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ABSTRACT 

This document prov1des a summary level descr1pt10n of the TMI-2 Dry 
Defue11ng System. Defue11ng w1ll take place through the IIF above the 
reactor vessel. A Sh1elded Work Platform and Sh1elded Support Structure 
w1ll be assembled around the IIF. Defue11ng equ1pment w1ll be mounted on 
and operated from the Sh1elded Work Platform. Defue11ng operat10ns w1ll 
progress from fa1rly s1mple p1ck and place operat10ns and vacuum1ng up to 
more complex cutt1ng and other debr1s removal tasks. 
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11'1-2 OEfUEllN6 SYSTEM O[SIGN DlSCRIPTION 

INTRODUCTION 

The Defue11ng Syst~. 1l1ustrated 'n f1gure 1. 'S 'ntended to remove 
the loose debr1s and core Mater1als from the reactor vessel of the Three 

"'1e Island Un1t 2 (TMI-2) plant. The core mater1als ex1st 1n a var1ety of 
shapes and s1zes fro. full fuel asseMb11es to rubble small enough to be 
.uved by flu1d vacuum pu~1ng. Operat1ons w1ll 1nclude s1z1ng the core 
.ater1al and load'ng and prepar1ng can1sters for removal from the reactor 
vessel. All of the operat1ons w1th1n the reactor vessel are w,th1n the 
scope of the Defue11ng Syst~. wh1le the transfer of can'sters w'll be the 
respons1b111ty of and descr1bed by others. All fuel hand11ng operat10ns 
and can1ster load1ng w1ll take place 1ns1de a compos1te water vessel 
co.pr'sed of the reactor vessel, the core support assembly. and the 
\nternals 1ndex1ng f1xture (1If) w1th a mod1f1ed seal. The defue11ng vater 

level w11l be "'nta'ned 5 ft above the vessel flange. Operators v111 
operate tools from a Sh1elded Work Platform MOunted d1rectly over the Ilf. 

Th1s arrange.ent allows the shallow end of the fuel transfer canal to be 
dry dur'ng defue11ng. Background rad1at1on 1n the defue11ng canal 1s 
expected to be 5 to 10 mR/h. as opposed to 30 to 50 mR/h at the 347-ft. 
'-1n. elevat10n. Thus, dry defue11ng has several advantages over the 
convent'onal flooded canal approach. They are: (a) long handled tools 
beco.e shorter and thus MOre feas'ble (25 ft versus 45 ft), (b) all 
can1ster load1ng 's done 1n the vessel to conf1ne all contaM1nat10n to a 
l'_'ted area. (c) a SMaller volume of water needs to be processed by the 
defuel'ng water cleanup syste. (DWCS), and (d) the equ'pnent operators on 
the Sh'elded Work Platform perform the defue11ng operat10ns 1n a lower 
background rad'at10n f'eld (as opposed to be'ng at the 347-ft, 6-'n. 
elevat10n). 



Figure 1. Dry defueling system. 
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PROJECT AND SYSTEM DESCRIPTION 

Reference SysteM 

The operators w111 be stand1ng on the Sh1elded Work Platform above the 
reactor vessel flange. Th1s Sh1elded Work Platfor. prov1des sh1eld1ng so 
tbit the cont,,'nated water ,n the reactor vessel w111 not be a MaJor 
exposure source for personnel operat1ng the defue11ng system tools. The 
Sh1elded Work Platfor. 1s supported from the refue11ng canal floor by the 
Sh1elded Support Structure. Between the Sh1elded Work Platform and 
Sh1elded Support Structure. var10us 11nes for water treatMent and a1r 
vent'lat'on to control off-gas'ng are routed 1n to and out of the reactor 
vessel. Th1s water treatMent and off-gas control p1p1ng are stat10nary and 
do not 1~act operat10n of the Sh1elded Work Platfor •. 

The Sh1elded Work Platform has an 18-1n.-w1de slot through wh'ch the 
long handled tools are operated. Th\s tool work1ng slot w1dth and the 
Sh1elded Work Platfor •. sh1eld1ng should 11m1t the rad1at10n from the core 
and water to the order of 2 to 5 mR/h wh11e operat1ng the long handled 
tools. The work1ng slot can be covered by plugs of 6-1n.-th1ck steel 
should an upset cond1t10n ex1st. These plugs are normally open to ga1n 
access to the reactor vessel and to per.,t lateral MOvement of the long 
handled tools to depos1t debr1s 1n the fuel can1sters. 

Iy tak1ng advantage of the sh1eld1ng prov1ded by the refue11ng canal 

walls and the clean sta1nless steel 11ner of the canal. exposure due to 
other rad1at10n sources, such as the pa1nted surfaces 1n the bu1ld1ng, 1s 
av01ded. Thus, general background rad1at10n levels can be relat1vely low 
for the personnel 1n the refuel1ng canal area. 

To transfer can1sters loaded w1th fuel f1nes, debr1s, and part1al fuel 
asse.b11es fra. the reactor vessel, a sh1elded can1ster transfer dev1ce 1s 
requ1red (see r1gure 1,. The sh1elded can1ster transfer dev1ce h01sts the 
rad10act1ve can1ster out of the water, through the Sh1elded Work Platform, 
and 1nto the sh1elded can1st.r transfer dev1ce. The loaded sh1elded 
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transfer devlce translates to the mod1f1ed fuel transfer system 1n the deep 
end of the canal. where 1t lowers the can1ster 1nto the transfer system 

upender. 

To m1n1mlze water volume. yet prov1de adequate water sh1eld1ng for the 
operat10ns. the water level 1n the spent fuel pool w111 be lowered. 
Because the spent fuel pool 1s not 1solated from the refue11ng canal, a dam 
or gate approxlmately 6 ft h1gh 1s requ1red at the end of the 322-ft, 6-1n. 
elevat10n 1n the refuellng canal to ls01ate the dry defue11ng system from 
the water. The sh1elded can1ster transfer dev1ce passes over the dam. 
After the fuel can1ster 1s transferred 1nto the fuel Hand11ng Bu1ld1ng, 1t 
1s removed from the fuel transfer system by means of a transfer sh1e1d to 
depos1t the can1ster 1n an appropr1ate storage rack 10cat10n. 

Core Mapp1ng 

The 1n1t1al defue11ng process 1s a core mapp1ng operat10n to 
character1ze the T"I-2 core to conf1rm the overall defue11ng process 
ph1losophy and fac1l1tate core removal. Th1s 1n1t1al core mapp1ng would be 
performed after head removal but pr10r to plenum removal. Equ1pment used 
for perform1ng the core mapp1ng ex1stlng equ1pment has been used 1n 
prev10us 1nspect10ns. 

T"I-2 Defue11ng 

Defue11ng w11l proceed 1n three phases. These phases are: 

Phase 1 Removal or rearrangement of debr1s 1nclud1ng end f1tt1ngs, 

partlal fuel assemb11es. sp1ders, and smaller debr1s us1ng 
p1ck and place methods 1n conlunct10n w1th low capac1ty long 

handled tools and the s1ng1e can1ster pos1t10nlng system. 
These operat1ons w11l cont1nue unt1l suff1c1ent space 1s 
cleared to 1nsta11 the Vacuum System and Can1ster 
Pos1t1on1ng System. 
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Phase II VacuUM "ne debr's and cont'nue p'ck and place operat10ns 
unt11 the 10nQ handled tool capab11,t1es have been exceeded. 

Phase III Install Manual Tool Pos1t10ner and cont'nue defue11ng 
operat10ns 1nclud1ng fused debr1s re.oval and hand11ng larQe 
part,al fuel asse.b11es unt11 all debr1s 1s reMOved from the 
1nter10r of the core support structure. 

Phase I 

At the beg1nn1ng of Phase I. the plenuM has been reMOved from the 
reactor and placed 1n a stand 1n the deep end of the refue11ng canal. The 
IIF 1s 1n place on the reactor vessel flange. The Sh1elded Support 
Structure ma1n structure's 'nstalled. centered. and leveled. The Sh1elded 
Work Platform 1s asseMbled on support stands on the 347-ft. 6-1n. elevat10n 
and then h01sted 1nto place on the ,,'n structure. Its dr1ve system and 
the cable manage.ent syste. are 1nstalled. Its serv1ce platforM 1s then 
bolted 'nto place and fuel hand11ng operat10ns can beg1n. Phase I 

operat10ns w11l 1nclude: 

• Rearrange debr1s or load 1nto debr1s buckets us1ng long handled 
tools unt1l the s'ngle can1ster pos1t10n1ng system (SCPS) can be 
1nstal1ed. 

• Cont1nue to remove or rearrange debr1s us1ng SCPS unt'l the 
Vacuum Syst~ and the Can1ster Pos1t10n1ng System can be 
'nstalled. 

