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4.2.3.3	 Domestic Wastewater Treatment Plant Effluent Disposal 
Wells (SW12) 

Well Purpose. 

These wells should not be confused with recharge wells 
(SR21) and salt-water intrusion barrier wells (SB22) even though • 
wastewater is sometimes injected into the latter. This 
discussion covers only domestic wastewater (sewage) treatment 
plant disposal (SW12) wells that are intended to dispose of the 
effluents from wastewater treatment pl~nts by injecting the 

•wastewa ter into or above USm'l. In addi tion to disposal, highly 
treated domestic wastewater is sometimes injected between a fresh 
ground-water body and the leading edge of an encroaching sal t 
water body. In such cases, the sole function of the injected 
\I1ater is to reverse the pressure gradient causing the landward 
migration of salt water. Wells injecting treated wastewater for 
this purpose, however, fall under the saline water intrusion 
barrier well category and therefore are not discussed here. 
Domestic wastewater injection wells also may be used to reinforce 
dwindling ground water resources. Where this has been done, the 
remoteness of domestic water supply wells, combined with the 
magnitude of dilution thus far has not resulted in any detectable 
deterioration of ground-water quality in the vicinity of the 
supply wells. Quite naturally, great effort has been made to 
select sites that are remote from points of use and to provide a 
very high degree of treatmenc -- treatment that produces an 
effluent meeting all currently appl icable maximum concentration 
levels (MCL's) for drinking water. Again, however, wells 
injecting treated wastewater for this purpose are classified as 
SR21 and will not be discussed in this section. Volumes of 
wastes handled vary widely, from a few thousands of gallons per 
day (for motels) to several millions of gallons per day (for 
cities). 

All the facilities reviewed so far have provided at 1east 
secondary treatment, and a few could be rated as tertiary 
treatment plants. Secondary treatment usually involves some form 
of aeration (activated sludge or trickling filter or equivalent) 
in addition to the primary treatment (sedimentation anQ di~estion 

of settleable solids). Clarification (removal of suspended 
solids) is always involved, and final chlorination of the plant 
effl uent to destroy microorganisms also generally is included. 
Since clogging of receiving formations can become a serious 
obstacle in unconsol idatedaquifer materials and in sandstones, 
special efforts to remove still more of the fine suspended 
sol ids, by f il tra tion through sand, are 1 ikely to be necessary 
when injecting into such geological formations. 
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Inventory and Location 

At this writing the inventory of type 5W12 wells is 
incomplete. States reporting Type 5W12 wells and their estimated 
numbers are shown in Table 4-37. 

As seen in Table 4-37, the bulk of 5W12 wells are reported 
as being in the States of Florida (553 well s) and Hawaii (339 
wells). The abundance of cavernous limestones in Florida, and 
the hi gh permeabil i ties of the 
Florida Keys make this disposal 
Both types of forma tions accept 
tendency to plug. 

corall ine 1 imes tones 
method popular in that 

organic wastes wi th 

of the 
State. 

1 i ttl e 

Hawaii has both fractured, 
porous, ancient marine coral 

tunneled basalt and 
reefs which readily 

highly 
accept 

wastewaters. This is an economical and simple means of disposal 
for small towns, hotels, and institutions where there are no 
public sewer systems. 

At first glance, the 72 wells reported for Massachusetts is 
surprising for a State not known for limestones or basalts. 
However, all 72 wells are seepage pits serving a condoQinium 
complex. 

California (40 wells) and Texas (10 wells) are both in arid 
regions where the heavy withdrawal of ground water for irrigation 

has led to some of the first serious attempts to replenish 
freshwater aquifers with highly treated wastewater plant 
effluents. 

Construction. Siting. and Operation 

Construction. Construction details vary widely. Some well 
constructions show evidence of good casing and cementing pro­
grams, good screen designs in the injection zone, and dependable 
flow and pressure moni toring/recording systems. Others are 
lit tle more than a few feet of pipe inserted into a bore l~ole 

some 20 feet in depth. Construction details appear to be 
controlled more by the need to keep the wells operating than by a 
desire to confine the discharge to a predetermined zone. 

The ability of a disposal well to inject a given discharge 
rate into the inj ection zone is primarily a function of several 
factors: 1) the permeability of the geological formation 
comprising the receiving zone, 2) the thickness of the receiving 
forma tion, 3) the design of the screen set across the receiving 
interval, 4) the differential pressure head that is available to 
force the waste water into the formation, 5) the completeness of 
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TAIlE 4-37: SYJGlSIS [f STATE ~TS FIR 1lMSTIC WASTE ii\TER TREATI9fT PlMT EFFI.I.ENT DI5POSI1. llEU.Si~12 

,,I REGIa. I EPA Calfir. ~lIhtory : Ci5I Studitsl : Caltalinlti III,I ,I .I II , REGIa. Prl!MllC' ystee I Info. Iv1i11b1.1 PotentillI
 
I I I I
STATES Of Will Typ. RltingI I I I
 
I I I I
 
I I I I
 

I I I
 •lCmnKtitllt , I II) , MIA ICl I MIA 
illiin. ,"

I I II) I
I MIA II) ,I MIA 

l"-sSldlusltts I I n IEl.LS IPEIIlIT>I9C SPIl YES I LtI,I 
I I IiNN Hupsllir. I I II) I MIA II) ,, MIA 
I I ,iRIIodt Islllld I II) I MIA II) MIAI 

IV.,1IIIt I
I I II) I

I MIA ICl ,, MIA 
I I I, I , ..I 

iNN J.,SIY II I«) I MIA II) ,,
I MIAI 

IINN York II 21 IlEllS PERIlIT II) MIA 
I:PuertD RicD II 1 IRl. ~IT YES I HIG! 

:Virgin Is111ld1 II !C)- MIA ICl •
I N/A 

I I
 
I
 I 

:Oth..... 1IJ II) MIA II) •
I MIA
 

:l'IIry1and III II) MIA II) I MIA
I I 

IPennsylvllliI III 4 IEl.LS MIA II) :4TH HIHST/& TYPES '
 
lVirrinil III 11& MIA II) I

I MIA
 
:1lII Virginia III II) MIA II) ,I MIA
 
I 

•
I

I 
I 

IAllbua IV II) MIA I«) , MIA
 
IAlI'ida IV 553 IEl.LS PEIIlIT YES :2ND HISEST/8 TYPES
 
i_gia IV II) MIA II) I lUA
 
:Klntucky IV 3 IEl.LS El.lIlINATE II) SBlIClS
 
lllilliwppi IV II) MIA II) MIA
 
INrrth C.olina IV II) MIA II) MIA
 
lSaath C.D1ina IV ICl MIA ICl MIA
 
ITenntsSR IV II) MIA ICl MIA
, 
I 

:Illinois V 1 aL RIlE II) MIA
 
IIndiana V 27 iIELLS PERIlIT tel MIA
 
:Ilithiglll V 2 IEl.LS PERIIIT II) HlA
 
:ltillllllOta V 11 IEl.LS MIA II) NJA
 
llllio V YES H/A II) MIA
 
iIiistlllun V II) MIA II) MIA
 
I 
I 

Ifrkan511 VI II) MIA tel MIA
 
llluisiani VI II) MIA II) MIA
 
INN /mitD VI II) MIA II) NJA
 
IDklahllll VI II) MIA II) HlA
 
IT•• VI ICl IWlPE11lIT YES HlA
 
I 
I 

:IIllII VIl II) MIA II) MIA
 
IKansil VII II) MIA II) MIA
 
:ltissouri VIl II) HlA II) HlA
 
lNlbmka VIl II) RIlE II) MIA
 
I, 
:CD1l1'adD VIII II) MIA II) MIA
 
lltlntana VlII II) MIA II) ttlA
 
:Harth Dakota VIII II) MIA II) HlA
 
:Slxith OIkota VlII II) H/A II) HlA
 
:Utah VIII II) PERlUT II) MIA
 
lltyolill9 VIII YES MIA 111 ttlA
 
I 
I 

:frizllla II llRl. PERIIIT II) HISt 
ICilifornia II 22 IEl.LS PERIIlT II) HI fit .. 
lHalliii II 335 IEl.LS PERftlT YES HISt 
I,.,-.la 11 II) BIWED II) MIA
 
:witlll SUDI 11 II) MIA II) MIA
 
lTr. T.,r. gf P 11 II) MIA II) MIA
 
:QIu 11 II) HIA ICl MIA
 
:DflI II II) MIA II) MIA
 

" I I
 
I I
 

iAlaska I 4 IEl.LS PERIIlT [Jl RIlE II) I HI fit I• 
IIIdaho I 9 IEl.LS I RU.£ I«) :7TH HISEST/14 T'fPES: 
II 32 IEl.LS I H/A II) ,I MIA I

I

:~III 
I I ,: ingtlll I ICl I KLlE III MIA ,I 

!mE: !D£ IUIERS IN THIS Tra.E ME ESTIIlATES. 
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treatment before injection, and 6) the chemical compatibilit'l of 
the injectate with clays in the receiving formation. 

P. single term call ed "transmissivi ty" combines the first two 
•	 factors mentioned above: permeabil i ty and formation thickness. 

The rate at which the receiving formation will accept the 
injected fluid is directly proportional to its transmissivity. 

•	 For injection wells in sand and gravel formations, specially 
designed "screens" are installed in the inj ection zone. These 
screens provide a large percentage of open area and have slot 
sizes that prevent movement of formation sand into the well 
during "development." Development is a process of agitation and 
removal of rna terial s around the well in take (screen) that are 
fine enough to pass through the slots in the screen: it lowers 
the resistance to flow close to the well thereby increasing the 
efficiency and capacity of the well. Development is necessary 
before placing the well in service and is required periodically, 
to remove plugging materials from the face of the borehole and 
restore well capacity. 

Frequently 18-8 stainless steel or some other suitable alloy 
is used as the material for the well screen: 18-8 stainless (18% 
~inimum chromium, 8% minimum nickel, 2% maximum manganese, 0.2% 
maximum carbon, balance iron) is an alloy commonly used for water 
well screens. It is noted for its excellent resistance to 
corrosion by aggressive water and by harsh chemicals that 
sometimes must be used during redevelopment.. A well screen whose 
length will cover a high percentage of the formation thickness is 
specif ied. 

Where highly permeable formations are used for the injection 
zones, most disposal wells operate successfully "on gravity," 
that is, the pressure provided by the column of water in the well 
casing is sufficient to cause the wastewater to flow into the 
receiving formation without overflowing onto the ground surface. 
There are numerous examples of "gravity flow" injection wells in 
Florida, Kentucky, Tennessee, Hawaii, Puerto Rico and many other 
States where such formations exist. 

Where only sand or gravel beds are available, the resistance 
to flow provided by the formation may require the use of pumps. 
In such cases, the well casing is connected directly to the pipe 
carrying the treatment plant effluent and the pumps maintain both 
the pipe and casing under pressure. 

Completeness of treatment prior to injection is crucial to 
the successful hydraulic performance of an injection well 
compl eted in unconsol ida ted material s (sands and gravel s) • The 
more complete the treatment -- especially the removal of 
suspended solids -- the longer the well will operate at 
rea sonabl e pres s ures bef ore it mus t be shu t down and 
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rehabilitated. The plugging material may be fine sand, silt, 
organic matter, and microorganisms. Bacteria and certain other 
microorganisms find an ideal habitat within the screened portion 
of the inj ection well, where a constant supply of nutrients at 
nearly constant temperature is being provided by the effluent 
stream. Final chlorination of the effluent before injection can 
destroy most microorganisms and retard the growth of others 
within the wel11 unfortunately, the concentrations of chlorine 
necessary to be effective in water so high in organic materials 
also produce a wide range of chlorinated organic compounds, some 
of which are known to be toxic. 

Siting. Injection well sites are selected for the usual 
cons idera ti on s: economic s, conveni ence, sui tab iIi ty of the 
target receiving formation, and, for the hydraul ic effect the 
injection will have on the receiving formations. 

The first consideration given is to drill the well as near 
as practical to the waste treatment facil i ty it will serve. If 
the well can be constructed on land owned by the facility, 
additional land or rights-of-way will not have to be purchased. 
The closer the well is located to the point of discharge, the 
lower pipeline, trenching, and pumping costs will be. 

In addition, the well must be located where suitable 
receiving formations are available, as this will have a direct 
bearing on the efficiency, serviceability and dependability of 
the well. As in the case of water supply wells, an exploratory 
drilling program to locate and evaluate the injection formation 
may be necessary if the desired information is not alreauy 
available. 

Operation. Operation of injection wells for disposal of 
domestic treatment plant wastewater may range from very simple to 
relatively complex. Disposal wells in the Florida Keys, 
delivering effluent to shallow (25 to 30 ft.) wells completed in 
coralline limestones, operate by gravity flow with virtually no 
attention. There is no monitoring of flow or water quality, and 
there are no monitoring wells to track the lateral movement of 
the injected waters. 

At the other extreme are operations such as that at Jackson 
Hole, rl'lyoming (Figures 4-27 and 4·-28), where the plant effluent 
quality is monitored for quality and measured for volume 
regularly to assure that concentrations of constituents listed in 
the USEPA regulations never approach the MeL's for drinking 
water1 and samples downgradient of the well are withdrawn at 
regular intervals to detect any significant change in ground 
water quality. 
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At Bay City, New York, on Long Island, an experimental 
domestic wastewater injection well has been operated for more 
than two decades by the U. S. Geological Survey and the Nassau 
County Department of Public Works (this experiment has been• 
terminated and the facility is no longer operating). Water 
quality parameters for the injectate have been meticulously 
monitored throughout the period. Despite intensive treatment of 
the injectate, clogging has been an ever-present problem at Bay 
Ci ty. Bacterial contarnina tion has been 1 imi ted to a few feet 
radially from the injection well (Ehrlich, et aI, 1979). 

Both pressure and rate of injection are monitored at wells 
inj ecting into sand and gravel forma tions, as these val ues 
indica te when the well should be shut down for rehabil ita tion. 
Clogging elevates pumping costs and reduces the rate of 
inj ection. 

Gravity flow wells injecting into highly permeable, 
channeled, and cavernous limestones and into basalts are not 
susceptible to clogging, so operation is relatively simple with 
no need to monitor pressures at the well head. Limestones and 
basal ts, however, are ineffective b'arriers to the movement of 
bacteria. Wastewater treatment plant injection wells Completed 
in such formations, therefore, are a greater threat to publ ic 
health. Destruction of pathogens during treatment before 
injection is more critical than for wells injecting into sand 
formations. 

Injected Fluids and Injection Zone Interactions 

Numerous studies have shown that bacteria are unable to 
travel more than a few feet through uncon90lidated sand and 
gravel materials. The possibil i ty of infections from bacteria 
moving through such materials any appreciable distance therefore 
appea rs not to be a concern. Phospha tes and ni tra tes, however, 
are present in all domestic waste treatment plant effluents, and 
are completely mobile. Nitrates are permitted in drinking water 
only in concentrations as high as 10 mg. per liter (10 parts per 
million) as nitrogen~ when concentrations in drinking water 
exceed this value, they can be reduced by a process called 
~d~nitrification.n 

The nature of domestic wastewater (unaffected by industrial 
discharges) is such that, after treatment in a secondary or 
tertiary wastewater treatment plant, it may approach chemical .. compatibility with the water in the receiving formation • 

There are two general categories of chemical reactions that 
can result when the injectate mixes with formation water. One is 
dissolution of aquifer rock materials~ the other is the 
production of chemical precipitates. 
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If the inj ectate is acidic (pH 1ess than 7.0), some of the 
rock matrix or minerals may be dissolved. This clearly can 
happen in limestones and dolomites, with no consequence unless 
the rocks happen to release signif icant amounts of undesirable 
minerals as they. dissolve or the solution channels are increased 
in number or size. At Bay Ci ty, New York, the low PE:i of the 
injectate dissolved iron-bearing minerals in the sand, elevating II 

iron concentrations in the vicinity of the injection well. 

High alkalinity and higher pH (above 7.0) are more likely to 
cause chemical precipitation when the injectate reacts with the 
formation water. In this case the precipitates formed are likely 
to pI ug granular forma tions, especially medium to fine sands. 
Chemical precipates would not plug channeled formations such as 
limestones or basalts. 

There is another type of reaction that often takes place 
when inje.ctate comes in contact with native clays. Many clays 
are sensitive to changes in pH or the presence of certain ions -­
especially sodium. A very small amount of clay dispersed within 
a sand aquifer can effectively block the flow of water if it 
swells as a resul t of a pH change or the presence of certain 
ions. These phenomena are well known to the petroleum industry, 
',,,here extensive injectate water conditioning is sometimes 
necessary to maintain the injectivity of water flood and salt 
water disposal wells. 

Hydrogeology and Water Use 

If USDW are to be protected from possible contamination by 
injectates from Class V injection wells, full advantage should be 
taken of hydrogeological factors affecting the direction and rate 
of travel of injectates. The formations with the greatest 
permeabilities and, hence, those that accept injected water most 
readily are those that possess net~vorks of interconnected 
channels, fractures, caverns and tunnels. Examples of t~ese are 
the weathered limestones (especially the "karst" limestones) and 
certain types of volcanics (especially certain basal ts) • These 
types of forma tions al so of fer the addi tional advantage of not 
be i ng vul nerabl e to pI ugg i ng by suspended rna ter i al s in the 
wastewater. As we" shall note later, however, this inabil i ty to 
intercept and hold suspended materials becor:l.es a disadvantage 
when public health considerations are taken into account. 

Forma tions wi th low permeabil i ties, ·such as those composed 
of fine sand or sand with quantities of silts and clays, do not 
accept injectates as readily as the channeled limestones and 
basal ts and are far more susceptible to plugging by suspended 
materials in the wastewater. For this reason a great deal of 
attention needs to be paid to carrying, to a high degree of 
compl etion, the treatment of the was tewa ter -- especially the 
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removal of suspended rna t ter. "Pol i shing" beds of sand, or 
lagoons, are sometimes placed in service (following the normal 
secondary treatment) to accompl"ish this end• 

Ideally, the inj ection well is located so that none of the 
injectate would ever reach a drinking water supply source. At 
the very least, it should be so situated that its effect at the 
water supply source would be undetectable. This is not always 
the case, though, as can be seen from a facility in Florida. 

The Florida domestic wastewater treatment plant near the 
town of Florida in the Arecibo District of Puerto Rico is 
si tua ted in karst topography wi th numerous sinkhol es. It was 
found to be operating at about double its design capaci ty and 
with the final, tertiary treatment section (sand bed filtration) 
out of service. The effluent, confirmed by plant operating 
records, was incompletely treated. It is likely that the plant 
effluent, some 360,000 gallons per day discharged into a 
sinkhol e, travel s downward through fissured and channel ed 
limestone to the water table aquifer below. The same aquifer is 
the source of water for the town of Florida and several other 
nearby groups of houses. 

Contamination Potential 

Based on the rating system described in Section 4.1, 
domestic wastewater trea tment plant effluent disposal wells are 
assessed to pose a high to low potential to contamina te USDVl. 
These facil i ties typically do inj ect into or above Class I or 
Class II USDW. Well construction, operation, and maintenance 
may, in certain geological settings, allow fluid injection or 
migration into unintended zones. Injection fluids sometimes have 
concentra tions of consti tuents exceeding standards set by the 
National Primary or Secondary Drinking Water Regulations and are 
of poorer quality (relative to standards of the National Primary 
or Secondary Drinking Water Standards or RCRA Regulations) than 
the fl uids wi thin any USDW in communication wi th the inj ection 
zone. However, fluids may be of equivalent or better quality 
(relative to standards of the National Primary or Secondary 
Drinking Water Standards and RCRA regulations) than the fluids 
within any USDW in connection with the injection zone. Based on 
injectate characteristics and possibilities for attentuation and 
dilution, injection sometimes occurs in sufficient volumes or at 
sufficient rates to cause an increase in concentration (above 
background levels) of the National Primary or Secondary Drinking 
Water Regulation parameters in ground water, or endanger human 
health or the environment beyond the facility perimeter • 

The potential for Type SW12 wells to contaminate USDW will 
vary from high to low depending on the following considerations: 
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1.	 Class V wells that inject into or above USDW are,
 
by virtue of the location of these target inj ec­

tion zones alone, a threat to aquifers. Elevation
 
alone provides the "head" or driving force neces­

sary for the injectate. to tend to move toward the
 
USDW.
 

• 
2.	 Where there is no geological formation providing
 

an effective barrier separating the injectate from
 
the USDW, as in the case of vugular limestones or
 
basal ts, bacteria may be carried by flow of the
 
injectate to the USDW.
 

3.	 Unconsol ida ted sediments such as sands and fine
 
gravels effectively filter out bacteria and other
 
suspended solids within a few feet of the
 
inj ection well.
 

4.	 When only domestic sewage is being treated, tha t
 
is, no industrial wastes are present, the only
 
soluble constituents that are fully mobile and of
 
concern are phosphates and nitrates. Of these,
 
only nitrates are of public health concern~ they
 
may require special treatment prior to injection.
 

5.	 Wastewater treatment plants accepting industrial
 
wastes may present a special threat, in that many
 
organic chemicals, as well as some "heavy" metals
 
(frequently toxic) pass through the treatment 
process essentially una~fected. 

6.	 Treatment facilities discharging into porous and
 
channel ed lime s tones or ba sal t s requi re cons tan t
 
vigilance and monitoring, as these activities
 
constitute the only barriers to potential
 
contamination of USDW.
 

7.	 The origin of the wa ter and the pur i ty of the
 
injectate require continuous vigilance by plant
 
operators and dependability of mechanical devices.
 

Current Regulatory Approach 

Class V domestic wastewater treatment effluent disposal 
wells are authorized by rule under Federally-administered UIC 
programs (see Section 1). Of the 19 States reporting the 
existence of type 5W12 wells, Florida and Hawaii have, by far, 
the most (80% of them). 
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Florida. The Florida Department of Environmental Regulation 
(FDER) issues construction permits for Class 5W12 wells. Permits 
are al so required for both opera tion and for pI ugging and 
abandonmen t (P&A) of 5Wl2 well s. In addi tion, the FDER is 
authorized to specify moni toring requirements as a condi tion to 
operation. 

The application-for-construction permit is a 3-page, rather 
comprehensive document that requires the presentation of 
information such as location and construction details of the 
well, the general nature and volume of the injectate, a 
description of the inj ec.tion system, and defini tion of the area 
of review showing all water supply wells, surface water bodies, 
injection wells, etc. It specifies that contamination caused by 
the proposed well can result in revocation of the operating 
permit. The corresponding operating permit is non-renewable and 
non-expiring (except for violations of the law) and is 
transf erabl e to another owner. The FDER may el abora te on 
specific conditions set for operation of the facility within the 
penni t. 

The FDER also requires that a permit to plug and abandon be 
obtained when a 5W12 well is permanently removed from senrice. 
The application requires a detailed description of the P&A plan. 
Upon completion of the P&A opera tions, the owner is required to 
complete a "Certification of Plugging Completion Class I, III or 
V Well" and record it at the FDER. 

The FDER has incl uded in its S ta te report a draf t of 
proposed· "Revisions to the Florida UIC Class V Regula tions. " It 
deals primarily with proposed rules tightening the effluent water 
quality requirements and specifying the types of treatment that 
are expected to be used in bringing the quality up to levels safe 
for injection. 

Hawaii. The Department of Heal th of the State of Hawaii 
issues permits for Class V wells, including the 5W12's. A single 
5-page application form is required to be filled out, whether it 
be for an existing well, a new well, abandon and seal procedures, 
or other activity. 

The accompanying instructions are comprehensive, calling for 
information on the facility such as, all wells within one-quarter 
mile, geology and climatology, nature and source of injectate, 
operating parameters, geohydrology, well logs, nature of 
groundwater, results of injectivity tests • 

State of Hawaii statutes prohibit the operation, 
construction or modification of an injection well without a 
permit issued by the Department of Health. 
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California. Regional Water Quality Boards (RWQB), of which 
there are nine in the State, are the permitting agencies for 5W12 
injection wells. 

Texas. Registration is conducted by the Texas Department of 
Water Resources (DWR). Existing Class V wells are regulated by 
rule, on condition they're registered by January 6, 1983. 
Proposed new Class V wells must be registered with Department of 
Water Resources prior to construction. The Department may 
continue regula tion by rule, or may develop "other regula ting 
approaches for specific categories of Class V wells." The 
following information is required to be submitted: (1) name of 
facility; (2) name and address of legal contact; (3) QI,,,ner; (4) 
nature, type and operating status of each injection well; and (5) 
location, depth, and construction of each well. After the 
Executive Director of the DWR has reviewed the proposed 
operation, he may require that the owner or operator apply for an 
injection well permit. 

Oregon. Registration is with the Department of 
Environmental Quality (DEQ) ·of Oregon. The Department of Water 
Resources (DWR) regulates and issues permits for groundwater 
recharge. Individual permit drafting and source oversight are 
the responsibility of the five DEQ regional offices. 

Alaska. Class V injection wells are under the jurisdiction 
of the Alaska Department of Env i ronmental Conserva tion (.Zl.DEC). 
General permits describing the features of the facility are 
issued by ADEC. In addi tion, local regula tions may control in 
certain areas. Currently many changes are occurring in local 
regulations as the need for coordination is recognized. 

Idaho. All Class V wells deeper than 18 feet below land 
surface require permits issued by the Department of Water 
Resources. An appl ica t i on mus t be f i 1 ed with the DWR for 
construction, maintenance or modification of an injection well. 
No well is permitted by DWR if it contaminates an qSDW. 

Indiana. The main State regulatory statute in Indiana for 
the control of pollution of both surface and groundwater is 
330IAC 3-1. The Stream Pollution Control Board (SPCB) is 
responsible for its enforcement. All discharges from Class V 
wells into ground water require a permit from the SPCB except the 
following: 

1.	 approved and/or properly operating septic tanks 
with less than 4,000 gallons of liquid capacity; 

4 - 186 

..
 

• 

" • 



5W12
 

2..	 discharges composed only of storm runoff; and 

3.	 air conditioning/cooling water return wells which 
do not use water additives • 

• 

The Indiana State Board of Health administers the discharge 
permitting program through several state sub-agencies. 

Michigan. The Water Resources Commission is responsible for 
controlling the pollution of both surface and groundwater in the 
State. The Commission would require a permit be issued for any 
5W12 type injection well. 

Other States. Other States that indicated the existence of 
5W12-type wells have not yet provided the information on 
permitting, or have provided information so general that its 
relationship to 5W12 wells is unclear. There is some evidence to 
suggest that several States misclassified the wells. 

Recommendations 

Siting. Recommendations for location of injection wells so 
as to protect USDW are likely to be different from those aimed at 
consideration of cost, land ownership and convenience. Although 
economics will play an important role in every case, this report 
will stress only those that enhance the protection of USDW. 

Hydrogeologic da ta on the proposed inj ection zone and 
contiguous formations must be collected and interpreted in order 
to understand existing ground-water occurrence and movement and 
to predict how these likely will be affected by the inj ection 
operation (AL, WY, HI). This might include complete pumping 
tests (both withdrawal and injection) with sufficient observation 
wells available to maximize usefulness of the data. 

Opera tion. Each inj ection well shoul d be permi t ted to 
operate at a maximum predetermined injection rate and a maximum 
pressure, determined by site-specific hydraulic conditions 
prevailing and foreseen (WY, AL, HI). 

. Remedial Action. Any 5W12-type injection well injecting 
treatment plant effluent into an USDW and not meeting the USEPA 
maximum concentration levels for drinking water requires remedial 
actions. Specific remedy(ies) will depend on the seriousness of 
the threat to water supplies and the nature of the treatment 
process. In some cases, wells should be plugged (KY). 
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Alternative disposal methods and feasibility of upgrading 
existing plants should be evaluated (VA). 

4.2.4 MINERAL AND FOSSIL FUEL RECOVERY RELATED WELLS 

4.2.4.1 Mining, Sand, or Other Backfill Wells (5X13) 

Well Purpose 

Backfill wells are used to place hydraul ic (water) or 
pneumatic (air) slurries of sand, gravel, cement, mill 
tailings/refuse, or fly ash into underground mines. Mines may be 
backfilled in order to: 

(1) Prevent subsidence attributable to mine cave-in; 
(2) Create structural stability in active mines; 
(3) Dispose of mill tailings/refuse or fly ash; 
(4) Control or extinguish underground mines fires; and 
(5) Fill in dangerous mine openings (Texas). 

This operation entails drilling wells from: the surface to the 
roof of the mine void, casing the well, and cravi ty feeding or 
pumping a sl urry .down the well into the mine. In Idaho, mine 
tail ings are mixed wi th water to form a· sl urry and are piped 
through existing mine tunnels into excavated portions of 
subsurface mines. 

The term "mine backfill wells" also has been used in 
reference to water wells or monitor wells installed into the 
backfill of surface mines. The latter definition of mine 
backfill wells does not fit the Federal Underground Injection 
Control (UIC) Program regulatory definition. According to 40 CFR 
146.5 (e) (8), sand backfill and other backfill wells are used to 
inj ect a mixture of wa ter and sand, mill ta il ings, or other 
solids into mined-out portions of subsurface mines (whether what 
is injected is a radioactive waste or not), and are Class V 
injection wells. 

Inventory and Location 

The Federal Underground Injection Control Reporting System 
(FURS) database indicates an inventory of 548 mine backfill wells 
in 6 states while the 54 State inventory and assessment reports 
received at this writing indicate the existence of 6,500 wells in 
16 states. The discrepancy may be attributable to the fact that 
many mine backfill operations are now regulated by State or 
Federal mine bureaus or agencies who have little contact with UIC 
regulators. As a result, many backfill operation regulators are 
not aware of FURS or the EPA UIC Program requirements. The fact 
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tha t FURS does not di.fferentia te 5X well types al so may add to 
the inaccuracy of the FURS inventory (mine backfill wells are one 
of many 5X type wells). 

The "State Report" inventory (Table 4-38) includes only 
active and temporarily abandoned mine backfill wells. There are 
over 20,000 permanently abandoned wells of this type in the 
United States. The Pennsylvania State report identified over 
19,000 wells. Many backfill wells are utilized for less than 2 
days, then plugged and abandoned. 

Mine backf ill wells are limi ted to the continental Uni ted 
States and only those States where shaft mining exists. An 
abundance of water for slurry transport is a significant 
requirement for backf ill well feasibil i ty. Therefore, mines in 
arid regions with low water tables are not as likely to be 
hydraulically backfilled as mines in the wetter regions of the 
country. 

Construction, Siting, and Operation 

Several dif ferent types of mining-related inj ection well s 
utilize the mined-out portions of deep mines as the 
injection/disposal zone. Even though each well type performs a 
unique function, similar techniques and inj ected material are 
utilized. Operation and construction details of each mining 
related injection well are described below. Figures 4-29 and 4­
30 present a typical mine backfill well construction and a 
typical subsidence control operation. 

Subsidence Control. F.ydraul ic fl ushing is a technique 
commonly employed as a means of minimizing surface damage 
resul ti ng from underground mine colI apse (subs idence) • It 
involves the use of strategically placed injection wells for the 
purpose of sluicing a slurry of solids into a mine void un til 
full~ Hydraulic flushing allows for substantially complete 
filling of all void spaces (to a predictable radius) around the 
well bore. Extent of fill, both laterally and vertically, is 
controlled by the solids concentration of the slurry and the 
injection rate, thus lending design flexibility dictated by mine 
void configuration. Bulkheads within the mine are sometimes 
constructed to control sl urry empl acement." Hydraul ic fl ush ing 
for subsidence control can be applicable both above and below 
drainage coal seams. Economics dictate that readily available, 
abundant, and inexpensive fill materials be used. The fill 
material s commonly used are mine refuse, fly ash, cement, and 
crushed sandstone. Combinations of these materials are also 
used. 
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Typically, subsidence control injection wells are drilled 
with a rotary rig and are less than 500 feet deep. Unconsolida­
ted surface materials are sealed off with conductor pipe. A 5­
to la-inch diameter hole then is completed into the mine void. 
Casing then is installed at depths to ensure delivery of the 
slurry materials through higher mined out or permeable zones into 
the mine. In most cases, neither casing is cemented during 
construction. The slurry material then is pumped (or gravi ty 
fed) through the borehole into the mine until the maximum radius 
around the well is effected and slurry refusal occurs. Upon• 
refusal, both casing strings are removed and the well is plugged 
with cement from top to bottom. The delivery time required for, 
and total volume. of, slurry emplacement is a function of mine 
configuration. The number of backfill injection wells necessary 

I ,	 
to complete a mine subsidence control project is contingent upon 
the total void volume to be filled as well as mine configuration. 
Delivery times range from as little as two days to a number of 
months. This accounts for the larg.e number of permanently 
abandoned mine backfill wells. 

Hydraulic flushing as a mine subsidence control technique 
has proven very successful in the United States and abroad. 
Excavations into mines which have employed this technique for 
coal refuse have showed that nearly total void fill ing had 
occurred and the material had drained and compacted to form 
competent supporting material. 

Waste Disposal. Underground mining and related processes 
generate extremely large volumes of solid and liquid waste. Both 
types of waste can be generically categorized as potentially 
acidic and highly mineralized representing the major cause of 
concern for potential groundwater-quality deg~adation. When deep 
mining coal, substantial volumes of non-coal material are also 
extracted from the subsurface. The waste material, or mine 
refuse, generated is essentially sandstone, carbonaceous shale, 
and low grade ·coal. The mine refuse and coal i tsel fare heav ily 
concentrated with iron, manganese, and sulfide bearing minerals. 
These minerals, primarily pyrite, degrade the quality of the 
coal, and therefore it is desirable to separate the coal from the 
refuse and the pyrite from the coal. The refuse and the iron­
sulfide precipitate (yellow-boy) formed when removing pyrite then 
often is injected into the mine void for disposal. 

Many times the mine void is not available or is not used for 
mine refuse disposal and this material is deposi ted in "spoil" 

.. piles outside the mine portal. The pyrite and other metal­
.. bearing mineral s abundant in the spoil rapidly begin oxidiz ing • 

Water from rainfall percolates through the spoil, dissolving the 
oxidized material and creating a highly acidic, highly 
mineral ized acid mine drainage. Similarly, ground water flows 
through abandoned deep mines becoming increasingly acidic and 
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mineralized as it comes in contact with exposed mineral­
containing rocks until it too is considered acid mine drainage. 
The acid mine drainage then flows by gravity down-dip to a 
surface discharge point, or in some instances it must be pumped 
from the mine for de-watering purposes to allow mining operations 
to continue. In either situation, the acid mine water must be 
treated prior to surface water discharge. Treatment consists of 
neutralizing the acidic nature of the mine water and aeration to 
allow for precipitation of metals. The sludge generated is then 
injected into the mine void. Also, it is not uncommon for acid 
water, which has been removed from an active mine, to be injected 
into an abandoned mine untreated. In these instances, the 
receiving mine is sealed to prevent gravity discharge of these 
acid waters. 

Waste disposal well construction is typical of other mine 
backfill well construction. Specifically, a 5- to 10-inch 
diameter borehole is dr illed to the mine void. Conductor pipe 
mayor may not be used, dependent upon problems associated with 
unconsolidated surface material and borehole integrity. Cement 
is rarely used if casing is installed. The major difference 
between the operation of this and other backfill wells is the 
length of time the borehole is in service as an injection well. 
Waste disposal wells generally inject relatively moderate volumes 
of solids over extended periods of time. 

A USEPA Region rv national assessment of Class V wells in 
the Region indicated an inventory of coal processing wastewater 
inj ection wells throughout Kentucky and Tennessee. In a number 
of cases a slurry is formed by consolidating wastewater from the 
coal washing process with coal clay and fragments of rock passed 
through mesh screen of No. 28 size. Chemical flocculants then 
are added to the mixture to facilitate settling of suspended 
materials. The jellied slurry, comprised of 25% to 30% firm 
material is injected into the mine void. 

The slurry injection wells for coal processing waste\vater 
injection in USEPA Region rv vary from 100 to 400 feet in depth. 
The slurry (injectate) often is transported from the processing 
facility to the injection well site by a pipeline and injected 
into the borehole which, more often than not, is without casing. 
In one case, the operator utilized the shaft of the mine as the 
inj ection well. Based on the USEPA Region rv study, inj ection 
rates for coal processing wastewater injection wells range from 
2.7 to 350 gallons per minute, with total volume dependent upon 
the extent of the mine void. 

Mine Fire Control. UnQerground mine fires, as evidenced by 
the number of mine fire control wells, are a significant problem 
in Pennsylvania. The technique found to be most effective in 
controlling mine fires is hydraulic flushing. Flushing is essen­
tially flooding wi th a sl urry of sol id material as opposed to 
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water alone. When flushing, the water portion of the slurry has 
sufficient heat capacity to extinguish some of the fires and 
dissipate heat while the solids seal the mine (see discussion of 
subsidence control wells), depriving the fire of oxygen and 
effectively putting the fire out. The solid material used to 
form the slurry is often mine refuse. Fly ash is another readily 
available waste material frequently used. Sandstone is used 
sometimes but is generally cost prohibi tive. In some instances, 
only water .is injected into the mine for fire control. 
Typically, the slurry emplacement boreholes are 8 inches in 
diameter and less than 100 feet deep. Eight-inch casing may be 
installed through any alluvial material to a maximum depth of 20 
to 30 feet. This casing is never cemented. Qui te often, when 
unconsol idated material on the surface is absent, no casing is 
used. On average, a well/borehole is never used for actual 
injection for more than a few days. The total volume of solid 
material injected through anyone bore hole can range from 100 to 
more than 1,000 cubic yards. The wells are plugged immediately, 
from top to bottom with cement after their useful life is 
complete and any casing is removed. 

