LA-UR -86-873

SRRk o aka

- B

t,-'i

WNF 950505 /O

Los Altamos National Laboratory & operatea by the Univeraity of Cattorna for the United Statea Department of Energy under coniract W-7405.ENG-36

LA-UR--88-873

DE88 007837

nirie EXPERIENCE OF TSTA MILESTONE RUNS WITH 100 GRAMS-LFVEL OF TRITIUM

J. L. Anderson, J. R. Bartlit, R. V. Carlson, D. 0. Coffin,
F. A. Damiano, R. H. Sherman, and R. S. Willms
Materials Science & Technology Division
Tritium Science & Technology Group
Los Alamos National Laboratory, MS C348
Los Alamos, New Mexico 87545, USA
AUTHOR(S)
H. Yoshida, T. Yamanishi, T. Naito, S. Hirata, and Y. Naruse
Department of Thermonuclear Fusion Research
Japan Atomic Energy Research Institute
Tokai Research Establishment
Tokai-mura, Naka-gun, Ibaraki-ken, 319-11
JAPAN

SUBMITTED TO Fg» presentation at the Third Topical Meeting on Tritium Technolegy
in Fission, Fusion, and Isotopic Applications--May 1-6, 1988
Toronto, Canada

DISCLAIMER

1his repuert was prepared ny i sccount of wirk sponvared hy an agency of the United States
tivernment  Nether the United States Government nost » 1y agency thersoi. nor any of thew
cimployees, makes uny aarianty, express ur implred, o1 assinines any legsl Lty o1 respunsi
bibty for the acauracy, canpicteness, or usefulness «of any informatron, apparaties, prodduct, or
provess drsclosed, o represents thet ity use would pot mlnnge privately owned rights Refer
ence herem to any spectfic commescral prixfuct, prosess, or service by trade nuise, trademark,
mannfucturer, nr otherwise does nt necessarrly constitute or inply 1ts endorsement. recom
mendstion, or favoring hy the Unrted States Government or any agercy thereol The views
and opinions of suthors cxpressed herein do not necessarily state »r reflect those of the
Urited States Guvernment br any agency thereof

By scceplance ol 1h.4 grhcie the publaher recognizes thal thg U S Government relaing a nonesciusive 10yalty-179@ iconae 10 pubhish or reproduce
Ihe pubhshag Intm ol e contmbubnn o 10 Low others to do %0 1o 1S (Jovernment purposes

The Lo Alamos NQUONAL L ADOLRINTY tAqUNSIS IRET thy DublLaher idaniily this Brtcle A8 work peHorMed under the Ausp:ces ol the 1 S Der arimen o! Enecqy

> LosAlamos National Laborator
L@g A @m© Los Alamos,New Mexico 8754%


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


*EXPERIENCE OF TSTA MILESTONE RUNS WITH 100 GRAMS-LEVEL OF TRITIUM

James L. Anderson, John R. Bartlit, Richard V. Hiroshi Yoshida, Toshihiko Yamanishi,
Carlson, Don O. Coffin, F. Antonio Damiano, Taisei Naito, Shingo Hirata, and Yuji Naruse
Robert H. Sherman, and R. Scott Willms Department of Thermonuclear Fusion Research
Materials Science & Technology Division Japan Atomic Energy Research Institute
Triiium Science & Technology Group Tokai Research Establishment

L.os Alamos Nationa! Laboratory, MS C348 Tokai-mura, Naka-gun, Ibaraki-ken, 319-11
Los Alamos. New Mexico 87545, USA Japan

505-667-1410 0292-82-5577

ABSTRACT

The first loop operation tests of the Tritium Systems Test Assembly (TSTA)! with 100 grams-level of
tritium were performed at the Los Alamos National Laboratory (LANL) in June and July, 1987. The
July run was resumption of the June run, which was halted because of a loss of cryogenic refrigerant in
the hydrogen isotope ceparation system.

INTRODUCTION

The test was one of the mi'estones of TSTA established under the framework of Annex 1V
(Fusion Fuel Tzchnology) to the US/Japan Implementing Arrangement for the Development of Fusion
Energy. Tne objectives of this collaborative program are to establish a fusion fuel processing technol-
ogy on a practical scale and to demonstrate safcty technology for handling large quantities of tritium.

