


WASTE DISPOSAL CELL COVERS:
PRACTICE, PROBLEMS, & OPPORTUNITIES

Jack A. Caldwell, P.E.

ABSTRACT

A series of disposal cells and in paricular the covers used 1o remediate sites that
conlain radicactive, hazardous, and toxic waste are described. The sile locations are
all in the arid wast. While the regulations that govern the design and construction of
these many covers vary greatly, the case histories show thal a similar engineering
approach is adopted ragardless of the laws that astablish perfformance criteria. The
case histories are the basis of s norms or desiderata to govemn the de
construction, and maintenance long-term covers. The research that must
undertaken 10 confirm the parformance of long-term covers and to improve the state-of-
the-art of cover design are discussed.

INTRODUCTION

This paper describas covers for remediating sites and for encapsulating radioactive,
hazardous, and foxic wastes. The focus is on i

radicactive and hazardous waste, bacause that is what | have worked on in the past
decade. Before that my work was mainly on mine waste disposal facilities, tailings
impoundments, and waste dumps. Much of what is recorded here is applicable o mine
wasie disposal facilties. Mow my projects include municipal waste facilities. Much of
what is said here is also applicable 1o such facilities. They are not discussed in detail
here because the issues are complex and controversial. Let those fopics await another
WA L.

The designer of the cover for a long-term waste encapsulation facility must consider
and account for the nature of the site; the characteristics of the waste; the availability of
suitable construction materials; and. above all, the need to protect human health and
the environment for as long as practical and possible. Research and development are
key to the development and adoption of betier designs which will endure for a long
timea. In addition, the designer must show that the design complies with local
regulations; or. if these are manifestly flogical or inappropriate. the designer must
parsuade society and the regulators to adopt better design norms. Research and
devalopment are key 1o the development and adoption of baetler design standards and
nOMms.,

Disposal cells and covers for waste are required in order to encapsulate the waste,
hinder intrusion to the waste, prevent inadverient waste dispersal, control infiltration
and radon flux, and limit distrass and damage of the cell by extreme natural forces.
The multiple components of the cover encapsulate the waste. Institutional controls on
access 1o the site deter intrusion. To provide for loss of institutional control, many
covers incorporate a thick layer of gravel and boulders. This layer should provide
reasonable notice o intruders thal unusual conditions lie beneath. In addition, the
boulders and gravel inhibit root penetration and the advance and passage of burmowing
animals. Infiltration through the cover to the waste is controlled by one or more layers
of low permeability soil or geosynthelic layers such as a high density polyethylene
geomembrane. Radon exhalation is controlled bast by a layer of compacted sit and
durﬂﬂsrmdn:mmdwﬂﬂmmﬁmgasﬂﬂdmmmﬂaihmme
clay and silt layer.
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To control erosion of the cover layers by precipiiation runoff, gravel may be placed as
tha uppermost layer of the cover. In some areas a i '
will i

vegelation ha .
prevent instability induced by static or dynamic forces, the inclination of the cover
must be ly flat to preclude sliding or creep movement off the waste.

Bacause thhpuﬁ..qrh resented o an audience of studenis and academics, |
focus on those things | do not know, which are yel to solved, and where there are

pe
that of a practitioner; | make my living solving clients’ problems and building things. I |
focus more on the practical and less on the theoretical, that is because that is where |
need answers. But | have tried to sketch those opportunities | suspect exist
research,

STANDARDS AND DESIGN CRITERIA

The regulations and standards that govern the dasign and construction of the covers
for radioactive and harardous wasie facilities vary greatly from state fo state and from
regulatory agency o regulatory . Consider, for example. the design life. The
least demanding standard calls a commitment o 30 years of monitoring and
maintenance; the most demanding calls for assured performance for 1,000 years to the
axtent reasonably achievable.

Some of the standards say nothing about monitoring and maintanance; others call for a
design thal minimizes the need for maintenance. As noled below, | believe thal the

for long-term maintenance is inevitable, and should be deal with al a national
level, the most the design engineer can do & minimize the need for exiensive
mainienance.

Samammaslmmsmummwtnunmmm%:mmamm m credible
oan%ulm and tha probable maximum precipitation. rs talk of remaining stable
for 100 years, a criterion some have - mistakenly, | believe - inlerpreled lo mean
designing for the 100 year recurrence interval earthquake and precipitation.

Some of the standards call for a minimum infitration. Others mandate the use of
geomembranes. The L. 5. Nuclear Hegulal Commission refuses 1o accept
gecmembranes as a valid way to control in ion; they believe that these
geomembranes will soon deteriorate and render the covers nonfunctional.