One of the Nation's most publicized mine fires was 
discovered near Centralia, Colombia County, Pennsylvania in Hay 
1962. The fire has not yet been extinguished. During the period 
1962 to 1980, 1,535 boreholes were constructed for hydraulic 
f1 ushing in an at tempt to control the fire. Incompl ete records 
indicate that in excess of 200,000 cubic yards of combustibly­
inert solids were injected into the mine for various fire control 
purposes. 

Injected Fluids and Injection Zones Interactions 

Typical injected fluids are hydraulic or pneu.'1Iatic slurries. 
The solid portion of the slurries may be: 

1. sand: 4. mill tailings/refuse: or 
2. gravel: 5. fly ash. 
3. cement: 

If a pneumatic slurry is emplaced in the mine, inj ection zone 
(mine shaft) interactions will be limited to oxidation if the 
mine itself is dry. Injection (mine shaft) interactions of 
hydraulic slurries range from slight water quality improvement to 
possible contamination from leachates or acid mine drainage. The 
degree and type of interaction within the mine after· slurry 
emplacement is dependent on the source of water and type of 
slurry solid. 

If water not affected by acid mine drainage is produced 
during mining and used to emplace sand, gravel, or cement 
slurries, no adverse interactions within the mine can be 
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expected. In this case, mine wa ters are being introduced back 
into the mine with sand, gravel, or cement, which are essentially 
inert. 

When sl urry wa ters are acid mine water or ore extraction 
process wastewater, interactions wi thin the mine may increase. 
Acid mine water will have a tendency to react with some portions 
of slurry solids, mine walls, or surrounding soils and mobilize 
potential groundwater contaminants. Process wastewaters may 
contain chemicals used in ore extraction that may cause inter­
actions. 

The use of mill tailings/refuse and fly ash as fill material 
may cause detrimental interactions. Mill tail ings are low 
quality ore and, in the case of coal mining, are high in sulphur. 
Fly ash is the waste product of burned coal and has been found to 
contain arsenic and sal ts (particularly sodium suI fa tel • The 
leaching of these compounds does occur. 

Mine backfill operations present special problems where, and 
if, ground water migrates through the backfilled mine voids and 
leaches high concentrations of chemical species such has heavy 
metals, suI furic acid,' cyanide, and other byproducts of mill ing 
processes, from the backfill material itself. 

When precipitated sludge from acid mine drainage pools is 
emplaced in a mine containing acid mine water, the alkaline 
na ture of the sludge may tend to neutral ize the ac id wa ter and 
decrease the solubility of metals. 

Hydrogeology and Water Usage 

The mine backfill wellca tegory incorporates three opera­
tionally distinct coal mining related injection wells. Even 
though the wells inject for different purposes, the characteris­
tics of the injected material are essentially the same. 

Existing USDW chemical quality is critically important when 
assessing mine backfill wells. Mine water and interconnected 
groundwater is generally of moderate to poor quality with a high 
dissolved metals content and a potentially high pH. Therefore, 
the introduction of "wastes" consistent with the existing 
environment may not be considered degrada tion. An in-depth 
evaluation of mine backfill wells in West Virginia concludes in 
part that the "enhanced" pollution caused by such wells is very 
nearly impossible to quantify because of the low quality of 
receiving waters. It should be noted that mine water and aquifer 
qual i ty is a function of the chemical composi tion of the mined 
out seam. Specifically, some seams have excellent water quality 
and, to a limited extent, serve as public drinking water 
supplies. -
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Mine backfill wells, in general, have little negative impact 
on ground-water quality. Short term use wells (subsidence and 
mine fire control) only can be considered benef icial. However, 
injections of acid mine drainage (AMD), AMD precipitate, and coal 
waste sl urry are potentially detrimental, especially into mines 
which traverse formations serving as drinking water supplies. 

It must be noted that, in many cases, surface and ground 
water contamination from mine waste surface piles may be more 
serious than contamination wi thin a mine backf illed wi th that 
material. 

Contamination Potential 

Based on the rating sys tern descr ibed in Section 4.1, mine 
backfill wells are assessed to pose a moderate potential to 
contamina te USDW. These facil i ties typically do inj ect in to or 
above Class I or Class II USDW. In Idaho, however, this is not 
the case. Typical well construction, operation, and maintenance 
would not allow fluid injection or migration into unintended 
zones. Injection fluids typically have concentrations of 
constituents exceeding standards set by the National Primary or 
Secondary Drinking Water Regulations. Based on injectate charac­
teristics and possibilities for att.enuation and dilution, 
injection does not occur in sufficient volumes or at sufficient 
rates to cause an increase in concentra tion (above background 
levels) of the National Primary or Secondary Drinking Water 
Regulation parameters in ground water, or endanger h~~an health 
or the environment beyond the facility perimeter, or in a region 
studied on a group/area basis. 

Current Regulatory Approach 

Mine backfill wells are regulated in one of three 
approaches: 

1. By permit 
2. By rule 
3. As part of the overall mining operation. 

The distribution of the various approaches is fairly even as 
evidenced by Table 4-39. The tendency, however, is to authorize 
these wells by rule until directives resulting from the national 
Class V Inventory and Assessment are issued from USEPA. 
Ava i 1 a b I ereg u I a tory de t ail s 0 f e a c h s tat e (wher e min e 
backfilling is conducted) are included in Table 4-39. 

It is believed that a significant hindrance to the FURS 
inventory is the fact that mining bureaus/agencies have 
regulatory jurisdiction in many States, and these entities are 
not completely familiar with the UIC program. 
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Recommendations 

Several States provided recommendations for mining backfill 
operations. Some of them are summarized as follows. The siting, 
design, construction, and operation of min~ backfill wells, when 
possible, should be included in overall mine operation plans and 
permit requirements (Illinois, Kentucky, Idaho). In many cases, 
this is done today, due to backfill well regulatory responsibi­
lity of State mining regulators. Contamination potential for 
backfill wells occurs in the mine void and not in the well-bore 
i tsel f. 

While injecting, slurry volumes should be monitored and 
compared to calculated mine volume as a check that no cata­
strophic failures occur (West Virginia). 

Ground-water monitoring is recommended in areas that contain 
potable water in the stratigraphic vicinity of backfilled mine 
workings (Missouri). Migration of water through, or out of, 
backfilled mines appears to be the scenario which constitutes the 
primary ground-water contamination concern. Figure 4-31 presents 
possible ground-water contamination scenarios. 

The Montana report recommended that site specific studies by 
conducted to determine the nature and extent of degradation due 
to mine backfill wells. Idaho recommends continuing authoriza­
tion of mine backfill wells without permits in cases where the 
tail ings are inj ected into formations that are effectively 
isolated from USDW. 

4.2.4.2 Solution Mining Wells (5X14) 

Well	 Purpose 

In-si tu or solution mining util izes inj ection and recovery 
well techniques to bring minerals from underground deposits' to 
the surface (Texas Department of Water Resources Report 274, 
1983). Fluids designed to mobilize mineral resources are 
injected into an ore body, and the resulting "pregnant ll solution 
is extracted. Minerals typically extracted by this procedure 
include copper, uranium, trona, borate, gold, silver, and zinc. 

Solution mining falls into three general categories (Ahlness 
and Pojar, 1983): 

1.	 Commercial operations wi th ore body preparation 
including such activities as blasting, block 
caving, and hydrofracturing, specifically to 
fragment the ore body: 
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2.	 Commercial operations in old mine workings, 
including those done in open pits, worked out 
black caved areas, and backfilled stopes where 
leaGhing is conducted following conventional 
mining; and, 

3.	 Experimental programs conducted on small scales to 
assess the economical and engineering feasibility


• of such projects •
 
• 

The latter t.wo categories are the types of programs associated 
with Class V injection, whereas the first category is associated 
with Class III injection. In-situ leaching of conventional mines 
is used to recover additional metals from old mine workings when 
conventional techniques such as open pi t or tunnel recover-.:/ are 
economically unfeasible due to low grade ore or insufficient size 
of deposit. Experimental programs are typically pilot-scale 
feasibility studies which mayor may not employ "experimental" 
procedures. 

Inventory and Location• . 
Availabl e inventory da ta indica te that there are presently 

2,025 active and idle Class V solution mining injection wells in 
the United States and associated Possessions and Terri tories. 
This information has been derived from the various Class V State 
reports submitted. The solution mining well imrentor:::--· data is 
presented in Table 4-40. Hany more solution mining facil i ties 
actually have been reported" for the United States than are 
indica ted in the Table~. These facil i ties are actually pilot­
scale feasibility operations and are technically defined as 
experimental technology disposal wells (5X25). They are 
i nven tor i ed in the exper imen tal technology sec t i on of thi s 
report, but their purpose and operation are consistent with 
injection wells used for stopes leaching solution mining. 

Construction, Operation, and Siting 

Specific aspects of injection wells associated with solution 
mining may vary from facility to facility, but construction 
designs generally are consis tent. Plas tic piping, typically P\iC 
or CPVC, or Fiberglas pipe is used for casing, al though I ight­
weight steel casing also has been used for this purpose at 
certain Wyoming facilities. Casing diameters have been found to 
range from two to eight inches, with typical diameters of four to 
six inches. Depths of injection wells typically vary from about 
200 ft to more than 1,000 ft and are dependent upon the depth of 
the ore body. The well completion may be open hole if total 
depth is into the ore body. If the well is seated below the ore 
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TAIlE 4-40: SYJ(fSIS [f STATE REParrS FIR SllUTI[)j IIINIIl6 \Q.LStSX141 

I 
I REGI~ , EPA Calfirlllt R,1I1atcr, : CaSl Stwlint ; CootaDinaticn-

I 

~ REBI[)j PrlSllltl ystee Iln;o. IvAi1ab11I Polentai
I 
I STATES- Of IitU Typi I Ratin9I I
 
I I
 
I I
 

:Calnecticut I r«) NJA I r«) N/A
 
:~nl I r«) H/A I«l HlA
 
:IIusadlllltttl I NJ NJA I«l HlA
 

-~:HN Hal!lsIIirl I I«l NJA r«l tuA
 
IRllodl IsllIId I r«) NJA r«l HlA
 
:Venant I I«l NJA I«l HlA
 
I
 
I
 

INN Jersey II I«l N/A r«l H/A 
:HN YlI'k II 48 lI'ELLS PERJlIT I«l ~/A " 
:PlIerto Rico II r«) HlA ~n N/A •:Virgin Isl_ II I«l- NJA ItI N/A 
I
 
I
 

:1lt1..1 IU I«l H/A riO HlA
 
:lIarvland IU r«l HlA 00 WI\
 
IPennsylvania IU r«l MIA I«l ~/A
 

:Virllnia IU r«) MIA I«l MIA
 
1l1li Virginia IU r«l MIA III iliA 
,I
 
:A1ablll IV r«) MIA r«l HlA
 
:F1l1'ida IV r«) NJA Ml NJA
 
:Sla'gia IV r«) NJA r«) NJA
 
IKlntlltky IV r«) NJA NJ NJA
 
:ItiIiiIIlppi IV r«) NJA r«l NJA
 
:NrrtlI Carolina IV r«l NJA r«l MIA
 
:SGutb CirDlina IV r«) NJA r«l NJA
 
:TIIIIIII_ IV r«) NJA III MIA
, 
I 

:I1lillllil V r«) NJA f(I NJA
 
:Indiana V r«) H/A r«) NJA
 
:iiichigill V 15 lI'ELLS NJA III NJA
 
:iiinnllota V ICl NJA III NJA
 
:lJIio V r«) NJA ICl H/A
 
:InItllliin V ICl NJA ICl NJA
 
,I
 
:ArianlU VI r«) NJA ICl NJA
 
:Laaisi l1li VI ICl N/A It) NJA
 
:NM1 lltIico 'VI 1,073 IIU.S PEIlItIT YES Wt-

IDIll aIIDli VI ICl NJA ICl NJA
 
ITII. VI ICl NJA III NJA
 
I
 
I


:1_ VJJ III NJA III NJA
 
lKansu VII ICl NJA NIl H/A

:iii lIQII'i VII r«) NJA ICl NJA
 
:NIIlraska VII ICl PERIlIT I«l NJA
 
I
 
I
 

ICol II'Ido VIU r«) NlA r«) NJA
 
:Ilcntana VIII III NJA II) NJA
 
1North DUota VIU r«) NJA II) NJA
 
:SGuth DUDta VIU III MIA It) H/A
 

_:Utah VIII II) PERflIT ttl NJA 
,:lIyoIing VIU 14\EUS· PERIlIT YES HIIHST/I0 TYPES 
•
:Arizllla II 870 lI'ELLS PERIlIT YES UJl/IllDERATE

1til ifll'Tlia II 5 lI'ELLS PERIlIT YES lJ«JON
 
:Haltaii II II) NJA III NJA
 
:NeYadI II ttl NlA II) NJA
 
:_iclII 5II1II II r«) NJA r«) NJA
 
lTr. Trr. of P II ttl NlA r«) NJA
 
:QIaa II ttl NlA r«) NlA
 
IOMJ II III lilA It) NlA
 
I
 
I
 

:A1asia I II) NlA ttl NlA 
:Idaho I II) NJA II) H/A
::=111 I It) NJA r«l NJA ., 
: ingtlll I r«) NJA r«) NJA 

IIlTE: 50£ rtJ&RS III nus TAIlE ME ESTIMTES.. 
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body, screened openings or perforations may be used to inject 
fluid into the ore body. The entire annulus between borehole and 
casing generally is cemented from total depth to surface. Some 

•	 operators use an acid-resistant cement across the injection zone, 
where injectate is actually in contact with ~he cement job. 
Several centralizers may be used to assure proper positioning of 
casing wi thin the wellbore. A typical construction design for 
solution mining injection wells is presented in Figure 4-32. In 
general, construction designs seem to be relatively simple and 
trouble free. Injection is gravity fed, and bursts in the casing 
due to high pressure rarely occur. However, operators do not 
typically conduct mechanical in tegr i ty tests. Therefore, the 
possibility that injection fluids unknowingly could migrate into 
unintended zones may exist. 

In-situ leaching is the most cornmon method used with Class V 
solution mining. Injection and recovery wells are constructed 
into an ore body that has been fragmented through blasting, block 
caving, or hydrofracturing. The majority of the wells 
inventoried in the United States are constructed in or around 
block caved zones. This method of in-situ solution mining 
involves four steps. First, a lixiviant, or ltbarren ll solution 
composed of an acidic or basic oxidizing agent, is injected. 
This fluid will vary, depending upOn the type of ore being mined. 
The i nj ection of I ixiviant causes mobil iza t ion of the mineral 
from the host ore body by creating a soluble complex salt. 
Third, the mineral-bearing lixiviant ("pregnant" solution) is 
recovered using extraction wells. Finally, the mineral is 
recovered from the pregnant solution at the surface using certain 
ion exchange techniques. One such technique is known as solvent 
extraction - el ectrowinning (SX-EW). Ideally, af ter solution 
mining activities are discontinued, a fifth step would be 
conducted which involves the restoration of groundwater to a 
j;)rescr ibed pos t-mini ng qual i ty. A schema tic represen ta t i on of 
in-situ solution mining is presented in Figure 4-33. 

In-situ solution mining injection wells are sited in 
patterns sufficient to cover what geologic analysis has defined 
as the three-dimensional extent of the ore body. Spacing between 
wells is a function of several parameters. A primary 
considera tion is in tended inj ection vol urnes. Vol urnes used are 
directly related to the amount of fracture permeability induced 
by block caving. Also, capacity of the recovery system must be 
c:onsidered. Finally, the hydrogeologic properties of the ore 
body, principally porosity and permeability, must be addressed in 
determining adequate well spacing. 

Injected Fluids and Injection Zone Interactions 

Injection fluids will vary depending upon the type of 
mineral to be recovered. Copper and urani urn are currentl y the 
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LARGE DIAMETER, HIGH VOLUME, CLASS V
 
SOWTlON MINING INJECllON WELLS 
PROPOSED BY KOCIDE CHEMICAL CORPORATION 

Figure 4-32
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most widely mined minerals using in-situ procedures. Common 
lixiviants used for oxidizing these minerals include weak 
solutions (1-4%) of sulfuric or hydrochloric acid, ammonium 
carbonate, and sodium carbonate/bicarbonate. Ferric cyanide 
sol utions typically are used to recovery gold, silver and other 
precious metals. 

Operations have reported that block caved zones are actually 
"sumps" to ground-water flow. That is, hydraul ic gradients from 
surrounding aquifers toward the block caved zone have been 
established. Because conventionally mined ore bodies usually are 
sulfide deposits, infiltrating ground water tends to oxidize the 
sulfide minerals. This process lowers the pH and increases heavy 
metal content within the ground water. Injection of weak acid 
solutions associated with solution mining only serves to enhance 
the natural reactivity of the sulfide minerals. Injected fluids 
are usually slightly more acidic than the ground water within 
block caved zones, as indicated by monitoring well data (Noranda 
Lakeshore Mines, Personal Communication, 1986). 

Hydrogeology and Water Use 

Ore bodies containing copper, uranium, and other precious 
metals are referred to as hydrothermal deposits (Tennissen, 
1974) • These are deposi ts formed in rock from hydrothermal 
fluids at high temperatures and pressures. Hydrothermal 
solutions responsible for ore deposits are· of diverse origin, and 
sources include magmatic, meteoric, and connate waters. Ore 
bodies such· as these are typically present within crystalline 
rocks of igneous or metamorphic origin that have been 
structurally emplaced adjacent to sedimentary rocks. 
Hydro thermal fluids enter the crys tall ine rock mass through the 
porous sedimentary media or fault-related fractures, or both.' 

Specif ic hydrogeologic parameters will vary among sol u tion 
mining proj ec ts across the nation, but certain general iza tions 
can be made. In mining districts of the western United St-ates, 
sediments adjacent to ore bodies tend to be coarse-grained, 
poorly sorted alluvial valley fill. Depending upon the depth of 
burial, these sediments may be consol ida ted, semi-consol ida ted, 
or unconsol ida ted. Permeabil i ty wi thin such sediments can be 
high, resul ting in a high degree of communica tion be tween mine 
workings and adjacent alluvial aquifers. These aquifers mayor 
may not be an USDW. 

As discussed previously, the process of block caving creates 
massive void spaces in and around the ore body. Void spaces tend 
to establish sumps to ground-water flow, and hydraulic gradients 
toward the mine workings develop almost instantaneously following 
block caving. Volumetric data support this claim in that 
operators report recovery volumes as much as 20% higher than the 
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amount of fluid injected. As long as withdrawal is approxi~ately 
continual, and a posi tive hydraul ic gradient toward the block 
caved zone is maintained, losses of fluid from the workings into 
surrounding aquifers should be minimal. If, however, an 
operation is left idle for a period of time sufficient to allow 
development of hydraul ic equil ibrium, migration of contaminants 
along natural ground-water flow gradients could occur. This may 
resul t in the degrada tion of USDW adj acent and downgradient to 
the mine workings. 

In light of these hydrogeological considerations, lithologic 
confinement to ground-water flow is of secondary importance. As 
discussed, ore bodies are usually present within crystalline 
rocks with relatively low primary porosity and permeability. 
Secondary permeability, in the form of structure-related 
fractures is cornmon.. These fractures may have propagated into 
adjacent sedimentary rocks. As such, the lithologic character of 
"confining" units is of less concern than is the degree of 
fracture pervasiveness within the­ crystalline mass and 
surrounding sediments. 

Contamination Potential 

Based on the rating system described in Section 4.1, 
sol u tion mining well s are assessed to pose a low potential to 
contaminate USDW. These facilities typically inject below USDW 
with little or no potential for migration of fluids into any 
USDW. Typical well construction, operation, and maintenance 
would not allow fluid injection or migration into unintended 
zones. Injection fluids typically have concentrations of 
consti tuents exceeding standards set by the Na tional Primary or 
Secondary Drinking Water Regulations. Based on injectate 
character is tics and possibil i ties for at tenua tion and dil u tion, 
injection does not occur in sufficient volumes or at sufficient 
rates to cause an increase in concentration (above background 
levels) of the National Primary or Secondary Drinking Water 
Regulation parameters in ground water, or endanger human health 
or the environment beyond the facility perimeter. 

While a variety of minerals are extracted in the United 
States using in-situ leaching, procedures and hydrogeologic 
parameters are generally very similar. Specific details 
regarding these considerations are not known for all sol u tion 
mining facilities, but a generic assessment or contamination 
potential can be made using generalized, or "typical" data. 

Injection of acidic or basic lixiviants used in solution 
mining is into block caved or hydrofractured zones generally 
adjacent, along at least one boundary, to consolidated or semi­
consol ida ted sediments. These sediments are generally wa ter­
bearing, as indicated by positive flow of fluids into mine 
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workings reported by operators. No data exist to show these 
ground waters are of USDW quality. With a few exceptions, such 
operations are in semi-remote areas away from population centers. 
At this time, it cannot be concluded that injection is into or 
above potentially useable Class lIB aquifers. Because of the 
general water quality conditions in alluvial aquifers of the 
desert Southwest, where most solution mining is occurring, it is 
bel ieved tha t "usable" USDW are generally sparse. 

As discussed, typical construction and operational aspects 
of solution mining are relatively simple. As such, the potential 
for malfunction leading to migration of fluids into USDW is 
considered minimal, particularly considering these mine workings 
are ground-water sinks. However, it must be pointed out that 
provisions for conducting mechanical integrity tests are not part 
of operational plans. 

Injectate composition must be kept constant for a solution 
mining operation. As a result, it' is easy to characterize 
injectate water quality. Injectates are typically acids, though 
weak bases are used occasionally for in-situ leaching operations 
for uranium. For acidic injectates, pH levels of 1-4 are 
typical. This clearly exceeds National Secondary Drinking Water 
Regulations for pH, and probably exceeds corrosivity levels as 
well. 

Depending upon the size of the operation, inj ected volumes 
can be very large, exceeding 500,000 gallons per day. If natural 
ground-water flow conditions existed within and around these 
operations, it could be easily concluded that such volumes would 
cause degradation of groundwater in a large area around the 
facility. However, because active solution mining facilities 
maintain a positive flow gradient toward the mine workings, 
degradation beyond the facility boundary ',yould not be 
anticipated. 

It is hereby concluded that contamination potential 
attributable to in-situ solution mining is generally low. This 
is a generic assessment based upon the overall database for this 
well type. This seemingly is contradictory to the Wyoming State 
Report, that ranked solution mining operations as the most 
dangerous of the known" Class V facilities within that State. 
However, it must be stressed that they are mining a radioactive 
substance (uranium) which in its own right can be considered 
dangerous. Secondly, there are only 199 such well sat 14 
facilities in Wyoming, representing only 0.6% of the total 
solution mining injection wells in the United States. This 
percentile cannot be interpreted as "typical" for that well type. 

As in other assessments for well types having limited 
databases, any new data acquired that supplement (or supersede) 
broad general izations will be used to re-def ine contamination 
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potential. Such data would include demonstration that 
contaminants are migrating into adjacent ground water following 
operation closing or that failed mechanical integrity has 

•	 resulted in contamination of shallow or adjacent aquifers . 
..	 Another factor would be the demonstration that an adjacent 

aquifer is of Class lIB quality or better. Such findings would 
lead to an assessment of higher contamination potential. 

Current Regulatory Approach 

Solution mining wells are authorized by rule under 
Federally-adminis tered UIC programs (see Sec t ion 1). The bes t 
data for regulatory oversight of solution mining facilities were 
found in the Wyoming and Ar izona S ta te reports. It is bel ieved 
that regulatory information contained therein represents typical 
approaches to this type of Class V injection. 

Both States have established broad sweeping legislation that 
addresses the protection of all "waters of the State." In 
Arizona, enforcement of tnose rules is the responsibility of the 
Department of Health Services (ADHS). In Wyoming, the regulatory 
body is the Land Quality Division (LQD) of the Wyoming Department 
of Environmental Quality. These agencies require the submittal 
of applications for waste discharge permits by any operator 
proposing underground inj ection of any ins ti tu tional, commercial, 
agricultural, or residential waste fluids. While injected fluids 
used for in-situ leaching operations are not technically "waste" 
material, operators are still bound by the terms of waste 
discharge permits. 

Applicants for permits in the two States are required to 
supply detailed information about proposed injection operations. 
This information includes, but i~ not limited to, a complete 
description of fluids to be inj ected: the numbers and 
construction details of injection wells to be used: 
characteristics of the intended injection zone and all affected 
aquifers: all nearby ground-wa ter users: and the materials and 
equipment to be used in the injection process. In some areas, a 
hydrogeological report and disposal impact assessment may be 
required. Additional conditions required with respect to 
permitting such wells includ~ monitoring frequency 
specifications, constituents to be monitored at each monitoring 
well, reporting requirements, injectate quality limits, and 
definition of what constitutes a permit violation. An important 
aspect of new permit application reviews is the specification of 
closure plans and the restoration of the aquifer after solution 
mining operations have been terminated (post-closure plan). This 
latter aspect is a relatively new permit requirement, and several 
facilities exist that were permitted prior to its adoption. As 
such, those facilities may not be bound to any post-closure 
requirements at the present time. 
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In some States, active solution mining facilities are known 
to exist on Federal land or on land regulated by Federal 
authority, such as tribal lands. Specific management of such 
solution mining activities, where known, is the responsibility of 
the Bureau of Land Management (BLH). Ini tial approval of these 
activities on tribal lands must be granted by the tribe of 
concern, in conjunction with the United States Bureau of Indian 
Affairs (USBIA). The BLM provides technical assistance for 
permit approval, and requires submittal of an Environmental 
Assessment (EA) by the operator. Addressed specifically in the 
EA are the proposed solution mining plan, existing hydrogeologic 
condi tions, and po tential env i ronmen tal impac ts. Approval 
requirements include a hydrogeologic monitoring program. Leach 
solution applied, fresh water inflows to the facility, and 
amounts of leachate recovered must be specified. Hoisture lost 
in exhaust air must be monitored as well. Finally, a ground­
water monitoring network and plan is established specifying 
analysis requirements and reporting intervals. Closure plans 
discussing site reclamation, sealing of mine works, and continued 
hydrogeologic monitoring are not included in the EA. 

Recanunendations 

Injection wells associated with solution mining must be 
sited so as to efficiently supply the necessary volumes of 
leachate to the disturbed ore body. While several experimental 
procedures for applying leachate are being tested in the United 
States, the best approach to large-scale operations is to site 
wells directly above the block caved zone and inject flood 
I eacha te by grav i ty flow. As such, the ne twork of i nj ec t ion 
wells need not extend beyond the surface projection of the 
underground mine workings. These recommenda tions are conta ined 
within the Arizona report. 

The preserva tion of mechanical in tegri ty should be an 
important concern of operators. At the present time, mechanical 
integrity requirements are not part of permit specifications for 
most solution mining operations. Part of the problem is that 
there are not well defined procedures for determining mechanical 
integri ty in such simple wells. The Arizona report recommends 
that possible types of mechanical integrity tests should be 
studied in the near future, and an effort to implement reliable 
testing should follow. 

The Arizona report makes another significant recommendation. 
One aspect of solution mining that has the potential for broad 
scal e contamination of ground wa ter beyond facil i ty boundaries 
concerns post-closure plans. As discussed, ground-water flow 
gradients toward the mine workings are anticipated while 
injection and recovery operations are active. However, when 
operations are termina ted, arti f icial hydrogeologic condi tions 
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established during solution mining will approach equilibrium with 
regional hydrogeologic gradients. If proper closure and ground­
water restoration are not practiced, migration of acidic ground 
water into adjacent alluvial aquifers would likely occur. At the 

•	 present time, closure and remedial action plans are not part of 
permit requirements for facilities on federal lands, or lands 
under federal regulation. To assure this well type a future low 
ground-water contamination potential rating, implementation of 
adequate closure and remedial plans is essential. 

Supporting Data 

Case studies are listed in Appendix E and include Noranda's 
Lakeshore Mines, Pinal County, Arizona. These data are in the 
form of a UIC Inspection Report, dated September 9, 1986, and 
subsequent file review material. The inspection was conducted by 
representatives of Engineering Enterprises, Inc. and USEPA Region 
IX. 

4.2.4.3 In-Situ Fossil Fuel Recovery Wells (5X15) 

Well Purpose 

Wells designed as In-Situ Fossil Fuel Recovery Wells are 
used to inj ect water, air, oxygen, sol ven ts, combus tibles, or 
explosives into underground coal or oil shale beds in order to 
1 iberate fossil fuels which can be produced to the surface by 
wells. To date these methods have been experimental. This is 
not expected to change in the near future due to the worldwide 
depression in oil prices. Injection wells used in in-situ 
processes that recover heavy oil s from tar sands in the Uni ted 
States are part of "Enhanced Oil Recovery II methods. As such, 
these wells are regulated as Class II injection wells and should 
not be wi thin the scope of this report. Many in-si tu methods 
used to recover heavy oils are commercial. 

Underground coal gasification (UCG) utilizes Class V 
injection wells to deliver air, oxygen, steam and air, or steam 
and oxygen mixtures into a target coal bed in order to initiate 
and maintain combustion of the bed and liberate a low grade gas. 
Target beds for underground coal gasification generally are 
unminable coal beds such as low grade or deep coal seams, and 
steeply dipping beds. 

Recovery of synthetic oil IISyncrude" from oil shal e usually 
is accompl ished by burning (retorting) oil shale rubble. If it 
is impossible to mine and retort the oil shale at the surface, 
retorting is accomplished underground (in-situ). Class V 
injection wells are used to deliver air, oxygen, combustibles, or 
explosives in order to rubblize the bed, and initiate and main­

4-211 



5X15
 

tain in-situ combustion. Liberated "Syncrude" is produced to 
the surface via production wells. "Syncrude" also can be pro­
duced by circulating hot fluids. 

Inventory and Location • 
According to State reports, 66 in-situ fossil fuel recovery 

wells have been used in 5 Sta tes: Colorado, Indiana, Michigan, 
Texas, and Wyoming. The Federal UIC Reporting System (FURS) 
indicates that 38 of these wells exist in Colorado only. Wells •are known, however, to have existed in Utah also. At least three 
of the 66 well s are known to be permanen tly abandoned. Due to 
depressed oil prices it is believed all 5X15 wells are abandoned 
or in the process of being abandoned. Table 4-41 indicates the 
well type inventories and summarize their assessment. The 
difference between State reports and FURS inventories may be 
attributable to confusion over the extent to which abandoned 
operations should be inventoried. 

Figures 4-34, 4-35, and 4-36 indicate locations of coal 
fields, oil shale, and other potential synfuel resources in the 
United States. 

Construction, Siting, and Operation 

Underground 'Coal Gasification. Underground coal gasif ica­
tion (UCG) is a process for recovering fuel from coal that is not 
econanically or technically feasible to recover by conventional 
mining techniques because of its low hea ting value, thin seam 
thickness, grea t depth, high ash or excessive mois ture con ten t, 
large seam dip angle, or undesirable overburden properties. The 
UCG p=ocess converts coal into a useful gas product by partially 
combus ting the coal underground in the presence of wa ter and a 
limited amount of air, oxygen, stearn and air, or stearn and oxygen 
mixtures. Figure 4-37 presents a schematic cross section of the 
UCG process. In a simplified two-well model, an injection well 
and a production well are drilled into the coal deposit. The 
permeability of the coal seam must then be increased to permit 
reasonable gasification rates and prevent condensation of tars 
and other volatile organic matter from the produced gas as it 
passes through cooler parts of the coal seam. Permeability 
enhancement is referred to as linking (a permeable flow path is 
linked between the injector and producer). Linking can be 
accomplished by reverse combustion, directional drilling, 
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(from Rickert at.al .• Synthetic Fuels Development:
 
Earth Science Considerations) Figure 4-34
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Source: Ranney. r~.w., 1979, Oil Shale and Tar Sands Technology. 

LEGEND 
~ Tertiary Deposits, Green River 
~ Formation in Colorado. Utah, and 

Wyoming; Monterey Formation, 
California; Middle Tertiary Depo­
sits in Montana. Black areas are 
Known High-Grade Deposits. 

Permian Deposits, Phosphoria
Formation, Montana. 

Devonian and Mississippian

Deposits (Resource Estimates

Included for Hachured Areas
 
Only). Boundary Dashed Where
 
Concealed or Where Location
 
is Uncertain.
 

OIL SHALE DEPOSITS OF THE UNITED STATES 

(from Ranney, 1979, 011 Shale and Tar Sands Technology) Figure 4-35 
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SCHEMATIC CROSS SECTICN OF
 
AN IN-SITU COAL GASIFICATICN PROCESS
 
(from Rickert et.a•.• Synthetic Fuels Development:
 
Earth Science Considerationsl Figure 4-37 .
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electrolinking, or hydraulic fracturing. Once linking is 
complete a gasifying agent, usually air or oxygen-enriched air, 
is injected throughout the operation to sustain combustion and 
effect gasification of the coal. Gases produced by the burning 
coal escape through the flow ch~nnel and are removed through the » 

production well. In a commercial scale operation, several pairs 
of wells (or other configurations) would be simultaneously 
gasified. 

As gasif ica tion continues, a cav i ty is formed, in the coal 
seam. Its geometry continues to change as the burn proceeds. •
Early in the gasification process the cavi ty is empty. As the 
coal burns, the cavity roof may subside or collapse, partially 
filling the cavity with rubble which subsequently alters the 
gaseous flow patterns and burn geometry. Injection wells used to 
initially ignite the coal seam and maintain combustion vary 
widely in design although the injection fluids are similar (air, 
oxygen, steam, or combination). For example, in operations 
util iz ing the reverse 1 inking process, inj ection and production 
wells are of similar design since their respective functions are 
switched after initial combustion is achieved. Figures 4-38 - 4­
41 show four major types of UCG processes and their respective 
well configurations. 

Injection wells are completed in high temperature combustion 
zones and are exposed to subsidence. The injection well may be 
subjected to temperatures up to 2,73S oF (l,SOOoC) for several 
hours. Special well constructions are necessary to withstand 
such an environment. In addition to high temperatures and 
possible mel ting, the well rna terial s (casing, cement, wellhead, 
and surface valves) are subjected to sulfidation and oXidation 
from combustion, thermal expansion and contraction forces, and 
cement shrinking and parting due to overburden drying or volati­
lization. Subsidence of overburden materials must be accurately 
predicted and accounted for in the well's design and siting to 
avoid damage. Well completion depths generally are less than 600 
ft. Wells are cased with carbon or high strength stainless 
steel. 

In Situ Recovery of Oil Shale. Oil shale is a fine-grained 
sedimentary rock that contains an oil-yielding organic rna terial 
called Kerogen. Oil shale is composed of approximately 86% 
mineral material and 14% organic material. It is classified 
geologically as a marlstone because the mineral matter is 
primarily carbonaceous material. The organic portion is composed 
of 10% bitumen and 90% Kerogen. Bitumen is soluble in many 
organic solvents. Kerogen has a molecular weight greater than 
3,000 and is insoluble in most organic solvents. Kerogen and 
bitumen are thermally unstable and, when heated to 480 0 F (2S0 0 C) 
or higher, thermally decompose to form gaseous and liquid 
products than can be refined to synthetic crude oil (Syncrude). 
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(from Morgantown Energy Research Center, Proceedings; August 10-12, 19761 Figure 4-40 
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At least three different technologies are utilized to 
extract petroleum products from oil shale. They are above ground 
retorting, in-situ, and modified in-situ (MIS). The latter two 
processes involve underground retorts which utilize Class v 
injection wells. Retorting is the process in which oil shale is 
heated to free the oil it contains. Above-ground retorts may be 
containers into which mined crushed oil shale is placed for 
burning. Underground retorts are simply the zones of oil shale 
which are to be heated. Both in-situ and MIS processes use 
underground retorts. 

Modified in-situ processes involve partial mining of an 
underground retort and subsequent burning of the oil shale. So~e 

companies have used MIS systems in which hot inert gas and air 
are inj ected by pipes into the retorts to f acil i ta te burning. 
Each retort uses a number of inj ec tion condui ts, the number 
depending on the stage of the project. This technology is 
usually proprietary and details of retort construction could not 
be obtained by States. 

In the in-situ recovery process, the shale formation is 
initially fractured by explosives or hydraulic fracturing methods 
to increase permeability. A portion of the shale's organic 
material is then burned to obtain heat for retorting. Upon 
strong heating (retorting) the organic rna terial decomposes to 
gas, condensable liquids, and residual carbonaceous matter which 
remains on the spent shale. An external fuel may be used to 
start and control the burning. The retorted Qil shale product is 
extracted by pumping in a manner similar to crude oil production. 

A large number of in-situ recovery techniques have been 
patented by various individuals and companies. However, most of 
these techniques are proprietary and not publicly available. A 
typical in-situ oil shale operation may consist of a two-well 
system (one injection well and one production well) or a five­
spot pattern (four injection wells and one production well in the 
center of the pattern) completed within the oil shale bed. 
Injection wells are used to initially combust the oil shale and 
sustain the retort by continuously injection a pyrolyzing fluid. 
Production wells are used to recover the gaseous and liquid 
products which will be refined to syncrude. 

Patents exist for several different in-situ oil shale 
production methods; each production method utilizes uniquely 
designed injection and production wells and varying fluids. 
Generally, well completion depths range from 100 to 1, 000 feet 
below land surface. Wells are cased with carbon or higher 
strength stainless steel casing. Stainless steel may be used 
near the inj ection horizon. Casing is cemented to surface to 
keep overlying groundwater from entering the well bore using 

.. standard high temperature oil field practices • 
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Injected Fluids and Injection Zone Interactions 

As stated previously, in-situ fossil fuel recovery injection 
wells may inject water, air, oxygen, solvents, combustibles, or 
explosives. More specifically, underground coal gasification 
wells may·inject: 

1.	 Air 
2. Oxygen 
3.	 Stearn 
4. Water 
5.	 Igniting agents such as ammonium nitrate-fuel oil
 

(ANFO) or propane.
 

