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HTO emission from contaminated land surfaces and distribution in
the environmental media were studied to provide databases for testing
and validating short-range tritium transfer models. Field experiments
were conducted over a wetland area in the Chalk River Laboratories of
AECL and a grassed field near the Pickering Nuclear Generating Station,
under an OECD/IEA Cooperative Research Program on the Environmental,
Safety and Economic Aspects of Fusion Power. The experiments were
designed to study short-term variations of HTO concentrations in the
environmental media such as air, soil, plant leaves and pool water and
correlations between them, to measure vertical profiles of the air HTO
concentrations and to evaluate exchange velocities of HTO vapor between
land surfaces and the atmosphere. Meteorological measurement was also
made to back up data analysis. This report documents the HTO concentra-
tion data coliected during an intensive study on HTO behavior with a

brief discussion and analysis and the meteorological data.

Keywords: Field experiment, Tritiated water, Behavior, Wetland,
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1. INTRCDUCTION

Releases of tritium may occur in the form of tritiated hydrogen gas (e.g. T: and HT)
from facilities that handle tritium in large quantities such as fusion test
reactors and tritium recovery plants. Atmospheric HT is easily incorporated intc
soil water as tritiated water (HTO) by microbial activities'-2-3) . Atmospheric HTO
on the other hand deposits onto soils directly. HTO in soil can be readily emitted
to the atmosphere through evaporation and transpiration. In realistic assessment of
an impact of a tritium release, a rate at which the emission occurs is necessary to
be well understced, since HTO is appreximately 20,000-fold more radio-hazardous

than HTY’

This study was carried cut with cocperation of scientists from the Chalk River and
Whiteshell Laboratories of Atomic Erergy of Canada Limited (AECL), the Ontario
Hydro Research Division (OHRD) and the Japan Atomic Energy Research Institute

(JAERI)}, who carried ocut independent but ccmplementary experiment.

The authecrs have conducted an intensive study on behavior of HTO in July 1992 over a
wetland at the Chalk River lLaboratories and a grassland near the Pickering Nuclear
Generating Station (PNGS). Our specific objectives are (1) to study short-tern
variations of HTC concentrations in the environmental media such as air, seil,
plant leaves and pool water and correlations between them, (2} to measure vertical
profiles of air HTO concentration, (3) to evaluate HTO fluxes and exchange
velocities of HTO vapor between land surfaces and the atmosphere, (L4} to measure
organically bound tritium concentraticns relating to HTO concentrations in plant
ieaves, and {(5) to measure a rate at which air HTO is incorperated into

uncontaminated leaves of potted plants.

This paper presents an experimentazl methed, thecry on which the experiment is based,
and the data collected during the study on (1), (2) and (3) with a brief discussion
and analysis. The data not directly pertaining te tritium such as meteorclogical
data are listed in Appendices A and B for future analysis. They are air, soil and
pool water temperatures, absolute and relative humidities, solar radiation and net-

radiation intensities, soil heat flux and wind speed. The results of (4) and (5)

will be reported separately.
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2. Theory

2.1 Analysis of HTO flux from land surfaces to the atmosphere and loss rate of soil
HTO

Water vapor flux

An analytical method on which the experimental design was based is a heat balance
method. A& bulk water (H,0 + HTO) vapor flux E (g/m? ss) between the atmcsphere and
land surfaces is given by Equations (1) and (2)°’ on the assumption that a heat
consumption of a vegetation cover is neégligible.
R-G(O)y = lE+H e T (1)
O S I L 2

1 k+y (Tw - Tw2)-

R {w/m?) is the net-radiation flux, H (w/m?) is the sensible heat flux and Ti, T. (

), Twi, Twe (°C) are dry and wet temperatures in air at two different heights
away from the ground, respectively. These were measured at locations in the fields.
] (w -s/g) is the latent heat of water, k(mmHg/°C) is the gradient of saturation
water vapor pressure at the wet temperatures and ¢ {mmHg/°C) is a constant 0.505.
The heat flux at the ground surface G(0) (w/m?) is calculated by

G(0)=G(3) +p, « C, (AT / AL ) =2 oo A EERRELEEE (3)
where G(2) {(w/m?) is the soil heat flux at 3 cm undergrcund and was measured, p,
(g/m?) is the density of soil, C,(w -s/g+°C) is the heat capacity of soil at
constant pressure, AT (°C) is the change in a mean temperature within 0-3 cm soil
layer in time At and z{m) is a depth of 0.03 m at which the heat flux G(3) was
measured. Because there was no measurement about the soil demsity in the fields, it
was evaluated on the assumptions that the scil consisted of 50 vol.% solid material
and 25 vol.% water and that they had densities of 2.7x10°g/m® ¢ and 1.0x10%g/m’,
respectively.

The solid material consists of quartz and clay and the heat capacities of quartz and
clay are 0.8 wes/g+°C and 0.92 w+s/g«°C *’, respectively, with an average
value of 0.86. In calculaticn, the heat capacities for soil constituents were
assumed to be 0.86 wes/ge °C for solid and 4.2 wes/g-"C for water. Then p .
«C, was given by

0s+Cs = 0.5 x 0.86 x 2.7x10° + 0.25 x 4.2 x 1.0x10% = 2.2x10° (wes/m*+°C)

Exchange velocity of water vapor

4 water vapor flux is proportional to an exchange velocity of water vapcr between

land surfaces and the atmosphere and to a gradient of water vapcr density in the
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atmosphere. Then the bulk water vapor flux E is also expressed by
Vo = E /7 (i ha) e (1)
where V,, (m/s) is the exchange velocity and h,, h: (g/m®) are water vapor

densities ab two different heights.

HTO vertical flux

A molecular diffusibility of water vapor is always negligible ccmpared with a
turbulent diffusibility of the atmosphere. Hence the exchange velocity of the bulk
water vapor can apply to the HTO vapor. The flux-gradient relationship for HTO is
given by

Fato = Vox o (Ci= Co) (5)
where Fyro (Bg/m?e.s) is a vertical HTO flux and C; C: (Bq/m®) are the air HTC

concentrations at two heights.

Loss rate of soil HTO

A loss rate of HTO deposited in the soil was evaluated on the assumption that
transfer of HTO to the atmosphere occurred from the top soil layer (0-5 cm) and a
water content of the soil was 25 vol.%. The loss rate L(%/h) is given by

L = (Fupo/S)XT100 st (6)
where S (Bq/m?) is the activity density in the top soil layer.

2.2 A model to predict a correlation between tritiated water concentrations in air,

soil and plant leaves under steady-state conditions

& tissue-free-water-tritium (TFWT) concentration of plant leaves is given by an
activity balance equation (7)7 ¥

dcew

dt

where CP¥ (Bq/ml) is the TFWT concentration of plant leaves, C* {Bg/m®) is the air

:Vex(ca"'f'hs'cpw)'LAI/M*’TEOC""/M _____________________ (7)

HTO concentration, C*7* (Bg/ml) is the soil water HTO concentration around a root
zone, T, (ml/m?es) is a transpiration rate, M (ml/m?) is a volume of vegetation
water per unit area of soil, y (1/1.1) is the vapor pressure ratio between H.0 and
HTO, h® (ml/m3) is the saturation water vapor density at leaf temperature and LAI is
a leaf area index. The equation considers exchange of water vapor at leaf surface
via stomata and uptake of soil water through roots and also that the transpiration
rate of leaf water was equal with the uptake rate of soil water via roots.

At steady-state cenditions, dC*™ /dt=0,

Ty« C572 /M ==V, (C*~ qgeh® «CP") « LAI/ M . oo (8)
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The transpiration rate is also combined with the gradient of water vapof density
T, =V,, (h® - h* ) + LAI ()
where h® (ml/m?) is the water vapor density at ambient temperature.

Then,

V., (h® -h* ) sC®'® =-V,, (C" - gy« h® «C™)

(hs = h* ) « C72 = - (€% = g h® « CP¥ ) coormememmomomicoooon (10)
When a specific activity of air moisture C®¥ is used instead of C* , £q.(10) is
written by
(hs - h* ) « Cst2 = - (C*™ « h* - g+ h® « C®¥ } . -oooors e S ()

When the leaf temperature equals the ambient temperature, h® /h® means the relative
humidity (RH), and Eg.(11} becomes

{1 -RH Je €72 = = (C® &« RH - g« CP¥ ) . oo {(12)
Egs.{11) and (12) explain the correlation between tritiated water concentrations in
air, soil and plant leaves under steady-state cenditions. This éorrelation will be

verified through measurement of the concentrations at the Pickering experimental

field.
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3. FIELD EXPERIMENT AT CHALK RIVER LABORATCRY (CRL) SITE
3.1 Site description

The experimental field, as shown in Fig.3-1, is located in a complex area consisted
of a wetland and a lake (Perch Lake). The field layout is shown in Fig.3-2. The
wetland consists of shallow open pools and channels of water interspersed with
hummocks of spongy soil and low vegetation. The pool water is ccntaminated by
tritium migrating from a liquid disposal area which locates 0.8 km up from Perch
Lake. Perch Lake water is also slightly contaminated as the tritium has been carried
with surface water and groundwater to the lake. The measurements were carried out
when a wind blew from the wetland side. As shown in Fig.3-2, a JAERI meteorclogical
tower, which was 2 m away from AECL's tower, was set up on a narrow roadway at the
southern edge of the wetland. A detailed description of the CRL experimental field

quoted from AECL's repert®’ is given in Appendix C.
3.2 Experimental method

3.2.1 Measuring items and time

Air, plant leaves and pool water samples were collected in the CRL field at
respective predetermined time intervals and HTO concentrations of these samples were
measured. A soil core was sampled only once. Table 3-1 summarizes the sampling
items and time. Meteoroclogical measurement was made continuously during the

experiment.

3.2.2 HTO concentrations in air

HTC in air was sampled at a flow rate of 3 L/min for cne or two hours using an air
sampler. Fig.3-3 is a schematic of the air sampler. It consists of a column filled
with Molecular Sieves UA, an air buffer, a digital gas meter and a pump. To measure
vertical profiles of HTO concentration in air, air was pumped at the sampling
heights of 12.5, 25, 58, 97.5 and 247 cm above the ground surface using chlorovinyl
tubes connected to the inlet of columns. The Molecular Sieves UA of 30 g in each
column after sampling of the air HTO were soaked in low-tritium water (70 ml) in a
bottle, and the bottle was shaken and allowed to stand more than 12 hours. The
supernatant water was purified with a membrane filter (type AA pore size 0.8 pm),
and a filtrate of #0 ml was counted for tritium with 60 ml of Aquasoi-2 by liquid

scintillation.



JAERI-M 94 -065

3.2.3 HTD concentrations in pocl water
Pool water samples were taken from the surface layer of pool water {0 - 10 cm). The
sample water was purified with the membrane filter, and a filtrate of 8 ml was

counted for tritium with 12 ml of Aquasol-2 by liquid scintillation.

