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REPORT TO CONGRESS
 

Foreword
 

• This report was prepared by the Office of Water, 

Environmental Protection Agenc.y, from data gathered by the 

States, Territories, and Possessions of the United States in 

fUlfilling the regulatory requirement of 40 CFR 146.52 (b) and 

with the support of the EPA Regional offices and the contractor, 

Engineering Enterprises, Inc. (EEl) under EPA Contract Number 68

03-3416. The EPA project manager was L. Lawrence Graham, and the 

EEl project officer was Lorraine C. Council. In addition, an EPA 

Work Group, comprised' of representatives from the Office of 

Water,.the Office of Solid Waste and Emergency Response, the 

Off ice of General Counsel, the Off ice of Pol icy, Planning and 

Evaluation, the Office of Research and Development, and the EPA 

Regions provided technical input and review • 

•
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Executive Summary 

This report to Congress, prepared by the United States 
Environmental Protection Agency (USEPA), summarizes the resul ts 
of State surveys concerning Class V injection wells as defined by 
the 1986 Amendments to the Safe Drinking Water Act. In 
accordance with the Act, the report (1) identifies the categories 
and corresponding inventories of Class V wells in the United 
States and its Territories and Possessions, (2) describes primary 
contamination problems associated wi th different categories of 
these wells, and (3) summarizes recommendations for minimum 
design, construction, installation, and siting requirements that 
could be applied to protect underground sources of drinking water 
(USDW) from such contamination wherever necessary including 
corrective action and remedial action recommendations. 

Reports addressing Class V well construction features, 
injectate chemical characteristics and volumes, contamination 
potentials, corrective alternatives, and recommendations for 
remedial actions and regulatory approaches were submitted by 
State Directors of 56 of the 57 States, Territories, and 
Possessions of the United States. The reports were reviewed, 
summarized, and collated in preparing this report to Congress on 
Class V injection wells. 

There are seven general categories identified and over 
170,000 Class V injection wells inven'toried by the States. The 
general categories include drainage wells, geothermal wells, 
domestic (sewage) waste disposal wells, wells rela"ted to mineral 
and fossil fuel recovery, indus trial/commercial/util i ty well s, 
recharge wells, and miscellaneous wells. Ninety-four percent of 
all Class V wells belong to only four of the gen€ral categories: 
d r a ina gewe11, s (5 8 %) , domes tic was ted i s po sal well s ( 2 5 %) , 
geothermal wells - mostly heat pump/air conditioning return flow 
wells - (6%), and wells related to mineral and fossil fuel 
recovery (5%). 

Distribution of the inventoried wells among the ten USEPA 
Regions is varied. Thirty-seven percent of the wells reported 
are located in Region IX, seventeen percent in Region X, sixteen 
percent in Region IV, and ten percent in Region V. Regions VIII 
and II each reported five percent of the wells. Regions VII, 
III, and VI each reported between two and four percent of the 
total number of wells, and Region I reported less than one 
percent. 

Ground-water contamination potentials for each of the thirty 
well types (subcategories of the seven general well types) were 

•	 assessed based on information provided by the States and based on 
a rating system which incorporated the following criteria: 
poten~ial useability and identification of USDW: typical 
construction, operation, and maintenance procedures: chemical and 
physical ~haracteristics of the injectate: and contamination 
potential based, in part, on injectate volumes. Some well types 
exhibited a range of contamination potentials. Class V wells 
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assessed to have high ground-water contamination potentials 
include agricultural drainage wells: improved sinkholes (high to 
moderate): raw sewage waste disposal wells and cesspools: septic 
systems: domestic wastewater treatment plant disposal wells (high 
to low): industrial process water and waste disposal wells: 
automobile service station waste disposal wells: and aquifer 
recharge wells (high to low). 

Class V wells assessed to have moderate ground-water 
con tamina t ion poten ti al s incl ude storm wa ter dra inage and 
industrial drainage wells: improved sinkholes (high to moderate): 
special drainage wells (moderate to low): electric power and 
direct heat reinjection wells: aquaculture return flow wells: 
domestic wastewater treatment plant disposal wells: domestic 
wastewater treatment plant disposal wells: in-situ fossil fuel 
recovery wells: cooling water return flow wells (moderate to 
low): aquifer recharge wells (high to low): experimental 
technology wells (moderate to low): and abandoned drinking 
water/waste disposal wells. 

Class V wells assessed to have low ground-water 
contamination potentials include special. drainage wells (moderate 
to low): heat pump/air conditioning return flow wells: domestic 
wastewater treatment plant disposal wells (high to low): solution 
mining wells: spent brine return flow wells: cool{ng water return 
flow wells (moderate to low): aquifer recharge wells (high to 
low): sal ine wa ter intrusion barrier well s: subsidence control 
wells: and experimental technology wells (moderate to low). 
Class V wells wi th unknown ground-water contamination potential 
include radioactive waste disposal wells and aquifer remediation 
wells. . 

The States recommended additional study in several areas. A 
primary concern of many States is that the existing inventory 
da tabase is incomple teo Therefore, they recommend continuing 
efforts to locate uninventoried Class V facilities and upgrading 
the existing database of technical data for inventoried 
facilities. Regional and local hydrogeologic investigations may 
be necessary in order to more precisely define the potential 
impact of various Class v injection practices in areas containing 
sensitive aquifers. 

