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ABSTRACT

The Remote Mai fit en . inco D f v e i o p i n o i : ! F a t u i t y C RMLSf-} i t t h e I d a h o

N o t i o n a l E n o i i v . T i n i i L i n f r a t o r v ( I N K ! ) wo1.; m s t a i l e d ..and usqrl \ : x t e n -

S i v e l y f o r f t i i j ~ . . M I O ;!!>vo]'Y !,i, |t-\[i+-i rr<x:'<:ip :in.l i , •; ! ; ,- j . n't' )-c;!notS r n j i n t e -

: M : 1 C 0 <\-OU i i \ - i " " n t s : : '(•;• t f n 1 N.->' V\v-\tr- (" a 1 •-:'-,, >•'.; T oC ;=n t v { NWCF). By

Pc""f o r m i n g r t : : " ;> t - r,.Vi'\ i i rv ; (ti.5-.fs., t^-c .NWi".;" n: i r : ;1 ; i nn c o n c o n t s , t e c h n i q u e s

a^d rP ino to ;:a;~ .:;ii i ! i I V - w i - n ; - r , , V p n woi- i - -h j , - pi : i ; r i;>i c o n s t r u c t i o n .

P r o s e n t e i i i n ? : ; i ^ ; : r ; ; ipr is ~. r i-.^.c : o i ir-n o f ;.he ! v " P r j n ^ i t s ^ p u r -

:" 'Ose, ' f u n c t i p t ' i s , and h. ' r i ' i l j r .n c ip,;-.!; i • i Me- - .;;• i.hey V e r p i iS 'c i ' n s u p f i b r t

o t th«i NWCF. ^ ., • , ,
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INTRODUCTION

Dur ing concep tua l ;1;>siqn of the. New Waste- C a l c i n i n g F a c i l i t y (NWCF)

,"> Remote Maintenance Development F a c K H l y (RMPF)-was e s t a b l i s h e d at the •

Id^ho N a t i o n a l Ertcj ipoorinp Labo ra to r y (INEL) f o r f u l l - s c a l e rievelopment,

r-ock<w and t e s t i n q of feniote h a n d i i n i ; e q u i p m p r t , systems & Pjiethods-and

techn ique; ; f o r the NWCF. Pin.HK]!'1 e f for t .? , <st the RMDF, remote h a n d l i n g

anc II.TT ntenance r'equi-'t-i"-^,t.r, f o r the NWff: h.^ve ii^fv- J r i e n t i f i P d .:n.d

proven workab le r i w i n q tk> des ian " t t a q t s of t,he n r o j e c t . -

I n i t i c - ' work at the RMDF inc 1 uoed fa ) df . -^ lopment o f process and

e'!i:v :r - c a l cor.i'icci nrL\ ;wii-i :h wer:'j coinpot i ! ie wii:h '^nth p r o c s s ^n rer.ote

equiprre i i t r o q u i r o m e n t s , f b ) f:.:! 1 - s ' - a lo in j r iu. i is f o r diinr-'isip«i dehermina-

t i o n s , "ind ( c ) v iew in t ] ,';ii>!., I'eaci! n:!!-:sijr«-rnon!.>. f o r optimum hand 1 i n g - r o n -
" • ' •

(f

d i t i o n s . As f a c i l i t y thsiqn proq^sseri. , on-.i ar; I'.uiMinri Vori ' f iqurat ions

arid equipment v/ere defir:c-d and idertif i i- i-cj, t..i 11 -^ca 1 <:» process equipment

mockups were* U'exi i ' l s ta l lo ; ) in the RMD' fo r ileve iop-i.^n-i. of remote handl-

ir>q techniques.

Speci f ic tasks and purposes of the RMDF as wjzc, in support of the

NWCF remote 'iesiqn included the fo l iowinr j items.

I. nevelopmenl of pror.r-ss connectors, e lect r ica" ; connectors,

handlino f i x ; m PS, equipment assembly quides and t rans fer

eou ipment.



