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VOLATILIZED TRITIATED WATER VAPOR IN THE VICINITY
OF EXPOSED TRITIUM CONTAMINATED GROUNDWATER

Dave Dunn Bill Carlton Chuck Hunter Tom McAdams

Westinghouse Savannah River Company
P. O. Box 616 Aiken, South Carolina 29803

(803) 725-1166 (803) 725-3280 (803) 725-2953 (803) 644-6762

The old F-Area effluent stream was filled and

rerouted to the West in 1981 during a planned

ABSTRACT upgrade to the F-Area effluent runoff system. During
a recent site characterization study, outcroppings of

Water vapor tritium concentrations in air tritium contaminated groundwater were discovered in
above a known source of tritiated water can be the vicinity of the old F-Area effluent stream. The
estimated. Estimates should account for the concentration of volatilized tritiated water vapor in

mechanisms of evaporation and condensation at the air was modeled (Hunter 1993). The model assumed
water surface and water species exchange, and are a shallow quiescent layer of vapor saturated air

typically applicable under a broad range of wind, immediately above the tritium contaminated
temperature and humidity conditions. An estimate of groundwater. The model inputs were the SRS
volatilized tritium water vapor was made for a known average daily temperature, the concentration of
outcropping of tritium contaminated groundwater at tritium in the groundwater outcropping and the known
the Savannah River Site (SRS) old F-Area effluent tritium transfer coefficient to estimate a tritiated water

stream. In order to validate this estimate and the vapor evaporation rate of 3 x 10"13 Ci/sec/cm 2.
associated dose calculation, sampling equipment was Using a simple box model and assuming an average
fabricated, tested, and installed at the effluent stream, wind speed of 0.5 meter per second, the estimated
The estimate and the dose calculation were confirmed atmospheric tritiated water vapor was 3 x 10 -9 Ci/m 3

using data from samples collected, above a small stagnant pool. In order to give SRS
Waste Management and Environmental Restoration
(WM&ER) personnel a more direct assessment of

INTRODUCTION ambient air tritium water vapor concentrations, the
Savannah River Technology Center (SRTC)

Evaluation of the tritium water vapor Environmental Technology Section (ETS) designed
concentration in the vicinity of a known source of and deployed high volume air sampling devices. The
tritiated water is important. On the basis of air data collected was used to validate the original
concentrations, one can estimate the dose to estimate of volatilized tritium water vapor

individuals exposed to the airborne tritium water " concentrations.
vapor. Tritium is released to air as vapor by the
processes of evaporation and water species exchange.
Under very dry conditions (relative humidity <5%), METHOD :_
the dominant mechanism for tritium release is

evaporation. Under very humid conditions, tritium is The sampler design used the basic structure of
released to air mostly by the mechanism of water Ostlund and Mason (Ostlund and Mason i974).

species exchange. Atmospheric air was drawn through a drying canister

by means of a mechanical pump. All atmospheric
samples, regardless of duration, were 1.5 m-_samples.
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This sample size provided adequate water vapor for blanks were analyzed with each suite of samples to
ease of desorption and subsequent analysis. Humidity verify calibrations and backgrounds.

(H20 and HTO) was removed effectively by 350 cc
of previously dried commercial sieve, Davison type
4A. The samplers were equipped with electronics to RESULTS
monitor date, time, average flow rate, total flow, and
battery voltage. Since the samplers were in remote Sampler siting locations were identified by
locations, power was provided by means of a single WM&ER personnel. The sites were marked near
12 V battery. Two samplers with sampling times of obvious groundwater outcroppings in the swampy

eight hours and 24 hours respectively were at each area surrounding the old F-Area effluent stream.
sampling location. The drying canisters were Eighty- six atmospheric samples were collected. The

changed daily, monitored period was 06 December through 30

December, 1993. The e_ght hour concentration range
After exposure to the sampled air stream, the was 1475 - 7113 pCi/m . The twenty-lbur hour

drying canisters were returned to the laboratory and concentration range was 1605 - 4906 pCi/m 3. In
the exposed sieve material was unloaded into clean, order to establish a background atmospheric tritium
dry sample specific glass vessels. These vessels content, two samplers were installed at a nearby site
containing sieve material with physically adsorbed not influenced by the old F-Area effluent stream. The

samples were transferred to a furnace, connected to a average tritium background eight hour air
vacuum manifold and evacuated to 500 microns. The concentration was 225 + 215 pCi/m 3.

