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ABSTRACT-

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)

: bloengineering management. The resistive layer barrier consists of compacted earthen material
(e.g, cicy). The conductive layer barrier consists of a conductive layer in conjunction with a

_

capillary break. As long as unsaturated flow conditions are maintained the conductive layer will
wick water around the capillary break. Below grade layered covers such as (1) and (2) will fall
if there is appreciable subsidence of the cover. Remedial action for this kind of failure will be
difficult.- A surface cover, called bloengineering management, is meant to overcome this !

. problem.- .The bloengineering management surface barrier is easily repairable if damaged by
subsidence; therefore, it could be the system of choice under active subsidence conditions. The
bloengineering management procedure also has been shown to be effective in dewatering
saturated trenches and could be used for remedial action efforts. After cessation of subsidence,
that procedure could 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 long 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 Boltsville, Maryland.
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EXECUTIVE SUMMARY

The project's objective is to assess means for controlling water infiltration through waste
disposal unit covers in humid regions. Experimental work is being performed in large scale
lysimeters (75' x 45' x 10') at Beltsville, MD, and results of the assessment are applicable to
disposal of low level radioactive 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)
bloengineering 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
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 fall
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 to overcome this
problem. The tJoengineering 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 dowatering
saturated trenches and could be used for remedial action efforts. After cessation of subsidence,
that procedure could 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 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",10. sensitive to imperfect construction or degradation by penetrating roots.
The roots will die and decay, causing markedly 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.

1
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INTRODUCTION

Infiltration of water into the waste is
the foremost probiern associated with near id;,
surface disposal of LLW. Up to this time, e i g _ 1., m
disposal unit covers have generally been - e WATER, --.o 'g<,

constructed from soll materials. In the as % ~ ' ci.AY
humid areas, these soll or clay covers have v .

~~ 1.-
" ''

-r :n' WASTE ogenerally proved less than satisfactory; often
the cover itself has served as the principal : [ soit:
pathwsy for water entry into the waste (1). -

.- -

,

Water infiltrating to buried wastes, contacting i 3 i

the wastes, and then exiting the area can ' ' '

reasonably be expected to be the most
important of radionuclide transport agents. Fig.1, Resistive layer barrier

Some radionuclides, such as tritium, present
as tritium oxide, and those present in anionic The conductive layer barrier (1) is a
form, will essentially move with the flow of soecial case of the capillary barrier (3). Use
water; others prescnt as multivalent cations is made of the capillary barrier phenomenon
will move much more slowly, but all will not only to increase the moisture content
move to a greater or lesser degree. Clearly above an interface, but to divert water away
then, it is advantageous to reduce water from and around the waste. During such
infiltration to buried waste to as low a level diversion water is at all times at negative
as reasonably achievable. It is the purpose capillary potential or under tension. A
of this work to examine and demonstrate simplified model is shown in Fig. 2.
various approaches of achieving that goal.

lcm
Three kinds of waste disposal unit { . 7%g

covers or barriers are being investigated in CONDUCTIVE
this work: " LAYER'''

. ~ -- ]' '

# ''

[1] Resittive Layer Barrier -

[2] Conductive Layer Barrier Y.
4 Jsolk'

-[3] Bloengineering Management ~

,
' ' ' ~ ' ' '~3'

_

" '

' 'The resistive layer barrier is.the well known
compacted - clay layer and depends on Fig. 2. Conductive layer barrier
compaction of permeable porous materials
to obtain low flow rates. A simplified model
is shown in Fig.1. Flow through porous This system consists of a porous
media is described by Darcy's law (2). media underlain by a capillary break (rock
Investigations on flow through such layers layer). Infiltration barrierc such as a
have gone on for over 100 years, so further conductive layer barrier or a clay layer
progress in this area can be expected to be barrier (or a combination thereof) must fall if
slow, subjected to substantial shearing caused by

