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STUDY APPROACH AND GENERAL FINDINGS

1. EXECUTIVE SUMMARY

Class V underground injection wells are typicaly shalow waste disposa wells or other devices
used to reease fluids underground. These wells generaly inject ether directly into underground sources
of drinking water (USDWSs) or into the shalow subsurface that overlies those resources. ClassV wells
have avariety of desgns and uses and include disposa mechanisms such as large-capacity septic
systems and storm water and agriculturd drainage systems.

The U.S. Environmenta Protection Agency (USEPA) addresses Class V injection wells
through the federal underground injection control (UIC) program under the authority of the Safe
Drinking Water Act. This program includes the basic requirement that Class V injection wells cannot
endanger USDWs and gives UIC program gtaff the authority to take whatever actions are needed to
ensure that underground drinking water supplies are in fact protected. Many states have primary
respongbility for implementing the program and/or control ClassV wels under their own authorities.

This report presents the results of a study of 23 categories of ClassV wells. The study was
conducted to develop background information for USEPA to use in evauating the risk that these wells
pose to underground drinking water supplies and if additiona federd regulation is warranted.
Information collected on these wells included: inventory, injectate condtituents, contamination incidents,
and current state regulations.

USEPA estimates that more than 686,000 Class V wells within these 23 different categories
currently exist inthe U.S. The two largest categories by far are sorm water drainage wells
(approximately 248,000) and large-capacity septic systems (approximately 353,000), which together
comprise dmost 88 percent of the nationd totd. In contrast, Some categories are very small, including
in-gtu foss| fue recovery wels, which are not presently known to exist, and spent brine return flow
wells, aguaculture waste disposal wells, geothermd direct heat wells, and
subsidence control wells, which have about 100 or less each. In generd, there are significant
uncertainties associated with these data. States maintain relatively accurate numbers for mine backfill,
geothermd, aquifer recharge, aguifer storage and recovery, and aguifer remediation wells. For other
well types, however, USEPA and the states suspect that their inventories underestimate the true
numbers of wells,

ClassV welsare located in virtually every state, especidly in unsewered areas where the
population islikely to depend on ground water. Thisis particularly true for sorm water drainage wells
and large-capacity septic systems, which likely exist in every state, aswel as heat pump/air conditioning
return flow wells which exist in 46 sates and aguifer remediation wellswhich exist in 39 saes. The
following potentialy exist in six or fewer states: pent brine return flow wells, aguaculture waste
disposd wels, solution mining wells, geotherma power wells, sdt water intrusion barrier wells, and
subsidence control wells. All of the others are potentidly in 10 to 32 dates.
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Sampling data that can be used to characterize the chemica compostion of the fluids rel eased
are sparse for most well types, but the information available provides evidence that many of the wells
release fluids with one or more chemicdsin concentrations above drinking water maximum contaminant
levels (MCLS) or hedth advisory levels (HALS). Nitrate dong with severa metas and other inorganics
are paticularly prevadent, with organic pollutants generdly being less of a concern for most wells.
Biologica contaminants (coliform bacteria and other microorganisms) are dso a concern for some well
types, such as agricultura drainage wells, large-capacity septic systems, food processing wells, sewage
trestment effluent wells if treatment systems do not function properly, possibly aquaculture waste
disposd wells, and lake-leve control wells (included within the stcorm weter drainage well category).

ClassV wells are typicaly shdlow, injecting into or above USDWSs, but they may aso inject
below USDWs. Many ClassV wdlsrdease fluidsinto USDWs. For example, sdt water intruson
barrier wells, aguifer recharge, and aguifer storage and recovery wells generadly reease fluids directly
into USDWsfor the purpose of preserving drinking water supplies, and as such, are typicaly held to
high standards for injectate quality. Severd ClassV wdlsinject above USDWSs. Large-capacity
septic systems and other kinds of Class V wdlsthat are designed as septic systems (including many
food processing wells and some carwash wells and aguaculture waste disposa wells) release fluids into
the shdlow soil above ground water. ClassV wels may dso inject below the lowermost USDW, such
as oent brine return flow wells.

There are no or few cases of contamination linked to most of the wdll types studied, although
this may be due to the fact that USEPA and state UIC programs generdly have limited resources to
search for such cases. Welswith the most contamination cases are, predictably, the most prevaent
wells, including storm water wells, large-capacity septic systems, and agriculturd drainage wells. Each
of these well types, plus severd others, are dso vulnerable to spills or illicit discharges. For example,
sorm water wells can be located conveniently dong roads and in parking lots where spills of ail,
gasoline and other contaminants can occur.

Regulatory authority over ClassV wdls varies widely among states. Regulatory schemes,
which are very state- and well-specific, include generad authority to protect USDWSs using discretionary
authority; permit by rule, meaning an entire class of welsis deemed permitted as long as they comply
with standards and requirements found in the regulations; an identical or generd permit, based on Sate
technicd regulations, isissued for each well within agiven category; and authority to issue Ste-specific
(or individua) permits, ingpect, and take enforcement action. State UIC programs are generally
resource-congtrained. This means the States are often not able to implement UIC programs as
vigoroudy asthey would like. Thelack of resources typicaly manifestsitsdf in a sate program that is
more reective than proactive.

An overview of the ClassV injection wells discussed in thisreport is provided in the table
below. These wdlls are described in detail in separate volumes that make up the body of this report,
except for aguifer recharge wels and aguifer storage and recovery wells, which are covered together in
Volume 21. Thedifferent well categories are extremdy diverse in their purpose, their design and
operation, their number and location, the nature of the fluids they inject, their potentid to contaminate
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USDWs, and the way they are currently regulated by the states. They include relaively smple designs
that drain storm water runoff or excess water from agriculturd fields, large-capacity septic systems used
to dispose of sanitary sewage, wells used to dispose of wastewater from certain commercial and
industria establishments, wells used to inject water for the purpose of storage or recharging an aquifer,
wells used to test new technologies, and wells used to inject fluids for the purpose of remediating a
contaminated aquifer or protecting a freshwater aquifer from the intrusion of satwater.

In addition to these 23 well categories, the study examined Class V motor vehicle waste
disposa wells, large-capacity cesspools, and industrial wells. On July 29, 1998, USEPA proposed
additional UIC regulations for these three well types when located in ground water- based source water
protection areas being delineated by states in accordance with the 1996 Amendments to the Safe
Drinking Water Act (63 FR 40586). To support decisions for the final rulemaking, USEPA collected
information on motor vehicle waste disposal wells, large-capacity cesspools, and industrid wells
nationwide as part of the overdl ClassV Study. The information compiled from this effort was placed
in the public docket and announced in a notice of data availability (NODA) published in the Federal
Register on May 21, 1999 (64 FR 27741), and is not addressed further in thisreport. Just asit will
use the information presented in this report to support regulatory decisions for the 23 well categories
covered in the table below, USEPA will use the information from the NODA to support further
regulatory decisions for motor vehicle waste disposa wells, large-capacity cesspools, and indugtria
wells.
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Overview of ClassV Wells Included in This Report

nventory ’\lusntnbter ) Injectate Constituent State Regulationsin States With
ates njectate Constituents N . ate ulationsin States Wi
Well Type ) Potentially J> MCLsor HALs Contamination Potential egt]he Most Wells
Documented | Estimated with Wells
Agricultura >1,069 >2,842 21 Nitrate, Boron, Sulfate, Five contamination incidents Individual permit: ID (for wells >18 deep) and
Drainage Wdlls Coliforms, Cyanazine, documented. Also, studiesin | TX
Atrazine, Alachlor, agriculturd areas have linked
Adlicarb, Carbofuran, 1,2- | nitrate contamination in Permit by rule: OH, ID (for wells <18 feet deep)
Dichloropropane, ground water to agricultural
Dibromochloro-propane, drainage well use. Wells may IA: all wellsthat existed before 2/18/98 must
Chloride, and TDS be vulnerable to spills from close or get apermit by 12/31/01; new wells
manure lagoons, direct prohibited but may be permitted under strict
discharges from septic tanks, conditions (unlikely to be permitted)
and accidental releases of
materias used in farming Ban: MN (for “wells’ that reach ground water)
operations (e.g., motor ails,
pesticides).
Storm Water 71,015 247,522 probably 50 | Aluminum, Antimony, Presence of these wells near Permit by rule: IL, IN, MI, OH, WI (<10 ft.
Drainage Wells Arsenic, Beryllium, highways, parking lots, and deep and constructed prior to 1994), MT, WY,
Cadmium, Chloride, loading facilities increases ND, SD, UT, CO, ID (< 18 ft. deep), OR, WA,
Chromium, Color, likelihood/vulnerability to KS, TN, RI
Copper, Cyanide, Iron, accidental spillsand
Lead, Manganese, purposeful illicit discharges. Individual permit/registration system: AZ, CA,
Mercury, Nickel, Nitrate, Fifteen contamination HI, ID (> 18 ft. deep), AL, FL, TX, NH, MD,
pH, Selenium, TDS, incidents documented. NE, NY
Turbidity, Zinc, Fecal
Coliforms, and nine Banned: NC, GA, WI (any new well since 1994
organics and wells >10 ft. deep since the 1930's), MN
(for “wells” that reach ground water)
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Overview of ClassV WellsIncluded in This Report (continued)

nventory NuSTbter ° Injectate Constit t State R lati in States With
ates njectate Constituents N . ate Regulationsin States Wi
Well Type ) Potentially >MCLsor HALs Contamination Potential the Most Wells
Documented | Estimated with Wells
Carwash Wells +4,651 +7,195 19 Antimony, Arsenic, Possihility of contamination Permit by rule:. WV
Beryllium, Cadmium, due to self-service nature of
Lead, Thallium, facilities (someone may use Report discharge: CA
Methylene chloride, degreasers or other chemicals
Tetrachloroethene, or change oil over drains). Individua permit: AL, MS, NY, WA, MD,
Aluminum, Iron, and Two documented NH, and ME
Manganese contamination incidents from
unknown causes. Ban: IA
Large- ~43,000 ~353,000 50 Aluminum, Arsenic, Fecal | Vulnerable because any No consistent state regulation of LCSSs. State
Capacity (95% Coliforms, Iron, materials spilled/dumped regulations vary from stringent siting,
Septic prediction Manganese, Nitrate (as down drains enter the well. construction, and operation requirements (e.g.,
Systems interval of N), Total Nitrogen Three documented MA, MN) to general construction permitting
(LCSSy) 304,000 to Species (asN), contamination incidents with (eg., NJ, IA)
403,000) Formaldehyde (from RV another 24 sites where
systems), Sodium contamination may have
occurred.
Food 741 +1,468 29 Nitrate, Nitrite, Total High potential for contami- Permit by rule: AL, TN, WV, and 1A
Processing Coliform, Ammonia, nation due to little state
Wedls Odor, Turbidity, and oversight and type/nature of Individual or genera permit: AK, ME, NY, OR,
Chloride facilities. Moderate potential | and WI
for receiving spills of strong
cleaning chemicals dueto Varies by county/region: CA
location of floor drains and
chemical storage/use Banned: OR
practices. One documented
contamination incident.
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Overview of ClassV WellsIncluded in This Report (continued)

nventory NuSTbter ° Injectate Constituent StateR lati in States With
ates njectate Constituents N . ate Regulationsin States Wi
Well Type ) Potentially >MCLsor HALs Contamination Potential the Most Wells
Documented | Estimated with Wells
Sawage 1,675 >1,739 18 Fecal Coliform, Nitrate, Potential for impactsto Permit by rule: 1D, TX
Treatment TDS, Pesticides ground and surface water
Effluent Wells quality from nutrients. Low Aquifer Protection Program Permit: AZ
vulnerability because most
wells appear to have Ground Water Discharge Permit: MA, NH, and
discharge limits and WI (for discharge into a shallow subsurface
monitoring requirements; any | absorption field located in the unsaturated zone
injectate that does not meet above the water table).
the permit conditionsis likely
to be detected by the Individua permit: CA, FL, HI, WV, OR, WY
monitoring program. Three
contamination incidents. Banned: WI (for direct discharge from a sewage
treatment plant into a saturated formation)
Laundromat <700 >3,495 19 TDSand pH Wells may be susceptible to Permit by rule: IA, MS, and WV
Wells uncontrolled laundering of
contaminated articles due to Individual permit: AL and NY
unsupervised nature of coin-
op laundromats. No reported
contamination incidents.
Spent Brine 98 98 2 Barium, Boron, Chloride, Unlikely to receive accidental Individual permit: AR, Ml
Return Flow Copper, Iron, Manganese, | spillsor discharges. No
Weéls TDS, and pH contamination incidents
reported.
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Overview of ClassV WellsIncluded in This Report (continued)

nventory NuSTbter ° Injectate Constit t State R lati in States With
ates njectate Constituents S . ate Regulationsin States Wi
Well Type ) Potentially >MCLsor HALs Contamination Potential the Most Wells
Documented | Estimated with Wells
Mine Backfill 5,060 >7,890 22 Antimony, Arsenic, Contamination potential Permit by rule: ID, KS, TX, IL, and ND
Wedls Barium, Beryllium, depends on site-specific (sometimes general or individual permits are
Boron, Cadmium, conditions and practices. No | required)
Chromium, Lead, contamination incidents
Mercury, Molybdenum, reported that are directly Generd permit: WY
Nickel, Seenium, Silver, attributable to Class V mine
Thallium, Zinc, backfill wells. Individual or area permit: WV, OH, IN, PA
Aluminum, Copper, Iron,
Manganese, TDS, Sulfate,
and pH
Aquaculture 56 <106 6 Nitrate, Turbidity, and Potential exists for operators Permit by rule: ID (for wells <18 feet deep), NY
Waste Chloride to dispose of liquid wastes
Disposal Wells (e.g. waste or spent Individual permit: HI, MD, ID (for wells $18
aquaculture chemicals) via feet deep)
aguaculture injection wells.
Contamination potential General permit: WY
depends on case-specific
factors. No contamination
incidents reported.
Solution 2,694 2,694 2 Sulfate, Molybdenum, Not likely to receive Individua permit: AZ, NM
Mining Wells Radium, Selenium, accidental spillsor illicit
Arsenic, Lead, Uranium, discharges. No contamination
TDS, Chloride, incidents reported that are
Manganese, Aluminum, directly attributable to Class
Iron, and Zinc V wells.
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Overview of ClassV WellsIncluded in This Report (continued)

nventory NuSTbter ° Injectate Constit t State R lati in States With
ates njectate Constituents N . ate Regulationsin States Wi
Well Type ) Potentially >MCLsor HALs Contamination Potential the Most Wells
Documented | Estimated with Wells
In-Situ Fossil 0 0 0 Ammonium nitrate Most recovery operations, in | Individual permit: WY, CO
Fuel Recovery the last 20 years, seem to
Wedls have caused some ground
water contamination (number
of cases unknown). Problems
are due to recovery
operations not necessarily
injection. Injection wells,
deemed unlikely to receive
accidental spillsor illicit
discharges.
Specid 1,944 >3,750 15 Coliform, Turbidity, Depends on the well typeand | Permit by rule: 1D, IN, OH
Drainage Wdlls Nitrogen-total ammonia, site characteristics.
Arsenic, Cadmium, Areapermit: FL (single family swimming pools
Cyanide, Lead, only)
Molybdenum, Nickel,
Nitrate, Radium 226, Iron, Individual permit: AK, FL, OR
Manganese, TDS, and
Sulfate
Experimental 396 >396 10 Chloride, Sulfides, Experimental tracer study Permit by rule: CO, TX, ID (for wells <18 ft.
Wedls Uranium wells not likely to be deep)
vulnerable to spills and illicit
discharges. Experimental Individual permit: SC, NV, WA, and ID (for
ATES systemsinject treated wells >18 ft. deep)
water, and are not very
vulnerable to spills or illicit
discharges. One
contamination incident
reported.
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Overview of ClassV WellsIncluded in This Report (continued)

nventory NuSTbter ° Injectate Constit t State R lati in States With
ates njectate Constituents N . ate Regulationsin States Wi
Well Type ) Potentially >MCLsor HALs Contamination Potential the Most Wells
Documented | Estimated with Wells
Aquifer 10,222 10,756 39 Sometimes inject reagents | Not likely to be vulnerable Permit by rule: TX
Remediation at concentrations above because injectate quality
Wedls MCLs, though no datato | controlled by the conditions Individua permit: KS, OH, SC
show levels of the operations being
conducted. Some concern for
unapproved or unsupervised
voluntary cleanups. One
contamination incident
reported.
Geothermal 234 234 4 Aluminum, Antimony, Generally not vulnerable to Individual permit: CA, HI, NV, UT
Electric Power Arsenic, Barium, Boron, receiving accidental spillsor
Weélls Cadmium, Copper, illicit discharges, in some
Fluoride, Lead, Mercury, cases due to Best
Strontium, Sulfate, Zinc, Management Practices
TDS, Manganese, pH, (BMPs). No contamination
Iron, and Chloride incidents reported.
Geothermal 31 48 10 Arsenic, Boron, Sulfate, Unlikely to receive accidenta Permit by rule: 1D (<18 ft deep)
Direct Heat Fluoride, Chloride, Iron, spillsor illicit discharges. No
Wells Manganese, and TDS contamination incidents Individual permit: CA, NM, NV, UT, OR, ID
reported. (>18 ft deep)
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Overview of ClassV WellsIncluded in This Report (continued)

nventory NuSTbter ° Injectate Constit t State R lati in States With
ates njectate Constituents N . ate Regulationsin States Wi
Well Type ) Potentially >MCLsor HALs Contamination Potential the Most Wells
Documented | Estimated with Wells
Heat 27,918 >32,801 40 Lead, Copper, Chloride, Low contamination potential Permit by rule: AZ, IL, KS, MI, MN, NE, ND
Pump/Air (but likely and TDS because the wells are part of (most wells), NY, OH, PA, SC, TN, TX, VA,
Condition <35,000) enclosed systems and are WV, WY
Return Flow generally maintained on
Wedls private property. Three Genera permit: WI (for open-loop discharge to
contamination incidents shallow subsurface soil absorption field in the
reported. unsaturated zone above the uppermost drinking
water aquifer)
Individual permit: DE, FL, MD (some wells),
MO, NV, NC, OR (unlessindividually
exempted), VT, WA
Banned: WI (for open-loop discharge directly
back into an aquifer)
Sat Water 315 >609 (but 5 Typicaly meetsMCLs Unlikely to receive accidenta Permit by rule: CA
Intrusion likely spillsorillicit discharges. No
Barrier Wells <700) contamination incidents Individual permit: FL, NY, and WA
reported.
Aquifer 1,185 >1,695 28 A few constituents Unlikely to receive accidenta Permit by rule: CA, CO, ID (<18 feet deep),
Recharge & (but likely reported at levels above spillsorillicit discharges. No | OK, TX
Aquifer <2,000) the MCLs (typically contamination incidents
Storage and meets MCLS) reported. Individual permit: FL, ID (>18 feet deep), NV,
Recovery OR, SC, WA
Wells
Noncontact <5,775 >7,780 32 Injectate expected to meset Low probability of pipeleaks | Permit by rule: TN, WV, OH, IA, MT, CA
Cooling Water MCLSHALS because that could result in accidental
Wdls contains no additives/not releases. No contamination Individual permit: AK, WA (existing), AL, NY
chemically atered incidents reported.
Ban: WA (new)
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Overview of ClassV WellsIncluded in This Report (continued)

assume injectate in wells
inNY, OR, and LA
exceeds MCLsfor some
parameters.

well design, construction, and
operation. No contamination
incidents reported.

