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B1OLOGICAL INTRUS1ON OF LOW-LEVEL WASTE TRENCH COVERS

THOMAS E. HAKONSON AND ERNEST S. GLADNEY
E$tvironmmtal ScicrIcc Gmtsp Los Alamos National bbrmtory, LAMAlarms New Mexico, USA

ABSTRACT

J
The long-term integrity of low-level waste shallow land burial sites is dep=ndent on the interaction of physical,

chemical, and biological factors that modify the waste containment system, Past research on low-level waste shallow
land burial methods has emphasized physical (i.e., water infiltration, soil erosion) and chemical (radionuclide
leaching) prtisses that can cause waste site failure and subsequent radionuclide transport.

The purpose of this papr is to demonstrate the need to consider biological processes as being potentially impofiant
in reducing the integrity of waste burial site cover treatmermc. Plants and animals not on!y can transport
radionuclides to the ground surface via root systems and soil excavated from the cover profdc by animal burrowing
activities, but hey modify physical and chemical processes within the cover profde by changing the water infiltration
ratc~ soil erosion rates and chemical composition of the Soii.

One approach to limiting biological intrusion through the waste cover is to apply a barrier within the profile to limit
root and animal penetration with depth, Experiments in the Los Alamos Experimental Engineered Test Facility were
initiated to develop and evaluate blolo~ical barriers that are effective in minimizing intrusion into waste trenches. The
experiments that arc dcscrikd employ four different candidate bamier materials of geologic origin, Experimental
variables that will be eva!uatcd, in addition to banier type, are barrier depth and soil overburden depth. The rate of

biological intrusion through the various barrier mattnals is being evaiuat~ through the use of activatablc stable
tracers.

INTRODUCTION

Low-activity and wastes suspected of being contaminated are genersdly buried in shallow t:enches ( 1.5 to 45 m
wide, 2 to 1I m deep, 6 to 300 m long) that are covered with from less than 1.0 to 2,5 m of material when the trenches
arc full (Duguid, 1977), Most waste burial facilities attcrnpt to revegetate the trench covers to minimize soil loss and
to increase aesthetic appearance of the site. Although ithas been recognized (1.utton e~al,, 1979; Anonymous, 1979)
that biological intrusion of low-level waste trenches can lead to trans~ti of radionuclidcs from a burial site, little has
hccn done to quantify the magnitude of the problem and to develop measures, when needed, to prevent the intrusion,

The stability of low-level waste trench covers is a function of physical, chemical, biological, and climatological
factors that interact in M.h ob’lious and subtle ways. The importance of biological factors in a.hcring the int,:grity of
trench covers is often overlooked despite evidence that plants and animals can influence trench co~cr stabi!ity and, as
well, can mobilize radionuclidcs buried in the trench (Lutton et al., 1979; Anonymous, 1979), Biological interactions
with trench covers cm lx direct, a~ in tile case of radionuclidc uptake by plant roots, or they csn be indirect, such as
when tumel systems cmatcd by burrowing animals increase the rates and depths of rain water penetration into the
trench cover profile.

The purpusc of this pap is to review biological relationships within the soil profile that can and do impact low-
Icvel waste wench covers. Ex[miments at the Los Alamos Experimental Engineered TCSIFacili[y that cvrduatc the
effectiveness of several gcologlc materials in minimizing biological in!rusion through lowlcvcl waste trench covers are
mlsodescribed.

BIOLOGICAL lNTERACllOIdS “ATNi WASTE COVERS

The absence or prescnct of vegetation cm a low-level waste site cover hrm arI im~rtmt influence on the pro:cssc~

that may transport Iadionuclides from a low-level waste site, llc influcncc can be both poskivc or negative in relation

to radionuclide transport. Pcrcitive bencflts of a dense vegetation cover include the interccptior, of precipitation by
plant surfacct, which prevents much of the water d~poslted by light ttorms from ever reaching the ground rwfacc

-.—+- .—. .



—.-
2 .-

. .. -. -_——

(Mow and Musgrave, 1938). Additionally, interception of raindrops by plant canopies decreases raindrop impact
velocities at the ground surface thereby reducing diaggregation and erosion of soil pmicles. Vegetation and erosion

ah retard water flow by decreasing overland flow velocities and can reduce runoff by increasing infiltration
capacity. Another benefit derived by vegetative cover on a waste site is that plants use moisture from within the cover

profile thereby reducing depth of water pcnutration into the waste trenches.
In contrast, plant roots have the potential of mobilizing radionuclides buried in the trench. As previously

mentioned, tremch covers arc generally less than 2.5 m in depth. Cover depths of 2.5 m or less are easily penetrated
by the root systems of many agricultural knd native plant species. For example, native plants growing on low-level
waste sites at Hanford and Los Alamos show elevated levels of certain radionuclides (Klepper et al., 1979;
I?ubrowsti, 1973; Hakonson and Boatick, 1976).

