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ABSTRACT
'ihe study's ohecuse is to aswss means for contiolling water infiltration through waste disposal unit

cosers m humid regiont Experimental work is being performed in large-scale lysimeters (75'x45'x10') at
licitsville, MD, and results of the assessment are applicable to disposal of low-level radioactive waste (LLW),
nranium unit taihngs, hazardous waste, and sanitary landhils.

Three kinds of waste d6pos,d unit covers or barriers to water infiltradon are being investigated. 'Ihey
ac: (1) resisove layer barrier, (2) conductive layer barrier, and (3) bioengincenng management. The resisuve
layer barrier consists of compacted carthen material (e g., clay). The conductive layer barrier conusts of a
conductive layce in conjunction with a capillary break. As long as unsaturated flow conditir.m are maintained,
the conductne layer will wick water around the capillary break, Below-grade layered covers such as (1) and
C) will fail if there is appreciable subsidence of the cover. Remedial action for this kind of failure will be
dif ficult. A surf ace cover, called bioengineering <nanagement, is meant to overcome this problem. The
buengineering management surface barrier is easily repairable if damaged by subsidence; therefore,it could be
the system of choice under actise subsidence conditions. The bioengineering management procedure also has
t een shown to be elfcctive in dewatering saturated trenches and could be used for remediiJ action efforts. Atter
cesunon of subsidence. that procedure could be replaced by a resistive layer turrier, or perhaps even better, a
reustise layer t arrier/cc - 9uctive layer turrier system. This latter system would then gise long-tenn effecdve

. ry into waste and without insututional care.protection against water '

As mentioned in the preceding ;uragraph, a bioengineering rnanagement cover raght well be the cover
of choice during the active subsidence phase of a waste disphal unit Some maintenance is required during that
perud Fital closure, using geological materials.could follow cessation of subsidence. No further significant
maintenance would then be required, if the geological material used is increly a clay bamer to water infiltration
to the waste, the cover will te ' sensitive," i.e., sensitive to imperfect construction or degradadon by penetrating
nx>ts. The r(xits 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 wdl 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 throcch a wick. It will do no significant damage. The
combination of a resistive Liyer with a conductive (scasenging layer) underneath is thus less dependent on
perfec' construction techniques and will be resistant to damage by root invasion. In the absence of subsidence
suct a system will function effecuvely for millennia.

Another very useful application of the resisuve layer barrier / conductive layer turrie' system would be
m the protection of an earth mounded concrete bunker duposal unit. In that case, the terrier system would
sine.G the concrete from exposure m flowing water. The resulting stagnant ;dkaline film of water would tend
to prctect the concrete from degradadon over a long time period. Similerly, a resistive layer barrier / conceive
layer hirrier system could be used to protect high !cvel waste. If high twel waste was Csposed of in a rock
formauon with a fracture present, this system could te used to divert possible fracture flow water around the
w aste.
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INT RODUCTION phenomenon not only to increase the moisture content above
an interface, but to divert water away from and around the

Infiltration of water into the waste is the foremost waste. During such d; version water is at all times at
problem associated with near surface disposal of LLW. Up negauve capillary potential or under tension. A simplified
to this tirne, dis;osal unit covers have generally been model is shown in Fig. 2.
corvtructed from soil materials. In the humid areas, these
soil or clay covers have generally proved less than satis- MOW 4,
factory; often the txver itself has served as the principal i%M 1#d

CONDUCTIVE
pathway for water entry into the waste (1). Water infiltrat-

the area can reasonably be expected to tc the most important ) [g %[ER
ing to buried wastes, contactmg the wastes, and then exiting

(
of radionuclide transport agents. Sorne radionuclides, such 3 1 P ? WASTE - - M
as tritium, present as tritium oxide, and those present in j i ' ' ' ' ~ ~ Ty Soll

unionic form, will essentially move with the now of water; | g
; *

_

others present as muhivalent cations will move much more !

slowly, but all will move to a greater or lesser degree. [_ 4 ',
Clearly then,it is advantageous to reduce water infdtration
to buried waste to as low a level as reasonably achievable. Fig. 2. Conductive layer barrier.
It is the parpose of this work to examine and dernonstrate This system consists of a porous medium underlain by
vi6us approaches of achieving that goal. ;g gg g g