The States al so made several technical recommenda tions for 
adequate well siting, construction, operation, and maintenance to 
protect ground-water quality. . The recommendations range from 
banning the use of cesspools and raw sewage waste disposal wells 
to developing appropriate mechanical integrity tests for 
geothermal electric power generation reinjection wells. 
Recommendations were also made to determine the ground-water 
contamination potentials of radioactive waste disposal wells and 
wells associated with aquifer remediation projects. 
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CLASS V REPORT TO CONGRESS 

SECTION 1 
INTRODUCTION 

1.1 OBJECTIVE AND SCOPE 

This report to Congress summarizes information and recommen
dations provided solely by the UIC programs of the States, 
Territories, and Possessions of the United States on Class V 
injection wells. Specifically, the report addresses the current 
inventory of Class V injection wells and their potential to 
affect ground water. Technical recommendations of the Directors 
of Sta te Underground Inj ect ion Control Programs are presented. 
The U.S. Environmental Protection Agency recommendations are in 
the process of development .. 

1.2 BACKGROUND 

On December 14, 1974, Congress enacted the Safe Drinking 
Water Act (PL 93-523) to protect the public health and welfare of 
persons and to protect existing and future underground sources of 
drinking water (USDW). In Part C of the Act, Congress directed 
the United States Environmental Protection Agency (USEPA) tp 
develop regula tions for the protection of underground source (s) 
of drinking water from contamination by the subsurface injection 
or emplacement of fluids through wells. In 1980, USEPA promulga
ted these regulations under 40 CFR Parts 144 through 146 and Part 
124. The regul a tions specify minimum standards and technical 

. requirements for the proper-siting, construction, operation, 
monitoring, and plugging and abandonment of injection wells. 

The Act also mandated the development of a Federally 
approved Underground Inj ect ion Control (UIC) program for each 
State, Possession, and Territory. Approval of a particular pro
gram is based on a finding that the program meets minimum stan
dards and technical requirements of SDWA Section 1422 or Section 
1425 and the applicable provisions set forth in 40 CFR Parts 124 
and 144 through 146. States whose programs were submitted to and 
approved by USEPA are known as Primacy States. These states have 
primary enforcement responsibi 1 i ty for the regulation of inj ec
tion wells in their States. In those instances where a State has 
opted not to submit a program for approval or where the submitted 
program does not meet the minimum standards and technical 
requirements, the program is promulgated and administered by 
USEPA. States with Federally administered programs are known as 
Direct Implementation (01) States and are subject to the regula
tions set forth in 40 CFR Parts 124 and 144 through 146. There 
are 22 01 States, Possessions, and Territories at present. 
Reports on the Class V programs in the 01 states and 
recommendations were prepared under the direction of the 
"Director" of that State program, i.e., the Regional 
Administrator. All underground injection is unlawful and subject 
to penalties unless authorized by a permit or rule. 
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The UIC regulations define and establish five classes or 
categories of inj ect ion well s. Class I wells inj ect hazardous 
and non-hazardous waste beneath the lowermost formation 
containing, within one-quarter mile of the -well bore, an USDW. 
Class II wells are used in conjunction with oil and gas 
production. Class III injection wells are used in conjunction 
with the solution mining of minerals. ~lass IV wells inject 
hazardous or radioactive wastes into or above a formation which 
is within one-quarter mile of an USDW. (Class IV wells are 
prohibited by 40 CFR 144.13.) Class· V wells include any wells 
that do not fall under Classes I through IV. Typically, Class V 
wells are used to inject non-hazardous fluids into or above 
underground sources of drinking water. 

In 1980, USEPA chose to defer establishing technical 
requirements for Class V wells. Instead, these wells are 
author lzed by rule. That is, inj ect ion into Class V well sis 
authorized until further requirements under future regulations 
are promulgated by USEPA. However, Class V wells are prohibited 
from contaminating any USDW or adversely affecting public health. 
Therefore, wells which are found .to be violating this prohibition 
are subject to enforcement or closure. Some Primacy States 
require injection well permits while others currently implement 
authorization by rule or law. 

The Agency has not established specific requirements for 
Class V wells for several reasons. By definition, the category 
of Clas s V encompasses a var i ety of well types rang i ng·. in 
complexity from radioactive waste disposal wells to storm water 
drainage wells. At the_time of the original promulgation, little 
was known about the operation of these wells. The Agency 
reasoned that due to the large number and types of Class V wells 
in existence, the variability of injection fluids and volumes, 
the lack of knowledge concerning the extent of environmental 
damage caused by these wells, and the lack of knowledge 
concerning the consequences of bringing them under regulation, 
technical requirements could not be established that effectively 
would assure that operations of all Class V wells would not 
endanger USDW. Therefore, the Agency concluded that it was 
necessary to develop an assessment of Class V injection well 
activities prior to any regulatory development. 

Under 40 CFR l46.52(a), USEPA requires owners and operators 
of Class V injection wells to notify the Director of the State or ... 
the Direct Implementation UIC program of the existence of all 
Class V well s under their control and to submi t pert inent 
inventory information (as required under 40 CFR 144.26(a)). The 
Directors then are required, under 40 CFR 146.52(b), to complete 
and submit to USEPA a report containing the following: 

1.	 Information on the construction features of Class
 
V wells and the nature and volume of injected
 
fluids;
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2.	 An assessment of the contamination potential of 
Class V wells using hydrogeological data available 
to the State; 

3.	 An assessment of the available corrective 
alternatives where appropriate and their 
environmental and economic consequences; and 

4.	 Recommendations both for the most appropriate 
regulatory approaches and for remedial actions 
where appropriate. 

The reports are required to be submitted no later than three 
years after the effective date of the State's UIC program appro
val. Several of the reports are not due until Novernbe~ 1987. 

