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AN EMUKCINCY TRITIUM CLEAN-UI SYSTEM
1

CONCEIML'AL DESIGN OF
]
M. E. Myller

. |
LOS ALAMOS SCIENTIFIC LABORATORY, UNIVERSITY OF CALIFORNIA

LOS ALAMOS, NEW NAXTICO B7545
|

The Los Alamos Scientiflc Laboratory (LASL) Laus been selected by the Department

of Encrgy (DOL) tu design, build, aund operate a facility to demonstrate the opera-
bility of the tritlus-related subsystems that would be required to suceessfully:

develop fuslon reactor systems,  An cmerpency tritium clean-up subsystem (ETC) for
this facillty will be dasigned to remove tritium frum the cell atmosphere If an
accident causes the primary and necondmy tritium contajnment to be breached. Con- !

ceptually, the KTC wlll process cell alr at the r1ate of 0.65 actual mJ/s and will

the maximun credible release of 100 g of
operational status within 24 h without a
environment,
L. INTRODLCTION
The Tritlum Systems Test Assembly (TSTA) I'vo-

gram is dedleatal to the develuprnent, demonstra-
tion, snd Intcepratlen af teclmologles related tn
the deuterlaw-tritiua fucel cvele of fusion reactor
systems. Iucluded In the abjectives of TSTA are
development and testlng of cuvironmental and per-
sonncl protuctlve systems, study of systems
response to abnarmal and emergency situatluas,

and demunstratlan of loug-term reliablilty of
components,

A basic requirement for all fusion reactor
tritium systems will be an emerpency tritium
clean-up subsvstem (ETC) tor atmospherle detrltl-
ation if there 1% an accidental release of tritium
to the reactor building. The ETG provided for the
J/TSTA is a small-scalce prototyp of this required
subsystem. The expcrimental area (cell) will pru-
vide tertiary contalament of the tritium systems
and storage coutainers used In TSTA., Tlnr TSTA
cell contaius 3000 uJ of buildiup atmusphere that
would become contaminated with tritium if an acci-
dent <caused the primary and mcconlary tritium con-

tainrent to bo breached, The primary function ol
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achleve an overall decontamination factor of 106 for tritinm oxide (TZO)'

Following
tritium, the ETC will restore the cell to )

significant release of tritium to the ,
|

lthe ETC is tc prevent tritium release to the
»nviroument from the TSTA cell after sech an acci-
‘dent. The sccondary function of the ETC is o
provide the capability to carry out experlments on
varlous. aspects of room air detritiation unde-
coutro:led conditions. .

This document specifies the functional desipn
reriteria for the TSTA version of the KTC and-pre-

scnts the conceptual design description of a system

,that satisfies these criteria. i
ITI. FUNCT1ONAL DES]GN CRITLRIA !
1A.__ Geceral I

i The basic ETC process shisll Inclade oxidazlun
,of the tritium to tritiated water iu a catalycie
reactor and then removal of the tritiated water
from the air with an air dryer system. A minimum
cof 17 vf the cell alr 1s to b irc-casad cach mln-
.ute, and the components are tu be oesipned so that
ithe sysitem can be aperated contiuncusly voar a mlui-
imum of 30 h without any contact malntewance v~
.regeneation, Valviug is to be pravided sa that :
sthe al* exiting the mystem can W citle'r rimted
;dirvdtiy to the bulldinn'cxhnuﬁt stavk or a portlun'
1(up to 1002) recirculated to the cell. The ETC .
|

l !
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18 ta be deslgned to permit cvaluation of the i
followlng: | KEYBOARQS
2 ea,
e Emcrgency and cxperimental operating modes
that involve detrltiation of the air in the '
cell; | LOGGING DISPLAY CRT MOAITGH
PRINTLR GENERATOR o 2 ea.
e Experimental operating wodes that involve |
detritiation of the alr in a test room, at [
reduced flow rates; and | . ) COMPUTER HMSYSTNM
e An operatlng meude In which ritsacration of a - Eﬁ'i},';' proctsi-ortum@s {4)“)
ode ray tube terminals
moleccular sivve dryer would lLie demonstrated, Teletypes (4)
Disc and magnetic ta tora:
Key desipn canglderatjons of the system are Printer J be starage
personncl safety, case of malntenance, and opera-
tional flexibility. All systems shall he desipned | CAMAC l
for “fafl-safc¢” operation if ulr ar clectrical " INTERfACE
fallure occurs. l ? —
SIGHAL
Inst ntatl CONIROLLERS
B _Instrumentatlon \ CONDITIONING
The ETC i to be cuntrulied by the Master Data - MDAC WIAL
Acqulsitlun and Contral System (CIDAG) and 1s to be _ET_C—___-. T T T T T T —__-—ET?_
automatically actuated iu the emarpency tritium ETC SOURCE £Te
clean-up mode if a slpnis fuont tritium reicase to INSTRUMLITATION CONTROL

the cell is detected. The HDAC is not cuvered by
these criterla; the futerface between the MDAC and
the HTC'shull be nf the signal condlitionrrs and

