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Joint operation of the TSTA integrated process loop with 100-g
tritium was carried out by JAERI and DOE-LANL in July 1988. One of the
major purposes of the present operation was to demonstrate safety of
the entire TSTA system for the Techmical Safety Appraisal {(TSA) con-
ducted by DOE. This joint operation of TSTA was completed successfully
and safely.

From a technological point of view, the present operation produced
many highlights. Tn particular, it is noteworthy that preliminary data
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1. INTRQDUCTION

In June 1987, the Japan Atomic Energy Research Institute
(JAERI) and the United States Department_of Energy {DOE)
signed a collabrative agreement, Annex IV to phé‘Japan/U.S.
Agreement on Fusion-Energy, regarding development of
technology for fusiqn*fﬁel processing. Under the agreement,
JAERI and DOE have continued joint operations and experiments
on fusion-fuel processing technology with the Tritium Systems
Test Assembly (TSTA) at the Los Alamos National Laboratory
(LANL).

During the first year of Annex IV (June 11, 1987~ June
10, 1988), the technical program éummarized in Table 1.1 was
carried out at TSTA. The technical program consisted of two
complemetary parts. The one was development and testing done
on individual systems (the Isotope Separation System: ISS,
the Fuel Cleanup System: FCU, and the Vacuum System: VAC)
{1-4]1. The other was the incorpration and operation of the
systems to accomplish a complete fuel processing in the
integrated flow loop of TSTA [5-8]. Each experiment and
operation has produced many technological advances on
development of fusion-fuel processing. 1In particular, the
joint operations of the integrated loop of TSTA in June/July
1987 [5-7], February/March 1988 and May/June 1988 [8] were
milestones for development of a fusion-fuel processing

technelogy.

in the TSTA operatiocin in June/July 1987, where FCU and
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ISS were integrated into the TSTA flow loop, ﬁore than 100 g
of tritium were proccessed successfully for the first time,
The operation was carried cut safely. This fact implies
that TSTA in the inﬁegrated loop mode -could prgcéss tritium
at the rate of 1 kg per day which would be reguired as tritium
processing capacity for én ITER-sized machine. In the operation,
it was also importan£ that an orderly shutdown was accomplished
under off-normal condition, without any perscnnel exposures or
release of tritium to environment.

On-line regeneration and decomposition of the captured
impurities in the FCU system was first accomplished under full
loop operation in February/March 1988. The impurities of 0.9%

N, amd - 0.1% CH added to the process flow, were completely

2 4
removed with molecular seive beds cooled at 77 K. On-line
regeneration of these beds consisted of the following. processes;
catalytic oxidation of the impurities to form water, capture of
water by freezeout, and decomposition of the captured water by
reaction with hot uranium to recycle tritium into the process
flow.

During the joint operation in May/June 1988, all process
systems of TSTA including VAC were first integrated into the
processing flow loop. This implied an establishment of a full
tritium-processing loop for fusion reactors.

In Table 1.2 is shown the plan of the major operations of

TSTA during the second year of Annex IV. The first operation

of TSTA in the second yvear was performed with the participation
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of second JAERI team in late July. ©One of the major purposes of
this operation was to demonstrate the safe operation of the entire
TSTA system by using 100-g tritium for the Technical, Safety
Appraisal (TSA) conducted by DOE. From a tecthlégical point of
view, this operation had the following important goals;
‘- to carry out a two—@ay ioop operation where the ISS and FCU
‘process system were integrated, |
- to demonstrate that 100 Ci of high purity tritium could be
unloaded into a shipping container for TFTR,
- to accumulate the data base on the process systems such as FCU,
ISs, UTB, etc.,
- to improved the data on the safety systems such as the secondary
containment'system‘(SEC), the tritium waste treatment system
" (TWT) and the tritium monitoring system (TM), and
- to investigate impurity effects on performance of the ISS system

by injecting 1 and 3% He with H2 into the process flow.

The present report describes mainly the chracteristics of the
process and safety systems of TSTA observed during the joint
operation. The experimental results of impurity effects of He on

the performance of the ISS system are also discussed.

