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ABSTRACT

Experience at the low-level radioactive waste burial site at West Valley, New York, indicates that the NRC,
in its proposed regulation 10CFR61, has incompletely evaluated the major exposure pathways at this wet site -
and perhaps for all other sites, whether in a wet or dry environment. Offsite exposures at West Valley via the
surface-water and groundwater pathways are so slight as to be virtually unmeasurable. Radioactive gases emanat-
ing from the burial trenches, on the other hand, may exceed, not only the 25-mrem annual limit of 10CFR61, but
the 500-mrem annual 1imit of 10CFR20. Tritium, 222Rn, 14C, and 85Ky are the principal contributors to offsite
and onsite exposures at this site.

The West Valley data indicate that to minimize exposures, wastes should perhaps be segregated beyond the
requirements of 10CFR61, or greater use should be made of incineration of biodegradable wastes.

Extension of these findings to other sites seems reasonable, but no studies of similar scope have been per-
formed at any other site. Even the work at West Valley is as yet incomplete. However, laboratory studies of
trench-water composition performed at Brookhaven National Laboratory and analysis of a few trench-gas samples
collected at the Sheffield, I11inois, burial site indicate that operators at all wet sites in the United States
must be concerned with the gaseous pathway. For arid sites the NRC acknowledges that gas respiration is likely
to be the most significant dose pathway.

INTRODUCTION stitute showed that the trenches are chemically simi-
lar to sanitary landfills.12 As with a sanitary land-
Burial sites for low-level radioactive wastes fi11, the large biomass buried in the trenches under-
were once expected to completely retain these contam- goes aerobic and anaerobic biodegradation to produce
inants. However, total isolation is simply not possi-  water-soluble and -insoluble products and gases, such
ble even in the short term so small amounts of the as €0y, CHy, Hy0, and other hydrocarbons.® At West
buried radionuclides have been mobilized via surface- Valley the pre%ominant modes for waste mobilization
water and groundwater, resulting in public and regula- appear to be leaching, erosion, and gas generation,
tory concern about the adequacy of present burial while the common transport pathways are surface-water
practices. Reflecting this concern, regulators of runoff and atmospheric diffusion. Venting of radioac-
sites used for shallow-land burial of radioactive tive gases through the trench cover and dispersion in-
wastes have concentrated in recent years on controlt to the atmosphere is the transport and dose pathway
ling the risks of potential migration of radioactivity  likely to exceed the Timits in 10CFR61, while leachate
via the groundwater pathway. It appears that in en- in groundwater or surface water has _been shown to be
forcement of its newly proposed regulation, 10CRF61, inconsequential as a dose pathway.!3 Eroded waste
the U.S. Nuclear Regulatory Commission (NRC) will con-  could present a significant surface water pathway if
tinue to focus on groundwater as "the primary long- appropriate precautions are not taken to stabilize the
term pathway of release of radioactivity from near- trenches against this process.

surface disposa],"1s2 at least at wet sites.
Unfortunately the federal agencies which regulate

To reinforce this emphasis the NRC asserts - radioactive waste burial have made 1ittle use of the
without experimental support - that at wet sites "gas-  available data. The U.S. Environmental Protection
eous releases do not have a large impact and_can be Agency (EPA), an early cosponsor of studies at lest
reduced by assuring stable §ite.conditions." Yet the Valley, dismissed the first reports of gas respiration
NRC acknowledges that at arid sites gas ?nd/or vapor as inconsequential and terminated further work on this
may be the most significant dose pathway!s2; and at pathway. The NRC continued partial funding of the
one wet site the NRC assumption is demonstrably wrong. studies at West Valley but only for hydrologic and
Our radiochemical studies at the Tow-level waste bur- geologic work. Estimates of biogenic gas production
ial site in West Valley, New York, indicate that the rates were a_serendipitous result of Lu's work on the
predominant uncgntr011$g relegge paghway is respira- GASFLO mode110, which was intended primarily to evalu-
tion of gases (°HCH3, !“*CHg, S°Kr, Rn, and perhaps ate cap transmissivity as a measure of precipitation
HTO) from the waste trenches 3-9, whereas the surface- infiltration into the trenches. Robinson's work on
water_and groundwater pathways have little impact3s s the ADIFF model8 earned him a master's degree, but

s 1 1t t}me restriﬁtigns Timited his efforts to simulation of
. . . of microscale diffusion from a single trench. Despite
A study of the chemical and radiochemical charac-  these Timitations, we are able to gse the models tg

ter of the West Valley low-level trenches by our in-
AY
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obtain order-of-magnitude estimates of downwind con-
centrations of respired trench gas for comparison to
regulatory standards.