In most instances the standards do not reflect a genuine technical, societal, or
environmental need or requirement. Generally, they are a compromise between the
politically opposing forces of those who would impose the most demanding
requirements possible, as a matter of philosophical conservatism, and those who are
faced with paying to implemant the standards.

RECOMMENDED DESIGN NORMS OR STANDARDS

The NOMs be used to guide what is proper and necessary to remediate
dlspamm Hmng:rmnh and unﬂpsuua radioactive, harardous. or loxic waste;

in most instance these should also apply to landfill covers.

u The design life should be as long as economically feasible, and cerlainly no less
than 200 years.
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= The design life should equal o the parod of noxiousness of the encapsulated
wasle up 1o 1,000 years and beyond if technically practical.

] The encapsulation facility should be designed to remain stable and not allow for

rsal of the waste in the evenl of exireme evenis. these should be

consistent with the facility design life, surveillance and maintenance plans, and

the risk and implications of failure. Appruprlda design evenls are the maximum
credible earthquake and the probable maximum p ion.

= The cover should be designed to reduce infiltration to the waste to 10-7 cmisec
or lass; greater infitration may be acceptable if no adverse impact resulls.

| | The encapsulalion facility should be designed to deter and impede human,
animal, and plant intrusion; minimum maintenance should be involved in
retaining the integrity of the facilities.

APPROACHES TO TECHNICAL AND ENGINEERING DESIGN DETAILS

Existing wastes deposits may be stabilzed in place, exhumed and stabilzed on site in
new disposal cells, or exhumed and relocated for disposal off site. The decision to
stabilize in place, stabilze on site, or dispose off site is made on the basis of local
socioeconomic considerations and site sulnhlllr | suggest the following norms for
selecting one or the other of thase stabilization and disposal options.

u Stabilization In Place: Acceplable if the site is not in the probable maximum
flood plane or over an active fault or potable aquifer. Foundation subsoils must
have sufficient geochamical attenuative capacity or the groundwaler must be
adequate to indefiniely prevenl adverse impacli on groundwaler quality and
polential receplors; this may be quantified either by groundwaler gquality
standards or acceptable risk or dose to recepliors.

[ ] Stabilization On Site; Acceptable if the site meets criteria for Stabilization In
Place. To be used if exhumation of the wasle is necessary to characterize
th:fn. h'mmum. or place them in a facility such as a lined encapsulation

| Disposal Off Site: Acceptable if transpor does not involve unacceptable nsks to
those through whose neighborhood material is moved; also a suitable, and
much more stable, site must be economically available. Selection of Disposal
Off Site simply to pul the waste in somebody else's backyard is nol acceptable.
Those in the neighborhood of the site generally benefitted in the past from ils
presence; having enjoyed that part of the bargain they must now accept the
complete pact.

While the details of covers may differ, | suggest they involve the following technical
approaches that constilule acceptable engineering norms.

[ ] Use only natural materials such as soil and rock; do not use, or at laast do not
rely, in the long-term, on geosynthetics.

= Provide at least one and preferably two components to fulfill each functional
requirameant. Multiple r&durﬂn:y function is preferrad.
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[ | Select only the most durable rock available; and if such rock is nol available,
provide adequate thicknesses of soil to fulfill the same function.

| Use wery consernvalive design assumplions and fechnical and anahdical
approaches; always ask what the worst is that can happen and provide
components 10 prevent or mitigate potential consequences.

If a new disposal cell is built at a new site for radioactive or hazardous waste, | balieve
that the site selecled should be such that a basal liner system is not required. The
natural foundation socils and rock s mummnnmm groundwater quality in
the long term. Geochamical uation or should ba such as to achieve this
requirameant. If the new sile requires a basal liner to protect groundwater, il is probably
the wrong site and should nol be used. | recognize that this recommendation may not
be implementable in ceriain jurisdictions thal mandale liners. | believe such regulations
are illogical, are based on consideration of sulation of waste that will ba noxous
for but a short time, and fail to consider the ity of basal liner failure and
subsaquent seapage from the bottom of the call.

&=

if a new cell is built at an mdﬂhg site, | am prepared to accept the need for a basal
liner as a way to enhance Mﬂﬂanmm“mdmamlnﬁmm
regulator and commun m of the new on site cell. | balieve, howevar, that

the de narnmﬁu Mﬁmﬂnm ensura that when the basal liner system
fails, as is inevitable, that the groundwater will not hunagmmz._hwaﬂnd. In addition, |
racommend that the designer ensure that those responsible

absolule need for parpetual and continual operation and maintenance of the leachale
collection system and possibly treatment of seepage from the call.

