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ABSTRACT

A Molecular Sieve Regenerauon System (MSRS) is
being added to the exisung Tritium Waste Treatment
system (TWT) within the [nuum Systems Test Assembly
(TSTA) at the Los Alamos National Laboratory. This
system is an upgrade to the TWT to provide accurate
measurements of the liquid waste generated from this
system. Within the TWT, hydrogen isotopes are removed
from the effluent gas stream by the calalytic conversion lo
waier and the subsequent removal of waler by molecular
sieve trapping pnior to the release to the envirorment.
Within the TWT and similar systems, molecular sieve
rcgeneranon is required to rejuvenate the beds. The
major difference of the MSRS and other regeneration
systems 13 the capability of direct tntium assay of long-
term storage wasle containers. This is accomplished with
loop-flow regencration, water collecuon, and {ritialed
water assay by scinullauon and calonmetnc techniques.
This paper descnbes the MSRS 1n detail and how 1t is
interfaced with the Trtum Waste Treatment system.

INTRODUCTION

At TSTA and other tntum facilities, tntium s
removed from gaweous wasle streams by the catalvtic
oxidation of elemental tntium and tnuated compounds lo
water and oxides of carbon and nitrogen, and the
subsequent removal of the trinated waste waler from the
effluent gas stream by molec lar sicve trapping!, A
major environmental concern 13 the release of tritium from
buned trihum waste contaners due to the potential
preasure build-up from radiolyus. To predict thiy, you
must know the quanuty of tritum 1n the long-lerm storage
conwner to a high accuracy. [f an aqueous \ntium
recovery capability 1y later developed at Los Alamos, the
liquid HTO fromn the MSRS can be transferred directly to
the new yystem without stonng the HTO on molecular
sieve,
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At TSTA. molecular sieve regeneraton s
accomplished by heaung a nurogen gas suream, passing
the hot gas through a sclected bed, rapping the
regencrated water 1n a long-term storage contauner filled
with molecular sieve. and finally recyciing the exit gas to
the inlet of the TWT. At the Tokamak Fusion Test
Reactor (TFTR) the Tritiurn Regenerauon System (TRS)2
is designed to provide low dew-point regeneration gas by
pasiting the gas through two disposable molecular sieve
beds. Currendy, these facilities do not assay directly their
wasic  cohtainers:  (nUum invenlory amounts are
determined from system radiaton moaitors.

The TWT operates with one MSB on-line at a ume.
When “break through® occurs the bed is valved off-line
and for tnlium accounung and inventory purposes i3
assigned the zmount of tnuum processed by the TWT
whiie Lhat specific MSB was on-line. This assay value is
determined by subtracung the integrated exit radiation
from the integrated entenng radiation. This assay method
is tlermed “by diference” and can lead to sigmficant
errors in the tnuum content assigned o individual ‘waste
containers. At los Alamos, assay "by difference” is no
longer allowed for long-term storage of radioacuve
wasles. ‘The MSRS was designed to significantly reduce
the possible errors now associated with the current assay
method used at TSTA and to comply with the Department
of Lnergy (DOL) Order 5633.3 which requires a +/-15
percent assay accuracy limit for tntium.

MSRS SYSTEM DESCRIPTION

The MSRS 15 designed to directly assay long-term
storage contairers, reduce the regeneration gas loading to
the TWT, and provide a known Jow dew-point
regeneration gas. l'v orovide a low dew-point gas and to
reduce the gas loading to the TWT dunng regenerstion, a
closed-loop design was sclected.  Computer control was
selected 10 provide conustent MSRS operations and 10
improve safely. Unce regencration 18 initiated from the
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ISTA control room to reeenerate a MSB the following
operations  are  accomplished:  [oop-tlow. Hold-Up,
Assay, and Collection,  bFach ot these operations are
descnibed below 1o dewil. A tlow diagram of the MSRS
15 shown n Figure |.

Loop-Flow

When the T[STA computer 1S commanded to
regenerate a MSB. the following nual operatons are
pertormed: (lithe [igquid Holding Tank pressure
ransducer 15 cahibraied:  (Ithe MSRS  valves arc
configured tor loop-tlow: (the HTO freezer 15 flled
with hquid nitrogen: (4the heat exchanger chiller 1s
started; (S)the selected MSB heater 15 acuvated: (ta
virculauon pump is tumed on and; (7)the MSRS loop s
pressunzed with nitrogen to 483 kPa (3600 torr).