2. BXPERIMENTAL
2.1 Loop Configuratien
Figure 2.1 shows the conceptual block diagram of the main

process flow path in TSTA. Figure 2.2 also shows a diagram of the
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of second JAERI team in late July. ©One of the major purposes of
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process flow path in TSTA. Figure 2.2 also shows a diagram of the
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current main process loop of TSTA. The TSTA-consists of the
followiﬁg main process systems; UTB (Uranium tritide strage and
supply system), ISS (Isctope separation system), ECU (Fuel
cleanup system), NBI (Neutral beam injection giﬁulation system),
TP1 and TP3 (gas trénsfer, mixing and pumping system), IMS
(Impurity injection sysfem), LIO (Tritium load-in/load-out system).
The process systems-integrated in the present operation were UTB,
FCU, ISS, TP1, and TP3. The VAC system was not used during this
operation. The'process flow in the loop operaticn consisted of
two paths; FCU>ISS+TP3+TP1+FCU {(so0lid line in Fig. 2.2) and
ISS+TP3+FCU(NBI)}~ISS (broken line in Fig. 2.2}.

Non-process and safety systems of TSTA were also required
during the operatién. These were GAN (Gas analysis system),
TWT (Tritium waste treatment system), SEC {Secondary containment
system}, TM (Tritium monitoring system), MDAC (Master data
acquisition and control system), and VEN (Building ventilation
system)., The other safety systems such as ETC (Emergency tritium
cleanup system), UPS (Uninteruptible power supply) and the
breathing air supply system were available, but were not used
during the operation.

Because details of the systems mentioned above have been
reported in a previous paper [9], only an outline of the main
process systems integrated in the present loop operation will be

described in the flollowing section.
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2.2 Outline of Process Systems
2.2.1 UTB

The function of the UTB system is to store and recover
process gas composed of hydrogen isotopes whcihhafe used in the
TSTA process loop. The UTB mainly consists of five uranium beds
(UuTB-1, 2, 3, 4, and 5), a turbo-molecular vacuum pump, and a
surge tank (265 1), as shown in Fig. 2.3. Each bed contains 6 kg
(25.2 mole} of depleted uranium, where the process gas is stored
and recovered as uranium tritide. To offload the process gas
into the TSTA process loop, the beds are heated and the gas 1is
directed to the ISS columns. Each bed is enclosed in a vacuum
jacket to provide thermal isolation.and to prevent the permeated
tritium from being released to the glovebox. The vacuum jacket
are evacuated with the turbo-molecular pump and the exhaust gas
is sent to the TWT systems. The surge tank is used as a standard
volume for tritium inventory measurement prior to offloading into

the process loop of TSTA.

2.2.2 FCU

The function of FCU in the process loop of TSTA is to remove
impurities, such as N2' 02, CQ4 and NQ3 (0=H, D and T}, from_the
processing fuel stream. The FCU is designed to reduce the total
concentration of these impurities in the stream to less than
1 ppm. The stream processed in FCU is fed to the main feed stream
to the ISS system. As shown in Fig. 2.4, the streams in FCU

consist of a main flow to ISS, a regeneration flow and a NBI flow
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for simulating NBI. During the loop operatioﬁ, only the IS8S and
NBI flowé were used. The main components and their functions in
each flow ére as follows:
A, Main (ISsS) flow

a) Catalytic reactoi {CR1)

- Conversion of free:oxygen in the flow into water by combining
with hydrogen isotopes.

b) Molecular sieve bed freezers (MSBF!1 and 2)

- Collection of the water, which is formed in CR1, on fins
cooled with liguid nitrogen.

¢} Cryvogenic molecular sieve beds (MSB1 and 2)

~ Collection of all remaining impurities expect helium in the

flow after passing through MSBF1 and 2.
B. Effluent (TWT) flow
a) Catalytic reactor (CR2)

- Conversion of hydrogen isotopes, whcih constitute compounds

such as CQ4, NQ3, etc., into water.
b) Uranium beds {(HMB4 and 5)

- Liberation of hydrogen isctopes from the water released by
raising the DTOF temperature, leaving the hydrogen isctopes
to be returned to the main feed of FCU.