3.2.4 HTO concentrations in plant leaves

Plant (Alder) leaves growing at the southern edge of the wetland were sampled. The
leaves were usually collected at 150 cm height as planned, and only once, were
collected at a time from different heights of 10, 50, 100 and 180 cm. Each plant
sample was soaked in low-tritium water {70 ml) in a bottle, and the bottle was
shaken and allowed to stand more than 12 hours. Then the supernatant water was
decolorized by activated charcoal powder and subsequently was purified with the
membrane filter. A filtrate of & ml was counted for tritium with 12 ml of Aquasol-2

by liquid secintillation.

3.2.5 HTO concentrations in soil water

A soil core was taken down to a depth of 20 cr using a soil core sampler with a
diameter of 5 cm. The soil core was segmented into U sections of each 5 cm. Each
segmented sample was soaked in low-tritium water (70 ml) in a bottle, and the
hottle was shaken and allowed to stand more than 12 hours. The supernatant water
was purified with the membrane filter. A filtrate of 8ml was counted for tritium

with 12 ml of Aquasol-2 by liguid scintillation.

3.2.6 Meteorological measurement

Air temperature, air humidity (absolute and relative}, wind speed, solar radiation
and net-radiation intensities, and soil heat flux were continuously measured. An
averaging time of these meteorological elements was set to one hour. Scil and pool
water temperatures were measured at respective predetermined time intervals. The
JAERI meteorological tower, as shown in Fig.3-4, consists of five aspirated
radiation shialded wet and dry thermometers placed at the same heights as the inlet
tubes for air sampling, a pyranometer at 3 m height above the ground, an anemometer

at 2.8 m, a net-pyrradiometer at 1.8 m, three soil heat flux sensors and three soil

thermometers.
3.3 Experimental results (CRL study)

3.3.1 Air HTC concentrations

Time trends of the HTO concentrations in air moisture, i.e. specific activity,
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(Bq/ml) measured at the different heights are shown ih Table 3-2 (15:00 = 18:00
July 14 and 10:00 July 15 - 10:00 July 16) and Fig.3-5 (10:00 July 15 - 10:00 July
16). Abzolute humidity data calculated from the water collected in the column are
also shown in Table 3-2. The air HTO concentrations measured at all the heights
varied between 2 and 24 Bq/ml during cne day and night. The concentrations rapidly
increased after 18:00 July 15 and reached a peak at 22:00, and then slightly
decreased until 7:30 July 16. Subsequently, the concentrations markediy decreased,
and then at 9:00 July 16 became almost the same concentraticns as those during the
daytime on July 15. It seems that these characteristic variations of HTO
concentrations in the night are related to the atmospheric conditions; during the
time when the atmosphere was stable in the night, the HTO concentrations were high.
This was considered to occur by the reason that the vapor from the pool water
having a high specific activity hung over the pool surface to raise the
concentration because of weak atmospheric mixing.

From 22:00 July 15 to 7:30 July 16, the HTO concentraticns had kept gradually
decreasing. This was explained by that the HTO vapor- supply from the pool water to
the atmosphere reduced because of the decreases of the surface water temperature
(Appendix Table A-2, Fig.A-5) and the pool water concentration. The relationship
between the HTO concentrations in air, pool water and alder leaves will be

described in Section 3.3.6.

Time trends of the air HTO concentrations expressed by " Bg/m® " ‘at the different
heights are shown in Table 3-2 and Fig.3-6. The concentrations measured at all the
heights varied between about 20 and 240 Bg/m® during one day and night. The air
concentrations (Bg/m®) decreased more rapidly than the concentrations (Bg/ml,
specific activity) did from 22:00 July 15 to 6:C0 July 16. This suggests that the
decrease of concentration (Bg/m?) was affected by the decreases of both specific

activity and absolute humidity {Appendix Fig.A-2).

3.3.2 Vertical profiles of HTO ccncentration in air

Vertical profiles of the air HIO concentration (Bq/m?) over the ground in log-linear
plot are shown in Fig.3-7(a) to Fig.3-7(d). It was a general tendency that the
concentrations at 12.5 cm height were the highest and those at 247 cm height were
the lowest, as the source of HTO was in the pool water. It is also seen that the
concentration decreases almost exponentially with increasing height away from the
ground. No obvious slope is seen from midnight to early morning (2:00 to 6:30 July

16 : Figs.3-7(c) and 7(d)), but during the other time, the slope changed with time.
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As shown in Fig.3-T(a), the slope became steeper from 10:30 to 14:30.
Vertical profiles of the HIC specific activity (Bg/ml) are shown in Fig.3-8(a)} to
Fig.3-8(d). The profiles were shown to have generally the similar tendency in a

shape and slope to those of the HTO concentrations (Bg/m®).

3.3.3 Pool water HTO concentrations

Table 3-3 and Fig.3-9 show time trends of the pool water HTO concentrztion. The
concentration was 70 Bg/ml until 13:00 July 15, and then gradually increased and
reached a peak concentration of 90 Bg/ml at 20:00. Then it rapidly decreased until
23:00 July 15 and reached 40 Bg/ml. The large variation in concentration was an

unexpected result and the reason to explain this variation was no% clear.

3.3.4 HTC concentrations in tissue-free-water of alder leaves

Tissue-free-water-tritium (TFWT) concentrations and water ccontents of the alder
leaves sampled at 150 cm height are listed in Takle 3-4. Fig.3-10 shows the time
variation of the TFWT concentraticn. The concentration increased from about 20
Bg/ml at 10:00 July 15 to 45 Bg/ml at 18:00 and slowly decreased. Then it remained
unchanged at about 25 Bg/ml during the night and began to increase again from 8:00

July 16. The TFWT concentration varied collectively between 1/2 and 1/3 of the pool

wakter concentration.

TFWT concentrations and water contents of the alder leaves sampled from the
different heights at 13:20 July 15 are given in Table 3-5. Fig.3-11 shows the
vertical profile of the TFWT concentration above the ground. The result shows that
no clear correlation existed between the concentration and height. In the range of

10 - 180 cm height, the concentratiocn varied in a factor of 1.2.

3.3.5 Soil water HTO concentrations

Tritiated water ccncentrations and water contents in the soil sampled at 16:30 July
14 are given in Table 3-6. Fig.3-12 shows a depth profile of the concentration. The
concentration increased with depth and was about 0.5 Bq/ml in the top layer (0 -5

cm) and about 15 Bg/ml in the layer of 15 - 20 cm. This shows that the scil HTC was

being carried from the lower soil layer to the upper.

3.3.6 Relationship between tritiated water concentrations in air, alder leaves
and pool water
Fig.3-13 shows the relationship between the tritiated water concentrations in air

{58 and 247 cm), alder leaves (150 cm} and pool water. The TFWT concentration of
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alder leaves seems to vary together with the pool water concentration, but, in
detail, does not varied simultaneously. This was because that the TFWT concentration
was affected by both concentrations of the pool water moving up through the roots,
a part of which contacted with the surface pool water, and the air moisture which
was taken up by vapor exchange between the leaf water in stemata during daytime.
After the HTO evaporation from the leaves had stopped by closing of the stomata at
night, the TFWT concentration was kept unchanged at the level of about 25 Bg/ml in
the night.

The air HTQ concentration increased'in parallel roughly with the pool water and TEWT
concentrations during the daytime} but continued to increase while the pool water
and TFWT ccncentrations started to decrease. One possible explanation is that the
vapor exchange velocity between the atmosphere and pocl surface was getting smaller
in the night (from 19:00 July 15) since the atmosphere was getting stable, and
hence the vapor frem the pool water having a higher specific activity than that of
the air moisture hung over the pool surface to raise the air HTO concentration.

Subsequently, the air concentration gradually changed as explained in section 3.3.1.

3.3.7 Meteorclogical measurement data

The absolute and relative humidities are listed in Appendix Table A-1. The solar
radiation and net-radiation intensities, soil heat flux at 3 cm underground, soil
and pocl water temperatures, and wind speed are listed in Appendix Table A-2. The
dry and wet temperatures are listed in Appendix Table A-3. The soil heat flux at
the soil surface, bulk water vapor flux (evapo-transpiration rate), Boen ratio and
energy balance are listed in Appendix Table A-4. The time variations of the
absolute humidity, relative humidity, air, soil and pool water temperatures, solar
radiation and net-radiation intensities, soil heat flux, wind speed, and the

vertical profiles of the absolute humidity and air temperature are shown in

Appendix Fig. A-1 to Fig. A-9.
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4, FIELD EXPERIMENT AT PICKERING SITE
4.1 Site description

The experimental field, as shown in Fig.Y4-?, is located about 1 km northwest of the
Pickering Nuclear Generating Staticn (PNG3) near Lake Ontariec. Scil and plants on
this place are contaminated by HTO deposited from the air as a results of rcutine
emissions from the reactecrs. The field, which measures 7% m wide and 180 m long, is
flat and covered with grasses of about~50 cm height all around. And the field is
bounded on the south by a public road and the north by a narrow band of trees. The
layout of the field is shown in Fig.U-2. The soil can be characterized as a neutral
loam or clay loam. Measurements were made with winds from the northwest through
southeast to aveid the HTO plume from the reactors. A detailed explanaticn about
the Pickering experimental field quoted from the AECL's report®’ is given in

Appendix C.
4.2 Experimental method

4.2.1 Measuring items and time
Sampling items and time are shown in Table L-7. Air, plant leaves and soil samples
were collected as planned and HTC concentrations of these samples were measured.

Meteorological measurement was made continuously during the experiment.

4.2.2 HTO concentrations in air

HTO in air was sampled and analyzed by the same method as menticned previously in
Section 3.2.2. The inlet tubes for air sampling were placed at five different
heights of 12, 27, 57, 101 and 24l om to measure HTC vertical profiles. Those
heights were sightly different from the CRL experiment. The air was sampled at the

location of the JAERI meteorological tower, as shown in Fig.4-2.

4.2.3 HTO concentrations in plant leaves
Plant leaves of hawthorn were collected to measure TFWT concentrations at two
heights of 60 and 180 cm above the ground. The tree with a height of 2.8 m locates

in the field as shown in Fig.4-2. The concentration was analyzed by the identical

method with that used in the CRL experiment.

—_ ‘[Oi
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4,2.4 HTO concentrations in scil water

Soil cores were taken down to a depth of 20 c¢m using a soil core sampler with a
diameter of 3 cm at points A and B at given time intervals. Each core was divided
into four sections of each S cm. The soil sampling points are shown in Fig.4-2. The
soil water concentration was measured by the same method as that used in the CRL

experiment.

4.2.5 Meteorological measurement

Meteorological measurement was made as mentioned in the previcus section (3.2.6).

1.3 Experimental results (Pickering study)

4.3.1 Air HTO concentrations

Time trends of the HTO concentraticns in air moisture, i.e. specific activity
(Bq/ml) measured at different heights are shown in Table 4-2 {9:00 July 21 - 12:00
July 22 and 14:20 July 23 - 18:50 July 23) and Fig.4-3 (9:00 July 21- 12:00 July
22). Absolute humidity data are also listed in Table 4-2. The air HTO concentrations
measured at all the heights varied between 0.03 and 0.4 Bg/ml during one day and
night. The concentrations at the Pickering field were considerably lower than those
at the CRL field. Wind direction data confirmed that there was no effect of the

reactor plume on the experimental results.

