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CONCEPTUAL DESIGN OF AN EMUKGENCY TRITIUM CLEAN-UP SYSTEM
. 1

|
M. E. M?ller
. |
LOS ALAMOS SCIENTIFIC LABORATORY, UNIVERSITY OF CALIFORNIA

LOS ALAMOS, NEW !fX1CO B7545
I

The Los Alamos Scientific Laboratory (LASL) has been selected by the Department

of Encrgy (DOL) to design, build, and operate a facility to demonstrate the opera-
bility of the trltiun-related subsystems that would be required to successfully-
develop fusion reactor systems.  An emergency tritjum clean-up subsystem (ETC) for
this facility will be designed to remove tritium from the cell atmosphere If an
accident causes the primary and sccondmy tritium contajnment to be breached. Con- !
ceptually, the ETC will process cell air ‘at the r1ate of 0.65 actual mJ/s and will
achieve an overall decontamination factor of ]06 for tritium oxide (TZO)' Following
the maxinum credible release of 100 g of tritjum, the ETC will restore the cell to I

operatjonal status within 24 h without a significant release of tritium to the |
1

1. INTRODUCTIOXN lthe £TC is to prevent tritium release to the

environment.

The Tritium Systems Test Assembly (TSTA) Pro-  onvironment from the TSTA cell after svch an accl-
gram 1s dedlcated to the development, demonstra- 'dent. The sccondary function of the ETC is to
tion, and Integpraticn of technologles related to provid~ the capability to carry out experiments on

the deuterlum-tritiun fuel cvele of fusion reactor vardoun aspects of room air detritiation unde-

systens. Included in the objectives of TSTA are coutro:led conditions.

development and testing of cnvironmental and per- This document specifies the functional desipn
sonnecl protective systems, study of systems seriteria for the TSTA version of the ETC and-pre-
response to abnormal and emergency situatloas, sents the conceptual design description of a system
and demonstratlon of lonpg-term reliablilty of ,that satisfies these criteria. i
component s,

[I1. FUNCTLIONAL DESIGN CRITERIA !
A basic requlrement for all fusion reactor I

1A.__ Gerceral

———

tritium systems will be an emerpency trielum i The basic ETC process shall Include oxidatlon

clean-up subsystem (ETC) tor atmospheric detritl- ,of the tritium to tritiated water in a catalycdic

etion if there I an accidental release of tritium reactor and then removal of the tritiated water

) . - ETC . o
to the reactor bullding. The ETC provided for the Afrom tle air with an air dryer systeme A minimum

{TSTA 16 a small-scale prototype of this required o 0gm 0 vi0 011 adr 48 to b2 sre-cased cach min-

subsystem. The experimental area (cell) will pro- ,ute, and the components are to be wesipned so that

vide tertiary contaiament of the tritium systems ithe system can be operated continucusly for a mini-

. The |
and storage contalners used In TSTA. The TSTA ;mum of 30 h without any contact malntemance o-

. 3 .
cell contalns 3000 n” of bLuilding atmosphere that regencvation. Valving 1s to be provided so that :

would become contaminated with tritium 4f an aecl- 0 o4, exiting the mystem can be either routed

dent <caused the prinary and mecondary tritium con- directiy to the bullding exhaust stack or a portion
I{up to 100%) recirculated to the cell. The EIC

- —— ——m—————— mme e memam e i mE R e e ke e e e e e e e s mh i B e e w s = ey ._I

tainrent to bo breached. The primary function of
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is to be desligned to permit cvaluation of the |
following: | KEYBOARDS
2 ea.
o Emcrgency and cxperimental operating modes
that involve detritiation of the air in the '
cell; l LOGGING DISPLAY CRT MOAITOR
PRINTLR GENERATOR o 2 ea.
e Experimental opcerating modes that involve |
detritiation of the alr in a test room, at (
reduced f{low rates; and COMPUTER SUBSYSTIM
e An operating mode In which reyencration of a - Central processor units (4)
Cathode ray tube terminals (4)
molecular sleve dryer would be demonstrated. Teletypes (4) )
Disc and magnetic tape storaje
Key design considerations of the system are Printer
personncl safety, casce of malntenance, and opera-
tional []cxlblllty. All systems shall be desipgned | CAMAC l
for "fail-safc¢" operatlon 1f alr or clectrical g INTERFACE
faflure occurs. l ! —
SIGHAL
F Inst ‘ntat| COMIROLLERS
J —-mlnmntatlon | CONDITIONING
The ETC 16 to be controlied by the Master Data MDAC —_—
Acquisitlon and Control System (MDAC) and is to be _ET_C__—_-— T T T T T YT T T e T
automatically actuated in the emargency trftlum E1C SOURCE £TC
clean-up mode If a slgniilcant tritium release to ' INSTRUMLKTATION CONTROL
the cell s detected.  The MDAC §s not covercd by
these criterla; the Interface between the MDAC and  FIGURE_1. MDAC-ETC Interface. l