1
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waste subsidence. Reestablishment of a The failure potential of in ground layered
layered system after subsidence failure is a systems during the subsidence period
difficult undertaking and is exacerbated by argues for development of an easily
increasing complex!ty of the layered system. repatrable surface barrier for use during that

period. To that end a procedure called
"bloengineering management" was
developed (4). The bloengineering3

, fCAUTION!!p management technique utilizes a
combination of engineered enhanced run off"'

an m s ure suessehegetadon growing b
LBUR'IED MULTil4YER " " * * " " " "" " P *" " '

E COVERS MUST FAllIFI
.. '"THERE IS 'APPRECI ABLg; p rcolation through disposal unit covers. An

ist s conceptual drawing is shown in
ISUBSIDENCEI

<

lMPERMEABLE
COVER VEGETATION

* W h d $ I$ LT)., @ N j[ O k J $ 44/4 d fA

hsk

Fig. 3. Bioengineering management
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EXPERIMENTAL AND DEMONSTRATION
1

in this section we will discuss experiments being conducted in large scale lysimeters at
.i

a humid region site in Bettsville, MD (see Fig. 4.). ~

>

M TANKS

!
!

LYS. 6

LYS. 2 i

LYS. 5 TANKS
O LYS. 3 O
d LYS,1

0 20 40 60 80100 FEET

SCALE| 6

Date
Lysimeter Completed i

1 Bloengineering management 5/87
2 Bloengineering 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 experimentallysimeters at Bettsville, MD.
! l
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BIOENGINEERING MANAGEMENT

Bloengineering management is a process of root growth followed by death
procedure where the necessary run off is and decay of the roots, thus creating water
provided by features installed at or above channels. Evapotranspiration is then not
the soll surface rather than within the profile, adequate to use all of the infiltrating water,
The procedure has been described by and water percolates downward to the
Schulz et al. (4) and was designated waste. As stated before, evapotranspiration
bloengineering management. The principle has a theoretical maximum dictated by solar
advantage of the bioengineering man- energy input to the system; only run off
agement system is that subsidence can be remains available for nearly unlimited
easily managed by relatively simple, management. This run-off can be surface or
inexpensive maintenance of the above subsurface as long as it occurs before water
ground features rather than difficult reaches the waste,
reconstruction of below ground layers. it
should be noted, that after a sufficient Surface run off can be managed to as
passage of time so that the organics have high as 100 percent (perfect leak-proof roof,
decayed out and the waste containers have expensive and hard to guarantee). Alter-
completed failure, subsidence will cease and nately, adequate but not total run off can be
a layered system could be then installed engineered rather inexpensively by using an
which could last over geologic time periods, impermeable ground cover over part of the

surface to achieve high and controlled levels
in essence, the "bloengineering of run off. Vegetation planted between

management" technique utilizes a areas of impermeable cover will extend over
combination of engineered enhanced run off the cover to intercept incoming solar ene~
and stressed vegetation in an overdraft to evaporate water. Roots will extend under
condition to control deep water percolation the cover in all directions to obtain water.
through disposal unit covers. To describe it
further: if a waste burial site is selected so Such a system can be visualized by
that incoming subsurface flow is negligible, conceiving in one's mind a supermarket
then precipitation is the sole source of input parking lot where trees are planted in islands
water. In a simplified model, that water has among an extensive paved area with the |

throe possible fates: (1) evapotranspiration, Islands having curbing around them.