In-situ oil shale retort wells may inject: 

1.	 Air 
2. Oxygen 
3.	 St.earn 
4. Water 
5.	 Sand 
6.	 Explosives 
7.	 Igniting agents (generally propane). 

The purpose of injection in both cases is to initiate and sustain 
combustion in the zone. 

Air, oxygen, steam, water, ahd sand should not damage 
environmental quality by themselves. The environmental impact of 
explosives, igni ting agents, and espec ially c ornb us tion products 
on ground-water qual i ty is the main subj ect of concern for this 
well type. Combustion products include: 

1.	 Polynuclear aromatics 
2.	 Cyanides 
3.	 Nitrites 
4.	 Phenol s. 

UOG Interactions. During the gasification phase, high temp­
erature gases can migrate from the burn cavity into surrounding 
strata, where cooling occurs and various chemical compounds are 
condensed or deposited. Most of the condensed chemicals are 
organic compounds incl uding 1 ight hydrocarbons, phenol s, oil s, 
and tars. The heavier organics include some polynuclear aromatic 
hydrocarbons and heterocycl ic compounds. Other gaseous compo­
nents that condense or are absorbed in surrounding ground water 
are ammonia, carbon dioxide, hydrogen sulfide, and methane. 
After gasification, an ash residue remains in the burn cavity 
which yields soluble inorganic components to reinvading ground 

•water, greatly increasing the total dissolved sol ids content of .. 
the ground water. These soluble components include a wide array 
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of ionic species, mostly calcium, sodium, suI fate, and bicarbo­
nate. Additionally, many other inorganic materials are leached 
into the ground water in lesser quantities and include aluminum, 
arsenic, bar i urn, boron, iron, zinc, cyanide, s el eni urn, and 
hydroxide. (Humenick, Edgar, and Charbeneau, 1983). Table 4-42 
presents water quality changes in the combustion zone after 
gasification. 

Extensive fracturing of the. surrounding rocks,. and subsi­
dence and collapse of the overburden material greatly enhance the 
ground-water contamination potential of UCG operations and can 
seri ously ef f ec t the economic success of these opera t ions. 
Fracturing, subsidence, and collapse occur due to the high 
thermal stresses of gasification and especially from the removal 
of coal material by gasification (ever expanding void areas are 
created as the coal burn progresses). Potential environmental 
effects include contamination of adjacent aquifers by escaping 
gases (fractures, voids, and damaged well bores are potential 
conduits) and structural disruption of overlying aquifers. 
Additionally, any major deformation or collapse of the overburden 

.	 rock will ultimately be reflected at the surface as subsidence. 
Subsidence may create new pathways for surficial contaminants to 
enter USDit]. 

Oil Shale Retort Interactions. Large quanti ties of wa ter 
are removed from oil shale during retorting (up to 1.5% of the 
raw shale by weIght). Soluble and particulate organic matter are 
the components most likely to limit its environmental integrity. 
The pyrolytic retorting processes can produce a variety of poly­
nuclear aromatic hydrocarbons (PAH). In addition, shale oil 
contains much higher concentrations of polar heterocyclic 
components than do crude oils. The environmental significance of 
the presence of 1 arge concentra. tions of pol ar and heterocycl ic 
components in shale oil is two-fold~ First, a number of organic 
compound types are potentially toxic and/or carcinogenic, and 
second, the polar characteris tics increase their sol ubil i ty and 
accommodation in water systems. Retort waste is amenable to 
treatment by charcoal sorption with eventual destruction of its 
org ani c com p 0 u n d s 'b y he a tin g , t h u s p r even tin gadv e r s e 
environmental effects. 

Hydrogeology and Water Usage 

In-situ fossil fuel recovery opera tions typically have 
occurred at depths less than 1,000 ft but may be technically 
feasible at depths up to 3,000 ft. As a result, for this well 
type, injection may occur above, below, or into USDW. 

Water quality in coal and oil shale beds is typically poor. 
Even though these waters may meet USDW definition limits (TDS < 
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TABLE 4-42 WATER QUALITY CHANGES AFTER GASIFICATION 

(Source: Humenick and Mattox. 1976) 

Parameter Before, mg 1-1 1'.f t e!" , rn g 1-1 

ca2+ 
Mg2+ 

20 
5 

200 
15 

Na+ 100 300 
HC03 300 Sr.:O 
C0 3 2 o 
~O~ 
c!­

4 
0.02 

30 

1150 
C.4 

40 
F­ 0.1 0.7 
N03 2.0 
NH3 1.0 100 
TOS 350 2300 
Phenols 0.1 20 
TOC 20 200 
Volatile dissolved solids 300 
CN­ <0.01 
CNS­ <0. S 
CH4 0.42 0.16 
pH 7.6 
As <0.01 
Ba <1 
Cd <0. 01 
Cu <0.1 
Cr (total) <0.05 
Mn 0.07 
Hg 0.002 
Se <0.01 
Ag <0.05 
Zn <0.1 
B 0.3 

•
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10,000 mg!l) their usefulness is questionable. The main threat 
to wa ter qual i ty is migra tion out of the zone during and after 
combustion. Zone roof collapse and resulting subsidence further 
adds to this concern. 

If confinement within the zone can be established, several 
ground-water contamination concerns can be alleviated. Ground 
water contamination outside combustion horizons has not been 
substantiated. This may be due to the lack of pressure build-up• 
and resulting flow in the combustion zone over time due to 
pressure release through producing wells. Water migration 
through the combustion zone and dispersion are the primary 
contaminant transport mechanisms. 

Complete hydrogeologic and water usage information should be 
considered in any site selection process. 

Contamination Potential 

Based on the rating system described in Section 4.1, in-situ 
fossil fuel recovery wells are assessed to pose a moderate 
potential to contamina te USDW. These t'acil i ties typically do 
inject into or above Class I or Class II USDW. Typical well 
construction, operation, and maintenance would allow fluid 
injection or migration into unintended zones. Injection fluids 
typically have concentrations of constituents exceeding standards 
set by the National Primary or Secondary Drinking Water 
Regula tions. Based on inj ectate characteristics and possibil i­
ties for at tenua tion and dilution, inj ection does not occur in 
sufficient vOlumes or at sufficient rates to cause an increase in 
concentration (above background levels) of the National Prima-ry 
or Secondary Drinking Water Regulation parameters in groundwater, 
or endanger human health or the environment beyond the facility 
perimeter. 

Lack of injection zone pressure build-up and resulting flow 
potential out of the zone precludes this well type from having a 
high contamination potential. Dispersion and through zone 
migration are the primary contaminant transport mechanisms. At 
present, no wells are known to operate in the United States due 
to economic condi tions. This is not expected to change in the 
near future. 

Current Regulatory Approach 

In-situ fossil fuel recovery related wells are authorized by 
rule in Federally-administered UIC programs (see Section 1). 
This well type has only existed in Colorado, Indiana, Michigan, 
Utah, Texas, and Wyoming. Table 4-43 details the known 
responsible regulators and their approach in each State. At 
present none of these well types are known to be operating. 
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TABLE 4-43 
CURRENT REGULATORY APPROACH FOR IN-SITU FOSSIL FUEL 

RECOVERY WELLS 

REGULATORY 
STATE AGENCY PERMIT RULE 

Colorado 

Texas 

Utah 

Wyoming 

USEPA Region VIII 

State Railroad 
Commission 

State Dept. of 
Health, Bureau of 
Water Pollution 
Control 

State Dept. of 
Env ironmental 
Quality (Land 
Quality Division) 

Regulated by 
rule 

Regulated by • 
permit 

In cooperation 
with State Dept. 
of Health. Dept. 
of Health can 
require a permit 
if deemed neces­
sary 

Regulated by 
permi t 

•
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The regulatory tendency for this well type is for State 
agencies to regulate by permit. Colorado is the only State where 
the Federal UIC program has primacy and thus regulates these 
wells by rule. 

Recommendations 

In-situ fossil fuel recovery injection wells are similar to 
Class I injection wells in that if wellbore i~tegrity can be 
conf irmed, and inj ection f1 uids or by-products are conf ined to 
the target zone, USDW protection is possible, if not, serious 
ground-water contamination can occur. Certainly, complete geolo­
gic and hydrogeologic investigations should be part of any opera­
tions plan (Wyoming). 

Wyoming also sugg
cornbus tion zone fluids 
fluids may be a way 
contamination. 

ests 
cannot 

of 

that 
be 

stop

if long 
assured, 

ping or 

term confine
remedia tion 
minimizing 

ment of 
of zone 
future 

Supporting Data 

Supporting data (Appendix E, page 4) consists of case 
studies of U.S. Department of Energy projects in Wyoming. 

4.2.4.4 Spent Brine Return Flow Wells (5X16) 

Well Purpose 

Spent brine return flow wells are used to reinj ect spent 
brine into the same formation from which it was withdrawn after 
the extraction of halogens or their salts. Although there are 
similarities between spent brine return flow wells and wells used 
in association with solution mining processes (Class III injec­
tion wells), the spent brine return flow wells are classified as 
Class V injection wells. The purpose of these wells is the re­
emplacement of the spent fluids into the source formation as 
opposed to use as an integral part of the mining or extracU on 
process. 

Inventory and Location 

Spent brine return flow wells have been reported in rela­
tively few States. This, of course, corresponds to the location 
of geologic formations conducive to the extraction of halogens or 
salts in an economically feasible process. The largest inventory 
of spent brine return flow wells has been reported in Arkansas, 
followed by the inventory reported for Michigan. Other Sta tes 
reporting spent brine return flow wells include Indiana, New 
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York, North Dakota, Oklahoma, and West Virginia. Reported to 
date, the national inventory of this well type is 121 wells. 

The inventory numbers reported by the States are reI iable, 
since industries utilizing these wells are easily identifiable. 
Table 4-44 provides 
State reports. 

a synopsis of the inventory data from the 

Well Construction, Operation, and Siting 
. 

The only information on well construction of spent brine 
return flow wells was received from Arkansas. Wells located in 
Arkansas are constructed just the same as wells used to dispose 
of oilfield brines (Class II injection wells). The wells have 
multiple strings of casing cemented in the hole, and injection is 
through steel tubing which generally is isolated from the casing 
with a packer. (See Figures 4-42 and 4-43.) The well construc­
tion reported by the Sta te of Arkansas is compat ible wi th the 
expected well usage. 

The operation of spent brine return flow wells consists of 
injecting large volumes of fluid, typically 10,000 - 20,000 bar­
rels of fluid per day. The injection operations are continuous, 
but generally injection is not at high pressures. Gravi ty fed 
wells (i.e. no applied surface pressure) are common. 

The siting of any ~pent brine return fla~ well is determined 
by the geology of the area for the optimum production of halogen­
rich brine. Siting, therefore, is limited to areas wi.th 
economically recoverable brines. 

Injected Fluids and Injection Zone Interactions 

The inj ec tion fluids, by def ini tion are I imi ted to br ines 
from which halogens or salts have been extracted. Since the 
brine is re-injected into the same formation from which it:. was 
produced, injection zone interactions with the injection fluid 
are not a problem. 

However, there have been unconfirmed reports that occa­
sionally other fluids, possibly hazardous wastes, are added to 
the inj ection stream. The effect of emplacing unknown f1 uids 
into the injection zone cannot be determined, but reports of this 
practice do indicate the need for strong regulation of spent 
brine return flow wells. 

Hydrogeology and Water Usage 

Spent brine return flow wells do not inject into USDW. Due 
to the high dissolved solids content of the brines, all reported 
halogen- or salt-rich brines have underlain all USDW, and are 
separated from fresh waters by confining layers. 

4 - 230 



TAllE 4-44: SYIIfSIS If STATE REPalTS FIll SPENT lillIE REl\Rf FWllE.lSlSllbl 5X16 

IEIlJl 
~ 

STATES 

:Cavlecti cut 
ll!iine 

I 
I, 
I 
I, 
I, 
I 
I 
I, 

EPA 
RESIIJ 

I 
I 

I ConfinedI 
I Presence, · Of Ntll TYIlt,, 
I, til, , til, 

~lI1atcry 
ystel 

IUA 
NlA 

I Case Studiesl : 
:Infa. milable' 
I, 

til 
til 

Contui nati on 
Potential 

Rating 

HIA 
NJA 

:IIassachuset:ts 
:New ~.aIllshire 

I 
I, 
I 

I 
I 

I· 
I, til 

ICI 
MIA 
IUA 

ICI 
I(l 

NJA 
NlA 

:li1Ial, Island 
:verllOllt, 

I 
I, 
I , 

I 
I 

ICI 
ICI 

HIA 
MIA 

til 
ICI 

MIA 
NlA 

I I 

:NeM JerSfY I, 11 I(l MIA ICI MIA 
:18 Veri I · II YES PmIIT til MIA 
:Puerto Rico I 

I II til MIA til MIA 
:lJirgin Islanlls 
I 

I 
I 
I 

II I(l MIA ICI NJA 
I I 

:Dl!Jaware I 
I III III MIA I«l HIA 

:l'IaryJand 
:Pennsylvania
:VlrQinia 
:~t Virginu 
I, 

· I ,, 
I ·, I 
I 
I 

III 
III 
III 
III 

til 
I(l 
I(l 

2 IE.lS 

MIA 
HIA 
MIA 
MIA 

til 
til 
I«l 
til 

NJA 
H/A
HIA 
MIA 

lAlabaaa I 
I IV ICI MIA til KIA 

IFlonda 
IGwgia 
IKentuckv 

I 
I, 
I 
I, 

IV 
IV 
IV 

ICI 
til 
III 

H/A 
IUA 
MIA 

ICI 
til 
til 

MIA 
MIA 
MIA 

:mssissippi 
INcrth Cirolina 

I,, 
I 

IV 
IV I 

III 
III 

MIA 
IUA 

til 
I(l 

MIA 
IUA 

:5Cl1th Cirolina I, IV I 
I til IUA til KIA 

:TlIlnKseI,, 
I 
I 
I 
I 

IV I, 
I, 

I(l IUA III MIA 

:I11inois I,. V I 
I III iliA I(l MIA 

:Indiana I 
I V I, 8 IE.lS MIA III MIA 

:ltichigan 
iltinnesota 

I 
I 
I· 

V 
V 

I, 
I, 33l1ELL.S 

III 
IUA 
MIA 

III 
ICI I 

I 

MIA 
MIA 

llJ\io I 
I V I 

I III MIA III I 
I MIA 

:Wi SConSln 
I 
I 

I, 
I 
I 

V I•
I, III MIA III I, 

I 
I 

MIA 

:frkansas 
llDuisiana 
:New !lexica 

I VI 
VI 
VI 

I 
I 
I 
I, 
I 

70 IE.lS 
til 
III 

PERIIIT 
MIA 
MIA 

YES 
I(l 
III 

I

•· I 
I 
I 

Il1IlERATE 
HIA 
MIA 

IDkhllOll VI I, 7 IE.lS RIlE III I 
I MIA 

:Texas 
I 
I 

lI. 
lKanw 
:iiiSSlIII' i 

VI 

VII 
VII 
VII 

I 
I · I 
I,, 
I 
I 
I 

I(l 

t«l 
t«l 
t«l 

MIA 

MIA 
MIA 
MIA 

I(l 

II) 
I(l 
III 

I· I 
I , 
I 
I· , 
I 

MIA 

MIA 
lilA 
MIA 

:Hebrasila VII I 
I III RIlE III · I MIA 

I 
I 

ICol cr adD 
:Ilmtana 

VIII 
VIII 

I, 
I,, 
I 

III 
t«l 

MIA 
MIA 

t«l 
t«l 

I 
I, 
I 
I 
I 

N/A 
MIA 

:Ncrth Ilikota . VIII I 
I 1 IB.l. MIA t«l I 

I MIA 
:Saith Dakota 
llJtah 
IItyDiing 
I 
I 

VIII 
VIII 
VIII 

I,, 
I , 
I 
I, 

I(l 
t«l 
til 

MIA 
RIlE 

MIA 

til 
t«l 
III 

I 
I 
I 
I 
I,, 
I 

MIA 
MIA 
NJA 

:frllona 
:Califlrn~1 

II 
11 

I 
I III 

I(l 
MIA 
iliA 

III 
t«l 

I 
I, 
I 

MIA 
MIA 

:HIIlaii II I(l MIA III I· MIA 
:NI¥idl 11 III MIA III I, MIA 
:.,.ican SMoi 
ITr. TIr'. of P 

IX 
11 

III 
I(l 

MIA 
MIA 

III 
t«l 

I,, 
I 

MIA 
MIA 

:QIu II III MIA III I 
I MIA 

1000I 
I, 

II I(l MIA I(l I,, 
I 

NJA 

lA1alka X III MIA ICI I 
I MIA 

:Idaho
1:2111 
: ingttll 

X 
X 
X 

III 
III 
III 

iliA 
iliA 
MIA 

III 
III 
II) 

I 
I 
I, 
I 
I 

MIA 
MIA 
MIA 

IIlTEs SM IUf£RS IN THIS TAI.E #i£ ESTII"TES. 

4-231 



• •

5X16
 

SP:: Surface Injection 

Er==:? Pressure Gauge 

~.::J::tl~ Spent 8r inerlX!~il~~=)---
c~ ­

Annulus Pressure Gauge ----::==~~'. :;:!~!ilJl F\JJ:.....p~-..~.-r----

.. I •• • .1---- Conductor Casing
"'.1- •• : Set At 60' ..· .. .. .. .... 
". 4 ••~· . ... ..~ 

Cement To Surface ----of'.,. 1- •• 

: •• •:I-t-.----'S"'urface Casing 
~ • • : Set At 1022'. . . 

• 10 • • 
.. ." ~Annular Space ----t-rtT"t- • • 

•

...
 .; .'.
 ...· \.Ill'· .. ~ · .·, · •
~ 

·
 Injection Tubing ----~tAT.., · · · .

•••, I­
~_:l_---- Annular Space 

•· •··.i".Cement To Surface -----Ir
• 

• 
• •· . · • r.of------ Long String Casing 

Set At 8240'· · • 
Packer Set Above -----1-....,..;-71
 
Injection Zone
 • Ie

•Perforations •·(Open Hole In Some Cases) 
h-r--:--t• .... .. ...... ..; 

............ 9
 

.... tI ..... •• 

T.D. 8148:: 

Scale: None 

.. 

• 

EXISTING CLASS V BRINE DISPOSAL 
INJECTION WELL 
GREAT LAKES CHEMICAL CORPORATION 

(Source: Arkansas, 1985) Figure 4-42 
4-232
 



5X16
 

/ Surface Injection 

E 
Pressure Gauge ... 

-:l[lXIJ ~ .. Spent Brine -
t~ 

Annulus Pressure Ga uge 

l­ce

ter 
• 

/~II lT~ 
• • • •• · .'•..· 0.. • • • • ,

• •• •.. ..•• ....
•:' i" ••

••
•.. • •.. •.. • 

,
..• •• •• ...· .. .. ... ..

0'• ..
.':',

• ••"., .. ,.. .. 
•,·~ •; ".·., 1"• ..

·• ..
1-, 

·.. , 
·• ..• ·-. 0 

• •• ·.. ,

· • .. •• .... ,

· • 
:~ ~ 

~ 

•
• 

=;: l- ·...
• 

~I·.. "••••• ..; 
... o6 •• a •• .. .. .. . ..... . . 

" 

Carbon Steel Cement To Surfa 
Conductor Casing •• .~..oil to:. 

'"A 

Carbon Steel Surface Casing 

·• Cemented To Surface - Set 
Below Base Of USDWAnnulus Filled 

With Fresh Wa . 
\aI 

Carbon Stee I
 
Injection Tubing
 

Fresh Water 

Cement To Surface Carbon Steel Long String 
Casing Cemented To Surface 

Packer Set Within 100' 
Of The Top Of The 

Perforations Injection Zone •
<To Be Determined From
 
Open Hole Logging)
 

• 

Scale: None 

CONSTRLCTION REQLnREMENTS FOR
 
NEW CLASS V BRINE DISPOSAL
 
INJECTICN WELLS
 
(Source: Arkansas, 1985) Figure 4- 43 1 

4-233
 



5X16 

Contamination Potential 

Based on the rating system described in Section 4.1, spent 
brine return flow wells are assessed to pose a low potential to 
contaminate USDW. These facilities typically inject belo't1 usm'i • 
with little or no potential for migration of fluids into any •
USDW. Typical well construction, operation, and maintenance 
would not allow fluid injection or migration into unintended 
zones. Injection fluids typically have concentrations of consti­
tuents exceeding standards set by the National Primary or 
Secondary Drinking Water Regulations. Based on injectate charac­
teristics and possibilities for attenuation and dilution, injec­
tion does not occur in sufficient volumes or at sufficient rates 
to cause an increase in concentration (above background levels) 
of the national Primary or Secondary Drinking Water Regulation 
parameters in ground water, or endanger human health or the 
environment beyond the facility perimeter. 

Since the spent brine return flow wells inject fluids 
through adequately constructed injection wells and into confined 
formations which are not USDW, the contamination potential is 
limited. Proper operation of the wells would ensure a low con­
tamination potential. 

Current Regulatory Approach 

Spent brine return flow wells are authorized by rule under 
Federally-administered UIe program (See Section 1). The State of 
Arkansas requires a permit for spent brine return wells, while 
the State of Oklahoma allows injection by rule-authorization. 
Other agencies have not reported their regulatory approach. 

The State of Arkansas appears to be effectively ensuring 
proper operation of the spent brine return flow wells located in 
the State through their pennitting process. Well construction 
requirements must be met, and requirements for mechanical inte­
grity verification and reporting of operating parameters are 
stipulated. Arkansas is implementing comprehensive sampling of 
the original brine and of the injection fluid as a further regu­
latory requirement. 

Recononendations 

The only significant recommendations provided came from the 
" Arkansas state report and are summarized as follows: technical '" requirements for spent brine return flow wells should be similar 

to those for oilfield brine injection wells (Class II injection 
wells). Construction requirements should be developed based upon 
the operating parameters of the well, and mechanical integrity • 
tests should be required. Comprehensive fluid sampling and 
analysis also should be done periodically. Volumes of produced 
and inj ected fluids. should be compared periodically to determine 
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if additional unlicensed wastes are being injected. The last two 
moni toring activi ties mentioned should be performed on a semi­
annual or more frequent basis. 

West Virginia recommends' that spent brine return flow wells 
• should be regulated in a similar manner to Class III wells . 

Supporting	 Data 

Supporting data on spent brine return flow wells have been 
taken in whole from the Arkansas Department of Pollution Control 
and Ecology Class V Report. Refer to the list in Appendix E. 

4.2.5 OIL	 FIELD PRODUCTION WASTE DISPOSAL WELLS 

4.2.5.1	 Air Scrubber Waste and Water Softener Regeneration Brine 
Disposal Weils (5X17,5X18) 

Although included in Table 1-1 as Class V injection wells, 
air scrubber waste and water softener regeneration brine disposal 
wells, types 5X17 and 5X18, are not included in the inventory and 
assessment portion of this report. At the time the State Class V 
injection well reports were written, air scrubber waste and water 
softener regeneration brine disposal wells were categorized as 
Class V inj ec tion well s. As a resul t, however, of a July 31,. 
1987, USEPA policy decision, these well types, in certain 
situations, may fall under the Class II category rather than 
Class V. This was determined to be the case with those 5X17 and 
5X18 wells inventoried in the State re~orts. ' 

4.2.6 INDUSTRIAL, COMMERCIAL, UTILITY DISPOSAL WELLS 

4.2.6.1 Cooling Water Return Flow Wells (5A19) 

Well Purpose 

The low specific heat of water (the amount of energy 
required to raise the temperature of water by l o C) makes water an 
excellent "heat. sink ll (readily absorbs heat). Various industries 
take advantage of this property of water by using it in heat 
exchange systems to cool' processes, equipment, or products. 
These cooling systems often require large quantities of water to 
operate efficiently. Ground water is used if it is available in 
sufficient quantities or at low enough costs. Utilization of 
ground water in the cooling system most commonly entails the 
return of these large volumes of water to the subsurface through 
injection wells. Cooling water return flow wells are installed 
to dispose of the used cooling water, to prevent subsidence, and 
to avoid depletion of ground-water supplies. These wells are 
classified as Class V wells under 40 CPR Section 146.5 (e) (3). 
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Inventory and Location 

The collation of an inventory of cooling water return flow 
wells on a national level has been complicated by: 1) State 
reports which contradict the Federal Underground Inj ec tion 
Control Reporting System (FURS) listings, 2) insufficient • 
delineation of subclasses within FURS and State reports, and 3) 
the errant classification of cooling water return flow wells as 
heat pump/air conditioning return flow wells and vice versa. 

There are '291 cooling water return flow wells inventoried to 
date and their distribution is presented in Table 4-45. There 
are some States whose FURS listing reported SA types which were 
undifferentiable based on facility name. It is expected that 
some of these are cooling water return flow wells (5A19). 

Well Construction, Operation, and Siting 

Well construction varies greatly throughout the United 
States. Wells used to inject cooling water typically are 
completed at shallow depths (less than 300 feet). In some areas, 
due to special conditions, such as arctic provinces where 
permafrost occurs, wells are completed at much greater depths. 
Based on inventor¥ information, the range of these cooling water 
return flow wells is 10 to 600 feet deep.' Wells may be cased to 
depth, cased at the surface, or open hole for the entire depth. 
Due to the wide variation in construction practices, no typical 
well construction diagram has been incl uded. Return flow wells 
are completed most commonly in the .source aquifer but can be 
completed in another aquifer., Inj ection generally is achieved 
through gravity drainage. 

There are three basic designs for the circulation of cooling 
waters through a cooling system. The most common design is the 
"closed" system which does not expose ground water to the air at 
any point between withdrawal and reinjection. "Open" systems, on 
the other hand, expose ground wa ter to the air at some poin t 
prior to reinjection. The third system is the "contact" system 
which runs ground water over (in direct contact) the product to 
cool it. This system may be easily abused in that industrial 
fluids may be commingled with the cooling water. 

Spent cooling fluids can be injected into several different 
zones. They can be returned to the source aquifer through the 
supply well or through another well, or they can be injected into 
a different aquifer. Returning spent fluids to the source 
aquifer is the most commonly practiced method. 

Injected Fluids and Injection Zone Interactions 

Injected Fluids. The nature of injected fluids depends 
heavily upon the type -of system in place, the type of additives 
(if any) which are added to supply waters, and the temperature of 

4 - 236
 



4-237
 



5A19
 

the water. If water runs through a closed pipe system with no 
additives introduced at any point, only the temperature of the 
water is altered. This is the most common operation in the 
United States. There are, however, open pipe systems which 
expose water to accidental introduction of surface contaminants, 
spills of industrial fluids, or unauthorized disposal of wastes. 
In addi tion, contact sys terns may al ter the chemical makeup of 
waters by introducing contaminated fluids directly to the 
receiving aquifer. Contamination of the fluids may be a result 
of commingling of fluids or as a result of absorption or leaching 
of matter from products. Any additives used to improve well 
performance also are directly introduced to receiving aquifers. 

Volumes of injected waters depend chiefly on the size of the 
operation. Private industries which reinject cooling water may 
inject only a few gallons of water per day, whereas larger 
industries, such as public utilities, may inject several million 
gallons per day. 

Injection Zone Interactions. Injection of cooling water 
results in temperature increases within the injection zone. 
Effects of the temperature increase may include the dissolution 
of additional salts and minerals and/or the hydrolysis of certain 
metals within the aquifer. Injection into an aquifer other than 
the source aquifer can result in any number of chemical 
reactions, all subject to the chemical compatibilities of the 
different waters. 

Hyd~ogeology and Water Use 

Operators of cooling water return flow wells often inject 
into the shallowest aquifer which will handle the volume of water 
they di spose. For example, in III inois, cool ing wa ter return 
flow is discharged into abandoned underground coal mines. 
Injection into shallow aquifers is preferred over injection into 
deep aquifers because of lower drilling costs. In the United 
States, most cooling water is injected into USDW. Wells which 
supply private or public waters and are located downgradient of 
cooling water return flow wells are threatened by thermal and/or 
chemical changes in the aquifer. The degree of threat to supply 
wells is a function of their distance from injection operations, 
volumes of fluid injected at those operations, hydraulics of the 
aquifer, the amount of water drawn in the supply wells, etc. 

Contamination Potential 

Based on the rating system described in Section 4.1, cooling 
water return flow wells are assessed to pose a moderate to low 
potential to contaminate USDW. These facilities typically do 
inject into or above Class I or Class II USDW. Since well 
construction, operation, and maintenance practices vary widely, 
injection or migration of fluids into unintended zones may occur 
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as a result of improper construction or operation. Injection 
fluids may have concentrations of constituents exceeding 
standards set by the National Primary or Secondary Drinking Water 
Regulations. However, injectates from closed systems are likely 
to be of equivalent quality (relative to standards of the 
National Primary or Secondary Drinking Water Standards and RCRA 
regulations) to the fluids within any USDW in connection with the 
injection zone. Based on injectate characteristics and 
possibilities for attenuation and dilution, injection may occur 
in sufficient volumes or at sufficient rates to cause an increase 
in concen tra tion (above background 1 evel s) of the Na tional 
Primary or Secondary Drinking Water Regulation parameters in 
ground water, or endanger human health or the environment beyond 
the facility perimeter when contaminants are present in the 
inj ectate. 

The most significant threat to USDW from cooling water 
inj ection wells resul ts from the use of contact cool ing waters 
and the addi tion of chemical s to the cool ing wa terse Open-pipe 
systems have only slightly lower contamination potential. Their 
contamination potential depends primarily on the steps taken to 
maintain the water's integrity. Any introduction of chemicals to 
the cooling water results in direct dispersion of chemicals into 
the receiving aquifer and constitutes degradation if the 
receiving wa ters are of drinking wa ter standards. Closed-pipe 
systems do not chemically alter waters~ therefore, their 
potential for contamination is limited to the chemical reactions 
which occur as a result of thermal alteration. 

North Dakota reports that closed-loop systems generally are 
designed to shut down automatically in the event of pressure loss 
due to a below-ground pipe break. Also, most closed-loop well 
casings are filled with nearly impermeable grout compound which 
surrounds the circulation piping. This is necessary to assure 
proper hea t conduction. Therefore, North Dakota concl udes, 
ground-water contamination from closed loop systems is extremely 
low. 

Thermal degradation occurs in every application of these 
systems. The degree to which degrada tion occurs, however, 
depends on several factors including volume of the aquifer, 
disparity between temperatures of injected and receiving waters, 
and volume of injected fluids. The chemical interaction between 
warm inj ectate water and cool water inherent to the inj ection 
zone is not well documented. Many chemical al terations are 
possible within an aquifer as a result of a temperature rise. 
Solids present in an aquifer are at equilibrium, which is to say 
that all those solids that will dissolve under the present 
condi tions have done so. Changing physical condi tions (such as 
temperature) will alter the equilibrium in the aquifer. Usually 
a temperature increase brings more sol ids in to solution. This 
rise in total dissolved sol ids (TDS) cons ti tutes degrada tion of 
the aquifer. As a result, drinking water standards may no longer 
be met, ground water flow may change, and biological activity may 
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increase within the thermally altered-area. Degradation may also 
result from the hydrolysis of certain metals in an aquifer. ~igh 

levels of dissolved metals may disqualify an aquifer from 
drinking water classification and can cause clogging of an 
aquifer among other problems. 

Thermal degradation and resul ting chemical changes are not 
well documented in the United States. Much more study of the 
chemical ai. teration due to thermal degradation of aquifers is 
needed. 

Current Regulatory Approach 

Class V wells, which include cooling water return flow 
wells, are authorized by rule. States with primacy approach the 
regulation of cooling water return flow wells in many different 
ways, but these States have provided only minimal detail on their 
current regulatory programs. Some States require a permit prior 
to construction or operation; others authorize by rule. At least 
thirteen States have some type of permitting program which 
mandates permits for operation of cooling water return flow 
well s. Some of these programs are condi tional and requi re 
permits for injections in excess of set volumes' or for certain 
system designs (e.g. contact systems). In Texas, cooling water 
return flow wells are regulated as Class I injection wells. 
~1/hile regulations are diverse throughout States with primacy, 
mos t State reports recommend construction standards which may 
include return to the source aquifer, minimum separation between 
supply and injection wells, casing requirements, etc. In a few 
S ta tes, cons truction standards are incl uded in the curren t 
regulatory programs. 

Little or no information is available in State reports on 
local jurisdiction. Municipalities typically do not regulate 
cooling water return flow wells. 

Recommendations 

Regulation of cooling water return flow wells may best be 
carried out after development of specif ic guidel ines for these 
wells. These guidelines should set minimu~ requirements for 
construction, siting, and monitoring. Some of the most common 
siting and construction standards recommended in State reports 
include the following: 

1.	 Prohibition of open loop cooling water return flow 
wells (FL, AR, NE, UT); 

2.	 Casing from the surface through the top of the 
uppermost supply and injection formation (AR); 

• 
• 

• 
• 
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3.	 Cemented casing from the top of the supply and 
injection formation to the land surface (AR); 

4.	 A minimum of two well s: a supply well and a 
return well, maintaining proper distances between 
the two (AR, SC); 

5 •	 Supply and return well system construction so that 
spent fluids are returned to source aquifers (AR, 
SC) ; 

6.	 PI ugged cool ing wa ter return flow well s upon 
abandonment (by filling them with cement) (AR); 

7.	 Restriction that nothing other than spent cooling 
water originating at the supply well (s) be 
inj ected (AR); 

8.	 Various minimum locating requirements for 
injection wells relative to any municipal supply 
wells (NE, SC). 

Permits to construct could be issued after submittal of an 
application specifically for cooling water return flow wells. 
According to Nebraska and Iowa, the permi t appl ica tion should 
include: 

1.	 Detailed map showing location of inj ection well 
and all municipal, domestic, and stock well s 
within one mile of the well; 

2.	 Diagram of the injection well including screen 
depths, casing, gravel pack, grout, etc.; 

3.	 Diagram of the entire system; and 

4.	 Type and volume of injected fluids (IA). This 
information may discuss additives, mixed waters, 
and other wastes which might be disposed with 
cooling waters. 

Supporting Data 

Appendix E lists abbreviated case studies from five states 
which were used in preparing this assessment. 

4.2.6.2	 Industrial Process Water and Waste Disposal Wells (SW20) 
Well Purpose 

Industrial process water and waste disposal wells are used 
to dispose of a variety of industrial wastes. Twenty-seven case 
studies of industrial disposal well facilities which were used in 
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assessing this well type are listed in Appendix E and illustrate 
the variety of processes for which industrial disposal wells are 
used. Table 4-46 provides a summary of each case study. The 
reader will note that the case studies indicate several wells 
inj ec ting was tewa ter which con tains apparen tly "hazardous" 
materials. By definition, these may be Class IV wells. However, 
proving inj ection of "hazardous" waste as described under 40 CFR 
261 Subparts C and D is very difficult. Until these facilities 
can be proven to inject hazardous waste or are proven to be 
sources of contamination or to adversely affect publ ic heal th, 
they may be reported as Class V wells. Several types of 
facilities which may utilize industrial disposal wells include: 

petroleum refineries 
high-tech electric component manufacturers 
small machine manufacturers 
asphalt manufacturers . 
metal plating and fabricating facilities 
reverse osmosis reject water facilities 
automobile dealers and car washes 
laundries and dry cleaners 
funeral homes and mortuaries 
chicken farmers. 

Inventory and Location 

Results. There are 1,938 industrial process water and waste 
disposal wells inventoried to date. Table 4-47 lists their 
numbers and distributions by State. It is likely that many more 
exist. 

The distribution of industrial process water and waste 
disposal wells appears sporadic. Data may be interpreted to 
indicate higher numbers of wells on the coasts of the United 
States and lower numbers in the mid-continent. These trends may 
be expected due to increased industrial activity and larger 
popula tions on the coas ts. However, several addi tional fac tors 
may affect the apparent distribution. These factors are dis­
cussed in the Evaluation of the inventory and include 1) 
difficul ty identifying wells, 2) reluctancy of owners/operators 
to report their wells, and 3) difficulty classifying wells. 

Evaluation. In general, the inventory of industrial 
disposal wells is believed to be poor to fair. Several factors 
are responsible for the lack of quality (detail) and completeness 
(accurate number of wells). First, the wells are difficult to 
locate and identify. Problems are similar to those related to 

.. 
.. 

.. .. 

• 
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case Studies 

Cc:Jnpany Name 
Lcx:atioo. (Regioo.) 

Nature of Business 

'mBLE 4-46 

(5W20-Industrial Disposal ~-Jells) 

Descriptioo. 

.
 
, 

.. 

..
 

Q:Dp:Ilents, Inc• 
Keeneh.mk. ME (Reg I) 

Salt:hern M:rlne FinishiIg Co. 
Fast Waterhnro, ME (Reg I) 

Metal Plating am Fabrica­
ting Plant 

York Aviatioo. 
sanford Airport Imustrial 
Parle. ME (Reg I) 

Aircraft Mllnt.el'la1'ce 

Fast.en1 Air Derices 
Ib1er. RI (Reg I) 

Electric ~tor Mmufacturer 

Viscase Puerto Rico 
Qnporatioo., Barcel<meta, 
P.R. (Reg II) 

Food casing Mmufacturer 

RCA del caribe, Inc. 
Barcel<meta. P.R. (Reg II) 

Aperture M:iSk Mmufacturer 

Used an acid solution process involving dilute 
solutions of nitric acid, sulfuric acid, and tan­
talun pcwcEr. Gra.mdwater was determined to be 
locally contaminated with ll'dIlganese, nitrates, and 
sodiun. CCI'l1Pi3.l"¥ moved. r.bnitoring contirlUes. 