the ETC shall be at the signal condltioners and ‘in a twst room or to demonstrate regencratlon of a

controllers as shown in Fig. 1. The ETC ?s to be molecuiar sleve bed. Thess tests are to be con-

located in the cell with princlpal Instrument read- ducted without cnmprom]slﬁn the capability of tho

outs and nlarmd in the centrol room. TFor experi-
drycer system for emergency tritium cleanup.

mental and operatlonal slmplicity, some dupllcate E._lnterfaces
locel controls will be I+ ated In the cell. | The: ETC shall interface with the building ventl-
SE__!FUP'XLJE_ISEE}”V |1ntlon system so that air in the ventllation wxhaust
The catalytlic reactor shall be deslpned to |duct can be routed to the LTC, If necessary. The

reduce the concentratlon of clemental hydropen Lexhaus: air frem the room housing the experim:ntal
h
isotopes dn alr fron 1000 ppm to 1 ppb by velume clean-up system shall have alternate ducting to the

3
J a f1 at 5 stand: ;
with onc pass at a flow rate of 0.5 standard m” /s, ,HTC available so that experiments Involving tiwe

an inlet pressury of 0.35 M'a, and an Inlet

irolunuu of small amounts of tritvium to the alr In .
temperature of 430 F. 'this room can be conducted safely without futorxfer-
|D.__Air DLryer System

The alr dryer system shall be desipned to pro- F._ Coatatnment

vide a minimum T,0 decontaminatien facior across

i

ing wi.h actlvitles In the main TSTA cell. '
Major components of the ETC are to be provided

I

the aystem of 106, bated on inlet afr contalning

100 ppm TZO and 15 000 ppm "20' Both refriperated-

and desslcant-absorber~-type alr dryers are to be

]
,with valviap so that isolation from other I'IC com-
ponents 18 pousible for malntenance or removal, E

IPlplnn rortd to these components shall be provided

congldered for use dn the system.  Redundaney is - to allw in-place tritium decontamination by nurping
£o be provided dn the ale-dvyer syatem wo that tho ithe components with inert gas and then evacuating :

E1C can be used to demonstrate detritlation of air

FrC oo b e to domemucrate detellacion S

Ithem,

[) | ] [
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These eriteria do not require double contain-
ment of the ETC, but the desipa shall minimize
Pipiug

Joints are to be welded or made using a compression

leakage of process gas from tne svstem.

seal against a mctal gasket. |
G. Materials 1

The materfals of construction used in the ETC
shall be chosen to provide lonp-term reliability
and minimum tritfum release over the system's work-

ing life. Wherever practicable, austenitic stain-
less steels, aluminuw alloys, and copper alloys
6h111 be used for piping and equipment that will
be in dlrect contact with the process stream,

H. Repulations, Codes, and Standardls .

1.

The quality assurance program establishes

measures, procedures, and instructions for accom-

plishing the activities to assure the requisite ‘fied

quality of the systea and components,  1In pencral,

the "national consensus” codes and standards as

developed by =uch orpan:zations as the Amerlean shut

Soclety of Mechanieal Englnecers (ASME), American

Chemical Institute (ACT), American Natjonal

Standards Institute (ANSI), and Instlitute of

Flectrical and IElectronlces Engincers (JEEDL) are to the

be used where appliciable.  The latest editions of shal

all codes and standards shall be used. ;immc
Design and construction of the ETC will be in Iis t

accordance with the rolJowlng repulations, codes,
and standards: :ican
American Natfonal Standards Institute (ANST):
ANSL B2.1, "Fipe Threads"
ANST B13.1, "Codes for Pressure Piplng"
ANS1 B16.5, "Steel Plpe Flanpes and

. Flanged Flttings"

trlt
|

Boiler and Pressure Vessel Codes
Scction 11, '"Material Speclfications”
Section VIII, Division 1, "Rules for Con- have
struction of Pressure Vessels" !
Section 1X, 'Welding and Brazing Qualifi-

cations"

tion

[}
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Military Standards (MS):

