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I
The Los Alamos Scientific Laboratory (1.~S;.) l;.~!i been sclcctcd by the Ikpartmcnt

of EnCrF,y (tlO~) to dcsJ~n, build. and op~ir~tc J facility to d~,monstraLc th(, opera-

bility of the lrlLIW..-rGlJtCd subsysLum!i th.’It would be r~quir.-d LO successfully.

develop fusion rcilcLor systems. An cmcrj;ency LriLlum clcm-up !iubsystcm (HC) for
1

this facility wJI1 bc dcsigntvl to remove triLium from the cc]] atmosphere If an I

I
accident CJUSCS tll~ primary and !icccMldnLy tritium contninmlmt LO bc brcachtid. fhn-

ccptually, the ETC wJII process cell air”at the lace of 0.65 actunl m3/s and will

achicvc an overall clccontaminiltion factor of 10
6

for triLillM oxide (T20). I’ollowlnfi

the moximum credible rclcasc of 100 c of

operational ~tatus within 24 h wlthouL ii

environment..

.

I. INT’wml:c-r 1o:i---- —---

The Tr!tlun, syLitL?IIIH TCSt Assembly (TSTA) l’ro-

gram iS dcdlrnlt,(l 11) the dc, velollmcnt, d(,mulls Lril-

tjon , find intc~:rntlt. n of te(llnol,,gl(.s ru]nlvd L,)

lhc dvutt,rJll!!l-LriLiull fu~,l l,YCIU of fusion ru:lt”Lur

systems. lnc]udcd in the objcctlvcs of TS’I’A arc

dcvclopmunl and testing of cnvironmentnl ~lnd per-

Sonncl prOtccliV~ ayslcm!;, study 0[ SYStcMK+

rcnprmis L, tn .nl)normil] :IIVJ (,mc,r~c,ncv SIIUSL ltIils,

and dcmnnstri]Llon of lonfi-!c,rm rc]iubll ILy of

compvncnls.

A bafiic rcqulrcm,cnt for all fusion rcnctor

trjtlum Kyslt,mq wIII bt! nn cmrr[;cncy Lritlum

clean-up kI.Ib%YSLcm (LTC) l~>r atmosphc’ric dctriLl.-

ation if there j!, an accld(hnlnl rclcn:c or LrlL~um

to the rcnctor bulldtng. TIK E’H: provldrd for the

. TSTA iS 13 HIKI1l-SCn]U IJrOtOiyp{, Of thiH rCqUlrMf

aubay~tcm. The cxpcrimcntnl ~rrn (cc1l) will pro-

vide tertiary cnntalhlment of thv tritlum systc!rns

and aLora~u containers uncd In TSTA. MC TSTA

3
cc]] cont;lills 3000 n of buildin}! atmu~phthrc Lhat

would become contaminated wlt.h triLium Jf nn nccl-

dent-cmmwd lk prlnnry m)d nccrwrdnry triLium cun-

tainwnt to Lo brcnclwd. l’hc prlmflry funrtlnn ot’

——-.— —-------- .- —- . . . . - ....- . ..-. - . -— .—..-- . —

trlt~um, L1112KTC wIII rcsturc LIIC cell to

siF,nifj(ant rc]casc of Lritium to LhL!
I

I

lthc CT(:istcprcvcnL tritlum relcnsc tu the

-nvironmrnt from I.lIc TST,\ CC1l after Sl,?h an OCrj-

‘dent, The secondary function of Lllc ETC is lo

prnvid- thc capahillty to carry out cxpcrimcnz!i on

variou~, aspects rrf roum air dctrltiaLlon undu”

controlled condltjons. I
TtlJ~ document specifics the functional dc:;i~,n

!criLuria for thti TSTA vvrsion of the IH’C rind. prc-

,scnLs Ihc conccpLual dcs~gn dcscripLlon of n +ystem

tlwit s~ltisfirs these crltcria.

III. FUNCTIO!iAL DIX+lCN CRITERIA—.-.—— —---—

1A. Cc!..oral— —--

1 TIK’ baaic FTC process sIK.11 lncludc oxlda.. lun

,of the tritium to tritintcd water i:l .1 c:ltnlyLlc

rc.lctol- and tllcn rumuval of the Lrltl:ll(id w:l L,>r

from tl,c air wiLh .-In air dryt’r aystl,m. A mln!mum

.of IX {,f the CC1l air is to b: .>ri, ‘i,.;st,d tiIcl I mln -

,utc, And the componcnLs arc tn bc bttsl~;nrd !+o lIKII

ithr? KYl,tCM can bc Opt,ratcd contlnurusly for il min~-
,

;mum of 30 h without any contncL maLnLcn.lncu o-

:rcEcnc:ntion. VnlvinR is to bc provldtwt so Lllnt ~

,thc ni’ exiting thr Pystvm c.tn 1,(. riLh~lr routl~d

:dlrc’~tiy to”thc bullrlln~”cxlwru~t stnrk or :1 1).rti{ul

I(up 10 1002) rCCircUlnL1’d to Lhc ct’11. TINI 11’C

I.- . ...- .. ______ -_—. . .. . . . . . . .. -—- -------- ..—. - . . ...I
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s to be d,:slgncd to pcrmlt cvalunt ion ,tf thu

“ollowing:

● Emcrfjcncy nnd cxprrimcntn] opcrnting modc~

that involve

cell;

● Expcrlmcntal

detr[Llation

rcduccd flow

● An opuratlnf;

dcLritiaLinn of the air in the

..-- —— -..— -.—.—--.--———- -
1

mruYDoARos
2 ea.

of the air in a tcut ronm, aL

raLcS; and
: .u---1

nmdc Ill which rf,;t,~,ncrnlion of a

I

Central procts’,or units (4)
Cathode r~y Lul,c terminals (4)

mrslccular SIWJU dryer would h., Jumunstratcd. Ieletypus (4)

I Disc and magnclic tape stora:Jc
Printer

lcrsonncl 6;1rrtY,ca:;cOf mnlnten:lnt:t., and Opcr.a-

:ional r]l.xl~illty.All sySLcms slI~Ill hc du$iy,ncd
~

For “f~il-fiorcf’ opcrntlnn jr nlr or elcwtrical .
I

Fnlluro occurs. m

a lnslr~lm(,nlnt lon----------- -—.