Inventory NuSmber of c S | S A
tates Injectate Constituents S . tate Regulationsin States Wit
wel T . P I
ell Type ) Potentially >MCLsor HALs Contamination Potential the Most Wells
Documented | Estimated with Wells
Subsidence 28 158 5 I njectate data not Cannot be assessed due to Permit by rule: LA, OR
Control Wells available; reasonable to lack of accessto details on

Individual permit: NY

Ban new wells: WI
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2. BACKGROUND

The USEPA regulates five classes of underground injection wells, caled Class | through V
wells, under the authority of the Safe Drinking Water Act and through a series of UIC regulations.
While implementing this program, USEPA has studied Class V injection wells and pursued new
rulemaking activities and non-regulatory approaches to improve the management of ClassV wells.

21 ClassV Wdlls

Asdefined by USEPA, an injection well is any hole that is degper than it iswide and is used to
emplace fluids underground. Thisincludes sophisticated designs in which holes are drilled and cased
with meta or plagtic pipe. However, it dso includes smple designsto drain fluids to the subsurface.
For example, natura surface depressions associated with a conduit to the subsurface that have been
modified for the purpose of facilitating the drainage of fluids to the subsurface (caled “improved
snkholes’) may qudify asinjection wells. Likewise, both large-capacity septic systems and those at
commercid or industrid stes quaify aswells under USEPA’s definitions, as do abandoned drinking
water wells that have been adapted to convey fluids underground. Injection wells, however, do not
include surface impoundments, ditches, or trenches that are wider than they are deep.

In order to define Class V wdls, you must first define the other classes of injection wells, al of
which are regulated to protect USDWs. USDWs are aquifers or portions of aquifersthat currently are,
or could in the future be, used as drinking water sources. Injection wells are classified based primarily
on the type of fluids digposed in the well, and USEPA requirements for each well class are designed to
ensure USDWs are not threatened by the well operations. Class | wells are used to inject hazardous
and non-hazardous waste beneath the lowermost formation containing a USDW within one-quarter
mile of thewell. Class |l welsare used to inject fluids associated with oil and naturd gas recovery and
gtorage of liquid hydrocarbons. Class 11 wdls are used in connection with the solution mining of
minerds. Class 1V wells, which are generally prohibited, are used to inject hazardous or radioactive
wadtes into a formation which within one-quarter mile of awell bore containsa USDW. ClassV wdls
are defined as any well not included in Classes | through V.

ClassV injection wdls are generdly shdlow waste disposd wells, septic systems, storm water
and agriculturd drainage systems, or other devices used to release fluids ether directly into USDWs or
into the shalow subsurface that overlies USDWSs. In order to qualify asaClassV well, thefluids
released cannot be a hazardous waste as defined under the Resource Conservation and Recovery Act
(RCRA). Frequently, ClassV wells are designed as no more than shallow holes or septic tank and
leachfield combinations intended for sanitary waste disposal. This report focuses on the following 23
categories of ClassV wdls
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10.

11.

Categories of ClassV Wells

Agricultural Drainage Wellsinclude all wells receiving agricultural runoff. Thisincludesimproved sinkholes,
abandoned drinking water wells, and underground drain tiles and cisterns receiving agricultural runoff, excess
irrigation water, and flood water. Those drain tiles that discharge to a ditch are exempted from UIC regulation.

Storm Water Drainage Wells are shallow injection wells designed for the disposal of rain water and melted
snow. These wellstypically drain paved areas such as streets and parking lots, or roofs. Improved sinkholes and
abandoned drinking water wells are considered storm water drainage wells when they receive storm water runoff.

Wells Used to Drain Fluids from Carwashes Where No Engine or Under carriage Washing is Performed
(called “carwash wells’ in theremainder of thisreport). Thisincludes floor drainsin bays of coin-operated,
manual carwashes where people use hand-held hoses to wash only the exterior of cars, trucks, and other vehicles.
These kinds of carwashes are sometimes referred to as “wand washes,” as opposed to “tunnel washes’ or
“rollover washes’ where automatic washing equipment is used.

Large-Capacity Septic Systems are septic tanks and fluid distribution systems, such as leachfields or wells,
used to dispose of sanitary waste only (not industrial waste, motor vehicle waste fluids, or other kinds of
commercia waste that does not qualify as “sanitary waste”). These kinds of systems are typically used by
multiple dwellings, business establishments, or communities for the disposal of sanitary waste. Individual or
single family septic systems and non-residential systems having the capacity to serve fewer than 20 persons a
day are not included.

Food Processing Wells are any type of system that accepts food processing wastewater and releases it into or
above USDWSs. Thisincludes systems used to dispose of wastewaters generated from the preparing, packaging,
or processing of food products (e.g., slaughterhouses, seafood or poultry processing facilities, etc.), not septic
systems used solely for the disposal of sanitary waste.

Sewage Treatment Effluent Wells are used to inject treated effluent from publicly owned treatment works or
treated effluent from privately owned treatment facilities receiving solely sanitary waste. A well that receives
effluent from a privately owned treatment facility that receivesindustrial waste (as opposed to solely sanitary
waste) qualifies as an industrial well, not a sewage treatment effluent well. Also, awell that injects municipal
waste beneath the lowermost USDW in an area qualifies asa Class | well rather than aClass V well.

WellsUsed to Inject Fluids from Laundromats Where No Onsite Dry Cleaning is Performed or Where
No Organic Solvents are Used for Laundering (called “laundromat wells’ in the remainder of this
report). Thisincludes drains that lead to drywells (open holes) or septic systems at coin-operated laundromats
that do not have onsite dry cleaning services.

Spent Brine Return Flow Wells are used to dispose of brines from which minerals, halogens, and other
compounds have been extracted. These wells are commonly associated with manufacturing facilities that produce
specialty chemicals such as boron, bromine, magnesia, or their derivatives.

Mine Backfill Wells are used to place durries of sand, gravel, cement, mill tailings or refuse, fly ash, or other
solids into underground mines. These wells can serve avariety of purposes, including subsidence prevention,
filling dangerous mine openings, disposing of wastes from mine operations, and fire control.

Aquaculture Waste Disposal Wells dispose of water used for the cultivation of marine and freshwater animals
and plants under controlled conditions.

Solution Mining Wells are used to extract desired minerals from mines that have already been conventionaly
mined. Leaching solutions (called “lixiviants’) are injected through solution mining wells into an underground ore
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Categories of Class V Wells (continued)

In-Situ Fossil Fuel Recovery Wells are used for recovery of lignite, coal, tar sands, and oil shae. Thewells
inject water, air, oxygen, solvents, combustibles, or explosives into underground or oil shale beds to liberate fossil
fuels. Underground coal gasification and in-situ oil shale retorting are two processes that use in-situ fossil fuel
recovery wells.

Special Drainage Wellsinclude avariety of wells such as potable water tank overflow, construction
dewatering, swimming pool drainage, and mine dewatering wells. These wells receive fluids that cannot be
classified as agricultural, storm water, or industrial drainage.

Experimental Wells are used to test new technologies. Wells are not classified as experimental if the technology
can be considered under an established well subclass. For example, awell used for bioremediation should be
classified as an aquifer remediation well.

Aquifer Remediation Wells are used to clean up, treat, or prevent contamination of ground water. Treated
ground water (from pump and treat systems), bioremediation agents, or other contaminant recovery enhancement
materials may be injected into the subsurface viathese wells. These wells may be associated with RCRA or
Superfund cleanup projects.

Geothermal Electric Power Wells dispose of spent (meaning cooled) geothermal fluids following the extraction
of heat for the production of electric power.

Geothermal Direct Heat Wells dispose of spent (cooled) geothermal fluids following the extraction of heat used
directly, without conversion to electric power, to heat homes or provide heat to commercial or industrial
activities.

Heat Pump/Air Condition Return Flow Wells reinject ground water that has been passed through a heat
exchanger in order to heat or cool buildings. A heat pump takes thermal energy from the ground water and
transfersit to the space being heated. When cooling is required, the heat pump removes heat from a building and
transfersit to the ground water.

Salt Water Intrusion Barrier Wells are used to inject fluids to prevent the intrusion of salt water into an
aquifer. These wells may have secondary purposes, such as to recharge an aquifer with fresh water to be used
later.

Aquifer Recharge Wells are used to inject fluids to recharge an aquifer. These wells may have secondary
purposes, such as salt water intrusion prevention, subsidence control, or aquifer storage and recovery.

Aquifer Storage and Recovery Wells are used to inject water for later recovery and use. These wells may have
secondary purposes, such as aquifer recharge.

Noncontact Cooling Water Wells. Noncontact cooling water iswater used in a cooling system designed to
maintain constant separation of the water with process chemicals. Wells that inject contact cooling water or
noncontact cooling water that contains additives (e.g., corrosion inhibitors, biocides) or is contaminated compared
to the original source water are considered industrial wells.

Subsidence Control Wellsinject fluids to control land sinking, or subsidence, caused by ground water
withdrawal and other activities (but not oil and gas production).
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USEPA estimates that more than 686,000 Class VV wells within the above categories currently
exig in the United States. These wells are located in virtualy every sate, epecidly in unsawered areas
where the population is likely to depend on ground water.

In addition to these 23 well categories, there are three other types of ClassV wdls.

C Motor vehicle waste disposal wells that receive or have received fluids from vehicular repair
or maintenance activities, such as an auto body repair shop, automotive repair shop, new and
used car dedership, specidty repair shop, or any facility that does any vehicular repair work.

C Cesspools used to digpose of untrested sanitary waste, including multiple dwelling, community
or regiona cesspools, or other devices that have an open bottom and sometimes perforated
sgdes. The UIC requirements do not gpply to single family resdential cesspools nor to non-
resdentia cesspools that receive solely sanitary waste and have the capacity to serve fewer
than 20 persons a day.

C Industrial wells used to inject non-hazardous industrial or commercid fluids other than those
described for the other types of ClassV wellslisted above.

USEPA a0 addressed these three wdll typesin thisstudy. The results for these wells have
aready been published and placed in the public docket, as announced in aMay 21, 1999 NODA (64
FR 27741). Therefore, rather than repesating the information compiled on motor vehicle waste disposa
wells, large-capacity cesspools, and industrid wells, this report focuses only on the study methods and
results for the other 23 well categories listed above.

2.2  SafeDrinking Water Act

The Safe Drinking Water Act (SDWA or the Act) is designed to protect the quality of drinking
water in the United States. Part C of the Act specifically mandates the regulation of underground
injection of fluids through wells.

Section 1421 of the Act requires USEPA to propose and promulgate regulations specifying
minimum requirements for state programs to prevent underground injection that endangers drinking
water sources. USEPA promulgated adminigtrative and permitting regulations, now in 40 CFR Part
144 and 146, on May 19, 1980 (45 FR 33290), and technical requirementsin 40 CFR Part 146 on
June 24, 1980 (45 FR 42472). These regulations have since been amended on severa occasions.

Section 1422 of the Act provides that states may apply to USEPA for primary responsibility to
adminigter the UIC program (those states receiving such authority are referred to as "Primacy States').
Where dates do not seek this responsbility or fail to demondrate that they meet USEPA’s minimum
requirements, USEPA isrequired to prescribe, by regulation, a UIC program for such states. These
direct implementation (DI) programs were established in two phases, on May 11, 1984 (49 FR 20138)
and November 15, 1984 (49 FR 45308).
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2.3 UIC Regulations

Under the USEPA UIC Program, Class V wdls are currently authorized by rule, meaning they
do not have to obtain an individua permit unless required to do so. Under 40 CFR 144.12(a), owners
or operators of dl injection wells are prohibited from engaging in any injection activity thet dlowsthe
movement of fluids containing any contaminant into USDWS, if the presence of that contaminant may
cause aviolaion of any primary drinking water regulation or may otherwise adversdly affect human
hedlth. Sections 144.12(c) and (d) specify actions to be taken by the UIC Program Director if awdl is
not in compliance with section 144.12(a).

Owners or operators of ClassV wells are dso required to submit basic inventory information
under 40 CFR 144.26. In addition, ClassV wells are subject to the genera program requirements of
section 144.25, under which the UIC Program Director may require a permit, if necessary, to protect
USDWSs. Moreover, under section 144.27, USEPA may require owners or operators of any ClassV
well, in USEPA-adminigtered programs, to submit additional information deemed necessary to protect
USDWs. Owners or operators who fail to submit the information required under sections 144.26 and
144.27 are prohibited from using their wells.

24 1987 Report to Congresson ClassV Wells

In accordance with the 1986 Amendments to the SDWA, USEPA summarized information on
ClassV wdlsin aReport to Congress entitled Class V Injection Wells -- Current Inventory; Effects
on Ground Water; and Technical Recommendations, September 1987 (USEPA Document Number
570/9-87-006). That report presents a nationa overview of ClassV injection practices and state
recommendations for ClassV design, congtruction, ingtdlation, and Sting requirements. These state
recommendations, however, did not give USEPA aclear mandate on what, if any, additional measures
were needed to control ClassV wells on the nationd level. For any given type of well, the
recommendations varied broadly and were rarely made by more than two or three states. For
example, the recommendations for large-capacity septic systems ranged from further studies (three
dtates) to statewide ground water monitoring (one state).

25 Actions Sincethe 1987 Report to Congress

On December 30, 1993, the Sierra Club filed a complaint against USEPA in the United States
Didtrict Court for the Digtrict of Columbiadleging that USEPA failed to comply with section 1421 of
the SDWA regarding publication of proposed and fina regulaions for ClassV injection wells. The
complaint alleged that USEPA’s current regulations regarding Class V wdls do not meet the SDWA's
datutory requirementsto "prevent underground injection which endangers drinking water sources.”

On August 31, 1994, USEPA entered into a consent decree with the Sierra Club requiring that
by no later than August 15, 1995, the USEPA Administrator Sign a notice to be published in the
Federal Register proposing regulatory action thet fully discharges the Adminigtrator’ s rulemaking
obligation under section 1421 of the SDWA with respect to Class V injection wells. The consent
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decree further required that afina rule on Class V wells be signed by November 15, 1996.
Accordingly, on August 15, 1995, the Administrator signed a notice of proposed rulemaking intended
to fulfill this obligation (60 FR 44652, August 28, 1995). In this notice, USEPA proposed not to adopt
additional federa regulaionsfor any types of ClassV injection well. Instead, the Agency proposed to
address the risks posed by certain wells using existing authorities and a Class V management strategy
designed to (1) speed up the closure of potentially endangering wells; and (2) promote the use of best
management practices to ensure that other ClassV wells of concern do not endanger USDWs.

USEPA received many comments that supported the Agency’s proposa to not impose more
regulations for ClassV wells. However, USEPA aso received a number of comments that raised
concerns about the proposal. In particular, severa commenters questioned whether a UIC program
without additiona requirements for reatively high-risk well types, including Class V motor vehicle waste
disposa wdlls, industria waste disposal wells, and large-capacity cesspooals, could prevent
endangerment to drinking water sources as required by the SDWA. The SierraClub Legd Defense
Fund aleged that the proposdl failed to carry out statutory requirements.

Based on these and other comments, USEPA decided to reconsider the 1995 proposed
gpproach. Because this reconsideration would extend the time necessary to complete the rulemaking
for Class V wells, USEPA and the Seerra Club Lega Defense Fund entered into a modified consent
decree on January 28, 1997 that extended the dates for rulemaking that had been in the 1994 decree.
The modified decree requires three actions.

C Firgt, by no later than July 17, 1998, the USEPA Administrator was required to Sign a notice to
be published in the Federal Register proposing regulatory action that fully dischargesthe
Adminigrator’s rulemaking obligation under section 1421 of the SDWA with respect to those
types of ClassV injection wells presently determined to be high risk and for which additiona
information is not needed. According to the consent decree, as modified, the Administrator
must sign afina rulemaking for such high-risk Class VV wells by no later than October 29, 1999.

C Second, by no later than September 30, 1999, USEPA must complete astudy of al ClassV
wells not included in the rulemaking on high-risk Class V injection wells. Based on this study,
USEPA may find that some of these other types of ClassV wells dso pose ahigh risk.

C Third, by no later than April 30, 2001, the USEPA Administrator must Sgn anotice to be
published in the Federal Register proposing to discharge the Adminigtrator’ s rulemaking
obligations under section 1421 of the SDWA with respect to dl ClassV injection wells not
included in the firg rulemeking for ClassV injection wells. The Adminisrator mugt Sgn afind
rulemaking for these remaining Class V wells by no later than May 31, 2002.

On July 29, 1998 (63 FR 40586), in response to the first action required under the modified
consent decree, USEPA proposed revisonsto the Class V UIC regulations that would add new
requirements for the following three types of wellsthat, based on information available at the time, were
believed to pose a high risk to USDWs. motor vehicle waste disposa wells, large-capacity cesspoals,
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and industrial wells when located in ground water-based source water protection areas. In response to
the second action required under the modified consent decree, USEPA conducted this study of the
remaining 23 well categories defined above to determine whether they warrant additiona UIC
regulation. At the sametime, the Agency collected information on motor vehicle waste digposd wells,
large-capacity cesspoals, and industrid wells to support rulemaking decisons for thosewdlls. In
accordance with the third action required under the modified consent decree, USEPA will use the
information presented in this report for the 23 well categories, combined with the study results
published previoudy for the three well types targeted in the July 29, 1998 proposa, to make regulatory
decisonsfor dl those wel categories not addressed in the initid rulemaking on high-risk wells.

3. STUDY APPROACH

USEPA initiated the Class V study by convening aworkgroup of USEPA and state UIC
representatives to help design the research effort. Workgroup members met during the spring and
summer of 1997 to develop amethod for collecting information. Based on these meetings, USEPA
concluded that state programs have information useful to the study, but that additiona information
should be collected from other sources aswell. USEPA aso recognized that very little inventory
information (i.e., data on the numbers of exiging Class V wellsin different locations) was available from
the states for some types of wells.