OBJECTIVES OF THE MILESTONE RUNS

The primary objectives were: operate the TSTA process loop with 100 grams of tritium; demon-
strate major proccss functions such as impurity nnmoval in the fuel cieanup system, 1i-D-T and

*He separation in the hydrogen isotope separation system, and the neuwal beam return flow process; and
demonstrate functions of the safety systems such as the secondary containment system, tritium wastc
treatment system, and the process and room monitoring system.

CONFIGURATION

The major process systems (shown in: Fig. 1) used were: 110 (iritium load-in/out systen); UTB

*'This work is supported by the US Department of Energy, Office of Fusion Energy.



(tritium storage and supply system); FCU (fuel cleanup systcm)2: NBI (neutral beam interface for
processing gas flows from neutral beam systems); ISS (hydrogen isotope separation systcm)3; TP1 and
TP3 (gas transfer system); GAN (gas analysis system); and safety systems such as the TWT (tritium
waste treatment system); SEC (secondary containment system; gloveboxes, etc.); TM (tritium monitor-
ing system); MDAC (master data acquisition and control system); and VEN (ventilation system). Other
critical systems such as ETC (emergency room cleanup system), emergency power systems, and breath-
ing air systems were available, but were not needed during the experiment.

TEST PROCEDURES

Tritium Loading and He Stripping

The loading of tritium into the process loop from several tritium shipping containers (PC’s)
(approximately 10 g-T and 40% 3He) through the FCU, and from the UTB through the ISS was ac-
complished. Two methods for helium stripping were tested during the June run. The first was to
separate 3He from hydrogen isotopes by absorbing the H-D-T mixture on the uranium beds (UTB)
followed by pumping residual gas to a 3He storage gas cylinder. The second was to witlidraw 3He from
the top of Column H in the ISS during the continuous distillation of H-D-T mixture.

Loop Operation
Full loop operation, using the flow paths through FCU-.SS-TP3-TP1 and through FCU-ISS-
TP3-NBI, was initiated after completion of tritium loading and initial testing of the FCU and NBI.

The foliowing tasks were planned to be demonstrated: separation of H-D-T with the 1SS under
steady state distillation conditions; continuous withdrawal of pure T, from the ISS 2ad loading it

(approximately 5 g-T,) into a shipping container; injection of impuritie« (0.9%N, and 0.19%CH, in the
D T stream) to the loop and removal of them with the FCU; and withdrawal of He and H, from the ISS.

Shutdown of the Process Loop

The normal shutdown procedures used were: unloading of hydrogen isotopes 1n the loop to the
UTB during warmup of the ISS; unloading of residual gas in the loop by circulating it through the flow
path FCU-1SS-UTB-TPI; and pumping the process gas including impurities injected into the FCU, to
gas cylinders during warm up of the cryogenic molecular sieve beds.

RESULTS ON PROCESS SYSTEMS--JUNE RUN

Tritium Inventory

Approximately 91 grams of tritium (44 g-T from the UTB and 47 g-T from five tritium gas
cylinders) were loaded into the process loop. It took almost four days to achieve steady state operation
of the process loop. This was partially due to several tests of e stripping from the H-D-T mixture in
the process loop. The 1SS, consisting of four interlinked cryogenic distillation columis. was proved to



be effective in separating helium from a hydrogen isotope mixture. The stripping of helium with a low
level of tritium (less than 1 mCifliter of gas) was also achieved during the continuous addition of H, gas

which was expected to enhance *He separation from the D-T mixture in the distillation system.

Fuel Cleanup System (FCU)

The impurity injection experiment, which was planned to continue for 48 hours using the
cryogenic molecular sieve bed front-end, was siarted after achieving full loop operation. It was halted
only 21 minutes after the initiation of impurity injection as the result of an emergency condition in the
ISS due to loss of refrigerant caused by a mechanical failure of the helium refrigerator.

Isotope Separation System (ISS)

The ISS, Fig. 2., operated for approximately 38 hours with the 91 g tritium inventory. Most of
this time was spent attempting to achieve steady-state operation of the distillation system. The ISS was
scrammed without demonstrating H-D-T separation under steady state distillation conditions becauvse of
the refrigerator failure.