CASE HISTORY 1 - THE URANIUM MILL TAILINGS REMEDIATION PROJECT

W the U.S. Department of Energy’s Uranium Mill Tailings
Ramadnal ncﬂnn (U Project. This project involves remediating 24 sites in 10
states, primarily in the wesl Al about half the sites, the radioactive tailings were
ramoved and relocated to altemative sites; at the other half, the tailings were shapad
and coverad in place. In no case wera liners used. The cover is the only enginaaring
componant used 1o encapsulate the wastes.

Al most western UMTRA sites the cover consists, from the waste up, of a8 compacied
low permeability clay/silt layer thal impedes waler infiltration and radon flux, a sand
layer thal acts as a drain, and durable rock sized to resist erosion by unoff from the
probable maximum precipitation.

Design issues thal continue to be of interast in these covers include: the raluunnshil:-
between the moisture content of the parially saturated clay/silt layer and its hydraulic
conductivity; the radon diffusion coefficient of the clay/sit layer; the long-term
equilibium moisture content of the clay/silt layer; the influence of the overlying sand
and rock on the moisture balance in the clay/silt layer; the potential for erosion of the
clay/silt by water seaping off the cover through the sand drain; the
of the clay/sit by waste deformation, freezefthaw, or desiccation; the durability of the
rock; and the polential for the saH—aﬂnhhhnﬂnt of vegetation in the rock. More than
halfm‘ihaz sites have been remedialed and monitored for up to B years. A
-:l:lnsidurahh amount of information on the formance of these covers is
. The only significant occurrence is at some sites vegelation is self-
astnhlﬂinn on the covers.

The UMTRA cover buill at the Durango, Colorado site consists of these componenis,
from the waste up: a radon and infiltration bammier of silty clay; a layer of Claymax which
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is a 25 mm thick layer of bantonite between two geotextiles; a clean sand drain; a
bicinirusion zone of cobblas; a filter layer of gravel, and soil, the upper it of which
containg abundani gravel o enhance erosion resistance. This cover was selecled o
enhance infiltration control, and to minimize bicintrusion. R has been in place for more
than five years and is performing well no erosion has occurred, shallow rooted
vegetation is growing infitration from the cell is as calculated. A cover similar fo
this has been adopied for a demonstration and trial project at the Hanford Site in
Washinglon State. For that cover a layer of asphalt is used in place of the Clayman;
otherwise there is no significant difference batween the two covers.

An enormous body of both theoretical and practical experience has bean accumulated

on the UMTRA Project. Much of it is buried in the project files; litthe has been written

and published in an easily accessible formal. This is a unfortunate, but it represents a

tnmunny for the engineer or scientist with an interest in tachnical history and the
of parsonalities and the development of enginearing science.

CASE HISTORY 2 - PROPOSED NEVADA COVER

A cover proposed for remedation of radioactive wasie disposal facilities at an
axire arid site in Nevada would incorporale these componenis, from the waste up:
a 1-m layer of soil-cemant formed with local sand; a layer of Claymax; a drain of
sand formed by washing local soils; 1 m of random local sand and silt; and anothar 1 m
of local soil to which gravel is added 1o enhance wind and waler erosion resistance.

Nuﬂhargmd uality rock or aré asconomically available at the site. Local
zﬂm%mgmﬂm?ﬁim.ammh sparse 1o non-
mdslurl In addition those responsible for the siles are willing to und-nrl.‘alﬂ indefinite
conlinual mon and maintenance. Infikration is controlled by evapolranspiration
from the uppear layers; the benionie layer will limit infitration of any seepage
through this upper layer. | am not concemed aboul cracking induced by either wasie
deformalion or desiccation; the bentonite will swell and essentially close up if and as
water reaches it. Biointrusion control is achieved by the thick r of soil, the soil
cament, and by maintenance. Wind and water arosion control achieved by the
gravel added 1o the upper soil layers. In addition, the soll cemant will bridge potential
voids thal may occur as the waste deteriorates.

This cover is yel to ba designed. Soma valid quastions thal the designers ask includa:
whal are the properies of the soil cement now and in the long term, and how will it
respond to the heat and drrnms of the deser; how will this cover materials respond o
seismic dislurbance; what I5 the capacity of the soil cemeant layer o bridge voids that

may form in the waste; how can money be saved by using local materials and reducing
layer thicknesses; how thick an u rs:ul layer is required to limil infiltration; can we
rely on action at the int of the soil and sand; what vegetation will sell-

establish and flourish and how can it be controlled. | suspect that the eyes of a good
geologist and geomorphologist will find the answers to these and other question in a
study of the local landscape.