Phase II 

Phase II beg1ns w1th 1nstallat10n of the Can1ster Pos,t10n1ng SysteM. 
followed by the VacuuM System. The s'nQle can1ster support bracket 1s no 
longer requ1red. Phase II operat'ons 1nclude: 

• Vacuum ftnes and small debr's d1rect1y 1nto can\sters. 
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• Rearrange or remove debr1s to allow access to vacuumab1e debr1s. 

• Iterate as required until Manual Tool Pos1t10ner is requ1red. 

Phase III 

Phase III beg1ns with 1nsta11at10n of the Manual Tool Pos1t1oner to 
ass1st long handled tools. Phase III operat10ns 1nelude: 

• Pick up debr1s and load into debris buckets within the reactor 

vessel cav1ty. 

• Break up fused or bonded core components and transfer to fuel 
canisters in the Can1ster Pos1t1on1ng System. 

• Remove part1ally 1ntact fuel assemb11es. These may e1ther be 
placed in can1sters d1rectly or reduced to a su1table form by 
us1ng the end effectors and then placed 1n fuel can1sters. 

Throughout all defue11ng phases, fuel, f1lter, and knockout can1sters 
will be removed and replaced when full. 

b 



DEfUEllNG TOOL SYSTE MS 

The stirt of defuel'ng operit'ons 'S scheduled for July 1. 1985. The 
defuel'ng tool syst~s w'll be del'vered to support the planned operat10ns 
(~ee TMI-2 Defuel'ng Sect'on). The tool systems 'nclude: 

• Sh'elded Work Platfor. 

• Sh'elded Support Structure 

• Vacuum System 

• long Handled Tools 

• Control System 

• V'ew1ng System 

• Can1ster Pos,t'on'ng Syst~ 

• Ma1ntenance System 

• Test Asse.bl'es 

• End Effectors 

• Man'pulator 

• Tool Pos't10n'ng Syst~ 

• Tool Racks 

• Support Tools 

• S1ngle Can1ster Pos,t10n'ng System 

The arrang~nt and 'nterfaces of all defue11ng equ'pment are shown 'n 
Reference 1. The reactor d'.ens'ons are shown 'n Reference 2. A Defuel'ng 

3 Syste. Des'gn Spec"'cat'on has been wr'tten to cover all tool'ng. All 
defuel'ng tool'ng des1gn act'v,t1es are based on the GPU Nuclear Techn'cal 

4 Spec'f'cat'on . Qual,ty requ1re.ents are spec'f1ed 'n Reference 5. To 
ensure thit a cONplete tool l'st 1s 1dent"'ed. deta1led defuel'ng task 

6 descr'pt'ons have been WT'tten . 

Oescr1pt10ns 0' each 0' the tool systeMs follow. 
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Sh1elded Work Platform 

The Flna1 Deslgn Report for the Shle1ded Work Platform 1s found ln 
Reference 1. A summary tool 11st 1s 1nc1uded 1n Table 1. The Sh1e1ded 
Work Platform (Figure 2) prov1des a sh1e1ded work area for the defue11ng. a 
support for the Manual Tool Pos1t1oner. and a method for remov1ng the 
debrls canlsters. The Sh1e1ded Work Platform 1s compr1sed of the fo11ow1ng 

major components: 

• Ma1n Support Structure 

• Long Handled Tool Slot Ral1 System 

• Sh1e1d1ng Plates 

• Decontam1nat10n Spray System 

• Rollers Assembly 

• Cable Dr1ve System 

• Off-Gas Seal 

• J1b Cranes 

TABLE 1. was 121 SHIELDED WORK PLATfORM TOOL 

Tool/Component 

Shielded Work Platform 
Maln Support Structure 
Shield1ng Plates 
Cable Dr1ve System 
J1b Cranes 
Brake 

Drawlng 
Number 

1139E46 
1739E30 
1139[30 
1138[91 
1139[46 
1139[48 

The maln support structure. shown 1n f1gure 3. 1s constructed of 
fabr1cated sta1nless steel I-beams. These specla11y made beams are 
requ1red to meet space constra1nts and to res1st corros10n. The c1rcu1ar 
ma1n support structure 1s d1v1ded 1nto three beam assemb11es to perm1t 
entry 1nto conta1nment: two 140 degree arc segments and one center support 
structure of two 40 degree arc segments connected by two parallel stralght 
beams. The stralght beams are the maln load carrlers and form the s1des of 
the long handled tool slot ra11 system. 
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F;gure 2. Shielded work platform. 
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Figure 3. Shielded work platform main support structure. 



The long handled tool slot ra11 system prov1des l1near mot10n for the 
Manual Tool Pos1t'oner and the S1ngle Can'ster Support Bracket. The ra11 
syst~ cons'sts of two Thomson ra11s supported by columns bolted to the two 
stra1ght I-beams. Tw'n p'llow blocks are 'nstalled on these ra11s and they 
support the S1ngle Can'ster Support Bracket and the Manual Tool Pos1t10ner. 

Surface and vert'cal sh1eld1ng are used to reduce the rad1at10n dose 
rates. Each hor1zontal surface sh1eld1ng sect'on 1s conpr1sed of two 
3-1n.-th1ck sta1nless steel plates. Each sect'on rests on the top flanges 
of the bea~ 1n the ,,'n support structure. Three round ports are prov1ded 
to r~ve the two f1lter can1sters and the fuel or knockout can1sters 1n 
the Can1ster Pos1t10n1ng Syst~. The vert1cal sh1eld1ng 1s located at 
these three ports to block sh1ne as can1sters are reMOved from the reactor 
vessel. These 5-'n.-th1ck plates extend from the bottom of the surface 
sh1eld1ng to about 2 ft below the water level. 

The decontam'nat'on spray systeM flushes rad10act1ve debr1s from the 
surface of the can'sters. end effectors. long handled tools. and other 
equ1~nt as each 1te. 's reNOved from the reactor vessel. All 
conslruct10n 1s sta'nless steel tub1ng. f1tt1ngs. nozzles, and flex1ble 
hose mater1al. 

Twenty two 5-1n. -d1ameter rollers prov1de the rotat10nal capab1l1ty 
for the Sh1elded Work Platform. A typ'cal roller assembly, bolted to the 
unders1de of the ,,'n support structure, 1s shown 1n f'gure 4. The rollers 
are MOunted on shoulder bolts (axles) pressed 1nto the roller hous1ng. 
Also shown 1n f1gure 4. a set of cam followers are mounted on the roller 
carr1ers. These smaller rollers prov1de the restra'n1ng force to keep the 
work platfor. centered. 

The cable 
180 degrees 1n 
o and 0.3 r~ . 

dr1ve systeM (f1gure 5) rotates the Sh1elded Work Platform 
e1ther d1rect10n from a nom'nal pos1t10n at a speed between 

Two cables are attached to the Sh1elded Work Platform 
. 220 degrees apart (4 and 8 o'clock pos1t10ns). These cables leave the 
Sh1elded Work Platform to sheaves mounted on the southwest and southeast 
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corners of the Shlelded Support Structure and then wrap around the dr1ve 

drum. 

Rotation of the Shielded Work Platform ls actuated by rotat1ng the 

drive drum (Figure 6) wh1ch takes up the cable 1n one directlon and pays 
out the cable 1n the other. A servomotor powers the dr1ve drum through a 
double worm gear reducer. The gear reducer has two 1nput shafts, one for 
the motor and one for the manual dr1ve handle. 

A manual disc brake (F1gure 7) secures the Shlelded Work Platform 1n 
the statlc posltlon. The skirt on the Shlelded Work Platform serves as the 
d1sc. The sklrt also serves as a manual pos1tlon 1nd'cator. The sk1rt has 
degree mark1ngs to 1ndcate angular pos1tlon re1at1ve to the 1ndlcator on 
the Shle1ded Support Structure. 

The off-gas seal m1nlm1zes the space between the Sh1elded Support 
Structure ral1 and the bottom flange of the Sh1elded Work Platform. The 
des1gn uses 1/B-ln.-th1ck plates to close the gap between the wheel 
hous1ngs, thus m1n1m1z1ng the a1r flow between the beams and the ralls. 

Two j1b cranes are mounted on the Shle1ded Work Platform to a1d the 
operators 1n man1pulat1ng the long handled tools 1n the long handled tool 
slot . The max1mum 11ft of the j1b cranes above the work platform, shown 1n 
F1gure B, 1s 13 ft, 6-1n. and the capac1ty 1s 1 ton. 

Shle1ded Support Structure 

The F1na1 Des1gn Report for the Shle1ded Support Structure ls found ln 
Reference B. A summary tool 11st ls lncluded 1n Table 2. The Shlelded 
Support Structure 111ustrated " n flgure 9 ls a rectangular-shaped beam 
structure that c1rcumscr1bes the Internals Index1ng Flxture (IIF). Th1s 
structure 1s supported on the refuellng canal floor and extends upward 

approxlmately 7 ft to the 33l-ft. 5-1n. e1evatlon. The prlmary funct10n of 
the Shlelded Support Structure 1s to support the Sh1e1ded Work Platform. 
The lnterface to the Sh1e1ded Work Platform 1s a c1rcu1ar ra11 (203 In. 
d1ameter) wh1ch 1s supported by an octagonal beam arrangement. 

