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ABSTRACT 

Thts report descr1bes the des1gn and 1ntegrat10n of the TMl-2 defue11ng 
system. It covers the techn1cal and funct10nal requirements, integratton of 
the destgn of the equ1pment. and planned methods of implementation. The scope 
of the defuel1ng system descr1bed 1s restr1cted to that wh'ch relates to 
access'ng core debr1s w1th~n the reactor vessel and load'ng tt 'nto defueling 
can1sters. The Appendtx summartzes spec1f'c in-vessel tools to be used 'n 
defuel'ng operat10ns. 

The prtme contractor for supply of these equipment ltems was West'nghouse 
Electr'c COrporat10n. These act'1v1t1es were d1rected by GPU Nuclear 
COrporat10n (GPUN) Destg~ Eng1neer1ng, under the overall management of GPUN 
Recovery Programs Department. 
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TMI-2 DEFUElING TOOLS ENGINEERING REPORT 

1.0 INTRODUCTION 
1.1 Background 

A major m'lestone 'n the TMI-2 Reactor Bu'ld1ng D1sassembly and Defue11ng 
Program ts the removal of most of the atc~ss'ble fuel from the reactor 
vessel. Access'ble fuel 1s the fuel that ,~ found with1n the core support 
assembly and any flnes/debrls below the lower grid that may be accesstble. 

The prellm1nary plann1ng efforts for defue11ng were presented in 
June 1982. as part of the TMI-2 Plenum/Fuel Removal Pre11minary Deslgn Study 
(PDS) and the Techn'cal Plan on Reactor D'sassembly and Defue11ng 
(Reference 1). S1nce that t'me. new 'nformat'on has been galned as the result 
of var'ous ongo'ng actlvlt'es. 'nclud'ng extenslve core vldeo and ultrasonic 
surve"'ance. and debrts bed sa1mpl'ng. Conceptual destgns"and cost est1mates 
were also prepared based on remote/manual and robottc techniques. 

To that end, a task group was formed ln December 1983 to review various 
defuel'ng system approaches based on known core cond1t1ons and available or 
proposed tool destgns. Th1s gr<oup prov'ded input 1n the form of cost and 
defue11ng assumpt1ons, operatlonal sequences, tool 11sts, and ALARA reviews. 
For each tool'ng opt10n proposed by the tooling vendor, the group developed 
scop'ng for the support requ1red to prepare for and perform the defueling. 
Based on thts 1nput. Recovery Programs performed dn overall systems cost and 
schedule/operat10ns comparat1ve analys1s of the remote/manual versus robotic 
defuellng method. 

At the same tlme, a Feasib~lity Rev1ew Group (FRG) was formed to rev1ew 
the scope and assumpt10ns of the task group. The FRG evaluated the techn1cal 
feasibillty of each option presented, and identified open technical and 
11censing issues together with their assessment of the comparative 
programmatic risk between opt1ons. The FRG discussed 1ts findIngs with the 
GPU Nuclear (GPUN) General Off1ce Review Board (GORB), Safety Advisory Board 
(SA8), Technical Adv1sory and Assistance Group (TAAG), and the Nuclear 
Regulatory Commission (NRC). 



In May 1984, a GPUN task force (Reference ,> concluded that project 
resources should be used to support del'very of those defueling tools that 
would be used dur'ng the early stage5i of defuel'ng (pick and place and 
vacuum'ng loose debr's). 

Also. 'n May 1984, the final decis'on on the defuel'ng approach was 
made. The bas'c design was to mainta'n a dry shallow end of the refuel'ng 
canal. A sh'elded work platform would then be placed over the reactor 
vessel/1nternals 1ndexing fixture (IIF) to allow fuel handling operations to 
rema'n w1th'n the reactor vessel. The IIF would permit the reactor vessel 
water level to be ra'sed above the shallow end of the refueling canal. The 
depth of the water would be suff'c'ently low as to fac,l,tate the direct use 
of long-handled tools and also s'gnif'cantly reduce the volume of water that 
would have to be processed to ma'nta'n rad'at'on levels ALARA. A dam was 
'nstalled between the shallow end and deep end of the refueling canal so that 
the flooded deep end could prov'de water sh'eld'ng for the stored plenum 
assembly and for defueling cantsters 'n the fuel transfer up~nders. (See 
F'gure 1-1>. To transfer the defuel1ng can'sters, new fuel handl'ng trolleys 
w,th sh'eld collars were requ'red for the reactor bu'ld'ng and the fuel 
handl'ng build'ng. 

Core debr's removal was planned to beg'n using the simplest, least 
developmental methods and to proceed toward more complex and developmental 
methods as knowledge and exper'ence were ga'ned. 

Under task order 14 of subcontract K-9067 subtask 4, GPUN has provided a 
defueling system that will permit the start of defueling in 1985. Major 
component$ include a shielded work p11atform and associated support structure, 
can'ster pos,t'on'ng system, vacuum system, control system ('nc1uding 
hydraulics), and video and l'ghting ~iystem. A toolbox for early defuellng 
activities includes numerous end-effl!ctors, poles. work stat10ns, and debris 
buckets. Oefuellng tools for the bulk region of the core, based on the 
previously developed core condition. are in var10us stages of development. 
The Appendix provides a description of the equipment delivered by the major 
tooling subcontractor (Westinghouse), 
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A change tn programmattc dtrectton for future work was necessitated by 
the recognttton that the probable core condttton (based on 1985 data 

. acqutsttton) tncludes a hard crust just below the loose debrls, and once 
" 

molten masses (oxtdized and unoxtdized ceram1c/metallic propertles) fused to 
structural components tn the core support assembly lower grid and 10Wfir flow 
.baffle regtons. The new tools will be developed based on an integrated 
assessment of tool requirements to defuel the lower core reglon, including the 
core support ~ssembly (CSA) and the lower head regton. 

Early defueling tooling, now on site, is capable of removing the debris 
'n the upper sect'on of the core. This tooling can remove the majority of 
debr15 located above the hard crus;t. It 15 expected that some Ilk 1 i nkers II 
(debr's that cannot fit into a fuel cantster and/or be cut up using shearing 
tools) will be moved around dur1ng, early defueltng, but not sectionE!d small 
enough to place into fuel can15ters s1nce early defuel1ng cutt'ng equipment 
has l1m,ted capabilities. 

Bulk too11ng will be provided to cut up kllnkers, section and Iremove 
br,ttle hard crust material, remove partial fuel assemblies, cut and remove 
'ncore ln~trumentation, and vacuum l1mited areas of the lower grid. 

New data ava'lable concern'ng the core condition in the lower core region 
(below tne rubble bed) and the mater1al characteristics identified by the 
analysis of d~bris samples indicate that the hard crust below the rubble bed 
may not be brtttle and that it may extend and/or be mixed with large stainless 
steel components. These new data have required reevaluation of the bulk 
tooling capabtlities and development of additional tooling, as well as 
rethlnktng the planntng for lower vessel head defuel1ng programs. Tooling to 
a~commodate the new data includes additional core cutting equipment, hard 
crust defueltng equ1pment, and incore instrument removal equipment. This new 
tooling will be an extension of the capabilities of the tooling provided for 
the core reglon. The tooling will also be designed to cut and remove duct1le 
materials, both in place and as separate pieces that can be moved to cutting 
station. Unlike brittle materials, ductile materials require more rigid and 
precise cutting techniques. The tooling will also be required to adapt to a 
wide range of positions and orlentation. 
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Based on the developmental nature of the program and the availability of 
core data, the next steps of defuellng will have to be developed around the 
timing of data acquisit10n task's. As data become available they will be input 
to each of the tool developments being affected, and the development program 
wtll be adjusted as required. 

In additton to the data acqutsttton tasks feedtng into the design of the 
new tooling, the tntegrated tooltng approach allows feedback from ongotng 
operator tralntng act1vlties. These operators will conttnue to participate in 
design reviews. Their firsthand knowledge of tool operations will be a 
valuable asset for new equtpment developments. 

The EG&G core stratiftcatton sample drtlltng equipment is belng evaluated 
as a production core cuttlng and lower vessel head access tool. Developments 
from this evaluatton and modlftcatlons to the program plans wlll be integrated 
wtth the base tooling development program. 

Subsequent to defueltng the vessel's upper and central core region, the 
Implementation of the additional defueltng tooling, supported under other 
tasks, will permtt the removal of most of the fuel and core debris remaining 
tn the reactor vessel. As a means to this end, the tooling system will 
provide the capability to prepare, handle, and contain or otherwise control 
the CSA and lower head reglon's fuel, core debris, and related structural 
components for storage and ulttmate disposal. 

1.2 Scope 

The functional requirements, technical specifications, Integration of the 
tooling deveiopment, and methods of implementation associated with defueling 
operations are described in this report. 

The defueling tooling system consists of the following major elements: 

• Early defueling tools 
• Bulk core region defueling tools 
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For this report, defue11ng operations are def1ned as those actlv1tles 
involved w1th plac1ng core debris ex1sting 1n the reactor v~ssel into 
defuel1ng canisters and the transfer of those can1sters to storage 1n the fuel 
handling bu1lding. The methods descr1bed represent planned operat10ns used as 
des'gn bases for development of the defuel1ng tool1ng system. Th~ actual 
approach and sequence of operations may d1ffer depending on core condlt10ns 
encountered. 

Other components/systems that support the defuellng effort but are not 
part of the scope of th's report 'nclude defuellng canisters (fuel, fllter, 
and knockout), mater1al handllng devlces ('.e., canlster hand11ng br1dg~ and 
trolleys, reactor building service crane, and fuel transfer system), the fuel 
transfer canal dam, fuel storage racks, and the dewatering system. 

The damaged TMI-2 core wlll be defueled by loadlng the debris 1nto 
defuellng can'sters. The canisters are then transferred through several 
stages of can1ster transfer and storage and are dewatered before sh1pplng. To 
maintain contaminat10n control and radlation levels as low as reasonably 
achlevable (AlARA> , a defuellng water cleanup system (OWCS> is provided to 
process the water volumes associated with defuel'ng. 

The defue11ng tooling system (see Appendlx for detailed discussion> is 
made up of a work platform over the reactor vessel and associated tooling that 
is used withln the reactor vessel. The work platform provides the following 
major functions: 

• Support for operators working over the reactor vessel 
• Shielding of operators 
• Support and poslt10nlng of system components 
• Support of defuellng canIsters during loading 
• Contamtllatton control 

Fuel and fuel comp0~ents from the damaged core wIll be placed In 
defuellng canisters for transfer out of the reactor vessel and for shipping 
off the TMI-2 site. ShIpping of the debris is not covered by the scope of 
this report. 
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2.0 METHODS AND APPROACH 

The overall TMI-2 defueling program has been defined in the summary 
Technical Plan for TMI-2 Program Strategy <Reference 3), the Technical Plan 
for Reactor Disassembly and Defueling <Reference 1), and other management 
dtrections to TMI-2 Recovery Programs. The TMI-2 Defueling System Design 
Document <Reference 4) js 1ntended to tmplement the TMI-2 defueltng technical 
plans. It established the defueltng system approach and functional 
requirements upon whfch all the defueling tools and activities are based. 
With the establtshed defueling system approach and functior,al requirements, 
efforts were made to integrate all tools and equipment for core removal. To 
this end. the major design interfaces among the various participating 
engineering arid vendor organizations were 1dentif'ed and controlled. ThIs is 
being accomplished by the TMI-2 Reactor Defueling Interface Control Document 
(Reference 5). In add1tion, this document also identifies the major technical 
specifications that define the design criteria and r~quirements for each 
defueling tool. 

Sect10n 2.1 presents the TMI-2 defueling system approach and funct10nal 
requ1rements for all defue11ng tools and equipment. Sectlon 2.2 summarizes 
the var'lous actlv1tles for lntegrattng the defueling tools and equlpment. 
Finally. all defueling tools and equipment are lntroduced tn Section 2.3. 

2.1 DefueltngAppioach and Functional Requirements 

The prime objectlve of TMI-2 recovery is the completion of defueling. 
The defueling program is tntended to evolve tn stages. The initial priorities 
are befng dfrected toward the f1rst stage of defueling, which 1s designed tc 
pick and place upper end ftttings. to vacuum the loo~~ debris, and to p1ck 
apart the upper layers of the damaged core below the lOG~e debris. All these 
activities are planned to be consistent with the following defueling sY3tem 
approach. 

• Fuel handling begins with the most simple and least developmental 
methods and proceeds toward more complex and developmental methods 
as thp.y are needed and available. 

/ 
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• Hater depths are suffictently low as to make the dtrect use of 
long-handled manual tooling practical. 

• As a result of using various types of defueling canisters, fuel 
handling operattons remain within the reactor vessel. Thus, high 
activity and low activity waters are isolated and the volume of 
high act1vtty water is minimized. The potential for wide 
distr1but10n of irrad1ated fuel beyond the reactor vessel 1s also 
mintmtzed. 

• Tooling and equipment are straightforward and stmple. The 
flexibility to use other fuel removal and transfer schemes 1s 
retained. 

• The predicted radiation doses and potential contamination problems 
are acceptable and can be minimized for the given defueltng system 
approach. 

The defueling system approach descrtbed above consists of several general 
guidelines that the defueling tool destgn must fo1 1ow. These general 
guidelines can be represented by the more specific Functional approach 
described in Section 2.1.1. 

The above defue1tng activities are also planned to sattsfy the functional 
requirements described tn Sectton 2.1.2. Thesp functional requirements are 
for the des1gn of the defue11ng too11ng and plant modificat1ons requtred to 
remove the damaged core. 

2.1.1 Functional Approach 

Following is the functional approach that guided the development of the 
defueltng system. 

• The basic defuellng scheme ts the dry defueling scheme with the 
water level approximately 5 feet above the re~ctor vessel flange, 
with the IIF in place. Fuel will be vacuumed or mechanically 
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placed in canisters within the reactor vessel. The canisters will 
be transferred. using the reactor building canister handling 
brtdge. to the fuel transfer system in the deep end of the canal or 
to available storage posittons tn the deep end of the fuel transfer 
canal. Of the 11 canister storage positions in the canal. eight 
are occupied by the OHeS. 

• The plenum was placed in the deep end of the fuel transfer canal. 
as far north as practical. on the normal storage stand. 

• A rotating shielded work platform is designed to accommodate a 
remotely operated manipulator. The rotating platform design also 
accommodates the use of manual tools. 

• Oefueling tooling system component controls, including video 
controls. are located at the work stations in the reactor 
building. The only exceptions ~re the remote manipulator arm and 
video monitors. which have control locations both inside the 
reactor building and in the coordination center. 

• The canisters have a singular outside design configuration to 
accommodate a variety of core debris such as partial fuel 
assemblies. including end fittings. vacuumable debris. and filter 
bundles. The canisters have a 14-inch nominal diameter and 
lSO-inch maximum overall length. 

• Design of defueling components is on the basis that they can be 
taken into the reactor building without removing the equipment 
hatch. 

• Special efforts are made to ensure lowest practicable ambient 
radlation fields at work statlons, both by reducing the 
concentration of radioactlve materials in the water 1n the vessel 
and by redJclng direct rad1at1on from the fuel debris and the 
loaded canisters. 
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• The 'n,t'a1 set of tools/end effectors to be provided to start each 
phase of defue1'ng are based on a best est'mate of core cond,t10n. 
As spec'f'c core cond,t'ons that requ're other tools are 
'dent'f'ed, the tools w'll be provided. 

• Spent fuel pool A must be flooded to permit transfer of loaded 
defueling canisters. 

2.1.2 Funct'onal Requirements 

The funct'onal requirements cons'st of: a) general performance 
requ'rements, b) plant serv'ce requ'rements, and c) other requirements ('.e., 
equ'pment hatch, spare parts and ma1ntenance). These are def'ned as follows. 

2.1.2.1 General Performance Requirements. General performance 
requirements are d'Yided into three categor1es. 

1. Overall Requirements 

• The requirements for ALARA, cr1tica1ity safety, and the 
minimization of radwaste shall be g'ven h'gh pr'ority in all 
defue1ing activit1es. 

• The overall goal of the 'n-vesse1 fuel removal activity is the 
transfer of all read'ly accessible core material in the 
reactor vessel to storage 'n the fuel handling bulld'ng. The 
program will have follow-up activities associated with removal 
of fuel from nonaccessible areas of the reactor vessel <under 
the core support assembly) and from the remainder of the 
r~actor coolant system. 

• Fuel Is to be transferred from the reactor vessel only within 
closed canisters. The canisters may be partially or fully 
dewatered prior to transfer. 
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• Techniques and tooling shall be provided for removing all 
accessible core material from the reactor vessel and loading 
it into disposal containers. 

• Techniques and tooling shall be capable of dealing with any 
combination of the core material physical conditions described 
in GPUN's Core Conditions Design Bases (Reference 6). 

• Standardized, multipurpose tools should be used to the extent 
practical to minimize the number of tools required for the 
fuel removal program. 

• Any intentional operation that results in damage to the core 
support assembly (CSA), which precludes CSA removal from the 
reactor vessel, is prohibited. 

• Damage to the reactor vessel is proh1bited, urlless otherwise 
authorized by GPUN. 

• Noncore materials are not to be placed into the defueling 
canisters, excep~ to the extent that any of these materials 
may have becom~ inseparably mixed with the core materials; 
however, if any such materials are unavoidably included, tho 
canister inventory must identify the materials. 

• Provisions shall be made for removing incore instrumentation 
strings through the reactor vessel. 

• The capabilities for videotape recording of fuel removal and 
fuel canister loading operations and for weighing the physical 
quantity of fuel and fuel components removed from the reactor 
vessel are required for the fuel removal program. 

• The defueling test assembly (DTA) shall be used for equipment 
qualification and operator training to the maximum extent 
practical. 
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• A canister dewatertng statton will be provtded. 

• Recovery equtpment will not be designed to satisfy plant 
seismic requirements, unless identified specifically for a 
parttcular piece of equipment. 

• Rigging design shall preclude lifting fuel debris higher than 
4 feet (nomtnal) beneath the destgn basts water level or the 
equivalent shielded distance. 

2. Capac1ties and Throughputs 

• Normal max1mum sh1pping we1ght of a dewatered, loaded canister 
w1ll be 2800 pounds. 

• The owes shall have the capacity to process the in-vessel 
reactor coolant water at the rate of 400 gpm for suspended 
solids processing, and at 60 gpm for soluble radioisotope 
processing. 

• The target rate for canister loading and transfer to storage 
is one canister per day. 

• For storage prior to offsite shipment, a minimum capacity of 
250 cantsters shall be provided. 