(]

-

Ms-3116, "Connector, Plup, Elcectric, Scrlo&];

Solder Type, Straipght, Bayonet
Coupling"”
MS-33649, "Boss, Fluld Connection-Internal
Straight Thread"
Natfonal Electrical Manefacturers Association
(NE¥%), 1€S-1970, "Industrial Controls and
Lystems”
National Firce Protection Assoclation (NFPA),
NFPA-70-1975, "Natfonal Electric Code"
Los Alamos Scientific Laboratory (LASL),
"Quality Assurance Program Plan for the

Tritium System Test Assembly," TTA-QP-C3-1

Natural Tarces

The ETC cquipment and piping shall be clausi-

as scismic category I and, as such, shal! be

desligned and analyzed to withstand the desipgn basls

cirthquake (DBL), sometimes referred to as the sale

dovm carthquake (SSE).

te produce a maximum horfzontal ground acceleraclon
-of 0.33 g's. The Independent, slmultancous vertical

‘grounc motion shall be assumed to be two-thhids of

hor lzontal DBE acceleration level. The 17°C
1 be designed to remain functional during and
diately following the DBE event.,

0 be restored to operational status within a

t release of tritium to the environment {f a

iun release coincides with the DBE.

All components of the ETC and adjacent eqilp-

'quakn accurred shall have anchorage desipned to the
DBE criteria.
1

PIUAL DESIGE DESCRIPTION

1
A, Syutem Deseriprion

1.

General,

been ldentified lor the ETC:

cloan~up cycle, (b) a test room clean-up cvele, and

l(c) a molecular sieve dryer regencration demoastra-

cyele. The ETC will be an experimental

The facilicy

Three typleal modes of operation

(a) an emerpency

The DBE shall be assumad

reasoncble perind of time, thus preventing a slpnif-

ment that could causc collateral damage IF an earth-
|
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facility so many variations of these basic cycles  the tritium monitors located in the cell cxhaust

e e

can be expected. The followlng assumptions have duct would alert the MDAC, which would activate
been made to cstablish a basis for the cmergency ,both the cell ventilation isolation scquence and
clean-up cycle: i fthe ETC in the emerpency clean-up mode. Tritium-

¢ Onc hundred grams of tritium are released to contaminated air in the exhaust duct would be

the cell. |routed to a nonlubricated comprescor where it would
e The ETC processes room alr at a rate of ibe eompressed to 0.35 MPa at a rate of 0.65 actual

0.65 actual mjls. |m?Is. Inlet ducts to the zompressor wouid also be
® The exlt clir stream from the LETC {4 split ,available to pick up the contaminated air from

with 0.26 actual m]/ﬁ belng routed o the ispoclf!c arcas In the cell. The heat of compres-

building stack and the remajnder recirculated sion would ralse the alr temperature to 450 K,
to the cell. |because nelther an intercooler nor an aftercocler
e The normal cell veatllatlon air, 2.736 actual would Le employed In the compressor. The roon alr

m3/s, is bypasised to the ventilation stack, is assumed to be at 293 K and 507 relative hunidlitvy,

where iU s mixed with the ETC exit alr After compression, a mixture of hydrogen and an
stream, :inorl pas would bLe added to the compressed afr Lo

® A decoutaminat lon factor of 106 i1s achicved Ibrlnn the hydrogen Jsotope concentration to 1000 ppm.
for tritlum o::ide (TZU) acrose the ITC. The alr would then be routed to the catalytic

® The concentraion of tritium (TZ) In the reactor to reduce the hydrogen Isotope concentri-

room Air is reduced by a factor of 106 across tion to less than 1 ppb. A shell and tube air
the catalytle reactor. lcoolcr would then be used to reduce the air tomper-

