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was investigated further by exposing a second
series of discs at various heights above the ground,
with these discs being shielded either by about
4 mm plastic or 2.4 mm copper and 2 mm plastic.
Once again, the exposure rate was observed to
decrease with height even though in this case there
were no significant differences at a given height
between the exposure rates as recorded by the two
shielding configurations. It may be concluded that
there is a component of the radiation unable to
penetrate 0.1 mm of plastic at a height of 82 cm,
and 4 mm of plastic or 0.8 mm of copper at ground
level. This strongly suggests that the less penetrat-
ing component consists of one or more of soft
X-rays or y-rays, secondary electrons arising from
photon interactions or B-particles from the decay
of uranium daughters.

The variation with height of the exposure rate
due to the penetrating component of the radiation
means that the exposure measured by the disc is
not a whole body exposure, but a measure of the
exposure at the position of the TLD dosimeter on
the body.

Conclusions

The results show that provided the appropriate
precautions are taken, CaSO,:Dy in teflon discs
shielded by approx. 2 mm of copper gives a reli-
able and accurate estimate of the exposure of
workers to external y-radiation in a uranium mine.
Close to ore surfaces there is a less penetrating
component of the radiation, due to one or more of
soft X- or y-rays, secondary electrons or g-parti-
cles. However these are regarded as being of
relatively minor importance as an external radia-
tion hazard to the whole body, because of their
short range in tissue.
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Disturbance of a Low-level Waste Burial Site
Cover by Pocket Gophers

(Received 29 June 1981; accepted 21 August 1981)

BIOLOGICAL intrusion of low-level waste sites has
been identified as a potential problem in isolating
waste radionuclides for extended periods of time
(An79). Studies on current and decommissioned
low-level waste burial sites in the western U.S.
have shown that radionuclides present in the waste
can be mobilized by plant roots and burrowing
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animals that penetrate through the waste cover
(K179; Hak77; O'F75; Da73). Biological activity
also can modify chemical and physical processes
within the soil profile. For example, burrowing
animals can change the rates of water infiltration
and surface soil erosion (Gr74; Han68; E152).

This paper presents the results of a study to
characterize the amount of disturbance of a low-
level waste cover resulting from the burrowing
activities of pocket gophers (Thomomys bottae) at
Los Alamos. Data are presented on the amount of
soil excavated from the cover profile, the amount
of tunnel system created by these soil mining
activities, and the particle size distribution and
radionuclide content of the cast soil.

Methods and Materials

A 0.95 ha study area was established on. a low-
level waste burial site that was decommisgioned in
1977. The plot was positioned over trenches that
were covered with Im of crushed tuff (the
material excavated from the trenches) and about
0.25m of topsoil (Fig. 1). A mixture of native
grasses and forbs (sweet clover and alfalfa) was
seeded into the topsoil in 1977. Species com-
position and density of the vegetation that was
present on the plot in October 1980 was deter-
mined using standard survey methods (Kué67;
Ph59).

A 0.95 ha sampling grid with 7.5 X 7.5 m cells was
established over the covered trenches in August
1979. All of the soil excavated by pocket gophers
within each grid cell was collected at 2-11 week
intervals over a 1 yr period and was weighted on a
spring balance scale accurate to 1 kg. Sub-samples
of the soil were screened to determine the amount of
soil in the less than 2 mm diameter size class versus

1 m Crushed Tuff

F1G. 1. Cover profile, including vegetation, applied
to low-level waste site used to study soil excavation
rates by Pocket Gophers (Thomomys bottae).

gravel and rock (>2 mm diameter). The soil fraction
was also analyzed for gamma emitting radionuclides
on a Packard automated gamma counting system
using a 7.6 cm diameter well-type Nai(T1) detector.

Results and Discussion

Total vegetation cover on the plot was estimated
as about 23% with sand dropseed (Sporobolus
cryptandrus), sweet clover (Meliotus officinalis),
alfalfa (Medicago sativa) and fescue (Festuca
spp.) contributing the most to the cover estimate.
Of the 25 species recorded on the plot, most were
not present in the original seed mixture applied to
the cover in 1977 but rather were due to natural
invasion of the plot with forb species. Grasses, forbs
and shrubs comprised 24, 72 and 4% of the species
present. About 40% of the forb species were from
the sunflower family (Compositae).

In a 401-day period 1998 separate mounds were
created by pocket gophers on the 0.95ha study
area for an average of about S mounds day™ ha™'.
The total mass of the soil in these mounds was
11,255 kg oven dry weight, for an average excava-
tion rate of about 30 kg day™" ha™'. Mound build-
ing activity was greatest in late summer and fall
(Fig. 2) when a total of about 60 kg ha™ of soil was
brought to the surface of the waste burial pit each
day.

