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ABSTRACT

As fate detezrdnation of specific radionuclides in
natural gas stimulated by underground engineering appZi-
catioll i being examined. An experimentdit program, now
in i# initial stages, is uing gas artificially abeled
with kypton-85 and ttium under simulated domestic
situations. The folZok�ing topics ae being investigated
in this stuciy:

Z. The concentration of the radionudtidse in a
gas-heated home.

2. The build-up of contamination on ippliances
in the kitchen environment.

S. The concentration in foods as a function of
radionuclide, food type and preparation.

4. The maximum exposure plausible under pecified
conditions.

INTRODUCTION

Since Its beginning, the Plowshare program has moved steadi ly
forward from the initial cratering concepts for canals, mountain passes,
harbors and dams to underground engineering application concepts such
ag economical methods for enhancing the recoval-y of petroleum, minerals
and gas. It Is in this latter category, i a. uderground engineering
ppllcatlohs, that we have addressed this study. More specifically, we

:re director our initial research program at ivestigating certain
parameters of natural gas from the Gasbuggy cavity. Gas field appli-
cations are being considered first because of their advanced status
relative +0 petroleum products and minerals, proximity of users to
the product, and the relatively short time from production to user.

Project Gasbuggy, conducted jointly by the U. S. Atomic Energy
Commission, the El Paso Natural Gas Company, and +he U. S. Bureau of
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Mines was a nominal 26-kiloton nuclear explosive detonated on
December 10, 1967, some 4200 feet below the floor of the San Juan
Basin in New Mexico. In addition to objectives of determining produc-
t ion enhancement and de ve lop i ng pre di cti on cap abi I Ty and techni ca I
engineering knowledge, an additional goal of the experiment was the
determination of the gas quality with respect to radioactivity. It
should be noted that Project Gasbuggy was an experiment and gas from
the stimulated and surrounding wells is not being distributed to any
consumer.

A fission device would be expected to yield such particulate con-
taminants as cesium-137 and strontium-89, but the majority of such
part i cu I ates wou Id sett I e out or be f I terab I e before use of the gas in
any commercial or domestic application. Gas cleaners are usually
required in a production plant to remove dust and solids in the lines.
Fi I ters , I quid bath scrub be rs and dry cyc I one scrub be rs are types
normally used and can have efficiencies for particulate material
upwards of 99%. Many field production systems also use gas and liquid
separators which collect liquid droplets from the stream .1

In addition, certain gaseous contaminants would probably be
present. Some of the major gaseous isotopes resulting from a fission
event are iodi ne- i 31 xenon - 33 and krypton -85. All but krypton-85
have short half-lives, i.e., eight days or less, and could be allowed
to decay prior to use of the gas. Krypton-85, with its 10.3-year half-
life, can be expected to be produced at about 20 Ci/kt for a typical
fission explosive.2 The activation product, carbon-14 (5,568-year
half-life), may also be produced in certain applications in sufficient
quantities to warrant consideration.

A fusion device could yield tritium (12.3-year half-life) up to
amounts of about 5 x 104 Ci/kt.3 Concentrations in Gasbuggy gas from
I to 7 months post-event remained at about 17 WCi/ft3 normal temperature
and pressure (NTP) for tritium, and 28 Ci/ft3 NTP for krypton-85.4

OBJECTIVES

The research project recently initiated at the Southwestern
Radiological Health Laboratory is directed at determining the ulti-
mate fate of those radionuclides in gas which, because of their half-
life and concentration, could be of concern, e.g., tritium, krypton-85
and perhaps carbon-14. The two major objectives of this study are:

1. To develop human exposure and/or dose estimates from
experimental data such as:

a. Concentration of radionuclides in various
foods prepared under realistic conditions on
or in a gas range.
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b. Concentration of radionuclides in a home where
unvented gas appliances such as space heaters,
dryers, water heaters, refrigerators and
ranges are used.

c. Buildup of the contamination on appliances
and home surfaces in the vicinity of the com-
bustion equipment.

2. To suggest values for radiation concentration guides
for specific radionuclides in gas (RCG)G for commercial
and domestic use.

CALCULATIONS

There are several calculations which may be performed to yield
a suggested (RCG)G for tritium in natural gas. Some of them, partic-
ularly those which rely on consumer habits and habitat, are fraught
with assumptions. Variations in assumptions for the number, design
and use of the different domestic as appliances and in dilution
volume and ventilation rates for a home can induce a wide range in
derived (RCG)G values.

In this report the term specific tritium activity is defined as
the tritium concentration per gram of protium uCi/g hydrogen). Two
calculations are presented which extend the calculation to a theoreti-
cal limit because of the assumption of maximizing the specific tritium
activity in man and his food water. They are used to highlight areas
where experimental measurements are essential. The calculations are
performed first for a continuous occupational exposure situation and
then the (RCG)G for the general population is discussed.