o All Té leaving the catalytic reactor exfts

ature te near ity dew polnt.  The next step would
fho ﬁir drycr system unchanged, -—Ihn n”rcfrlﬁ;rﬁiod condenser deslpned to reduce the
After a 100-g release of T,, the inktial aver- alr vewperature to 275 K and thus condense mont of
ape cell coneentratlfon would h: 3.23 x IOR UCl/m1. the HZU and T20. Thls condensate would he drafned
Assuming couplete mixlng with the air In the cell, .Ln the tritiated water storage tanks and seprepated
the E1C would reduce the concentration of tritium .ncrnrdlnn to tritium concentration. After the coell
to 40 uCl/m] In 20.% h, at which concentratlion nor-lwns returned to normal conditlons, the triltiated
mal cell ventilatic would be restored. The tvdiiam water vould he cither loaded onto molecular sieve
concentratjon in tne stack, averaged over the next :nnd sent to disposal or transferred to a tritium
24-h period would b 0.58 uCI/mj for a release of :rvcovvry unit.
0.12 ¢i. Tritlum ox!lde release during the elcan-up A heat recovery unft in the condenser would
phase would averape 2.0 u()l/m'J from the stack over lruhvnt the exit alr by indirect contact with the
the 20.1 h, for a T20 release of 0.38 CL durlng :1nlut alr Lo reduce the refrigeration joad and to
this phase. The trithum released as T, would add  eliminate "sweating” on the exit alr line, The

an additional 0.8 <1, These ealenlatfons neplect :rvhvurod alr would lJeave the condenser at 286 K and
any trltium that could be lost to the stack before ;ho rouled to the first-sitage molecular sieve dryer,

the vent Ilatlon exhaust dampers could be closed and reduclng the water content from 2560 ppw ta ~1.2 ppm.

any tritfum that diffuses through or otherwlse !Thu heat of abeorption assoclated with this drying
fnteracts with the sell wally.  The TSTA ventlla- !Htup wauld ralwe the dry air exit temperature to :
tion wystem will be desipned to minimize these lJlO K.  Swamplng water, an ateam, would be added at
effects, L e e e e e ,__'thlu pint to pring the water content up to “WN)ppmj
2.__Fwerpency Clean-lp Cyele, If o reloase tand than make possible a further decontaminatlon I

of 100 g of tritlum Into the TSTA cell occurred,
L. - P .- PR sm e ame . . -

|
lfm'.l.nr of 1000 acrosy the second=stage molecutar '
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sieve drycr.

During the last phase of the crwr-
gency clean-up cycle, the second-stape dryer might
not be necessary, and dry alr from the first-stage
dryer could be stacked directly or returned to the
would exit from the second-stape

1.

cell. Dry air

at 320 K 2

dryer with a water content of Ppm.

Depending upon the particular clean-up rode
employed, this air could be sent to the stack or
recirculated to the room. Current estimates arce
that 0.26 ar.unl m3/5 will have to be stacked to
balance infiltratfon to the ccll, which w11 be
maintaincd at a slightly nepative pressure with
respect to the atmosphere,
This mode of cmergeacy cleanup wauld be

expected to reduce the cell alr tritium conternt
to 40 uCi/m3 in 20.1 h,

130 liters of condensate would be collected in the

During this tine,

tritiated water sturiape tanks, and 100 lleers of
water would be collected in the molecular sleve
drycers.  After the cell returned to wermal condl-
tions, the mnolecular sicve In the dryers would be
loaded out to llaed drums, and fresh molecular
slcve would be loaded Into the drvers. -
3.

clean-up cvele would be used to demonstrate vari-

Test Room Clean-I'p Cvele. The test room
ous modes of afr detritiatfon under controlled
conditions and would be cuploved only for cxperi-
mental purposes. The eyele would operate exactly

as the emergency cloan~up cyele except thac the

and separate molecular sieve dryers would be pro-
vided to save the other dryvers for use during an
accidental tritlum release to the cell.

4, Regencration Degonstration Cvele.
anerat g eaensiratlen Lyele

The

to demonstrate Lu-place repencration of a molecu-
lar sleve dryer. 1818 cyele would be for test
purposcs only, becavse normal repeneration would
be by replacement of the bed. After initial

ate as a closed loop with no pascous effluent.
The compressor world provide the motive power to
move the alr through the loop at a nominal flow

rate of 0.24 standard m1/v and would provide

L
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of the repencration alr. A IOO-RQ

IPrUhunLinu ‘
cleetric heater would be used to provide hot‘nir

for regeneration of the nolecular sieve. The nom-
inal regeneration temperature would be 478 K, but
the incoming repencration air would have to be at
a higher temperature, 700 K, to preheat the bed
Innd to supply the heat of absorption required to
‘remove the water from the molecular sleve. After

