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:J..L-.T,t.~itii~ ~dnlt-t>r~
The alght zoom monltL>E~ I,ave been described in the literature [3] . They are

....r.~erclal i:lsc ruments !.;-.verlnq the zan~e trom 1 mlcrocurie/m’ to 10 Ci/m’ 1111
● UC, .l-deca.ie i.>garkthmlc scales with une decade overlap. Each monitor has
:!:r~+e alarm set ~L>int~ t.= prcwlda warnin~s of trltium r~leases both locally
.1:11 ‘ hrowm :.ht-cent ral -mcrol computer with which the monitors are

“ ●(*::aceii.. .. .

+1.i:n .monxtar samples room d~r at several points. This is done through the use

: smnplinq Lines, usudlly with multiple branchea? to locations in the
-::.:~:l+ty cf the instrumnt. This procedure reduces monitor nmsitivity, but
~re.a:lyincreases the spatial coverage of the monitor. The qeneral qunation

,: ! ritium dispersion in rcom air and its relationship LO monitor location has
i u-w.:1s!udied previously [4].

. ..r.nllter-control led safety syatema --ro~m monitors, alarms, and room

“.’~nt : ldEIL)n
The TSTA :s d computer cc!ntrolled facility desiqned with special attention t.o
. ,b,,A use ot the romputer t.o maintain sdfe conditions in off-normal situations,

:nt-:uding failure ot the computer itself. ln the tests reported hare, the
!.t,~sfwrData Acquisxticn and Control System (MDAC)--the central ccntrol conr-

lwtcsr system--served in various functions to maincaln safety. All room
“r:r:um monitors (like all facility instrutmnts] report to the MMC. MDAC
. IIIR,~S room aldrms ds appropriat.at including when tritiurn at hezardous levalls

:S .l~Wected in the room. The alarm condition 1s announced by a facili’.y
,p~il~tor .Ivt!r t he PA syst.om.

?J-rmal ronrn vent.ilati,)n eonaiats of air inflow throuqh rluctlnq and vent.a

. . .’,I!L~I1 ~j,)nq the w~st wall of the main cell (adjacent to rooms #5507-5511).
TIII’ flulm air cxhausr. is thir)uqh parallel ductlnq and venra located in ~hn
:KI II;l. (If fhcs eelljnq (I! Lhm main cell. When room ventilation is haltwd,
‘ tll~:{~’ c~xhliuql vent s ,Iro nhht lIy lnoldt inn valves.

.,0 :,,i.1.; (:,1 II . ; 4’ Ip,) II ttla~ ,11’ 1,111( I*II ..t tl!lvcwllc~l !, 1’1}111, :il~. :1.1:
.,:. ,,. ::O,. I :~ 111111w911a, I,,lal.l,l{o I Illt!. t Ilc. 111,1111 011.11 ,.,111 ,.1 T:;TA .I.,.:,, o I :,1,
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:cn!.alns t% manor part at the total trit. ium invenLory of TSTA. Norma 1ly
40-1:()grams of the TSTA tatal of 130 grams reside in the cryogenis distilla-
- kL~.rr;aiurcr. at r.he Isatcpe Separation System (1SS) .

“Vhe reiease was ~n elemental mole(:ular form of DT, the usual form of tritium
::>ncalne~ in cne TSTA process piping. }iowever, any release will be accompa-
:“.ie.iby the release of some tritjum in the oxide form (DTO). The fraction in
rhe xi.ie fcrm wi:l iricrease slowly with time as the tritium combines with
Yza.m alr ur,der rhe act~~n Gt catalyr.ic influences such as metal surfaces and

self-radiolysis.

T!,e Iiighegt momntary tritlum concentration recorded by the mom ~onitorg was

R20 mlcrccuries per cubic meter recorded by TM-RM3 irmnediately after the
teledse. A3 a point of reference, the facility’s written guides define the
permissible safe working time in this concentration, if the tritium were all
:n t!le oxide form, at about 10 minutes. The corresponding working time in the
steady-state concentration reached in the room (50 microcuries per cubic
meter) is about 100 minutes.

Room ventilation was halted by auxiliary KnAC action at 14:46:24, 1 minute ,Ind
44 .soconds after the room release.