The time trends showed small peaks at 22:00 July 21 and 4:00 July 22. This
characteristic trend was related to the atmospheric conditions. As was discussed in
Section 3.3.1, it is considered that during the time when the concentration peaks
appeared, the exchange velocities were small coincidentally {see Fig.5-2) and then
the water vapor from soil to the atmesphere hung over the surface to raize the HTO
concentration (Bq/ml). The relationship between the HTO concentrations in air,

plant leaves and scil will be described in Section 4.3.5.

Time trends of the air HTO concentraticns expressed by "Bg/m3" at different heights
are shown in Table 4-2 and Fig.4-L. The concentrations measured at all the heights
varied between 0.l and 3.0 Bg/m® during one day and night. The trends showed that
the air HTO concentrations (Bg/m®) were mutually related to the specific activity

in air {Bg/ml) and absolute humidity.

,11_
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4.3.2 Vertical profiles of HTO concentration in air

Vertical profiles of the air HTO concentration (Bq/m*) are shown in Fig.L-5(a} to
Fig.4-5(e). The profiles show a tendency that the concentration decreases
exponentially in general with increasing height. But the concentrations at 57 ecm
height were usually typically higher than those at other heights to deviate from
exponential fit. Tt is supposed that the high HTO concentration vapor evapcrated
frem the grasses, which was about the average height of 50 cm, was supplied to the
lower layer { ~57 cm height) of the atmosphere. This typical concentration rise was
not found at the CRL field, where the plants were of unequal height. Vertical
profiles of the specific activities (Bg/ml) (Fig.4-6(a) to Fig.U-6(c)) had the same

tendency as those of the concentrations {Bq/m® ).

4.3.3 HTO concentrations in tissue-free-water of hawthorn leaves

TFWT concentrations and water contents of the hawthorn leaves collected at 60 and
180 cm heights are given in Table 4-3. Time variations of the TFWT concentrations
are shown in Fig.U-7. The concentrations at 60 cm varied between 0.8 and 1.2 Bg/ml
and those at 180 om varied between 0.7 and 1.1 Bg/ml. The latter was slightly lower
than the former except at 15:00 July 21 and 5:00 July 22.

4.3.4 Soil water HTO concentrations

Tritiated water concentrations and water contents in the seil collected at points A
and B are given in Table 4-U4({a) and 4(b). Time histories of the soil HTO depth
profile are shown in Fig.4-8{a) and 8(b) for points A and B, respectively. The
concentrations in the top layer (0 - 5 cm) at point A changed from 0.5 to 0.9 Ba/ml
(average 0.67+0.12 Bq/ml) and at point B changed from 0.5 to 0.8 Bg/ml {average
0.66+0.1 Bg/ml) during one day and night. The concentrations in the 15-20 cm layers

were usually higher than those in the other layers.

i.3.5 Relationship between tritiated water concentrations in air, hawthorn leaves
and scil water

Time trends of the HTO concentrations (Bg/ml) in air moisture (57, 101 and 244 cm
heights), plant leaves (60 and 180 cm heights) and soil (0-5 and 15-2C cm layers at
point A) during one day and night are shown in Fig.U4-9. There was no obvicus
relationship between the concentrations. The air HTC concentration at 57 cm was
about 1/3 and that at 2L4 cm was 1/6 of the top scil water concentration. The TFWT
concentrations of hawthorn leaves seems tec be strongly affected by both water

concentrations in the top {0-5 cm) and deeper soil (15-20 cm) layers. No remarkable
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variation for the HTO concentrations (Bgq/ml) was seen in the environmental media
under quasi-steady state conditions; the ratio of the maximum to minimum
concentrations was 2.7 for the air and less than 1.6 for the soil and hawthorn

leaves.

4.3.6 Meteorological and evaporation measurement data

The absolute and relative humidities are listed in Appendix Table B-T1. The solar
radiation and net-radiation intensities, soil heat flux at 3 cm underground, soil
temperature and wind speed are listed in Appendix Table B-2. The dry and wet
temperatures are listed in Appendik Table B-3. The scil heat flux at the soil
surface, bulk water vapor flux (evapo-transpiration rate), Boen ratic and energy
balance are listed in Appendix Table B-U4. The time variations of the absolute
humidity, relative humidity, air and soil temperatures, solar radiation and net-
radiation intensities, soil heat flux, wind speed, and the vertical profiles of the

absolute humidity and air temperature are shown in Appendix Fig.B-1 to Fig.B-9.

5. ANALYSIS

5.1 HTO flux from land surfaces to the atmosphere and loss rate of soil HTO

derived from measurements conducted at Pickering experimental field

Water vapor flux

The flux was calculated from various parameters used in Eq.(2) measured at twc
heights: 57 and 244 cm. The lower measurement was conducted just above the mean
height of the grass, 50 cm. Fig.5-1 shows a variation of the evaluated bulk water
vapor flux with time at the Pickering field (9:00 July 21 - 12:00 July 22). In the
fluxes those toward the atmosphere varied with time from O to 0.12 g/m®+s with a
maximum around 15:00 July 21. The fluxes gradually decreased to around O g/m? -5
at 21:00 July 21 while the net-radiation intensity became negative from 20:00 July
21. There were still the fluxes at very low level even in the night. In the fluxes
those toward the land surfaces appeared several hours before the dawn. This was in
consistent with the observation that the water vapor densities at 2i4 cm height were
higher than those at 57 cm height during the corresponding pericd of time as seen

in Appendix Fig.B-2 (also Fig.5-3).

Exchange velocity of water vapor

The exchange velocity was evaluated by Eq.(#). Fig.5-2 shows a short-term variation

of the evaluated exchange velocity with time (39:00 July 21 - 12:00 July 22). The
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variation for the HTO concentrations (Bgq/ml) was seen in the environmental media
under quasi-steady state conditions; the ratio of the maximun tc minimum
concentrations was 2.7 for the air and less than 1.6 for the soil and hawthorn

leaves.

4.3.5 Metecrological and evaporation measurement data

The absolute and relative humidities are listed in Appendix Table B-T1. The solar
radiation and net-radiation intensities, soil heat flux at 3 cm underground, soil
temperature and wind speed are listed in Appendix Table B-2. The dry and wet
temperatures are listed in Appendik Table B-3. The scil heat flux at the soil
surface, bulk water vapor flux (evapo-transpiration rate), Boen ratioc and energy
balance are listed in Appendix Table B-4. The time variations of the absolute
humidity, relative humidity, air and soil temperatures, solar radiation and net-
radiation intensities, soil heat flux, wind speed, and the vertical profiles of the

absolute humidity and air temperature are shown in Appendix Fig.B-1 to Fig.B-9.

5. ANALYSIS

5.1 BTO flux from land surfaces to the atmesphere and loss rate of soil HTO

derived from measurements conducted at Pickering experimental field

Water vapor flux

The flux was calculated from variocus parameters used in Eq.(2) measured at twc
heights: 57 and 284 cm. The lower measurement was conducted just above the mean
height of the grass, 50 cm. Fig.5-1 shows a variation of the evaluated bulk water
vapor flux with time at the Pickering field (9:00 July 21 - 12:00 July 22). In the
fluxes those toward the atmosphere varied with time from 0 to 0.12 g/m®+s with a
maximum around 15:00 July 21. The fluxes gradually decreased to around O g/m? -5
at 24:00 July 21 while the net-radiation intensity became negative from 20:00 July
21. There were still the fluxes at very low level even in the night. In the fluxes
those toward the land surfaces appeared several hours before the dawn. This was in
consistent with the cbservation that the water vapor densities at 2i4 cm height were
higher than those at 57 cm height during the corresponding period of time as seen

in Appendix Fig.B-2 (also Fig.5-3).

Exchange velocity of water vapor

The exchange velocity was evaluated by Eq.(4). Fig.5-2 shows a short-term variation

of the evaluated exchange velocity with time (3:00 July 21 - 12:00 July 22). The
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velocity varied from 0 to 0.23 m/s through the period with an average value of 0.15
n/s and was high in the daytime while the solar radiation intensity and wind speed
were high. The pattern of variation was similar to that of the solar radiation
intensity and wind speed (Appendix Figs.B-8 and B-9). In the night, the velccity
decreased to less than 0.05 m/s, except arcund the midnight (1:00 - 2:00 July 22)
when a sudden increase of wind speed occurred (Appendix Fig.B-9). A mean exchange

velocity averaged over 9:00 July 21 to 9:00 July 22 was 0.1 n/s.

HTO vertical flux

The HTO flux was evaluated by Eq.{5): The time trends of C: and C: in Eq.(B) are
shown in Fig.5-3. The HTO concentration at 57 cm height (C:) was usually higher
than that at 244 em (C.). This confirmed that transfer of the HTO vapor from soil

tc the atmesphere existed even in the night. The concentraticn levels reversed
momentarily from 1:00 to 3:00 July 22 reflecting the sudden inerease of the wind
speed, in consequence, of the exchange velocity (Fig.5-2). Fig.5-Y4 shows a
variation of the evaluated HTO vertical flux with time. The flux ranged from -100 to
1100 Bg/m?-h and there existed the fluxes at very low level during the night. The
negative fluxes {depositicn) cccurred coincidentally with the reversal of the HIO

concentration levels between the two heights. A mean flux averaged over 2l hours

was 230 Bg/m?en,

Loss rate of soil HTO

The loss rate (i.e. reemission rate) of the soil HTO is shown in Fig.5-5. It varied
with time within -0.3 to 3 %/h and an average rate over 24 hours {10:00 July 21 to
10:00 July 22) was 0.66 %/h. This average value is 2 to 8 times smaller than those
found in the HT field release studies carried out in France'® and Canada''- '?¥

The discrepancy may be attributable to the differences in the depth profiles of the
deposited HTO in soil and to the differences in the atmospheric and land conditions
during the studies. It was known that the depth profiles of soil HTO were almost
exponential for the HT release cases®- ') , but in the present case, the soil HIC

distribution was rather uniferm within the soil.

5.2 Test of a plant model to predict TEWT concentration

In calculation of the TFWT concentration by Eg.(12), the values of the variables
such as RH, C®7*(in 15-20 cm layer) and C** (at 150 cm height) in the equation

and the pool water concentration at an arbitrary time were read by interpolation

from the plots of the respective data on the graphic papers.