'prchvuLing of the molecular sieve bed, the regencr-

atlon air leaving the dryer would be at 478 K and
This steam
315 K,

lthc- air cooler and then routed to the refriperated

wou)d coatain 23 200 ppm of water,

Iwuu]d be cooled to near its dew point, in
,condenser, where 857 of the water would be condensed
‘and eollected In the tritlated water storage tanks.
!Tho condenser exit air would be routed to one of
Ithe test-cycle molecular sieve dryers, vhere [
would bue dried to a dew point of 205 K. The dried
air at 310 K would be returnced to atmespheric
prescure and recyecled to the compressor. )
B._ Confipuration '
' The ETC will be located in the southeast correr
Both the Bit'nréd and the mezza-
Tnino will be used to minimize the cell floor :pace
dedicated to the ETC. A aew concrete foundat.on
vil] be poured in the pit area to provide support
Ifcr the compressor. To facllitate loadout of the
molecular sieve beds and the tritlated water, the

I
air cooler, refriperated condenser, dryers, and

1
flow rates could be /4, 1/2, or 3/4 of full scale, tritlated water storage tanks will be located at

"the mezzanine level. Additlonal support. as

‘required, will be provided. Containment boxer, as
'shown in Fig. 2, wil] be installed beneath the

!drycrs to aesurc that loadout of the moleenlar

regeneration demonstratlon eyvele would be deslgned sieve beds will not result in a tritlum release,

'C.__Cerponents, Parts, amd Materlals '
_____________ A compruessor will be usad to

-provide bott the pressure differentlal required te

‘move the alr throupgh the ETC and addItfonal cowpree.-

pressurization of the system, the cycle would oper-"sion of the air to reduce the size of the dowastreas

] : .
components.  This compressor will be o double aetingg

creciprocating type with one or two stapes and | o
Mlation seals between the eyl Inders and erankease to

;mlnlmlzn contact of the alr and crankcase

[) |

LY N LT
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FIGURE 2. ILTC molecular siceve bed loadout.

Jubrication oll. Inert-pas-pressurlzed seal cham-
bers between the eylinders and the crankcase wlll
also be consldered. The crankease will be vented
to the tritium waste trecatment system to assure
containment of any tritlum that mav leak past the
isolat!lon secals. The compresisor will be of a non-
lubricated desli: with Teflon-honed cyl Inders and
filled-Teflon piston rinpgs.  The suction valves
will be equlpped wilth flve=step clearance control
to allow eperation at 1/4, 1/2, and 3/4 of full
scale. Nelther an Iatercovler nor an afterceoler
will be used to take advantape of the heat of com-
pression for heatlng the adr befere the catalytic
reactors.  Automatic unloading of the compressor
for starting Lo redvcee the required driver torque
wiil be provided.’

casc ol] cooler will be controlled by a thermal

T et T T T T I s

()

WP e (A P prnaantiny
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'Ieffoct a very high conversion of T

The cooling water to the crank-

[
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;modulnting valve Lo assurce that condensation will
|not take placce when the comnressor as on standby.
] The nominal free air capacity of the comprcsuorl
|will be 0.65 m3/5 with inlet condlvions of 0.077!!Pa
|and 293 ¥. and cutlet conditions of 0.35 MPa
1450 h.

and
A 150-kW motor will be required to drive

A foundation contalning 3.8 m]

lthc unit. of con-

crete will be poured in the pit to support the

COmt 28507 . !
2. Catalytic Reactor. A catalytic reactor is '

'required to oxldlze the tritlum in the air to trit-

[Hum oxidce, which can be removed downstrean by con-

|vcntinnn1 air deyloe techniques. 1t Is eritical to

to T)U in the

2
<

reactor because T, that is not oxldized In the

reactor will not he removed £ the alr by the

‘downstream components.  To assure this high cenver-

slon, bydropgen will be added to the alr strean
before the reactor at a rate sufficient to mintain
in minirum hydrogen fsotope concentration ol

1000 ppm b volume.

