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At zaetr

Ajproximately 145 millic -.es (about 0.06 cm') or tritium in DT torm ware
rolaased into the main cell of the Tritium dystems Tast Assembly at Los Alamos
Nativnal Laboratory. At aquilibrium with the cell isolated, this amount
resultecd in concentrations of about 50 microcuries per cubic meter throughout

the 2900 m' of the cull volume. Tritium war held in the cell for 29 minutes
lutl 'te normal ventilation was restored and the tritium was released through
‘Lo tacility’as 30-m atack. The dispersion, =onfinem¢nt, removal, and decon-
* minat 10n rimes associatoed with this release are discussed in this paper.

Introduct ion

Li-ivas ot the Tritium Systems Test Assembly include Jdemonatrating thn fusl
pro~aaring ~y:'la for fusion power reactors, deveioping and tosting environmen-
‘.. ind personnel protert 1va aystams, and investigating the systema responae tn

1! - 1mal conditions.

A teluuse ot 1453 millicuries ot tritium into Lhe main cell of TSTA was used to
jain intormation in pursuit of thesa cbjectitas. Tha tritium was held in the
*‘ull for 29 minutes with the cell isolated (normal room ventilation halted).
Tritium levels in the ¢ull uquilibrated at 50 microcurios per cubic seter in

the 2900 m' nell, After 29 minutes, normal ventilation was restorad. Tritium
was tualaased wut the tacility’s 30-m stack by normal ventilation while tho
he'lining tritum leveln in the rell wera observed an eight 1oom monitarn

¢ et el Lthionghout the facility,

Foett it it rface contaminat ion in the call vas monitormd tar several lays,
s aurface contamnat lon tetninmd to the uncont aminated rrondit fon that
uXtatod betore the jelvase,  PMosanihle tritium leakage around penctiat ions {rom
*te e dntaimg the okl jui licd was mnitored with portabla t11tum mnit arn.
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“oevm tritum monitors

The aight room monitors l.ave been described in the literature [3). They are
Somrerclal ianstruments sovering the range ctrom L microcurie/m' to 10 Ci/m’ on
*wc, 4-decade {ogarithmic scales with one decade overlap. Each monitor has
three alarm set points t.o provide warnings of tritium releases both locally
an1 hrouan the central -antrnl computer with which the monitors are
Lterlaced.

¥asn monitor samples room air at several points. This is done through the use
r zampling lines, usudlly with multiple branches, to locations in the

vicintty of the instrument. This procedure reduces monitor nenaitivity, but
rreatly increases the spatial coverage of the monitor. Thae general quastion

«t rritium dispersion i1n rcom air and its relationship to rionitor location has

iwen studied previously [4]).

.mouter-rontrolled safety systems--roim monitors, alarms, and room

went i lation

The TSTA is a4 computer controlled facility designed with special attention to
*ha tse ot the romputer to maintain safe conditions in off-normal situations,
inirluding failure ot the computer itself. In the tests reported here, the
Master Data Acquisition and Control System (MDAC)~--the central centrol com-
|'ut er system--served in various functions to maintain safety. All room
*r:r:um monitors (like all facility instruments) report to the MDAC. MDAC
~'unids room alarms as appropriate, including when tritium at hezardous !levuls
i3 .Jutected in the room. The alarm condition is announced by a tacility
Jurrator wver the PA system.

N'rmal room ventilatinn consists of air inflow through ducting and vents
oenttwsl along the weat wall of the main cell (adjacent to rooms #5507-5511).
Thee towm air exhaust {3 t hrough parallel ducting and vents located in the
wt 1w of the cerling of the main cell. When room ventilation is halted,
i oxlnist vent s are alit hy 1aolat ion valves,
Aot hcth alarm lovee],an evacruation alarm is auntomatically aoundel Gl MDAC
artn s lat o valves and halts tha normal toom voantilat fon agut. the teeili-
‘' emeter atack ta prevent the automat le stacking ot unacesptab le amomnt a
t "ritaim. o thia teat, valves were nhut and raom ventllat fon was luelted by
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icntains the major part of the total tritium inventory of TSTA. Normally
40~-130 grama of the TSTA total of 130 grams reside in the cryogeni: diatilla-
“ion solumn - of the lyotcpe Separation system (ISS).

“he reiease was 1n elemental molecular form of DT, the usual form of tritium
sontained in tne T3TA process piping. ‘iowever, any release will be accompa-
nied by the release of some tritium in the oxide form (DTO). The fraction in
rhe - xide form will increase slowly with time as the tritium combines with
room air under the acticn of catalytic influences such as metal surfaces and
self-radiolysis.

The highest momentary tritium concentration recorded by the room monitors was
f20 micrccuries per cubic meter recorded by TM-RM3 immediately after the
telease. As a point of reference, the facility’s written guides define the
|rermissible safe working time in this concentration, if the tritium were all
tn the oxide form, at about 10 minutes. The corresponding working time in the
steady-atate concentration reached in the room (50 microcuries per cubic
meter) is about 100 minutes.

