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PREFACE 

The United States does not have a coordinated program 
for the disposal of industrial wastes , and the health and 
environmental problems associated with their disposal 
are becoming increasingly serious . In this report con­
s ideration is given to geological aspects , which play an 
important role in solutions to the problems and which are 
perhaps the least amenable to direct measurement of all 
the factors involved in the di sposal of industrial wastes . 
The total significance of current and past practices is 
not known and is  not addressed in this report . A much 
broader and comprehensive study i s  needed to make an 
assessment . 

Industrial wastes are currently dumped on the surface 
or in shallow burial sites or pumped down wells under 
high pressure . Potential contamination of aqui fers or 
surface-water supplies is the principal health concern 
in such disposal methods , and additionally some of the 
wastes can contaminate the soi l or seep into basements of 
homes . Federal regulations such as those provided in the 
Resource Conservation and Recovery Act of 1976 and its 
amendments* have been put into e ffect to help safeguard 
the citizens from hazardous waste disposals . Yet , there 
is still need to develop systems for the safe disposal 
of the myriad of chemical waste products . As in the case 

*U.S. Code Congressional and Adndnistrative News, Oct . 20 
to Oct . 22 , 1976 , "Resources Conservation and Recovery 
Act, " p .  279 5 . 

The Solid Waste Disposal Act (Public Law 94-580) showing 

changes made bg the 1978 and 1980 Amendments, 96 Cong . , 2nd 
session , u.s. Govt . Printing Office, Washington , D . C . , 1980 . 

ix 
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of both radioactive wastes and urban refuse , so for in­
dustrial wastes , geological information is needed to find 
suitable solutions . 

To identify the needed geological information , an ad 

hoc committee was convened for a one-day meeting on June 
3 ,  1980 , at the request of the Advisory Board to the 
Office of Earth Sciences of the National Research Counc i l . 
The committee was supported by Program Initiation Funds 
of the National Academy of Sciences . Current activities 
in the field were reviewed with a view toward apprai sing 
the current status of research and identi fying opportuni ­
ties for the geological sciences t o  contribute to a 
better understanding of the materials and processes that 
are needed for the safe disposal of industrial wastes in 
the solid earth . 

On behalf of the members of the Ad Hoc Committee on 
the Geological Aspects of Industrial Waste Disposal , I 
hope thi s  report may be he lpful in efforts to preserve 
the good health of our nation's citizens and to maintain 
an acceptable environment . 

E .  F .  Osborn , Chairman 

Ad Hoc Committee on the 
Geological Aspects of 
Industrial Waste Di sposal 
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1 SUMMARY 

The safe disposal of industrial wastes i s  an increasingly 
serious national problem . When wastes are buried , it i s  
possible t o  contain them o r  to provide attenuation o f  
toxicity by the natural systems of the earth , .provided 
that the chemical nature of the waste materials is known , 
information i s  available on reaction between these 
materials and the various rock types involved , and geo­
logical parameters of the site can be evaluated . The ad 

hoc committee concluded that needed geological studies 
for safe disposal , including waste-rock reactions , have 
usually not been made be fore wastes are dumped upon or 
pumped into the earth's crust . A coordinated program of 
basic research and demonstration projects should be 
developed , involving federal agencies , state geological 
surveys , universities , and industry . Geological mapping 
of the type that can be a guide to locating safe di sposal 
sites is an acute need , as well as research on soil­
leachate interactions and reactions between waste and 
various rock types , fluid flow and solute transport in 
rocks of low permeability , predictability of fracture 
patterns and parameters in rocks , and the hydrodynamics 
and geochemi stry of deep basins . A much broader study i s  
needed to assess the total signi ficance to the nation o f  
industrial waste disposal . 

1 
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2 INTRODUCTION 

Of the three interrelated facets of the ecosystem that 
receive all of society ' s  wastes--air , water , and land-­
land di sposal has been the least understood and least 
amenable to upgrading by the public-engendered environ­
mental force s  of recent decades . The disposal of waste 
at the earth ' s  surface or in underground space i s  an in­
dustrial practice that has been used since manufacturing 
and other industri al activi ty began . Historical ly , thes e  
practices were not considered hazardous because (1) the 
volume of such activity was small , and (2)  the environ­
mental e ffects are slow to materialize . Thus , di sposing 
of materials in a landfi l l  or injecting liquids into 
subsurface rock strata was considered to be safe and 
e ffective . Beginning with the 1960 ' s ,  industry , public 
policymakers , and the scienti fic community were made more 
aware of the public-health and environmental problems 
encountered with hazardous-waste treatment and disposal 
in the ground . Startling examples of the potential hazards 
of poorly managed waste disposal have been publicized , 
forcing attention and government action in thi s problem 
area . Such an example is that of the Love Canal area of 
New York , where families have been relocated and the 
population traumatized . At a minimum , thi s  example illus ­
trates a fai lure of policy i n  planning and management for 
the disposal of wastes and the subsequent use of the land. 
Other hazardous sites most assuredly do exist , although 
only a small number of health-related disasters have 
occurred . "The extent of the problem has yet to be 
measured adequate ly . A report to the U . S .  Environmental 
Protection Agency in February 1979 estimated that there 
may be 32 , 000 to 50 , 000 disposal sites in the United 
States containing hazardous wastes , and of these , anywhere 

2 
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from 1 , 200 to 2 , 000 may pose signi ficant risks to human 
health or the environment . Most of these dumps are still 
being used ; perhaps 500 to 800 are abandoned . "* Although 
the numbers given above have been questioned by members of 
the committee , all agree that a potentially serious prob­
lem does exi st . t 

The essential requirement for the long-term security 
of underground disposal of industrial wastes is the abi li­
ty to predict accurately the behavior of the geological 
medium into which the waste has been emplaced . Further­
more , it is sometimes necessary to predict such conse­
quences accurately over lengthy periods of time (centuries 
or even millennia) . For land burial of solid waste , or 
for well injection of liquid wastes , the types and 
characteri stics of the rocks interfacing with the waste 
materials are essential factors in waste i solation or in 
rendering the waste harmless to health . The geologi st , 
therefore , must play an important role in providing the 
knowledge and information required to determine that the 
se lection of di sposal sites are consonant with protection 
of public health and the environment over the long term. 

Despite what would appear to be a very small-scale 
effort on the part of geologi sts , in relation to the 
scale of the waste problem , signi ficant work has been 
accompli shed--enough to indicate the opportunities and 
needs . Geological maps , readily understandable to non­
s cienti sts , have been prepared for some areas , for ex­
ample , the Chicago region of northern Illinois and the 
Texas gulf coastal area . These maps have been serving as 
helpful guides in selecting suitable landfill waste­
di sposal sites and in avoiding s ites that would re sult in 
serious future contamination of water supply or other 

*Environmental Quality, 1979. The tenth annual report of 
the Counci l  on Environmental Quality , December 1979, u.s. 
Government Printing Office , Washington , D . C . ,  p .  174 . 

tA press release entitled , Environmental News, issued by 
the Environmental Protection Agency , dated 3 October 1981 , 
describes the 114 disposal sites in the United States 
considered by that agency to be the most hazardous from 
the standpoints of public health and threat to the 
environment . 
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health or ecological problems . State geological surveys 
have taken the lead in thi s field . Numerous geological 
studies of problems connected with deep-well injection 
have been made , with summaries appearing in monographs of 
the American Association of Petroleum Geologi sts . 