(2) run-off, and (3) deep percolation. Evapo- Utilizing this concept, it should be possible,
transpiration has a definite limit governed by by combining engineered run off with
energy input. Ideally, deep percolation vegetation, to maintain the soil profile in a
should be zero, leaving only the run-off potential overdraft condition on a yearly i

component available for unlimited basis,
i

manipulation. Positive control of run-off i

becomes difficult with the use of compacted initial investigations of the bioengl- |

porous media trench caps as the sole barrier neering management technique were carried |

to water infiltration. The compacted material out in lysimeters at Maxey Flats, KY.
tends to become more permeable with the Results obtained in seasonal 1984-85 and
passage of time, due to fractures caused by 1985-86 were reported by O'Donnell et
waste subsidence and from the inexorable al. (5). In that work a fescue grass crop was

|

(
1
'
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used with an engineered cover of stainless photograph of lycimeter 1, bloongincoring
stool. Following seasonal 1985 86 the grass management, taken in January 1990, three
cover was removed, a new stainless steel years after planting of the Pfitzer junipers.
engineered cover was constructed and Alternating panels of aluminum and fiber
Pfitzer junipers were planted in the lysime- glass were used as the hard cover. These
ters. After establishment of the junipers, plots or lysimeters are 70 ft long by 45 ft
percolation data was again collected in 1988 wide and the bottoms are 10 ft below grade.
and reported by Schulz et al. (6). The Figure 6 shows a side view cf construction
performance of the woody junipers was details of lysimeters 1 and 2 (bloengineering
excellent in preventing doop percolation of management). The only difference between
water in the lysimeter. the two was the initial level of the water

tables. The water table was 90 cm above
The encouraging initial results the bottom in lysimeter 1 and 190 cm above

obtained in the Maxey Flats lysimoter tha bottom in lysimeter 2. In addition to the
experiment has led to the establishment of a two bioengineered lysimeters, two reference
large scale field demonstration at Beltsville, lysimeters were initially constructed. The
Maryland. Fig. 4 shows the placement of reference lysimeters were similar except that
the experimental lysimeters and Fig. 5 is a they were merely cropped with foscuo grass.
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Fig. 5. Bioengineering plots at Beltsville. Photo taken in January of 1990, three years after
planting of Pfit:.ar junipers. Run off is 74% of precipitation.
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They were labeled lysimeter 3 and 4, No
hard cover was present but surface slopes m.,,,,,,,, .,,,,,.. ..m e.o

were similar. Performance data of the * ' " " " ' ' " '* T

y.og~~
,+A7M Q[treference lysimeters are given in Fig. 7. =:,

g ;===== q,y,
g-

The water tat:e in the two reference . .. x 1, , ,, , . :
,,,

plots or trenches, lysimeters 3 and 4, i.e. the A ' " ' " g,''"
,,,_,m,,,,

plots cropped to fescue, rose until near thet " " ' " ' - "

g'"?'"'",jg,E@m ., ,,,~y'"" [.-surface. At that time pumpin0 of water from
the water table was initiated to keep the 7-

. , , , ,

plots (trenches) from running over. The J _t Q " " " " " ' " " " " ' " ' "

graphs of the water tables in the --e -
bloengineered plots (lysimeters -1 and 2) 'd""'''"""

show an entirely different story as evidenced
in Fig. 8. Hsre, in both cases, the water Fig. 6. Side view of bloen0 neered!

table has been eliminated. It appears that lysimeter. Surface run off is
the bloengineering approach not only could collected from both engineered
be used to prevent water infiltration to a surface and soll surface. Soll

,

disposal unit; it also could be used for a moisture content is measured with i

remedial action 'in dewatering existing neutron probe. Water table is
- problem sites such as Maxey Flats, measured in well.

'

On February 4,1988,lysimeter 4 was
pumped out to prevent overflow. It was then

WATER TABLESdiscontinued as a reference lysimeter and
**~ HEicHT ABOVE DOTTOM OF LYSIMETER

converted to a rock surfaced resistive layer
no_ {.3,3,'{;yf[],'-|E "$$Mbarrier plot. Lysimeters 1 and 2- (blo-

engineered) and lysimeter 3 have been
continued. A summary of run off, evapo- P*-

;-||| = ;~'w g;-',;-'a *,,,

1

transpiration and pumping from those three g ,,,_ tv.-- a

lysimeters is given in Fig. 9. i
0 '*-/ t,.......