The first of these calculations considers only ingestion of
tritium via water in foods and beverages prepared on or in a gas
range The maximum permissible concentration of tritium in water
(MPC)w for continuous occupational exposure as accepted by the Inter-
national Commission for Radiological Protection (ICRP) and the National
Committee on Radiation Protection (NCRP) is 003 wCi/cm3.5,6 The ICRP
report also cites 2200 m3/day7 as the water intake through food and
fluids for a standard man. The standard man could then continuously
ingest 003 jjCi/cm3 x 2200 m3/day or 66 iCi/day as tritium oxide
(HTO) in his food and water. However, only that portion of his food
which is cooked is assumed to contain tritium, and at concentrations
dependent on its water content.

The standard man's water intake is assumed to be distributed
between three classes of food:

1. Meat, fish and poultry (m, f, p)
2. Beverages (b)
3. Vegetables (v)
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A sampling of 31 vegetables and 36 various "main course items,"
i.e., meat, fish or poultry, from a SDA8 listing shows that the average
water content for the cooked vegetables is about 88% and for the cooked
meats, poultry and fish about 51%. The per capita diet in the United
States for 19679 shows that the average daily individual consumption
is approximately 270 grams of meats, fish and poultry, all
of which are assumed to be cooked for the purpose of this calculation.
In addition, 404 grams of vegetables are eaten daily of which 80 is
assumed to be cooked. Coffee, tea and cocoa in the powder form are
about 32% water and average about 98% water content as beverages. The
18.8 grams of powder consumed daily is equivalent to 18.2 grams dry
or 910 grams as beverages.

If a tritium intake of 66 wC1/day from cooked food water is
permissible then the acceptable concentration in food water is:

(MPC)w (0.03 2C") Total H20 intake 2200 g) = 05 ll
9 H20 intake from cooked foods 1312 g) 9

For a particular class of food the projected intake rate would be:

0.05 PCi/ x fraction by weight of H20 consumption (g/day = Ci/day

The tritium can be distributed over that portion of the diet
assumed to be cooked in the following manner:

0.05 uCi/g x 0.51 (water content) x 270 g (mfp/day = 693 i/day
0.05 uCi/g x 0.88 (water content) x 323 g (v/day) = 14.26 uCi/day
0.05 pCi/g x 098 (water content) x 910 g (lb/day) = 44.81 i/da

Total 66.00 vCI/day

The specific tritium activity in a given food will depend on the
amount of tritium that is exchanged with protium in the food solid and
water. The maximum value would be obtained in the hypothetical case
of assuming that all of the hydrogen is exchangeable and allowing the
exchange to equilibrate. In this first calculation we assume that
only hydrogen in the water fraction exchanges and that there is no
tritium enrichment factor introduced by a concentration mechanism in
the food.

For the combustion reaction:

CH4 + 202 - C02 21-120

the tritium in the gas is expected to be cpletely converted to HTO.
The combustion of each standard cubic food (scf) of CH4 07168 g/1)
yields 45.7 of H20. The tritium concentration in the gas necessary
to yield the (MPC)w value in body water under the foregoing assumptions
would be:
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45.7 H20 x 0.05 Vi = 2.28 uCi/scf CH4
scf CH4 g H20

The second calculation, based on maximizing the specific tritium
activity in man, is broader i scope but only slightly more restrictive.
The major assumption is that the specific tritium activity in any
human exposed to the gas combustion products could not, in the absence
of any enrichment mechanism, exceed the specific activity in the gas.
This is true for infinite inhalation, ingestion and absorption insult.

Hydrogen accounts for about 10% by weight of the human body, and
the limiting specific activity can be calculated from the maximum per-
missible body burden for occupational exposure, i.e., 103 uCi. For a
70 kg man this amounts to 014 pCi/g of hydrogen. Since a standard
cubic food of CH4 weighs 20.3 grams of which 5.08 grams are hydrogen,
the theoretical limiting concentration is:

0.14 pCi/g x 5.08 g of H/scf of gas = 071 viCi/scf of gas

Since a large fraction of a population could be exposed to radio-
nuclides by extensive application of gas field stimulation programs, the
general population genetic dose guide of rem/30 years or 017 rem/year
is applicable.10 This guide is 130 of the occupational guide of 
rem/year. The values in the gas from the two calculations become:

(RCG)G (based on limiting Sp3H activity in food water)
1/30 228 IO 6 pCi/scf = 76 x 104 pCi/scf CHO

and

(RCG)G (based on limiting Sp3H activity in body protium)
1/30 071 x 106 pCi/scf = 24 x 104 pC!/scf (CH4)

If we had applied (a) the correction factor of 0.1 recommended
by the NCRPII and in Title 10, Code of Federal Regulations, Part 2012
for permissible levels of radiation in unrestricted areas and (b a
correction factor of 13 suggested in the Code of Federal Regulations
for time averaging of suitable samples of the population, then the
same guide of 130 would be applicable.