C. NBI flow
a) Cryogenic meolecular sieve beds (MSB3 and 4)

- Collection of all remaining impurities in the NBI flow.
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2.2.3 188
In the ISS system, hydrogen isotope separation is performed
by a cryogenic distillation method. Figure 2.5 illustrates
diagrams of flow and control of ISs. The main goﬁponents of the
ISS are four distillation columns (I, H, D, and T} linked to each
other and two-hydrogep isotope equilibrators (EQ). As can be seen
in Fig. 2.5, the process gas, which has had non-hydrogen species
removed in FCU, is fed to the column I and separated isotopically
into the following four streams by the column H, D and T;
A) an essentially tritium-free stream of H2 and HD species for
disposal of H waste (top flow from the column H),
B) a high-purity D2 stream for simﬁlated neutral beam injection
and refueling (top flow from the column D),
C) a stream of basically pure DT for refueling to a torus (top
flow from the column T and bottom flow from the column D}, and

D} a high-purity T., stream for refueling and studies on tritium

2
properties and tritium effects on materials (bottom flow from
the column T}.

In the present operation, these streams except A are combined

at TP3 to recycle to the FCU system. Stream A returns to the

feed of the column H or exhausts to the TWT system as a waste gas.

2.2.4 TP
The TP1 consists of a scroll pump (S} and two metal bellows
pumps (MBPA and MBPB), as shown in Fig. 2.2. This system was used

for the regeneration of the VAC system, and the evacuation of the
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LIO system. The function of TP1 in this operation was to
evacuate the TFTR shipping container at the LIO system for a

demonstration of tritium shipping to TFTR.

2.2.5 TP3

The TP3 consistg of:four metal bellows pumps (MBPA1, MBPAZ,
MBPB1, and MBPEZ), a gas mixture (MX) and a hydrogen isotope
equilibrator (EQ), as shown in Fig. 2.2. This system provides

the main process flow in the present operation.

2.2.6 LIO

The LIO system complies an input/output manifold for
attachment of threé tritium shipping containers and two sampling
bottles. In the operation, one of the shipping containers was
used to transfer 100 Ci of tritium to a PC for future possible

shipment to TFTR.

2.3 Procedures

Major procedures for the process and safety systems during
the present operation are listed in Tables 2.1(a), (b), (c}, and
{(d). The whole operation period was devided into three stages;
preparation, loop operation and shutdown. The followings are

brief descriptions of procedures in each stage.
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2.3.1 Preparation
(1} FCU
Major procedures in the preparation stage for the FCU system

were;

heating and evacuation of CR1, MSB1 and MSB4 for the
regeneration (Table 2.1(a)),
- evacuation of the vacuum jackets of CR1, MSB1 and MSB4
(Table 2.71(a)),
- cooling down of CR1, because no impurity except He would be
added to the main process loop during the present operation,
- supply of ligquid nitrogen (LNZ) to MSB1 and MSB4 (Table 2.1),
- leak-checking cf the FCU system uéing low level tritium
(Table 2.1 (b)), and
- evacuation of the FCU system (table 2.1 (b)).

(2) ISS
In the preparation stage for the ISS system, the following

procedures were required;

evacuation of the ISS vacuum Jjacket (Table 2.1{(a)),

- helium gas supply for purging the ISS columns (Table 2.71(a)),

- cooling down of the ISS thermal shield with liquid nitrogen
(Table 2.1(b)),

- cooling down of the columns with the cryogenic He refrigerator
(Table 2.1(b}), and

- evacuation of the columns filled with He gas (Table 2.1(b)}.

(3) UTB

" The following preparation procedures were mainly required
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for the UTB system;
- evacuation of the UTB wvacuum jackets,
- pre-heating of UTB-1, UTB-3 and UTB—4_to 473 K‘(Table 2.17(bl)},
and

- heating of UTB-1 and UTB-3 to 673 K (Table 2.1(b)).

The loading of hydrogen isotopes into the process loop was
initiated after the above procedures were completed. At first,
hydrogen isctope gas was locaded to the column I and T from UTB-1
ana UTB-3, respectively. Nexﬁ, hydrogen isotope gas was loaded
to the column H and D from UTB-2 and UTB-4, respectively. The
hydrogen isotopes loading to FCU was performed through the ISS

columns.