Asareault of thisinitid scoping, thefind ClassV study design had two components: (1) an
information collection effort for the 23 Class V well categories, and (2) inventory models to estimate the
number of storm water drainage wells and large-capacity septic systems, two types of wells that were
believed to be quite prevadent but for which adequate inventory information was particularly lacking.
These two components are described below in Sections 4 and 5, respectively. The workgroup
continued to meet throughout both of these efforts to provide feedback as the study progressed.

The information developed from this research has been compiled into a 23-volume find report
that conssts of:

C Volume 1 (this volume), which provides generd information on the study gpproach and results;

C Volumes 2-23, which provide a well-specific information summary for each of the 23
categories of wdlsthat were studied (Volume 21 covers both aquifer recharge wells and
aquifer storage and recovery wells); and

C Five gppendices, asfallows:
< Appendix A providesthe ClassV Study Information Collection Request.

< Appendix B presents the questionnaires that were used in generd information collection
effort.
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< Appendix C outlines the methods and information used to sdlect census tractsto vist
for the purpose of developing the inventory models, presents the results from those
cenaus tract vidts, and summarizes the inventory moded development and results.

< Appendix D presents the drinking water standards and other criteria used in the well-
gpecific summaries to compare to data on the qudity of fluids released by the 23 wdll
types, and

< Appendix E presents information on the ground water persistence and mobility of
various chemicals possibly released by ClassV wells.

4. INFORMATION COLLECTION

The information collection conssted of four activities: aliterature review, state and USEPA
Regiona data collection, requests to the public for data, and peer review. Each of these effortsis
described in turn below.

4.1 Literature Review

USEPA sarted the search by locating available references from the Ground Water Protection
Council’s (GWPC's) Injection Well Bibliography. To supplement this bibliography, USEPA used alist
of key words to search the Boston Library Consortium, individud libraries, ten scientific databases, the
World Wide Web, the Library of Congress, and libraries linked to the Library of Congress. USEPA
aso sought available information through targeted phone calls to trade associations, research indtitutes,
universities, and other sources.

4.2  Stateand USEPA Regional Data Coallection

421 DataCollection Methods

USEPA prepared an Information Collection Request (ICR) that outlined the methodology,
identified the information to be collected, and caculated the burden associated with responding to a
ClassV survey. OMB approved the ICR (OMB # 240-0194) on July 31, 1998.

The first step in the collection process was to ask USEPA Regiona representatives to identify
the best UIC contact for each state in the Region. The scope of this search included al 50 gtates, the
Didrict of Columbia, Guam, the Commonwedth of Puerto Rico, the Northern Mariana Idands, the
Virgin Idands, American Samoa, and the Trust Territory of the Pacific Idands. It dso included Indian
landsin USEPA Regions5, 8, 9, and 10.

Next, USEPA called each contact person to explain the study, obtain some preliminary
information about the data the contact had available, and describe an information request | etter that the
contact would soon receive. This letter requested information on the types of wellsin each state and
appropriate contacts for those wells.
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USEPA then sent well-specific questionnaires to the contacts identified in responsesto this
letter. USEPA distributed nearly 700 questionnaires to USEPA Regiond, state, and local respondents.
Because some gates were unable to compl ete the questionnaires due to resource constraints and other
dates (particularly DI states) had very limited information to share, USEPA supplemented the
information from the questionnaires through follow-up telephone interviews and on-gte file searchesin
ten primacy sates (Massachusetts, Maryland, West Virginia, Florida, 1linois, Minnesota, Kansas,
Wyoming, Oregon, and Washington); two DI states (Cdifornia and Colorado); and two Regiond
Offices with DI dtates (Region 3: Pennsylvania, Virginia, and the Digtrict of Columbia; and Region 8:
Colorado). In some cases, USEPA dso completed summaries using information from other sources
such as state Internet Web sites or studies and reports.

4.2.2 |nformation Obtained

USEPA received information on al but afew UIC programs. American Samoawas the only
program to report that no ClassV wellsexist. Altogether, USEPA received and completed by
telephone approximately 475 questionnaires, conducted scores of telephone conversations, and
received alarge volume of written and e-mail correspondence.

While USEPA collected a Sgnificant amount of information, the study also discovered where
daesarelacking data. The following sections summarize the information collected and limitations of
that information in four categories. inventory data, injectate quality data, contamination incidents, and
regulatory authority and implementation.

Inventory Data
Two generdizations can be made about the inventory information that was obtained:

C States generdly maintain accurate inventories for mining, geotherma, aquifer recharge, aguifer
storage and recovery, and aguifer remediation wells. Because these wells often require state
approva before congtruction, states believe that they have kept accurate records of these wells.

C For other well types, states and USEPA Regions suspect that their inventories underestimate
the true number of wells. For example, inventories of agriculturd drainage wells may be
inaccurate because of limited public records of these wells and the inability of public officidsto
locate these wells on rurd private property without the coordination of the landowner. The
survey responses indicate that agricultural drainage and storm water drainage wells are often
congtructed and used by individuals who may not be aware of ClassV regulations and, thus,
have never been reported. Furthermore, local agencies often have jurisdiction over these well
types, so they may not be accounted for in a state’' s inventory.
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In addition, there are Sgnificant uncertainties associated with the inventory data:

In some cases, different sources provided different numbers, both for documented and
esimated number of wells. In particular, documented numbers of wells reported in survey
responses sometimes differed from the numbers reported in computer database printouts
provided by the same State saff. These differences occasionaly could not be reconciled.

Estimated numbers were often provided as arange, or as“more than” or “lessthan” the
documented number.

In some state databases, different subclasses of wells could not be distinguished. For example,
most states do not distinguish between carwash wells, laundromat wells, food processing wells,
or non-contact cooling water wels, grouping them insteed into a generd indudtriad well
category. Also, some states do not distinguish between aquifer sorage and recovery wells and
aquifer recharge welsin their current inventories.

State classfication of some well types differs from the classfication used in thisstudy. Thiswas
commonly the case for experimenta wells. It isaso possble that some states reported Class
IV aquifer remediation wells as Class V aquifer remediation wells (see Section 6.15 below for
the digtinction between these wdlls).

Although anumber of studiesthat discuss the likely existence of agricultura drainage wellsin
various areas were found, USEPA was unable to get much documentation of the number or
location of thistype of well. State and loca officias often ether did not know of the existence
of agricultural drainage wells or smply reported that there were none because they were
banned or being phased out in the Sate.

Mog states use different criteria than in the federal UIC regulations for distinguishing between
smdl and large-capacity septic systems (most states use a flow threshold rather than USEPA’s
20 persons-a-day definition).

Injectate Quality Data

The injectate quality data obtained during the sudy vary widdy. They range from aonetime

sample a one wdl to multiple samples a multiple wdlsin multiple sates. The datainclude results from
routine and special monitoring, studies, permit gpplications, journd articles, and reports.

Thereislittle injectate data available for well types perceived to pose low risksto USDWS,

such as heat pump/air conditioning return flow wells. State injectate sampling data for agriculturd and
sorm water drainage wells were aso difficult to find snce many of these wells are located on private
property. However, many studies on these well types have been conducted and USEPA more often
found injectate datain the literature.
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Contamination Incidents

Contamination incidents are often handled by an office other than the UIC program office, such
as separate state enforcement and compliance offices. The study was less successful in tapping these
other officesfor information. As a separate issue, states were often reluctant to disclose contamination
incidents, especidly when enforcement action was pending. Furthermore, very little documentation is
avallable that directly links contamination problemsto ClassV wdls, dthough wells are often suspected
of contributing to contamination.

Regulatory Authority and Implementation

Regulatory authority over Class V wells varies widely among states. Four typical regulatory
schemes are asfollows:

C General authority to protect USDWs. The State UIC Program Director has discretionary
authority to take actions necessary to protect USDWs.

C Permit by rule. An entire class of wdlsis deemed permitted aslong as they comply with
gtandards and requirements found in the regulations.

C General permit. Anidenticad permit, based on state technicd regulations, isissued for each
well in aspecified class of wells.

C Authority to issue site-specific (or individual) permits, inspect, and take enfor cement
action. Thisauthority may be linked to technicd standardsin the regulations and/or may give
the State UIC Program Director discretion to include standards necessary to protect USDWs.

Where gates have technica standards, they may contain requirements for siting or setbacks,
congruction, mechanica integrity testing, injection pressure or flow, injectate quaity, monitoring, best
management practices, reporting, financia respongbility, and closure and post-closure care.

State UIC programs are generaly resource-constrained. This means the states are often not
able to implement UIC programs as vigoroudy asthey would like. Thislack of resourcestypicaly
manifests itsdf in a state program that is more reactive than proactive. For example:

C States do not make wide use of discretionary authority, except when problems are evident;

C Sampling and inspections are often problem- or complaint-driven with few states conducting
routine ingpections, and

C States are often unable to confirm that abandoned wells are properly plugged so that
contaminants cannot enter them.
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4.3 Requeststo the Public for Information

USEPA sought information from the public for the Class V study. One avenue for obtaining
information was the Nationd Drinking Water Advisory Council (NDWAC). The ClassV study was an
agenda topic during a NDWA C workgroup meeting held on January 7-8, 1999 in Denver, Colorado
(see 63 FR 66168, December 1, 1998). Issuesrelevant to the study also were discussed in another
NDWAC workgroup meeting on March 25-26, 1999 in Washington, DC. In both of these mestings,
members of the public were alowed to make satements. To obtain additiona information on issues
raised during these NDWAC discussions, USEPA accompanied state UIC program gaff on Ste vidits
of facilitieswith Class V wdlsin New Hampshire and Maine.

USEPA aso requested information through three notices in the Federal Register:

. 64 FR 1008, January 7, 1999, Call for Peer Reviewers and Data on Aquaculture Injection
Widls, Mining Wells, Sewage Treatment Effluent Wells, and Other Class V Injection Wells
Including Certain Industria Wélls, and

C 64 FR 1008, January 7, 1999, Cdl for Dataon Class V Wells Including Agriculture and Storm
Water Drainage Wells, Large-Capacity Septic Systems, and Geothermal Wdlls.

. 64 FR 1007, January 7, 1999, Cdl for Peer Reviewers and Dataon Aquifer Storage and
Recovery Wdlls, Aquifer Recharge Wells, Sdline Intrusion Barrier Wells, Subsidence Control
Widls, and Aquifer Remediation Injection Wdlls.

USEPA daff made presentations about the status of the study at semiannua meetings of the
GWPC, including a March 1998 mesting in Anngpalis, MD, a September 1998 meeting in
Sacramento, CA, aMarch 1999 meseting in Washington, DC, and a September 1999 meeting in
Newport, Rhode Idand. During each of these presentations, the meeting participants were requested
to provide available information and to identify additiond information sources.

USEPA dso maintained an Internet Web site for the Class V study (http:/Amww.epa.gov/
OGWDWI/uic/cl5study.html). The Web site included definitions of the well types, successive drafts of
well-specific information summaries, and other information about the study. It also incdluded aform that
anyone could submit on-line to provide information about Class V wells. The Web site, which was
frequently visited, was advertised in the Federal Register notices listed above, at the GWPC meetings,
and in other forums.

Findly, the July 28, 1998 proposed rule on Class V motor vehicle waste disposal wells,
industrial wells, and large-capacity septic systems introduced the study and gave the pubic an
opportunity to comment on the need to regulate those and al other kinds of ClassV wells. Indeed,
severd comments were submitted providing information useful to the ClassV study, including additiona
information on Class V food processing waste disposa wells and other types of ClassV wellsin
Tennessee. USEPA followed up on these comments by conducting, dong with state UIC Program
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daff, Ste vidgts to anumber of food processing facilities in Tennessee that own or operate Class V
wells.

4.4 Peer Review

USEPA coordinated peer reviews of draft information summaries for each of the 23 types of
wells studied in order to ensure technical accuracy and completeness of the documents. These reviews
ranged from aforma peer review process in which recognized technica experts for sdected well types
were sought, to an informa processin which drafts of the well-specific information summaries were
distributed to teams of state, USEPA Regiond, and USEPA Headquarters reviewers.

During these processes, reviewers were supplied with the draft information summary and a
charge that asked generd and specific questions to help guide the review. Some of the reviews
included a conference call as an opportunity for the reviewers to discuss and share thoughts on the
document. USEPA incorporated the comments received into the information summaries. Upon
completion of the review process, USEPA dso developed atable explaining how USEPA used the
comments.

5. INVENTORY MODELS

Although the generd information collection effort did include storm water drainage wells and
large-capacity septic systems, the participantsin the Class V study workgroup meetings told USEPA
that very little inventory data on these wells were available from the dates. In generd, dtates believe
that their inventories of these well types are inaccurate and would not provide aredigtic nationa
estimate. Asaresult, USEPA determined that it would be necessary to congtruct statistical inventory
models to provide nationd estimates of the numbers of storm water drainage wells and large-capacity
septic systems.

The inventory models predict the number of storm water drainage wells and large-capacity
septic systems nationally based on geologic, demographic, and other characteristics. Thereislittle
theory -- and virtualy no empirica research -- regarding the factors affecting the number and location
of these wdlls. Therefore, USEPA sdlected and visited a sample of 99 census tracts across the nation
to collect information on the numbers of wells and avariety of factors that might influence the wells
prevaence. USEPA then andyzed the data collected from these visits to develop mathematical models
that can be used to estimate the numbers of ssorm water drainage wells and large-capacity septic
systemsin other locations based on certain characterigtics known to exist in those areas. Appendix C
describes the devel opment and results of the inventory models in more detall.

51  Storm Water Drainage Wells

Storm water drainage wells were located in 22 of 99 census tracts surveyed. Such wells were
primarily found along Streets, but were aso common in parking lots and resdential areas. A few sorm
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water drainage wells were dso found in other areas, such as dong bike paths or in recregtiona vehicle
parks.

The edtimate of the number of sorm water drainage wells in the nation is the combination two
esimates. amode estimate for wells in non-urbanized areas, and Sate estimates of the number of wells
in urbanized areas. This approach is necessary because of the sampling strategy. Urbanized areas
were excluded from the sample based on the assumption that very few storm water drainage wells
would be found in urbanized areas. While afew cities make extensve use of these wells, USEPA
could not adequatdly represent dl urbanized areas in the sample to account for these wells because of
the rdatively smadl size of the sample. Therefore, USEPA relied on state and other estimates gathered
as part of the generd data collection effort to account for the wellsin urbanized areas, and used the
sample to build amodd of the number of wellsin non-urbanized aress.

The estimate for the total number of slorm water drainage wells in the country is gpproximeately
125,500. This represents the sum of the number of documented and estimated wells in urbanized areas
(35,000 and 26,500, respectively) and the model’ s estimate for non-urbanized areas (64,000).

5.2  Large-Capacity Septic Systems

Large-capacity septic systems were found in sewered and unsewered areas and were used in a
wide variety of circumstances. They were found in 88 out of 99 of the censustracts visted. The
largest percentage of systems were located at churches, but many were also found in commercia aress,
restaurants, campgrounds, public buildings, motels, resdentid areas, industrid areas, schools,
recreationd areas, and afew in other areas such as farms and ranger stations.

The moded assumes that the number of large-capacity septic sysemsin acensustractisalinear
function of the number of households on septic systemsin the tract, the tract’ s housing density, and the
percentage of soil in thetract that is poorly drained. Using an equation with these variables, the model
predicts gpproximately 353,400 large-capacity septic systems nationwide. The 95 percent prediction
interval is 304,100 to 402,600.

6. WELL-SPECIFIC SUMMARIES

This section presents information summaries for each of the 23 categories of ClassV wells
addressed in thisreport. Volumes 2 through 23 of this report provide more detail on each of these well
categories in the same order in which they appear below (with Volume 21 covering both aquifer
recharge and aquifer storage and recovery wells). Although each summary below istailored to the
particular issues relevant to the different wells, they al address the following basic topics in the following
sequence: (1) well purpose and fluids released; (2) the extent to which the fluids released exceed
drinking water standards at the point of injection; (3) generdizations about the characterigtics of the
underground zone receiving fluids from the wells; (4) contamination incidents or udies, if any; (5)
vulnerability of the wellsto spills or illicit discharges, (6) prevaence of the wells, and (7) exiding Sae
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and federd controls. If any other factors are key in summarizing information on a given well type, they
are woven into gppropriate places within this genera outline.

6.1  Agricultural Drainage Wells

Agricultura drainage wels (ADWS) are used in many places throughout the country to drain
excess surface and subsurface water from agriculturd fidds, including irrigation tallwaters and natura
drainage resulting from precipitation, snowmet, floodwaters, eic. ADWs may aso receive animd yard
runoff, feedlot runoff, dairy runoff, or runoff from any other agricultural operation. In some cases, these
fluids are released into ADWs in order to recharge aquifers that are used as sources of irrigation weter.

The water that drainsinto ADWs may contain high levels of naturaly occurring mineras or may
be contaminated with fertilizers, pesticides, or bacteria and other microorganisms. Available sampling
data show that the primary congtituent in ADW injectate that is likely to exceed health-based standards
isnitrate. The data aso indicate that boron, sulfate, coliforms, and certain pesticides (cyanazine,
atrazine, dachlor, adicarb, carbofuran, 1,2-dichloropropane, and dibromochloropropane) in
agriculturd drainage have exceeded primary, or hedlth-based, MCLs or HALs. Total dissolved solids
(TDS) and chloride in some ADWs aso have been measured above secondary MCLs, which are
designed to protect against adverse aesthetic effects such as objectionable taste and odor.

Concerns about high concentrations of contaminants entering ADWs are compounded by the
recognition that suitable subsurface geologic formations for ADWs often include areas with shalow,
fractured bedrock formations, or limestone bedrock, particularly where affected by karst development
that provides solution channels and sinkholes that alow rapid transmission of water. Asdiscussed in
Volume 3, some ADWs are in fact nothing more than improved sinkholesin areas with karst. Such
hydrogeologic sattings usudly alow contaminants to migrate readily without significant attenuation.