1,

located in the cell with princlpal Instrument read-

controllers as shown In Fip, The ETC s to be

outs and alarms In the control ruom. For experi-
mental and operational simplicity, same daplicate
locel cuntrols will be 1+ ated 1n the cell,
€. _Catalytlc Ruactor

The catalytle reactor shall be desipned to
reduce the concentration of clemental hydropen
isotopes In afr fron 1000 ppm to 1 ppb Ly velame
with onc pass at a flow rate of 0.5 stawlard mJIH.
an inlet pressure of 0.35 MPa, and an {nlet
temperatarce of 430 F,
D.__Alr bryer System

The alr dryer system shall be designed to pro-
vide a minimum Tzo decontamlnation factor across
the system of 106, haned on inlet alr cantaining
100 ppm T20 und 15 (00 ppm "20'
and dessicant-ahsorber-type air dryers are to be

Bath refriperated-

conghilered far ase in the system.  Redundoney ia

ETC can be usrd to demonstrate etritiation of alr
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FIGURE_1. MDAC-ETC Interface. l

‘in a tvst roum or ta demonstrate regeneratlon of a

molecular sicve bed,  Thes= tests arce to be con-

ducted withoat cnmpromisihn the capablility of the

dryer system for emergency trltium cleanup,

Lo Luierfaves :

i Thi: ETC shall interface with the buildiap ventl-
jlatlon system sa that alr in the ventilation oxhaust
lduct can be rauted to the LTC, 1f necessary.  The

yexlmus: alr frem the roam houslug the experim:atal

clean-up system shall have alternate ducting to the
Il-'.TC available so that experlments involving the

irolcnuv of small amounts of tritium to the alr in :
'this reom can be condncted safrely withont fnterfer-
ing wi.h activlities 1u the main TSTA cell.

o Cartaiument

. Major companents of the ETC arc ta he provided

]
wlth valviap so that isolatlun from other I'TC cum-

pouenty 18 posslble for malntenance ur removal, H
JLiping rarts to these companents shall be pruvided

v:to allw fn=-place tritium decontaminatian by nurping
to be pruvided in tle alr-drvyer syatrm so that thoe *

ithe components with fnert pan and then evacunatlug

1them,
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These ceriteria do nat reynire doable contain-
ment of the ETC, but the desipa shall minimize
leakage of process gas from tne svstem.  Plpinp
Joints arc to be welded or maule using a compression
seal against a metal gasket.

G._Materials

The materials of construction used in the ETC
shall be chosen to provide long-term reliability
and minimum trltlum release vver the system's woark-
ing 1ife. Wherever practicable, anstenitle stain-
less steels, alumimm alloys, and copper alloys
shal]l be useal for piping and cyuipment that will
be in direct contact with the prucess etream,
H.Repalatlons, Cal:w, and Staulards

The quality assurance pregram establishes
measures, procedures, and lustractiaus for accun-
plishing the activitles to assure the requisite
quality of the systea and camponerts,  In peneral,
the "national cansenqe™ cades il standanlds as
developed by ruch urnnn:hntlunn as the American
Society of Mechanieal nglueers (ASHMLE), Awmerican
Chemical Justitate (ACT), American ¥atjonal
ﬁtgndnrdﬁ Institate (ANSI), awl lnﬁlltutc of B
Electrical awd Lleetroules Envluecera (1LEEL) are to
be usced where applleible.  The latest editions of
all codes and stimdards shall Lie ased,

Deslgn mul constrartion of the UTC will be in
accordmmce wlth the rollowlup regulations, cades,
and standards:

American Mutiunn] Standarls Tustitute (ANST):

ANS1 B2.1, "Fipe Threads”
ANS1 B13.1, "Coides fur Mvessnre Mlping
ANST B16.5, "Steel PMjue Flanpes and
»  Flanged Flttlupga
Americin Socicety of Meehandcal Implnevrs (ASME)
Boiicer aml l'ressure Vossol Gode:
Scctian 11, 'Materlal Specelfleations”
Section V111, Division 1, "Rules for Con-
struction uf l'ressnre Veusela”

Section 1X, "Welding and Brazlug Qualifl-

catlons”
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M$-3116, "Conncctor, I'lup, Elcctric, Scrloﬂ];

Military Standards (MS):