In consideration of the current national attention 
directed at land disposal of wastes and at the urging of 
scienti sts fami liar with the field problems involved , a 
one-day conference was held to consider geological aspects 
of the topic .  The parti cipants met on June 3 ,  1980 , for 
the purpose of considering the role that geologists can 
play in seeking to establish a more e ffective and safer 
means of disposing of industrial wastes and of formulating 
a judgment as to the advisab i lity of activating a broader 
s tudy of thi s  topic in the near future . Participants 
were from universities , industries , governmental agencies 
( federal and state ) , and professional societies . Nine 

bri e f  papers on pertinent topic s  (Appendixes A-I )  were 
written by the participants and distributed be fore the 
meeting . These papers concern the role of geologi sts in 
the di sposal of waste s , the great value ( and scarc ity ) of 
appropriate types of geological maps for location of sites 
for disposal of municipal solid wastes , the problem of 
the contamination of aqui fers , geological considerations 
in deep-well injection of liquid waste s , problems of 
di sposal of wastes from the mining industry , and , in 
general , the great need for information on those proper­
ties of rocks that play such an important role in the 
underground containment of waste . The authors emphasize 
that the information available to determine the capability 
of geological environments to accept such industrial 
wastes safely and e ffectively is for the most part frag­
mentary and inadequate . The information must be acquired 
not only to meet demands for immediate deci sions to dis­
pose of wastes at speci fic sites , but also the cumulative 
knowledge of the behavior of waste-land/water systems 
must be acquired over the longer term . The papers and 
the discussion at the meeting on June 3 ,  1980 , are the 
bases of this report . The report doe s not cover all 
aspects of industrial waste di sposal ,  but the experti se 
of the participants was judged to be sufficient to high­
light major geological problems , ongoing services and 
research , and needed actions . 
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� INDUSTRIAL WASTE DISPOSAL 

By-products of industrial processes (wastes ) should be 
di sposed of either through total containment for a speci­
fied length of time and/or attenuation of the toxicity 
of the wastes in natural systems of the earth . In order 
to do this effectively , the amount and composition of the 
wastes and of the products of decomposition after burial 
must be known , and appropriate information about the con­
fining earth materials and fluid flow in surface and sub­
surface geological systems mus t  be available and must be 
used . Serious aqui fer contamination is possible and may 
be under way at present in the Uni ted States but can be 
minimized through actions based on studies of the physical 
and chemical characteri stics of each particular aqui fer . 
In some case s , for example , an aqui fer may be rehabi li tated 
through flushing , but more de finitive studies are needed 
in thi s field ( see Appendix F ) . 

It is critical ly necessary to identi fy materials in 
the earth and to characterize their capaci ty to absorb , 
retain , or transmit wastes of known physical and chemical 
properties and to predict the intensity , timing , and trans­
formation of wastes as they are confined or dispersed to 
the surrounding environment . In addition , there is urgent 
need for more information on potential disposal areas to 
help ensure that the di sposal of wastes does not compromi se 
potential future resource development . This is  a massive 
job and requires achieving new levels of sci enti fic and 
technical understanding and the implementation of better 
waste-disposal guidelines and practices . In this manner , 
the general public wi ll receive improved protection through 
a planning process that includes known options . 

The two common earth-di sposal methods for wastes are 
by ( 1 )  landfill burial and ( 2) deep-well injection . Each 

5 
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practice i s  discussed below and a conc luding statement 
made regarding the need for geological information . 

LANDFI LL WASTE DISPOSAL 

Wastes are put into subsoi l or rock and covered . Geo­
logical considerations are affected by the intended 
process of each landfill--whether it be to di lute and 
di sperse or to concentrate and contain . For safe di s­
posal, the processes must be understood and spelled out 
in precise, quantitative , scienti fic terms . It i s  
essential t o  define clearly the nature of the materi al s 
to be di sposed of , e . g . , organic versus inorganic , 
physical format and volumes , chemical composition and 
chemical reactivity . These data must be developed ac­
curately and completely and in a timely and thoroughly 
scienti fic manner, conditions rarely met at present . 

The geological parameters of a di sposal site that need 
to be understood are the stratigraphy, mi neralogy , geo­
chemi stry , structure , groundwater flow, and topographic 
characteri stics . Thi s  geologi cal information must be re­
lated to the properties of the wastes and to the dynamic s  
of the flow systems within the earth . Mineral resources 
and resources potential are also matters to be weighed 
when selecting a di sposal site . In recognition of the 
potential impact of landfi ll wastes on the groundwater 
regime n ,  it is  essential to de fine additional, relevant 
parameters for each prospective site , including precipita­
tion , runoff, evapotranspiration, primary recharge areas , 
depth and fluctuation of the water table, porosity­
permeability characteri stics above and below the water 
table , perched water tables of the are a ,  and subsurface 
flow rates and directions . The lead time for investiga­
tions to ensure safe di sposal i s  years , and much of the 
needed research is not being done at pre sent (see Appen­
dixes B ,  C ,  H ,  and I for speci fi c  examples ) .  

DEEP-WELL WASTE DISPOSAL 

The most notable deep-well waste-disposal activity is the 
di spos�l of oi l-field brines . Thi s is a widespread activ­
ity in the petroleum-producing regions and involves tens 
of mi llions of barrels of fluid dai ly ( see Appendix D ) . 
This disposal practice i s  regulated by state agencies in a 
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generally consistent manner , although the speci fic re­
quirements do vary from s tate to state . At present , fed­
eral regulations governing oi l-field brine disposal are 
being promulgated by the Environmental Protection Agency 
(EPA) under amendments to clean-water legis lation . 

Di sposal of other industrial liquids i s  small in volume 
by comparison with the disposal of oil- field brines . 
Nevertheless , the practice of deep-well disposal of in­
dus trial liquid wastes is growing rapidly , without a 
needed geological information base . *  In Pennsylvania , 
for example , despite the fact that about one-half million 
oil and gas wells have be�n drilled , little information 
useful for was te disposal i s  avai lable .  Where information 
was obtained that could be useful now , it may not have 
been tabulated and made available because there was no 
perceived need . The hydrodynamics of Pennsylvania basins 
remains essentially unknown . 

Most sedimentary basins in the Uni ted States have been 
described in a general way . Information pertaining to the 
size , shape , general geological s etting , and tectonic 
history of most of the basins i s  publicly available . How­
ever , important details are either commonly not known or 
not available in the public domain . For instance , the 
general lithology , spatial distribution , and structural 
configuration of a formation potentially capable of ac­
cepting industrial liquid wastes may be known , but little 
or no information may be avai lable on the petrophysics of 
that formation nor on the composition of its contained 
fluid . Petrophysical parameters , such as mineral composi­
tion , porosity , permeability ,  and density , are in many in­
s tances critical to the effective inj ection of fluids and 
to their safe containment and/or the attenuation of their 
toxic materials .  The physical and chemical properties of 
the rock-formation fluids play an equally important role . 
Reactions between these fluids and those being introduced 
into the formation may result in precipitation of solids 
near the well bore and the effective sealing of the forma­
tion to further liquid-waste inj ection .  Conversely , such 
reactions may be beneficial in increasing permeability and 
thereby enhancing the formation for liquid-waste disposal . 
I f  appropriate information is available , characteri stics 
of the reactions between the waste and groundwater systems 

*A. M. Piper , Disposal of Liquid wastes by Injection 

Underground, u.s. Geological Survey Circular 6 3 1 , 1969 . 
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can be determined in advance and the end effects probably 
predicted . 

Although much has been learned from the several 
decades of experience garnered from oil-field brine dis­
posal , the injections of other industrial wastes present 
possibly serious contamination problems . To date , the 
analysis and resolution of these problems seem to have 
been on an ad hoc bas i s . Thus , injection of liquids in 
a particular instance may be judged to be safe , following 
a thorough study , but little may be accompli shed in 
developing an adequate information base and methodologies 
pertaining to general solutions with broad application . 
A careful analysis of thi s rapidly growing industrial 
activity is clearly in order . The goal should be an ac­
ceptable environment , inc luding c lean groundwater , and 
waste disposal at an acceptable cost . 

CONCLUSION 

The scope and potential ramificat ions of the land-d i sposal 
problem are enormous , particularly in the long view . The 
problem is one that demands the best of local , regional , 
and national planning and management . Furthermore , it i s  
evident that the improvement o f  disposal practices must 
be supported by a sound and conclusive science , which , in 
turn , must be persuasive to nonscientific policymakers 
and the general public . 

Programs should be implemented or expanded by the fed­
eral and state government s  and private industry to provide 
especially for the following : ( 1 )  the making of appropri­
ate geological maps , (2) the determination of the petro­
physical and petrochemical propertie s  and the general 
character of host rocks and their interactions with the 
waste materials ,  ( 3 ) the analysi s  of groundwater-flow 
systems , ( 4 )  geological studies of deep basins , and ( 5 )  
research on the characterization and rehabilitation of 
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aquifers. Information from these recommended programs 
should be formulated so that it can be used in the de­
cisions that are being and will be made in the disposal 
of industrial wastes to help ensure safe disposal 
practices. * 

*Examples are: 

9 

P. M. Brown and M .  s. Reid, Geologic Evaluation of 

Waste-Storage Potential in Selected Segments of the Meso­

zoic Aquifer System Below the Zone of Fresh Water, Atlantic 

Coastal Pl ain, North Carol ina Through New Jersey, Geo­
logical Survey Professional Paper 881 , U.S. Government 
Printing Office, Washington, D.C. 19 76. 