The reactor will be deslgned

lLo reduce this level to 1 ppb at the nominal Inlet

CUnd]LlﬂuH of 0.9 m /.; 450 K. nnd ].SIHPA. To

iuchiovz this converslon will require approxinmately
I0.225 m3

form of

of catalyst. The catalyst will be 19 the

I-wa-dlam by I-mm=long pellets and will be

! .
composed of a hlend of preclous wetals o a high
area hul The reactor vessel and the

surfacc itrate.

fnlet and exic plpin- will be constructed of T/pe 316

stalnless steel and, ve allow a wide varfety of
chpnrlnvntﬂl operation modes, will be designel to
withstond a maximum temperature of 755 K and o
The

maximum pressure of 0.7 HPa. reactor vessel

‘will be desipgned for manual loading and unloadlng

Eof the catalyst through access ports and will have
‘a Hmbied number of ports to minimlze the pot - ntial
"for gyrtem leakape. The reactor vessel is vxguclcdj
‘to be (bout 0.76-m dlam by 1.52-m tall with 0.15-m-
diam inlet and exdt perts. The reactor vessel wllll
'‘bo treestanding and will be located on tae plt flooé
:1cjﬂcent to the compressor.

3. _Adrx Cooler.

!
.1hu_ngr cqulpr_ulll hc u4ed to

‘cool the hot ex!t pases frvom the catalytle reactor

ﬁu near thedr dew wﬂnt. Lmucphnﬂly,thlﬂ|mlt '
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'will be a vater-cooled uhicl]l and tube heat A precooler/reheaier will be dncorporated Into !
exchanger with two tube pasces and baffled shell the condeaser unit to reheat the exic air from the

pass. Nomlnally, the unit will be desipned to cool separator by using it to precool the inlet air.

0.5 mJls of air at a pressure of 0.31 MPa from This will reduce the load on the refriperation unlt
460 to 294 K. Actually, the cooler will be over- and will prevert condensation from forming on the
sized to allow experimente Involving higher air outside of the exIt gas line. 7The roefriperant
temperatures and pressures, but lower [low rates, ‘vondenser of the refrigeration unit vill be water
The maximum design pressure and temperature will be cooled. |
0.7 Mia and 775 K, respectively. The extent to : The condenser unit will be lecated in the mez-

which the air is cooled will be contrelled by vary- zanine area over the pit and will be high enough

Ing the water flow rate threush the tubes.  The ‘above the mezzanine floor to allow the condensati
entirc unit will be fabrleated of Type 316 staln- to drain by gravity to the storage tanks. Sccon=-
less steel and will have 140 15-ma-dian tubes in dary centalument will be provided for the conder,or
a 25-cr~diam shell.  The tubes will be <paced on IuniL to prevent leakape of eritiated water Into the
a 1.9-cm cquilateral triangle piteh, and the ‘cell. :
baffles will be spaced at 15-cm Intervals aloung I 3. _Tritiated Vater Storape Tanks. The trit-

the shell Tength.,  Conceptnally, the tubes will bhe  Jated vater storage tanks will be used to provide

1.5 m lons.  The alr coouler will be located In the contalnment of the water and T.0 that s removed

mezzanine arca over the pit and will be on the _fron the air by the condenscr.2 Three storape tanks
isame support structure as the condenser unlt. will br used to allow secgregatfon of the condensate
Insulation will be required around both the air Tbasod upon T20 content. At nominal flow rates, the
cooler and tnue plplng leadlng to It from the tritium concentration in the ccll will bLe roduced

Entniyllc reactor. -_lﬁy a factor of 10 oQbf} 3 h of ETC operacion. At

ﬂ;nJBUEE?"ﬂT' The functjion of the condenser this rate, 997 of the tritium will be removed froo

will be to remove as much water as possible from ‘the cell in the first 6 h. Condensate formed dur-
the afy before ft reaches the molecular sicve !lnn thie time perjod will be collected in the two
dryers to micdmize the water loading of these smallr tanks that will be sized to contain 68

1
units. Refriyeration-type compressced-alr dryers liters cach. The third tauk will be slzed to con-

that have the capability to cool compressed air to taln 757 liters of condensate. These sizes ave

275 K arce available commercially and it is Ibnsod on the projected maximum condensate penera-
expected that an "ot f-the-shelf” unit can be pur- 'tion rates and, as such, provide a margin of safetw
chased and modifle! for this service. fas comparcd with the nominal condensate generitlon
The condenser nust be capable of coullng 0.5 'rntcs. The two smaller tanks will overflow th the
m3/s of alr containing 31 000 ppa of water from ‘larger tank, and all three tanks will be vented Lo
320 to 275 K at a pressure of 0 31 MPa. 7This the tritium waste treatment system. The tanks will
represents the maximum ;rojected heat load for be located so that each tank top Is flush with (h
the condensery nominal conditions would bhe the rmozznrinu floor. From this location, the conden-
samc flow rate, pressurce, and exit temperature, 'sate can be transferred to either disposal or
but the water load would he 6570 ppm and the 'aturn;o contaluners.  The tanks will be fabricated

inlet temperature would be 294 K. The condenser Yof Tyre 316 stainless steel with double walls to

wlll be cquipped with a moisture separator to {assure contaiument of the TZU' !
1
remove any wiater mist that may be entralned in I 6. _Dryers. Molecular sleve drvers will be

the alr stream.  THis wait will {ncorporate a wire used te provide the final separat lon of water and