L'. P r o o f of vDucept uci I d f r - i u " f o r vv.ive a s s e m b l y r e p l a c e m e n t ,

r; p r o c e s s M l * or r e p l a o j i n e n t - , piwvj f(^i];,C':iin:i 1 . v e s s e l s p r a y

no?/; ItM r e p ! at i w r t and l i q u i d , q a s and s o l i d s s i n p l i r u j .

3 . F t . ' l l - s c a K 1 ••nockup and tes t>r>q of T i t l e T or\d T f t l o K d e s i g n s

f o r v i cwhKj i T q u i r e i f i P ' i t s , s p a c e r e q u i r e m e n t s , " " c a c h e s , T ia in-

ta - i r sab i l i . f .y of s u p p o r t e q u i p m e n t and h a n d , ing t e c h n i q u e s .

4 . A t r a i n i n g f a c i \ i fy.^f or o p e r a t i n g and m a i n t e n a n c e p e r s o n n e l .

The RMOr h a s t h e c a p a b i l i t y of " d e m o n s t r a t i n g r e n i c t e , n a n d l i n g t e c h -

n i q u e s which w i l l be u s e d i n a v a l v e c o r r i d o r e q u i p p e d ' w i t h ah e l e c t r o -

m e c h a n i c a l n i a n i p u l a t o r , o v e r h e a d c r a n e s and s h i e l d e d v i e w i n g w i n d o w s ,

and i n p r o c e s s r o l l s t ha t - w i l l u sv m a s t e r - s l a v e m a n i p u l a t o r s , b r i d r j e -

n o i . n t e d m a n i p u l a t o r s and o v e r h e a r ; h o i s t s .

- it HtSCRIi'TlON ^

The pM'Jf ccirisiTsts of / / iwo q e n e r a l t e s t u r e a s . £\K: a r e a i s a s i m u -

labVci v a l v e c o r r i d o 1 - v.'hijr'e p r u a i s s v a l v e s , m e t e r s , sin,i l l pumos and

f i l t e r s Tiav'sbo l o c a t e d for- a c c e s s i b i l i t y and v i s i b i l i t y t e s t i n g d ; ; r i n q

r c p l a G e m o n t by rcr,o\ c n o n d i i r " ; o q i r i p m e n t . The s v n i i l a t e d c o r r i d o r | -

( F i c i n r o s 1 >fm! ; ? ) . - i s J. 'K3 rn ( ^ f t } l o n ' r s ]?.? ;:i '/!0.. f+.) hiq '- i , wh ich

a l l o w s an e f f e c t i - w - - m o c k u p w;i'M h o - o h t ''': 1 0 . 7 (35 r r ) .3?)il 3 . 0 rn (10 f t )

w i d e , and p r o c e s s i n q e q u i p m e n t may be p l a c e d a t any l o c a t i o n ( h o r i z o n t a l

o r v e r t i c a l ) aiori'u t-iie i iockup w;->)] and s t i l l h e / w i t h i n t h e r e a c h and

• h a n d l i n g c a p a b i l i t y of * the r e m o t e e q u i p r n e r ' ; .

, P e m o t e e q u i p m e n t and a u x i l i a r y s u p p o r t d e v i c e s a s s o c i a t e d w i t h t h e

v a l v e •> o r r i d o r i n c l u d e n wal 1-mnunted e l e c t r o m e c > h a n i c a l m a n i p u l a t o r (PaR

Model ?ne;0) r a t e d a t 68 kg (ISO l b ) a t t h e hand w i t h t h e m a n i p u l a t o r

el 'vmVnts in any p o s i t i o n . ATI m a n i p e d a t o r anot i o n s a r e e l e c t r i c a l l y

0
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Figure 3

RMDF Mockup C/l l (Bridgo-mounted Manipulator)
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Those suppor t f rame*. 'aro mounted'on movable platforms which can be

e a s i l y moved to a p o s i t i o n U u ' ,§imul u.os a c e l l des ign . Two models of

m a s t e r - s l a v e m a n i p u l a t o r s a r r avai lable, , ' - in the c e l l area for t es t and

e v a l u a t i o n : a a CRL-Mudel J which has a h a n d l i n g c a p a c i t y , o f 9 .1 kg (20