Dunng loop-tlow. nitrogen gas 15 heated by a 10 kW
resistance heater. The heated gas passes through the MSB
In a counter-1Now direction to the normal process How. A
lwo-phas? midture ol stcam and water at an average
lemperature of 380 K exis the MSB and enters a
konzonwal condensing U-tube lvpe heat exchanger cooled
with 2 25 wt, percent ethylene giycol/water mixture from
a 35 kW chiller.  The gas exits the heat exchanger at
280 K and enters a cyclone sparalor thal scparates the
condensate from the gas. (‘ondensate from the cyclone
separator falls into a liquid Holding Tank and the
remaining loop-gas enters a liquid-nitrogen-cooled freezer
where the remaining waler 1s removed from the loop-gas
o a dew puint ol 193 K (0.68 ppm). 'rom the freezer
the loop-gas passes through a 5 um filter (o remove any
paruculate pnior to re-entenng the circulation pumps.

Loop-flow and towl flow are measured with a flow
meler/totalizer. A msture analyzer provides the TSTA
computer with data (o determine the progress of the
regeneration cycle by sampling the exit bed pas.  This
instrument permits tast and accurate readings within a
range of 113 w0 121,000 ppm water.  When a pre-
determined maoisture value 15 reached, the computer stops
loop-tlow and displays a yellow alarm,

System pressure s limied by a Hack  Preswure
Regulator (BPR) set at S17 kPa 1.1900 torr).  Also, cach
virculation pump 1y protected by a BPR to limit the
differential pressure across the pump.  Check valves are
provided al the exit of the pumps to prevent back-tlow
through the otf-line pump, | PR loop evacustion 1y
provided by valve MSBGEX  and  “house-vacuvm”
cvacuation s provided by valve FLVAC.

told Up
Once loop How 1y compleled, the recovered tntaled

waler 1v how contained within the Liyuid holding Tank,
The hold up phase ot the regenermuon process connts ol

measunng the amoaunt o recovered tntated water from
the selected regeneraied MSB. To prevent tnuated water
handling, a d.tferential-pressure transducer 1s used 1O
measure the higuid head height. 1he amount ol water
within the Liguid Holding Tank can pow be calculated by
the TSTA computer using the nutpul ot the differenual-
pressure transducer combined with the pie-measured wank
volume as a funcuon of height. Calculauons show that an
accuracy ol + - 7 mlcan be oblained using uns methud.

Assay

Direct assay ot the recovered tnuated water from *4SB
regeneration 15 the pnmary tuaction o1 the MSRS. Two
assay lechniques are used, caonmetry and scinullguon
counung.  bExperence has shown that calonmetry s a
more accurate assdy method ftor measunng HTO with
concentrations > 3.5 TBy/l (500 Ch'1) and scinullabon
counung 1s the preterred method at lower concentrations?.
Fo ehminate the nsh associaled with mechanical feed-
throughs. muxing oy nmitrogen-bubbles was seiected.  This
techmique ulihizes the mechanical nuxing etfect tfrom
bubbling nitrogen through the hygwd. This 1s
accompisshed by opening vaive LLQGIN and LQGEX and
passing the conwaminated nitrogen through the on-line
MSB by opening vaive MSAL or MSDI.

I'he MSRS provides HTQO sampling without personnel
cxposure.  However. scinullation counung at TSTA
currentiy involves direct handhng of HTO samples.
Theretfore, 0 prevent unnecessary risks  calonmetry
assaying will alwavs be done first. iy is accomplished
by closing valve SCBYP and auaching a calonmetry
sample vial to valves SCIN and SCEX. see Figure |. To
remove a HTO sample, water 13 driven from the Liquid
Holding lank through the sample vial and into tne
Moisture Collector (MC). At I'STA, long-lerm storage
vontainers arr called mmsture collectors. Dunng  this
uperation the calonmetry sample vial s filled with one
liter ot water,  To remove the sampie. valves LQEX and
the samplc hand vaives are closed and the interconnecung
pipIrg 1s evacuated and purged with nitrogen using vaive
MCA. The sample vial 13 now sately removed from the
system,  vapped.  placed rto 4 secondary  camrying
conainer, transporied to the calonmeter, memsured, and
the resulty entered mio the computer. [t the calonmetry
result 1y < 18,5 TBq/l (300 CV) a wintillation sample 13
Liken; 1f not these results are used for the linal measured
value,