The 1986 Amendments to the Safe Drinking Water Act require 
USEPA to prepare and submit to Congress a report on Class V 
injection wells. The report is to summarize the results of the 
State reports and to note State recommendations for the design, 
siting, construction, operation, and monitoring of each Class V 
well type that has the potential to contaminate ground water. 
Specifically, Section 1426(b) of the Act states: . 

The Administrator shall submit a report to Congress, no 
later than September 1987, summarizing the results of 
State surveys required by the Administrator under this 
section. The report shall include each of the follow
ing items 'of information: 

1.	 The number of ca tegor ies of Class V well s which 
discharge nonhazardous waste into or above an 
underground source of drinking water. 

2.	 The primary contaminatiori problems associated with 
different categories of these disposal wells. 

3.	 Recommendations for minimum design, construction, 
installation, and siting requirements tha~ should 
be appl ied to protect underground sources of 
drinking water from such contamination wherever 
necessary. 

While the in tent of Section 1426 is clear, it should be noted 
that the definition of Class V wells does not limit injection to 
only "into or above USDW" and does not I imi t Class V well s to 
only "disposal wells." Spent brine return flow wells 
(inventoried to date) and Class V radioactive waste disposal 
wells are examples of wells which inject below the lowermost 
USDW. Aquifer recharge wells and mineral and fossil fuel 
recovery wells are examples of wells which are not disposal 
wells. 
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Under 40 CFR Section 144.3, a "well" is defined as a bored, 
drilled, or driven shaft, or dug hole, whose depth is greater 
than its largest surface dimension. "Well injection" is defined 
as the subsurface emplacement of fluids through a bored, drilled, 
or driven well; or through a dug well where the depth of the dug 
well is greater than its largest surface dimension. A "fluid" is 
any material or substance which flows or moves, whether in 
semisol id, 1 iquid, sludge, gas or any other form or state. The 
definitions of the five injection well classes are found in 40 
CFR 144.6. A list of Class V well types recognized by USEPA for 
the purpose of this study is presented in Table 1-1. 

As can be seen in Table 1-1, the Class V inj ect ion well 
ca tegory is large and diverse. Thi sis due to the broad 
definition of Class V wells. If a well does not fit into one of 
the first four classes and meets the definition of an injection 
well, it is considered a Class V well. 

Although included in Table 1-1 as Class V injection wells, 
air scrubber waste and water softener regeneration brine disposal 
wells, types SX17 and SX18, are not included in the inventory and 
assessment portion of this report. At the time the State Class V 
injection well reports were written, air scrubber waste an~ water 
softener regeneration brine disposal wells were categorized as 
Class V injection wells. As a result, however, of a July 31, 
1987, USEPA policy decision, these well types, in certain 
situations, may fall under the Class II category rather than 
Class V. This was determined to be the case with those SX17 and 
SX18 wells inventoried in the State reports. 

Class V injection wells can be divided into two general 
types. of wells based on construction. "Low-tech" wells 1) have 
no casing designs or have simple casing designs and well head 
equipment and 2) inject into shallow formations by gravity flow 
or low volume pumps. In contrast, "high-tech" wells typically 
1) have multiple casing strings, 2) have sophisticated well 
equipment to control and measure pressure and volume of injected 
fluid, and 3) inject high volumes into deep formations. 

Low-tech well types include agricultural drainage wells 
(SF1), storm water and industrial drainage wells (502, 504), 
improved sinkholes (503), heat pump/air conditioning return flow 
wells (SA7), some aquaculture return flow wells (SA8), raw sewage 
disposal wells and cesspools (SW9, SW10), septic systems (SW11, 
SW31, SW32), some mine backfill wells (SX13), some cooling water 
return flow wells (SA19), some industrial process water and waste 
disposal wells (SW20), automobile service station waste disposal 
wells (SX28), and abandoned water wells (SX29). , 

High-tech well types include geothermal wells used for elec
tric power or for direct heat (SAS, SA6), some aquaculture return 
flow wells (SA8), domestic wastewater treatment disposal wells 
(SW12), mining, sand, or other backfill wells (SX13), solution 

mining wells (SX14), in-situ fossil fuel recovery wells (SX1S), 
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spent brine return flow wells (SAl6), some cooling water return 
flow wells (SAl9), some industrial process water and waste 
disposal wells (SW20), some aquifer recharge wells (SR2l), salt 
water intrusion barrier wells (SB22), subsidence control wells 
(SS23), radioactive waste disposal wells (SN24), experimental 
technology wells (SX2S), and aquifer remediation wells (SX26) . .. 

1.3 SUMMARY OF FINDINGS· 

1.3.1 HYDROGEOLOGIC CONSIDERATIONS 

Half of the population of. the United States currently is 
served by ground water, and studies show that demand for this 
resource is increasing at a rate of 2S percent per decade. The 
use of ground water is increasing at a faster rate than is the 
use of surface wa"ter. The degree to which each State depends 
upon ground water varies from less than one percent of total 
water withdrawals (District of Columbia) to 8S percent (Kansas). 

The largest single use for ground water is irrigation, and 
the major areas of usage are the southwest·ern, midwestern, and 
southern States. The second largest use for ground water in the 
United States is as a drinking water supply. Forty-eight percent 
of the population relies on ground water as a drinking water 
supply. Roughly two-thirds receive drinking water through public 
supplies, and the remainder are supplied through domestic wells. 