EXPERIMENTAL APPROACH

Experimental details have been published in the
several references cited here; for additional experi-
mental information see the references cited in a re-
cent review.13 This report will focus on the implica-
tions of concentration estimates reported in the works
referenced here.

Transport of trench gas through a fracture net-
work within the cover has been modeled.4s5 Rising and
falling atmospheric pressure acts as a pump to respire
air into or gas out of the trench voids over short
time periods, moving a few thousand cubic_meters of
gas into and out of each trench annua11y.5s6 However,
the net amount of waste-generated gases transported to
the atmosphere is governed by the biodegradation pro-
cesses in the trenches, which constantly produce a
slight net positive pressure against the atmosphere to
move as little as a few cubic meters annually from a
"young" trench to as much as a few hundred cubic me-
ters annually from an "old" trench.2>6

Atmospheric dispersion, both transport and diffu-
sion, of a radioactive gas can be described up to a
few meters above the trench-cap surface. The diffu-
sion equation has been solved as a microscale disper-
sion model to estimate the concentration of radioac-
tive gases in air over low-level waste trenches and to
distances of 50 to 100 m downwind.8

A conventional mesoscale diffusion model can be
used to estimate concentrations of radioactive gases
in air at greater distances from the trenches, but
this work remains to be completed. Adaptation of a
mesoscale model will require consideration of the fact
that outward gas respiration is associated with de-
creasing atmospheric pressure created by passage of a
Tow front. Since winds at West Valley usually flow
from the south as each low front moves in, transport
of respired gases tends to be dispersed to the north.

For the West Valley study measurements of gas
concentrations beneath trench caps!2 were used in the
GASFLO model to predict gas concentrations at the
fractured surface of the caps.4-6,8 Mixing intg sur-
face air was then projected via the ADIFF mode18 to
obtain radionuclide concentrations in air downwind
from a single trench to distances of 50 to 100 m.

The validity of the several model calculations.
have not been tested by concentration measurements in
surface air. The ADIFF calculations suffer particut
larly from our inability to continue the field studies
necessary to properly describe input data for the
model, so only upper and lower bounds can be set for
surface-air concentrations. Since the upper and lower
bounds differ a millionfold, their relevance to
10CFR61 and/or 10CFR20 1limits must be inferred as de-
scribed below.

DISCUSSION

Concentrations of Respired Gases

If we assume that the maximum concentrations de-
veloped from the ADIFF model apply, radioactive gases
emanating from the burial trenches may exceed, not
only the long-term annual 1imit of 25 mrem to the pub-
lic set by 10CFR61, but the 500-mrem annual Tlimit of
10CFR20 as well.l4 Tritium (as hydrogen, methane, and
hydrocarbons) would require 200,000-fold dilution to
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meet the 25-mrem Timit. Respiration of tritiated water
vapor would increase the concentration of tritium in
air and require a correspondingly greater dilution, but
transport of water vapor through the trench caps has

not yet been evaluated sufficiently for meaningful
calculation.

Although somewhat less dilution of 14c, 85kr, and
222Rn would be needed (20,000-, 30,000-, and 60,000~
fold respectively), other factors must be considered in
evaluating the long-term dose commitment. The Tong
physical half-Tife of 14C means that, unless biogenic
processes decrease significantly with time, respiration
of this radionuclide from the trench surface may con-
tinue to exceed 10CFR61 1imits long after site closure
and perhaps even past the period of institutional con-
trol. Since concentrations of 222Rn increase as a
function of trench age (measured as a function of time
since closure)? and since its 226Ra parent is long-
lived, emanation of this gas may place restrictions on
site operations, e.g., limits on the amount of 226Ra
accepted for burial or on the amount of biogenically
degradable material which may be included with radium.

If transport and mixing occur more nearly as ap-
proximated by the minimum values obtained with ADIFF8
all gases will meet 10CFR61 Timits (by approximately 5-
15-, 30-, and 50-fold respectively for tritium, 222Rn,
85kr, and 14C), although the margin by which the regu-
lated 1imit is achieved for tritium will be narrowed
somewhat by the contribution of tritiated water vapor.
However, the boundary conditions used to develop these
Towest concentrations do not appear representative of
actual conditions as observed from wind-tunnel tests.!?

If more representative values are used for the
ADIFF model parameters, how far will the upper-bound
concentrations be reduced? The most significant reduc-
tion is 1ikely to develop from recalculation of the
crack area relative to the total trench-surface area.
Such an assumption is obviously incorrect, but no
better assumption is available for insertion into the
model at this time, Actually the crack area varies
seasona]]ys, so a variety of field measurements are re-
quired to obtain satisfactory estimates of the crack
area presented to the atmosphere.