2.3.2 Loop operation
The full loop operation was started through the main flow
path; FCU~>ISS+TP3->TP1-+FCU and the NBI path; ISS+TP3->FCU(NBI)-»ISS
after the completion of the tritium loading from UTB. The main
flow path is indicated in Fig. 2.2 using a solid line. The NBI
flow path is shown by a broken line in the figure.
Major procedures performed during the loop éperation were;
- injectuin of impurities of 1 and 3% He and 1% Hé (in TP of
Table 2.1{c)),
- rembval of H2' HD and He from the top of the coclumn H to TWT
{Table 2.1{c)),

- measurements of He and H-D-T separation chracteristics in ISS
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by gas chromatography, and

- loading of 100 Ci of pure tritium from the bottom of the

column T into the shipping container (12 1) (Table 2.1(d)).

2.2.3 Shutdown

The ordinary shutdown procedures of the process loop were;

- termination of the process gas circulation through flow paths

FCU+ISS~+TP3+TP1+FCU and ISS+TP3+FCU(NBI)+ISS (Table 2.1{d}},

- opening
- warming
supply,
UTB (in
- warming
process

(d)},

paths from the ISS columns to the UTB,

of ISS by stopping He refrigerant and liguid nitrogen
and continuation of offloading of H-D-T mixture to

ISS and UTB of Table 2.1(d}},

of cryogehic molecular sieve beds in FCU and NBI return

by stopping liquid nitrogen supply (in FCU of Table 2.1

- evacuation of residual gases (including impurities) in the

integrated loop using TP1, or to TWT through UTB with the

house vacuum system (in TP of Table 2.1(d)), and

- all electrical heaters off in the process components of ISS.

3. RESULTS

AND DISCUSSION

As can be seen from Table 2.1(a)-{(d}, the present joint

operation of TSTA was carried out from July 21 to 26, 1988.

This period was subdivided intc the preparation, loop operation

and shutdown stage. During the loop operation, He injection into

the process gas was carried out to study impurity effects of He
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by gasrchromatography, and

- loading of 100 Ci of pure tritium from the bottom of the

column T into the shipping container (12 1) (Table 2.7(d)).

2.3.3 Shutdown

The ordinary shutdown procedures of the process loop were;

- termination of the proceSs gas circulation through flow paths

FCU+ISS+TP3+TP1+FCU and 18S+TP3»FCU(NBI)~»ISS (Table 2.1{(d)})},

- opening
- warming
supply,
UTB (in
- warming
process

(d)},

paths from the ISS columns to the UTB,

of ISS by stopping He refrigerant and ligquid nitrogen
and continuation of offloading of H-D-T mixture to

IS8 and UTB of Table 2.1(d)),

of cryogehic molecular sieve beds in FCU and NBI return

by stopping liquid nitrogen supply {in FCU of Table 2.1

- evacuation of residual gases (including impurities) in the

integrated loop using TP1, or to TWT through UTB with the

house vacuum system (in TP of Table 2.1(d)}), and

-~ all electrical heaters off in the process components of ISS.

3. RESULTS

AND DISCUSSION

As can be seen from Table 2.1(a)-(d}, the present joint

operation of TSTA was carried out from July 21 to 26, 1988.

This period was subdivided into the preparation, loop operation

and shutdown stage. During the loop operation, He injection into

the process gas was carried out to study impurity effects of He
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on ISS performance. The followings are detailed descriptions
of cha?acteristics of each process and safety systems observed
in the preparation, loop operation and shutdown stage. The
experimental results obtained for impurity éfﬁebts of He on the

I8S performance are also discussed.

3.1 Characteristics of Process Systems
3.7.17 UTB

Figure 3.1 shows the temperature profiles of the UTB's.
It éan be seen from the figure-that there were two temperature
rises at the UTB beds during the present operation. The first
one in the preparation stage resuited from heating procedure for
process gas laodiﬂg to the ISS columns. The other one in the
shutdown stage was ascribed to an exothermic reaction between
hydrcgen isotopes and uranium during process gas loading to the
UTB's., |

The following is details of the chracteristics of the UTB's
during the process gas offloading in the preparation stage and
loading procedure in the shutdown stage.
(1) Offloading

Figure 3.2 shows detailed temperature profiles cof UTB-1, 2,
3, 4, and 5 during offloading the process gas to the ISS columns.
The UTB-1, 3 and 4 were preheated at 473 K for the offlocading.
The preheated UTB-1 and 3 were then heated to 673 K. When the
pressures of the process gas desorbed from uranium reached 800

torr in the beds, the gas was offlcaded to the column I and T.