Ground water aquifers are of two primary types, unconf ined 
and confined. Unconfined, or water table, aquifers are the most 
common. Under unconfined conditions, the water table is exposed 
to the atmosphere such that the upper surface of the saturated 
zone is free to rise and decline through openings in the soil 
matrix. Available data suggest that most Class V injection is 
into or above unconfined aquifers. Confined, or artesian, 
aquifers are isolated from the atmosphere at the point of 
discharge by impermeable strata. The confined aquifer is subject 
to higher hydraulic pressure than atmospheric pressure, and 
certain high-tech Class V wells inject into these aquifers. 

Waste disposal or other fluid emplacement through injection 
wells are potential causes of contamination to USDW. The distri
bution of contaminants wi thin an aquifer can occur as discrete 
bodies, ot "slugs," resulting from low volume or short term 
incidents of waste disposal/fluid injection. Cumulative effects 
of numerous slugs, or continual disposal of highly.concentrated 
waste/injection fluid, or large volumes of waste/injection fluid, from a single facility can cause widespread contamination. The 
degree of contamination ranges from slight deterioration in 
natural quality to the presence of toxic levels of heavy metals, 
organic compounds, i norgan ic con t ami nan ts, and rad i oac t i ve 
materials. 

* Findings are a compilation of data submitted by the States. 
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TABLE 1-1 

CLASS V INJECTION WELL TYPES 
" 

WELL 
CODE NAME OF WELL TYPE AND DESCRIPTION 

DRAINAGE WELLS Ca.k.a. DRY WELLS) • 

5Fl	 Agricultural Drainage Wells - receive irrigation 
tailwaters. other field drainage, animal yard, feedlot, 
or dairy runoff. etc. 

502	 Storm Water Drainage Wells - receive storm water runoff 
from paved areas, including parking lots, streets, 
residential subdivisions. building roofs, highways, 
etc. 

503	 Improved Sinkholes - receive storm water runoff from 
developments located in karst topographic areas. 

504	 Industrial Drainage Wells - include wells located in 
industrial areas which primarily receive storm water 
runoff but are susceptible to spills, leaks, or other 
chemical discharges. 

5G30	 Special Drainage Wells - are used for disposing water 
from sources other than direct precipitation. Examples 
of this well type include: landslide control drainage 
wells, potable water tank overflow drainage wells, 
swimming pool drainage wells. and lake level control 
drainage wells. 

GEOTHERMAL REINJECTION WELLS 

5A5	 Electric Power Reinjection Wells - reinject geothermal 
fluids used to generate electric power - deep wells. 

5A6	 Direct Heat Reinjection Wells - reinject geothermal 
fluids used to provide heat for large buildings or 
developments - deep wells. 

5A7	 Heat Pump/Air Conditioning Return Flow Wells - reinject 
groundwater used to heat or cool a building in a heat 
pump system - shallow wells. .. 

5A8	 Groundwater Aquacul ture Return Flow Well s - reinj ect 
groundwater or geothermal fluids used to support 
aquaculture. Non-geothermal aquaculture disposal wells 
are also included in this category (e.g. Marine ,aquariums	 in Hawaii use relativ~ly cool sea water). 
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TABLE 1-1 

CLASS V INJECTION WELL TYPES 

WELL 
CODE NAME OF WELL TYPE AND DESCRIPTION 

DOMESTIC WASTEWATER DISPOSAL WELLS 

SW9	 Untreated Sewage Waste Disposal Wells - receive raw 
sewage wastes from pumping trucks or other vehicles 
wh i c h co 11 e c t s u c h was t e s f rom sing 1 e 0 r mu 1 tip1 e 
sources. (No trea tmen t) 

SWI0 Cesspools include multiple dwelling, community, or 
regional cesspools, or other devices that receive 
wastes and which must have an open bottom and sometimes 
have perforated sides. Must serve greater than 20 
persons per day if receiving solely sani tary was tes. 
(Settling of solias) 

SWII	 Septic Systems (Undifferentiated disposal method) 
are used to inject the waste o"r effluent from a 
mul t ipl e dwell i ng, bus i nes s es tabl i shmen t , communi ty, 
or regional bus iness establ i shment sept ic tank. Mus t 
serve greater than 20 persons per day if receiving 
solely sanitary wastes. (Primary Treatment) 

SW3I	 Septic Systems (Well Disposal Method) - are used to 
inject the waste or effluent from a multiple dwelling, 
business establishment, community, or regional business 
establ~shment septic tank. Examples of wells include 
actual wells, seepage pits, cavitettes, etc. The 
largest surface dimension is less than o~ equal to the 
depth dimension. Must serve greater than 20 persons per 
day if receiving solely sanitary wastes. (Less 
treatment per square area than SW32) 

SW32	 Septic Systems (Drainfield Disposal Method) - are used 
to inject the waste or effluent from a multiple 
dwelling, business establishment, community, or 
regional business establishment septic tank. Examples 
of drainfields include drain or tile lines, and 
trenches. Must serve more than 20 persons per day if 
receiving solel'y sanitary wast,es. (More treatment per 
square area than SW3I) 

SW12	 Domestic Wastewater Treatment Plant Effluent Disposal 
Wells - dispose of treated sewage or domestic effluent 
from facilities ranging from-small package plants up to 
large municipal treatment plants.' (Secondary or 
further treatment) 
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TABLE 1-1 

CLASS V INJECTION WELL TYPES 

WELL 
CODE NAME OF WELL TYPE AND DESCRIPTION 

MINERAL AND' FOSSIL FUEL RECOVERY RELATED WELLS 

5X13 Mining, Sand, or Other Backfill Wells - are used t.o 
inject a mixture of fluid and sand, mill tailings, and 
other solids into mined out portions of subsurface 
mines whether what is injected is "a radioactive waste 
or not. Also includes special wells used to control 
mine fires and acid mine drainage wells. 

