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A fully integrated loop operation test of Tritium systems Test
Assembly (TSTA) with 107 grams of tritium was completed at Los Alamos
National Laboratory (LANL) in June, 1988. In this test, a compound
cryopump with a charceal panel was incorporated into the main process
loop for the first time.

The objectives were (i) to demonstrate the compound cryopump
system with different flow rates and impurities, (ii) to demonstrate
the regeneration of the compound cryopump system, (iii) to accumulate
operating experience with other process systems such as the fuel
cleanup system, the isotope separation system, the tritium supply and
recovery system, etc. and (iv) to improve the data-base on TSTA safety
systems such as the secondary containment system, tritium waste treat-
ment system and tritium monitoring system.

This report briefly describes characteristics of the main sub-

systems observed during the milestone run.
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1. [NTRODUCTION
1.1 LAYOUT OF JAERI/TSTA-LANL COLLABORATION

The joint work of the TSTA Loop Operation in the first Annex
IV vear (June 11, 1987 - June 10, 1988) defined by the
JAERT/TSTA-LANL collaboration program under Japan/US Fusion
Cooperation Program was successfully completed, while producing
many scientific and technological advances.

Table 1.1 summarizes the TSTA activities achieved in this
period.

The loop tests in June and July, 1987 were the first loop
operation of the TSTA process systems and safety systems with 100
grams-level of tritium. An emergency situation due to the loss
of helium refrigeration of the cryogenic hydrogen isotope
separation system, which was one of the most seriocus scenarios in
the TSTA failure mode and effects analysis, happened during the
June run. The test eventuaily had to be halted. There were,
however, no offnormal environmental tritium releases or personnel
exposures, and no resulting damage to TSTA systems which might
have impacts on the Annex [V first year program. The second loop
cperation was successfully resumed, only one month after this
unexpected event.

Hydrogen isctiope separation experimentis on a single c¢column
with H-D system (October, 1987) and D-T system {(December, 1987),
and with a two-column cascade configuration with H-D-T system
(April, 1988) wvere performed to study isotope separation
characteristics of full-scale cryogenic distillation columns.

Demonstration experiments on the fuel cleanup system, FCU
(Front-end: impurity removal process consisted of catalytic
oxidizer and cryogenic molecular sieve beds; Regeneration
process: D-T recovery process of catalytic oxidizer, DTCO freezer
and hot metal beds) were carried out from January through March,
1988, The March run was the first complete functional test of
the FCU under a full lcop operating condition wusing impurities
of 0.C99%N, and O.OlS)%_CH4 in the D-T stream.

2
Compound cryopump experiments of TSTA-VAC system <(composed
of the torus meckup, two different compound cryopumps having D-T

condensing chevrons and a He adsorbing charcoal panel, and a
regeneration train) had been done with D,, H,, D-T, He, Nz and

their mixtures in the period from March, 1988 through July, 1988.
The D-T experiments were done in both operating modes of non-loop
flow and full loop flow with FCU, ISS and TPU (gas <circulation
sysiem in the compound cryopump regeneration traind. The loop
operation of May-June, 1988 was the first test of all components
of a fusion fuel cycle on an engineering scale. The pumping
speed of D-T, D-T-He (10 - 25%), B-T-N, (1%), and the He/D-T

separation performance of both chevrons and a charcoal panel, and
the regeneration back to the TSTA process loop were successfully
demonstrated during a series of VAC system experiments.

This report briefly describes the results of this integrated
operation of the full fuel processing lovop test.
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1.2 BRIEF DESCRIPTION OF TSTA [Ref. 1,2 and 3]

The detailed description of the above systems is given in
previous reports "TSTA Loop Operation with 100 grams-level of
Tritium =~ Milestone Run in June, 1987 ~ " and "TSTA Loop
Operation with 100 grams-level of Tritium -Milestone Run in July,
1287 - ",IRef. 1 and 2]

1.2.1 PROCESS SYSTEMS

Figure 1.1 shows the conceptual process loop which was used
during this run. The current TSTA process loop, which is shown
in Figure 1,2, is composed of the following subsystems.

(1Y VAC
The Vacuum Facility <(VAC) with a torus mock-up, two
different designs of compound cryopumps, and a turbopump for

regeneration of cryopumps (Figure 1.3).
(2) LUTB

Tritium and other hydrogen isctopes storage /supply systemn
with five large uranium beds (UTB-1, 2, 3, 4 and 5). Figure
1.4 shows the general arrangement of UTB.

(3) ISS

Hydrogen isotope separation system with four interlinked
cryogenic distillation columns (I, H, D and T} and two hydrogen
isotope equilibrators (EQ).

(4) TPI1

Transfer pump system with a scroll pump (S) and metal bellows
pumps (MBPA and MBPB).

(&) TP3

Transfer pump sysiem with metal bellows pumps {MBPA and
MBPB), a gas mixer (MX) and a hydrogen isotope equilibrator (EQ).

(6) FCU

Fuel <c¢leanup system with catalytic reactors (CR1 and 2),
cryogenic molecular sieve beds (MSBl, 2, 3 and 4), uranium beds
(HMB4 and 5) and a tritiated water vapor freezer (DTOF). This
system includes a NBI front end composed of MSB3 and 4.

(7) LIO

LLvad-in/Load-out system for tritium using T, &as shipping
containers. =
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1.2.2 SAFETY SYSTEMS

The major environmental and safety subsystems of the TSTA
facility are as follows;

(1) SEC

The primary process equipment and process lines are doubly
contained with secondary containment consisting of gloveboxes
and plastic tubing, with nitrogen gas purge and control of their
atmospheric pressures. Figure 1.5 shows the concept of the
instrumentation of a typical glovebox. Purge gas (N, is
supplied to the glovebox at a preset tritium level. -

(2) TWT

The tritium waste treatment system (Figure 1.6) proacesses all
tritium-bearing gaseous effluents generated in various subsystems
in TSTA. This system 1i1s operated either in once-through or
recirculation moede as necessary, and routes the effluents to the
TSTA stack after detritiation and menitoring the iritium release
level.

3/ The capacities of the TWT compressors are 90 and 25 STP-
m/h.