Three kinds of waste disposal unit cosers or baniers conductive byer barrier or a clay layer barrier (or a combi-
are teing investigated in this work: nation thereof) must fail if subjected to substantial shearing

c used by waste subsidence. Recstablishment of a layere
1. Heskthe I.ayer llarrier

system after subsidence failure is a difficult undertakin2 and
2. Conducthe Layer llarrier is exacerbated by increasing cornplexity of the layered

system. adure p tedal of in grouW Wued systems
3. Ilioengineering Management

l '

The resistive layer barrier is the welbinown compacted clay .p> 4 4
, .,

"
layer and depends on compaction of permeable porous pggtgsyg [j " g'' y'

,

materials to obtain low flow rates. A simphfied model is - VMQt;l R. M
shown in Fig.1. I' low through porous media is described by i 2, . MM ii o - 4~ 6
Darey s uw m investigauons on now througn such iayus BURIED!MULTlillAY.ERT "

Ich $"?!"$7NtM{"7 '"'*" P'"*" '!COVsNslUSYFAlMidf
"*"

MHERE!lSfAPPRECIABliEMEgg %g (SUBS 16ENdsihij:
WATER -- g a7 , g

mm+

~R W,e"
CLAY +< +

. /

f gg ,
# during the subsidence period argues for devekipment of an

; easily repairable surface barrier for use during that period.-

SOIL To that end a procedure called "biomgineering management"
*

was deseloped (4). He bioengineering management tech-

( _._____J. nique utilizes a combination of engineered enhanced run-of
' #

and moisture stressed vegetation growing in an overdraft

Fig.1. Resistive layer barrier. condition to control deep water percolation through dispos:d

The conducuve layer barrier (1) is a special case of up cmut An at s concepual &aW b shown in

the capillary barrier (3L Use is made of the capillary banier

1

..
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Fig. 3. Bioengmeermg managernent.

1:Xi'i;lt|MI:NTAl, AND Dl; MONS' lit A' LION prmedure has been described by Schulz et al. (4) and was
designated bioengineering management. The principal

in this secuon we will docuss experiments being advantage of the bioengineering management system is that
conducted in large-scale lysimeters at a humid region site in subsidence can be easily managed by relatively simple,
Behsville, MD hee Fig. 4). inexpensive maintenance of the above-ground features rather

than difficult reconstruction of below ground layers. It
should te 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 layeredas

system could be then installed which could last over geolog-
ic time periods.

mi

In essence, the '' bioengineering management" tech.in 4

nique utilizes a combination of engineered enhanced run-off"

"' " and stressed vegetation in an overdraft condition to controls
"''

5~ ""'
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< , u. y ,m

M water has three gossible fates: (1) evapotranspiration, (2)
I run-off, and (3) deep percolation. Evapotranspiration has am

; definite limit govemed by energy input. Ideally, deep' " " "e, ---

r , n e.,, e v,y- s e, percolation should be zero, leaving only the run off
$ Z*%72%.O 5 component available for unlimited manipulation. Positive
| " C .*|.". C ."|" " " U control of run+ff becomes dif0 cult with the use of,

7%,T'.",$'.. u e w... compxted porous media trench caps as the sole barrier to, m.

water infiltration. The compacted material tends to tecomec.w ..a u m m u..e.u- ~ ,
,, - . m m e c e ** " more termeable with the passage of t me, due to fractures

caused by waste subsidence and from the inexorable process
of root gmwth followed by death and decay of the roots,

I_ic. 4. plan view showine placement of ex- thus creating water channels. Evapotranspiration is then not
perimerc.at lystmeters at Behsville, MD. adequate to use all of the infiltrating water, and water

percolates downward to the waste. As stated before,
liioennineerine Management evapotranspiration has a theoretical maximum dictated by

s lar energy input to the system; only run-off remains
Bioengineering mmagement is a procedure w here the

"" # ' "#" Y " * **"#E#"#" ' " ' " " " ""necessary run-of f is provided by features installed at or
be surface or subsurface as long as it occurs before water

atee the soil surface rather than within the profile. The
reaches the waste.