— 14—
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A correlation curve between the measured and predicted TFWT concentrations is shown
in Fig.5-6. The TFWT concentrations of the alder leaves collected at the height of
150 em at the CRL field were predicted by Eq.{(12) using the pool water HTO
concentration for C*’? because there was no measurement of C®'¢ and the results
are shown by the marks [ . The predicted TFWT concentrations are larger by a factor
1 to 2 than the measured ones. The marks (O with the goodness of fit for the alder
leaves were predicted on the assumpticn that C*T* is 0.7 times the pool water
concentration. The marks/\ show the predicted concentrations for the hawthorn leaves
collected at the height of 150 cm at the Pickering field. The soil HTOC
concentration in the 15-20 em layer was used for C***  The predicted values are
about 1.5 times smaller than the measured ones. This discrepancy may be caused by
that the hawthorn leaves partly took up the water with higher concentration from
the deeper soil layer than 20 cm depth. These results demonstrate that a TFWT
concentration in the daytime can be predicted within a factor 2 by Eq.{12), which
considers uptake of soil water via roots and exchange of water vapor at leaf

surfaces {stomata) under quasi-steady state conditions.

6. Conclusions

The field experiments on HTO emission from contaminated land surfaces and
distribution in the environmental media were conducted at two sites in Canada in

July 1992. The major analytical findings are summarized below.

6.1 CRL site study

Behavior of HTO over a wetland in the Chalk River Laboratories was studied wnere
atmospheric HTO was supplied mainly from water pools and plants growing on hummocks.
In the air-plant-pool water system under quasi-steady state conditions, short-tern
variations of HTO concentrations in the environmental media and correlations
between them were studied. The intensive study was conducted from 9:00 July 15 to

11:00 July 16.

(1) The HTO concentrations in air moisture, i.e. specific activity (Bg/ml}, measured
at the heights of 12.5 em to 247 cm, increased in parallel roughly with the surface
pool water (0-10 cm) concentration and the tissue-free-water-tritium (TFWT)
concentration of alder leaves (at 150 cm height) growing at the edge of the wetland

during the daytime.
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A correlation curve between the measured and predicted TFWT concentrations is shown
in Fig.5-6. The TFWT concentrations of the alder leaves collected at the height of
150 cm at the CRL field were predicted by Eq.(12) using the pool water HTO
concentration for C*** because there was no measurement of C®** and the results
are shown by the marks [ ]. The predicted TFWT concentrations are larger by a factor
1 to 2 than the measured ones. The marks (O with the goodness of fit for the alder
leaves were predicted on the assumpticn that C€*T* is 0.7 times the pool water
concentration. The marks/\ show the predicted concentrations for the hawthorn leaves
collected at the height of 150 cm at the Pickering field. The soil HTC
concentration in the 15-20 cm layer was used for C®7* The predicted values are
about 1.5 times smallef than the measured ones. This discrepancy may be caused by
that the hawthorn leaves partly took up the water with higher concentration from
the deeper soil layer than 20 cm depth. These results demonstrate that a TFWT
concentration in the daytime can be predicted within a factor 2 by Eq.{12), which
considers uptake of soil water via roots and exchange of water vapor at leaf

surfaces (stomata) under quasi-steady state conditions.

6. Conclusions

The field experiments on HTO emission from contaminated land surfaces and
distribution in the environmental media were conducted at two sites in Canada in

July 1992. The major analytical findings are summarized below.

6.1 CRL site study

Behavior of HTO over a wetland in the Chalk River Laboratories was studied where
atmospheric HTO was supplied mainly from water pools and plants growing on hummocks.
In the air-plant-pool water system under quasi-steady state conditions, short-term
variations of HTO concentrations in the environmental media and correlations
between them were studied. The intensive study was conducted from 9:00 July 15 to

11:00 July 16.

(1) The HTO concentrations in air moisture, i.e. specific activity (Bg/ml}, measured
at the heights of 12.5 cm to 247 cm, increased in parallel roughly with the surface
pool water (0-10 cm) concentration and the tissue-free-water-tritium (TFWT)
concentration of alder leaves (at 150 cm height) growing at the edge of the wetland

during the daytime.
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(2) The concentraticns in air moisture, however, continued to increase sharply after
sunset while the pool water and TFWT concentrations started to decrease. Cne
possible explanation was that the vapor exchange velocity between the atmosphere and
surfaces was getting smaller in the night since the atmosphere was getting stable,
and hence the vapor arising from the pool water, which had a higher specific
activity than that of the air moisture, hung over the surface to raise the air HTO

concentration near the ground surface.

(3) The TFWT concentration of alder leaves fluctuated within the levels of 1/2 to
1/3 of the pool water concentration during one day and night. In the night, the TFWT
concentration remained unchanged at about the similar concentration level as that
in the daytime near sunset. This is in consistent with the idea that no vapor

exchange occurs at night after clesing of stomata.

(4) Tt was seen that the air HTO concentration (in Bg/ml and Bg/m*) decreased almost
exponentially with increasing height away from the surface in the daytime. No
cbvicus sleope was seen from midnight tc early morning, but during the other time
the slope changed with time. These trends were very similar to those of the air

temperature.

(5) The surface pool water HTO concentraticn was shown to vary from U0 to 90 Bg/ml
during one day and night with a peak concentraticn after sunset at 20:00. Then it
rapidly decreased and reached 40 Bg/ml at 2:00 in the next morning. The large
variation in concentration was an unexpected result and the reason te explain this

variation was not clear.

(6) An activity balance model to express the relationship between the HTO
concentrations in air moisture, soil and plant water, which considers exchange of
water vapor at leaf surface and uptake of pocl water by plant through rcots, was
tested. And it was demonstrated that there was the clear correlation befween the
concentrations in the daytime and that the TFWT concentration of alder leaves could
be predicted by the model in a factor 2 from both HTO concentrations in the pool
water and air moisture. It is noted that a part of the roots of alder was in contact

with the surface pool water in this case.

6.2 Pickering study

Behavior of HTO over a grassland in the Pickering field was studied where
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atmospheric HTO was supplied from fairly uniform contaminated soil, plant, and
grasses covering over the ground with a height of~50 cm. In the air-plant-soil
system under quasi-steady state conditions, short-term variations ef HTO
concentrations in the environmental media and correlations between them were studied.

The intensive study was conducted from 9:00 July 21 to 12:0C July 22.

(1) The HTO concentration in the top soil layer (0-5 em) water slightly fluctuated
during one day and night. The average concentrations were 0.67 £0.12 Bg/ml at
measuring point A and 0.66+0.1 Bg/ml at measuring point B. The concentrations in

the 15-20 cm layers were usually highef than those in the other layers.

(2) The HTO concentrations in air {(Bg/ml) at 57 and 24k cm heights varied at the

levels of about 1/3 and 1/6 of the top soil water HTO concentrations, respectively.

(3) No significant air HTO concentration (in Bg/ml and Bg/m®) peak was observed
through the days. A maximum to minimum concentration ratio was 2.7 for the air and 1.6

for the so0il and hawthorn leaves.

(4) From after sunset to several hours before the dawn, there were small air
concentration peaks. As was discussed in Section 4.3.1, it was supposed that during
the time when the concentration peaks appeared, the atmospheric mixing was small
and then the water vapor from the soil to the atmosphere hung over the surface to

raise coincidentally the HTO concentration (specific_activity) near the ground level.

(5) It was seen that the air HTC concentration decreased almost exponentially with
increasing height away from the ground surface in the daytime. Compared with the
CRL results, the noticeable concentration rise for the measuremnent at 57 cm height
to deviate from exponential fit was observed both in the daytime and nighttime. The

height of 57 cm is about 10 cm higher than the height of the average grass cover.

(6) It was demonstrated that the TFWT concentration of hawthorn leaves in the

daytime under quasi-steady state conditions could be predicted by the activity

balance model in a factor 2.

(7) The exchange velocity of water vapor between the atmosphere and land surfaces
varied from 0O to 0.23 m/s during one day and night with an average value cf 0.1C m/s.

The exchange velocities were large in the daytime (an average value 0.15 r/s) when



JAERI-M 94065

the solar radiation intensity and wind velocity were high. In the night, the

velocity decreased to less than 0.05 n/s.

(8) The HTO flux between the atmosphere and land surfaces varied from -100 to 1300
Bg/m? »s during one day and night. There existed the fluxes toward upward at very
low level even in night and sometimes those toward downward (deposition). The
downward fluxes occurred coincidentally with occurrence of the reverse gradient of

the air HTO ccncentrations between at 57 and 244 cm heights. An average flux over

24 hours was 230 Bg/m?ss.

(9) The loss rate (i.e. remission rate} of the soil HTO to the atmosphere ranged

. -0.3 to 3 %/h during one day and night. An average value over 24 hours was 0.66 £/h.

(10) The average loss rates were smaller in a factor 2 to 8 than corresponding
values found in the French and Canadian HT release experiments. The descrepancy was
considered to be attributable to the differences in the depth profiles of the HTO

deposited in the soils and to the differences in the atmospheric and land

conditions during the experiments.
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the solar radiation intensity and wind velocity were high. In the night, the

velocity decreased to less than 0.05 m/s.

(8) The HTO flux between the atmosphere and land surfaces varied from -100 to 1100
Bg/m? +s during one day and night. There existed the fluxes toward upward at very
low level even in night and sometimes those toward downward (deposition). The
downward fluxes occurred coincidentally with occurrence of the reverse gradient of

the air HTO concentrations between at 57 and 244 cm heights. An average flux over

24 hours was 230 Bg/m?.s.

(9) The loss rate (i.e. remission rate) of the soil HTO to the atmesphere ranged

- -0.3 to 3 %/h during one day and night. An average value over 24 hours was 0.66 %/h.

(10) The average loss rates were smaller in a factor 2 to 8 than corresponding
values found in the French and Canadian HT release experiments. The descrepancy was
considered to be attributable to the differences in the depth profiles of the HTO

deposited in the soils and to the differences in the atmospheric and land

conditions during the experiments.
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the solar radiation intensity and wind velocity were high. In the night, the

velocity decreased to less than 0.05 m/s.

(8) The HTO flux between the atmosphere and land surfaces varied from -100 to 1100
Bg/m? »s during one day and night. There existed the fluxes toward upward at very
low level even in night and sometimes those toward downward (deposition). The
downward fluxes occurred coincidentally with occurrence of the reverse gradient of

the air HTO ccncentrations between at 57 and 244 cm heights. An average flux over

24 hours was 230 Bg/m?-.s.

(9) The loss rate (i.e. remissicn rate) of the soil HTO to the atmesphere ranged

. -0.3 to 3 %/h during one day and night. An average value over 24 hours was 0.66 £/h.

(10) The average loss rates were smaller in a factor 2 to 8 than correspending
values found in the French and Canadian HT release experiments. The descrepancy was
considered to be attributable to the differences in the depth profiles of the HTO

deposited in the soils and to the differences in the atmospheric and land

conditions during the experiments.
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Table 3—2 HTO concentration in air and absclute humidity
at different heights.