• Total defueling effort (including ex-vessel defueling) should 
be accomp11shed wtth 288 debris-filled canisters or less. 

3. Design Parameters Associated with Shielding, Source Terms, and Dose 
Rates 

• The reactor coolant system fuel transfer candl and spent fuel 
pool A water shall be processed to maintain water clarity to 
1 NTU. The reactor coolant system shall be processed to 
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maintain Cs-137 concentration below 0.02 }lClIml. The 
concentrations of other radionuclides prese:t in the RCS water 
will be controlled operationally. 

• The defueling systems should be designed to operate such that 
the average dose rate!; are limited as follows (excluding 
back.ground): 

12 mrem/hour 18 inches above the open slot. 

2 mrem/hour 18 1nches above thr rotat1ng work platform. 

10 mrem/hour on the cclnister handling bridge during canister 
transfer. 

15 mrem/hour 7 feet from the canister transfer shield during 
canister transfer. 

2.5 mrem/hour in the fuel handling building during non­
canister transfer act~vities. 

• Specific transient operations (especially canister transfers) 
may result in dose rates higher than the stated average dose 
rate goals. Thp.se transient operations will either be limited 
1n time of ~~ration or frequency, or both, so that the average 
dose rate goals are approached. Personnel protection during 
these operations will be determined operationally and may 
consist of area evacuation, restricted access, shield plate 
insertion into the work. platform slots, or use of temporary 
shielding. Shielding should be flexible in design and not 
hamper or limit operations. 

13 



2.1.2.2 Plant Serv1ce Requ1rements. Plant serv1ce requ1rements are 
Ided tnto seven categor1es. 

1. Cr1terta Governtng Plant Arrangements 

• The plenum shall be removed from the vessel and stored 1n the 
north end of the canal. 

• The IIF ls lnstalled on the reactor vessel flange and fllled 
wlth water to elevatlon 327'-6" ± 3". 

• A work platform/support structure shall be provided above the 
IIF and shall be supported by the canal floor. 

• Canlster storage racks shal1 be provtded 1n the deep end of 
the canal for temporary storage of 11 fl11ed canisters, 
lnc1udlng 1nstallad 10cattons of the OWCS ft1ter can1sters. 

• The approved cabie management ~ystem operates hortzontally and 
av01ds the need for a maypole or other protrusions above the 
work platform. The platform rotatlon 1s limited to about 
± 180 degrees as a result. 

~ Th~ major components of thf. DWeS for In-vessel cleanup are 
locatp.d 1n/next to the fuel transfer canal. The canal dnd 
pOOl processing equ1pment is located ln or near spent fuel 
pool A. 

• A dam shall be erected across the deep end of the canal to 
malntaln a canal and fuel pool A water level at e1evatlon 
327'-3" <+8", -2"). The dam seal shall meet commercIal 
standards for leaktlghtness. 

• A leakage collectIon system wlll be provlded In the shallow 
end of the canal. 
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• The aux1l1ary fuel hand11ng bridge in the reactor bu1lding and 
the storage fuel handling bridge in the fuel handling building 
shall be modified to transfer loaded canisters. The main fuel 
handling bridge shall be removed from the reactor building. 

• A 5-ton reactor building service crane supported on the D-ring 
and extending beyond either side shall be provided. 

• Compressed air <service and instrument> will be provided to 
support defueling activities as required. 

• The canister dewatering station will be located in the fuel 
handling building. 

• The plenum assembly removal audio system will be expanded to 
six channels in the reactor building and will be extended to 
the fuel handling building to perm1t direct conversations 
between the reactor and fuel handling buildings. 

2. Required Plant Modifications 

• The fuel transfer systems shall be modified to upgrade the 
carriage drive system and transfer canisters out of the 
reactor building. 

• Electrical power supply for various systems will be provided. 

• A spare reactor building electrical penetration shall be used 
to route cables from the reactor building :0 the coordination 
center for operation of the remote manipulator. 

3. Materia! Handling Criteria 

• The defueling operation shall be supported by overhead 
handling equipment. including the polar crane, the 5-ton 
reactor building service crane, handling equipment such as jib 
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cranes mounted on the work platform, the reactor building 
canister handling bridge, and the fuel handling building 
canister handling bridge. 

• Rigging design shall preclude lifting fuel debris higher than 
4 feet (nomtnal) beneath the design basis water level or the 
equivalent shielded dlstance. 

4. Airborne Radioactivity Control 

• Criteria for airborne rad10activity controi required that a 
means be prov1ded to ensure a pos1tive down draft ventilation 
through the defueling work platform of 150 feet per minute 
through the largest opening. 

5. Requirements for Control of Defueling Equipment 

• Defueling tool manipulation will be from the defueling work 
platform aided by a local monitor. Video control and monitors 
will be provided on elevation 347'-6" and supplementary 
monitors will be provided in the coordination center. 

• The reactor building canister handling bridge will be 
control~ed from a control panel on top of the trolley inside 
the reactor building. 

• The fuel transfer system is contr01led from panels on 
elevation 347'-6" 1n the reactor building and elevation 
349'-6" of the fuel handling building. 

• The shallow end drainage collection system 1s operated from a 
control panel In the fuel handling building. 

• The canIster handlIng bridge In the fuel handling building 
will be controlled from a control panel on top of the trolley 
In the fuel handling butldlng. 



• The dewater1ng stat10n w1ll be manually operated from the 
system platform over the A pool and from a control area on 
elevation 347'-6". 

• The vacuum system 1s controlled from two locations. The 
vacuum pump is controlled from the control console located 
near the rotating work platform. while the knockout canister 
connection/weigh1ng apparatus is controlled from the local 
service panel located on the rotating work platform. 

• The DWCS subsystem that processes the reactor cooiant is 
controlled from a control panel located 1n the fuel handling 
building. Cleanup pumps will have local emergency stop and 
hand switches. 

• The OWCS subsystem that processes the fuel transfer canal and 
spent fuel pool A is controlled from the same control panel 
located 1n the fuel handling building. 

6. Canal Leakage 

• The assumption that governed canal recovery is that a fuel 
transfer canal leak rate (gpm) can be determined in a 24-hour 
period with the fuel transfer canal water level monitoring 
system. This assumes that the transfer tubes are open to the 
spent fuel pool. 

7. Health Physics Requirements 

• Personnel doses are continuo~sly monitored and tracked. 

• Continuous air and a,rea radiation monitoring will occur when 
defueling activities are in progress. 

• Protective clothing and respiratory protection guidelines will 
be issued, as necessary. to maintain worker doses ALARA. 



• Personnel aCCQSS can be limtted or restricted when high dose 
rates are expected or encountered. 

• In the unlikely event of higher than expected dose rates, 
field-installed temporary shtelding may be used to ma'ntain 
worker doses ALARA. 

• Fuel handling building and containment air will be filtered 
and monitored prior to release to the environment. 

2.1.2.3 Other Requ1rements. Other m1sce11aneous functional requ1iements 
associated with tooling development include the following: 

• Defueling equipment is designed so that it can be taken into 
containment without removing the equipment hatch. 

• Spare parts shall be provided for all equipment whose breakdown is 
considered possible durtng normal defueltng activit1es, and which 
could cause a signiftcant delay tn defueling activities. 

• All equipment to be operated within the reactor shall be designed 
to be remotely removable and/or remotely maintainable. 

• All equipment shall be supplied with scheduled (periodic) 
maintenance requirements and instructions. 

2.2 TMI-2 Integration of Defue1ing Tools 

This section summar1zes the various activ1ties required for defueling 
tool integration. 

2.2.1 Data Acquls1tlon 

The accident at TMI-2 on March 28. 1979. caused extensive damage to the 
core. Many analyses were performed. using three general approaches to 
determine the extent of core damage. First. thermal-hydraulic events were 
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reconstructed using available data, thermal-hydraulic principles, and computer 
analyses. Second, determinations of the hydrogen generated yielded estimates 
of the amount of Zircaloy ox'dtzed and embrittled. Third, the type and 
quanttty of ftssion products released during the accident were used to 
estimate the location of core damage and fuel temperatures. Uncertatnties 
exist in each type of determtnatton due to the equivocal nature of the data. 
Further data on the fuel condittons have been obtained by the following 
tnspecttons and operattons: 

M Camera examinatIon of the center of the core region 
• Removal of three control rod drive mechan1sm (CRDM) leadscrews 
• Uncoupling of all but three CRDM leadscrews 
• A probe insertIon Into the core debrIs bed 
• Underhead charactertzatton program 
• Axtal power shaping rod dynamtc test 

These tnspections and operattons, as well as others of substance, were 
documented tn the report on the tnsertion of a camera into the TMI-2 reactor 
vessel through a leadscrew opening <Reference 7). In addttion. the following 
operattons have occurred: 

• Core topography examination and explanations 
• Multiple detailed vtdeo examtnations 
• Leadscrew segmentatton/examination 
• Core debrIs grab samples 
• Axtal neutron profile analysts 
• Bottom head/lower CSA vIdeo examInatIon 

The data gaIned from these Inspecttons ar.d operations have been factored 
Into the design bases for deflleling tooling and are presented 1n the core 
cond1tions design bases (Reference 6). 

Based on data acquisition (i .e., debris bed probe, lower head video, 
second lower head video, and hydraul1c displacement test), a change in 
programmatic direction for future work was necessitated due to the recognition 
that lile probable core conditions include a hard crust just below the loose 
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debris, and once molten masses (oxidized and unoxidized ceramic/metallic 
properties) are fused to structural components in the core support assembly 
lower grtd and lower flow baffle regions. 

Ongoing data acquisition tasks will be factored in the future defueling 
tooling design or mod1fications as they become available. Inspections will be 
carried out to determine the quantity of debris in the lower core region, 
lower internals, bottom head, and ex-vessel regions. All data acquisition 
tasks will be scheduled and performed in time frames that do not interfere 

~ 

with other data acquisition or defueling activ1ties. 

2.2.2 Defue1ing Systems Comparative Evaluations 

2.2.2.1 Introduction. A major milestone in the TMI-2 Reactor 
Disassembly and Defueling Program is the removal of most of the accessible 
fuel from the reactor vessel. Access1ble fuel is fuel that is found within 
the core support assembly and any fines/debris below the lower grid that may 
be accessible by vacuuming techniques. 

Conceptual designs an1 cost estimates for defueling were prepared based 
on remote/manual and robotic defueling techniques <Reference 8). An overall 
systems cost/schedule/operations comparative analysis of the remote/manual 
versus robotic defueling method was performed. 

Four major opt10ns were evaluated: 

• Remote/manual, pick and place with canisters 
• Remote/manual, p1ck and place with shredder 
• Robotic, pick and place with shredder 
• Robotic, mining, with shredder 

The evaluation dIscusses the follow1ng programmatIc decisIons: 

• Remote/manual versus robotic tooling 
• Pick and place versus mln1ng core removal 
• In-containment versus slurry/vacuum to fuel handling building 
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2.2.2.2 Conclusions and Recommendations. The objective of the 
comparat1ve evaluation was to focus on the major decisions that needed to be 
resolved 1n order to initiate the design of the defueling system. After 
examining the concepts presented by the tooling vendor and previous studies 
<TMI-2 Preliminary Design Study for Defueling), three issues were identified 
that requ1red programmatic direction. 

• Should the defueling be performed largely manually from inside the 
containment, or should remotely controlled (i.e .. robotic) tooling 
be provided that can be operated primarily from outside the 
containment? 

• Should a cautious approach to removing the core debris be invoked 
in the tool design, or can higher production techniques (with a 
possible less conservative approach) be employed? 

• Should the slurry effluent of debris from the vacuum system be 
transported to canisters located in the containment, or to 
canisters located in the fuel handling building? 

The tooling concepts included a) the remote/manual concept, which 
consists of long-handled tools operated remotely through 40 feet of water from 
inside the containment, and b) the robotic concept, which consists of a 
robotic posit10ning arm and remotely controlled mining jaws that place the 
core debris in a shredder. These were evaluated comparatively with and 
without the shredder tool and with the slurry effluent being transported to 
the containment and to the fuel building. 

In May of 1984, the final decision on the defueling approach was made. 
The basic design was to maintain a dry shallow end of the refueling canal. A 
shielded work platform would thE!n be placed over the reactor vessel from which 
operators using the long-handled tools could operate the defue1ing equipment. 
This approach had the following advantages over the other methods: 

• The use of long-handled tools becomes more feasible (30 feet 
maximum versus 45 feet). 
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• All canister filling 1s done in the vessel. which confines all 
contamination to one area. 

• There is a smaller volume of water to be processed by the OHeS. 

• The equipment operators on the shielded work platform perform the 
defueling operations in a lower background radiation field than if 
they were working over a flooded canal. 

SinCe the operators will be standing approxim~tely 9 feet above the 
reactor vessel flange. a work platform is provided. This shielded work 
platform provides the shielding so that the contaminated water and the 
radioactive debris in the reactor vessel would not be a major radiation source 
for personnel. 

The shielded work platform is positioned over the reactor vessel and 
supported from the refueling canal floor by the shielded support structure. 
Various lines for water treatment and air ventilation are routed under and 
through the shielded support structure into the reactor vessel. Other 
defuellng equipment such as vacuum system. canister positioning system. local 
service panel of the control system, and jib cranes are supported from the 
shielded work platform. 

2.2.3 ALARA 

It was recognized early in the defueling system design ~rogram that 
tooling must be designed to ensure that radiation exposures during core 
removal operations were minimized. 

To ensure that appropriate design consideration was given to operator 
doses during the recovery, an ALARA design implementation program was 
established, which is based on two project documents. The General Project 
Design Criteria lists the design b,ases for all recovery engineering work. 
Included in the design criteria Is an ALARA Items List. This list presents 
detailed guidelines to design engineers for incorporating features that will: 
a) minimize installation, operation, and maintenance time in radiation areas, 
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b) mlnimtze the sp(~ad of contaminatton and the butldup of contamination 
sources, and c) maxtmize shieldtng conststent wtth structural and operational 
constratnts. The ALARA Design Implementation Instruction documents the 
individuals responsible for implementing the ALARA program. Specific 
responsibilities are listed for design eng1neers, the nuclear discipline group 
supervisor, the design engineering manager, and the AlARA coordinator. The 
method of documenting AlARA design considerations is also included. 

All des\gn work was required to be carried out within the ALARA program. 
The major defueling system design vendors were also required to develop AlARA 
programs. These programs were evaluated to ensure that the proper AlARA 
design overview would be provided throughout the design phase. Documentation 
of AlARA review was submitted as part of the design packages. 

The implementation of the ALARA program resulted in a defueling system 
that should allow for relatively low worker dose, given the special problems 
of the damaged core and continuing background radiation sources from building 
contamination. Several design optimization studies were performed and are 
summarized as follows. 

The defueling work platform was designed so that operators would have 
maximum operational flexibility during canister loading operations. Specific 
features include a rotatlng capability, removable shield panels for access to 
the vessel, and a canister positioning system that may contaln up to five 
canisters. The defuellng work platform provldes sufflcient shielding to 
ensure that dose rates to operators are maintalned low during normal 
operations and during defueling canister transfer operations. 

Defuellng canisters in the reactor vessel are shielded to ensure that 
dose rates to operators working over the open tool slot are minimized. A 
4-1nch-thlck steel plug may be placed on loaded canisters 1n the canister 
positioning system. and all canIsters in the vessel are positioned In 
I-inch-thick steel-shIelded baskets. Th1s was done so that the dose rate to 
operators from canisters would be equivalent to the dose rate from the reactor 
coolant, a source that cannot be easily shIelded. 
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The canister transfer shield (CTS) was designed so that the entire 
canister length would be shielded during all canister transfer operations. 
The sh1e1ding thickness was limited by the structural loading of the existing 
refueling bridge, and by space limitations. It was a goal to limit the dose 
rate to the trolley operators to 10 mrems/hour from a canister in the CTS. A 
3-inch-thick shield plug inside the CTS reduces the dose rate to the trolley 
operator to 5 mrems/hour or less. The maximum dose rate to operators on the 
rotatable work platform will be limited to 100 mrems/hour for all transfer 
operations. 

To provide a training facility for defuellng operators. a largE tank was 
modified to provide a reactor vessel mock-up. The defueling test assembly 
(DTA) is used to test tooling. check for tooling interferences. and train 
operators. The DTA was fabricated to simulate the reactor vessel during 
defue11ng. Portho1e~ were provided to allow v1sua1 monitoring of tooling 
operations. 

Various long-handled tools were designed to perform specific functions 
related to core debris removal. Ease of operation and maintenance was a major 
design factor. long-handled tools are rigged by overhead jib cranes to 
facilitate operations. and rigging is designed to prevent the inadvertent 
lifting of fuel debris close to the water surface. 

2.2.4 Preliminary Design Reviews 

As part of general program requirements. a preliminary des1gn review was 
required for each defue1ing tool group (Referenca 9). Before conducting a 
design review meet1ng. the Preliminary Design Review Package was submitted by 
the vendor for review. This review included various defue1ing organizations. 
The package included at least the following information associated with the 
tool group: 

• Preliminary design documents of sufficient detail to verify that 
both the vendor-developed design criteria and functional 
requirements were satisfied. 
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• The cost. success potential. schedule impact. oper~t1ng eff1ciency. 
and ALARA review used in selecting the design. 

! Any problem areas with the selected design were identified and an 
action plan given. including testing required. for resolving these 
problems. 

• Vendor-developed design criteria and functional requirements for 
each tool item of the tool group. 

• The steps. techniques. and too11ng that form the design were 
described. Plant interface requirements were also identified. 

• A description of and results of any tests required to aid in the 
selection of the design were included. 

• Any hardware items that required a long time to procure and thus 
affected the schedule were identified. Actions were recommended to 
prevent schedule delays. 

Technical design issues and operation issues were addressed in the 
meeting and direction provided for incorporation in the final design 
package. 

2.2.5 Final Design Reviews 

A final design report for the final system design was then provided with 
the following items: 

• Assembly and detail drawings 
• Piping and instrument diagrams (P&IDs) 
• Vendor drawings 
• Outline dimensions. services, and foundation/mounting detail 

drawings 
• Control logic diagrams 
• Cleaning and coating procedures 
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• Test procedures for resolving problem areas 

• Hiring diagrams 

• Critical weld review package 

• Inventory list and recommended spare parts list 

• Operating instructions 

The final system description for each tool group was submitted for 
permission to proceed with fabrication and to document the final system 
design. The description Included at least the following information: 

• A description and results of analytical evaluations or tests 
required to resolve problem areas 1dent1f1ed 1n des1gn rev1ew 
meetings. 