' 1 b ) and an ex tended- reach of 3.4 in (132 i n . l . ^ n d aj CRL-Model F which, has

a h a n d l i n g c a p a c i t y of 45.4 kg (100 1b) and an extended reach of 3.3 m

(129 i n . ) . These u n i t s p rov ide the c a p a b i l i t y t o per/ 'orm checkout tasks"

i n v o l v i n g e i t h e r iKpii iVate or heavy :vk;fy hand l i ng r e q u i r e m e n t s .

The ,hrM()^~i;:fH!:ited, s i n g l e - a r m man ipu la to r (PaR Model 300f-)? i s an

>e i ec Lro'rst c^^n i ra [ MI an i on l a t e r =with a >:•. I m (?0 f t ) ' c G l o s c o p i n c ^ h ^ e ,

b r k ' j e , c a r r i a o i 1 rind vmnpu l a t o r ffr<v crin?'--;l u n i t . Thp fnanin!i l ,V^)r has

: v e r t i c V : l i < i v..ii.;.
ic' Ly of >\b$.5 kg (10D0 ! n j . [ j i -suin c a p a c i t y of the

a: •:"?)'"is. oS ka • • DO !i;) v.'ith i IV *!-?;•(! -v\(i WF. i n ony r> :>~>~ i t i on . The .con-

t r o l conso le .'or ' . l i s n:a:ni':;]af ;.))• inay !N.> l o c a t e d , .•..•, - r e q u i r e d a round - the

mockup c e l l ^ y ' con-.cc\.U\c tiv.- c o n t r o l console, t p rme of seve ra l c o n t r o l

,. A br idge-i i ;ount^d C'O/ kp C ton) h o i s t t r a v e r s e s the. e n t i r e c e l l

area and may he o^e ra t ^d f ro r i a c e n t r e ! u n i t which ca i r a lso be l o c a t e d

as needed i round ftv: c e l l , a rea . = - .•> , " •'

T e l e v i s i o n is u<-c-d hoth 'c. an a u x i l i a r y v iow ino '.ysteW! to he lp pe r -

fo rm hdnd l i r i g task4; i n \ynd-feo-stH; p laces and as a recording. , system to

r e c o r d remote ha' idl ;•••.;.] Lechniques. As a , , record inq system, t he^v ideo

tapes w i l l be used f o r review1 ard proble'n s o l v j r g tasks as we l l - - as 0 fo r ^

demonst.rai ' ion r.oc ^ n e r a t o r t r a i n i m i a i d s . Tiv; TV system ( F i g u r e 5) " Jcon-

s i s t s of earnerr^.s ,-, I • h :•• ;m\ ana wici? arr'alo l e n s , pan one! t - j H c o n t r o l and

m o n i t o r s f o r e.ich v iew. Both r.* w o o "jsn d normal TV are a ^ ^ r l a b l o f o r
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is\lino, and cva lu . i t I O I I . I v ' i t h l . k ; v s ys !;,>•,. h, .MK.1 t ana ! ) i i 11 y i s a v a i l a b l e

f o r d o i n g * ' l o s e a l i u n i ' v n ! u o r k .ar> w - N a*, n o n o r . i l y j t v i 111 i i n r e and

• v i o r J i n n .

Mockup t e s t i n u i n t he W ^ T has n u t f in lv . , p r o v i d e d N1CF d e s i g n S U D -

p o r t , h u t w i l l j l s o p r o v i ; ' 1 ! fho b a s i s f o r ( t o v p i o p i n j o p e r a t i n g p" "oce-

d i i r o ^ a n ! p l a n t r . l o c k o u l : and s t a r t u p t e s t p r o c e d u r e s . Hand ! i no p r o c e -

d i j r e 5 ; d o v e l o p e . 1 d u r i i v q i r e ; ! 1 ; ) t ^ s t i r x j w i l ' 1 he ^ o f i n o d <jnd i s s u e d ^s

p l a n t o p e r a t i n g asu! iM j i r i t o n c i r . o m a n u a l s . ,,

-Ano tho i r y q u a l i y i i ' i i -> r f ; ; n t u.-;e.' o f the rncxAtip f a c i l i t y i.i t r a i n i n g o f