_12_,,,
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In Fig. 3.3 is shown the variation of the preséure in the
column I. A pressure rise to about 600 torr occurred following
the offloading of UTB—1 and 3. After completing thg offloading
of UTB-1 and 3 by heating to about 723 K, UTB—ZHahd 4 were heated
to 673 K. The desorbéd process gas was offlocaded to the column H
and D in a similar manner.as the case of the UTB-1 and 3. During
the offloading, UTB-5 was left at ambient temperature for an
emergency recovery of the offloaded process gas. In a series of
the offloading procedures, about 85.5 moles of H-D-T mixture were
supplied as the process gas into the process loop from the four
UTB's. The fractions of H, D and T in the mexture were estimated
to be 24, 230 and 107 g, respectiveiy.
(2) Loading |

The process gas from the loop was loaded back into the UTB's
at ambient temperature after the completion of loop operation.
The uranium beds used in the loading procedure were UTB-1, 2, 3,
and 5. Figure 3.4 shows temperature profiles of the four UTB's.
used for the loading of the process gas. Figure 3.5 shows
pressure profiles in the four ISS columns during the loading
procedure. It can be seen from both figures that temperature
rises in the UTB's due to the exothermic reaction mentioned above
occurred in correlation with decreasing pressures in the four
columns. However, the decreasing rates of the column pressures,
that is, the loading rates of the UTB's except UTB-5 were slower
than those in the previous operations [5-8}. This could be

ascribed to a blanketing effect of He, which was added into the
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process gas as an impurity, on the reaction getween uranium and
hydrogéﬁ isotopes. Actually, the blanketing effect appeared

most severe in UTB-2, because it was connected di;ectly with the
column H where the éoncentration of He was exgeéted to be the

. highest among the féur columns. To remove the blanket effect in
UTB-2, pressure swings By using pressure difference between UTB-2
and the column H Wefe-performed several times (in UTB of Table
2.1{d)). A temporary pressure increase in column H (Fig. 3.5)
was due to the pressure swing. The pressure swing procedures,
howéver, did not lead to compléte removal of the blanketing effect.
Finally, for complete removal of the blanketing effect, a flow
path from the UTB's to the TP3 was opened and a flow path,
ISS+UTB+TP3+1SS, was established (Fig. 3.4 and 3.5, and TP of
Table 2.1(d)). This loop flow operation removed the blanketing
effect and resulted in the complete loading of theprocess gas back

to the UTB's.

3.1.2 FCU

Figures 3.6(a) and (b) show temperature profiles of CR1 and
MSB1 in the main flow (Fig. 2.5) and MSB4 in the NBI flow of FCU
(Fig. 2.5). Prior to the loop operation, CRi, MSB1 and MSB4 were
regenerated by heating to around 400 K for about 20 hours. After
the regeneration, MSB1 and MSBE4 were cooled to 77 K. However,
CR1 was left at ambient temperature because no impurities except
He were added into the main process flow in the present loop

operation. Figures 3.7(a) and (b) show pressure profiles of CRI1
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and MSB4. The pressure variation in CR1 and ﬁSB4 were found

to be very similar to each other, while they were placed in the
different flows, that is, in the main flow and the‘NBI flow of
FCU. Pressure rises before the loop operationhwére due to leak

checking procedures.

3.17.3 188

Figures 3.8 and 3.9 show pressure and temperature
variation of the four 1SS columns during the preparation stage
(Table 2.1(a) and (b)). The columns were purged several times
with He and backfilled with 600 torr of He until process gas
loading from the UTB's. Cooling dbwn of the columns backfilled
with He gas was initiated by supplying liquid nitrogen to the
thermal shield of the columns. After turning on the helium
refrigerator and evacuating the He gas, both column I and H
were cooled down to approximately 20 K; although, their
temperatures increased temporarily due to circulation of He
refrigerant which was not cooled well. When the column
temperatures reached 50 K, the process gas was loaded into the
column I and T from UTBE-1 and 3. However, cooling of the
column D and H was found to be delayed, because their cooling
manner was different from that of column I and T [9]. After
column D and H cooled down well, the process gas was loaded
into them from UTB-2Z and 4.