2
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Surface runoff can be managed to as high as 100 198546 were reported by O'Donnell et al. (5). In that work
percent (perfect leak-proof roof, expensive and hard to a fescue grass crop was used with an engineered cover of
guarantec). Alternately, adequate but not total run-off can stainless steel. Following seasonal 198546 the gmss cover
be engineered rather inexpensively by using an impermeable was removed, a new stainless steel engineered cover was
ground cover over part of the surface to achieve high and constructed and Pfitzerjunipers were planted in the lysimet-
controlled levels of run-off. Vegetation planted between ers. After establishment of the junipers, percolation data was
areas of impermeable cover w'.ll extend over the cover to again collected in 1988 and reported by Schulz et al. (6).
intercept incoming solar energy to evaporate water. Roots The performance of the woody junipers was excellent in
will extend under the cover in all directions to obtain water. preventing deep percolation of water in the lysimeter.

Such a system can be visualized by conceiving in The encouraging initial results obtained in the Maxey
one's mind a supermarket parking lot where trees are planted Flats lysimeter experiment has led to the establishment of a
in islands among an extensive paved area with the islands large-scale field demonstration at Deltsville, Maryland. Fig.
having curbing around them. Utilizing this concept, it 4 shows the placement of the experimental lysimeters and
should be possible, by combiniag enginected run-off with Fig. 5 is a photograph of lysimeter 1, bioengineering
vegetation, to maintain the soil profile in a potential over- management, taken in January 1992, five years after planting
draft condition on a yearly basis. of the Pfitzer junipers. Alternating panels of aluminum and

Initial investigations of the bioengineering manage- fiber glass were used a the hard cover. These plots or.

. . lysimeters are 70 ft long by 45 ft wide and the bottoms are
.

ment techm.que were carried out m lysimeters at Maxey
Flats. KY. Results obtained in seasonal 1984-85 and w gra c. R.g. 6 shows a side sw of construcu.on

.

details of lysimeters 1 and 2
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Fig. 5. Biogengineering plots at Beltsville. Photo taken in January of 1992, five years after planting of Pfitzer
junipers. Run-off is 67% of precipitation, evapotranspiration is 33% of precipitation and there is no deep
percolation.

3

__ ._ _ . _ _ - - - - -



(bioengineering management). De only difference between The water table in the two reference plots or
| the two was the imtial level of the water tables. %e water trenches, lysimeters 3 and 4, i.e., the plots cropped to fescue.

table was 90 crn above the tuttom in lysimeter I and 190 rose until r. car the surface. At that time pumping of water
cm atove the bottom in lys":neter 2. In addition to the two from the water table was initiated to keep the plots
b;angincered lysimeters, two reference lysimeters were (trenches) from running over. The graphs of the water tables
initially constructed. De reference lysimeters were similar in the bioengineered plots (lysimeters 1 and 2) show an
except that they were merely cropped with fescue grass. entirely different story as evidenced in Fig. 8. Here, in both
They were labeled lysimeter 3 and 4 No hard cover was cases, the water table has been eliminated. It appears that
present but surface slopes were similar. Performance data the bioengineering approxh not only could te used to
of the reference lysimeters are given in Fig. 7. prevent water infiltration to a disposal unit; it also could be
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Fig. 6. Side view of bioengineered lysimeter. Surface Fig. 7. Water table vs. time in reference lysimeters. De
run.of f is collected from both engineered surface crowned surface is cropped with fescue grass.
and soil surface. Soil moisture content is mea- Water table increased with time until pumping of
sured with neutron prote. Water table is mea- water table was necessary to keep trench from run-
tured in well. ning over. Surface run-off was 8% of precipitation.
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Fig. 8. Water table vs. time in bioengineered lysimeters. Decline of water table level 3 with passage of time shows
bixngineered covers were very effective in preventing water percolation. Elimination of water table shows that
this prucedure could be u.,ed for remedial action ("dging out") of existing water-logged burial sites. Contrast this
with Fig. 7.
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used for a remedial action in dewatering existing problem lysimeter and converted to a rock surfaced 'esistive layer
sites such as Maxey Flats. barrier plot. Lysimeters 1 and 2 (bioenginected) and