5X14 SOlution Mining Wells 
mining in conventional 

- are used for 
mines, such as 

in-situ solution 
stopes leaching. 

5X15 In-situ Fossil 
situ recovery 
sands. 

Fuel Recovery Wells - are used 
of coal, lignite, oil shale, 

for 
and 

in
tar 

5X16 Spent-Br ine Return Flow Well s - are used to reinj ec c 
spent brine into the same formation from which it was 
withdrawn after extraction of halogens or their salts. 

OIL FIELD PRODUCTION WASTE DISPOSAL WELLS 

5X17 Air Scrubper Waste Disposal Wells - inject wastes from 
air scrubbers used to remove sulfur from crude oil 
which is burned in steam generation for thermal oil 
recovery proj ects. (If inj ect ion is used directly for 
enhanced recovery and not just disposal it is a Class 
II well.) 

5X18 Water Softener Regeneration Brine Disposal Wells 
inject regeneration wastes from water softeners which 
are used to improve the quality of brines used for 
enhanced recovery. (If injection is used directly for 
enhanced recovery and not just disposal it is a Class 
II well.) 

5A19 

INDUSTRIAL/COMMERCIAL/UTILITY DISPOSAL WELLS 
. 

Cooling Water Return Flow Wells - are used 
water which was used in a cooling process, 
and closed loop processes. 

to inject 
both open ,
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TABLE 1-1 

CLASS V INJECTION WELL TYPES 

WELL 
CODE NAME OF WELL TYPE AND DESCRIPTION 

5W20 Industrial Process Water and Waste Disposal Wells - are 
used to dispose of a wide variety of wastes and waste
waters from industrial, commercial, or utility 
processes. Industries include refineries, chemical 
plants, smelters, pharmaceutical plants, laundromats 
and dry cleaners, tanneries, laboratories, petroleum 
storage facilities, electric power generation plants, 
car washes, electroplating industries, etc. 

5X28 Automobile Service Sta~ion Disposal Wells - inject 
wastes from repair bay drains at service stations, 
garages, car dealerships, etc. 

RECHARGE WELLS 

5R21 Aquifer Recharge Wells - are used to recharge depleted 
aquifers and may inject fluids from a variety of 
sources such as lakes, streams, domestic wastewater 
treatment plants, other aquifers, etc. 

5B22 Saline Water Intrusion Barrier Wells - are used to 
inject water into fresh water aquifers to prevent 
intrusion of salt water into fresh water aquifers. 

5S23 Subsidence Control Wells - are used to inject fluids 
into a non-oIl or gas producing zone to reduce or 
eliminate subsidence associated with overdraft of fresh 
water and not used for the purpose of oil or natural 
gas production. 

MISCELLANEOUS WELLS 

5N24 Radioactive Waste Disposal Wells 
radioactive waste disposal wells other 
wells. 

include all 
than Class IV 

5X25 Experimental Technology Wells - include 
experimental or unproven technologies 
scale in-situ solution mining wells 
unmined areas. 

wells used in 
such as pilot 
in previously 

5X26 Aquifer Remediation Related Wells - include wells used 
to prevent, control, or remediate aquifer pollution, 
including but not limited to Superfund sites. 
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..TABLE 1-1 

CLASS V INJECTION WELL TYPES 

WELL 
CODE NAME OF WELL TYPE AND DESCRIPTION 

5X29 Abandoned Drinking 
abandoned water wells 
waste. 

Water 
which 

Wells 
are used 

include those 
for di sposal of 

5X27 Other Wells 
wells. 

- include any other unspecified Class V 
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Generally, Class V injection is into or above USDW. An USDW 
is defined as an aquifer or its portion which supplies any public 
water system or which contains a sufficient quanti ty of ground 
water to supply a public water system and currently supplies 
drinking water for human consumption or contains fewer than 
10,000 mg/l total dissolved solids, and which is not an ex~mpted 

aquifer. Certain special Class V facilities are known to inject 
•	 fluids below USDW. Potential for contamination to USDW varies 

and is dependent upon where inj ect ion occurs reI a t i ve to USDW; 
well construction, design, and operation; injectate quality; and 
injection volumes. Class V injection practices which discharge 
directly into USDW are potentially more harmful to USDW than 
Class V injection above or below USDW because some protection of 
USDW may be provided by injection above or below USDW. 

1 • 3 • 2 CLASS V INJECTION WELL INVENTORY 

As defined in this report, there are seven general 
categories of Class V injection wells containing a total of 30 
well types. Based on State inventories, there are approximately 
173,159 Class V wells in the United States and its associated 
Terr i tor ies and Possess ions. About 94 percen t of all Cl ass V 
wells belong to four main categories: drainage wells (58%), 
sewage related wells (25%), geothermal wells (6%), and mineral 
and fossil fuel recoyery related wells (5%). 

The numbers of Class V wells broken down by USEPP-. Regions 
are as follows: 

Region IX: 64,214 37% 

Region X:	 29,826 17% 

Region IV: 27,911 16% 

Region V:	 17,772 10% 

Region VIII: 9,015 5% 

Region II:	 8,950 5% 

Region VII: 6,675 4% 

Region III: 4,589 3% 

Region VI:	 3,843 2% 

Region I:	 364 <1% 
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It should be noted that these numbers can be misleading, 
however, because inventories were not conducted with consistent 
levels of resources and guidance. There is a high probability 
that the distribution of wells and the resulting conclusions are 
not entirely accurate. Fifty-six States had submitted Class V 
inventory and assessment reports by August 1987 for incorporation 
into this Report to Congress. 