The loop operation of the TSTA system through the main

flbw (FCU+ISS+TP3+FCU) and the NBI flow (ISS+TP3+FCU(NBI)—+ISS}
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was initiated at 13:40 on July 23. The loop-operation was
continuéd for about 2 days. During the loop operation, the
ISS system was controlled so that liquid levels of‘the column
I and H were kept constant with flow rates frqm‘the bottom
streams. Liquid 1e§els in the reboilers of column D and T
were also kept constant with outputs of their reboiler heaters.
Table 3.1 summarizeé average values of operational parameters
of each column during the loop operation. In this table, P
represents the column pressure; Q the liguid level in the
reboiler; W the ocutput of the'reboiler heater; F the flow rate
at the top, bottom and feed stream; T the temperature of the
condenser and reboiler; V the vapdr velocity; R the reflux
ratio; and H the liquid holup.

Pressure and temperature variation of the ISS columns
observed under the operaticnal conditions listed in the table
are shown in Figs. 3.10 and 11, From Figs. 3.10(a) and (b),
the operational pressure in each column was found to be
maintained at around 800 Torr, while a significant pressure
variation occurred in each column due to impurity injections
of He with H2. The pressure variation of the four ISS columns
were also found to be consistent with those of CR1 and MSB4 in
FCU (Figs. 3.7(a) and (b)) throughout the loop operation.

It can be seen from Figs. 3.12(a)-(d) that the temperatures at
the bottom and top, that is, at the reboiler and condenser of
each column were controlled between 20 and 27 K. The temperature

at the condenser in each column was naturally lower than that
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at the reboiler, because lighter hydrogen iso£opes with lower
boiling points were concentrated at the condeser. Large |
variations of the bottom temperature in each column resulted
from losses of liquid-holdups of hydrogen isétqpés in the
reboiler and their recovery procedures.

In the final stqge of loop operation, 100 Ci of pure T2
was transferred to the TFTR container at LIO from the bottom
of the column T fro future possible shipment to TFTR. The
isctopic purity of the tritium gas was analyzed to be better

than 99.99% with a mass spectrometer.

3.2 Characteristics of Safety Systems
3.2.1 SEC

The process systems and process lines of TSTA are contained
in the SEC system which consists of gloveboxes and glovebox
atmosphere controllers. The atmospheric gas, N2, in the
gloveboxes is automatically purged to the TWT system, when their
tritium radiation levels exceeded 1 mCi/m3. The tritium
radiation levels in the gloveboxes were monitored during tﬁe
present operation as follows.
(1) Tritium radiation levels of ISS gloveboxes

Figure 3.13 shows the radiation level of the two ISS
gloveboxes and the UTB glovebox during the operation.

The radiation level in the ISS-GB1 (from the ISS plumbing)
began to increase with increasing ISS column pressure during

tritium loading from the two uranium beds (UTB-1 and UTB-3).
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The radiation level also increased when the iﬁop flow operation
was ini£iated. These increases of the radiation level resulted
from tritium leakage through a rupture disc at thegtop of
column I. Therefore, the radiation level in thé‘ISS~GB1 depended
on the pressure and-tritium concentration in the top of the
column I.