CASE HISTORY 3 - PROPOSED CALIFORNIA LANDFILL COVER

In southern California is a landfill used primarily for municipal-like waste. There is some
evidence that other wastes were disposed in the lan mihatihasanmybuma
source of contamination of the part saturated zone and groundwater beneath the
landfill.
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The wasles were disposed of in a series of long parallel trenches separated by 1
silu dense earth. Accordingly there is a polential for corrugated differential settle
to affect a new cover.

i

The proposed new cover consists of these layers from the waste up: 600 mm of
random soil to cover protruding metal and other exposed wasle, a geosynthelic clay
layer (GCL); 150 mm of clean drainage sand; 1 m of soil to acl as a root and animal
zone and as a sponge for water held up by the capillary action of the underlying sand;
and 150 mm of gravel amended soil to imit wind and water erosion.

The landfil is on a military base; those in charge are committed to an active
survaillance and mainienance program. Indeed, they would ke 1o conver the cover 1o
a heavy equipment parking area when funds are available. The long-term use of the
site, after potenlial base closure or abandonment, is nol an issue.

Applicable regulations call for a minimum cover of 600 mm of badding soil, a 300 mm
layer of soil with a hydraulic conductivity of 10°% cmvs, and 300 mm of soil for
vegetation. C this cover is inadegquate in a very hol, dry environment. H will
desiccate and the infitration component will crack; vegelation and animals will rapidly
penetrate the upper soil. Wind and waler arosion will soon remove the soil, regardiess
of the results of calculations using the Universal Soil Loss Equation.

The battie rages on the field of g philosophy, ethics, , regulatory
compliance and mmmﬁ?ﬁmmmmm 1o build minimum
regulatory compliant cover or whether o meet and exceed client expecialions by
providing somet more substantial and robust. The legal philosophar and pragmatic
regulator might well join with the angineer and scientist to axamine the policy and cost
issuas that afemale covers ambody,

SOME ISSUES AND FUTURE DIRECTIONS

Much additional research into the besl design of a long-term robust cover for
radioactive, harardous, and toxic waste is ongoing. Much more such research is
required. In this section, | would like to summarize some of the work in progress and
sugpes! ideas for possible future research. | do not link these to the speci of the
case histories | have described; | simply group issues and ideas as they occur o me.

Innovative Cover Components

A promising idea is tha use of high air parmaeability gravel layers orented to create air
movemeant th and hence drying of the layer and the cover. The gravel layer
would be baneath the soil Alr movemeni induced aither by or the
eometry of the cover eanhance removal of moisture from the gravel; this considerably
hslﬂmr&u{wﬂuihﬂnﬂghnﬂunﬂnhﬂrﬂumhm- | do not like the
idea of fans, unless the period of waste noxiousness is shord. | prefer the idea of
induced air flow resulting from cover geomeltry. Another possibility to induce air flow in
the gravel is to create mmgsmmuMmﬁderﬁamnlm
hence heat retention at the inlel and exit “mrmwllnwr Also it might be possible
on high waste piles to use differential wind s al the top and botiom of the pile to
induce significant flow in the gravel layar.

Cover Components Materials

We need lo identify and research new materals for cover construction. One new
material that may be used beneficially in covers is a mixiure of sand, bentonite, and
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glass fiber or long-fiber asbestos. Preliminary testing shows that if the sand voids are
just filled with bentonite, the mix has the high strength of sand but the low bility
of bentonite. The fibers would provide tensile strength that anhances of steep
sidesiopes of cells where siope flatten is not practical. This soil mix could be placed
gither as a conventional soll layer, 150 mm or ar, alemalively i could be placed as
a filler batween two geotextiles, as is cumently done for some GCLs.

A Non-Vegetative Cover

The following cover is being considered for a new mixed waste disposal cell: an
hﬂ&rﬁhnurdmdmhﬂrnfslanﬂ:hmn:mdhﬂﬂmlhnhaﬂhfmcmn
fine gravel drain; a fiter layer of sand; and up to 1.0 m of 75 mm and coarser gravel.
Observations of a similar material mmmmuﬂanﬁmmm-ﬂihisﬂahdm
thal vegetalion is unable 1o establish in the rock. Seeds washed down and trapped on
the sand filter, do nol possess sufficiant inherant mar?yiugtmup through the upper
rock layer, deprived as they are of a reliable source of water and nutrients due 1o the

undertying sand and gravel layer.

The research questions associated with this cover include the following: what are the
ﬂmﬂnmmpm Hﬁw ﬁmmm mathntummﬁi”m
poss e veg 8 in s a
and will win particles clog the upper rock wvoids, thus creating an
nmirmmnlmﬂudﬂinﬂu astablishment of vegetation.