Thq Dispersion of Trltiurn Through the Cell

With room ventilation halted, tritium dispersed through the cell (and into two
side rooms designed for handling tritium) as shown in figure 4 and in tablas 1
and 2. The tritium concentrations rose most slowly at TM-RM2, in the pit area
Ilnderneath the mezzanine where the release occurred, and in the !(CS
lahnr~t.ory, through a doorway in the farthest corner of the facility from the
r6~lease . It took about 10 minutes after room isolation to reach easent.ially
::tvddy rral e,

“:!,4, I.,,lf,!’/.1! f ‘VI ,! :,;1,1 II l,, ~1,,. !’,.1 ]. . . . .
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The removal of tritium from the main cell is shown in figures 5 and 6. These
tigurea each show the decline of tritium in the room. [t is noteworthy that
tritium was removed from the cell in general faster t~an the ‘ideal- removal
rate assuming perfect mlxinq in the cell. This is true at essentially all

locations in the cell. There is nu clear understanding of this favorable
result,

The room tritium monitors generally raturned within 30 minutes to their

background settings that were reached before the trltium relaase took place.

These are in the neighborhood of five microcuries/mJ, rather than zero, be-

cause the monitors are designed to have a sli~ht indication at all times so
that a failed (zero-reading]monitor will stand out.

To a first approximation, tritiurn waa removed from the cell within a half
hour. however, careful catiatical analysis of the monitor readinqs indicated

Lhdt sli.lhtly elavated readhga peraiated for several days. These results are
shown in figures 7 and B 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. Claarly the readings arw

somewhat elevated 24 hours following the releasn. This elevation is no lonq~’r
,~pparent by the third day following the rele~ae.

Analy8ifi of P.esidual Surface Contamination

The building aurtaces at TSTA are coated with ‘Plaaite,” an oil-base epoxy
paint . Surfacea at TSTA are routinely “swiped” for removable surface con-

tamination, iitlalyzed by a liquid scintillation counter, and reported in unltn

~~f Ilislntegrations per minute pnr 100 cm” of surface swiped (dpm/100 cmJ) . A

surt,~cc reading with a rea(iinq of less tl~an 1000 clpm/100cm” 1s considurml

above 20,000 @m/10tl {:m”

.
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*
● ✎ Tritium became distributed uniformly in the cell within 10 minutes.

.-. %~ tricium was detecteci leakinq aut around the Inner doors to t!lere!l.

. . With ventilation, zritium was removed from the cell faster than pre(tictwl

‘y idealized calsulat:ons assumxng perfect mixing in Lhe cell..

● I. So :esidual alr ranKaminatiJn remained three days after the release. No
residual removable surface concam~nation remained one month after the

release.

~% results of this test may be dependent on conditions of this test and the
;.hyaical configuration cc the TSTA facility. However, the tests were made in

i Frctotype facili~y uslnq only the special precautlona that are designed into
and are always a part of guch a facility. The results constitute an important
}Iart at the databage on normal and off-normal ~~peratxons provided from the

TSTA project.
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?ab!.a 1 The Course of Events on 11/7/88

;4:45::3

;4:;6:72

;4:4m:24

14:46:35

!4:49:18

24:49:30

:4:5!:00

14:\,l:l~

:1.: :4:41,

ELAPSED TIME EVENTS——

All monltora show normal values

Tritium release near 1SS (TM-RM3) in the main cell

-Q- Mid alarm at the mezzanine, 1SS (TM-RH3)

(Tritium concentration > 100 micro Cl/m’)

g*-jdm Low alarm dt tho mezzanine above the FCU (TM-RM1)

(Tritium cc$ncontratlon > than 20 micro Ci/ml)

1’22” Low alarm in the south of the VAC (TM-RM5)

l’44m Isolatlon of the main cell from tha atmosphere

l#55a Low alarm at the north of the VAC (TM-RM4)

4’389 Low alarm ●round thm qlovebox of tha SM) (T14-RM61

4’50~ Low alarm In tho GAN room (TM-GNU

~n~om Low alarm at the plt of the FCU (TF1-lW21

a’38m Low alarm in the XCS room (TF4-XCS)

.30,55. rritium removal from the main cell beqlns Ilsinq
the rv.)m v~ntlldtion



Table 2 Readouts of the Tritium Room Monitors

11/07/08

‘4:44:22
14:44:40
14:45:24
;4:46:24
14:47:21
:4:48:24
14:49:25
14:50:24
:4:51:27
14:52:2 6
:4:53:2-?
14:54:26
14:55:28
14:56:27
14:57:29
14:58:29
14:59:29
15:00:31
:5:01:30
15:f12:32
15:03:.32
!5:04:33