Uranium Storage Beds (UTB)

Four uranium beds in the UTB were used to supply H-D-T mixtures to the process loop. The
heating time from 300 K to 673 K was approximately 3 hrs., and cooling time to 373 K was ap-
proximately 1 day. H-D-T from the ISS was dumped successfully to the uranium beds during the
emergency scram to hold column pressures below 2.8 atm (290 kPa). If the pressure in the ISS exceeds
5 atm, the gas from the ISS goes to an evacuated surge tank through rupture disks. One of the beds,
connected to Column H, which is used to separate light species such as He, H,, and HD, did not adsorb

hydrogen isotopes efficiently du:ing the emergency shutdown. This phenomenon was due to the well
known “blanketing effect” from the formation of a boundary layer of inactive gases such as He and N, at

the uranium powder surface. This effect could easily be counteracted by either pumping out or circulat-
ing the residual gases over the uranium bed.

RESULTS ON PROCESS SYSTEM--JULY RUN

Tritium Inventory

Approximately 70g-mols of H-D-T mixture were loaded from the UTB (91g-T) and tritium
shipping containers (11g-T). Hvdrogen of about 4 at. % of the total H-D-T inventory in the process loop
was previously added to the FCU for presaturation of the two cryogenic molecular sieve beds. Hydro-
gen and e in the process loop were withdrawn from the top of Column H several times during this run
(maximum flow r.ate of 500 STP cm’/min., total time ~ 8 hours). Deutcrium (~ 30 STP-/) was also
withdrawn from the top of Column D during the full loop operation. The isotopic ratio of D/T in the ISS
inlet stream varied from 2.7 to 1.3 during the operation, depending on flow rates out of the I1SS. The
hydrogen concentration in the inlet stream was less thon 0.2% after withdrawal of H, and *He from the

top of the Column H (the design value of H, is 1%).



Fuel Cleanup System (FCU)

Impurities (60 STP-cm*/min of 90%N ,-10%CH,) were injected into the process loop for
53 1 hrs; 26.6 his. to one molecular sieve bed and 26.5 hrs. to a second molecular sieve bed, both
operating at 77 K. No cryogenic plugging of the ISS or the FCU was observed during the loop opera-

tion, but the outlet concentrations of these species measured with off-line Raman Spectroscopy appeared
to be 0.04-0.1%N, and 0.002-0.004%CH,, respectively. Blank samples run after the conclusion oi the

run showed background levels of N, and CH, in the sample tube comparable to that measured on the
process gas exiting the fuel cleanup system.

Isotope Separation System (ISS)
The ISS was operated with the FCU and NBI for 115 hrs. Withdrawal of 3He, H,,D,,and T,

was performed at appropriate times during this milestone run. Most of this time was spent achieving
steady state operation of the distillation columns and performing gas analysis for evaluation of the
separation characteristics of each column

Demonsization of enriching tritiuni to purities > 99.99% and withdrawal of H,, D,, T,, and

3He was fully achieved as primary objectives of this milestone run. In future experiments at TSTA,
efforts to establish conditions for iong-term steady state distillation will be performed following some
improvements of the existing control instrumentation and installation of mass flow meters for accurate
measurement of hydrogen isotopes loaded from the UTB.

SAFETY SYSTEMS-JUNE RUN

Tritium Waste Treatment System (TWT)

The Tritium waste treatment system (TWT) was operated for the entire period of this run.
Increases in the radiation levels at the inlst and outlet of the TWT were observed several times duriny
this run. The major soutces of tritium to the inlet of the TWT were FCU-molecular sieve bed regenera-
tion gas, iSS gas analysis, and stripping of helium gas from ISS Column H. Major peaks in the outlet
radiation level were related to the regeneration of FCU molecular sieve bed, which had been previously
used for methane adsorption. The temperature of the catalyst bed was raised because tritiated methane
requires a temperature of at least 810 K for efficient conversion. The temperature of the catalyst bed,
however, could not be raised above 780 K because of a possible heater/temperature control problem on
the caialyst beu. During high outlet radiation levels, the TWT automatically went into recycle and some
operations such as glovebox purging were halt=d until the TWT had cleaned up the gas adcqaately.
ilence, radiation levvels in glovebox increased at those times. During processing of regeneration gas
from the FCU molecular sieve bed, approximately 1.5 Ci of tritium were released to the stack. This was
due to a design failure in the exhaust tritium monitor. Improper range change information was sent from
the radiation monite r to the TSTA control room computer. Thus the control system routed this gas to the
stack rather than putting TWT into recycle.



Secondary Containment System (SEC)
Radiation levels in gloveboxes during the run were within acceptable levels. Several voxes
indicated small leaks in the process piping. The maximum released into gloveboxes was approximately

300 mCi, with no glovebox level rising above 60 mCi/m’>.