The foregoing calculations are, like other RCG calculations,
inherently limited because of assuming there is no additional internal
or external dose contribution from other radionuclides. Neither of
the two values is presented to suggest a maximum permissible concen-
tration of tritium in gas but rather to suggest a point of departure
for the calcultion of realistic values. The values calculated are
very conservative because they are based on the worst possible condition,
that of the specific tritium activity in man or his diet attaining the
same value as that in the gas. Although these values would give
assurance that individuals in the population would not receive radiation
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doses from tritium in ecess of appropriate limits, they may lead to
unreasonable limitations in the development of nuclear energy tli-
zati on.

STUDY DESIGN

The studies at the Southwestern Radiological Health Laboratory
are designed to yield experimental data which can be used as input for
re a I I ti c ( RCG )G va I ues for each of the radi on uc I ides of concern.
The phi losophical considerations in setting a reduction facto, for
use of the gas by the general public are beyond the scope of this
study 

The experimental program recently has commenced with the setting
up of a small 2,000-cubic foot laboratory which contains six fume hoods,
each having an exhaust capacity of about 1,000 cubic feet-per-minute.
A conventional domestic gas range has been installed with a metered
inlet manifolded to allow for either contaminated or clean gas to
enter the combustion chambers. The gas pressure and flow rate are
recorded throughout an experiment. The range burners themselves are
equipped with electronic ignition to eliminate problems associated with
a pilot light.

Commercially available technical grade CH4 which contains
5 pCi/scf tritium in one case and 5 I Ci /scf krypton-85 in the other,
was procured for the initial phases of the study. The origi nal plans
to use gas from the Gasbuggy cavity had to be altered for a number of
reasons. Although pre-shot methane levels were in excess of 85% in
samples one to seven months post-shot methane accounted for only 37 to
44% of the total gas in the cavity. Carbon dioxide levels, originally
less than 1% were then about 36%.4 Finally some post-shot gas
samples contained up to about 0.18% Of 2S- 13 The gas would require
processing prior to being put to representative use. Plans to use the
cavity gas, after processing, are being considered for later in the
program.

The actual laboratory studies using a contaminated as have begun
and data will be forthcoming shortly.

1. Water heated In uncovered vessels in the oven and n
a top burner is being used to establish the range of
radioactive concentrations that may be encountered in
food cooked with contaminated methane. The time
required for the concentration to equilibrate can be
measured simultaneously.

2. Foods which represent constituents in man's diet are
being prepared under both typical and extreme con-
ditions to evaluate contamination mechanisms.
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3 Cryogen i c s ample rs and I i qu id bath scrubbers are
being used to measure air concentrations. High
efficiency filters collect that portion of the
contamination associated with particulates.
Some exploratory work wll have to be con-
ducted to optimize the collection efficiencies
for each of the radionuclides.

The preceeding calculations emphasized the requirement for data
on tritium-protium exchange coefficients, equilibrium conditions and
exchange rates. Air concentration measurements for carbon-14,
krypton-85 and tritium upon contaminated methane combustion are also
considered essential input to (RCG)G evaluations. We hope that in
conducting some of these measurements the magnitude of the potential
exposure will be established and a comprehensive calculation of the
(MPC)G can be undertaken.

Our preoccupation with tritium in this presentation is not
meant to imply an estimate of the relative importance of the radio-
nuclides considered. Depending on the design and environment of the
nuclear device, tritium or some other radionucl ide could be the
limiting nuclide.
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QUESTIONS FOR DAVID N. McNELIS

1. From C. E. Nelson:

How and when does tritium migrate from gas to food? During cooking?
During the cooling phase in the room after cooking has stopped? Both?

ANSWER:

We do not have any experimental data to present at this time. How-
ever, I would think that both in varying amounts would be appropriate.

2. From Walt Kozlowski:

You stated that one of the goals of Gasbuggy was the determination of
the gas quality with respect to radioactivity. You then set about
determining acceptable radioactive levels. What cost factor would
be required to process Gasbuggy gas to meet these levels? And is so
much processing required that Gasbuggy type developments are not feasi-
ble?

ANSWER:

Of course Gasbuggy was an experiment, and the gas from it is not in-
tended for consumer use. As far as this pertains to other stimulation
events, I think that this question would be more appropriately put to
other agencies.
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