A number of studies and incidents have shown that ADWSs have in fact contributed to or caused
ground water contamination. In particular, ten studies reviewed for this report document nitrate
contamination of ground water in agricultura aress. Six of these sudies clearly link the nitrate
contamination to ADW use. For example, one study in north central owa between 1981 and 1983
found that areas with the highest density of ADWs aso had the highest average concentrations of nitrate
in ground water samples (37 percent of the farm wells sampled in an areawith ardatively large number
of ADWs had nitrate concentrations above the MCL). Four other studies, however, do not clearly
digtinguish nitrate contamination from ADWSs versus more genera sources of nonpoint source pollution
associated with agriculture. In addition to these nitrate Sudies, there are two known contamination
incidentsin lowa (in 1977 and 1997) involving direct discharges from septic tanksto ADWs. In one of
these incidents, the ADW was dso contaminated by runoff from the field gpplication of hog manure,
Other contamination incidents include ground water and drinking water contamination linked to 15
drainage wdls in Minidoka County, Idaho in 1979, and a community supply well in Dane, Wisconsin
being contaminated around 1988 by atrazine that likely drained into an improperly abandoned water
well that had been illegdly modified to receive surface runoff from an agriculturd area.
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A further concern associated with ADWs is the potentid for some wellsto be vulnerable to
soills or illicit discharges. The close proximity of ADWSs to large earthen lagoons for storing manure at
large-scale confined animal feeding operations is a particular issue that has been recognized for some
wellsin lowa; the growth of such operations nationwide may aso make it an issue in other locations.
The two cases cited above involving septic tank dischargesto ADWsin lowamay dso illudtrate a
practice that is not uncommon in other states. Following one of those incidents, it was estimated that as
many as 30 percent of the rurd septic tanksin one lowa township may be directly connected to
ADWs. Separatdy, some ADWSs may occasionally receive accidentd releases of materias during
farming operations, such as spills of motor oils used in equipment or bulk releases of pesticides during
gtorage or handling. Moreover, if not carefully managed, the land application of manure in areas
drained by ADWs can cause contamination, asillustrated by one of the incidents reported in lowa

According to the state and USEPA Regiond survey conducted for this study, there are at least
1,069 documented ADWSs and more than 2,842 ADWSs estimated to exist inthe U.S. Although
believed to exist in & least 21 states, more than 95 percent of the documented wellsarein just five
states: Idaho (303), lowa (290), Ohio (>200), Texas (135), and Minnesota (92). In truth, there may
be thousands more ADWs than these results suggest, recognizing the significant uncertaintiesin the
current inventory. For example, it islikely that more ADWSs exist than have been counted because (1)
thereis often alack of public records on such wels, (2) public officids are unable to document the
locations of ADWs in remote areas on private land without the cooperation of the landowner, (3) some
ADWSs are hard to find or not even known to exist because they consst of tile drainage lines and
cisterns entirdly below ground, and (4) ADWSs have been grouped with storm water drainage wellsin
some state inventories. Looking forward, the number of ADWSs should decrease asthe risk to USDWs
becomes known and ADWs that cause or threaten contamination are discovered and closed.
However, the known number of ADWs may actualy increase as the existing wells are actively looked
for and discovered.

States with the mgority of known ADWSs are developing and implementing regulatory
programs to address these wells. Specificdly:

C In I1daho, wells >18 feet degp are individudly permitted, while shdlower wells are permitted by
rule.

C All ADW ownersin lowaare required to have applied for apermit by July 1, 1999. The only
exception to thisis ADW owners who can demondtrate that their ADW will be closed prior to
December 31, 2001. New welsin lowaare generdly prohibited, athough they may be
permitted under very drict conditions (these conditions are so dtringent that new ADWsin
lowa are unlikely to receive a permit).

C The regulations in Ohio authorize ADWs by rule aslong as inventory information is submitted.

All existing ADWSsin the Sate are consdered out of compliance (not rule authorized) because
their owners or operators did not submit required inventory information by the gpplicable
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deadline. Any new ADWswould be examined individualy by the state and subjected to
conditions believed necessary to protect USDWSs.

C All of the known ADWsin Texas received individud authorizations for congruction of the
wells. Owners or operators of any new wells would have to submit basic information to the
gtate, which would either disapprove the well or authorize it subject to conditions deemed
necessary to protect USDWSs.

C Minnesota rules, which became effective on July 15, 1974, prohibit injection or disposd of any
materidsinto awdl. State saff, however, acknowledge that some ADWSs continue to exist and
require them to close when they are found. The prohibition relates to wells that reach ground
water. Horizontd drain tiles are not included in the definition of a“well” in Minnesota.

The regulatory picture in other states with few or no ADWSs in the current inventory is varied.
In particular, Georgia, North Carolina, and North Dakota have banned new ADWs and require
exising ADWs to close when they are found. Oregon, Washington, and Wisconsin aso have aban,
but recognize that some ADWSs continue to exist. Most other states authorize ADWSs by rule,
conggtent with the existing federad UIC requirements.

These regulatory programs in the states are supplemented somewhat by non-regulatory
programs and guidance at the federd level. Namey, under the authority of the Clean Water Act, the
U.S. Department of Agriculture and USEPA released adraft Unified National Strategy for Animal
Feeding Operations on September 11, 1998. Once findized, the god of this strategy will be for
owners and operators of animal feeding operations to take actions to minimize surface and ground
water pollution from confinement facilities and land gpplication of manure. In addition, under the
Coadtd Zone Act Reauthorization Amendments, 29 coastd states are required to develop and
implement Coastal Nonpoint Pollution Control Programs addressing nonpoint pollution from agriculture
and other sources. Although these programs are aimed primarily toward surface water protection, they
aso will benefit ground water by emphasizing contaminant source reduction and conservation measures
such as nutrient, integrated pest, and irrigation management. To support the development and
implementation of these programs, USEPA issued Guidance Soecifying Management Measures for
Sources of Nonpoint Pollution in Coastal Waters. Much of this guidanceisrelevant to ClassV
ADW:s because it presents techniques for minimizing seepage to ground water.

6.2  Storm Water Drainage Wells

Storm water drainage wells are used extensively throughout the country to remove scorm water
or urban runoff (e.g., precipitation and snowmet) from impervious surfaces such as roadways, roofs,
and paved surfaces to prevent flooding, infiltration into basements, etc. The primary types of ssorm
water drainage wells are bored wells, dug wells, and improved sinkholes. 1n addition, “lake level
control wells’ are used to drain lakes to prevent overflow following heavy precipitation. Subsurface
disposa of storm water is prevaent in places where there is not enough space for, or Ste characteristics
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do not dlow, retention basins, where there is not a suitable surface water to receive the runoff; or
where near-surface geologic conditions provide an attractive drainage zone.

The runoff that enters ssorm water drainage wells may be contaminated with sediments,
nutrients, metals, sdts, fertilizers, pesticides, and/or microorganisms. Storm water sampling data
indicate that concentrations of antimony, arsenic, beryllium, cadmium, chromium, cyanide, lead,
mercury, nickd, nitrate, selenium, and certain organics (e.g., benzene, benzo(a)pyrene, big(2-
ethylhexyl) phthdate, chlordane, dichloromethane, pentachlorophenal, tetrachloroethylene, and
trichloroethylene) in storm water runoff have exceeded primary MCLs. Available sampling data show
that concentrations of duminum, chloride, copper, iron, manganese, TDS, zinc, and methyl tert-butyl
ether have exceeded secondary MCLsor HALs. Water quaity data from Foridaindicate that |ake
level control well injectate has exceeded primary MCLs or HALsfor turbidity, arsenic,
pentachlorophenol, and fecd coliforms, as well as secondary MCLs for iron, manganese, pH, and
color. Some of these same studies, however, report that no adverse effects on ground water were
detected. In addition, someindustry representatives assert that the quadity of storm water drainage
should be better today than reported in some of these studies, which predate the use of best
management practices (BMPs) required under the Nationa Pollutant Discharge Elimination System
(NPDES) program.

In generd, the point of injection for most sorm water drainage wellsis into sandy, porous soils,
apermesble coarse-grained unit, karst, or a fractured unit because these types of formations can
readily accept large volumes of fluids. Such hydrogeologic characterigtics usudly alow contaminants to
migrate readily into ground water without sgnificant attenuation.

Contamination related to storm water drainage wells has been reported to various degreesin
Ohio, Kansas, Wisconsin, California, Washington, Arizona, Oklahoma, Tennessee, New Y ork,
Indiana, Florida, Kentucky, and Maryland. Severd studies, however, do not clearly distinguish
contamination from storm water drainage wells versus more generd, nonpoint source pollution. The
following three examples demonstrate cases in which storm water drainage wells have contributed to or
caused ground water contamination.

C In 1989, acommercia petroleum facility in Fairborn, Ohio accidentaly released 21,000 gallons
of fud ail that overflowed a diked area and entered two storm water drainage wells.

C In 1980, organic solvent contamination was discovered in drinking water supply wells for
Lakewood, Washington following the disposa of organic waste solvents and dudgein leach
pits and storm water drainage wells at McChord Air Force Base.

C In 1998, the Oak Grove, Kentucky water plant (a ground water system) was shut down due to
asharp increase in raw turbidity following a severe sorm event.

Lake level control wells have been associated with two documented contamination incidents.
The first occurred in 1993 when private drinking water wells in Lake Orienta, Altamonte Springs,
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Florida, were contaminated. 1n 1998, private wellsin Lake Johio, Orange County, Florida, were
contaminated by fluids released into lake level control wells.

Asillugrated by some of these incidents, sorm water drainage wells are generdly vulnerable to
spills or illicit discharges of hazardous substances, asthey are often located in close proximity to
roadways, parking lots, and commercid/industrid |oading facilities where such substances are handled
and potentialy rdeased. The use of a number of BMPs can reduce the likdihood of contamination,
including Sting, design, and operation BMPs aswell as education and outreach to prevent misuse, and
findly, proper closure and abandonment (see Volume 3 for a detailed discussion on these BMPs and
their effectiveness). However, the frequency and pattern of BMP use varies across the country. For
example, public commenters on the July 28, 1998 proposed revisonsto the Class V UIC regulations
cited cases in which citizens have been observed draining used motor ail into sorm water drainage
wells, where no measures are in place to prohibit illicit discharges. Some lakes that are drained by lake
level control wells are dso vulnerable to spills or illicit discharges.

Based on the state and USEPA Regiona survey conducted for this study, there are
approximately 71,015 documented storm water drainage wells and gpproximately 247,522 storm
water drainage wells estimated to exist in the U.S. About 81 percent of the documented wellsarein
seven western states: Arizona (14,857), Cdifornia (3,743), Washington (22,688), Oregon (4,148),
Idaho (5,359), Montana (4,000), and Utah (2,890). Five other states contain approximately 15
percent of the tota wells. Ohio (3,036), Florida (2,153), Michigan (1,301), Maryland (1,678), and
Hawaii (2,622). Thereis consderable uncertainty regarding the exact number of storm water drainage
wellsfor severd reasons. There are gpproximately 200-250 lake level control wellsin Florida

In generd, the ingdlation of new storm water drainage wells is expected to increase
nationwide. Many dtates are dlowing the ingalation of new wels, and with the increased regulation of
surface discharge under the NPDES, there may be increased use of underground injection to dispose of
storm water runoff.

Some states with the mgjority of storm water drainage wells have developed and are
implementing regulatory programs to address these wells. Examples include the following:

C In Idaho, wells #18 feet degp are authorized by rule, while degper wells are individualy
permitted.

C In Arizona, Cdifornia, Hawaii, Florida, and Maryland, ssorm water drainage wells are
individudly permitted.

Other gtates with large numbers of storm water drainage wells, however, are essentialy implementing

only the minimum federa UIC requirements. In particular, Washington, Oregon, Montana, Utah, Ohio,
and Michigan authorize sorm water drainage wells by rule.
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The regulatory structure in other states with fewer or no sorm water drainage wellsin the
current inventory isaso mixed. For example, Indiana, Illinois, Wyoming, North Dakota, South
Dakota, Colorado, Kansas, Tennessee, and Rhode Idand aso authorize storm water drainage wells by
rule. Alabama, Texas, New Hampshire, and Nebraska have a permit and registration system for sorm
water drainage wells. Georgia and North Carolinaban new and existing wells. In Wisconsin, sorm
water drainage wells deeper than 10 feet have been prohibited since the 1930's. Shallow storm water
drainage wells (Iess than 10 feet deep) in Wisconsin were authorized by rule until 1994; since 1994,
congtruction of any storm water drainage well has been prohibited. Storm water drainage wells that
meet the definition of a“wdl” in Minnesota are prohibited. This prohibition only gppliesto wells that
reach ground water and not to french drains, gravel pockets, or drainfields, which normally would not
meset the definition of awel in Minnesota

These regulatory programs in the Sates are augmented to a degree by programs and guidance
at the federd level. The Sole Source Aquifer Program has been used by some regions as away to limit
or prevent the use of orm water drainage wells by reviewing federd financidly asssted congtruction
projects in sole source aquifer areas. The Federd Highway Adminigration’s (FHWA's) highway
runoff water qudity standards indirectly reference sorm water. Although these are non-enforcegble
recommendations only, FHWA has issued guidance that discusses BMPs, such as wet and dry
detention basins, infiltration trenches and basins, and dry wells, for controlling storm water runoff and
infiltration into ground water. The Coasta Zone Management Act and Coastal Nonpoint Pollution
Control Program dso indirectly reference storm water in nonpoint pollution regulations, however, sorm
water discharges controlled under the NPDES program are exempt from the coastal nonpoint pollution
control program.

6.3 Carwash Wélls

Wils used to dispose of washwater that was used to wash only the exterior of vehicles
(sometimes cdled “wand washes’) are the only carwash wells within the scope of thisvolume! These
aretypicaly located at coin-operated, manua carwashes where people use hand-held hoses to wash
vehicles. Even though the term * carwash” is used, the category includes wells that receive used
washwater a facilities designed for washing dl kinds of vehicles, including cars, vans, trucks, buses,
boats on trailers, etc.

The cleaning solutions used at these carwashes generdly consst of soap solutions, rinseweter,
and wax, and are not expected to contain significant amounts of degreasing agents or solvents such as
methylene chloride or trichloroethylene (because these wells, as defined, are not supposed to be
recelving engine or undercarriage washwater, which is more likely to contain such substances). Asa
result, the spent washwater disposed in a carwash well (as defined in this report) primarily contains

IClass V wells used to inject fluids from carwashes where engine or undercarriage washing is
performed were classified as industrial wells and wells that receive both carwash wastewater and waste
fluids from vehicle maintenance activities were classified as motor vehicle waste disposal wells in the July
29, 1998 proposed revisions to the USEPA Class V UIC regulations.
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detergents, road sdts, sediments, and incidental contaminants that may be washed from avehicle's
exterior, comparable to typica storm water runoff. Although there are no data on the issue, there is
as0 concern that de-icing agents may be rinsed from cars and enter ground water. The data available
on the qudity of fluids entering carwash wdls indicate that the concentrations of antimony, arsenic,
beryllium, cadmium, lead, and thdlium in the injectate typicaly exceed primary drinking water MCLs
and HALs Some samples show that ethylene glycol, methylene chloride, naphthaene, and

tetrachl oroethene also have exceeded primary MCLs or HALS, indicating that degreasers may in fact
be working their way into the washwater a some facilities. The concentrations of pH, duminum, iron,
and manganese in the injectate have exceed secondary MCLs.

Two possible contamination incidents involving carwash wells were reported in Hawali in the
early 1990s. The nature and extent of contamination are unknown, but both wells were closed.

Although there are only these two reported contamination incidents associated with carwash
wells, there is concern over the potentia for such wellsto be vulnerable to spills or illicit discharges.
Because the fadilities are usudly unsupervised (meaning an attendant is not ongte), individuas may in
fact wash their engines or undercarriages using degreasers, wash the exterior of ther vehicles with
chemicds other than common soap solutions, or may pour used ail, antifreeze, or other hazardous
materials down these drains. No actua contamination incidents associated with thiskind of illicit
discharge, however, were discovered during the course of this study. Industry representatives dso
assart that illegal dumping of unauthorized materids into drains at self-service cawashesisless of a
problem now than in the past, due to increased environmenta awareness and the greeter availability of
hazardous material collection centers.

The inventory results for these wells are very uncertain because most responses to the state and
USEPA Regiond survey conducted for this study did not distinguish carwash wells from other kinds of
commercid or industrid wells. These survey results suggest that there are up to 4,651 documented
carwash wells and gpproximately 7,195 estimated carwash wellsin the U.S. Although the wells are
documented in 14 gtates, 99% of the documented wells and 98% of the estimated wells are located in
nine states: Alabama, Missssppi, New Y ork, Washington, Maryland, lowa, West Virginia, Cdifornia,
and Maine. Many dtates estimate that more than the documented number of wells exigt, dthough these
edimates are typicaly based only on best professond judgment and the true number of wellsis
unknown. As sawer system hookups become increasingly available to carwash owners, it is expected
that the number of ClassV carwash wellswill decrease. Many Sates close carwash wells when they
find them.

Although West Virginia permits carwash wells by rule (in accordance with the existing federd
UIC program), other states with the mgjority of carwash wells are developing and implementing more
extendve regulatory programs to address these wells. Specificaly:

C Alabama, Mississppi, New Y ork, Washington (when the well meets BMP requirements),
Maryland, and New Hampshire issue individud permits.
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C lowa bans carwash wells.

C Cdiforniarequires reporting of discharges from carwash wells.

C Maine issues discharge licenses for new wells and permits for existing wells.
6.4  Large-Capacity Septic Systems

Large-capacity septic systems (LCSSs) are an on-9te method for partidly treating and
disposing of sanitary wastewater. Only those septic systems having the capacity to serve 20 or more
persons-per-day are included within the scope of the UIC regulations.

LCSSs do not utilize asingle design but instead are designed for each Ste according to the
gppropriate state and/or local regulations. Many conventional LCSSs consist of a gravity fed,
underground septic tank or tanks, an effluent distribution system, and a soil absorption system. LCSSs
may aso include grease traps, severd smdl septic tanks, a septic tank draining into awell, connections
to one large soil absorption system, or a set of multiple absorption systems that can be used on a
rotating bass.

LCSSs are used by awide variety of establishments, including resdentid (multi-unit housing)
and non-resdentiad (commercid, indtitutiond, and recreationd) facilities. The characteristics of the
sanitary wastewater from these establishments vary in terms of biologica loadings and flow (e.g., dally,
seasond). Generdly, the injectate from LCSSsis characterized by high biologica oxygen demand and
chemica oxygen demand, nitrate, trace metals and other inorganics, limited trace organics, and
biologicad pathogens.

Even with afully functioning system, data indicate LCSS effluent may contain arsenic, feca
coliform, nitrate (as N), total nitrogen species (as N), and forma dehyde (in septic systems serving
recreational vehicles) a concentrations above primary MCLs or HALs. The concentrations of
auminum, iron, manganese, and sodium may exceed secondary MCLSs.