:Z-z--z’”-l

Thr IX If; to k cnntroll!od lJy 1}114f.L~:;tcr L)atn

~cqulslllon i~nd COn Lr(,l Sy:,lt,m (W)AC) LLIIL!Is to be

lutomntjca~]y ncLuaLI!d ill LIN, t}mor};(-ncy trlLIum

:lcan-up mode lf a sly,n/~lcilnt trliillm rclci,se 10

the cc~l is dcLuclrxJ. Thv MI)AC Is not crnw,rc d by

these criLrrla; tlll! ll~ter[occ bcLwlml the NTJAC nnd I“ICUI{I: 1. MLtAC-F.lC lntt,rfacc.—--- ..—. --- .-, .— -----

thc! FTC SIIUII LJLIat tlIc HIP,IVI1 condlLiunorG nnd

. -. .- - -1

in a tr:sl room or to dcmnnstrate rcgcncr;ltlors of iI

:ontrollt!rs as shown in Flj,,. 1, The Krc ‘!$l to bc!
MOl(XU;~r S1lIVC bLd. TIIL,s’: tests arc LO be con-

locatcd in the ccl] wltll prlnclp.1] Instrumc,nt rcmt-
dur.tIxI without cnmprumlslnfi LIIC cilp~lbility Or LiILI

xslfl nrd nlilrrns in thLm COllLrOl ruom. I:or cxpcri-

nentnl and opuriltlonil] ~;lmpl[clty, stlml, dwpllcnlc

LOCC] CUlllrIJ)S Wi]] h ]1 JLcd In l!IC CC1l .

.

.0 Cnt.nlvllc Rt!nctur.-— -. ----- . .—---- .-

Thc caLolytic rc~lctor SIIHLL1 bc d[~~ly,nvd 10

rcducc thu concentration of t,lemc, ntill hydroy.~. n

180topL.s in nlr frtm 1000 ppm to 1 pph by vl,ltlmc
3

uith onc pati~ nt a flow rntc of 0,5 stilndard m /H,

Bn inlet prc~mlr. (jr (),35 M1’n, iIIKl {In Inlvt

tcmprraturo of 45[) K.

D. Air I)rvrr Systvm~ . .._. _- . . .. .

The nlr dryer rIjsLt>m ghnll bc cl(,t;lflncd to pru-

Vidc a minimum ‘1’,0 drcunL.nminnLin:l fnrLor ncroeri

thr nyHtrm of 10ti, 1,.ttlcd rsn inlL)L Jllr colltflillin~ i
I

wlLII villvi:ll: tin tllnt iHolistl(m from other KTC rwm-
]00 ppm T20 nnd 15 (100 ppm 112(S. lh)tli rcfr Jlwr.nt A-

,drycr !;ytilem fvr cmcr~cncy trllium clcdnup.

E. hl:crralw,—— --- 1
I Th~: F,lC Nhn.11 intcrfacls with the buildlnr, vcnLl-

Ilntitsn syfitcm so thilt nir In tlw vcntllntlnn .,xhawst

,duct c.in he rnutcd to the I:’l’C, If ncccHs~lry. TIILS

,CXIIOUKJ. tsl r f r(m) LhLI room housing Llis! cxpl’rinl:nl;ll

c]cnn-llp Ry$ILLom Hha]] have ~]LerIXStC duclln}; Lo Lhu

,ETC nv.l~lilblt, w Llklt tlxperim[’ntH lnvo]vin~: Lilu ~

I
rol[!il~i: of small anwuutH of trlLlum lLI LIN. :lJ.r In ~

,this ruorn cnn ho conductctl smfoly wiLhulIL lnl.,rlur-

ill wJ.h JIct]VILICH Ill tht! IMiIl TSTA CC]l.Ig
F. CU ltil~nmont

l— -. —- ---- -

1 MnJor componcnl~ of LIIC EW nrc to bc’ provldlill

and dc~#lc{lllL-nl!~urL,ur-Lyi)tl nlr dryc’rti nrc to bc

consldl,rwl rOr uw ~11 tlw ~yHtcm..,, R(,Lhllldilllcy in ,

to bc prLIVidld III LII{, nlr-dl’yor syolrrn w Lhnt tho

E’I’c cml lw 111.ILILI tn dcmnnHtrutc dutrl~lntlnn of nlr ,Il,[,m.
.—._.,.. .. . . . . ,., --- .- .,._ . . .

llllP!,,l/( ,, . II

11181111Ill 11?0(,1 ,Iil /., IIlltloll{l

puIwnLIJ 1s POHHILIIC for rnolnlonnncc or rt’movdl. ~

l’~pill}; :U1rLH L(J thCHL! COMIMlllClltH Hhmll be prlJVIdUl

to CSI1.IW in-pl~tce trltiurn decontnmlnnLlon by pur~lns

thC COmp(lllWStH With illCrt f{illl nd th[’li (WUIUJLIIIR

. . ... ....—---- . .. .. . . . ,.—. ,---- .-. -.— .-. — --.——------ .- —-.— --- —- . —..
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Thcfic critcri;i do not ?cquirc dLN1h IC CLMIC:Iill-

c!nt of the FTC, but tile desi~:,l sllnll minimizr

ointfi arc to bc wcldLvJ or made usin~ a compression

~ktcrials—— I

The maLcrinls of construction USOII in tlw ETC

hall lJc choscm LO provl[!cl lon~,-t(,rm rclinbjliLy

nd mlnlmum trlLlum r~,lt.uhe nvi,r th(, systtm’s work-

ng life, h’hcr~wfur prncticabl(., ,llls Lt, Ilitjc SL:Ii 11-

CS6 Strcls, al(]milllll,l all(Iys, nlId col)l)cr alloys

hnll Lw used for pipinp, and cquil~m(,nt thnL will

c in dlrccl con Lact with tilt. prilct,+s sLrc~lnj.

—. .——--- ---- . -——.————-.—. —.-..—-—..-——

Mili!ary Standard:+ (?1S): 1
NS-3116, “COnnecLOr, I’luE, Elrctric, ScriCC ]:

Solder Type. Strliflllt, I!ayr)nct
I

Coupljn};” 1

M~-33649, “Fioss, Fluld COI1nccLiull-InLvrn:,l

Strilj~lil Thrtmd” I
Nati(,!M1l Elt.ctrical }Llnuf:,cLururs ,\ssnciation

(W!”), ICS-1970, “]lldU~Lri;l] COllLrOl!: und

‘,ysLcms” I
National Flrc I’rotc,rtion ASSOCi.ILi,On (WT’A),

NFPA-70-1975, “!LILjon:ll ljlccLri(. COI.IC”

LfIri A]amos ScienLiflr Lnb,)rnL(lry (L,\S1,),

“Qunlity Assurance ProXram l’lan for thti

tnndnrds In$iLiLlltu f,AXSI), aIwl In:; LItuLc! of

lcclrica] and l:ll,cLrolllcH Ln!;ln(,(,r!l (]1;1;]:) nrc to

u urwd whrrc iipplimblc. TIN! l:lLcsL editions of

.11 ~~d(,~ al)(l st:illd~~d~i SI).-II] I)LJ U~;(.d.