A more realistic estimate of gas concentrations
downwind can nevertheless be obtained. The crack area
can be roughly estimated from observations made during
studies at West Valley that opening and closing of the
sampling pipe on each trench altered the pressure dif-
ferential between the atmosphere and the gases trapped
beneath the cap.5:10 Thus the crack area and pipe area
must be similar if both are to affect the pressure dif-
ferential at about the same rate. Constriction in the
sampling pipes and in the perforations which open the
pipes to the gas beneath the caps will reduce the
cross-sectional pipe area to less than that observed at
the land surface, so the estimated areas must be con-
sidered very poorly defined. Pipes used for gas mea-
surements in the field varied from 50 to 400 cm in di-
ameter, The trench surface area varies from 1500 to
2100 m2, but here also constrictions beneath the caps
may reduce the cap area in contact with the sampling
pipes. Thus the ratio of crack area to trench area
might range from about 10-6 to 10-3, with a * 10-fold
error for each value.

Concentrations will not be reduced as severaly as
the ratios would indicate, however. Combining field
measurements with model calculations 4,13, we see that
the mass transfer (volume of gas vented) changes only
two- or threefold for a 100-fold change in the cap
transmissivity coefficient (which is in turn propor-
tional to the crack area in the Darcy flow calcula-




tion). Similar comparisons of mass flow to transmis-
sivity for values below those normally observed in
the field indicate only a 15-fold decrease in mass
flow for a 1000-fold decrease in the transmissivity
coefficient (crack area). Thus, the maximum concen-
trations obtained by Robinson using resistance-free
flow from the trenches appear to be reduced at most
about 15-fold when flow resistance is taken into ac-
count. .

Robinson assumedd that the cracks extend smoothly
and with uniform diameter throughout the cap (Darcy
flow assumption) in order to obtain surface concentra-
tion values by the GASFLO model, which are three times
the measured values at standard conditions. In fact,
the fractures are much wider at the surface of the
caps than at depth, and the trench gas which is com-
pressed in flowing through the orifice at the bottom
of the crack is likely to expand to the atmospheric
conditions by the time it reaches the cap surface.
While Robinson's assumption has 1ittle influence on
the mass-transfer calculations performed with GASFLO4,
it appears to overestimate by threefold the surface
concentrations.

Thus corrections for crack area, mass transfer,
and departure from Darcy behavior suggest that realis-
tic estimates of concentrations of radionuclides ven-
ted from a single trench would be in the range of 1 to
10% of the upper-bound values calculated by Robinson.
These corrected concentrations still exceed 10CFR61
Timits.

The chance of exceeding 10CFR61 and/or 10CFR20
limits is further enhanced if we consider that Robin-
son performed calculations only for air movement a-
cross a single trench. Air movement across a series
of trenches would markedly increase the air concentra-
tion of each radionuclide but not necessarily in di-
rect proportion to the number of trenches. (Upward
mixing of respired gases from upwind trenches contin-
ues even as new material is introduced from the down-
wind trenches, and the trench-gas concentrations vary
from trench to trench.) The same is true for airflow
along thé length of a trench when several tranches are
in place. As a result, when an entire site is prop-
erly modeled, 10CFR61 limits are even more likely to
be exceeded than is indicated by the corrected con-
centration estimates given above.

Finally, respiration of gases out of the trenches
is associated primarily with atmospheric lows, which
in turn are associated with a relatively fixed wind
direction. The maximally exposed individual will
1ikely experience a much greater dose than would be
estimated from average annual winds.

Comparison to Water Pathways

Despite NRC's announced concern we have found
conclusively that at We§t Valley_the_groundwater path-
way is not significant.3s4:6,10511,13" Fyrthermore,
radionuclide concentrations measured in water samples
collected from the West Valley burial trenches them-
selves would generally not give a dose equivalent to
the annual 1limit of 25 mrem established as a long-term
performance objective in 10CFR61, even if the water
were consumed directly.12 Only 63Ni, 3HHO, 90Sr, and
137Cs would then require dilution - by 10,000-, 5,000-,
200- and 10-fold respectively. Sufficient dilution
clearly does occur in the surface-water pathway at
West Valley, as offsite samples of water pumped from
the trenches and collected downstream would produce
exposures <0.1 mrem/yr 1 - at least 250-fold less than
the 10CFR61 Timit.
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Other Sites