The Performance of Some Cover Materials

1ntlmuu1yJﬁm! my career as an engineer, | designed and monitored the
construction of five mine I;H:Imn impoundments in southem Africa. Each had a basal
drainage system. Soon after construction, a large percentage of the drains of sach
impoundment clogged. The clogging was not a result of mechanical plugging. Rather,
the ing agent in each case was biological activity. My biologist friends told me
that the interface between the sand of the drain and the silts and clays of the tailings
Was p;n Hiiu{ad. moist, oxygen-rich environment suitable for the development of a host of
Sim ofms.

lhnmnfmmmmmmhﬂum!hudmm:hdispnsﬂmhmhwh:hIhn;vn
been associated in north America. | fear, however, tnulumlmnmgumnmgu

place, 1nparﬁnuh*lsmpmmutmaﬂmurmammhupmmnpm it by the
mining industry are susceptible to | clogging. | recommend this area of
attention 1o those with an -ﬂuamrqui_II biclogical interest, The primary questions
are: is clogging occurring; will t occur in the long term; what will its affect ba on cover or
basal drain performance; how could clogging be avoided or mitigated.

Steep High Piles

A significant long-term cover design problem is that associaled with wasle facilities
where the current sidesiopes are as sieep as two horizontal to one vedical. Ensuring
long-term stability and infiltration control are mutually incompatible requirements; low
permeability elements such as clay do nol possess sufficient strength to remain on the
slopes for long-term static and dynamic conditions. Some ideas that will inevitably have
to be seriously considered include the use of deep rooled vegetation such as
eucalyptus trees to both stabilize the slopes and promote evapotranspiration to great
depth; reguiar and perpetual replacement of anchored geomembranes; light-weight
interlocking concrete blocks attached to pins driven into an underying soils such as
sand-bantonite; significant thicknesses of soil over capillary breaks; the praviously

G \UsersCaldweliRERNIID B 2



mentioned air passage layers; and soils with a gradation that enhances air movement,
hence drying, induced by almospheric pressure pumping.

An allermnative cover suggesiad for slopas as steep as 3:1 to 2:1 is, from the waste up,
a:fnlmus:minﬂlrﬁin-nﬁrﬂar ile; a bedding and drainage layer

of a second geotexdils, Eﬂﬂiulﬁﬂmufidlrmvmm:wrdagmgﬁd
within the soil io provide lensile resistance to enhance sliding resistance.

Some qu&m; uhmﬂm; pﬂiﬂw:n of ﬁamh a cover n:;ahm 1o ﬁmus&mg'm
mairiain vagatation in the thin & possibility of excess aros o

s0il by heavy precipitation and um.mmf’mm mi:n'h:ldynmrir.stuhlly
of the cover system at the interface of the geomembrane and the geoctextile.
paricular, the cover sliding resistance is critically depandant on the "cohaskon” or :um—
normal-force shear-resisiance between the geomembrane and the geogrid. There is
no true cohesion, i.e., molecular adhesion or attraction, between the geomembrane
and geotextile. Rather the zero-normal-force shear-resistance results from snaring of
the extremity fibers of the gectextile by the asperities of the roughened geomembrane,

During construction, placement of the geosynthelics may desiroy or negate this fiber
snanng (they may be fom or flattened) the asperities (they may be smoothed or
broken). ARlematively, with time, degradation of the geosynthetic materials, initiated at
the outer a5 of the malterials will result in loss of strength of the fibers and
asparitias. ismically induced motion, whether vertical or horizontal, may tear,
rupture, or separale the geosynthetics and their "appendages.”

Another cover suggested for steep slopes is to roughen the surface by grading to form
waves or undulalions. Ower this would be placed a needle-punched geosynthetic clay
layer, anchored if necessary with bollards. Angular sand and rock would be placed
over the geosynthelic clay to form a drain and to control erosion by precipitation
runoff. The undulations would be dimensioned to provide addition sliding resistance fo
the overall cover. The optimum undulation geometry is a nice research topic.

Cover Selection Methodologies

An old profassor of mine taught us that the best way to idenlify a new design for new
problam was 1o immerse yourself in the details for as long as possible; then have a stiff
brandy, sieep on it. and select on the basis of gul feel the next moming. | still believe
that he was right. But the tenor of the times precludes us from simply choosing. MNow |
must document with alaborate and objective reasoning each and every decision and
selaction amongst competing atematives.

| do nol have a good system for comparing and selecling the best cover from amongsl
a series of aternative covers. | have u multivariale utility analysis to good avail 1o
justify a somewhal arbitrary choice. | have used four-day long Value Engineanng
Wiorkshops 1o builld consensus for a paricular cover amongst paople have
disagreed for years. | have done cost benefit studies and used decision trees to allow
clients to provide their own answers and follow to the sequentially logical cover.

| am most haunted by one client who said "Select the cheapest cover; the rules will
mngemmanmm years, and then | will select an new cover o meel the new
rules.” He is of course correct. But this should not be the situation. As a nation and
as professionals, | must provide and | in tum deserve a more logical and sound
approach to selecting the right cover for the job than just getling by on the game of
minimal regulatory compliance,



My challenge to you is: stabilize the law; compile laws that set minima, but reward the
oplimum; define logical ways to idenlify, compare, mduhﬂmﬂ allemative
cover; incorporate selection procedures into professional practice.