P. M .  Brown, D. L. Brown, M .  s. Reid, and 0. B. Lloyd, 
Jr. , Eval uation of the Geologic and Hydrologic Factors Re­

l ated to the waste-Storage Potential of Mesozoic Aquifers 

in the Southern Part of the Atl antic Coastal Pl ain, South 

Carolina and Georgia, Geological Survey Professional Paper 
1088, u.s. Government Printing Office, Washington, D.C., 

1979. 
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4 SERVICES AND RESEARCH 

Federal agencies, particularly the EPA, the u.s. Geological 
Survey (USGS), the Bureau of Mines (BuM) , and the Depart­
ment of Energy (DoE) have important responsibilities re­
lating to the disposal of nonnuclear industrial wastes. 
They conduct in-house research, as well as fundin� con­
tract research programs that relate to the geological 
aspects of waste disposal. It is estimated that at least 
$30 million is being spent annually by the federal govern­
ment for research on nonnuclear wastes. The EPA is en­
gaged in research on chemical treatment of wastes and on 
the siting of waste areas and clean-up problems and also 
supports research at universities on a modest scale; the 
USGS has a program aimed at understanding the applied and 
theoretical aspects of groundwater systems; the BuM is 
involved with problems relating to the mining industry 
(!�aching and acid-mine drainage, for example) ; the DoE 
(Office of Health and Environmental Research, Office of 

Energy Research) supports basic research in nonnuclear 
solid wastes, and research on coal-conversion and coal­
combustion wastes reflects a substantial research commit­
ment to "industrial solid wastes"; the National Science 
Foundation (NSF) supports a broad range of basic research, 
and some is related to waste-disposal problems. It would 
appear that coordination among the various agencies should 
be encouraged for more beneficial results. 

State geological surveys are involved with waste­
disposal problems in several ways, for example, in the 
making of maps of surface and near-surface rock types and 
in the study of water supply, potential landfill areas, 
and old mine collapse areas (see Appendixes C and E) . 
Pennsylvania requires geologists to be involved in the 
regulatory processes of land disposal of wastes, and the 

10 
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geological surveys of Oklahoma and Kansas have been in­
volved in deve loping regulations to control the di sposal 
of brines associated wi th petroleum production . Important 
technical information has been gained on the general sub­
ject of subsurface liquid di sposal of hazardous nontoxi c 
was te . In some cases, federal regulations override the 
s tate's authori ty, such as in the case of the EPA's pend­
ing legis lation on underground inje ction of oil- field 
brines . 

Industry's primary need is to define and locate sites 
where industrial was te s of speci fied character can be put 
down {see Appendix G ) . Geologi cal information is usually 
supplied to industry by consultants, although a few 
companies have s taff geologi sts . In general, the problems 
of today had their gene s i s  several decades ago, and, in 
some cas es, the data are lacking about earlier di sposal 
products and proce s se s . The opti ons for di sposal are 
decl ining for many reasons (permi ts and restrictions on 
interstate movement, for example ) ,  whereas the quanti ties 
of waste s are increasing . Thi s  trend can be reversed 
to provide for more options i f  an adequate information 
base is establi shed . 

Universities have only a small research effort directly 
appli cable to thi s  problem .  The size o f  the research 
e ffort results partly from the small scale of program 
support for such research, partly because emphas is has 
neve r been directed toward thi s  type of problem and 
partly because di sposal of waste s has been looked upon as 
a task lacking in sci enti fic problems . The bas ic science 
needed for the safer di sposal of industrial wastes, how­
ever, pres ents many problems that are suitable and timely 
subjects for university research . The components of the 
sys tems in the earth (mineralogy, porosity, directi onal 
permeability, surface chemi stry and physics, chemi cal 
reactions, for example ) need to be understood . In mos t  
cases, the dynami cs re lated t o  di sposal are poorly known . 
The reservoir systems in the earth are in need of greater 
study . They are complex and time vari ant, and, when im­
purities are added, the sys tems become more complex . 
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5 ACTIONS NEEDED 

The following list summarizes major actions identified 
by this study that would aid in the safer disposal of 
industrial wastes . 

1. There is an immediate need for an interdisciplinary 
s tudy to define better the specific problems that are 
crucial to establishing acceptable waste-disposal prac­
tices . Policy and management should be included in the 
study as well as scientific and technical considerations 
of the waste-land/water systems . 

2. The overall federal program on industrial waste 
disposal should provide for adequate fundamental research 
by both university and government scienti sts and engineers. 
As a facet of this effort , the crustal s tudi es program 
now getting under way , under the aegis of the Continental 
Scienti fic Drilling Committee (National Research Counci l ) , 
i s  especially relevant as an opportunity for germane 
research . 

3 .  The dynamics of the interactions of waste and 
earth materials should be studied as a system . The prob­
lem of matching the geological parameters of formations 
(porosity , permeability , and sorption capacity ,  for ex­
ample ) with chemical and physi cal components of wastes to 
obtain the desired attenuation of the components is ex­
tremely important . 

4 .  State geological surveys should work more effective­
ly with industries to help solve problems of was te dis­
posal , parti cularly in the development of criteria for 
site selection .  Geological mapping should be done with 
the view of aiding in the selection of candidate s i tes , 
and more detailed topical maps should be made by s tate 
agencies for these sites . Si te- specific investigations 

12 

Copyright © National Academy of Sciences. All rights reserved.

Geological Aspects of Industrial Waste Disposal
http://www.nap.edu/catalog.php?record_id=19535

http://www.nap.edu/catalog.php?record_id=19535


13 

should be conducted in increasing detail unti l  the most 
acceptable site is identified . At that time , in-depth 
studies of the waste-earth system should be made with 
an aim toward acceptable alterations of the groundwater 
and the environment . 

5 .  Better utilization should be made of data collected 
from holes drilled for other speci fic purposes such as 
exploration or foundations ( see Appendix I ) ; incentives 
should be given to collect and release the kinds of hy­
draulic and geochemical data that could be used to help 
determine the response of fluid flow and solute transport 
to inj ections of industrial wastes in deep wells . 

6 .  Specific problem areas suggested for priority 
action are the following : 

( a) The nature of soi l-leachate interactions , such 
as the effects of naturally occurring salts in fine­
grained soi l s , the effects of chemicals such as sodium 
carbonate on the permeability of soils , and the effect of 
directional permeability (horizontal versus vertical ) . 

(b)  Evaluation of phenomena associated with 
fractured rocks , including the geological origin and 
nature of fractures , predictabi lity and detectabi lity of 
fracture patterns and parameters , hydraulic properties , 
and solute transport in fractured rocks . 

( c )  Behavior of rocks o f  low permeability , in­
cluding thei r  role as confining layers or barriers to 
fluid flow and solute transport , their hydraulic proper­
ties on a regional scale , their chemical reactivity with 
wastes or leachates , and their suitabi lity as waste 
repositories . 

(d)  The possibi lity and cost of the rehabi litation 
of aqui fers . 
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APPENDIX A: Geologists and the 
Disposal of Industrial Waste 

M .  Gordon Wolman 

To the extent that industrial wastes will be di sposed of 
in any natural media-- land , water , or air--earth scien­
tists must have a signi ficant role to play in formulating 
policy and in decisions about land disposal at specific 
locations . The role of the geologi s t  becomes increasingly 
important as more and more wastes are to be di sposed of 
in the ground and hence in association with the water , 
soi ls , and organic constituents within the earth . It i s  
the geologi st who should have the knowledge and informa­
tion required to assure that the design , operation , and 
maintenance of disposal faci lities are consonant with 
protection of the environment over the long term . 

As in all matters of politics and policy , the redi s­
covery of the profligate behavior of human beings and the 
disposal of wastes places the apparent additive burden 
of immediate solutions to waste-di sposal problems on top 
of the reality of the neces sity for unending solutions 
to waste disposal wi thin the earth for al l future time 
as it has been for all past time of man . The tasks are 
not new . The stratigraphy of solid waste is the classic 
stratigraphic section of archaeologists and geologists . 
I t  i s  the multiplicity of new materials unique to man and 
absent in nature , the density of social structures , and 
new knowledge of the mobility of substances within the 
earth that lend urgency to the concern for the safe di s­
posal of industrial wastes . 

It should be a task of geologists to identi fy materials 
in the earth and their capaci ty to absorb , retain , or 
transmit wastes with diverse properties and to predict 
the intensity , timing , and trans formations of wastes as 
they are confined or di spersed to the surrounding environ­
ment . 

