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A monograph outlining the status of subsurface disposal
of industrial wastewater, the questions it provokes with
respect to public policy and regulations, and suggested
procedures to satisfy administrative needs, geologic
evaluation and technical requirements, specifically as
related to circumstances in the Ohio River Valley,
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And finally: Are regulatory agencies adequately fortified with
legislative u.rectives and staff for appropriate evaluation of the geo~

hydrological, the teciinological and the public-interest aspects of in-
jection-well proposals?

Uncertainties and risk -- With respect to the first issue =-- proba-
bilities of environmental risk -- at this point in time such an assessment
is inhibited by sparsity of geohydrological knowledge and limited operat-
ing experiences. "It is not easy," cautions one operator of an injection
system, ) “to determine or evaluate events occurring about a mile under-
ground in an environment about which little data is available."

The uncertainties that exist have prompted recommendations for greater
research effort. Ffor example, it has been teported(z) that the hydrody-
namics of underground formations are not well enough understood to permit
injection as it has been practiced thus far. One cause for concern re-
lates to subsurface pressurization by injection, which could result in
the rupture of strata at the periphery of a rock formation many miles
away. Another concern stems from growing advocacy of deliberate hydraulic
fracturing as a means for increasing the intake rate of injection wells.

Recent developments in Alabaua (3) suggest both the scope and the cost
of undertaking appropriate exploration and research before decisions are
made regarding underground waste disposal. Here the Reichhold Chemicals,
Inc., will drill a 5,500 ft. test well at its Tuscaloosa plant to develop
data on the porosity, confinement potentialities, compatibility character-
istics and other conditions that may be relevant to waste injection "with
complete safety to the total environment."

The company has allocated $675,000 for this research project, which
will be conducted under supervision of the Alabama Geological Survey. The

latter agency nas received a grant of $314,500 from the Federal Water Pollu-
tion Control Administration for this purpose.

While this project does not represent the only occasion where industry
has made a substantial investment in pre-injection studies, it does reflect

something new in federal funding assistance and state direction of research
on underground disposal installations.

(1) Elliot, A. M., "Subsurface Waste Disposal Problems," Industrial Water
and Waste Conference, University of Texas, June 1, 1967,

(2) Sheldrick, Michael G., "Deep-well Disposal: Are Safeguards Being
Ignored?" (Chemical Engineering, April 7, 1969, pp. 74-78.

(3) Research Drilling Project for Waste Disposal, Clean Air and Water News,
Nov. 21, 1969, pp. 14-15; published by Commerce Clearing House, Inc.,
Chicago, Illinois.




Meantime, it might be noted that the U. S. Geological Survey and
Maryland are contemplating a cooperative research program on factors
relating to deep-well disposal in that state.

Examples of risk -- Experiences with two deep-well injection systems ==
one at the Rocky Mountain Arsenal 10 miles northeast of Denver, and an-
other at the Hammermill Paper Co. plant in Erie, Pa. -- have focussed
attention on envirommental and operational risks.

At the Arsenal installation wastes were pumped into a fractured-gneiss
rock zone at a depth of 12,040 ft. Shortly after the operation began in
March 1962 the Denver area became subject to a series of earth tremors,
which were-previously uncommon. Injection of wastes continued intermittently
for some five years when the operation was halted because of a growing con-
viction among some geologists that this might be causing the disturbance.

A Denver consulting geologist has theorized that the injected fluids
reduced- friction in faulted rock zones, which in turn led to slippage and
thus triggered the quakes. Other scientists question this hypothesis hold~ -
ing to the view that all areas.are eqrthquake-prone._and it could be only
coi «widental that the-period of tremors in Deaver followed operatioca of
the well.

Suggestions that the Arsenal well might be pumped ouf to.avoid possi- ..
“bilities of a catastrophic.quake have been countered with the argument
that such action could precipitate the event which it seeks to prevent.
Whatever the merits of the various judgments being made, the fact is that
much undertainty exists with.respect to what can happen underground. And
once something unfavorable does happen that could be attributed to the
4njection of wastewaters, it would bevery difficult, if.not.iwpossible,
Lo reverse the process.