Cover and Disposal Cell Performance Assessment Methodologies

The Nuclear Regulatory Commission is considering accepting the use of probabilistic
risk assessmenis of the performance of covers and complete disposal cells or
ancapsulation facilities to establish the dose to postulated receptors. This is

news and bad news. Thamunﬁrurpruhuﬂimcﬁshassassmmmaunnl la

Carlo analyses is established. It has not bean applied knowledge, with any rigor
to radicactive and hazardous waste disposal fu:ﬂlh: am'l dasign. This must be
done and the proper, prudent technical approaches must be established. In pariicular,
we need guidance on acceplable ways 1o incorporale the benefits of the reality of
probabilistic risk and dose assessments withoul incurring the disadvantages of the
axcessive data needs and high costs associated with these sophisticated approaches.

A mapor issue in the deliberations on the use of probabilistic risk and dose assessmants
is how to frame the regulatory standards for acceplable risk or dose. Current standards
all weigh to the conservalive side and incorporate the notion of the worst case analysis.
Can we “relax” the standards if we compile realistic performance descriptions using
pmpardl:s!*rthm of the appropriate parameters, and if we do how do we write the
regulations

Perimeter Dike, Basal Liners, and Wasio

The topic of this presentation is the cover of the waste encapsulation facility. | must
recognize, however, thal the tolal encapsulation facility usually also involves a basal
liner system, perimeter enclosure dikes, and treated waste, Satisfactory long-lerm
performance of the e ulation system depends as much on the design and
construction of thase components as on the design and construction of the
COVEr.

There are as many research needs and opporlunities associated with the permeter
encapsulation system, the basal liners, and waste treaiment as with the cover. | cannot
discuss and enumerate them all here. Let the few thal follow suffice.

We need to explora the design and performance of perimeter encapsulation systems
constructed of alternative materials such as all durable rock, rock over soil, soll cement,
and variants of conventional covers over waste. \We need (o join with the surface water

hyd isls and the hologists to refine design procedures for rock toes and
aprons t rol the pote dmdnwml effects of headward gully erosion and other
umrpmhn And we need to camy out flume tests to refine design

procedures for the tran ion from the top cover to the sidesiope.

| personally do not ike basal liner systems thal are installed to collect the leachale from
the waste. The liner systems demand long-lerm care to collect and treal the leachabe.
| believe that the wrong sile has been selected if a basal liner system is required to
collect the leachate from the waste. The only acceplable site is one where the leachate
can continue from the cell to the foundation soils and rocks without detrimental effect.
The corollary of this statement is that the base of the cell must meet one or more of the
following requirements: a basal layer of geochemically attenuative material must be
placed; the foundation soils and rocks themselves must be able to geochemically
attenuale the leachate; the evapotranspiralive processes al the sile must preclude
significant downward migration of leachatle from the cell, the groundwater must be
nonsuscaptible to degradation either because of dialive capability or because of

preaxisting poor quality.
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Soma of the resasarch opportunities that follow from these statements include: desi
and performance of long-lerm geochemical layers; the geochemistry of par
saturaled soils and fractured rock systems; rational regulations thal do nol mandate
basal liners but which ancourage selaction and use of appropriale sites; social systems
to deal, in the long term, with leachate from basal collection systems; and the efficacy
of wetlands and r natural peatbog-like systems to deal passively with leachate from
basal collection systems.

| resist the temptation to discuss and list research opporunities associated with the
encapsulated waste. | am sure that there are at least ten rassarch tlopics for each
waste form placed in a disposal cell.

A brief word on the research opporunities open 1o historians and social scientists in the
field of waste encapsulation facilities. | believe that the past twenty years and the next

mwatmﬁmm%maﬂmmhhmmma
facility design and construction. ThuMﬂnrynfMﬂhuhnppnmdmdwhmlsgmg
mhshadly-dm:nmmgnd% | am sure there are many valuable
thasis for those who and elucidate the links befween the
development of science, social demands for a clean environment, and the legal and
anginaaring practice of waste disposal.