14 
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TABLE 2. was 111 SHIELDED SUPPORT STRUCTURE TOOL LIST 

Too 1 IConponen t 

Sh'e1ded Support Structure 
Ma'n Structure 
Support Structure Ra" 
Serv'ce PlatforM 
Vert'ca1 Sh'eld'ng 
P'p'ng 
Off-Gas Seal 
A1'gn.ent Stud 

173B£16 
173B£13 
1138£31 
1138£15 
1138£82 
1138£80 
1138£14 
1138£36 

The Sh'elded Support Structure also prov'des a stat'onary serv'ce 
p1atfor. area for tool stag,ng at the Sh'elded Work Platfor. elevat'on. 
P'p'ng. off-gas seal. and sh'eldlng are 'ncluded In the Sh1elded Support 
Structure. The p1p'ng 'neludes the OWCS. off-gas control system. and 
bubbler system p1p1ng. The off-gas seal wl11 .'nlmlze the 'ntake flow area 
1n the Sh'elded Support Structure and Sh1elded Work Platform reg'on. Thls 
w111 ensure the off-gas systeM ls effect1 ve 1n conta'nlng f1ss'on gases. 
Sh1eldlng plates are located beneath the serv1ce platform and along the 
north end of the Sh'elded Support Structure to reduce the radlat'on levels 
'n operator work areas. The Sh1elded Support Structure's fabr1cated us1ng 
welded and bolted connect10ns so that 1t can be transported 1nto the 
Reactor Bu1ld'ng through the personnel hatch. 

The Sh'elded Support Structure 1s compr'sed of 6 malor components: 

• Maln Structure 

• Support Structure Ra" 

• Serv'ce PlatforM 

• Vert1cal Sh1eld1ng 

• P'plng 

• Off-Gas Seal 

The Md'n structure. shown on f1gure 10 1s a 11 - 1/2 ft x 21 ft x 7 ft 
(he'ght) ass~1y constructed of ASTM-A36 low carbon steel columns. The 
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,,'n structur~ 1s support~d on th~ r~fu~11ng canal floor by four v~rt1cal 

coluMns. locat~d at ~ach of th~s~ columns 1s a leve11ng lack and sh1m 
arrang~ment (f'gure 11) to level the Sh1elded Support Structure. When used 
w,th a level'ng trans,t. th's syst~ can level the Sh1elded Support 
St~ucture to w1th1n 1/16 'no 

The colu.ns support a rectangular beam structure of W27 beaMS. Th1s 
rectangular structure prov'des support for an octagonal beam array of Wl4 
bea.s. Th's beam array supports the c'rcular support structure ral1. The 
support structure ra'l 's a 2-1n.-h,gh by 3-'n.-w'de bar of lex n1ckel 
.. rag'ng steel (200 grade). The bar's age hardened to ach1eve a Rockwell 
·C· hardn~ss of 45. The support structure ra11 w111 b~ fabr1cated 1n four 
s~ct'ons and bolted to the ~'n structur~. The ~1n structure prov1des 
three mount'ng brack~ts for the work platform dr1ve syst~. and two 
r.-ovable al'gnment p'ns to a'd 1n the 'nstallat10n of the Sh1elded Work 
Platfor.. These p'ns w'll be removed after the Sh1elded Work Platform 1s 
,"S ta lled. 

The serv'ce platform 1s f'eld connected to the rna'n structure. The 
pr'~ry funct'on of th~ serv'ce platform (shown on r1gure 12) 1s to prov1de 
a stag'ng area for personnel and equ1pment at the Sh1elded Work Platform 
eleyat'on. The serv1ce platform deck cons'sts of 3-1n.-th1ck carbon steel 
plates wh'ch prov'de sh1eld1ng and l/4-1n.-th1ck sta1nless steel d1amond 
plate deck'ng. Removable handra1ls are located on the north and south 
s'des of the serv'ce platfor. deck. 

A 1 'n. d'aMeter p'n and an 'nd'cator are located at the 0 degree 
reference pos't'on on the serv'ce platform. These w1ll ass'st 'n 
pos't10n'ng of the Sh'elded Work Platform 'n th~ -log- mode. A mount'ng 
area for the .anual brake prov'ded by the Sh1elded Work Platform 1s located 
at the 60 d~gree reference pos1t10n. 

The vert'cal sh'eld'ng 'S f'~ld conn~ct~d to the ma1n structure. Th~ 

vert'cal sh'eld1ng cons1sts of 2-1n.-th1ck carbon st~el plat~s on th~ n~rth 

s1de of the Sh'elded Support Structure. They extend from the refuel'ng 
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canal floor to the servlce platform deck leav1ng a 1 1n. gap between the 
plates and the canal walls. The plates are butted together at assembly and 
have a maxlmum gap of 1/4 In. between the plates. The gap helps to 
s1mplify lnstallatlon and removal of the plates, yet ma1nta1ns acceptable 
rad1ation levels. A spanner beam over the seal plate supports the 1nterior 
shielding panels. This beam elim1nates any load1ng of the seal plate by 
transferr1ng the load through the spanner beam to the refue11ng canal floor. 

The off-gas seal (F1gure 13) m1n1m1zes the a1r flow gaps among the 
IIF. the Shielded Support Structure and the Sh1elded Work Platform. 
Minimizing the gaps reduces the off-gas blower capac1ty requirements. The 
off-gas seal cons1sts of two malor components: a rotat1ng upper seal 
assembly provided by the Sh1elded Work Platform and a stat10nary lower 
seal. The lower seal's fabr1cated 1n four sect1ons. The two seals form a 
nomlna1 1-1/2 In. gap between the seal and the IIF and they provide 
penetrat10ns for all plp1ng. 

The plping is routed from inside the IIF through the off-gas seal to 
the owes, the off-gas control system. and the bubbler system. Flanged p1pe 
connections are 1ncorporated 1nto the p1p1ng des1gns to fac1l1tate Reactor 
Build1ng hand11ng. 

At two stud hole locat1ons. sta1n1ess steel a11gnment studs w1l1 be 
1nstalled 1n the reactor vessel flange to poslt1on the Sh1elded Support 
Structure. The a11gnment stud 1s 1l1ustrated 'n F1gure 14. The seal plug 
bolts at the two locatlons are removed to 1nstall the al'gnment studs. 
After the studs are 'nstalled. the ma'n structure can be lowered 'nto place. 

Vacuum System 

The F1nal Des1gn Report for the Vacuum System 15 found 'n 

Reference 9. A summary tool 11st 1s 1ncluded 1n Table 3. The Vacuum 
System 1llustrated 1n F'gure 15 1s used 1n the TMI Dry Defueling System to 

remove debr1s from the TMI-2 reactor vessel. The Vacuum System cons1sts of 
a long handled tool (that 1ncorporates the nozzle assembly). the knockout 
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can1ster and coup11ng/we1gh1ng mechan1sm, the pump module, f11ter 
can1sters, and the requ1red flex1ble and sta1nless steel p1p1ng to 301n the 
var10us components 1nto a system. The Vacuum System component modules are 
pos1t10ned beneath and supported by the Sh1elded Work Platform. Controls 
for the Vacuum System are located on top of the Sh1elded Work Platform and 
mon1tor or control the vacuum1ng operat10n(s). Valve actuators for 
chang1ng operat1ng modes of the vacuum system are also located at the 

platform elevat10n. 

The vacuum1ng operat10n cons1sts of present1ng the nozzle to the 

debr1s bed. whereby debr1s 1s vacuumed up through the nozzle assembly and 
de11vered to the knockout can1ster where debr1s larger than 130 m1crons 1s 
trapped. Debr1s smaller than 130 m1crons passes through the knockout 
can1ster and 1s de11vered to the f11ter can1ster where debr1s as small as 
0.5 m1crons 1s trapped. The effluent from the f11ter can1ster 1s 
d1scharged 1nto the reactor vessel. 

Long handled tools are used to 1nstall, actuate, ma1nta1n, or serv1ce 

the vacuum system's components and modules. These tools are the Manually 
Operated Grapple (shown 1n f1gure 16), the D1sconnect Tool (shown 1n 
F1gure 17). and the Hose Hand11ng Tool (shown 1n F1gure 18). 

TABLE 3. was 412 VACUUM SYSTEM TOOL LIST 

Tool/Component 

Nozzle Assembly Module 
Pump Assembly Module 
Knockout Can1ster Connect 

Assembly Module 
Knockout Can1ster Internals 
F11ter Can1ster Assembly Module 
Support Too11ng: 

Manually Operated Grapple 
Tool 
Hose Hand11ng Tool 
D1sconnect Tool 
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Number 

1734[56 
1735[21 
1734[56 

1735[36 
1734[56 

1735[11 

1735[06 
1135[31 
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long Handled Tools 

The Final Design Report for the long Handled Tools is found 1n 
Reference 10. A summary tool 11st 1s 1ncluded 1n Table 4. The long 
handled tools will be use~ for 11m1ted p1ck and place operat10ns and m1nor 
cutt1ng of debr1s. The operator w111 use the tools through the tool slot 
1n the Shielded Work Platform. The tools w111 be supported by an overhead 
crane that also prov1des vert1ca1 and lateral mot10n. The work1ng port1on 
(end effector) of each tool may be stored 1n a tool rack located under the 
Sh1e1ded Work Platform or 1n a rack out of the vessel. A common hand11ng 
sect10n w111 couple remotely to each end effector to form the completed 
tool. 