Operated a rudi.rcentary wasteNater treatment plant 
which resulted in contamination of ground ar.d 
surface water. N&l treatment systan was designed 
which could treat cyanide chranium acid and alka­
li. 

Waste paint, spent solvents, and associated 
rra terial were washed to a collection dump. After 
ranoval of solids, wastevater was disposed in a 
drainfield. Matter is under investigation by 
Maine's Department of Environnental Protection. 

'IWo dry wells had been used for waste disposal. 
The wells were cleaned out, am fluids and sol id 
samples were analyzed. Sane organic compounos 
were identified (primarily tetrachloroethylene, or 
PCE) • HydrDc;'eology of the area was assessed and 
contamination is believed to be contained. 

Process wasteNater, ancillary cooling water, pONer 
house water, am filter backwashes were neutra­
l ized in ooncrete basins, filtered through an t..lrra­
cite filters, and then injected. Wells were 
pI l.)Jged after approxirrately 10 years of use. 

Wastewater contains acids, alkalis, ferric 
chloride, ferroos chloride, organic rraterial, and 
chromium. Discharge violates several limits 
inposed by Enviromental Quality Board. Ooser 
m::mitoring is reccmrerrled• 
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TABLE 4-46 (Qntinued) 

Glamourette Fasbial Mills 
Quebradillas. P.R. (Reg II) 

Apparel Mmufacturer ­
Dyeing Operations 

IDtus (Land Authority of 
Puerto Rico - Pineapple 
Divisial) Barcelooeta, 
P.R. (Reg II) 

Tropical Fruit Processing 
am Canning 

Kendall ~ LabcJmtaries 
sabana. GrarK:Ie. P.R. (Reg II) 

Parenteral Medical 
Accessories' Mmufacturer 

Various Aut:cm:bile Dealers 
La1g Islam. NY (Reg II) 

car Dealers 
car Washes 

Pennit CcJIpliam:e Systan 
New York (Reg II) 

Pennit CCIIplai.rv=e (SHJES) 

Lehigh Portlam Canent Co. 
WoodRhnro, l4) (Reg III) 

Mining am Crushing 
for CEment Aggxegate 

~ied Electro-Mec:bani.cs. 
IIx:.. B)int of Rocks. l4) 

(Reg III) 

Mmufacturer of Public 
Address Systans 

'!he USEPA considers certain dyes to be hazardous. 
The canpany declined to provide information on the 
kinds, quantities, and concentrations of dyes in 
the injectate. This matter is urder investigation 
by USEPA, Region II. 

Irrlustrial wastes cane fran the cooling process, 
pineapple washing, and pineapple extraction. '!he 
organic was te is higher than tha t of typical 
danestic sewage. Recanrrended limits for Plenol, 
total dissolved solids, and surfactants are 
exceeded. MJnitoring program is recanrrended. 

Septic tank receives sanitazy wastes (71%) process 
....ater (24%), and washing water (5%). 

'!he NJDEP foum a Toyota dealer removing cO&rV:>lene 
fran autanOOiles with formula R-E-L (37% Petroleum 
Hydrocarbons, 11% trichloroet11dIl.e, 4% DeteI:yents) 
and washing it into a dIy well. Several other car 
dealers in New York were cbserved using hydrcr 
carl:x:ns to ranove coanolene. 

Preliminary resul ts of an EEl investigation. 
Includes evaluatin of fluids injected into 
industrial waste disposal wells in Nassau and 
Suffolk camties. 

Disposal well receives stonn water runoff and wash 
....ater that is used to rinse rock crushing dust 
fran the outside of trucks. 

Well used for disposal of rinse water fran the 
rretal irridite and ancxlizing process. Drainfield 
used for disposal of ri.nsewater fran the printed 
circuit and photographic processes. Samples 
shGted elevated levels of copper. Facility will 
continue to be rronitored. 

• 
• 

• 

• 

• 
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TABLE 4-46 (CCntinued) 

• 

• 

Hamnennill Paper Co. 
Erie, FA (Reg III) 

Pulp am Paper Mill 

Rodale (Square 0) 
Emraus Borough, PA (Reg nI) 

Electrical Products 
Manufacturing Plant 

Natialal Wood PreseIvers 
Haverford Township, PA 
(Reg III) 

Wood Treatment 
am Preservatim 

Hi~ Auto Service 
Statim. Pittstam 
Tarmship. FA (Reg III) 

Auto service Statim 

Franklin A. Hallam &: sen 
New Cmrcb, VA (Reg III) 

Chicken Fann 

Facility Name­
lbt Available 
Florida (Reg IV) 

Reverse Osnosis Brine 

During seven and one half years of op:ration, over 
one billion gallons of waste pulping liquors were 
injected. Wells were plugged when a new process 
for rraking paper was developed. 

Jlpproxirrately 3, 000 gallms p:r day of electro­
plating waste containing up to 118.4 ppn cyanide 
were illegally dumped into 3 injection wells. 
Area wells (serving 10,000 people) have been 
sampled am no contamina tion frond. 

Pentachlorophenol (PCP) and fuel oil were dis­
charged into disposal well. SUbsequently, PCP and 
fuel oil migrated to the tc:p of the water table 
am newed dcwngradient killing or heavily depres­
sing aquatic life for 5 1/2 miles dcwnstream. 

Petrochemicals, cyanides, 2,2 dichlorobenzene, ar.ld 
a mst of other kncwn and unkncwn carcinogenic, 
teratogenic, mutagenic, am ta<:ic chemicals were 
present in discharge fran a mine tunnel' to the 
Susquehanna River. Sanpling analyses indicated 
pollution came fran the station. Case study 
describes severe damages. Extensive cl ean-up am 
rronitoring efforts continue. 

pit was constructed to dispose of fcwl that die 
prior to being sold. Increased nitrate, organic, 
and bacteriological levels could be expected, but 
no infarnation on nature of the liquid waste that 
enters the water table is available. One pit 
probably does not constitute high contamination 
potential; hoNever, if rrany pits are utilized in 
me area, evaluation of quality and quantity of 
leachate may be re:ruired. 

Sane Class V wells in Florida are used to dispose 
of reject water (brine) fran water treatment 
plants using manbrane technology (reverse osrcosis) 
to render pcx:>r quality groun::'lwater potable. Of 
particular interest are the high levels of 
radionucl ides• 
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TABLE 4-46 (Onti.nued) 

l\meri.can Qianamid QDpmy 
Michigan City, IN (Reg V) 

Qitalyst Manufacturers 

PlJreGro co.
 
Bakersfield. CA (Reg IX)
 

Fertilizer and Pesticide 
Distributor Facility 

Mefford Field 
Tulare, CA (Reg IX) 

Crcp Dus~ 

KPF Electric Q:Dpmy 
Stocktal, CA (Reg IX) 

Manufacturing, Silver 
Plating, Galvanizing 

T.H. Agricu1 ture and
 
Nutritioo. co.
 
Fresrx>, CA (Reg IX)
 

Agricu1 tural <l1emica1 
Fomulatioo., Packaging, 
and Wareha1sing Plant 

VariCllS Petrolam 
Refineries 
QUifamia (Reg IX) 

Petrolam Marke~ 

Injected waste generally contains high levels of 
total sol ids, Na, and SOd. The inj ection zone 
lies between two USI»1. '!he upI;:E!r USLW is cur­
rently a sarrce of drinking water, am· the lONer 
zone is a potential source of drinking water. It 
is recat'lrCended that these wells be phased out. 

Well used to collect rinse water runoff and 
spillage that occurred dudng material transfers. 
O1emicals handled on site included 1,2-dibrano-3­
chloropropane (DBCP) until the State of california 
banned its. use because of possible carcinogenic 
am .toxic effects. Order was issued requiring 
subsurface investigations ani soil contamination 
assessments. Use of this well was discontinued in 
1980. 

Wells were used for disposal of agricul tural 
chemicals and hydrocarbons, wash \Vater used to 
clean crop:].usting planes am chemical containers, 
am waste I;:E!troleun prcrlucts. Gro.mdwater con­
tcmination has been docunented. Additional moni­
toring wells sr..ould be installed. 

Rinse waters fran silver plating contained concen­
tra tions of copI;:E!r, cyanide, and silver in excess 
of 1 mg/l. Waste streams fran galvanizing con­
tained high concentrations of lead and zinc. rata 
is inadequate to delineate extent of subsurface 
caltcmina tion. 

Designated Superfurrl site. Ten areas containing 
irrlustrial waste contaminants have been identi ­
fied. Industrial disp:>sal wells ani an industrial 
leach field were responsible for soil contamina­
tion at four locations. Gramdwater contamination 
on and downgradient fram the property is well 
doc1.lIer1ted. Inj ection ceased in 1983. 

Three refinery waste injection wells at two 
facH i ties were located and inves tigated in 
california. Average injection volumes are 
approxirrately 40-50 million gallons annually. A 
variety of organic am inorganic constituents are 
found in the waste stream. 

.. 

• 

.. 

• 
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TABLE 4-46 (Cbntinued) 

Un:iDynamics
 
Goodyear, Nl. (Reg IX)


• 
Mmufacturing Plant for 
Defense and Aerospace 
E:Iuipnent• 

Haleywe11
 
Imenix, Nl. (Reg IX)
 

•
 

Designated SuJ;:erfund site (Phoenix Li tchfield Air­
port) • Wells and ponds were used to disr:ose of 
solvents. Grourrlwater contamination on site has 
been documented da-mgradient of the wells. TCE 
has migrated into a drinking water aquifer. The 
well s were closed in 19 82 • 

Paint sludges, thinners, varnish, and solvents are 
disposed in two wells. Wastes generated by 
circuit board manUfacturing processes were 
disposed in three well s. Given t..'1.e hyc1rogeologic 
information collected to date, the threat to 
gramdwater forrrerly posed by the disposal wells 
cannot be assessed. The wells were closed in 
1982• 
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TAllE 4-47: SYJOlSIS tf STATE REPalTS F(Jl INIlUi'IRIIl PROCESS I1ATER IW) WiTE DISP05l\L lIEL.LSl5QOl 

I I5IIJf EPA Calfirlld R~atll'Y	 I Cut Studiesl : CaltalinatilllI 
I I5IIJf PrlSlllCi ystll IInfo. availiblll PotentialI

I, •	 I, STATES Of litH Typt	 Rating
I	 I 
I I 

I:Call1lCtitilt I 6 IIEllS PERIIIT YES IIlIlERATEI 
Iillainl I IS IIEl.LS NJA , YES V~IAi.£
 

:I'IauadlusItts I llUL PERIIJT I YES IlllIERATE •
I 

IHlll Huplhirt I 13 IIEllS MIA	 I Y£S YMIAaEI 
I\"odI Island I 59 lIEL.LS MIA , Y£S IGlERATE-ifIIi! 

:Yrart. I S lIEL.LS MIA I YES l'UERATE,	 I,, I 

IHlll J..SIY n 20 lIEL.LS NiJP\lES PERIlJT I YES VMIAllE	 •
:HIlI Yerk n 3:10 IIEllS PERIIJT	 I YES SlliflFICUfTI 

IlPuirto RicD n 2B IIELLS NJA YES NJAI 
I 

I
:Virgin Islandl n 3 IIEllS NJA	 • III NJA 

II 

:Dtlawl UJ N) NJA II) N/A 
:/llryland UJ 9 lIEL.LS PERIlJT YES HIlHST/3 TYPES 
iPennsylvania UJ 19 IIELLS PERIIJT YES tElETERIllS 
:~inia UJ 2 lIEL.LS NJA YES vMIAIU 
i Virginia UJ ICl NJA III NJA 
,I 
IA1ablil IV 9B IIEllS PERIlJT YES YMIAaE 
1F1l1'idi IV 20 IIEllS PEIlIlJT YES ,4TH HI9£ST/B TYPES 
IBlcrgia IV II) NJA YES NJA 
:KllltllCky IV III NJA II) MIA 
IiiiDiwppi IV III NJA III NJA 
INcrth Carolina IV III N/A III NJAI 

IScllth Carolina IV '200 DRAIIfIELDS PERnJT YES UJ(ST13 TYPES 
:TIM"III IV III NJA III NJA 
I 
I 

:Ulinoil V 16 IIEllS RIU YES tOlERATE 
ilndiana V 30 IIEllS NJA III NJA 
lllichiglll V na.LS NJA t«l N/A 
:iiirM'lllCta V I iELl. N/A III MIA 
11lliD V 467 IIEllS MIA fCl HIli! 
:Itisclllllin V 4 lIEL.LS PErdlJT IG l.NOOiM 
I 
I 

ikkansu VI III NJA NO NJA 
:LDIli Iiana VI III NJA III NJA 
:HIlI JleicD VI HEllS MIA YES /OlERATE 
:Dkl an. VI III MIA III NJA 
:Tftu VI 2 IIEllS IlASS I fCl NJA 
I 
I 

ll. vn III MIA fCl NJA 
iKansu vn III NJA t«l MIA 
:Iti....i YB III NlA III Nil' 
iNlbrlllca vn III RIU It) NJA 
I	 •

I 
I 

I 
I 

lColerlllD VUJ III NJA It) NJA 
ilbltllll VUJ It) MIA III NJA ,I 
:Ilcrth Dakota VUJ III NJA III NJA I,
ISclltll DUota VlIl N) NJA III NJA I 

IlJtall VUJ 4 IIEllS BHf£II III IWIiE :5-717~I9£STl I 
IWyaliIllJ VUJ 32 lIEL.LS PERIIlT hO :3RD HIHST/I0 TYPES: 
I	 

•
I

I 
I 

IIkizlIlI II n IULS PERIIIT YES HIli! 
IICilHernia II 93MEU.5 PERIIIT YES I HIli! 

\lWii	 II 44 lIEL.LS PERIIIT YES I HIQII 

INMda	 II II) NJA hO I MIAI 
I:t.riclII Saa II III NJA III MIA
 

ITr. Tin'. of P II hO NJA III I
I 

NJA >'
 
I:aa.	 II III MIA III 
I 

NJAI 
IICIIU	 II III IUA III MIAI
 

I I
 
I
 

I
•

IAl.a I 230 e.L.S > PERIlIT II) I HI9I
 
IIdaho I 46 lIEL.LS PERIlIT>IS FT III :lOTH HI9£ST/14l'1PES
 •:1)'	 I 20 IIEllS PERIlIT YES I LCM I 

I I:=9t1ll I 69 lIEL.LS MIA III 
I 

LN:IOlN 
I 

I I 

III1U SlI£ IUIlERS IN THIS TAElE ME ESTIIlATES. 
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the inventory of septic systems. Because records have not been 
kept on many of the wells, the inventory may never be complete. 
Differences in record-keeping systems among States, among agen­
cies, and even among facilities make it difficult to use only one• 
inventory method. 

Second, owners/operators are often hesitant to report their 
industrial waste disposal wells. Fear of breaking the law, being 
shut down, and drawing bad publicity adds to their reluctance. 
Increased public awareness concerning the severe implications of 
ground-water contamination has rendered them wary. 

Third, classification problems severely affect the results 
of inventory efforts. In some States (Texas, for example), all 
industrial disposal wells are regulated as Class I wells rather 
than Class V wells. Another problem involves the 
subclassification system. In some questionnaires, recipients 
were asked to report "dry well s used for the inj ection of 
wastes." The terminology was problematic because industrial 
disposal wells were consequently restricted to dry wells (a type 
of well construction). Therefore, septic tanks with soil 
absorption systems which were used to dispose industrial wastes 
were not identified as industrial waste facilities. Rather, they 
were more likely identified as septic systems and were confused 
with wells that receive solely sanitary wastes. 

Methods. Methods used to inventory industrial disposal 
wells were similar to those used for other wells. In States 
where permits were already issued, files of those permits 
generally were considered the primary source of information. 
Where permit files were not available, information was gained 
from a variety of Federal, State, County, and City Agencies. 
County Health Departments were consistently valuable sources of 
informa tion. 

A variety of private industries were also contacted for 
information on industrial disposal wells. The list is too 
lengthy to print in its entirety, but examples include: 

drilling and boring contractors 
water well and oil well drillers 
civil and consulting engineers 
manufacturing and processing companies 
petroleum refineries 
laundromats and dry cleaners 
mortuaries and funeral homes 
auto dealers and car washes. 

Most agencies and facilities were contacted by mail and 
asked to complete a questionnaire concerning well types, injected 

•	 fluid characteristics, and construction features. When 
facil i ties were contacted by telephone or in person, response 
rates were consistently higher. 
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Summary. Results of the inventory effort are believed to be 
poor to fair. Over 1,900 industrial waste disposal wells have 
been inventoried to date, but it is likely that many wells have 
not been reported. Many States (including Puerto Rico, Indiana, 
Wisconsin, Arkansas, and Wyoming) have stated that inventory 
efforts should continue, and further efforts should be made to 
improve the quality and precision of the existing inventory. 

Well Construction, Operation, and Siting 

Industrial waste disposal wells are designed and constructed 
in a variety of widths, depths,. and configurations. The 
following "wells" which formerly received industrial wastes in 
California demonstrate the variability of industrial disposal 
wells with regard to construction and design: 

a buried 55 gallon drum (flush with land surface) 
wi th no ends; 

an uncased 22 ft deep borehole backfilled with 
porcelain from a foundry on site; 

a 17 ft deep brick lined cistern backfilled with 
gravel and designed to receive septic tank ef­
fluent; 

a slotted 4-inch diameter PVC pipe leach line 
designed to receive septic tank effluent; and 

an abandoned cased water well penetrating deep 
water bearing zones. 

Tables 1, 2, and 3 listed in Appendix E describe the well 
construction features for a wider variety of wells in California. 

According to the report submitted for New York, it was 
discovered that the terms "dry well," "leach pit," and "cesspool" 
often are used interchangeably and given different meanings. For 
example, cesspools designed for the disposal of sanitary wastes 
generally are constructed of buried concrete rings stacked on top 
of each other. The bo t toms are sand or gravel. However, 
cesspools with this construction often are used for the disposal 
of wastewaters other than sanitary waste. Furthermore, the 
cesspools mayor may not have a manhole cover to provide access. 

The New York report continues to note that "dry wells" are 
similar in construction to cesspools and often are considered to 
be cesspools. A dry well has an open bottom, according to that 
report, and receives only liquid wastes such as the effluent from 
a septic tank or series of settling ponds. The effluent 
percolates into the subsurface depending on the soil 
permeabilities. The theory behind using "dry wells" is to 
"filter" the effluent through earth materials in the unsaturated 
zone so that the liquid is relatively clear when it reaches the 
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water table. The report further states the "practical effective­
ness of this type of system depends on the attenuative character­
istics of the soil and the volume and quality of wastewater." 

One type of dry well that is potentially very hazardous, 
according to the Wyoming report, is the floor drain in a 
commercial or industrial facility which discharges to an open or 
damaged sump. These commonly are found at service stations and 
other facilities that perform vehicle maintenance or repair .• Highly toxic compounds and heavy m~tals are likely to be 
con tr ibu ted to the ground-wa ter sys tern. Because the usual 
location of such wells is in populated areas which frequently are 
not served by sewers or water districts, many nearby residents 
may obtain their water supplies from wells susceptible to 
contamination. 

Some "injection wells" were constructed by excavating pits 
with a backhoe and backfilling them with gravel. No access is 
possible for these wells, and accurate "records are not always 
available7 thus, the dimensions of these "wells" could not always 
be determined. 

Other types of construction also were found. Some' wells 
were constructed of masonry. One well was found which consisted 

. of an abandoned boxcar buried on end. Many sites were found to 
have leach fields and other waste disposal systems. 

Industrial waste disposal wells generally do not use 
pressurized injection7 industrial wastes are drained into these 
wells by gravity flow. Total depth is generally as shallow as 
practicable to provide discharge into a permeable zone. The 
injection zone is often above sensitive aquifers. The wells are 
typically si ted in unsewered areas wi th cornrnerciCl.1 or indus trial 
development. No State reports indicated injection into exempted 
aquifers. 

Because of the nature of the siting and construction 
characteristics inherent to industrial disposal wells, unreported 
wells are likely to go unnoticed. Inspectors can easily overlook 
industrial disposal wells if casing does not rise above land 
surfac'El._ 

Injected Fluids and Injection Zone Interactions 

Injected Fluids. Industrial process water and waste 
disposal wells could potentially receive any fluid disposed by 
the various industries which use the wells. In New York, many 
industrial facil i ties are permitted to di scharge was te to the 
subsurface where all underlying aquifers are classif ied as sole 
source aquifers. Periodic moni toring of inj ection fluids from 
var ious industrial facil i ties is required for compl iance wi th 
State Pollutant Discharge Elimination System (SPDES) permits. 
Monitored parameters, including discharge rates and contaminant 
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levels, are stored on a Permit Compliance System (PCS). The PCS 
data include facilities which are permitted and required to 
monitor specific parameters. However, some permitted facilities 
have not reported monitoring information. 

For the purposes of this report, a copy of the PCS data, 
enti tIed, "Limi ts and Measurements Data for Nassau and Suffolk 
Facilities Discharging to Ground Water, II was supplied to 
Engineering Enterprises, Inc. (EEI) by USEPA Region II. The data 
were stored in the EEI_computer system in a format which allowed 
calculations and interpretations to be made. Calculation of 
"mass loading of contaminants per unit time" was one of the 
objectives of the study. 

These PCS data included information on only those facilities 
which prov ided moni toring information.. It should be noted tha t 
approximately 62 facilities are discharging wastewater from 
various sources including process waste, sanitary waste, non­
contact cooling water, wastewater treatment plant effluent, etc. 

In Nassau and Suffolk Counties, an average of 20 mill ion 
gallons per· day (MGD) of wastewater is injected into the 
subsurface by facilities listed on the PCS. Maximum volumes 
total nearly 21 MGD. Based on these volumes, calculations 
suggest that more than 190 grams of total dissolved solids (TDS) 
are entering the subsurface each second (190 g/sec). Converted 
to more familiar units, these data indicate that approximately 
0.42 pounds of TDS are entering the subsurface each second, or 36 
thousand pounds per day I 

As illustrated in Figure 4-44, several inorganic 
contaminan ts are being inj ected into the subsurface. Inj ection 
rates'range from 390 mg/sec of fluoride to as much as 5,900 
mg/sec of nitrogen. Mass loadings per unit time for total sulfate 
and chloride fall in the intermediate range. It is not possible 
to calculate mass loadings for sulfide and sulfite due to lack of 
information on discharge rates. 

Many EPA priority pollutants (heavy metals) and hazardous 
constituents identified by RCRA are being i~jected into the 
-subsurface at a rate of nearly 120 mg/sec (Figures 4-45 and 4­
46). Notable contaminant discharge rates include copper (125 
mg/sec), iron (128 mg/sec) and nickel (151 mg/sec). 

Hazardous organic constituents tre injected into the 
subsurface at rates ranging from 4 x 10- mg/sec (xylene) to 680 
mg/sec (1,1, 1-Trichloroethane). (See Figure 4-47.) Discharge of 
additional hazardous organic elements has been permitted. Those 
elements include benzene, methylethyl ketone, trichloroethylene, 
tetrachloroethylene, trichlorof luorome thane, 1,1-dichloroethane, 
1,2-transdichloroethylene, and vinyl chloride. It is not 
possible to calculate mass loadings per unit time for these 
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Figure 4-44 °	 Mass loading of inorganic contaminants due to subsurface injection of 
industrial waste in Nassau and Suffolk Counties, New York (based on PCS 
data of the SPDES program). 
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contaminan ts because the permi t ted fac il i ties did not prov ide 
discharge rates. 

Some acids and related contaminants are discharged at a rate 
slightly below 22 mg/sec, as illustrated in Figure 4-48. Figure 
4-49 indicates that other organic constituents are injected at 
rates ranging from 0.3 mg/sec to just under 200 mg/sec. Other 
biological and microbiological indicators, including carbonaceous 
biological oxygen demand (BOD(c}), chemical oxygen demand (COD), 
and carbonaceous oxygen demand (00 (c) ), a-re inj ected at rates 
below 1, 200 mg/sec. Coliform is inj ected 'at 130, 000 #/sec 
(Figure 4-50). 

In conclusion, many facilities in Nassau and Suffolk 
Counties are permi tted to discharge as many as 65 organic and 
inorganic constituents to the subsurface. In some cases, fluids 
containing contaminant levels which exceed drinking water 
-s tandards are inj ec ted. In other cases, fluids con ta ining 
contaminant levels which are below drinking water standards are 
injected in excessive volumes (average 20 million gallons per 
day). These fluids typically 'pe~colate through the vadose zone 
to the water table. Some contaminants in the waste fluids may be 
attenuated by the vadose zone due to various physical, chemical, 
and biological processes. Nevertheless, contaminants have the 
potential to degrade ground water-quality. Contamination 
potential depends on volume, persistence, mobility, and toxicity 
of the injected constituents. 

Al though the information provided by New York was the most 
specific with respect to injectate quality, several other States 
provided general information on the composition of injected waste 
streams. For example, the California report identified waste 
streams which included waste laboratory chemicals, petroleum 
products, pesticides, pesticide and defoliant rinse waters, 
degreasing solvents, and industrial process chemicals. These 
wastes typically contain one or more of the compounds listed 
under 40 CFR Part 261 Subpart 0 (RCRA regulations). Further 
investigations should be conducted to determine whether these are 
Class IV facilities. 

Alabama also provided data on the constituents of waste 
streams from various facilities. Tables 4-48 through 4-50 list a 
few of the substances identified. 

It should be noted here that some wells which are classified 
as industrial disposal wells also may contain sanitary wastes 
which vary greatly depending on their origin. As discussed 
earlier, many facilities utilize septic systems to dispose of 
their indus trial was tes. Sanitary was tes from those facil i ties 
are likely to be mixed .in the waste stream. Section 4.2.3.2 
discusses the characteristics of injected fluids discharged to 
septic systems. 
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of industrial waste in Nassau and Suffolk Counties, New York (based on PCS o 
data of the SPDES Program). 
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OTHER ORGANIC CONTAMINANT LEVELS 
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MICROBIOLOGICAL CONTAMINANT LEVELS
 

Figure 4-50 . Mass loading of microbiological contaminants due to subsurface injection of ~ 
I\) 

industrial waste in Nassau and Suffolk Counties, New York (based on PCS data a 
of the SPDES Program). 
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TABLE 4-48 

FORMALDEHYDE DATA 

Embalming Process Sample 
Lavender Funeral Home 195 mg/l 
Rocko Funeral Home 750 mg/l 

Septic Tank Sample 
O'Bryant Chapel < .1 mg/l 
Williams Funeral Home .15 mg/l 
Nichols Funeral Home 2.4 mg/l 

TABLE 4-49 . 

TYPICAL LAUNDERETTE WASTE 

Substance Range (mg/l) 

Minimum Averaqe Maximum 
ABS 
Suspended Solids 
Dissolved Solids 
COD 
Alkal ini ty 
Chlorides 
Phosphates 
pH 
Nitrates 
Free Ammonia 
Sulfates 

3.0 
15~ 0 

104.0 
65.0 
61.0 
52.0 

1.4 
5.1 
-
-
-

44.0 
173.0 
812.0 
447.0 
182.0 

57.0 
148.0 

-
< 1.0 

3.0 
200.0 

126.0 
784.0 

2,064.0 
1,405.0 

398.0 
185.0 
430.0 
10.0 

-
-
-

TABLE 4-50 

TYPICAL POLLUTANT CONCENTRATIONS IN WASTEWATER 
FROM SELF-SERVICE AUTO WASHES 

(10 MONTH PERIOD) 
~ ~ 

Range (mg/l)Substance 

Averaqe MaximumMinimum 
2,006Total Solids 729• Total Volatile Solids 207 456 

Suspended Solids . 95 - 386 
72Volatile Suspended Sol ids 25 

BOD (5 ) 15 57 
Oil and Grease 38 86 

3,334 
871 
840 
116 
166 
200 
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As stated previously, it is difficult to generalize about 
the quality of fluids injected into an industrial process water 
and waste disposal well. Fluid qualities vary with industrial 
processes. It is important to emphasize, however, that 
industrial wastes may contain "hazardous" constituents. 

Injection Zone Interactions. Limited data are available 
concerning the interaction between industrial waste effluent and 
inj ection zones. More research is needed to determine the 
effects of the waste stream, particularly on the unsaturated 
zone. A study by Wilson (1983) indicated that very little 
attenuation of common organics and heavy metals occurs in the 
vadose zone during lateral migration. Due to design limitations, 
little data on attenuation during vertical migration were 
obtained during Wilson's study. It should be noted that the 
Wilson study deal t wi th concentrations expected in urban storm 
water runoff and not those expected from disposal of industrial 
wastes. Some of the constituents which made up t-he waste 
streams, however, were similar to those identif ied in several 
industrial facilities. 

On a positive note, according to Wyoming, removal of 
contaminants may occur as a result of settling of solids, 
filtration, dilution, and chemical reactions in the sa turated 
zone. However, if a perched water table is created, lateral flow 
of contaminants may increase. Metals and organics appear to be 
attenuated less by saturated lateral flow, the report notes, than 
do microorganisms. 

In summary, interactions between injection zones and indus­
trial waste effl uent probably resul t from processes similar to 
those which occur in other well types. Chemical- incompatibility 
between ihjected fluids and fluids inherent to the injection 
zones are likely to result in precipitation or dissolution of 
various minerals based on characteristics such as temperature, 
pressure, and pH. Injection of low quality fluids with respect 
to quality of the ground water may result in degradation of the 
ground water depending on volumes, rates, and constituents of the 
injected fluids. 

Hydrogeology and Water Usage 

Site specific hydrogeologic factors· strongly influence the 
contamination potential posed to USDW by industrial waste 
disposal practices. Industrial disposal wells typically inj ect 
wastes above or into USDW. Hydrogeologic factors which 
significantly influence the contamination potential of industrial 
disposal wells include: 

1.	 thickness of the v:adose zone below the inj ection 
well; 
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2. physical and chemical properties of vadose zone 
sediments below the injection well; and 

3. presence/absence of confining layers (aquicludes). 

Thick vadose zones provide an increased sorptive surface 
area for dissolved industrial waste contaminants. As noted 
before, little research has been performed to determine the 
extent of adsorption/absorption processes which actually occur 
between wastewater contaminants and vadose zone sediments. 

The permeabil i ty of vadose zone sediments is a second 
significant hydrogeologic determinant. Laterally continuous, low 
permeability silt or clay layers generally act as confining beds. 
Such strata existing above or below the injection zone can 
effectively restrict the migration of waste effluent to other 
zones which may contain drinking water. 

Hydrogeologic factors contributed. con,siderably to ground­
water contamination at two facilities (reviewed for this report) 
where contamination was caused, in part, by industrial waste 
disposal wells. Industrial disposal wells at the Thompson 
Hayward Agricultural and Nutrition Company (THAN) in Bakersfield, 
California and at Mefford Field in Tulare, California were 
completed above shallow ground-water tables. Piezometric 
elevations reported at each site were less than 25 feet below 
land surface. Silty to coarse alluvium sands also were reported 
to comprise the vadose zones below each facility. 

Industrial disposal wells described within each of the 
industrial disposal well case studies (Appendix R) injected waste 
waters above or into USDW. In two site studies, domestic water 
wells were located within 1/2 mile of the dispOsal wells. 
Domestic water wells downgradient of the THAN site in Fresno, 
California have been contaJtlinated from disposal well operations 
at the facility (Kleinfelder and Associates, 1983). Water wells 
also have been contaminated from past operations of industrial 
disposal wells (septic tanks with wells) located in the eastern 
half of the San Fernando Valley (L.A. Department of Water and 
Power, 1983). 

Industrial disposal wells in Arizona at both UniDynamics and 
Motorola Inc., 52nd Street Facility, were completed above shallow 
ground-water tables. Piezometric elevations at both sites were 
less than 100.feet below land surface. Permeable alluvial sands 
also were reported to comprise the vadose zones below each 
facility. (Ecology and Environment Inc., 1986; Guiterrez­
Palmenberg, Inc., 1983). Groundwater contamination on-site has 
been documented downgradient of the wells at Unidynamics. 
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Some active industrial disposal wells reported in Arizona 
overlie the Salt River Valley. Aquifers in the valley are used 
for irrigation and public water supply (USGS, 1983). Waters 
tapped by municipal water purveyors are generally greater than 
300 feet below land surface. 

As illustrated by the case studies previously described, the 
usual location of industrial waste disposal wells is in populated 
areas which are frequently not served by sewers or local wa ter 
districts. Many nearby residents may obtain their water supplies 
from shallow wells completed in aquifers which produce ground 
water that is susceptible to contamination. 

Contamination Potential 

Based on the rating system described in Section 4.1, 
industrial process'water and waste disposal wells are assessed to 
pose a high potential to contaminate USDW. These wells typically 
do inject into or above Class I or Class II USDW. Typical well 
construc tion, opera tion, and main tenance woul d allow fl uid 
inj ection or migration into unintended zones. Inj ection fluids 
typically have concentrations of constituents exceeding standards 
set by the National Primary or Secondary Drinking Water 
Regulations. Fluids may exhibit characteristic~ or contain 
constituents listed as hazardous as stated in the RCRA 
Regulations. Based on injectate characteristics and 
possibilities for attenuation and dilution, injection does occur 
in sufficient volumes or at sufficient rates to cause an increase 
in concentration (above background levels) of the Primary or 
Secondary Drinking Water Regulat;ion parameters in ground water, 
or endanger human health or the environment beyond the facility 
perimeter or in a region studied on a group/area basis. 

It is difficult to define "typical" scenarios for the 
criteria listed in the rating system because the industrial 
disposal well category is so diverse. In order to fairly assess 
the wells, they must be judged on a ~ite specific basis. 
However, for the purposes of this study, the interest of 
groundwater protectiou mandates that worst-case scenarios are 
more heavily weighted. 

As stated earlier, industrial disposal wells are likely to 
be located in populated areas which are frequently not served by 
sewer sys tems or wa ter dis tricts. Therefore, nearby residents 
may obtain their water supplies from wells. It is presumed that 
these wells produce water which meets drinking water quality 
standards. In other words, the ground water inherent to the 
injection zone is likely to belong to Class I or Class II of the 
Groundwater Classification System. 

It is difficult to identify "typical" construction, 
opera tion, and main tenance fea tures: therefore, worst-case 
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scenarios will be applied to this section of the rating system. 
In many cases previously described, wells showed no signs of 
casing, cement, tubing, packers, or wellhead assemblies. 
Furthermore, injection pressures, rates, and volumes Iltypicallyll 
are not monitored. The injected fluids are likely not to be 
analyzed, and many facilities are believed to be operating 
without permits. Under present operational procedures, there is 
a great potential for abuse, as illustrated by the case studies 
from Pennsylvania (Appendix E). Programs established to conduct 
mechanical integrity tests and to properly plug and abandon wells 
are rare. Based on these cri teria, it is reasonable to assume 
that typical well construction, operation, and maintenance prac­
tices will allow injection or fluid migration into USDW. 

Contaminants identified in wastewaters discharged to 
industrial disposal wells are numerous and site specific. 
Nevertheless, many waste streams may contain contaminants which 
are defined as "hazardous" per 40 CFR Part 261, Subparts C and D. 
Detailed investigation is needed to determine whether these 
wastes actually meet the "hazardous" criteria. Contaminants 
detected in some waste streams include TCE, xylene, benzene, and 
various pesticides, to name just a few. 

Identifying injection volumes and rates is probably the most 
difficult parameter for which to determine a Iltypical" scenario. 
The reader is referred to the case studies (list provided in 
Appendix E) for evidence that injection of industr~al wastes 
frequently occurs in SUfficient volume or at a sufficient rate to 
cause an increase in concentration (above background levels) of 
the National Primarey or Secondary Drinking Water Regulation 
parameters in groundwater, or endanger human heal th or the 
environment either (a) beyond a facility's perimeter, or (b) in a 
region studied on a group/area basis. 

Current Regulatory Approach 

Industrial waste disposal wells are authorized by rule under 
Federally-administered UIC programs. Several available case 
studies suggest that 40 CFR 144.12 is possibly being violated. 
These requirements state: 

No owner or operator shall construct, maintain, 
convert, plug, abandon, or conduct any other injection 
activity in a manner that allows the movement of fluid 
containing any contaminant into underground sources of 
drinking water, if the presence of that contaminant may 
cause a violation of any primary drinking water 
regul a tion under 40 CFR Part 142 or may otherwi se 
adversely affect the health of persons. 
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Unfortunately, many agenices with the authority to regulate 
these systems are under-staffed and are not able to inspect all 
sys tems, according to Utah. Limi ted State and local government 
resources make it easy for an operator to modify portions of his 
wastewater system (without being detected) to discharge to dry 
wells instead of to a municipal sewer. In States where well 
manufacturers and installers currently are unregulated and have 
no obligation to report their installations to local and State 
authorities, primary construction of facilities with industrial 
disposal wells may go unnoticed. 

Furthermore, proving that inj ected waste is "hazardous" as 
described in 40 CFR 261 Subparts C and 0 is very difficult. 
Until these facilities can be proven to inject "hazardous" waste 
or are proven to be sources of contamination or to adversely 
affect public health, they may be classified as Class V wells. 

Some questions have been raised concerning whether the RCRA 
program or the UIC program maintains jurisdiction over certain 
Class V wells when potentially "hazardous" wastes are involved. 
This problem is prevalent in regulating septic systems that 
receive industrial waste or toxic household waste. The following 
paragraphs summarize the RCRA regulations regarding household 
wastes and condi tionally exempt small quanti ty generator (SQG) 
wastes. The information is excerpted from personal correspond­
ence wi th the USEPA and indicates that the UIC program clearly 
maintains control over authoriza tion of this type of inj ection 
well. 