DCEj Cn nnd constru(tlon nf tl)t. KTC will bc in

Iccorrimnrt’ wiLl) Lllc) ful]nwlllp, r{,F,(llal inns, C(MIUS,

Il)d ~tnr)riilrds:

Amcricnn ?hitlon;ll Standar,ls l!lstiLutc (AsST):

ANsl n2.1, “1’lpr Tllrcwl!;”

ANsl rf1301, “Codt,s for I’r,,!;fillril l}iplnc”

ANSI t!16.5, “stel.1 l’lpl. Flilll\:(, s :111(I

. FlrLn~c,d FJtLln~:!]”

,groun~ rnotjon sh~lll br assumed LU bc two-Lllllds (JI

the 1101lzon Lal 1)1)1; :icct,lcr;ltlon lcvt!l. Tilt, I’”c

shall bu dcsi};ntxl to rLwmln functional durin}; aml
,
imncdjatcly fnl]owjnj: th,~ 111’tl;rvt!nL, l’hu f:lrlllLy

I
is to h rcstor,,d 10 op(,rat, jon~l SLn LUS witl,i,l ~1

rcnsonrh]c purl,d of Lime,, thus prcvcnLinJ; :1 Ijy,n[l”-
1

I
icant rclcasc Or tritftlm 10 the (XIVlr(,llml,llL It d

,trltiu~n rclcnsu coincidt,:i wILII thf, Dl\l;.

All COmpOllL)lllH Or 1111, 1:’IT :u~d a(l,l:lc L,nL L,q llp-
1

mcnt tlwll could cnust Clllliltt, rill tl;lm:l~:~, Ir ~ln ~.,lrlll-

quakc occurred HIWI II lwvu Lrnchormi;o dUSi SnL,LI I.U LII. I

lDW cr:tttrin. I
Arncricnn %cIL,L} Uf Miw;l:,nlrill Ill};lncrrs (ASW)’

,111. CIRX:,:I’TI’{W DLSICX III:S(:I{l I’T1[Y{,—— - . . ----.-—— —-.. .- . - _
Lloilcr nnd l’rll:,~urc \’Ltisf, ] C,di,:

Section 11, ‘Fhtv.rl:ll spL,clfi~:ltiOnfi”

Section VIII, DlvlHion 1, “RWICH ror CUll-

EtrUcLlon ~Jf I’rvsmlro VL~:;H~.l!t”

Seclion IX, ‘Wcldln~ un(l llrnr.lny, (@ill ifl-

catlLlnH”

.,,-

I

S\,:;i~.m ll~!;(,rlprl{ln
1~~ ---------------- I
I 1. (_k’ncrill. Thr,.1, Lyplctl] m{d,,:; LIf (l]!,,TIL[(,I]. .- ___ ---

IWIVC h,,vll jdl.lltlrld Ior LhL. KTC: (d) nn rnl,,r~,(,n,y

,ciriln-up ryrlc. (b) n tt,st ronmcltwn-ul, c.yclt., ,In,l

,(C) 0 nnlorul;lr rrl,’vc dryt,r rt,R,,nl,r,lLlun d(m,,,str,l-.

tion c.yclc. TIN, ETC will IN! iIIl l,xpt,rlml,nL:ll

------- ----- ---- . .. . . . . . . . .

.. . ..-— . -——. ... --—. --- -. —---— --- -, . . . . _ . _. .
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Onc huncircrl grams of tritium nrc rclcascd to

the ccl].

The F.TC proccsseu room nir at a rote of

0.65 acLual m3/:;.

The CXIL clr stream from the I:TC Iq !;pllt
-J

with 0.26 nctllal m /~; bc!lng rf]u:cd ..n LIIC

;thc tritium nmnitors locuted iII the CC1l cxhausL ‘

duct would iIICrL LIM! XIJAC, which would activate ~

,both the ccl] ventilation isolntiw sequence and

Ithc ETC in the cmc,r~;cncy clean-up mudc. Trltium-

cuntnminntcxi air in tlw t!xhuu:;t ducL would ix’

lroutt,d to a nonluhricatcd compressor uhcrc it would

ibc compressed to 0.35 !lPti at a rntc of 0.65 actual

m131s . lnlct ducts to t-he :Ompressor would a]$.u be

,avafltiblu to pick IIp L}IC crmlamlnntd air from

sp~cifjc :lrCfls Jn the CCIL. ThC heat Of compr~”~-

bujldinfi fitack and LI,C rcmalnder rt,circulatcd sicn would rfilsu tll(. nlr tcmp~’rattlre to 450 K,

to ttw Cell.

Thea norm:ll CCI1 vL’:ltl]:lLlon air, 2.-~6 nctua

3
m /s, is bypa:iscwf LO tll[! vc)nLil.ltion st;lck.

whcrr iL 1s mixed wiLh the ETC CXIL aJr

atroam.

A dccoliluminulinn f:lrtor of 10{’ Js nchicwd

for tritJ.lm CI;:ICIC (T2C~) acrosc tht, ETC.

Tlics c(mccn Lr;l’. ion or Lrl L Jum (’12) In L] IL!
.

lbecnu~e ncltt,cr an inLcrcool.,,r ,,or an aflcrc,,f,lcr

wntlld be t!mployc,d in Llle compru!j!;or. Tllc rolm: aJ r

i% assllmctl Lo tJc at 293 K and 50% rcliltivc lIIIrIiciILy.

.AfLer curnprtissinn, n mixture of I:yclrog(!n and iin

irw?rt l;as would LIC added to tht,comprcsstd ail LO

brlnv, Lhl! hydro);cn Jsotclpe concuntral Ion L,) ](JO(J lIIH!I.