The West Valley experience can likely be extrapo-
lated to other sites. Studies conducted at Brookhaven
National Laboratory of trench-water composition and
biogenic character/ have shown the close relationship
among burial sites in wet climates. (Although only a
single report is cited here, a voluminous literature
is available from the Brookhaven authors). Gas produc-
tion at sites with unsaturated trenches may be at least
as great as at West Valley.16

Preliminary measurements were performed on trench
gas samples collected by the U.S. Geological Survey
from two of 21 trenches at Sheffield, I1linois. The
two Sheffield trenches appear biogenically "younger"
than those at West Valley which were closed at about
the same time (i.e., ?as production is more aerobic).
Although tritium and 4C concentrations are less than
at West Valley, 222Rn concentrations beneath the caps
are at least as great,  Since the controlling mechan-
ism for transport of 222Rn through the cap is biogenic
gas production, 2Rn concentrations at the surface of
the Sheffield trenches may not be at a corresponding
level. The degree to which 222Rn venting at Sheffield
exceeds the 10CFR61 1imit should be evaluated now and
again later, as the biogenic gas production rate in-
creases from increasingly anaerobic decomposition of .
the buried wastes (See reference 9 for a discussion of

gas production mechanisms.)

_Finally, the annual_jntake values (in pCi/year)
of 210pb (from decay of 2}ZRn), 3H, and 14¢ via gas
pathways at West Valley exceed those for the same ra-
dionuclides via groundwater 9nd resuspension pathways
at_Barnwell, South Carolinal’/, by factors of 1025 (1),
107, and 104 respectively. For the Barnwell site, at
least, studies of the gas pathway may be more cost-ef-
fective than would a continued effort to define the
groundwater pathways.

Incineration as an Alternative to Burial

Respiration of gaseous 14¢ from low-level waste
trenches means that most of the buried 14C will eventu-
ally reach the atmosphere, as will a lesser but signif-
icant fraction of the buried tritium. Thus the waste
classification and handling reauired by 10CFR61 will do
Tittle to reduce the collective ?opulation dose from
these radionuclides. Burial of 14C wastes, in partic-
ular, serves only to shift the point of release from
the generator to the burial site. If 4C must be bur-
ied, a more stable waste form should be considered for
the biodegradable wastes.

Biogenic gases also appear to carry 222pp, through
the trench caps at a sufficient rate to survive phys-
ical decay. Segregation of 226Ra from the biodegrad-
able wastes may therefore be necessary, if the biode-
gradable wastes are not incinerated.

Although the 85Kr respiration rate also appears to
be controlled by biogenic gas production, its physical
decay (unlike 222Rn) will not significantly reduce the
total amount released. The time over which the release
occurs can be extended, however, by reducing the res-
piration rate of biogenic gases, either by segregation
or incineration. Individual exposures at the burial
site will be correspondingly decreased.

An alternative to simple burial of biodegradable
wastes may be incineration at the generator site or
even at the burial site. Incineration offers an oppor-
tunity to release the 14¢ and tritium to the atmosphere
at a controlled rate and with sufficient buoyancy to



reduce individual exposures well below the limits of
J0CFR61. Such a step would also reduce 222Rn and 85kr
exposures around the burial site.

Incineration of biodegradable wastes appears to
offer a plausible approach for reducing individual ex-
posures from water pathways as well, whether or not
the exposures exceed 10CFR61 limits. Compaction of
wastes by incineration would greatly reduce the void
space within the trenches and the gas pressure against
the caps, thus helping to stabilize the trenches
against water infiltration.

These advantages of incineration suggest that a
recent modification!8 to 10CFR20, which permits great-
er use of local incineration of biomedic?l wastes con-
taining small quantities of tritium and '%C, should
perhaps be extended to wastes produced in even greater
quantities by other ?inerators as well. Since unre-
stricted release of '*C and tritium will not add sig-
nificantly to the worldwide inventory of either radio-
nuclide!?, there appears little reason to continue re-
strictions on incineration beyond those necessary to
maintain safe levels of exposure at the sites of in-
cineration.

CONCLUSIONS

Estimates of breathing-zone concentrations of
gases respired from the low-level waste burial tren-
ches at West Valley indicate that the gas pathway is
significantly more important than the water pathways,
although neither presents an imminent health hazard.
This conclusion can apparently be applied to other
sites as well. Regardless of whether sites are wet or
dry, doses from respired gases appear likely to exceed
the exposure limits set by 10CFR61.

Reduction of exposure levels may be better accom-
plished by more extensive use of incineration, which
will also aid greatly to stabilize the trench caps.

If incineration is not feasible, segregation of radium
and 85%r sources from biogenically degradable wastes
may be desirable.

Further study is required of the implications of
gas production and transport, as much for improvement
of burial procedures and site maintenance as for dose
reduction.
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