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ABSTRACT

Three kinds of waste disposal unit covers or barriers 1o water infiltration are being
investigated. They are: (1) resistive layer barrier, (2) conductive layer barrier, and (3)
bicengineering management. The resistive layer barrier consists of compacted earthen material
(e.g. clay). The conductive layer barrier consists of a conductive layer in conjunction with a
capiliary break. As long as unsaturated flow conditions are maintained the conductive layer will
wick water around the capillary break. Below grace layered covers such as (1) and (2) will fail
if there is appreciable subsidence of the cover. Remedial action for this kind of failure will be
difficult. A surface cover, called bioengineering management, is meant t0 overcome this
problem. The bioengineering management surface barrier is easily repairable if damaged by
subsidence; therefore, it could be the system of choice under active subsidence conditions. The
bioengineering management procedure also has been shown to be effective in dewatering
saturated trenches and couid be used for remedial action efforts. After cessation of subsidence,
that procedure ~ould be replaced by a resistive layer barrier, or perhaps even better, a resistive
layer barrier/conductive layer barrier system. This latter system would then give lung-term
effective protection against water entry to waste and without institutional care. These various
concepts are being assessed in six large (70" x 45’ x 10 each) lysimeters at Eeltsville, Maryland.
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EXECUTIVE SUMMARY

The project's objective is 10 assess means for controlling wate* infiltration through waste
disposal unit covers in humid regions. Experimental work is being perfcrmed in large scale
lysimeters (75’ x 45" x 10') at Beltsville, MD, and results of the assessment are applicable 1o
disposal of low level radicactive waste (LLW), uranium mill tailings, hazardous waste, and
sanitary landfills.

Three kinds of waste disposal unit covers or barriers to water infiltration are being
investigated. They are: (1) resistive layer barrier, (2) conductive layer barrier, and (3)
bioengineering management. The resistive layer barrier consists of compacted earthen material
(e.9., clay). The conductive layer barrier consists of a conductive layer in cenjunction with a
capillary break. As long as unsaturated flow conditions are maintained, the conductive 'ayer will
wick water around the capillary break. Below grade layered covers such as (1) and (2) will fail
if there is appreciable subsidence of the cover. Remedial action for this kind of failure will be
difficut. A surface cover, called bioengineering management, is meant to overcome this
problem. The L.oengineering management surface barrier is easily repairable if damaged by
subsidence; therefore, it could be the system of choice under active subsidence conditions. The
bioengineering management procedure also has been shown to be effective in dewatering
saturated trenches and could be used for remedial action efforts. Atter cessation of subsidence,
that procedure could be replaced by a resistive iayer barrier, or perhaps even better, a resistive
layer barrer/conductive layer barrier system. This latter system would then give long-term
effective protection against water entry to waste and without institutional care.

As mentioned in the preceding paragraph, a bioengineering management cover might well
be the cover of choice during the active subsidence phase of a waste disposal unit. Some
maintenance is required during that period. Final closure, using geological materials, could
follow cessation of subsidence. No further significant maintenance would then be required. If
the geological material used is merely a clay barrier to water infiltration to the waste, the cover
will be "sensitive®, ie. sensitive to imperfect construction or degradation by penetrating roots.
The roots will die and decay, causing markediy increased permeability of the clay with the
passage of time. A system using a conductive layer under the clay layer as a water scavenging
system will, in comparison, be "robust." Roots will still degrade the clay layer, but will not
degrade the scavenging layer. A root hole through the conductive layer will be analogous to a
hole through a wick. It will do no significant damage. The combination of a resistive layer with
a conductive (scavenging layer, underneath is thus less dependent on perfect construction
techniques and will be resistant to damage by root invasion. In the absence of subsidence such
a system will function effectively for millennia.

Xi



INTRODUCTION

Infiltration of water into the waste is
the foremost problern associated with near
surfane disposal of LLW. Up to this time,
disposal unit covers have gonerally been
constructea from soil materials. In the
humid areas, these soll or clay covers have
generally proved less than satisfactory; often
the cover itself has served as the principal
pathwey for water entry into the waste (1).
Water infiltrating to buried wastes, contacting
the wastes, and then exiting the area can
reasonably be expected t0 be the most
impertant of radionuclide transport agents.
Some radionuclides, such as tritium, present
as tritium oxide, and those present in anionic
form, will essentially move with the flow of
water; others prescnt as multivalent cations
will move much more slowly, but all will
move to a greater or lesser degree. Clearly
then, it is advantageous to reduce water
infiltration to buried waste to as low a level
as reasonably achievable. It is the purpose
of this work to examine and demonstrate
various approaches of achieving that goal.