CHALK RIVER EXPERIMENTAL SITE (AIR)

SAMPLER | SAMPLER | SAMPLING SAMPLING
NO. DATE START STOP TIME HEIGHT VCLUME HTO CONCENTRATION HUMIDITY
(h) {cm) (n"3) (Ba/ml) | Ba/m3) | (g/m"3)
1 14-July 15:00 16:00 1:00 12.5 G.18 117 15.13 1294
2 15:00 16:00 1:00 2.0 0.18 1.43 18.26 1276
3 15:00 16:00 1:00 hg.0 0.18 1.71 20.23 11.8
4 15:00 16:00 1:00 §7.5 0.18 - - -
I O :00_ | 1600 | 100 | 70 | ots | .65 | 1eer_| 1088 |
6 L 16200 17:00 1:00 12.5 0.18 2.45 K1 12.82
7 16:00 17:00 1:00 2.0 0.18 22 26.88 11.86
8 16:00 17:00 1:00 8.0 0.18 217 24.68 1.3
9 16:00 17:00 1:00 87.5 0.18 208 22.91 10,96
I R 16:00_ | 1700 | 100 | 2o | ede | e | 7| 1068 |
11 17:00 18:00 1:00 12.5 0.18 347 30, 82 11.48
12 17:00 18:00 1:00 2.0 018 315 34,49 0.9
13 17:00 18:00 1:00 580 0.18 283 .97 10.58
14 17:00 18:00 1:00 g97.5 0.18 253 26.46 10, 44
L I 00 | eo0 | _1:00 | a0 | ets | s | ren | 67
16 15-July 10:00 11:00 1:00 12.5 0.18 258 31.83 123
17 10:00 11:00 1:00 2.0 0.18 218 27,13 1237
18 10:00 11:00 1:00 580 0.18 1,90 72,81 1.9
13 10:00 11:00 1:00 g7.5 0.18 1. 80 21.65 12.03
I N 10:00_ | 1100 | _1:00 | 2470 | _o1s | o | 1ass | g9 |
21 11:00 12:00 1:00 125 0.18 3.3 40. 07 1239
22 11:00 12:00 1:00 2,0 018 3.08 364 1.7
23 11:00 12:00 1:00 58.0 0. 18 2.86 31.78 1. 13
24 11:00 12:00 1:00 g1.5 ¢.18 297 3253 10,97
2 N 0| 200 | 100 | 2470 | e8| 23 | 248 | 103 |
26 12:00 13:00 1:00 12.5 0.18 4.42 52.28 11,83
27 12:0C 13:00 1:00 2,0 0,18 3. 80 43,26 11.38
28 12:00 13:00 1:00 580 0.18 362 37.30 10,29
23 12:00 13:00 1:00 §7.5 G.18 3,56 37.60 10.55
I I i2:00_ | 1300 | _1:00 | 70 | o1s ) 2se | ara | 956 |
31 13:00 14:00 1:00 12.5 0.18 6.9 69. 58 11.06
32 13:00 14:00 1:00 5.0 0.18 520 58. 23 11. 20
3 13:00 14:00 1100 58.0 0.18 477 49,44 10. 36
ki 13:00 14:00 1:00 97.5 0.18 4.43 44 BY 10,12
I N 13:00_ | aso0 | w0 | 270 | ots | 3z | 2% | s |
36 14:00 15:00 1:00 125 0.18 B 30 72.03 11.43
37 14:00 15:00 1:00 2.0 0.18 5.38 5842 10.86
33 14:00 15:00 1:00 58.0 0.18 4,66 48,15 9.89
33 14:00 15:00 1:00 97.5 0.18 4,24 BB 9.28
I weo_ | tseo | 1:00 | oo | ote | aos | 2rer | 80|
41 15:00 16:00 1:00 125 ¢.18 8.53 &, 23 9.9
47 15:00 16:00 1:00 2.0 0,18 7.49 13,22 9. 77
43 15:00 16:00 1:00 58.0 0.18 6.99 56. 58 8.09
44 15:00 16:00 1:00 87.5 0.18 6. 36 55, B2 87
S-S O 5:00_ | _desoo | 100 | aro | 018 | sis | a300 | as |
45 16:00 17:00 1:00 12.5 0.18 9.61 91.20 9,49
47 16:00 17:00 1:00 5.0 0.18 813 73.98 8.10
48 16:00 17:00 1:00 58.0 0.18 7.3 56. 25 7.69
49 16:00 17:00 1:00 97.5 0.18 4.3 36,54 g 41
50 16:00 17:00 1:00 247.0 0.18 8. 62 51,94 7.8

21—



CHALK RIVER EXPERIMENTAL SITE (AIR)

JAERI-M  94-065

Table 3—2 Cont'd

SAMPLER SAMPLER | SAMPLING SAMPLING
NQ. DATE START STOP TIME KEIGHT VOLUME HTO CONCENTRATION HUMIDITY
(k) = {n°3) (Ba/ml) | (Ba/m™3) | (a/m"3)

51 15-July 17:00 18:00 1:00 125 0.18 10,26 891.09 8.88

52 17:00 18:00 1:00 5.0 0.18 8.56 74.53 87

53 17:00 18:00 1:00 58.0 0.18 7.78 60, 20 1.74

54 17:00 18:00 1:00 g7.5 0.18 7.01 54.01 Al
N 700 | teoo | 10 | 270 | o1 | s | s | 75 ]

56 18:00 19:00 1:00 125 0.18 10.66 91.37 8.57

57 18:00 15:00 1:00 .0 0.18 8,50 80. 08 8.43

58 18:00 19:00 1:00 58.0 0.18 873 0. 71 810

59 18:00 15:00 1:00 g7.5 C.18 7.52 5810 1.73
NN o | 1w | _noo_ | oo | oia | s | ez | 72 ]

61 19:00 20:00 1:00 125 0.18 15.74 156. 66 9,96

62 19:00 20:00 1:00 2.0 0.18 14.67 153.59 10,47

83 18:00 20:00 1100 B8 G 0.18 13.68 138. 73 10.14

o4 18:00 20:00 1:00 87.5 0.18 12, 8} 122.90 g, 52
. oo | 200 | 1o | 7.0 | o1 | e | i | 87|

65 20:00 21:00 1:00 125 0.18 17.12 181.32 10.55

67 20:00 21.00 1:00 2.0 0.18 14. 84 162. 31 10.%4

68 20000 21:00 1:00 58.0 018 14.34 160. 66 11.20

69 20:00 21:00 1:00 g7.5 0.18 13.77 138, 09 10.10
T N a0 | 2000 | _noo | o | o | jom | a7 | ojase

71 21:00 23:00 2:00 125 (.36 23,82 243,15 10. 21

2 21:00 23:00 2:00 .0 (.36 21,47 225. 63 10. 51

73 21200 23:00 2:00 B2 0 0.35 2265 207.72 9,17

4 21:00 23:00 2:00 97.5 0.36 20,95 202. 24 9.65
Bl L. 20 |z | 20 | a0 | oz | ism | jew | am |

76 23:00 1:00 2:00 12.5 0.3 22.689 205.32 9,05

T 23:00 1:00 2:00 2.0 0.36 21.84 171.07 7.91

78 23:00 1:00 2:00 8.0 0.3 20.20 175. 11 8,67

78 23:00 1:00 2:00 97.5 0.36 18.09 147. 01 7.70
N N zw | oo | 2o | a0 | o3 | jae | @3 | 70

81 16-July 1:00 3:00 2:00 125 0.36 18. 11 150. 19 1.8

82 1:00 3:00 Z2:00 x50 0.36 17.62 137.73 1.82

8 1:00 3.00 2:00 58.0 0.3 18.29 141.83 1.7

84 1:06 3:00 2:00 97.5 0.36 17.64 135, 61 7.69
e | | v | s | 20 | amo | oz | Jss | 1se | 73 |

86 3:00 500 2:00 125 0.3 19.54 143.03 1.32

87 300 5:00 2:00 2.0 0.36 18.50 130. 14 7.04

88 3:00 5:00 2:00 B2.0 0% 19.25 139,53 7.5

89 3:00 5:00 2:00 97.5 0.36 18.31 133.33 7.28
o || mn | s | 2w | 2o | oz | ans ) oomu | 70 ]

a1 5:00 6:00 1:00 125 0.18 19. 21 139,55 1.28

92 5:00 6:00 1:00 2.0 0. 18 18,55 13151 7.09

a3 5:00 6:00 1:00 58.0 0.18 18. 45 133.57 1.24

84 500 6:00 1:00 87.5% 0.18 18 .41 1231.5 7.13
s || s | ew | 1o | 2o | om | lag | nss | 6% |

96 6:00 7:00 1:00 12.5 0.18 19,92 153.94 T.73

a7 8:00 7:00 1:00 .0 0.18 i8. 77 127. 87 6. 81

98 6:00 7:00 1:00 58,0 0,18 18.83 150, 61 7.97

9 5:00 7:00 1:06 g1.5 0.18 18.726 144, 87 71.93

100 5:00 7:00 1:00 247.0 0,18 17.69 134.72 7.62

a2 -
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Table 3—2 Cont’d

CHALK RIVER EXPERIMENTAL SITE (AIR)

SAMPLER SAMPLER | SAMPLING SAMPLING
NO. DATE START STOP TIHWE HEIGHT VOLUME HTO CONCENTRATION HUMIDITY
{h) {em) {m3) (Ba/ml) | {Ba/m’3) | (a/m"3)
101 16-July 7:00 8:00 1:00 125 0.18 17.82 166. 82 9.36
102 7:00 8:00 1:00 2.0 0,18 18.03 170,38 9.45
103 7:00 8:00 1:00 58.0 0,18 16.70 154.12 923
104 7:00 8:00 1:00 g97.5 0.18 16. 31 15812 8. 688
s || 7o | s | _noo | 20 | 018 | 13% | 1mS_| 8%
106 8:00 5:00 1:00 125 .18 6. 60 58. 8 891
107 8:00 9:00 1:00 5.0 0.18 6. 61 67.90 10.27
108 8:00 9:00 1100 58.0 0.18 5.00 48, 00 S, 61
105 8:00 9:00 1:00 g7.5 0.18 4.28 41,44 6.68
o || e | oo | w0 | 270 | gie | 28 | a4 | BES_
it 800 10:00 1:00 125 018 6.27 51,27 9.73
e g:00 10:00 1:00 2.0 0.18 5.4 51.31 10.18
13 9:00 10:00 1:00 5.0 0.18 4,34 30,06 8.0
114 9:00 10:00 1.00 g97.5 0,18 3.8 MM 9,06
115 9:00 10:00 1:00 247.0 0.18 249 21.17 8.4%

Table 3—3 HTO concentration in peol water at various times.

CRL SITE (POOL WATER)

HTO
DATE CONCENTRATION

(Ba/ml)

15-Juiy 10:00 70.6
13:00 70.4

16:00 &2.6
19:25 89.6 .

23:00 39.2

16-July 3:00 37.7

_237
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Table 3—4 HTO concentration and water content of alder leaves.
The sampling height of the leaves was 150 om.

