Aua luilcllne PMt Accidlnt .SMpltne 11 , 11 421 
24.71 Technical Support Center 10 10 106 2116 
24.n ICI INUYIIntetion Piplne 271 J c1 22 304 11 1957 2S 
24.13 Electrical (cle.n) ]52 352 2990 12337 
24.74 Electrical (cont .. inetecl) 152 52 12 411 635 214 S44S 7 
24.75 E lectrl cal (0Kont•lneted) 91 119 210 sn 7356 
24.76 Mypochlorlte Injection 12 12 16 425 
24. Tot•ls 1423 11491 670 154 5449 19117 2791 1176 442192 136 

L..------------TLG ENGINEERING, INC.--------------
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TABLE 4.2 (continued) 

Document F11·2S.OOZ 

P•ae30or64 

COST ESTIMATE FOR PROMPT REMOVAL/DISMANTLING: 
Cryst•l River Plant Unit J 

ACtivity 

..._•l•tt• of lite IUildi• 
25.1 Inc tor 
25.2 Auaililry 
25.3 lnteiWidllte 
25.4 •• .. terr•t• ~tor ... &.P,.....tna 
25.5 c:t..lc•l aidt•t ton tul ldlna 
25. Tot1le 

26. Lie ... teNinetlon eurwy 
27. Ter~~lnete lie ... 

IIM.Cil Period 2 Activity C.ta 

Perilcl 2 &nliatrllutod C:.ta 

1. heon ••.-nt 
2. heon M41Pl t• 
3. DOt at1ff reloc1tlon • ....,... 

4. Procnl llqutd ---~· 
5. lnaur.nce 
6. Property , .... 
7. ...lttl ph)'II.CI ._,u .. 
a. lerl)' equl.-nt rent•& 
9. SMll tool ell-..nce 
10. Pipe cute 1111 -..t,..nt 
11. Decon rlt 
12. Di.,_.l of cont•lnetod Mlicl .... ,. 

13. ""'' ..... budlet 

DOt St1ff Coat 
Utility Stiff COlt 
SUbtotel Staff COita for Period 2 

TOTAL POIC. 2 

PEIICD 1 

._, of llaier ~1.-nt 
21. Main TurbtM/Generetor 
29. Main Condlnlera 

..., ._ Peck Ship IIWY Tot•l CU Yd Scr• •·lira •·•• 

1337 
1D1 

90 

24 
9 

27M 

M71 

171 

241 

744 

692 

1155 

Gal 

775 141 sa 1464 3762 
129 ... 21 135 3101 

<1 s 1 51 147 
<1 14 41 

<1 c1 5 15 
1605 89 61 2369 1067 

3U 

• 
19214 1955 2611 22092 61774 

171 
241 
377 

430 503 1092 2769 
1420 

2 
17U 1713 .,,, 6316 ,. 1. 
s:ss s:s:s 

692 
D 9 396 439 

1427 

- 461 512 , .. 1QN 

19969 
31441 
53410 

2Jtl64 2411 :SUO D511 131471 

59 
216 

59 
216 

750 61261 200 
421 63711 419 

26 2479 a 
7 702 
3 252 <1 

12tJ 12M75 629 

66S4 .76 JQI6S6 2974 

215 1911 4 

17 1234 3 

Zl1 J215 7 

... .76 711172 z-. 

1799 1194 
1479 61171 

1-------------TLG ENGINEERING, INC. --------------.J 
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TABLE 4.Z (continued) 

Document FOl·lS.OOl 

PaaeJt or64 

COST ESTIMATE FOR PRO.MPT REMOVAL/DISMANTLING: 

Activity 

O..litian of 1-iniftl Site luildh• 
30.1 Re.ctor 
30.2 A1111il iary 
30.3 lnteNidiate 
30.4 Turbl,. I hater lav 
]0.5 ot ... l Generator 
30.6 Control CGIIplea 
30.7 Intake I Discher .. 
30.8 .a.iniatration 
30.9 Office 
30.10 W.rehOUHS I Shop fKilitlea 
:SO. 11 Miscal t..aua Struc:tur" 
30.12 Technical SUpport Center 
30.13 lad Materials Stor ... I 'roc .. ai~t~ 
:so. 14 a.-teat ladiatlon lulldtne 
30.15 Dry Cask Stor ... Ca.paund 
:SO. Totala 

Site Cloaeaut Activlti" 
31. leMOVe IUbble 
32. Grade I landac.,. lite 
33. fin1l report to IIC 

Sl.btotal Period :S Activit~ Caats 

Period 3 Undiatrillllt.al C.ts 

1. lnauranc:e 
2. 'ropertv t .... 
3. lleavy ..,t...,.t rental 
4. s.u tool allOManee 
5. Plartt ... rtV budget 

DOC Staff CMt 
Utility Staff Coat 
Subtotal Staff Costa for Period 3 

101Al. PEIICI) J 

Cf)'stai·River Plant Unit 3 

..., •- hclt lllip ..,-y Total tu Yd Scr• ll·hra 11·1• 

S007 
4211 

547 
2671 
316 

1091 
1930 
143 
121 
576 

"' 60 
31 
9 

159 
17146 

3124 
111 

22126 

2244 
na 

5007 
4211 
547 

2671 
316 

1091 
19)(1 

143 
121 
576 

"' 60 
31 
9 

159 
17146 

Jl24 
111 
133 

2313 
6 

2244 
na 
• 

4770 

3732 
13398 

17130 

44151 

1111 110192 
726 97257 
314 13105 

3771 67292 ..,. 6120 
205 23143 
110 24441 
97 2667 

1602 
315 10737 
133 21031 
40 1111 
17 577 
5 165 

2957 
7678 314410 

67385 
922 

111957 461490 

111957 461490 

o...-------------n.G ENGINEERING, INC.--------------' 
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Doeume~at FOl-21-002 

Page3lof64 

TABLE 4~ (eontinued) 
COST ESTIMATE FOR PR,OMPTREMOVAL/DISMANTLINC: 

Crystal Riv.er Plant Unit 3 

Activity 

TOTAL COST TO DECCIIIUSSIOII 

TOTAL £liST TO DEallllal• lllfl 19.55 S IDIJIIIGEIICY: 