Three kinds of waste disposal unit
covers or barriers are being investigated in
this work:

[1] Resictive Layer Barrier
(2] Conductive Layer Barrier
(3] Bloengineering Management

The resistive layer barrier is the well known
compacted clay layer and depends on
compaction of permeable porous materials
to obtain low flow rates. A simplified mode!
is shown in Fig. 1. Flow through porous
media is described by Darcy's law (2).
Investigations on flow through such layers
have gone on for over 100 years, so further
progress in this area can be expected to be
slow,

Fig. 1. Resistive layer barrier

The conductive layer barrier (1) is a
special case of the capillary barrier (3). Use
is made of the capillary barrier phencmenon
not only to increase the moisture content
above an interface, but to divert wate: away
from and around the waste. During such
diversion water is at all times at negative
capillary potential or under tension. A
simplified model is shown in Fig. 2.

CONDUCTIVE
| LAYEK

Fig. 2. Conductive layer barrier

This system consists of a porous
media underlain by a cagillary break (rock
layer). Infiltration barrierc such as a
conductive layer barrier or a clay layer
barrier (or a combination thereof) must fail if
subjected to substantial shearing caused by



waste subsidence. HReestablishment of & The failure potential of in-ground layered

layered system after subsidence fallure 1s a systems during the subsidence pernod
difficult undertaking and is exacerbaled Dy argues for development of an easlly
increasing complexity of the layered system repairable surface barrier for use dunng that

period. To that end a nrocedure ralled
*bioengineering management”™ was
developed (4) The bioengineering

CAUTION! management jechnique Utiizes a

combinaticn of engineered enhanced run-oft
and moisture stressed vegetation growing in
an overdraft condition to control deep water
percolation through disposal unit covers. Ar
antist's conceptual drawing I8 shown

Fig. 3
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EXPERIMENTAL AND DEMONETRATION

In this section we wil! discuss experiments being conducted in large-scale lysimeters at
a humid region site in Beltsville, MD (see Fig. 4.),

L e
91\ \wvs.1 3
\ \
\ \
\’,/
\ 0 20 40 60 80 100 FEET
\ \ T T L D S|
SCALE
Date
Lysimeter Completed
1 Bioengineering management 5/87
2 Bioengineering management 5/87
3 Vegetated crowned soll cover 5/87
4 Rip-Rap over resistive layer barrier 10/88
5 Resistive layer barrier over 1/90
conductive layer barrier
6 Vegetation over resistive layer barrier 4/89

Design type and completion dates of experimental
lysimeters located at Beltsville, MD.

Fig. 4. Plan view showing placement of experimental lysimeters at Beltsvilla, MD.
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BIOENGINEERING MANAGEMENT

Bioengineering management is a
procedure where the necessary run-off is
provided by features installed at or above
the soi! surface rather than within the profile.
The procedure has been described by
Schulz et al. (4) and was designated
bioengineering management. The principle
advantage of the bioengineering man-
agement system is that subsidence can be
gasily managed by relatively simple,
inexpensive maintenance of the above
ground features rather than difficult
reconstruction of below ground layers. It
should be noted, that after a sufficient
passage of time so that the organics have
decayed out and the waste containers have
completed failure, subsidence will cease and
a layered system could he then installed
which could last over geologic time periods.

In essence, the "bioengineering
management” technique utilizes a
combination of engineered enhanced run-off
and stressed vegetation in an overdrah
condition to control deep water percolation
through disposal unit covers. To describe it
further: if a waste burial site is selected so
that incoming subsurface flow is negligible,
then precipitation is the sole source of input
water. In a simplified model, that water has
throe possible fates: (1) evapotranspiration,
(2) run-off, and (3) deep percolation. Evapo-
transpiration has a definite limit governed by
energy input. Ideally, deep percolation
should be zero, leaving only the run-off
component available for unlimited
manipulation. Positive control of run-off
becomes difficult with the use of compacted
porous media trench caps as the sole barrier
to water infiltration. The compacted matenal
tends 1o become more permeable with the
passage of time, due to fractures caused by
waste subsidence and from the inexorable

process of root growth followed by death
and decay of the roots, thus creating water
channels. Evapotranspiration is then not
adequate to use all of the infiltrating water,
and water percolates downward to the
waste. As stated before, evapotranspiration
has a theoretical maximum dictated by solar
energy input to the system; only run-off
remains available for nearly unlimited
management. This run-off can be surface or
subsurface as long as it occurs before water
reaches the wasle.