The natural phenomenon of plant succession on low-level waste sites presents some special problems that require
consideration. Despite the fact that most trench covers are reseeded with vegetation as n final step in trench closure,
t~e species growfi on the waste cover can be expected ~o change with time. For example, sit Los Alamos the
vegetation growing on sites closed within the last 5 years consists primarily of native wads that invaded the site
following site CIOSU-C.At sites cl:sed about 20 years ago, the vegetation is dominated by smali shrubs, while at sites
closed about 35 years ago, the vegetation consists of large shrubs and trees. Most of these species, regardless of
growth form, have the potential for sending root syctems through the shallow cover profdes normaUy used at low
level waste sites (Table 1). Waste covers are especially susceptible to pcnetr~tion by plant roots because cover soils
are usually lorsely compacted and have high water retention properties.

TABLE I

ROOTING DEPTHS OF
NATIVE PLANTS

Root Depth
Svecies

Blue Gramma
Cheatgrass
Russian Thistle
Sweet ClOver
Rabbit Brush
Sage Brush
POnderOsa Pine

()m
1
1
6

5–lo
<5
<5

3–4



Intrusion of low-level waste covers by burrowing animals is a little understood or appreciated phenomenon despit
evidence that long term stability of soil profdes can be altered by burrowing anhmls. For example, jack rabbits at th,
‘Hanford Reservation in Washington burrowed into a waste site cover and gained access to buried radioactive salt
(0’FarreU and Gilbe~ 1975).

Not only do animals access radioactive waste buried in trenches, but their bufiowing activity greatly alter
physical and chemical relationships in the soil profde. For example, tunnel construction by pocket gophers can resul
in the excavation of as much as 60 metric tons of soil per hectare of around surface each year (T’horpe, 1949). 1]
some areas, pocket gophers turn over 15 to 20% of the soil surface in a single year.

Studies at Los Alamos have shown that pocket gophers inhabiting a low level waste site excavat~:d about 12 mctrit
tons ha-’yr-’ of soil from within the cover profile as a result of tunneling activities. The void creal.ed by this mass o
soil represents about 2600 m of tune] system in the 1 ha area.

The existence of animal tunnel systems within the soil profde has important effects on soil erosion and soil moisturl
cycling. For example, cast soil is subject to higher erosion rates than vegetated soil surfaces (E1.lison, 1946)
Additionally, the void created by tunnel systems enhances the rates of water infdtration {Grinnel, 1923). Wate
infiltration rates over pocket gopher mound systems was found to be twice as high as over undisturbed native rang
(Gfran4 1974).

INTRUSION BARRIER STUDIES

A series of experiments was initiated at Los Alamos in the Experimental Engineered Test Facility to test thl
effectiveness of several natural geologic materials as barriers that inhibit plan; and animal intrusion into low-leve
‘waste cover profiles. Initial experiments employ 320 weighing Iysimeters consisting of 25 cm diameter PVC pip
ranging from 105 to 2 iO cm in .!ength. Experimental cover profiles were cxmstructed in the Iysimeters to evaluate th
effect of four different variables on plant root penetration with depth, The profdes, us shown by the example in Fig, 1
consist of a simulated waste (CSCI) at the bottom of the profile. The waste Iaycr is overlain by a barrier laye
consisting of four different types of natural geologic materials (cobble, cobble-gravel, bentonite clay, and crushed tufl
at three different depths, Top soil is applied at two different depths as an overburden to complete the profiles. Thre
species of fast-growing, deep-rooted plants (alfalfa, barlty, yellow sweet clover) were seeded into the lysimetcrs t(
produce the biological stress for evaluating the barrier systems.

A companion study was also initiated to cvalute the effectiverwss of the barrier systems in inhibiting anima
burrowing with depth. Four galvanized metal culverts (1.9 m d~,ameter by 2.2 m hei~~ht)were filled with al
experimental waste cover profile consisting of each of the bio-barrier materials overlahr by top soil. A pocket gophe
(?%omornys bouae), a highly active burrowin~ animal, was introduced into each culvert system and was allowed tt
construct a burrow system within the cover profile. The succesv or ~ailurc of the barriers will be cvalustcd b:
analyzing plant tissue for stable cesium, using a neutron activation analysis, throughou! the growing season in th
case of the lysimeter study, and by physically mapping the plrmt rfmt and animal burrow systems in the cover profile
at the conclusion of the experiment.

The biological intrusion barric~ studies are one of severtd stud’es being conducted in the h Ahimus Expcrirncntu
E,n~ineered Test Facility, The purpose of these stu(iics is to rJeY,ign and evaluate integrated barrier systems that ar

effective in iimiting erosion, moisture infiltration, and biological intrusion of low level waste cover profiles,
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