Figure-9 shows that there was very /
' ~

little. run off from the grass covered plot.
The bulk of the precipitation was disposed of o"
by evapotranspiration by the fescue crop but [98/ ises'

" ' ~

this was not adequate to prevent the rise of
the water table. During the past year about Fig. 7. Water table vs. time in reference
74% of the precipitation was disposed of as lysimeters. The crowned surface is
run off in the bloengineering plots and only cropped with fescue grass. Water .
about 26% as evapotranspiration.. However, table Increased with time until
that combination eliminated the water table pumping of water table was
as shown previously in Fig. 8. necessary to keep trench from

running over. Surface run-off was
8% of precipitation.

6
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300 - WATER TABLES
HEIGHT ABOVE BOTTOM OF LYSIMETER

250 -

U 00 -2

N
s>

E 150 Lystmeter 2-

;

5 100 -

O
iLyslmeter i

So -

MJJ A-S o N o J F M AMJ J A son D J FMAMJJASoNO J

.1987 1988 1989

Fig. 8. Water table vs. time in bloengineered lysimeters. Decline of water table levels with
passage of time shows bloengineered 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,

i

u

I

|
,.



.
- - - _. .--- -. . - -_ - - . - . - _ _ . -

RESISTIVE LAYER BARRIER

As previously mentioned, on February measurable water has percolated through
4,1968, lysimeter 4 was pumped out, the clay layer to the pan shown in the
discontinued as a refereno lysimeter, and diagram,
converted to a rock surfaced resistive layer
barrier _ plot. The primary reason for in addition to the UMTRA or rock

--constructing that particular cover is the surface resistive layer barricr plot, con-
likelihood of such covers being used for struction of a vegetated resistive layer
uranium mill tallings. An end view of that barrier plot was carried out. The primary
plot or lysimeter is shown in Fig.10. This purpose of this plot is for comparative
lysimeter was completed in the fall of 1988 measurements. Essentially this plot is'

and data collection, i.e., measuring similar to the rock surfaced plot except that
performance, has begun. The most topsoll replaces the rock layer and the plot is
important information to be gained here will planted to fescue grass. Less than one-
be the relative weighing of the advantages year's data- has been collected to date;
and disadvantages of rock surface vs. a therefore, results are not shown in Fig. 9,
vegetated surface. Performance of that but so far there has been no leakage
lysimeter during 1989 is given in Fig. 9. So through the clay layer to the pan. A diagram 1

far, the clay layer has operated perfectly; no of this plot is given in Fig.11. ;

)

DEC I,1987-NOV. 30,1988 DEC I,1988-NOV. 30,1989

BIOENGINEERED NORMAL BloENGiNrFPED NORMAL RIP RAP
CLOSURE CLOSURE CLOSURE CLOSURE CLOSURE ,

g loo
O 9 9 g too 9 O 9 9.;- - - - - -

g C RUN-OFF i
80 -9 80 - -

8 EVAPORATION 8
hh TRANSPIR ATION

E 60 , @ PUMPED OUT E 60 --

(To prevent over flow )

g -40 g 40 -
'

-

* ~

{*
g g

~

l 2 3 1 2 3 4

Lysimeter Number Lysirr,eter Number

Fig. 9. Fate of precipitation in bloengineered, reference, and UMTRA lysimeters. Pumping
to prevent overflow was required in reference lysimeter but no: needed in

_

bloengineered 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 barrier 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.
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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. Volds 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
1nto 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 represents that case. Again, there will be no
flowing downhill in an unsaturated porous leakage, provided conditions are such that

-

medium we have the case shown in Fig.12. the water in all parts of the conductive layer
The " holes" shown in the diagram could be remains under tension,
a rock layer affording a capillary break or
capillary discontinuity. This is illustrated in The big question is, can cond_itions
Fig.13. Under appropriate conditions, water required to maintain the necessary soll water

*

everywhere in these cross sections will be tension be practically maintained while using
under tension and there will be no leakage, this procedure to effectively protect waste
This might then serve as an excellent means disposal units? To answer this question an
of- protecting waste by conducting water apparatus schematically depicted in Fig.15
around the waste. Figure 12 simulates a was constructed.
conducting porous media such as a fine
sandy loam soll smoothly laying on top of a
rock layer. Problems with water flow under WATER PRESSURE DISTRIBUTION (VERTICAL)
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 *4 7

'

N .