Household wastes are defined in 40 CFR Part 
261.4(bJ (1) as "any material (including garbage, trash 
and sani tary wastes in septic tanks) derived from 
households (including single and mul tiple residences, 
hotels and motels, bunkhouses, ranger stations, crew 
quarters, campgrounds, picnic grounds, and day use 
recreation areas). It is conceivable that household 
wastes could contain toxic chemicals. Yet, under Part 
261.4 (b), these wastes are not considered RCRA 
hazardous wastes. Therefore, wells injecting household 
wastes for disposal purposes would fall under the Class 
V category rather than the Class IV category, even 
though these wastes may contain toxic chemicals. 

Small quantity generators of less than 100 
kilograms per month are exempt from full RCRA 
regulations, under Part 261.5(g), provided that certain 
condi tions are met. If the generator does meet the 
conditions, hazardous wastes may either be treated or 
disposed of in an on-site facility or an off-site 
storage, treatment, or disposal facility which is 
either: 
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1.	 permitted under Part 270: or 

2.	 in interim status under Parts 270 and 265: or 

3.	 authorized to manage hazardous waste by a 
State with a hazardous waste management 
program approved under Part 271: or 

4.	 pe~itted, licensed, or registered by a State 
to manage municipal or industrial solid 
waste: or 

5.	 a recycling or reclamation facility. 

Thus, a Class V well that has been permitted, licensed, 
or registered as a facility by a State may inject RCRA 
hazardous wastes produced by conditionally exempt small 
quantity generators of less than 100 kilograms per 
month. In situations where this occurs, the well must 
be reclassified as Class IV. Since Class IV wells are 
prohibited, under 40 CFR 144.13, the well then must be 
properly pI ugged and abandoned in accordance wi th the 
requirements of Parts 144.14 and 144.23. 

Several States implement stringent requirements for 
industrial process water and waste disposal wells. Table 4-47 
indicates the regulatory systems described in each State report. 
Unfortunately, specif ic regula tory informa tion provided in the 
State reports usually was very general or non-existent. 

States wi th primacy approach the regUlation of industrial 
waste disposal wells in many different ways. Some States require 
a permit prior to construction or operation while others 
authorize by rule. At least·· sixteen States have some type of 
permitting program in place which mandates a permit for the 
operation of industrial disposal wells. Some of these programs 
are conditional and require permits for injections in excess of 
set volumes or for certain system designs. Texas regulates 
industrial disposal wells as Class I injec~ion wells. While 
regUlations are diverse throughout States with primacy, most 
State reports recommend permitting systems which set minimum 
construction standards and moni toring requirements. In a few 
States, permitting systems and monitoring programs are part of 
the current regulatory program• 

Several States quote applicable State regulations which, 
summarized, prohibit the injection of wastes which will degrade 
ground water. Examples include Indiana and North Carolina. Some 
States require general permits for operation of any type of 
injection well. Because the waste' streams often contain poten­
tially hazardous constituents, however, the trend in many States 
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seems to be moving toward individually permitting industrial 
disposal wells. States with individual permitting programs in­
clude New Jersey, Wisconsin, Alabama, Maryland, and Oregon. The 
regulatory systems of New Jersey, New York, and California are •descr ibed in grea te r de ta il in the follow i ng paragraphs • Thes e 
three systems were used as examples because information 
concerning the systems was readily available. 

New Jersey. The following information is a direct excerpt 
•from the New Jersey State Pollution Discharge Elimination System 

(NJSPDES) permit application package. 

ADDITIONAL	 GENERAL CONDITIONS FOR INDUSTRIAL/COM}ffiRCIAL
 
DISCHARGES BY SUBSURFACE DISPOSAL
 

A.	 Monitoring Requirements 

1.	 Flow measuring device(s) shall be installed 
in the waste stream(s) prior to discharge to 
the subsurface system such that the total 
daily flow can be measured on a continuous 
basis. 

2.	 Flow shall be recorded and reported to the 
Department as required in the discharge moni­
toring requirements of this permit. 

B.	 Maintenance Requirements 

1.	 Septic Tanks 

Septic tanks, if utilized, shall be inspected 
on at least a semi-annual basis to determine 
the level of sludge that has accumulated. 
When the level of the sludge reaches one­
quarter (1/4) of the capaci ty of any septic 
tank within a single system, all tanks within 
that system shall be pumped. 

The permittee shall also conduct an inspec­
tion of the following appurtenances on at 
least an annual basis: 

Appurtenance Inspection • 
Septic Tanks Leaks, Baffle Corrosion 
Conveyance Piping* Leaks, Solids Accumulation 

Grade 
Distribution Box Leaks, Solids Accumulation 

Elevation 
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*Internal inspection to be performed only if 
readily accessable: otherwise inspection 
only for surface evidence of system failure. 

The permittee shall maintain a record of all 
inspec t ions perf ormed and shall make the 
record of the inspections available to the 
Department upon request. 

Prior to pumping any septic tank, the permit­
tee shall arrange at his/her own expense for 
an EP Toxici ty Tes t {or other such test as 
the Department may currently require to be 
performed on the sludge content. The results 
of the EP Toxic i ty Tes t (or other such tes t 
as the Depa r tmen t may curren tly requ i re) 
shall be forwarded to the Bureau of Hazardous 
Waste Manifest and Classification of the 
Division of Waste Management for classifica­
tion. . 

a.	 If the cl assi fica tion of the sl udge is 
other than I.D. 73, appropriate disposal 
and any necessary manifesting and all 
applicable Waste Flow Rules shall be 
followed pursuant to the rules, regula­
tions and requirements of the Division 
of Waste Management. 

b.	 If the classification of the sludge is 
I.D.	 73, the septic tank purnpings shall 
be	 disposed of pursuant to Section 18 
(Residuals Management) of the General 
Conditions for all NJPDES Permits unless 
adopted Waste Flow Rules require other­
wise. 

2.	 Subsurface Disposal Area 

a.	 The immediate and surrounding area of 
the subsurface disposal area shall be 
inspected on at least a monthly basis 
for evidence of malfunctioning. Said 
evidence shall include, but shall not be 
limited to breakout, ponding, wet areas, 
odors and an overabundance or loss of 
vegetative cover. A record of these 
inspections shall be maintained by the 
permittee and shall be made available to 
the Department upon request. 
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b.	 At the first indication of malfunction­
ing, the owner shall notify the Depart­
ment pursuant to Section 14 (Reporting 
Noncompliance) in the General Conditions 

" for All NJPDES Discharge Permits. 

C.	 Operation Restrictions 

1.	 The permittee shall comply with all provi­
sions of Section 5.9, Addi tional Condi tions 
Applicable to all UIC Permits, of the NJPDES 
regulations. N.J.A.C. 7:14A-1 et seo. 

2.	 The operation of a subsurface disposal system 
shall at no time create an unpermitted dis­
charge to any surface water of the State or a 
persistent standing, ponded, or flowing fluid 
condition. 

3.	 When the Department has reason to believe 
that contamination of the ground waters is 
being caused by this facility, remedial mea­
sures shall be required to determine the 
extent of the suspected contamina~ion and/or 
to correct the contaminated conditions. The 
remedial measures shall include, but shall 
not be restricted to, the installation of 
ground water monitoring wells, modifica­
tion(s) of the treatment system (if any), 
installation of a treatment system and/or 
reduction of cessation or the discharge. 

New York. In New York, the Department of Environmental 
Conservation (NYDEC) regulates the discharge of pollutants to 
both surface water and ground water under the State Pollutants 
Discharge Elimination System (SPDES) program. The SPDES program 
is operated based on the provision under Article 12 of NYDEC and 
the authority of the Federal Water Pollution Control Act. All 
facilities that discharge more than 1,000 gallons per day of 
wastewater to the subsurface are permitted through this program. 
The following discussion of the program concerns discharge to 
both the surface and subsurface. 

The NYDEC has nine regional headquarters and several sub­
offices. The Division of Water at the Central office of the 
NYDEC in Albany, NY, coordinates all efforts through the regional 
headquarters. The regional headquarters, in turn, delegate 
responsibilities to respective suboffices and counties on a 
regional basis. The Division of Water of the central office 
issues Technical and Operational Guidance Service (TOGS) to 
establish priorities and procedures for the SPDES program. 
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According toTooS (1985), the SPDES permitting is divided 
into two classes: Signif icant Permi t Classes, and Non-Signifi ­
cant Classes. 

Significant permit classes consist of all USEPA designated 
major* permits (NPDES Program?), plus the following non­
maj or permits: 

1.	 Municipal 

2.	 Toxic Industrial 

3.	 Non-Toxic Industrial 

4.	 Private, Commercial and Institutional (PCI) 
(Regional Concern) 

Non-Significant Classes consist of non-major PCI and 
other industrial permits less those designated for 
inclusion in the significant class under subpart 2, 3, 
and 4 above. 

* (Most USEPA major permits in Long Island discharge to 
surface water.) 

The regional offices have the" authority to process all first 
time applications and issue permits complete with expiration date 
regardless of class. The permi~s are then classified as signifi ­
cant or non-significant based on certain guidelines. The poten­
tial for the discharge to create serious nuisance condi tions, 
impact on water supply or bathing areas, and intense public 
concern are same items considered in this evaluation. 

The Bureau of Wastewater Facilities Design (BWFD) sends 
renewal notices to dischargers in the significant class. The 
regional permit administrator, in turn, processes the applica­
tions and reissues permits as applicable. The BWFD sends renewal 
notices, also, to dischargers in the non-signif icant classes. 
However, the Bureau extends such permits indefinitely under the 
provision of the state administra tive procedures. In any case, 
the permitees in the non-significant classes are required to 
monitor discharges as necessary and retain the analytical results 
for inspection by the Department or its designated agent. 

The overall goal of the SPDES is to reduce severe 
contamination potential by closely monitoring all significant 
discharges while eIJ,suring compliance of all nonsignificant 
permits by spot inspections. All monitoring data for significant 
classes are stored in the NYDEC's Permit Compliance System (PCS) 
data storage. Appropriate actions are taken on those facilities 
that discharge wastewater in excess of the water quality 
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regulations as specified in Title 6, Chapter X, Parts 700 - 705 
of the New York State Codes, Rules and Regulations, (NYDEC, 
1986). Most of the above discussion is based on TOGS (1985) 
reporting by the Division of Water of the NYDEC. 

It is not clear whether other States have State regulatory 
systems similar to those of New York and New Jersey, but programs 
such as these are beneficial to the protection of ground water. 

California. Little or no information is available in most 
State reports on local jurisdiction. The following excerpt is 
from the California report and illustrates how local agencies may 
be responsible for regulating industrial disposal wells. 

Class V industrial waste disposal wells (5W20) 
operating in California are regulated under the Cali­
fornia State Health and Safety Code and the California 
State Water Code. Each code grants specific enforce­
ment powers and· responsibilities to two environmental 
regulatory branches: 

the Department of Health Services 

the State Water Resources Control Board and its 
nine Regional Water Quality Control Boards. 

The Department of Health Services (DOHS) and a Califor­
nia Regional Water Quality Control Board often coordi­
nate actions at sites where regulatory jurisdictions 
overlap. Th~s, hoWever, is not true in all cases. 

Class V industrial waste disposal wells are regulated 
differently according to the type of wastes they dis­
pose. Wells found to dispose of waste waters contain­
ing hazardous wastes (as defined in the State of Cali­
fornia Health and Safety Code Chapter 6) are subject to 
stricter regulations recently passed under Cal ifornia 
Assembly Bill No. 2058. (The California Health and 
Safety Code was amended to contain the provisions of 
this bill in 1985.) 

.Provisions under the bill prohibit: 

any person on or after January 1, 1986, from 
discharging hazardous waste into an injection well 
which commenced operation on or after January 1, 
1986, and prohibits such a discharge after January 
1, 1988, into an inj ection well which commenced 
operation before January 1, 1986, unless the per­
son has received a hazardous waste facilities 
permit for the well, the well is not within 1/2 
mile of drinking water, and the injection well 
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does not discharge hazardous waste into or above a 
specif ied forma tion, unless granted an exemp tion 
by the department (DOHS) pursuant to a specified 
procedure. (California AB 2058, 1985) 

The bill also prohibits the DOHS from issuing a 
hazardous waste facilities permit unless a hydrogeolo­
gic assessment report for the industrial waste disposal 
well is reviewed and approved. Groundwater monitoring 
and injection zone requirements must also be stipulated 
by the DOHS bef9re issuing a hazardous waste discharge 
permit. The bill further requires Regional Water Qual­
i ty Boards to base waste discharge requirements which 
they issue for hazardous waste inj ection wells on 
hydrogeologic assessment reports. Hydrogeologic 
assessment reports (HAR) are carefully reviewed by 
Regional Water Quality Control Boards and the DOHS. 
Industrial disposal well owners are often required to 
submit extensive site specific hydrogeologic data with­
in their HAR~ (See "Industrial Disposal Well case 
Study, Kearney-KPF", Appendix E for an example of 
information required by state agencies within a HAR). 
In. response to orders received from the DOHS and the 
Regional Water Quality Control Boards, a number of 
facilities are currently conducting hydrogeologic site 
inves tiga tions. 

Class V wells not identified to discharge hazard­
ous waste (as designated by the State) are regulated by 
the State and Regional Water Quality Control Boards. 
These Boards are empowered by the California State 
Water Code to require••• 

any person •••who is discharging, or who proposes 
to discharge, wastes or fluid into an injection 
well, to furnish the State or Regional Board with 
a complete report on the condi tion and operation 
of the facility or injection well, or any other 
information that may be reasonable required to 
determine whether the injection well threatens to 
pollute the waters of the state.· (Porter Cologne 
Water Quality Code, Sect. 13263.5a, 1985). 

'When a report filed by any person pursuant to this 
Section (California State Water Code, Section 132601e) 
is not adequate in the judgement of the regional board, 
the board may require the person to supply the addi­
tional ·information which it deems necessary' (Califor­
nia State Water Code, Section 13260(e) as amended by AB 
2058). Waste discharge requirements for industrial 
disposal wells are set by the Regional Board on a case 
by case basis. These requirements can specify the 
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design, location and type of construction among other 
requirements which must be complied with by the injec­
tion well owner in a lawful manner. Shallow industrial 
waste disposal wells discovered by the Regional Boards 
to have operated without waste discharge permits have 
been closed by the Boards in most cases. These wells 
can reopen if, after reviewing the waste discharge 
report, a Regional Board judges that the shallow indus­
trial disposal well will not threaten regional ground­
waters. 

Based on information provided in State reports, it is likely 
that the local regulatory system utilized by California is more 
stringent than systems in other States. 

ReCODDIlendations 

Recommendations provided by State reports are summarized on 
the State Report Summaries in Appendix A. While some States 
provided only general recommendations for continuation of the UIC 
program as a whole, other States provided recommendations for 
specific well types. The following list of recommendations 
includes most of the topics addressed in the State reports. 
State reports which contain specific recommendations are 
identified in parentheses. 

Inventory. 

1.	 Inventory efforts should be continued with a high 
priority given to identifying industrial disposal 
facilities (PR, IN, WI, AK, WY). 

2.	 Assume th~t all industrial waste disposal prac­
tices have deleterious effects on USDW, thus war­
ranting immediate attention. Then conduct site 
investigations to assess the true contamination 
potential (PA). 

3.	 The 'NPDES program could. be more effective in 
helping the UIC program by requiring sewer 
improvement districts to inventory all industrial 
users of their systems and to review details of 
each user I s was te streams (s) (NY). 

4.	 The issue of the reluctance of operators to report 
their wells can be overcome by presenting a 
coordinated program (about waste streams that are 
allowed) through a mul ti-media approach. The 
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mul ti-media approach should encourage public 
participation at the State and local level s 
(States in Region V). 

Hydrogeological Evaluations • 
• 

1.	 "Extensive groundwater evaluation studies should 
be completed in order to identify areas which 
would be vulnerable to contamination due to indus­
trial waste disposal. Standard criteria should be 
developed to define in precise terms the criteria 
that constitute vulnerabili ty," (PR, AS). 

2.	 "Drainage areas surrounding indus trial facil i ties 
should be studied and all possible pollution 
sources noted," (KS). 

Penni ts. 

1.	 "Industrial disposal wells should be permitted 
only when the injectate contains less than 10,000 
mg / I TDS," (FL) • 

2.	 These well s can be de tected and managed by local 
building code, environmental, or sewage protection 
programs (UT). 

Inspections. 

1.	 Inspection of industrial waste disposal facilities 
should be continued (PR). 

2.	 "Inspection teams should be reinforced by chemical 
or industrial engineers whose familiarity with the 
industrial processes would render a more objective 
assessment of the impact industry might have on 
the environment," (PR). 

3.	 Inspection· of well construction practices should 
be mandatory along with annual inspections to 
ensure adherence to appropriate regulations (HD, 
KS) • 

Monitoring. 

1.	 "Request all industries to conduct monitoring 
programs," (PR) • • 

2.	 "Tighten up sampling requirements to assure their 
being represen ta ti ve of rna terial reaching the 
injection well," (PR). 

3.	 "If USDW is/are present above the injection zone, 
monitoring should be required which is capable of 
detecting the migration of effluent in the 
direction of the USDW, (FL).II 
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4.	 Ground-water monitor ing should be conducted using 
a minimum of one upgradient and two downgradient 
wells, (AZ). 

•5.	 Existing State regulations should be reviewed and 
revised to provide more prudent control of injec­
tion and monitoring requirements (HI). 

6.	 All nonhazardous industrial process water and 
waste disposal wells shown to have a high 
contamination potential should be phased out. 
These wells should be required to inject below 
USDW as Class I wells in the future. Other 5W20 
wells should be periodically checked for injection 
rate and fluid quality (States in Region V). 

Al ternative Methods-. 

1.	 The practice of injecting industrial process water 
and waste should be discouraged, and wastes should 
be routed to on-site treatment facilities or 
municipal sanitary sewer systems where possible, 
(FL,	 UT). 

2.	 "Discharge of industrial process wastes to septic 
systems should be discouraged due to the fact that 
septic tank systems are not designed to adequately 
tre.at this waste type," (NE). 

3.	 "Septic tanks were designed to treat domestic 
(kitchen and toilet) wastes only. The septic tank 
real I y has no pI ace in indus try except to trea t 
wastes generated exclusively by a mess hall (cafe­

teria) and sanitary facilities. Even very small
 
amounts of some industrial wastes can render a
 
tank useless for the stabilization of domestic ­

was te," (PR).
 

4.	 Alternative methods for disposal of industrial 
process water and waste should be considered (MD). 

5.	 The policy of prohibiting the installation of 
septic tank/drainfields for treating embalming 
fluids (current practice requires holding 
facilities and periodic removal and proper • 
disposal) should be continued (Se). 

6.	 Until additional data is at hand to define the 
fate of industrial wastes in the saturated zone, 
it is prudent to take extraordinary precautions to 
minimize the potential for aquifer degradation via 
injection of highly toxic substances (WA). 
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7.	 Alternatives to land disposal such as recycling or 
resource recovery, reduction of wastes generated 
through process modification, and improved methods 
of hazardous waste neutralization should be 
actively pursued (WA). 

Supporting Data 

•	 Appendix E lists 27 case studies of industrial process water 
and waste disposal facilities used in preparing this assessment. 
Also listed in Appendix E are three tables which illustrate 
varying construction features and injectate constituents of 
several industrial disposal wells in California. 

4.2.6.3 Automobile Service Station Disposal Wells (5X2B) 

Well	 Purpose 

Wastewater comprised of waste antifreeze fluids, waste 
petroleum products (oil, grease, etc.), floor washings (including 
detergents, sediments, etc.), and miscellaneous wastes originates 
from service bays at gas stations and auto dealerships. This 
type of wastewater will be called Service Bay Wastewater (SBW) in 
the following" discussion. SBW typically is disposed of by three 
general methods: discharge to sanitary sewers, discharge to the 
subsurface by inj ection, and riddance by other methods such as 
storage or hauling of waste to an off-site disposal or recycling 
facility. (See Figure 4-51.) 

Of particular concern is the injection of wastes to the 
subsurface brought about through one or a combination of methods. 
One method of waste injection involves discharge of wastewater 
through disposal wells or dry wells which exclusively receive 
wastewater from service bay drains. For the purpose of identifi ­
cation in the following sections, these wells will be called 
single purpose wells. The other method of injection involves 
discharge of SBW through cesspools, septic tank systems, or storm 
water drainage wells. These discharge systems will be called 
mul ti-purpose disposal systems as they receive wastes both from 
serv ice bay drains and sewage or storm wa ter runof f. In the 
event that the SBW is disposed through septic tank systems, the 
waste may be finally discharged to the subsurface through cess­
pools, dry or disposal wells, drainfields or other disposal 
methods. Hence, SBW may be inj ected to the subsurface through

•	 any of the above mentioned disposal methods, all of which are 
regUlated under the UIC regulations. 

Inventory and Location 

Some States like Connecticut, Idaho, Illinois, Indiana, 
Michigan, New Jersey, New York, and Utah have conducted si te­
specific investigations to identify and assess the impact of SBW 
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injection to the subsurface. Appropriate corrective actions are 
now being implemented based on the findings of these investiga­
tions. 

A nationwide inventory has not been conducted for gasoline 
station service bay disposal wells. By and large, such an inven­
tory has not been conducted because most States are not aware of 
such injection practices. Meanwhile, those States that are aware 
sometimes misinterpret the Class V definition and identify 
certain disposal techniques as septic tank systems or storm water 
drainage wells~ 

The USEPA Region II conducted several field trips in New 
York and New Jersey and identified some automobile service 
stations that were suspected of injecting service bay wastewater 
to the subsurface. (Engineering Enterprises, Inc. (EEl) was 
contracted to sample and analyze some of these injection wells in 
Long Island, New York. The prel iminary inves tiga tion in Long 
Island, New York, revealed that three out of eight gasoline 
service stations investigated discharge SBW to the subsurface 
through single purpose and multipurpose wells. It was not 
possible to identify the disposal method at the rest of the 
sites. Missing plumbing records and site plans, modifications to 
old plumbing, and lack of information exchange during transfer of 
ownerships were some of the many elements that affected proper 
identi~ication of a disposal method at these five sites. 

In Connecticut, an inventory has not been completed because 
SBW disposal methods are identified and regulated only on a case­
by-case basis as they are reported or identified during routine 
inspection. In New Jersey, the New Jersey Department of 
Environmental Protection (NJDEP) reported 18 service station 
disposal wells of which 11 non-filer facil i ties are undergoing 
enforcement actions, one facility is closed, and the others are 
either permitted or under investigation. In other words, there 
is no extensive program setup to inventory or regulate such 
disposal methods. 

Under all of these circumstances it was not possible to 
obtain a complete inventory either on a State level or national 
level. Table 4-51 is a synopsis of the inventory data given by 
the states. 

Well Construction, Operation, and Siting 

As discussed before, wastewater from service bays may be 
discharged through single purpose or mul tipurpose wells. Con­
struction of multipurpose wells is similar to constructions dis­
cussed under septic tank systems or storm water drainage wells. 
Single purpose wells design~d to discharge only service bay 
wastewater are typically completed at shallow depths using 
standard precast cesspool rings as illustrated in Figure 4-52. 
At some si tes, depending on the volume of was te discharged and 
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the geology, a series of standby wells may also be constructed as 
the situation warrants. 

Wastewater effluent originating from service bays may pass 
through a pretreatment system before being discharged into a 
disposal well. Such pretreatment sys tems incl ude grease pi ts, 
oil water separators, or catch basins. Figure 4-53 is an illus­
tration of a ca tch basin sampled in New York. Inj ection takes 
place by simple gravity flow from the pretreatment system to the 
subsurface disposal facility. 

Injected Fluids and Injection Zone Interactions 

Typically, wastewater from service bay drains may include 
waste oil, antifreeze, floor washings (including detergents, 
organics, and inorganic sediment), and other petroleum products. 
Hence, wastewater of this nature may contain highly toxic organ­
ics and heavy metal priority pollutants along with other organic 
and inorganic compounds that may eventually migrate to the ground 
water. Many of these contaminants may be absorbed or adsorbed to 
the organic and inorganic suspended sediments and settleable 
sediments. 

Samples obtained at some gas stations during the preliminarY 
investigations in Long Island, New York showed contaminant levels 
highly in excess of drinking water standards. High levels of 
heavy metals (total), ethylene glycol, and volatile organics were 
detected in the wastewater samples collected in the investiga­
tion. 

During the investigation in New York and a separate investi ­
gation in Utah, it was estimated that some wells had up to two 
feet of oily residue in the wells, and the entire inside of the 
wells was coated with black oily films. Case studies are listed 
in Appendix E. 

At most sites, waste fluids enter the unsaturated subsurface 
zone by gravity flow, seeping through slots and openings of the 
disposal well. Waste fluids migrate vertically downward in the 
unsaturated (vadose) zone by force of gravity. In this process, 
the fluids may leave behind residual contamination in the wells 
and in the flow path through the vadose zone, due to adsorption 
or absorption. The residue potentially may leach or desorb 
contaminants to the subsurface for long periods of time. 

Hydrogeology and Water Use 

Wastewater from service bays typically is injected into the 
shallow subsurface (within 20 to 30 feet of land surface). 
Consequently, at many si tes, shallow aquifers may be in or near 
such discharge zones. Shallow aquifers are highly vulnerable to 
contamination regardless of their location with respect to inj~c-
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tion zones since contaminants in SBW may eventually reach the 
aquifer•. Incidentally; most gas station service bays are located 
in populated areas that may have many additional sources of 
pollution (See Figure 4-54). Some residents in the area may 
obtain their drinking water from wells completed in shallow 
aquifers in the general area. Contaminants entering the shallow 
aquifers may migrate through the ground water and, eventually, 
contaminate drinking water wells in the vicinity. 

In some areas where shallow aquifers are non-potable, water 
wells may be completed in deeper aquifers. Contaminants from SBW 
disposal wells may still migrate down to the deeper aquifer, 
depending on the hydrogeological connection between the upper 
shallow aquifer and the deeper aquifer. Improperly abandoned or 
poorly constructed and maintained water wells may also contribute 
to connectivity of shallow and deep aquifers. 

Contamination Potential 

Based on the rating system described in Section 4.1, 
automobile service station waste disposal wells are assessed to 
pose a high potential to contaminate USDW. These wells typically 
do inject into or above Class I or Class II USDW. Typical well 
construction, operation, and maintenance would allow fluid 
injection or migration into unintended zones. Injection fluids 
typically have concentrations of constituents exceeding standards 
set by the National Primary or Secondary "Drinking Water 
Regulations. Furthermore, many of the fluids are likely to 
exhibit characteristics or contain constituents listed as 
hazardous as stated in the RCRA Regulations. Based on injectate 
characteris tics and possibil i ties for a ttenua tion and dilution, 
injection does occur in sufficient volumes or at sufficient rates 
to cause an increase in concentration (above background levels) 
of the National Primary or Secondary Drinking Water Regulation 
parameters in groundwa ter, or endanger human heal th or the 
environment beyond the facility perimeter or in a region studied 
on a group/area basis. 

When SBW is disposed by subsurface injection, it usually is 
discharged to a shallow zone. The waste is inj ected into the 
subsurface in populated areas that depend,in many instances, on 
ground water as a source of drinking water. Hence, in most 
cases, the injection zones are underlain by USDW. Also, the 
construction, operation, and maintenance of many subsurface 
injection methqds allow contaminants to migrate into unintended 
zones in the subsurface. The inj ection fluids commonly contain 
toxic organics and heavy metal priority pollutants in excess of 
drinking water standards. Finally, injected fluids are very 
likely to cause degradation of ground-water quality beyond the 
facil i ty perimeter. Based on the above findings and the ra ting 
systems developed and discussed at the beginning of Section Four, 
it can be concluded that subsurface discharge of SBW presents a 
high potential to contaminate USDW in the vicinity. This 
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conclusion is reaffirmed by some state reports, including New 
York, Utah, and Iowa, that rate these disposal methods as those 
that pose a high contamination potential. 

As discussed above, discharge of such contaminants to the 
subsurface has an immediate or potential· impact on the ground­
wa ter qual i ty and, thereby, poses a threa t to human heal th and 
the environment. The impact ground-water qual i ty is infl uenced 
by the transport and fate of the injected fluids in the 
subsurface. 

As mentioned by Keeley, Piwoni, and Wilson (1986), there are 
many natural processes that affect the transport and fate of 
pollutants (Table 4-52). They are divided into physical, 
chemical, and biological processes. These processes may, in many 
instances, reduce the contamination potential. Nevertheless, 
these contaminants have the ability to eventually degrade the 
ground-wa ter qual i ty depending on' the vpl ume, pers i s tence, 
mobility, and toxicity of the injected fluid. Investigations 
that study the transport and fa te of contaminan ts can be both 
costly and time consuming but are essential. Such investigations 
become more complicated (especially in densely populated residen­
tial and industrial areas as in the case of the Long Island, New 
York study) as different sources of contamination contribute to 
the gross contamination plume. 

A 'thorough investigation of the various factors mentioned 
above is neces sa ry to unders tand the full impac t and 
contamination potential of service bay waste water injection on 
USDW. 

Current Regulatory Approach 

Automobile service station waste disposal wells are 
authorized by rule under Federally-administered UIC progrmas (see 
Section 1). Currently, gasoline station disposal wells are not 
actively regulated by the USEPA or by many State systems. One 
reason is that some States do not believe that such disposal 
practices exist. Also, many other States are confused and 
mi sl ed, bel i ev ing tha t mul t ipurpose well s Ii ke sep t ic tank 
systems and storm water/industrial drainage wells (that also 
discharge waste from service bays) do not'meet the definition (in 
UIC Regulations) of "Automobile Service Station Disposal Wells." 

Some States, however, are beginning to recognize the impact 
of these injection practices. For instance, according to Patton 
(1987), Connecticut has barred any discharge of wastewater to the 
subsurface from gasoline station service bays. All facilities, 
old and new, are now required to dispose of such was tewa ter only 
through the sewer system or other means where the waste is re­
moved from the area. Operators are required to obtain necessary 
permits in this regard. Facilities that do not follow these 
requirements have been asked to immediately seal off such drains. 

• 

• 

'.
•

• 
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TABLE 4-52
 
NATURAL PROCESSES THAT AFFECT SUBSURFACE
 

CONTAMINANT TRANSPORT. (KELLEY, PIWONI AND WILSON, 1986)
 
.. 

Physical processes 

Advection (porous media velocity) 
Hydrodynamic dispersion• 
Molecular diffusion 
Density stratification 
Immiscible phase flow 
Fractured media flow 

Chemical processes 

Oxidation-reduction reactions 
Radionuclide decay 
Ion-exchange 
Complexation 
Co-solvation 
Immiscible phase partitioning 
Sorption 

Biological processes 

Microbial population dynamics 
Substrate utilization 
Biotransformation 
Adaptation 
Co-metabolism 

•
• 

• 
• 
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Other States, including Wyoming, Wisconsin, New Jersey, and New 
York, are taking effective steps to mitigate these injection 
practices. Some States, I ike Texas, are now requiring permi ts 
for these discharges, and have classified the wells as Class I 
wells (Musick, 1986). 

The USEPA Region II recently sampled catch basins and dispo­
sal wells at eight ga~ stations in Long Island, New York. Results 
(though inconclusive) show that many USEPA priority pollutants 
and other toxic compounds in the injection fluid may be highly in 
excess of the drinking water standards. USEPA Region II is 
currently sending out Class V well inventory/investigation forms 
to new car dealers in New York. 

Another type of facility that discharges service bay waste­
water is car dealerships which maintain service bays. A USEPA 
investigation in New Jersey revealed that a foreign car dealer 
was operating a Class IV well and injecting hazardous waste that 
contained trichloroethane (used for degreasing). Effective 
actions were taken and, consequently, the Director of the New 
York Class V UIC program sent nearly 1,400 permit applications 
to new car dealers (since the probability of injection practices 
similar to New Jersey were anticipated to be occurring in New 
York). Based on the monitoring information required for permit 
compliance, the State Director hopes to· determine whether there 
is current injection of potentially hazardous or otherwise toxic 
wastes. Local governments do not regulate subsurface discharge 
of service bay wastewater at the present time. 

Recommendations 

As discussed previously, subsurface inj ection or discharge 
of potentially hazardous and toxic fluids from service bays at 
gasoline stations and car dealerships is a threat to human health 
and the environment. 

An inventory of SBW disposal systems on a state level and, 
eventually, on a national basis is vital (New York, Puerto Rico, 
Idaho). This information can be employed in making an assessment 
of the contaminant mass loading- and detrimental effects on the 
subsurface water quality. Unsewered areas, such as in some areas 
of Long Island, New York, may have large concentrations of SBW 
subsurface disposal facilities. Therefore, it may be appropriate 
to begin inventories in these unsewered areas and gradually work 
outward. 

Iowa suggests requiring a permit to operate which includes 
information on construction features, a plan to utilize 
separators and holding tanks, and a plan to sample and analyze 
the injected fluids. . 

.. 

.. 

r 
The following three recommendations are excerpts from Utah's 

report on Class V injection wells (1987): 
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A.	 These wells can be corrected by providing 
underground holding tanks (total containment) for 
the waste oils/fluids. These tanks would require 
regular off-loading to waste oil reclaimers. In 
Utah, there is economic incentive for a service 
station to sell waste oil to a reclaimer. The 
management of these wells would be accomplished at 
the local government level because they already 
enforce their building and sewer ordinances. Any 
inspections by state or federal staff would be a 
duplication of effort. 

B.	 Communities with a water reclamation system 
commonly prohibit oil and grease discharges to 
their sewer. Consequently, some operators opt to 
discharge to dry wells as a "loophole" to the 
environmental regulations. Local building code 
and sewer pretrea tment inspection should be able 
to locate and manage these wells. 

C•	 The UIC program has not been effective in. 
controlling this problem, but local government 
has. The UIC program can be more effective by 
educating those local government staff who conduct 
building and environmental inspections. This 
training will help locate these violators and 
hopefully solve the problem. 

4.2.7 RECHARGE WELLS 

4.2.7.1 Aquifer Recharge Wells (5R21) 

Well	 Purpose 

Artificial recharge is used primarily as a water resource 
management tool. The main objective of artificial recharge is to 
increase the amount of water entering an aquifer, thereby allow~ 
ing a greater rate of ground-water withdrawal. This may be con­
ducted during periods of excess surface water during rainy sea­
sons, or it may involve importation of water from nearby areas. 

During natural recharge through stratified soils, water 
collects or perches on less permeable subsurface layers. If 
recharge continues over a long period of time over a large area, 
perched water may approach the land surface and cause ponding. 
Under these conditions, recharge wells are very effective because 
they bypass the impermeable sublayer restrictions to vertical 
flow (Bianchi, et al., 1978) and inject directly into USDW • 

In addi tion to water storage, artif icial recharge through 
wells may be used for other reasons. Other applications include 
prevention of salt water intrusion into fresh. water aquifers 
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(Section 4.2.7.2), disposal of wastewater treatment effluent 
(4.2.3.3), subsiden"ce control (4.2.7.3), disposal of urban and 
agricultural runoff (4.2.1.2, 4.2.1.1), and aquifer remediation 
(4.2.8.3). This section will cover recharge wells which have 
been reported to serve the primary purpose of augmenting 
underground water supplies. 

Inventory and Location 

The inventory data collected by each State, Territory, and 
Possession account for a total of approximately 3,558 aquifer 
recharge wells (See Table 4-53). The wells included in this 
category have been limited to those which have been reported as 
recharge wells. New York has reported 3,000 recharge basins which 
have been included in the inventory as requested by the State of 
New York; however, it is unlikely that these would qualify as 
Class V facilities unless wells were installed to enhance basin 
drainage. 'I'he di s tinction between recharge well types and 
drainage well types is oftentimes difficult. Recharge wells may 
serve secondary purposes, such as drainage. Likewise, a 
secondary purpose of drainage wells may be aquifer recharge. 
This sometimes leads to a conflict of interest which, in turn, 
may increase contamination potential to some underground sources 
of drinking water. 

Inventory information from other sources has been compiled 
by the Enviro~ental and Ground Water Institute at the University 
of Oklahoma (O'Hare et al., 1986). Figures 4-55 and 4-56 reflect 
information from this source. See Appendix E for the reference 
to a list of facilities represented on Figure 4-56. 

r1any other recharge proj ects probably exist throughout the 
Uni ted States, its terri tories, and possessions. One would ex­
pect to find recharge wells in areas where populations areheavi­
ly dependent upon ground~water supplies for irrigation and domes­
tic use, where evapotranspiration and extraction of water exceeds 
recharge, and in areas with restrictive subsurface layers which 
impede natural recharge. 

Construction. Siting. and Operation 

There are several methods of artif icial recharge in wide­
spread use. These include surface spreading, inf il tration pi ts 
and basins, and wells or shafts. Surface spreading and infiltra­
tion basins recharge through surface seepage. Wells may be 
utilized in areas where existence of impermeable strata between 
the surface and the aquifer makes recharge by surface infiltra­
tion impractical. Wells are also used in urban areas where 
sufficient land for surface spreading is not available. 

Construction, siting, and operation of recharge wells will 
depend on whether the well serves a secondary purpose. ~uifer 

'recharge wells inventoried include some wells that also serve as 
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TAIl.E 4-53: SYllfSIS Cf STATE RErolTS FeR AWIFER RECHARf£. \ill.St512ll 

• 

• 

, RE6HW, 
I 

~I, STATES,, 
I 

ICoonecticut 
:lliint 
ll'lusachusetts 
lHew HiIIlshir. 
:RhDde Island 
:YenlXlt 

EPA 
REEIlW 

Coofirlld 
Presenc. 