lys eter 3 have ken conqud. A summe of mn on,On February 4,1988, lysimetcr 4 was pumped out to empouan@ad n an MmptHE mm 602 h lyshnewsf
prevent overflow. It was then discontinued as a reference is given in Fig. 9.
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Fig. 9. Fate of precipitation in bioengineered reference (soil with grass), UMTR A (clay with riprap), clay (clay with grass),
and clay + capillary (chy and capillary layers with grass), 'ysimeters. Deep percolation is present in reference
lysimeter. No deep percolation has occurred to date in all other cover systems.
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Fig. 9 show that there was very httle run of f from the Results of some neutron probe measurements are shown
grass covered plot. He bulk of the precipitadon was in fig. ll tor bioengineered lysimeters t and 2, The data is
disposed of by evapotranspiration by the fescue crop but this plotted as volumetric rnoisture content as a function of soil
was not adequate to prevent the nse o' the water table. depth on specific dates. Only six widely spaced measure.
Table I gives the run-off, evapotranspiradon and deep mnt dates are shown for clanty. From inspecnon of the
percolauon in the bioengineered plots during the past four figure it is seen that, at the start of the experiment in July of
y ears. Dere was no deep [rrcolation during this penod. 1987, the moisture content of the soil increased with depth
The evapotranspuation has teen rising annually. The annual ur'Ul the water table was reached, then became constant. By
rise m esapotranspiration is probably caused by the greater July of 1989, the water table had becn eliminated from both
vegetative canopy intercepung a greater percentage of the lysimeters, the soil profiles were dryir.g out but the soil
precipitauon. In 1988,1989 and 1990 the run-of f percentage moisture content, although much lower in the soil profile
was ho,74 and 70(7). In 1991 the run-off had decreased to than in July of 1987, still increased with depth. His same
679 of the precipitation. During 1989 the water table was relauonship was still evident November of 1991, rkhough
wmpletely chnunated in both plots as show n m Fig. 8. the sril profile had tecome still drier.

In Fig,12 the neutron probe measurements of soil
TaNe 1. kun off, evapdrampirauon and dec;i permlanon

moisture are plotted as a function of time et various specificfrom bmpnwrni pims.
depths. Here it is seen that at the two foot depth (61 cm)

Year R u n-off in apotranspir ation Deep the soil was dried out in the first year of the experiment. At
Percolation this soil depth, a steady state of " dry" soil seems to have

-

been reached. At eight feet, however, steady state has not
Percent of Precipitation - yet been attained. During the past 4M years, the soil

pm m 3 o moisture content has been decreasing and indeed, sdll is.
From the data shown in Figs 1I and 12,it is reasonable to

l* H 3 0 conclude that a steady state of " dry" soil will te eventually
pm 79 39 o obtained in the lysimeter. His would evidence that bioengi-

neered closure as descnbed in this experiment would
M M M U maintain the coser over buried waste in a " dry" steady-state

condinon and thus not only prevent water from percolating
. down to the waste, but would do so with a large safetyin addmon to rainfall, run-ofl, and evapotranspiradon g

measurements discussed above, neutron probe soil monture
measurements hase been made conunuotc,1y to morntor sod Resistis e I a3er llarrier
moisture changes in all six lysimeters depicted in Fig. 4. As prev iously mentioned, on February 4,1988,1ysimeter
The neutron probe measurements will indicate w hether there 4 was pumped out, discontinued as a reference lysimeter,
is a gain or loss of moisture from the soil profile, or perhaps and converted to a rock surfaced resisdve laycr banier plot.
a steadpstate situation wtne there is httle or no net gam or The primary reason for constructing that pardcular cover is
loss of soil moisture during a year. A steady state situation the likelihood of such covers being used for uranium mill
wiu, relatnely constant moisture " dry" soil above waste t;ulings. An cod view of that plot or lysimeter is shown in
would be highly desirable with a bioengineered cover. Fig.13. This lysimeter was completed in the fah of 1988
There would then exist a large safety margin in protecting and data collecdon, i.e., measuring performance, has begun.
the waste from mfiltrating water. The most important information to be gained here will be the