The effect of these congtituents on USDWSs depends in part on the characteristics of the
injection zone. It isdifficult to generdize about the injection zone for LCSSs because these systems
have been congtructed nationwide. Typicdly, LCSSs are located in well-drained soils; however,

L CSSs have been located in areas with karst or fractured bedrock. The injectate from LCSSs
receives partid trestment within the system (i.e., settling and biodegradation in the septic tank).
However, attenuation occurs as the septic tank effluent travels through the soil media below the fluid
digtribution system, which is most commonly aleachfield. Dissolved organic matter, pathogens, and
some inorganic congtituents can be attenuated in unsaturated soils below the soil absorption system.

The likelihood of ground water contamination resulting from LCSSs may be minimized by

following BMPs rdaing to Sting, design, congtruction and ingtdlation, and operation and maintenance.
Careful dting and design of the LCSS are important because understanding Site limitations can prevent
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future sysem fallure. The congruction and ingtdlation of the septic system is best |eft to professionds,
50 that the underlying soils are not damaged through compaction and systems are not constructed
during periods of high moigture, both of which are likely to contribute to early sysem failure. Further, it
is recommended that L CSSs be properly operated and maintained by conducting ingpections and
performing maintenance as appropriate, “resting” the soil absorption field, pumping the septic tank to
remove solids as necessary, and limiting system loading (e.g., water conservation, reducing chemica
use or addition). Owners or operators of LCSSs who follow such BMPs are likely to maximize the life
of their syssem and lower the likelihood that their system would contaminate a USDW.

Nevertheess, contamination incidents caused by LCSSs have occurred. For example, in
Racine, MO during 1992, two drinking water wells a a nearby church and school were contaminated
by sewage, causing 28 cases of Hepatitis A. 1n Coconino County, AZ during 1989, falure of the
leaching field (due to excessve flow) at aresort area resulted in gpproximately 900 cases of
gadtroenteritis. In Richmond Heights, FL during 1974, a drinking water well was contaminated by
sewage from anursery school, and resulted in gpproximately 1,200 cases of gastrointestind distress. In
addition, 24 other instances have been identified where LCSS failure and ground water contamination
may have resulted. While there are surely other examples of LCSS failure across the U.S. beyond
these known incidents, the prevaence of contamination cases appears low relative to the prevalence of
these systems.

LCSSs are vulnerable to spills because any materias spilled or dumped down sinks, toilets, or
floor drains connected to the sanitary waste system can enter the septic tank. Examples of the materids
that may enter LCSSs include household cleaning products and wagtes (e.g., cleaning solvents and
gpent solutions) that were ether intentiondly or accidentaly spilled as well as chemicas dumped illicitly
(e.g., waste ail). Onceinthe LCSS, these materids are not necessarily treated by the system and may
be released to ground waters that may serve as USDWs. USDWs may aso be vulnerable due to the
large numbers of LCSSs operating nationwide. While the incrementd effect associated with spills at
each LCSS may be smal, aggregating each of these spills may provide evidence of a broader
contamination problem for USDWSs.

According to anecdotd evidence, the LCSSis bdieved to be a frequently used onste
wadtewater disposa option. Yet, until this study constructed the inventory modd to estimate total
numbers of LCSSs nationwide, no quantitative information on system prevadence was available. As
discussed in Section 5.2, the inventory model estimated 353,400 LCSS in the nation; with a 95 percent
prediction interva, the range is 304,100 to 402,600. In comparison, the survey responses documented
about 43,000 systems and estimated approximately 132,000 systems.

In the future, the total number of systemsis expected to increase as the population increases.
USEPA found that congtruction and use of LCSSswill continue in areas where geologica conditions
are favorable and sewerage is not readily available or economicaly feasible. In addition, these systems
will continue to be constructed because using LCSSsis an accepted and economicaly atractive
practice. While some states are now encouraging owners of large systems to connect to municipa
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sewers (when such connections become available), there do not seem to be any states planning to ban
LCSSs entirely.

USEPA aso found thet there are no consstent tate definitions or regulations of LCSSs. While
the 20 persons-per-day criterion is used to define systems subject to federd UIC regulation, states
generdly characterize large systems using flow definitions that range from 2,000 to 20,000 gallons per
day (gpd). Regulation of LCSSsisdso highly variable across dates. Some states have stringent
requirements for large systems. For example, Massachusetts and Minnesota both use 10,000 gpd as
the cutoff for large systems and have dtrict requirements for siting, construction, and operation. Other
gtates only require general construction permitting. For example, New Jersey and lowa both use a
2,000 gpd threshold for large systems but only require that such systems meet specific construction
gandards. In addition, LCSSs may be regulated by locd regulations that focus on enforcing state
and/or county building and hedth ordinances.

6.5 Food Processng Wells

Food processng wells are essentially commercia septic systems used to dispose of food
preparation-related wastewater and equipment or facility wash down water. This group of wells adso
includes food processing wastewater drywells, which alow wastewater to enter the soil untreated.
Both kinds of systems usudly inject process wastewater that may contain high levels of organic
substances (e.g., food waste), cleaning compound residues, and various inert substances. These wells
aretypicdly found a smal facilities that usudly have less than ten full time employees and are located in
unsewered, rural arees.

Food processing wells are smilar to domestic septic systems, but instead of receiving toilet and
shower water, they receive larger quantities of equipment washdown and process wastewater. The
wastewater entering the soil via these wdls can contain high biochemica oxygen demand (BOD) levels
due to the organic fluids (e.g., blood from anima daughtering facilities) and some food residues (e.g.,
shellfish mest from shellfish processing facilities) entering the wastewater stream. In addition, the
injectate may contain high levels of nitrate, nitrite, total coliform, ammonia, turbidity and chlorides. No
injectate sampling has been performed, so it is difficult to ascertain what congtituents typicaly exceed
MCLsor HALs. However, based on observations during Site visits and assumptions described in
studies of smilar wastewater trestment systems, it appears likdly that the concentrations of nitrate,
nitrite, total coliform, and ammoniamay exceed primary MCLs or HALS. It isaso possible that dueto
the high organic content of the injectate, the secondary MCL s for turbidity and chloride may be
exceeded.

Food processing wdls typicaly inject above USDWs and into a variety of different geologica
formations, terrains, and soils. However, one recently closed food processng well at a fruit processing
facility in Hawaii was injecting directly into aUSDW. Aswith sanitary septic systems, for food
processing wellsto work properly it is necessary that the injection zone consist of moderately
permesble soils. Site vistsin Tennessee reveded that some food processing facilities inject
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daughterhouse wastewater, via septic systems, into fractured geologic units and karst terrains that
goparently had very little top soil.

Only one USDW contamination incident has been identified that is clearly linked to afood
processng well. In Maine, in 1998, alobster processing/holding facility discharged large volumes of
seawater into its combined food processing well and sanitary septic system. As aresult, the chloride
concentration in anearby private drinking water well exceeded the secondary MCL.

Food processing wells may be vulnerable to receiving spills that occur & the facility. Some
food processing facilities use strong cleaning compounds to clean or disinfect equipment and, based on
obsarvations from dte vidts, some facilities may not dways be storing these chemicadsin sorage areas
away from floor drains that are connected to food processng wells. Therefore, spills may result in the
release of deaning/disinfecting chemicds into the injection zone.

According to the state and USEPA Regiond survey conducted for this study, there are at least
741 documented food processing wells and more than 1,468 estimated to exist inthe U.S. Of the 741
documented wells 43% are found in Maine and New Y ork and 52% are found Alabama and West
Virginia The remaining few are found in Alaska, Wisconsin, Hawaii and afew other dates. Tennessee
aso has a ggnificant number of food processng wells but the inventory has not been findized. These
well totals are considered very uncertain because they are often based on professiond judgment only
and because many states do not distinguish between food processing wells and other kinds of
commercid/indugtria wellsin many state inventories. Overdl, it seems that the number of active food
processing wells throughout the country is decreasing because many UIC program staff are actively
encouraging individuals not to ingtal injection wells for this purpose and because the areas served by
sewers are expanding. Additionally, there are some states that are closing al food processing wells as
they are found.

States such as Maine, Alabama and New Y ork, which have significant numbers of food
processing wells, require individua permits or waste discharge licenses prior to congtruction and
operation. However, in Maineif the food processing well meetsloca plumbing codes, no discharge
licenseisrequired. West Virginiaand Tennessee, on the other hand, authorize these wells by rule but
may require more extendve permitting or closure effortsif it gppears that operations may result in
USDW endangerment. All food processng wellsin Wisconsin are permitted individually through the
Wisconsin Pollutant Discharge Elimination System (WPDES). Oregon covers these wells under a Sate
generd permit. Hawaii, with only afew wells, prohibits injection into a USDW unless an individud Ste-
specific permit isissued. Depending on the type of food being processed, food processing facilities
must comply with food handling and preparation regulations put forth by counties and states, aswell as
requirements from the federal government under the Federal Meat Ingpection Act, the Federa Poultry
Inspection Act, or the Federal Drug and Cosmetic Act.
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6.6  Sewage Treatment Effluent Wells

Class V sawage trestment effluent wells are used in many places throughout the country for the
shallow digposal of treated sanitary waste from publicly owned trestment works or treated effluent from
aprivately owned trestment facility that receives only sanitary waste. For the purpose of this study,
injection wells that are used to dispose of industria waste (not sanitary waste) from industrial
wastewater treatment facilities (not publicly owned treatment works) are not sewage treatment effluent
wells, but rather are industrid wells. In addition to being used for the purpose of wastewater disposd,
sawage treatment effluent wells are commonly used where injection will aid in aguifer recharge or
subsidence control, or to prevent salt water intrusion.

The effluent that is injected into sewage treatment effluent wellsis generaly subjected to
secondary or tertiary treatment in a municipa wastewater trestment plant or a privately owned
wadtewater trestment plant. However, one facility identified in the study discharges effluent that is
subject to only primary treatment to subsurface disposa units. Secondary treated effluent may contain
feca coliform and nitrates a concentrations above primary MCLSs, and either secondary or tertiary
treated effluent dso may exceed secondary MCLsfor chloride, sulfates, or TDS. Avallable injectate
quality data for sawage trestment effluent wells indicate that injectate samples have exceeded MCL s for
fecd coliform, nitrates, TDS, and pesticides a at least one facility; however, many of these reported
exceedances are represented by only one or two injectate samples, and data are not available to
indicate whether these exceedances are one-time events or routine occurrences. Also, available
information indicates that at least one facility is permitted to discharge injectate that exceeds the
secondary MCL for chloride.

Approximately 42 percent of the documented sewage treatment effluent wells are located in
Florida, and approximately 700 of these wells (35 percent of the total documented inventory) are
located in the Florida Keys and inject into shallow (<50 feet) aquifersthat are of extremely poor qudity
and that are not likely to be used as sources of drinking water. Approximately 26 percent of the total
documented well inventory are located in Cdifornia. Other sewage treatment wellsin Florida, Arizona,
and other dtates, are used to inject treated wastewater effluent for aquifer recharge, and may be
injecting into aquifers of drinking water quality. Nearly 19 percent of the documented wells are located
in Hawaii. Hawaii UIC regulations do not alow operation of sewage trestment effluent wells within one
quarter mile of adrinking water source, and it is anticipated that many of these wellsinject into aquifers
that are not of drinking water quaity. No datawere provided by survey respondents concerning the
characteristics of injection zones for other states where sewage treatment effluent wells are currently
operated.

Severd sudies and incidents have shown that sewage trestment effluent wells may have
contributed to or caused ground water or surface water contamination. One study showed nitrate
contamination of onsite ground weter at a sewage trestment effluent site in New Hampshire where both
primary treated effluent and septage were released into aleach field. Two sewage treatment effluent
wells on the Idand of Maui, Hawaii were thought to be causing surface water contamination through
migration of nitrates in the injectate to surface water bodies. One of these wells has been shut down
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and the other is the subject of an ongoing enforcement action by USEPA. The U.S. Geologica Survey
is conducting along-term study of the operation of sewage trestment effluent wells in the Florida Keys
to assess whether migration of nitrates from injectate is contributing to surface water contamination.

Sewage trestment effluent wells are not vulnerable to spills or illicit discharges. Theinjectateis
treated wastewater, and the wastewater trestment plants that generate the injectate are generdly
subject to effluent quality standards and monitoring, reporting, and record keeping requirements.
Incidents where injectate failed to meet injectate quality sandards would generdly be detected, and
corrective action would be taken by the wastewater treatment plant operator. Moreover, sawage
trestment effluent injectate is piped to the well from the wastewater treatment plant, so contamination in
route is unlikely, and the types and quantities of hazardous materias that would be present a a
wadtewater treatment plantsislimited. Spills of hazardous materids (e.g., chlorine) into the wastewater
treatment plant system are unlikely and would aso generaly be detected by the wastewater treatment
plant effluent monitoring system.

According to the state and USEPA regiond survey conducted for this study, there are 1,675
documented sewage treatment wells, and more than 1,739 wells are estimated to exist inthe U.S.
More than 95 percent of the documented wells are located in five sates. Arizona (79); Cdifornia
(205); Florida (830); Hawaii (378); and Massachusetts (105). New Y ork did not report any
documented sewage trestment effluent wells in the state, but reported that there may be less than 50
undocumented wells.

Conddering that sawage treatment effluent wells are associated with ether publicly or privatey
owned wastewater trestment plants that are generally required to have operating permits, the inventory
of sewage treatment effluent wellsis consdered to be rdatively accurate compared with other injection
well categories for which wells do not always receive permits. Nevertheless, there may be a somewhat
larger or smdler number of sewage treatment effluent wells than these results suggest. For example,
New Hampshire did not report any sewage trestment effluent wellsin the state in its survey response;
however, two facilities that inject treated effluent into subsurface digposal units, dassfied asinjection
wellsfor the purpose of this report, were identified through field vists. Conversdy, Maneinitidly
identified 168 sewage trestment effluent wellsin its survey response; however, further investigation
revealed that these facilities are discharging untreasted wastewater effluent to subsurface disposd units
that are classfied as large-capacity septic systems and not as sewage treatment effluent wells. Although
no state UIC programs other than Maine and New Hampshire are known to have miscategorized
sewage trestment effluent wells, if other states have done so, the reported inventory may ether
overestimate or underestimate the true number of sewage trestment effluent wellsinthe U.S.

States with the mgority of sewage treatment effluent wells have developed and implemented a
variety of programsto addressthese wdls. Specificdly:

C In Forida, sawage trestment effluent wells are required to have individud permits and meet
MClLs.
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C In Hawaii, regulations have established ground water protection zones where the congtruction
of sewage trestment effluent wellsis prohibited. Wells outside of these zones are required to
obtain individud permits.

C Arizona requires sewage treatment effluent wells to obtain ground water protection permits, and
requires the well operators to demondtrate that MCLswill not be exceeded at the facility
property boundary. Arizona aso has published BMPs for the operation of wastewater
treatment plants (and their associated sewage treatment effluent wells).

C Cdiforniarequires sewage treatment effluent wellsto obtain individua permits.

C Massachusetts requires sewage trestment effluent wells to obtain ground water discharge
permits.

The regulatory picture in other states with few sewage treatment effluent wellsin the current
inventory isaso mixed. States either permit sewage treatment effluent wells by rule (e.g., Texas,
Idaho), require them to obtain ground water protection permits (e.g., New Hampshire), or require them
to obtain individua permits (e.g., West Virginia). Some dates (e.g., New Hampshire) establish ground
water compliance zones (generdly a the Ste boundary) while others (e.g., Idaho) require injectate to
meet MCLs at the point of injection. In Wisconain, the operator of afacility that discharges sewage
treatment effluent into a subsurface soil absorption system that is congtructed in the unsaturated zone
above the water tableis required to obtain a WPDES permit. Direct discharges into a saturated
formation is prohibited in Wisconan.

These regulatory programs in the states are supplemented by regulatory standards and
guidelines that apply to the operation of municipa wastewater trestment plants under the authority of
the Clean Water Act and associated State regulations. BMPs for wastewater treatment plants have
a s0 been established by USEPA under the Clean Water Act. These BMPs are equally appropriate for
treatment plants that discharge to surface water and those that discharge (inject) into ground water.

6.7 Laundromat Wdls

Wils used to inject fluids from laundromats where no onsite dry cleaning is performed or
where no organic solvents are used for laundering are classified as “laundromat wells’ for the purpose
of thisstudy. Thesewdls are located throughout the U.S. and can be found at coin-operated
laundromats.

The characteridtics of the fluids drained into these wells are Smilar to those of greywater from
household washing machines. The limited data that are available from coin-operated washers indicate
that none of the primary drinking water MCLs or HAL s are exceeded by laundromat washwater.
However, the injectate has exceeded the secondary MCLsfor pH and TDS.

September 30, 1999 39



It isnot atypicd practice to locate laundromat wells in injection zones with specific geologic
characterigtics (laundromat wells do not tend to be located in areas with karst, fractured bedrock, or
any other particular kind of subsurface feature).

Although there are no reported contamination incidents associated with laundromat wells, some
wells may to be vulnerable to spills or illicit discharges. For ingtance, the unsupervised nature of coin-
operated laundromats may make Class V wdls a those facilities susceptible to contamination due to
laundering of contaminated articles. For instance, an individua may wash highly contaminated articles,
such as solvent-soaked or aily rags, that may result in increased contaminant concentrations in the wash
water. Asanother example, it is reasonable to expect that any sinks or floor drains at the facility, which
aso may receive minor spills, would be hooked into the same plumbing system that collects and
transfers wash water to the injection well. No actua contamination incidents associated with these
kinds of discharges, however, were discovered during the course of this study.

The inventory results for laundromat wells are very uncertain because most responses to the
gate and USEPA Regiond survey conducted for this study did not distinguish laundromat wells from
other kinds of commercid or industrial wells. These results suggest that there are less than 700
documented laundromat wellsin the U.S. The wells are documented in 12 dtates, with Alabama, West
Virginia, New Y ork, Mississppi, and lowa providing the highest estimates (Collectively, these five
gtates account for more than 90 percent of the estimated nationa inventory). Although many states
estimate numbers of wells much higher than the numbers documented, most are unsure of the exact
number of wells.

States with the mgority of documented or estimated laundromeat wells are implementing various
kinds of regulatory programs to address these wells. Alabamaand New Y ork issue individual permits.
Individua permits are dso sometimes required in West Virginia. However, in lowa, Mississppi, and
West Virginia, the wells are permitted by rule; that is, aslong as owners and operators meset certain
requirements, they are dlowed to operate alaundromat well.

6.8  Spent Brine Return Flow Wells

Naturaly occurring surface and underground brines are used as the source for commercia
production of avariety of minerd commodities, including common sdt, calcium chloride, sodium sulfate,
and/or magnesium, iodide, or bromide compounds. When underground brines serve as the raw
materid for production of mineral commodities, the brine is extracted from the subsurface through
production wells, the target compounds or elements are extracted, and the resulting “ spent bring’ is
normally? returned to the subsurface through spent brine return flow (injection) wells.