• The final design criteria and functional requirements for 
individual tooling and equipment items. 

• All plant 1nterface requirements, such as service air, water. 
power. access. and material handling requirements. 

• A program plan outline for equipment checkout at the vendor's 
facilities. The test assemblies to be used for equipm~nt checkout 
were 1dentlf1ed 1n this out11ne. 

For final des1gn review. GPUN conducted a review for compliance with the 
design specification, for technical adequacy and interface dimensions. and for 
site operations requirements. 

2.2.6 Fabrication. Testing. and Acceptance 

2.2.6.1 fabrication. Assembly and detail draw1ngs for each tool itew 
provide sufficient detail to fabricate and assemble the component parts of 
each equipment item. These drawings also provided all dimensions, weights, 
interface connection points. materials, and the electrical power requirements 
of each equipment item. The drawings contained sufficient information, such 
as reference drawing numbers. for use at the jobsite in handling and storage 
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of equipment, writing procedures, and training operators. All vendor 
drawings, catalogs, and descripttve/ma1ntenance 1nformation for equipment 
subcontracted by the vendor for off-the-shelf items were submttted for 
information. 

2.2.6.2 Testing 

1. -Checkout Guideltnes 

To ensure that the defueling tool systems w111 perform as intended, 
the vendor conducted ~u1table test1ng to verify the systems des'gn 
features. Transition from equlpment d!velopment and fabrication, 
through checkout, and tnto defuel'ng was made up of the following 
key steps: 

• Component checks 
• Subsystem checks 
• Qualification of equipment on test assemblies 
• Training of operators on defueling test assembly (OTA) 

The guidelines for managing these steps are discussed in the 
following paragraphs. 

Oefueling components as a whole were checked at the completion of 
fabrication per procurement requirements. These checks included 
dimensional checks, fit-up tests, operability, etc. For most 
components, these checks were the responsibility of the component 
vendor. 

Qualification of equipment on test assemblies or on the defueling 
test assembly was not the sole responsibility of the vendors and 
their subven(ors. In many cases Recovery Programs, in conjunction 
with the vendors, was responsible for qualification tests. In 
general. for qualification tests performed at TMI-2, Recovery 
Programs had the lead responsibility. For tests at vendors' 
facilities, the vendors had the lead responsibility. 
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2. Speclflc Mock-up Equipment 

The following mock-up equipment on the defuel1ng test assembly 
(OTA) was used to qualify the defueling tools and equipment. It 
will be used for operator training. 

• Simulated support structure on the OTA is only to provide 
support for the simulated work platform. 

• Simulated work platform was installed on the operating deck of 
the turbine building above the defuel1ng test assembly. The 
platform was used to qualtfy some defueling tools and will be 
used ln defueling operating tralning. It includes the 
following features: 

The platform simulates the beam support configuration to 
the maximum extent practical. 
Shielding on the platform is simulated with box 
sections. Panel geometric shanes are identical to the 
actual work platform. 
The platform does not have a rotational cap~bil'ty. 

The Thomson ral1 systems, which allow travel of the 
supported tools along the work platform slots, and the 
geometry of the handrails are identical to the actual 
work platform. 
The interfaces between the simulated work platform and 
the following equipment are identical to actual work 
platform interfaces: 

1) Vacuum system 
2) Canister positioning system 
3) S1ng1e canister support bracket 
4) Jib Crane!i 
5) Local service panel 

The simulated work platform does not consider future use 
with core drill equipment. 
The platform simulates the "T" slot and long-handled tool 
slot. 
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The platform cover has a checker plate surface. 
A spray or wash-down system simulating the defueling 
equipment 1s part of the simulated work platform design. 

• The follow1ng equipment is actually a duplicate of equipment 
used in the reactor vessel: 

Jib cranes 
Underwater viewing system 
Vacuum system 
Carister pos1t1o~1ng syst~m 
Single can1ster support bracket 
long~handled tools 
local service panel 

• Simulatfld debris was provided in the DTA to use for tooling 
checkout and tra1n1ng operators in equipment and tool use. 

• A min1mum number of fuel and knockout canisters will be used 
for training and checkout. 

3. Specific Funct10nal Checkouts Accomplished by GPUN 

Based on developed checkout guidelines and mock-up equipment 
available in the DTA, the following functional checkouts were 
accomplished by GPUN: 

• Work Platform 

Interfaced work platform with jib cranes, mock-up support 
structure and handrail, adjusted roller assemblies. 
Interfaced work platform mounted on the mock-up support 
structure with the cable management system, south 
auxiliary platform, platform shielding, vacuum system, 
and single canister support bracket. 
Functionally tested work platform operation. Checked 
drive motor power use, motor resistance, and smooth 
operation. 
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• Cable Management System 

Interfaced with work platform and south auxiliary 
platforms. Verlfied fit-up. 
Functionally tested system operation with work platform 
rotatlon. Verlfied hydraulic line and electric line 
connections. Verified continuity of electric lines. 
Verified counterweight and power track operation. 

• Auxiliary Platforms (south of the support structure) 

Interfaced with work platform, service platform. cable 
management system. and support structure. Verified 
fit-up. 

• Vacuum System - Canister Positloning System 

Interfaced with work platform mock-up and the OTA. 
Verified fit-up. 
Operated vacuum system and checked pump performance. 
Verified that hose connect/disconnect tools and equipment 
were functional. Verified that pressure and flow 
transducers were operational. Verified that system 
controls were operational. 
Functionally tested canister positioning system. 
Verified that canister positioning system interlock was 
operational. Verified that canister connect assembly was 
operational. Ver1fied that hydraulic system was 
leaktight. 

• Control System and Long-Handled Tools 

Interfaced wIth each other and with simulated work 
piatform. 
Functionally tested control system operation and checked 
hydraulic system performance (includIng modIfied 
redundant isolation capability) 
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2.2.6.3 Acceptance. Acceptance checkout of specially manufactured tools 
and equipment for defueling was performed on the site. Modifications to the 
tools and equtpment necessary to sati~fy defueling operations were made. 
After tools and equipment satisfactorily passed the acceptance checkout, they 
were formally accepted by GPUN for defue 11 ng purposes. 

2.2.7 Defueling Tooling Sequence Document 

The TMI-2 defuellng will be accomplished by loading the core debris into 
defue11ng canisters and transferring the canisters into the fuel handling 
building via the transfer tube. To ensure smooth operations during defueling, 
a defueling toollng sequence document (Reference 4) was developed to satisfy 
the following objectives: 

• To verify the adequacy of the tool inventory list. 

• To consider the interactions of all the defueling tooling equipment 
to ensure that the equipment can perform as a system. 

• To consider the interaction of in-vessel activities with canister 
handling activities. 

• To present a plan that deals with potential contingency situations. 

The following operatlonal constraints for defueling tools were assumed 
during the development of the defueling tool sequence document. 

• The tool slot, an la-lnch-wide diametral openlng ln the work 
platform, provides access to the reactor vessel for tools. It is 
assumed that tools that come ln direct contact with debris could be 
difficult to decontamlnate. Therefore, the sequence assumes that 
these tools should remain hanglng in the slot for multiple steps 
and will not be removed unless absolutely required. Examples of 
these tools include shear tools, debris scoops, tongs, vacuum 
nozzle. etc. 
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• Tools th~t do not come in direct contact with core debr-is should be 
more easily decontaminated. These can be inserted, used, removed 
from the slot, decontam1nated, and stored in a rack near the vessel 
or in a more remote storage location. Therefore. the sequence does 
not consider these tools to require reactor vessel space allocation 
when changing operations. Examples of these tools include 
canister/sleeve and vacuum hose handling tools, valve actuating 
tools, weigh1ng system components, etc. 

There are several tools that come in contact with fuel that either 
require some contact operations on the work platform (e.g., 
threading the steel loop through the clamp of the banding tool) or 
maintenance (e.g., changeout of cutter blades). For this sequence, 
the assumption is that these steps can be accomplished with 
reasonable effort in conjunction with the ongoing defueling 
operations. 

• Vertical movement of fuel will be limited so that there 1s always 
at least the equivalent of 4 feet of water shielding, based on the 
nominal water level, above fuel (fuel debris) being handled 1n the 
reactor vessel. This is intended to prevent the 1nadvertent 
lifting of a large mass of fuel high enough to cause excessive 
exposure to personnel on the work platform. The lift restriction 
will be implemented mechanically through the use of rigging bars 
and limit switches. 

The logic d1agram for defuellng operations Is shown 1n Figure 2-1. 

F1gure 2-2 orovides a listing of the detailed operations and typical tools 
required to perform the steps in the logic diagram shown In Figure 2-1. A 
defueling operation 1n the figure Is defined as an activity that results In 
the movement or change In one item of fuel debris or to one part of a 
configuration. This involves one tool or set of tools working on one Item of 
debris. For example, loading an end fitting into a fuel canister is a 
defuellng operat10n. A defuellng step, represented by a circle with a number 
in Figure 2-1, is defined as a series of defuellng operations resulting In 
movement or change to a class of Items of fuel debrIs. For example, surveying 
the debris bed Is a defuellng step. By examining the interaction of several 
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20 to 31 Survey top of bed 
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Pos1t1on l1ghts and cameras. 
photograph with CCTV too11ng 

Use hook tool to move debris 
Use probe to test depth of debris 

Install debris bucket stands 
Install side loading debris bucket 

(SLOB) and TLDB 
Move partial fuel assemblies 
Install debris clamp1ng station 
Pick up end fittings 
Load into debris clamping station 
Cut off tubes 
Load small debris into SLOB. store 

endfittings 
Cut individual tubes 

Move CPS, work platform shield section 
Install CPS structure 
Install one or more can sleeves 
Install canisters (knockout or fuel) 

31 to 41 Install vacuum system Move shield plates 
Install ~acuum system 
Install vacuum nozzle tool 
Connect piping 
Test system 

Camera hand11ng tools 

Debr1s probe/measuring tool 
Grapple assemblies/hook tools 

~amera handling tools 
Debd s bucket hand1i ng tool 
Debris clamping station 
Work platform debris bucket hanger 
Tong tools 
V1se grips 
Grapple assemblies/hook tools 
Bolt cutters 
Single rod shear's 
Heavy-duty shears 
Parting wedge 

CPS maintenance lift fixture 
Sleeve handling tool 
Grapple tool 
Seal cover/index sleeve handling 

tool 
Vacuum system socket wrench 

Manually operated grapple 
Vacuum system socket wrench 
Hose connection tool 
Quick disconnect tool 
Hook tool 
Disconnect tool 
Standard rigging 

41 to 85 Start vacuuming Vacuum nozzle handling tool 
operations 

Figure 2-2. Canister positioning system (CPS). 
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Step Operation 

41 to 84 Load fuel canisters 

85 to 88 Transfer fuel canisters Remove funnel 
Heigh canister 
Move fuel canister from loading' 

elevation to transfer elevation 
Inspect seal and install cover 
Rotate CPS to position subject 

canister in transfer position 
Install working slot shielding 
Transfer canister 
Replace canister and remove slot 

shielding 

85 to 88 Transfer knockout Verify correct weight from load 
canisters cell monitor 

Disconnect (automatically) hose 
couplings/weighing system 

Rotate CPS to position subject 
knockout canister in transfer 
position 

Transfer canister 
Replace canister and remove slot 

shielding 

Figure 2-2. (Continued) 

Tools Required 

Camera handling tools 
Debris bucket handling tools 
End fitting loading tool 
Partial fuel assembly loading tool 
Clamshell tool 
Tong tool 
Vise grips 
Grapple assemblies/hook tools 
Spade bucket tools 

Seal cover/index sleeve handling 
tool 

Sleeve handling tool 
Socket wrench 
Camera handling tool 
Closure head handli ng tool 
Grapple tool 
Canister handling bridge grapple 

Seal cover/index sleeve handling 
tool 

Socket wrench 
Grapple tool 
Canister handling bridge grapple 
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steps, one can determine how many tools are likely to be in the tool slot at 
anyone t'me. This exerclse involves certain assumptions concerning the 
nature of the debris geometry, etc.; therefore, it is not meant to dictate 
tool management, but to provide preliminary input. The knowledge gained 
during checkout/training wlll provide valuable input in this regard. 

The prerequisites to the listed 10g1c sequence are removal of the plenum, 
installation of the support structure and work platform. availability of the 
reactor vessel port'on of the DHCS and work platform vent'lation system, and 
the view'ng system provided for the plenum assembly removal (PAR) efforts and 
long-handled tools ava1lab111ty. Fuel and knockout canisters and/or th~ 

can'ster handling br'dges and transfer systems are not required to begin the 
sequence. 

Partial fuel assemblies, peripheral, standing, and full length fuel 
assemblies, and end fitt1ngs have been separated from the plenum and are now 
1n the v01d reg10n. Due to the diff1culty of clearing this space, a 
significant area of uncertainty exists in defining the preparation needed for 
installing the CPS. This preparation w1ll consist of moving, rearranging, and 
storing debris that has fallen down from the plenum onto the debris bed such 
that room can be ens'lred for the placement of a canister at an elevation 
compatible with debr1s loading wh11e satisfying the 4-foot excluslon zone. 

The preferred approach ls to lnstall the CPS as soon as posslble, slnce 
lt offers maximum flexibility in loading canisters and vacuuming operations, 
and promotes effic'ent canister transfer operations. 

Only debris that is 2 feet 6 lnches long or less can be dlrectly loaded 
~urlng the ln,t'al period of deflJellng operations using the CPS, due to the 
~-foot exclus'on zone. This limitation will persist until vacuuming 
)perat,ons lower the existing debris bed (Including debris knocked off the 
)lenum) by approximately 2 to 3 feet. At that time, the length of debris that 
:an be accommodated by a fuel canister will be Increased to 6 feet 6 inches. 

A debris bed survey performed durIng the lnl~lal stages of defuellng 
lctlvttles will clearly be valuable input to continued sequence planning. 
\1 though there are many uncertainties in the core condition. the tool 
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inventory is adequate to handle those core conditions identified to date. 
Sufficient equipment for core data acquisition activities will be available at 
any time during the defuel~ng sequence, although no provisions for these 
activities are shown in the overall sequence. 

A matrix of the functional requirements was developed using the previous 
two major sequences and anticipated future defueling operations. Table 2-1 
represents a matrix of the various planned operations versus the tooling 
required. The applicability of a particular tool to a specific task is 
indicated in the matrix by the presence of a circle at the intersection of 
that column and row. Solid circles represent the primary choice for tooling 
when more than one tool can perform the same task. 

This matrix identifies all currently anticipated tooling for the early 
and bulk defueling tasks. The objective of this matrix is to provide a system 
of tools necessary to defuel the TMI-2 reactor vessel, including lower fuel 
core region, CSA, and head in a well-organized manner. Subsequent to 
developing the early defueling tools, the development of the remaining 
defueling tools will ensure the removal of essentially all the fuel and core 
debris in the reactor vessel. 

2.2.8 Interface Control Document 

In an effort to establish a means for control of TMI-2 reactor defueling 
tooling system design features that require the interaction of various 
designs, constructions, or manufacturing organizations to ensure 
compatibility, the Interface Control Document (Reference 5) was developed for 
implementation. This document covers interface features deemed essential to 
proper integration of various defueling tools and equipment. It is largely 
for the purpose of integrating various design activities under the control of 
Design Engineering. 

The major interfaces for defueling tools and equipment are briefly 
described in Section 2.2.8.1. Section 2.2.8.2 includes the definitions for 
interface dnd control interface. The procedures to implement the Interface 
Control Document are presented in Section 2.2.8.3. 
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2.2.8.1 Major Interfaces. Early defue11ng of TMI-2 w111 be accomp11shed 
primarily by vacuum1ng the small loose debr1s 1n the upper region of the 
damaged core. Th1s can be achieved by using the f1nes/debr1s vacuum system, 
which 1s located under the rotat1ng shielded work platform. The vacuum 
system, supported and operated from the rotatable shielded work platform, can 
access multiple knockout canisters mounted on the canister positioning system 
without the transfer of canisters outs1de the reactor vessel. S1nce the 
canister elevat10ns must vary to meet operat1onal requirements, the can1ster 
posit10ning system can support can1sters at three elevations (top of can1ster: 
324'-11", 321'~0", and 317'-0"). 

In add1t10n to the removal of small loose debris, add1tlonal core 
material such as fuel rods, spacer grids, etc. w111 be removed during early 
defueling. Th1s mater1al 1s too large to be vacuumed but small enough to be 
handled w1th relative ease using manually operated or hydraulically operated 
long-handled tools. The tools will be used through the T-slot and the 
long-handled tool slot of the rotatable sh1elded work platform, to pick and 
place this addit10nal core mater1al into debris buckets for subsequent 
deposition into fuel canisters. In addition, these tools will be used to move 
heavier material, such as end fittings and partial fuel assemblies, out of the 
way to facilitate vacuuming. 

The long-handled tools are hydraulically powered using a specif1c 
hydraulic fluid 1n 11mited and controlled quantities supp11ed by the TMI-2 
control system. The control system provides the electr1cal, hydraulic, and 
air distribution systems to operate the shielded work platform, vacuum system, 
long-handled tools, and v1ewing system. The control system also prov1des a 
cable mana~ement system t~ organize and control the movement of the electrical 
cables and hoses, which must rotate with the shielded work platform. The 
cable management system routes the cables and hoses from the canal floor onto 
the sh1elded work platform. 

Compatlb11lty Is one of the prime objectives In designing the above 
systems. This can be achieved by controlling the Interface characteristics. 
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2.2.8.2 Definitions. 

• Interface - a point, feature, dimension; envelope, or 
characteristic, the details of which must be known and agreed upon 
by more than one organization. 

• Control interface - an interface, which once established by 
issuance of the Interface Control Document, shall not be changed or 
rev' sed in any way by any organization except by means described in 
the TMI-2 Reactor Defueling Interface Control Document Ch~nge 
Procedure. 

2.2.8.3 Procedures. 

•.. Identification of Interfaces 

Interfaces are identified in the course of design development. 
External interface information to be controlled shall be determined 
based on the purpose and scope described above. Any involved 
organization may identify proposed controlled interfaces as the 
need arises. Design Engineering shall, however, decide which 
interfaces are to be a part of the Interface Control Document. 