Of lEU Typt 

III 
III 
III 

1 lIEU. 
III 
III 

~ulitlr'Y 
ysttl 

N/A 
NlA 
NlA 
MIA 
NlA 
NlA 

: Cise Studiesl : 
:Info. iVilhbl.: 
I 
I, 
I 
I III, 
I IIII 
I III, 

YES 
iii 
III 

CootwnitiCfl 
Potentlll 

Ritlng 

N/A
NlA 
N/A
Ll* 
NlA 
NlA 

-
I 
I 

:Nell Jersey
lHew Ylr'k 
IPuerto Rico 
!Yirgin Iilands 

II 
II 
II 
II 

III 
3000 BASIlE 

III 
III 

RlLE/PmlIT
NlA 
NlA 
NlA 

III 
III 
III 
III 

N/A
NlA 
N/A
MIA 

I 

:Del ilIiI" 
:lIIrylind
:Plnnsyl Vinii 
:Yir~inii 
lllK Yirginii
I 
I 
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:Fllr'idi 
16ellrgii
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:ltislimppi
:Hcrtll Cirolini 
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I 
I 
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III 
III 
In 
111 

IY 
IY 
IY 
IY 
IY 
IY 
IY 
IY 

III 
III 
III 
III 
III 

III 
349 IEL.lS 

III 
III 
III 
III 
III 
III 

, 
I , 
I, 
I 
I 
I, 
I 
I 
I,, 
I, . 
I 

NlA 
NlA 
NlA 
NlA 
NlA 

N/A
PmlIT 

NlA 
NlA 
NlA 
MIA 
NlA 
NlA 

III 
III 
III 
III 
III 

III 
YES 
III 
III 
III 
III 
III 
III 

lilA 
I NIA, , N/A, 
: NIA 
I N/A, , -,,, N/A ,, , 
:3RD HI9ESTIBTYPES : 

NIA 
iliA 
NIA 
N/A
N/A 
iliA 

:Illinois 
:Indiini 
:IIi clli gin 
:IIi nnesoti 
IlJlio 
\ltisccnsin 
I 
I 

Y 
Y 
Y 
Y 
Y 
Y 

1 lIEU. 
III 
III 

1 lIEU. 
III 
III 

RI1.E 
NlA 
NlA 
NlA 
NlA 
NlA 

III 
III 
III 
III 
III 
Iil 

NlA 
MIA 
N/A
N/A
NlA 
N/A 

• .. 

• 
• 

:rrUnSis 
llouisiini 
tHew llIxi co 
IOkhhllll 
ITS'iS 
I 
I 

:IlIIi 
lKJnSiS 
lIliiSOll'i 
INebnKi 
I 
I 

lCollr'ado 
:Ibltani 
:la-til Dikoti 
ISouth Duoti 
:Uhh 
Ilt1Dling
I 
I 

:rriZCfli 
lCiJiflr'nii 
lHalliii 
lNrladi 
:r.rican Suoi 
lTr. Terr. of P 
lima 
:CNlI 
I 
I 

:AIuki 
:Idiho 
't\­
;=gtlXl 

YI 
YI 
YI 
YI 
YI 

YII 
YII 
YII 
YII 

YIII 
YIll 
Y11I 
YIII 
YIll 
Y11I 

II 
II 
II 
II 
II 
II 
II 
II 

I 
I 
I 
I 

III 
III 

3G1lW.5 
III 

44 lIEU.S 

III 
4 IEL.lS 

III 
4 IEL.lS 

III 
III 
III 
III 
III 

7 IiIElI.S 

51 IEL.lS 
52 IEL.lS 

III 
III 
III 
III 
III 
III 

III 
7 IEL.lS 

III 
7 IfllS 

NlA 
NlA 

RESI STRATI IW 
NlA 

PERIlIT + 

NlA 
NlA 
NlA 

RI1.E 

NlA 
NlA 
NlA 
NlA 

WlPmlIT 
PmlIT 

PmlIT 
PmlIT 

N/A
NlA 
NlA 
NlA 
NlA 
NlA 

NlA 
PERI'IIT>1BFT 

NlA 
N/A 

III 
III 
III 
III 
YES 

III 
III 
III 
III 

III 
III 
III 
III 
III 
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YES 
III 
III 
III 
III' 
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III 
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III 

MIA 
NlA 
LON 
NlA 

YlCli 1 

NlA 
POSSIBlE 

NlA 
Y~IAil.E 

I 
I 
I NlAI 
I NlAI, NlA, 
I NlAI 
I N/A, , 
:biH HIIi£ST/I0 TYPES:,, 
I LaI t, 
I I.HOOlIlI 
I NlA,, NlAI 
I NlAI 
I, NlAI, 

NlAI, 
N/A, ,,, N/AI , 

:7TH HIG£ST/14 TYP£S:, KIA , 
I , 
I NlA , 
I I 

1IlTE: !DE IUIlERS IN iHIS TAIlI..E ME ESTIIlATES. 
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drainage and disposal wells. This can often pose a potential 
threat to the receiving aquifer, especially when the injection 
zone is a drinking water supply aquifer. 

The subsurface drain collector - deep well recharge system 
known as Leaky Acres Recharge Proj ect in Fresno, Cal i fornia 
illustrates construction specifics of a recharge well used exclu­
sively for the purpose of aquifer recharge. The well was con­
structed using a reverse rotary rig to bore a 34-inch diameter 
hole. The injection casing is 16 inches in diameter. A 4-foot 
diameter corrugated culvert was used as conductor pipe to isolate 
the upper drain collector zone of the soil profile from the 
deeper aquifers. The conductor was grouted from ground surface 
to a depth of 20 feet into the first horizon perching zone. The 
casing perforations start at a depth of 50 feet and extend to 
full depth of the 250 foot borehole (Figure 4-57). The recharge 
well is located at the center of a 10-acre ponding basin. 
Injected water is diverted from an areal canal, filtered through 
surface soils, and collected through a subsurface tile drain 
system for injection. 

Many of the reported recharge wells from Florida are actual­
ly "connector" wells which a"re also used to dewater phosphate 
mining areas. These wells are constructed through an impermeable 
perching layer of strata close to the surface, thereby draining 
the perched water to a deeper water supply aquifer. This results 
in recharge of the deep aqui fer through the constr.J.cted well, 
which "connects II the deep aquifer to the shallow perched aquifer. 
These wells are typically 12 inches or greater in diameter and 
approximately 200-300 feet deep. Wells are usually cased with 
PVC pipe from the surface to the injection zone. The PVC pipe is 
slotted and screened at the "intake ll zone within the surficial 
aquifer. Water in this zone drains into the slotted casing and 
cascades through the pipe into the deeper injection zone. . 

Many of the reported recharge wells from Texas are "dual 
purpose" wells which alternately produce ground water for irriga­
tion and inject agricultural surface runoff into the supply 
aquifer. Texas also reports recharge wells northeast of EI Paso, 
sited at a domestic wastewater treatment plant. The EI Paso area 
wells serve the secondary purpose of treated waste disposal for 
the treatment plant. Plant recharge/disposal wells are con­
structed to a depth of approximately 800 feet (See Figure 4-58.) 
The Teton Village Wastewater Treatment Plant in Wyoming also 
utilizes inj ection wells for recharge and waste disposal. Con­
struction, siting, and operation variations exist throughout the 
United States. The variables are determined by local hydrogeo­
logic conditions and any secondary purposes of wells. The above 
examples provide a representative sampling of wells which 
illustrate the diversity of aquifer recharge application. 

One of the major operational problems with recharge ~nJec­

tion wells is clogging. During extended periods of injection, 
same clogging generally occurs near the borehole due to accumula­
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tion of suspended sol ids. Design of a recharge well to allow 
redevelopment or removal of the clogged aquifer interface near 
the borehole is possible. Redevelopment procedures for wells at 
the Leaky Acres Project in Fresno, California involve shifting of 
a coarse, well-rounded gravel pack at the injection zone. This 
movement dislodges the sand and clogging fines from the'aquifer, 
thus creating a clean injection face. Dislodged material is 
pumped out of the well during redevelopment procedures • 

Other redevelopment practices include cleaning of the injec­
tion zone through methods such as flush pumping, surging, and 
jetting. The injection wells at El Paso utilize a downhole pump 
(Figure 4-58) to redevelop the well by surging and pumping. This 
is a common redevelopment procedure. Clogging may also resul t 
from biological activity, chemical incompatibility, and entrained 
air. Inj ection zone interactions will be discussed further in 
the following section. 

Inj ~cted Fluids and Inj.ection Zone Interactions 

Injection fluid characteristics will vary depending on the 
source of injection waters. Water quality transformations that 
might occur during passage of injected water through an aquifer 
include adsorption, ion exchange, precipitation and dissolution, 
chemical oxidation, biological nitrification and denitrification, 
aerobic or anaerobic degradation of organic substrates, mechani­
cal dispersion, and filtration. 

Field experience has shown that recharge wells lose capacity 
with time, even with refined surface water pretreatment, because 
of gradual pe-netration of clogging materials. Pretreatment 
methods include t!).e use of set tl ing basins and soil f il tra tion 
before inj ection. These procedures are ef~ective in removing 
much of the clogging material. Attempts have been made to chemi­
cally disperse deeply-trapped sediment and move it more deeply 
into the aquifer, but concern about effects of this approach on 
water quality and producing wells in the area has limited this 
technique. Sodium Hexametaphosphate is one chemical that is 
sometimes added for clay particle dispersal. Periodic cleaning 
of the well will ~lso decrease clogging caused by suspended 
solids. 

In addition to suspended solids, clogging may resul t from 
the presence of air bubbles in recharge water, bacteria growth, 
and chemical reactions between the receiving aquifer water and 
inj ection water. These problems can be remedied by inj ecting 
chemically and thermally compatible, well filtered water, and 
preventing turbulence from cascading water during injection• 

Mechanical jamming from rearrangement of grains in the aqui­
fer reduces pore volume and may result from alternatively pumping 
and injecting fluids through the same well. Thi~ is generally 
not a major problem with properly designed and constructed wells. 
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Some types of recharge wells inject into the vadose or 
unsaturated zone above the aquifer. These wells allow the 
injectate to bypass a significant portion of materials between 
the surface and the injection zone, but injected fluids must pass 
through some rna terial before reaching the sa tura ted zone. 
Passage through part of the unsaturated zone will allow 
attenuation of some constituents before water reaches an aquifer. 

The major advantages of direct aquifer injection through 
wells are the immediate response of aquifer water levels and a 
relatively high rate of recharge. Disadvantages of direct 
aquifer injection include: 1) direct introduction of water and 
any chemical or biological contaminants that may be present in 
the recharge water, 2) recharge using pressurized injection could 
result in extensive formation fracturing, and 3) introduction of 
suspended Solids may cause local clogging of the aquifer and 
contamination due to adsorption and transportation of pollutants. 
The solids of greatest concern are the colloidal clays, because 
they resist most forms of settling and filtration and are, 
therefore, difficult to remove from waters prior to injection 
(Dvoracek, 1971). 

Hydrogeology and Water Use 

A thorough and detailed knowledge of hydrogeologic features 
is necessary for adequately selecting a recharge site. Some 
parameters to be considered incl ude geol ogic ·~nd hydraul ic boun­
daries, tectonic boundaries, inflow and outflow of water, poro­
sity, hydraulic conductivity, transmissivity, storage capacity, 
water resources available for recharge, natural recharge, water 
balance, lithology, and depth of the aquifer. Special attention 
is required for karstic regions, where injected water may rapidly 
discharge to the surface through underground caverns. In some 
areas, inj.ection below karstic discharge outlets can minimize 
volume of discharge after recharge (U.N., D.E.S.A., 1975). 

Populations in arid climates are generally more dependent 
upon ground water, as surface water is usually not readily avail ­
able. Heavy ground-water demands in these areas may cause deple­
tion in the supply aquifer. Irrigated agricultural areas of 
California and Arizona are prime examples of depletion resulting 
from heavy ground-water demand. 

Contamination Potential 

Based on the rating system described in Section 4.1, aquifer 
recharge wells are assessed to pose a high to low potential to 
contaminate USDW. These facil i ties typically do inj ect in to or 
above Class I or Class II USDW. Typical well construction, oper­
ation, and maintenance vary considerably but ideally would not 
allow fluid injection or migration into unintended zones. Injec­
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tion fluids should be of equivalent or better quality (relative 
to standards of the National Primary or Secondary Drinking Water 
Standards and RCRA regulations) than the fluids within any USDW 
in connnection with the injection zone. However, some case 
studies revealed that injection fluids are of poorer quality 
(relative to standards of the National Primary or Secondary 
Drinking Water Standards) than the fluids within any USDW in 
communication wi th the inj ection zone. Based on inj ectate 
characteristics and possibilities for attenuation and dilution, 
injection does occur in sufficient volumes or at sufficient rates 
to cause an increase in concentration (above background levels) 
of the National Primary or Secondary Drinking Water Regulation 
parameters in ground water, or endanger human health or the 
environment beyond the facility perimeter when contaminants are 
present in the recharge water. 

Ground-water quality may be adversely affected by injection 
recharge practices if the quality of the injection water is not 
closely moni tored. Serious consequences may resul t if low 
quality water is injected directly into utilized underground 
sources of drinking water. Recharge wells may introduce contami­
nants to supply aquifers from shallower perched water zones if 
well s are not properly designed and constructed to prevent 
communication between zones. 

Florida's "connector" wells are specifically designed to 
allow communication between the surficial perched aquifer and the 
deeper supply aquifer. A case study on these aquifer connector 
wells was carried out by the Florida Department of Environmental 
Regulation, Bureau of Groundwater Protection. This study con­
cluded that 10-20% of the connector wells inject water that 
greatly exceeds primary drinking water standards for gross alpha 
radiation, and another 30-40% inject water that slightly exceeds 
that standard. The concentration of combined radium 226/228 
exceeds primary drinking -water standards in about 10% of these 
wells. Injectate consistently exceeds secondary drinking water 
standards for iron. 

Additionally, some of these wells may be located in close 
proximity to phosphate chemical plant waste disposal areas. 
These wells may provide a conduit to the water supply aquifer for 
possible toxic waste plumes originating at chemical plant waste 
disposal sites. Ground-water samples from the surficial aquifer 
have been obtained within a contaminant plume from a waste 
disposal area. Samples taken revealed possibilities of extreme 
contamina tion. Records show some cases of· suI fate and fluoride 
concentrations in excess of 5,000 mg/l, sodium concentrations in 
excess of 2,000 mg/l, chromium concentrations of 2.0 mg/l (forty 
times the primary drinking water standard), and extremely acidic 
pH values below 2. Injectate volumes and concentrations will 
vary according to precipitation amounts and drainage patterns • 
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Florida receives approximately 53 in/yr precipitation of which 
approximately 14 in/yr comprises runoff (Pet tyj ohn, et al., 
1979). The case study carried out by the FDER Bureau of 
Groundwater Protection is listed in Appendix E of this report. 

Many inventoried recharge wells in Texas are "dual purpose" 
irriga tion supply/inj ection wells located on the High Plains. 
Farmers have been practicing this recharge method for 20-30 
years. Recharge wells are also sited in playa lakes in the area. 
These lakes. develop impermeable clay layers along their bottoms 
from settling solids. Wells are construct.ed to drain the land 
and recharge the aquifer. Water injected into "dual purpose" 
wells and playa lake recharge wells is agricultural runoff. The 
inj ection zone is the Ogallala aquifer. Ten wells were inven­
toried in the High Plains area, and two of these were sampled by 
the Texas Department of Wa ter Resources for inj ec tate qual i ty. 
(See Appendix E.) Sampling results indicated that injectate 
water quality was of higher standards than aquifer water quality 
at the time the sample was taken (March-April, 1982). This 
sampling episode may not be representative of typical conditions 
throughout the year. Nitrate levels in the aquifer water sampled 
ranged from 8.4 mg/l to 43 mg/l in the two wells (the primary 
drinking water standard for nitrate is 45 mg/l). This variation 
raises questions about the origin of nitrate concentrations in 
the second well. Injectate waters, when sampled and analyzed for 
ni tra te, measured only .04 mg/l. Common chemical contaminan ts 
associated with agricultural runoff include nitrates, p~osphorus, 

pesticides, herbicides, pathogens, metals, and total dissolved 
sol ids. 

Domestic wastewater may contain nitrogen, bacteria, viruses, 
and organic or inorganic pollutants. Effluent is more 
susceptible to toxic chemical contaminants if it serves an 
industrial sector. Refer to Section 4.2.3.3 for more' in depth 
information on domestic wastewater disposal wells. 

In summary, the contamination potential of properly 
designed, constructed, and operated recharge wells is low (proper 
operation would incl ude careful inj ectate moni toring to prevent 
introduction of poor quality fluids). However, many inventoried 
wells may be improperly designed, constructed, and/or operated 
and, therefore, must be assessed as a moderate (Texas dual 
purpose wells) to high (Florida connector wells) contamination 
threat. Contamination potential is directly dependent upon 
injectate quality in a properly designed ,and constructed well. 

Current Regulatory Approach 

Aquifer recharge wells are authorized by rule under 
Federally administered OIC programs (see Section 1). State 
reports were generally not specific with regard to regulatory 
jurisdiction; however, information'from the following States is 
pertinent. Injection wells in ,Florida are currently permitted 
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through the Florida Department of Environmental Regulation. 
Recharge wells on the High Plains of Texas are permitted by the 
High Plains Underground Wa ter Conserva tion Dis tricts in areas 
where underground water districts have been establ ished. The 
only permit requirement for these wells is that no pollutants 
enter the fresh water aquifer through them. A well completion 
report must also be furnished to the local district by the well 
owner (Texas DWR, 1986). Arizona has passed regulations for 
ground-water quality protection and has established an aquifer 
protection permit Program under the Environmental Quality Act of 
1986. Arizona House Bill 2209 deals specifically with regulation 
of aquifer recharge and underground storage projects. 

Recommendations 

The Florida and Nebraska state reports indicate that major. 
concerns for aquifer recharge inj ection wells include inj ecta te 
water quality monitoring, and proper design, construction, and 
operation of wells. Nebraska recommends that injectate water 
quality generally be of equivalent or better quality than water 
contained in the receiving aquifer. 

The Arizona report suggests that regulatory personnel should 
set standards for aquifers on a case by case basis to det~rmine 

aquifer water quality and allowable quality parameters for 
inj ectate waters. For example, if the aquifer serves as a 
drinking water source, water quality standards should not exceed 
drinking water standards. Local hydrogeologic information is 
necessary to adequately assess each site and recharge situation. 

Supporting Data 

Referenced supporting data for Aquifer Recharge Wells is 
listed in Appendix E of the report. 

4.2.7.2 Salt Water Intrusion Barrier Wells (5B22) 

Well Purpose 

Artificial recharge is used in many coastal areas to control 
the intrusion of salt water into fresh water aquifers. Intrusion 
of sal t water is predominantly due to reversal of the ground­
water gradient caused by pumping. Over-pumping of fresh water in 
coastal areas. allows salt water to flow inland and contaminate 
fresh ground water. Since as little as two percent sea water in 
fresh water can render it unpotable, controlling intrusion has 
received considerable attention • 

Several methods have been proposed to control salt water 
intrusion. These include: (1) control of pumping patterns~ (2) 
construction of an impermeable subsurface barrier using materials 
such as sheet piling, puddled clay, emulsified asphalt, cement 
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grout, ben toni te, silica gel, calcium acrylate, or plas tic s: (3) 
forma tion of an extraction barrier whereby a continuous pumping 
trough is formed by a I ine of well s adj acen t to the ocean, (4) 
use of combination injection - extraction barriers utilizing 
injection and extraction wells: (5) direct artificial recharge to 
raise groundwater levels; and (6) maintenance of fresh water 
ridge along the coast utilizing artif icial recharge (O.K. Todd, 
1974). Saline water may also intrude fresh water aquifers in 
inland areas where fresh and saline waters are in contact. The 
most usual cause of this problem is overpumping of the fresh 
water aquifer. This allows upconing of saline water to the 
pumping well •. 

Inventory and Location 

The inventory data collected by the States, Territories, and 
Possessions account for a total of 164 sal i~e water intrusion 
barrier wells. Of this total, 155 wells are located in the state 
of California. Washington reported a total of 7, and Florida 
reported 2. Table 4-54 provides a synopsis of information from 
the State reports. 

The West Coast Basin Barrier Project in Los Angeles County, 
is the first and largest intrusion barrier project in the State 
of Cal ifornia. This proj ect uti! izes 106 inj ection wells and 
stretches approximately 10 miles along the coast. 

It is certain that uninventoried wells exist. One operation 
of significance which was not included in inventory numbers is 
the Palo Alto Intrusion Barrier Project in Santa Clara County, 
California. This operation is located adjacent to the southern 
tip of San Francisco Bay. Treated sewage is being injected and 
extracted at this location to form a fresh water ridge barrier 
against intruding saline bay waters (see list of applicable Case 
Studies, Appendix E). 

Construction, Siting, and Operation 

Utilizing injection wells to control sea water intrusion may 
be accompl ished by uti! iz ing di rect recharge, whereby ground­
water levels are raised and maintained through injection of high 
quality water; or by maintaining a fresh water ridge, whereby 
water is injected through a line of wells near the coast. The 
most complex method of maintaining a fresh water ridge is an 
injection-extraction system whereby a ridge and pumping trough is 
formed (Todd, 1974). This method requires a smaller volume of 
fresh water for injection than does the system used to maintain a 
fresh water ridge. However, it also requires twice as many 
wells. 

Wells may be utilized in a variety of ways to form a fresh 
water barrier against salt water intrusion. Injection or 
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TAU 4-54: SYl(fSIS If STATE REPfJlTS FlJl 5Il&.I/£ WATER INTRIISIIW BHiRIER \IllS(~) 

• , RE&ItH, 
I IeI 
I STATES, 
I, 

EPA 
RE&IIIl 

Cl:rlfir_ 
Presenc' 

Of 11111 Typ, 

~Itery 
stll 

: Cue Studi eli : 
:Info. milibl.l 

Cl:rltilinibaI 
Potentul 

Rating 
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ll'.lin. I II) MIA II) MIA 
lllwithuslttl I II) MIA II) MIA 
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IRhod. III iIId 

I 
I 

r«I 
r«I 

MIA 
MIA 

r«I 
r«I 

MIA 
MIA 

lv.rat I r«I MIA r«I MIA 
I 
lNlll ~"SI'f 
lNlll Yerk 

II 
JI 

r«I 
r«I 
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MIA 

r«I 
III 

MIA 
MIA 

lPuerto Ri co II r«I MIA r«I MIA 
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IlliryIiIICI 
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I Virginia, 

III 
III 
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III 
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r«I 
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MIA 
MIA 
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MIA 
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I I 
I I 
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I Y II) MIA II) MIA 
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:lJIio 

I 
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I• 

Y 
Y 
Y 
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I 
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I 
I 
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ikinus YII II) MIA I«l MIA 
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I 
I 
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:~ I II) MIA II) MIA 
:=gtal I 7 IIULS PERIlJT r«I WI 

4-303
 



5822
 

extraction wells may be separately, or a combination injection­
extraction system may be employed • 

.If inj ection wells alone are utilized, these wells will be 
sited along the coast, and fresh water will be injected to form a 
fresh water barrier (see Figure 4-59). If extraction wells alone 
are utilized, they will be sited along the coast to extract salt 
water so that it does not further intrude into fresh water 
aquifers. A combination injection-extraction system may be 
utlized to extract salt water along the coast when some intrusion • 
has taken place, while simultaneously injecting fresh water 
further inland (see Figure 4-60). An injection-extraction system 
may also be utilized to inject water along the coast to form a 
fresh water ridge, while simultaneously extracting this water 
further inland. This may prevent aquifer contamination when 
injectate water quality is low relative to that found within the 
aquifer. An example of this system exists at Palo Alto, 
California, and will be discussed further in this report. 

Figure 4-61 illustrates construction features of salt water 
intrusion barrier injection wells used at the Alamitos Project in 
Los Angeles. These wells utilize 12-inch diameter stainle~s 

steel casing and are approximately 300 feet deep. Injection 
wells for sea water intrusion barriers commonly have inj ection 
capacities of 0.5-1.5 cubic feet per ·second (cfs). Attempts to 
increase capacities by using high injection pressures may result 
in problems such as formation f:r:acturing. Cases exist in which 
the ground surf ace near the well set tl ed, the well cas ing 
buckled, the gravel pack was plugged, and hydraulic communication 
between aquifers waS establ ished due to overpressuring the 
aquifer (Toups; 1974). 

Inj e.cted Fluids and Inj ection Zone Interactions 

Characteristics of injection fluids will vary depending upon 
the source. An intrusion barrier system has been implemented in 
Palo Al to, California which inj ects effluent from an advanced 
sewage treatment plant as fresh water in the injection-extraction 
system. The effluent is injected along the coast and is later 
extracted by wells farther inland to prevent contamination of the 
drinking water supply. After extraction, the diluted effluent is 
made available for industrial and agricultural' purposes (Sheahan, 
1977). Examples of other injection fluid sources include surface 
runoff, which may be comprised of urban and agricultural runoff, 
and imported surface waters from canals, rivers, and lakes. 

Since injected fresh wate~ is less dense than intruding salt 
water it will overlie the intruded fluid, and a transition zone 
will exist between fresh and saline waters. The purpose of 
injected fluid is to keep the transitional and saline waters from • 
intruding into fresh water zones. 
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Two major problems can occur within the injection zone as a 
result of this type of injection, both dependent upon the nature 
of the injected fluid. The first is that chemical or biological 
contaminants, associated wi th agricul tural or urban runoff and 
treated sewage, can be introduced into the inj ection zone wi th 
the recharge water. Second, suspended sol ids can be introduced 
with the injected fluid, causing local clogging within the 
inj ection zone and contamination due to adsorption and 
transportation of pollutants. Clogging solids of greatest 
concern in are colloidal clays. Colloids· resist most forms of 
settling and filtration and are, therefore, difficult to remove 
from waters prior to injection (Dvoracek, 1971). 

Clogging problems may also be caused by recharge with water 
that is not chemically compatible with receiving water or aquifer 
material. These problems include precipitation of solids and the 
swelling of clay particles present in the aquifer. ,For example, 
if the water used for recharge has a highe~ sodium-calcium ratio 
than the receiving water, and clay particles are present in the 
formation, swelling can occur. Ion exchange occurs between 
calcium and sodium ions adsorbed onto clay minerals. The sodium 
ions hydrate more than the calcium ions which causes the clay 
particles to swell, resulting in decreased aquifer pore space and 
permeability. These types of reactions can be prevented by 
choosing an alternate recharge water or by treating the recharge 
water prior to injection to bring it into equilibrium with the 
aquifer system. 

There are a variety of reactions that may occur during 
i nj e c t ion· in to an aq u i fer. Am 0 n g the m0 s t not a b 1 eare 
adsorption, ion exchange, precipitation and dissolution, 
oxidation, biological nitrification and denitrification, aerobic 
and anaerobic degradation of organic substrates, mechanical 
dispersion, and filtration. The relative influence of reactions 
such as these must be addressed on a site-specific basis, and 
will he dependent upon the chemical nature of the fluids 
involved. 

Hydrogeology and Water Use 

Studies by the US Geological Survey of sal ine ground wa ter 
(1965) indicate that approximately two thirds of the U.S. is 
underlain by ground water containing more than 1,000 mg/l of 
dissolved solids. Coastal intrusion has been recognized to occur 
in almost all of the states bordering the sea. Most serious are 
those sections where coastal urban areas have led to exploitation •
of local ground-water resources. The states of California, 
Texas, Florida, New York (Long Island), and Hawaii have been 
affected to the largest extent. The problem is also known inter­
nationally (Todd, 1974). 

The most significant hydrogeologic parameters to address in 
assessing this well type are the rate at which intrusion is
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occurring and the nature of the chemical interactions between sea 
water and the injection fluid. Increases in intrusion rates are 
due to decreased hydraulic head resulting from water extraction 
via wells tapping the fresh water aquifer. Intrusion is also 
controlled largely by lithologic and structural fea tures wi thin 
the area and their influence on hydraulic gradients and 
transmissivities. 

Contamination Potential 

Based on the rating sys tem described in Section 4.1, sal t 
water intrusion barrier wells are assessed to pose a low 
potential to contaminate USDW. These wells typically do inj ect 
into or above Class I or Class II USDW. Typical well 
construction, operation, and maintenance would not allow fluid 
inj ection or migration into-unintended zones. Inj ection fluids 
should be of equivalent or better quality (relative to standards 
of the National Primary or Secondary Drinking Water Standards and 
RCRA regulations) than the fluids within any USDW in connection 
with the injection zone. Based on injectate characteristics and 
possibil i ties for at tenua cion and dilution, inj ection does not 
occur in suff icient vol urnes or at suff icient ra tes to cause an 
increase in concen tra ti on (above background level s) of the 
National Primary or Secondary Drinking Water Regulation 
parameters in groundwater, or endanger human health or the 
environment in a region studied on a group/area basis. 

The contamination potential posed by wells of this type 
depends heavily upon the type of injectate used and treatment 
provided. Signif icant variation in sources for inj ec tate wa ter 
exists. Effluent from advanced sewage treatment plants, surface 
runoff, and imported surface waters are the most notable sources 
of injectate. Water from these sources may contain constituents 
at levels in excess of National Primary and Secondary Drinking 
Water Standards, especially if injectate is not sufficiently 
treated. In addition, constituent. levels set forth in 40 CFR, 
Part 261, Subparts C and D may be exceeded owing to the influence 
of pesticides, agricul tural nutrients, and urban chemical s. At 
the present time, no data exist to substantiate this. 

This sort of injection generally occurs within currently or 
potentially useable drinking water aquifers. Support for this 
statement sterns from an indication that sea water intrusion is 
most prominent in regions drawing heavily from wells for 
agricul tural and domestic purposes. If contaminants associated 
with improperly treated domestic wastes or agricultural and urban 
runoff are injected directly into presently used drinking water 
suppl ies, serious heal th and safety problems could develop. 
Injectate quality is especially important since salt water 
intrusion barrier proj ects inj ect large volumes of water. 
Degradation of USDW on a local or regional scale could occur if 
injectate water quality is poor. 
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The contamination potential for saline water intrusion 
barrier wells is considered low, provided the wells are properly 
designed, constructed, and operated, and injectate quality is 
adequately monitored. These wells are designed specif ically to 

•rernediate contamination problems associated with intrusion. 

Current Regulatory Approach 

Sal t water intrusion barrier wells are authorized by rule 
under Federally-administered UIC programs (see Section 1). The .. 
California Regional Water Quality Control Boards regulate saline 
water intrusion barrier wells in California. A waste discharge 
permit is required statewide for salt water intrusion barrier 
wells injecting waste-water, such as sewage effluent. Injection 
wells in the State of Washington are currently regulated under 
the nondegradation provisions of the Water Pollution Control Act 
and the Water Resources Act. Other Washington State laws· 
applicable to Class V wells include Chapter 90 of the Regulation 
of Public Groundwaters, the Pollution Disclosure Act, and the 
Planning Enabl ing Act. The Florida Department of Environmental 
REgulation permits Class V wells in Florida. Inspection and 
surveillance of Class V wells is under the jurisdiction of .FDER 
District offices. 

RecODUIlendations 

The following recommendations regarding saline water 
intrusion barrier wells appear in the California report. Proper 
design, construction, and operation is required to prevent 
possible contamination resulting from communication with surface 
waters and other penetrated zones. Wells must be properly cased, 
cemented, and operated to prevent this problem. 

Processes and fluids involved with salt water intrusion 
barrier projects are variable and often site specific. Litholo­
gic and hydrogeologic parameters that influence salt water intru­
sion in coastal areas should ~e defined, and coastal USDW should 
be defined and characterized with regard to water quality in 
areas experiencing saline water intrusion problems. Interactions 
of injected fluids with formation fluids also should be 
characterized for operating barrier projects. If it can be shown 
that potentially usable USDW are being degraded by this 
inj ection, immediate steps toward corrective action should be 
initiated. 

Because these projects are typically of a broad scope, 
inventory maintenance and update should not be difficult. A 
regularly updated inventory is fundamental to maintaining proper 
regulatory authority. 
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Supporting Data 

The referenced supporting da ta for Sal ine Wa ter In trusion 
Barrier Wells is listed in Appendix E of the report. 

4.2.7.3 Subsidence Control Wells (SS23) 

Well Purpose 

Subsidence control wells are recharge wells employed for the 
primary purpose of controlling land subsidence. Subsidence is 
the sudden sinking or gradual downward se t tl ing of the earth 's 
surface with little or no horizontal motion. Subsidence may 
result from a variety of natural geologic or man-induced proces­
ses. For purposes of this report and the UTC program, we will 
limit our discussion to subsidence resulting from excessive 
ground-water withdrawal. 

Problems associated with subsidence include: (1) 
differential changes in elevation and gradient of stream 
channels, drainage, and water transport structures, (2) failure 
of water casings due to compressive stresses generated by 
compaction of the aqui fer sys tern (s) , 
lowland coastal areas, and (4) damage 
(Poland et. al., 1984). 

(3) 
to 

tidal 
engine

encroachment 
ering structur

in 
es 

Inventory and Location 

The inventory data collected by each State and United States 
territories and possessions accounts for a total of only 4 wells 
at one location in Wisconsin. These 4 wells are associated with 
a construction proj ect. However, problems wi th subsidence are 
prevalent in southwestern states, most notably in California, 
Texas, and Arizona. The Houston-Galveston area of Texas has 
experienced subsidence which has led to ca tas trophic fl ooding 
along Galveston Bay. Thousands of sinkholes exist in karstic 
regions from Florida to Pennsylvania. These sinkholes are most 
often the result of ground-water withdrawal. Some areas of land 
subsidence resul ting from ground-wa ter wi thdrawal in the Uni ted 
States are depicted in Figure 4-62. Case studies of subsidence 
problems in Alabama, Texas, and California are listed in Appendix 
E. Subsidence control wells may be used now or in the future to 
con trol probl ems in these areas. Tabl e 4 -5 5 pres en ts the 
inventory data from the State reports • 

A recharge inj ection proj ect has been carried out in Long 
Beach, California for purposes of subsidence control and oil 
recovery. It is true that this represents a Class II rather than 
a Class V injection well: however, the same principles would 
apply for subsidence control purposes. 
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TAIlE~: SYJOlSIS IF STATE REPCRTS F[I! SUBSlllEII:E COORD.. iEU.S (5523) 

,, RESla. EPA I:alfirlld R,lIlatcry : CiSI Stwhesl : Caltalinaticn 
.-	 · ~ RESla. Presence ysttl I Info. availible: PDttllhal 

I · STATES Of 1It11 Typi RatingI 
I
 
I
 

lCamecticlIt I III MIA III MIA 
:lWnt I III MIA III MIA 
:Ilassicllllsltts I III MIA III MIA 
:,.. Hilpshlrt I III MIA III MIA 
IIllDdt Island I· III MIA III MIA• lVerlalt I III MIA III MIA 
I 
I 

:,.. Jwsty II III MIA III MIA 
:,.. Ycrk II YES lj/A III MIA 
lPuwto Rico 11 III MIA ttl MIA 
IVirgin I,land, II III MIA ttl MIA ·	 I 

II	 , 
I1011 illil'e III III MIA III MIA 

IlWyland III III MIA III MIA ,I
,IIPlnnsylvania III III MIA III MIA
 

lYirrnia III III MIA III MIA I,
 
I 

I 
lilts Virginia III III MIA III MIA I 

I 

I
I 

lAIablll IV III MIA III MIA .I 
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I 

Il6torgia IV III MIA III MIA I 

IIKentllC ky IV III MIA III MIA I 

:ItiSsi~i IV III MIA III MIA I 

:Itrth olina IV III MIA III MIA 
lSoutb Cirolilli IV III MIA III MIA 
lTllllll!iSll IV III MIA III MIA, 
I 

IIllinois V III MIA III MIA 
IIndiw V III MIA III MIA 
:lticbigan V III MIA III MIA 
lltillIlIIllta V III MIA III MIA 
11Jlio V III MIA III MIA 
IIiisclllsin V OELlS PERIlIT III I.lJj 
I 
I	 

,IllItrkilllU VI MIA III MIA 
Ila1isiana VI III MIA III MIA 
:,..lIIllico VI III MIA III MIA 
:III ihllli VI III NlA III MIA 
:Tllu VI III MIA III MIA 
I 
I 

lIllIIi VII III MIA. III MIA 
IKansas VII III MIA III MIA 
lltiUlU'i VII III MIA III MIA 
lHlbrasica VII III Rl1E III MIA 

·II Colcrado VIII III MIA III MIA 
lbtana VIII III MIA III MIA 
iNcrtb DUDta VIII III MIA III MIA 
ISCutb DUDta VIII III MIA III MIA 
Illtih VIlI III RI1£IPERIlIT III MIA 
:_n9 VIII III MIA III MIA 
I
 
I
 

:trizlIla II III MIA III NJA 
:Califcrnia II III MIA III MIA•	 :Ha.aii II III MIA III MIA
 
IHtYllIa II III MIA III MIA
 
I_iean Suoa II III MIA III MIA
 
ITr. Terr. of P II III MIA III MIA

lFiwl . II III MIA III MIA 
IDflI II III MIA III MIA 

11	 I 
IAlaska J III MIA III MIA 
:Idallo J III MIA III MIA 

J III MIA III NlA:~111 
: ingtlll J III MIA III MIA 

NJTE~ SlI£ IUIIERS III THIS TAIlE IV( ESTIIlATES. 
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Construction, Siting, and Operation 

Although the injection wells used in the Wilmington Oil 
Field subsidence control/enhanced recovery project are not Class 
V wells, they are illustrative of constructfon, siting, and 
operation of subsidence control injection wells (See Figure 4­
63) • In this particular case, oil production resul ted in 
decreased fluid pressures in the oil saturated sand zone 
underlying an impermeable shale layer. This shale·layer acts as 
a trapping mechanism, preventing further upward migration of 
petroleum. As fluid pressures decreased wi th oil production, 
water contained in the shale zone was squeezed out by weight of 
overburden in to the zone of lowered pressure. This resul ted in 
compaction of the shale layer, which caused subsidence at the 
surface. 