The chemical characterigtics of the injected spent brine are determined primarily by the
characterigtics of the brine that is withdrawn for processing and the nature of the extraction and

2 At least one facility disposes of spent brines from extraction of minerals from brine withdrawn
from underground sources by surface discharge (to a playa lake bed) instead of by injection.
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production processes used. Asaresult, spent brine characteristics can vary substantially from facility to
facility, dthough in some cases the brine characterigtics are Smilar when severd facilities withdraw brine
from a common formation, asisthe casein Arkansas. In Arkansas, available data indicate that
concentrations of barium and boron in spent brine routindy exceed primary MCLsor HALs. Data
avallable for Michigan facilities indicate that chloride, copper, iron, manganese, TDS, and pH leves
frequently exceed secondary MCLs. Data are not available to determine whether concentrations of
some other congtituents, including some heavy metds, are present a concentrations above health-based
levels.

Spent brine return flow wdls inject spent brine into the same formation from which it was
withdrawn, which in dl current casesis below the lowermost USDW. (In fact, most spent brine return
flow wells were initidly drilled as production wells and subsequently converted to injection wells) The
chemica composition of the spent brineis generdly smilar to that of the produced brine except that the
concentration of target elements (e.g., magnesium) has been reduced and the concentration of other
elements (e.g., cacium) may have been increased through substitution. Thus, the MCL exceedances
observed for the spent brine are dso typica for the produced brine and the recelving formation.

No incidents of USDW contamination by spent brine return flow wells were identified during
preparation of thisreport. In addition, spent brine return flow wells are not likely to receive accidenta
soills or illicit discharges. Corroson of some wel materias by the brine is acommon problem,
however. Therefore, injection is through corroson-resistant tubing and well integrity is monitored on an
ongoing bagis.

According to the state and USEPA Regiond survey conducted for this study, there are 98
documented spent brine return flow wells that are regulated as Class V injection wellsin Arkansas (74)
and Michigan (24). Severd other states, including New Y ork, Tennessee, Cdlifornia, and Oklahoma,
indicate that spent brine wels exigt, but they are regulated as Class 11 or 111 wells.

The specific features of well congtruction and operation may vary somewhat with the location
and timing of condruction of thewell, but in generd, dl the wells are built according to regulatory or
permit requirements that have many features in common with Class | and Class 11 injection wells.
Arkansas has placed jurisdiction over spent brine return flow welsin its Oil and Gas Commission,
which gpplies Class 11 UIC permitting requirements as well as a specid set of construction and
operating standards. For wellsin Michigan, individua UIC permits are issued by USEPA Region 5.

6.9 Mine Backfill Wells

Mine backfill wells are used in many mining regions throughout the country to inject a mixture of
water and sand, mill tailings, or other materids (e.g., cod combustion ash, cod cleaning wastes, acid
mine drainage treatment dudge, flue gas desulfurization dudge) into mined out portions of underground
mines. On occasion, injection (in low porosity grout form) aso occursinto the rubble disposal aress at
surface mining stes. Mine shafts and pipdines in an underground mine, aswell as more * conventiona”
drilled wells, used to place durries and solids in underground mines are consdered mine backfill wells.
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Such wells may be used to provide subsidence control (the most common purpose), enhanced
ventilation control, fire control, reduced surface digposal of mine waste, enhanced recovery of mineras,
mitigation of acid mine drainage, and improved safety.

The physica characterigtics and chemical compostion of the materids that are injected into
backfill wells vary widely depending on the source of the backfill materid, the method of injection, and
any additives (e.g., cement) that may be included. Datafrom leaching tests (e.g., USEPA Method
1311--TCLP) of backfill materias indicate that concentrations of antimony, arsenic, barium, beryllium,
boron, cadmium, chromium, lead, mercury, molybdenum, nickdl, sdenium, thalium, sulfate, and zinc
frequently exceed primary MCLs or HALs. Concentrations of auminum, copper, iron, manganese,
TDS, sulfate, and pH frequently exceed secondary MCLSs.

At steswhere water is present in the injection zone (the previoudy mined ore body), the mine
water may aready exceed MCLs or HALS prior to injection either as aresult of mining activity or
natura conditions. At such Sites, one objective of injection often isto improve the dready poor qudity
of the mine water by reducing the availability of oxygen in the mine workings and/or neutrdizing acid
mine drainage. In other areas, water from cod beds may be used to supply domestic wells.

No incidents of contamination of a USDW have been identified that are directly attributable to
injection into mine backfill wells. Although ground water contamination is not uncommon a mining
gtes it is generdly difficult to identify the specific causes. The chance that backfill injection will
contribute to ground water contamination is highly dependent on site conditions, including mine
mineraogy, Ste hydrogeology, backfill characteristics, and injection practices. Some studies of the
effects of backfill injection on mine water quality show that concentrations of some cations and anions
can increase in mine water following injection, whereas concentrations of trace metals generaly are
relaively unaffected or decline over time. Other studies (at other Stes) show an increase in selected
metal concentrations.

The vulnerability of mine backfill wdlsto recaiving spills or illicit discharges aso depends on
ste-gpecific conditions and practices. For example, if coa ash is hauled to amine Site, durried with
water, and then injected, the likelihood of contamination of the injected materid resulting from a spill or
illicit dischargeisreatively low. On the other hand, if mill tailings are collected in atallings pond aong
with Ste runoff and other facility wastes prior to injection, then the likelihood of contamination of the
backfill materid by spills would be higher.

According to the state and USEPA Regiona survey conducted for this study, there are
gpproximately 5,000 documented mine backfill wells and more than 7,800 wells estimated to exist in
the United States. A totd of 17 dtates report having mine backfill wells. More than 90 percent of the
documented wells reported are in four states: West Virginia (401), Ohio (3,570), North Dakota (200),
and Idaho (575). In truth, there may be more due to the broad scope of this well type and the fact that
some dtate inventories may count these wells as subsidence control wells while others did not. Also,
the number of active wells a any given time varieswiddy due to their generdly short life span, most
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often afew daysor less. The number of mine backfill wells has the potentia to grow in the future due
to the growing movement to decrease surface disposa and control ground subsidence.

State regulaions pertaining to mine backfill wells vary sgnificantly in their scope and stringency.
Some states impose few specific restrictions while others require permitting, or impose requirements by
contract rather than regulaion. Some of these approaches include permit by rule (e.g., Idaho, Kansss,
Texas, lllinois, North Dakota), generd or area permits (e.g., Wyoming), and individua permits (e.g.,
Ohio, West Virginia, Indiana, Pennsylvania). In addition, federd requirements for planning and
gpprova of mining activities include mine backfill activities These requirements goply in dates that
have not obtained primacy under the Surface Mining Control and Reclamation Act and to activities on
federd and Native American triba lands.

6.10 Aquaculture Waste Disposal Wells

Methods employed for the controlled cultivation of aquatic organisms can vary substantialy.
Some aquaculture facilities use pens suspended in open water bodies, while others use systems that
circulate water through tanks. Many aguaculture operations accumulate wastewater and dudge that
requiresremova. At dozens of such facilitiesin Hawaii and in severd other Sates, this effluent is
disposed via underground injection.

Injected aguaculture effluent includes fecal and other excretory wastes and unegten aquaculture
food. The primary chemica and physica congtituents of these wastewaters are therefore nitrogen- and
phosphorus-based nutrients and suspended and dissolved solids. The effluent may aso contain bacteria
pathogenic to humans and chemicas, pesticides, and/or aquaculture additives. However, the incidence
and concentrations of human pathogenic bacteria, chemicas, pesticides, and additivesin injectate is
unknown. Information on aquaculture wastewater quality industry-wide is very limited, and wastewater
properties are believed to vary grestly among different aquaculture operations. Available anaytical
data for aguaculture injectate and aguaculture effluent suggest that the concentrations of most
parameters are generaly below applicable standards. Contaminants that may exceed the standards
under some circumstances include turbidity and possibly nitrite and nitrate. The secondary MCL for
chloride is adso exceeded in the wastewater from some seawater-based operations, but as long asthese
wastes are injected to sdine aquifers, they pose no threat to USDWs.

The injection zone for aguaculture wastewater is characterized by relatively high porosty, as
aguaculture wastewaters typicaly have significant suspended solids content.  Seawater-based
aquaculture operationsin Hawaii inject wastewater into brackish or sdline aquifers that flow seaward.
Little information is available regarding other aquifers receiving aguaculture injectate.

No contamination incidents related to aquaculture wastewater disposa have been reported.
Information about the threat of contamination posed by these wellsis aso inconclusve. For example,
in Idaho, an aguaculture well is known to inject wastewater directly into an aquifer, but the qudity of
the aquifer, its status as a USDW, and the resulting impacts, are unknown. The subsurface disposa
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system (i.e,, aleaching field) known to bein use by an aguaculture operation in Maryland is situated
above a Type 1 (high qudity) aquifer, but no impacts have been observed.

Aquaculture wels generdly are not vulnerable to spills or illicit discharges. Mogt are located
within private facilities and are not accessible to the public for unsupervised waste disposal. However,
the potentia exigts for operators to dispose of harmful liquid wagtes (e.g., waste aquaculture chemicals,
or spent tank water with higher concentrations of chemicals used for temporary treatment of cultivated
organismes) via aquaculture injection wells. No such cases have been reported.

According to the state and USEPA Regiona survey conducted for this study, atotal of 56
documented Class V aguaculture waste disposal wellsexist in the U.S. The great mgority occur in
Hawaii (51 wdlls, or 93 percent). The remaining documented wells arein Wyoming (2 wells), Idaho (1
well), New York (1 well), and Maryland (1 well). In addition to these documented wells, as many as
50 additiona wells are estimated to exist in Cdifornia. Thus, the true number of aquaculture waste
disposa wellsinthe U.S. islikely to gpproach 100. Given that the value of U.S. aguaculture
production has grown by 5 to 10 percent per year over the past decade, and that the aquaculture
industry remains the fastest growing segment of U.S. agriculture, there is some possibility that the
number of ClassV aguaculture waste disposa wells will incresse.

Programs to manage Class V aquaculture waste disposal wells vary between the states with
such wels

C In Hawali, aguaculture injection wells are authorized by individua permit. ClassV wellsare
grouped for purposes of permitting into Six subclasses. Aquaculture wells may fal into two of
the subclasses, depending on the character of the injectate and the water in the recaiving
formation.

C In Wyoming, aguaculture wells are covered under agenera permit. The permit specifies
certain congtruction and operating requirements (e.g., pretreatment of wastewater).

C In Idaho, wells grester than 18 feet deep are individudly permitted, while shdlower wells are
authorized by rule.
C In New Y ork, the Class V UIC program is directly implemented by USEPA Region 2.

Beyond the federd UIC requirements, Sate regulations require permits for dl point-source
dischargesinto ground water.

C In Maryland, individua permits are required for any discharge of pollutants to ground water, for

any indudtrial discharge of wastewater to awell or septic system, for any septic system with
5,000 gpd or greater cagpacity, or for any well that injects fluid directly into a USDW.
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C In Cdifornia, regiona authorities issue permits for dl Class V wels but the stringency of these
authorities varies across the state. Aquaculture facilities thought to operate injection wells may
not be required to obtain permits for these wells.

6.11 Solution Mining Wells

Solution mining wells are used to inject afluid (lixiviant) into underground mines to dissolve
minera vaues from the ore. The resulting “pregnant” solution is then brought to the surface, through
separate wells, for subsequent recovery of the dissolved minerd being produced. Solution mining wells
that are currently regulated under the federa definition of ClassV injection wels are used in the
recovery of copper, uranium, and potentidly other mineras, from mines that have aready been
conventionaly mined, through the injection of solutions of sodium bicarbonate or sulfuric acid in ground
water or recirculated mine water. When solution mining techniques are used to extract mineras from
ore bodies that have not been conventionally mined, the injection wells are classified as Class 111
injection wells under USEPA regulations.

The characterigtics of the injected solution are highly dependent on those of the ore body being
mined because a variety of metas present in the ore body are incorporated into the solution asit goes
through repeated cycles of injection, extraction, and reinjection. Data on the composition of solution
mining fluids indicate that the concentrations of sulfate, molybdenum, radium, selenium, arsenic, lead,
and uranium exceed primary drinking water MCLs or HALs. Concentrations of TDS, chloride,
manganese, duminum, iron, sulfate, and zinc have been measured above the secondary MCLs. Site-
specific factors determine which congtituents exceed one or more of the stlandards.

In many cases, the hydrogeology of the injection zone, or mined ore body, has dready been
dtered by ground water pumping aswell as previous mining. In uranium mining, for example, the
formation is a water-bearing sandstone. As part of solution mining operations, ground water flow is
normally modified to create a drawdown, or zone of depression, so that the injected lixiviant isretained
in the leaching zone for subsequent recovery.

No ground water contamination incidents have been identified that are directly attributable to
Class V solution mining injection wells. However, the fluidsinjected into these wells inherently contain
avaiety of metals at concentrations above MCLs or HALS, and contamination resulting from a
combination of mining-related activities has been reported a severd Stes. Elevated concentrations of
metals have been observed in ground water in the vicinity of solution mining operations, but complex
hydrogeology and other mining and mining-related activities make it difficult to attribute the cause to a
gpecific activity, such as solution mining injection wells. At Sites where solution mining injection wells
are used, the likelihood that ground water contamination will result is dependent primarily on overal
mining operations rather than the specific congtruction and operationd practices of the injection wells,
Specificdly, the chance of migration of the solubilized meta's from the injection zone depends on the
effectiveness of measures like ground water pumping and monitoring that are used to ensure that the
leaching solution is contained within the in situ leaching zone.
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No information was collected that indicates these wells are vulnerable to recaive saills or illicit
discharges.

The state and USEPA Regional survey results indicate that there are 2,694 documented
solution mining wellsin the U.S. (no more were estimated, indicating that there is substantia confidence
in this documented number). Eight of these wells are associated with a uranium mine in New Mexico;
the remaining wells occur at two copper minesin Arizona. Wdls a one solution mining operation in
Potash, Utah that meet the federd ClassV definition are not included in this report because they are
regulated by the state as Class 111 wells. Another solution mining well in Colorado that was initidly
permitted as an experimental ClassV wdl is consdered a Class 111 well. The prevaence of ClassV
solution mining wells in the future depends on awide range of factors such as commodity prices and the
development of lower cost mining and beneficiation processes.

Both Arizonaand New Mexico control solution mining through the use of individud permits,
athough in Arizona, where the UIC program isimplemented by USEPA Region 9, the state uses an
Aquifer Protection Permit rather than a UIC permit. Both states have operating and monitoring
requirements. Arizona aso places requirements on construction and maintenance practices, and
financid assurance must be demondirated.

6.12 In-Situ Fossil Fuel Recovery Wells

In-situ fossil fud recovery wells are used to facilitate in-situ conversion of ahydrocarbon
resource into a gaseous or liquid form that can be extracted through production wells. Specificdly, in-
gtu foss| fuel recovery wells are used to initiate and then to maintain and control combustion through
injection of air, oxygen, steam, carbon dioxide, or ignition agents. There are three types of processes
that may use in-stu foss fue recovery wells. in-situ combustion of tar sand deposits, underground coa
gadfication (UCG), and in-gitu il shaeretorting. In-situ combustion of tar sand deposits has not been
employed inthe U.S.

Most of the injected materids are gases (e.g., air, oxygen) that are not likely to show
exceedances of MCLs or HALs. When ignition agents such as ammonium nitrate are injected,
exceedances of MCLs or HALswould be expected, but has not been documented.

In-gtu foss| fue recovery welsinject into a hydrocarbon-containing unit, which is often a
seeply inclined cod seam or oil shade deposit that is not practicd to mine with conventional methods.
Although injected gases generdly do not introduce contaminants into the subsurface, injection may dter
the characterigtics of a USDW, if the gases are allowed to contact a USDW, by changing the USDW's
temperature or increasing the level of gas saturation.

Contamination of ground weter resulting from in-situ fossil fuel recovery operationsis well
documented, to the extent that mog, if not al, in-Situ fossil fuel recovery operations initiated in the last
20 years gppear to have caused some ground water contamination. The ground water is not
contaminated with the injected materids, however. Rather, it is contaminated with combustion
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byproducts, such as benzene. At some Sites, water containing benzene and other combustion
byproducts, such as phenols, has migrated via fractures or other means from the reaction zone into
nearby ground water.

Thein-gtu fossl fuel operations conducted in the U.S. have dl operated on atrid, rather than
full-scale basis. The scale of the reaction zone in these cases led to lower temperatures than would be
expected in full-scale operation. At these lower temperatures, pyrolysis can dominate the process,
resulting in grester generation of products of incomplete combustion than would be expected in afull-
scae operation. In addition, full-scale operation would create alarger combustion cavity, resulting in a
stronger and more extensive ground water depression zone. Such a depression zone would be
expected to cause ground water to flow to, rather than away from, the combustion zone, thus reducing
the migration of contaminants outsde the combustion zone.

The observed contamination problems are associated with in-situ fossil fuel recovery
operations, rather than rare spills or accidents. Overdl, in-Stu fossi fuel recovery wells are not likely to
receive spills or illicit discharges.

According to the state and USEPA Regiona survey conducted for this study, there are neither
documented nor estimated active in-Situ foss| fud recovery wdlsinthe U.S. The Agency is not avare
of plansto congruct any new wells.

State UIC regulationsin Wyoming and state mining regulations in both Wyoming and Colorado
edtablish permitting and operating requirements for in-gitu foss| fuel recovery wdls. In both states,
mining plans are required that must address Siting, congtruction, operation, monitoring, and closure of
production and injection wells. Colorado’s mining regulations do not include specific requirements for
mechanica integrity testing, plugging and abandonment, or financid assurance. Requirementsin
Wyoming are both extensive and more specific.

6.13 Special Drainage Wells

Specid drainage wells are used throughout the country to inject drainage fluids from sources
other than direct precipitation. Thisisa*catch-al” category, including al drainage wells that are not
agriculturd, indudtrid, or sorm water drainage wells. The specific types of wellsthat fit into this
category are:
C Pump control valve discharge and potable water tank overflow discharge wells;
C Landdide control wells;
C Swimming pool drainage wells, and

C Dewatering wells.
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Pump control valve discharges and potable water tank overflows may be drained to the
subsurface on occasion, usudly when an emergency overflow or bypass procedure takes place.
Landdide control wells are used to dewater the subsurface in landdide-prone areas. Removing ground
water from sediments decreases the weight of the sediments and increases the resistance to shearing in
the area. Swimming pool drainage wells are used to drain swvimming pool water to the subsurface for
seasona maintenance or pecia repairs. Dewatering wells are used at congtruction Sites to lower the
water table and keep foundation excavation pits dry. Dewatering wells may aso be used a mining
gtes, where they are known as * connector wells,” to drain water from an upper aquifer into alower
one to facilitate mining activities

In addition to these four types of wells, USEPA Region 5 reports the existence of steam trap
wells, which inject sleam condensate collected from a system of pipeines a one indudtrid facility in
East Chicago, Indiana. Although classfied as specid drainage wells for the purpose of this study, these
steam trgp wells are not considered in detall because they only exigt a one facility and no specific
information about them is avallable.