Surface run-off can be managed to as
high as 100 percent (perfect leak-proof roof,
expensive and hard to guaranteg). Alter-
nately, adequate but not total run-off can be
engineered rather inexpensively by using an
impermeable ground cover over pan of the
surface to achieve high and controlled levels
of run-off. Vegetation planted between
areas of impermeable cover will extend over
the cover to intercept incoming solar ene "~
10 evaporate water. Roots wiil extend under
the cover in all directions to obtain water.

Such a system can be visualized by
conceiving in one's mind a supermarket
parking lot where trees are planted in islands
among an extensive paved area with the
islands 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.

Initial investigations of the bioengi-
neering management technique were carried
out in lysimeters at Maxey Flats, KY.
Results obtained in seasonal 1984-85 and
1985-86 were reported by O'Donnell et
al. (5). Inthat work a fescue grass crop was




used with an engineered cover of stainiess
stee!. Following seasonal 1985-86 the grass
cover was remcved, a new stainiess stee
engineered cover was constructed asd
Pfitzer junipers were planted in the lysime
ters. Afer establishment of the junipers
percolation data was again collected in 1988
and reported by Schulz et al. (6). Tne
performance ©of the woody junipérs was
excellent in preventing deep perco

water in the lysimeter

The encourag

obtained in the Maxey lat YSIT

axperiment has ied to the establishment 0! a
large scale fie!ld demonstration at Beltsville
Maryland. Fig. 4 shows the placement of

the experimental lysimeters and Fig. 5 is a

{;’1[;?;»;)"(1;)" of lysim
ianagement, taken

years aner planting

Alternating panels of

glass were used as the hard cover. These

plots or lysimeters are 70 ft long

wide and the bottoms are 10 ft below gr

Figure & shows a side view Cf Cco

details of lysimeters 1 and 2 (bioengineering

management) The only difference betweer

the two was the initial level of the water

tables. The water table was 90 ¢cm above

the bottom in lysimeter 1 and 1¢ m above

1’.c bottom in lysimeter

twO bioengineered lysim

lysimeters were iniually
|

reference YS meters were sin

they were merely cropped with |

Bioengineering

lanting of Pfit




They were labeled lysimeter 3 and 4. No
hard cover was present but surface slopes
were similar Performance data of the
reference lysimeters are given in Fig. 7

The water tat @ in the two reference
plots or trenches, lysimwuters 3 and 4, i.e. the
plots cropped to fescue, rose until near the
surface. Atthat time pumping of water from
the water table was initiated to keep the
piots (trenches) from running over. The
graphs of the water tables in the
bioengineered plots (lysimeters 1 and 2)
show an entirely different story as evidenced
in Fig. 8. H.re, in both cases, the water
table has been eliminated. It appears that
the bioengineering approach not only could
be used to prevent water infiltration t0 a
aisposal unit, t also could be used for a
remedial action in dewatering existing
problem sites such as Maxey Flats

On February 4, 1988, lysimeter 4 was
pumped out to prevent overflow. It was then
discontinued as a reference lysimeter and
converted to a rock surfaced resistive layer
barrier piot Lysimeters 1 and 2 (bio-
engineered) and lysimeter 3 have been
continued. A summary of run-off, evapo-
transpiration and pumping from those three
lysimeters is given in Fig. 9

Figure 9 shows that there was very
little run-off from the grass covered plot
The bulk of the precipitation was disposed of
Dy evapotranspiration by the fescue crop but
this was not adequate to prevent the rise of
the water table. During the past year about
74% of the precipitation was disposed of as
run-oft in the bioengineering plots and only
about 26% as evapotranspiration. However,
that combination eliminated the water table
as shown previously in Fig. 8

oM

Fsg O

F'lg /

Side view of bioengineered
lysimeter. Surface run-off is
coliected from both engineered
surtace and soil surface. Soil
moisture content 18 measured with
neutron probe. Water tabie is
measured in well

Water table ve. time in reference
lysimeters. The crowned surface is
cropped with fescue grass. Water
lable increased with time until
pumping of water table was
necessary to keep trench from
running over. Surface run-off was
8% of precipitation

_




300 - WATER TABLES
HEIGHT ABOVE BOTTOM OF LYSIMETER

Lysimeter 2

Centimeters
>
o
1

Lysimeter ¢

OMJJAsorwo[JrMAM;JAsonohrMAMJJASONo]J
1987 1988 | 1989

Fig. 8. Water table vs. time in bioengineered lysimeters. Decline of water table levels with
passage of time shows bioengineered covers were very effective in preventing water
percolation. Elimination of water table shows that this procedure could be used for
remedial action ("drying out®) of existing water-logged burial sites. Contrast this with
Fig. 7.