Solder Type, Straight, layonet
Coupling” i
MS-33649, "Buss, Fluid Connection-Internal

!
]

Straight Thread”

Natiomal Electrical Mameficturers Association

(NE%), 1€S-1970, "ludustrial Coutrolx and
: Lystems” i
' National Flre I'rotection Assoclation (NFPA),

NFPA-70-1975, “National Llectrie Code™

Los Alamos Scicentific lLaboratery (LASL),

"Quality Assurance Program I'lan fur the

Tritium System Test Assembly,” TTA-QI-C3-1
I.__Natural Furces

The ETC cquipment and pipinpg shall be clansi-

‘fied au scismic category I and, as such, shal! be
deslgnad and analyzed to withstand the desipn basls
carthqeake (DBE), sometimes referred tu as the sade
_slutdovm cartlyjuoke (SSE).  The DBE shall he assmd
to produce a maximum harizontal gruund acceleraciom
-of 0.33 p’s. The Jndopundgnt. §jmullnnvuuu verticeal
-g;ouhd ﬁotiSHHShJil be assumed ta be two-thluods ur
the hovizontal DBE aceeleratlan level. The 1°°C
shall lLe desipned to remain functiaual duriag and
;immedinto]y following the DBE event. The farlllty
Iis to be restored to operational statas within a
'rcasonrhlc pcrlpd of time, thus preventing a 3lpnll-
Iicant release of tritinm to the enviroument 11 a
ctritiun reluase coincides with the DB,
! All components of tlw KTC and adjacent eqalp-
|menl. that conld cansce cullateral damape If an carth-

"quake accarred shall have ancherapda desipned ta the

'DHH cr.tevla,
I
(111 CONCAPTUAL DESIGY DESCRIPTI

111,
A Svitem Deserintlon

b |

(1) an cmerpeney

1.
have been identified lor the ETC:

Ceneral, Three typlieal mades of operatlim

.
clean-ap cycle, (b) a test raem ¢lean-up evele, and

'(c) a molecular aleve drver repencratlan demoastva-

tion eycle. The ETC will be an experviwmental
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facility so many variations of these basice cycles  ;the tritium monitors located iu the cell cexhaust

can be cxpected.  The followlny assumptions have duct would alcrt the MDAC, which would activate
been made to establisle & basls for the emergency .both the ccll ventilation isolation sequence and
clecan-up cycle: i Jthe ETC in the cmeryency clean-up mode. Tritlum-
e Onc hundred grams of tritium arc released to coutaminated alr in the exhaust duct would be
the cell, |r0uLvd to a nonlubricated compressor where 1t would.
o The ETC processces room air at a rate of ;bc compressed to 0,35 MPa at a rate of 0,65 actual
0.65 actual mjln. lm-/s. Inlet ducts to the compressor wousd also be
e The cxIt clr stream from the ETG {4 spllt .avallable to plck up the contamlnated air from
with 0.26 actual m3/ﬁ being rimral o the 'spocific arcas In the ccll, The heat of compres-

building stack anl the remalnder recirenlated sion would ralse the alr temperature to 450 K,
to the cell, Ibecausrr neither an futercooler nor an afterconcler
e The normal cell veatilatloan air, 2.36 actual waald Le employed In the comprentior. The romw alr

mals. is bypainsced to the veatilatlon stack, is assumed to be at 293 K and 50% relative hnddity,

where 1t 1s mlxed wlth the ETC exit alr After campression, a mlxture aof Lydrogen and am
strcam, :inort fias would be added ta the compressed alv to

® A decantamination factur of IO(l Is achieved ‘brlnn the hydropen isotape concentration tu 100D py.
for tritiam os:lde (TZU) across the K1G. The air would then he routed to the eatalytic

e The concentratian of tritinm (Tz) In the reactur to reduce the hydropen lsotape concentra-

room air is reducald by a fuctor of 106 across tiun to lews than 1 ppb. A shell aud tabe alr
the catalytie reaclar. |coo]or wonld thin be ased to reduce the air tomper-

o All Té leaving the catalytie reactor exfts ature te near its dew polnt.  fThe next step woald

the alr drycr system nnchanged. Ihc a refrlperated condenser deslpned to reduce tlee
After a 100-g release of T,, the Inftlad aver-  alr teaperature toa 275 K and thas cmelense mont uf
age cell canermtratlan woald h; 3.2% x 1o pCl/m1. ;the 11,0 iad T,0. Thls condensnate would L dralued
Assuming compliete mixing with the alr ln the cell, ‘Ln the tritlated water starage tanks and seprepated
the B1C wanld rvednes the cancentratlan of tritium .uccnrdinn to tritium concentratlon.  After the cell
to 40 u(‘.l/m] in 20.% h, at which concentratlon nor—.wns returned ta wmrwal condltious, the tritiated
mal cell ventilatict would he restared. Tioe tydiinm water cauld e either loaded onto muleenlar stoeve

concentrat fon in tne atack, averaped ovier the next  and sent to dlspusiad or transferred to a tritium

24-11 period waald b 0.58 pCl/m3 frr a release of :rocovvry unlt.