CRL SITE {(PLANT)
HTO WATER
DATE CONCENTRATION]  CONTENT
(Ba/ml} (% of wet wt)
15-July 10:05 18.2 62.9
11:25 23.3 63.4
12:05 27.7 63.3
14:00 .2 63.5
15:00 38.8 5.7
16:00 | 424 57.7
17:15 45.2 60.6
18:00 44.4 8.4
19:00 37.3 61.3
20:00 3.4 B2.5
21:00 28.4 63.4
23:00 29.8 68.5
16-July 1:00 27.9 66.9
3:00 2.4 7.7
5:00 24.0 72.9
6:00 21.6 77.4
7:00 27.1 69. 8
8:00 23.6 67.0
9:00 27.3 63.7
10:00 3.3 62.6

Table 3—5 HTO concentration and water content of alder leaves
at different heights at 13:20 July 15, 1992.

CRL SITE (PLANT)
HTO WATER
DATE HEIGHT  |CONCENTRAT |ON CONTENT
(cm) (Ba/ml ) (% of wet wt)

[5-July 13:18 10 33.3 69.6
13:22 1] 27.3 69.5

13:25 100 31.8 62.8

13:13 180 29.7 62.3

Table 3—6 HTO conceniration and water content of soil near JAERI
meteorological tower at 16:30 July 14, 1992,

CRL SITE (SOIL)
HTO WATER
DATE DEPTH  [CONCENTRATION CONTENT
{Ba/ml) (% of dry wt)

14-July 16:30 0~ Scm 0.41 18.7

5-10em 1.30 19.1

10-15cm 11.25 19.6

15-20cm 15. 15 19.3
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Table 4—2 HTO concentration in air and absclute humidity at different heights.

PICKERING EXPERIMENTAL SITE (AIR)

SAMPLER | SAMPLER [ SAMPLING SAMPLING
NO. DATE START STOP TIME HEIGHT | YOLUME | HTO CONCENTRATION | HUMID!TY
(h) (em) {m"3) (Ba/ml) | (Ba/m™3) | (o/m'3)
1 21-July {  9:00 10:00 1:00 12.0 0.18 0.25 210 8.41
2 9:00 10:00 1:00 27.0 0.18 0.16 1.26 8.07
3 9:00 10:00 1:00 57.0 0.18 0.18 1.44 813
4 9:00 10:00 1:00 101.0 0. 18 0.12 0.9 7.95
5 b __|L_%00_f_ 00 | 100 | 240 | 018 1 014 | L0 _|_ 772 ]
6 11:00 12:00 1:00 120 0.18 0.21 1.81 8, 45
7 11:00 12:00 1:00 27.0 C.18 0.14 1.13 7.91
8 11:00 12:00 1:00 57.0 0.18 0.16 1.28 823
9 11:00 12:00 1:00 191.0 0.18 0.13 0.97 7.72
I L R I N:00_ 3200 | 100 | 2440 | 018 _f 0.08_ | _G6z | _7.80_
n 13:00 14:00 1:00 12.0 0.18 0.18 1.56 8,77
12 13:00 14:00 1:00 27.0 0.18 0.17 1.45 8.47
13 13:00 14:00 1:00 57.0 0.18 0.33 289 863
14 13:00 14:00 1:00 101, 0 0.18 0.13 1.08 8. 27
ST I 13:00_ | _f4t00 | 100 ) 2440 | 018 1 010_ | _080 1 _¢ 828 |
16 | 15:00 16:00 1:00 12.0 0.18 0.18 1.54 859
17 15:00 16:00 1:00 27.9 0.18 0.20 1.62 8 08
18 15:00 168:00 1:00 57.0 0.18 0.26 217 8 39
19 15:00 16:00 1:00 101.0 0.18 0.13 .02 782
_20 b __p_15:00_j_ 600 f 100 | M40 | 018 | 0.06_ | _0.50 _| . 7.80_ |
71 17:00 18:00 1:60 12,0 0.18 0. 20 1.6l 7.9
2] 17:00 18:00 1:00 27.0 0,18 0.15 1.21 812
23 17:00 18:00 1:00 57.0 0,18 0.16 1.32 822
2% 17:00 18:00 1:00 101.0 0.18 0.13 1.06 8.19
- TN I 17:00_ | _18:00 | _1:00 | 2440 ) 018 | 010 | 07”8 _|_ = 7.8 _ |
7% 19:00 20:00 1:00 12.0 0.18 0.16 .72 708
77 19:00 20:00 1:00 |- 270 0,18 0,13 0.0 7.12
28 19:00 20:00 1:00 57.0 0.18 0.17 .23 7.08
it 19:00 20:00 1:00 101, 0 018 0.10 0. 73 7,01
IR N I I 19300 |_ 20000 | _ 100 | 2440 4 018 | 0.0/ | _048 | 720
3l 21:00 22:00 1:00 12.0 0.18 0.32 2.40 7.54
3? 21:00 22:00 1:00 27.0 0.18 0.%6 .98 7.52
R’ 21300 22:00 1:00 57.0 0.18 6.22 252 7.88
34 21:00 22:00 1:00 101.0 0.18 0.18 1.728 7.26
=T A 21:00_ | _ 2200 11000 240 | 018 | C.il_[._0& _]__ 1.3 _ ]
36 23:00 0:00 1:00 12.0 0.18 0.27 1.94 7.21
37 23:00 0:00 1:00 27.0 0.18 0.18 1.33 7.189
8 23:00 0:00 1:00 57.0 0.18 0. 24 1.83 7.63
39 23:00 0:00 1:00 101.0 0.18 0.13 0.97 7.19
__40 L 23:00_|_ 0:00__| _1:00 | 2440 | 018 _|_ U 0.05_ | 037 | __ 73
4] 22-July [ 1:00 3:00 2:00 12.0 0.36 0.22 1.37 6. 27
42 1:00 3:00 2:00 27.0 0.3 0.18 1.16 6. 47
43 1:00 3:00 2:00 57.0 0,36 0.15 0.97 657
44 1:00 3:00 2:00 101.0 0.3 0.17 1. 08 6. 29
45 |30 _ o300 | _z00 | 240 | 03 | f 0.V | L1 ] ¢ 6.52_ |
46 3:00 5:00 2:00 12.0 0.36 0.41 230 558
47 300 5:00 2:00 27.0 0.36 0.37 2.03 5. 48
48 3:00 5:00 2:00 57.0 0.36 0.38 228 £ 07
43 3:00 5:00 2:00 101.0 0.36 0.31 1.7 5.54
50 3:00 5:00 2:00 244, 0 0.36 0.18 1,06 5. 81
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Table 4—2 Cont’d

SAMPLER | SAMPLER | SAMPLING SAMPL ING
NO. DATE START STOP TIME HE I GHT VOLUME HTO CONCENTRATION HUMIDITY
{h) (cm) (m"3) (Bg/m|) {Bg/m"3) {g/m"3)
51 22-July 5:00 7:00 2:00 12.0 0. 36 0. 29 1.81 6. 20
52 5:00 7:00 2:00 271.0 0. 36 0.8 “1.19 6. 69
53 5:00 7:00 2:00 57.0 0.36 022 1.52 6.79
54 5:00 7:00 2:00 101.0 0.36 0.18 1.19 6.72
LT R si00 | _7:00_ | _2:00 | _2a40_ | 036 | o0 1 _oss 67|
56 7:00 8:00 1:00 12.0 0.18 0.17 1. 46 8.87
57 7:00 8:00 1:00. 27.0 0.18 014 1.22 8 84
58 7:00 §:00 1:00 57.0 0.18 0.12 1.1 9, 54
59 7:00 §:00 1:00 101.0 0.18 0.09 0. 81 9.09
O DU 7000 | _s:00_f__y:00 | 2440 | o018 [ 013 | _118__| 819_|
61 9:00 10:00 1:00 12.0 0.18 0.20 i.75 8. 62
62 9:00 10:00 1:00 27.0 0.18 0.18 1.27 7.04
63 9:00 10:00 1:00 57.0 0.18 0.16 1. 51 9. 36
64 9:00 10:00 1:00 101.0 0.18 0.12 1.08 8.12
65 4 .. 9:00 | _10:00_ | 1:00 | 2440 | 018 | o4 | _117_} 827 |
66 11:00 12:00 1:00 12.0 0.18 0.14 1.23 8. 66
67 11:00 12:00 1:00 21.0 018 0.08 0.70 8.61
68 11:00 12:00 1:00 57.0 0.18 0.12 1.00 8.48
69 11:00 12:00 1:00 101.0 0.18 0.09 0.74 7. 86
0 | | rseo | 1zzoo_ | _1:00 | 2440 | 018 | 006 1 049 [ 784
71 23-July 14:20 15:20 1.00 12.0 0.18 0. 06 0. 68 11. 83
72 14:20 15:20 1:00 27.0 0.18 0.03 0.37 11.172
73 14:20 15:20 1:00 5.0 0.18 N.D. N.D. 11. 67
74 14:20 156:20 1:00 101.0 0.18 0.10 1.17 11.17
S I 14:20 | _15:20 | oo | 2440 | 018 | 005 | _ 0.55 __| _11.28_
76 15:30 16:30 1:00 12.0 0.18 0.07 0. 87 12.00
71 15:30 16:30 1:00 27.0 0.18 0. 06 0.74 11.33
78 15:30 16:30 1:00 57.0 0.18 0. 06 0.56 10. 00
79 15:30 16:30 1:00 101.0 0.18 N.D. N.D. 9.94
80 | | as:30_ | _wes0 | oo | 24s0 | o018 | ND.__ | ND___| 10.83 ]
81 16:40 17:40 1:00 12.0 0.18 0.13 1. 45 11. 00
82 16:40 17:40 1:00 27.0 0.18 0. 09 1.18 12. 89
83 16:40 17:40 1:00 57.0 0.18 0.07 0.88 12. 56
84 16:40 17:40 1:00 101.0 0.18 0.07 0. 80 11.83
85 | | oe4o | 170 | voo | pas0 | 018 | 005 1 064 _| 1183 |
86 17:50 18:50 1:00 12.0 0.18 0.23 2. 88 12. 61
87 17:50 18:50 1:00 27.0 0.18 0.18 2.35 12. 39
88 17:50 18:50 1:00 57.0 0.18 0.27 2.56 9. 61
89 17:50 18:50 1:00 101.0 0.18 0.19 2.18 11. 44
90 17:50 18:50 1:00 244.0 0.18 0.17 1.83 11.33

* N.D: Not detected.
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Table 4—3 HTO concentration and water content of hawthorn leaves. The
sampling heights of the leaves were 60 and 180 cm.
PICKERING SITE (PLANT)
HTO CONCENTRATION WATER HTO CONCENTRAT{ON WATER
DATE at 60cm CONTENT at 180cm CONTENT
(Ba/m|} (% of wet wt) {Ba/ml) (% of wet wt)
21-July 9:00 1.09 53.7 0.98 55.8
11:00 .15 5.4 0.97 5.0
13:00 1.15 52.5 0.99 5.2
15:00 0.90 58.6 1.04 5.8
17:00 1.02 5.4 0.90 55. 1
19:44 1. 18 5.7 0.839 5.2
21:00 0.98 " 555 0.91 5.3
23:00 0.89 51.9 0.84 55.3
22-July 1:00 0.85 53.9 0.7 55.8
3:00 0.9 5.7 0.84 %. 1
5:00 0.88 55.5 0.91 53.0
7:00 0.78 5.3 0.76 5.8
9:00 .13 53.3 0.83 5.7
Table 4—4(@) HTO concentration and water content in socil at point A
PICKERING SITE (SOIL. POINT A)
HTO CONCENTRATION {Ba/ml) WATER CONTENT (% of dry wt)
DATE 0-5m 510em  10-15cm  1520cm | 0- Scm  5-10cm  10-15cm _ 15-20cm
21-July 10:30 | 0.64 0.62 0.72 - 57.8 53. 4 45.7 -
15:00 | 0.87 0.83 0.83 1.10 7.9 58.6 50.5 41.2
21:00 0.52 0.59 0.74 1.20 72.5 48.4 2.7 38.0
22-July  3:00 0.60 0.61 0.75 1.09 70.4 51.2 43.5 40.7
9:00 0.72 0.61 (.66 1.02 64.3 53.9 4.1 3.7

Table 4—4ib) HTO concentration and water content in soil at point B.

