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Behavior of Tritium in the Working Environment
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Abstract

The distributions and behavior of tritium in the working environment have been rarely reported so far. This
paper describes tritium kinetics related to the leakage of heavy water in the containment building of the Kyoto
University Research Reactor (KURR) which supports two major sources of tritium: a D,O (heavy water) fa-
cility and a Cold Neutron Source (CNS) facility (liquid deuterium). Mathematical models were developed to
predict both the changes in HTO concentrations in water pools and the emission of HTO soaked in the con-
crete material during the leakage event from the D,0 facility. After the remediation of the HTO contamina-
tion the cause of recent ingrowth of HTO concentration in the building air during venting cessation may be
attributable due to the fact that the higher HT O concentration in condensates of than 2 x 10°Bglcm?®was found
in the CNS exhaust stream, though the specific activities in condensates in the stack air is less than 1 Bglcm?®

during venting operation.

Keywords:

tritium, heavy water, cold neutron source, modeling, distribution, HTO exchange, research reactor,

exhaust stream, containment building

Om oooo
Jod000o00000oO0o0Ooooooooooo
Jog0o0o000000o0o0oO0ooooooooo
(MODO000O00O0O0(UooOoOoGDOoDoooooo
(40000000O00O0O0OUNSCAEAROODOOOOD
0000(1)00000000000000000000
Jo0000mooooooooooodHTOoOOOOO
0000000000000000 1.3x 106 TBqO OO
0037x 10 TBqlyDDM OO0 O0O0000000000
g0esd00O0MO040000MM27000000MI35
000000M3W000000MOo0o0ooooonon
J0000000ooodd 02009 mBglemidddO

author’s e-mail: fukuim@rri.kyoto-u.ac.jp

001mBglcm*0 000 MO0 O0D0OO0OOO0OOOOO
00000000000 04mBglem*O000 0000
0Mo0000000000000 10°2ucy00noon
M0MO00D000000000000000 24x 108
TBd] Fission 5.7x 10° TBqO FusionO 2.4x 10% TBqOO
oo0oooooomboooooboooomoooooa
gooooOoOoOoUoOoUooOoOoUoooOoooooooo
0000 O 000 Inhalationd O O IngestionDMIO0O O O
I O O 0O O Inhalationd O O IngestionO M OuSv O O O
0000000000000 oooooooo
000000xOPOOO0DO0OD0O0OO0OO0OOO0DOOO 19
x 10°man-Sv 0000 OUNSCEARTIIO 000000



ooooooooooo 0Omoomo

ddddddooooooooooooooooooo
0000 32x 10°°man-SviTBqO OO OOO0OOO
gl oouoo
ddddddooooooooooooooooooo
O000d0OdO"As Low As Reasonably Achievable”
OALARADOODOODODODDOODDODDODOOOOODOOOOO
ddddddoooooooooooooooooooo
oo uooo
ddddddooooooooooooooooooo
ddddddoooooooooooooooooooo
oo ooouooo
00000000000 DODOO0O0000D0DODO(KURR)
gbdoobooobooobuooobuoooboooo
ddddddoooooooooooooooooo
HTOOOoOooooooao

0 KURROOOOOOOOOOOOOOOOO

KURRIOOOODOOOOOOOFig.10000000
000000000MKURRODOODOODOOODOO
O0000O0@KURROOOOOOOODOOOOODOOO
0000000000000 0 2miMo0on o
00000000000 0DODCold Neutron Source:
CNSOOODOOO0OO0D0O00D00D0 4L00000000
O0ny00000000000000O0OOFig.100
000000 O0oO000DO00ooOooooospoOn
025mimin0000000000000000000
0000MO0OmMOO0 HTOOODOO 20Bgiem® 00
00000MOO000HTOOODOOOO 20MBqIiO O
000020 HTOODOOOMDOOODODOOOO0oOO
000000 msSpMODO0o0Ooonoooooooan
0000DMpDoo00000000000000aa*Ar
00O00oos0L00000000000000000
0000000000000 O000000000®)O
CNSOOOOOODOOOMHTOOOHTOODOOO
000 000000N0000000000000 MO0
oo1o0m*O0013miO0000000000000O000
0000000000000000000000000
0000000000000 0000DOooooooa
0350miImin0000000000000000000
0000000000000 0000D0O0O0OoOoooO
0000000000000 0000D0O0OoOoooon
0000000000000000000000000
0000000000000 0000DO00Oooo@)ao
(3 0000000000000 000O0D0O0O0O0O000

oMo
2nd
To,
To Sheid  FL2F) [ cr
Sub-pool
Stack
s
u
To PC
RR A
1F) CNS 'I' H :R RE cr: Control Room
Exhaust PC: Primary Coolant
from Hot g D0 SC: Second, Coolant
Laboratory DT: Decay Tank
Hot Cave ] E3: Filter System
© : HTOMonitoring
Location
DT Sp ‘Ik : Reactor Core
) o : Heavy Water
SCE= =
- reessyl ©  Livid Deterim
- . [o Bottle (CNS)
Bl : Graphite
Exhaust Streams = : Exhaust