RESISTIVE LAYER BARRIER

As previously mentioned, on February
4, 1988, lysimeter 4 was pumped out,
discontinued as a referenc lysimeter, and
converted to a rock surfaceu resistive layer
barrier plot.  The primary reason fo;
constructing that particular cover is the
likelihood of such covers being used for
uranium mill tailings. An end view of that
plot or lysimeter is shown in Fig. 10. This
lysimeter was completed in the fall of 1988
and data collection, i.e., measuring
performance, has begun. The most
important information to be gained here will
be the relative weighing of the advantages
and disadvantages of rock surface vs. a
vegetated surface. Performance of that
lysimeter during 1989 is given in Fig. 9. So
far, the clay layer has operated perfectly; no

DEC. |,1987-NOV. 20,1988

BIOENGINEERED NORMAL
CLOSURE CLOSURE

o O

a

:

774 [[] RUN-OFF

@
O
1
N
\\
N

N

measurable water has percolated through
the clay layer to the pan shown in the
diagram.

In addition to the UMTRA or rock
surface resistive layer barricr plot, con-
struction of a vegetated resistive layer
barrier plot was carried out. The primary
purpose of this plot is for comparative
measurements.  Essentially this plot is
similar to the rock surfaceo plot except that
topsoll replaces the rock layer and the plot is
planted to fescue grass. Less than one
years data has been collected to date,
therefore, results are not shown in Fig. 9,
but so far there has been no leakage
through the clay layer to the pan. A diagram
of this plot is given in Fig. 11,
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Fig. 9. Fate of precipitation in bioengineered, reference, and UMTR/. lysimeters. Pumping

to prevent overflow wags required in reference lysimeter but no needed in
bioenginsered or UMTRA lysimeters.
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Fig. 10. Resistive layer barrier with rock cover. No vegetation. Possible UMTRA cover.
Possible advantages over vegetated resistive layer barrier. (1) Clay layer remains wet
and more efficient barrier to escape of radon. (2) Initially, superior erosion protection,
and (3) No root penetration of waste. Major disadvantage: no plant transpiration,
therefore requiring a clay barner of extremely low hydraulic conductivity. For clarity,
most instrumentation and some details not shown.
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Fig. 11. Resistive layer barrier with grass cover. Similar to UMTRA cover but has vegetation
in place of rip-rap. See Fig. 10.



FLOW UNDER NEGATIVE MATRIC POTENTIAL JP'
3 .-“ -
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| WATER * % N
| FLOW S A G RN
iz e, NO WATER :
k\:\ 1 LEAKAGE |
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LEAKAGE SN | WASTE | s
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Fig. 12. Water flow in an unsaturated Fig. 13. Substitution of rock layer for holes
porous medium. If a drop of water shown in Fig. 12. Voids between
were to be placed at one of the rocks act exactly like holes shown in
holes shown, it would flow upward Fig. 12 in forming a capillary .
into the soll. discontinuity, therefore preventing

leakage downward under the
influence of gravity.
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CONDUCTIVE LAYER BARRIER

If we consider the case of water
flowing downhill in an unsaturated porous
medium we have the case shown in Fig. 12.
The 'holes" shown in the diagram could be
a rock layer affording a caplllary break or
capillary discontinuity. This is illustrated in
Fig. 13. Under appropriate conditions, water
everywhere in these cross-sections will be
under tension and there will be no leakage.
This might then serve as an excellent means
of protecting waste by conducting water
around the waste. Figure 12 simulates a
conducting porous media such as a fine
sandy loam soil smoothly laying on top of a
rock layer. Problems with water flow under
saturated conditions could certainly arise
where a less than smooth surface ends up
being constructed as depicted in Fig. 14.