PICKERING SITE (SOIL, POINT B) :
HTO CONCENTRATION (Ba/mi) WATER CONTENT (% of dry wt)
DATE 0~ 5em  5-10cm  10-15em  15-20cm | 0- Sem  5-10cm  10-15cm  15-20cm
2-July 1350 0.50 0.73 0.69 - 73.3 47.3 42.6 -
15:00 0.64 0.7 1.03 1.3 66. 4 52.2 42.5 B4
21:00 0.80 0.68 0.88 1.10 5.1 5.8 40.2 3.4
22-July -3:00 0.70 0.67 0.88 1.15 58.0 55.5 45.3 .8
9:00 0.68 0.7 0.9 1.04 58.9 48.9 3.0 B0
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Fig. 3—9 Short-term variation of pool water HTO concentration.
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Fig. 3—10 Short-term variation of alder leaf HTO concentration. The leaves
growing at the edge of the wetland were coliected at 150 cm height.
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Fig. 4—7 Short-term variation of hawthorn leaf HTO concentration.
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Fig. 4-8(b) Time history of soil HTO depth profile at point B,
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Fig. 5—1 Variation of evaluated bulk water vapor flux with time
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Fig. 5—2 Evaluated exchange velocity of water vapor between surfaces

(at 57 cm: soil+vegetation height) and the atmosphere (at 244 cm).
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Fig. 5—3 Air HTO conceniration difference between 57 and 244 cm heights.
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Fig. 5—4 Variation of evaluated HTO flux between surfaces (at 57 cm:
soil+vegetation height) and the atmosphere (at 244 cm) .
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Fig. 5—5 Evaluated loss rate (reemissicn rate) of HTO in soil
(0—15cm) at Pickering filed.
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Fig. 5—6 Comparison of leaf HTO concentrations between measured and

predicted ones.

()=Alder leaves at 150 cm height (CRL field) ; the scil water HTO
concentrations are assumed to be the same as those of the pool
water. (O=Alder leaves at 150 cm height; the soil water HTO
concentrations are assumed to be 0.7 times those of the pool water.
A=Hawthorn leaves at 60 cm neight (Pickering field) .
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APPENDIX A& Meteorological Data at the CRL Site (Tables and Figures)

In Appendix A, tables and figures on the metecrological measurements at the CRL
field are summarized. They are sclar radiation and net-radiation intensities*, wind
speed*, absolute and relative humidities*, dry and wet air temperatures* at five
different heights, temperatures of pocl water* and soil, soil heat fluxes at the
ground surface and 3 cm underground* , evapo-transpiration rate*, Boen ratio and

energy balance. The superseript* attached indicates that the corresponding values

are averaged over 60 minutes.



Table A-1
Table A-2
Table A-3
Table A-L
Fig.A-1
Fig.A-2
Fig.A-3
Fig.A-U
Fig.A-5
Fig.A-6(a)
Fig.A-6(b)
Fig.A-6(c)
Fig.A-6(d)
Fig.A-T(a)
Fig.A-T(b)
Fig.A-T{c)
Fig.A-7{d)
Fig.A-T(e)

Fig.A-8

Fig.A-9

JAERI—M 94—065

List of Tables and Figures in Appendix A& (CRL site data)

Absclute and relative humidities measured with aspirated radiation
shielded dry and wet thermometers.

Solar radiation, net radiation, soil heat flux at 3 cm underground
soil and pool water temperatures, and wind speed.

Dry and wet temperatures at different heights.

Soil heat flux at ground surface, evapo-transpiration rate, Boen ratio

and energy balance.

Relative humidities measured with aspirated radiation shielded dry
and wet thermometers.

Absolute humidities measured with aspirated radiaticn shielded dry
and wet thermometers.

Absoclute humidities calculated from weights of water collected in M.S.
44 columns.

Variations of air temperatures at different heights with time.
Variations of scil and pool water temperatures with time.

Height profiles of absciute humidity measured with dry and wet
thermometers (10:30 July 15 to 14:30 July 15)

Height profiles of absolute humidity measured with dry and wet
thermometers (15:30 July 15 to 19:30 July 15)

Height profiles of absolute humidity measured with dry and wet
thermometers (20:30 July 15 to 4:00 July 16)

Height profiles of absolute humidity measured with dry and wet
thermometers (5:30 July 16 to 9:30 July 16)

Air temperature height profiles ($:30 July 15 te 13:30 July 15)
Air temperature height profiles (14:30 July 15 to 18:30 July 15)
Air temperature height profiles (19:30 July 15 to 23:30 July 15)
Air temperature height profiles (0:30 July 16 to 4:30 July 16)

Air temperature height profiles (5:30 July 16 to 9:30 July 16)
Variations of solar radiation, net radiation and soil heat flux with
time.

Variation of wind speed with time at 2.8 m height.
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Table A—4 Soil heat flux at ground surface, evapo-transpiration
rate, Boen ratic and energy balance.

CHALK RIVER EXPERIMENTAL SITE

SOIL HEAT FLUX EVAPO-TRANSPIRATION: BOEN RATIOH

NO DATE START SToP at SURFACE, G(0) RATE, E H/LE (H+LE+G(0))/R

(Wm'2) {o/m"2/s) {-) ()
40 1 15-July] 9:00 10:00 142.97 0.074 0.67 1. 01
41 10:00 1 11:00 192. 38 0, 061 0.33 1.01
42 11:00 ] 12:00 162. 45 0.115 0.25 1.01
43 12:00 | 13:00 122,02 0. 096 0.29 1.01
44 13:00 | 14:00 77.02 - 0.33 -
45 14:00 | 15:00 123. 60 0172 0.43 I3
46 15:00 | 16:00 71.16 0.143 0.37 1.01
47 16:00 | 17:00 16. 22 0. 141 0.28 1.01
48 17:00 7 18:00 1.7 0.116 0.28 1. 01
49 18:00 § 19:00 -31. ¢4 0.073 0.18 1. 01
50 19:00 | 20:00 -55. 28 0,037 0.03 1,00
51 20000 | 21:00 -76.99 0.003 0.00 1.00
52 21:00 1 22:00 -69, 33 -0. 007 -0.09 1,00
53 22:00 | 23:00 -68, 03 -0.010 -0.18 1.00
54 23:00 0:00 -58.04 -0.023 -0. 51 0.99
55 | 16~July] 0:00 1:00 -57.32 -0. 020 ~0.42 0.99
56 1:00 2:00 54,97 -0, 007 1. 08 1,02
57 2:00 3:00 -56. 24 -0. 005 1.46 1.03
58 3:00 4:00 -162. 56 0.013 1.79 0.91
59 4:00 5:00 -162. 91 0.012 209 0.88
60 5:00 6:00 -37.5] -0. 005 243 1.07
B 6:00 700 -30. 73 0,002 5. 05 0.43
62 7:00 8:00 -16.44 0.045 0.33 1.02
63 8:00 9:00 3298 0. 095 0.16 1. 01
64 9:00 10:00 70. 16 0.128 0.17 1.01
H: SENSIBLE HEAT FLUX L: LATENT HEAT FOR VAPORIZATION OF WATER 580(cal/g)

R: NET RADIATION FLUX
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CRL SITE (HUMIDITY)
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Fig. A—1 Relative humidities measured with aspirated radiation
shielded dry and wet thermometers.
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Fig. A—2 Absclute humidities measured with aspirated radiation
shielded dry and wet thermometers.
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IRMIDITY (g/m"3}
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Fig. A—3 Absolute humidities calculated from weights of water
collected in M.3. 4A columns.

CRL SITE (TEMPERATRUE}

TEMPERATURT (°C}

30 J .
ST | —®— 12 5¢m
? %M% —e— 5.0 | T
/ o 3. 0cm
.?/? | —— 58.0cn
& —o— 87.5
20 i a . ocm
-/(43# | ¢ =
F * i | —— 247.0cn 2
H S
X | A
15 \ /s”
10 '
- | i
| | |
0 i i
9:00  12:00  15:00  18:00  21:00  ©:00 3:00 6:00 9:00  12:00
07/15/92 07/16/52
TIME

Fig. A—4 Variations of air temperatures at different heights
with time.
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L 1

1 1 1

9:00 12:00 15:00 18:
07/15/92

00 21:

00 0:00  3:00 6:00
07/16/92

TIME

9:00 12:00

Fig. A—5 Variations of soil and pool water temperatures with time.
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Fig. A—6(b) Height profiles of absolute humidity measured with dry
and wel thermometers (15:30 July 15 to 19:30 July 15)
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Fig. A—6{c) Height profiles of absolute humidity measured with dry
and wet thermcmeters (20:30 July 15 4o 4:00 July 16)
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Fig. A—6(d) Height profiles of absolute humidity measured with dry
and wet thermometers (5:30 July 16 to 9:30 July 16)
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Fig. A—7(b) Air temperature height profiles (14:30 July 15 to 18:30 July 15)
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Fig. A—T(C) Air temperature height profiles (19:30 July 15 to 23:30 July 15)
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Fig. A—Td Air temperature height profiles (0:30 July 16 to 4:30 July 16)

CRL SITE (TEMPERATURE)

T T TT]
—e— 7/16 5:30
2% ——o— /16 6:30 |
| —— 7/16 7:30
N
% ——1/16 8:30 ||
o ] ——— 7/16 9:30
& o
=15
&
= — - .
10
=,
= b ——
5 =
0
10 100 1000
HEIGHT {em)

Fig. A—7(e) Air temperature height profiles (5:30 July 16 to 9:30 July 16)
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Fig. A—8 Variations of solar radiation, net radiation and soil heat flux
with time.
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Fig. A—9 Variation of wind speed with time at 2.8 m height.
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APPENDIX B Meteorological Data at the Pickering Site (Tables and Figures)

In Appendix B, tables and figures on the meteorological measurements at the
Pickering field are summarized. They are solar radiation and net-radiation
intensities*®, wind speed*, absolute and relative humidities®, dry and wet air
temperatures* at five different heights, temperature of soil, soil heat fluxes at
the ground surface and 3 cm underground® , evapo-transpiration rate*, Boen ratio
and energy balance. The superseript® attached indicates that the corresponding

values are averaged over 60 minutes. ’
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Table B-1

Table B-2

Table B-3
Table B-Y4

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig

Fig.
Fig.
B-T{c)

Fig

Fig.
Fig.
Fig.
Fig.