The water· injection well was sited down structural dip to 
oil production. This allows injection into the water saturated 
zone of the reservoir. rock. Since oil is less dense~ inj ected 
water acts to push the oil upward toward the producing well, and 
also to increase reservoir pressures. Increasing reservoir pres­
sures in this case resul ted in abatement of the prev iously des­
cribed shale dewatering and compaction. This project resulted in 
reduction of the subsiding area and local land surface rebound of 
as much as 1 foot (Mayuga and Allen, 1969). 

The inventoried wells in Wisconsin are temporary and have 
been constructed for the purpose of restoring piezometric levels 
during tunnel construction procedures. This is necessary to 
minimize damage from settlement during construction of the 
Milwaukee Tunnel proj ect (Wisconsin DNR, 1986). Construction, 
siting, and operation practices will vary according to 
hydrogeologic conditions. 

Injected Fluids and Injection Zone Interactions 

Injection fluid characteristics and injection zone interac­
tions are discussed in depth under Section 4.2.7.1 (Aquifer 
Recharge Wells) of the report. The following discussion deals 
wi th some physical properties and characteris tics of the inj ec­
tion zone with regard to compaction and response to injection. 

Water level fluctuations change effective stresses in the 
following 2 ways (Poland et. al., 1984): 

1.	 A rise in the water table provides buoyant support 
for the grains within the zone of change while 
water decline removes buoyant support in this 
zone~ These changes in grav i ta tional s tress are 
transmitted downward to all underlying deposits. 
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Saline Gloundwater Zone 

Water Injection Well 
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SCHBv1AllC DIAGRAM OF SLBSIDENCE C()\JTRCl. 
(Water Injection) WELL AND OIL WELL 
WilmirgtOl1 01 Field. Long Beact\ CA 
(after Texas DWR, 1986) Figure 4-63 
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2.	 A change in position of the water table or
 
potentiometric surface of the confined aquifer
 
system may induce vertical hydraulic gradients
 
across confining or semiconfining beds and thereby
 
produce a seepage stress. If preexisting seepage
 
stresses are altered in direction or magnitude, a
 ..change in effective stress will result. 

Since aqui tards (composed of cl ay or shal e) are highl y 
compressible in comparison to aquifers (granular porous and 
permeable media), they may determine by number and thickness the 
system's susceptibility to compaction. Aquife:rs themselves are 
relatively incompressible at low pressures, however compression 
due to rearrangement of grains will occur at higher pressures (at 
the effective stress point). Compression may be permanent 
(inelastic) or recoverable (elastic). If geologic conditions are 
favorable, injection wells may aid in recovery of compacted 
s tra ta. 

Hydrogeology and Water Use 

Subsidence due to ground-water withdrawal de"velops 
principally under two contrasting environments and mechanics 
(Poland et. al., 1984). One environment is that of karst areas 

where ground water flows through underground cavernous openings. 
The ground-water body provides buoyant support to overlying 
material in these areas. When ground-water levels drop, the 
buoyant support is removed and the hydraulic gradient is 
increased. This may result in erosion of unconsolidated material 
overlying the karst material, and also further dissolution of the 
karst material itself. This process may result in catastrophic 
collapse of roof material, forming sinkholes. 

The second and more prevalent environment of occurrence is 
that of young unconsol idated, or semiconsol ida ted elas tic sedi­
ments of high porosity which were deposited in shallow marine, 
alluvial, or lacustrine environments. This environment consists 
of aquifer systems containing aquifers of sand and/or gravel of 
high permeability and low compressibility, which are interbedded 
with clayey aquitards of low vertical permeability and high 
compressibility (Poland et. al., 1984). These aquifer systems 
compact in response to increased overburden stress. This is 
caused by decreased fluid pressures in the coarse-grained aqui­
fers resulting from excessive extraction of water from this zone. 
Clay zones are thus dewatered and compacted as fluids move into 
the zone of lowered pressure. If overburden pressures continue 
to increase, aquifers may also compact due to grain rearrange­ • 
ment. 

Principle clay minerals of which aquitards are composed 
belong to the montmorillonite, illite, or kaolin groups. Mont­
morillonite clays are the most compressible, and are the most 
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predominant clays in the compacting 'aquifer systems of the south­
western United States . 

Populations in arid climates are generally more dependent 
upon ground water, as surface water is not readily available in 
many of these areas. Heavy ground-water demands may cause severe 
depletion leading to subsidence. High ground-water demand in 
irrigated agricultural areas of the southwestern United States 
has caused widespread subsidence problems. Subsidence in Arizona 
has led to the forma tion of earth ·f issures. 

Contamination Potential 

Based on the rating system described in Section 4.1, 
subsidence control wells are assessed to pose a low potential to 
contaminate USDW. These wells typically do inject into or above 
Class I or Class II USDW. Typical well construction, operation, 
and maintenance would not allow fluid injection or migration into 
unintended zones. Injection fluids should be of equivalent or 
better quality (relative to standards of the National Primary or' 
Secondary Drinking Water Standards and RCRA regulations) than the 
fluids within any USDW in connection with the injection zone. 
Based on injectate characteristics and possibilities for 
attenuation and dilution, injection does not occur in sufficient 
volumes or at sufficient rates to cause an increase in 
concentration (above background levels) of the National Primary 
or Secondary Drinking Water Regulation parameters 'in ground 
water, or endanger human heal th or the environment in a region 
studied on a group/area basis. 

Subsidence control inj ection well s discharge di rectly into 
or above USDW. If subsidence control wells are not properly 
designed, constructed, and operated contamination may result. 
Wells must be properly sealed to prevent cross contamination and 
surface inflow. Special design, construction, and operation 
problems may arise in subsiding areas, as wells may be subject to 
casing or seal failures resulting from compressive stresses. 
Ground-water quality may be adversely affected by subsidence con­
trol recharge practices if injectate water quality is not closely 
monitored. Serious aquifer degradation may result if low quality 
water is injected directly into drinking water supply aquifers 
since injected volumes are quite large. Contamination potential 
for subsidence control wells is considered to be low providing 
they are properly designed, constructed, and operated. Serious 
problems may arise wi th improper practices which may lead to a 
high contamination potential. Refer to Section 4.2.7.1 for more 
information on the contamination potential of recharge wells. 

Severe land subsidence itself may threaEen water quality in 
some instances. Underground structures such as water and sewer 
systems, pipelines, and storage tanks may be damaged by land 
subsidence and earth fissures. There have been some cases in 
Arizona of people dumping refuse into open fissures. Earth

•
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fissures and sinkholes may extend to depths of regional supply 
aquifers and could provide a conduit for surface pollutants to 
enter drinking water supply aquifers. 

• 
Current Regulatory Approach 

Subsidence control wells are authorized by rule under 
Federally administered UIC programs (see Section 1). The 
inventoried wells in Wisconsin have been permitted by the 
Wisconsin Department of Natural Resources (WDNR). These well s , 
will be used tempOrarily during a construction project and will 
be properly pI ugged after the proj ect is completed. The WDNR 
approved these wells under certain conditions, which include 
proper construction, operating, and abandonment procedures. The 
injectate source will be public supply drinking water. The 
project proposal was found by the WDNR to be consistent with the 
USEPA UIC regulations and local state regulations. 

The Harris-Galveston Coastal Subsidence District was created 
in May 1975 to prov ide for the regul a tion of ground-wa ter 
withdrawal within district" boundaries for the purpose of ending 
subsidence. In 1978 (Smith-Southwest Industries, Inc. vs. 
Friendswood Development Company) the Texas Supreme Court ruled 
that ground-water users were not liable for subsidence damage 
caused by past actions, but could be held liable for damages due 
to future negligent or malicious ground-water pumpage (Poland, 
et. al., 1984). 

In 1958 the United States sued oil and gas producers in the 
previously mentioned Wilmington oil field for damages to the U.S. 
Naval Base on Terminal Island, and other properties, resu1 ting 
from subsidence. This was the largest damage suit in United 
States history for subsidence caused by the pumping of 
underground fl uids. This case was settled out of court and the 
Anti-Subsidence Act of 1958 compelled Wilmington oil field 
producers to uni tize and repressure the depleted reservoir 
(Poland, e1. a1., 1984). 

Reconunendations 

Recommendations for subsidence control wells are similar to 
those for recharge wells (See Section 4.2.7.1). Injectate quali ­
ty should be monitored, and proper well design, construction, and 
operation are most important. Injectate quality should be of 
equivalent or better quality than fluids in the receiving aqui­
fer. Standards should be set on a case by case basis. 

Supporting Data 

Referenced supporting data for Subsidence Control Wells is 
listed in Appendix E of the report. 
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"4.2. 8 MISCELLANEOUS WELLS 

4.2.8.1 Radioactive Waste Disposal Wells (SN24) 

Well	 Purpose 

The purpose of radioactive waste disposal wells is to 
dispose of wastes containing radioactive materials, in 
concentrations exceeding those listed in 10 CFR Part 20, Appendix 
B, Table 2, Column 2, into subsurface formations. These wastes 
are low level radioactive wastes. This subcategory includes 
wells that inject heat exchange and cooling water process 
equipment waste condensate from facilities managing radioactive 
materials. In addition, non-radioactive wastes from laboratory 
drains also may be injected into these wells. 

Inventory and Location 

The inventory data collected by each State, Territory, and 
Possession, account for a total of approximately 122 radioactive 
waste disposal wells. There tends to be a hesitancy by the 
opera tors of pos sible radioac ti ve was te di sposal well s to 
identify themselves. How.ever, when this report was coordinated 
with the Department of Energy, staff at all levels were 
cooperative and offered full and complete data for this report. 
It is very possible that the current inventory of known 
radioactive waste disposal wells constitutes only a percentage of 
those actually in existence. Table 4-56 indicates where 
inventoried Class V radioactive waste disposal wells are located. 

A maj or probl em in the inven tory of radioac ti ve was te 
disposal wells is determining which wells are Class V injection 
wells and which wells would meet the criteria for Class IV 
inj ection wells, which are banned. Also, wells which have not 
disposed of radioactive wastes' since the inception of the UIC 
program would not fall under the jurisdiction of the UIC 
regulations: however, mention of these facilities is included in 
this inventory for completeness. 

The Nuclear Regulatory Commission (NRC) under the Energy 
Reorganization Act of 1974, licenses and regulates the following 
facilities according to Section 202: 

1.	 Demonstration Liquid Metal Fast Breeder reac~ors 

when operated as part of the power generation 
facilities of an electric utility system, or when 
operated in any other manner for the purpose of 
demonstrating the suitability for commercial 
application of such a reactor • 
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TAllE 4-56: SYIIfSIS (f STATE R£PtRTS FlJl RADlrlLTI~ WASTE DI~	 WEllS(~41 

,0 REGI[J EPA ClJIHrllll R,uiatory : Cast Studiesl : Caltaainatitrl 
I REGIIJt Presence ystea IInfo. lVillable: PotentialI 
I	 0 I• , STATES Of Well Type	 

I 
RatinqI	 I I 

I,	 ,I,:Calnecti cut I f(l MIA f(l I MIAI I 

:ftaine I ~ KIA	 ,
I f(l I MIA -.I 

:l1aslidlll5lttl 1 f(l tuA ,I f(l ,I NlA 
:NeII Hupsllire I f(l MIA NO I NlAI 

IRIIlld. Illand I r«I MIA r«I I MIAI 

IVIlrIlllt	 I f(l MIA r«I MIA 
I 
I 

:NeII J• .., II II) MIA til NlA 
INN York II f(l MIA NO If/A .. 
:Pulrto Rico II til MIA 1(1. lUA 

~!Virgin III andI II It) MIA It) NlA 
I 

:Dtl blrt III NO lUA }I) NlA 
:~land III t«J NlA I(t , tuA 
IPlftnlYlvlllil I1J f(l MIA NO MIAI 

I1J f(l MIA f(l MIAIIVirtinil	 ,.
I 

I 
I I 
11M Virginil I1J r«I MIA f(l , NlA 

, II	 , 
I:Alalllll IV ICI MIA f(l ,I NlA 

IFloridl IV f(l MIA L r«I I MIA 
161argil IV f(l MIA r«I MIA 
:KlIlt\ICk~ IV III NlA r«I MIA 
lltiIiiIlllIPi IV f(l MIA r«I MIA 
IItrlb CNo1inl IV III MIA f(l MIA 
:Saltll CNolina IV f(l MIA f(l MIA 
:TIIlIIII5It IV 1 lI£l.L 1A!lD1 MIA r«I NlA 
I 
I 

:Jllinoil V 1 lIl.L R\LE r«I NlA 
:Indillli V r«I NlA f(l MIA 
IItitlIigilt V III MIA f(l MIA 
Iltinnlictl V f(l MIA f(l lUi! 
:lJIio V III NlA r«I NlA 
llliKlllli1 V f(l NlA r«I lUA 
I 
I 

irrkllllU. VI f(l MIA f(l MIA 
ILcuiIi iIII VI r«I MIA t«J iliA 
:N8llBico VI 1 lI£l.LIra) ILi.EStL YES Ll:M 
:Ilklill.. VI 1 iEl.LIABO) RI1.E f(l NlA 
ITilII VI r«I MIA f(l MIA 
I 
I 

ll_ vn f(l NlA f(l N/A
:Klllsu VII r«I NlA f(l MIA 
:Iti Iscuri VII r«I MIA f(l IUA 
lNebruila VII f(l Rll.E f(l NlA, 
I 

:Colorldo VJJJ f(l MIA f(l NlA . 
llbltllli VJJJ r«I MIA f(l MIA 
:Nortll DakMI VIII f(l MIA r«I NlA 
:Salth IliIcMI VIII r«I MIA rcJ MIA 
lUhh VIII f(l RllEJPERIlIT f(l NlA 
!-ng VJJJ f(l NlA f(l MIA 
I 

IrrizlIIl II III MIA f(l MIA 
iCilifornil II r«I MIA r«I NlA 
:Hwii II f(l NlA f(l MIA 
INMdl II r«I NlA f(l NlA 
:_ic. SUoI II II) MIA f(l Nil' 
ITr. Terr. of P II II) MIA II) NlA ~ 

lbl II f(l NlA r«I NlA 1IOftI	 II II) NlA r«I MIA 
I 
I 

:Alukl	 I III NlA III NlA 
lldiho	 I 4 IillS PERIlJT>18 FT YES 7TK HIEi£ST/14 mes
::=111 I r«I Nil' r«I MIA	 r: ingtlll I 11& IillS PERIIIT YES KIIII 

ItlTEJ SIJ£ IUIlERS IN THIS Tl'il£ 111 ESTIMT£5.. 
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2. Other demonstration nuclear reactors when operated 
as part of the power generation facil i ties of an 
electric util i ty system, or when opera ted in any 
other manner for the purpose of demonstrating the 
sui tabil i ty for commercial appl ica tion of such a 
reactor. 

3 • Facilities used primarily for the receipt and 
storage of high-level radioactive wastes resulting 
from activities licensed under such Act. 

The Kerr-McGee facility in Oklahoma falls under the 
jurisdiction of the NRC. The State of Oklahoma reports a permit 
request from the Kerr-McGee Corporation for disposal of "very 
low-level radioactive wastes." Oklahoma reports that these 
wastes were below the level designated as nuclear waste and, 
therefore, did not permi t the well as a radioac ti ve was te 
disposal well. The well was plugged in December 1985. 
Applications for radioactive waste injection at NRC licensed 
facilities are evaluated on a case-by-case basis and in 
accordance to EPA regulations. 

The Department of Energy (DOE) under the Atomic Energy Act 
of 1954 regulates the remaining facilities included in the 
current inventory. At the Hanford Atomic Operations in Richland, 
Washington, information has been documented concerning the 
disposal of radioactive wastes~ however, available information 
indicates that the injection wells have not been used to inject 
fluids containing radioactive materials since the 1950 's. 
Another facili ty which has inj ected radioactive wastes, in the 
form of cement grout, in the past is the Oak Ridge National 
Laboratory in Oak Ridge, Tennessee. According to State 
officials, radioactive wastes are no longer injected into those 
wells, and there are no plans to resume this type of injection 
due to the difficulties in obtaining a UIC permit. The last 
reported injection activity there occurred in 1984. 

In the State of Idaho, DOE maintains one low-level 
radioactive waste disposal well at the DOE Idaho Chemical 
Processing Plant (ICPP) on the Idaho National Engineering 
laboratory reservation. According to an Idaho assessment of 
Class V injection wells, this well is maintained as an emergency 
disposal method to the facility's ongoing waste percolation pond 
disposal system • 

A tile field cooling water disposal system has been reported 
by the State of Illinois at the Fermi National Accelerator 
Laboratory in Batavia, Illinois. The radioactive wastes are 
composed of cooling water with low levels of Beryllium 7, which 
has an affinity for adhesion to the clay into which disposal 
occurs. Under current DOE policy, no injection wells are being 
used to dispose of radioactive materials. 
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Construction, Siting, and Operation 

Construction and operation of radioactive waste disposal 
wells varies greatly. At Oak Ridge National Laboratory, 
radioactive wastes were blended with cement to form a slurry 
which was pumped under pressure through a cased well in to 
subsurface strata. 

At the Hanford Facility in Washington, injection has 
occurred through three distinct methods. The methods include: 
reverse wells, french drains, and cribs. According to the State 
of Washington Department of Ecology, the Hanford facil i ty has 
operated 13 reverse wells, 32 french drains, and 70 cribs since 
the early 1940's. There is some uncertainty as to which of these 
disposal methods would fall under jurisdiction of the UIC 
program. The "reverse wells" undeniably are subject to UIC 
regulation. Reverse wells are cased wells with a perforated 
bottom section for disposal of the radioactive materials. A 
french drain consists of a rock-filled cell with an open bottom 
that allows liquids to seep into the ground. A crib -is qn 
underground structure which consists of a settling tank, 
diversion box, distribution line, and a perforated drain pipe 
which allow fluids to seep into the subsurface. The cribs at the 
Hanford facility, however, did not include a settling tank. 

The ICPP low-level radioactive waste disposal well in Idaho 
is constructed of 12-inch diameter casing which extends from 15 
feet below ground surface (base of well pit) to 588 feet, the 
total depth of the borehole. The borehole encountered 
approximately 40 feet of unconsolidated materials and penetrated 
approximately 548 feet of interlayered basal t and sedimentary 
strata•. The lowermost 138 feet of casing (from 450 feet to 588 
feet) is perforated. Ground water is encountered in the ICPP 
emergency injection well at a depth of 440 feet. In 1983, the 
well was lined with 10-inch diameter PVC casing and back-filled 
to a depth of 520 feet. No explanation for the casing and 
backfilling effort was· presented in the Idaho report. However, 
DOE has informed EPA that the PVC casing and backfilling were 
standard techniques to correct well collapse. 

Injected Fluids and Injection Zone Interactions 

A variety of radioactive materials reportedly have been 
injected into radioactive waste disposal wells. Reported wastes 
include Beryllium 7, Tritium, Str0ntium 90, Cesium 137, Potassium 
40, Cobalt 60, Plutonium, Americium, Uranium, and other 
Radionuclides. 

At the Idaho DOE facility, the ICPP emergency injection well 
is not utilized for routine injection. The injectate, as 
demonstrated from fluids disposed in the facility's routine 
disposal system, would include: heat exchange condensate and 
cooling water, boiler blowdown, deionizer regeneration solutions, 

• 

• 
• 
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chemical makeup sol utions, process equipment was te condensa te, 
nonradioactive wastes from laboratory drains, and fluids from 
pilot plant drains • 

According to the 1985 records, approximately 136,000 gallons 
of inj ectate were disposed through the ICPP emergency inj ection 
well. According to the Idaho report, only one injection episode 
occurred from January 1, 1986 through October 1, 1986. During 
this inj ection episode, approxima tely 850 gallons of inj ecta te 
were disposed through the ICPP injectJon well • 

Based on water quality data, injectate of the ICPP injection 
well is not considered hazardous in accordance with the 
definition of RCRA listed and characteristic hazarous waste under 
40 CFR Part 261. In addition, the injectate is in accordance 
wi th the Idaho Departmen t of Heal th and WeI fare, Radia tion 
Control Regulation for release to an uncontrolled area. However, 
the concentrations of radiochemical constituents, as well as 
nitrates and mercury, have exceeded the USEPA Primary Drinking 
Wa ter Standards (4 a CFR, Part 142). They al so exceeded the 
discharge quality standards of the Idaho Injection Well 
Regulations. . 

According to the Washington Department of Ecology report on 
the Hanford facility, injection fluids originated from a variety 
of sources which include laboratories and processing areas. The 
fluids may contain condensates and laboratory wastes. 

Hydrogeology and Water Use 

Inventoried inj ection facili ties inj ect· wastes which are 
reported to be confined within the perimeters of the site. There 
is no expected water usage on these sites: however, the potential 
transport of these rna terials of f-si te needs further eval ua tion. 
Since injection occurs at very shallow depths, there still 
remains the potential for contaminating USDW if transport of 
these radioactive material occurs. Investigations should be 
conducted to determine whether these wells are Class V or Class 
TV inj ection well s, based on location of USDW wi th respec t to 
injection zones. 

Contamination Potential 

With the data available from the State reports, the 
contamination potential cannot be adequately determined • 

Current Regulatory Approach 

Radioactive waste disposal wells are authorized by rule 
under Federall y-administered UIC programs (see Section 1). See 
Table 4-56 for a syn9psis of regulatory systems by State. 
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Recommendations 

Washington provided the following recommendations for its 
Class V program: 

1.	 The Department proposes to use the prov ~s~on of
 
[the state waste discharge permit program (Chapter
 
173-216 WAC)] to authorize and take enforcement
 
actions for discharges which do not satisfy the
 
standard of all known available reasonable methods
 
of treatment and control.
 

2.	 The disposal standard for cribs and french drains
 
will be to treat the waste before discharge and
 
not to rely sol ey on evaporation, the soil, and
 
dilution to treat the wastes.
 

3.	 The number of permits issued and permit compliance
 
and enforcement actions will be negotiated
 
annually wi th Environmental Protection Agency
 
through the State/EPA Agreement program planning
 
process.
 

4.2.8.2 Experimental Technology Wells (5X25) 

Well Purpose 

These wells are used in experimental or unproven technology. 
Studies are generally conducted on a pilot scale to assess the 
economic and technological feasibil ity of applying such proce­
dures. Most wells of this type have been used in technologies 
associated with recovering fossil fuels and other minerals. 
Examples of these "technologies include underground coal gasif ica­
tion, in situ oil shale retorting, in situ solution mining, 
tracer studies, aquifer remediation, and secondary water recovery 
projects. While underground coal gasification and in situ oil 
shale retorting are regarded as experimental technologies, pro­
jects of this kind have been operated on large scales and asso­
ciated injection wells are classified as a specific type of Class 
V well. These technologies are discussed thoroughly in a pre­
vious section of this report (See Section 4.2.4.3). In situ 
solution mining, primarily for uranium and copper recovery, is a 
specific type of Class V injection and also is discussed in a 
previous section (See Section 4.2.4.2). Certain of these solution 
mining facilities are operating at pilot scales and are techni­
cally defined as an experimental technology, though little to no • 
difference in procedures exists. 

Inventory and Location 

Inventory, updates, through State reports and other database 
additions, res~lt in an inventory of 225 experimental technology 
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wells, located in 17 States. A summary of available i nven tory, 
regulatory systems, contamination potential ratings and known 
case studies is presented in Table 4-57. 

Referring to Table 4-57, it will be noted that ove~ talf t~e 

reported experimental technology wells are located in ~\iyoming 

(135). The Wyoming State report indicates that this number 
represents three well types: underground coal gasif ication, in 
situ oil shale retorting, and in situ uranium solution mining. 
At the present time, none of these facilities is believed to be 
active, presumably due to economic diff icul ties plaguing those 
industries. In addi tion, the two known experimental technolo9"'./ 
wells in California, associated with a refinery clean-up project 
are presently inactive. The Alabama report describes a well used 
in an "experimental" capacity to dispose of treated domestic 
wastewater. Another well in that State is used to dispose of 
wastewater generated by the recovery and treatment of contarni­
nated ground water. The report indicates that both projects are 
short-term and do not appear to be feasible for continued use. 
The implication of these reports is that there are actually very 
few active 'experimental technology inj ection operations' in the 
United States at the present time. 

Construction, Siting, and Operation 

Because of the diverse nature of experimental well types, 
aspects of construction, siting, and operation will also be 
diverse. The specific examples provided in State reports are 
discussed in the following paragraphs. For a description of 
construction, siting, and opera tion typical of in si tu sol u t ion 
mining, underground coal gasification, and in situ oil shale 
retorting, see the appropriate sections of this report. 

The facility in Alabama disposing of treated domestic 
wastewater uses an injection well approximately 65 feet deep. 
Six-inch diameter PVC slotted screen is' used for casing and is 
gravel packed at the borehole annulus for the entire depth of the 
well. Monitoring is conducted at five wells for total suspended 
solids, fecal coliform, ammonia, BOD (5-day), and pH. Flow rate 
averages 43 gallons per minute, and maximum daily volume is 
36,000 gallons. 

The other experimental facility in Alabama is used to inject 
wastewater generated by the recovery and treatment of 
contaminated ground water. Wells are 80 feet deep and screened 
over the bottom 25 feet. Ten-inch diameter steel casing is 
secured in the 16-inch borehole with cement grout. Adjacent to 
the 10-inch diameter wire-wound, stainless steel screen is a 
gravel pack capped with fine sand. Fluid injected must meet 
criteria for COD and nitrated organics (100 mg/1 and 0.5 mg/1, 
respectively). Maximum flow rate is 100 gallons per minute. 

4 - 325 



5X25 

TAa.E 4-5T: SYJOlSIS {f STATE REPGrrS ~ EXPERIl£KTfL TEONlOOY IHJEtTllJl ilEl.LS1512S1 

I 
I 

I RESIDII EPA CCllfin.G ~ulatery \ CaY Stu~i esJ : Caltwnaticn	 x"" 
I t& P.E&IIJt Present, _ystel :Info. avallablll\ Potentul 
I STATES DE litH Typ. I RatingI I 
I I 
I I 

:CCIInecticut :«I HlA !«l ,I 1tJA 
:~ain. IQ MIA :ij 1 

I IliA 
I:I'aslKhllllttJ IQ N/A :«1 NIH	 •I 

INIl Hu!llhirt	 , III MIA I(l ,I iliA 
I I

•IR!lDlI. 151. - I	 IQ HlA I«l 
, MIA 

I	 I I:V.,.1IlIIt	 IQ MIA IQ NlAI	 I I 
I I I I 
I I I, 

I	 I I 
I	 I:I.. JB'SI'f II III HlA !(\ MIA 

I:NN Yerk 
• 
I

I
I II IQ NJA /I) ~/A 

I

I 

•:PulrtD Ri CD I II IQ MIA I«l N/A I 

,:Virgin Islands I II NO NlA I«l NIA I

I •I	 I 

II , 
:DllalQr. III IQ MIA ~ N/A : 
:~ary!and III lit MIA fij iliA I

I 

:Penns.,lvania, III IQ' MIA ji) :lIA ,I
I 

IVirglnia 1I1 IQ MIA IQ NlA I 

I!West Virginia III JI) MIA IQ MIA I 

l-
I	 I 

IIAlabili IV 2 ilEl.LS PERIIIT YES I'IlIlERATE I 

IFlerlda IV 3 IEI.l.S PErIIIT IQ MIA 
15ecrgia IV IQ MIA JI) MIA 
IKentucty IV III MIA IQ IUA 
:IIIslimppi IV S ilEl.LS RlL£ III MIA 
:Nlrtll Cii'Dlilll IV BilEl.LS PERIIIT IQ MIA 
:Saitll CMDlilll IV III MIA ICI NlA 
:Tennll. IV III MIA IQ HlA 
I 
I 

:IllinDiI V 2 ilEl.LS RlL£ IQ NJA 
:IlIlIiw V JI) MIA III lilA 
:Iticlligill V 4 ilEl.LS MIA IQ MIA 
:ItinlltSllta V 2 WEU.S •MIA I«l MIA 
IlIIi0 V III MIA ICI NlA 
:lIisclllllin I V IQ MIA IQ 1tJAI 
I I' 
I I 

IIArkanlll	 I VI III MIA III NlA 
I:Lcliisiw	 I VI IQ MIA IQ NlA 

:NN lIIIicD	 I VI ~ IEllS PERIIIT YES LOif-I 

Illhllca	 I VI ICI MIA III MIAI 

:Tnn	 I VI ~ ilEl.LS MIA IQ WII 
I	 I 
I	 I 

,II:1_	 VII III MIA III NlA 
lKanIil	 I, VII III N1A IQ MIA 
Ilti SIDlIf'i VII IQ MIA I«l MIAI 

.	 IiNlbrulll	 I VII 2 IIB.LS Rl1£ IQ MIA 
I	 I 

I 

IIColerado	 I VIII 2 IIlJ.S MIA IQ LIM 
llbltilli	 I VIII IQ MIA IQ MIAI 

I:Itrtll Ilikota	 I VIII IQ MIA IQ MIA 
I:Saitll Dilcota	 I VIII ICI MIA III NlA 

lUtall	 I
I VIII IQ IU.EJPERIIIT III MIA 
I:liy!lIing VIII 135 IS.LS PERl'UT YES UIHIIli4I 

I	 I 
I	 I 

I:ArizllIla	 I II 32 IIB.LS PERIIIT YES llJHOlERATE 
lCilifcrnia II HEllS PERIIIT IQ lHaOIl 
:lUIii	 II ~ WEU.S PERIIIT JI) lllHtlllERATE 
lNevilla	 II 5 ilEl.LS PEIIIIT IQ l.NOOIf 
:_iclIl SUoI II IQ MIA IQ MIA 
:Tr. Trr. of P II III MIA III IUA	 • 
:QIu II ICI N1A III MIA	 • 
IQflI	 II III MIA III MIA 
I 
I 

:Alulla	 I III MIA III MIA 
:Idn	 1 III MIA III MIA ..I III MIA II) MIA:~III 
: ingtllll I 3 ilEl.LS MIA JI) MIA	 • 

IIltiI sa£ tltIERS IN THIS Tra.£ ME ESTIMTES. 

4-326
 



• 
.. 

• 
t 

..
 
.. 

5X25 

Air inj~ction tests have been conducted in Texas as a mode 
of secondary water recovery. This experimental method is used to 
determine whether air pressure will force capillary water within 
the unsaturated zone of the aquifer to migrate down to the 
saturated zone. A six-inch diameter injection well was completed 
to 116 feet. Steel casing is seated in or below. an impermeable 
stratum and cemented to surface. - Slotted steel tubing is seated 
to total depth, below the impermeable stratum. A packer isolates 
the injection zone. rhe injection well is surrounded in a radial 
pattern byfive monitoring wells. An estimated 12 million cubic 
feet of air was injected during a 217-hour test. 

An experimental procedure tested at the Universi ty of 
Minnesota attempted storing heated ground-water in a confined 
aquifer. The goal was to recover energy, via heat, from the 
injected fluid. Four short-term cycles were studied. Wells wer~ 

constructed of stainless steel casing, screened across permeable 
intervals of the confined aquifer. This screened casing (6-inch 
diameter) extended down from 13-3/8-inch steel casing. The lower 
casing was surrounded by a gravel pack designed to accommoda te 
thermal expansion of the casing. The injection zone was isolated 
by a packer. Constant speed turbine pumps were seated at about 
450 feet. Hot fluid was injected and stored for various lengths 
of time, then recovered. to test the heat content of the fluid. A 
fixed-bed precipitator using high-purity limestone was used to 
treat injected fluid to prevent scaling. Similarly, hardness was 
removed before hea ting the ground-water using an ion-exchange 
water softener. 

Injected Fluids and Injection Zone Interactions 

Each type of experimental injection operation makes use of a 
different type of injectate. A variety of acidic and basic com­
pounds can be used for in situ solution mining operations. These 
fluids and their potential interactions with the injection zone 
are discussed in Section 4.2.4.2. Similarly, fluids used for 
underground coal gasification and in situ oil shale retorting are 
reported, along with injection zone interactions, in Section 
4.2.4.3. 

The Alabama facility injecting treated domestic wastewaEe-r 
has been monitored for total suspended solids, fecal coliform, 
ammonia, BOD, and pH. The Alabama report stated that there were 
no permit I imi ta tions for those parameters. The permi twas for 
one year, and injectate volumes of 36,000 gallons per day would 
result in a maximum of over 13 million gallons injected at that 
facil i ty. No informa tion on the inj eC,tion aqui fer was presented 

.by the Alabama facility. 

The other Alabama facility, injecting wastewater associated 
with treatment of contaminated ground water, was reported to in­
j ect up to 100 gallons per minute. On an annual basis, this 
would result in a maximum of over 50 million gallons injected • 
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This injected fluid was subject to contaminant limits per the 
operating permit. Again, no information with respect to the 
injection zone was presented by the facility. 

For the secondary water recovery operation in Texas, it was 
stated that air was injected under pressure to affect movement of 
capillary water toward the water table. It is believed that this 
activity results in very little interaction at a molecular level 
between injected air and formation water. Data regarding 
hydrogeological character of the injection zone were not reported 
by the Texas facility. 

Finally, the experimental procedure applied in Minnesota for 
storing inj ected hot water made use of ground water extracted 
from the intended injection zone. Before heating, the water was 
softened by ion exchange. A fixed-bed reactor is part of the 
injection system and is used to precipitate calcium carbonate, 
thus preventing scaling within the injection wells. The conclu­
sion is that the injectate was actually of better quality than 
injection zone water with respect to hardness and total dissolved 
solids (TDS). The influence of temperature differentials between 
injectate and injection zone fluids upon lithological parameters 
was not determined by the facility. 

The previous. discussions, though not exhaustive, exemplify 
tha t no singular or typical description of inj ec tion fluids or 
inj ection' zone interactions can be made. Charac teriza tion of 
these ,parameters must be conducted on a site-specific basis. 
Each known facility studied should place emphasis the following 
parameters: 

1. Goal of the operation; 
2. Nature and volume of injected fluids; 
3. Site hydrogeology; and 
4. Construction, operation, and maintenance features. 

Hydrogeology and Water Use 

It is difficult to make broad hydrogeological 
general iza tions wi th respect to these well s. Experimen tal 
procedures involving injection can vary greatly as can the goals 
of these proj ects. Again, it should be emphasized that 
experimental procedures for in situ solution mining, underground 
coal gasification, and in situ shale retorting are discussed with 
respect to hydrogeologic parameters in previous sections. 

In general, experimental injection operations reported with­
in the United States are characterized by injection into confined 
aquifers. Exceptions to this may be the two experimental facili ­
ties reported by Alabama where inj ection wells reach a maximum 
depth of only 80 feet. Though specific details for these aqui­
fers are not known, the well depths are indicative of unconfined 
or semi-conf ined aquifer condi tions •. 
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The Wolfforth Air-Injection test, a 1984 experimental 
secondary water recovery test, was conducted in two unsaturated 
zones separated by a "bed of hard rock" (High Plains Underground 
Water Conservation District No.1, July, 1985).' The depth of 
this well (110 feet) is such that the aquifer beneath the hard 
rock uni t was probably conf ined, and the zone above this layer 
was unconfined or semi-confined. Two tests were conducted at the 
Wolfforth site. The first test was designed to inject air under 
low pressure (8 psi) at low volumes (300 cubic feet/minute) into 
the unsaturated zone above the confining layer. Two key results 
were noted. First, moisture content within the unsaturated zone 
decreased within a 300-foot radius of the injection well, 
indicative that the procedure actually could move capillary 
water. Second, injection actually increased the moisture content 
within the confined aquifer below the hard rock layer. 

A second test conducted at Wolfforth was designed to inject 
air at low pressures and volumes into the confined zone below the 
hard rock layer. Results similar to the initial test occurred, 
namely a decrease in moisture content around the injection well 
and increased yields within a two-mile radius in irrigation wells 
during and after the test. 'Additionally, researchers were able 
to observe the influence of lateral variations in aquifer charac­
te~istics upon capillary water movement induced by air injection. 
Resul ts of these inj ection . tests conclusively demonstrated tha t 
water levels could be significantly raised in radii of several 
tens of miles using air injection. Other important findings were 
1) up to 30 percent of the capillary water in storage can be 
released under rela tively low air pressures and vol urnes using 
this procedure, and 2) post capillary water drainage can occur 
for several months or years after short-term injection. 

Another experimental injection operation for which relative­
ly full documenta tion exists is the aqui fer thermal ,energy s tor­
age (ATES) project. These experiments were conducted at the 
University of Minnesota. The procedure made use of a combination 
extraction-inj ection sys tern whereby ground wa ter is hea ted and 
injected into a confined aqUifer for storage. Results showed 
that energy recovery via this process was 62 percent of the 
energy added to the inj ected ground-water for long-term cycles. 
Energy recoveries varied from 46'::'62 percent for the four short­
term experiments conducted. 

Wells used in this procedure were completed in a highly 
variable sequence of late Cambrian marine sediments (Franconia­
Ironton-Galesville sequence). This is a highly stratified, con­
fined'aquifer, present at a depth of about 590 feet. It is 
approximately 200 feet thick and is under a static head of about 
400 feet (Hoyer and Wal ton, 1984). The aquifer is composed of 
sandstone interbedded with shale, siltstone, and dolomite. 
Ground water is calcium-magnesi urn bicarbonate and is extracted 
from and injected into the same zones. The upper zone, part of 
the Upper Franconia, is a f ine- to medi um- grained sands tone 
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demonstrating 'varying concentrations of glauconite. It is 
confined above and below by relatively impermeable silty 
dolomites and siltstones, respectively: The lower injection zone 
is the entire section of Ironton and Galesville rocks. These 
formations are a sequence of medium quartzose sandstones and fine 
feldspathic sandstones with shale laminations. Sir:nilar to the 
upper zone, the Ironton-Galesville sequence is a highly permeable 
aquifer bounded above and below by relatively impermeable silts, 
fine sands, and sil ty dol.omi tes. 

