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ABSTRACT

In June 1987, an experiment was performed
at the Chalk River Nuclear Laboratories in
ontario, Canada, to study the oxidation of NT
in the environment. The experiment involved a
30-minute release of 109 Ci of I'I' to the atmos--
phere at an elevation of one meter. The HTO/MT
ratios were shown to slowly increasc d?wnwind
(~ 4 x 137 at 50 meters to almost 10~ at 400
meters) as conversion of HT takes place. [or
several days after the release, HTO concentra-
tions in the atmosphere remained elevated.
I'reeze-dried water from vegetation samples wias
found to be very low in IO immediately afte:
the release suggesting a very low direct uptake
of HTO in air by veqetation. The tritiated
water concentration increased during the first
day, peaking during the second day (about
400-600 pCi/ml of water at 50 meters from the
source) and decreasing by the end of the second
day. The organically bound tritium continued
Lo accummulate during the period foll wing
exposure (about 10 pCi/gm diy weight at »0
meters afte; two days),

INTRODUCTION

The second in a series of vrecont major
pxperimental tritium release reperiments was
petformed in June 1587 at the Chatlk Riveg
Nuclear Laboratovies in Ontario, Canada.  The
pirpotie of these experiments was to study the
fate of elemental tritium in the envitonment .
Seientists from six comtries took part in the
pxpetiment . United Stated participants focuned
thelt attention on meararing 01 and 1Y
soncentrat ions in atr Jdur{ng and after the
irlease in addition to analyzing veyetation
samples after the release for fiee watm
teitium and organically bound L it fum (OBT)

1Mk EXPERUMENT

A detalled deseription of the f{eld site,
wrtinent meteorological data and of the
telease [teelf may e Tound eltewhere,
Winfly, the telease site was an open field
wppreximiately 400 mnters on the long axir el
MO metera at the widest pofnt on the othm
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axis. Most of the field was covered with grass
and moss with occasional small trees. At the
end of the field farthest from the point of
release, the surface soil had been removed
leaving an ar- 1 with very little vegetation.
The field was surrounded by a stand of mixed
conifer and hardwood trees (Fig. 1)}.

Fig. 1. Downwind view of the experimental
finld,

tne hundred curies of HF were 1eleased o
an elevation of 1 meter from *he qround between
1520 and 1650 EDT on 10 June 1987, Wind speed
during the release vatied betweon -0 and 36
m s with a mean value of abont 2.4 s, The
direction varied from abont eight dogress son'n
of the centerbine (3007 diming the first & b
minutes of the telease to - 20" noth of the
conterline during the temainder of the teleas:,
Intring the evening and throngh most of the
following day when additional air and vegeta
tion measurements were made, the wind ditection
Aid not markedly change, remaining within 2407
and 0%, The wind speed Tikewise montained
fts strength (2 1 m/s) except at nigat (21130,
10 Jhane to 0800, 11 June) when it dropped to

I mon. Light rain began to tall b abont
1900 of the second day (1F dune) ol cont inued
m oand of f duttneg the temainder of the day.
“hin did not af fect the 11,85, o measur elents,
which had been concluded by that trme.



NAQLTLTUWDLEL= LY~ all sdmpl.ers were
signed and built by the Los Alamos National
soratory (LANL) especially for this experi-
at. Each sampler consisted of three small
oblers in series (for HTO) followed by a
ated catalyst, three more bubblers (for HT),
flovneter and pump (Fig. 2). The bubblers
re 20-mL low-background-glass liquid scintil-
tion vials filled with 10 mL of water. The
talyst cartridge consisted of a copper tube
lled initially with brass chips followed by a
eclous metal catalyst heated to 400°C.
llowing the catalyst, cooling coil and HT
bblers were a flowmeter and an air pump. The
pbler flow rate of 1.0 Lpm was checked after
ch sampling run. The catalyst heaters were
tned on by plugging them into a local power
tlet at least 30 minutes before the samplirg
gan. The sampling during Lhe release was
ntrolled by starting and stopping the pumps
notely through cables. Only the first two
J vials were used for the HTO determination
order to eliminate the possibility of adding
ckstreaming tritium from the catalyst. For
e HT determination, the total tritium col-
cted during the release was determined by
ding all the tritium collected in the HT
zls during the sampling runs including the
o runs after the end of the releasr. In
dition, the remaining tritium trapped on the
talyst and associated plumbing was leached
t at Los Alamos and added to the tritium
llected in the vials. The solubility of the

in the HIU bubblers limited the HIO/MHT ratio
at could be determined to a minimm of about
| Three LANL samplers weve placed close
yether : t 50 meters downwind from the source
ar the center line., Three move, also close
gether, were lo: ated at 96 meters and the
maining two at 183 metars downwind and 18
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meters apart. ‘Ine reason ror bunching the
samplers at 50 and 96 meters was to attempt to
get a time profile of the tritium air concen-
tration during the release.