All end effectors w111 be attached t9 the End Effector Hand11ng Tool 
us1ng remote bolts and hydrau11c qu1ck d1sconnects. The qu1ck d1sconnects 
are commerc1a11y ava11ab1e 1n Type 304 Sta1n1ess Steel. and are mod1f1ed by 
remov1ng the self-10ck1ng r1ng port10n. The connect10n 1s made when the 
sw1ng bolts are t1ghtened to the mast flange. locat1ng p1ns are used to 
ensure that the hydrau11c connect10ns are a11gned pr10r to connect10n. 

Heavy Duty Tools 

E~d Effector Hand11ng Tool. A long handled pole or End Effector 
Hand11ng Tool 111ustrated 1n F1gure 19 1s used to pos1t10n and operate the 
var10us end effectors from the Sh1elded Work Platform. The h1gh pressure 
11nes used to actuate the end effectors run 1ns1de the pole to protect them 
from damage. The pole 1s des1gned for a 2.000 1b tens10n load and a 135 lb 
lateral load. 

The pole 1s segmented 1nto two 15 ft sect10ns and one 7 ft sectlon so 
that 1t may be used 1n e1ther a 30 or 37 ft length. The 30 ft length w1l1 
be used to work on the upper half of the core and the 37 ft length wlll be 
used on the lower half. The pole sectlons are attached to each other uslng 

remotely connected bolts and qu1ck d1sconnect hydraullc f1tt1ngs wlth the 
self-lock1ng rlng port1ons removed. locatlng p1ns are used to ensure that 
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the hydrau11c f1tt1ngs are a11gned pr10r to connect10n. The pole sect10ns 
will have holes dr111ed 1n them to reduce buoyancy problems. The total 
we1ght of the long handled pole w1th an end effector attached 1s 

approximately 270 lb. 

~ree P01nt Gr1pper. The Three P01nt Gr1pper 111ustrated 1n f1gure 20 
w11l p1ck up small objects from the debr1s p11e for transfer to a fuel 
can1ster. Max1mum object s1ze 1s 5 1n. and expected payload 1s 20 lb. 

four Point Gr1pper (Staple Puller). The four P01nt Gr1pper (staple 

puller) 111ustrated 1n f1gure 21 w111 p1ck up s1ng1e, regularly or 
1rregu1ar1y-shaped. objects from the debr1s p11e for transfer to a fuel 
can1ster. More than one slze w111 be bul1t w1th var10us w1dth jaws for 
var10us s1zed objects. The tool w111 be effective for hand11ng 1/4-to 

3-1/2-1n.-d1ameter objects. 

Grapple. A Grapple 111ustrated 1n f1gure 22 w111 be used to 11ft 
lrregular p1eces. espec1al1y end f1ttlngs and sp1ders. 

S1ng1e Rod Shears (Horlzonta1 and Vert1cal). The S1ng1e Rod Shears 

111ustrated 1n f1gure 23 w111 be a sc1ssor-type tool made from AISI Sl tool 
steel capable of cutt1ng one to two fuel rods at one t1me. The stat10nary 
blade can be wedged between the fuel rods 1n an assembly. The mov1ng blade 
1s hooked to keep 1t from s11pp1ng away from the assembly. It 1s powered 
by a double-act1ng cy11nder and can produce a 5,000 1b shear force at 
1500 ps1 hydrau11c pressure. 8y remov1ng two p1ns, the blades can be 
eas11y removed and replaced. left and r1ght handed shear blades w'll be 
ava11ab1e. The shears 1ncorporate des1gn parameters based on results from 
the shear proof of pr1nc1ple tests. 

Part1ng Wedge. The hydrau11c Part1ng Wedge 111ustrated 1n f1gure 24 
1s used to separate and fracture mater1a1. At 2000 ps1 hydrau11c pressure, 

1t can apply a force of 500 1b at the end of 1ts arms. Th1s capac1ty w111 
be verlf1ed by test1ng. It cons1sts of a s1ngle-act1ng hydrau11c cy11nder 
and two 8-1n.-10ng spread1ng arms. The arms can spread open to 1-1/4 1n. 
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Figure 23. Single rod shears. 

38 



1168n.1 

\ . 
I 

I \: 
" \ 
\. 

.. ~ 

figure 24. Parting wedge. 

39 

• 



• 

When closed. the wedge can f1t 1ns1de a 1-1/4 1n. x 2 1n. hole. Th1s 1s a 
commerc1ally ava11able 1tem wh1ch 1s mod1f1ed to 1ncrease spread1ng force 

by reduc1ng the arm length from 14-5/8 to 11-5/8 1n. 

L\ghtwe\ght Tools 

The lightweight tools w\11 be mounted on alum1num condu1t coupled 
together \n sections. These tools can be manually operated w1th or without 
us1ng the crane. They have been found to be very useful 1n unstructured 

underwater operat10ns. 

Vise Gr1ps. Several conf1gurat10ns and types of remotely operated 
V1se Gr1ps illustrated 1n f1gure 25 w111 be used for var10us operat10ns. 
All use a doub1e-act1ng cy11nder. Vert1cally and hor1zontally or1ented 
vise grips w1th standard. needle nose. and tube gr1pper ends are among the 
opt10ns being cons1dered. 

Bolt Cutters. The Bolt Cutters 111ustrated 1n f1gure 26 w111 be used 

for var10us 11ght duty cutt1ng operat10ns. Interchangeable cutt1ng heads 
are ava11able. These tools w111 be capable of cutt1ng hor1zontal1y and 
vert1cal1y. The cutt1ng force \s expected to be 1n the 1500 to 1800 1b 
range. 

Hook Tools. Var10us s1ze Hook Tools 111ustrated 1n f1gure 27 w111 be 

used to 11ft and move debr1s. hoses. and cables. Capac1ty 1s 50 lb. 

Socket Wrench. The Socket Wrench 111ustrated 1n f1gure 28 1s a long 
handled tool used to connect and d1sconnect end effectors and End Effector 
Hand11ng Tool pole sect1ons. 

Long Handled Tool Support Equ1pment 

The support equ1pment for Long Handled Tools has not been 1ncluded 1n 
any pre1\m1nary or f1na1 des1gn packages. Th1s equ1pment has been 
discussed \nforma1ly with GPU Nuclear personnel and are \nc1uded \n the 
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Figure 25. Vise grips. 
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Figure 26. Bolt cutters. 
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figure i7. Hook tools. 

43 

• 



766673-98 

I I 
L J 

I I 
L J 

I I 
L J 

Figure 28. Socket wrench. 

44 



Task Descr1pt\on Docu.ent6• The exact tool "st w111 be determ1ned after 
resolut'on of the Task Descr\pt10n dOCUMent. 

D1sposable Debr1s Buckets. Two types of d1sposable debr1s buckets 

(f~gure 29) w1l1 be proY1ded: The Top load1ng Debr's Bucket and S1de 
load1ng Debr1s Bucket. The purpose of the debr1s buckets are to conf1gure 
the debr1s before 1t 1s 1nserted 'nto the fuel can1ster. to max1m1ze the 
packtng dens1ty 1n a can1ster, and to e11m'nate Many 10-ft vert'cal tr'ps 
to load s.all p1eces of debr1s. Both types are constructed of 300 ser1es 
sta1nless steel sheet metal and are des1gned to f1t 1nto the fuel 

can'sters. The top 10ad1ng d1sposable debr's bucket 1s loaded 'n the 
vert'cal pos1t10n and has a h1nged l1d on top wh1ch latches closed to 
prevent acctdental sp111age. l1ft1ng lugs are mounted on the s1des for 
stack1ng 1ns'de the fuel can1ster. 

The d1sposable S1de load1ng Debr's Bucket 1s loaded 1n the hor1zontal 

pos1t10n and has a h1nged l1d on the s1de wh1ch latches closed to prevent 
acc1dental sp1l1age. A ,'ft1ng ba1l 1s mounted on the bucket and may be 
recessed 1n the top for stack1ng 'ns1de the fuel can1ster. 

Reusable Debr1s Bucket. The Reusable Debr1s Bucket 1l1ustrated 1n 
r'gure 30 1s a sheet Metal conta'ner des1gned to transport debr1s and 
depos,t 1t tnto the fuel can'ster. It has a remotely operated trap door on 
the bottOM for unload1ng ,nto the fuel can'ster. The reusable debr1s 

bucket ~111 f,t 1nto the fuel can1sters. 