(3) T™M

A number of ftritium monitors (Stack, Duct, Room, Glovebox and
Process) have been installed in the TSTA facility. Figure 1.7
shows the lcocation of the room-iritium-monitors. The monitors
perform the following functions; (i) quantitative determination
of stack releases, {(ii1) monitoring tritium concentrations in room
and room-exhaust air, secondary containment atmosphere, and
process system lines, (iii) initiation of local alarms and
computer-directed signals (in secondary containment and rcom or
room exhaust ducts) and ¢(iv) initiation of room air isolation and
an evacuation alarm and computer-directed signals.

(4) ETC

The TSTA main cell contains approximately 3000 m°S of

building atmosphere which would be contaminated with tritium 1in
the event of an accidental release from a secondary containment.
This system, the emergency tritium cleanup system (Figure 1.8),
has the primary function to reduce the probability and amount of
a tritium release to the environment from the TSTA main cell
after such an accident.

The free air capacity o©of the primary compressor is

2500 m3/h at 585 Torr (0.77 atm) and 293 K.
(5) VEN

The ventilation system is divided 1into two zones. The Zone
1 system provides heating and ventilation for areas {(rooms for
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non-tritium handling) from which tritium will be excluded and is
maintained at a slight positive pressure (0.23 Torr) with respect
to almospheric pressure. The Zone I1 system (shown in Figure
1.9 for the main cell and other tritium handling rooms is
maintained at a slight negative pressure (0.23 Torr) with respect
to atmospheric pressure to minimize possible diffusion of tritium
to Zone I or to the environment. 3
The ventilation capacity of the Zone 11 system is 15291 m"/h.

(6> MDAC

The TSTA is designed to be a computer <controlled system,
This system, master data acquisition and control, contains two
computers (shown in Figure 1.10); the process computer and an
interface, and the bacXup computer,

1.2.3 TSTA DESIGN DOSE

For TSTA to handle tritium the following subsystems must be
on line: SEC, TM, TWT, ETC, VEN, MDAC, Power and Utilities. Most
safety system operations are under total computer control.
Table 1.2 shows the TSTA design dose. In addition, actions are
taken to reduce radiation exposure from tritium to As Low As
Reasonably Achievable (ALARA).

The value for occupational exposure is one~fifth of the
guide level (5 rem/year) in DOE manual (DOE Order 5480.1A Chapter

XI). The naonoccupational dose will be less than 1 mrem/year for
the routine environmental tritium release rate of 200 Ci/year
(selected as a design goal for TSTA). The dose for personnel in

adjacent buildings will be less than 500 mrem/year.

1.2.4 ACCIDENT CONSIDERATIONS
(1) Failure Modes and Effects Analysis

TSTA subsystems have been analyzed with Failure Modes and
Effects Analysis to evaluate the safety features of the design,
identify critical failure modes, and recommend alternatives or
precautions that will mitigate the effect of failures.

Table 1.3 gives a summary of the effects resulting from
representative accidents which have been postulated for TSTA.
Table 1.4 shows an expected tritium inventory in TSTA.

Analysis and discussions of the postulated accident and
failures for TSTA are described in the TSTA Final Safety Analysis
Report.[Ref.3]

(2) Accident Scenarios

(i) A single failure in any secondarily contained subsystem,
i.e., a release into a glovebox, will not result in exposures to
individuals or release to the environment, since the TWT will
process the secondary containment atmosphere.
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(ii) Double failures in systems which have secondary
containment or a single failure in & single containment
containing laow levels of tritium may result in a tritium release
into the experimental area. The extent of personnel exposures
depends on the tritium concentration in the area, the tritium
form (oxide or elemental), and the time reguired to exit from the
area. The exposures for all credible accidents are within the
TSTA design goal (25 rem) for accident situations.

Examples of accident scenarics are:
- glove rupture plus a release in that glovebox,
- rupture of [IS8SS svystem,
-~ TWT low pressure receiver failure.
The release to the environment for the above type of
accident is very small because the ETC is designed to process the
coniaminated room air. For a postulated release of 100

ET ams (106 Ci) of ftritium into the facility only 10 Ci would be
released from ETC to the environment (design).

(3) Emergency Evacuation Procedures

Evacuation procedures for a TS8STA emergency have been

established in accordance with the TSTA Emergency Plan. Any
tritium release to the room atmosphere is quickly picked up by
the room monitor. Local alarms will be given at each of three
levels of tritium concentrations measured.

- Low (20x10°° Ci/m°) ;amber light

- Mid (100:»:10_6 Ci/mg) ijred light, steady sonalert (mutable)

- High(lOOOOxlO_6 Ci/mB);flashing red light, ~ pulsing

sonalert

The evacuation alarm is automatically iriggered by the high
level.
The stay time in the contaminated room to keep the committed

dose below 50 mrem is:

(i} without protective clothing; -6 3
stay time (min) = 6000/tritium level (10 Ci/m™),
(ii) with bubble suits and supplied air; -6 3
stay time (min) = 1200000/tritium level (10 Ci/m~).

Re-entry at a concentration over 10 3 Ci/m3 requires full
protective <c¢lothing (bubble suits) and may only be made 1if
accompanied by & second person who is also suited wup. Self-
contained supplied air suits also be used for re-entry with
permission of TSTA management and HSE-1 (branch o¢f the LANL
health physics groupd.
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Schedule of TSTA Operations

MAJOR EXPERIMENTS & OPERATIONS AT TSTA, FIRST YEAR OF ANNEX 1Y

Date

June 22-26, 1987
Tuly 23-27, 1987
September 1987
October 4-9, 1987
October 1987

December 6-11, 1987
January 1988
February 7-9, 1988

February 21-24, 1988
February 28--

March 4, 1988
March{ May 1988
April 4-8, 1988

May 31-June 6, 1988

Operation

loop test of FCU/ISS
loop test of FCU/ISS
maintenance on 1SS
non-loop ISS (UTB,TPU)
FCU-related testing

non-loop 1SS (UTB,TPU)
non-loop FCU
loop test of FCU/ISS

loop test of FCU/ISS
loop test of FCU/SS

non-loop VAC tests
non-loop ISS (UTB,TPU)
loop test of VAC/FCU/ISS

Description

conlinuous impurity {low
with  continuous impurity flow
lower ISS vacuum jacket after tritium use
single column experiments of 1SS
begin assembly/tests (w/o tritium)
of high temperature metal beds
single column experiments of ISS
non-tritium test of FCU operation
preparalory for first full integration of
FCU/ISS with continuous impurity flow
--same as ilem 8 above--
first full integration of FCU/ISS
with continuous impurity flow
withoul tritium
ISS experiments, 2 column
first integrated operation of full fuel
processing loop

with




JAERI—M 88—242

Table 1.2 TSTA Design Dose Commitments

Condition Design Cbjectives
Radiation Workers Public

bNormal Operation {mrem/yr) 1000 170

“Accident (rem) 25 5

aDesign dose commitment is the exposure which, under the given
conditions, shall not be exceeded in design. These dose commitments
are less than specified in DOE 5480.1A.