Total r-..to vol.- burled: 
tot•l acriP .. tal r..ovwd: 
total craft lebor raqutra.ent1: 
total persomel radiation ~= 
total craft lebor co.t w;th 19.55 S .conti,...ncy: 

a... I_.. Peck Sltip lury Total C:U Yd ScriP R·hra •·•• 

8527 53311 2414 3169 24.065 (245199) 7115 19132 1175092 2915 

1293. 1J5,700 

7,115 cu ydl 

19,132,4 tarw 

1,175,092.0 -.n·houra 
2,N4.7 .., ••• 

I 41,497,370 

IDlE: 0 IIIia -t tncludaa 111J,••• for Utility & ICII: .staff peria 1·J co.ts 
and MD, 155,160 for .... ...,. .... and ......,.ati-• .......,.ty tMeS, ·i,..,.....ce, 
plant ......, ~. and staff relacati.an .,. ..... 

'--------------TLG ENGINEERING, INC.-------------' 
ILG Hr ~OS il>'ll~) 



Docume.nt FOl-J.S-002 

Page33of64 

4.6 DECOMMISSIONING vs SITE RESTORATION 

The total projected cost of dismantling lhe CR-3 facility, for the DECON alternative, 
is $293,135,700. Of this total cost, appr()Ximatelf $226,894,000 is directly attributable 
t~ ~he engineering and planning and the actua dispo~ition of the ~esidual radioac­
tiVIty at CR-3. It sboufd be noted, however, that a darect acco&Jntmg of only .these 
costs is not .en.tirely ac.curate in por. traying 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 ~er plants are designed to contain the radioactivity inherent in the normal 
opera.tion o~ theJacilit·y·. Ac~r.dingly, radioact .. i~e and·p· ot.entia~IY. radioac.ti~~ syste~s 
are located ID ~liaelded labyruuhs, tunnels and pape chases. Thas maccessabahty, whtle 
essential d~;~rin&. ·~peration serves to impede .decom~issioninJ ac~ivities. Co~-
sequently, d .. IS. pos.···.·.ata·o·. no···f .. t.he .. se .... ··.·.co .... mpo···n·e· .. nt.s.'re .... Qll.ues th. at m m .. any sttuauons. that addi­tional access {and .. w,or~.ngr.SJJa~) ~ .~evelopcd. This access is achieved by disman-
~Jing s~ructure.s~~d~~orne~n~nts a}~~~ the ill~ended P.at~ of egres~ and. in the 
1mmedaate; W()~lclJ1g.are.•~ Inc most ID$t~.nces thas materaal 1s non-rad•oacuve and 
therefore D()t ll()mwlY j)erc:eived as a neeessary COD$tituent in facility decontamina­
tion. However, J•ilure tQ .establish adequate .working room .will increase the 
residence times ·.for decontamination ~d dismantling activities resulting in increases 
in the incurred,occupatippalexposure. 

The cost associated with the remov.al of non-contaminated and other releasable 
materials in sup.JJQI':f:of the decommissioning process are commonly referred to as cas­
cading costs. UJK)n;evaluating the (lismantlhlg processes involved in decommis­
sioning CR-J,.it b.:esdmated thatao additional $12,329,000 of •cascading costs" will be 
incurred in the deconu:nissioning ·frocess. Consequently, for the utility to meet the 
intent of the. NRC's definition ,. dec:ommission.iog, (• ... releuse of the property for 
Unrestricted use ~:~,n(l termination of license•) a .COSt of $239,223,000 .would be required 
to terminate the facl,)jty's license, or appr~imately 81.6% of the total cost. This per­
centage of the projc:cted costs for license termination at CR-3 meets the NRCs min­
im&Jm requirements. for decommissioning as delineated in title 10 of the code of Fed· 
eral Regulations, fart S0.7S. The remaining 18.4% would be required for site 
restoration as described in ~c:tion 3. 

'--------------TLG ENGINEERING, INC.--------------' 
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5. SCHEDULE ES11MATE 

Document F01-2S.002 

Paae34of64 

The schedule for the decommissiom.·ns_altematives. considered fo. r CR-3 in this study follows 
the sequence presented in the AIF fNESP~036 study with minor changes to reflect recent 
experience and revised estimates. The assumptions Cor the ~hedule are listed in Section S.l. 
Fig!lr~ .s.t vrese~ts the schedule of keY activities (or the PECON scenario. Note t~at the 
acuv1ttes bsted m the schedules do not reflect a one to one correspondence wath the 
activities in Table 4.2. but reflect splitting some activities fo( darity and combining others for 
convenience. Figure S.l contains a legend defining the schedule nomenclature and depic­
tions. The schedule'was prepared using the computer code •Microsoft Project• (Ref. 13). 

5.1 SCHEDULE ESTIMATE ASSUMPTIONS 

The schedule in Figure S.l reOectS the results ofa prece,dence networ~ developed for 
CR-3 decommissioning activlti~s. The durations used· in the precedence n~twork 
reflect the actual manhour esta.mates from Table 4.2. The sctiedule outp.ut as then 
adjusted b)' stretching certain •cdvities .over their slack range; other activities were 
pushed to the end of their slack ~riod. The following assumptions were made in the 
development of the schedule forCR-3. 

1. 

2. 

3. 

4. 

All work except ~I ancJ intetnal$ removal activities will be performed during 
an 8-hour workday, S days per week with no overtime. There are eleven paid 
holidays per year. 

The fuel storage •ea in the Auxili~ Building will be isolated until such time 
that all spent fuel bas been .transferred from the spent fuel pool to dry cask 
storage modules. i~ .• ·dec:Qntamination of·the fuel storage pool and supporting 
systems can begin approximately five years (S) after shutdown. 

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

Multiple crews will work parallel activities to the maximum extent possible con­
sistent with optimum efficiency, adequate access for cuttingt removal and 
laydown space, and with the stringent safety measures necessary during demoli· 
tion of heavy components anci st.ructures. 