O f i o r a i i o n s ami Ma in t enar.ee p i ' r s . T i n o l . .-.Jn^tht1 i^MDf", n p o r a K o r s may become

f ( i i i i ! " i a r w i t h ro:.' i.M!'! h a n r i ' i n - j , n c j ' j i p ^ i P i i t , p o r . f o c t ' M n d l i r k j t e c h r i i q u i . s and

i r \ i u i n f u ) l - s r a '>:• p ' . i i d . \ i t u ^ l i o n s u : s r o d i o a c t i v e l y f o l d o n v i r o R m e n f .

f o i l r w i i H ) NWt!- s t . ' i r i u p , n'.-norin.t i p l n n t ^ o ru i i t i nns c o u l d ho s i m u l a t e d ' - a n d

? n Ui*. 1 o n s t o c>p-.T "A 1 " f l ^ T r ^ h !••;' -. (!,-v*11 *u)i'. ( .'!. !"hr- n o c k t i p f a n l i t . y w H h O u t

i ! \ ; ' h l f D S t l y p»Mu. •; r i v-n f\::.i vu.1 V ' ^ a n d f a c i i i t. \c">. T h i s c a p a b i l i t y v / i l l

a i > 0 s u o p o r t , v J i i J i t : . " " t hi'1 NA'CF ;*u-^.t n \ r : i t ' r ¥ i o .

\ " OONn. I'SION ?r'~ .-..• ^

. * \ J • . ^ - - : > v -

Dur ing t.'rv t h roe ytfV.-s o f i f ^ exir I :v1 ' • ' •« , the RfTJ" has r e p e a t e d l y

p r o v e C j i t s va luo i n i irkO i z i i v i design r o ' i c ^ p t s , p r o v i n g equ':prr:ert i n t e r -

f ace roquirpfnon'i s , .vai d.^vo l op ing new ideas and approaches to o l d p r o b -

le.'iis. Spuc: i ; i c con ; r ; N i : t i o?n not ^ i nod frorp the f a c i l i t y i n c l u d e f i n a l

s j ^ i i v ; o f the va I v <-(:.rridc»r ond p^ncoss c o l l s , deceptonce of recom-

ir.ended p^ocos i v.ystt:.;s c.,vn;ponents, p o s i t i o ' i i n q of v i ew ing ,w indows , -se lec-

t i o n .ind si.?i/Yj of iv:;: i i !-> h.iruil KKJ '.''iiuiniupp!., development of maintenance

v/' ,.~^—^.Cy- " •• .'
/ / ' " "̂ x v - ••''

nt-tfiods, tochnv^u's/p' ld ar t^s f ,>rrrcmoto oqiiipinont and input to design

• dnd' locat ion of n> i ! >ntryw a ••):,. \

;• ~^7 /



Along with detailed process system! and facility models*, remote ,. „ =

mockup and t(S"stincj is a tool that if used proporly during the design

phase of &-. project can provide information and data that can be obtained

through no other means.^ In .addition, equipment, materials and tech-

niques developed for one project can be°ii'sed on other projects to assist

them in .solving problems associated with remote methods. This"is es-

pecially true of the RMDF. 3y; its versatility and°capability it has and

is provfjduig support to approximate"lyo..f ive other INEL1 projects.
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D RGvlRES

1. RMDF Valve "Corfidur (Valve Mockup Section)

?. RMDF Valve 'Corridor ( F i l t e r Mockup Section)

3. ° RMDF Mockup.-Cell (Br idge-mounts -Manipulator)

4. RMDF Mockup Cell (M.^t.er-slavc".Msnipulators)

5. TV and Video Tape UrvH.s " %-.
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