bExamp1es:

(1)

Normal component operation including shutdown,

repair, maintenance, and checkout

Operational occurrences such as leaks, loss of power,
and component malfunctions likely to occur once or
mere during the life of the facility

Very Tlow probability events such as "most intense
predicted" natural phenomena

Major component failure events which are not lTikely to
occur during the life of the facility



Failure

1. a) Rupture or
Jarge Teak
from torus
plus loss
of SEC

b) Same as la,
sccompan{ed
by » fire

Rupture of

cryopump plus

toss of SEC

b} Same as 2a,

accoupanied

by a fire

Rupture of

disti1lation

columns to
vacuum jacket

b} Same as 3a

followed by 2

breach of the

vacuum jacket
¢} Same as 3b,

2. &8

3. )

accompanied by
a fire, release

at 50 m

4. a) Leakage of

transfer lines

from XBI and

INS to FCU into

secondary
containment.
b} Same as 4z,
followed by
breach of
secondary
containment
t) Same as 4b,
accompanied
by a fire

5. Aircraft crash 9.7 x10

into facility
6. Earthquake

total

destruction

Tuitigation Method

Tabie 1.3

Releasable Inventory
Ci Form

100 i}

100 DTO/HTD/TZD

$.B x 10 DT

5.8 x 10 HIO/T,0

9.7 x 10°  oT,T

*'2

9.7 x 10°  o1,7

9.7 x 10 DZU,DTO.TZO

3000 oT.7,

3000 01,7,

3000 070,050,750

5 ko

&

1.45 x 10 HT

HTC

A - ¥YentilYate Experfmental Room

& - Process Room Air with Emergency Cleanup System.

JAERI-M 88242

Summary of Postulated Accidents

2

Boundary Whole Body
Mitigation Release to Stack Site Whole Body Worker Dose Rate3
__Method ¢i Dose (mrem) {wrem/min)

A w o a6 1 %1073
B Tx10 7 %1077 1 %1073
A 100 7 %1072 )
B 1 x 1073 7 x 1077 67
. ‘ "

5.8 x 10 7x10 0.8
B 5.8 x 107 & 507t 0.8

4 4

A 5.8 x 10 T 2.9 x 10
8 5.8 x 107 4 x 107 3.9 x 10}
c 1 7210 0
A 9.7 x 10° 1 x 1072 13
B 9.7 6x 1077 13

2.7 x 10° 5 x 108 6.5 x 10°

9.7 6 x 1077 6.5 x 10°
c 3 x 1072 2 x 078 b
A 3000 & x 108 4.0 x 0%
B 3x 1078 2 %1078 00 x 07?2
A 3000 2 2.0 x 10°
B 3 x 1672 2 x 1073 2.0 x 1073
Y NA 4.7 x10° HA
NA NA 0.23 WA
A NA 1 x 103 WA

C - Process Contaminated Air with Tritium Kaste Treatment System

KA - Not Applicable
Z 1pis {s maximum dose comStment and includes the skin {ntake.
Fig. B-1. The dose to the skin {tself is discussed §n Sec. 6.1.
The dose from any tritium which escapes before the room 1s sala
3 yorker dose per minute of exposure. It is expected that personnel will exit from the room in less than
The calculations also assume unfform mixing in the room.

30 seconds.

Release form is tritisted water vapor.

The dose 1s determined from

$4te boundary is 400 m from TSTA.
ted has been neglected.

freg
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Table 1.4 Expected Tritium Inventory

2

SUBSYSTEM COMPONENT INVENTORY]’ FORM
VAL a. Torus 01 g DT
b. Cryopump 6 g DT
ECU HMB's, M3B's 10 g TZ,DT,DTO
DTOF to 30 g C(D,T)q,N(D,T)3
IssS a. Total 100 g T2,DT
UTB a. TSTA Shutdown 150 g TZ,DT
b. TSTA Normatl 0.25 g
TWT a. Low Pressure 0.1 g DT,TZ,HTO,CXTy',H2
Receiver
b. MoTecular 4-6 g HTO
Sieve Drier
XCS 0.1 g TZ’ HTO
ETC a. Normal small or none
Operation
b. After HTO,TZO,DTO
Spill of X g Xg

1. The inventory in the piping of TSTA is estimated at 1 g.
2. In some cases the amount of tritium is at its maximum in the system before

regeneration or removal for disposal.
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e TWT
y 2 v
vac | > TP1 FCU
/N N
LIO <> H-D-T oo e,
F, :
: D,
Torus e 9
< TP3 K& iss | NBI
Mockup F1 FO 'Q—D?
THe,N2

Main flow rate : F_=15 - 19 mol-DT/h

VAC

flow rate

Circulating

flow rate

Fig.

0
: F1=2 - 10 % of Fy
. F2=90 - 98 % of FO

1.1 TSTA Conceptual Block Diagram
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Fig. 1.10 General Block Diagram of MDAC
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2. TEST PLAN
2.1 OBJECTIVES
The primary objiectives of this milestone run were:

- to integrate the VAC system into the TSTA main process
loop,

- to measure pumping speeds of a compound cryopump under
different flow rates and impurity compositions (N,
He?, 2

- to measure D-T/He separation performance of a compound
cryopump and demonstrate He and D-T regeneration from
cryopanels to the process main loop,

- to improve the data-base and operating experience on
both process systems (UTB, 1SS, FcU, etc.) and safety
systems (SEC, TM, TWT, etc.).

[\
.
n

CONFIGURATION

The TSTA process loop is configured as shown in Figure 1.2,
The new subsystem VYAC for this test is enclosed within a
secondary containment (2.4x2.7x3.6 miD) backed up by ETC.