ThL! .+iK would LII(,II he routuf L(, IIIU cnl.~lytjc

rcac to,’ to rc,ducL, till! hydroj; cn l$iil Lopu conrrnl ra -

room air Js r,wluc(!d I)y :1 Cnctor of IfIo across ,tion tu Iu:; s th~lu 1 pph. A tihc]], ilnd Lllbc :Ilr

the rnLalyLlc rcacf.(lr. cooler would then IJU used to r(xluC(’ llIto air Ltnip(,r-

All T; ]eiIvlnK Lllu (’ilLil]ytI(, rt(IcLor uxIts aLwrLh L(I rw!nr its d(,w poJnt. ‘Ihc :11:%1 SLUP W(lllld. ... -. . ... . .- .

[1

1,1,,,,0; ,, .11
1, ,,, 1,, !.. ,,. , ,.,,lslt~ll,, ! ,,1
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,fiievc dryer. During tb~. lnst plI~sc of LIIC cmir-

,gency clean-LIp cycle, tllc secc)nd-stap,e dryur r~i@lt

~not bc ncccss:!ry, and dry alr frm tl]t, first-s[n~t.

dryer COUlrl bc sLuckecl dlructl:: or ruLwrnc,c! tu LIIC

Cell. Dry nir would exit from the second-st(l};c
.

dryer at 320 1( with n water content of ‘1.2 ppm.

lDcpcndinC upon tllc pnrticulnr clt.an-up mod~

emplrrycd, Lhis air could bC sent to thi. st;lck or

rccircwlatcd to tll~! room. Current cstim:,li.s nr~,

thaL 0.26 nr:u,Il m3/s wI]] have LO bc st;ickud to

balnncc infillraLion Ln LM CL,I1, wlIirlI x111 be

maintnincd It a sllglltly nu;,,iltlvr pressure wiLh

rCSpt!Cl LU Llw) aLmnspht!r~h.

CXpCCL~[l to rl,dUCL! Lt)c c[,ll :Ilr Lritior,l corllL’rL

to 40 1.lciln83 Jll ?0.1 Il. l)urln~ this LiEIc,

130 liters of ,:(InLIcn:;;II,: WUUI[! b~, CL’III(>CL(LI Jn Lllc

tritlatcd w;lt(,r SLiIr II:(, tanks, ;IINI 100 llLt, r!i Of

water would hc t :)1 lcc Led ill tlli, rwlccul; lr s] [.VLl

dryers. Af Lcr Lll[, c,,] 1 r~.L~lrnc,d to ,~[!rm;ll rulldl-

tions, LIMOmr)l(, rlllal !; I[,vt, in LIIt, dryer:; hrou]d bt!

loaded out tIJ IJI-A {Iruui,;, nnd frl, sll molrcular

aicvc wou]d bc In:ld,.’d Inlu Lllii dryurs.
._—

3 n.SI It IlOrI r:lo:lll-l.l} C.:l. 10. Ihc lI,l:L room.-.-— ------- . . . . . . . . . . . . .

Clmln-wp Cycl(, w(llJld Ill, 11!.1(I i(~ dL~M1)llSLr;ltL’ vilri-

ous MOLft’S of alr duLrll inLJllrl Illldrr conLrn]]cd

condit~rms and woultl bo l,npllIyi,Il only for ~!x},cri-

mcnlal purp(j::(,:;. “]’I,u cy~ ](, WI)U](1 olIrriILt, lIXI1.L I y

as tbc rmc’rl;cr)cy clt~ln-ul~ cycl(, rxcrpt tha~ LIIC

pr~,lwnLin~: Of [11L” rth}>,L,llL.rilLjt)ll:11r. A lLIO-kIJ
i

i!l LUtri L. ]lu.l Ler W1)l!IL! h? USULI LO pruvidu l)ot dir

for rc.?,rnt.ratluu of LIIL, !.lolccular SICVC. The nom-

innl r,>~unuraLl,,n L~,mpc)r;lLurL! would ht. 47tf K, but

thi, iIIC~Millfi rL,~,L)ItCr.ltiMI air WOUld b~VL, tl) bc’ ;It

~ hl@lCr [LiI?)pL~r.IIUrL?, 700 K, tLl pri,lu.at Lllc I]l,d

and Lo supp]y tile. 11~.:lt of absc)rpt ion required Lo

remove tt!c waL~.r from Lllc molccul,lt’ SIeVLm. Afti,r

prcllt,;lLinC of Ll]c, molcculnr sicvu bed, thL, r(:r,t, nl. r-

atlon nir lcavlnc tllc, dryer would hu mt 478 K find

WOU]d CL1,lL.IiII ?3 200 ppm of wiltrr. ‘1’l]ls steam

wuu]d bu cooled to nc:lr ita dcw pojnt, 315 K, ill

tll(,air coaler an(l Lllcn routvd to tllc rcfri~cr:lLud

,conclcnscr, Wll@r L” 85~ Of thC Wat I?r WOU]d b.) L:Olld(,ll St. d

and cnl Ieclcd III Lhu trltiatcd wal L-r sLora}:c Lanks.

The condcnscr rxiL air would bc roulcd to onu of

tllc test-ryc]c Mo]ccul:,r sicvt! dryers, whc!ru IL

would b,., dried LO a dL,w point of 205 K. Tilt. dr IL-(I

air nL 110 K would hc returned L(J atmospheric

prl!s!:uri. find rccyclcd Lo tbc ,-nml~rcssor.

I
n. Collfi~~llraLlon 4,-—-- —-- L _---_— -

Tllc ETC will bc located in the auwiE,casL curl.cr
1. . . -
Of Lht! I’s’Jii ctill. BoL’h the pit’ar& and tllc rIL,~z:i-

1
nine wj 11 hc usvd to minimize Lhl, ccl 1 floor ! p;l L,L!

dr(fico L(,(l to the ETC. A ,]ew concrL?te found,lt.on

vj]l hc poured in Lhc pit arcn to prLIVidC sup]:[JrL

for tllc comprL!saor. TO faci]jLaLc lmdout of tl)(,

molucul;lr Sit-VI., beds and the tritia Lcd wntcr, ?.llt.

nir cooler, refrlp,~,riltcd condcnscr, dryers, ;lld

flow rntth% could be l/L, 1/2, or 3/4 of full sf.nlc,’trlCiaL.d Wntcr fit~ra~e Lnnks WJII hC locnLt,d .l[

ond RcparnLl, mul(,clll~ir sluvt, dryers would II(I pro- LIIL! muzznntnc level . AddiLlonnl suppllrt. :Is

vidcd t{) snvc, I. IN! 01 Il(,r dry,.r!i for usc during ,an rcqujrcd, w1lI br provitlud. Corltninm,,l)i h(,x,.: , ;1s

accidcnt:l] Lrl I !um ICI LWSV LII tlw CLI]1 . lHhmm in FiK. 2, Will Ilc inslnll[~d bL,llCfltll (I),,

1.
prCRShrlZ:ltIIJll Of LIIC sysL{!m, Lhc ryclc WOUld opcr-

atu aH n rlL1:iL’d lllUII wiLh nn }!ilS(!L)llH Cfflucllt.