Debr1s Bucket funnel. The Debr's Bucket funnel 1llustrated 1n 
r'gure 30 1s a 300 Ser1es Sta1nless Steel sheet metal funnel wh1ch f1ts 
'nto the debr's buckets. Its funct'on 1s to atd 1n d'rect1ng the debr1s 

'nto the debr1s buckets. 

lnd rttt'ng W're Storage Basket. The End f,tt'ng W1re Storage Backet 

tllustrated 'n f'gure 30 'S used to hold end f,tt1ngs wh1ch may not f1t 
'nto the fuel can'ster. The capac1ty 1s 42 end f1tt1ngs wh1ch corresponds 
to a we1ght capac1ty of 1000 lb. It may be mounted on the baffle plates or 

be set on the debr1s bed. 
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Debr1s Bucket Hand11ng Tool. The Debr1s Bucket Hand11ng Tool 
111ustrated 1n f1gure 31 1s used to move the top and s1de 10ad1ng 

d1sposab1e debr1s buckets by hook1ng onto the 11ft1ng lugs. 

Debr1s Bucket Stands. The Debr1s Bucket Stands 111ustrated 1n 
f1gure 32 are used to hold the debr1s buckets wh11e they are be1ng f111ed. 
They w111 be equ1pped w1th remotely adjustable 1eve11ng feet so that they 
may be placed near the work area. Stands w111 be prov1ded for top 10ad1ng 
and s1de 10ad1ng debr1s buckets. The s1de 10ad1ng debr1s bucket stand w111 
have a h1nged s1de wh1ch may be latched open and closed. Th1s w111 allow 
the debr1s bucket to be held f1rm1y wh11e 1t 1s be1ng loaded and w111 allow 
the bucket to be eas11y removed when full. 

TABLE 4. WBS 514 LONG HANDLED TOOLS LIST 

Tool/Component 

End Effector Hand11ng Tool 
Three P01nt Gr1pper 
four P01nt Gr1pper 
Grapple 
S1ng1e Rod Shears 

Part1ng Wedge 
Vise Gr1ps 
Bolt Cutters 
Hook Tools 
Socket Wrench 
D1sposab1e Debr1s Buckets 
Reusable Debr1s Bucket 
Debr1s Bucket funnel 
End f1tt1ng W1re Storage Basket 
Debr1s Bucket Hand11ng Tool 
Debr1s Bucket Stands 

Control System 

Draw1ng 
Number 

1713[26 
1773[45 
1713[49 
1713[09 
1715[59 & 
1714£53 
1773[28 
1713[36 
1770[41 
1713[39 
1713[39 

The f1na1 Des1gn Report for the Control System 1s found 1n 
Reference 11. A summary tool 11st 1s 1nc1uded 1n Table 5. The Control 
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Figure 32. Debris bucket stand. 
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S,st~ cons\sts of the electr\cal, hydraul'c, and a\r d1str1but'on systeMs 
for the defuel'ng equ1PMent. The Control System 1s made up of the 
follow1ng: 

• [lectr'cal Power and Control (qu1pnent 
• Hydraul'c Power and Control [qu'pment 
• A'r Supply and Control Equ1pment 
• V1ew'ng Syst~ 
• Cable Mdnagement Syst~ 

The control systeM supports all defuel'ng phases. 

TABL[ 5. was 561, 5b4 CONTROL SYST(" TOOL lIST 

Too l/Ca.ponen t 

Control Syst~ 
Control Console 
Cable Management 

Draw'ng 
Number 

1138(48 
1138(41 
1139(85 

The P&ID General Arrang~nt draw1ng for the control system's shown 
1n f1gur~ 33. The f'gure dep1cts the flow of electr1cal. hydraul1c. and 
pne~t1c power from the GPU Nuclear s,te-supp11ed serv'ces. The f1gure 
shows schemat1cally all the cable rout'ng to the var'ous tools or 
'nslr~nlal10n. The requ1red s,te suppl'ed serv1ces are: 

[leelr1eal : Qty. (2) 480V. 3 , bOA 1n the Reactor Bu',d1ng 
Qty. (1) 480V, 3 , 10DA 1n the Reactor Bu11d1ng 
Qty. (1) 480V. 3 , 30A outs1de the Reactor 8u11d1ng 

A'r: 100 SCf" at 90 ps1 1n the Reactor 8u11d'ng 

Eleetr'cal Power and Control Equ1pment 

Th~ [leetr'c Power D'str1but1on Center cons1sts of a N£MA Type 12 
enclosure and a 30 KYA power transformer. All of the requ1red voltages are 
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der'ved frOM three 480V. 3 Phase feeder l\nes suppl\ed from the GPU Nuclear 
systeM. A s1ngle l1ne power d1str1but10n network 1s 111ustrated 1n 
F'gure 34. Each enclosure 1n the power d1str1but10n center w111 be 
grounded by means of a ground1ng network. 

The 30 KVA Transfor.er shown 1n f1gure 35 steps down 480V. 3 Phase. 
60 HZ to 208V. 3 Phase. and 120V. S1ngle Phase. The 120V. S1ngle Phase 
loads are supp11ed w1th ground fault c'rcu,t breakers. 

The Ma1n Control Console shown 1n f1gure 36 w111 conta1n the 
.un1tor1ng and control systeMS for the Vacuu~ System and the Sh'elded Work 
Platfor.. A general 'nternal panel arrangement for th1s console 1s shown 
1n r1gure 36. Electr'cal power (120 VAC) w'll be connected to term'nal 
blocks 1n the cab1net and d1str1buted to 'nd1v1dual components 1f requ'red. 

The Vacuum SysteM control hardware 1l1ustrated '" F1gure 37 cons1sts 
of the process mon1tors, can1ster we1gh'ng mon1tors, and the a1r pressure 
regulator. They are 1n a junct10n box near the Vacuum System and w1red to 
the Ma1n Control Console. An electr1cally actuated a1r regulat10n valve 
w'll be 1nstalled 1n the Vacuum System a1r supply 11ne. four pressure 
trans.,tters MOn1tor the pressure drop across the knockout can1ster and the 

two f'lter can1sters, and the backflush pressure. A h'gh pressure (over 
40 PSIS) cond1t'on 1n e1ther of the f11ter can1sters w1l1 cause an alarm. 
The alarm w111 be v1sual and. 1f necessary, may also be aud10. A flow 
.eter MOunted on the suct10n s1de of the Vacuum System w111 cause an alarm 
for low flow dur1ng vacuum1ng operat10ns. The low flow 1nd1cates a clog 1n 
the syst~ or a large pressure drop across the f11ters. The can1ster 
we'gh1ng system cons1sts of tens10n load cells mounted 1n a hang1ng 
ass.-bly wh1ch supports the can1sters. Alarms w111 be programmed for a 
h1gh set p01nt to 1nd1cate a fully loaded can1ster. The load cell d1splays 
w1l1 be segregated frOM the process d1splays on the panel for easy 

re(ogn1t10n. 

The Sh1elded Work Platform dr1ve 1s a closed loop dc servomotor w1th a 
tachometer. It w111 be controlled 1n a servomotor loop us'ng the 
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tachometer to close the loop. The speed control 1s a small dc power supply 
attenuated through a panel-mounted potent10meter. A key sw1tch on the 
front panel (F1gure 36) w111 enable the amp11f1er. When the Sh1elded Work 
Platform moves. warn1ng 11ghts w111 flash. 

Hydrau11c Power and Control Egu1pment 

The hydrau11c system cons1sts of a pump. reserv01r. and necessary h1gh 
temperature and low-level 1nstrumentat10n. The system does not requ1re 
coo11ng water. The hydrau11c power supply w11l be dr1ven by an 1nduct10n 
motor. The hydrau11c power system w11l prov1de the hydrau11c power for the 
End Effectors and long Handled Tools. The hydrau11e power supply was s1zed 
to prov1de enough capac1ty for two heavy duty End Effectors at the same 
t1me. The two End Effectors requ1re up to 16 gpm at 2000 ps1 hydrau11e 
flu1d supply. These End Effectors are manually controlled from the local 
serv1ce panel. The End Effector hydrau11c hoses w111 be carrled onto the 

Sh1elded Work Platform by the power track descr1bed under cable management. 

Air Supply and Control Equ1pment 

The alr supply 1s for the Vacuum System pump. The requ1rements are 
90 ps1 at 100 SCFM. The a1r supp11ed through a 1-1n. 10 hose 1s earr1ed 
onto the Sh1elded Work Platform by the power track descr1bed under cable 
management. 