5..1 PROJECI' SCHEDULE 

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

A project time line is shown in Figure 5.2 for the DECON decommissioning scenario. 
M1lestone dates are based on a 40 year plant operating life. 

--------------TLG ENGINEERING, INC.--------------' 
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DECON ACTIVI'IY SCHEDULE 
DEFINITION OF TERMS 

ID Tenn Deftnltlon 
.. ....._.,~~NNMNNNMN~~----~-----------------..-.······ ··--···········----·-··········-------··••••••••••• 
1 
2 
3 
4 
s 
7 

Start 
Special ~ment 
.Procure . .. Uners 
.Plant Preparation 
.Prepare Dismantli~ Sequence 
End-product Description 

8 Review Plant Drawinp 
9 Enginee!inJ·PreparatiOils 
10 Design Water Cleanup Sys 
11 Group B Procedures 
12 Group C Specifi~tions 
13 Group A Specificadons 
14 Defi~e Work Sequence 
15 Establish By-product Inventory 
16 Fuel Decay 

17 Decontaminate NSSS 

18 Period 1 Start 
19 .Period 1 Waste 

20 Group A Procedures 
'21 Safe'): Analysis 
22 Detailed Radiation Survey 
23 Detailed By·product Inventory 
24 Period 1 Licensing Activities 
2S End Period 1 
26 Period 2 Waste 

27 Period 2 Licensing Activities 
28 Group B Procedures 
29 Remove Group B Systems 

Plant shutdOWII, project start 
Procure s~al equtpment 
Procure l.SA caskS and liners 
Prepare plant for decommissioning 
Prepare dismantling sequence 
Provide end-product description fc;u decommis­
sioJling 
Review plant drawings 
Begin. eflgineerina for decommissioning operations 
Desi$n water cleanup system 
Detaded procedUJ'CS for group C system removal 

· Activity specifications for group C system removal 
Activity specifications for group A system removal 
Define decommissioning work sequence 
Establish by-product inventory 
Delay to permit fuel to cool to DOE acceptance 
levels 
Perform decontamination flush of nuclear steam 
s
8
upP.IY sys~odem d . . . . . . 
egan pen 1 ecommass1onang acttvttaes 

Process liquid and solid waste from period 1 
activities 
Detailed procedures for group A system removal 
Perform detailed safety analysis 
Perform detailed radiation survey of the plant 
Determine detailed by-product inventory 
Ucensing activities for duration of period 1 
End of period 1 detailed engineering and planning 
Process solid and liquid waste from period 2 
activities 
Licensing activities for duration of period 2 
Detailed procedures for group B system removal 
Remove systems, group B (essential NSSS support 
systems) 

30 Remove Pressurizer Remove pressurizer 
31 RemoveNon-EssentiaiStructures Remove all non-essential structures (e.g., 

warehouses) 
32 Remove Turbine Generator Set Remove turbine, generator and exciter 
33 Remove Group A Systems R~~ov~ systems, group A (non-essential to decom­

massaonang) 
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DECON ACIWITY SCHEDULE 
DEFIN11'10N OF TERMS 

ID Term Deftnition 
_......., ___ .. . ....... --·-···-··-··--··········-·-···· ··········------------···· ··------
34 Remove Condenser 
35 RPV Removal Preparation 
36 Remove RPV 
37 Remove RCS Pipe 
38 RB Group C Systems 
39 RB Group D Systems 
40 Decontaminate RB 
41 18 Group C Systems 
42 18 Group D Systems 
43 Decontaminate 18 
44 TB Group D Systems 
45 Other Buildings Grou~ D 
46 Decon~nate Other Buildinp 
47 DG Group D .Systems 
48 CC Group C Systems 
49 CC Group D Systems 
SO AB Group C Systems 
51 AB Group D S~tems 
52 Remove Spent .Fuel Racks 
53 Remove Steam·Generators 
54 Decontaminate A8 
55 license Termination Survey 
56 End Period 2 

57 RB Interior Demolition 
58 RB Exterior Demolition 
59 Backfill RB Void 
60 IB Interior Demolition 
61 18 Exterior Demolition 
62 BackfilliB Void 
63 DO Interior Demolition 
64 DG Exterior Demolition 
65 Backfill DG Void 
66 AB Interior Demolition 
67 AB Exterior''Demolition 
68 Backfill AB Void 
69 Shop Interior Demolition 
70 Shop Backfill 

Remove main condenser 
Prepare reactor vessel for segmentation 
Remove reactor vessel by remote segmentation 
Remove reactor coolant system piping and valves 
R¢move reactor building group C systems 
Remove r.eactor··.bui.lding group D systems 
~contaminate reactor building 
Remove intermediate building group C systems 
Remove intermediate building grot.~p D systems 
Decontaminate inte~ediate building 
Rem. ove.tu.·.r.bine. bui.lding gro~p D. systems 
Remove group D systems ~from outbuildings 
Decontarriina&e miscellaneous outbuildings 
Re. m·ove··· · .. d.ie. ·sci generator bu. ilding group. D systems 
Remove contror C01J1plex &roup C systems 
Remove control COII1Pl~x group D systems 
Remove a)lXili~ry tl~ilding group C systems 
~emove a~iliary building~group D sys!ems 
Remove spent fuel @~ks from spent fuel pool 
Remove steam generators 
Decontanii.nate auxiliary building 
Lice~ termination S'Urvey by NRC 
End of period 2. site released for conventional dis· 
.mantling · 
Reactor buildins inJerior demolition 
Re~or building exterior demolition 
Backfill r.eactor building below grade void 
Intermediate building. interior demolition 
Intermediate building exterior demolition 
Backfill intermediate building below grade void 
Diesel generator building interior demolition 
Diesel fenerator building exterior demolition 
Backfil diesel Jenerator building below grade void 
Auxiliary buildmg interior demolition 
Auxiliary building exterior demolition 
Backfill auxiliary building below grade void 
Shop and Warehouse interior demolition 
Backfill Shop and Warehouse below grade void 
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DECON ACI'IVITV SCHEDULE 
DEFINITION OF TERMS 