0.12 Cl. Trltium oxlde release during the clean-up A aeat recovery nuit In the calenser woulil
phasce would averape 2.0 HGl/mj from the stark over lruhvnl the exit afr by Indlrect contact with the
the 20.1 h, far a T20 release of 0,38 G Jduring :inlvt Ar to reduce the refriperatlon joad awl to
this phane., The tritlom released as T, would add elhnluate “sweat Ing” on the exlt alr line, The
an amidlitional 0,98 1, These valentiathms neplect :rvhvnrud alr wauld leave the condenser at 286 K nndl
auy triltium that caald he last ta the stack hefore :hv ronteld ta the first-siape maleenlar sieve o lryer,

1
the ventllativn exhast dampers rould bhe clased and reduelog the water watent from 2960 ppw to 1,2 ppm.
4

any tritium that divfunes thraugh or atherwlse ITho heat af abeorption arsociated with this drveinp
interacts with the ell walla.  The TSTA ventila- !Htvp waald ralse the dry air exit temperature to ;
tion system will be desipned to mlnlmlze thesd IJIO K. Swamplug water, ac steam, wanbd he wfded at
cffoecty, el i el o _thlH P int to pring the water cantent up to HWN)ppmj
2, Fwerpenrv Clean-tp tvele, If a relvasce l.-nul than make pussihle a further decoatamluatian .
LoI' 100 p of trithm lnlé the TSTA cell acenrved, :fnuLnr af 1000 acrang the secoml-stape malecnlar '
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sleve dryer. During the last phase of the crer-
gency clcan-np cycle, the sccond-stage dryer might
not be nccesusary, and dry air from the first-stage
dryer could be stacked dircectly or retarned tu the
cc]l: Dry air would exit from the second-stape
of 1.2

the particular clean-up mode

dryer at 320 Kk wlth a water cuntent

ppm.
Dependlng upun
employed, this air rould be sent to the stack or
recircalated to the room. Current estimatss are
that 0.26 ar-.ual m3/s wiil have to he stacked to
balance infiltratian to the cell, which will be

maintalned at a slightly nesatdve pressure wilth

respect tue the atmasphere,

This mode of cmergeacy cleanap wauld be
expectaell to reduce the cell alr tritina coatent
to 40 WCi/n® In 20.1 h. Durlng this time,

130 liters of cumdersate would be collectid in the
tritiatad water starape tanks, and 100 11ters of
watcer woulll be callected in the malecular sleve
dryers.  After the cell returned to aormal condl-
tions, the wolecalar sleve la the dryers would be
Joaded out to liaed draws, and fresh malecular

sicve would Le laaded into the drvers,

3. Text Ruon Clean-rp €ovle. The test room
clean-ap cycle would be amal tn demoustrate vari-
ous modes of alr detritiatlym under contrulled

conditions aml wauld be roplovisl umly far experl-
mental purpoeses. Tle ceyele wanlid aperate exactly

as the emerpency cloan=ap cyele except thac the

and scparate melieealar sleve dryers would he pro-
vided tu save the uther dryvers for use daring an
acclilental tritluam release to the eell,

4. Repencration Mhoganstratlon Geele.
e e e v At TEma aw s w2 T — g = - -

The
regeneration demmsitratlun eyele would be desipned
to demonstrate lo-place repeucratlon of a molecu-
lar sleve dryer. Ths ceyele wonld be for test
purposcs only, becanse narmal vipeurration would
be by replacement of the hed.  After initial

ate as a clased loop with no pasions ef fluent,
Thv compressor walld provide the mative pawer tn
move the afr thravph the loup at a numlnal flow

rate of 0.24 stundard m1/“ aul would provide

[ TER0 SRS B |
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‘preheating of the regencratiom alr.

[

A 100-kk

-

cloectric heater woeld be used to proviide hnt‘nir

for regencration of the wolecnlar sieve.

The nom-

inal regenceratinm temperature would be 478 K, but

the incoming repencration alr would have to be at

a hlgher temperatuare,

700 K, to preheat the bed

and to supply the heat of absorption required to

remove the water fron the molecular sleve,

‘prehwating of the molecular
ation air leaving the dryer
wauld coatain 23 200 pym of

would le cooled to near its

After
sieve hed, the repencer-
would be at 478 K and
wiater, This steam

dew point, 315 K, in

—.'- . .
of the TSTA cell.