14 
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The combined study of the flow of fluids in permeable 
medi a ,  the chemistry of transformations , and the struc­
ture and stratigraphy of earth materials has not been 
common among large numbers of geologi sts . Indeed , with­
out figures to support the assertion , it appears that 
relatively few individuals and institutions have special­
ized in such studies . Further , agronomi sts and soil 
physicists have often been primari ly concerned with the 
upper strata of the soi l , while geologists have generally 
concerned themselves with larger systems dominantly at 
greater depths . Fewer individuals have sought to link 
soil moisture and groundwater behavior specifically to 
the special problems involved in the disposal of indus­
trial wastes . 

It would probably be a mistake to assume that what 
are now conceived to be thoughtless techniques of waste 
disposal were conscious efforts to avoid laws or social 
precepts of former eras . Not only was was te disposal 
conceived along the lines of out of sight , out of mind , 
many of those responsible for waste di sposal were unaware 
of potential hazards . The continuing task confronting 
society is large , complex in concept , and equally complex 
in execution . The combination of general principles of 
geophysical behavior joined to unique conditions at waste­
di sposal sites will demand of geologi sts not only broad 
training in geophysics but training in fundamental and 
classical geological principles as well . As in so many 
facets of environmental management ,  geologists will be 
called on to deal with engineers , biologists , public 
officials , and citizens as the siting of waste-disposal 
facilities moves to the point where it counts , that i s , 
where disposal s ites must be in someone's backyard . The 
task i s  immense ,  the job i s  clearly for the geologist . 
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APPENDIX B: Field Demonstration 
Projects for Waste Disposal 

Richard R .  Parizek 

Industrial wastes can vary widely in their chemical 
character and be in gaseous , liquid , or solid form . 
Some can be treated by land application systems when geo­
chemical , biochemi cal , and physical proces ses operate to 
filter and renovate pollutants derived from these wastes . 
Industrial liquids and sludges have been applied to the 
land with varying success by surface flooding and irriga­
tion, stockpiling and spreading of s ludges, storage in 
lined and unlined basins and lagoons, and land burial 
ope�ations . Land-application systems involving relative­
ly simple wastes such as municipal waste waters and 
sludges applied to the land under controlled conditions 
and the disposal of municipal solid wastes using the 
" sanitary' landfill method" have been the subject of 
several studies , including the two noted below . l , 2  

I t  should be clear that even these relatively simple 
wastes can and have posed pollution threats within and 
adjacent to the disposal sites for-various reasons out­
lined in the reports even when di sposed of under con­
trolled conditions . Some more toxic substances should 
produce leachates of poorer quality that are more stable, 
nonbiodegradable or only slowly biodegradable , and not 
readily attenuated as they migrate through soil-rock­
hydrologic systems . Wastes of these types pose particular 
pollution threats that may be long term in nature . A con­
cept of " land storage " rather than " land disposal " should 
be adapted when dealing with these wastes . Soils, rock, 
and hydrologic systems must be selected that will ensure 
containment, long-term storage , and slow release of pol­
lutants and contaminants under controlled and acceptable 
condi tions . Natural , geological, hydrologic ,  and en­
gineering barriers wi ll be needed to contain these wastes 
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and their by-products of weathering . Soil-rock-water 
systems should not be called on to provide renovation 
and treatment to these wastes, rather to provide con­
tainment for engineered facilities, a stable foundation , 
and an opportunity to control the s low release of these 
contaminants within known sectors of soil-water and 
groundwater flow systems . These same soil and rock 
deposits also can be exploited to allow for a future 
opportunity to collect and treat these leachates in the 
event they are not contained or attenuated within soil­
water and groundwater flow systems as anticipated . 

The long-term stability of some toxic chemicals and 
possible mechanisms for their later release in our en­
vironment demand that we must understand their full chem­
i cal character and geochemical behavior when released 
into the biosphere through incineration, land treatment, 
and disposal or discharge to aqueous systems . Toxic 
metals, for example, may be retained on soil particles 
at spray irrigation sites for years unti l they �y be 
released in soluble form when soil pH decreases in 
response to change in environmental conditions, i.e . ,  
" acid rain"  or changes i n  land use . Also i n  time , soil 
particles can be eroded from uplands and transported into 
streams and lakes where entrained, and previously stable 
pollutants are recycled into new environments that may 
cause these pollutants to become "available" in more toxic 
form . The methalation of lead to produce a toxic form of 
lead within aqueous environments may be a case in point . 

I see limits to the abi lity of natural systems to 
treat and contain pollutants adequately, hence I strongly 
endorse the need for a more adequate understanding of 
thi s entire industrial-waste problem .  
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APPENDIX C: Geological 
Considerations in Landfill 
Problems 

Arthur A .  Socolow 

PROBLEM AND PREMISE 

In an era when scienti fic and public attention has been 
focused primarily on the problems and fears related to 
nuclear wastes , the disposition of industrial wastes has 
no equal in terms of hazard , daily volumetric yield, and 
extent of geographical occurrence . It is the very magni­
tude of volume and geography that creates the interface 
of industrial waste with geology, while it is the hazard­
ous and toxic nature of so much of the wastes that now 
forces us to address scienti fic ski lls to that interface . 

Old-fashioned dump sites uti lize the concept of solving 
the problem by spatial separation, while ignoring the is­
sues of contamination and aesthetics . The so-called 
sanitary landfi ll attempts to resolve the aesthetics i ssue 
yet inadequately deal s with contamination ; too much "out 
of sight , out of mind" syndrome is attached to this method . 
Science , in its most systematic, creative, and applicable 
procedures , must come forward to aid in thi s  universal 
problem . 

DATA NEEDS--THE GEOLOGY 

Once it i s  recognized that there i s  a clear-cut, ongoing 
interface between industrial wastes and geology, it i s  
essential t o  identify thoroughly the geological parameters, 
including the lithology, structure, groundwater, and topo­
graphic characteristics . The geology of each proposed 
disposal site, and its surrounding area, must be inven­
toried in detail, analyzed, and understood . The stratig­
raphy and structure must be de lineated, as well as the 
petrography, mineralogy, and texture . Mineral resources 
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and resources potential must be evaluated , as well as 
the topography , with concern for slope stability and run­
off conditions . 

In recognition of the potential impact of landfi ll 
wastes on the groundwater regimen, i t  i s  essential to 
define all the relevant parameters for each prospective 
site, including precipitation , runoff , evapotranspiration, 
primary recharge areas , depth and fluctuation of the water 
table, porosity-permeabi lity characteristics above and 
below the water table , perched water tables of the area, 
and subsurface flow rates and directions . 

DATA NEEDS--THE WASTE 

In recognition that a landfi ll i s  an interface between 
geology and the wastes, it is equally essential to define 
clearly the nature of the materials to be disposed of, 
e . g . , organic versus inorganic, physical format and 
volumes, chemical composition and chemical reactivity. 
These data must be developed accurately and completely 
and in a timely and thoroughly scienti fic manner ; it is  
the last that i s  invariably lacking . 

THE GOAL AND THE PROCESS 

Impacting directly on the geological considerations is  
the intended process of each landfill--whether it be to 
dilute and disperse or concentrate and contain . Each re­
quires its own set of favorable conditions, and each 
process involves different chemical-physical processes, 
which themselves must be carefully de fined in advance .  
The processes must be understood and spelled out in pre­
cise, quantitative, scienti fic terms . 

THE TIMING , LANGUAGE, AND CHALLENGE 

The geological consideration and data needs outlined 
above require comprehensive, time-consuming research and 
investigations ; they cannot be accomplished on demand in 
short order . There must be ongoing programs of topical 
re search and areawide investigations in order to provide 
the site-specific data as needed . The lead time for 
proper investigations measures in terms of years . The 
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results of a l l  investigations must b e  made available 
promptly to all interested parties in a format that i s  
intelligible . In the final analysi s , there must b e  an 
acceptable language of communication with the decision 
maker , who is likely not to be a scienti st . 