1
mesh de-entraloment pad to enhance 1ts ulforllvonouuﬁTzﬂ from the alr, Two complete molecular sicve

T T U U |
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dryer systems will be provided, one to be used for
room clean-up experiments and the other to be on
standby for emergency clean-up situatlons. Each

system will have two dryer stages with provislons

Both systcems wlll be designed to process 0.5 m3/s
of air at 2?86 K and 3 atm pressure contalning
2500 ppm of water. Conceptually, cach dryer will
have a top air inlet with a bottom exit and wili
be 1.06 m in diam with a 1.4-m-deep bed of molecu-
lar sieve. This size has sufilclent capacity to
allow completion of an emerpency clean-up opera-
tion without saturatlng a drycer to the point where
regeneration of the bed is required. Since normal
regencration wlll be accomplished by replacement
of the bed, the drycrs will hie desipned so that
the bed can be loadcd ouc by pravity. The molecu-
lar sieve will be equivalent to LINDE Type 4A and
will be in the form of 1.5-mw-diam spheres. A
conceptual design for a molecular sjeve dryer and
its associatced bed loadout containment boxz is
shown in fig 2. The dryora nnd asqonintod piping
Hill bo fahri(ated a[ btninlcss qLce] and will be
designed to wlthstard a maximum internal pressure
of 0.68 MPa and a muximum temperature of 644 K.
The piping system connecting the dryers will be
designed to provide sufflcient flexibility so

that varlous modes of dryer opcration and regener-
ation can be evaluated.

7. Heater. The air heater will be used to
heat the air used to demonstrate in-plice regen-
eration of the molecular sieve beds. During
regencration, the air must supply the heat to
raise the dryer and bed to 478 K, plus the hzat

of absorption required to vaporize the water and
separate it from the molecular sleve. This heat
is provided by heat:ng the regeneration air above
the numinal regeneratlon temperature of 478 K.

The heater will be Jdesigned to heat 0.24 m3/n of
dry air at 3.5 atm irom 472 to 755 K. Conreptu-
ally, a 100-kW clec“ric heater with internal heat-
ing cables wil) be used. The heater housing will |
be fabricated of Type 316 stainless steel and will

be an 1n-1!nc uvit wlth flnnned ends. Both the

[l (] | [

Ty
Ny

CER I B L M B UA T INL Y A N R

e e ey e

heater and the inlet and outlet piping will qu

'insulated. |
. 8. Volume Lottle. A metal volune Lottle will

be installed at the compressor intake to limit up-

for adding swamping water (as stcam) between stages. stream pressurce pulsation. The bottle will be con-

‘nectcd to the compressor by a flexible metal
Iconnect.lon and will be aquipped with a nitrogen
addition port to per:-it replacement of system leak-
lar,c during operation in the drycer-regeneration-
demonstration mode. i
9. _TIntake Alr F''tcr. A replaccable, pipe-
‘1ine-type, aidr filter wiil be provided at the inlet
to the volume bottle to prevent dirt particles from
entering the compressor. The filter will be capa-
ble of removing 957 ol entrained particles down to
5—ym diam. Tha filter will be the dry type and
'wlll be designed to permit replacement of the filier
‘elewent without breaking the pipe connections,
+ 10. Pulsation Damper. A pulsation damper will
be installed on the compressor discharge to 1 mlit
,the residual pulsc in the compressed air stream Lo
Iths than *1/ of the nbsolutL stream pressurc., The
dnmpcr will bé_connectLd to thc compressor discharge
.by a flexible metal connectlion. P
.D. Instrumentation and Controls %
!