The system is able to operate in any of the following modes:

- Local,

- Computer manual,

- Computer macro,

- Full computer control.

The hydrogen isotope separation system however, was operated in
the local and computer manual! mode during this run.

Process systems used were: VAC, LIO, UTB, IMs, FCU, 185,

TP1, TP3 and GAN. All safety systems were required or available
during the run, these were SEC, TM, TWT, VEN, ETC, MDAC, and the
emergency generater and uninterruptible power supply. The
following utility sysiems were required; the house vacuum system,
breathing air, helium, nitrogen (liguid and gaseous) and
hydrogen-argon. Liquid helium was supplied to the VAC system.

The supplied ©breathing air system was available for use in the
unlikely event of a tritium release into the main cell.

2.3 PROCEDURES
(1) Start up operation
Major steps for the start up of the process systems were:

- low level tritium leak checking of the main Pprocess
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sysiem,

- evacuation of the IS$S vacuum jacket, pre-cooling of
the [ISS thermal shield with ligquid nitrogen and cooling
down of the columns with the cryogenic He refrigerator,

- evacuation of the vacuum jackets of FCU process
companents, and cooling down of cryogenic molecular
sieve beds (no-heating the catalytic reactor because
there was no impurity except N2 in the main process
loopl},

- supply hydrogen isotopes to the FCU
cryogenic molecular sieves (MSB1),
- evacuation of the vacuum jackets and cooling down

to pre-saturate the

of

NE] return process component {(cryogenic molecular sieve
bed, MSB4),
- evacuation of the UTB vacuum jackets and pre-heating
UTH.
(2) Tritium loading and He stiripping
The loading of tritium into the process loop was performed
from the UTB (except UTB-2) and from the tritium gas shipping

containers attached to the LIO.

Approximately 84.4 g-mole of H-

D-T mixture(18.1g-H, 230.1g-D, 107.0g-T) was supplied from the
UTB and 1tritium gas shipping containers in this run. The
siripping of He and excessive H2 was performed by using the [ISS

column H during the full loop operation.

{3) Loop operation

Full loop operation through the flow paths FCU-ISS-TP3-TP1l-
FCU (DT main flow) and ISS-TP3-FCU(NBI)-IS8S (NBI D, flow) was
started after the completion of the tritium loading from the UTB
and tritium gas shipping containers. Additional loading of
tritium from an another gas shipping container was carried out
after achieving a steady state conditions in the loop. Pumping
tests of a compound cryopump were started when steady stat was
reached.

The major tasks performed during loop operation were:

- to measure the characteristics of compound cryopumps of
VAC (Table 2.1 shows the experimental condition of YAC),

- to measure H-D-T separation characteristics under
steady state distillation,

- withdrawal of He, H,-HD, D DT and pure T, from the

2!
ISS under continuous distillation conditions.
(4) Shutdown of the process loop

The ordinary shutdown procedures of the process loop are:



JAERI—-M 88242

stop process gas circulation through fleoew paths FCU-
I55-TP3-TP1-FCU and ISS-TP3-FCU(NBI)-ISS,

offload the H-D-T mixture in the process loop to the
UTB,

warm up the ISS by stopping He refrigerant and liquid
nitrogen supply, and continue offloading of H-D-T
mixture to the UTB,

Warm up cryogenic molecular sieve beds in the FCU and
NB!l return process by stopping liquid nitrogen supply,
if Dblanketing effect occurs over the uranium beds in
the UTB, circulate process gas through the flow path
FCU-ISS-UTB-TP3~-TP1,

evacuate process residual gas(including impurities) in

the process loop to empty tritium gas shipping
centainers by using the TP1,
turn off all electrical heaters of process

components and heaters in the ISS.
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3. RESULTS OF LOOP OPERATION

Loop operation began at 9:23 AM on June 1, 1988. The
following is the results of main subsystems during loop
operation.

3.1 PROCESS SYSTEMS

3.1.1 VACUUM SYSTEM (VAC)

Torus pumping testis with the compound Cryopump {BNL) were
performed with D-T, N, and He. The pump employed a charcoal
panel as the helium sorbing media. The nominal pumping surface

areas are 2400 cm2 for DT condensing chevrons and 1300 cm2 for

the He sorbing panel.
The principal resulis were the following:

- the BNL compound cryopump was successfully integrated
into the TSTA process loop and demonsirated with a D-T
flow rate of 1 - 7% of D-T main stream,

- impurity effects on the pumping speed with a D~T siream

’2 and 1-25% He, demonstrating

was investigated with 1% N
little effect,

- He/DT separation performance on both panels of BNL pump
was measured DT gas regenerated from the condensing
chevron revealed no He contained, He gas from the
charcoal panel showed the level of DT of 10-25% DT

4 3 g-mol/h).,

(8%10 % - 4%10
The detailed resultis and discussion of this system will Dbe

described in a separate report.

3.1.2 TRITIUM STORAGE AND SUPPLY SYSTEM (UTB)

Approximately 84.4 g-mole of H-D-T mixture(l8.1 g-H, 230.1
g-D, 107.0 g-T)» was loaded to the process system {from four
uyranium beds (UTB-1, -3, -4, and -5) in the UTB and from

tritium gas shipping containers. Hydrogen isotopes from UTB were
loaded directly to [SS during cooling down with the cryogenic He
refrigerator, and tritium gas from gas shipping containers was
supplied through the FCLU.

Figures 3.1 and 3.2 show temperatures of the uranium beds
{(each contains 6 kg-U>. Figure 3.3 shows the pressure of column
I in the 188 during offloading of the UTB. The regquired time
periods to heat the UTB from 473 K to 700 K were approximately 4
hrs, and itwo days to cool to ambient temperature.
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3.1.3 FUEL CLEANUP SYSTEM (FCLD
No impurity except NQ was added into the main loop in this

run, so the catalytic reactors of FCU were not heated (Figure
3.4).

‘Figure 3.5 shows the temperatures of molecular gieve beds
MSBl in the FCU and MSB4 in the FCL (NBI). Nitrogen gas used for
the VAC  experiments was removed by this molecular sieve bed
(MSB1) during the regeneration of the BNL cryocpump.

Figures 3.6¢(a) and 3.6(b) show the pressures in the main
process line of FCU during this run.