Air sampling by the Savannah River ILabora
tory (SRL) was done with two HTO/HT samplers
(Fig. 3) based on the Oslund-Mason_desiqn
modified for high volume sampling.’ The system
consists of a pump which draws 59 liters of ai:
per minute through two collection cylinders
each filled with 350 grams of Davison 4h
molecular sieve. Hydrogen carrier gas is added
to the sampled air stream (150 cc/min) before
the air enters the first cylinder, which con -
tains uncoated molecular sieve for trapping tie
H10. The second cylinder contains palladium -
covered molecular sieve for HT. The palladium
catalyzes the oxidation of hydrogen (including
HT) to water, which is collected on the sieve,
The samplers were run for a period of one hour.
At the end of a sampling period the prmp was
stopped, the collection cylinders weie removed
and sealed, and fresh collection cylinders wers
installed on the samplers. The used molecular
sieve was transferred in the field tn glans
jars which were sealed for later laboratouy
analysis. The two samplers were Jocated near
the centerline at 183 m and 3%0 m from the
release point.
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"L, 3. Test area looking apwind towared the
teleane point,  An SPL avr samler ia shoevn an
the toregrome!,

After the teleane, samples of ve et ation
woere taken at S0, 180, %0 amd 40 meter s dowy
wind tiom the point of peleane aml sealed an
plastic bagu, AL SRE the samples were vacunm
distilled to temove the {ree water, which was
collected in o cold teap and saved for Tatey

count ing,

The diy soaples vore then combanst el

in oo furmaee using an

gaen and argon g

mixture,

The activity of the ol wans deter

mitesd by Blopoed seintiltation coantaing,
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TABLE 1.

F)

Sampler Location'*' Sampling Time'?!
Number x,¥,z (m) Il + (hr:min)
LANL 1 50.5,3.5,0.9 H+(0:1 to 0:10.6)

2 50.5,3.5,0.9 H+(0:10.6 to 0:20.1)

3 50.5,3.5,0.9 H+(0:20.1 to 0:29.6)

4 96,2.0,0.9 H+(0:2 to 0:11.6)

5 96,2.0,0.9 M+(0:11.6 to 0:21.1)

£ 96,2.0,0.9 H+(0:21.1 to 0:30.8)

7 183,-10,1.0 H+(0:2 to 0:32)

8 183, 8,1.0 H+(0:2 to 0:32)

] 50.5,3.5,0.9 H+(1:50 to 2:58)

2 50.5,3.5,0.9 H+(1:50 to 2:%0)

3 50.5,3.5,0.9 He(2:58 to 3:58)

4 96,2.0,0.9 H+(1:50 to 2:58)

) 96,2.0,0.9 H+#(1:50 to 2:58)

6 96,2.0,0.9 H+(2:58 to 3:58)

] 183,.-10,1.0 H+{1:50 to 2:58)

] 183,8,1.0 H+4(1:50 to 2:58)

1 50.5,2.5,0.9 Hy(18:59 to 19:59)

2 50.5,3.%,0.4 He(18:59 to 19:59)

i 50.5,1.5,0.07/ Hi(108:59 to 19:%9)

" 946, 2.0,0.9 Hi(18:59 tn 19:59)

4 96,2.0,0.4 He(18:59 to 19:59)

h 9,2.0,0,09 Hi(18:59 to 19:59)

! 183, 10,1.0 Hi(18:%9 ta 19:079)

0 183,8,1.0 He (18:59 to 19:H9)

R LI P 180,110,075 H(2d:32 to 2i:4])

N 400, 30,0.5 H (24:28 to 24:4/)

1 180, 10,0, 0% He (0000 ta 001 38)

J 400, W, 0,4 (1912 to 19:42)

] 180,10,0, 7% Hi(19:09 to 19:40)

M 400, 30,05 Hegl9zih o [udd)

Hotern:

2 .
H ovonters to tine telease began:

rampl i by TAKL and SRL. The first two BT
Aamplen were taken before the release and can

wo congidered hackqgqround for the combination ot
location and the samplers. All of the samples
taken duting the release show the expected
Inctease in concentration of HT with dist wmee
from the reloase,  The samples taken duting the
teleane show an inete e in the concenteat fon
i with distance,  The inciease in the

Y AT 1atfo s greatsr than would be predicted
by I to 1P conversion tates in ain d?l“lminﬂd
by small reale Taboratory experiment s,

dowevet, the tate of oxiaation is moch nmal Be
than suggerted by an early French exper ieent
Pt conidatent with what might bee expes ted Srom
oxidation (e the woil, Meavanement 5 taken on
the tollowing day show that the concentration

G0 (EDT),

of 1M 1n the ait
found before the 1elease,
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i in likely to be BT oxidized and temaining
in the soil and vegetalion,
implications for dose caleulations tesulting
fr1om releagss of I ducing the seasons wh-n
noi ] bacteria ae active,

sligqht 1y elevated,
0 absorbed into soil and vegetation,
In alno ponsible that il

This has importamt

The conesntral ions of U also temained

Th s

conld result

{1 SONw
Howeyng
in oan artifact

causied by slow selease of B sorbed on the
metal sarfaces of the oy samplers,

Table

S nhows

the lecat

ion of the vegeta

tion samples and the tesults of the analysis.