A final word on disposal cells and waste encapsulation facilities as systems: | believe
that | must mmnnhamnahﬂﬂut - @8 complex system. And we must design them

and analyze their perfformance x systems. To do this we must understand
and use system nnd mw Hm mmph xity, chaos, chance, and large causes
from small beagin involva contributions from geologists;

nﬂiﬂs atmospheric, surface, and r 1s;
m and other unqhnnnpl;lniiﬂﬂnns and WWWWM
natural and social scientists who elucidate the fundamental principles and workings of
man, woman, and nature that affect our facilities.

A National Arid Environment Facility

Lelt me posiulale thal one of the s of national union is the sharing of
advaniages of resources thal are not aqm distributed 1o all states. VWhen cosi-
effective waste disposal is a national issue, we must recognize that not all siates are
equally endowed with sites and climates suitable for waste disposal. | recognize the

imperative in forcing local jurisdictions to take care of the waste they generate;
the idea is thal local responsibilty for wasle disposal will lead to a reduction in the
generation of waste. Unfortunately this oftan leads to disposal of wasle in areas
manifestly unsuited for waste.

Far batler to select and use a very small number of sites for all waste. | personally am
convinced that an ard environment is a belter place for the long-term inflerment of
waste than a wel anvironment.

If wastas are relocated to a new site in an arid locale, | believe that a viable cell design
would involve a long, namow, and deep trench for the waste. The trench should
preferably be excavaled into dry solls that are cemented or that possess considerable
apparent

cohesion due fo negalive pore pressure,

The cover would be a thick layer (up 1o 5 m) of soil cement that would arch over the
shorl direction of the trench. In an anrd locale, natural evapotranspiration and soil
cementing may ensure long-term natural stability of the soil cement and hence of the
cover structural integrity. It may be feasible to incorporate low-permeability zones or
layers into this arching cover; bentonite or bentonite-amended layers p as a GCL
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or convantional soil layer are possibilities. We need o simulate the unsalurated and
saturated behavior of system to establish its parformance and the nead, if any, for

additional low-permeability layers.

in addition we need to sfudy the optimum geomeiry of the trench for the facility
envisaged above. This will involve considerable knowledge aboul the effect of
nagative soil pore pressure on the slope stability of the soils into which the trench is
axcavated. We need to establish both the short and the long-term reliability of negative
pore prassures in slope stabilty. Also the possibilty that moisture shad from the soil
arch to the "abutments” Le., the side of the slope, will induce soil softening and cover

instability need to be investigated.

Research opportunities associated with this suggestion fo establish and operate a
national surface or near surface low wasle interment facility, include the regulatory
implications of national action, the social aspects of the acceptability of such a facility,
the economic advantages and disadvantages of one versus many waste disposal
facilities, and the many technical and engineering issues associated with the design,
construction, and long-lerm maintenance of such a facility. Technical and enginesaring
research includes issues in long-term geomorphology, seismicity, groundwater, material
selection and behavior, trench geometry, surface water control, climate change, and
the longevity of various waste toxicity.

Many Site-Specific Cells

The allernative to a national single arid area disposal facililty is a series of cells. one for
each sile. Imuldinmrmawunhnngihnmm roposed this starling idea:
faderal budgels are baing slashed; the DOE's budget is mlg'ng rapidly; but we still have
mz:::s and much contaminated material to clean up and dispose of; in shont, we do
not nno?h money o demolish all the oild mdhnctM?- contaminated buildings
and clean the debris; but the risk remains. One way to solve the problem is to bulld on
each site a disposal cell, into it all the contaminated building and soil waste, and
then commit to perpetual & collection and treatment.

This would undoubtedly be the loweasi ital cost way to reduce current risks. In the
long term the operating cost would be higher than for one cell thal contains clean, or at
leasi decontaminaled waste. But the long-term dose and risk to the postulated
receptor may be significant in the absence of institutional controls. | wish that
somebody could develop this idea and explore in detail the advantages, disadvantages,
and implications of implamenting a simple but radical suggestion.