Industrial waste disposal is beginning to receive 
the attention it deserves--at least in the public sector . 
It has taken a number of disastrous occurrences to bring 
this about . It is now time for the scientific community 
also to give the subj ect proper attention . This is , of 
course , in part a matter of financial and manpower sup­
port . But there i s  also an attitudinal question of 
acceptability in the scientific community ; this mundane 
subj ect of waste disposal i s  not to be looked down on 
by scientific investigators . There is need and opportuni­
ty for sophisticated research in those mountains of waste 
and vast areas of waiting land . The scientific community 
has a responsibility to respond to the challenge at the 
interface . 
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APPENDIX D: Geological 
Considerations of Deep-Well 
Injection of Liquid Industrial 
Wastes 

Charles J .  Mankin 

There is  a small but growing body of literature on the 
subj ect of geological considerations of deep-well dis­
posal of hazardous and toxic wastes . Significant among 
the papers on the subj ect are two American Association of 
Petroleum Geologists ' publications ; Memoir 10,  Subsurface 

Disposal in Geologic Basins- -A Study of Reservoir Strata 

and Memoir 18, Underground Waste Management and Environ­

mental Implications .  These publications present a good 
overview of the subj ect and describe issues that deserve 
more investigation . 

The deep-well disposal of industrial wastes is a long­
standing practice for selected areas of industrial ac­
tivity . The most notable of these activities i s  the dis­
posal of oil-field brines . This is a widespread activity 
in the petroleum-producing regions and involves tens of 
millions of barrels of fluid daily . The practice is 
regulated by state agencies in a generally consistent 
manner , although the specific requirements do vary from 
state to state . At present, federal regulations governing 
oil-field brine disposal are being promulgated by the En­
vironmental Protection Agency under the amendments to the 
clean-water legislation . 

Disposal of other industrial liquids i s  small in volume 
by comparison with the disposal of oil-field brines . 
Nevertheless, the practice i s  widespread and involves a 
broad range of liquids, including a large number of hazard­
ous and toxic substances . Moreover, the practice of deep­
well disposal of industrial liquid wastes is growing 
rapidly . 

The safe disposal of industrial liquid wastes by deep­
well inj ection requires a thorough knowledge of a range 
of geological parameters . However, the information avail­
able to assess the potential of geological environments 
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that wi ll safe ly and effectively accept such industrial 
liquid wastes i s  for the most part fragmentary and in­
adequate . Most sedimentary basins in the United States 
have been described in a general way . Information per­
taining to the s i ze, shape, general geological setting, 
and tectonic history of mos t  sedimentary basins in the 
United States i s  publicly avai lable . However, many im­
portant detai l s  are commonly either not known or not 
avai lable in the public domain . For instance, the general 
li thology, distribution, and structural configuration of 
a formation potential ly capable of accepting industrial 
liquid wastes may be known, but little or no information 
may be available on the petrophysics of that formation nor 
on the composition of its contained fluid . Petrophysical 
parameters, such as mineral composi tion, poros ity, per­
meability, and dens ity, are in many instances critical to 
the e ffective inj ection of fluids and to their safe con­
tainment . 

The physi cal and chemical properti es of formation 
fluids are important al so in effective fluid injection . 
Reactions between the formati on fluids and those being 
introduced into the formation may result in precipitation 
of solids near the we ll bore and e ffectively seal the 
formati on to further liquid-waste injection . Conversely, 
such reactions may be beneficial in increasing permeabili­
ty and thereby enhancing the formati on for liquid-waste 
di sposal . 

Although much can be learned from the several decades 
of experience garnered from oi l-field brine di sposal, the 
inj ection of other industrial wastes presents some unique 
problems . To date, the analysis and resolution of these 
problems seem to have been on an ad hoc basi s . Thus, 
individual prob lems are solved or at least accommodated, 
but little is accomplished in deve loping general solutions 
wi th broad application . 

I t  would be presumptuous to attempt to identi fy the 
myri ad of questions that ari se in the examination of deep­
we l l  di sposal of liquid industrial was tes . Nevertheless, 
l i sting a few general categories of such questions i s  in­
structive in deve loping a better understanding of the 
problems . 

lnteractions of the injection fluid, t�e receptor 
formation , and the contained formation fluid . 

� Effect of inj ection pres sure on the mechanical in­
tegri ty of the receptor formation and the associated con­
fining strata . 
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Tectonic s tabi lity and long-range integrity of the 
receptor formation and the associated confining strata . 

Long-range changes in the physical state of the 
receptor formation and its contained fluids through 
chemical interactions { e . g . , evolution of gas phases ) .  

The consequences of deep-well inj ection of liquid 
industrial wastes are incompletely understood . Informa­
tion collected to date suggests a number of problems or 
at least potential problems that warrant examination . A 
careful analysis of this rapidly growing industrial ac­
tivity is clearly in order . 
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APPENDIX E: Need for Geological 
Mapping to Locate Areas Suitable 
for Industrial Landfills 

John c. Frye 

The successful and safe operation of an industrial land­
fi l l  is dependent on many factors , inc luding topography , 
drainage , climate , and regional groundwater regime . How­
ever , in every case the character and composition of the 
rock materials in the first 50 to 100 feet below the sur­
face of the unexcavated s ite are vitally significant to 
its proper operation . These characteristics must be 
determined in detai l be fore the operation of a landfi l l  
i s  undertaken . 

Geological mapping is of several types and may be 
based on di ffering phi losophical approaches .  There are 
those maps that graphically depict the distribution of 
indurated rock units even though they may be overlain by 
a 100 feet or more of so-cal led unconsolidated deposits ; 
there are maps that depict only the unconsolidated sur­
ficial deposits whi le i gnoring their thickne ss and under­
lying rocks ; there are maps de signed to show the distribu­
tion of ages of rocks or deposits graphically ; there are 
maps that show classi fication of surface solum ; maps de­
picting structure ; and so on . 

In planning geological mapping as an aid to location 
and subsequent deve lopment of a landfi ll , it is the di s­
tribution of lithologi c characters and mineralogic com­
pos i tions that are of first importance .  The surficial 
unconsolidated deposits (i f present) should be shown as 
wel l  as the indurated rocks , at whatever depth , below the 
unconsolidated depos its . 

During the past decade , special mapping techniques 
have been de signed to mee t  the needs of thi s rather 
speciali zed use . Geologi cal mapping i s  es sential to the 
location and development of a proper landfi ll , but the 
geological map must be des i gned and executed with the end 
use of the map in mind . 
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APPENDIX F: Geological Aspects 
Of Aquifer Contamination 

William W .  Hambleton 

Rock- leachate interactions, disposal in deep well, and 
landfill problems are subsets of geological aspects of 
aquifer contamination . More broadly, we are concerned 
with mobilization , transport , and fixation of chemical 
constituents in natural systems . For purposes of dis­
cussing problems that require the increased attention of 
geological scientists , mobi lization, transport , and fixa­
tion of chemical constituents in natural systems might be 
characterized further as follows : 

BETTER DEFINITION OF THE CHEMISTRY OF WASTE SYSTEMS 

Angino, in an attempt to develop a finite-difference 
approximation of a two-dimens ional diffusion model for 
groundwater movement, reported that any model now devel ­
oped is likely t o  be of little use owing t o  the large 
vari ance of chemical data on waste . The neces sary chemi­
cal data on the speci fic chemistry of waste solutions 
s imply are not available . 

BETTER CHARACTERIZATION OF AQUIFERS 

In addition to the usual hydrologic properties, confined 
and unconfined aquifers should be better characterized 
in terms of fracture permeabi lity , flow path length and 
direction, and sorption characteristics . Aquifer con­
tamination implies change in the natural equilibrium state 
of fluid in a porous medium . Characterization of that 
natural equilibrium state is essential to understand the 
change induced by contamination .  

28 
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GEOCHEMICAL COMPATIBILITY OF WASTES AND AQUIFERS 

Geochemical compatibility includes both the effects of 
the aqui fer and its fluids on the waste and the effects 
of the waste on the aqui fer . The waste may be changed 
through chemical reactions , precipitation , sorption , and 
the like as a function of fluid content , aquifer rock 
characteristics , and clay mineralogy and content . Like­
wise , the aqui fer itself may be changed profoundly by 
the waste in terms of pore space constriction through 
precipitation , swelling of clays , dispersion of non­
swelling particles , and dissolution of carbonates , sul­
fates , and halides . 

DEEP-BASIN ANALYSIS 

There i s  need for analysis of deep basins in terms of 
thei r  possible dynamic stability (hydrologi c ) . Included 
are capabilities to model mass transport and osmotic dif­
fusion across aquitards . 

REHABILITATION OF AQUIFERS 

The literature contains many references to the slow 
flushing of aqui fers but few data . The possible rehabili­
tation of aqui fers through flushing needs much more 
definitive study . 