The V1ew1ng System w111 use the Plenum Assembly Removal (PAR) 
1nspect1on equ1pment. w1th the addlt10n of two Hoffman boxes (F1gure 38) 
conta1n1ng the Var1acs for the pool 11ghts. The PAR equ1pment w111 be 

located on the 331-ft. 6-1n. elevat10n. Th1s system 1neludes two cab1nets 
that contaln the camera control un1ts and local v1deo mon1tors. Th1s 

system ls tled 1nto the TMI-2 coord1nat10n center. The ent1re system w111 
eons1st of f1ve camera control un1ts. s1x 9-1n. mon1tors and an aud10 base 
repeater stat10n for commun1cat10n w1th the coord1nat1on center. The 
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camera control un1ts 1nclude three Rees R-93 and two D1amond ST-5 un1ts. 
These un1ts prov1de focus and 1r1s control for the cameras. The output 
signals to the command center w111 come directly from the video monitors. 
Provided on the Shielded Work Platform will be 6-1n. mon1tors that can be 
attached to the tool slot safety rail. These mon1tors will be portable and 

are meant to be used 1n conjunction w1th the long handled tools. The 
coaxial cables for these mon1tors will be handled by the cable management 

system. 

The cable management track w111 prov1de three Rees camera cables. The 
cables will be hard piped to local service panel near the midpoint of the 
tool slot. Th1s termination will consist of the standard cable connectors 
for the three cameras. The long handled tool operator can plug his camera 
into a control unit without having to drape the cable over the side of the 

Shielded Work Platform. 

Cable Management 

The object1ve of the cable management system 1s to m1n1m1ze the number 
of cable and hose assemb11es routed onto the Shielded Work Platform. 
Reducing clutter on the work platform should enhance defuel1ng operat10ns. 
The cable management system routes all of the stat10nary and mov1ng cables 
and hoses. These cables and hoses 1nelude electrical, hydraulic, and 
pneumatic as shown in the general arrangement in figure 33. 

The cables are routed through a power track from the canal floor onto 
the rotating Shielded Work Platform. The power traek is supported, as 
shown 1n figure 39 in a large take up frame. The takeup drum travels 15 ft 
allowing the power track to unreel 180 degrees each way on the Sh1elded 
Work Platform. 

V1ew1ng System 

The final Design Report for the Viewing System 1s found in 
Reference 12. A summary tool list is included in Table 6. The Viewing 
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System wl11 be used to support all defue11ng act1v1tles. The operat10ns to 
be vlewed dur1ng th1s phase 1nc1ude vacuum1ng. p1ck and place. and canlster 
removal and lnsta11at10n 1n the reactor core. The V1ew1ng System can be 
d1v1ded 1nto subsystems wh1ch correspond to the operat10ns to be v1ewed or 
the type of v,deo equ1pment be1ng used. These subsystems are as follows: 

• PAR V1deo Equ1pment 
• PAR System Camera Hand11ng Tools 
• General Reactor Vessel L1ght1ng System 
• Vacuum Nozzle V1ew1ng Equ1pment 
• Instrumentat10n and Controls. 

The equ1pment needed for the TMI-2 V1ewlng System 1nc1udes: 

• Rad1atlon Reslstant. Waterproof Cameras 
• Camera Control Un1ts and Cab1lng 
• Waterproof Llghts 
• Llght Control Un1ts and Cab1lng 
• Camera Pos1t1on1ng Tools 
• V1deo Monltors and Recorders. 

TABLE 6. WBS 612 VIEWING SYSTEM TOOL LIST 

Tool/Component 

Fuel Can1ster Monltorlng 
Camera Poslt10n1ng Tool 

Portable Camera Pos1t1on1ng 
Tool 

Malnt. Camer~ Pos1t10n1ng 
Tool 

Vacuum Nozzle Camera 
PosHlonlng Tool 

Reactor Vessel Core L1ght1ng 
Poslt1onlng Tools 
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~st'nghouse w'll use the PAR (Plenum Assembly Re~val) V'deo 
Inspect'on Syst~ to the fullest extent poss'ble 'n the V'ew'ng SysteM. 
The PAR Syst .. \5 suppl\ed by 6PU Nuclear and's currently be'ng used at 
the T"I-2 s\te. 

The PAR Sy5t~ has two bas'c subsyst~s: 

• Y'deo [qu\pnent 
• Ca.,ra Handl'ng Tools. 

The v\deo equ'pient 'ncludes caMeras. 11ghts. controls. cables. and 
.on' tors. The ca.era handl'ng tools pos,t\on the cameras so that the 
operators can r~tely v'ew the reactor vessel core. The Y\ew\ng System 
v'll use the v'deo equl~nt and the caMera handllng tools. In add1t10n to 
the PAR Syste.. a general reactor l'ght1ng syst~ and clamps for vacuum 
nozzle v'.w'ng have been added to ca.plete the equlPMtnt necessary to vlew 
defue11ng operat\ons. 

PAR Y\deo Equ1pment 

The PAR Y'deo equl~nt can be d1v1ded 1nto the Reactor Bu11d1ng 
equ\plent and the coord\nat\on center equ\pment. The Reactor Bu11d\ng 
equ\plent pr\ .. rl1y acqu'res the 'nformat'on and prov1des 1mmed1ate 
.on1tor\ng and control of the v1deo equ'pment by the operator man1pulat1ng 
the tools. The coord'nat\on center prov1des control for mon,tor1ng and 
record1ng operat10ns fra. outs\de the Reactor Bu'ld'ng. 

PAR Srst .. C.-era Handl1ng Tools 

The PAR Camera Handl1ng Tool asseMbly cons1sts of a camera handl'ng 
tool end, w1nch ass~ly, camera cable. Rees R93 camera, and a tool handle 
(refer to r1gure 40). W,th th1s setup. the operator can remotely pos,t'on 
the ca~ra 1n predef'ned 10cat10ns. These camera handl'ng tools w'11 be 
used for general surve\llance. ma1ntenance. and can1ster v1ew1ng. 
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6eneril Reictor Vessel L1ght1ng SYstem 

The purpose of the general reactor vessel 11ght1ng systeM 11 to 
prov1de general background l1ght1ng under the work platform dur'ng 
defue11ng operat10ns. All of the cOMponents of th1s system are des1gned to 
operate 1n the borated water of the reactor vessel. F1gure 41 111ustrates 
the generil reactor vessel l1ght1ng system des1gn. 

The system 1s co.pr1sed of four l1ght1ng poles or pos1t10ners. Three 
1000 watt penc11 l1ghts are mounted on each pole. The poles are mounted 
approx1 .. tely gO degrees apart on the off-gas seal. The 11ght pos1t10ners 
cons1st of two 1.00-1n. schedule 10 sta1nless steel p1pe sect10ns. The 
sect10ns are bolted together at two mat,ng b11nd flanges. Both ends of the 
poles are sealed. The bottOM end of each pos,t10ner has a sta1n1ess steel 
sphere. The purpose of the sphere 1s twofold: (a) to offset the pos1t10ner 
froa the per1phery of the reactor vessel wh'ch. 1n turn. w1ll protect the 
l'ghts froa h1tt1ng the s1de dur1ng 1nsta11at10n and defue11ng operat'ons 
and (b) to ease 1nstal1at10n by prov1d1ng a rounded edge for the pole to 
r1de on as 1t 1s be1ng lowered aga1nst the vessel wall. 

Vacuu. 10111e V1ew'ng [qu1paent 

The purpose of the Vacuum Nozzle Vlew1ng Tool 1s to pos1t10n a 
Rees R93 and a Hydro-Products SO-SOO 11ght near the vacuum nozzle so that a 
closeup v1ew of the vacuUM nozzle can be obta1ned dur1ng vacuum1ng. The 
ca~ra and 11ght are secured to the vacuum nozzle pos1tloner us1ng 
sta1nless steel claMPs. A sta1nless steel guard for the camera 1s also 
prov1ded to protect the caMera and lens wh11e stll1 malnta1n1ng a compa<t 

asse.bly (refer to f1gure 42). 

InstruMentat'on and Controls 

The V1ew1ng System w111 use the PAR equ1pment wlth the add1t10n of two 
. Hoffman boxes conta'n1ng the var'acs for the general reactor vessel 
"ghts. The PAR equ1PMent 1s located on the 33l-ft. 6-1n. elevat10n. 1n a 

• 
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Figure 41. General reactor vessel lighting positioner. 
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cabinet with the d1mens10ns 22 1n. X 22 1n. X 47 1n. Th1s cab1net contains 
the camera control units and local v1deo mon1tors. This system 1s t1ed 
1nto the command center. Power for the cab1nets w111 be prov1ded by the 
power d1str1but10n system. The ent1re system w1ll cons1st of f1ve camera 
control units, six 9-1n. mon1tors, and an aud10 base repeater stat10n for 
communication with the command center. The camera control units 1nc1ude 
three Rees R93 and two Diamond ST-5 un1ts. These units prov1de all focus 
and 1r1s control for the cameras. The output s1gna1s to the command center 
w111 come d1rect1y from the v1deo monitors. Also prov1ded on the work 
platform w111 be three 6-1n. monitors that may be attached to the tool slot 
safety rail. These mon1tors w1ll be portable and are meant to be used in 
conjunct10n w1th the long handled tools. 