reladve weighing of the aJvantages and disadvantages ofNeutron probe apparatus, as supphed by the manuf.ac- g g
turer, are cabbrated against moisture measurements in sand.
Such cabbration will be of unknown accuracy when apphed In addition to the UMTRA or rock surface resisdve
to soil measurements. For t!us reason, cahbration of the layer barner plot, construction of a vegetated resisdve layer
probe was carned out using the same soil used in the barrier plot was carried out. The pnmary purpose of this
lysimeters. Fourteen humired pounds of soil were placed in plot is for comparadve measurements. Essenually this plot
a weighing lpirneter and measurements made oser a four. is similar to the rock surfaced plot except that topsoil
year period Cahbration data obtamed using the weighmg replaces the rock layer and the plot is planted to fcscue
lysimeter is gnen in Table 2. He resulting cur es depienng grass. A diagr;un of this plot is given in Fig.14.
the factory cahbration and the weighing lysuncter cabbration

In Fit 9 the tale of precipitadon in the UMTRA andare e,iven in hg.10. I rom hg.10 it is eudent that use of '

the i~actory calibradon on sand would result in a very large E" # *# Y ## *** # # * "*

" # #' * "" * b "*crmt m soil moisture deternunadon.
the grass-coscred plot but in both cases there has teen no

6
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Table 2. Calibration of neutron probe used in lysimeters 1.2.4.5 and 6. Calibration was carried out in a weighing lysimeter using
the x>il of the field lysimeters.

Moisture Content

Volumetric Osen Dry Might llasts

Dale
of Count 2 3cm !! 0 ' V 3 % Moisture (Pw)

2Measurement std. Count 7
cm 9211 s \ s3

j 9.i1 87 .191 .0109 .65

10 14-87 1.78 .256 15.6

10 23 87 1.72 .246 15.0

2 412-88 1.62 .223 13.6

5 27.88 1.52 .203 12.4

10.05 88 1.44 .183 11.2

11 30-88 138 .170 10.4

11189 1.29 .159 9.7

30289 1.23 .147 9.0

4 26-89 1.13 .132 8.0

61489 1.04 .115 7.0

80489 0 93 w7 5.9

10.I1-89 0.84 .084 5.1

1 03-90 0.76 .072 4.4

749-90 0.73 .065 4.0

12-07.90 0=62 .052 3.1

5-22-91 0.56 .N3 2.6

11 14 91 0.52 .M0 2.4

Volume of soil in weighing lysimeter 382 liters
O D. weight of soil in weighing lysimeter 628 kg

3llulk density of soil 1.64 g/cm

15 Atmospheie moisture (Pw) 3.1 %

1/3 Atmosphere moisture (Pw) 7.1%
315 Atmosphere moisture (V/V) 0.051 skm
31/3 Atmosphere rnoisture (V/V) 0.117 g/cm

A D. moisture % (Pw) 0.65 %
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Fig.10. C alibration of neutron probe using .; oil of bioengineer . net a ' N ' ion was carried out in a weighing-

lpimeter e~er ' -year period. Faaory calibratit applic.J * 3 a;,anufacturer of neutron piobe and was
made an a r :er than soil.

deep p x : tion Juough the clay layers 80 date. Although Conductive 1.ayer Itarrier
the data :. cow no deep perco'ation through the clay layers t

U we c sider the case of water 09 wing downhill in vn
date m bcth lysimeters, . e data m uself gives little clue as

unsaturated porous medium, we have the case shown in Fi2
to how much safety margin has been offered. Also it is not

16. The " holes" shown in the diagram coul( N a rock layerknown how' consistently rach near perfect clay barriers
affordinr a capillary break or capillary discontinuity. Tiusv eh ! be mstalled in tautine opeiation. That remams a

