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protection are a vital part of our everyday living. Pol
lution of air, land, and vifater has led to subsurface 
disposal (storage) of waste effluents. The Federal Gov
ernment and the individual states are continually pass
ing new laws governing deep-well disposal. Feasibility 
studies are mandatory, and must include an analysis of 
the disposal reservoirs, a detailed geologic study to in
clude the presence of faults or abandoned wells that 
could be an avenue for contamination of potable wa
ters. 

Many of the cementing procedures used in the oil 
industry are also used in disposal wells; however, 
added precautions must be taken in the design of the 
casing and injection strings. These include the use of 
materials that are resistant to chemical attack, such as 
special alloys and fiberglass. Oil-well cements may be 
used in wells where the effluent is organic, weak or
ganic acids, sewage waste, ferric chloride, and chemi
cally treated effluents having a pH of 6 or above. A 
formulation of cement and liquid resin will resist at
tack from dilute acid solutions. The latest development 
in resin compositions is a blend of epoxy resin and an 
inert filler. This resin system has shown considerable 
promise for use in cementing disposal wells. It is resis
tant to concentrated acidic effluents and caustic, and 
provides excellent bonding properties to the tubular 
goods. 
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SUBSIDENCE AND ITS CONTROL 

Land subsidence due to fluid withdrawal has been 
reported from many parts of the world. It has devel
oped most commonly in overdrawn groundwater ba
sins, but subsidence of serious proportions also has 
been reported in several oil and gas fields. 

Subsidence due to groundwater overdraft occurs in 
many places in Japan, where it has caused dangerous 
environmental conditions in several heavily populated 
areas. For example, in Tokyo, 2 million people in an 
area of 80 sq km now live below mean-high-tide level. 
Subsidence is only partly controlled; the difficulties of 
achieving full control are great. 

The San Joaquin Valley in California is the area of 
the most intensive land subsidence in the United States. 
Subsidence affects 4,000 sq mi and was as nmch as 28 
ft in 1969. The total volume of subsidence to 1970 is 
about 13 million acre-ft. Surface-water imports to sub
siding areas are now decreasing subsidence rates, be
cause groundwater extraction is reduced and artesian 
head is rising. 

In the Santa Clara Valley at the south end of San 
Francisco Bay, overpumping of groundwater between 
1917 and 1967 caused as much as 180 ft of artesian-
head decline, and maximum land subsidence of 13 ft. 
A fourfold increase in surface water imports in 5 years 
has achieved a dramatic rise of artesian head—70 ft in 
4 years. Subsidence rates have decreased from as much 
as 1 ft/year in 1961 to a few hundredths of a ft in 
1970. 

Wilmington oil field in the harbor area of Los Ange
les and Long Beach, California, is not only the oil field 
of maximum subsidence in the United States—29 ft— 
but also the outstanding example of subsidence control 
by injection and repressuring. Large-scale repressuring 
began in 1958, using injection water obtained from 
shallow wells. Subsidence of some bench marks was 
stopped by 1960. By 1969, when 1.1 miUion b/d of wa
ter were being injected into the oil zones, the subsiding 

area had been reduced from 20 to 3 sq mi and parts of 
the area had rebounded by as much as 1 ft. 

Methods employed to measure the change in thick
ness of sediments compacting or expanding in response 
to change in effective stress include: (1) depth-bench
mark and counterweighted-cable or "free" pipe exten-
someters with amplifying and recording equipment, (2) 
casing-collar logs run periodically in a cased well, and 
(3) radioactive bullets emplaced in the formation be
hind the casings at known depths and later rcsurveyed 
by radioactive detector systems. 

In evaluating potential land subsidence due to fluid 
withdrawal, an essential parameter is the compressibil
ity of compactible beds. When effective (grain-to-
grain) stress exceeds maximum prior (preconsohda-
tion) stiess, the compaction is primarily inelastic and 
nonrecoverable, and the compressibility may be 
.50-100 limes as large as the elastic compressibility in 
the stress range less than preconsolidation stress. 

If fluid pressures in a compacting confined system 
are increased sufficiently to eliminate excess pore pres
sures in the fine-grained sediments, the system will ex
pand clastically and the land surface will rise. 
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Dit.i-MMA OF INDUSTRIAL WASTI-WAI[!R TREATMENT 

Today industry is being forced to meet quality stan
dards in all water effluents discharged or proposed to 
be discharged to public water.s. This national policy 
demands the removal of substances from water or 
management of the processing so that restricted materi
als do not reach the water environment. Generally 
these restricted materials have no value in their present 
Conn or place and arc, therefore, wastes. 

Now the dilemma is this: having removed or isolated 
these materials at great cost, what do you do with 
them? Concentration of the materials may lessen cost 
of transportation and storage, but does not solve the 
ultimate disposal problem. 

There are millions of tons of industrial residues be
ing stored in open pits above ground. Carbonates, hy
drates, silicates, sulfates, oils, tars, acids, and brines can 
be found stored in diked areas near industrial centers. 
Some of these stored inaterials contain small quantities 
of toxic substances. All of these materials are subject 
to leaching and reentering the environment. Mainte
nance of these open pits to avoid pollution is a never-
ending concern. 

The alternatives to pit storage have been ocean dis
posal, deep-well disposal, disposal by dilution during 
flood periods, and in the case of organic materials, in
cineration. One by one these alternatives are being leg
islated or regulated out of existence. The Utopian phi
losophy of complete recycle is gaining popularity. 

The atomic energy industry has for years isolated 
dangerous materials, immobilized them, and buried 
them on reservations far removed from processing 
sites. Treatment of the water may cost as much as 
$1.00/gal. Transportation and burial of residues are a 
large added cost. 

Processing industries generate some very complicated 
wastewaters. The most difficult are those which contain 
both organic and inorganic substances in true solution. 

The dilemma is cause for national concern, requiring 
study and resolution. The road to complete recycling, 
if there is such a thing, is long and costly. Politicians 
must be forced to look at both sides of the environ
mental protection coin. 