Scintillation <ampbng v accomplished by first
cvacuatimg and purging the interconnecung pping with
nitrogen uning viive MCAL The seinullation ample vial
1V attached to vaive SCIN and evacudied uung valve
MCA. Valve SCIN 1y closed and HTO in the hoiding
tank 1y once again mined and removed to the MC i the
s nanner uwd for caloriietry samphing.  Dunng the



transfer, a U ml sample of water 1s trapped in the secuon
ot line between valve SCIN and valve SCBYP. By
stmply opering the sample hand valve. the 10 ml sample
of HTO 15 admitted to the sample vial. The vial 15
removed from the svstem using the evacuation and purge
lechmque. Scintillauon "cockiails™ are prepared, counted.
and the resuls entered nto the ISTA  computer.
Calculauons show that the towal tnuum mnventory of a MC
can be determined to an accuracy ol § peicent.

Collection

The collection phase of the MSRS operauon consists
of transfernng HTO collected 1n the Liquid Holding Tank
and In the sampie vials to the MC or long-term storage
contner. T'he heat ot absorption ot the molecular sieve
limits the rate at which water can be admitted to the MC.
This rate will be determined dunng “cold” tesung. [he
I'WT low pressure receiver or the “house vacuum" is used
to muate tlow rom the Liquid Holding Tank to the MC.
The lids on the scinuilauon and calonmetry sample vials
are tapered to ltactlitate draining to the MC.  Also, the
MC pressure 1s lowered to sub-atmosphenc. The TSTA
computer tracks the weight of water n the MC and
displavs the remaimng weight that cau be added.

Modified stunless steel. 0.14 m? capacity, drums
rated at 0.55 MPa (4900 torr) filled with Type 13X
molecular sieve are used for MSRS moisture collectors.
These drums are Department of Transporiauon (DOT)
Type 5C rated containers called DOT-5C conainers. MC
water loading 15 imited to 13.61 kg for every 45.4 kg of
sieve. Once hiled, MC's are removed by first evacuating
and purging the interconnecung piping lollowed by
closing the M{'s manual valves. A final weight check 15
performed on each MC prior o packaging for long-term
slorage.

MSRS COMPONENTS
Valves

Ball valves with Teflon scats are used throughout the
TWT and have shown good reliability and acceptable leak
rates for iy apphcation.  Based on thiy data and the
systlem's flow requirements, ball valvey were chosen for
the main loop,  T'wo-way ball valves with Teflon seats
and pneumauc actuatory are used 1n the man loop. The
evacualon and purge valves are three-way bu!l valves
with Teflon swats operated with 24 Vde clectne actuators.
or low-tlow applvations, pneumatically acluated bellows
valves with vespel stemy are used.  All the valves of the
MSRS  are computer  controlled, Alw, valve stem
posttions are wnsed and displayed by the ISTA computer,

Clrculation Pumps

Circulauon 1s provided by redundani all metal double-
bellows pumps witn 746 W vanable speed motors. [hese
pumps are capable o 0.003> m'/s (7.5 wim) at 0.39 MPa
(2800 torr) inlet and V.52 MPa (3900 torr) oullet pressure
running at 1725 rmpm.  Also, the beilows are capable of
0.69 MPa (4400 torT) system pressures. The integnty of
cach bellows . monitored by the TSTA computer through
pressure sensors. [he computer controls the pump speed
through a U-5 Vdc dnve.

Heat Exchanger

A honzcmal condensing U-tube type heat exchanger
labrcated from Tvpe 116 stainless sieel condenses the
moisture trom the regeneration cycle duning loop-flow.
‘This 1s single-pass shell and a four-pass tube-iide heat
cxchanger. The cooling fluid flows in the ubes. A
219 mm diamewr shell contains a U.122 m long tube
bundle ot 28 U.wbes. The U-tubes are 15.88 mm in
diamneter set at a 20.6 mm tnangular pich. Condensing
surtace area is 3.16 mi. Shell and tubes are designed for
a pressure of 1.1 MPa (8500 torr) at 450 K. The (ube-
side is hehum leak ught to 1 x 07 aim-ccrs, The bonnet
and shell ginth tlanges are steel with a Type 316 stanless
steel weld overlay. The heat exchanger 1s a “U"-stamped
ASME Section VI coded vessei capable of removing
20 kW of power trom the regencration cycle, twice the
power o! the current TWT molecular sieve bed heaters.