Investigations , such as those mentioned above , should 
be directed toward capability for predictive modeling and 
the development of sensitivity analysis . 
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INTRODUCTION 

APPENDIX G: Industry ' s  Need for 
Geological Data for Waste Control 

A .  J .  von Frank 

The obj ective of this Committee is to consider the special 
role that geologists can play in seeking to establish a 
more effective and safer means for di sposing of industrial 
wastes and to develop j udgments ,  directions , and goals 
should such a role be decided on . 

I believe forward-looking industry would welcome an 
aggressive entry by the geological sciences into the field 
of surface and subsurface waste disposal . 

Of the three interrelated facets of the ecosystem that 
receive all of society ' s  wastes--air , water , and land-­
land disposal has been the least understood and least 
amenable to the upgrading environmental forces of recent 
decades . Until the beginning of this decade , industry , 
public policy , and the scientific community failed to 
recognize hazardous waste treatment and disposal as a 
ma j or public-health and environmental problem . 

Probably the most signi ficant deficiency has been the 
inability to guarantee the integrity of permanent storage 
in the soil . It would seem that the geological sciences 
represent the body of knowledge best structured to addre s s  
thi s  problem . 

INCREASING CRITICALITY OF THE PROBLEM 

Planning management for air- and water-pollution control , 
theoretically at least , can foresee discharges in equilib­
rium with a livable environment .  Not so for the land . 
The land becomes the permanently accumulating repository 
of all wastes that cannot be physically or economically 
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destroyed , includinq those formerly pollutinq the air 
and water . 
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The production of these nondestructible wastes , and 
therefore stresses on the land environment , increases at 
some exponential rate related not only to the production 
of qoods but also to the constraints put on the disposal 
of wastes to the air and the water . It increases further 
as our enerqy problems move us to qreater reliance on 
coal and nuclear-power qeneration . Yet with these lonq­
term ominous prospects , outlet options have steadily de­
creased over the past decade throuqh cancellation of 
dump permits , difficulties in qettinq new sites , closure 
of toxic material incinerators , prohibitions on ocean 
di sposal , poli cy or statutory constraints on interstate 
movement of wastes for land disposal , zoninq restrictions , 
and other public pressures . Yet , no siqnificant outlet 
options have appeared in thi s  period . 

INDUSTRY ' S  NEEDS 

Turninq to the question of industry ' s  need for qeoloqical 
data for waste di sposal : up to a point , industry ' s  needs 
are identical with the qovernment ' s ,  both reqional and 
nationwide . The qovernment ' s  need statutorily flows from 
its permit approval processes and its powers of prohibi­
tion as well as its obliqations in comprehensive planninq . 
An increasinqly critical need is the definition and loca­
tions where cateqorized industrial wastes can be put 
down--qeoloqical mappinq and the attendant j udgments plus 
the political preparation necessary for effective imple­
mentation . Beyond that point , industry ' s  obliqations 
should deal primarily with specifics on a case-by-case 
basis . No two industrial wastes are alike--even generical­
ly similar wastes ( such as coal ash ) can and do differ in 
their environmentally signi ficant contaminants , in leach­
ate characteristics , and in their capacities for miqra­
tion in qiven soils . 

Another dimension of the industrial problem deals with 
prior disposals . The u.s. Environmental Protection Agency 
has estimated there may be 30 , 000 to 50 , 000 sites nation­
wide where toxic or hazardous wastes were improperly dis­
posed of in past years , and as many as 1200-2000 of them 
may present " inuninent" threats to human health . Most of 
these dumps are still being used ; perhaps 500-800 are 
abandoned . The principal danger from most of these sites 
i s  the pollution of groundwater , the source of about half 
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the drinking-water supplies in the nation . Resolution 
of the problems associated with these earlier dumps has 
proven to be inordinately difficul t ;  aside from the legal 
and economic aspects (which may be overriding in many 
cases ) , sound techniques for in situ encapsulation , re­
directing percolation , and j udgments on long-term migra­
tion into usable aquifers seem to be in a primitive stage . 

CONCLUSION 

In conclusion , the scope and ramifications of the land­
disposal problem are enormous , particularly in the long 
view . The problem is one that demands the best of re­
gional and national planning , but it is evident that such 
planning will get nowhere unless it is supported by a 
sound and conclusive science , whi ch in turn must be per­
suasive to nonscienti fic policy makers and an understand­
ably suspicious public . The potential contributions of 
the geological sciences in these directions cannot be 
underestimated . 

The role of the geological sciences in land disposal 
should be akin to the forceful and creative role played 
by the biological sciences in water-pollution control and 
by the chemical , physical , and medical sciences in air­
pollution control . This should not be a passive role 
devoted to the development of arcane data ; rather , if i t  
i s  to b e  e ffective , it should b e  directly supportive o f  
the regulatory agencies i n  bringing the force o f  its 
j udgments credibly into the public-hearing process and 
ensuing decisions . 

I might add that , i f  the geological sciences truly 
accept the challenges that face them , they will never be 
the same . 

NOTES 

1 .  Chemical Manufacturers Association - Environmental 
Management Committee has recently set up a task force 
to consider groundwater management . ( Research re­
quirements not yet established . )  

2. Report of the Hazardous Waste Advisory Commi ssion , 
January 1980 , State of New Jersey ( references and 
recommendations ) .  
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3 .  A survey by the Chemical Manufacturers Association 
reports only 1 of 4 7 5  industry surface impoundments 
containing hazardous wastes would meet new di sposal 
criteria . Preliminary estimates by the Association 
indicate an expenditure of nearly $900 million would 
be required for the chemical manufacturing industry . 

4 .  No public agency has enough money to clean up all the 
inactive dumps , costs that have been estimated at $28 
bi llion to as much as $ 5 5  bil lion . ( lOth Annual Re­
port Counci l  on Environmental Quality , Chapter 3 . ) 
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APPENDIX H: Geological Aspects 
of Waste Disposal in the Mining 
Industry 

Car 1 Rampacek 

Wastes generated by the mining , mineral processing , and 
metallurgical industries now total about 2 . 3  bi llion tons 
annually . As shown in Figure 1 and Table 1 ,  these wastes 
include a variety of materials and substances all of 
which must be disposed of economically and with a minimum 
of environmental degradation . Generally , these wastes are 
produced in the supply channels close to the mineral 
resource . Thus , literally mountains of solid-waste 
residue from such activities as mining , dredging , quarry­
ing , and beneficiation are piled , for example , near cop­
per , iron , phosphate , bauxite , lead-zinc , and coal mining 
and processing operations . Nonmetallic mineral mining 
and processing generate additional solid wastes , which 
contribute to the volume of materials discarded . Leaching 
and smelting and ref ining also yield solutions , gases , 
s lags , and drosses that add to the burden . How effective­
ly disposal of these substances is accomplished in the 
future will depend , in part , on the availabi lity of a 
thorough knowledge and understanding of the unique role 
of basic geology , geological structures ,  engineering 
geology , and hydrogeology as they relate to specific sites 
and to regional areas that serve as the mineral-waste 
repositories .  

Some mining industry wastes pose more serious problems 
than others . For example , coal mining and processing 
wastes may be a source of acidic ferric sulfate and other 
pollutants such as trace elements , which may contaminate 
surface and/or underground waters . Effective containment 
of the wastes to prevent or minimize the adverse environ­
mental impact of the effluents may well depend on a thor­
ough understanding of the surface and subsurface geology . 
In contrast , problems associated with the disposal of the 

34 

Copyright © National Academy of Sciences. All rights reserved.

Geological Aspects of Industrial Waste Disposal
http://www.nap.edu/catalog.php?record_id=19535

http://www.nap.edu/catalog.php?record_id=19535


r- - -, 
I 
r- �---i i I 
�;,-k.: I W o 
I Iii . 
I ; I (Il l � : 

� .  :;q 

RAW MATERIALS EXTRACTION 
m1n1ng . quarrying . dredqmg . exptoratton 

RAW MATERIALS BENEFICIATION 
milling . washing . concentration . upgrading 

Concentra tes rehned 01 1 .  g a s .  m me r a t s  

PROCESSING BULK RAW MATERIALS 
smelting.  refining . processing . utilities 

Ingot s .  p1g s .  c h e m i ca l s .  energy 

MANUFACTURING AND SERVICES 
assembly . packin g .  transport•tion. energy distrib . 