I njectate characteristics vary among the types of specid drainage wdls. The injectate from
pump control vave discharge and potable water tank overflows is expected to meet dl drinking water
gandards due to the potable nature of the water. The quality of injectate in landdide control wells
depends on the qudity of the ground water that is being drained to a deeper level in the subsurface.
The limited amount of available data indicates that swimming pool drainage well injectate contains
coliforms. In addition, the recommended chemica composition of swvimming pool water includes TDS
levels above the secondary MCL for drinking water. Data show that dewatering well injectate typicaly
contains the following condtituents above primary MCLs or HALS: turbidity, nitrogen-total ammonia,
arsenic, cadmium, cyanide, lead, molybdenum, nickd, nitrate, and radium 226. Additiondly, the
following condtituents in dewatering well injectate are typicaly detected above secondary MCLs: iron,
manganese, TDS, and sulfate. Measured pH levels are aso below the lower end of the secondary
MCL range.

Because specid drainage wells do not tend to be located in areas with specific geologic
characterigtics (they are typicdly located wherever the need for a certain type of drainage exists),
generdizations about the injection zone characteristics are very limited. In Horida, where swvimming
pool drainage wells and mine dewatering wells are prevadent, the injection zone istypicdly karst.
Swimming pool water is often injected into aquifers from which the pool water was initidly withdrawn,
and the injected water qudity is usudly not sgnificantly degraded from thet in the recelving aquifer. In
some cases, swvimming pool drainage wells inject into sdine aquifers. Landdide control wells and
dewatering wellsinject into deeper aquifers that can accept large volumes of fluid from upper aquifers.

No contamination incidents have been reported for pump control vave discharge and potable
water tank overflow discharge wells, landdide control wells, or swvimming pool drainage wells. A 1984
study expressed concern over water qudity received by the Horidan agquifer when dewatering wells
were operated at severa phosphate mining Stes. However, no contamination incidents caused by the
use of dewatering wells have been reported.
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In generd, specid drainage wdls are not highly vulnerable to spills or illicit discharges. The
extent of any potentid contamination caused by dewatering or landdide control wellsis highly
dependent upon the characteristics of the construction or mining Site or potential landdide location that
is being dewatered. Pump control vaves and potable water tanks and swimming pools are not
especidly vulnerable to spills or illicit discharges.

According to the state and USEPA Regiond survey conducted for this study, there are
gpproximately 1,944 documented specid drainage wells and more than 3,750 specia drainage wells
estimated to exist inthe U.S. The wells are documented in 13 states, although 97 percent are located
in Florida (782) and Indiana (1,102). Thetrendsin constructing and operating specid drainage wells
indicate that these numbers are likely to decrease in the future. An dternative type of landdide control
well may replace the type that injects water degper into the subsurface. This dternative moves water to
the ground surface or to surface water bodies. Swvimming pool drainage wells, which are mainly
located in Florida, are associated with older pools and are generdly no longer constructed. Many of
the mine dewatering wells associated with phosphate mining in Horida have been closed.

Specia drainage wdls are rule authorized in Idaho, Indiana, and Ohio. However, the other
gates with the mgjority of specia drainage wdls are implementing more specific regulatory programsto
addressthese wells. Specificdly, individua permits are issued in Alaska, Florida, and Oregon, and
generd permits for single family swvimming pools areissued in Horida. A de facto ban on connector
wells exists in Horida because old wells are terminated and plugged as they are discovered, and new
connector wells are not permitted.

6.14 Experimental Wells

Experimental technology injection wells have been reported in seven states and are used to test
new or unproven technologies. Experimentd “tracer study” wels, which inject chemicasto evauate
hydrogeologica parameters, comprise the vast mgority of wells classfied as experimenta wellsfor the
purpose of thisstudy. Experimenta technologies aso have been recently gpplied in ClassV wdls
associated with Aquifer Thermal Energy Storage (ATES) systems, which store therma energy by
injecting heated and/or cooled water into an aquifer. The existence of experimenta wdlls varies widdy
from State to state because, in some ingtances, different definitions of “experimental well” are used by
different states. The definitions used by the states may not necessarily correspond to the USEPA
definition included in the Class V Study questionnaire.

Experimenta Tracer Study Wells

Many different types of substances are injected into experimenta tracer study wells. Examples
of these substancesinclude organic dyes, inert gases, short haf-life radionuclides, rare earth metals, and
inorganic or organic compounds. Only one experimenta well was reported for which injectate did not
meet the primary MCLs, secondary MCLs, and HALS, thisbeing atracer sudy well a asitein
Naturita, Colorado. The injectate for thistracer well exceeded MCL s for sulfates and chloride, and
contained arsenic and molybdenum at levels greater than HALS.
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The injection zone characterigtics for experimentd technology injection wells vary widdy
depending upon the purpose of the well. Wells used for tracer studies may inject into contaminated
aquifers, sometimesincluding aquifers that serve as drinking water supplies.

No contamination incidents were reported for experimenta tracer study wells. In addition,
these wells are not vulnerable to spills or illicit discharges because injectate quality is controlled by the
conditions of the experiment being conducted. Tracer study wells generdly release tracersin smal
quantities.

According to the state and USEPA Regiona survey conducted for this study, sx dates have a
total of 396 documented experimenta tracer study wells. South Carolina, Colorado, Nevada, Idaho,
Texas, and Washington. More than 97 percent of the documented tracer study wells exist in South
Carolina (207 wells or 52%) and Nevada (179 wells or 45%, dthough some of these wells are
reportedly now plugged and abandoned). Mot of the tracer study wellsin South Carolinaand
Nevada are being operated a U.S. Department of Energy facilities. The States of Massachusetts,
Florida, and Missssppi indicated that they may have experimenta wells, but that they could not
provide an estimate of how many wells actudly exist. The Texas and Washington UIC programs
identified five and two experimental wells operating in their Sates, respectively, but did not provide any
information concerning the types of wells (they may in fact be something other than tracer study wells).
The Illinois UIC program reported two experimenta wells that are most likely no longer operating.
Survey responses from the other states indicated that they had no experimenta wells as defined in the
survey questionnaire.

The experimenta technology wellsin South Caralina, Nevada, and Washington are individualy
permitted by the sate. The wdlsin Colorado and Texas are permitted by rule, dthough the wdlsin
Colorado must have a condruction permit. In ldaho, wellsless than 18 feet deep are permitted by rule
and wells greater than 18 feet deep are individudly permitted. Although Wisconsin did not report the
existence of any experimenta tracer sudy wells, Wisconsn's adminigtrative rules require that an
goprova be obtained for any future wells. Any gpprova in Wisconsin would be based on the condition
that the approved experimentd injection practice may not exceed the state’' s numerica ground water
qudity enforcement andards. Similarly, even though no active ATES systems or experimenta tracer
study wells are reported in Minnesota, that state has issued variances for experimenta ATES systems
and tracer sudiesin the past.

ATES Sysem Wells

Heated or cooled process water, which may originate from native ground water, surface water,
or potable water, are injected into ATES systems. Experimental ATES wellsinject water into the same
formation from which it was withdrawn. While no contamination incidents were reported for ATES
system wlls, severd reports mentioned that the concentration of congtituents in ground water receiving
fluids from some ATES wdls were higher than background levels. The wells are not vulnerable to spills
or illicit discharges because injectate quality is controlled by the conditions of the process operation. In
particular, experimenta ATES systemsinject treated water for which injectate quality must be
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controlled. No UIC programs reported any operating ATES system wells in the survey responses.
ATES systems, however, were recently operated in Minnesota and New Y ork, and are in operation in
severa European countries.

6.15 Aquifer Remediation Wells

Aquifer remediation wells (ARWSs) are widdly used around the country for beneficia uses
associated with the control of ground water contamination. These wells may be used for different
gpecific purposes, including to: (1) introduce remediation agents (i.e., chemicas or microorganisms)
into contaminated aguifers to neutraize the contamination; (2) increase ground water flow through the
contaminant zone in an aguifer to ad in contaminant removd; (3) form hydraulic barriers to contain
contaminant plumes, and (4) re-inject treated ground water for aquifer recharge after an ongte pump-
and-treat system.

ClassV aguifer remediation wells are distinguished from Class IV wells, which dispose of
hazardous or radioactive waste into or above a formation which contains a USDW within one-quarter
mile (see 40 CFR 8144.6(d)). Although Class |V wells are generaly prohibited, they are dlowed if
they are used to inject treated contaminated ground water that quaifies as hazardous or radioactive
wadte and is being reinjected into the same formation from which it was drawn, if gpproved by USEPA
pursuant to the provisions for cleanup of releases under the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) or the Resource Conservation and Recovery Act
(RCRA) (see 40 CFR 8144.13(c)). A well that meetsthis definition isa Class IV wdl, not aClassV
aquifer remediation well.

For many reagents and nutrients injected into ARWS, the concentration in the injectate likely
exceeds MCLs or HALs because higher concentrations of such reagents and nutrients are needed for
them to serve their intended purposes. The data available about these wdlls are insufficient to establish
meaningful comparisons between concentrations of injected reagents or nutrients in ground water
monitoring wells, located downgradient from the ARW where they were injected, and the
corresponding MCLs or HALs. Based on the information reviewed, it gppears that ground water
monitoring activities associated with remediation projects typicaly focus on the contaminants of concern
for remediation, rather than on the reagents, nutrients, or other substances injected into the affected
aquifer as part of the remedid activity.

Theinjectate in ARWsistypicdly (i.e, in the case of the first three purposes mentioned above)
directed into a contaminated aquifer where congtituents of concern exceed MCLs. On the other hand,
re-injection of treated ground water from an onsite pump-and-treat system may occur into a different
formation than that which is being remediated, with the objective of recharging the aquifer. Inthislast
case, the recelving formation may be a USDW and the injectate is monitored to ensure that congtituents
of concern present in the injectate do not exceed MCLSs.

One contamination incident associated with an ARW was reported in the state and USEPA
regiond survey conducted for this study. Theincident occurred at the Hassayampa Landfill Superfund
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Sitein Arizonain 1998. A falurein an automatic cut-off vave in a pump-and-treat system, concurrent
with afailurein the trestment unit, resulted in the accidenta injection of untreated ground water into a
clean USDW. The extent of the impact on the USDW or to drinking water wells was not reported.

A mgority of ARWs appear to be covered under CERCLA cleanups, RCRA corrective
actions, or Underground Storage Tank (UST) cleanup actions. Aswith any remedial measure, they
usudly require the approva of the gppropriate state and/or federd regulatory agencies. Thereis some
concern for voluntary cleanups that are not approved or completed according to standards typica of
cleanups overseen by a date or federd agency. Limited information from the survey suggests that
voluntary cleanups do occur, but little is known about them based on the information available.
Nevertheless, in some USEPA regions, voluntary cleanups are periodicaly the subject of ingpections by
date or federd regulatory agencies and in Ohio, one of the states with the highest number of ARWS, no
contamination is known to have occurred as aresult of the operation of an ARW.

The survey results indicated that there are 10,222 documented ARWs located in 39 states and
territories. A significant fraction (65 percent) of the tota is concentrated in South Carolina (3,409),
Texas (1,177), Ohio (1,170), and Kansas (936). As part of this survey, state and USEPA regiond
officas esimated that adightly higher number of wells, 10,756, actudly exigts. Taking into
congderation the fact that a Sgnificant number of additiond wells were reported as “under
condruction” at thetime of survey (e.g., 2,170 wellsin South Carolina done), the actud total number
of wells could be between 12,000 and 14,000. This also suggests a potentid future increase in the
number of ARWS,

Based on areview of rdevant regulations for the states where ARWSs are mogst prevalent and
for alimited set of additiond statesthat congtitute a broad geographical sample, it was established that
individua permits are required for these wdllsin a least Arizona, Cdifornia, Kansas, Nevada, Ohio
(required for those wells expected to exceed MCL ), and South Carolina, which collectively have
gpproximately one-haf of the documented wells. ARWs may be authorized by rule in New Hampshire
and Texas. At thefederd leve, ARWSs are subject to the federal UIC standards, and, as indicated,
may be additionally regulated under CERCLA cleanups, RCRA corrective actions, and the UST
Program.

6.16 Geothermal Electric Power Wélls

Severd dozen power plants located in four western states use geotherma energy to produce
electricity. At these power plants, hot (>100°C (212°F)) geothermd fluids produced from subsurface
hydrothermal systems serve as the energy source. Following the recovery of heet energy from the
produced fluids, the liquid fraction (if any) is reinjected into the same hydrotherma system through one
or more dectric power geothermd injection wells.

The temperature and chemical characterigtics of geothermd fluids vary substantidly. For

example, TDS concentrations are about 1,000 mg/l a The Geysers (in northern Cdifornia) but about
250,000 mg/l at the SAton Sea geothermd field (in southern Cdifornia). Despite these variations,
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however, concentrations of some metds (e.g., antimony, arsenic, cadmium, lead, mercury, strontium,
zinc) and other condtituents in the produced and injected geothermd fluids routingly exceed primary
MCLsor HALs a one or more geothermd fields. The specific congtituents that exceed the standards
and the magnitude of the exceedences varies from ste to Ste, with substantia variations observed
within somefidds. Sulfate, chloride, manganese, iron, pH, and TDS dso frequently exceed secondary
MCLs.

At some geotherma power plants, other fluids associated with power plant operation, such as
condensate and cooling tower blowdown, are injected aong with the geothermd fluids. In afew
Stuations, supplementa water from additiona sources, such as surface waters, sorm waters, ground
water, and wastewater treatment effluent, isaso injected. Concentrations of metas and other
condtituents in these supplemental water sources are typicaly lower than in the geothermd fluids. An
exception is biologica condtituents (e.g., coliforms) that are sometimes present in injected surface water
and treated wastewater a concentrations above drinking water tandards. The Geysers geothermal
field in Cdiforniais the principle example of injection of surface waters and treatment plant effluent
aong with geothermd fluids. Ground water isinjected (in addition to geothermd fluids) to replace mass
lost through condensate evaporation a the Dixie Valey geothermal field in Nevada

Geothermd fluids used for eectric power generation are normaly injected into the same
subsurface hydrotherma system from which they were produced. In fact, amgority of geotherma
injection wells were drilled as production wells and subsequently converted to injection wells. Both
production and injection wells are carefully engineered because power production depends on the wells
and drilling cogts are subgtantid, frequently exceeding $1 million per well.

Despite this care, well fallures have occurred during both drilling and operation, due to the high
pressures and temperatures encountered, exposure of well equipment to the corrosive geothermal
fluids, and seismic activity that sometimes bends or bresks well casngs. In some cases, wdll fallures
have occurred at Steswhere no USDW is present. At a geothermal power plant site in Hawaii,
however, ground water monitoring data indicate that temperature, chloride concentrations, and
chloride/magnesium ratios increased following a blowout® during drilling of an injection well.

In generd, eectric power geotherma injection wells are not vulnerable to receiving spills or
illicit discharges because geothermd fluids are handled in closed piping systems that are managed as an
integral part of the power plant syssem. At some facilities, contaminants could be added to the injectate
asareault of leaks or ills of lubricants, fuels, or chemicals at the power plant Ste. For example, at
gtesthat collect and inject storm water, such as the power plants at The Geysers, injectate could
include fud, transformer ail, lubricants, or chemicasthat leek or spill onthe Ste. To help prevent
injectate contamination from such sources, potentia sources of lesks and spills are covered and/or are
bermed separately from other parts of the facility. In addition, oil/water separators are provided for
some plant areas (e.9., the eectric switch yard) to provide further assurance that leaked or spilled ail is
not injected.

3 Uncontrolled release of gas and/or fluids from a well.
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According to the state and USEPA Regiona survey conducted for this study, four states
-- Cdifornig, Utah, Hawaii, and Nevada -- have atota of 234 eectric power geotherma injection
wells, with most of the wells reported in Cdifornia (174, or 74 percent) and Nevada (53, or 23
percent). The number of geotherma power injection wellsis not expected to increase subgtantidly in
the foreseeable future because gas-fired power plants can generally produce power at alower cost
than geothermd plants. However, if marketing of geotherma power asa”green” energy sourceis
successful asthe utility industry is deregulated, a modest increase in the number of geotherma power
plants and associated injection wells may occur. Additiona geotherma power plants are currently
being considered in Californiaand have been proposed previoudy in Oregon. Seven additiona
injection wells have recently been permitted in Hawaii.

Individua permits are required for electric power geothermd injection wellsin al four sates
that have thistype of ClassV injection well. The permits are issued by state agencies, U.S. Bureau of
Land Management (BLM), and/or the USEPA Regiond Office, depending on the state and whether
the well islocated on Sate, federd, or private land. In generd, the permits are smilar to those issued
for Class|l injection wells. They establish requirements and oversight for design and congtruction,
operaing conditions, monitoring and mechanicd integrity testing, financid responghility, and plugging
and abandonment.

6.17 Geothermal Direct Heat Wdlls

Geothermd fluids are used to heat individual homes and/or communities or to provide heet to
greenhouses, aquaculture, and other commercid and industrid processesin severd (primarily western)
dates. Following use of geothermd fluids for such heating application, some facilities use geotherma
direct heat return flow wells to return these geotherma fluids to the subsurface,

The temperature and chemical characteritics of geothermd fluids used for heating vary
subgtantialy from Steto Ste. At some Sites, the geothermd fluids are of drinking water quaity and, in
fact, are used as drinking water and not reinjected. More commonly, concentrations of some
congtituents exceed MCLs or HALs. Available dataindicate that arsenic, boron, sulfate, and fluoride
exceed primary MCLs or HALs and that TDS, chloride, iron, manganese, and sulfate exceed
secondary MCLs. TDS concentrations are generally <10,000 ppm except in the comparatively rare
gtuations where high temperature geotherma fluids used for power production are aso used for
heating.

When geotherma fluids used for hegting are reinjected into the subsurface following use (rather
than discharged to surface water or used for drinking, irrigation, or livestock watering), they typicaly
are reinjected into the same hydrotherma formation from which they were produced. In addition, the
composition of the geothermd fluids normally does not change appreciably as aresult of usefor
hesting, dthough traces of pump lubricating oil may be added in some cases.
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No documented cases of USDW contamination by geothermd direct heet return flow wells
have been reported. In addition, the wellstypicaly are not vulnerable to receiving accidenta spills or
other illicit discharges, because the geothermd fluids are handled in closed piping sysems. Typicaly,
the geotherma fluids are produced from awell, passed through a heat exchanger, and injected down
another well.

