
- -(/’
LA-UR--92-220

DE92 007433

“%
;:ij ?/’

TITLE MOLECXJLAI? SIEVE REGENIRAIION SYSTEH (FISRS)
‘i ~ilt::)gp

AUTHORISI Joseph E. Nasise and Jalnes L. Anderson
Tritium Science & Technology Group
Materials Science & Technology Division

Y. Narusc
Japan Atomic Lncrqy Rcsedrch Institute

‘WBMITTED T(I Amrican Nuclear Society

1)1.SC’LAIMER

“lht~ rqnHI W-S prcprwcd m ❑n ncmnrntIIr work \prmwwcrl by un nscnty d Ihc 1hid hImIc~
(hwcrnmcni Ncdtcr Ihc I hrikl SIIJICaf i,rvcrnmenl ruw any n~ncy Ihcrrul, nor nny d ihmr
cmploym. mnb wry wnrrmrly, cmprcmor wnphcd, m uwmnc~ any Iqul hnhlhlj m rcqxmm.
hilily (m th~ ●ccurticy, cmnpk[cncm, m uxful~~~ of iwrymformutim uppmIIIUS, pwrlud. M
prtrccnndidmcd, m reprmcn[n Ihd ih uu wmrkl IWII infrin~r pIIvaIcly wwnrd rlahl~ I!dcr
rntc hcrrin M wry sfmcik tommcrclal prmlurl, IWWU*M,or lcrvrcv by Irndc nmwr, lrdem~rk

mmrulzdurcr. wr w[hcrwmc kg rid Kcmnrily amrnltlulc IN IMP)Y III rmhw~emcnl. ICLIIM-
nwmlnthm, or fnwwinR hy Ihc I Imkd SImCn (iovcrnmeni or nny ngrncy Ihrrd Ihr WrW~
ml opinirmn of ~dmrm cEIwcmcd hcrcm dw IIM nrccwdy ~I~IC l~r rcflc~l lhl~ III lh~
I Initml smIcn (irwcrmrrwnl or ■y UICKY lhcre~r

,,, , ,. .’. I ,I!!,, ‘, It, 1~1.1. ! l!.!.~hl.l,t ,Wl,,mqs mu! ,I!= {),,111!1!!01 IIlmnl. t, II*I* .1! 1,1m 4* *lllh Ilm, mrmmrl !,,,11-. 1~.0 4,, *, I ● ! ill ,I,m , .,”,. ,.lr.. , . !l~ I ,... ,,,
.——-— _________ _ ___ __m---- ——. ------- . . —-— .——

,,.,,~.,, “~”,

. . . . . . . n. 9- v . . . .- . . . . .
‘/-. ‘

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov



SUMMARY

MOLECULAR SIEVE REGENERATION SYSTEM (MSRS)

J, E. Naske, J. L. Anderson Y. I$Jarusc

Los Alamo$ National Laboratory Japan Atomic Energy Research Institute

Mail Stop C348 Tokai, lbaraki, 319-11 Japan
Los Alamos, NM 87545 (0292) 82-6390
(505) 667-1459

ABSTRACT

A Molecular Sieve Regeneration System (MSRS) was added to the existing Tritium

Waste Treatment system (TWT) within the Tritium Systems Test Assembly (TSTA) at

Los Alamos National Laboratory. The Department of Energy (DOE) no lcmger allows

ninventory by difference” for radioactive wastes that are to be buried, The MSRS was
designed and built to comply with this requirement, Within the TWT, watl~r is

generated by the catalytic conversion of hydrogen isotopes and removed by molecular

sieve trapping prior to release to !he environment. Molecular sieve regeneration is

required to remove the trapped water and to rejuvenate the beds, The MSRS permits

the collection and direct tritium assay of regenerated tritiatcd water from molecular

sieve beds. This paper describes the MSRS in detail and how it is interfaced with the

Twr,

INTRODUCTION

The TWT is a tritium rcrnoviil syslcm controlled by the TSTA computer, a Master

Data Acquisition and Control (MDAC) system. Within the Tritium Waste Treatment

systcm (’NT), hydrogen isotopes including lri[ium and tritium bearing organic

compounds arc convcrtcd 10 water and carbon dioxide by the catalytic conversion with

Oxygen, Water gcncrakd in this systcm is removed from the effluent s[rcam by

molecular sieve [rapping, thcrcforc, molecular sieve rcgcncration is required to remove