Can1ster Pos1t10n1ng System 

The f1na1 Des1gn Report for the Canister Pos1t1on1ng System is found 
in Reference 13. A summary tool l1st 1s 1ncluded in Table 7. The Can1ster 
Positioning System 111ustrated 1n f1gures 43 and 44 has five canister 
holding pos1t1ons, a means for 10wer1ng all canister positions, a 
rotat1onal drive unit, a CPS rotational position measur1ng dev1ce. a 
removable center access 10cat10n, an integral shielded support structure, 
and various hand tools to fac111tate operat10n. The CPS 1s mounted to the 
Sh1e1ded Work Platform. The 1nstrumentat10n for the CPS 1s located on the 
Vacuum System control console. 
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TABLE 1. WBS 142 CANISTER POSITIONING SYSTEM TOOL LIST 

Too l/COIIponen t 

Can1ster Pos1t'on'ng System 
Can'ster Support Sleeve 
... \n Struc ture 
Sleeve Lock\ng Dev1ce 
Intermed'ate Sp1ndle 
Drhe Assetlbly 
Anc \ nary Tools: 

Sleeve Hand11ng Tool 
fuel Can'ster Seal Cover 
Knockout Can'ster 
Index1ng Sleeve 
Cover/lndex'ng Sleeve 
Handl\ng Tool 

Draw1ng 
NWllber 

1135EBl 
1135E 71 
1135(10 
1135E83 
1801(02 
1801(03 

1135(18 
1135E86 
1135[81 

1135[88 

The Can\ster Pos1t10n1ng System supports fuel and knockout can\sters 
at the 324-ft, 11-\n.; 320-ft, 6-1n; and 311-ft. 6-1n. elevat10ns. 
Can1ster Elevat10n 1 prov1des approx1mately 6 1n. of clearance between the 
botto. of the CPS and the top of the core. Can1ster Elevat10n 2 allows 
fuel debr1s up to 2 ft 1n length to be placed \n a fuel can1ster wh\le 

,,'nta'n'ng 4 ft of water above the debr1s. Can1ster Elevat10n 3 perm1ts 

load1ng fuel debr1s up to 5 ft 1n length. 

Can1ster Support Sleeve 

The 1nd1v1dual can1sters are held 1n support sleeves shown 1n 
r1gure 45 equally spaced on a l-ft, 11-1n. rad1us. When the can1ster 1s 
loaded 1nto the sleeve, the tang on the can\ster or\ent\ng dev1ce 1s swung 
'nto the can'ster 10cat1ng groove us\ng the Manually Operated Grapple 
tool. The tang prevents the can1ster from rotat1ng w1th1n the sleeve. 

To change can'ster elevat10n, the Sleeve Handl1ng Tool 111ustrated 1n 
r1gure 46 w1l1 capture the two 1\ft1ng p1ns on the can1ster sleeves and 

11,t the sleeve. Th's l"t'ng po'nt 'S off center so that the bottom of 
the sleeve w\ll t11t and contact the curved surface on the bottom of the 
Can1ster Pos,t10n1ng Syst~. The sleeve 1s ra1sed unt\l the support lugs 
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clear the1r rests. It 1s then lowered 1nto the next rest1ng pos1t10n and 
the sleeve hand11ng tool 1s detached from the sleeve. The sleeve can now 

be locked 1n place. 

Fuel Can1ster Seal Cover 

The Fuel Can1ster Seal Cover 1llustrated 1n f1gure 47 1s requ1red to 
protect the sea11ng surface on the fuel can1sters. The cover des1gn 
1ncludes two vented 10cat1ng holes. two l1ft1ng p1ns. two or1entat10n 
slots. and a con1cal top open1ng. When not 1n use. 1t w1ll be stored on a 
rack attached to the CPS ma1n structure. The cover 1s placed on top of 
fuel can1sters us1ng the sleeve hand11ng tool 1n the same way the tool 1s 

used to change sleeve elevat10ns. 

Ha1n Structure 

The Ha1n Structure shown 1n f1gure 48 1s a 20-1n.-d1ameter cy11ndr1cal 
sp1ndle w1th a ser1es of sleeve supports. sleeve gu1de plates. and pos1t10r 
10cat1ng dev1ces attached to 1t. The structure 1s modular to fac1l1tate 
entry to the Reactor Bu1ld1ng. 

Bear1ng Assembly 

The ent1re Can1ster Pos1t10n1ng System assembly r1des on the two 
bear1ngs 1llustrated 1n f1gure 49. The upper bear1ng takes all thrust 
loads. The bear1ng 1s mounted 1nto a plate wh1ch rests on the Sh1elded 
Work Platform I-beams. A second bear1ng below the Sh1elded Work Platform 
res1sts the moment 1ncurred when the CPS 1s loaded unevenly. It also 
restr1cts sp1ndle deflect10n caused by uneven 10ad1ng. The bear1ng mount 
1s supported by three vert1cal r1bs wh1ch extend from the Sh1elded Work 
Platform. The bear1ng 1s located above water level and sealed to protect 
1t from the defue11ng water. 
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Ma1ntenance System 

The Ma1ntenance System 1s used to perform ma1ntenance operat10ns on 
contam1nated tools or equ1pment wh1ch have been used 1n the reactor vessel 
for defuel1ng operat10ns. The system cons1sts of a sh1elded work stat10n 
or glove box, casks for storage or transfer of contam1nated components. and 
spec1al tools requ1red to d1sassemble, repa1r. and reassemble the 
equipment. Interface connect10ns for s1te serv1ces are prov1ded wh1ch 
1nclude a1r, water, and power. 

During defue11ng operat10ns. all of the tools that enter 1nto the 
reactor vessel will potent1ally become contam1nated. As they are w1thdrawn 
indiv1dually from the vessel they w1l1 be washed w1th a water spray system 
under the Shielded Work Platform to remove as much loose contam1nat10n as 
poss1ble. They w111 be w1thdrawn into a plastiC cover or shielded 
container for transfer to the ma1ntenance work station storage for u1t1mate 
d1spos1t10n. 

Ma1ntenance operat10ns on the defue11ng tools w111 be performed w1th1n 
the work stat10n. The work stat10n 1s env1s10ned as a sh1elded glove box 
conta1n1ng a set of standard and spec1al tools requ1red to serv1ce the 
defue11ng tools. 

Test Assemb11es 

The F1nal Des1gn Report for the Test Assemb11es that support the 
Vacuum System, V1ew1ng System. and Can1ster Pos1t10n1ng System 1s found 1n 
Reference 14. A summary tool 11st 1s 1ncluded 1n Table 8. The 
Qua11f1cat10n Test Support Structure 1s a bolted carbon steel structure 
Defue11ng Test Asembly (DTA) des1gned to s1mulate part of the Sh1e1ded Work 
Platform and the reactor vessel. Malor areas 1nc1uded are all the access 
open1ngs between the Sh1elded Work Platform beams and the 85-1n. reactor 
clear rad1us. Other test assemb11es w111 be 1dent1f1ed and des1gned at a 
later date. 
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TABLE 8. WBS 181, 182, 184 TEST ASSEMBLY TOOL LIST 

Too lICOIII)onen t 

Qual. Test Support Structure 

End Effec tor s 

Draw1ng 
Number 

1134£91 

The Pre11.'nary Des'gn Report for the End Effectors 1s found 1n 
Reference 15. A SUMMary tool 11st 1s 1ncluded 1n Table 9. To m1n1m1ze the 
s'ze of tools requ1red and the space for storage on the tool racks, several 
end effectors w111 be supp11ed. These end effectors w',1 acconpl'sh 
gr'pp1ng, cutt'ng, 11ft'ng, pos1t10n1ng, MOv1ng, etc. of debr's as requ1red 
for defue11ng. The end effectors w111 be des1gned for use w1th long 
handled tools, ROSA, and the .anua1 tool post. A common des1gn coupler 
w111 be used for attachient of an end effector to each tool. 

TABLE 9. was 524 END EFFECTORS TOOL LIST 

Tool/COIIponent 

IlIPac t CM se 1 
Hydrau11c Abras1ve Saw 
Cutt1ng Jet 
Top Access Fuel Assembly 

Gu1de Tube Flar1ng Tool 
S1de Access Fuel Assembly 

IlIPac t Dr 1 11 

Oraw1ng 
NWllber 

1168£84 
1168£82 
2032319 
1163[81 
L Ht1ng Tool 
1163£81 
1163[19 
L Ht1ng Tool 
1168[85 

The I~act Or111 w111 be used to fracture or bore holes 1nto fused 
core .ater1a1. It uses a COMnerc1a1'y ava11able hammer dr111 wh1ch 
prov1des up to 2000 '~acts per _'nute and a dr',1 rotat'on rate up to 
3.5 r~. It requ'res the same hydrau11c power supply as the Impact Ch1sel. 
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Abras1ve Saw 

The Abras1ve Saw w111 be used to cut fused mater1a1 or other debr1s. 
It requ1res the same hydrau11c power supply as the Impact Ch1sel. It can 
make a 2-1n.-deep cut w1th an 8-1n.-d1ameter cutt1ng wheel or a 3-1n.-deep 
cut w1th a 10-1n.-d1ameter cutt1ng wheel. 