3.1.4 ISOTOPE SEPARATION SYSTEM (ISS)

This system (Figure 3.7) was operated with the FCU and NBI
faor 149 hrs. Withdrawals of He, H, and HD from the top of column

H, D, from the top of column D, and T. from the bottom of column

2 2
T were performed under full! loop operation.

Figures 3.8(a) and 3.8(b) show typical distillation
conditions of four interlinked columns during the removal of He
to TWT and steady state, respectively. The concentration profile
was calculated under the condition of steady state shown in
Figure 3.8(b), wusing 5 c¢m of HETP (Height Equivalent to a
Theoretical Plate). Figures 3.9¢(a) and 3.9(b) show the profile
of column I in vapor and liquid phase, respectively.

The mixture of He, H2 and HD was withdrawn four times from
the top of ISS column H to the TWT, The following is the log of
these withdrawals.

Firgt time : Time 13:10 - 17:30
(6/1/88) Flow rate 280.0 scc/min

Total 72.8 1-STP

No tritium was detected by GC analyses.
Second time: Time 19:52 - 21:56
(6/3/88) Flow rate 282.0 scc/min

Total 35.0 1-STP

No tritium was detected by GC analyses.
Third time : Time 19:10 - 21:50
(6/4/88) Flow rate 280.0 scec/min

Total 44,8 1-STP

No tritium was detected by GC analvses,.
Forth time : Time 20:19 - 20:50; 20:50 - 21:56
{6/5/88) Flow rate 280.0 : 309.0 scc/min

Total 29.1 1-8STP

No tritium was detected by GC analyses.

During these withdrawals, no increase of tritium level in
the TWT-LPR was observed except the forth withdrawal {maximum
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level: 1 Ci/m3) in which period 188 was not in a good steady
state conditions.

Approximately 60 samples of gas analysis were performed with
the on-line gas chromatograph system to certify a steady state
condition of each column. Tables 3.1(a)-{(c) show the results of
the analysis.

Figures 3.10¢a), 3.10(b), 3.1i(a) and 3.11(b) show the
pressures and the liguid levels of [SS, respectively.

Figure 3.12 shows the inlet flow rate of column 1 and
compositions at the tocp of column H. No tritium was detected by
gas chromatograph at the top of column H during the entire period
of this run.

Figure 3.13 shows the temperatures of columns during cool-
down. The required time periods of cooling down to 20K from
ambient temperature were approximately 9.5hrs for columns I and T
(the packed section of both columns is equipped with He looping
coilsy, 1ihrs for column D and 26hrs for column H. 1t took much
time to cool down column H because the concentration of He in
column H was high.

Figures 3.14(a) and 3.14(b) show the temperatures of columns
during warm-up. The required time to warm up from 20 K to
ambient temperature was approximately 50 hrs.

3.2 SAFETY SYSTEMS
3.2.1 SECONDARY CONTAINMENT SYSTEM (SEC)

Notable increments of the radiation levels in gloveboXxes
were observed at IS5 (GB1 and CB2) and LIO. The following are
the characteristics of these tritium releases in each gloveboXx,

{1y Radiation levels of ISS glovebozxes

Figure 3.15 shows the radiation levels of two [SS gloveboxes
and UTB gloveboX.
The GBl1 radiation level (on 31 May) started +to increase

(from 1.0x10 3 Ci/m3 to 2.5x10 2 Ci/ma) with the increase of [S8S3
column [ pressure during loading tritium from two uranium Dbeds
(UTB1 and 3). In the previous loop experiments [Refs.l and 21,
this typical increase has been identified as due to a leak
through a rupture disc assembly on the top of column I. The
radiation levels decreased gradually with the progress of
isotopic separation between light elements and tritium in the
column 1 (decrease of tritium concentration in the top of this
column). Purge of this glovebox had automatically been performed

3 Ci/mS. The second peak (maximum

at a level higher than 1x10
4,0x10 2 Ci/mg) shown in this Figure, was also caused by 1tihe
increase of tritium at the top of column I due to the disturbance
of distillation conditions of the four columns.

Figure 3.16 shows a relationship among radiation levels of
1SS gloveboxes and the pressure of ISS. A relationship between




JAER1 M 88— 242

radiation levels and pressure of the column H can be seen from
this Figure.

Most peaks on the [S5-GB2 were caused by ISS gas  analysis
(approximately 060 samples were withdrawn from columns to ISS.GAN
during this run).. The increase of the GB2 radiation level with
an increase of the ISS pressure occurred from unidentified small
leaks in the plumbing of the 185 gas analysis system (sampling
manifold for two gas chromatographs). This glovebox was always
purged with nitrogen during this run, since the tightness of
isclating valve sheets between the sampling manifold and the 1SS
columns has deteriorated.

(2) Radiation levels of FCU glovebox
There were no leaks in the glovebox of FCU during this run.
(3) Radiation levels of LIO and INV gloveboxes

As shown in Figure 3.17, five peaks (maximum; 8x10 3 Ci/mB)
on the level of LIO-GB were observed, This normal release
occurred when a tritium gas shipping container was attached to
the LIO manifold. The source of tritium might be some residual
£as in a short connecting tube on the gas cylinder. Successive
leaks did not occur during lcading and offloading.

(4) Radiation levels of TPU glovebox

There appeared no noitable radiaticon peak in TPU-GBl1 and GB2
(Figure 3.18), They contain the TPl and TP3 systems composed of
two sets of double-headed metal bellows pumps, a scroll pump (in
TPl and a hydrogen isotope equilibrator (in TP3).

[v)
ny
gl

.2 ROOM RADIATION LEVELS

No offnarmal radiation levels were detected with tritium
monitors placed at several key places Iin the TSTA experimental
rogm (main cell) during this run. Figures 3.19, 3.20 and 3.21
show the radiation levels in main cell. The sharp peaks were due
to the daily check of detectors.

3.2.3 STACK RADIATION LEVELS

No offnormal release were detected during this run (Figure
3.22).