Ihc trapped water from the hcds to rcjuvcnatc them, The “~WI’ has four tnohxular

sieve hcds, two that contain type 13X sieve and two that conlain type 4A sieve. When

onc of the four molecular sieve Ids “bruks through” or becomes snturated it is taken

otf- I inc and rcgcncralccl. k!gCtlt!~dlk)II (h each bed scpwatcly is required with Ihc

cxis:ing ‘[”WI’ configurdlion. In the pasI this was accomplished by hca[ing a nitrogen

ga$ stream; passing the ho! gfls through a selected bed; trapping the rcgcncratcd
moisture with ii moisture collector Illlcd with molecular sieve, and finally recycling lhc

exit gas to the inlci d the ‘i”Wr. ‘I”ritium away O( the rnoisturc collcwtor was

dctcrmincd by di ffcrcncc, The radiation leaving [hc ‘l”W”l’ was in[cgriimd and

subtracted from [hc integrated radiit!ion cnlcring [hc ‘lWI’ for the lime in[crval Ihc

drying bm’ was on Iinc. Inticcu[wcics rcsulling in invcn[ory di.scrcpancics arc possihlc

using this ItlWtKxl. ‘1’hc Ilcparlnhwt t)f Ihlcrgy (!1(11 !) no Iongcr w!lows “invcn[ory hy



difference” for radkactive wastes that are to be buried. The MS1~S is designed and

built to comply with this requirement.

Prior to the MSRS molecu;ar sieve regenemtion required 190 liters/rein of nitrogen

gas for up to 16 hours that added to the load on the TWT. Nitrogen k supplied from a
large liquid nitrogen dcwar located on the roof. Moisture content in the nitrogen is

assumed to be low and has not caused problems, however, it is not masured. To

reduce this gaseous nitrogen load and to provide a known low dew point regeneration

gas for the MSRS a closed-lmp design was selected.

SYSTEM DESCRIPTION

The MSRS permits direct tritium assay of molecular sieve I@ regenerated water.

This is accomplished by two techniques, liquid scintillation counting and calorimetry.

The system is controlled by the TSTA computer smd provides the following four

functions:

Loop Flow - To reduce the gas loading to the IWT, recover the water from the

molecular sieve beds (MSB), and to provide a low dew point gas for MSB

regeneration.

Hofd” (/p -To contain and measure the amount of recovmd tritiated water prior

to assay.

A,wuy - To transfer recovcl cd tritiatcd water to sample containers for safe assay

operations.

Cdkwion - To .safd y transfer the COIIectcd recovered tritiated water to burial

containers.

Loop Flow

\Vith :he MSRS molecular sieve bcd regeneration is iilitiatc.d from [hc Man Machine

Intcrfacc (MMI). When the MMI is commanded to regcncratc a selected bed the

following operations arc performed by MDAC (1) t!iu liquid holding tank pressure

Iran.sducer is calibvakd; (2) the MSRS valves for loop-flow are configured; (3) [hc

HTO frcczcr is filled and maintained whh liquid nilrogcn; (4) the heat cxchangcr

chiller is s[artcd: (5) the selcc[cd IA heater is activated; (6) onc of the nitrogen

circulation pmnp$ is lut ncd on, and (7) !hc MSRS loop is prcsshrizecl with nitrogen to

4,76 atm (70 psia).

During loop-flow nilrogcll gas is healed by the .sclccted bed 10,000 wall resistance

hcawr, lAM)p-~low ;It~d lotid Ilow tn[cring the hca[cr arc mcaxurcd wi[h a 0-4.7

liters/,scw (0- 10 S[lI:M) mtiw Ilowmctcr ‘1’+c heated gas passes through the MS13 in a

counter-flow dircclion !0 the llOIVllid pr’wcss fluw, A two-pha.sc mixh.wc of steam and

Witkr ii: an avcriigc tcmpcritturc of 380 K exits the bed and cnicrs a Il[)rizontid
condcn~ing IJ-tul)c IypC }Irillcxchtingcr WL)kl with a 25 WI, pcrccnt ~lhyl~n~

glycoI/wnlcr mixmrc from a .N),(NX) cid-kg/hr (10 [on) chiller. The gas cxils IIw hc:ll
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exchanger at 2W K and enters a cyclone separator where the condensate k separated
from the gas. Liquid from the cyclone separator falls into a double-walled liquid

holding tank while the loop gas enters a liquid nitrogen cooled freezer where the

remaining water is removed from the loop gas to a dew point of 193 K (!).68 ppm).

From the freezer the loop gas passes through a 5-micron filter to remove any

particulate, and returns to the circulation pumps,

Loop-flow and total flow are measured by a flow metedtotalizer. A moisture analyzer

provides MDAC with data to determine the progress of the regeneration cycle by

sampling the exit bed gas. This instrument permits fast and accurate readings within a

range of 123 to 123,000 ppm water. When a pre-determined moisture value is reached

MDAC stops loop-flow and displays this condition by a yellow alarm.

Hold Up

Once loop-flow is completed the recovered tritiated water is contained within the

liquid holding tank. The hold-up phase of the regeneration process consists of

determining the amount of recovered tritiated water. The amount of water in the

holding tank is determined by measuring the liquid height with a differential pressure

transducer and using the predetermined entered volume measurements of the tank as a

function of height.