Figure 1-1 is a map of the States and USEPA Regions. At the • 
present time, there are 22 Direct Implementation States (or 
Possessions or Territories) and 35 Primacy States. 

1.3.3 CONTAMINATION POTENTIAL ASSESSMENTS 

Contamination potential has been assessed for each well type 
in this report, using all available data. Because inventory 
databases varied widely for different well types, a unified 
system was needed with which to assess each well type 
equivalently. The assessment incorporates the following 
parameters: 

1.	 Identification and potential useability of USDW: 

2.	 Typical construction, operation, and maintenance
 
procedures:
 

3.	 Chemical and physical characterization of
 
injection fluid: and
 

4.	 Typical injected volumes. 

Based upon this rating scheme, well types have been assessed 
qualitatively for contamination potential as high, moderate, or 
low. Certain Class V well types exhibit such variation in design 
and injectate quality that a spectrum of ratings (e.g., moderate 
to low, high to moderate, high to low) resul ted. A few well 
types have an unknown potential for contamination due to 
extremely limited information. Contamination potentials for 
Class V wells currently are assessed as follows: 

High	 Contamination Potential 

Agricultural drainage wells, sFl: 

Improved sinkholes, 503 (high to moderate) : 

Raw sewage waste disposal wells, sW9, and cesspools, 
sWlO: 

Septic systems, sWll, sW31, sW32: 
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Domestic wastewater treatment plant disposal wells, 
SW12 (high to low): 

r
 Industrial process water and waste disposal wells, SW20~
 

Automobile service station waste disposal wells, SX28~ 

and 
!' 

Aquifer recharge wells, SR21 (high to low). 

Moderate Contamination Potential 

Storm water drainage, SD2, and industrial drainage
 
wells, SD4:
 

Improved sinkholes, SD3 (high to moderate) :
 

Special drainage wells, SG30 (moderate to low):
 

Electric power, SAS, and direct heat reinjection wells,
 
SA6 :
 

AquacuI~ure return flow wells, SA8:
 

Domestic wastewater treatment plant disposal wells,
 
SW12 (high to low):
 

Mining, sand, or other backfill wells, SX13:
 

In-situ fossil fuel recovery wells, SX1S:
 

Cooling water return flow wells, SA19 (moderate to low):
 

Aquifer recharge wells, SR21 (high to low):
 

Experimental technology wells, SX2S (moderate to low): and
 

Abandoned drinking water/waste disposal wells, SX29.
 

Low Contamination Potential 

Special drainage wells, SG30 (moderate to low) : 

Heat pump/air conditioning return flow wells,. SA7: 

Domestic wastewater treatment plant disposal wells, 
SW12 (high to low):
 

Solution mining wells, SX14:
 

Spent brine return flow wells, 5X16;
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Cooling wa t erre t urn f I ow weI Is, 5 A19 (mod era t e to 
low) : 

Aquifer recharge wells, 5R21 (high to low): 

Saline water intrusion barrier wells, 5B22: 

Subsidence control wells, 5S23: and 

Experimental technology wells, 5X25 (moderate to low). 

Unknown Contamination Potential 

Radioactive waste disposal wells, 5N24: and 

Aqui fer remediation well s, 5X26 (incl uding hydrocarbon 
recovery injection wells). 

Additional study is necessary in a number of areas. A 
primary concern of many Sta tes is tha t the exis ting inventory 
database is incomplete. It is recommended by many States that 
efforts continue in attempting to locate uninventoried Class V 
facilities and to upgrade the existing database of technical data 
for inventoried facilities. Also, States recommended that 
hydrogeologic studies on both local and regional scales may need 
to be conducted for areas containing sensitive aquifers in order 
to define the potential impact of the various types of Class V 
inj ection practices. Table 1-2 presents a summary of available 
inventory data, types of fluids injected, and State 
recanmendations. 

1.4 CONTENT OF REPORT 

Section Two of the report is an overview of the ground water 
resource and current and proj ected use of the resource. Several 
hydrogeologic considerations, important when examining injection 
well practices, are discussed to provide the reader with an 
appropriate background. A general understanding of our ground
water resource is essential, considering that over 95 percent of 
Class V inj ection wells discharge directly into, above, or 
between USDW. 

The inventory information submitted by the State UIC 
programs is presented and summarized in Section Three of the 
repor to Inventory numbers are given by well type and by USEPA 
Regions and States. The sources of the inventory data are 
primarily State reports: however, inventory information also was 
obtained from personal interviews, the FURS database (Federal UIC 
Reporting System), reports other than the State Class V reports, 
and published literature. 
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Section Four of the report is presented in two parts. The 
first part is a discussion of methods used to determine ground~ 

water contamination potential and the criteria important in 
assessing an individual well type's potential. The second part 
of Section Four consists of the individual well type assessments 
for the Class V wells listed in Table 1-1. Each assessment 
addresses well purpose: inventory and location: construction, 
siting, and operation: nature of injected fluids and injection 
zone interactions: hydrogeology and water usage: contamination 
potential of well type: current regulatory approach: and State 
recommendations for siting, construction, operation, and correc
tive or remedial actions. As with the inventory information, 
most data used in the well type assessments came from States' 
Class V reports. Additional data were gathered from published 
literature, unpublished reports, inspection and investigation 
programs, and personal interviews. 