• Exchange of Interface Information 

Exchange of design and interface information among the various 
organizations shall be through Design Engineering. Design 
Engineering shall provide design drawings or communication by other 
methods as deemed appropriate to ensure coordination of interface 
information. Those interfaces requiring a high degree of 
interorganizatlonal coordination are identified by this document. 
Interfaces identified shall not be changed except as described In 
the change procedure. 
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• Interface Control Document Issue 

The Interface Control Document shall be issued in accordance with 
Design Engineer1ng procedures. Rev1s10ns of the document will be 
issued as deemed necessary to add. delete, or revise interface 
1nformat10n. Generally. a rev1s10n w1ll cons1st of the cover 
sheet. rev1s10n 1ndex. and affected pages and f1gures. Add1t10ns 

, to. de1et10ns from. and changes to interface informat10n shall not 
be incorporated in the document. nor used by the involved 
organ1zations. except as described in the change procedure. 

• Distribut10n 

This document 1s provided to various organlzat10ns for their use. 
It is also provided to other entities of the TMI-2 Recovery Project 
for the1r 1nformation. 

• The defue1ing related equ1pment/systems having 1nterfaces 
controlled by the Interface Control Document 1nc1ude the following: 

Interface coordination 
Canister design 
Shipplng cask 
Fuel removal tooling and fines/debrls vacuum system 
Defuellng water cleanup system 
Fuel transfer system modif1catlons 
Fuel canister storage racks 
TMI-2 faci11ty arrangement and servlce 
Interim storage and hand11ng facility 
Core data acqulsltlon 
Fuel canister fabrlcator 
Reactor bulldlng and fuel handling bullJ1ng, canister handling 
bridges/trolleys 
Fue; transfer cask and loading collar 
Dewatering system 
Canister handling tools 
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2.2.9 TMI-2 Oefueling Safety Evaluation Reports 

The following licensing documents were prepared in support of early 
defueling activit1es. 

2.2.9.1 Safety Evaluation Report for Early Oefueling. This safety 
evaluat10n report <SER) is the basic doc0ment describing the early defueling 
activities and providing the justification for concluding that early defueling 
activities will be performed in a safe manner. It provides a summary 
description of the early defueling activities and the equipment and systems to 
be used. The document assesses the safety aspects of early defuellng 
act1v1ties and various accidents that could potentially occur while performing 
the early defueling activ1ties. It also assesses the environmental impact of 
the early defueling activities. Where appropriate. this SER references the 
other licensi .. g documents associated with the early defueling activities. 

2.2.9.2 Safety Evaluation Reports for Heavy Load Handling. These 
documents prov'de the NUREG-0612 evaluation for handling heavy loads during 
early defue11ng activities. The criteria to he satisfied are provided along 
w1th guidelines (e.g .• lift height vs. wetght) to ensure compliance. The 
effects of dropped loads on plant structures and systems are addressed. 

2.2.9.3 Technical Evaluation Report for Oefueling Water Cleanup System. 
This technical evaluation report (TER) presents the design bases for the 
completed OWCS and provides the information needed to demonstrate that the 
system will satisfy its safety functions. It addresses interfacing 
requirements with other plant systems and equipment; in particular. interface 
requirements with the canisters are discussed. The system described in the 
OWCS TER is more extensive than the portion to be used for early defueling 
activities. 

2.2.9.4 Criticality Report for the Reactor Coolant System. This report 
establishes the boron concentration needed in the reactor vessel coolant to 
ensure subcriticality during early defueling activities. The report describes 
the various analyses that have been performed in establishing the boron 
concentration and the conservatlsms inherent In those analyses. 
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2.2.9.5 Technical Evaluation Report for Defueling Canisters. This TER 
presents the design bases for the three types of canisters (fuel, filter, and 

····knockout) that will be used during early defuellng. It provides the 
information needed to demonstrate that the canisters can safely perform their 
functions. 

2.2.9.6 Technical Evaluation Report for Defue1ing Canister Storage Racks 
This TER presents the design bases for the canister storage racks in both the 
fuel transfer canal and the spent fuel pool. It provides the information 
needed to demonstrate that the canister storage racks will perform their 
safety functions. Summaries of the relevant analyses are included. 

2.2.10 Integration of Knockout and Filter Canister with Vacuum System Design 

The vacuum system's designed to remove debris from the reactor core by 
vacuuming. Debris is vacuumed through the nozzle and transported through 
2-inch stainless steel pipe and 2-inch flexible hose to a knockout canister 
(Figure 2-3). The knockout canister can be supported either from the canister 
positioning system or the single canister support bracket. Because of the 
hydraulic flow prof'le established ln the canister, debrls partlcle sizes up 
to an lntact fuel pellet are deposited. The effluent from the knockout 
canister is then drawn through the pump and discharged into a filter canister, 
where debris down to a size of 0.5 micron i~ entrapped. The discharge 1s then 
returned to the reactor vessel. The system t~st results established a 
required flow rate of 60 gpm to vacuum debris up to a fuel pellet in size. 
This is 79 percent of the maximum design flow rate (76 gpm) , thus providing 
the deslgn margln that ensures system flexlbillty. 

2.2.11 Arrangements in Reactor Vessel 

The early defueling tooling equipment Is available prlor to the start of 
defueling; however, its actual installation and use will be conducted in a 
staged approach. The following sections describe this two-phase approach to 
defue1ing. 

2.2.11.1 Initial Early Fuel Removal Arrangement (Phase I). The goal of 
this phase of defuellng is to pre!pare the upper surface of the core debris bed 
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for the start of fines/debris vacuuming. There is limited pick and place 
capabilities, using long-handled tools, debris buckets, etc., and limited 
canister loading ability. Figure 2-4 illustrates a general arrangement of 
equipment for this phase. 

The key defuellng equipment and tools, in addition to the work platform 
and support structure, are the canister positioning system (or the single 
canister bracket> and miscellaneous long-handled tools. Debris buckets and 
stands will be used for temporary storage of debris and are designed to 
maximize final packing density of the fuel canisters. 

Types of defueling operations for Phase I are: 

• Loading fuel canisters with debris small enough to be loaded 
without cutting 

• Reorganizing large debr's fragments (assembly fragments) to make 
way for vacuum'ng 

• Scoop'ng of small loose debris 'nto fuel cani~ters 

• Loading debris buckets with debris 
• Load'ng fuel can'sters w,th debr's buckets 
• Sizing and loading end f,tt'ngs 'nto fuel canisters 
• Transferring of loaded fuel canisters 

2.2.11.2 Early Fuel Vacuuming Arrangement <Phase II). The goal of th's 
phase of defueling 's to vacuum as much of the vacuumable debris as practical 
from the core region. F'gure 2-5 illustrates a general arrangement of 
equipment for Phase II. 

Equipment used in Phase I will be augmented by the vacuum system and the 
canister posit'on'ng system. If the s'ng1e can'ster bracket can continue to 
be a productive component It ne,~d not be removed. Its removal Is an 
operational decision. The vacuum and canister positioning systems will be 
available for use at the start of Phase I. The point In time in which they 
are installed is another operational decision. 

Types of defuellng operations for Phase II are: 

• Reorganizing and/or segregating large debris fragments 
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• Vacuuming of fines/debris into knockout and filter canisters 
• Transferring of all types of defueling canisters 

The defueling equipment will be controlled from various locations 
:hroughout the reactor building. fuel handling building. and coordination 
:enter. Figures 2-6 and 2-7 illustrate these general arrangements. The 
Iroposed layout of the coordinat1on center for defueling is shown in 
'1gure 2-8. Defueling operations involve many simultaneous operations at 
lifferent places in the TMI-2 containment building. fuel handling building. 
lnd the coordination center. Figure 2-9 Illustrates the audio and video 
;ystems used for defueling. 

~.2.12 Miscellaneous Act1vit1es Related to Defue11ng Tools 

2.2.12.1 Qua11ty Classification of Defue11ng Tools. Criteria for 
lss1gnlng quality classification to the defuellng equipment are: 

1. Supports for equ1pment and equipment packages installed over or in 
the ves~el and weighing more than 2.400 pounds (the weight of a 
fuel assembly} should be classified as 1mportant to safety (ITS) 
for structure integrity. 

2. Tools and equ1pment handled or installed over or 1n the reactor 
vessel should be classified as ITS for material certification. 
This includes material certif1cat10n for hydraulic and other types 
of fluid used in equipment and tools. 

3. Items classified as ITS per criterion 1 should be ITS for both 
structural integrity and material certification. 

4. Any item not indicated in criteria 1,2, and 3 or not specif1cally 
designated by the project as ITS or nuclear safety related may be 
classified as not important to safety (NITS). 

Quality classification equipment lIst for TMI-2 defueling tools is 
resented in Table 2-2. 
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TABLE 2-2. QUALHV CLASSIFICATION EQUIPMENT LIST 
FOR WESTINGHOUSE TOOLS 

SystemlTool s 

Vacuum System 

Vacuum system, including submersible 
pump, support system, declogging 
system, piping, and p1ckup nozzles 

Vacuum system hand11ng tool 

Control sys"i:em 

Canister weigh1ng system 

Flexible hose handling tool 

F11ter can1ster support racks 

Installation and changeout tools 

Long-Handled Tools 

Qyality Class1ficat1ona 

ITS-M except support system; 
support system ITS~S, M 

ITS-M 

NIT for hydraulic system 

ITS-M 

ITS-M 

ITS-S, M 

ITS-M 

Segmented long-handled pole (heavy duty) ITS-M 

Three- and four-point grippers ITS-M 

End Effectors (Low Capacity> 

Grapple 

Single rod shear 

Parting wedge 

Backhoe/shovel 

V1ce gr1ps - remotely operated 

Hook tool s 

Fuel rod pickup tool 

End fitting lift tool 

Hydraulic impact chisel 

ITS-M 

ITS-M 

ITS-M 

ITS-M 

ITS-M 

ITS-M 

ITS-M 

ITS-M 

ITS-M 

a ITS-M = Important to safety for material certification only 
ITS-S Important to safety for structural integrity only 
NITS = Not important to safety 
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TABLE 2-2 (Cont1nued) 

SyS temlToo 1 s Qua11ty Classificationa 

End Effectors (H1gh Capac1ty) 

Lightwe1ght ch1sel ITS-M 

D1sposable debr1s buckets ITS-M 

Reusable debr1s buckets ITS-M 

Top access fuel assembly l1ft1ng tool ITS-M 

S1de access fuel assembly lift1ng tool ITS-M 

Tong l1fting tool ITS-M 

Clamshell tool ITS-M 

Spade bucket tool - remotely operated ITS-M 

Hook tool (high capacity) ITS-M 

Control System 

Cable management 

Control console 

Central hydrau11c pump 

Electr1cal power d1stribution 

Ught controls 

Local electr1c/hydraulic/pneumatic 
service panel 

Viewi ng System 

NITS 

NITS 

ITS 

NITS 

NITS 

NITS 

Camera posit1oners and supports ITS-M 

Light posltioners and supports ITS-M 

General work area llght posltloners ITS-M 

Llghting control system NITS 
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TABLE 2-2 (Cont1nued) 

System/Tools 

Sh1elded Support Structure 

Support structure 

P1p1ng 

Shielded Work Platform 

Work platform 

Dr1ve 

Can1ster Pos1tioning System 

Canister support system 

Fuel can1ster seal protection lids 

Sleeve handling tool 

Single can1ster support bracket 

Canister Tools 

Qua11ty Class1ficat1ona 

ITS-S .' 

NITS not over vessel 
ITS-M over vessel 

ITS-S 

NITS 

ITS:"S, M 

ITS-M 

ITS-S, M 

ITS-S, M 

Center point grapple ITS 

Fuel canister grapple ITS 

Staging handle ITS 

3/8-inch Hansen cap tool NITS 

3/8-inch Hansen dewatering outlet tool NITS 

Filter/knockout canister plugging tool NITS 

Canisters 

F1lter can1ster 

Knockout can1ster 

Fuel canister 
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Nuclear safety related 

Nuclear safety related 

Nuclear safety related 
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For canister tools, the center point grapple, fuel canister grapple, and 
staging handled are classified as ITS. The remaining tools are classlfied as 
NITS. 

Fuel. knockout. and fllter canisters are classified as nuclear safety 
. related. _--co' 

2.2.12.2 Operational Feedback from Fuel Handllng Senlor Reactor Operator 
(FHSRO) DTA Training. To ensure that the tools and equipment provided for 
defueling will be operated smoothly during actual defuellng, comments 
resulting from FHSRO DTA tooling training w·ll be used in lmprov1ng the 
overall effectiveness and efficiency of the upcoming defuellng operations. 
These comments and observations will also be used 1n future bulk defueling 
equipment development. 

2.2.12.3 Defueling Tool Racks. During the defueling operations, various 
long-handled tools and end effectors will be used as necessary depending on 
the condition of the core/fuel at a particular location. Because all the 
tools will not be constantly operating. tool racks are needed to store the 
equipment. 

Based on the Defueling System Design Description and the Defueling 
Sequence Document, tool racks will be designed and fabricated by GPUN. The 
tool racks will be designed to interface wlth other related equipment and to 
provide for satisfactory defuellng operations. 

2.2.12.4 Defuellng Tool Maintenance. The defuellng operat1ons at the 
TMI-2 reactor w11l requlre the use of a wide variety of tools and equipment. 
It is expected that the tools and equipm&nt used will require preventive and 
correctlve maintenance to replace broken or worn parts, or parts no longer fit 
for service due to degradatlon from the operational envlronment. These tools 
are expected to be ~lghly contamlnated. Consequently, ma1ntenance activit1es 
to restore these tools to an operating status must be performed 1n such a 
manner as to protect personnel and prevent the spread of contamination. 
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Components such as hydraulic tools, shear blades, and bearings will wear 
during use and will require repair or replacement on a planned basis to ensure 
maximum operation efficiency. All of the above referenced maintenance must be 
performed under controlled conditions in an acceptable service/work area. 
Depending upon the nature of the maintenance work to be performed and the 
radiation exposure involved, maintenance of tools/equipment would be performed 
either inside the containment building or removed to an exterior service/work 
area. 

For each defueling tool, the required scheduled maintenance, corrective 
maintenance, and the recommended spare parts are included in the system final 
design report. All special maintenance equipment and spares required for all 
defueling tools have been identified. GPUN has overall responsibility for 
maintenance planning and requirements; therefore, they should ensure that 
adequate equipment, spare parts, and personnel are available for the 
maintenance activities. 

2.3 Defueling Tools 

The TMI-2 defueling tools can conveniently be divided into two groups: 
early defueling tools and bulk core reglon defueling tools. Sectton 2.3.1 
describes the efforts on the tool matrix for tool integration. The early 
defueling tools are presented in Sectlon 2.3.2 and bulk defueling tools in 
Section 2.3.3. Except for tools (i.e., tools required after early defueltng) 
presented in Sectlon 2.3.3.2, all tools are now on the site and are capable of 
removing the debris ln the upper section of the core. 

2.3.1 Tool Matrlx for Tool Integration 

Integratlon of all defueling equ1pment, including early and bulk 
defue11ng tools, has been considered since the early stage of the defue11ng 
program. As a result, a matrix for the defuellng tools and the defueling 
requ1rements was developed (Table 2-1) to ensure the core debr1s removal. As 
1nd1cated 1n the matrIx, the early defuellng tools, In anticipat10n of their 
use in subsequent defuellng activitIes, were developed not only for the 
removal of the majority of debrIs located above the hard crust but also for 
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some of the planned bulk defue1ing activities. As also indicated in the 
matrix, every functional requirement anticipated for defueling activities can 
be met by at least one defue11ng tool. In most cases, more than one tool can 
perform the same task. Early tool tntegration for defueltng resulted in lower 
equipment costs and more efficient tn-contatnment activity .. 

2.3.2 Early Defueltng Tools 

The early defueltng tool systems consist of the following: 

• Shielded work platform 

• Shielded support structure 

• Vacuum system 

• long-handled tools 

• Control system 

• Viewing system 

• Canister posittoning system 

• st ngl e canister support bracket 

• Test assemblies 

• End effectors 

• Tool positioning system 

• Support tools 

Descriptions of each of the tool systems are in the Appendix. 

The steps to operate a specific defueling tool or a set of tools are not 
included 1n this report. Operating instruct10ns are supp11ed for each tool in 
the form of operat1on and ma1ntenance manuals. 

2.3.3 Bulk Core Reg10n Defueling Tools 

Bulk defueling tools consist of the existing vlewing system provided for 
plenum assembly remov~l {PAR) (Section 2.3.3.1) and future bulk tools 
(Section 2.3.3.2>. The bulk tools are currently under development and some of 
them will soon be available for early defuellng purposes. 
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2.3.3.1 PAR Vtewin; System. Although the viewing system provided for 
the plenum assembly removal was developed specifically for plenum ~ssembly 
removal activities, general provisions have been incorporated into its design 
in anticipation of their use in subsequent defueling activities. The viewing 
system has two basic parts: in-containment equipment and coord1nat1on center 
equipment. 

The In-contalnmer.t system primarily acqu1res the 1nformat1on and prov1des 
immediate monitoring and control of the video equipment by the operator 
manipulating the tools. The coordination center provides control for 
monttor1ng and recordtng operattons from outs~de the reactor building. 

The in-containment equipment consists of three cab1nets which house the 
tn-containment video hardware--two to hold the camera controls and associated 
electronic equipment and another to store the cameras and cable when not 1n 
use. (There is also a portable rack with threa, 6-inch video monitors should 
the stationary system not be within easy access of the operators.) 

The two control cabinets are each 22 inches Wide x 47 inches high x 
22 Inches deep and will hold all camera controls, light controls, mon~tors, 
and the audio base repeater unit (see Figure 2-10). The entire system 
comprises five cameras/control units; eight lights, some with reflectors; six 
6-inch monitors; and one audio base repeater station. The camera system has 
three Rees R-93 un1ts and two Diamond 5T-5 units. These cameras are all 
completely sealed, stainless steel housed underwater units. 

The Rees units are smaller (1.6 1nch 00) than the 01amond cameras 
<2.88 inch 00) and wtll be used in 1nstances that make tt necessary to place 
the cameras 1n very space-restr1cted areas. 

Both types of units have focus and 1ris controls and are capable of 
either straight or right-angle viewing. All five cameras have internal 
lighting, although auxiliary lighting Is also provided. 
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Should a control unit unexpectedly fatl, the cabinets contatn one spare 
Diamond and one spare Rees camera control untt (CCU). Each of the ftve camera 
CCUs feeds a 9-tnch monltor; the stxth mont tor ls a spare. The output stgnals 
to the coordtnatton center will come directly from the six video monitors. 

The lighting portion of the in-containment system provides for up to 
eight lights with lndividually controlled intenslty. Three llghts will be 
standard Hydro Products 50-500 units; five lights are modified for a 2.4-lnch 
restricted access. These modlfied llghts will be provided with a reflector 
that will llmit the llght beam to a l80-degree pattern. 