Rhom ventilation was halted by auxiliary MDAC action at 14:46:24, 1 minute and
14 seconds after the room release.

Tha Disperaion of Tritium Through the Cell

With room ventilatiun halted, tritium dispersed through the cell (and into two
side rooms designed for handling tritium) as shown in figure 4 and in tables 1
and 2. The tritium concentrations rose most slowly at TM~-RM2, in the pit ar=za
underneath the mezzanine where the release occurred, and in the XCS
laboratory, through a doorway in the farthest corner of the facility from the
rejease. It took about 10 minutes after room isolation tn reach essentially
Sleady nrate,

Guring the 29 minute holdimg period with room ventilation halted, a portable
ritrtan montl or wad usded to check tor tritium leakage arouind the vnmier Jdoars
of tir 1 wks loading to the main cell. An Overhotf Model 394¢ tritium monitor
Wwdaan tined Phat hal o sensitivity ot 2-4 microcuries pur uble metur. With thiy
tnat rumen!t and ftor rhe durat ton of the teat, no trlr lum waa et ect ol leaking
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The removal of tritium from the main cell is shown in figures 5 and 6. These
tigures each show the decline of tritium in the room. It is noteworthy that
vritium was removed from the cell in general faster tran the "ideal™ removal
rate assuming perfect mixing in the cell. This is true at essentially all
.ocations in the cell. There is nu clear understanding of this favorable
result.

The room tritium monitors generally returned within 30 minutes to their
tackground settings that were reached before the tritium release took place.

These are in the neighborhood of five microcuriea/m’, rather than zero, be-
cause the monitors are designed to have a slight indication at all times so
that a failed (zZero-reading) monitor will stand out.

To a first approximation, tritium was removed from the cell within a half
hour. Hhowever, careful tatistical analysis of the monitor readings indicated
that slightly elevated readings persisted for several days. These results are
shown in figures 7 and 8 for each monitor. The figures show the "noise"™ on
each monitor reading (indicated by the vertical line shown for each day) and
the least squares fit of the readings for each day. Clearly the readings are
somaewhat elevated 24 hours following the releasm. This elevation is no lungur
apparent by the third day following the release.

Analysis of Pesidual Surface Contamination

The building surtaces at TSTA are coated with "Plasite,” an oil~-base epoxy
paint. Surfaces at TSTA are routinely "swiped” for removable surface con-
tamination, analyzed by a liquid scintiilation counter, and reported in unita

ntf disintegrations per minute per 100 cm’ of surface swiped (dpm/100 em’). A
surface reading with a reading of less than 1000 dpm/100 em’ i{s considerwl

upcont aminated. Areas having surfacus with readings above 20,000 dpm/100 ¢m’
reqitire special posting and cortamination enntrol [5].

Ther 1cadings raported ot TSTA before the release and for one month tolluwing
*he rerlease are givimn in table 3 helow., Fram the reanlla xdhown, no long-
LAt iy cont amittat ion gt surfacas tesulting tram thia 1eloase was et et il
No oapesial decentamipn! tan ettorta were made ather than the wmnl anea ot
waithottr Jlown warm apet a ot ed during rout Ine aurtaee monit or g,
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Tritium became distributed uniformly in the cell within 10 minutes.

b

g No tririum was detected leaking out around the inner doors to the call,

}. ¥With ventilation, =r:i:tium was removed from the cell faster than preaicted
ty idealized calculat:ons assuming perfect mixing in the cell.

<. No tesidual air contamination remained three days after the release. No
residual removable surface contamination remained one month after the
release.

The results of this test may be dependent on conditions of this test and the
thvsical configuration ¢t the TSTA facility. However, the tests were made in
i1 crototype facility using only the special precautions that are designed into
and are always a part of such a facility. The results constitute an importaut
part of the database on normal and off-normal cperations provided from the
TSTA project.
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Table 1

ELAPSED TIME

nr3a-

1744"

1rc5"

4’'38"

450"

6’'20"

g’3g"

8’ 5h"

The Course of Events on 11/7/88

EVENTS
All monitors show normal values
Tritium release near 1SS (TM~RM3) in the main cell

Mid alarm at the mezzanine, ISS (TM~-RM3)
(Tritium concentration > 100 micro Ci/m’)

Low alarm 4t the mezzanine above the FCU (TM-RMl)
(Tritium concentration > thaa 20 micro Ci/m')

Low alarm in the south of the VAC (TM-RMS)
Isolation of the main cell from the atmosphere
Low alarm at the north of the VAC (TM-RMA)

Low alarm around the glovebox of the SWD (TM-RM6)
Low alarm in the GAN room (TM-GAN)

Low alarm at the pit of the FCU (TM-RM2)

Low alarm in the XCS room (TM-XCS)

Fritium removal from the main cell begins using
the roam vantilation



Table 2 Readouts of the Tritium Room Monitors
(unit: micro ci/m’)