:5:35:34
:5:06:14
!r,:()?:-j$

:5:09!-35
: r, : gq : -J4
:L,:lf]:’J5

l:.:ll:~l,

:’,: 1::’b
:l,:l~:’dc)

Zlapsed
Time

-o-
O’44H
1,44.,

2’44U
3’44n
4’45n
5’44”
6’47”
7’45”
8’47H
9,46,,

10’48”
11’47”
12’49”
13’49m
14’49”
15’51~
16’50”
17’57”
18’52”
19’53W
20’54m
21’54”
22’’55m
2.3’55”
.94*ci4m

::!l’s!)”
2C’’J’J”
;:.]t&,t,#m
~q,l,t)m

RMl

3.2

49.3

52.5
50.4

52.5

50.2

59.6
65.7

66.1
65.3
67.6

65.3
64.6
62.o

61.3
60.3

58.9

59.9
56.6

50.2
57.2

57.2

55.6

56.9

55.0
!)4.3

55.6
56.2

54,0
‘13,’1

(unit:

RM2

5.0

4.5
7,0

14.2
13.2
17,4
19.5
21.6
24.8
26.3
30.9
36.1
30.9
43.4
46.0
47.6
48.4
40.1
47,0

47.3
47.3
46.5
46.5
45.4
43,9
44.9
44.4
43,9
43.4
44.’.I

micro Ci/m))

RJ43 RM4 RM5 RM 6 Em

7-I&.& 4.0 3.8 3.6 8.1
------Trivium Release ------

521.8

107.2
47.3

57.2

54.3

65.7

63.5

63.5
58.5
57.5

54.3

52.8
57.2

59.2
55.3

58.2

55.6
57.2
55.9

55.9

55.6
56.2

55.6
55.0

Sd.b

53.1

54.0
52.H
‘)3.4

10.5

32.9

31.0

35.5

40.7
43.9

52.2

56.2
59.6

58.9
60.3
50.5

56.9

53.7
51.0

49.8
47.9

47.6
47.0
45.7
46.5

46.2

46.5
45.4

45.2

45.2
44.4
45.”1

44.4

10.7
43.4

213.7

23.4
34.9

33.9

30.5
40.3

49.3

53.4

53.7
58.5

61.3

63.1
64.2
62.7

61,7
63.0

61.0

62.7
62.0

61.7

60.6
62,0

61.7
59.2

S8.5
~q.~

59.2

4.4

4.5

20.8

15.0

30.4
33.3
41.0

49.5
48.7

46.8
44.9
41.0

39.8
30.7
37.6
37.6

37.6

37.6

36.9
37.8

37.4
37.6

36.7

36.9

39.4

36.9
36.5

36.7
77.6

7.5

7.5

11.4

15.9

22.3

27.4

32.2

30.9

39.8
41.0

40.0
41.4

42.4
43.2
42.7
43.2

41.9
41.4

43.2

45.4
45.2

42.4

41.7
42.7
41.”1

43.2

44.4
42.4

42.4

Xcs

5.2

3.5

4.0

3.6

3.6

4.5

6.7
14.0

24.8

28.0
31.4

32.9
35.7

34.7
35.1
35.1

34.5

35.9
36.3

30.5

41.4
37.2

36.1

35.5

38.9
3.1.4

36.5

36.1
37.2
77.4



Table 3 Rasults of the Swipe Analysis

Location

GB-LIO

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

(Units:dpm/100cm2)

:1/02/80

173
148
128

3703
10921

222
1019
322
123
510

1108
8451
466

1099
5161
2771
2072
654
334
959

2704
14SA

+

+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+

11/09/88

686
655

204

4443

6002

470

4423
2130

3170

3156
2740

1027

407

3196

24027

3137
:38639

1607

701
969

1632302

112

11/22/88 11/30/00 12/07/88

152
320
626

33829
30636

659
2123
424
65

263
501

1633
670

7476

33466
2086
27750
2407
610

1794
13341
NSA

11/7/68 Tritium Release

2105

027

121
1440

13909

386
5910

600
445

1548
1364

309

259
2308

36668

91474

2577
1605

2601

14965

4002

NSA

736

223
504
580

10400
637
669

4024
263
1486
1553
465
397
952

1689
670
957

1060
601

1610
2232

97
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Fig. 2. Location of Room Tritium Monitors at TS’I’A