The audl0 communlcatlons between the camera/toollng operators and the 
coordination center wlll be handled by a duplex base repeater statlon. Thls 
unit will recelve the RF signal from the operators' mlcrophones via the 
antennas on top of one of the cabinets and transfer lt to the coordinatlon 
center through two twlsted-shielded pairs. Should the control consoles not be 
near the tool operators, a rack with three 6-inch mont tors can be attached to 
the handralls of the shlelded work platform. Thls monltor rack, though morp 
portable than the large control cabinets, has no controls for the vldeo 
cameras or lights. It provides a display of selected images monitored at the 
control cabinets to aid the tool operator. 

Provlslons for In-bulldlng storage and decontamination are provided by 
a stainless steel equlpment locker with storage space for all cameral 
cables and auxlllary ltghts/cables. The storage cablnet ls approxlmately 
72 inches wide x 72 inches hlgh x 18 inches deep. 

The coordlnation center system conslsts of a desk top console with three 
side-by-side racks each 22 inches wide x 28 tnches high x 22 inches deep. The 
consoles contaln three monitors, camera signal distr1bution amplifiers, camera 
signal identifiers, and two video cassette recorders (VCRs) that can be 
switched to view the four input camera signals with picture identification 
informatton. 

The system includes camera selection switchers for each monitor and VCR (see 
Figure 2-11>. 
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The system can accommodate four camera s1gnals, each feed1ng a 
distribution amp11fier module which in turn feeds both the switcher of the 
cab1net 2 direct view1ng monitor and the video identifier/switcher 
combination. The four distribution amplifier modules supply two additional 
high-resolution signals: one feeds a s1x-position switcher f()r a supervisory 
monitor, and the second is available for display on other monitors as an 
unidentified spare input. The identifier/switcher will add a time/date/camera 
number and a 16-character message to the video signal. The outputs of the 
switcher/identifier will be fed to four additional distribution amplifier 
modules. These modules will, in turn, feed an eight-position switcher for 
each of the cabinet 1 and 3 9-inch monitors and a six-position switcher for 
each of the two VCRs. The VCRs will feed one position on the six-position 
switchers for record/playback viewing on the 9-lnch monitors. 

One direct viewing monitor will be switchable to any of four camera input 
signals. This monitor will have a ~irect input from the amplified 
high-resolution signal of the camera that will be unaffected by high-frequency 
roll-off in either the video Identifiers or the v1deo records and thus will 
provide the highest quality picture. Picture Ident'flcatlon will be prov1ded 
by the lighted number displayed on the swftchpr of th1s monitor. 

A desk microphone will also be fed into the coordination center. 

Two camera manipulators can be used in viewing activit1es. The camera 
manipulators (see F1gures 2-12 and 2-13) consist of a camera handling tool 
end, winch assembly. camera cable, camera, and a tool handle. With this 
setup, the operator can remotely pos1tion the camera In prede1flned locations. 

2.3.3.2 Tools Required After Early Defuellng. The following list 
Ident1fles defueling tools requ1red after early defuellng. JI functional 
description of each tool is als() provided. The list Is based on the known 
core conditions. 
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Figure 2-13. CIImera handling-tool - straight leM. 

65 



• Core Reglon Fuel Removal Equlpment--

Cuttlng Station - The cutting station will be capable of 
sectioning debrls from the core that i~ too large for 
direct loading into the fuel can'ster. This item 
requires that the debrls be removed from the core reglon 
and p1~ced in the station. Debr's will lnc1ude deformed 
end f1ttlngs, molten masses of ceramic, stainless steel, 
etc. Cutting wil] be accomplished by mechanical cutting 
(e.g., a saw). 

2. Manual Tool Positioner (MTP) - The MTP will provide a 
more rigid mount for lower core removal equipment. This 
equipment will be used to mount core cutting equipment 
and the remote manipulator (see item 8). The MTP will be 
supplemented by a stabilizer that will increase the 
reaction limits of horizontal forces that may be applied 
to tooling which interface w'th the MTP. 

3. Partial Fuel Assembly Tc~ls - The following tools will 
have the capability of removing partial fuel assemblies 
located above or below the crust region of the core. 
Specifically, a side access removal tool is envisaged 
that, once side access to fuel assemblies 1s available, 
will transfer the assembly from the core region to the 
clamping station for loading it 1nto a canister. 

4. Viewing System - The view1ng systemw1ll provide viewing 
capabilities away from the work platform working slots to 
support defue1ing operations with the MTP. the remote 
manipulator, and other defueling eqUipment. 

5. Incore Instrument Cutting Tools - These tools will be 
used to cut Incore Instrument guide tubes and Instrument 
clusters below the fuel assembly lower end fittings. 
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This w1ll perm1t ra1s1ng of the fuel assemblies without 
transm1tting loads through the guide tubes or instrument 
clusters to the vessel lower head. 

6. lower Grid Vacuum Nozzles - The existing nozzles wlll be 
modif1ed or new nozzles prov1ded to remove fines/debris 
in the lower gr1d under the l1mited access to this reglon. 

7. Impact Ch1sel - Th1s tool will be used to fracture the 
brittle portions of previously molten parts of the core. 
It may be used with the end effector handling tool or the 
MTP. 

8. Remote Manipulator - The remote manipulator will be 
mounted on the MTP. It will have the capability of 
performing defueling operations away from the work 
platform access slots, in parallel with other defueling 
operat10ns. It will be capable of control from inslde or 
outs1de the reactor bu11ding. 

9. Hard Crust Region Defueling Equipment - There may be 
several inches of crust material. The hard crust region 
defuellng equlpment will be capable of gaining access to 
embedded fuel assemblies. Equ1pment will be provided to 
remove/dig fuel assemblies out of the crust region from 
the top down. The equipment will consist of digging 
tools and impact drills. 

10. Core Region Cutting Equipment - New core data indicates 
that the crust material ranges from brittle to very 
hard/ductile. If the material Is not brittle, the chisel 
will be supplemented with additional cutting equipment. 
The cutting equipment will be capable of sectioning 

: 

ductile material, in-place, within the core region, and 
cutting ductile material attached to the core former 
plates. Core region cutting equipment will, as a 
minimum, consist of a hydrolaser (item 6) and an a~rasive 

saw (item 7). 
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• Flow Baffle Reglon of CSA (access for lower head reglon and 
defue11ng)--

1. lower Grld Cutting Equlpment - Thls equlpment will be 
capable of cutt'ng portions of the lower grid to gain 
access to the lower head. 

2. Storage Provisions - The pieces cut from the lower grid 
will elther be stored in the reactor vessel or removed 
from the vessel for ultimate disposal. Appllcation of 

,~ these options will be addressed during preparation of the 
defueling for this region. 

3. lower Head Access Using the MTP - Modificationsl 
extenslons wlll be provided for the MTP to support lower 
head access/defueling. 

4. Hydrolaser Cutting Equipment - A hydrolaser will be 
provlded to cut very hard. abrasive materlals without 
requirlng rlgidity or accurate positloning of the cutting 
tool. The hydrolaser wlll be used to cut debris in 
hard-to~access areas and/or to cut debris into geometric 
conflguratlons that will permit its loadlng lnto debris 
buckets or fu~l canisters. The hydrolaser is designed to 
be mounted to the MTP. 

5. Abraslve Saw Cuttlng Equlpment - Thls tooling will be 
used to cut debrls lnto geometrlc conflguratlons that 
wlll permit its loading into debris buckets or fuel 
canisters. 

The abrasive saw cutting equipment will be designed for 
mounting to the MTP. 
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• lower Head Region Fuel Removal--Based on current lower head 
debris assumptions. no cutting tools will be required. All 
debris can be removed by pick/place and vacuuming operations. 

1. lower Head Fuel Removal Tools - These tools will be used 
to defuel the lower head. These tools will include 
scoops, grapples, chisels, picks, etc. For the majority 
of these operations, existing tooling may be modified 
(added length and/or size changes for restricted access) 
at the site. Some new equipment will be designed and 
supplied. 

2. Vacuum Nozzles - Similar to the nozzles provided for the 
lower core region, these nozzles will be designed to be 
more efficient at defueling the lower head regions using 
the access holes provided by flow baffle cutting 
equipment. These nozzles may be provided by site 
modification of existing equipment. 

3. large Debris Vacuum Equipment - This equipment will be an 
extension to the existing defuellng vacuum system. One 
approach being considared is the u~~ of an additional 
large debris knockout device in conjunction with the 
increased flow capabilities of the existing vacuum 
system. The large debris knockout device would then be 
unloaded by transferring debris into defueling canisters 
using pick and place tooling and the existing vacuum 
system. 

• CSA Fue 1 Removctl--

1. Vacuum Nozzles - Nozzles, hoses, and long handles will be 
provided to access the areas behind the baffle plates to 
vacuum accumulated debris. 
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2. Access Hole Cutting Equipment - This equipment will be 
capable of perform1ng the complex geometric cuts tn 
access holes in the CSA baffle plates to provide access 
for the vacuum nozzles. 

3. Reactor Vessel Isolation - This equipment (expandable 
plugs) will be used to isollte the reactor vessel from 
the remainder of the RCS. Th1s will allow the water 
levels to be changed in various sections of the RCS. 

4. Cold Leg Access Equipment - Cutting equtpment wtll be 
developed (as necessary) to provtde access to the cold 
leg nozzles and the annulus between the core barrel and 
the thermal shield. The need for new equtpment wtll be 
dependent on inspection results and the evaluated 
usefulness of other cutting tools. 

Z.3.4 Defue11ng Canisters 

The can1sters consist of a cyltndrical pressure vessel encapsulating one 
of three internal modules. depending on the function of the canister 
(Reference 5). Except for the bolted upper closure head on the fuel can1ster. 
the basic pressure vessel (outer shell) is the same for all three canister 
designs. Similarly. the handling interfaces are identical to a~low the same 
handllng tool to be used. Different functional requirements dictated 
differences in the piping interfaces clnd the design of the internal modules. 

The fuel canister (Figure 2-14) 1s a receptacle for large p1eces of core 
debr1s that can be picked up by the dvfueling grapple and placed 1n the 
can1ster. For th1s reason, the upper closure head is removable to permit easy 
iccess for debris 10ad1ng. An internal shroud controls the size of the 
internal cavity and provides a means ()f encapsulating the neutron absorbing 
naterial used for criticality ~ontrol. 
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As part of the debris vacuum system. the knockout canister (Figure 2-15) 
separates the medium s1ze debris from the water by reducing the flow 
velocities, thereby allow1ng the part1cles to settle out. An internal screen 
helps retain all but the very smal'l fines in the canister. An array of four 
rods around a larger central rod. all containing boron carbide (B4C) 
pellets, is included for criticality control. All flow connections are 
located on the upper head. 

To remove very small fines, the filter,canister (Figure 2-16) ut1lizes 
. filter elements fabricated from a stainless steel medium. These elements are 
joined together to form a filter bundle permitting a flow rate up to 125 gpm 
while filtering out particles as slnall as 0.2 micron. A center rod containing 
B4C pellets ensures that the canister contents remain subcritical. Like the 
other two types of canisters, all the interface connections (piping and 
handling) are on the upper head. Both in the fines/debr1s vacuum system and 
OWCS, a system pressure relief valve ma1nta1ned by GPUN keeps the pressure 
within design values. 
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3.0 CONTINUING EFFORTS 

The defue11ng too11ng covered 1n th1s report 1s capable of remov1ng the 
debris 1n the upper sect10n of the core. Thi,s tool1ng can remove the majority 
of debr1s located above the hard crust. Bulk core reg10n defue11ng too11ng 1s 
be1ng developed to cut up debris that cannot fit into a fuel can1ster, and to 
sect10n and remove br1ttle and duct1le hard crust mater1al. It can also be 
used to remove part1al fuel assemb11es, cut and remove 1ncore 1nstrumentat10n, 
and vacuum 1im1ted areas of the lower grid. Finally, additional tooling for 
lower reactor vessel head and core support assembly defue11ng will perm1t the 
removal of essent1a11y all the fuel and core debr1s remaining in the reactor 
·vesse1. 
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ABSTRACT 

This Appendix provides a summary level description of the Three Mile 
Island Unit 2 (TMI-2> dry defueling system designed for, and with the 
assistance of the GPU Nuclear Corporation. The system will be operated by GPU 
Nuclear Corporation. Defueling will take place through the internals indexing 
fixture (IIF). which is located above the reactor vessel. Defueling equipment 
will be mounted on and operated from the shielded work platform. Defueling 
operations will progress from fairly simple pick and place operations and 
vacuuming up to more complex cutting and other debris removal tasks. 
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TMI-2 DEFUELING SYSTEM DESIGN DESCRIPTION 

1.0 INTRODUCTION 

The defueling system, illustrated in Figure A-l, is a system of equipment 
that will remove the loose dE!bris and core materials from the reactor vessel 
of the TMI-2 plant. The core materials exist in a variety of shapes and sizes 
from full fuel assemblies to rubble small enough to be moved by fluid vacuum 
pumping. Operations will include sizing the core material and loading and 
preparing canisters for removal from the reactor vessel. All of the 
cp2rations within the reactor vessel are within the scope of the defueling 
system while the transfer of canisters will be the responsibility of and 

described by others. All fUE~l handling operations and canister loading will 
take place inside a compositE~ water vessel composed of the reactor vessel, the 
core support assembly, and the !IF with a modified seal. The defueling water 
level will be maintained 5 ft above the vessel flange. Operators will operate 
tools from u shielded work platform mounted directly over the IIF. This dry 
defueling system has several advantages over the conventional flooded canal 
approach. They are: (1) long ha~dled tools are shorter and thus more 
feasible (25 ft versus 45 ft), (2) all canister loading is done in the vessel 
to confine contamination to a limited area, (3) a smaller volume of water 
needs to be processed by the defuellng water cleanup 5y~tem (DWeS) and (4) the 
equipment operators on the shielded work platform perform the defueling 
operations in a lower background radiation field (as opposed to the radiation 
n e 1 d atE 1. 347 I - 6" ) . 
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Figure A"'1 

Dry Oefuellng System COwg. 1737ESO) 
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l.U PROJ~CT AND SYSTEM DESCRIPTION 

2.1 Reference System 

The operators will be stand1ng on the shielded work platform above the 
reactor vessel flange. This platform provides shielding so that the -, 
contaminated water in the reactor vessel will not be a major exposure source 
for personnel operating the defuel1ng system tools. The platform is supported 
from the refueling canal floor by the shielded support structure. Between the 
shielded work platform and shielded support structure, various lines for water 
treatment sampling and off-gas ventilation are routed into and out of the 
reactor vessel. This water treatment and off-gas control piping are 
stationary and do not impact operation of the shielded work platform. 

The shielded work platform has an 18-in. wide slot through which the long 
handled tools are operated. The tool working slot width and the shielded work 
platform shielding will limit the radiation fields from the ac:ive core and 
water while operating the long handled tools. The working slot may be covered 
by plugs of 6-in. thick steel. These plugs are normally removeo to gain 
access to the reactor vessel and to permit lateral movement of the long ... 
handled tools to deposit debris In the fuel canisters. 

By taking advantage of the shielding, provided by the refueling canal 
walls and the clean stainless steel liner of the canal, exposure due to other 
radiation sources is redJced. Thus, general background radiation levels can 
be relatively low for the personnel In the refueling canal area. 

To transfer canisters loaded with fuel fines, debris, and partial fuel 
assemblies from the reactor vessel, a canister handling trolley is used. This 
trolley (the responsibility of others) hoists the radioactive canister out of 
the water, through the shielded work platform, and into the shielded canister 
transfer device. The loaded canister handling trolley is used to move the 
canister to the modified fuel trilnsfer system in t~e deep end of the canal, 
where the canister is lowered into the transfer system upender. 
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2.2 Core MappIng 

The initial defueling process is a core mapping operation to characterize 
the TMt-2 core to confIrm the overall defuellng process philosophy and 
facilitate core removal. 

2.3 TMI-2Defuellng 

Defueling will proceed in two phases. These phases are: 

Phase I Removal or rearrangement of debris Including end fittIngs, 
partial fuel assemblIes, spiders, and smaller debris using 

pick and place methods with low capacity long-handled tools 
until sufficient space is cleared to Install the vacuum system 
and canister positioning system. Vacuum fine debrIs and 
continue pick and place operations until the long-handled tool 
capabilities have been exceeded. 

Phase II Install m~nual tool positioner and continue defueling 
operatIons, including fused debris removal and handling large 
partial fuel assemblies, until essentially all debris is 
removed from the interior of the core support structure. 

2.3.1 Phase I 

At the beginning of Phase I, the plenum has been removed from the reactor 
and placed in a stand in the deep end of the refueling canal. The IIF is in 
place on the reactor vessel flang~. The main structure of the shIelded 
support structcre is installed. centered, and leveled and the shielded work 
platform is in place on the main structure. The platform drIve system and the 
cable management system are installed. The service platform is in place, the 
north and south service platforms are installed and the fuel handling 
operations can begin. Phase I operations include: 

• Rearrange debris or load into debris buckets using long-handled 
tools until the canister positioning system can be installed. 

• Install the vacuum system and continue to remove or rearrange 
debris if required. 
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2.3.2 

• Vacuum fines and small debris directly Into canisters. 
• Rearrange or remove debris to allow access to vacuumable debris. 
• Repeat above operations until the manual tool positioner Is 

required. 

Phase II 

Phase II begins with installation of the manual tool positioner to assist 
long-handled tools. Operations include: 

• Pick up debris and load Into debris buckets within the reactor 

vessel cavity. The debris buckets will subsequently be loaded into 
the fuel canisters. 

• Break up fused or bonded core components and transfer to fuel 
canisters in the canister positioning system. 

• Remove partial Intact fuel assemblies. These may either be placed 
in canisters directly, or reduced to a suitable form via the end 
effectors and then placed in fuel canisters. 

Throughout all defueling phases filled fuel, filter, and knockout 
canisters will be removed from the vessel and transferred to fuel pool A. New 

canister will be placed in the vessel to continue the defuellng operations. 
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3.0 DEFUELING TOOL SYSTEMS 

The start of defuellng operations is scheduled for the 4th quarter of 
1985. The defueling tool systems will support the planned operations as 
described in Section 2.3. The tool systems include: 

• Shielded Work Platform 
Shielded Support Structure 

• Vacuum System 
• Long Handled Tools 
• Control System 
• V1ewil~g System 
• Canister Positioning System 
• S1ngle Canister Support Bracket 
• Test Assemblies 
• End Effectors 
• Tool Positioning System 

• Support Tools 

The arrangement and interfaces of all defuel1ng equipment are shown in 
Reference 1. The reactor dimens10ns are shown in Reference 2. A Defueling 
System Design Specification (Reference 3) has been written to cover all 

tooling. All defueling tooling design activities are based on the GPUN 
Technical Specification (Reference 4). Quality requirements are specified in 
Reference 5. To assure that a complete tool list is identified, detailed 
defuel1ng task descriptions have been written (Reference 6). 