(1) RR: Reactor Room  (2) CNS: Cold Neutron Source
(3) Sp: Sweep Gas (4) D,0: Heavy Water

Fig. 1 Cross-section of KURR containment building.

gbobobobobooobouobobobobooooo
gbobobooboobooboboboboooooo
goooobobbooooooboboooobooooogoo
o0 @ED0O000000000000 HTOOOO
gbobobooooooogon

Ul 0Oo00b0000 KURRODOO HTOODO
Um ooooobobo

KURROOOOOOOOOODOODOODOOODODO
gbobobooboobooboboboboooooo
000000 00“Ar000000000000000
gbobobooboobooboboboboobooooo
gbobobobobobooobobdHroobOooobooooo
goomooooooooooboboboobooooo
gboboboooboobooboboboboooooo
HToOOOOoOOOoOooOoobhooboooboooobooo
gbobobobobmooobooboboboooog
gbobobooboobooboboboboooooo
gboboboboboooboobobobobobooooo
gbobobooboobooboboboboobooooo
gboboboboboommooobooboboooooo
gbobobobobooooboobobobobooooo
gboboboooboobooboboboboooooo
gbobobooboboooboobooboboboooooo



ooo

gboboobooooobooboboboboooooog
gbobooooooboobobobobooooog
gbobooooooobobobobobooooog
gboboooooobobobobobooog
gbobooooooboobuobobobooooog
00000000017m00000000000000
oO00HTOOOODOOOODODOODOO LIODOOOO
gbobooooooboobobobobobooooobog
gboboobooooobooboboboboooooog
gbobooooboobobobobooooog
gbobooooooobobobobobooooog
obooooOoooobooobbOoobObOoOooon HTOo
gbobooooooboobuobobobooooog
gbobooooooobobobobobooooog
goobObbooooooobobboooooooogag
gbobooooooboobobobobobooooobog
gboboobooooobooboboboboooooog
gbooooooooooo
mooboomoooooboobobooobooog
gbooboooooooogoon
(N0 17m0000000030mO000000O00O0
gboboboooooobooboobobobooo
gobobooboooboood
(2000000000 HTOOOODOOO
300000000000 000000000
4000000000000 D000 HTOOOOOOO
goao
()D00000000000O0O0oDOoOoO
(6000000000000 0000000D0000O0
gboobobobooobooooog
(70000000 dHTOOODOODOOOODODOO0OO
(HTOOODODODOOOODOODODODOOOODOODOOOO
gbobobooboobooboobobobo
(VDODODODODOODOO0OO0OdHTOOOODOODOOOOO
goood
(MOoOOoDODOoDOO0OO000O00O0WHTOOOOOOOOO
goboboboooood
gboboboooooobooboobobobooo
gboobooooooo
Umm oooooooooboboooon
HToOOOoODOOoOoOoOmmooooobobooooo
gbobooooooboobobobobooooog
gbobooooooobobobobobooooog
O00000OCOO0DOOO000OO0O00DOO 11013kBq

ooboooooooobooOoOooooooo oo

10*

L B S

Ventilation
JON

T
O
=
=
=

Q
2]

¥||llH‘

(Bq cni?)

T

10

T l|‘l!l|

T

HTO concentration in condensate

T l|lllyl

| | !
Mon. Tue. Wed. Thu

0 | | |
10 Fri. Sat.  Sun.

Fig. 2 Changes in HTO concentration in condensate from the
containment building air as a result of venting cessation
followed by resumption for periods of less than 1 week.
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Fig. 3 Measured and calculated HTO concentrations in primary
coolant and sub-pool waters at a function of time resulting
from heavy water leakage.
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Fig. 4 Monitoring data of HTO concentrations over 15 months starting early November 1988.
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Fig. 5 Evolution of HTO concentrations in the KURR stack ex-
haust over the last twenty years. F

g.6 HTO concentrations in the stack exhaust monitored on
a monthly basis during 1990-1992.
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