( x,biem for future consideration. Another ca..cern is that of s i'Justrated in Fig.17. Under appropriate c; nditions, water
everywhere in these cross-sections will be under tension and

possible drying out of clay barriers. If the clay layer were
there will oc no leakage. This might then serve as an

to dry out, it would not be as efficiert a barrier for prevent-
excellent mums of protecting waste by conducting water

me radon escape as planned in the UMTRA ap,'lication, in
around the waste. .;.16 simulates a conducting porous

addit tn. drying out of the clay layer could lead to crackingg , g g ,g ,g ;
of the layer, leading tt subsequent leakage prior to rescahng g7, g , g; g , g
by wett;ng. Fig.15 gives the volumetric moisture content of

saturated conditions could certain1v arise v here a less thanclay m the rock-covered (lysimeter 4) and the grass-covered
smooth surface ends up being constructed as depicted in Fig.(lysimeter 6) picts. In no case did in clay layer da out
18. That is, what happens if imperfections are constructed

sigmficantly. Og the contrary, in the UMTRA or rock- se that "[ockets" of soil extend down hto the rock layer 7
covered plot, devoid of vegetauon, there is a shght increase

Fig.18 represt w that case. Again, there will be no leakage,m moismre content with passue of time, suggesting that
provided conditions are such that the water in all parts of thesome leakage of whter l'uuugh the clay layer may be
conductive layer remains under tension.observed in the future. Lysimeter 6 has a . lay layer and a

grass cover, in this case no increu in moisture content has The big question is, can cor.ditions required to maintain
been observed. On the contrary, to date there is a hint of the necessary soil water tension be practically maintained
decrease of mo4 ure in the clay layer. while using this proct. Jure to effectively protect wastet

disposal units? To answ r this question an apparatusa

schemat'. ally depicted in F - 19 was constructed.
a

8
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Fig. I1. Bioengineered covers. Volumetric soil moisture content plotted as a function cf sor de;ah at six different
dates. By July of 1989 water table had been eliminated from soil profiles, As of November 1991 catire soil
profiles, although relatively dry, still showed increasing moisture content with depth.
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toot icvel (244 cm) the moisture content has continued to drop to date. Uc biocr:gineered closure would maintain the
soil over buned waste in a " dry" steady-state condition and not only prevent water from infiltrating to the waste, but
would do so with a large safety margin.
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crosion protection. (3) No root penetration of waste. hiajor Jisadvantage: no plant transpiration, therefore requiring
a clay barrier of extremely low hydraulic conductivity. For larity, most instrumentation and some octails not shown.,
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Plot (lysimeter) is 70 feet long by 45 feet wide and bottam is 10 feet below grade. Clay layer is 1%-2 feet thiek.
Slope is 1:5.
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Rg.15. Moisture cor. tent of clay h>yers with the passage at time. Lysimeter 4 cover system is a ciay layer covered
with grasci and rip-re. No vegetation is present and the clay is showing a very slight increase of water
content with time. Lysimeter 5 has a capillary (conductive-scavenging) layer underneath a clay layer and the
plot is cropped to grass.1his plot has been underway for nearly :w; years and the largest variations in
moisture content take pixe during the summer months. Lysimeter 6 has a clay layer wiih a Frass cover. As
in lysimeter 5 the largest moisture excursions have taken place in the summer months.
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FLOW UNDER NEG ATIVE MATRIC POTENTIALj
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Fig.16. Water now in an un .aturated porous medium. If a
Fig.17. Substitution of rock layer for holes shown in Fig.

16. Voids between rocks act exactly like holes
drop of water were to be pixed at one of the holes shawn in Fig.16 in forming a capillary dis-
shown,it would flow upward into the soil.

cor.tinuity, therefore preventing leakage downward
under the influence of gravity.

to senduct tests in a large-scale soil beam. A large beam
The apparatus constructed to make the necessary

measurements were called soil beams. Several " mini-soil
was constructed and used for this purpose. De brge beam

beams" were constructed for use in the labort:ory to a is shown in Fig. 22 and has a soil beam length of 21 ft. As

variety of candidate conductive layer matenals could be
shown in Fig. 23, a matric po'ential of about -15 to -20 cm

quickly evaluated. A photograph of a laboratory ccale of water is maintained over the entire 21 ft leng"th of the
beam when the flow rate does not ecced 3.1 x 10 cm/sec." mini-soil beam" is shewn in Fig. 20. The studies carried out in the large soil beam verified

A number of materials were evaluated using the mini-
rat trams. It was quickly established that it world be closely the data obtained in the mini-beam. Accontingly,

necessary to construct a resistive layer barrier above the
diatomaceous earth was used as tha conductive layer material

'