Fig.

B-1

B-2

B-4
B-5
B-6(a)

B-6(b)

.B-6(c)

B-T{a)
B-7(b}

B-7(d)
B-7(e)
B-7(f)
3-8

B-9
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List of Tables and Figures in Appendix B (Pickering site data)

Absolute and relative humidities measured with aspirated radiation
shielded dry and wet thermometers.

Solar radiation, net radiation, soil heat flux at 3 cm underground and
soil temperatures, and wind speed.

Dry and wet temperatures at different neights.

Soil heat flux at ground surface, evapo-transpiration rate, Boen ratio

and energy balance.

Relative humidities measured with aspirated radiation shielded dry
and wet thermometers.

Absolute humidities measured with aspirated radiation shielded dry
and wet thermoneters.

Absolute humidities calculated from weights of water collected in M.5.
4A columns.

Variations of air temperatures at different heights with time.
Variations of soil temperature with time.

Height profiles of absolute humidity measured with dry and wet
thermometers (9:30 July 21 to 17:30 July 21)

Height profiles of absolute humidity measured with dry and wet
thermometers (19:30 July 21 to 4:00 July 22)

Height profiles of absolute humidity measured with dry and wet
thermometers (6:00 July 22 to 11:30 July 22)

Air temperature height profiles (8:30 July 21 te 12:30 July 21)
Air temperature height profiles (13:30 July 21 to 17:30 July 21)
Air temperature height profiles (18:30 July 21 to 22:30 July 21)
Air temperature height profiles (23:30 July 21 to 3:3C July 22)
Air temperature height profiles (4:30 July 22 to 8:30 July 22)

Air temperature height profiles (9:30 July 22 to 10:30 July 22)
Variations of solar radiation, net radiation and soil heat flux with
time.

Variation of wind speed with time at 2.8 m height.
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PICKERING EXPERIMENTAL SITE

JARRI-M 94060

Table B—4 Soil heat flux at ground surface, evapo-transpiration rate,
Boen ratio and energy balance.

SOIL HEAT FLUX | EVAPO-TRANSPIRATION| BOEN RATIO

NO DATE START SIoP at SURFACE, G(0) RATE, E H/LE (H+LE+G(0)I/R
(Wn'2) (a/m 2/s) (-) )
g | 21-July] 8:00 9:00 3617 0.040 0.8 100
10 8:00 10:00 51.94 0.054 CLO3 1.00
11 10:00 | 11200 70,12 0. 084 1.02 1.00
12 11200 | 12:60 74,64 0.103 0.90 100
13 12:00 | 13:00 40, 46 0.070 0.77 1.00
4 13:00 | 14:00 40,18 .07 0.7 1.00
15 14:00 | 15000 47.22 0.119 0.82 1.00
16 15:00 | 16:00 40.72 0. 101 0.69 1.00
17 16:00 | 17:00 12.98 0. 060 0.54 1,00
18 17:00 | 18:00 5.93 0. 050 0.49 1.00
18 18:00 | 19:00 -12.96 0.052 0.46 1.00
.20 19:00 | 20°00 -19.82 0.016 0.23 1.00
21 20000 | 21:00 -36. 17 -0.131 -0.91 0.6
2 21:00 | 22:00 -42. 45 0. 004 -4.04 1.01
23 22:00 | 23:00 -28.62 0,003 -6.68 1.02
24 23:00 0:00 -37.80 0. 001 -13.30 1.04
25 { 2-July] 0:00 1:00 -32.06 0.014 -2.08 1.02
26 1:00 2:00 -35. &t 0.02% -1.67 1,02
21 2:00 3:00 -36. 81 0. 003 -7.03 1.02
28 3:00 4:00 -39. 60 -0. 002 39 1.00
9 4:00 5:00 -39.73 -0. 001 4,27 1,00
30 5:00 | . 6:00 -34.52 -0.003 220 .00
31 6:00 7:00 -26.52 -C. 001 23 1.00
32 700 8:00 -3.38 0,016 0.66 1.00
3 8:00 8:00 23.83 0.036 0.69 1,00
34 §:00 10:00 44. 83 0.068 0.68 1.00
b 10:00 | 11:00 71.09 0.088 0.73 1.00
36 17:00 | 12:00 90. 18 0, 100 0.%4 1.00

H: SENSIBLE HEAT FLUX

L: LATENT HEAT FOR VAPORIZATION
OF WATER 580(cai/¢)

R: NET RADIATION FLUX
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Fig. B—1 Relative humidities measured with aspirated radiation
shielded dry and wet thermometers.
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Fig. B—2 Absolute humidities measured with aspirated radiation
shielded dry and wet thermometers.
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Fig. B—3 Absolute humidities calculated from weights of water
collected in M.S. 4A columns.
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Fig. B—4 Variations of air temperatures at different heights
with time.
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PIKERING SITE (SOIL TEMPERATURE)
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Fig. B—5 Variations of soil temperature with time.
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Fig. B—6(a) Height profiles of absolute humidity measured with dry
and wet thermometers (8:30 July 21 to 17:30 July 21)
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Fig. B—6(b) Height profiles of absolute humidity measured with dry
and wet thermometers (19:30 July 21 to 4:00 July 22)
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Fig. B—6ic) Height profiles of absolute humidity measured with dry

.786,_

and wet thermometers (6:00 July 22 to 11:30 July 22)
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Fig. B—7(a) Air temperature height profiles (8:30 July 21 to 12:30 July 21)
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Fig. B—7(b) Air temperature height profiles (13:30 July 21 to 17:30 July 21)
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Fig. B—7(¢) Air temperature height profiles (18:30 July 21 to 22:30 July 21)
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Fig. B—7(e} Air temperature height profiles (4:30 July 22 to 8:30 July 22)
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APPENDIX C Details of the Experimental Sites

Characteristics of the experimental sites were investigated by the Canadian teams.
This detailed description of the experimental sites was quoted from the Canadian

report on the present field study (Davis, Amiro, Workman and Corbett, 19931 )

1. CRL experimental site

The CRL site is contaminated from belew by tritium migrated through an extensive
sand agquifer from a liguid dispersal area {LDA). The LDA has been in operation for
35 years, and the tritium has been carried with surface water and groundwater to
Perch Lake, a small, shallow lake about 750 m away (Fig.3-2). The tritium forms a
well defined underground plume that is narrow near the source, but broadens to a
width of about 1000 m at Perch Lake. The plume has been intensively studied over a
period of 30 years {(Parsons, 196327; Merritt, 1969%) ; Barry and Entwistle, 1975%
: Killey, 1983%)). The total inventory of subsurface tritium has been estimated at
370 TBgq. In 1991, concentraticns on the plume centerline 1 m below the surface
ranged from a few hundred Bg/ml near the source to less than 100 Bq/ml near Pearch

Lake.

The land is high, well-drained and treed near the LDA, but became lower, flatter and
wetter toward Perch Lake. The forest gives way to a wetland within about 100 m of
the lake, with shallow open pocls and channels of water interspersed with hummocks
of spongy soil and low vegetation. Principal species in the wetland include speckled
alder (Alnus rugosa), common cattail (Typha latifolia) and meadowfern (Myrica gale),
each of which covers about 20 % of the vegetated area. Sweet fern (Myrica
asplenifolia) and black alder (Ilex verticiliata) each cover a further 10 %, and
grasses of various species account for 5 ¢ . The remaining area is covered by a
number of herbaceous species, including leatherleaf (Chamaedaphne), honeysuckle
(Lonicera sp.)}, bugleweed (lycopus sp.), arrcwhead {Sagittaria sp.), goldenrod
(Solidago sp.) and labrador tea (Ledum groenlandicum). The general canopy height is
about 1 m, with the alder shrubs reaching over 2 m. Based on wind profile
measurements, the roughness length and displacement height at the site are 0.11 m

and 0.1 m, respectively (Amiro and Coerbett, 19593%7 ).

A narrow rcadway runs between the wetland and Perch Lake. The experimental
instrumentations of AECL and JAERI were set on the roadway at the southern edge of

the wetland {Fig.3-2) and measurements were made for any wind with a northerly



JALRI M 94--06h

component. The fetch over the wetland is heterogeneous. The area of water and
vegetation are randomly placed, and the fraction of the area covered by water
decreases from about 0.5 at the southern margin to zero at the edge of the forested
area 100 m to the north. The gradient in the triritum groundwater concentration is
fairly week below the wetland, with changes of less than a factor of two over 100 m
or more. Monthly averaged HTC-in-air concentrations north of the wetland are
typically a few hundred Bq/m* in summer (Workman, Davis, Wood and Barry, 19937 ).
Concentrations decrease markedly away from the ground, indicating that HTC is being

lost from the surface to the atmosphere.

2. Pickering experimental site

The Pickering experimental site lccates 1 Xm to the ncrtheast of the Pickering
Nuclear Generating Station (Fig.l-1). Vegetation and soil in the field are
contaminated by HTC depcsited from the air as a results of routine emissions from
the reactors. HTO concentrations in air are about 65 Bq/m? when the wind blows the

reactor plume across the field, and 1-10 Bg/m® when the plume is not present (Neil,

19328 ).

A low ridge lies between the reactor and the experimental site, and the field slcpes
very gradually away from the reactor. The field is bounded to the south by a public
road, beyond which rises a substantial hill. To the south of the hill lies an
industrial area and then, at a distance of about 800 m, Lake Ontario. The
experimental instrumentations of AECL and JAERI were set on the south side of the
field (Fig.4-2) and measurements were made with windows from the northwest through
northeast. Winds from these directions carry the reactor plume away from the field,
and reach the field undisturbed by the hill or by Lake Ontario. The field upwind of
the measurement location was roughly uniform for about 60 m, at which point the
grassland was interrupted by & narrow band of trees oriented east-west. HTO

concentrations in soil and vegetation on the field showed little systematic spatial

variation.

Scil properties show some variation across the field, but the soil can be generally
characterized as a neufral loam or clay lcam. The sand fraction varies between about
20 and 50 4, the silt between 30 and 40 %, and the clay between 20 and 40 %. The
organic content is about 5-6 4, and the soil is reasonable well-drained except in
the southeast corner. The vegetation is dominated by grasses and legumes about L0 cm

high, with some herbaceous specles and a few trees and shrubs. The roughness length
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for the site is 0.025 m, and the displacement height 0.05 m (Amiro and Corbett,
1993¢) ). Fach area had an extensive thatch of dead grasses, which was not included

in the biomass sampling.
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