The foregoing site-specific information on experimental 
injection operations has been presented to .demonstrate parameters 
important to such operations. Ground-water remediation and reco­
very, thermal energy storage, and fossil fuel and mineral reco­
very are known to be major objectives of experimental strategies. 
Other important aspects of experimental injection include 1) 
lithologic character of the injection zone (mineralogy, permeabi­
lity, vert~cal confinement, and lateral variation), 2) nature of 
injected fluid; 3) ground-water quality, and 4) injection system 
design. Each of these aspects will vary, and their influence' 
upon system performance and environmental impact should be 
evaluated on a site-specific basis. 

Contamination Potential 

Based on the rating system described in Section 4.1, 
experimental technology wells inventoried to date are assessed to 
pose a moderate to low potential to contaminate USDW, but each 
operation must be assessed individually. These facilities 
typically do inj ec t in to or above some USDW. Typical well con­
struction, operation, and maintenance would not allow fluid 
inj ection or migration into unintended zones. Inj ection fluids 
typically have concentrations of 'constituents exceeding standArds 
set by the National Primary 6r Secondary Drinking Water 
Regula tions. Based on inj ectate characteris tics and possibil i ­
ties for attenuation and dilution, injection mayor may not occur 
in sufficient volumes or at sufficient rates to cause an increase 
in concentra tion (above background 1 evel s) of the Na tional 
Primary or Secondary Drinking Water Regulation parameters in 
ground water, or endanger human health or the environment beyond 
the facility perimeter. ­

Because of the variability exhibited in experimental 
technologies associated with Class V injection, it is not 
possible to assign a singular contamination potential. In 
previous sections, it has been stated that contamination 
potential attributable to in si tu solution mining is generally 
low and that contamination potential from underground coal gasi­
fication and in situ shale retorting is moderate. These results 
indicate that meaningful assessment of experimental technologies 
for contamination potential must be system-specific. The 
following paragraphs contain assessments for the types of experi­
mental injection operations inventoried to date. 
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Due to the limited data presented for the experimental 
systems in Alabama, these two facili ties are assessed together, 
using certain broad general iza tions. One operation disposes of 
treated domestic wastewater, and the other inj ects wastewater 
produced due to the recovery and treatment of contaminated ground 
water. Injection at both facilities is relatively shallow, and 
both injection zones may be USDW. However, from the limited 
description presented, it cannot be concluded these aquifers are 
Class lIB quality or better. 

Construction designs for the Alabama facilities provide for 
specif ic inj ection interval s. Screened openings are employed, 
and the up-hole portions of wells at both facilities are cemented 
and grouted. However, the reported well depths are shallow 
enough to imply that the injection zones are actually semi- to 
unconsol idated and are probably not totally conf ined. As such, 
it is likely that injection fluids have migrated vertically into 
other zones. 

At the facility disposing of treated wastewater, injectate 
is monitored for total suspended solids, fecal coliform, ammonia, 
BOD, and pH, yet no permit limitations exist for these parame­
ters. At the other facility, limitations for chemical oxygen 
demand (COD) and nitrated organics have been established, but 
other constituents present within contaminated ground water are 
not "addressed. The conclusion is that there is a strong likeli ­
hood that some constituents are present within these waste 
streams that exceed 
Water Regulations. 

certain Primary and/or Secondary Drinking 

Finally, injection vol
injection volumes for these 

umes must 
facilities 

be a
can 

ddressed. 
be several 

Maximum 
tens of 

millions of gallons annually. Though specific hydrogeologic 
conditions for each site have not been ascertained, these volumes 
could result in contamination of ground water beyond facility 
boundaries. 

In summary, it cannot be concluded that injection at the two 
Alabama facili ties is into Class lIB aquifers. However, con­
struction and operation of the wells is probably resul ting in 
migration of injection fluids into unintended zones. In addi­
tion, the possibility exists that certain drinking water regula­
tions are being exceeded for injection fluids and that injection 
volumes are sufficient to cause increases in these constituents 
within ground water beyond facility boundaries. It is hereby 
concluded that injection conducted at these two facilities poses 
moderate threat of contamination to local USDW. This assessment 
could be amended to high contamination potential, should further 
data about USDW in the area become available • 

In Texas, the air inj ection operation for secondary wa ter 
recovery was into an aquifer used extensively as an irrigation 
water aquifer. That aquifer's potential useability as a drinking 
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water supply has not been demonstrated. Injection of air into 
the unconfined zone actually resulted in changes in moisture 
content within the confined aquifer. With respect to injectate 
qual i ty, only compressed air was inj ected. The composi tion of 
air would not be such that any Primary or Secondary Drinking 
Water Regulations would be exceeded, nor would it cause increases 
in those constituents within ground-water beyond facility boun­
daries. Therefore, this particular inj ection opera tion poses a 
low ground-water contamination potential. 

At the University of Minnesota facility, injection fluid was 
merely heated ground water which was returned to the same zones 
it was extracted from. It could not be determined if the extrac­
tion-injection aquifer was of Class lIB quality. Well construc­
tion was found to be relatively simple, and the potential for 
migration of fluids into unintended zones may be considered to 
exist. Because the same fluid is ex.tracted, heated and injected, 
increases in constituents of Primary and Secondary Drinking Water 
Standards mayor may not occurr beyond facility boundaries. 
Therefore, this particular injection operation has presented low 
potential for contamination to USDW. 

To summarize what has been demonstrated in the previous 
discussion, contamination potentials ranging from low to moderate 
are possible for experimental inj ection operations as presently 
understood. Future data regarding known operations or new in­
ventory information may result in a higher contamination assess­
ment. It will be necessary to evaluate each facility individual­
ly. 

Current Regulatory Approach 

Experimental technology wells are authorized by rule under 
Federally-administered UIC programs (see Section 1). Review of 
the various types of experimental injection operations has indi­
cated that in situ solution mining, underground coal gasifica­
tion, and in situ shale retorting are the most thoroughly regu­
lated. Aspects of regulatory jurisdiction over these well types 
are discussed in earlier sections of this report. 

Data regarding regulatory authori ty over other representa­
tive well types is largely absent. The Alabama facility injec­
ting wastewater generated by recovery and treatment of contamina­
ted ground water operates under concentration limitations for COD 
and nitrated organics. It is presumed these restrictions are 
part of waste discharge permit requirements, but the issues of 
such permits remain in question. Some inventoried facilities may 
not operate under permit programs at the present time. Refer to 
Table 4-57 for a Synopsis of State regulatory systems. 

• 
• 

• 
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Recommendations 

Experimental technologies involving injection vary greatly. 
As such, recommendations addressing siting, construction, and 
operation must be broad and general in nature. Siting injection 
wells associated with precious metal or fossil fuel recovery 
will, of course, be dependent upon the location and dimensions of 
the mineral deposi t. The Cal ifornia report recommends tha t 
inj ection wells for other technologies, not location dependent, 
should not be sited where poor quality fluid injection into a 
Class I!B aquifer could occur. The report further suggests that 
detailed ground-water studies sho.ulq. be conducted for any 
potential injection site. Points to be addressed in such studies 
might include general ground-water quali ty, aquifer dimensions, 
and present ground-water uses, as well as potential for further 
use. 

Additional recommendations from the California report 
include" chemical analysis of the waste stream at regular 
intervals. Frequency for such analyses will be dictated by the 
general nature of the waste stream wi.th respect to potentially 
hazardous or toxic materials, and volumes of injection. 
Establishment of mechanical integrity at regular intervals should 
be part of every operational plan, . according to both the Arizona 
and California reports. The type of tests employed will be 
dependent upon the materials used for casing, and the type of 
completion (perforations, screened openings, or open hole). 

Most of the experimental injection facilities discussed in 
this report are inactive or have be"en abandoned. Facil i ties 
known to still be active are certain solution mining operations 
in the southwestern United States. No evidence for USDW 
contamination exists at the present time. As a resul t, no 
recommendations for remedial or corrective action were proposed 
in the State reports except to continue to identify USDW in areas 
where experimental inj ection is occurring. These data could be 
used to better assess, on a site-specific basis, potential 
contamination to USDW from this kind of Class V injection. 

Supporting Data 

Two case studies are listed in Appendix E for Experimental 
Technology Injection wells. ·The first is a study of aquifer 
thermal energy storage conducted on the Universi ty of Minnesota 
campus by the Minnesota Geological Survey. The second case study 
represents an air-inj ection test conducted in Texas to at tempt 
enhancement of secondary fresh water ·recovery. The test was 
conducted jointly by the Texas Department 6f Water Resources, the 
High Plains Underground Water Conservation District Number 1, and 
the City of Wolfforth, Texas • 
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4.2.8.3 Aquifer Remediation Related Wells (5X26) 

Well Purpose 

Aquifer remediation can be defined as the implementation of 
remedial measures to correct deficiencies, improve selected 
parameters (such as quality or flow), or to prevent anticipated 
or possible problems in permeable materials which contain or are 
capable of containing ground water. The implementation of these 
programs historically has been in response to problems which have 
already occurred and, to a much lesser extent in recent years, as 
a preventive practice. 

Recent years have seen the incidence, or at least the recog­
nition, of ground-water contamination on the increase. In light 
of this, the publ ic awareness and concern have demanded correc­
tion of these problems. Remedia tion programs impl emented 
throughout the United States have many widely varying arrays 
which normally are a function of several parameters including 
type and quantity of pollutants, area of contaminated water, 
hydrogeologic regimens, and others. While aquifer remediation 
programs, are implemented through the use of different tactics, 
they have certain goals which are common throughout. These goals 
include, first and foremost, the abatement of contamination, 
second, the containment of the area of contamination, and last, 
the restoration of the aquifer. Injection wells quite often are 
used in these programs for a variety of purposes. They are 
implemented to achieve one or more of these goals. They can be 
used to introduce chemicals or microorganisms designed to neu­
tralize the contamination, or they may be used to transport clean 
waters to the contaminated zones for the purpose of diluting 
tain ted wa ters and forming hydraul ic barriers, or they may be 
used to return treated waters to the aquifer. Many people refer 
to wells utilized to return treated water to the aquifer as 
"recharge wells," or simply "inj ection wells.·t Returning 
treated waters to the aquifer and setting up hydraulic barriers 
to contain contamination plumes are the most common uses for 
injection wells in aquifer remediation strategies. 

The use of inj ection wells in some portion of the remedial 
strategy is almost an absolute. Most of the programs implemented 
in the past have included the removal of contaminated waters, 
above ground treatment, and subsequent return of these waters to 
the production zone. Wi th technological advancements made in 
recent years, this is not always necessary. In-situ treatment is 
rapidly becoming a popular and relatively inexpensive remedial 
tactic. This requires the introduction of some agent or agents 
which will counteract and eliminate the contaminated waters 
without removing them from the aquifer. Each of these schemes, 
in-situ treatment and recovery and treatment, require some sort 
of injection program. It is these injection wells which are 
assessed in the following sections. 

• 

.'•

• ...! 
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A specialized type of aquifer remediation related wells, 
known as hydrocarbon recovery "recharge" wells, is addressed 
separately in the following section, 4.2.8.4. 

Inventory and Location 

To date, the inventory of aquifer remediation wells in the 
United States includes 353 injection wells distributed throughout 
iifteen States as shown in Table 4-58. Since an abatement and 
restoration program may require several injection wells at a 
single contamination site, these wells often are clustered. The 
257 injection wells accounted for in the USEPA Underground 
Injection Control database (known as FURS) are distributed 
throughout ten States with the majority of these injection wells 
located in three of those states (81 in Colorado, 59 in Michigan, 
and 60 in Oklahoma). This clustering is accounted for by 
concentrations of certain industrial practices which are 
prevalent in those States such as petroleum refining in oil-rich 
Oklahoma (refer to Section 4.2.8.4) and the manufacturing of 
industrial chemicals at a site in Colorado. This is demonstrated 
by the fact that all 60 injection wells located in Oklahoma are 
located at various petroleum ref ineries, and all 81 inj ection 
wells in Colorado are at the Rocky Mountain Arsenal which was 
used by the government during the Second World War for the 
manufacturing of chemicals used in warfare and later leased by 
private industry for chemical manufacturing. It should be·noted 
that these wells serve the secondary purpose of aquifer recharge. 

Construction, Siting, and Operation 

The construction of injection wells used in aquifer remedia­
tion programs varies widely throughout the Uni ted States. The 
depths to which these wells are installed is based on the loca­
tion of the contaminated aquifer. Since most contamination 
occurs as a result of surface or near surface spills, the depths 
of injection wells used in aquifer remediation are generally 
quite shallow. Over 50% of these wells are installed to depths 
of less than 100 feet (based on available inventory information). 
Diameters range from 1 to 12 inches for those wells (50%) identi ­
fied above but also vary widely according to the amount of fluids 
they must deliver to the subsurface. 

Remedia tion inj ection wells are screened when completed in 
sands and gravels. This eliminates or reduces incrustation and 
facilitates water movement (t-he latter being of primary concern 
in aquifer remediation). Furthermore, inj ection well s used for 
aquifer remedia tion are almost always cased, the only exception 
to this being the "wells" which return fluids through surface 
introduction (percolation). Casing is constructed of PVC piping 
and generally is installed from the surface through the top of 
the inj ection zone. The casing aids in supporting the walls of 
the well, helps keep out possible surface contaminants, and 
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maintains the proper integrity between the injected fluids and 
the contaminated zones. The typical construction of inj ection 
wells used in aquifer remediation programs is shown in Figure 4­
64. 

Siting is a key factor in aquifer remediation strategies. 
In almost all cases injection wells are located upgradient from 
any discharge wells and contamination plumes. This facilitates 
the proper migration of injection fluids with respect to remedia­
tion objectives. Different remedial tactics require different 
arrays of injection wells. 

Injection wells used to control hydraulic flow require 
different orientations in relation to contamination plumes than 
those injection wells returning treated waters to an aquifer. 
For instance, some injection strategies utilize two injection 
wells, a "double-cell containment" array, to contain and 
facilitate the' proper movement of a contamination plume (Figure 
4 - 6 5 ) • A d iff eren t s t rat e gy migh t bet 0 uti liz e a sing I e 
injection well to facilitate the proper movement and containment 
of plumes (Figure 4-65). 

Isolating contaminants in an aquifer by using these 
hydraulic "barriers" requires much more prec~s~on in the si ting 
of injection wells· than does the return of treated waters. 
Typically, inj ection wells used to return trea ted wa ters simply 
are located upgradient of any recovery wells in the aquifer. 

The operation of almost all of the injection wells used for 
aquifer remediation is by simple gravity flow. To date, there is 
no inventory information available indicating the use of pressur­
ized inj ection. 

Injected Fluids and Injection Zone Interactions 

The primary forms of aquifer contamination which have been 
addressed in remediation programs are contamination through the 
introduction of organic compounds (chiefly hydrocarbons), 
industrial chemicals, and inorganic compounds. Because most 
contamination occurs as a result of surface or near surface 
spills, the nature and volume of injected fluids is a function of 
the hydrogeologic regime, the parame ters of the con tamina tion 
plume, and the design of the remediation program. 

Hydrocarbon recovery largely depends on the types of hydro­
'carbons involved and on the recovery system being used. ~echarge 

rates range fram a few gallons per minute (gpm) to 100 gpm (refer 
to Section 4.2.8.4 for more detail). The constituents in the 
injected stream generally consist of some hydrocarbons recircula­
ted back to the contaminated aquifer • 

There is a facility in Alabama currently using two injection 
wells to recover and treat contaminated ground water. Standards 
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have been set for these injection fluids which must be met. 
These consist of no more than 100 mg/1 COD and no more than 0.5 
mg/1 of nitrated organics. 

Remediation programs for recovery and treatment of ground 
water contaminated with industrial chemicals most often utilize 
recovery wells to extract contaminated ground water. The tainted 
water undergoes above-ground filtering prior to reinjection. In 
Colorado, the remediation program at the Rocky Mountain Arsenal 
utilizes injection wells to return water that has been extracted 
from the contaminated zone and purified by carbon filtering. 
This method is used to aid in removing industrial chemicals and 
wastes. 

Inorganic chemical s are a1 so of ten presen t in unacceptab1 e 
quantities in many aquifers. New techniques are being developed 
to treat these wa.ters in situ and include a method called Vyredox 
which is being used in pilot programs in some areas of the United 
States to remove iron and manganese. Vyredox treatments involve 
the inj ection of degreased, highly oxygenated waters which 
precipitate out iron and manganese, thus improving water quality. 

Hydrogeology and Water Use 

Injection wells used in aquifer remediation programs seldom 
inject fluids into USDW. Their purpose is to restore 
contaminated aquifers to a condition in which they can provide 
usable waters. The degree of restoration may differ based on the 
projected use of the water. Because these remediation programs 
are' generally expensive, aquifers that ar~ easily replaced are 
seldom restored. This means that, in general, the aquifer might 
have to be the primary source of water for a variety of users to 
mandate remediation. The expense of remediation might be 
undertaken voluntarily by an industry if it can recover 
significant amounts of leaked product (enough to make it 
prof itab1e), or it might be mandated by governmental or pub1 ic 
demand in an area where users are not able to utilize low quality 
water. 

Contamination Potential 

Contamination potential for these wells must be assessed on 
a site specific basis rather than as a group. Since the goal of 
aquifer remediation is to increase the quality of an aquifer.as a 
unit, one might jump to the conclusion that as Class V wells they 
possess a low potential for contamination. This, however, is not 
always the case. There are injection wells used in aquifer 
remediation programs which may place uncontaminated zones or 
other aquifers in the vicinity in jeopardy due to the nature of 
injected constituents or the hydrogeologic strata. This, 
however, varies widely from app1 ica tion to app1 ica tion. In 
accordance wi th the rating system previously out1 ined, we can 
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only say that these wells possess (as a group) an unknown 
potential for contamination. It is possible to assess any of 
these wells on a site specific basiS-with the proper information, 
and efforts should be made in future work to do so. However, the 
varying hydrogeology, injection fluid nature, water use, and 
remedi a ti on techniques resul t in di f feren t poten cial s for 
contamination at different sites. 

CUrrent Regulatory Approach 

Aquifer remediation wells are authorized by rule under 
Federally administered UIe programs (see Section 1). State and 
local authorities have little to do with the regulation of 
aquifer remedia tion. They may require the reporting of these 
wells for inventory efforts (per USEPA mandates) but seldom 
monitor these wells. Aquifer remediation programs are generally 
subj ect to widespread media attention which may aid State and 
local governments in"monitoring these programs. 

Recommendations 

The Kansas State report suggests that implementation of a 
registration and monitoring program is in order. This would 
allow for site specific evaluations and the subsequent setting, 
on a site specific basis, of operating conditions which 'will aid 
res toration activi ties and res trict or el imina te any .contamina­
tion potential. The Oklahoma State report recommends that these 
wells be constructed to the same set of standards by which 
discharge wells are constructed to insure the injection wells' 
integrity and to maintain remediation program standards. At a 
minimum, injection wells used in remedial programs should be 
cased from the surface through the top of the injection zone and 
screened in sands and gravels, and the annulus should be grouted. 
It is recommended in the Florida State report that injected fluid 
quality should be required to be better than the quality of the 
fluid inherent to the injection zone but not necessarily required 
to meet drinking water standards. 

4.2.8.4 Hydrocarbon Recovery Injection Wells (SX26) 

Well Purpose 

Hydrocarbon recovery injection (recharge) wells are used to 
return the coproduced water pumped from hydrocarbon recovery 
wells back into the aquifer. These wells are a specialized type 
of aquifer remediation related wells (Section 4.2.8.3). The 
hydrocarbons and water are separated either by the pumping system 
in the recovery wells or by surface separators • 

Hydrocarbons such as gasol ine, diesel, fuel oil, and other 
refined petroleum products may leak into the subsurface from 
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tanks and pipelines and migrate downward. Most such hydrocarbons 
are lighter than water and accumulate as a discrete layer of free 
hydrocarbons floating on the water table. If this hydrocarbon 
layer is not removed from the water table it will migrate 
downgradient into streams or move under adjoining properties. In 
areas where the water table is very shallow (less than about 20 
feet) fire and other hazards from fumes are possible in addition 
to ground-water pollution. 

Removal of the free hydrocarbon layer (contamination source) 
may be accompl ished by a variety of remedial methods of which 
pumping is the most common. In many instances a two-pump system 
is used. The bottom pump in the recovery well creates a cone of 
depression in the water table and pumps only water. The hydro­
carbon flows down the cone of depression into the well and is 
pumped out by the upper pump which pumps only hydrocarbons. In 
other situations, both water and hydrocarbons are pumped from the 
well by a single pump, and the oil and water are then separated 
at the surface. 

With either rehabilitation system water must be removed from 
the aquifer in order to remove the hydrocarbons. In many cases 
the most feasible and environmentally sound method of disposing 
of the water is to discharge the water back into the aquifer 
through injection wells. 

Inventory and Location. 

Large-scale hydrocarbon recovery is currently underway at 
many active and abandoned refineries, tank farms, and terminals 
across the United States. Such remedial action will become more 
widely practiced as more of these facili ties are investigated. 
There are approximately 350 active and inactive refinery sites in 
the United States, and as yet an undetermined number of tank 
farms and terminals - probably on the order of 1,000 to 5,000. 
Although no inventory has been made, it is estimated that cleanup 
of free hydrocarbons may be required at 30 to 50 percent of these 
sites. Water reinjection wells may be used at approximately 25 
percent of the sites anticipated to require remedial action. 

Small-scale hydrocarbon recovery will be required at 
approximately 270,000 underground storage tanks that are 
estimated to have leaked. However, injection of the water 
produced in the remedial actions is anticipated at only a small 
fraction of these sites. 

Construction, Siting, and Operation 

The design and construction of water injection wells used in 
hydrocarbon recovery is not sophis tica ted. These well s 'are 
commonly only 20 to 100 feet deep and are constructed with 
plastic (PVC) casing 2 to 6 inches in diameter. Such wells are 
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not operated under pressure and the surface seal around the 
outside of the casing is used only to prevent surface fluids from 
migrating down the annulus. Figure 4-66 is a typical hydrocarbon 
recovery injection well schematic. Figure 4-67 is a typical 
hydrocarbon recovery well. The water produced by the recovery 
well is piped to the injection well. Maintenance of these wacer 
injection wells is limited to periodic well rehabilitation to 
remove plugging caused by the high iron content commonly associ­
ated with hydrocarbon pools • 

Injected Fluids and Injection Zone Interactions 

No data have been submitted by the States, but it is known 
that in some instances the injected water contains water soluble 
fractions from the hydrocarbons such as benzene, tol uene, and 
xylene, commonly referred to as BTX. The ~TX content of the 
injected water may, in some instances, exceed currently recommen­
ded drinking water standards. The Oklahoma Water Resources Board 
(OWRB) put together a list of constituent concentrations both 
"realistic and representative" for typical injection streams 
located in remediation areas at certain refineries in Oklahoma. 
This list is given in Table 4-59. 

TABLE 4-59 

OWRB LIST OF CONSTITUENT CONCENTRATIONS FOR HYDROCARBON
 
RECOVERY INJECTION WELL FLUIDS
 

Oil/Grease 
Phenols 
Toluene 
Benzene 

4.80 
3.00 

12.80 
7.90 

mg/l 
mg/l 
mg/l 
mg/l 

Lead 
Iron 
Total Hardness 
pH 
COD 

0.02 mg/l 
8.40 mg/l 

86.80 rng/l 
7.10 

229.00 mg/l 

Normally, water containing BTX would be treated before 
injection back into the aquifer: however, in many cases involving 
hydrocarbon recovery, such treatment would be pointless unless 
the soil is also cleaned or removed. Only 40 to 60 percent of the 
total amount of hydrocarbons floating on the water table can be 
recovered. The unrecoverable fraction remains in the soil above 
the water table and continues to provide a source of BTX into the 
underlying ground water. Therefore, removing the BTX from the 
water being pumped fran the aquifer and reinj ected is useless 
unless all of the hydrocarbons are removed from the soil or the 
contaminated soil is excavated. 

In large-scale hydrocarbon recovery projects, the amount of 
water injected back into the aquifer may total up to 1,000 gpm. 
Handling of such volumes by existing on-site treatment is usually 
not feasible: furthermore, injection of the water can accelerate 
the cleanup of the free hydrocarbons • 
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In small-scale rehabilitation efforts, where less than 50 
gpm water is produced, alternatives other than injection are more 
feasible, hence injection is rarely needed. 

In all cases, the quality of the water being injected is the 
same as the quality of the water already in the aquifer, 
providing, of course, the water is injected into the same • 
geologic horizon and area from which it was originally pumped. 

Hydrogeology and Water Use .. 
Hydrocarbon recovery as a form of aquifer remediation may be 

required in a wide variety of hydrogeological settings. It is 
considered probable at this time that only a small minority of 
the large-scale hydrocarbon recovery operations requiring the use 
of injecti~n wells would be located over an aquifer being used as 
a water supply. Most ref ineries and maj or tank farms are 
believed to be located on bedrock or over very shallow alluvial 
geologic environments not being used for water supply. 

Contamination Potential 

The overall contamination potential of hydrocarbon recovery 
injection wells is unknown; contamination potential must be 
assessed on a case by case basis. Recharging water being pumped 
by a hydrocarbon recovery operation back into the same geologic 
environment from which the water was originally pumped does noe 
contribute to the contamination of the water already there. In 
many instances removal of the free hydrocarbons alone 
accomplishes the objective of the rehabilitation action, Le. 
where drinking water supplies are not threatened by the continued 
presence of BTX. 

In those instances where the water in the aquifer contains 
BTX or other cOQtaminants exceeding drinking water standards and 
where drinking water supplies are threatened, treatment of the 
water prior to injection should be accomplished. It must be 
stressed, however, that cleanup of the water underlying a hydro­
carbon pool must be accompanied by complete cleanup of the hydro­
carbons remaining in the soil above the water table in order to 
prevent the water from becoming recontaminated. 

Recommendations 

•No recommendations concerning this type of remediation well 
were provided in State reports. 

• .. 
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4.2.8.5 Abandoned Drinking Water/Waste Disposal Wells (5X29) 

Well Purpose 

Intentionally or unintentionally, unplugged or improperly 
abandoned water wells can become receptacles for the disposal of 
was teo Intentional misuse may involve di sposal of hazardous 
wastes, sewage, or simply household garbage. Improperly aban­
doned wells can b~come the conduit by which unintentional dispo­
sal occurs. Surface runoff draining into a well and the estab­
lishment of a hydraulic connection between aquifers of different 
water quality are two examples of unintentional misuse. 

An important consideration is that surface or near-surface 
contamination may be transferred to potable aquifers without the 
benefit of natural clean-up processes. Ground water usually tra­
vels very slowly, a few to tens of feet per year, and during that 
downward movement through unsaturated soils, natural purification 
occurs. Purif ica tion involves fil tering, biological, and other 
chemical changes. Rainfall runoff or spills entering improperly 
abandoned wells around industrial sites, construction sites, 
animal feedlots, etc. will be injected directly into an aquifer, 
circumventing the purification process. 

Inventory and Location 

A total of 3,050 abandoned drinking water wells have been 
reported. There is also one such well on the FURS inventory. 
Documented cases of abandoned drinking water wells used for waste 
disposal were rarely found in the State reports. Much of the 
reported inventory represents estima tes· of improperly abandoned 
water wells from a few States. Most States reported no such 
wells exist. This is understandable since most States do not 
make an effort to check the status of the thousands of private 
drinking water wells on a periodic basis. 

The distribution of reported wells is shown on Table 4-60. 
In all likelihood there are probably several hundred to many 
thousands of 5X29 wells in every State. Because of a lack of 
understanding among the general public as to the nature and 
occurrence of ground water and its sensitivity to contamination, 
most disposal is probably unintentional. Eventually some of 
these wells are discovered after a complaint about poor water 
quality from a well owner prompts an investigation. 

ConstrUction, Siting, and Operation 

A vast array of well designs is possible for this well type. 
Local hydrogeologic conditions, preferences on materials, and 
construction methods are the sources of variability. Most of 
these wells are probably shallow wells dug, bored, or drilled for 
livestock and domestic uses. A lack of understanding, finances., 
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and regulatory oversight contribute to these wells' potential to 
degrade ground water. 

Private, domestic wells are most likely to be found in rural 
areas. Therefore, chances of locating improperly abandoned 
drinking water wells are probably highest in rural areas where 
there is a heavy reliance on ground water. Though fewer in num­
ber, such wells located in suburban or urban areas could have a 
greater adverse impact on ground-water resources. A municipal 
well field contaminated by such wells would be costly indeed. 

Injected Fluids and Injection Zone Interactions 

Potentially, a spectrum of contaminants including hazardous 
chemicals, sewage, and saline water could enter and degrade USDW 
through these wells. Dilution or other attenuation mechanisms 
may reduce contaminant levels as the inj ectate moves away from 
the well. The areal distribution of contamination is very much 
case specific. Variables such as the nature of the contaminant 
(i.e. salt, metals, petroleum products, bacteria), injection 
rates and volumes, volume of water in the USDW, natural recharge 

. rate, "the USDW rock type, background water quality in the USDW, 
and hydraulic conductivity of the USDW will determine the impact 
of contamination. 

Ground-water contamination caused by faulty well 
construction has been documented in an 1,100 square mile area of 
Southeast Nebraska by Exner and Spalding (1985). Nitrate­
nitrogen (N01 - as N) and coliform contamination were most 
prevalent in aug (47%) or augered (80%) wells with open-jointed 
casing. 'Farms in this rural area are cash grain-livestock 
operations, and nitrogen fertilizer use is low. Surface and 
shallow subsurface leakage into improperly constructed wells from 
barnyards and corrals was primarily responsible for the 
contamination. Rural water districts have been formed due to the 
private well contamination problems. Wells abandoned in favor of 
a publ ic supply add to the problem because they are not being 
properly abandoned. 

The Minnesota State report describes an on-going practice of 
domestic sewage disposal by 75 homes via old water wells. In 
this case the area was connected to a city water supply and the 
private well owners chose not to plug their wells or maintain 
them as reserve water supplies. Contamination would be in the 
form of N03 and fecal coliform. Other contaminants might be 
household cleaning agents, paint, and solvents. 

Cases of herbicides or pesticides entering USDW through 
improperly constructed or abandoned water wells are also known. 
Improperly constructed farmstead water supply wells acting as 
conduits for herbicide or pesticide contamination are discussed 
by Jones (1973), and Exner and Spalding (1985). 
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Hydrogeology and Water Use 

Shallow aquifers utilized for private domestic and/or live­
stock water supplies are probably most affected by these wells. 
Historically, these aquifers have had some of the best quality 
ground water available. 

In 1980, 97 percent of rural domestic water supplies in the 
United States was obtained from ground-water sources (USGS, 
1985). The word "rural" carries false connotations of 
"uninhabited". Actually, about 42 mill ion people were served by 
their own supply of domestic well water in 1975 (Pettyjohn, et ­
al., 1979). 

Problems with the sanitary condition of private domestic 
wells have been recognized for years. Studies on the condition 
of individual water supplies provided by wells were conducted in 
several states including Wyoming, Ohio, Iowa, Georgia, Kentucky, 
and Tennessee, during the early 1970' s. At that time it was 
estimated that 40 percent of the supplies were polluted by 
nitrates or coliform bacteria (Whitsell and Hutchinson, .1973). 
The studies concluded that faul ty and inadequate well construc­
tion was primarily responsible for the situation (Whitsell and 
Hutchinson, 1973). 

Contamination Potential 

Based on the rating system described in ~ection 4.1, 
abandoned drinking water/waste disposal wells are assessed to 
pose'a moderate potential to contaminate USDW. These facilities 
typically do inject into or above Class I or Class II USDW. 
Typical well construction, operation, and maintenance would allow 
fluid injection or migration into unintended zones. Injection 
fluids mayor may not have concentrations of constituents 
exceeding standards set by the National Primary or Secondary 
Drinking Water Regulations. Based on injectate characteristics 
and possibilities for attenuation and dilution, injection mayor 
may not occur in sufficient volumes or at sufficient rates to 
cause an increase in concentration (above background levels) of 
the National Primary or Secondary Drinking Water Regulation 
parameters in groundwater, or endanger human heal th or the 
environment in a region studied on a group/area basis. 

Conf irmed inciden ts of inten tional was te di sposal via 
abandoned water wells seem rare. A literature search of two 
electronic ground-water and environmental databases, Envirol ine 
and Water Resources Abstracts, did not. resul t in a single 'case 
study. Such activi ties were alluded to in a few State reports, 
but only Minnesota and Michigan had documented occurrences. 

The major contamination problem seems to be the uninten­
tional injection caused by faulty or inadequate well construction 
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and abandonment. The evidence poin"ts to a broad scale problem, 
especially in rural areas. The most significant contaminants are 
nitrates and coliform bacteria, both health hazards. 

This well type is rated as a moderate contamination poten­
tial according to the rating scheme. Yes answers can be given to 
the first three questions under high contamination potential. 
The fourth question, concerning injection volumes, cannot be 
answered affirmatively. Exner and Spalding (1985) found that N03
contamina tion varied widely in their study area, indica tive of 
point-source contamination. Contaminant plumes from such wells 
may have crossed property lines but had not spread to affect all 
water supplies in the 1,100 square mile study area. 

Current Regulatory Approach 

Abandoned drinking wa ter well s used for inj ection are 
authorized by rule under Federally-administered UIC programs (see 
Section 1). According to State reports received, the direct 
implementation States have not issued UIC permits for this 
injection practice. 

According to Gass and others (1977), most States have some 
regulations dealing with abandonment of water wells. At the time 
of their investigation, many of the State programs were inade­
quate. Some of the major reforms suggested in the Minnesota 
report included: 

1.	 procedures for well abandonment need to be described in 
detail for each different subsurface environment: 

2.	 provisions need to be made for enforcement of 
abandonment regulations: and 

3.	 requirements need to be made for permanent plugging and 
abandonment procedures to be done by licensed water 
well drillers. 

Recommended pI ugging and abandonment procedures from two 
organizations, USEPA, and the American Water Works Association 
are referenced in Appendix E. States having some kind of regula­
tion are indicated on Table 4-63. The regulatory status of 
fifteen states, the Dis trict of Col urnbia, American Samoa, Guam, 
the Trust Territories of the Pacific Islands and the Commonwealth 
of the Mariana Islands is unknown. 

Recommendations 

Utilization of former water wells for intentional waste• 
disposal requires regulatory oversight. Such wells would be 
injecting d,irectly into USDW. Years of neglect or inadequate 
construction standards could result in a well becoming a 
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hydraulic connection between aquifers of varying water quality. 
Limitations on injectate quality and quantity must be imposed to 
protect USDW if these wells are allowed to operate. 

The USEPA Region V DI program stresses that the issue of 
abandoned dr inking water wells should be seriously considered. 
Abandoned drinking water wells are a prime suspect for surface 
runoff which is an uncontrolled source of contaminants. Any 
uncontrolled source of contaminan ts poses a high potential for 
contamination of USDW. These wells are completed in zones that 
are currently being used for drinking water or may be used 
sometime in the future. 

Unin ten tional inj ection through improperly pI ugged and 
abandoned water supply wells is a widespread problem. Most 
States already have regulations concerning abandonment, but due 
to the large numbers of private wells in existence, inspection 
and enforcement is not feasible. In some cases the plugging and 
abandonment procedures are not described in sufficient detail in 
the State regulations to protect USDW. The danger of inadequate 
plugging and abandonment is also present in several States where 
persons performing such work do not have to be licensed water 
well drillers. The USEPA may be able to bring a more 
standardized approach to plugging and abandoning water wells 
among the States, Territories, and Possessions. 

The problem of locating these improperly plugged and 
abandoned wells and the question of who will pay to permanently 
seal the wells will be difficult to resolve. Well owners may not 
call attention to their abandoned wells because they do not want 
to pay the $500 - $1,500 fee to plug and abandon the average 4­
inch diameter domestic well (Minnesota, 1986). Without well 
owners' help, State and local officials do not have the 
personnel, time; or money to perform inspections to locate the 
wells. 

The answer seems to lie in federal support of approved State 
programs to locate and properly plug and abandon these wells. 
Puerto Rico, Indiana, Michigan, and Minnesota recommend that 
better inventories be established. The Minnesota Department of 
Health has undertaken such a program, although costs are the 
responsibility of the well owner. The Minnesota program deserves 
study because (1) it tries to establish the scope of the problem, 
(2) areas of the State have been prioritized for action, and (3) 
procedures for plugging and abandonment are described. The USEPA 
would have to produce a similar guidance document to the States 
should this approach be taken nationally. The Minnesota Depart­
ment of Health program is included in the list of supporting data 
in Appendix E. 

Utah suggests that the only corrective alternative for these 
wells is closure and that this practice must be halted to prevent 
aquifer _contamination. Utah also suggests that sanitary sewer 
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hook-up should be required for domestic waste disposal and dispo-:. 
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sal of industrial wastes which have received necessary pretreat­
ment. Hazardous waste should be handled in accordance with RCRA 
regulations. It appears that the most practical way these wells 
can be located and closed is to educate the public and personnel 
in other government programs (i.e., RCRA, NPDES, local environ­
mental and planning/building programs) in how to locate these 
wells, what they consist of, and the damage they can do to ground 
water • .. 
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