furnace temperature was raised slowly from an initial
300 °C to 500 °C and held constant there for 24 Groundwater samples were collected at a

hours. The entrained water slowly desorbed. After single location and were analyzed directly after liquid
several hours at 500 °C, three grams of tritium free scintillation preparation. The average concentration
water was introduced into the vessels to aid for tritium concentration in the groundwater at the old

desorption of the original sample. Freeze traps, F-Area effluent stream during the monitored period
immersed in an ethylene glycol solution and was 43 !59 + 5111 pCi/mL.
maintained at -40 °C or colder, were downstream of

the furnace. The desorbed sample water and the Background atmospheric water vapor samples
additional three grams of expurgating water were for eight hour and twenty-four hour periods were

crystallized onto the cold surface of a connected trap. collected. Volatilized tritium water vapor
After 24 hours, the freeze traps were removed, concentrations near the old F-Area effluent stream

capped, and allowed to warm to room temperature, were generally one order of magnitude greater than
Recovered sample water weights were then carefully background tritium water vapor concentrations.
recorded and the trap contents transferred to sample
vials.

DOSE CALCULATION

Groundwater samples were collected by
dipping a plastic bottle below the surface of the The calculation of dose from air
standing water at the sampling location. Gloves were concentrations of tritium is rather straightforward
used in order to minimize skin exposure, using the DOE prescribed dose factor (DOE 1988)

for tritium, 6.3 x 10-5 rem/_Ci intake. The breathing

A three gram aliquot of each sample was rate of an active individual has been determined to be
diluted into a scintillation vial containing liquid 11 m3 in an 8 h period (Huang and Marter 1983). In
scintillation cocktail mix. The tritium concentration addition, the intake from absorption through the skin

was measured by counting the aliquot in a Tri-Carb® is assumed to be 50% of the intake from inhalation.
2000 CA/LL liquid scintillation analyzer. The

analyzer was calibrated with NIST traceable
standards. Appropriate calibration standards and
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The dose for 8 hours of work is: The 3 x 10 -9 Ci/m 3 estimate by Hunter

comP3ares very favorably with the average 4 x 10 -9
Dose = (Ca Ci/m3)(11 m3)(1.5) Ci/m concentration found in samples collected at the

(6.3 X 10-5 rem/_Ci intake) old F-Area effluent stream.

( 106 l.tCi/Ci)( 103 mrem/rem) or
The current SRS administrative limit is i00

Dose = 1.04 x 106 Ca mrem, mrem/yr for non-radiation workers. Even if 250
shifts were worked by the same person at the effluent

where Ca is the concentration of tritium in air stream, the dose would still be less than 1.1 mrem.
in Ci/m 3. This calculation further assumes that the By comparison, each of us receives about 1 mrem
skin of the worker does not come in contact with each day from natural background radiation.

water.

The average concentrations during the ACKNOWLEDGMENT

monitored period were 4418 pCi/m 3 in air for the 8 h
collection time, 225 pCi/m 3 in air for a background The information contained in this document
sampler, and 43,159 pCi/mL for the seepline water, was developed during the course of work done under
The background measurement allowed the subtraction Contract No. DE-AC09-89SR 18035 with the U.S.
of tritium from SRS operations that are unrelated to Department of Energy.
tritium from the seepline.

The average 8 h dose for a worker is: REFERENCES

(1.04 x 106 mrem-m3/Ci) Hunter, C. H.; "Preliminary Air Pathway Risk

(4418 pCi/m 3 - 225 pCi/m3)(l 0"12 Ci/pCi) = Estimates for F-Area Effluent Stream Workers",
0.0044 mrem. SRT-ETS-930427, September 27, 1993.

The relationship between 8 h dose to the Ostlund, H. G.; Mason, A. S.; "Atmospheric HT and
worker and tritium concentration in the seepline water HTO," Tellus XXVI, 91-101, (1974).
is:

Department of Energy, Internal Dose Conversion

Dose = (1.04 x 106 mrem-m3/Ci)(10 -12 Ci/pCi) Factors for Calculation of Dose to the Public. Report

(Cw pCi/mL)(4193 pCi/m 3) / (43159 pCi/mL) No. DOE/EH-0071, July, 1988.
or

Dose = 1.01 x 10-7 Cw mrem Huang, J.C.; Matter, W.L. Recommended Breathing
Rates for SAR Accident Dose Calculations. Report

where Cw is the seepline water tritium No. DPST-83-930, E.I. DuPont de Nemours and Co.,
concentration in pCi/mL. Aiken, SC. December 27, 1983.

CONCLUSION

The seepline, tritium concentration, dose
equation is valid only for the meteorological and
seepage conditions which existed during the time of
the study. It may not be accurate for other conditions
but could be used as a first approximation of worker
dose.
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