3.1 Shielded Work Platform 

The Final Design Report for the Shielded Work Platform (Reference 7) and 
the Operation and Maintenance Manual for the Shielded Work Platform 
(Reference 8) contain detailed Information on the work platform. A summary 
tool list is included in Table A-I. The shielded work platform (F1gure A-2) 

provides a sh1elded work area for the defup.ling operations, a support for the 
defue 1 ing tools, and openings for removing the canisters. The shielded work 
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• Main Support Structure 
• Long Handled Tool Slot Rail System 
• T-S1ot Rail System 
• Shielding Plates 

• Decontamination Spray System 

• Roller Assemblies 

• Platform Drive System 

• Jib Cranes 

TABLE A-I WBS 721 SHIELDED WORK PLATFORM TOOL LIST 

Westinghouse GPUN Eg~ip. 
Tool/Component Dwg. No. Ident. No. 

Shielded Work Platform 1739E46 DEF-SWP-OOI thru 088 

Main Support Structure 1739E30 DEF-SWP-OOI thru 017 

Shielding Plates 1739E30 DEF-SWP-034 thru 063 

Cable Drive System 1738E91 DEr-SWP-023 thru 029 

Jib Cranes 1739E46 DEF-SWP-076 

Brake 1739E48 DEF -SWP-068 

The main support ~tructure is constructed of fabrica:ed stainless steel 

I-beams. These specially made beams are required to meet space constraints 

and to resist corrosion. The circular main support structure is divided into 

three beam assemblies to permit entry into containment: two 140 0 arc segments 

and one center support structure of two 40 0 arc segments connected by two 

parallel straight beams. The straight beams are the main load carriers and 
form the sides of the long-handled tool slot. 

The long-handled tool slot rail system provides linear motion along tile 
tool slct. The rail system consists of two Thomson rails bolted to the two 

straight I-beams. Twin pillow blocks are Installed on these ralls and support 
installed defueling tools. A similar system is provided for the adjacent 

T-slot. 
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Surface and vertlcal snlelolng are usea 1:0 reaULe Lilt: I ClU"H'VII \.IV"..­

rates. Each horizontal surface shielding section Is comprised of two 3-ln. 
thick stainless steel plates. Each section rests on the top flanges of the 
beams in the main support structure. Three ports are provided to remove the 
two filter canisters in the vacuum system and the fuel or knockout canisters 

in the canister positioning system. The vertical shielding Is located at 

these three ports to block shine as canisters are removed from the reactor 

vessel. These 5-in. thick plates extend from the bottom of the surface 

shielding to about 2 ft below the water level. 

The decontamination spray system flushes radioactive debris from the 

surface of the canister as It is removed from the reactor vessel. The spray 

system is constructed of stainless steel. 

Twenty-two 5.00-ln. dlamE~ter rollers provide the rotational carability 

for the shielded work platform. Yhe rollers are mounted on shoulder bolts 

(axles) pressed into the roller housing. A set of cam followers are mounted 

on the roller carriers. These smaller rollers provide the restraining force 

to keep the work platfor~ centered. 

The platform drive system (Figure A-3) rotates the shielded work platform 

180 0 in either direction from a nominal position at a speed between 0 and 

0.3 r.p.m. Rotation of the shielded work platform is actuated by rotating the 

drive drum that takes up the cable in one direction and pays out the cable in 

the other. A servimotor powers the drive drum through a double worm gear 

reducer. The gear reducer has two ended input shafts; one end for the motor 
and one end for the manual drive handle. 

A manual disc brake secllres the shielded work platform in the static 
position. The Index ring on the shielded work platform serves as the disc and 

also as a manual position Indicator. The index ring has degree markings to 

indicates angular position relative to the Indicator on the shielded support 

structure. The shielded work platform can be pin locked In one pOSition for 

canistar removal. 

Two jib cranes are mounted on tre shielded work platform to aid the 

operators in manipulating the long-handlej tools In the long-handled tool 

slot. The maximum head room of the jib cranes above the work platform is 
13 ft 6 in. and the capacity is I ton. 

A-9 11Slx tp 



:r 
~ 

o 

W~N 
S/----E 

Drive Cable 

Cable Tensioner~./ 

Cable Drive Assembl 

Manual Drive Handle Socket 
766921-12A Cable Guide 

Fi gure A-3 Shielded Work Platform Drive System (Dwg. 1739E30) 

'-- Drive Cable 



3.2 Shielded Support Structure 

The shielded support structure illustrated in Figure A-4 is a 
rectangular-shaped beam structure that circumscribes the lIF. This structure 
is supported on the refueling canal floor and extends upward approximately 
7 ft to E1. 331'-5". The primary function of the shielded support structure 
is to support the shielded work platform. The interface to the shielded work 
platform is a circular rail (203 In. diameter) ~hat is supported by an 
octagonal beam arrangement. Detailed information on the shielded support 
structure is provided in the Final Design Report for the Shielded Support 
Structure (Reference 9) and the Operation and Maintenance Manual for the 
Shielded Support Structure (Reference 10). A summary tool list is included in 

Table A-2. 

TABLE A-2 WBS 711 SHIELDED SUPPORT STRUCTURE TOOL LIST 

Westinghouse GPUN Eguip. 
Tool/Component Dwg. No. Ident. No. 

Shielded Support Structure 1738E76 DEF-SSS-OOI thru 100 

Main Structure 1738E73 DEF-SSS-OOI thru 009 

Support Structure Rai 1 l738E37 DEF-SSS-006-2, 007-02, 
008-02, and 009-02 

Service Platform 1738E75 DEF-SSS-040 thru 085 

Vertical Shielding 1738E82 DEF -SSS-088 thru 093 

Piping 1738E80 DEF-SSS-019 thru 033 

Off-Gas Seal 1738E74 DEF-SSS-OIO thru 014 

Alignment Stud 1738E36 DEF-SSS-015 & 016 

The shielded support structure also provides a statIonary service 
platform area for tool staging at the shielded work platform elevation. 
Piping, off-gas seal, and shielding are included in the shielded support 
structure. The piping includes DWCS, off-gas control system, and bubbler 
system piping. The off-gas seal will minimize the intake flow area in the 
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shielded support structure and shielded work platform region. This will 
ensure the off-gas system is effective in containing fission gases. Shielding 
plates are located along the north end of the shielded support structure to 
reduce the radiation levels in operator work areas. The shielded support 
structure is fabricated using welded and bolted connections so that it can be 
transported into containment through the personnel hatch. 

The shielded support structure is comprised of six major components: 

• Main Structure 

• Support Structure Ra i1 

• Service Platform 

• Vertical Shielding 

• Piping 

• Off-Gas Seal 

The main structure, shown on Figure A-5, is a 17-1/2 ft by 21 ft by 7 ft 
(height) assembly constructed of ASTM-A36 low carbon steel beams. The main 
structure is supported on the refueling canal floor by four columns. Located 
at each of these columns is a leveling jack and shim arrangement to level the 
shielded support structure. ~hen used with a leveling transit, this system 
can level the structure to within 1/6 In. 

The columns support a rectangular beam structure of ~27 beams. This 
rectangular structure provides support for an octagonal beam array of W14 

beams. This beam array supports the circular support structure rail. The 
support structure rail is a 2-in. high by 3-in. wide bar of 18% nickel 
maraging steel (200 grade). The bar is age hardened to achieve a Rockwell "e" 
hardness of 45. The support structure rail is fabricated in four sections and 
bolted to the main structure. The main structure provides three mounting 
brackets for the work platform drive system and two removable alignment pins 
to aid in the installation of the shielded work platform. These pins will be 
removed after the shielded work platform is installed. 
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The service piatform is field connected to the main structure. The 
primary function of the service platform Is to provide a staging area for 
personnel and equipment at the shielded work platform elevation. The serv'c~ 

platform deck consists of 3-1n. thick carbon steel plates that provide 
shielding and 1/4-1n. thick stainless steel diamond plate decking. Removable 
handrails are located on the north and south sides of the service platform 
deck. 

A l-in. diameter pin and an indicator are located at the 0° reference 
position on the service platform. These will assist in positioning of the 
shielded work platform in the "jog" mode. A mounting area for tile manual 

brake provided by the shielded work platform is located at the 60° reference 
pos iti on. 

The vertical shielding is field connected to the main structure. The 
vertical shielding consists of 2-in. thick carbon steel plates on the north 
side of the shielded support structure. They extend from the refueling canal 
floor to the service platform deck leaving a l-in. gap between the plates and 
the canal walls. The plates are butted together at assembly and have a 
maximum gap of 1/4 In. between the plates. The gap hell::; to simplify 
installation and removal of the plates, yet maintains acceptable radiation 
levels. A spanner beam over the seal plate supports the interior shielding 
panels. This beam eliminates any loading of the seal plate by transferring 
tte load through the spanner beam to the refueling canal floor. 

The off-gas seal minimizes the air flow gaps among the IIF, the shielded 
support structure, and the shielded work platform. Minimizing the gaps 
reduces the off-gas blower capacity requirements. The off-gas seal consists 
of two major components: a rotating upper seal assembly provided by the 
shielded work platform and a stationary lower seal. 

The piping is routed from Inside the IIF through the off-gas seal to the 
owes, the off-gas control system, and the bubbler system. Flanged plpe 
connections are incorporated into the piping designs to facilitate 
i n-conta 1 nment handll ng. 
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At two reactor vessel stud hole locations, stainless steel alignment 
studs will be Installed 1n the reactor vessel flange to position the shielded 
support structure. The seal plug bolts at the two 10cat10ns are removed to 
install the alignment studs. After the studs are installed, the main 

structure can be lowered into place. 

3.3 Vacuum System 

The vacuum system illustrated in Figure A-6 is used in the TM! dry 
defueling system to remove debris from the TM! reactor vessel. The vacuum 
system consists of a long-handled nozzle hand11ng tool, the knockout canister 

connect assembly module, the pump modul~. knockout and filter canlster~, and 
the required flexible and stainless steel piping to join the various 
components into a system. The vacuum system component modules are positioned 
beneath and supported by the shielded work platform. Controls for the vacuum 

system are located on the control console. Valve actuators for the vacuum 
system are located on the work platform. A summary tool list is presented in 
Table A-3. 

TABLE A-3 was 412 VACUUM SYSTEM TOOL LIST 

Westinghouse GPUN Egui~. 
Tool/Com~onent Dwg. No. Ident. No. 

Nozzle Assembly Module 1734£56 OEF-VAC-010 

Pump Assembly Module 1735£21 OEF-VAC-006 

Knockout Canister Connect l734E56 DEF-VAC-01S 
Assembly Module 

Filter Canister Weighing 1735£62 OEF-VAC-005 
Assembly 

Support Tooling: 

Manually Operated Grapple 1735E11 DEF-VAC-002 
Tool 

Hose Handling Tool 1735E06 OEF-VAC-004 

Oi sconnect Tool 1735£31 OEF-VAC-003 
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The vacuuming operation consists of presenting the nozzle to the debris 
bed, whereby debris is vacuumed up through the nozzle assembly and delivered 
to the knockout canister where debris larger than 130 microns is trapped. The 
debris smaller than 130 microns passes thrcugh the knockout canister and are 
delivered to the filter canister where debris as small as 0.5 microns in size 
are trapped. The effluent from the f1lter canister is discharged into the 
reactor vessel. The design of the nozzle end limits the particle size intake 
to fuel pellet size and under. Thus the debris size range for vacuuming is 
from fuel pellet size (3/8 in. x 518 In.) to 0.5 micron 

The ~eight of the knockout canister engaged by the vacuum system is 
monitored continuously by a load cell In the knockout canister connect 
assembly module. The signal from this load cell is transmitted to a readout 
on the control console, where an alarm sounds when a predetermined weight is 
reached. Filter canisters are weighed continuously and are monitored in a 
similar manner. 

Long-handled tools are used to install, actuate, maintain, or service the 
vacuum system components and modules. These tools are the manually operated 
grapple (Figure A-7>, the disconnect tool (Figure A-8), the hose handling tool 
(Figure A-9>, the sockEt wrench (Figure A-l0>, the hook tool (Figure A-ll), 
quick disconnect coupler (Figure A-12>, the hose connection tool 
(Figure A-13), and the canister grapple connection vacuum t00l (Figure A-14). 
Detailed information on the vacuum system is presented in ~he Final Design 
Report for Early Defuellng Vacuum System (Reference 11) and the Operation and 
Maintenance Manual for Early Defue11ng Vacuum System (Reference 12). 

3.4 Long-Handled Tools 

The Final Des1gn Report for the Long Handled Tools is found in 
Reference 13 and the Operation and Maintenance for Long ~andled Tools is found 
in Reference 14. A summary tool list is presented in Table A-4. The 
long-handled tools consist of two basic groups; heavy duty tooling and light 
duty tooling. They will be used for limited pick and place operations and 
minor cutting of debris. The operator will use the tools through the tool 
slot in the shielded work platform. The tools will be supported by an 
overhead crane th~t also provides vertical and lateral motion. 
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FIGURE A-7 
MANUALLY OPERATED GRAPPLE TOOL (DWG. 1807E53) 
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FIGURE A-a 
DISCONNECT TOOL (DWG. 1735E31) 
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FIGURE A-9 
HOSE HANDLING TOOL (DWG. 1736E06) 
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FIGURE A-1 0 
VACUUM SYSTEM SOCKET WRENCH (DWG. 1808E36) 
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FIGURE A-11 
VACU\JM SYSTEM HOOK TOOL (DWG. 1808E37) 
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FIGURE A-1 2 
QUICK DISCONNECT TOOL (DWG. 1B08E39) 
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FIGURE A- 13 
HOSE CONNECTION ,TOOL (DWG. 1808E38) 
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Figure A-14 

Canister Grapple Connection Vacuum Tool (0 wg. 1807 E58.) 
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TABLE A-4 WBS 514 LONG-HANDLED TOOLS LIST 

Tool/Component 

End Effector Handling Tool 

Three Point Gripper 

Four Point Gripper 

Grapple 

Single Rod Shears 

Parting Wedge 

Vise Grips 

Bolt Cutters 

Hook Tools 

Socket Wrench 

Disposable Debris Buckets 

Debris Bucket Handling Tool 

Debris Bucket Stands 

Heavy Duty Tong Tool 

Spade Bucket Tool 

Clamc;hell Tool 

Partial Fuel Assembly Tool 

Heavy Duty Shears 

Measuring Probe 

Light Duty Tong Tool 

End Fitting Loading Tool 

Banding Tool 

Debris Clamping Station 

Debris Bucket Hanger 

Wast1nghouse 
Dwg. No. 

1773E26 

1773E45 

1773E49 

1773E09 

1775E59 & 1774E53 

1773E28 

1773E36 

1770E41 

1773E39 

1773E39 

1778E40 & 1778E51 

1777E79 

1778E69 & 1778E70 

1778E36 

1 778E44 

1780E75 

1778E53 

1778E66 

1778E50 

1778E42 

1778E49 

1778E41 

1773E96 

1773E88 

A-27 

GPUN Eguip. 
Ident. No. 

DEF-LHT-109 

DEF-LHT-104 

DEF-LHT-I05 

DEF-LHT-190 & 191 

DEF-LHT-l0l & 102 

DEF-LHT-103 

DEF-LHT-133 thru 189 

DEF-LHT-150 

DEF-LHT-192 thru 195 

DEF-LHT -116 

DEF-LHT-134 & 136 

DEF-LHT-138 

DEF-LHT-135 & 137 

DEF-LHT-113 

DEF-LHT-148 

DEF-LHT-108 

DEF-lHT-145 

DEF-LHT-146 

DEF-LHT-I27 

DEF-LHT-130 

DEF-LHT-141 

DEF-LHT-129 

DEF-LHT-151 

DEF-LHT-1S2 
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3.4.1 Heavy Duty Tools 

End Effector Handling Tool - A long-handled pole or end effector handling 
tool, illustrated in Figure A-IS, is used to position and operate the various 
end effectors from the shielded work platform. The hi~h pressure lines used 
to actuate the end effectors run inside the pole to protect them from damage. 
The pole is designed for a 2.000 1b tension load and a 135 lb lateral load. 

All end effectors will be attached to the end effector handling teol 
using remote bolts and hydraulic quick disconnocts. The quick discon:lects are 
commercially available in Type 304 stainless steel. and are modified by 
removing the self-locking ring portion. The connection is made when the swing 
bolts are tightened to the mast flange. Locating pins are used to assure that 
the hydraulic connections are aligned prior to connection. 

The pole is segmented into a 22 ft section and two 7 ft sections so that 
it may be used in either a 22, 29, or 36 ft length. The pole sections are 
attached to each other using remotely connected bolts and quick disconnect 
hydraulic fittings with the self-locking ring portions removed. Locating pins 
are used to assure that the hydraulic fittings are aligned prior to 
connection. The pole sections will have holes drilled in them to reduce 
buoyancy problems. 

The total weight of the long-handled pole wIth an end effector attached 
to approximately 270 lb. 

Three Point Gripper - The three point gripper, illustrated in 
Figure A-16, will pick up small objects from the debris pile. Maximum object 
size is S in. and expected payload is 20 lb. 

Four Point Gripper (Staple Puller) - The four point gripper (staple 
puller), illustrated in Figure A-17, will pick up ~ingle, regularly or 
irregularly-shaped, objects from the debris pile. More than one size will be 
built with various width jaws for various sized objects. The tool will be 
effective for handling objects from 1/4-in. diameter to approximately 3.s·-in. 

diameter. 
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FIGURE A-15 
END EFFECTOR HANDLING TOOL (DWG. 1773E26) 
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FIGURE A-16 
THREE POIN1' GRIPPER (DWG. 1773E45) 
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FIGURE A-17 
FOUR POINT GRIPPER (DWG. 1773E49, 
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Grapple - A grapple, illustrated in Figure A-18, wl11 be used to lift 
irregular pieces, especially end fittings and spiders. 