Most peaks of the radiation level in the ISS-GB2, where
the ISS-GAN system is contained, were caused by unidentified
small tritium leaks in the plumbing to the gas chromatographs.

| Significant increase of fhe radiation level in the ISS-GB3,
where the UTB's are installed, were not observed except a
small peak.
(2) Tritium radiation level of the FCU glovebox

Figure 3.14 shows the radiation level in the FCU glovebox
during the loop operation. No leaks were observed on the pre-
leak check using low level tritium. The radiation level,
~however, increased gradually after the start of the loop
operation. This might be ascribed to small tritium leaks in
the plumbing of the FCU,

{(3) Tritium radiation levels of LIOC and INV gloveboxes

As shown in Fig. 3.15, a plateau at around 0.9 mCi/m3 was
observed on the radiation level in LIO-GB., This tritium
release occurred when the tritium shipping container (LP-12)
was disconnected from the LIO manifold after loading pure
tritium from the bottom of the column T. The source of tritium

is from the contaminated short connecting tube on the container.
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Successive contamination was not observed durihg loading and
offloading operation of tritium gas.
(4) Tritium radiation level of the TPU glovebox

Figure 3.16 shows the radiation level in tpe‘TP1 and TP3
gloveboxes. A notable increase was oberved in the radiation
level in the TP? glovgbox. This corresponded to the loading
procedure of the pure tritium from column T to the tritium
container (LP-12). Unidentified leaks from the plumbing may

contribute to this increase of the radiation level.

3.2.2 TWT

In the TWT system shown in Fig. 3.17, tritium-bearing
gases exhausted froﬁ various systems in TSTA are treated to
reduce their tritium concentration to a level that will permit
release from the TSTA stack to the environment.

Figure 3.18 shows the radiation level on the low pressure
receiver (LPR) during the present operation, which is located
at the inlet of TWT. The first small peaks were ascribed to
the evacuation of the main process loop. The most peaks
observed during the loop operation were due to exhaust gases
from the ISS-GAN system and the top of the column H during the
He impurity injection experiments. It is possible to estimate
. the total amount of tritium exhausted to TWT. For the exhausted
tritium from ISS-GAN, the amount was estimated to be 1204 Ci
based on the composition, pressure, number of sampling and

volume of the sampling manifold. The amount of the tritium
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exhausted from the top of column H was alsco éstimated to be
39.6 Ci>based on the tritium level and the flow rate to LPR of
TWT. Therefore, at least about 1240 Ci of tritium‘was wasted
to the TWT system during the loop operation. i

Figure 3.19 shéws the tritium radiation lewvel at the exit
of TWT. The first peakkin the figure resulted from the
evacuation of the célumns'of the ISS system. Saturation of the
molecular sieves bed (MSB) in TWT caused the second one.
It can be seen by comparison of Figs. 3.19 and 3.18 that the
tritium radiaticn level at thé exit of the TWT was above three
orders of magnitude lower than at the inlet. This means that

the tritium concentration of the gases wasted to TWT were reduced

by more than three orders of magnitude by the TWT system.

3.2.3 Tritium radiation level at the TSTA stack

The exhaust gases detritiated in the TWT were released
from the TSTA stack to environment after meonitoring their tritium
concentration. . The tritium concentration monitored at the

stack during the operation is shown in Fig. 3.20. Sharp peaks
137CS

in the figure were due to calibration of the monitor with
It can be seen from the figure that no abnormal tritium level

were detected during the whole operation. This fact means that
the present Jjoint operation was carried out without any abnormal

tritium release to the environment.

3;2.4 Tritium radiation levels in the main cell of TSTA

Room monitors are strategically placed at location where
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tritium }eaks may occur, as shown in Fig. 3.21. Each monitor
continuously samples the air in the main cell through horses
or tubes connected in parallel. Figures 3.22{(a}-(¢) show the
radiation levels of the room monitors during the‘operation.
Sharp peaks in the figures were due to the calibration of the
tritium monitors. IF‘caﬁ be seen from Ehe figures that no
significant increases of the radaition level were detected
during the whole operation. This fact means that the present
operation was carried out without any tritium release to the

main cell of TSTA.

3.3 Impurity Effects of He

To study impurity effects of He on the performance of the
ISS system, helium was injected into the process gas at
concentration of 1 and 3% with 1% H2 during the loop operation.
It was expected that the injected He would concentrate at the
top of the column H. Therefore, impurity effects of He would
be shown most clearly on gas compositions of the top stream
in the column H. On these expectation, we measured the
compositions of the feed and top stream in the column H by
radio-gas chromatography. The results of the feed and top
stream are shown in Fig. 3.23 and 3.24 together with the
experimental procedures, respectively. As shown in the figures,
the He injection was tried three times during the loop
operation. The second and third one were, however, forced to

terminate midway, because too much tritium was exhausted from
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the top stream of column H into TWT. Hence,-our attention
was focﬁsed on only the experiment results obtained in the
first He injection. ‘

For the first He injection experiment, a“cdmposition of
the top stream was éalculated by assuming a steady state
condition. The calculation was carried out based on the
observed compositioﬂ of the feed stream (Fig. 3.23) and an
assumption that HETP in the column H was 5 cm. The results
was superimposed in Fig. 3.24.