Ithv air cooler aml then routed to the refriperated
lcondcnS(-r. where 857 of the water would be condensed
‘and collected fu the tritiated waier storape tanks,
"The conlensir cxit air would be routed to one of
Ithc test-cyele molecular sieve dryers, vhere it
would bs idried to a dew point of 205 K. The driled
air at 310 K would be returned tu atmospheric
preszure and recycled to tbe c¢nmpressor,

b

Qngiuurnlluq E
The KTC will be located in the soatkeast currer
Both the Bit'nréd aud the mezza-
fnino will be usced to minimize the cell floor :pace

dedicated to the ETC. A jaew concrete foundat.on
vili be poured in the pit area to pravide suppurt

for the compressor., To facilitate loadont of the

moleceular sicve beds and the tritiated water, v“he
]

air cooler, refrigerated condenser, dryers, and

]
flow rates could be 1/4, 1/2, or 3/4 of full scale, trlriat.ed water storage tanks will b locatad at

“the mezzanlne level. Additional suppart, as

:rcquircd. will be provided. Cantalnment buxer, as
iuhnwn in Fig. 2, will be installed beneath the
!drycrs to assurc that Joadout of the molvenlar
sleve beds wlll not resalt in a tritlum releise,
"C.__ Gomponents, Mavts, awd Materlals )
1. Compressar, A compresser Will Le usael to
-provide batt the pressare dlfferent lal vegqalend e

‘move the alr throngh the ETC id additlal ceepre.-

preascrlzatimm of the system, the cyele would oper='sion of the :dr to redace the size af the duwast v

[} . .
componcnts,  This counpressor will be a daable o ting

crociprocating type with one br twa stagen and oo

'latfim seals between the cyl inders awl erinkease ta

‘minlmlza cantact of the air and rrankease
' 1

(] :
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nlso be conshilered,

Neither am

wiil be pruvldvd.-
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LTC molecnlir sleve bed loadoat.

soals,

Antomatic unloading af the campreusor

LA
W P

f111cd-Teflon piston riupn.

Inert-pas-pressurized seal cham-
bers betwern the eylluders and the erankease will
The cramkease will hie vented
to the tritinm waste treatment system ta assure
contalument of any tritlum that wav leak past the
The compressor will e of 4 non-
luliricated desive with Teflan-honel evllnders and
The suction valves
will be equlpped wlth five=slep clearanee control
to allow operation at 1/4, 1/2, and 3/4 of full
Intercouler wor an aftervaaler
will be used tu take advantape of the heat of com-—

pression fur heatdnp the alr befere the eatalytic

for sturtiuy ta redvee the regqaired driver torque
T coul lnp, water ta the erank-

casc oil coolier will be controlled by a thermal

veit o [T M

__ LT e tusmig
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|modu]ntin;'_ valve to assurc that condensation will

jnot take place when the comnressor is on standby.

) The nominnl free air capacity of the comurvsworl
|Jwill be 0.65 m3/s with inlct <ondliviona of 0.0771'Fa
land 293 ¥ and cutlit cunditions of 0.35 MPa and

i450 k.

'thc unit. A foundation containiup 3.8 m3

A 150-kW motor will be required to drive

of cam-

crete will be poured in the plt to suppurt the

COm|ri LSSOr., l
_________ A catalytic reactor s

;requjrcd to oxhlizi the tritlum in the afr to trit-

Jium oxide, which can be removed downsitrean by cim-

Ivcntinnnl air drylmy techniques. It 1s eritical to

-leffocl a very high conversion al T, to T b In the

2

reactor hecause T, that is not uxldized fn the

reactar will uot he remoaveld £ the adr by the

‘downstream components,  Ta ansure this hipgh couver-
sian, lydrogen will be adiled to the alr strean
ibefore the reactar at a rate sufficient to wieutain
in mlninum hyldrupen fsoatope coneentration ot