Single Rod Shears (Horizontal and Vertical) - The single rod shears, 
illustrated 1n Figure A-19, will be a scissor-type tool made from AISI tool 
steel capable of cutting one to two fuel rods at one time. The stationary 
blade can be wedged in between the fuel rods in an assembly. The moving blade 
is hooked to keep it from slipping away from the assembly. It is powered by a 
double-acting cylinder and can produce a 5,000 lb shear force at 1500 psi 
hydraulic pressure. By removing two pins, the blades can be easily removed 
and replaced. Left and right handed shear blades will be available. The 
shears incorporate design parameters based on results from the shear proof of 

principle tests. 

Parting Wedge - The hydraL.ic parting wedge, illustrated in Figure A-20, 
is used to separate and fracture material. At 2000 psi hydraulic pressure, it 
can apply a force of 500 1b at the end of its arms. It consists of a 
single-acting hydraulic cylinder and two 8-in. long spreading arms. The arms 
can spread open to 7.25 in. When closed, the wedge can fit inside a 
1.25 x 2 in. hole. This is a commercially available item that is modified to 
increase spreading force by reducing the arm length from 14-5/8 in. to 
11-5/8 In. 

Heavy Duty Tong Tool - The function of the heavy duty tong tool, shown in 
Figure A-21, is to grasp a part1a1 fuel assembly from two opposite sides and 
reposition the assembly within the reactor vessel. The tool consists of two 
sets of opposing lifting tongs that are operated by a double acting hydraulic 
cylinder. The tong tool is capable of gripping debris up to a 10-in. 
cross-section. The tool requires a hydraulic supply pressure of 2000 psi. 

Spade Bucket Tool - The spade bucket tool, shown in Figure A-22, 1s used 
for digging into the debris bed and scooping quantities of small to 
medium-sized debris and loading the debris into a debris bucket. The tool 
consists of a rigidly mounted vertical plate and a hydraulically-operated 
bucket. The recommended hydraulic operating pressure for the tool is 500 psi. 
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FIGURE A-18 
GRAPPLE (DWG. 1773E09) 
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FIGURE A-19 
HORIZONTAL SINGLE ROD SHEARS (DWG. 1775E69) 
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FIGURE A-20 
PARTING WEDGE (DWG. 1773E28) 
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FIGURE A-21 
HEAVY DUTY TONG TOOL (DWG. 1778E36) 
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Clamshell Tool - The clamshell tool, as shown in Figure A-23, will be 
used in a manner similar to the spade bucket tool in areas of the core where 
acce~s is limi~ed to as little as 6 in. The tool may also be used to loosen 
compacted or partially fused gravel-type debris. The clamshell tool consists 
of two opposing triangular-shaped blades operated by a double acting 
cylinder. The clal1shell tool has a vertical lift capacity of 250 lb and is 
capable of removing approximately 90 in. of debris per operation. The 
operating hydraulic pressure under normal conditions is 500 psi. 

Heavy Duty Shears - The heavy duty shears, as shown in Figure A-24, will 
be used to remove end fittings from partial/intact fuel assemblies and to cut 
fuel assemblies into suitably sized portions for insertion into fuel 
canisters. This tool is comprised of a modified Hurst hydraulic cutter and an 
end effector mounting plate with quick disconnect hydraulic fittings. The 
shear blades open to a maximum gap of 6.5 in. Therefore, several cuts will be 
required to completely sever an intact fuel assembly. 
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FIGURE A-24 
HEAVY DUTY SHEARS (DWG. 1778E66) 
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3.4.2 Lightweight tools 

The light weight tools will be mounted on aluminum conduit coupled 
together in sections. These tools can be manually operated with or without 
using the crane and have been found to be very useful in unstructured 
underwater operations. 

Vise Grips - Several configurations and types of remotely operated vise 
grips, illustrated in Figure A-2S, will be used for various operations. All 
use a dCJble-acting cylinder. Vertically and horizontally oriented vise grips 
with standard, needle nose, and tube gripper ends are provided for defueling 

operations. 

Bolt Cutters - The bolt cutters, illustrated in Figure A-26, will be used 
for various light duty cutting operations. Interchangeable cutting heads are 
available. These tools will be capable of cutting horizontally and 
vertically. The cutting force is expected to be in the lSOO-lb to lBOO-lb 
range. 

Hook Tools - Various size hook tools, similar to the one illustrated in 
Figure A-27, will be used to lift and move debris, hoses, and cables. 
Capacity is 50 lb. 

Socket Wrench - The socket wrench, illustrated in Figure A-2B, is a 
long-handled tool used to connect and disconnect end effectors and end 
effector handling tool pole sections. 

Measuring Probe - The measuring probe, shown in Figure A-29, will be used 
to determine the overall lengths of partial fuel assemblies prior to cutting 
operations. The probe consists of a lS-ft scale that is stamped to an 
aluminum pole section. 

Light Duty Tong Tool - The light duty tong tool, shown in Figure A-30, 
will be used to reposition and deposit debris up to 100 lbs into debris 
buckets. 
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FIGURE A-25 
VISE GRIPS (DWO. 1773E3G) 



FIGURE A-26 
BOLT CUTTERS (DWO. 1770E41) 
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FIGURE A-27 
HOOK TOOLS elMO. 1773E41) 
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Figure A-28 

Socket Wrench (Dwg. 1773E39) 



FIGURE A-29 
MEASURING PROBE (DWG. 1778E50) 
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FIGURE A-30 
LIGHT DUTY TONG Tobl (DWG. 1778E42) 
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End Fitting Loading Tool - This tool, shown in Figure A-31, has 
provisions for alignment of the short length end fitting relative to the 
inside width of the fuel canister. The tool is capable of lifting up to 
2000 lbs. 

Banding Tool - The banding tool, shown in Figure A-32, consists of 
pivot-mounted, commercially available crimping and tensioning devices. The 
crimping and cut-off functions will be actuated by a 2000-psi hydraulic 
cylinder. Band tensioning function will be actuated by a 500-psi hydraulic 
rotary stepper motor. This tool 1s used for banding fuel assemblies prior to 
shearing. 

Handrail Hydraulic Panel - The handrail hydraulic panel, as shown in 
Figure A-33, will be used as an intermed1ate hydraulic control location for 
the banding tool and the debris clamping station. This panel ¥/ill include 
high pressure and low pressure banding tool crimping cylinder controls, 
banding tool tensioner rotary stepper controls, and a pressure regulator and 
gauge for operation of the debris clamping station. The panel will receive a 
2000-psi hydraulic supply from the IOC11 service panel. The handrail 
hydraulic panel will be mounted on the long-handled tool slot handrail. 

Debris Bucket Handling Tool - This tool, as shown in Figure A-34, is 
designed to engage the lifting tabs on a debris bucket, deposit the debris 
bucket directly into a fuel canister and. finally. disengage from the bucket. 

3.4.3 Long-Handled Tool Support Equipment 

The support equipment for long-handled tools includes the debris buckets 
and associated equipment. 1,. bu~kets will be loaded in the lower core region 
and then transferred into fuel canisters. 

Disposable Debris Buckets - Two types of disposable debris buckets 
(Figure A-35) will be provided: top loading debris buckets and side loading 
debris buckets. Both types are constructed of 300 series stainless steel 
sheet and are designed to fit into the fuel canisters. The top loading debris 
bucket is loaded in the vertical posItion. Lifting tabs are mounted on the 
sides for stacking inside the fuel canister. 
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FIGURE A-31 
END FITTING LOADING TOOL (DWG. 1778E49) 
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FIGURE A-32 
BANDING TOOL (DWG. 1778E41) 
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FIGURE A-34 
DEBRIS BUCKET HANDLING TOOL (DWG. 1778E79) 
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The disposable side loading debris bucket is loaded in the horizontal 
position and has a hinged lid on the side that latches closed to prevent 
accidental spillage. Lifting tabs. located on one end of the bucket. allow 
the bucket to be transferred from the horizontal position to the vertical for 

-staCKTng--1n-STd;thef~;I-~-anister. Canister loading has been optimized by 

selecting bucket lengths and by resting the protruding lifting tabs into the 
bottom of the stacked buckets, thereby eliminating empty spaces. 

Top Loading and Side Loading Debris Bucket Stands - The debris stands, as 
shown in Figures A-36 and A-37 are used for temporary storage of the top 
loading and side loading debris buckets while the buckets are being filled. 
The stands are provided with a clamp mount that is designed for mounting of 
the stand on a core support assembly baffle plate. The clamp mount is 
operated by a 1.0-in. light duty socket tool. The top loading debris stand 
includes a three-sided stainless steel funnel at the top to assist in 
directing debris into the bucket. Both debris stand designs include a 
pivoting bail assembly that may be used in conjunction with a hook tool or 
grapple for stand installation and removal. When not in use. the bail may be 
pivoted out of the way for debris bucket insertion and removal. Both stands 
are designed to hold a nominal load of 400 lb. 

Debris Clamping Station -The debris clamping station, shown in 
Figure A-38, will be used to clamp and hold fuel assembly end fittings, 
spiders, partial or complete fuel assemblies while performing cutting, 
banding, or other long-handled tool operations. This debris clamping station 
is designed to be mounted on the l8-in. long-handled tool slot and can hold 
debris both in the horizontal and vertical directions. 

Work Platform Debris Bucket Hanger - The work platform debris bucket 
hanger, shown in Figure A-39, will be provided for temporary storage of the 
top loading or side loading debris buckets while the buckets are being filled 
during early defueling operations when easy access is available. This device 
will provide the capability of positioning the debris bucket at various 
elevations ranging from 18 ft to 30 ft below the shielded work platform deck. 
In addition, the double pivot design of the hanger will allow for positioning 
a iebris bucket adjacent to ongoing defueling activities in virtually any area 
in the core support assembly below the two shielded work platform tool slots. 
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FIGURE A-3S 
DEBRIS BUCKET STAND (DWG. 1778E69 & 1718E70) 
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FIGURE A-3S 
DEBRIS CLAMPING STATfON (DWG. 1713E96) 
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FIGURE A-39 
WORK PLATFORM DEBRIS BUCKET HANGER (DWG. 1773E88) 
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When not In use, the debrIs bucket may be pivoted away from the tool slots and 
under the work deck for storage. The debrIs bucket hanger also provides a 
means of transferring debris between the two tool slots in the shielded work 
platform. The debrIs bucket hanger consIsts of a support post, vertical 
extension support tubes (central pivot), a radial arm, an outer pivot, and a 
debris bucket tray. 

The initial hanger configuration consists of one 72.0-in. extension 
section and two 42.0-in. extension sections. Torque tool lengths of 42.0 in. 
and 62.5 in. are required. The vertical support tube may be extended as 
necessary as defueling operations progress, by the addition of 42.0-in. 

extension sections. No removal of shielding plates i~ required to perform 
this operation. A lower support handling tool and support yoke tool are 
required to install the debris bucket hanger. 

3.5 Control System 

The control system consists of the electrical, hydraulic, and air 
distribution systems for the defueling equipment. The control system is made 
up of the following: 

• Electrical Power Distribution System 
• Control Console 

• Hydraulic System 
• Cable Management System 

The control system supports all defueling phases. 

The piping and instrumentation drawing (P&ID) General Arrangement for the 
Control System is shown in Figure A-40. The figure depicts the flow of 
electrical, hydraulic, and pneumatic power from the GPUN site-supplied 
services. The figure shows schematically all the cable routing to the various 
too:s or instrumentation. The required site supplied services are: 

Electrical: 

Air: 

480V, 30, 60A (General) 
480V, 30, 60A (Hydraulic) 
120V, 10, 20A (Vacuum) 

100 SCFM at 90 psi 
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Additional information on the control system is presented in the Final 
Design Report for the Control System (Reference 15), the Operation and 
Maintenance (O&M) Manual for TMI-2 Dry Defueling Cable Management System 
(Reference 16>, the O&M Manual for TMI-2 Dry Defueling Control System -
Electrical (Reference 17), and O&M Manual for TMI-2 Dry Defueling Hydraulic 
System <Reference 18). A summary tool list is provided in Table A-5. 

TABLE A-5 WBS 561, 564 CONTROL SYSTEM TOOL lIST 

Westinghouse 
Tool/Component Dwg. No. 

Control System 1738E48 

Control Console 1738E41 

Cable Management 1739E85 

Power Distribution Center 1739EOl 

Hydraulic Power Supply 1740E10 

Local Service Panel 1739E82 

lighting Control Box 1738E85 

3. ).1 Electrical Power Distribution Center 

GPUN Equip. 
Ident. No. 

DEF-CTl-100 thru 907 

DEF-CTL-300 

DEF-CMS-OOI thru 019 

DEF-CTL-100 & 200 

DEF-CTL-500 

DEF-CTL-800 

DEF-CTL-600 & 601 

The electric power distributlon center consists of a NEMA Type 12 
enclosure and a 30 kVA, 480V-208Y/120V power transformer. All the swltch gear 
to power the varlous loads is mounted on a 78-ln. high x 32-ln. wide internal 
steel panel inside the enclosure. The electrical power dlstribution center 
enclosure assembly is shown ln Flgure A-4l. 

The enclosure dimensions are 90 in. high x 36 in. wide x 24 in. deep and 
lncludes a front access hinged door. The total weight of the electrlcal power 
distribution center enclosure when completely wired is approximately 600 lb. 
The total weight of the 30 kVA power transfor~er is approximately 450 lb. 

The maln power distribution components housed in the enclosure are: 

• 30 kVA Transformer Primary Disconnect Switch, 480V, 60A, 3 pole 
• Hydrolaser Disconnect Switch, 480V, 100A, 3 pole 
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FIGURE A-41 
ELECTRICAL POWER DISTRIBUTION caNTER (DWG. 1731E01t 
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• Platform Drive Motor Disconnect Switch, 4BOV, 30A, 3 pole 
• Hydraulic Power Supply Disconnect Switch, 4BOV, 60A, 3 pole 
• 30 Circuit 20BY/120V Distribution Panel 

The 30 circuit distribution panel supplies 120V single phase power to the 
various loads as follows: 

• Video Lighting Control Box #1 (3 circuits - 20A) 

• Video Lighting Control Box #2 (3 circuits - 20A) 

• Viewing System Cabinet A (1 circuit 20A) 

• Viewing System Cabinet A (1 circuit - 20A) 

• Control Console (4 circuits - 15A) 

• Work Platform Auxiliary ac outlets (3 circuits - 20A) 

Three circuits of 20BV, 3 phase power, are also available should the need 
arise in the future. All 120V circuits are provided with ground fault 
interruptors. 

3.5.2 Control Console 

The control console contains the electronics for control and monitoring 
of the tooling systems for the TMI-2 defue1ing project. The assembly is 
enclosed within a Hoffman box with the dimensions 50 In. high x 48 in. 
wide x 23 in. deep. Monitoring and control for the vacuum system, shielded 
work platform, and the hydraulic power supply is provided from the control 
console. 

The control console is shown in Figure A-42. This panel contains the LED 
readouts, control knobs, push buttons, alarms, and switches that are the 
operator interface. Each display is clearly marked to indicate its purpose. 
The switches have an engraved layover to indicate the switch position. 

An EMERGENCY STOP switch is lo~Jted in the upper right corner of the 
panel. This switch has a red mushroom head and is used to disconnect power 
from the shielded work platform drive and hydraulic power supply. The 
EMERGENCY STOP switch will not affect vacuum system monitoring or the weighing 
system used to monitor canister weight. 
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FIGURE A-42 
MAIN CONTROL CONSOLE (DWG. 1738E41) 
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The electrical power distriblltion center will provide the 120 vac and 
480 vac service n~cessary at the control console. 
assemb11es, designated cables 6A and 7A, enter the 
side and are wired directly to terminal blocks. 

The two power cable 
control console on the left 

The vacuum system monitoring and controls are contained within the 
control console. Below is a descriptIon of the transmitters used on the 
vacuum system. This description is necessary to understand the control 
console components used for the vacuum system. There are eight process 
transmitters as follows: 

• Four differential pressure transmitters for monitoring the pressure 
drop across the individual filter canisters, the knockout canister, 
and the knockout canister during the backflush cycle. 

• One flowmeter mounted on the intake line of the vacuum system. 
• Three load cells for monitoring the weight of each canister that 

the vacuum system can access. 

Control of the vacuum pump and surge suppressor is provided by the knobs 
so labeled on the control consolf~ panel. The knobs turn single turn rotary 
potentiometers with a 1000 ohm resistance. The wiper of aach potentiometer is 
wired to a plug in the signal conditloning unit. The signal conditioner 
provides a 4-20 mA output signal that is linearly proportional to the wiper 
resistance. These signals control the electro-pneumatic converters housed in 
junction box I. 

The shielded work platform drive is control led from the control console. 
Housed within the control console is the servo amplifier, drive transformer, 
signal conditioner, and choke necessary for the drive. The shielded work 
platform drive system is a standard dc servo-motor system, which is speed 
controlled. 

3.5.3 Hydraulic System 

The hydraulic system consists of the hydraulic power supply, the local 
service panel, and interconnecting hoses. The hydraulic power supply will 
provide and control high pressure hydrauliC fluid used in the operation of 
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long-handle~ tools and end effectors from the shielded work platform. The 
hydraulic power supply provides the hydraulic power through the cable 
management system to the local service panel. The long-handled tools are 
plugged into and operated from the local service panel. 

The hydraulic power supply, shown in Figure A-43, includes the hydraulic 
pump and the associated motor and motor starter, reservoir, accumulator, drip 
pans, inlet filter, pressure filter, return line filter, hydraulic fluid level 
switch, temperature switch, pressure relief valve, air bleed valve, and 
~ressure gauge. The motor is a 30 hp, 480V, 3 phase elect~'ical motor on a 60A 
supply circuit from the electrical power distribution center. The fluid 
reservoir is 220 gallo~ capacity, which is sized for system cooling rather 
than the operating system volume. 

The local service panel, shown in Figure A-44, provides the necessary 
services on the shielded work platform for the operation of the defueling 
equipment. The local service panel houses the electrical, pneumatic, and 
hydraulic connections from the cable management system and the necessary 
switching for proper operation. 

The main air line and electrical cables routed through the cable 
management system are terminateG at the local service panel with quick 
disconnect couplings. The air input is branched off to four circuits; vacuum 
system, air-operated service tools, ROSA, and hydraulic booster pump. 

The local service panel provides eight electrical outlets through two 
l20V, 20A, 10 circuits. Standard receptacles mounted in a water-tight 
enclosure with caps are used for these outlets. 

The viewing system uses the local service panel to provide local plug-in 
terminations for three Rees cameras. These terminations are the standard 
camera connectors into which the operator can plug a Rees camera. Also 
provided on the local service panel are standard coaxial taps that are wired 
back into the plenum assembly rerr~val (PAR) video system. 
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The hydraulic portion of the local service panel will be used to supply 
hydraulic fluid at the required operating pressures and flow rates for 
operation of the defueling end effectors, light-weight tools, and the vacuum 
system knock-out canister gripper and upper lift cylinder. 