From Fig. 3.23 and 3.24, the mole fraction of He in the
top stream (more than 0.1) during the first He injection was
found to be about one order of magnitude greater than that in
feed stream (about€0.01). This implies that the injected He
was clearly concentrated at the top the column H, as noted
above. The concentrated He was exhausted into the TWT system
with the other products in the top of the column H. A mole
fraction of He at a steady state would be expected to be about
0.31 by the calculation, as shown in Fig. 3.24. On the other
hand, the mole fractions of the hydrogen isotopes at the top
steam also changed with the He injection. The mole fractions

of HT and D, increased with increasing He fraction. On the

2
contrary, a tendency to decrease was observed for the mole
fractions of H2 and HD. It is interesting that each mole
fraction changed as though it would approach the calculated
value at the steady state, that is, 0.03 for HT, 0.22 for HD,

0.44 for D and 2.4x10_6 for DT. Because of lack of observed

2 t
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data for the mole fractions of the hydrogen isétopes in the
steady state, it is difficult to discuss guantitative agreement
between the calculated and observed values. It can‘be concluded
that the present He injection experiment providgd‘preliminary
knowledge concerning impurity effects of He on the performance
of the column H. To discﬁss further the impurity effects of He
on the performance of the whole the ISS system, much more data

should be acgquired in a transient and steady state during He

injection.

4. Conclusion

The joint operation of the TSTA system was carried out
by JAERT and DOE-LANL from Julu 21 through 26, 1988. One of
the purposes of the present operation was to demonstrate the
safe operation of the whole TSTA system to the TSA team.
During this period of the joint operation, there were no
technical troubles. Moreover, no abnormal tritium release
occurred into the main cell of TSTA or to the environment.
These facts show the TSA team the safe operation of the entire
TSTA system.

From a technical point of view, the present operation
produced the following highlights:
(1) The integrated process loop except the VAC system was

operated with about 85.5 mole of a mixture of hydrogen

isotopes (T; 107 g, D/T ratio; 3.15) for two days.

(2) The ISS system was operated with the FCU and NBI return



JAERT-M §0-028

data for’the mole fractions of the hydrogen isétopes in the
steady state, it is difficult to discuss quantitative agreement
between the calculated and observed values. It can‘be concluded
that the present He injection experiment providgd‘preliminary
knowledge concerning impurity effects of He on the performance
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by JAERI and DOE—LA&L from Julu 21 through 26, 1988. One of
the purposes of the present operation was to demonstrate the
safe operation of the whole TSTA system to the TSA team.
During this period of the jeoint operation, there were no
technical troubles. Moreover, no abnormal tritium release
occurred into the main cell of TSTA or to the environment.
These facts show the TSA team the safe operation of the entire
TSTA system.

From a technical point of view, the present operation
produced the following highlights:
(1) The integrated process loop except the VAC system was

operated with about 85.5 mole of a mixture of hydrogen

isotopes (T; 107 g, D/T ratio; 3.15) for two days.

(2) The 1ISS system was operated with the FCU and NBI return
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processes under cryogenic distillation‘conditions for
t%o davys.

The new data regarding chracteristics of the procee and
safety systems during the operation werejéécumulated.

It was demonsfrated that approximately 100 Ci of high
purity tritium (mofe than 99.99%) could be loaded into a
PC from the bottom of the column T.

Preliminary data were obtained as to impurity effects of
He on performance of the ISS system when He was injected

into the process flow at the concentration of 1 and 3%.
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*)VAC was not used during the run.

Fig. 2.1

—33~ 38 —

Conceptual block diagram of TSTA.
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Fig. 2.5 Diagrams of flow and control in the 1SS system.
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