Cutt1ng Jet (Hydro1aser) 

The h1gh pressure Cutt1ng Jet can be used to cut var10us k1nds of 
debr1s. It develops 1ts cutt1ng act10n by entra1n1ng abras1ve gr1t 1n a 
35.000 ps1 water stream to abrade the p1ece be1ng cut. The system 1ncludes 
a hopper for the abras1ve. a h1gh pressure pump, and a m1x1ng block. The 
m1x1ng block conta1ns the water or1f\ce and a replaceable tungsten carb1de 

nozzle. 

Impact Ch1se1 

A hydrau11c Impact Ch1se1 w111 be used to break up the fused debr1s 
1nto eas11y handled p1eces. The Impact Ch1se1 uses a commerc1a11y 
ava11ab1e hydrau11c hammer to de11ver the ch1se1 at about 2,000 1mpacts per 
m1nute. It operates on Un10n Carb1de UCON WS-34 hydrau11c f1u1d supp11ed 
by the Control System hydrau11c power system. It may be mounted vert1ca11y 
for long handled tool use or hor1zonta11y on the Manual Tool Pos1t10ner. 
Proof-of-pr1nc1p1e test1ng has proven the long handled tool app11cat10n 1s 
poss1b1e. further test1ng w111 be performed to evaluate the hor1zonta1 
app11cat10n. 

Top Access fuel Assembly l1ft1ng Tool 

When s1de access 1s unava11ab1e. the Top Access fuel Assembly l1ft1ng 
Tool w111 be used to gr1p fuel assemb11es by the gu1de tubes at the top. 
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Wh~n s'de access's ava11able. the S'de Access fuel Ass~Mbly L'ft'ng 
Tool w111 be used to gr1p and 11ft part'al asse.bl'es up to 5 ft long. 

Man'pulator--Re.otely Operated Serv'ce ArM (ROSA) 

The Prel'.'nary Oes'gn Report for the Man'pulator 'S found 'n 
Reference 16. A su~ry tool l'st 1s 1ncluded 'n Table 10. ROSA 1s a 
Wfst'nghouse des'gned tool pos,t'on'ng syst~ cons1st'ng of a robot,c arM. 
a servo controller and a superv'sory ca.puter. The arm. 'n the Reactor 
Bu11d'ng. 1s powered through a 600-ft long umb111cal cable fra. the servo 
controller and superv1sory cOMPuter. wh1ch are located 'n the coord1nat10n 
center. Aud10 and v1deo syst~ and too11ng used w'th the arm are also run 
fr~ the coord1nat10n center. 

TABLE 10. WBS 534 MANIPULATOR TOOL LIST 

Tool/COIIIponent 

ROSA Ar. 
ROSA Grapple 
ROSA Scoop 

Draw1ng 
Nulllber 

1763E14 
1110E 11 
1110E 11 

The ROSA serv1ce arm 1s an anthropomorph1c. or human11ke, man1pu1ator 

ar.. Current arms cons1st of s1x actuators assembled to g1ve a two 
d~gr~e-of-freedom shoulder. an elbow, and a three ax1s wr1st. Th1s allows 
the ar. to both pos1t10n and or'ent a tool 1n space. These arms are 
ass~led 1n a MOdular fash10n by assemb11ng the se1f-conta1ned actuators 
together w1th l'nk'ng p1eces. 8y us'ng th1s typ~ of construct10n. arms can 
be r~ad1ly ta1lored to part1cu1ar appl1cat10ns. 

Each al1 -electr1c actuator module 1s a self -enclosed water t'ght 
.ss~ly cons1st1ng of a motor. geartra1n. resolver. and electro-mechan1ca1 

brake. The or1g1nal un,t, the 6000 model, has a peak torque output of 
500 ft lb and we1ghs less than 21 lb. Us1ng the same mechan'cal 
conf1gurat10n, a 3000 model w1th 210 ft 1b torque was later des1gned. 
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The servo controller un1t powers and controls the pos1t10n1ng of the 
arm. Th1s West1nghouse des1gned un1t has a m1croprocessor based software 
servo loop. as well as spec1al brake control 10g1c cards. It can power the 
arm up to 600 ft away through the fully sh1elded arm umb1l1cal cables. 

, 
The superv1sory computer and 1ts console are the ma1n operator 

lnterfaces for the arm. Because the ROSA arm must be adaptable to unknown 
env1ronments. a large number of control modes for the arm ex1sts: 

• Carteslan Mot10n Joyst1ck--Through a three ax1s joyst1ck. the arm 
1s controlled "real-t1me" by the operator w1th the superv1sory 
computer coord1nat1ng the arm mot1on. 

• Teach and Repeat--Mot10ns can be taught and played back. e1ther 

forward or backwards. 

• Off-l1ne Programm1ng--Programs can be generated mathemat1cally or 
us1ng mockups and put 1nto the superv1sory computer v1a floppy 
d1scs. 

• S1ngle Ax1s Jog--Ind1v1dual axes can be jogged forwards or 
backwards w1th var1able speeds. 

• Pendant--Control can be transferred to a jog control pendant 
1ns1de conta1nment. 

The app11cat1on of ROSA w1ll add flex1b1l1ty to the defue11ng process 
for unstructured tasks. The ROSA control system and arm capab111t1es 
enable prec1se maneuverab1l1ty and pos1t10n1ng of tools and 1nspect10n 
dev1ces wh1ch 1n turn s'mp11f1es the des1gn of these dev1ces. 

Tool Pos1t10n1ng System 

The Pre11m1nary Des1gn Report for the Tool Pos1t10n1ng System 1s found 
1n Reference 17 . A summary tool l1st 1s 1nc1uded 1n Table 11. At some 
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p01nt (Phase III) In defuellng operat'ons. react'on loads and pos,t'on'ng 
requ'r~nts w111 exceed the cipab111t'es of long handled tools. A Manual 
Tool Pos't'oner supported it the Sh'elded Work PlatforM w111 meet these 
requ'r~nts. Th's pos,t'oner cons'sts of a carr'age wh'ch r'des on the 
long handled tool slot ra'l syst ... a c'reular post. and a hor'zonta1 arM. 
The carr'age \s Manually pushed along the tool slot. A rack and p'n'on 
dr1ve '5 under cons\derat10n to prov'de th1s MOt'on. The post 1s 
constructed of sta1nless steel p1pe and w11l be assembled 1n sect10ns. It 
w'll not telescope, but seet10ns can be added or removed as requ1red for 
core access. The post w'll rotate w,th'n the carr1age. The hor'zonta1 arm 
w'll prov1de support for end effectors and w'll telescope about 12 'n. 

TABLE 11. WBS 544 TOOL POSITIONING SYSTEM TOOL LIST 

Tool/CO!ponent 

Manual Tool Pos,t10ner: 
Carr1age 
Post 
Tool Mount1ng 

Tool Racks 

Oraw1ng 
Number 

1110E13 
1110E14 
1110E13 
1110E89 

The Pre11.'nary Oes'gn Report for the Tool Racks 1s found 1n 
Reference 18. A su~ry tool 11st 1s 1ncluded 1n Table 12. Our1ng the 

defue11ng operat10n, long handled tools and end effectors w111 be used 
'nter.,ttently as requ'red. Once 'nstalled w'th'n the reactor vessel, the 
,t .. should be kept w,th1n the vessel unt'l ,t w'11 no longer be used. 
Tool racks are used to prov'de the requ'red temporary storage. These tool 
racks w'll be mounted to the Sh'elded Work Platform. Tools w111 be seated 
and stored 1n slots after be1ng used unt11 requ'red for use aga1n. Because 
of the nUMber of tools requ1red and the space conf'nes under the Sh1elded 
Work Platform, a stacked arrangement of tool racks may be requ1red. The 
tool rack(s) w'll be able to rotate 'ndependently of the Sh1elded Work 
PlatforM so that the correct slot appears under the long handled tool slot 

'n the Sh1elded Work Platform to 1nstall or remove a tool. 
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TABLE 12. WBS 554 TOOL RACKS TOOL LIST 

Tool/Component 

Bulk: 
Main Tool Rack 
Stationary Tool Rack 

Drawing 
Number 

1770E76 
1770E76 

In addition to the above tool rack(s) for contaminated tools. a tool 
rack is required for clean tools after they have been assembled but prior 
to their use. This tool rack will probably be supported to the canal wall 
or suspended from the Shielded Support Structure. The size of the rack and 
its location will be determined from the Reactor Building studies. 

Support Tools 

The preliminary design effort for the Support Tools has not been 
initiated. As the fuel debris is removed. flow holes in the lower core 
support plate will be exposed. To prevent additional debris from falling 
through the core plate into the vessel bottom. covers or plugs will be used 
to close each hole as it is exposed. 

TABLE 13. WBS 571 SUPPORT TOOLS TOOL LIST 

Tool/Component 

flow Hole Cover Plate 

84 

Drawing 
Number 
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