The total environmental release measured with the stack
monitor (bubbler system)[Ref.l] was evaluated as follows:

5/30/88 - 6/5/88 HTO : 973.0 mCi
HT 62.5 mCi
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3.2.4 TRITIUM WASTE TREATMENT SYSTEM (TWT)

The tritium waste {reatment system operated the entire
period of this run without any problems. Figure 3.22 shows the
radiatien levels at the exit of TWT and the stack. During this
run, two peaks were detected on 'the radiation level! at the exit
of TWT. No off-normal release to the environment was observed,
because the TWT system went inito recycle mode from stack mode,
automatically. The evacuation of the main loop caused the first
peak on the radiation level of TWT shown in Figure 3.22. The

main remaining gas was hydrocarbon.

Figure 3.283 shows the radiation level in the low pressure
receiver (LPR) of TWT. Although there are many tritium sources
contributing to the LPR radiation level, most peaks observed in
Figure 3.23 were due to exhaust gas from the IS5 gas analysis
system (ISS.GAN).

Figure 3.24 shows the temperatures of the TWT recombiner
during this run. The temperature of about 760 K was reached
under recycle mode and about 720 X was reached under stack mode.

It is important to keep the pressure in the LPR Dbetween
set points because the LPR receives the exhaust gases from
process systems and safety systems. =~ During this run, the
pressure in the LPR was successfully kept between 0.27 atim and
0.54 atm (Figure 3.25).

1t is possible to estimate the total amount of {ritium
transferred to the TWT. The following is the breakdown of
tritium exhausted from the ISS-GAN based on the composition,
pressures and number of samples analyzed with the I[85 gas

analysis system, and holdup of its sampling manifold (40 cma):

Gas compoesition : Table 3.1(a)-{(c)

Gas pressures : 600 torr for sampled gas
300 torr fer {flushing

Number of sampling 60 times

Number of flushing 2 times in each sampling

Total tritium amount: 1871 Ci
The integrated amount of itritium was determined {from the

system flow rate (0,425 m3/min) and the reading of the LPR

radiation monitor every minute. The total amount of tritium was
5.8x103 Ci, which includes a background contribution (lxlo3 Ci?
4

of the LPR tritium monitor (background radiation level ; 2.7x10

Ci/mg).
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Table 3.1{a) Results of GC Analysis for This Run (I)
(Experiments have been performed in June '88.)

day/time position composition (%)

He H, HD HT D, DT T,
1/16:38 H-T 11.75 52.08 35.64 - 0.53 - -
1/17:15 H-T 8.88 48.23 42.13 - 0.76 - -
1/17:53 H-T 5.02 53.45 37.61 - 3.92 - -
1/19:13 I-F 0.12 1.42 12.39 5.60 32.92 38.35 9.20
1/20:54 H-T 2.61 64.62 32.36 - 0.41 - -
1/21:29 H-T 1.29 72.90 25.51 - 0.31 - -
1/22:07 I-F - 0.26 6.89 2.03 48.83 36.58 5.42
2/15:16 I-F - - - - 38.71 48.47 12.72
2/16:29 I-7 - - 2.90 0.24 96.85 - -
2/17:14  1-5(s1) - 0.82 11.67 2.35 54.74 28.5% 1.88
2/18:10  I-s(a28) - - 0.72 0.12 69.85 29.11 0.11
2/18:16  I-5(S1a} - - - - 52.14 44.53  3.33
2/18:51 I-B - - - - 19.15 61.72 19.13
2/19:07 T-T - - - - 26.96 60.45 12.60
2/19:16  T-S(S3) - - - - 7.91 44.80 47.29
2/19:41 T-S(S3A) - - - - 0.24 6.73 93.02
2/20:03  T-S(S3B) - - - - - 0.18 99.82
2/20:08 T-B - - - - - - 99.99
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Table 3.1(b) Results of GC Analysis for This Run. (II)
(Experiments have been performed in June '88.)

day/time position composition (%)
He H HD HT D DT T
2 2 2
2/20:34 H-T 6.10 38.49 53.91 - 1.45 - -
2/21:04 H-5(82) - 0.42 10.21 2.63 80.79 5.93 -

2/21:08 H-8(52a) 1.12 5.71 22,96 7.08 31.24 28.15 3.74

2/21:31 H-B - - - - 91.93 7.89 0.19
2/21:58 D-F - - 0.09 - 91.46 -8.30 0.16
2/22:05 D-T - - 0.12 - 99,83 - -

1
(=
[
~J
(83
f
[ee]
tJ

|

2/22:34 D-5(54) 79.95 15,50 0.66

2/23:06 D-B - - - - 18.63 55.75 25.62
2/23:25 H-F 0.07 0.19  2.24 - 89.49  7.79  0.22
3/00:03 T-T - - - - 46.13 51.30 2.57
3/00:35 T-T - - - - 50.5% 48.10 1.31
3/01:12 T-T - - - - 39.03 57.69  3.29
3/01:36 T-T - - - - 32.34 62.61 5.06
3/02:09 T-T - - - - 25,17 67.58  7.24
3/02:36 T-T - - - - 23.12 63.07 7.81
3/03:09 T-T - - - - 23.30 67.81 6.89
3/03:42 T-T - - - - 30.57 63.69 5.74
3/04:15 T-T - - - - 35.84 59.78  4.38
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Table 3.1{c) Results of GC Analysis for This Run (III)
(Experiments have been performed in June '88.)

day/time position composition (%)

He H, HD HT D, DT T,
3/17:37 H-T 2.10 97.33  0.57 - - - -
3/18:10 H-T 6.68 93.32 - - - - -
3/20:57 H-T 4,35 95.23  0.41 ~ - - -
3/21:30 T-T - - - - 27.85 65.85  6.30
3/22:00 T-T - - - - 23,39 70.05 6.56
3/22:30 T-T - - - - 25.08 67.69 7.23
3/22:56 T-T - - - - 29.54 65.42 5.04
3/23:50 T-T - - - - 35.79 56.77  7.44
4/08:00 I-F - - - - 54.07 39.44 6.49
4/09:11 I1-F - - - - 52.44 40.70 6.86
4/10:12 H-T 3.42 34.57 59.92 - S 2.10 - -
4/19:00 H-T 15.03 35.92 48.01 - 1.05 - -
4/20:34 H-T 4.49 37.69 56.68 - 1.13 - -
4/21:14 H-T 3.15 30.93 64.62 - 1.30 - -
4/22:01 H-T 2.19 25.03 70.81 - 1.97 - -
5/08:39 I-F - - - - 44.95 45.06  9.99
5/1B:34 H-T 2.43 9.17 83.11 - 5.28 - -
5/20:20 H-T 2.79 12.72 77.66 - 6.84 - -
5/21:02 H-T 4,57 7.47 85.57 - 2.38 - -
5/21:42 H-T 4.22 3.98 89.35 - 2.45 - -
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(in Vapor Phase)
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4. RESULTS OF SYSTEM SHUTDOWN
4.1 DPROCESS SYSTEMS

The following Figures show variations of the major process
parameters on the I[SS, FCU and UTB during the shutdown
operations (Loop operation was stopped: 6/6/88 8:12, H-D-T
dumping to UTB: 6/6/88 8:12).,

Figure 4.1, outputs of the reboiler heaters in each column,
shows that the heaters were maintained for approximately 1 hour
because of enhancement of liquid boiled up. They were turned off
when no liguid was observed in each reboiler.