The composition of the mound soils was almost
exclusively the crushed tuff directly overlying the
waste (Fig. 1). An average of about 33% of the
mound soil was tuff particles in the gravel and
rock size range (>2mm diameter) while the
remaining 67% was soil particles less than two
millimeters in diameter. Rock sized particles were
often up to 6 cm in diameter indicating the ability
of the gophers to move relatively large chunks of
backfill material. The ratio of gravel and rock to
soil in the mound samples was significantly
different (p < 0.05) from the corresponding ratio in
the tuff backfill material. The percentage of parti-
cles greater than 2 mm in the mound soil was 33%
whereas the corresponding percentage in the tuff
backfill was 48%.

The digging activity of pocket gophers on the
study plot turned over less than 1/10% of the
waste cover during the one year observation
period. However, the 11,255 kg of material brought
to the soil surface represents a volume of about
8.3 m*; presumably about 8.3 m® of void space was
created within the cover profile. Based on an
average tunnel cross sectional area of 30 cm?, as
measured in the field, 8.3 m* of void space within
the cover profile represents about 2800 m of
pocket gopher tunnel system.
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FiG. 2. Rates of pocket gopher mound formation (dashed lfne) and soil deposited on the
surface (solid line) of a low level radioactive waste burial site.

Based on the total number and dimension of
individual mounds, the soil in the mounds covered
about 1% of the ground surface to a depth of
12.5cm on the study plot. Soil mounding by the
gophers was observed in 76% of the grid cells in
the plot although mounds on the soil surface
greatly underestimate the extent of tunneling
underground (Wi80).

Gamma emitting radionuclides, at levels
exceeding worldwide fallout, were not detected in
any of the mound soil samples. The lack of waste
radionuclides in the mound samples would suggest
that the gophers have not penetrated into the
waste trench in the four years subsequent to
closure of the site.

Pocket gophers modify the soil matrix in many
ways. Perturbations to the soil profile that may be
detrimental to low-level waste containment sys-
tems include excavation of soil from within the
cover profile to the ground surface (Ri66; EI46),
increasing water infiltration rates into the soil
profile (Han68; Ab68; Gr80), displacing chemicals
vertically withing the profile (Ab72), altering rates
of soil erosion (El46), and penetrating into waste
burial trenches and mobilizing radionuclides
(O°'F75). The results of this study indicate that the
amount of soil brought to the surface of low-level
waste site is small relative to the volume of cover
material. However, the void space created by their
burrowing activity represents a substantial net-

work of tunnel system within the waste cover
profile. z

The effects that plants and animals have in altering
the soil profile must be considered in developing
reclamation procedures that have long term
effectiveness. Burrowing animals not only directly
alter the soil profile through digging activities but
also change the physical and chemical processes
within the profile that can mobilize buried con-
taminants.
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Radionuclide Emissions From Incineration of
Institutional Low-level Radioactive Wastes
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Introduction

INCINERATION [S an attractive alternative for dis-
posal of institutional low-level radioactive waste.
A properly operated incinerator is capable of a
volume reduction of 80:1 and organic compounds
are decomposed to CO: and H;O. Since the
radionuclides are unaffected, they are either
deposited in the ash or on the walls of the in-
cinerator or they are emitted in the effluent gases.
This study was conducted to investigate the
radionuclide emissions if institutional low-level
radioactive wastes generated in North Carolina
were incinerated. i

A survey of state licensees was conducted in
1979 to determine the amount and characteristics
of institutional radioactive waste generated in
North Carolina (NC79). The results of the survey
indicated that 90% of the waste was generated in
the Research Triangle Area, with the remaining
10% generated throughout the state. The waste
consisted of dry solids, liquids, scintillation vials
and fluids, and animal carcasses. Approximately
85% of the waste was combustible and 15% was
non-combustible which would require means of
disposal other than incineration. The activities of
the nuclides in combustible waste are shown in
Table 1, with their halflives.

Method of Analysis

Incinerators have been licensed with the
requirement that the annual average radionuclide
concentrations in the effluent be less than 10% of
the maximum permissible concentrations (MPC)
(NRC79). This study evaluated annual average
stack top concentrations and ground level concen-
tration versus maximum permissible concentra-
tions.

It was assumed that the short half-life nuclides,
half-life <60d, were held for decay before in-
cineration and that the wastes were incinerated at
one facility. The operating characteristics for a