The compri’ssur WOI.1d pr,,vld~, LIIC m,,tlvc pOWUL. to.. . . . . . _

movr tbr nlr LIIrOIIII,lI Iht, lL1[lp nL ~1 numlrwll flow

rntc’ nf fI.2& t; Lund(ll”d mqto’ iIml wnuld prvvld(?
--.-—- . . . . . . . . . ..,. —.-. ... ----- . . . .. .. . . ..

[.; [

mlnlmlza cnntnct of the ;Iir nnd cr~lnk,.;l~r

. . .. ..-— .. ... . . ..- . . . . . . . . -,, . . ... . . . . . . . . . . . . . . . . I

1
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FICURF 7. H’C molrcu]nr SICVC bcd in.IdmIt..—-.. .— . .

lubrlfcnt loll crll. II~(,rl-~:as-pr[’:;$jurlz~”d SC.11

bcrl, bctw(,,,n LII.I cyllndur:; aIld tlIL’ cril(]kcasc

clwrm-

Wlll

nltio h consl,lcrcfl, TIIC crmlk.c,l~c will be vcnttxl

tO thc lriLiiml WOSLL’ Lrc:lLmtvlL +~+t(,m 10 as!+urc!

crm Lnlnmt’nt of nny triLltull LII:IL miI\’ Itwk p:l:; t LIIL!

isolntlcm seals. TIIC comi~rL,:~sJr wII1 IIU uf n non-

lubr]ra L{!d dt,sl;.;~ wiLII Tcfl(m-lIunLId cy] ldCrS and

fillml-Teflon pl::tun rlnl:s. ‘Thts HUCLiOIl VOIVL’S

will bL! cqulppcd with flvt’-slt’p clcnr~llwl, control

tn allow opcr:ltluu ilt 1/4, 1./2, illld 3/4 of fUll

acalo, Nclthcr itll I:ltcrcoultir nor au ilfLurct)olcr

will bc uwcd 111 l,lkL ndv:Int~lII,o of the hc:lt of com-

preHtriuu fur lMwL1nY, lh~’ :Iir h(!fcre tht! caL~IlyLic

rcnc!turti. AuLomntlc unlu~dln}; of thlh cumprcl]sor

for ~turtlny, Lo rcdl:!’t’ LllL’ rcquir{!d drivl’r lorquc
.

will bc provldtid. 111(’ COIJIIIII: W.llt!r “L(l’~hL”Lmrilnk-’

cntm oi] CU~)lt!r w1l] hc rontr(lllud by ;1 Lh(hrmal

_.. -.-— — ——.___-— .-. —- ..-. ..-— .—-. — ..——.---
,modulntin~ valvL! lrJ assure that condensation will

Inot take plnce wll(:n ctlc comnrc:;sur IS on St:lndby.

I The nominal free air cLLpaciLy of tllc comprcs%or

lw1ll be 0.65 m3/s with in]ut condllionn of fJ.077:!I’a

land 293 K and @ut](’L condltinns of 0.35 ?IPa and

i45fI h. A 150-kW motor will IJC rquircd to drivu

I
the unit. A fOund;tLiOn contalnin~; 3.11 m3 or cllll -

cr[!tc will be poured in the plt to supporL :lIe

comi,i cssr)rm I
!2

Catalytic I?i.actor._-. —_- ------ .- .--— -.. A c.nt~llyti, c r(, aclor i.+

‘rcquirccl 1.0 Oxldlzt. Lhe LrlLllm in Lhti nir t(, tr]t-

ljum nxidt,, which CaII IIP rcmovt. d d(Wl):;Lro;l~ by con-

Iventi:,n.al ,air dryilll: Lt. [:llniqll (.!;. It Is crILi[al LfJ

,effrct n very Ili]:ll conversion 01 1 ~ Lr.r l’)(J in tlw
..

rcarLor lIL,caI:sr Tv LIwLL is IIUL oxldlzcd in LIII
.

reactor WI ! 1 IVII III. rlm[wml f 1111tllc ;I!r by tilt,

‘downstream coml,o[l{,nts. ‘1”0 n:isurc tlli:+ I)if:l, c,.nvl, r-.

S1OI1, I ydru~; rn LI11 I be OLIIIC,CI to LIIL, :llr strc,nll

~beforc Lllc rlWclUr ;IL n ;.ltr !;uffirii.llt to lIl;l,ll Lilj[l

.a minimum llyllrl)~;t’n l!;l]t~~pt, c(mcc,nLr;lLion 01

1000 pl]m h’.’ volu:nv. TIN! rt!nctur wI II IMOdc:il::ncd

,to rcdur.r lIIIs ILwcl tn 1 ppb at ,tlw nt~minal lnlcL
.-.. -

1
,cundl Lio!ls of O,r) m /s, 43(7 K, ;Jl)d 3.5 ?ll’i~. ‘1(1

‘he fre[,!;tilndln~~ nnd will bu lrrcntcd on t.m piL floor

IC;,~ncc IIL tn thL, comprt. skmr.
I

3. Air Ru)li,r. IIWJ air (!oult’r will EC U’+L’11to— ——— -- - .

!L![l(I1 tl.L’ hllL L,XI1 };;JH(IH fUOIII thC Cnlflly~lC rl,l(!LUr
I I
10 nlwr their dcw point. COllc[,Ptll;l]ly, thlH lN]IL ‘

J. . ... . . .. . . ,-. .—-.. . ... .-. ..— .. . ----- ------ ------ .-.. —. . . ... . . -.. —., ----- -.. —-- . . . .. . . . -- -. -- - . . ....-.
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1
ill bc a ~“atrr-cooled :,l\.!l ,ind t,l!:,. i,c,:l:

cxchanflcr wIII1 Lwo tube pasf;cs and h:lfil(,d sh~.11

pass. ?iomlnally, ~!)e “ni L will b.J dtisi~(:)(:d to C(M)]

0.5m3/s of air at n pr,,ssuru of 0.31 !g’il from

&60 to 2% K. Actu:llly. Ll)e cooler will bc ovi:r-

sizcd to allow oxpcrimcnts involvinF, hi,;l)ur i)ir

Ccmpcralurt,s; ,and prcs.surcs, but l(lwcr rloh, rat,>s.