ID Tenn Definition 
........ ___. .... ..._,_.,.._. .. .-.-....... ~OMMOMMOMMee~-----------------------.... ---------.-.·----------·-••••••••••••••••• 

71 CC Interior Demolition 
72 CC Exterior Demolition 
73 TB Interior Demolition 
74 TB Exterior Demolition 
75 Backfill TB Void 
76 Remove Essential Structures 
77 Landscaping 
78 End 

Control compl~ interior demolition 
Control complex exterior demolition 
Turbine builoing interior demolition 
Turbine building exterior demolition 
Backfill turbine building below grade void 
Remove essential support structures 
Landscape site 
End of project, site released for unrestricted use 
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FIGURE5.2 

.DECON 
DECOMMISSIONING TIMELINE 

(not to scale) 

Crystal River Plant - Unit 3 

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

Most of the materials for controlled burial are categorized as l.Dw Specific Activity (LSA) 
material containing less ttum Type A quantities as defined in 49 CFR 173-178 (Ref. 14). The 
containers m~t be strona tight .~kages. For this study, e,ommercially available steel con· 
tainers are used for pacuaing piping. small components and concrete. 

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

The waste volume attributed to the prompt dismantling is primarily generated during Period 
2 (for DECON). The radioac:tive was~ generated as a result of the decommissioning of CR-
3 is destined for d~ .at ,the yet·t~be devel•d r~gional facility for the Southeast Com· 
pact. This unspecified buriaffaCili~ was ass&amed to exist in North Carolina, the first host 
state designated for the Compa~. This lbcati9n was taken as ~he final destination for all 
radioactive waste shipments from CR·3. Burial costs at tbe regional radioactive waste dis­
posal facility were based upon the current Cbem~Nuclear Systems ·rate schedule for the 
Barnwell, South Carolina site. (Ref. S). 
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TABLE6.1 
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PROJECI'ED RADIOACTIVE WASTE BURIAL VOLUMES 

Waste 
Class1 

Volume2 

(cubic yards) 

Crystal River Plant • Unit 3 

1 

2 

Total 

A 
B 
c 

>C 

6.555.3 
226.0 
200.2 
133.5 

7,115.0 

Waste is classified acc:ordins to the req&~irements as delineated in Title 10 of t'he 
Code of Federal Replations. Part 61.SS 

Oass A and 8 wastes contain typeS ami quantities of radioisotopes that will decay 
within 100 years, with Clll$5 B waste baYing more rigorous requarements on waste 
form to e.nsure stability. Class C wastes require addition measures at the disposal 
facility to protect against inadvertent intrusaon for up to SOOyears. Waste in 
which the ladionuclide con~ntrations identified for Class C are exceeded is 
generally nOt suitable for near.;surface disposal; such waste is classified as >C. 

No esdmate has been made of the I.SA waste that will be generated during the 
operation of the fuel storage facility. 
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7. OCcutATIONAL EXPOSURE 
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An estimate o.f the occupatio·nal· I'Jdiation exposure assoa, . 'ated with .the performance of the 
DBCON de~mmissioning activities was devd~ ~ 11.0. Radiation doses to decommis­
sioning 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 occupationaf exposure estamates are based on the following assump­
tions: 

1. 

2. 

3. 

4. 

s. 

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

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

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

Careful pro.mpt ·~.cou .. nting of accum. ulated radi·a· tion expo.sure is maintained to 
rapidly identifY tasks causing excessive dose accumulation by workers so that correc­
tive action can be taken. 

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

It should be noted that the radiation exposure .rates used to calculate the exposures shown in 
Table 4.2 are based on .optimum .conditi(Jns; factors such as plant ape, maintenance and 
operating history could ca~ • ~cted ~11re rates at the time o decommissionin• to 
vary significantly. A total of 2,984.7 manRem was postulated for the DBCON activiues. 
Table 4.2 provides a breakdown by line activity. 
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8. CONCLUSIONS 

Document FOl-25-002 

Page4Sor64 

Decommissioning technology is well established and the tools and equipment necessary to 
completely dismantle CR-3 are available and have be~n demonstrated. The cost to decom­
mission the nuclear unit using t. he. DECON. (Prompt Removal/Di.sma. ntling) alternative is 
$293,135,700, including shipment of all wastes and dismantled materials to a regional burial 
site and demolition of the remaining site structures. The estimate reflects .the site-specific 
features of CR-3 and the estimated c:ost 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 decommissionin' and udlity staff costs and removal costs are the largest percentages of 
the total cost, reflectm~ the labor intensive nature of decommissioning. programs. Burial is 
the next most costly ac:tavity in the pr~ram. Shipping costs will.be most sensitive to changes 
in fuel costs and dastance to waste disposal facilities. Removal costs are dependent on the 
degree of remotely operated equipment available in the future and the associated higher 
cost of that equipment versus the ·savings in labor costs. These results point to the need for 
periodic reviews of these estimates. 

This study for CR-3 provides an estimate for decommissioning the site under current 
requirements based on present day ~osts.and available technology. As additional disman­
tling exp~rience .on large rea~~~rs ~~om~s available, cost estimates must be .modified to 
reflect thts expenence. ln addat1on, lustorac:aUy the costs for low-level waste d1sposal have 
increased at rates significantly higher than inflationary trends and, therefore, should be 
reviewed periodically. 
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TABLEI.l 
SUM~YOFDECONCO~ 

Work Category 

DECON (Prompt···Removai/Dlsmantlin&) 

Decontamination 
Removal 
PackaJing 
Shippmg 
Burial ( off·site) 
Decommissioning Staffs 
Other • 

SUBTOTAL 

TOTAL** 

1991 
Costs Percent of 

(Thousands) Total Costs 

8.527 
53,318 

2,484 
3,169 

24,065 
113.481 
40.155 

245.199 

293,136 

3.48 
21.74 

1.01 
1.29 
9.81 

46.28 
l6.l8 

100.00 

• Other includes: engineering & preparations, insurance and DOC staff relocation 
expenses 

•• Includes an average contingency of 19.55% . 
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A. SITE REPOWERING 
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Three separate cost estimat~ were dev~loped for the nuclear unit. The cost and schedule 
estimates presented within the main bod)' of thi$ document are based upon the complete 
removal of all components and structures within the pro~rty lines, as the station is presently 
configured. ~xcept where note.d. This is consistent with the earli~r dccommassioning 
estimate n.G had prepared for FPC in 1985. 