Assay

Direct assay of the recovered tritiated water from molecular sieve regeneration is

the primary function of the MSRS. Two assay techniques are used, calorimetry and
scintillation counting. Experience has shown that calorimetry is a more accurate assay

method for measuring water containi !g tritium concentrations > 5Wl Ci/1 and

scintillation counting is the preferred method at lower concentrations, “ik eliminakc the

risk associated with mechanical fcd[hroughs and still provide a homogeneous mixture

for sampling nitrogen-bubble mixing was selected. This technique utilizes the

mechanical mixing effect from bubbling nitrogen through the liquid. This is

accomplished by opening valve [.QGIN and l@GllX and passing the now contaminated

nitrogen thl.nugh the on-line process bed by opening valve MSA I or MSIJl.

Currently, scintillation counting involves direct handling of the timplc. To prevent
unnecessary handling of tri[iated wa[cr, calorimetry samplct can be taken and analymd

without pmu.mncl exposure 10 [hc sample. A cidorirnctry sample vial is attached to

valves SUN and SCI;X and cvacuakd. To remove a sample, water is driven lo the

mois[urc collcchw which in lurn fills IIW calorimc[ry .samplc vial with a Iitcr of wti[cr.

Prior to .samplc dctachmcnl, the moisture collector and sample hand wdvcs arc clwcd

and the in[crconnccting piping is cvacwti[cd and purged with ni[rogcn, The sample vial

can now bc .safcly removed from Ihc sy~[cm, capped, and placed into a Secondary

Carrying Conlaincr (SC(!), Iransporkx.1 10 the calorinwlcr, measured, and IIw rcsul ts

cntcrcd into the computer. If Ihc wdorimctry rcsulls arc < 500 Ci/1 a Scinlillntion



sample vial is attached, evacuakxl, and a sample taken. Prior to sampling, valve SCIN
is closed. Tntiated water in thi; holding tank is once again mixed and removed to the

moisture collector in the same manner used for calorimetry sampling. During the
transfer a 10 cm~ sample of water is trapped between the hand valve of the sample vial
and valve SCIN. By simply opening the sample vial hand valve a pre-determined
amount of water is admitted to the sample viat. The vial is then removed from the

system using the same technique as is used for calorimet~ sampling, scintillation, arid
several dilutions of 1 ml to 50 ml, called cocktails, are prepared and counted and the

results entered into MDAC.

Collect ion

At TSTA, the burial containers used to dispose tritiated liquid waste from the TWT

are called Moisture Col Iectors (MC). These 30-gallon capacity DOT-5C containers are
filled with Ty~ 13X molecular sieve to absorb the tntiated water, however, they are

limited to a 30 percent by weight water loading. Therefore, before any water is

transfcmd from the liquid holding tank to the moisture collector, the on-line MC wate:

capacity value is first determined by MDAC and the appropriate amount of water

admitted to the MC. When the moisture collector is full it is removed from the system

and a final weight check is performed. Also, MDAC calculates the total amount of

tritium in each MC from the tritium assay results,

SAFETY

Construction Standard

The design and construction standards of the TWT, built in 1982, was based on the

release and performance data of a similar systcm at the Tritium Salt Facility (TSF) built

in 1974. However, a higher standard of safety was incorporated into the MSRS.

The major safety concern of MSRS is a release of tritiated water. This concern is

mitig&xl by type 316 or 3(I4L stainless steel construction joined by wciding or metal

gaskets. Prior to hot-startup the complctc systcm will be tested for pressure, helium

leak tightness, and functionality. Valves and major components that contact tri[iated

water arc secondarily contained within a hod. A double-widlcd ASM13 Section Vlll

mhx.1 and “[J” stamped VCS.SCIis u.scd for tritiatcd water storage. If a tritium release

within the hood is dctcctcd the hood exhaust can bc routed to the Ilmcrgcncy Tri[ium

Cleanup systcm ([;r~) for processing. Lloublc-walled construct ion of [hc wa[cr S[oriigc

vcwcl pmnits continuous tritium monitoring of the primary VCS.SCI.llii.~sd on ‘I-WY

cxmstruction StillKhlKIS th! Mat cxchiingcr, }1”1’()frcw.cr, and pumps were not

w.wonctarily conlaincdm

High pressure ni[rwgcn (I (M psig), regulated to 4.76 film (70 psiti), in used to (ill

[Iw MSRS with nitrogen. (ias cnlcrs the systcm lhrough valve 1.QG1N, Sysmnn

pressure is Iimitcd by two Ilack Pressure Kcgultihws (I]PR) onc ,sct w (75 psia) to
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monitor the n.ain loop pressure and a second to protect the Metal Bellows pumps. The

BPR for the Metal Bellows pumps is set at 10 psi differential across the pumps, Check

valves at the exit of the pumps prevent back-flow through the spare pump. Valve
MSBGEX permits LPR loop evacuation, 4 to 8 psia, and valve FLVAC permits house
vacuum evacuation of the system, down to 10 torr.

For safety reasons there are no penetrations through the bottom of the liquid

holding tank. All transfer tubes within the tank enter from the top. Transferring liquid

from the holding tank requires vacmmm or pressure.