Operational-risk probabilities are-illuminated by failure of an in-
Jection-well at the Hammermill Paper Co. on the shore of Lake Erie. Here
a 1,610 ft. deep~well was installed in 1964 to dispose of some 2.5 mgd of
spent_ sulfite liquor-along with other ‘waste residues. Utilizing pressurcs
up to 1,300 psi, the liquids were pumped into a dolomite formation. On
April 14, 1968, the top of the well blew-off with such. force that ‘equipment
was reported to be thrown 30 ft. in the air. This was followed by a gusher
of waste.liquids that flowed into Lake Erie at the rate of some 200 gallons
per minute for several days before the well could be capped.

The Hammermill failure was-attributed to corrosion of a joint in the
“injection tube. As a result the pressurized liquid-stored beneath the
ground .gained-entry into the annulus of the well and thus escaped to the
surface. This series of events was att.ibuted to "technological short=
comings' by a spokesman for the company.

Two questions of abvious public-coacern-arise from' this incident,
--Damely: What assurances can be obtained from installers and cperators of
. injection.wells concerning the technological sufficieacy of their systens;
and, in addition, what should be the requirements to incorpocate faile-safe
.. provisiocns in a system?




Guidelines pertaining to technological sufficiency are offered in
Part II of this report. In dealing with the question of fail-safe pro-
visions perhaps the only response is for regulatory authorities to in=-
sist on the availability of alternate disposal facilities. This is
called for in Kentucky requirements. And recently in Indiana approval
of a deep-well system for a.monium-chloride carried the stipulation that
stand-by equipment must be available to evaporate the wastewater dis-
charge in the event the well should fail, (1

A comg’ny specializing in the installation of wells advocates the
following( : If the volume of waste to be dispised of is large and
other conditions prevent the use of surface equipment for storage of the
produced waste, a stand-by well may be the most practical or economical
solution to the problem of maintaining continuous disposal capability.
Generally, the stand-by well or a second injection well is completed
similar to the primary injection well. The economics of a stand-by in-
Jection well versus surface emergency storage facilities determines the
feasibility of such a well to solve a disposal problem.

A more recent incident pointing to the importance of stand-by dis~-
posal capability has to do with 1ni§§’1 operating difficulties with a new
injection system at Mansfield, Ohio . Here the Empire-Reeves Steel Div-
isicn drilled a 5,000 ft. well into the Mt. Simon formation for the dis-
position of spent steel-pickle liquor containing ferric sulfate with
about 5 percent of sulfuric acid.

Injection started November 22, 1968, at an average pressure of about
1,100 psi. The pumping rate was about 20,000 gallons per day on an inter-
mittent basis related to demand. On January 19, 1969, an alarm system on
the well indicated a malfunction. Injection was stopped and the company
resorted to partial neutralization of the spent pickle liquor and dis-
charge to the stream in accordance with requirements existing prior to
construction of the well system. Starting March 15, the spent pickle
liquor was transported to an abandoned strip mine where it was neutralized
with lime before discharge in accordance with an established procedure.

The repairs to the well were completed on April 7 although testing
was continued using spent pickle liquor until April 24. 1Injection was
resumed on April 24, 1969, and continued without interruption except for
a scheduled shutdown for preventive maintenance in July, 1969, during a
mill vacation shutdown.

(1) Minutes of the Indiana Stream Pollution Control Board, May 20, 1969,
p. 19, recording action on approval of application of the Indiana
General Corp., of Valpariso, Indiana.

(2) Slagle, K. A. and Stogner, J. M., "01il Fields Yield New Deep-well
Disposal Technique," Water and Sewage Works, June 1969, pp. 238-244.

(3) Personal communication from George H. Eagle, chief engineer, Ohio
State Health Department, Nov. 18, 1969.
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