The hydraulic porticn of the local service panel consists of hydraulic 
pressure controls, directional control va~ves, flow control devices, pressure 
switches, and an air-operated hydraulic booster pump. This equipment is 
divided into eleven distinct hydraulic supply circuits as follows: 

Hydraulic Pressure Max. Flow 
Ci rcu1t No. _S.!!Q.P lied (ps I) Limi t (gpm) 

1 500 5.0 
2 500 5.0 
3 2000 5.0 
4 70/130 5.0 
5 70/130 5.0 
6 4000 0.43 
7 4000 0.43 
8 2000 16.0 
9 2000 16.0 

10 200 5.0 
11 100 & 2000 5.0 

All eleven supply circuits receive hydraulic fluid at 2000 psi from the 
hydrau11c power supply (via a main supply hose routed through the cable 
management system) through a common 2000 psi supply header. Circuits 8 and 9 

are supplied directly from the hydraulic power supply at 16.0 gpm maximum. 
Two pressure flow controls in the branch lines of the header restrict the 
maximum 2000 psi supply flow to the remaining nine circuits to 5.0 gpm. 

3.5.4 Cable Management System 

ihe cable managemerlt system, shown in Figures A-45. routes and manages 
cable and hose assemblies onto the shielded work platform. The cable 
management system is comprised of: 

• 
• 
• 

Powertrack Guide Stand Assembly 
Counterweight Stand 
Idler Bracket Assembly 
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FIQURE A-45 
CABLE MANAGEMENT SYSTEM (OWG. 1739E86' 
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• Powertrack Assembly 
• Powertrack Carrier Tray 
• Powertrack Installation Stand .. 

The cables and hoses are housed in a powertrack assembly that is fixed at 

each end. The hoses and cables are quick-connected to a manifold panel 
located on the powertrack gutde stand assembly on one end and to the local 
service panel mounted on the shielded work platform at the other end. As the 
shielded work platform rotat~s, the powertrack assembly wraps around the main 
structure of the shielded work platform. The total take-up travel required 
for ± 1900 rotation of the shielded work platform is 30 ft. To accommodate 
this movement. the powertrack assembly is threaded through a takeup drum that 
has IS-ft. travel capacity and is designed to take up and let out the 
powertrack in a fashion similar to a block and tackle arrangement. The drum 
housing is attached, by a cable, to a counterweight that keeps the powertrack 

taut. 

3.6 Viewing System 

The viewing system will be used to support all defueling activ~ties. The I 

operations to be viewed during this phase include vacuuming, pick and place, 
and canister removal and installation in the reactor core. The viewing system 
can be divided into subsystems that correspond to the operations to be viewed 
or the type of viceo equipment being used. These subsystems are as follows: 

• PAR Video Equipment 
• PAR System Camera Handling Tools 
• General Reactor Vessel Lighting System 
• Vacuum Nozzle Viewing Equipment 

• Instrumentation and Controls 

The equ!pment needed for the TMI-2 Viewing System includes: 

• Radiation Resistant, Waterproof Cameras 
• Camera Control Units and Cabling 

• Waterproof Lights 
• Light Control Units and Cabling 
• Camera Positioning Tools 

• Video Monitors and Recorders 
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Westinghouse will use the plenum assembly removal (PAR) virleo inspection ;. 
system to the fullest extent possible in the viewing system Yhe PAR system 
is supplied by GPUN and is currently being used at the TMI-2 site. 

The PAR system has two basic sUbsystems: 

• Video Equipment 
• Camera Handling Tools 

. The video equipment includes cameras, lights, controls, cables, and 
monitors. The camera handling tools position the cameras so that the 

operators can remotely view the re&ctor vessel core. The viewing syst~m will 
use the video equipment and the camera handling tools. In addition to the PAR 
system. a general reactor lighting system. and clamps for vacuum nozzle 
viewing have been added to complete the equipment necessary to view defueling 
operations. 

3.6.1 PAR Video Equipment 

The PAR video equipment can be divided into two different categorie~: 
1) the in-containment equipment and 2) the coordination center equipment. The 
in-containment equipment primarily acquires the information and provides 
immediate monitoring and control of the video equipment by the operator 
manipulating the tools. The coordination center provides control for 
monitoring and recording operations from outside the reactor building. 

3.6.2 PAR System Camera Handling Tools 

The PAR Ca. •• lera handling tooi dssemb1y consists of a camera handling tool 
end, winch assembiy, camera cable, Rees R93 camera, and a tool handle. With 
this setup, the operator can remotely position the camera in predefined 
locations. These camera handling tools will be used for general surveillance, 
maintenance, and canister viewing. 
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to' 3.6.3 General Reactor Vessel Lighting System 

The purpose of the general reactor vessel lighting system is to provide 

general background lighting under the work platform during defueling 
operations. All of the components of this system are designed to operate in 
the borated water of the reactor vessel. 

The system is comprised of four lighting poles or positioners. Three 
1000 watt pencil lights are mounted on each pole. The poles are mounted 
approximately 90 degrees apart on the off-gas seal. The light positioners 
consist of two 1.00 in. schedule 10 stainless steel pipe sections. The 

sections are bolted together at two mating blind flanges. Both ends of the 
poles are sealed. The bottom end of each positioner has a stainless steel 

sphere. The purpose of the sphere is twofold: 1) to offset the positioner 
from the periphery of the reactor vessel which, in turn, will protection the 

lights from_h~~the side during installation and defueling operations and 
2) to ease installation by providing a rounded edge for the pole to ride on as 

it is being lowered against the vessel wall. 

3.6.4 Vacuum Nozzle Viewing Eguipnlent 

The purpose of the vacuum nozzle viewi~g tool is to position a Rees R93 
camera near the vacuum nozzle so that a closeup view of the vacuum nozzle can 
be obtained during vacuuming. The camera and li~ht are secu:ed to the vacuum 
nozzle positioner using stainless steel clamps. A stainless steel guard for 
the cam~ra is also provided to protect the camera and lens while still 
maintaining a compact assembly. 

3.6.5 Instrumentation and Controls 

The viewing system will utilize the PAR equipment wi ch the addition of 
two Hoffman boxes containing the variacs for the general reactor vessel 
lights. The PAR equipment is located on E1. 331' 6", in a cabinet with the 
dimensions 22 in. x 22 in. x 47 in. This cabinet contains the camera control 
units and local video mon~tors. This system is tied into the coordination 
center. Power for the cabinets will be provided by the power distribution 
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ystem. The entire system will consist of five camera control units, six ~ 

-in. monitors, and an audio base repeater station for communication with the 
oordination center. The camera control units include three Rees R93 and two 
iamond ST-5 units. These units provide all focus and iris control for the 
ameras. The output signals to the coordination center will come directly 
rom the video monitors. Also provided on the work platform will be three 
-in. monitors that may be attached to the tool slot safety rail. These 
Dnitors will be portable and are meant to be used in conjunction with the 
Dng-handled tools. 

Detailed information on the viewing system is provided in the Viewing 
ystem Final Design Report (Reference 19) and the O&M Manual for the Viewing 
ystem <Reference 20). A summary tool list for the viewing system 1s provided 
n Table A-6. 

TABLE A-6 WBS 612 VIEWING SYSTEM TOOL LIST 

Tool/Component 

Fuel Canister Monitoring 
Camera Positioning Tool 

Portable Camera 
Pos iti on i ng Tool 

Maint. Camera Positioning 
Tool 

Vacuum Nozzle Camera 
Positioning Tool 

Reactor Vessel Core 
Lighting Positioning Tool 

Westinghouse 
Dwg. No. 

Not Supplied 
by ~ 

Not Supplied 
by ~ 

Not Supplied 
by ~ 

1735E68 

1735E41 

3.7 Canister Positioning System 

GPUN Equip. 
Ident. No. 

DEF-VEW-005 

DEF-VEW-OOl thru 004 

The canister positioning system (CPS), illustrated in Figure A-46, has 
Ive canister holding positions, a means for lowering canister positions, a 
)tationa1 drive unit, a CPS rotational position measuring device, a removable 
!nter access location, an integral shielded support structure, and various 
lnd tools to facilitate operation. The CPS is mounted to the shielded work 
latform. The instrumentation for the CPS Is located on the control console. 
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Figure A-46 

Canister Poslt!onlng System (Dwg. 1735E81) 
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321 ft, and 317 ft. Canister elevation 1 provides approximately 4 in. of 
clearance between the bottom of the CPS and the top of the core. Canister 
elevation 2 allows fuel debris up to 2 ft in length to be placed in a fuel 
canister while maintaining 4 ft of water above the debris. Canister elevation 
3 permits loading fuel debris up to 5 ft in length. 

The major components of the CPS are as follows: 

.' Canister Support Sleeve 

• Fuel Canister Seal Cover 

• Main Structure 

• Sleeve Locking Device 

• Intermediate Spindle 

• Drive Assembly 

Detailed information on the CPS is presented in the Final Design Report 
for the Canister Positioning System (Reference 21) the O&M Manual for the 
Canister Positioning System (Reference 22), the Final Design Report for the 
Single Canister Positioning Bracket (Reference 23), and the O&M Manual for 
Single Canister Positioning Bracket (Reference 24). A summary tool list is 
provided in Table A-7, 

Table A-7 WBS 742 CANISTER POSITIONING SYSTEM TOOL LIST 

Tool/Component 

Canister Positioning System 

Canister Support Sleeve 

Main Structure 

Sleeve Locking Device 

Intermediate Spindle 

Dr i ve As semb 1 ~,I 

Ancillary Tools: 

Sleeve Handling Tool 

Fuel Canister Seal Cover 

Westinghouse 
Dwg. No. 

1735E81 

1735E71 

1735E70 

1735E83 

1807E02 

1807E03 

1735E78 

1735E86 
A-76 

GPUN Equip. 
Ident. No. 

DEF-CPS-002 

DEF-CPS-OOl 

DEF-CPS-003 

DEF-CPS-004 

DEF-CPS-005 

DEF-CPS-006 

DEF -CPS-007 
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Table A-7 WBS 742 CANISTER POSITIONING SYSTEM TOOL LIST (con't) 

Westinghouse 
Tool/Component Owg. No. 

Knockout Canister 1735E87 

Indexing Sleeve Coverl 1735E88 
Indexing Sleeve Handling 
Tool 

Single Canister Support 1807E48 
Bracket 

Plug Handling Tool 1808E04 

Maintenance Lift Fixture l808E15 

Drive Assembly Maintenance 1807E65 
Fixture 

3.7.1 Canister Support Sleeve 

GPUN Equip. 
Ident. No. 

DEF-CPS-008 

DEF-CPS-010 

OEF-SCB-OOl 

OEF-CPS-011 

DEF-CPS-012 

DEF-CPS-013 

The individual canisters are held In support sleeves shown in Figure A-47 
equally spaced on a 1 ft-ll in. radius. When the canister is loaded into the 
sleeve, either a fuel canister seal cover or a knockout canister index sleeve 
(depending on canister type) will be installed on the canister. These items 

maintain the rotational orientati~n of the canister within the sleeve. as well 
as performing other functions described in the following sections. 

To change canister elevation, the sleeve handling tool illustrated in 
Figure A-48 will capture the two lifting pins on the canister sleeves and lift 
the sleeve. This lifting point is off center so that the bottom of the sleeve 
will tilt and contact the curved surface on the bottom of the CPS. The sleeve 
is raised until the support lugs clear their rests. It is then lowered into 
the next restir'3 position and the sleeve handling tool is detached from the 
sleeve. The sleeve can now be locked in place. 

3.7.2 Fuel Canister Seal Cover 

The fuel canister seal cover is required to protect the sealing surface 
on the fuel canisters. The cover design includes two vented locating holes, 
two lifting pins. two orientation slots, and a conical top opening. The cover 
is placed on top of fuel canisters using the canister handling tools. 
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FIGURE A-47 
CANISTER SUPPORT SLEEVE ELEVATION (DWG. 1735E81) 
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3.7.3 Main Structure 

fhe main structure is a 20-in. diameter cylindrical spindle with a series 
of sleeve supports, sleeve guide plates, and position locating devices 
attached to it. The structure is modular to facilitate entry to containment. 

3.7.4 Sleeve Locking Device 

The sleeve locking device is illustrated in Figure A-49. Its purpose is 
to lock the canister support sleeves to the CPS at the various elevations. 
The device consists of an actuation nut, a spindle, three spindle collars, 
three locking bars, and a spring. The spindle is attached to the CPS main 
structure through the l.87-in. diameter holes in the sleeve guide plates. 
There 1s a lock bar at each of the canister elevations. The device is 
operated by a long-handled socket tool. 

The sleeve locking device is used once a canister support sleeve is in 
position. The socket tool is engaged on the nut and rotated clockwise. This 
swings a locking bar into the groove In the side of the upper sleeve support 
and then into the groove in the canister support sleeve upper lug. This keys 
the canister support sleeve to the sleeve support. 

3.7.5 Intermediate Spindle 

The CPS main structure is attached to the bearing spindle through the 
hollow intermediate spindle. Two alignment pins are located on each side of 
the intermediate spindle to assure that the CPS is assenlbled in the proper 
orientation. The purpose of the intermediate spindle is to enable the drive 
assembly to be replaced without removing the entire CPS ~ystem from the 
shielded work platform. 

3.7.6 Drive Assembly 

The CPS is mounted to the rotating shielded work platform through the 
drive assembly. This is the hardware on which the CPS rotates and through 
which rotational position is controlled. The unit is designed to be rotated 
by a standard 3/4-in. square drive wrench. The design torque required to 
rotate the CPS is about 500 ill.-lbs. 
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FIGURE A-49 
SLEEVE LOCKING DEVICE (DWG. 1735E81) 
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3.7.7 Single Canister Support Bracket 

The single canister support bracket Is Illustrated In Figure A-50. The 
fuel canister Is held In a support sleeve that Interfaces with the Thomson 
rail system in the long-handled tool slot. This arrangement allows the 
canister to be positioned at any of the following three elevations within the 
core region. 

EI.324'-11" 
El.320'-0" 
El. 317 '-0" 

An extension for the si~gle canister support bracket allows each of the above 
elevations to be lowered 6 ft. 

3.8 Test Assemblies 

The Final Design Report for the test assemblies that support the vacuum 
system, viewing system, and canister positioning system is found in 
Reference 25. The qualification test support structure is a bolted carbon 
steel structure designed to simulate part of the shielded work platform and 
the reactor vessel. Major areas included are all the access openings between 
the shielded work platform beams and the 85-in. ~eactor clear radius. 

3.9 End Effectors 

The Final Design Report for the end effectors is found in Reference 25. 

A summary tool list Is provided In Table A-8. To minimize the size of tools 
required and the space for storage on the tool racks, several end effectors 
will be supplied. These end effectors will accomplish gripping, cutting, 
lifting, positioning, moving, etc. of debris as required for defueling. The 
end effectors were conceptualized for use with long-handled tools and the 
manual tool positioner. A common design coupler will be used for attachment 
of an end effector to each tool. 
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· Figure A-50 
SINGLE CANISTER SUPPORT BRACKET 
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TABLE A-8 WBS 524 END EFFECTORS lOOl lIST 

Westinghouse GPUN Egui~. 
Tool/Com~onent Dwg. No. Ident. No. 

Impact Chisel 1768E84 DEF-EEF-216 

Hydraulic Abrasive Saw 1768E82 DEF-EEF-208 

Cutting Jet 2032379 N/A 

3.9.1 Impact Chisel 

The impact chisel, shown in Figure A-51, will be used to fracture or bore 
holes into fused core material. It utilizes a commercially available hammer 
chisel that provides up to 2000 Impacts per minute and a drill rotation rate 
up to 3.5 RPM. It operates on Union Carbide UCON WS-34 hydraulic fluid 
supplied via the control system hydraulic power system. 

3.9.2 Abrasive Saw 

The abrasive saw, shown in FIgure A-52, will be used to cut fused 
material or other debris. It requires the same hydraulic power supply as the 
impact chisel. It can make a 2-in. deep cut with an 8-in. diameter cutting 
wheel or a 3-in. deep cut with a 10-in. diameter cutting wheel. 

3.9.3 Cutting Jet (Hydrolaser) 

The high pressure cutting jet can be used to cut various kinds of 
debris. It develops its cutting action by entraining abrasive grit in a 
35,OOO-psi water stream to abrade the piece being cut. The system includes a 
hopper for the abrasive, a high pressure pump, and a mixing block. The mixing 
block contains the water orifice and a replaceable tungsten carbide nozzle. 
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FIGURE A-51 
IMPACT CHISEL (DWG. 1839E45) 
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FIGU~E A-52 
ABRASIVE SAW (DWG. 1839E47) 
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3.10 Tool Positioning System 

Access to all regions within the core support assembly is provided during 
bulk defueling operations via rotation of the shielded work platform and 
travel of the manual tool posltiorler carriage along the work platform tool 
slot rails. Travel or rotation of the positioner may be limited by other 
equipment within the slot, such as the fuel canisters. The manual tool 
positioner includes a post supported by a carriage that in turn can be 
supported within either of the long-handled tool slots of the shi~1ded work 
platform. Tools are mounted on a lateral positioner located at the bottom of 
the post. The manual tool positioner vertical and rotational movements are 
actuated via two handwhee1 assemblies that are mounted at the top of the 
post. The lateral positioner, \"h1ch Is mounted at the lower end of the post, 
will hold and deliver the end effectors for cutting. drilling, chiseling, 
etc. The lateral positioner can be serviced or detached remotely using 
long-handled tools. 

The manual tool positioner provides four degrees of freedom to the end 
effectors: 

• 14 ft-6 in. of vertical travel via the telescoping tube section of 
the post. 

• 12.0 in. of lateral positioning via extension and retraction of the 
lateral positioner combined with carriage travel on the tool slot 
rail system. 

• 360° rotation around the post axis. 
• 360° rotation (wrist action) around the lateral positioner rod axis 

to facilitate angular positioning of the end effectors with 
selectable stop limits each 90°. 

Detailed information on the tool positioning system 1s provided in 
Reference 27. A summary tool list is provided in Table A-g. 
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Tool/Component 

Manual Tool Positioner 

Carriage 

Post 

Too 1 I~ountt ng 

Westinghouse 
Dwg. No. 

1 770E73 

1 770E74 

1770E73 

1770£89 

A-88 

GPUN Equip. 
Ident. No. 

N/A 
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