De in the demonstration lysimeter (lysimeter 5), it has been
conductive layer barrict ta have a practical system.

estimated that purchasing and shipping the diatomsceousstandard was set that the resistive layer barrier have an
casily achievable conductivity of not greater than 10

earth to a job site any place in the U.S. will add about 50.504

cm/sec. On this basis it was found that soil material such as
per cubic feet of disposed waste. His is over the cost of

fine sandy Wm could provide an effenive conductive layer
using locally obtained soil and based on waste being 10 ft

barrier-that is, conduct arcterd the waste 100% of water deep,

percolating through the esistive layer. However, the
After the time consuming task of selec:ing the conduc- ,

measurements showed that such materials would i.ot provide tive layer material was accomplished, a resistive layer barrier
over a conductive layer barrier was constructed in lysimeter

the desired (factor of 10) safety margin,
5. It was completed ir. January 1990. A local clay from

9

Further investigations it'rned up a material, Aatomace-
ous carth, that would fit these requirements Measurements

Beltsvilh, Maryland, the Christiana clay, was selected as the

of tension vs. distance of flow are shown a Fig. 21. resistive laye. barrier. Testing has shown this material more

The results of this experiment in the 4.5 ft long beam than mee:s specifications. A cross-section of the cover

suggest that as long as the flow rate is no greater than 4.2 x
system is shown in Fig. 24.

10"' cm/sec, the soil water will remain under tension
regardless of the soil beam length. These ruults show that APPLICATIONwith the use of diatomaccous earth for the conductive laycr
and following the casily achievable standard set above for

The three procedurts described in the Introduction may
the resistive layer, it should be possible to construct a barrier

be used singularly or in combination to protect disposal unitsthat would allow no water leakage to a wa~c disposal unit.
ilowever, before final selection of the diatomaccous earth as from percolating water. The principles apply equally to

the conductive layer material was made, it was felt prudent abov.> ground or below ground disposal. For example, a

1
|
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I FLOW UNDER vEGATIVE MATRIC POTENTI AL
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Fig.18. Imperfectly constructed conductive layer with QT8VE ; j .

3, g

" pocket" extending down into rock (or capillary rygg j
break) layer. No leakage if conditions required to h-
maintain tension are met.

Fig.19. Schematic of laboratory apparatus for measurement
of water tension using different materials and
varying flow rates.

SO!L WATER TENSION AT VARIOUS FLOW RATES, (cm/sec)

TENS!ON vs MORIZONTAL DISTANCE FROM DISCHARGE
POINT

DIATOMACEOUS E ARTH ( P-171)
'
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1.97 x 10''Fig. 20. Mini-soil beam used for evaluation of materials for

~

possible use i.. conductive layer barrier application.
This soil beam has a total length of 4.5 fL Lead
brickt were placed on top of the test mataial t [O. j0 '

0 sO O
simuue overburden' D! STANCE OF HORIZONTAL FLOW, cm

Fig. 21. Soil water tensiori at various tiow rates, measured
ir, mini soil beam shown in Figure 20. Tension vs.
horizontal distance from discharge point. Results

4suggest that at rates of 4.2 x 10 cm/sec or less,
water would remain vider tension at any beam
length. Slope of beam is 1:5.
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Fig. 23. Soil water tension at various flow rates,
^T . measured in large soil beam shown in*

TQ j Figure 22. That beam is 21 ft. long and,

numat 3 has a slope of 1:5. At -15 to -20 cm,
6

, matric potential water now rate is approxi-
'

' mately 3 x 10" cm/sec. At this flow rate
uns turated Gour can be maintsined overFig. 22. Large soil beam used for final selection of
an infinita dist nce which contirms thediatomaccous carth as conhde layer material.
resuhs of the mu' tham measurements

,

Lead bricks were placed i t. p of diatomaccous
carth to simulate overburden. (Fig. 21).