Figure 4.2 shows that pressures of all columns immediately
dropped by opening valves to UTB (Figures 3.10(a) and 3.10(b)),
but increased to 500 Torr (column T) and tc 800 Torr (columns I,
H and D3, These complex pressure changes are assumed to be
depending on the amount of ligquid in each column. The pressures
were again increased after the helium refrigerator was turned
0off. The pressure of column T took time to increase after the He
refrigerator was turned off, because the packed section of column
H was cooled by He. Reduction of process loop pressures toc a
level lower than 400 torr was achieved in about 1 hour.

Figure 4.3 shows pressures in the FCU and NBI. The
pressures of the FCU and NBI behaved like that of [I55 «c¢olumns,
because gas was circulated in the process loop during shutdown.

During loading to UTBH, blanketing effect due to the
impurities was not observed in any of the uranium beds. The
pressure was under 50 torr (Figure 4.2). The major components of

remaining gas were 3He and 4He which were shown in Table 4.1 (N2
gas was already evacuated to TWT). ’

Figure 4.4 shows the rapid temperature rise due to the
exothermic reaction between H-D-T mixture and uranium beds, that

occurred immediately after opening the valves to UTB. The
temperature peak levels on UTB2 and UTB4 connected to column H
and D respectively were higher than that ¢f the others. This
phenomenon might have resulted from the difference in column
inventory of hydrogen isotopes. The temperatures of UB1 and UB3
were relatively higher than that of others at a steady state
after dumping of H-D-T mixture from the process loop, reflecting

the effect of the tritium decay heat from uranium tritide.

4.2 SAFETY SYSTEMS

4.2.1 SECONDARY CONTAINMENT SYSTEM (SEC)

—

Figure 4.5 shows the radiation levels of the [85-GB during
process loop shutdown operation. The broad peak observed in the
I1SS-GB2 was caused by leaks from the sampling system of IS5 due
to pressure increase {(up to 900 torr) of column I at shutdown
operation (Figure 4.2).

No increase of radiation levels in other GBs was observed.
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4.2.2 TRITIUM WASTE TREATMENT SYSTEM (TWT)

Figure 4.6 shows the radiation levels in the LPR and at the
exit of TWT. The radiation level in the LPR increased slightly
on account of the increase of that in the I55-GB2. The TWT KkKept

3

the radiation level low ( < 1x107° Ci/m9) at the exit.
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Table 4.1
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3.155
6,016
5,894
1,328

! HD
12
028 1 CHa
HH3
.058 1 CHID
i Hat
1 CH3T
i CH2D2
i HDO
109§ CHDZ
L8 3 Ne-2C
i HTD

227 ¢ He-d
1 HT

02 1 D2

17 0 He-d

002 3 BT

111

37

9
70
1,000
272
272
272
1,080
L2772

1.7

9. 1350
2,4140
. 0480
L0450
4,17%0
B.8540
30

A

17,3790
n

17,5090

I.0Mh
4,003
4,024
4,028
.00
5,032
18,031
17.027
17.038
18,011
18.04¢
18.044
19,017
19.05¢
19,992
20,019
20,023
20.048
20.054

He-3
He-4
HT

pl

13

72
CH4
NH3
CHID
HI9
CHIT
{H2D2
HDO
CHDT
Ne-20
HTD
Bzo

4
o+

Curies
PO

i a5 water
1 as @ethane

\ Brams H
i H

} Greas D
i brams T

y Oraas H
1 brass [

b

4,984
3,506
1.517
1,084
1.07¢

012
5.818

-

o

i CRIT2
coT

092 1 CD4
1 DTE
L0686 1 CD3T
: Ne-22
i CHTZ
L0281 D212
: 09

020

7
1.073
+281
210
193

153. 1864
11.0990
4,8470
L0440
ATH0

21,058
21,91
22,060
24,084
27,9935
28,005

1,790
39.962
43,990

-
o

CH2T2
CD4
DT
WAL
Ne-22
co212
LT4
£o

N2

02

001

108 3 Ar

L]
"~

fr

.188

} Grass T
100,000

1 C02

1,853

coz2



JAERI-M 88— 1242

§SI Fo sanding i93edH 1% *BT4
1 -uwnjod : gliH-M-SSI—--—Q
sajdwps uaamjaq sapnUIL Z g-uwnjod : 401H- M-SS5I——9
££:16:60 88/90/90: (N3 H~uwnjod : gHIH- M -SSI—-----9
66:00:90 88/90/90 : NI938 [ -uwnjod : g)1H-M-SSI——V
(Sinoy) oawl]
Ov ¢ 0¢ Q') 00
VI L. _ _ 000
, -
| \:
| H
M .Cﬁi.-f.!l\fq:l\l}ullJ’{jf\..\/\frmj A
B . — 00}
S T —
L U
v ! v
(|
| 3 : m —00°¢
e — —
f
00:6 00:8 00:2

JOIX

indynQ  18}03H

(M)



JAERI—M 88—242

umeplInyg Surinp suumyon §ST JO S2aNssdigd 7w 8T14

sajdwos udamyaq saynulw 2

Ndd4 J0 p-BSW UI 84nssald : pASN-NI4——D

£€:16:60 88/90/90: N3 N4 Jo |-8SA Ul ainssaid ; |GSW-NJd--—----9
GG:00:90 88/90/90 : NI938 na4d jo Ul aInssald @ [HI-NIJ——V
(sinoy) awi]