Chiller

A 35 kW capacity treon-cooled chuller 1s used to cool
the heat exchanger thad from 287.3 K to 273 K flowing
at 3J7.8 Vs, the chiller utthzes a 0.19 m’ open integral
reservoir-mining tank. The freon-cooled chiller is outside
the main ISTA tntium area due to the size of the unit,
Computer control of the chiller 15 IImited 10 surtung and
stopping.  Alsg, the supply and return lemperatures are
read and displayed by the I'STA computer.

Cyclone Separstor

A Loy Alamos designed, tangentially-fed cyclone
separadtor 1y used W scpanute the condersate from the wwo-
phase !oop-gas mixture cuting the heat ecxchanger.
Condensdle 1s removed by the spiral NMow of the loop-gas
through the separator and fally 1nto the Liquid Holding
'ank below.

L.lquid Holding Tunk

I'nitiated water from regencration s contained 0 a 1oy
Alamos designed %508 | capacty Liquid Holding  Tank



capable of stonng water rrom four regenerauon cvcles. A
lypical regeneratton cvcle wil! remove 10 kg ol water
from a bed. The Liqud Holding Tank 15 a doubled-
walled Type .04 stanless steel vessel.  The inner
containment reservoir 1s a “l/7-stamped ASME Secuon
VIII coded vessel constructed with no penetwrauons at the
bottom. At TSTA. tanks used to store HTO are required
to be “U*®-stamped ASME Secuon VIII coded vessels with
double-walls and no penetrauon at the bottom. Three 9.5
mm diameter by 0.89 mm thick wail tubes 1.6 mm from
the bottom are used to measure the head pressure of the
liquid. to traniter water from the vessel, and lo provide
nitrogen-bubble mixing prior 10 sampling. The central
inlet connecuon 1s a 25.4 mm diameter by 1.6 mm thick
walled tube. The inper conwinment reservoir s
secondanly contained by a 1.6 mm thick outer shell. Two
openings at the top ol the outer shell provide tntium
monitoring tor the inner coninment reservoir.

HTO Freezer

A Los Alamos designed cryogenic rreezer 1s used to
freeze the remaiming waier trom the loop-gas pnor 1o
loop-circulation pumping. This HTO freezer 15 designed
lo lower the rcgeneration loop-gas temperature to 193 K.,
Moisture content in the ivop-gas at this temperature 1s
0.68 ppm. When the freezer 1s warmed, (rost that
accumulared on the spira! fins within the freezer liquefies
and falls 1o the botom. Liquid collected at the botom ot
the freezer 1s drauned to the Liquid Holding lank with
valve FRZLQ.

Filter

A Los Alamos designed in-line filter 1s provided to
protect the circulauon pumps from molecular sieve
paruculate, The nilter matenal consists of 40 um Type
3161, saanless steel 254 mm :n diameter and 101.6 mm
long. The 40 um tilter 13 ¢ncapsuialed in a I'vpe 316L
stainless steel tube, S0.8 mm in diameter and 120.65 mm
long.

COSTS

The MSRS is in the final stage of constructien. Software,
cold tesung, and DOL approval rema:ns to be completed.
The hardware cost for this system, in 1991 dollars, was
$110k. Internal costs not included are software, design,
long-term vtorage containers, and installation,

CONCLLUSIONS

The current tnuum assay method at TSTA assumes
that there 1s no nhold-up in the TWT. Therefore, assay
values assigned 1o lone-lerm siorage containers are higher
or on the conservauve side. However, the amount of
lntium assigned to a parucular long-term siorage ~ontainer
1s uncertain, The major difference ot the MSRS and other
regeneranon svstems 1§ the capabilitly of direct tnuum
assay of long-lerm storage waste contaners. The MSRS
should signiticantly reduce the possiole errors now
assoclated with the current assay method used at TSTA
and other raciliues and will comply with DOE Order
$633.3 which requires an assay of +/-15 percent accuracy
lor tnum. Calculauons show that an accuracy within §
percent should be achieved with the MSRS,
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