The two additional cost estimates were d~elo~ in.response to the Florida Public Service 
Commission's Order No. 21928. iss1,1ed in September 1989. The order required that FPC 
prepare a site-specific economic cost study Tor CR~3 to determine if it is cost justified to 
retain the non-contaminated ~rtion of tbe nuclear plant assets for use with a new genera­
ting station. In response, ~stimates are presented within this section for the d~commis· 
sioning of CR·3 assuming_ two differ~nt ~nv~rsion options. The estimates were developed 
with the assistance of FPC and as~um~ that essential systems and faciliti~s (to site 
repowcring) arc excluded from tbe scope of the decommissioning. 

A.l Conversion to a Pulverized Coal Unit 

The base decommissioning estinlate was modifi~d. for this scenario, to exclude those 
portion of CR-3 systems and facilities that.could ~tentially be used in rcpowering the 
site Wl. 'th_ pulver_ ized_ coal fueled ·oo __ . _-_i.lers._ The_ design_ assumed by FP_C w_as conceptual 
in that no de-tailed rev_ le_w and/or analys_is w• _pe. __ rform_ ed _for the various steam cycles 
and equipment combinations. However, FPC did do a comparison to the Zimmer 
Nuclear Plant which was recently converted to a pulverized coal steam unit. 

Assumptions 

The following systems. JK!rtions of .systems and facilities were excluded from the 
scope of the cfeconunissioning: 

ronions of Systew 

Main St~am and Reheat 
Extraction Steam 
Auxiliafy Steam 
Feedwater 
Condensate 
LP /HP Fe_edwater Drains and Vents 
Fecdwater Heater Relief Vents and Drains 
Misc. Turbine Room Steam Drains 
Chemical Feed Secondary Cycle 
Domestic Water 
Fire Service Water 
Instrument Air and Station Service Air 
Chilled Water 
Emergency Diesel Generator (only one of two existing) 
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Entire S»JciD$ 

TB Sump and Oily Water Separator 
Condensate Air Removal & Priming 
Turbine Gland Steam.& Drain 
Seal and Spray Water 
Condensate Dcmineralizers 

Document FOl-25-002 
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~cle Makeup Water Treatment 
Condensate Demin. ReJeneration System 
Secondary Cycle Sampling System 
Wet La,y:up/N2 Blanketing Condensate & Feedwater Systems 
Circulatina Water 
Screen Wash S!5tem 
Secondary Services Closed Cycle Cooling 
Turbine Lube Oil 
ACTurbine Generator Seal Oil 
Conde.nset Tube Cleaning System 
N2, H2, and C02 
Office Buildi11g HV AC 
AC Turbine Generator Gas 
Turbine Area HVAC 

Buildjnp apd fad I itjes 

Turbine 
Heater Bay 
Cold Shop 
Warehouse 
Office 
Nuclear Administration 
Tech Suppon Center 
lntake/D•scharge Structures 

These systems arc assumed to be placed in protective lay-up for the duration of the 
decommissioning .Period. The turbine plant systems would be drained, moisture 
removed, and maantained under dehumidified conditions to avoid rust buildup or 
degradation. The main turbine would be rotated periodically. The main generator 
would be filled with dry instrument air, generator and exciter coolers valved out and 
drained to prevent mOisture intrusion. Resins would be removed from storage tanks 
and the tanks would be refilled with demineralized water. Air and ~as systems would 
be shutdown and purged with dry instrument air. Cathodic protcctton systems would 
remain energized as a means of providing corrosion protectaon. Non-essential power 
supplies would be de-energized and isolated. Condenser and underground circulating 
water lines would be drained. Routine maintenance would be provided for all com­
ponents identified for reuse in the repowering scheme including switchgear and trans~ 
formers. 

------------TLG ENGINEERING, INC.------------_. 
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Facilities not needed to suppqrt decommissioning operations will be secured to pre· 
vent inadvenent intrusion and possible damage. EsSential cranes and hoists will not 
be allowed to degrade, non-essential cranes and hoists would be de-energize~. The 
carbon dioxide and halon systems will be maintained as long as needed. The fire 
water supply, pumps, hydrants and underground mains will be maintained. Suppres­
sion systems ~d fire ~tingU~ers will• be maintained in areas posing significant fire 
hazard or wh1ch renwn occup1ed by plant personnel. 

A.2 Conversion .to a Combined Cycle (gas turbine) Unit 

The base decommissioning estimate w~ modified. for this scenario. to exclude those 
ponion of CR·3 s,stems aDdJaciUties that could. potentially be used in converting the 
site to a gas turbme based, combined cycle facifity. FPC was conceptual in that no 
detailed review and/or ;tnaJrsis was performed for the various steam cycles and 
equipment combinations. ,However, FPC did do a COJilparison to the Midland 
Nuclear Plant which had undergone a recent conversion to a combined cycle facility. 

Assumptions 

The following systems, ponions of slstems and facilities were excluded from the 
scope of the decommissioning for possable reuse in site repowering: 

Ponjons gf Systems 

Main Steam and Reheat 
Condensate · 
Misc. Turbine Room Steam Drains 
Chemical Feed Secondary Cycle 
Domestic Water · 
Fire Service Water 
Instrument Air and Station Service Air 
Chilled Water · 
EDG Fuel Oil and Compressed Starting Air 
Emergency Diesel Generator (only one of two existing) 

Entire $)'stems 

TB Sump and Oily Water Separator 
Condensate Air Removal & Priming 
Turbine Gland Steam & Drain 
Seal and Spray Water 
Condensate Demineralizers 
Cycle Makeup Water Treatment 
Condensate Demin. ReJeneration System 
Secondary Cvcle Sampling System 
Circulating Water 
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Entire Systems 
(continued) 

Screen Wash System 
Secondary Services Closed Cycle Cooling 
Turbine Lube Oil 
AC Turbine Generator Seal Oil 
Conde~r Tu~ Oeaning System 
N2. H2, &J)d CO~ 
Office Building HVAC 
AC Turbine Generator Gas 
Turbine Area HVAC 

Buildinas and Facilities 

(same as in Pulverized Coal scenario) 
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A.3 Costs and Schedule 

1be bue decommiulonJna cost model wu modified for each of conversion scenarios. 
1be proceu is deacrlbed below. 