" TABLE 2, Tritium activity in vegetation samples.

Location Sampling Sampling Fren onr
of Sample Date Time' '’ o Tritium
x,y (m) Mo., Day (Hours) By L By~ L
50,10 6,10 -6.083 2.25F401 3.91E+02
50,10 6,10 0.68 1.7:¢+03 4.64F+02
50,10 6,11 17.67 3.00E+04 2.07F+0>
50,10 6,11 23.71 1.03F04 1.00F:01
50,10 6,19 106.17 2.52E403 1.13k401
160,0 6,10 -7.13 2.02E+01
1680,0 6,10 0.5%7 2.12E402
180,0 6,11 17.37 2.13E403
180,0 6,11 23.44 1.,221403
100,--15 6,10 =7.133 6.90E+401
100,-15 6,1v 0.50 9.70E+01
100, - 15 6,11 1.1l 5.60E+02
400,15 6,11 23.43 1.70FE+02
50,0 10 6.973 GLI2E 01 6,180
50,0 6,10 0.65 d.A6E 03 6, 5A8F 0
L0 H,11 17,5 1.50F:04 a9, 850
RYV ) 6,11 23,60 1. 3404 1. O2E D]
50,0 6,19 186,17 2. 3EO3 G.43k0.
180, 0 6,10 1.0 6.7 2E 01
180, 40 6,10 0.61 147K 02
1aG, -40 6,11 17.41 VOO0
180, 40 6,11 23,54 O 6UEH 02
150, 100 6,10 1.21 R TR
ha, 100 10 0,4 AT
1HO, 100 6,11 17,27 FLV0E0
o, 100 6,11 23,40 1.9k 0
o "pasuredl from end of pelease 1660 (FDTY, 1O Jaune T4Uf7,

vaesnltr for the fiee water HIU samples ate

Tastrate) in Fig.e 4. A expected, the con _

weation f (1O in the veqetation decreases '

th destanee from the 1e'ease point, This is ' )

voreanlt of the lower it concentration to = -

ich the sail and vegetation were exposod ' Sy .

ting the releasn, At Al of the sites the ' o h

neenttazion in the vegetation is vy low S A

adiately following the telease.  This . f e,

qoests that Tittle W in adt is picksd up by ) l 'ff

ant leaves thiongh exchange and that oxida e .

Aol W in the vegelation is small, Five "

mes Lator thete s o significant increace in

povegetal jon I conceeni tation, the soapee

the HID i the s ] where oxidation hod e
ke place ding the telease, The Tant

mples Caken at S0 meters were aie dried

o vaunm distibiation and may not be oy Fig, 4. Vogetatyon free 1P ot thees
Viable v the earhier saanples bat ey o dretanees, AU o gqiven dpstages the sebed bones
low the expected pattern ot Cdecreane o the tepresent Che popthernmont coample s (leter to

Aoan the sonl s depleted, Table 2 for location of samples)



Only ate the 50 meter site were the concen-
ations of organically bound tiitium high
ough to be detectable above background using
t techniques. The OBT concentration in the
ganic material is higher than that found in
e plant free-water. This may reflect the
storty of tritium releases in the area. 1t is
so possible that this is another demonstra-
on of higher tritium of combustion than
ee-water tritium under natural environmental
nditions. The organically bound tritium
creased during the first two days after the
‘lease (Fig. 5). Organically bound tritium is
Aill increasing after the vegetation H10 has
'gun to decrease. Organically bound tritium
5 a much slower turnover than HIO in the
getataon free--water, Tt is likely that most
“the OBT tritium is the result of photosyn-
wetic fixation of tritium from the plant H1O.
wrefore it is not surprising that by the
weond week, the concentration of organically
und tritium has decreased considerably. The
werease can be explained by the transport of
me of the labeled compounds to other pairts of
w plant and the dilation of the labeled plant
werial with new growth which is not as highly
ibeled because of the decreasing HiO content
T the vegetation.,
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field experiments involving soils that soil
bacteria play an important role in elevaling
the concentration of HTO in the area of an I
release. In spite of the uicertainties in the
NTO data presented here, there appears to be
little doubt that the numbers are valid within
a factor of 2 or 3 at the most.

Figure 6 shows the relationship of UT con
centration in air measured by SRL during the

release and HTO concentration in the vegetation

five hours after the release, The slupes of
the concentrations (on log-log paper) are
nearly identical to those expected if soil HT
oxidation is proportional tn air HT con-
centration. This adds cai fidence to the rate
ot decrease in HT measure . by the air monitors
Indirectly it also adds credence to the

assertion that conversiun in air of HI' downwind

of the release is occurring at a slow rate,
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Fig. 6, Compatison of the decrease of HT with
distance during the release and the decieare o
peak plant free HO,
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