NUREG/CR-4918
Vol. 2

Control of Water Infiltration Into
Near Surface LLW Disposal Units

Task Report - A Discussion

Prepared by R. K. Schulz/JC
R. W. Ridky/UM
E. O Donnell/ NRC

University of California

University of Maryland

Prepared for
U.S. Nuclear Regulatory
Commission

86804080272 8B0331
PDR  NUREG
CR-4918 R PDR



g e e s (L N (Y Sy O ALy T8y (R aen e TR

i e L e e e e s e . mE oA ] W —— NN ==

i e A Sl i e L o L

NOTICE

This report was prepared a5 an account of work sponsored by an agency of the United States
Government Neither the United States Government nor any agency thereof or any of their
employees makes any warranly, expressed or implied, or assumes any legal liabiity of re-
sponsibility for any third party's use, or the resuits of such use, of any INTormation, apparatus,
product or process disclosed in this report, or represents that its use by such thid party would
not inlringe privately owned rights

SR -t e e s o o e, i, i il i . g et S e R o e

NOTICE
Availability of Reference Materials Cited in NRC Publications
Mos: documents cited in NRC publications will be available from one of the following sources

1. The NRC Public Document Room, 1717 M Street, N.W.
Washington, DC 20565

2 The Syperintendent of Documents, U.S. Government Printing Otfice, Post Office Brv 37082,
Washingtorn, DC 20013-7082

3 The National Techncal Intormation Service, Springfield, VA 22181

Although the hsting that follows represents the majority of documents cited in NRC publica® ons,
it is not intended to be exhaustive

Referenced documents available for inspection and copying for a fee from the NRC Public Docu
ment Room inglude NRC correspondence and :nternal NRC memoranda; NRC Office of |rspection
and Enforcement bulleting, circulars, information notics, inspection and iavestigation notices,
Licensee Event Reports, vendor reports and correspongdence, Commision papers. and applicant and
hicensee documents and corraspondence

The following documents in the NUREC series are available for purchase from the GPO Sales
Program  forma! NRC statt and contractor reports, NRCsponsored conference proceedings. and
NRC booklets and brochures. Also avarable are Regulatory Guides, NRC regulations in the Code of
Federa! Regulations. and Nuclear Regulatory Commussion Issuances

Dozuments available from the Nationa! Technical information Service inciude NUREG serles
reports and 1echnical reports preparec by other federal agencies and repofts prepared by the Atomic
Energy Commission, forerunner agency 1o the Nuclear Regulstory Commission.

Documen s available from public and special technical libraries include all open literature items,
such as books, journal and periodical articles, and transactions. Federal Register notices, federal and
state legslabion, and congressional reports can usially be obtained from these librariss

Docume:nts such as theses dissertations, forewgn reports and translations, and non NRC conference
proceadings are available for purchase from the organization sponsoring the publicstion cited

Single cop'ss o NRC draft reports are available free, to the extent of supply, upon written
recuest to the Division of Information Support Services, Distribution Taction, U.S. Nurlear
Regulatory Commission, Washington, OC 205588

Copies of industry codes §nd standards used in 3 substant ve manner in the NRC requistory process
ae mainwined 8t the NRC Library, 7920 Norfolk Avenye Bethesds, Maryland, and are svaileble
there for reference use by the pubhic. Codes and standards are usually copyrnighted and may be
purchased from the originaling organization or, if they are American National Standards, from the
American National Standards Institute, 1430 Broadway, New York, NY 10018,

- e




NUREG/CR-4918
Vol. 2
RW

Control of Water Infiltration Into
Near Surface LLW Disposal Units

Task Report - A Discussion

Manuscript Completed: September 1987
Date Published: March 1988

Prepared by

R. K. Schulz, University of California

R. W. Ridky, University of Man/dand

E. O'Donneil, U. S. Nuclear Regulatory Commission

Department of Plant and Soil Biology
University of California
Berkeley, CA 94720

Subcontractor
Department of Geolcgy
University of Maryland
College Park, MD 20742

Prepared for

Division of Engineering

Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, DC 20655

NRC FIN B8958



ABSTRACT

The principal pathway for water entry into LLW disposal units in the humid
eastern United States is through their covers. Most of that water is
derived from precipitation. On a long term basis, precipitation has three
possible fates: (1) some water will be returned to the atmosphere by
evaporation and plant transpiration; (2) some water may run-off laterally;
and (3) some may percolate below the root zone of the vegetation. Since
deep percolation is undesirable in a waste isolation system, it is
required that the sum of run-off plus evapotranspiration approach or equal
precipitation. It should be noted that the run-off can be surface or
sub-surface sn long as the lateral transport occurs before the water can
contact the waste,

1f deep percolation is to be close to zero, then only two parameters are
left for possible control, evapotranspiration and run-off,
Evapotranspiration, however, has a very definite maximum. The energy
available for evaporation is incident solar radiation and is not subject
to control. Thus only run-off is subject to unlimited management.