1000 ppm b2 volume, The reactur will he deslpned
|to reduce this level to 1 ppb at the wminal dnlee
‘éJnd]tiéns_nf 0.5 mlln:-bio k. nﬁd 3.5'hvﬁ. Tu '
;nchicV( tlids couversion will require appraxieately
0225 0

form of I-w.-dlam by 3-mm-lonp pellets anl w111 be

of catalyst. The catalysxt will he 10 the
'composvd of a Llewl of precions wetals we a high

surface area subutrate. The reactor ves:el anl the
fulet amd ex1t plpine wlll he constructed of Tope 316
staluless steel aul, ta allow a while variety of
chpcrlnvntn] operatlon modes, wlll he deslpnel ta
withstind « maximum temperature of 755 K oand 2
mixJwn preseure uf 0.7 dPa. The reactor vessel
:will be desipnal fur manual loading and anloasllug
?of the catalyst through access parts ol will have
‘a Hmited mumber of ports ta minimlze the pat mtial
‘for gyrtem leakape. The reactor vesnel is vachcdj
‘ta he ¢baat 0.76-m diam by 1.52-m tali wlth 0.15-m-
diam {ulet and exndt ports,.  The reactor vessel will
‘be trevstandlup and will be located on tae pt [looé
:1ajncvnt to the comprissor. |
3. _Alr Coulvr. The air vaoler will be uded to
"eunl the hot exlt pases fcom the catalytle reactor

|
ILo neie thedir dew polnt,  Cowceptually, this ait !

[ ]
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will bc a water-cooled shell and tube fwin

exchanper with two tubie passices and baf{led shell
pass. Nominally, the unit wili be desipued to could
0.5 mJ/s of air at a pressure of 0,31 Ya frum

460 to 294 K. Actaally, the cooler will be over-
slzed to allow cxperimenty Invelving higher alr
temperatures and pressures, hut lawer flaw rates,
0.7 Mia and 775 K, respectively.  The extent to
which the air is cooled will lie contrulled Ly varv-
The

entirc unit will he fabricatal of Type 316 staln-

ing the water flow rate throush the tubes.

less steel and wiil have 140 15-mm-diam tulies in

a 25-cm-dian shell.  The talies wlll be paced on
a 1,9-cm cquilateral triangle piteh, and the
baffles will be spmed ot 15%em Intervals aloup
the shell

Lty Coneeptoadly, the tulbes will he

i].5 m lans. The adv couler will be located In the
mezzanlne area over the pit and will e on the
same supyuwert structnre as the condenser unlt,
Insulation will]l be required around both the air

cooler and tne pipinp leadluy to it from the

Entniyllc reactar,
4. CGumdenser. The functian uf the condenser
will Lic to remove as mach water as pussihle frum
the aly» before 1t reaches the wolecular sieve
drycers ta micinize the water Jaadiug of these
units. Refrijeratiun-type compressced-alr dryors
that have the capabillty to evnol compresned alr tun
275 R are available commercially and it is
expected that an "orf-the-shelf” unit can be pur-
chased anl wndific! for this scrvice,

The coudenser wast be capable of coullug 0.5
m3/s of alr containlun 31 000 ppa of water from
320 tn 277 K at a pressare of 0 31 Ml'a. This
represents the maxinmam rojected heat load for
the comlenner; nominal cendltions would be the
samc flow »ate, pressarce, aml exit temperature,
but the water load would he 6570 ppm aud the
inlet temperature woald he 298 K, The coudenser
will be ecquipped with a meintare separator to
remove auy water mlH} that may pp entralued In

the alr stream,  Tlis vnlt wll] Incerporate a wire

mesh de-entralnment pad to enliwice its el fectiveness

bt e e et h har e e sem -t f L iemi e e sicie emeem feean ————

Ly i

‘mezzarine {loor.

]
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:A preconler/rehicaivr will be inenrpurated Intoe
the condeaser it ta rehweat the extt alr from the
separator Wy using it te precoul the inlet ajr,

This will
lnnd wll]l prevert comdensation Vrom i mindug on the
outside of the ex!t gas line. The rofriperant

‘vondenser of the refrigeratlon init vill be water

The maximum desipn pressure and temperature will be conled,

The condenser unit will be located in the mez-
zanine area aver the plt and will be high enimgh
‘alwve the mezzanlue floor to allow the condensate

ta draln by gravity to the storage tanks., Sceuan-

dary coatalument will be provided for the cuander .er

uit to prevent leakape of tritiated water Intu tlee

‘cell,
1

dr Tritiated bater Storape Tanks. The trit-

Iated cater storape tanks will be used to pravhide

contalnwent of the water and T,0 that is remoaved

2
fron the alr by the condenser.

Three storapd

will bi used to allow segregatiun of the condensatu

1
‘based upon T,0 content. At nominal {luw rates,

:lritium concintrntion in the cell wlll be reduced
lﬁy a factor of 10 096{} 3 h of £TC operacion,. At
this rate, 997 of the tritium will bhe remuved from
the cell In the first 6 h. Condensate formed dur-
;inn thic time periud will be cullected in che twa
‘small:r tauks that will be sized tu cuntain 68

1
liters cach.