The survey resultsindicate that there are 31 documented geothermal direct heet return flow
wells and another 17 more wells estimated to exist. Although these wells exist in as many as 11 dates,
more than 80 percent of the documented wells arein only five states. Oregon (8), Nevada (7), Utah
(4), New Mexico (4) and Idaho (3). All of the 17 estimated wells are in Oregon, but Alaska also
indicated the potentia presence of these wells without providing an estimated number.

Individua permits are required for geothermd direct heet return flow welsin al five of the
dates that have most of these wells. In Idaho, an individua permit is not required if the well is <18 feet
deep, but dl of the geothermal direct heat return flow wells are substantialy deeper than 18 fest.
Individua permit requirements, which aso apply in Cdifornia, are smilar in many respects to those for
Class|l wells. Further, for wells located on federd land, BLM gpprova of well drilling, testing, and
abandonment is also required by regulations promulgated under the Geotherma Steam Act of 1970.

6.18 Heat Pump/Air Condition Return Flow Wells

Ground-source heat pump/air condition (HAC) systems heat or cool buildings by taking
advantage of the rdatively congtant temperature of underground hydrogeologic formations. They
extract heet energy from ground water for use in heating buildings, and use ground water as a heat Snk
when cooling buildings. Two types of ground-source HAC systems are generdly used: closed-loop
systemns and open-loop systems.  Closed-loop systems circulate water entirdly within a system of
closed pipes, involve no subsurface injection of wastewater, and are therefore not subject to oversight
and regulation by the UIC program. Open-loop HAC systems withdraw ground water from a source
wdll, passit through the HAC heat exchanger, and then discharge the water. Many open-loop HACs
return used ground weter to the subsurface viainjection wells. These “return flow wells’ are classfied
as Class V wells under the UIC program, and are covered in this Sudy.

Because water is not consumed by HAC systems, the quantity of return flow water (injectate) is
generdly the same as that withdrawn. The quality of HAC injectate dso usudly reflectsthe
characteristics of the source ground water. However, HAC injectate may differ from source water in
severd ways. HAC injectate is generdly 4 to 10 degrees Fahrenheit cooler or warmer than the source
water (depending on whether the HAC isin heating or cooling mode). In some cases, the temperature
drop can cause sdlts and other dissolved solids to precipitate into suspension, or the temperature
increase can cause suspended solids to dissolve into solution. HAC injectate can adso contain: metals
leached from the pipes and pumps; bacteria (where oxygen, nutrients, and a source of bacteriaare
present); precipitated ferric iron solids (where dissolved iron is present in source water, and the HAC
system introduces oxygen); and chemica additives (sometimes used for disinfection or corrosion
prevention). Very little data on injectate properties were available for this sudy. However, the
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available data indicate that HAC injectate has in some cases exceeded the primary drinking water
MCLsfor lead and copper and the secondary MCLs for chloride and TDS.

HAC systems most commonly re-inject ground water into the same formation from which it is
withdrawn. The aquifer used is reatively porousin order to provide adequate ground water flow to
source wells and from return wells. Dud-aquifer systlems may be feasible where another formetion (a
different formation from which source water is withdrawn) is more reedily accessble for return flow
discharge, and is capable of handling HAC return flow. Dua-aquifer systems that withdraw from
contaminated aquifers and re-inject into USDWs can contaminate the receiving USDWSs. Asaresult,
severd dates prohibit dud-aquifer HAC systems, or require that HAC source aquifers be of higher
qudity than return aquifers.

A few USDW contamination incidents have been reported for HAC return flow wells. In
1996, awdl in New Y ork was found to have contaminated a USDW with chloride and TDS above the
secondary MCLs. Theincident was atributed to lesking well casings and inter-aguifer contamination.
In Minnesota, awater sample from awel in 1984 indicated high levels of lead, while another sample
taken from a different well in 1985 showed high levels of lead and copper (all above the primary
gandards). Thiswas attributed to leaching of metas from the HAC system pipes and pumps. In North
Carolina, well samples have been reported to contain high levels of iron and coliform, attributed to poor
HAC wdl congruction and operation alowing introduction of oxygen and contaminants. As the quaity
of HAC injectate industry-wide is unknown, it is not clear whether these known contamination cases
are isolated cases, or indicative of awider problem with this type of well.

HAC return flow wells are generdly part of systems that are completely closed above ground,
and are generdly located on private property. Therefore, the likelihood of USDW contamination by
soillsor illicit discharges a HAC return flow wdlsis very low.

According to the state and USEPA Regiona survey conducted for this study, there are 27,921
documented HAC return flow wellsin 34 states* The estimated number of wellsexiginginthe U.S. is
more than 32,804 wells (but probably not more than 35,000), in over 40 states. Approximately 838
percent of dl documented wells arein four sates: Texas (12,828 wells, or 46 percent), Virginia (7,769,
or 28 percent), Florida (3,101, or 11 percent), and Tennessee (1,000, or 4 percent). Another 30
dates collectively account for the remaining 11 percent of the tota documented U.S. inventory, with
each date having less than 3 percent of the tota. However, many states do not have accurate well
counts and the definitions of closed-loop and open-loop wells used by some States differ from the
USEPA definitions.

Nearly dl of the states with HAC return flow wells have statutory and regulatory requirements
a the gate leve, some of which regulate the Sze, design, and/or additives used in these systems. Of
the states in which the largest numbers of HAC wels are found, USEPA directly implements the UIC

4 This number includes some closed-loop systems, as not all states use the same definitions as
USEPA for “open-loop” and “closed-loop” systems.
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program for dl Class V injection wells (including HAC return flow wells) in Arizona, Michigan,
Minnesota, New Y ork, Pennsylvania, Tennessee, and Virginia. The other states with many HAC
return flow wells are UIC Primacy Statesfor Class V wells, and authorize the wells by rule (Illinais,
Kansas, Nebraska, North Dakota, Ohio, South Carolina, Texas, West Virginia, and Wyoming) or
issue individua permits (Delaware, FHoorida, Maryland, Missouri, Nevada, North Carolina, Oregon,
Vermont, and Washington). In Wisconsn, which is aso a Primacy State for ClassV wells, discharge
to ashallow absorption system located in unsaturated soilsis alowed under ageneral permit, but
discharge directly into a saturated soil or aguifer is prohibited.

A number of relaively straight-forward best management practices are available that can
virtudly ensure that HAC wels do not contaminate USDWSs. Judging by the very low incidence of
recorded USDW contamination (relative to the number of wells), it appears that HAC owners and
operators are aware of and generdly apply best management practices.

6.19 Salt Water Intruson Barrier Wdls

SdAt water intruson barrier wells are used to inject water into a fresh water aquifer to prevent
the intrusion of salt water. Control of sat water intrusion through the use of these wells may be
achieved by cresting and maintaining a "fresh water ridge." This fresh water ridge may be achieved with
aline of injection wdls pardl€ding the coast. Another method used to control sdt water intrusonis
through the use of an injection-extraction system. Such a system may be used to inject fresh water
inland, while sdt water intruded into the aquifer is being extracted aong the coadt.

Waters of varying qudities are injected to create salt water intruson barriers, including
untreated surface water, treated drinking water, and mixtures of trested municipa wastewater and
ground or surface water. Injectate typically meets primary and secondary drinking water standards.
Ground water monitoring and toxicologica, chemicd, and epidemiologica studies have found no
measurable adverse effects on ether ground water qudity or the health of the population ingesting the
water, when the injectate was treated wastewater effluent.

St water intruson barrier wells are drilled to various depths depending on the depth of the
aquifer being protected. They inject into fresh ground water aquifers used as drinking water supplies
that are in hydraulic connection with an extensive salt water body, such asa sea, asdt lake, or an
ocean.

No contamination incidents associated with the operation of sat water intruson barrier wells
have been reported.

Because protection of drinking water suppliesisthe mgor goa of asdt water intruson barrier

well and the injectate typically meets drinking water sandards, sdt water intruson barrier wells are
unlikely to recaive spills or illicit discharges of potentidly harmful substances.
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According to the sate and USEPA Regiond survey conducted for this study, there are 315 sdt
water intrusion barrier wells documented in the United States. The number of salt water intrusion
barrier wdlsin the nation is estimated to be greater than 609, but unlikely to be higher than 700. All
documented st water intruson barrier wells are located in Cdifornia (308), Forida (1), and
Washington (6). In addition, as many as 200 sdt water intrusion barrier wells are believed to exist in
New York. There aso may be somewelsin New Jersey, which indicated in its survey response that it
has st water intrusion barrier wells but did not provide any numbers.

The statutory and regulatory requirements differ sgnificantly among Cdifornia, Forida,
Washington, and New York. In Cdiforniaand New Y ork, USEPA Regions 9 and 2, respectively,
directly implement the UIC program for Class V injection wells. However, both states have additiona
jurisdiction over sat water intrusion barrier wells through stete regiona water qudity control boardsin
Cdifornia and gate pollutant discharge dimination system permitsin New York. In contrast, FHorida
and Washington are UIC Primacy Statesfor ClassV wells. Both of these Sates require individua
permits for the operation of sat water intrusion barrier wells.

6.20 Aquifer Recharge Wellsand Aquifer Storage and Recovery Wells

Aquifer recharge and aquifer storage and recovery (ASR) wells are used to replenish water in
an aquifer for subsequent use. While an aquifer recharge well is used only to replenish the water in an
aquifer, ASR wells are used to achieve two objectives: (1) storing water in the ground; and (2)
recovering the stored water (from the same well) for abeneficia use. Both of these types of wells,
however, may have secondary objectives, such as subsidence control and prevention of sat water
intrusion into fresh water aquifers. Aquifer recharge and ASR wells are found in areas of the U.S. that
have high population density and proximity to intengve agriculture; dependence and increasing demand
on ground water for drinking water and agriculture; and/or limited ground or surface water availability.
ASR wdls are dso found in areas that have no freshwater drinking water supplies, or in coastal areas
where sdt water intruson into freshwater aquifersis an issue.

Aquifer recharge and ASR wdll injectate conssts of potable drinking water (from adrinking
water plant), ground water (treated or untreated), and surface water (treated or untreated).> Water
injected into aguifer recharge and ASR wdlsistypicdly treasted to meet primary and secondary
drinking water dandards. Thisis doneto protect the host aquifer and to ensure that the qudity of the
ground water to be recovered is adequate for subsequent use. In addition, most state and local
regulatory agencies require the injectate in aguifer recharge and ASR wels to meet drinking water
standards in order to prevent degradation of ambient ground water quality. However, it should be
noted that, in some ingtances, congtituents have been measured at concentrations dightly above drinking
water standards.

5 Aquifer recharge and ASR well injecting wastewater are addressed separately in the sewage
treatment effluent well summary, which is Volume 7 of this report.
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Aquifer recharge and ASR wells are drilled to various depths depending on the depth of the
receiving aquifer. They may inject into confined, semi-confined, or unconfined aguifers, dthough most
of these wellsinject into semi-confined aquifers that have been partiadly dewatered due to overpumping.

No contamination incidents associated with the operation of aquifer recharge or ASR wells
have been reported.

Because the mgor god of aquifer recharge and ASR wellsisto replenish water in aquifersfor
subsequent use and itsinjectate typicaly meets drinking water sandards, aquifer recharge and ASR
wells are unlikely to receive spills or illicit discharges.

According to the state and USEPA Regiona survey conducted for this study, there are
approximately 1,185 aquifer recharge and ASR wells documented in the U.S. Thistotd includes 807
aquifer recharge wdlls, 130 ASR wells, and 248 wells (in Cdifornia and Idaho) that cannot be
distinguished among aguifer recharge and ASR wellsin the available inventory. The estimated number
of aquifer recharge and ASR wellsin the nation is greater than 1,695, but unlikely to be higher than
2,000. Thisegimate does not include 200 wells proposed to be built in Florida as part of the
"Everglades Restoration Project.” Approximately 89 percent of the documented aquifer recharge and
ASR wells arelocated in ten states. Cdlifornia (200), Colorado (9), Florida (<488), 1daho (48),
Nevada (110), Oklahoma (44), Oregon (16), South Carolina (55), Texas (67), and Washington (12).
Wisconsn has conditiondly approved one aquifer storage and recovery well as part of apilot study at a
municipa water system in Oak Creek, and a second pilot project in Green Bay, Wisconsin is under
development. The project in Green Bay is expected to be operationd within the next year.

The statutory and regulatory requirements differ sgnificantly among the ten sates where the
mgority of the aquifer recharge and ASR wells are bdieved to exist. In Cdiforniaand Colorado,
USEPA Regions 9 and 8, respectively, directly implement the UIC program for ClassV injection wells.
However, both states have additiona jurisdiction over aquifer recharge and ASR wells through State
regiond water qudity control boards in Cdiforniaand permitting of extraction and use of weaters
atificialy recharged in Colorado. The remaining eight states are UIC Primacy Statesfor ClassV wdlls.
Oklahoma and Texas authorize aquifer recharge and ASR wells by rule. Florida, Nevada, Oregon,
South Caroling, and Washington require individua permits for the operation of aquifer recharge and
ASR wdls. In Idaho, congtruction and operation of shalow injection wells (<18 feet) is authorized by
rule; construction and use of a deep injection well ($18 feet) requires an individua permit.

6.21 Noncontact Cooling Water Wells

For the purpose of this study, “noncontact cooling water wells’ are limited only to wells used to
inject noncontact cooling water that contains no additives and has not been chemicdly dtered. Wells
that inject contact cooling water or noncontact cooling water that contains additives (e.g., corroson
inhibitors, biocides) or is contaminated compared to the origind source water are consdered “industrial
wells”
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USEPA defines noncontact cooling water (in 40 CFR 8418.21 governing fertilizer
manufacturing) as “water which is used in a cooling system designed so as to maintain constant
separation of the cooling medium from al contact with process chemicals...provided, that al reasonable
measures have been taken to prevent, reduce, diminate and control to the maximum extent
feasble...contamination....” No sampling data were obtained during the course of this study that can be
used to characterize the qudity of fluids injected into noncontact cooling water wells. However, given
the very narrow way that such wells and noncontact cooling water are defined, it is reasonable to
expect that the qudity of the fluids will not thresten USDWs.

Avallable information suggests that these wells are commonly used in Situations in which cooling
water is withdrawn from an aguifer and then injected back into the same formation (so-caled * cooling
water return flow wells’ as defined in 40 CFR §146.5(e)(3)). In these Stuations, the quality of the
fluids injected will be the same as the quality of the fluidsin the receiving formation, except for a change
in temperature.

No contamination incidents associated with noncontact cooling water wells, as defined for the
purpose of this study, have been reported. The only scenario in which noncontact cooling water wells
could be contaminated would involve pipe lesks that dlow process chemicals or other contaminants to
commingle with the cooling water. 1llicit discharges into these wdls gopear extremely unlikdly, snce
noncontact cooling water systems are operated as closed systems that are virtually inaccessible for
“midnight dumping.” No incidents of this or any other kind were uncovered during the course of this

study.

Asfor some of the other well categories addressed in this Sudy, the inventory results for
noncontact cooling water wells are very uncertain because most responses to the state and USEPA
Regiond survey did not distinguish these wells from other kinds of commercid or indudtrid wells. The
survey results suggest that there are more than 7,780 noncontact cooling water wellsin the nation, but
this number includes some carwash wells, laundromat wells, and food processing waste disposal wells.
The survey results dso indicate that noncontact cooling water wells may exist in as many as 22 dates,
athough most appear to be concentrated in Alaska (212), Washington (3,900), and Tennessee
(1,000). Ninety-eight percent of the documented and estimated noncontact cooling water wellsin the
U.S. arefound in ten states: Ohio, New Y ork, West Virginia, Alabama, Tennessee, lowa, Montana,
Cdifornia, Alaska, and Washington.

Of the three gtates that have the vast mgority of noncontact cooling water wells, Alaska and
Washington require the wells to be individualy permitted. Tennessee currently permits them by rule,
following a program like the minimum federd requirements established in USEPA’ s exigting UIC
regulations.

6.22 Subsdence Control Wdls

Subsidence control wells are injection wells whose primary objective isto reduce or iminate
the loss of land surface elevation due to remova of ground water providing subsurface support. These
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wells d'so may be used to control land subs dence caused by man-induced activities other than ground
water withdrawd (e.g., construction). Land subsidence control is achieved by injecting water into an
underground formation to maintain fluid pressure and avoid compaction.

Sources of injectate in subsidence control wellsinclude untreated surface water, untreated
ground water, saline water, and surface water treated to drinking water standards. No data on
injectate congtituents or concentrations associated with subsidence control wells are available,
However, it is reasonable to assume that injectate in some subsidence control wells exceeds drinking
water standards for some parameters.

None of the known, active subsidence control wellsinject into USDWs. Some wells are being
used to inject beneath construction zones to minimize damage from settlement caused by congtruction,
and other wdllsinject into a sdt dome cavity that is used for the storage of oil at the Strategic Petroleum
Reserve Weeks Idand Stein Louisana

No contamination incidents associated with the operation of subsidence control wells have been
reported.

Details on the design, congtruction, and operation of subsidence control wells are not available.
Thus, it isnot possible to determine if subsidence control wells are vulnerable to receiving spills or illicit
discharges.

According to the state and USEPA Regiona survey conducted for this study, there are 28
subsidence control wells documented in the United States. All documented subsidence control wells
arelocated in Louisana (8), Oregon (14), and Wisconsin (6). The estimated number of subsidence
control wellsin the nation is approximately 158. Of these, as many as 50 wells may be located in New
York. The documented and estimated numbers of subsidence control wells in the United States do not
include any wellsin Alaska. However, officids respongble for the UIC Program in that state did not
rule out the possibility that some exi<.

The statutory and regulatory requirements differ sgnificantly among the four sates where
subsidence control wells are believed to exist. Louisana, aUIC Primacy dtate for ClassV wells,
authorizes subsidence control wellsby rule. In New York, USEPA Region 2 directly implements the
UIC program for Class V injection wells. However, New Y ork has additiona jurisdiction over Class
V wdls through state pollutant discharge dimination system permits. Oregon, a UIC Primecy Sate for
Class V wdls, authorizes subsidence control wells by rule. The six wellsin Wisconsin were individualy
permitted by the Department of Naturad Resources. All six of these wells have ether been abandoned
or arein the process of being abandoned. New subsidence control wellsin Wisconsin are now
prohibited.
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