1. The lnventol} deslanated for reuae was removed from the decommlaslonlna 
data baae. 

2. New achedulea were devtaed for CR·3 deco.mmls•lonlna renecdna decommls· 
alonlna and diamantllnjaequence1 tor only &hoae aystems and structures desla· 
nated Tor removal. 

3. C0111 were ad~ed to lmap the IY,tema dealan•••~ ro.r the repowerfna aeenarloa. 
Maintenance co1t1 Jor IYit~ma layup Wll 111ume &o continue throuah to the 
completion of deCOJNI)IIilonlna operatlona. 

' 
4. The modlfted coa' moctel waa rerun tor 11ch converalon alternative. 

The new cost eatlmaJel ll)t OJ\,.). •••umlraa conversion of 'he rernainJna plant 
facilities once decomlrilu,lpnina operatiol!l have cease~. are debneated. in Ta6le A. t. 
The cost and schedule for .the l)a.~ scenarao is also provaded for comparason. 

A.4 Conclusions 

As can be seen in Table A.l, thereJs very little change in the first two periods of 
decouunissioninf for either re~ering scenario. Primarily, the cost savings is from 
the non-rem. ova of the repow .. ering s.ystems and .components. The sched.ule. which 
can have a major impact on ~dod-dependent costs, is not affected. The equipment 
that is being left in-place had been scheduled in the base estimate for disposition con­
current with other, more critical decommissioning activities. Since the decommis­
sioninJ activities controlled the program duration, deletion of these other non·critical 
activitaes had no effect on the scheaule for Periods 1 and 2 . .......... -----------'R.G ENGINEERING, INC.------------...J 
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Entjre SJstems 
(continued) 

Screen Wash System 
Secondary Services Closed Cycle Cooling 
Turbine Lube Oil 
AC Turbine Generator Seal Oil 
Condenser Tube Oeaning System 
N2, H2, aJJd C02 
Office Buildigg HVAC 
AC Turbine Generator Gas 
Turbine Area HVAC 

Buildin1s and Facilities 

(same as in Pulverized Coal sce~rio) 
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A.3 Costs and Schedule 

The bue decommiul(Jnlna coat model wu modified fQr each or conversion scenarios. 
The proctll is deacrlbed·bOiow. 

1. The inventory dealanated for reuse waa removed from the decommla~lonlna 
database. 

2. New achedulea were deviaed for CR·3 deeommls1lonlna renecdna decommls· 
alonln& and dlamantUnl aequencea tor only thoae systems and structures deal&· 
nated Tor removal. 

3. Coata were ad~ed co l~p ahe l~tema dealanated for tho ropowerlna aeenarloa, 
Maintenance coat• for 1ratema .11yup w•• 111ume to conUnue lhrouah co the 
completion of deoommlulonlna operadona. 

' 
4. The modlned COli model waa NNn tor each oonveralon alternative. 

The new coat esthn~tes for 01\·). 111umlna converalon of 'he remainJna plant 
racHides once decommi~JioraJna operations have cease~. are debne•ted, in Tallie A. t. 
The cost and schedule for the tia.~ scenario is also provaded for comparason. 

A.4 Conclusions 

As can be seen in Table A.l, there)s very little change in the fint two periods of 
decommissioninf for either re~ering scenario. Primarily, the cost savings is from 
the non-remova of the r.epower.·ing systems and com.ponents. The schedule, which 
can have a major impact on period-de~ndent costs, is not affected. The equipment 
that is being left in-plac:e had been scheduled in the base estimate for disposition con­
current witb other, more critical decommissioning activities. Since the decommis­
sionin' activities controlled the program duration, deletion of these other non-critical 
activities had no effect on the scheaule for Periods I and 2. 1--------------TLG ENGINEERING,INC.--------------..J 
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The major difference in cost .is seen in Period 3. AP.n, the major cost savinss is from 
the reduction in builcfin& demolitiQn and site resto!'~ttion. None of the facilit1es slated 
to remain for repowering bad contrcllled the dismantling sequence in the base 
estimate, so no savin~ wer~ extracted from the schedule. In fact, the need to keep 
the Turbine Building. Heater. B~t.y and Sho(.) FaciUties for repowering. reduces access 
to the Auxiliary, Control and lr1termediate Buildings. Consequently, the durations to 
demolish these structures may a~ually increase from base scenario projections. 

In summan-, the estimate presented in the base study, as well as that previously 
prepared for FPC in 198~ are not :greaUy affected by the disposition of the non­
contaminated portions of the CR~3 . 

.-.-----------TLG ENGINEERING, INC.------------__. 
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TABLEA.l 

COST AND SCHEDULE COMPARISON FOR VARIOUS 
DECOMMISSIONING ALTERNATIVES 

Scenario 

Decommissionlne & Total Site Restoration 

Preparations 

Decommissioning Activities 

Site Restoration 

Total Cost 

Period 

1 

2 

3 

1991 
Cost 
1000s S 

83,162.1 

157,182.2 

52,791.4 

. 293,135.7 

Decommissionlnc/Partlal Site Restoration/Pulverized Coal Conversion 

Preparations 

Decommissioning Activities 

Site Restoration 

Total Cost 

1 

2 

3 

83,162.1 

156,420.8 

40,979.1 

280,562.0 

Decommissioning/Partial Site Restoration/Combined Cycle Conversion 

Preparations 

Decommissioning Activities 

Site Restoration 

Total Cost 

1 

2 

3 

83,162.1 

157,003.2 

40,979.1 

281,144.4 

Schedule 
(months) 

39.5 

30.3 

105.1 

174.9 

39.5 

30.3 

105.1 

174.9 

39.5 

30.3 

105.1 

174.9 
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UNIT COST FACTOR DEVELOPMENT 

Example: Unit Cost Factor for Removal of Heavily Reinforced Activated or Contaminated 
Concrete. 