The third tauk will be sized to ran-

tain 757 llters of coudensate. These sizes ave

1

‘based on the projected maximum comlensite poenera-

1

tlon rates and, as such, provide a margin of sarcetey

as comparcd wlth the nominal cundensate genwratjon

rates. The two smaller tanks will overflow t» the

1
‘larpet tank, and all three tanks will lhie ventoed to

the trltlam waste treatment system. The tonks will

be located so that ecach tank top Is lush wlth e

From this location, the cunlea-

'sate can be transferred to cither disposal ar
'atorn|o contalners,

The tanks wlll Le falhirfcealel

lof Tyre 316 stainlesy steel wlith double walls to

assarce contalument of the 7,0,

2

\
!
| G. _Dryers, Molecular sieve devers wlll Le

used te pruvlde the final separatlen of cater and

20 frum the alr.  Two complete maleenlar sleve

redace the Jaud on the refrlperation unit

tanks

the
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room clean-up experiments and the other to be on
standby for emergency clean-up situations. Each

system will have two dryer stapes with provisions

Both systcems will be designed to pracess 0.5 m3/s
of air at 286 K and 3 atm pressurce containing
2500 ppm of water. Councepiunlly, cach dryer will
have a top air inlct with a bottom exit and wili
be 1.06 m in diam with a l.4-m-deep Lied aof molecu-
lar sieve. This cize has sufilcient capacity to
allow completion of an emerprncy clean-up opera-
tion withont saturatiug a drycer to th: point where
regeneration of the bed is requlred.  Siuce normal
regencration will be accomplished by replacement
of the bed, the dryurs will Le designed so that
the bed can be loaded ouc by pravity. The molecu-
lar sieve wil]l be equivalcnt to LINDt’Typc 47\ and
will be in the form of 1.5-mu-diam spheres, A
conceptual design for a molecular sieve dryer and
its associated bed loadout containment boxz is
shown in Fig. 2. The dryora and assor iated piping
uill bo fnhri(at;d of 5tnin1c55 qLcol and will be
designed to withstard a maximum Internal pressure
of 0.68 MPa and a maximum temperature of 644 K.
The pipinp system connecting the dryers will be
designed to provide sufficient flexibility so

that various modes uf dryer opecration and regener-

ation can be cevaluated,

7. _lleater. The air heater will be used to
hcat the ailr used to demonstrate in-place regen-
eration of the molecular sicve beds. During

regencratlou, the air must supply the heat to
raise the dryer and bed to 478 K, plus the h=at
of absorption requived to vaporize the water and
scparate it from the molecular sicve. This heat
is provideld by heat:ng the regeneration air above
the nominal regeneratinon temperature of 478 K,
The heater will be Jlesignal to lwat 0.24 mJIH uf
dry air at 3.5 atm i{rom 472 to 755 K. Conrentu-
ally, a 100-kW elec:ric henter with internal heat-
ing cables wlll be vsed. The heater housing will
be fabricated of Type 316G stainless steel and will

bc an in—linc urit with [lnnncd onds.

Both tho
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dryer systems will be provided, one to be used for .hicater and the inlet and outlet piping will qc

for adding swamping water (as stecam) between stages. stream pressurce pulsation.

_made by

[ | &
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8. Volume Buttle. A metal volume bLottle will
be installed at the compressor intake to limit up-
The bottle will be con-
|nr:ctcd to the compressor by a flexible metal
'connection and will be aquipped wlth a nitrogen
addition port to per:-it replaccement of system leak-
'agc during operation in the drycer-regeneration-

demonstration node. é

9._Tntake Alr Fi'ter. A replaccable, pipe-

‘linc-type, air filter wiil be provided at the inlet
to the volume bottle ta prevent dirt particles from

entering the compressor. The filter will be capa-
ble of removing 957 of cntrained partlcles down to
‘S-um diam. Tha filter will be the dry type aud

'will be designed to perait replacemeat of the filter
‘eleuwent without breaking the pipe
10,

be installed on the compressor discharpe to 1 mit

connections,
. Pulsation Danmper. A pulsation damper wili
,the residual pulse in the compressed air stream to
1Lh5 than ‘17 nf tho absnlutc strcam pressurc., The
dnmper will bc conncctud to tho compressor discharge
by a flexible metal cunnection.

D. Ilnstrumentation awml Control:

The ETC will be controlled and monitored
:remotvly with some duplicate lozal coutrols. The
local control and monitoring pancels to facili ate
manual coutrol will be located aljacent to th* EIC.
The remote control/monitor operatiun will be er-
formed from the TS:A control room. In the re:wote
control/monitor mode, all process-orlented fuuc-

tions of the ETC wi]ll be under computer contral,

l'Thv awmount and tyvpe of computer coutrol will -rary
‘for cach function as the design dlctates. Thz exact
type of coutrol reqaired for each process s vet Lol
;bo cstiblished.

the BTG control system will be addressed after

The amount of redundancy witain

a

'more detailed design study. '
! The interface between the ETC instrumentation
'and contrnls and the computer subsystem will he ’
' CAMAC modules per IEEL Standards 583-1975
and 596-1976.