"WAT E R WATER UNDLR *

- Flow TEN $10N EMM j &[g
.- *SEE " H j- -

A '

No ED ANOMETER
,

LEAKAGE
wATEn Tam.E 9 'e,

"'

Fig.14. Imperfectly constructed Fig.15. Schematic of laboratory
conductive layer with " pocket" apparatus for measurement of
extending down into rock (or water tension using different '

capillary break) layer. - No leakage materials and varying flow rates. 4

If conditions required to maintain'
tension are met.

The apparatus constructed to make-
That is, what happens if imperfections are the necessary measurements were called
constructed so that " pockets" of soll extend soll beams. - Several " mini soll beams" were
down into; the rock layer? Figure 14 constructed for use in the laboratory so a

11
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--variety of candidate conductive layer Further investigations turned up a
materials could be quickly evaluated. A material, diatomaceous earth, that would fit
. photograph of a laboratory scale " mini soll these requirements. Measurements of
beam"is shown in Fig.16. tension vs. distance of flow are shown in

Fig.17.

*; y 97 50tL At.TER TENSION Al VARIOUS FLOW RATLS, (cm/sec).

k ,kM TENSION vs HORIZONTAL DISTANCE FROM DISCHARGEs

$ . . ' l' ;!j
] P0iN T

j D|ATOMACEous E ARTH ( P-171)%
. 4

C ' 'e r g g g...

hk ' ,i f[ ^ E 8
* 9 g g oo-a;

.
1

~

'

.

h | 2 // './*
*

4 gm .

"

. # , . -
., s ,

g2 ~k % 32 u07
Fig 16. Mini soll beam used for W -

~

g3 _
s 3 mo_.

evaluation of materials for = =

possible use in conductive layer -4

3 ~barrier application. This soil beam
has a totallength of 4.5 ft.

, , , ,

O 20 40 60 80 10 0 120

DISTANCE OF HORIZONTAL Flow, cm

A number of materials were evaluated
using the mini soll beams, 11 was quickly Fig.17, Soil water tension at various
established that it would be necessary to flow rates. Tension vs. horizontal
construct a resistive layer barrier above the distance from discharge point,
conductive layer barrier to have a practical Results suggest that at rates of
system. The standard was set that the 4.2 x 10-4 cm/sec or less, water
resittive layer barrier have an easily would remain under tension at
achievable conductivity of not greater than any beam length.
10-6 cm/sec. On this basis it was found
that soil material such as fine sandy loam
could provide an effective conductive layer The results of this experiment in the
barrier. That is, conduct around the waste 4.5 ft long beam suggest that as long as the
100% of _ water percolatir.g through the flow rate is no greater than 4.2 x 10-4
resistive layer. However, the measurements cm/sec the soil water will remain under
showed that such materials would not tension regardless of the soil beam length.
provide the desired (factor of 10) safety These results show that with the use of
margin. diatomaceous earth for the conductive layer

12
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and following the easily achievable ceous earth was used as the conductive
standards set above for the resistive layer, it layer material in the demonstration lysimeter
should be possible to construct a barrier that (lysimeter 5). It has been estimated that
would allow no water leakage to a waste purchasing and s. tipping the diatomaceous
disposal unit. However, before final .,, , ,, u ,,,_ _ w s , , , < s , ,,,
selection of the diatomaceous earth as the = = -na u s um mes um

DIATOM ACEOUS EARTH (P-471)
-...__,m

|
'

.| ,/
~

..

f. Q ,. % ,ggg&p ~ g
_ ,. s

_ t '$ D y,, \ ].r.