Radiation levels in ISS-GB1

This glovebox contains the valves, pressure transducers, equilibrators, flow controllers, and other
noncryogenic components of the ISS. A leak was found during the run in one of the ISS rupture disks
attached to the top flow path of the ISS Column I. Because of the inadvisability of fixing the leak
during operation, a small covering was placed over the rupture disk and atmospheric gas around the
rupture disk was purged directly to the TWT. The off normal increase in ISS-GB1 radiation level was
caused by this leak. High radiation levels were observed when both the pressure and tritium concentra-
tion ai the top of Column I were high. During loading and unloading of tritium, the tritium concentra-
tion at the top of the column I was high because no separation had yet occurred in the column. When
the TWT was in recycle, the radiation level in the glovebox increased because the glovebox purge was
halted. The :naximum radiation level was about 60 mC" -3 during loading of fritium to thz ISS and
when the glovebox purge was off. This is the highest - a..ation levei observed in a glovebox in the June
and July .un.

Radiation levels in ISS-GB2

This glovebox contains the ISS gas analysis system (ISS-GAN). Most of these tritium leaks
occurred during the ISS gas analysis. Before starting the gas analysis, a leak to the glovebox was
detected. This leak was from a fitting on a pressure regulator and was fixed. During gas analysis, the
radiation level in this glovebox was relatively high. However, no marked peaks ~¢ radiation level were
observed. These facts indicate very small unidentified leaks existed in the ISS-GAN.

Radiation levels in FCU-GB.

This glovebox contains the FCU. The radiation level in this glovebox gradually increased and no
marked peaks of radiation levels were observed except during the ISS emergency shutdown. These facts
also indicate small unidentified leaks existed in the FCU. The off-noimal radiation level at the ISS
emergency shutdown is discussed later.

Room Ra-liation Level

Although several periods of off-normai radiation levels were obscrved in the gloveboxes, no
off-ncrmal increasc of radiation levels in the experimental room (TSTA main cell) occurred during this
run.

Stack Radiation Level
Off-normal radiation levels at the TSTA stack radiation monitor were found while the TWT was
stacking processed gas from the FCU moleculsr sieve bed as shown in Fig. 3. As mentioned previously,



approximately 1.5 C: of tritium was released to the stack based on the reading of the stack monitor. The
stack bubbler, however, did not detect this off-normal tritium release. It was, of course, detected by the
continuous-reading stack ionization chamber. These facts show this tritium was released in the form of
tritiated methane.

ISS Emergency Shutdown

This tritium run was halted due to the failure of the helium refrigerator followed by loss of
refrigerant to the ISS. Before the total failure of the refrigerator, the column pressures were increasing.
It was noticed that loss of refrigeration power caused the off-normal pressure increase. It was soon
recognized that an emergency shutdown and unloading ISS to UTB should be carried out. Just before
unloading ISS to UTB, gas circulation was automatically stopped by the safety program due to high
pressure in the loop. The ISS was opened to UTB to dump the gas in ISS to UTB. This occurred about
ten minutes after the first detection of increasing pressures. At that time, the highest column pressure
was three times as high as that in normal condition. At this time, the helium refrigerator completely
stopped. It was found that the shaft which coaples the expansion engines to the inlet and exhaust valves
was broken.

The gas was absorbed by the uranium beds quickly enough that the backup rupture disks did not
release gas into the safety surge tank at ISS. The temperatures of the uranium beds began to increase
rapidly because of the exothermic reaction between hydrogen isotopes and uranium. But the tempera-
ture of the uranium bed connected to Column H did not increase. This indicates that the bed was not
absorbing gas. This would be caused by the helium blanketing effect due to the remaining helium-3
from the top of the column. To overcome the helium blanketing effect, the bed was isolated and the gas
over the bed was pumped to to the TWT. This operation was effective and the bed began to effectively
absorb hydrogen isotopes.

While the TWT was processing the stagnant gas over an uranium bed, the outlet radiation level
increased. The TWT went into recycle three times. The stagnant gas included tritiated hydrocarbons
from the rotary pump used in the house vacuum system. The TWT was in the stacking mode a short
time, so only small off-normal tritium levels at the stack were observed.