The Summary and Conclusions Section, Section Five, provides 
an overview of the preceding sections on inventory and assessment 
and contains a summary table for quick reference. Section Six of 
the report presents recommendations both for the inventory data
base and for each Class V well type assessed in the report. The 
recommendations are a summary of those given by the State 
reports. The recommenda t ions incl ude cons idera t ion of the 
technical aspects of Class V injection, auch as siting, 
construction, and operation. 

Appendix A consists of State Report Summaries for each of 
the State Class V reports received and reviewed to dater 
Appendices Band C contain the glossary and list of acronyms and 
abbreviations used, respectively. Appendix 0 consists of a 
general bibliography and other well-type specifit 
bibliographies. Appendix E is a listing of supporting data, 
mainly case studies, used (to augment State report data) in 
assessing well types. 
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9HINlY CF (].ASS V :INJPCl'Ial tiI!U. Do\D AID IIHIJHHll'.TICHl
 

~CF 

DUJ!Cl'JCII IHL 

Dra inage well s 

Agricul tural Drainage 
wells (5Fl) 

Natiorwide: 1.338 wells 
New York: 150 wells 
Pueno Rico: no rurbers 
liIeSt Vi rginia: no nuJiJers 
Florida: no ruJt>ers 
Georgia. 43 wells 
llentudcy, no rurbers 
Illinois' 6 wells 
In:liana: 72 wells 
Michigan, 15 wells 
Minnesota, 54 wells 
Wahana, no nuJiJers 
Texas: 108 wells 
Icwa, 230 .wells 

Varies due to differing farming 
practices am soil types; poten
tial agricultural contaninants 
include sed..i.nent, nutrients, 
pesticides. organics. salts, 
rretals. am patOOgens in sane 
cases. 

High New York - SPDES P<!rmi t 
Florida - Permit 
Georgia - Banned 
Illinois - Rule 
Ciclalona - Rule 
Iowa - Diversion P<!nnit 
Misswri - None 
Nebraska - Rule 
Utah - Rule 
Arizaaa - Permi t 
ldaro - PeIJllit if de<per than 
18 feet 
Washington - Urr:lec ided 

-

-

-

-

-

-

Int>rovarent of inventory efforts 
is essential. CPR. GA. IN. MI. 
MN, CD. OR) 
Locate arr:l properly plug all aban
dcned well s nEldr Agricu! t ural 
Drainage Wells. CIA) 
Close surface inlets to allow 
infil tration thra>gh soi 1. (ID) 

Raise the inlets aheM! maxinun 
porrling levels. (IA) 
Require that injection fluids 
meet al I or sane drinking water 
starr:lards. (NE. OR) 
Require irrigation tailwater 

MiSSQ1ri: no rurbers 
Hebraslca: 5 well s 
Q>lorado: no IIUIilers 
M:n'th Dakota: 1 well 
ldaOO: 572 wells 
or~: 16 wells 
washingtoo: 66 wells 
I\:ltentially IIW1Y times 
this figure in areas 
typified by irrigation. 

-

-

-

-

reeorery am p~k. (OR) 
Use only necessary ...-amts of 
irrigation water am applied 
chEmicals. (CA) 
Require fre:}Ul!!nt IfOnitorlng of 
drinking water wells in surn:un:l 
ing areas. 
Require detai led map wi th all 
wei I locations. (NE) 
Require diagram of injection well 
ccnstroction. (NE) 

- Require siting of wells at least 
2,000 ft. away from any steck, 
IIUnic ipal. or darest ic well. CNE) 

- Discourage use arr:l encourage 
elimination of agricultural 
drainage wells by developing 
alternate rrethods. (IA) 

.... 

.... 
"'-l 

1JJC'll'I(!'I • IOIIER 
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stMWllI (F a.ASS V IHBLTIGl WElL Mn ANl 1lBIMHIlI'al(H;
 

'I'YPI!: (F 

DUI!C1'1Gl WElL 

UlCATlGl " IIMIt2l 
CF IiIf1lli ~ 

RJl1iN1'IAL LOCATIOl 
'l'rftS <F I'UIlDS I 

IHJIDB) 

GIUII>-WIl1!R /lRDI) 

CDm\MDlP.TIGl 
I'lJDlHl'1AL 

S'mft: JlBD.l'a(I« 

Sl1lLJC'l\.lCE ~TI(H; 

Stonn Water Drainage 
well .. CSD21 

tetiorwide: 80,000-100,000 
..ell s n;xlE"ta::l for 39 
States 

HeIbicides. pesticides, ferti
lizers, deicing salt.., asPiaJ.
tic sa::linEnt.., giI6Q1ine. grease 
oil, tar and residues fran roofs 
aal paving, n*lber particulates, 
liquid wastes and irdustrial 
solvent.. , heavy IIeWS and 
coli fonn bacteria. 