Dw-Q."
- g | .

. ? r
,_ ,

g il ;< i "j
_

; 7 y 7 [ | H ,, , , ._ , _,i h #' - DieTANCE OF HORIZONTAL FLOW,cm<

~7 Fig.19. Soil water tension at various
> - flow rates and as determined over

a 21 ft long flow distance. At 15
to -20 cm matric potential water

4 flow rate is approximatelyg4gr 3 x 10" cm/sec. At this flow rate
$[" . unsaturated flow can be main-

tained over an infinite distance' Q,;a% -

which confirms the results of the/

mini beam measurements
_

Fig.18. Large soil beam used for final

earth to a j$0,50 per cubic feet of disposed
ob site any place in the U.S. willselection of diatomaceous earth

add aboutas conductive layer material.
waste. This is over the cost of using Iccally

conductive layer material was made, it was obtained soil and based on waste being 10
felt prudent to conduct tests in a large scale ft deep,
soil beam. A large beam was constructed
and used for th:s purpose. The large beam After the time consuming task of
is shown in Fig.18 and has a soil beam selecting the conductive layer material was
length of 21 ft. As shown in Fig.19, a accomplished, a resistive layer barrier over
matric potential of about -15 to -20 cm of a conductive layer barrier was constructed in
water is maintained over the entire 21 ft lysimeter 5. It was completed in January
length of the beam when the flow rate does 1990. A local clay from Beltsville, Maryland,
not exceed 3.1 x 10" cm/sec, the Cristiana clay, was selected as the

resistive layer barrier. Testing has shown
The studies carried out in the large this material more than meets specifications.

soil beam verified closely the data obtained A cross section of the cover system is
in the mini beam. Accordingly, diatoma. shown in Fig. 20.
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Fig. 20. Combit;ation resistive layer barrier over a conductive. layer barrier. The clay
barrier (resistive layer barrier) needs only to provide protection to approximately
10-6 cm/sec, Conductive layer barrier of diatomaceous earth will readily transport
percolating water around waste.
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APPLICATION

The three orocedures described in the introduction may
be used singular y or in combination to protect disposal units
from percolating water. The principles apply equally to above-
ground or below ground disposal. For example, a
combination of covers [1] and [2] described in the introduction
of this article could be ideal for a stabilized shallow land burial
facility whether it is above or below ground; e.g., the
subsurface disposal could be in below ground vaults and the
above ground disposal unit could be earth mounded concrete
bunkers. A drawing showing a combination of a resistive
layer over a conductive layer in a " tumulus" or above-ground
application is shown _in Fig. 21. The resistive (clay) layer is
the primary barrier. The small amount of water passing
through the clay layer will be diverted around the waste by the
conductive layer. This cover over the waste can be, in theory,
100% effective. A resistive layer alone must leak somewhat
due to the nature of construction of compacted porous
material (clay). The bloengineering concept could be
advantageous for either a tumulus or shallow land burial unit
that would be likely to exhibit subsidence. If desired, and
after subsidence had ceased, a combination of covers [1] and
[2] could be constructed with geological materials to give
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 pmject objective is to assess means for controlling water infiltration thmugh 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 to disposal of LLW, uranium mill tallings, hazardous waste, and
sanitary landfills. 'three concepts are under investigation: (1) resistive layer barrier, (2) conductive layer twier,
and blocngineering water management. The resistive layer barrict consists of compacted carth (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 a capillary break. As long as unsaturated conditions are maintained water is conducted by the flow layer to
below the waste This barrier is most efficient at low flow rates and is thus best placed below a resistive layer
barrict, Such a combination of the resistive layer over the conductive layer barrier promises to be highly effective

| pmvided there is no appreciable subsidence. Bioengineering water management is a surface cover that is designed
i to accommodate subsidence, it consists of impermeable panels which enhance run off and limit infiltration.

Vegetation is planted in narrow openings between panels to transpire water from below the pancis. 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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