Mational Programs for Surveillance and Maintenance

Considerable experience with the UMTRA covers suggesis that vegelation will grow
regardiess of the site location, and regardiess of the presence of design components
intended to eliminate the natural establishment of vegetation. This leads us fo the
conclusion that it is the responsibility of the designer fo provide those components that
are know to hinder if not entirely eliminate ion growth. &nmmmuﬂml
that long-term maintenance, albeit minimal, will always be . The U5
Department of Energy has established a group in Grand Junction, lo do this
for both the UMTRA cells and those uranium mill tailings pile now being remediated by
their private sector owners. | sus that in the longer term, this group will have to act
as a national center for custodial care and maintenance of many more, and a much
wider range of, radioactive and hazardous disposal cells localed in all pans of the U.S.
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Corporate Liability

Emmsinn mﬂﬁfﬂﬂimmm last for at least 1,000 years, then is there
mmm , 5% in
building the lity i :
for 1. years, but it is nice to think that :
could endure for that Itrgu Cearain religious instiiutions have, for example, lasted a

greal deal longer than 1,

In a more practical vein, | suspact we will
o 30 years from now. The immediate n
designed and built to cover lo last a mere 30 years, or
designed and built the cover to be self sustaining and intact afler the 30-year
maintenance peariod.

HE
:
%
:
i%.

The issue thal most worries the corporate lawyer is the design and construction of a
cover that by regulation must last at least 100 years. Many companies now in
successful practice have a good chance of continuing prosperously for the next 100
years.

:ﬁn auastans gy, he. ol andsang® o emrsctkary stuay hatl weaves together
policy, law, corporate practice, and environmental :

A National Information Clearing House

| must record and pay tribute to the many people and organizations in the west who
working on the issues of rm covers for radioactive, hazardous, ftoxic, and
municipal wastes. These include but by no means are confined to the Department of
Energy and its staff and contractors on the UMTRA Project, al Sandia National
Laboratories, Los Alamos, and Hanford. Private industry responsible for the
remediation of up to 25 active uranium mill tallings piles is struggling with the issues |
raiseé hare. The Deparment of Defense, faced with base closuras in many wastem
states, is building and will have {0 build many covers. Municipalities have many landfils
that are now full and must be covered, and municipal resources are severaly
constrained, all over the west. | have nol quoled any case histories that involve mines
in the wast, but we must recognize the existence of many mines, and their tailings
impoundments, waste rock dumps, sludge ponds, and heap leach pads that will have o
be covered in the future,

mnruhanm no clearing house for the fine work done by these people and their

n%amlsnnumrﬂfncuslnrtad'm:ﬂ.an . social, or regulatory
I:rnuhﬁpnmu o those in this field. An there is no central
research group the requisite mu h:lis-c:lphn‘yshlislnprmhja the impetus that is
neaded for the fulure.

P 6 UL SOU TTIRILHT, | KNOW Tnat of my friends and colieagues are
rasponsible for cover projects where the sums of money involved far exceed that. |
have no objective way of establishing the total dollars spent and to be spent on covers,
but | venture 10 suggest that if only one percent were spent on focused research and
development, the payback to the taxpayer would be immense. | urge others io quantify
the cosi benefils.



Municipal Landfills

| have not s addressed municipal landfills in this paper. | fear thal the nexi
wave of attention have o be on the issue of the long-term performance of such
hndf:x. iﬁﬂﬂmmwﬂmmmhﬁmmmm?ammg
a5 e an rspactive nicipal 5, a ants most

LTM nnmusm'mmh ar . We
questions as: who will take care of old, closed landfills i
money come from for this care; how will the ave
long term if lefl unattended; what will happen 1o groundwater when the double liners fail
as they inevitably will, how do we minimize total life cycle cost of landfill design,
construction, and operation of landfills. | suspect there are other questions | have not
considerad. Here is challenge enough for the young and vigorous.

’i
2
:

CONCLUSIONS AND RECOMMENDATIONS

In this paper | have described an amay of covers for remediating sites and for
ancapsulating wastes that are radioactive, hazardous, or toxic. | have attempted to
show that the regulatory regime of the site or is generally imelevant to what is
required and what is done in order to encapsu the wasta, hinder intrusion to the
waste, prevent inadverent waste dispersal, control infiltration and radon flux, and lmi
distress and damage of the cell by exireme natural forces.

The primary factors that dictate the design of the cover for wastes must be the nature
of the site; the characteristics of the waste; the availabilty of suitable construction
materials, and above all the need to protect human health and the environment for as
long a practical and possible. In transiating these desiderata into real-world design
criteria and technical and engineering approaches | have set out what | believe are the
necassary and appropriaie norms for any and all radioactive and hazardous waste

disposal colls,

| have tried to list the issues that | face as a consultan! and design engineer. These
issues offer many research and development opportunities to the academic and 1o
indusiry. | hope only that what | have written here provides the stimulus to others o
advance the state of the ard, and to save industry and the faxpayer large sums of
monay.
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| have used none, so | provide none. | wrote this paper from my head and without
reference to notes or reports. To add in a list of papers and books here would be 1o
leave oul many, and would focus on those o which | am pariial. | see no point or value
in that. Call me at (818) 568-7199 if you seek further reading matter on a particular

topic.
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