Overburdfm 
S u h · Qr .ldl' mmcr.1 IS  

- - - S i u r • • t.• • ,  ___., 
I 
I 

T a l l m g s  I 
Sa nd s 

_ 1 _ - - Sl u r r ll.'� - - ., 
O u !> I S  
So lu l lo n s  I 

I 

3 5  

S l ilg S  I Smoke en Fu m e s _J W 
Muds � 

- - - oros !:l e s - - en 
Sol u t • o n s  
R e s t d ut•s 
A s h  

P u l p  
C h em • c a l s  

, ...... I �  
I �  
I �  D u s t  W 

Smokt.' _J li; 
- - · F u m e s  - 4( fH - fr-­� I w •··  � �, � I  L-----------��� w a: , a: W I 

�
I � I 

��!��o n s  ( � Gnnduu�s I �a: C l rppmq s 

I �  
� I  � .  
II: I 

I 

I 
t.._ 

I 

I Mela ls . v••· · ·  .i I+- - -- · -paper . plast ic . - · � 
etc . 

). .. ,.._ O�rect waste- ---1 � 
�----� I �  

F u mes 
O u s t s  I 
Slags I Orosses _.....,. Solutions -
Pulps I Smokes 1 

I 
- Mun1c1pal  waste - _J 

1 Reclaimed materi•ls I Melals 1 '+-- _ __ M iner•ls __ _ __  • � 
Organics 
Entrrgy 

FIGURE 1 Materials supply , utilization , and disposal 
sections . 

Copyright © National Academy of Sciences. All rights reserved.

Geological Aspects of Industrial Waste Disposal
http://www.nap.edu/catalog.php?record_id=19535

http://www.nap.edu/catalog.php?record_id=19535


TABLE 1 Wastes Generated by the Mineral and Fossil Fuel Industries ( 19 7 5 )  
w 
"' 

Total 
Washing Plant Processing (Thousands 

Industry Mine Waste Mi ll Tailings Rej ects Slag Plant Wastes of Tons ) 

Copper 680 , 400 266 , 800 5 , 2 00 952 , 400 
Iron and steel 2 5 7 , 900 154 , 600 2 6 , 000 2 , 200 440 , 700 
Bituminous coal 1 2 , 800 10 7 , 100 119 , 900 
Phosphate rock 216 , 000 137 , 300 4 , 000 50 , 000 407 , 300 
Lead-zinc 5 , 200 17 , 400 1 , 000 2 3 , 600 
Aluminum 14 , 700 14 , 700 
Anthracite coal 2 , 000 2 , 000 
Coal ash 67 , 800 67 , 800 
Othera 2 8 5 , 900 2 8 5 , 900 

TOTALS 1 , 172 , 300 438 , 800 2 4 7 , 400 3 5 , 2 00 420 , 600 2 , 314 , 300 

aEstimated waste generated by remaining mineral mining and processing industries . 
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relatively barren , siliceous rock overburden and matrix 
from spodumene ore mining may be minimal . 

From an engineering standpoint , basic geological data 
are essential for eliminating potentially hazardous 
conditions resulting from improper design , placement , 
and construction of impoundment dams and mineral pro­
cessing ponds , or of mine rock waste piles . The hazardous 
conditions that may result are dam or waste pile failure 
due to structural instability , inability to retain area 
rain runoff water adequately , and excessive siltation . 

Instances of waste-disposal problems and tragedies 
possibly attributable to lack of adequate geological in­
formation are cited in the literature . Several speci fic 
examples are as follows : 

In the lead-zinc mining district of northwestern 
Illinois careful attention to geological details may have 
avoided a critical water problem . Extensive underground 
mining required the installation of dewatering faci lities . 
This lowered the local water table to such an extent that 
domestic wells in the area had to be deepened in order to 
intercept the drawn-down water horizon . Also , tailing 
pond di scharge water was allowed to flow into old under­
ground mine workings , resulting in local groundwater 
quality deterioration . Geohydrological investigations 
might have predicted thi s  condition in advance and thus 
avoided or lessened the severity of the problem . 

Copper-mining operations in the southwestern United 
States are encountering problems with possible underground 
water contamination resulting from copper-ore processing .  
Domestic water users i n  the vicinity o f  stored flotation 
plant tailings and leach-plant residues claim that the 
quality of water from their wells i s  deteriorating because 
of seepage of the process water into the aqui fer . The ex­
tent of contamination , if any , and predictions of water­
quality deterioration over the long term are difficult to 
assess owing to a lack of basic geological/hydrological 
data for the areas before the ponds were constructed . 

The recovery of alumina from bauxite by the Bayer 
process generates a semi f luid , caustic "red mud , " which 
must be impounded behind huge dams . As yet , seepage of 
the caustic effluent into the subsurface formations , or 
occasional escape of the solutions from the impoundments 
during heavy rains , has not been a cause of maj or concern . 
But the question arises as to how much capacity the earth 
and the hydrological systems in the vicinity of the ponds 
have to continue to assimilate the waste solutions . This 
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is one instance in which the geologist working with the 
engineer and othe r earth scienti sts might contribute to 
a better understanding of what may be expected . 

In 1966 , in Aberfam , South Waies , an estimated 
140 , 000 cubic yards of coal mining and processing wastes 
plummeted down the side o f  Merthyr Mountain , destroying a 
school and 18 houses with a loss of at least 144 lives . 
Investigation of the disaster established that the stabil i ­
t y  of the waste materials had been impai red b y  a spring , 
which lubricated the lower portion of the pile and the 
underlying soi l  to the extent that it f lowed en masse 
down. the s lope . Obviously , a better understanding of the 
geology of the area , of the groundwater behavior , and of 
the soil properties might have averted thi s  tragedy . Al­
so , in 1972 a coal refuse disposal facility located near 
Buffalo Creek , West Virginia ,  failed after several days 
of rainfall , sending a rush of mud and water through a 
narrow valley downstream from the dam . A number of coal­
mining towns were wiped out , with a loss of  about 100 
lives . Investigation o f  the Buffalo Creek failure re­
vealed that this and other disposal facilities were 
generally constructed with little technical thought given 
to planning and design . Geotechnical and hydraulic as­
pects of refuse materials and disposal were seldom con­
sidered . These factors now are being considered in 
constructing refuse disposal facilities , but much more 
needs to be done . 

As a better understanding i s  gained of the physical 
geology and topography , subsurface structure and the hy­
drological characteri stics of the areas adj acent to or 
underlying disposal sites , environmental degradation and 
contamination of the land surface , groundwater , and sur­
face water by the leachates and sediment from mine wastes 
can be minimized . Thus , geological data can play a vi tal 
role in assuring proper mineral waste disposal in the 
following ways : 

As an aid to site selection and design of tailing 
ponds and other surface faci lities ; 

In predicting groundwater pollution potential based 
on local and regional lithological , hydrological , and 
structural factors , which can influence containment ; 

In delineating potentially de leterious conditions 
such as zones of high pyrite content ; and 

In mapping and characterizing natural materials 
used in construction of containment and/or retention 
structures . 
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For some areas and di sposal sites there are adequate 
geological data available on which to base reali stic de­
c i sions regarding waste pi le and dam construction and the 
containment of potentially harmful contaminants that oc­
cur in the wastes . Unfortunately , the detailed geological 
data needed to assure proper waste disposal are not avai l­
able for the variety of waste materials being generated 
and the many disposal sites that must be considered . This 
suggests that a survey of the availabi lity of adequate 
geological data to meet these needs is warranted . 
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APPENDIX I: Suggested Research 
Topics on Soil-Leachate 
Interactions 

Ei leen Chase 

There are some surprisingly basic and important matters 
pertaining to industrial-waste disposal that I believe 
need to be researched . Mostly they have to do with the 
movement of leachate through clayey soils . I reali ze 
that the Environmental Protection Agency has been spon­
soring some research on thi s  i s sue , but there are sti ll 
plenty of good questions left to ask , and plenty of people 
needing answers .  And the answers must be in language that 
can be understood by people as diverse as geologists , 
civil engineers ,  chemists , lawyers , officials , and plant 
operators . 

By way of background I wish to observe that subsoi l ,  
though apparently old familiar stuf f , i s  uncharted ter­
ritory scientifically speaking . The agronomi st i s  inter­
ested in the top 5 feet of soi l at most .  The geologist 
concentrates on the rock below , and the engineer only 
wants to know how reliable the subsoil is for foundation 
purposes . When people became aware of the need for 
responsible waste di sposal , the bulk of the design work 
was assigned to sanitary and civil engineers , who borrowed 
techniques and terminology from geology , hydrogeology , and 
soi ls mechanics . Now the time has come ( and gone ) to 
codify the techniques of safe di sposal into scientifically 
sound and workable state regulations . However ,  there sti l l  
are no good answers to the " surpri singly basic"  questions 
I mentioned before , and instead of good regulations we 
have a climate of " trial and error , "  " state of the art , "  
"best guess , "  or overdesigning as ways of getting things 
done . 