FLOW UNDER NEGATIVE MATRIC POTENTIAL

CONDUCTIVE LAYER IMPERFECTLY CONSTRUCTED

+

-

WATER

NO WATER ‘
h ~
A

-

LEAKAGE

Fig. 14. Imperfectly constructed
conductive layer with "pocket”
extending down into rock (or
capillary break) layer. No leakage
if conditions required to maintain
tension are met.

That is, what happens if imperfections are
constructed so that "pockets" of soil extend
down into the rock layer? Figure 14

1"

represents that case. Again, there will be no
leakage, provided conditions are such that
the water in all parts of the conductive layer
remains under tension,

The big question is, can conditions
required to maintain the necessary soil water
tensinn be practically maintained whiie using
this procedure to effectively protect waste
disposal units? To answer this question an
apparatus schematically depicted in Fig. 15
was constructed.

WATER PRESSURE DISTRIBUTION (VERTICAL)

WATER UNDER
TENSION (= pgh)
(NEGATIVE MATRIC (
POTENTIAL)

¥ MANOMETER
‘B

|
\
WATER TABLE ~

POSITIVE |
PRESSURE

(+pgn)

Fig. 15. Schematic of laboratory
apparatus for measurement of
water tension using different
materials and varying flow rates.

The apparatus constructed to make
the necessary measurements were called
soil beams. Several "mini-soil beams" were
constructed for use in the laboratory so a
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MEASURING WELL

Fig. 20. Combir.ation resistive iayer barrier over a conductive layer barrier. The clay
bamer (resistive layer barrier) needs only to provide protection to approximately
107® cm/sec. Conductive layer barrier of diatomaceous earth will readily transport
percolating water around waste.
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APFLICATION

The three procedures described in the Introduction may

be used singularly ¢ combination to protect disposal unite
from percolatir g waler pies appiy equally 10 above
ground oOr Delow-groung disposa For example, a
combination ot covers [1] CesCribed in the introguction
f this anticle could b e [oF Or a stabiized shallow land buna
facility whether it s ove Or below ground; e.qQ., t

B.At’s-uﬂ‘d\ e Adisposal cCoulg be In below g g vaults and the

e
roung
above-ground disposal unit could be earth-mounded concrete
bunkers. A drawing showing a combination of a
layer over a conductive
application is showr layer
the primary barrie ' small amount of water passing
through the clay layer )@ diverned around the waste by the
conductive layer. This cover over the waste can be, in tt

iNeory
100% eftective. A resistive layer alone must leak somewhat

gue to the natu ( o] uction ¢t compacted porous

material (clay) } Diogengineering concept could be
advantageous for T a tumulius or shallow land burnial unit
that would be likely to ex subsidence. It desired, and

¢ DY vl A - amhinatinn Af A o [
aner sudbsigence had ceased, a combinatior (.-‘ COove's L1
™ .

(€] COUIQ De ( structed with geological matenals to

g

extremely long-term isolation without further maintenance
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Fig. 21, Resistive layer barrier overlying a conductive layer barrier as it might be used in an
aboveground deposit cell (e.g. "tumulus”). Any water leaking through the clay layer
will be transported around the waste by the conductive layer.
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The project objective is 10 assess means for controlling water infiltration through waste disposal unit covers
in humid regions. Experimental work is being performed in large scale lysimeters (70'x45'10") at Beltsville, MD
and results of the assessment are applicable 10 disposal of LLW, uranium mill tailings, hazardous waste, and
sanitary landfills. Three concepts are under investigation: (1) resistive layer barrier, (2) conductive layer barrier,
and bioengineering waler management. The resistive layer barrier consists of compacted earth (clay). The
conductive layer barrier is a special case of the capillary barrier and it requires a flow layer (e.g. fine sandy loam)
over & capillary break. As long as unsaturated conditions are maintained water is conducted by the flow layer
below the waste. This barrier is most efficient at low flow rates and is thus best placed below a resistive layer
barrier. Such & combination of the resistive layer over the conductive layer barrier promises to be highly effective
provided there Is no appreciable subsidence. Bioengineering water management is a surface cover that is designed
o accommodate subsidence. It consists of impermeable panels which enhance run-off and limit infiltration.
Vegetation is planted in narrow openings between panels (0 transpire water from beiow the panels. This system
has successfully dewatered two lysimeters thus demonstrating that this procedure could be used for remedial action
("drying out”) existing water-logged disposal sites at low cost.
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