1. SCOPE 

Concrete that has been contaminated or neutron activated will be removed by controJJed 
blasting. Holes will be drilled vertically into the concrete with a track drill; the boles loaded 
with explosive,s: and the face of the concrete blown off. An oxyacetylene torch will be used 
for reinforced concrete rebar cutting or. other misc .. structural steel. Reinforcin~ is assumed 
to be No. 18 rebar (2·1/2" 00) on 12" centers. Each sequence removes 7.4 cubtc yards (cy) 
of concrete. The rubble will be loaded into containers, transferred to the packaging area, 
and loaded into boxes for shipment and burial. 

2. EQUIPMENT AND MATERIALS REQUIRED 

Pneumatically o~rated track drill 
Compressor 750 CFM; diesel-driven 
Air lloses and connections 

• 
• 
• 
• 
• 
• 
• 
• 
• 

Blasting mats (minimum 10' x 12' steel) 
Fog spray system • multiple spray heads 
~losives magazine 
Oxyacetylene torch, gas bottles, hoses. fire extinguishers 
Front end loader with, backhoe 
Rubble transfer container 

3. CALCUI.A TIONS 

Required Operations 

a Check all equipment (drills, compressor fog 
spray. blast mats) 

b Move drilling equipment to location 
c Drill holes on center, 2'x 20'x S'(depth) 
d Place charges in holes 
e Place blast mats and start fog spray 
f Evacuate area and detonate charges 

~ 
Verify charges have been shot 
Remove fog spray & blasting mats 

i Sample concrete rubble/rebar for radioactivity 
j Cut rebar with torch 
k Remove rubble into transfer container 
I Move transfer container to packaging area 

Total Durations: 

Base Activity Duration = 570 minutes to remove 7.4 cy 

Durations:• 
Sequence Integrated 

15 15 

15 (a~ 
160 16 
100 100 
30 30 
15 15 
10 10 
30 30 
15 ~) 120 1 0 
60 60 

..JO ..Jj) 
600 570 

L------------·-TLG ENGINEERING, INC.--------------' 
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Work Dlmculty Factors2 

Work Difficulty Factors Against Base Duration 
Access (20%) 
Masks(50%) 
Radiation (40%) 
Actual Duration 

Work Difficulty Factors Against Actual Duration 
Protective Clothing Changeout (30%) 
Productive Duration 

Nonproductive Time Factors 
Work breaks (8.33%) 
Work Duration 
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114 
285 

...228 
1197 

..ill 
1556 

...llD 
1686 

Total nme In Minutes • 1686 minutes or 28.1 hours per 7.4 ey, 

Duration Rat~ Cost 
Labor Crew No. (hn) ($/hr) ($) 

Laborers 4 28.10 $11.02 $1238.65 
oraerators 2 28.10 20.51 1152.66 
B asting expert 1 28.10 23.90 671.59 
Assistant 1 28.10 23.90 671.59 
Foremen 1 28.10 23.90 671.59 

---··· 
Subtotal labor costs 4406.08 
Overhead & Benefits on labor 3403.26 ._..._.. ___ 
Total labor cost $7809.34 

Equipment Rate, S Cost3 Ref.4 

3 Blasting mats (10'x12') $2.78/hr $234.35 1 Fo8 spr:f system (1 hr oper time) 2.38/hr 2.38 2 
75 CF comfcressor 15.51/hr 435.83 3 
Front end loa er w /backhoe 10.24/hr 287.74 4 
Track drill 18.30/hr Sl~.ZJ 5 
Subtotal materials $1474.53 

~------------TLG ENGINEERING, INC.------------~ 
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Equipment Rate. S Cost3 Ref.4 

Oxyacetylene torch/consumable~ (2 hrs) 
Compressor consumables 
Bucket loader consumables 
Drill: bits, etc,(2.667 hr oper time) 
Plastic sheets/bap (250) 
40 gounds explosiVe 
20 lasting caps 
Subtotal consumables 

Total eJuipment &. materials (inc overhead 
and pro it@ 10% and sales tax@ 6%) 

Total Cost (labor & materials for 7.4 cy) 

TOTAL UNIT COST FACOOR: 

(a) Activity runs concurrently with (a) 

(j) AL-tivity runs concurrently with (j) 

$6.83/hr $13.66 
16.Q4/hr 450.72 
6.21/hr 176.19 
9.15/hr 24.40 
0.05/sf 12.50 
1.35/lb 54.00 
1.81/cap 36.20 

$767.67 

$2600.95 

$10410.29 

$1406.80 percy 

1. Durations are shoWJ1 in minl1tes. The integrated duration accou.nts for 
those activities that Can ~ p_erfo011ed in cOnjunction with otller activities. 
indicated by the designator (a throu&h 1), of ihe concurrent activity. This results in 
an overall decrease in the sequencea duration. 

2. 

3. 

4. 

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

Adjusted for regional material costs; for Tampa. 100.9% 

References 
1. R.S. Means (1991) Division 022 Section 234-4000 pg 37 
2. McMaster-Carr Ed. 94 PJ 735 
3. R.S. Means 1991 Division 016 Section 420-0700 pg 13 
4. R.S. Means 1991 Division 016 Section 408-0400 pg 11 
5. R.S. Means 1991 Crew 8-47 pg xiv 
6. R.S. Means 1991 Division 016 Section 420-6360 pg 15 
7. R.S. Means 1991 Division 015 Section 602-0200 pg 9 
8. R.S. Means 1991 Division 022 Section 234-3700 pg 37 
9. R.S. Means 1991 Division 022 Section 234-3500 pg 37 

6 
3 
4 
5 
7 
8 
9 
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APPENDIX C-1 

UNIT COST FACI'OR LISTING 
Non-contaminated Factors 

Unit Cost Factor 

Removal of clean pipe 0 to 2 inches dia. S/lf 
Removal of c:lean pipe > 2 to 8 inches dia. S/lf 
Removal of clean p. ipe >8 inches dia. S/lf 
Removal of clean valves > 2 to 8 inches 
RemovaJ.of clean valves > 8 inche.s 