Two types of sub-surface features that may be constructed to enhance
run-off are: (1) the "resistive layer" barrier, and (2) the "conductive
layer barr‘er", The "resistive layer" barrier is the well known compacted
soil or compicted clay layer and depends on compaction of permeable porous
material to o tain low flow rates. The "conductive layer" barrier is a
special case of the capillary barrier. Use is made of the capillary
barrier phenomenon not only to increase the moisture content above an
interface but to divert water away from the waste., During such diversion
the water is at all times at negative capillary potential or under tension
in the "flow layer". The use of capillary barrier concept is perhaps most
readily apparent upon consideration of the "outflow law" (Richards, 1950)
which explains the existence of dry caves present in porous materials and
also why gopher holes do not fill up during @ rainstorm, This is because,
that as long as the soil moisture has a path to follow so that water
pressure remains negative (less than atmospheric) no water will enter the
cavity. That is, outflow from a soil to a cavity or rock layer occurs if
the pressure in the soil water exceeds atmospheric. A conductive layer
barrier has a theoretical efficiency approaching 100%. But on both a
theoretical and practical basis, such a barrier can work only under
relatively low water flows, On the other hand, the resistive layer
barrier works most efficiently at higher precipitation rates., Based on
these two considerations, a very effective barrier system might be
constructed by placing a "resistive barrier" over a "conductive barrier",
A note of caution: such a system must fail if appreciable subsidence
takes place,.

An alternate procedure called "bioengineering management" utilizes
engineered features at the surface (as opposed to the subsurface) to
ensure adequate run-off, The engineered features are combined with
stressed vegetation, that is vegetation in an overdraft condition, to
control deep percolation, Investication on that procedure in lysimeters
designed to give full water budget data are encouraging.
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WATER PATHWAYS TO THE WASTE

Essentially there are three directions from which water can approach
emplaced waste, One direction is from above; generally the source being
precipitation, Isolation of waste from precipitation water will be the
principal topic in this presentation. A second direction of water
movement to waste could originate from upward movement of water by a
rising water table, A third direction could be lateral movement, also of
free water, or groundwater. The best solution to problems two and three
is very simple. Do not locate a LLW disposal unit where a groundwater
table may be a problem, It is just not reasonable. If, in spite of these
considerations such a siting should be made, the area must be a-tificially
drained. An enormous drainage literature exists and procedures are well
established, Drainage of agricultural lands has been carried out for
centuries. Extensive drainage is routinely done in all sorts of
engineering projects such as road and airport construction. Since such an
extensive body of knowledge ana experience is in existence on the subject

of land drainage, engineering procedures are well known and results are
predictable,

In contrast to problems related to land drainage, which has received
extensive investigation, means of reducing infiltration has received
relatively little study, To the contrary, agricu'tural studies aiong
these lines are directed to means of increasing infiltration, not
decreasing it. In the agricultural case, water run off is generally to be
red.ced, thus increasing irrigation efficiency. Probably the relative
lack of emphasis on studies relating to means of reducing infiltration has
contributed to the lack of success in prevention of water entry into humid
area LL¥ trenches., For this reason the discussion in this paper will
concentrate on the infiltration-percolation pathway of water entry into
near surface low level waste disposal units.

Before examining the water pathway problem, it is interesting to nute that
the Tack of success in keeping buried waste isolated from water has led to
the expenditure of considerable effort on improved packaging as a
nreventative effort. Concrete, especially, has received much attention
along these lines (10-17), Questions of long term stability of concrete
surrounded by acid soil, cost, etc. suggest that concrete may not be the
best solution., Isolation using natura® materials should not yet be given
up on but should be investigated further, especially in the areas that
have received relatively 1ittle attention,

Up to this time, LLW disposal unit covers have been construzted from soi)
materials, The covers have proved unsuccessul from the standpnint of
exclusion of wiler from waste Luried in humid regions. Guiie to the
contrary, tne trench covers have been the principal pathway for water
passage to the waste (5, 8, 18-24), To provide a basis for a discussion
of what might be done to improve on this s5ituation, we shall next review

some of the principles describing water transport through porous media
such as soils or clays.
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METHODS FOR CONTROLLING WATER MOVEMENT

THE RESISTIVE LAYER BARRIER

The major buriil sites in the humid areas of the United States have, to
date, consisted of trenches partly filled with wastes, then trench caps
have been constructed using compacted soil materials. A trench cap
constructed from compacted clay or soil could be termed a resistive layer
since the function of the cap is to provide a low hydraulic conductivity
or high resistance to water flow through the layer to the emplaced waste,
Such a "resistive layer" or compacted clay layer can have a low hydraulic
conductivity and afford a high degree of protection to waste. Water
movement through such a layer can be described by adaptations of Darcy's
law. However, as noted earlier in this paper, all of the major waste
sites located in the hur‘d U.5, have reported some water movement into
trenches and the caps are the major pathway (5, 8, 18-24).