During this emergency shutdown, radiation levels in ISS-GB i and FCU-GBI increased. Be-
cause the ISS pressures increased from about 100 kPa to 290 kPa at the highest and with the leak in one
of the rupture disks, the radiation level in ISS-GB1 increased at this time. Because the FCU pressure
increased to over 260 kPa - 4 there were small unidentified leaks, the radiation level in FCU-GB1 also
increased. While these radiation levels were decreasing in the latter stage of the emergency shutdown,
they increased again due to the TWT recycle. Although off-normal tritium leveis were detected in
gloveboxes during the emergency shutdown, no increase of room radiation level was detected.



SAFETY SYSTEMS--JULY RUN

Tritium Waste Treatment System

The TWT was operated over the entire period of this run. The TWT removed tritium well even
though the temperature of the catalyst bed (730 K) was not as high as desired. There appeared to be
little conversion problem. This shows that the chemical form of the tritium was an elemental one and
little tritiated hydrocarbon were transferred to TWT.

The inlet radiation level showed many spikes. The major source of the spikes was exhaust gas
from the ISS gas analysis. The outlet radiation level gradually increased throughout the run. However,
it did not influence the stack radiation level.

Two different methods were used to estimate the amount of tritium exhausted to the TWT. The

estimated amounts are between 0.4 x 10* and 1.0 x 10* Ci respectively. On the other hand, the amount
of tritium released from the TWT was approximately 0.2 Ci based on the reading of the stack bubbler.

Radiation levels in TPU-GBI1

This glovebox contains two transfer pump units. Failure of a bellows in one of the transfer
pumps resulted in a rise in radiation level in this glovebox. An off-normal increment in radiation level
was observed when the pump was operated. This pump was indispensable for taking analytical samples
irom the FCU. Hence, after the second off-normal increment in radiation level was observed, the pump
was replaced with a new one during the run.

Radiation levels in FCU-GB1

The radiation level in FCU-GBI1 increased gradually during the run. Two small leaks were
identified which would cause gradual increases in radiation levels. Higher radiation levels were ob-
served in the latter stage of the run. The cause was one of the gas sampling cells for Raman analysis. A
rise in the radiation level was observed when the gas samples were taken, and the cell became the source
of arise in the stack radiation level when placed in a hood. The maximum radiation level in FCU-GB1
was approximately 25 mCi/m>. This was the highest radiation level in the glovebox in the July tritium
run.

Radiation Levels in 1SS-GB2
The radiation I=vel in this glovebox increased during ISS gas analysis. This is due to uniden-
tified small leaks as mentioned in the June tritium run.

Room Radiation Level
No off-normal radiation levels in the experimental room were deiected during the run, though
off-normal radiation levels were observed in gloveboxes.



Stack Radiation Level

Stack radiation levels above background were detected for approximately four hours in the run.
This off-normal level was caused by the tritium leakage from the gas sampling cell placed in a hood.
Exhaust gas from the hood is routed directly to the stack without detritiation. The cell was transferred to
one of the gloveboxes after the detection of off-normal high radiation level in stack. Figure * shows the
variaiion of radiation level at the stack when the cell was placed in the hood. The amount released to the
environment from the cell was evaluated to be about 450 mCi based on the increment of radiation level
in the stack.

It is important to remember that the stack 1eleases of tritium at TSTA during four years of
operations (including those discussed here) have totaled less than 35 Ci, far below the self-imposed limit
of 200 Ci/yr., which, in turn, is well below any regulatory limit.

CONCLUSIONS

All of the objectives of the 100 gram milestone run were met or exceeded during the June and
July tests. The demonstration of the ability to process continuously the exhaust gas stream at a flow rate
(~ 1 kg/day tritium) comparable to that required for ITER or INTOR shows that the tritium technology
development at TSTA will not be a pacing item for future fusion systems. The production and collection
of the very high purity (> 99.99%) tritium was an important demonstration o/ the total system capability.
The response of the TSTA system, equipment and personnel, to the emerg-ncy created by the failure of
the helium refrigeratcr was near ideal. At the time of the refrigerator failure there were approximately
91 g of tritium in the system, much of it as liquid in the ISS. This liquid began vaporizing and gener-
ating gas at a significantrate. However, due to the rapid response of the TSTA system, no ‘ritium was
rzleased to the environment or to the room. Rupture disks conn.cted to the ISS safety surge tank did not
reach pressures sufficient to release gas to this backup system. No personnel exposures resulted from
this event. One of the long-term objectives at TSTA is to determine the system response to off-normal
and emergency situations. This was our first, unplanned, test under these conditions.
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