The maximum dcslfin prrssurc and tcmptiraturt will be

10.7F:I , Ulld 775 K, rcspcctivcly. TIlc t,xtr’nL to

!whlch tl,c air is CCIOICLI u1!l hc cwrLro]l(,d lIy vnry-

ing the wdtcr flow rnte Ll,r(,il:,.!] Lll(: lIII)l>S. Tl]c

entire unil will I)i, fabricated of I:; pu “II(I 5tniII-

1CS5 EtcOl and will Imvc l~fl l“j-mm-[!l:lm lIIl)us in

a 25-cm-diam SIIO1l . l’il~ Lu!,rs Wi]] be ..parcd on

a ].9-rm cquil:llc. ral Lrliin;,,llL pitc]l, :ll]LI LII1. Cell ,

jthcshcl] l,n;,tl,. l:”lhL,)LII;,]]y, L],,tub,!;h’111 l,.? lati~d !,;lt~,r stora~u tnnks will I)L. ust,d to prl)\l[l~,

11.5 m 1011:;. “IIIc alr Cnul(r Wil] bc ]13ca L1hd jr? th~, Contnilmwnt of LIIc wuLcr and T 0 tlut is rcmovl.11
2

mczzanln(, ;Ir(.;l uv~,r Ll)c pit :Il)d will 1,(. t)n LIIC frOLl L’JC ;lir by Lhe condcnscr. Ihrcc storar,( tan~.~

;SnMC SUp])(,rL strllctllK1. :1:, Lllr, (.OlldL’nS(,r IJnlL. wil 1 bf used LO ,nl low scgrc gaLl on of thr cond(. ns:it t

iInsulatiun
1

wi 1 ] I)L! rcqulr(,d ;Irr)ull[] bcILII Ltlt, air based upnn T2fI content. At nominal fl,)w,raLl,::, LllL

COO]L!K :Ind (II!>plplnl: ]L,:IdIIl;I,LO 11 from tlm! ,Lritium conccntr:ltion in the ccl] will be rculucud
.-. ..- .- -. .- ..- .- - - ~- . .- -
cntnlyll{ rt,nctrjr.

.- .
by a fnCLOr Of ]0” rvc~y 3 h of”lYC opcro~il,n, ,\L

I
4. (i)ndcnst.r. TIIL~ function nf tll~. condc>n:+cr Ibis r itc, 99Z of the tritium wl 1 1 lM, rt,m{]v(wl f ro:l-—. - .- .-. . . .

wil] ht. L(J ruml)ve ,1!.: much w,ntcr as pu:,sl h] 1: f rum

Lhc air h~,ff,rc It K,Jacll(L% Lhc} molccul~lr SIIVL,

dryl,rs tn rnil.Jn;lzc lhc w:lLcr lo;din~, nl LII[.sv

units. Rt,rri;er:ltJ,)I1-Lyl)(, compressed-nlr dryc, rs

that hrwv 1111, (np:Ibi]lLy to ctlo] c[lmpreSS1’d nir to

275 K nrl, av:lil:ll}l(, cnmml,rciill]y ilnd it is

cxpcct(wl 111;11 all “oif-lhr-sll~,]f” unit ran bc puL--

chascd nrvl Imdiflcl [nr tl)is scrvicc,

Tlw cnndcnser I,IISL 11(>C:IIXII)lP of CUUIIIIK f3.5

3
m /6 of air cmtajnlu? 31 MlfI ppn or K:lLcr from

320 LO 27’1 K nt a prcs,urv af fJ 31 Wa. l“his

rrp?’t,+~lnl%Lhc nuxi, ntlm ,,ro, ](,ctcd Imat ]II:Id fnr

tl)tm CCI1 in the first 6 h. Condc,nsate fornu! dtlr-

ln~; tl)l[ time pcrjwd will be COllL!cLml in uhc twu

smJl] !r tankn tl)at will bc sjzcd to contain (1S

liLcr!i c,ach. TIIC third tirl,k will ht. sized to rUlI-

t~lin 757 l.itcrs of condensate. Tllcse sizes art-

basrd on the projcctt,d maxjmllm contlcnsatc ~c.n.:r:]-

tion r.ltcs and, as such. provi d..”a mnrfiill of s:]ft,l.:

as compared with LIIC noninal cundunsntc. gcncr ILILI:I

Katcs. TIIC two smaller tanks will rwcrfl~w L) LII{

lar~ch: tnnk, and all three Lanks will he vtvItIwl 1,1

Ithe condcns.r; nomlnnl cundltions would be the

sar’Ic r]OW ?JLc, prt!jsurc, , ,11111I’xit tempt’raturc,

hut Lhtm willcr ]o:ld would hc 6570 ppm and the

inlet tcmprrntur~, hould hc ?9.’I F., TIw condcnscr

Wl]l h cqlllpptwl W]Lh a I?l(ll!lL(lrlh scparillr)r to

rrnwvt! any w:ltcr mist th~lt m:ly bt, cnlr:!lnd in
--- ..—

thr nir xlrcanr. ‘N 1s IIIIIL will In((lrpnr:ltl, :1 wlrr usL, d (r prilvldt. LIIt~ fillnl sup:lrat 1~111of w:lt(,r iIn J

mesh dt,-t,lllr~llnnlt,llt p:ld 10 rnlmnrl, ~i~ ~,[fvrtlvcncs~m!l O from 1110 air.
;2

Two cumplclt, mtllcclll.lr sltv~~
-...-.—. . .. . . . . ----- .. . . .. . ..- .,.,- . . . . . .. . . . . . . . -,-, ----- -_ .- ._. ,--- -.-..—- .— .-— . . . -. . . .. . . . .1

LIIC trlLium Wilstu Lrc:lLm~,nt SySLLW1. TII1, L;IIlk+ wil I

bu loc.lLcd so that uach tank tup Is [l Ii:; II WILII III,

‘mcr.zfirinr floor. ~rnM this 10caLlrm. thi! cull.l,Il-

!firLLr cm bc tronsfcrred LO ritlll.r dispos,ll {,r

lstor;I[c contninc,rfim The tanks wI1l 1)(, f:]llrl(llt,l

~nf TYr,c 31(I stailllt.ss stCL!l willl <Il]uhl(, ~.111:, l.’