The ETC will be controlled and monitored

:remotcly with some duplicate lozal controls. The
local control and monitoring pancls to facili atce
manual control will be located adjacent to th: LETC.
The remote control/monitor operation will be per-
formed from the TSIA control room. In the renote

control/monitor mode, all process-oricuted fuuc-

ltions of the ETC will be under computer contro],
"The amounl and type of computer control will -rary
}for each function as the design dictates. The: cxact
type of coutrol required for ecach process is vet to
"be estiblished. The amount of redundancy wit.adn
lthc ETG control system will be addressed after a
lmore dctalled design study. |
! The interface between the ETC instrumentation
'and contronls and the computer subsystem will Le ’
lm.\dc by CAMAC modules per IEEE Standards 583-1975

'and 596-1976. A bipolar intcrface will be uscd,

|nml analog voltage chounels will be scaled within
[
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the range of -5 Vdc to +5 Vdc. Digital channels '0.07 MPa. The excitation applied to the trans-

will be similarly scaled. iducer will be 28 Vdc and the ouvtput wiil be O to
The minimum end-to-end absolute accuracy for 5 Vdc¢, corresponding to zero and full scale,

each measured ETC parameter that interfaces with respectively. The output for differential pressure

the MDAC will be #2% of full scale or range, as measurements will be =5 to +5 Vde, with 0 Vdc

applicable. MNowever, the moisture content and corresponding to 0 differential pressure and the

tritium level measurements will be an exception. I-5 and +5 Vdc corresponding to minus and plus full-

An attempt wil]l be made to keep the aecuracy of Iscalo differential pressure, respectively.

these two measurements to within '57% of full scale “low rate parameters will be measurced with

or range, as applicable. ‘turbine- and thermal-type flow meters for liquid

All of the temnerature transducers in the ETC Iand giscous {low, respectively. The signals from
will be platinum resistance type. The sensing the tourbine-type flow meters will be conditloned
element_is reference-grade (99.999 + purity) plati- with ficquency to de cenverters contained within
num wire, mounted on a mandrel in a straln-free + the CAAC sectilon of the MDAC. The output siynal
manner. The sensing element 1s hermetially scaled will be 0 to 5 Vde, correspondinp to zero and full-

in a stainless steoel housing to meet the environ- scale !low, respectively. The signal from the

mental and mechanical requirciaents and to insure therma’-type flow meters will be conditioned o J
highly rcllable performance. The temperaturc to 5 Vdc before being interfaced to the CAMAL cquip-
transduc. + will forn on.- leg of a Wheatstone bridpge ment. )
The bridge wlll be prov:!led with 10-Vde cxcitation, The exact method to measure liquid level nas not
and the ontput signal will be 0 to 50 mV, corre- ,becn ducided yet. Those techniques beinpg censidered
sponding to zcro and full scale, respectively. .ure: sonic, capacitance, pressurc, and float-type
T There vill be two fypos of Hrcﬁéuré trans- - liquid level transducers. The Instruments to measi-
ducers used on the ITC, bended strain gaupe and vre the moisture content and the tritium leve!l of
variable rcluctance types. Each type of trans- the ef{lucent have not been sclected to date.
ducer was chosen for its individual advantages to . The position ind*cntors depicting value pesition
a particular application. The bonded straln-gauge- will b linear potentiometer types. The sipgnal {rom
type pressure transuucer will be used to measure these units to the }DRE will be O to 5V for rorre-
pressures within the ETC up to 0.68 MPa. The ‘sponding closed-nnd open positions, respectively,
transducer will be ¢xcitoed with 28 Vdc and will Spacific controllere have not been selectoed
have a 0- to 5-Vdc cutpul, corresponding to zero !yeL; however, it is anticipated that the sole i
and full scale, respectively. Ivalves will be excited with a control voltage of
The variable recluctance-type pressure trans- ;26 Vde. Where possible, all other control valves
ducer to be used, n the ETC will be completely :inturfdcud to the MDAC will be electrically oper-
self-contained, that 1s, the input and output of EaLcd. The accuracy of the control system will be
_|the transducer is Jde and all ac networks are con- "identisal to that described above for the meaiured

tained withln the transducer. This feature elim- paramcters.

inates the nced for an ac excitation source and a : An emergency generator set with the capacity
demodulator iocated In the MDAC, Another feature  to furaish full power Lo the MDAC and its contiol
is that ne hipgh-freoquency ac sipnals are placed on “functiong and the ETC will be provided. Ther fore,
the instrumentation cables, thus eliminating the if a loss of commercial power oveurs, the ETC will
possibility of noisc because of crosstulk. Varla- remadn {unctiomad. L 'I

ble recluctance-type pressurce transduecers will be

uscd to measure pressures over the range of 0 to

b e el i e
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