A blpolar interface will be used,

Inn(l nnnlog voltngc chommels will be scaled within
[

LHODT AL B,
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the range of -5 Vdc to +5 \'dc.
will be similarly scaled.

Dlgit1l channels

The minimum end-to-¢nd absolute accuracy for
cach measurced ETC parameter that interfaces with
the MDAC will be
applicable.

+2¥

pg A

of full scale or rauge, is
llowever, the moisture content anil

tritium level measurements will be an exception.
An attempt will be made to keep the accuracy of

1 57

these two measurements to within 57

of full scale
or range, as applicable.

All of the temperaturce transducers in the EIC
will be platinum resistance type., The scusing
num wire, mounted on a mandrel in a straiu-free
manner. The sensing element 1s hermetially sealed
in a staiuless steel housing to meet the environ-
mental and mechanical requircuaents and to insure
highly rclialile performance. The temperatarc
vill forn o

The bridge will be proyv !

transduc. leg of a Wheatstone bridpe

and the output signal will be 0 to 50 mV, corre-
sponding to zero and full 5cnlo. respectively,
’ There vill be two Lypoa of prcs~nr( trans-
ducers used on the TG, banded strain pange and
variable rcluctance types.  Each type of trans-
ducer was chosen for its individual advantapes to
a particular application.
will be used to measure
up to 0.68 Mra The

28 Vdc and will

type pressure transuucer
pressures within the L1C
transducer wil] be cxcited with
have a 0- to 5-Vdc cutput, corresponding to zero
and full scale, respectively.

The variable reluctance-type pressure trans-
ducer to be used,'m the ETG will be completely
sclf-contaluned, that is, the Input and output of
. the transducer is de and all ac unetworks are con-
tained withlu the transducer. This feature elim-
inates the need for an ac excitatlion source and a
demodulator iocated In the MDAG., Another feature
is that ne hlph-froqueney ac sipnals are placed on
the instrumcutation cables, thus climinating the
possibility of wolsc because of crosstuik,
ble reluctanue-type pressarce trausiducers will be

usced to measurce presnsares over the raupe of 0 to

L e
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ted with 10-Vde exciiation,

7 1liquid level trausducers.

Varda-,
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'0.07 MPa.
|ducer will be 28 Vdc and the cutput wiil be 0 to

i |

The cexclitation appllcd tu the trans-

5 Vde, correspunding to zero and full scale,
respectively.  The output for differential pressure
measurements will e =5 to +5 Vde, with 0 ¥dc
correspouldlng to 0 differentinl pressure aad the
.—5 and +5 Vdc corresponiling to mluus and plus fall-
Iscalo differenrial pressure, respectively,

“low rate parameters will be measurced with
‘turbine- and thermal-type {low mcters for liyuid
.aud gitseous flow,

respectively., The signals from

the turbine-type {low meters will be conditloued

element is rcfercence-grade (99.999 + purity) plati- with ficquency to de cenverters contalned within

the CAMAC section of the MDAC.
will b

The output siiual
0 to 5 V¢, corresponding to zero and full-
scale !low, respectively. The signal from tlee
0 J

to 5 Vdc before being interfaced to the CAMAL cquip-

therma’-type flow meters wlll be condltioned

ment

The exact method to measarce liquid level aas uot

been declded yet. Those techniques being censidercd

are: sonic, tapacitance, pressure, and float-type
" The {nstruments tu wmeas-
ure thi molsture content and the tritlum levei ot
the cfflucnt have not been selected to date,

The position ind*cntors depicting value pesition

The bonded straln-pauge— wlll b linear potentiometer types, The signal from

these nnits to the }Dkt will be 0 tu 5\ fur corre-
spouding closcd and open positions, respertivelw,
1

Spacific controllers have uut been selected

]
‘yety hawever,

|
26 Vdc.

Interfaced to the MDAC will be electrically

it is anticipated that the solewdd
valves will be excited with a control voltape of

Where possible, all other cuntrol valves
uper-
EaLcd. lie

The accaracy of the contrul systenm will

"fdentical to that described above fue the mea el
Ipnrnmotcrs.

: An cmergency generator set with the capacity
“to farnish full pawer to the MDAC aud {ts contvol
‘fancti ns and the FTC will be provided. “Vher (v,
1f a 1lvss of cummercial power occurs, the LTC will

rcmqin quctionn].