~ngsllrc cunt. ninm(,nl nf Lllc T2U. I
1

I ()- ~. J ~ryy_r-s. Mnl~,r,ul:lr S1lWI(I dryi,rs will 111,
,.. . . . .

il 1
1!

11> ,.1, 1 ..,t
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Iryer systems will bc providccf, one to b~ used for ,hc’ntur and Lhc inl~L and out]ct

‘oom clean-up cxpcrirocnts and the other to be on :Insulntvd.

~tandby for emergency clu;ln-up situations. 121(:11 : 8. Volume liIJLLIC. A mrtal— —-..— .

-—.—----- --—-

piping .111 ~ -

~

volu:nc Lottlc will

~ystem will have two dryer sLagcs with provisions hc Installed at tlw comprcs$sor jntakc tl, limlt up-

:or ●dding swamp!ng WaLcr (as steam) between stn~cs. strcarn prcssurt! pulsation. TIN, bwttlc will bc con-

loth SyIiLc-IIIS WLI1 bc designed Ln prou.ss 0.5 m3/s

~f air at ?f16 K and 3 aLm prvssurc containing

!500 ppm of wnLer. Concurlu:llly, cacli dryer will

cave a Lop nir in]rL witl) a bottom exit and wilj

le 1.06 m in cliam with n 1 .4-m-deep bed of molecu-

bcr sieve. This size h:ls sufi]c’ic’nL Capac!ty Lo

Illow completion of an cmerf;(,l~cy clean-up opcra-

:ion dthollt S~tUrfltll]~ d CfryL”r tO thf: pnint WhCrC

:CgC!nCraLinn of the bed is required. Since normal

7cgencraLio11 will bc ac~omplislwd by r~,placemunt

)f lhc beef, Lhc dry(:rs will IJC dcsi~n(!d so Lllat

:he hcd can hc loadccl uuc by ;J,rnvlty. T}w molccu-

Lar aicvc will bc cquivnl{,nt tn 1.INlilf Type 4A and

Jill be in the form of 1 . 5-mm-dlam splwr(,s. A

:onccptual design [or a molecular SJCVC dryer and

lta as~ocjatc,] bcd Ioadout cont;linmcmL box is

;hown in Fjc. 2. The dryrrs and a6so~iaLccl piping
,..
#ill be fahricatcd or stninlcss SLCCI and kill be

Iealgncc! to wlLllstat.d it mflxlmum inrcrnal pressure

>f 0.68 NPa and a nuiximum, tcmpcraturr of 6L4 K.

rhc pipin~, systcm conncctinfl the clrycrs will be

lc?siEnccI Lo pruvidc sufflclcnt flexibility so

:hat various modes of dryer operation rend rcgcncr-

ltion can bc cvccluaLccl.

7 Ilcnlrr. Tlw? air hcntcr wII.1 bc used to& -.— _—

Icat the air uscwl to clcmonstl-atc In-pllcc rcgcn-

mation nf the molecular stcve beds. During

regcnrration, the air must supply the hcnt to

raise the dryer and beef to 478 K, plus the h~at

~f absorption required to vnporizc the water and

separate it from tlu. moluculnr slcve. This heat

is prnvidcd by hc?at:,nE the rcgcnrrntion air above

the numinnl recuncr.ltlan tcmpcr(lturc of 478 K.

The heater will bc llL,slRncd to Iwnt 0.24 m3/H or

dry air at 3.5 alm irom 472 to 755 K. Conccptu-

nlly, a 100-kN clcc’:rlc Ilc:,tcr with Intcrnnl hcat-

ncctccl to tlw compressor by ~ flcxib]e metnl

connection and will bc equipped witli n nitroXc\:
1

adclltion port to pcr!lt rc!p]accmcnt of 5ySLcm lcnk-

aEc during opcxaLion in Lhe drycr-rcEcncratinn-

dcmonstration mode. I
I

I
9 Tntakc Alr F“ltt.r.--2— -——-.. -. -—. A rcplaccablc, pipe- ‘

tlinc-type, ajr fi]LC’r wlil be provldcd at. the inlet

to the volume boLtlu to prevent dirt pnrLiclt)s from

cnLcrin?, the. compr~-csor. The filter will bu tupa-

blc of rcmovlng 957 or entrfiined pnrLiclcs down to

‘5-Ire diam. T!Lt: filLcr will bc the dry type ar.d

w1!l bc dcsignrcf to per!,iL r~,p]atctwnL of the ri]lcr

“clrmcnt witlmuL bruakillE tlw pipe connections.

I 10. Fulsation l)nln~rr. A pul:;atiun dumper wili—— .——-— -—

bc instnllcd on Lhu compressor disclmr~c to lY.I’I!L

~thc rcsldual pulse in the comprccsc!cl air stream Lo

letis tlli~n 212 of tho absolute stream pressure. ‘Thu
. .- -. . .-

clnmpcr will bc connected to the compressor di~;cll:lr~e

by a flexi.blc rct,Ln] conwctlon.

D. lnstrumcntnlion and Controls,—- -._.-_—— —-- I

The ETC will bc controlled and monitored

remotely with some duplicate local ccmtruls. Ihc

local control and monitorin~ panels to facili ate,
I

I
manual control will bc located nlllnccnt to L1l’ ETC.

The rmuntc control/monitor operation will be :er-
1

formccf from the TSIA control room. In the rL}!lCItC

I
conLro]/mOnitor modcj all process-orll,uLecl fu..ic-

1
tions of the LTC will bc under computer conLr.1].

I
‘The amounL and type of compute: Control will ‘Jary
:

for each function as the design dictates. Th: exact

I
type of control rrquircd for each process is JCL LO

I
‘bc rstciblishcd. ‘llc amount of rcdunJancy wit.lln -

I
the EN control system will bc adclrc.wcd aftc: a :

Imore dctallcd dcsizn study. !