Ot 0¢ 0¢ . 0’} 00
— _ i | 000
——. it

_m#wwo_._ uo JajoaH
0 Jaj0a
n s e \ﬁ awhioy —~02°0
|

340 ¢dl

140 13}03K
Q'H'T uwnjo) ~=

»
/
o~
S Nl

A

jjo
J01DJ3B11 8 A T
|

~_ 8.0 o

uado aAjop

00:6

00:8 00:2

o0

090

080

00}

(01X

38INssdid

( 110})



JAERI-M 88—242

umopinyg Buranp {pd UL s$3ANssaAg ssIvoad £ty 814

1 -uwngod ;. ¥ -d4-S81——0
so|dwps udamjaq sajnuil 2 @ -uwnjod ; ¥J-d4-88] ——9
¢€:2G:60 88/90/90 : (N3 H -uwnjod : yHI1d-4-68] -—----8
66:00:90 88/90/90 : NI938 1 -uwnjod ; ¥[10-d4-S81 ——V
{sinoy) awl}
Od 0'¢ 02 0’} 00
I _ 000
i 40 Hmnomx
TIN | wnjoyN—. Uo J3jDay
N \ JKW éts_ou
- A~ | 3J0 Ja)paH oz
~ xm [ #thcezﬂv 0c0
¢ O | }o
0 ) : .
o H mf \/ ————___—0v0
Jo J3josH
Q'H'T uwnjo) e ]
_ _ —080
po LT o
iojpJabiual aH | | 00°l
00:6 00:8 00:21 ObX

ainssald

(1104)



JAERI—M 88—242

wmopInys Furinp gr

jo saanjeiadwa] 4% 813

Q - uwnjod . san-1-gin——-—3
@ - uwnjod “ van-L1-8Ln—-—0
s9|dwps udamjaq sajnuiw 2 1 -uwnjos . ean-1-10——>3
81:.8G:00 88/10/90 : (N3 H -uwnjod “ an-1-8lLn------- g
44:00:60 B88/90/90 : NI938 1 -uwnjod o} papisuuod : 1gN-L-8L0—V
JOLX (sinoy) awi]
02 g 0’} §0 00
! _ 000
e 3
: e _
“. _
: 2
! |
— _ 100 S
; 3
) H p=]
i\ : qlm
:...aQ ? mf
,/ . \._ nl.w
- / H002 =
6\, -
gin o} uado aA|DA
| I _ 0'¢
_ 00:02 006G} 00:0} 0 O} X
179 9/9 ¢




JAERI—M 88-242

uMop3Inyg Burinp SOX0QSA0TSH §ST UT ST2A7 UOFIBRIPRY G+ 8143

soTdwes usomlaq SLInNUTW 7

H23-4.10° £89-OVH-SST J

EE 45 ‘60 ©8/90/90 {ONT ¢d5-SSI* gE9-Ovy-S51 g8

55 :00 90 88/90/90 ‘NI934 lED-SSI: }gg9-0yH~SSI v

(sdnoy) 8swrtj

o'y 0'E 0'e 0t 00

| ] “ 00°0
T
SN — oo-2
~
EN
///
/J.. \\\.‘(‘I‘\I{n‘lf\(l[}ij}
\\\ \I.\.tl.l.l'.lll.r\a
— / e _ T 00y
~ | uoTjeasdo
‘gsoxd 1°'100 o ¥eed .xmz_ I dooT
*goad L1°T02 JOo Yeed .xmz_
*saad Hr1oo Jo yeed .xmz_
*so1d g 100 Jo yesd °xXeR _
| _ | 00°9
00+6 00:8 00:¢ moﬂ

[8A87 UOTI3ETIpeY

*(gw/13 9-07%)



JAERL—~M 88—242

se1dwes ussmiesq sejnurw 2

umopinyg BuTANp ISTINQ PUER IDTUTI-IMI 22Ul UT STIADT uor3lerpey 9 + 814

IML 3O 3FTX8 2yl ' : XIWE-avd-IML €

mm Mw Mm mm“wwwwm ZHMMM IMIL 3O IoaTooel aanssaxd MOT ®Yl UT 3 AJT-AVE-IML ¥
(SJnoy} awTj
o'y 0°E 02 o' 0’0
000 | ! I ._ . 0070
| |
) w i o)
W f _ o
[ 1 i &
o i _ &
o { _, =
- : “ rt
O _ : m.
o] ' t 3
Py H

g 0570— — 0071
< w g
- g L
A %
£ m L
m h - { ]
—~ 00" LII |l 007 ~
= . =

1 ; !
w ; “
0 ] ; a
< u ! =
= : i

T VSN DU N 00°€
00:6 Qo:8 00: 4 mo«x




JAERI—M 88— 242

5. CONCLUSION

This milestone run was performed with the VAC system to
demonstrate the TSTA full integrated fuel loop. Primary
objectives were achieved without any accidental release of
tritium to the experimental room or the environment.

Achievements of process systems are:

- full loop operation with the VAC, FCU, NBI and [55 was
performed with approximately 84.4g-mole of H-D-T
mixture(tritium; 107.0g, D/T ratio; about 2.15) for
five days,

- the compound cryopump (BNL) was successfully integrated
into the main loop. Pumping performance, as well as
regeneration characteristics of VAC system, was
measured using D-T, D-T with N, and D~T with He (The

details will be reported in a separate paper.?’,

- the ISS was operated for five days under cryogenic
distiliation conditions with the VAC, FCU and NBI
return process. Withdrawal of He, H2 and HD mixture

from the top of column H was successfully carried out
to remove He and H2 from the process loop,

- removal of N2 injected into the leoop and the VAC system
was successfully done by the FCU.

Issues of the safety systems are:

- there were several small released tritium 1into the

gloveboxes, but ne tritium release into the
experimental room occurred,

- the amount of tritium exhausted +to the TWT was
estimated to be 4800 Ci. The amount of tritium from
ithe 1885 gas analysis was approximately 1900 Ci,

- there was no off-normal tritium release from the TSTA
process loop into the environment during this run. The
total release measured with the stack monitor (bubbler
system) was:

5/30/88 - 6/5/88 HTO : 973.0 mCi
HT : 62.5 mCi.
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