[ )8}

Elapsed

11/07/88 Time RM 1 RM 2 RM 3 RM 4 RM5 RM 6 3AN XS
*3:44:23 3.2 5.0 2.2 4.0 3.8 3.6 8.1 5

14:44: 40 -0- eee=——— Tritium Release------

14:45:24 0’44~ 49.3 4.5 521.8 10.5 10.7 4.4 7.5 3

4:46:24 1744" 52.5 7.8 107.2 32.9 43.4 4.5 7.5 4

14:47:21% 2744~ 50.4 14.2 47.3 31.8 28.7 28.8 11.4 3

<1:48:24 37 44" 2.5 13.2 57.2 35.5 23.4 15.0 15.9 3.
14:49:25 4’ 45" 58.2 17.4 54.3 40.7 34.9 30.4 22.3 4.
14:50:24 5744~ 59.6 19.5 65.7 43.9 33.9 33.3 27.4 6.
24:51:27 6’47 65.7 21.6 63.5 52.2 38.5 41.0 32.2 14.
14:52:26 745" 66.1 24.8 63.5 56.2 40.3 49.5 38,9 24.
14:53:27 847" 65.3 26.3 58.5 59.6 49.3 48 .7 39.8 28.
14:54:26 97 46" 67.6 30.9 57.5 58.9 53.4 46.8 41.0 31.
14:55:28 10’ 48" 65.3 36.1 54.3 60.3 53.7 44.9 40.0 32.
14:56:27 11747~ 64.6 38.9 52.8 58.5 58.5 41.0 41 .4 35.
14:57:29 12749~ 62.0 43.4 57.2 56.9 61.3 39.8 42.4 34

14:58:29 137 49" 61.3 46.0 59.2 53.7 63.1 38.7 43.2 35

14:59:29 14’ 49" 60.3 47.6 55.3 51.0 64.2 37.6 42.7 35

15:00:31 15’51~ 58.9 48.4 58.2 49 .8 62.7 37.6 43.2 34

15:01:30 16’ 50" 59.9 48.1 55.6 47.9 6l1.7 37.6 41.9 35

15:02:32 17°57" 56.6 47.0 57.2 47.6 63.8 37.6 41 .4 36

15:03:32 lgr 52" 58.2 47.3 55.9 47.0 61.0 36.9 43.2 38

15:04:33 19°53" 57.2 47.3 55.9 45.7 €2.7 37.8 45.4 41

15:05:34 20’ 54" 57.2 46.5 55.6 46.5 62.0 37.4 45.2 37

15:06: 4 21'54" 55.¢% 46.5 56.2 46.2 61.7 37.6 42 .4 36.
15:07:%% Q27 55" 56.9 45.4 55.6 46.5 60.6 36.7 41.7 35.
15:08:135 23" 55¢% 55.0 43.9 55.0 45.4 62.0 36.9 2.7 38.
AL EY | Y LY B “4.3 44.9 54.6 45.2 61.7 39.4 11." ).
thilne s LT 55.6 44.4 3.1 45.2 %9.2 36.9 43.2 36.
150117y oG LWL 56.2 43.9 %4.0 44 .4 58.5 16.5 44 .4 36

NS I Wy 54.0 43.4 2.8 4% . 59.2 36.7 2.4 EX

Vel 2y Lym “3.7 44." 3.4 44.4 19,2 17.6 o.1 17.

S — T aOVwWUBMe~NDa2UWOYOU -~ JddYsaOoOODOJdJUUOOWD



Location

GB-LIO
GB~INV
GR-TPUl, 2
GB-TPU3
GB-UTB
TWT-TANK
GB-ISS
GB~-ISS~GAN
GB~XCS
GB~-GAN
GB~-SWD
FLOOR~LIO
FLOOR-TPU1, 2
FLOOR-TPU3
FLOOR-UTB
FLR-TWT-PIT
FLR-ISS-MEZ2
FLR-TWT-MEZZ
FLOOR~XCS
FLOOR~-GAN
FLOOR-SWD
BKG

Table 3 Results of the Swipe Analysis
(Units:dpm/lOOcm:)

11/02/88

173
148
128
3703
10921
222
1019
322
123
510
1108
8451
466
1899
5161
2771
2072
654
334
959
2704
NSA

+

L B B BT 2 I I T S S GO O Y

+

11/09/88

686
658
284
4443
6002
478
4423
2138
3170
3156
2748
1827
407
3196
24027
3137
~38639
1607
781
969
1632302
112

11/722/88

152
320
626
33829
30636
659
2123
424
65
263
501
1633
670
7476
33466
2086
27750
2407
618
1794
13341
NSA

11/50/88 12/07/88

2105
827
121

1440

13909
k}-13

5910
688
445

1548

1364
309
259

2308

36668
91474

2577

1685

2681

14965

4002

NSA

11/7/68 Tritium Release

736
223
504
580
10400
637
669
4024
263
1486
1553
465
397
952
1689
670
957
1060
601
lel0
2232
97
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Fig. 2. Location of Room Tritium Monitors at TSTA