1 The Intcrfitcc bctwccn tbc ETC instrumcntaLion

land controls and tht!computcr bubsystcm will I,LI ~

i~ cables wl]~ bc L,SUd. Thu heater housingwlll ..~nvldc..by.CAFxg n!r!dul.cs PVK !I1lE s~and~!rdfi 583-1975. -,

hc fabricilLcd nf Tyl)c 316 atainlcss btC1’1 ~lnd will land 590-1976. A bipolar intcrf.lcc will be ustid, ‘
I

be RI1 in-l!nc ul-it with flanxcd ends. lloLh tlm , nnd nnalog volLaLc chonncl:~ will bc scald WILhin
1

-—— . . .. .. ..- .- . .. . ...- ., -—- .------ . . ..-— .-. —. --— ----- ..__ ——. -. .—-— - -.. .--. ,— -—--- —.. .-. .-J
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the range of -5 Vdc to +5 Vdc. Digital clmnnels ‘0.07 M1’;l. The CXC1 Lation appl ic>d co the trans-

will bc similarly ,scnled. Iducer will bc 28 I’clc and tl,,, uutpu L wi; l bc O to

The minimum crtd-to-cnd absolute accuracy for 5 Vdc, corr~,:~p(,ndinfi to zero and full scale,

each mca~urrd ETC parameter LhiIL intcrfac’us wiLh rCSpecLivQIY. The output for dlffc.renLi:ll pr~.ssurt,

the Mf)AC will be t2Z of full scale or range, as mcasurcmc,nts will be -5 Lu +5 Vdc, kriLII O !’dc

Applicalllc. Iknwvcr, the maisturc COnLCnt and corresponding to O diffc.rcntial I>ressurc ilil(t Lh(,

tritium level measurements will bc an cxccption. ‘5 and +5 Vdc corrcspnndinu LO minus and plus full-

An attcmpL will hc made to keep tht accurocy of scale djffrrcnrial prc,ssure, rcspccttvc]y.

tlmsc two mcnsuremcrtts to within 15;! of f(]ll SC:I]C ‘low rate parameters will bc measured wILh

Ior range, as appl icablc.. ‘turbjnc- and Llltirma]-typL* flow m~tL.rs,for liquid

All of tllc tcmncraturc transducers in the ETC ‘aIld Ease.ous flow, respcctivc]y. TIIC signals from

will be plaLJnum rcsisLance typa. TIIC scnsinfl ,tlic tljrblnc-type flow meters will bc conditloll(,d

elemr!nt is rcfcrcncc-grade (99.999 + purity) plati- wiLh flcqucncy to dc ccnVcrtCr5 conLaint’d WiLllin

;num wlrc, mounted on a mandrel in a strain-free c the CIVLiC section of tllc MDAC. ~tlC OuLput Sl;,,llnl

manner. TIIC sensing clcmL’nL is hcrmt,tia]lv scnlcd will b, O LO 5 Vdc, corlcspondin~ to zero and full-

in a stain](,ss stocl Ilousing to meet tllc environ- scalc :Iow, r~,spcctlvcly. The signal from till,

mental and rncchanical rcquircmcncs and to insure LhCrma;-Lypc flow metcrfi will bc conditioned JO ~

highly rullablr pcrfurr,,~ncc. The tmnpcrn:urc to 5 V(1C before bein~ interfacu~l to tliu CAMAC ~,quil,-

trmtsduc, : will fern u:),. lcx of a WhcatstonL, brld{;~ ncnt.

The brirlgc w1ll be prov~!,,d wiLh 1O-VJC cxci::ltion, Thl! exact method to measure liquid lCVC1 ‘)as not

and lhc olltput si~nal will be O to 50 mV, corrc- bccn dccldci ycL. Those teclmiqucs bcinr, ct.nsidt.rud

r.pending 10 zero and full scale, rcspcctivcly. ~rc: son~c, capac~tancc, pressure, ar,d flo;{L-L~I)~.
.,- -...

There will ~c Lwo Lypcs of pressure trans-
-.

liqui.1 ievci transducers--- The instruments LO I:Ica:;-

duccrs used on the [T(;, bcndcd strain f;:]tlp,c and urc th~, moisture, content and thL, tritium lCVL.1 oi

variable rC]uCLancc typt,s. ~~ch t~pL’ Of LrflnS- the effluent have not been sclcctcd LO date.

duccr was cllnscn for its individ,]al advantaj.rs LO Tho position jnrf~cators dcpicLinL vnluc pusiLioll

a particul:lr applic:!tlon. Tlit’ hondcd strain-y,nuct- will b,! lilluar potrnt)omctcr typL,s. TIILI signal from

type pressure transuucrr w1lI bc used to measure

pressures within the. I;TC up to 0.68 N1’a. The

traneduccr will be LxciL1°d witk 2S Vdc and will

have a O- Lo 5-Vdc uutpul, correspondin~, to zero

and full scale, ruspcctively.

The variable rC]UCLancU-tSpC pressure Lralls-

ducer Lo bu USU,!,U1 thr ETC wLII bc cOMp],)Lcly

srlf-contninrd, LiIal ix, lIIC Input and ouLput of

the trnnsduccr is LIC and all ric nctwt)rks arc con-

tained wilhln the tl-ansduccr. Thjs fcatllrc clim-

thcsc ,lniLs to Ll,c llh~ will bc O LO 5 i’ for :,,rri-

spondillg C1OSCL find open posiLjoll:;, rt,!+pci.liv.,]y.
I

sp?clflc controllers lwtvc IlnL been SC]CCL,,IJ
1
‘ycL; h.lwcvcr, iL is anticjpatcd that tllc so],, l,,i,l

‘Valves will be Qx,!itCd with a control vcIIL:II:L~ of

~2b Vctcm Where pussjblc , all otlk.r control V.IIVL,S

interf,lcct! to LhL! NDAC will bc ~,lt’cLriCillly i>;~,,r-

aLcd. TIIC accllriicy of tlw conlr,~l SySLLIII uII1 [It

‘idcnlisal to thaL dcscribcd above ft>r LINI lm~.:)jur,,,l

p.lramctcrs.

An cmlcrgcncy g~.ncrnLor SCL wiLII LIIC c:IpJ,,iLy

to fwr:iisl, fwll power LO the mlc dntf iLs L.LII1:I1lI

Inntcs the need for an ac cxcltatjon snurcu and a

dcmodulntor iocated in Lhc NlM17,, Anotllcr fcaLurc

AS that nt! htF,t!- frC!lll L.l:t::: ac Sil;[l.LlS arc placud on ful)cti~ns and LIIC E’I”G wiLl bc provldcd. ‘:11.,1-,ftIl(,

the insLrmcnLatlon CJLICS, thus climlnatin~ tlw if a l(ISS Of CUMm(,rCial power Occdrs, LIII, ]X(; will

poSSibi]iLy Of IIUISL, bcrilllsc of cros.qt.ilk. I’aria- rcm,lln fullcLicIna].-.. . .. . . . . . ----- ____ .. —.- ____ ,.

blc rCIUCLflnCC-typC prt,ssurc trnns(lucrrs vi]] bc 1
,

uacd to mcnsurc pre:~surcs ovur the ran~y, of O to ,
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