O

combinaden of covers (1) and (2) described in the introduc- The bioengineering concept could be advantageous for
tion of this article could be ideal for a stabilized shallow either a tumulus or shallow land burial unit that would be
land burial facility whether it is above or below ground; e.g., likely to exhibit subsidence. If desired, and after subsidence
the subsutwee disposal could be in below-ground vaults and has ceased, a combination of covers (1) and (2) could be
the atx)ve-ground disposal unit could be carth-mounded constructed with geological materials to g:ve extremely long .
concrete bunkers. A drawing showing a combination of a term isolation without further maintenance. Another
resistive layer over a conductive layer in a concrete bunker possible application of a combination of covers (1) and (2)
or above-ground application is shown in Fig. 25. The described in the introduction of this article is showTi in
resistive (clay) layer is the primary barrier. The small Figure 26. Here high level wasti is emplaced in a tunnct
amount of water passing through the clay layer will be excavated in rock. If a fracture was present in the rock and
diverted around the concrete bunker by the conductive layer, fracture flor urred, the combination of a resistive layer
This cover over the concrete bunker can be,in theory.100% and a conductne layer could provide excellent isolation of
effective. The concrete structure would thus be shielded the waste from flowing water. Figure 27 depicts an applica-
from exposure to flowing water. This would result in a film tion where only very low Dow rates need be protected
of stagnant alkaline water at the gravel / concrete interface. against (essentially dropwise tracture Dow). Here, the-

The presence of tWs high pH, stagnan; water would tend to system could be simplified so that only a conductive layer
protect the coi~.ste from degradation over a long period. A with a capillary break is necessary.
resistive layer above must leak somewhat due to the nature
of construction of comnacted porous material (clay).
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Fig. 24. Combination resistive layer barrier over a conductive layer barrier. 'Ihe clay barrier (resistive layer barrier)
4needs only to provide protection to approximately 10 cm/sec. Conductive layer barrier of diatomaccous

carth will readily transport percolating water around waste.
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Fig. 25. Resistive byer barrier overlaying a canductive layer barrier as it might be used wid1 an earth mounded
concrete bunker. The resistive (clay) layer is the primacy barrier to water passage downward. The conductive
layer (diatomaccous carth) will scavenge and conduct any water percolating titrough the clay layer around the
concrete structure to drains. The diatomsceous/ gravel interfoer is the capillary break. The concrete is exposed
only to a stagnant, alkaline film of water which will greatly retard the degradation of the concrete over a very
lang time period. Only geological materials n! ready over one million years old are used in constmetion, other
than the concrete, so the life of the cover will far exceed that of the concrete, even though tha .over system
can be expected to significantly increase the structural hfe of the concrete.
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Fig. 26 Artist's concept of resistive cnd conductive layer barrier to protect high level waste from water flowing through
a rock fracture. Resistive (clay) layer will divert all but a small amount of fracture flow water. Conductive layer
(very fine sand or diatomaccous carth) will scavange the small quantities of water that will pass through the clay
layer. The conductive layer will transport the scavanged water, under tension, around the waste.
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10 SUPPL E ME NT A*TY NOTE S

11. A8ST P AC T gir mn .u W

The project objective is to assess means for controlling waste infiltration thmugh waste disposal unit
covers in humid regions. Experim:ntal wort is beim, performed in large scale lysimeters (70'x45'x10') at
Beltsville, MD and results of the assessment are applicable to disposal of LLW, uranium mill tailings,
hazardous waste, and sanitary landfills. Three concepts are under investigation: (1) resistive layer banier, (2)

,l conductive layer barrier, and bioengineering water management. The resistive layer barrier consists of
compacted carth (clay). The conductive layer banier is a special case of the capillary barrier and it requires a
flow layer (e.g. fine sandy loam) over a capillary breal As long as unsatutated conditions are maintained
water is conducted by the flow layer to below the waste. This barrier is most efficient at low ilow rates and is
thus best placed below a resistive layer barrier. Such a 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 to accommodate subsidence. It consists of impermeable
panels which enhance run-ot~f and limit infiltration. Vegetation is planted in narrow openings between panels
to transpin water from below 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
distusal sites at low cost.

o ^vaem" < m -iu m wo Hos<ot sc H w ohs u,- -, ~ e -~ ,-- ~w ~- ,

lefi1tration hydrology Unlimited
" " " ' " " ' " ' " " " *LLW disposal capillary barrier

lysimeter remedial action " * " *

hazardous waste disposal Unciassified
U"''""toxic waste disposal

s_nitary landfill Unclassified
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