Removal of clean pumps, <300 lb 
Removal of clean pumps,l00-1000 lb 
Removal of clean pumps, 1000-10,000 lb 
Removal of clean pumps, > 10,000 lb 
Removal of clean heat exchanger < 3000 lb 

Removal of clean heat exchanger > 3000 .lb 
Removal of clean moisture sep_ arator /reheater 
Removal of clean tanks. <300_ u Jg&llons 
Removal of clean tanks, 3~3000 ullons 
Removal of clean tanks. > ~ gaDons, S/sq ft surface 

Removal of misc. clean equipment, < 300 lb 
Removal of misc. cleal) equipment. 3()()..1()00 lb 
Removal of misc. clean eq~o~ipment. 1000-10,000 lb 
Removal of misc. clean ~uipment, > 10,000 lb 
Removal of clean electrical cable tray, S/lf 

Removal of clean electrical conduit, S/lf 
Removal of clean feedwater heater/d~aerator 
Removal/manual flame cut of thin md comp, S/in cut 
Removal of electrical transformers < 30 tons 
Removal of electrical transformers > 30 tons 

Removal of standby diesel-generator 
Removal of clean fiVAC ductwork. S/lb 
Removal of clean turbine-driven pumps < 10,000 lbs 
Removal of clean turbine-driven pumps > 10,000 lbs 
Removal of clean PWR turbine-generator 
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Cost/Unit (S) 

5.54 
9.56 

19.16 
117.23 
216.81 

116.05 
268.93 

1,549.78 
2,686.48 

540.54 

1,536.79 
11,158.07 

187.49 
447.42 

4.49 

69.27 
252.60 
505.20 

1,602.94 
6.41 

4.25 
4,837.87 

3.36 
834.92 

2,404.38 

3,940.59 
0.45 

1,603.24 
2,648.02 

92,213.94 
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APPENDIX C-1 

UNIT COST FACfOR LISTING 
Non-contaminated Factors 

(continued) 

Unit Cost Factor 

Removal of clean PWR main condenser 
Rmvl of clean pipe ha11gers for small bore piping 
Rmvl of clean pipe hanaers for large bore piping 
Rmvl of clean mstrument and s•mplingtubing, 5/lf 
Remove clean concrete floors, S/cubicyard (cy) 

Remove heavily reinforced concrete, S/cy 
Removal of concrete floor sectio115, S/cy 
Demolish subterranean tunnels, S/lf 
Excavation, S/cy 
Perform bldg demolition (volumetric), S/cf 

Removal of foundation concrete, S/cy 
Remove structural steel, S/lb 
Remove steel floor grating. Sjsf 
Remove free-standing steel bner, S/sf 
Remove grade slab concrete, S/cy 

Landscaping. $/acre 
Remove monolithic concrete, S/cy 
Remove concrete anchored steel liner, S/sf 
Remove standard reinforced concrete, S/cy 
Remove masonry/block, S/cy 

Placement of scaffolding. S/sf 
Backfill of below grade voids, S/cy 
Removal of overhead cranes/monorails< 10 ton cap 
Removal of overhead cranes/monorails > SO ton cap 
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Cost/Unit ($) 

252,148.70 
15.02 
52.77 
0.23 

173.92 

133.43 
657.13 
74.15 

1.94 
0.16 

370.47 
0.19 
2.77 
7.88 

137.76 

14,607.86 
473.22 

3.37 
239.55 
33.11 

2.46 
13.83 

368.61 
3,674.49 
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APPENDIX C-l 

UNIT COST FACfOR LISTING 
Contaminated Factors 

Unit Cost Factor 

Remove pipe <2.5 inches diameter, S/lf 
Remove pipe 2.5-8 inches diameter. Sllf 
Remove pipe >8 inches diameter, S/lf 
Remove valves 2.5-8 in 
Remove valves > 8 in 

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

Remove heat exchangers. > 3000 lbs 
Remove tanks, <300gallons (gal) 
Remove tanks, >300 gallons.l/$f 
Remove misc. components. <300 lbs 
Remove misc. components, 300-1000 lbs 

Remove misc. components, lOD0-10000 lbs 
Remove misc. components. > 10000 lbs 
Remove electrical cable tra)', S/lf 
Remove electrical conduit, S/ll 
Plasma arc cut of cont. equip, S/square inch 

Surface decontamination, S/sf 
Procure and prepare LSA box 
Remove activated/contaminated concrete, S/9 
Drill & spall contaminated concrete surfaces. S/sf 
Decontaminate large components, S/sf 

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

. 
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Cost/Unit ($) 

42.83 
62.29 

118.95 
357.41 
594.15 

374.21 
959.17 

4,062.78 
8,430.80 
1,681.56 

5,193.41 
678.05 

15.44 
255.77 
683.81 

1.278.99 
3,414.73 

23.99 
20.98 
9.87 

4.32 
932.43 

1,060.61 
7.30 

18.72 

3,999.07 
18.91 
4.51 

21.50 
5.02 

L--------------TLG ENGINEERING, INC.------------~ 
TLG Rf-205 16182! 



r 

APPENDIX C·1 

UNIT COST FACTOR LISTING 
Contaminated Factors 

(continued) 

Unit Cost Factor 

Placement of scaffolding, S/sf 
Removal of HV AC ductwork, S/lb 
Removal of turbine·driven pump < 10000 lbs 
Removal of turbine·driven pump > 10000 lbs 
Cost of l.SA drum & preparation for use 

Cost of cask liner for CNSI 14·195 cask 
Cost of cask liner for CNSI 8·120A cask (resin) 
Cost of cask liner for CNSI8·120A cask (filter) 
Removal of Slllallbore pipe hangers 
Removal of large bore pipe hangers 

Removal of instrument/sampling tubing, S/lf 
Decontamination of suifaces by vacuumina. S/sf 

.. 
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Cost/Unit (S) 

3.90 
1.63 

3,736.18 
7,027.21 

96.57 

6,353.68 
9,083.57 
9,076.91 

35.23 
128.59 

0.40 
1.89 
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