The first basic concept requiring research i s  "permea­
bility . " From my vantage point in an engineering firm i t  
seems that permeability has become a magic number . The 
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concept was borrowed from hydrogeology and is often in-
terpreted as velocity . 
centimeters per second , 
site operators to PhD ' s  
bility i s  a function of 
and head . 

After al l ,  it i s  measured in 
i sn ' t  it? Somehow people from 
have not apprehended that permea­
(among other things ) drawdown 

Drawdown , which implies the free flow of water in the 
soi l , is supposed to occur in virtually clay- free materi­
als . People in the water-we ll business wi ll assert that 
a small amount of clay in granular material wi ll prevent 
the flow of water , and it is not uncommon in dri lling to 
come across subsoil of shale , whi ch is bone dry though it 
has had thousands of years in whi ch to become saturated . 
These two observations are evidence that the concepts and 
formulas of hydrogeology may not apply to soils that are 
fine grained . In some cases , the soil is too impervious 
for head ( saturated thicknes s )  to build up , too chemically 
reactive for water to flow .  In short , such soi ls simply 
do not have permeability .  They are soils that hold water 
on or near the surface until the sun reappears and evapo­
transpiration i s  re-established . These soils account for 
perched water tables and wi llow trees in wheat fields . 
In Kansas City we even have a proverb for them : "Too 
wet to plow in the morning , too dry to plow in the after­
noon . " 

Meanwhile , back at the office ( government , engineering , 
or newspaper ,  whichever you wi sh ) , it is not uncommon to 
hear that leachate from a disposal site wi ll eventually 
penetrate any thickness of any soil , no matter how im­
permeable , no matter how fat . I think that this view is 
wrong and that it i s  es sential to resolve this issue--to 
find out i f  there are soils that have no permeabi lity , 
to determine how extensive they are , and to describe them 
in language that people in many disciplines can under­
stand . 

Meanwhile , back at the laboratory , technicians are run­
ning falling-head permeabi lity tests on fine-grained soi ls 
and getting answers like lo-8 em/sec or what have you . 
Someone might argue that this demonstrates that these 
soi ls are permeable , but I am not alone in thinking this 
procedure a dubious one . At present , there is no standard 
procedure for the falling-head permeability test . How 
can we be certain that a sample fills its cylinder with­
out gaps along the s ide s ?  Furthermore , laboratories are 
taking liberties such as forcing water through the samples 
under pressure (amount unspeci fi ed )  to saturate them or 
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pulling a vacuum ( amount again unspecified) on the bottom 
to speed up the test . It i s  possible that these methods 
are merely forcing water down the sides of the cylinder 
or j iggling horizontal passageways open . In one recent 
investigation for a landfill , thi s  test yielded results 
of lo-6 and lo-10 em/sec on virtually identical s amples 
from the same depth . (A di fferent method , deriving a 
permeability value from a consolidated tes t ,  gave con­
sistent results of around lo-9 em/sec . )  I do not think 
anyone is willing to live with a test that gives answers 
that vary 10 , 000-fold , and so I propose that the validity 
of the falling-head test and methods of improving it be 
obj ects of study . 

Another aspect that needs study i s  the effects of 
desiccation on clayey soils . I was discussing the 
question of permeability with J .  Hadley Williams of the 
Mis souri Geological Survey , and he told me of an instance 
in which a glacial clay from northern Missouri showed a 
falling-head permeabi lity of lo- 5  em/sec after a prolonged 
drought . Normally such a soil would show a permeability 
of around lo-9 em/sec , but thi s  soi l showed no real de­
crease in permeability after a week in the permeameter . 
I f  desiccation increases permeability to thi s  extent , it 
should be quantified and taken into consideration in land­
fill design . 

Another surpri singly basi c  question that no one seems 
to be thinking about is the matter of horizontal versus 
vertical flow in fine-grained soi l s . Some engineering 
texts discuss such variations in coarser soils but are 
silent on thi s  topic when it comes to fine ones . Indeed , 
there has not been a need to think about the matter until 
recently . I think that part of the reason thi s  matter has 
been ignored is that much of our industry , shallow ground­
water , and environmental awarenes s  occur in the northeast , 
an area where unstratified glacial till predominates . I 
also suspect that erroneously equating permeability wi th 
velocity of flow directed downward has contributed to gap . 
Some models presented diagrammatically assume that almost 
no horizontal flow occurs . 

Now , unless the di sposal pit i s  located in something 
like a sand dune , chances are good that flow of leachate 
will have both horizontal and vertical components .  The 
exception might be a thi ck glacial til l ,  as noted above . 
In the West and South , people have to turn to fine-grained 
deposits that are marine , alluvial , aeolian , lacustrine , 
or proglacial in origin . They all involve some strati­
fication , but there are no tests of horizontal permeability 
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being performed and no predictions of leachate movement 
being made on the basis of horizontal permeability . The 
falling-head permeability test measures vertical permea­
bility of a sample taken from a Shelby tube , and the 
consolidation test has as one of its assumptions that 
flow in the sample takes place only along vertical lines . 

Horizontal movement of water i s  probably not an in­
soluble problem . It could be that disturbing and re­
molding soi l j ust beyond the limits of the disposal site 
i s  all that i s  required . It could also be that the 
swelling of active clay minerals eliminates or decreases 
horizontal flow so that there i s  no problem . In any 
case , the occurrence and degree of horizontal permeabi lity 
in fine-grained soi ls deserve attention and research . 

( Recently I saw a report on a promising landfill site 
in which the possibility of horizontal flow of ground­
water was expressly denied , with no references offered 
as authority .  No explanation was offered for the fact 
that boreholes that were dry when drilled were full of 
water the next day . )  

Another topic on which more information is  required 
is the role of naturally occurring soluble salts in fine­
grained soi l s . This is particularly critical in arid 
regions . How is permeability affected by long-term di s­
solution or alteration of these salts ? It  is known that 
plain water may cause piping or embankment fai lure in 
salty soi l s . What effects do chemical wastes have , and 
what are some practical tests that would indicate possible 
problems ? 

Yet another matter that needs research is , "What are 
the e ffects of chemical wastes on soil fabric and chem­
i stry ? "  We need to quanti fy the effects of acids and 
bases , probably with an eye to insisting that they be 
neutralized . There are also techniques for decreasing 
permeabi lity , such as treatment with sodium carbonate , 
which seem to be old hat to some people but which are not 
well known to the disposal industry . I f  such methods are 
really helpful , they should be documented and allowed for 
in regulations . Finally , the e ffects of organic chemicals 
on soil fabric and mineralogy is an untouched field . Like 
most geologists , I do not know much about organic chemi­
cals , so I think we should get together with the organic 
chemists and discuss this problem . 

Having criticized most of the methods people are now 
using to choose sites and predict leachate movement ,  I 
would like to make some positive suggestions for ways of 
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improving the present di scouraging situation . Although 
there are some wastes that have been disposed of on land 
that should not have been , there are others for which 
land di sposal is the best method at present . I believe 
that i f  we make a toxic compound , we can unmake it some­
how . But a cadmium atom wi l l  always be a cadmium atom , 
and the best place for it i s  a nice , thick bed of fat 
clay . 

What are needed are maps showing thicknes s , "permea­
bi lity "  (both hori zontal and vertical ) ,  and deposi tional 
environment of clayey subsoi l s  across the nation . A 
good source for much of these is the detai led logs of 
test holes for big electric power line s . There are 
thousands of towers across the nation , and each tower 
calls for a 30- to 50- foot test hole and perhaps some 
laboratory tests . I see no reason why the e lectric 
uti li tie s , particularly those in the Rural Electrification 
Administration , would not allow these data to be cor­
related . 

One thing that would make all soi l-test work more 
use ful would be a thorough and cogent study of the rela­
tionship between the Atterburg limi ts and clay mineralogy , 
attenuation capabi lity , and/or permeabi lity . The Atter­
burg limits are the most common test run on fine-grained 
soi l s , and being able to correlate them with other proper­
ties on the bas i s  of authoritative research would mean a 
great savings in time and e ffort . 
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