It should be noted that it is the nature of compacted porous material to
allow some water passage. All such materials have a measurable hydraulic
conductivity. In additicn, trench caps tend to become more permeable to
water with the passage of time, This can be ascribed to two occurrences.

(1) Subsidence:

Subsidence of the waste which causes shear failure of the clay layer
is a serious problem and is one that is not easily managed. Waste
compaction will not solve the problem as organics will still decay
with time, creating voids eading to subsidence. The subsidence
problem can be managed by one of two ways. One is to prevent
subsidence by construction of very expensive vaults or containers or
by reduction of the waste to a compact inorganic material that would
not undergo further volume reduction with the passage of time, The
other way cculd be by simply managing the subsidence as it occurs.
This second practice has been followed to date but with limited

success in preventing w ter infiltration to buried wastes. As the cap
subsides it is simply repaired.

(2) Plant root penetration:

The growth of plant roots results in increased hydraulic conauctivity
of disposal unit covers with passage of time., Roots increasingly
penetrate clay or compacted soil layers and upon death and decay of
the roots, channels or macropore paths are formed (18), Bio-barriers
have been suggested to prevent such root penetration (35), but it is
unlikely that the suggested rock or cobble barrier will prove
effective in stopping root penetration over long periods of time in

humid areas. Roots are perfectly able to penetrate gravel or rock for
long distances if the rock is kept wet,









In addition to the work at Sheffield a number of investigators have
suggested or tried to use the capillary barrier concept to protect waste
from water infiltration (35-58), Simulations have perhaps worked best,
followed with decreasing success with laboratory models, then field
experiments. Some of the field experiments have met with little suscess
(9); some showed some promise (38, 52, 58). The most successful field
demonstration was reported by Rancon (55)., However, in this most
successful case, the trench cap was less than three meters wide, therefore
this experiment does not yield conclusive proof that the concept will be
useful to isolate waste of jreater lateral dimensions., Probably the
usefulness of the capillary barrier-conductive layer barrier concept has
not yet been given a definitive trial,

In designing a conductive layer barrier system, one condition is
paramount. The rock layer must be clean or free of fines so as to form
the necessary "cavity". or the outflow law does not apply. The second
condition is that the conductive layer above and around the "cavity" must
be conductive. That is, that layer must have a reasonable hydraulic
conductivity in the negative moisture potential range of -10 cm to -200 cm
of water., Third, the water being transported in the canillary layer must
have somewhere to go. Ideally, this will be into an unsaturated region
below the waste. If the conductive layer terminates at a drain located at
or above the elevation of the waste, the capillary potential of the water
must rise to zero at that point (outflow law), and water may seep into the
waste,

In the various raports on the capillary barrier referred to above, it has
been stated that it is very important that the fine/coarse grained
interface be very sharp., This is not necessarily so. A graded interface
made of several particle size layers or other filter materials may “2
superior. It is absolutely essential that large amounts of fine materials
do not penetrate long distances into the "cavity". A diffuse barrier of a
few centimeters thickness has a peaalty of only that of gravity, That is,
a "pocket" of fine material extending 5 cm into the “cavity" will have a

5 cm water pressure disadvantage only., If water at the plane of the top
of “pocket" has a capillary potential of -6 cm, no water will drip off of
the bottom of the pocket., That water will still have a potertial of

-1 ¢cm,

A conductive layer barrier has a theoretical efficiency approaching 100%,
But on both a theoretical and practical basis, such a barrier can work
well only under relatively low water flows. On the other hand, the
restrictive layer described earlier, works most efficiently [(that is,
diverts a higher percentage of infiltrating water) at higher precipitation
rates. Based on these two considerations, it seems reasonable that a very
effective barrier system might be constructed by placing a "restrictive
barrier" over a “conductive barrier". (See Figure 2 and 3). A note of
caution: Such a system must fail if appreciable waste subsidence takes

place,
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area with the island having curbing around them, Utilizing this concept,
it should be possible, by combining engineered run-off with vegetation, to
maintain the soil profile in a potential overdraft condition on a yearly
basis.

Investioations of the bioengineering management technique are underway in
lysimeters at Maxey Flats (Figures 4 - 6) and large scale field plots
(Figures 7, 8, 9) at Beltsville, MD (59). To date, results have been
reported on the lysimeter experiments and are quite encouraging. [See
Figure 10), Data acquisition has been initiated at Beltsville but not yxt
reported., The installations at both the Maxey Flats and Beltsville sites
afford complete water balance accountability.
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BELTSVILLE, MARYLAND

?'rgixr .

'

Large-scale bioengineering management lysimoters. Each cell (lysimeter or plot) is 14 m x

'l m with Pfitzer Juniper growing through the 4-inch gaps between panels. The light appear-
ing panels are corrugated aluminum and the darker panels are corrugated green fiberglass
panels. Two crowned lvsimeters behind the bioengineered ngjmotprﬁ are rrﬂDDﬂd to fescue
-ass for comparative purposes. Two lysimeters at the rear are reserved for future work.
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