I' ttxlerate Infonnatioo ,,",lies to both S02 
and S04 unless otherwise specified. 
Ca1necticut-Pennit CSD21 
Massachusetts-E:xtsIpt (SD21 
New Jersey-tOJR)ES Penni t 
New York-Peunit if injecta::l voillh: 

exceeds 1,000 GPO 
Maryland-Pennit (S04) 
Alabama-Pennit ISD21 
Florida-Penni t 
Georgia-Banned 
I<entucky-LOCal (SD2). Pennit (S04) 
Sooth Carolina-Pennit (SD2) 
Tennessee- Penni t ISD21 
Illinois-Rul e 
wiscmsin-N:lne (502) Rule (S041 
l;ouisiana-Class II Regulations 

(5041, Registratioo of Class V 
..ells not requira::l 

New Mexico-Registration 
aclalana-Rule 
Nebraska-Rule 
tbItana-Pennlt C5021 
Utah-Rule 
Wyaning-PeDllit (SD21 
Arizona-Registratioo 
Cal i fomia-Rule 
Hawaii-Permit 
Cuam-Pennit (SD2) 
Alaska-Pennit (SD21 
Idaro-Pennit if de<pel' than 16 

feet (5D2) 
Washingt~N:lne 

10pply to both stonn water aal ialus
trial drainage wells: 
- New well .. should be investi~ta::l 

and added to FURS. (KY. l1I', WA) 
- CUlstIUCtioo of new ialustrial 

drainage well s should be limi ta::l 
or discouraged, storm water sewers.
detentioo pards. or vegetative 
basins are preferra::l. COR. n., KY. 
w. l1I'). 

- sard and gravel filters slxluld be 
added to wells. (KY, W) 

- Stand pipes shalld be ronstructa::l 
at the openings of wells. (KY, WI 

- Limit future construction to resi
dential areas. Cn.1 

- All spills should be diverta:l iIoIay 
fran iniu..trial drainage wells 
COR, l1I'. WAI 

- New c:onstructioo of ..ell .. in areas 
serva::l t7i' storm water sewers sI>:lu1d 
be prdlibita::l. (CA, AZI 

- Drainage wells should not be CQl

structa:l within 200 ft. of water 
supply wells .nich tap la.er 
water-bear ing aquifers. (CA) 

- Deep well s slnlld be pI ugged or 
cenenta::l to avoid mixing between 
aquifers. CKY, W) 

- Depth to water data should be "",de 
available to well drillers. 
(AZI 

- Additional studies including use of 
IIOni tor ing well s should be corducta:l 
to Study possible poll ution SOJITeS 

aal prolonga:! effect of ialustrial 
drainage wells on gruun:l water. 
(FL. WI. 1:5) 

- An asseswent of the effects of 
stonn drainage wells slnlld be 
c:oaIucta:l pdor to cCJ,.:>leting an 
'inventory because the inventory 
would be tine-consuming and costly. 
(.~. OR) • 

5editrent~ e.':tl-dCted fran d..-oinage 
\...ells. cdtdl ba,L~ns. 01 sedwer.t 
::rap~i ShOlll.J re I.:~sposoj U. dn 
"PpropricitE' ldnd:' ill. 1A:1 

- 1-. publ ic aware"e,;£. progr,"" should 
bo2 inplen''''t00. IAZ) 

- hll araind'J" ..ell,; should b<' identi
'ied aal plugged. 11>'\') 

lniustrial Drainage 
wells (SDU 

..... 

..... 
00 

NatiOBo!.ide: 3,802 wells 
rq>arta::l for 23 States. 

Simi lar CDlSti tI.II!IIts to ttvse 
fOUlli in Star-ter Drainage 
wells, tlaigh generally present 
in higher correntrations. 
Hea"Y lretal s S1Ch as lead, 
iron, and manganese. 
organic etJ1pCUI¥is. 

"
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lDNlKY CF CLASS V IHJEt.TI(JiI tlE1L IlM7. All) JlI!CQoIlI!HlA1
 

'lYPE CF 
~WI!U. 

UlCATI~ " lUIBl. 
CF NfU.S (II. 

RJ1Ufl'IAL UlCATI~ 

'!Yl'ES (F JIUJIDS 
IKJECIB) 

GIUH>-WI\.1D ~I 
aHrl\MINM'l~ 

l'OI»ll'IAL 
SE'A'l'E RJDlLMtI!r 

S11CLCItJRE ~CRS 

Inproved Sinkholes Natiorwide: 479 wells RIlIrlf f. fran paved areas. c0n High to Mcderate Pueno Rico-Permit - Training slnJld be rEqUired for 
15D3) New Haupshire: 3 wells 

Pueno Rico: 10 wells 
Kentucky: 76 wells 
Tennessee: 5 wells 
Indiana: 26 wells 
Michigan: 103 wells 
Minnesota: 6 wells 
Misscuri: 250 wells 
Virginia. West Virginia. 
Florida. ard atio: m..bers 
not ~t conf i11llE!d. 
k>tentially in all areas 
wi th limestone am dolan! te 
lithologies at relatively 
shallcw depths. 

taining lead am petrolelDl 
produ::ts fran autmdliles. pes
ticides fran horticul ture am 
l~ care. nitrates fran feni
li:zers. ard fecal material fran 
wild am danestic animals; 
notmal fallout fran air pollu
t .... ts may also be present. 

Florida-PeDlli t 
Georgia-Banned 
Kentucky-Local 
TemesseE>-Permit 
Indiana-tole 
Michigan-lb"e 
Minnesota-tole 
Ohi<rtale 
Missouri-tale 

engineers ard drillers in the proper 
ccnstruction of well s wi th special 
"",basis on sani tacy seal ing and 
protection against corrosion. 
Training should be slanted tOo/aId 
ccnstruction in Karst or limestone 
fonnations. (PR) 

- careful dye trace studies slnJld 
be run on any exi s t i ng or inproved 
sinkhole drainage systems. am 
occas ional IIDni tor ing of both 
entering am exiting fluids slnJld 
be run after the systan is in 
operation. (100) 

Special Drainage Natiorwide: 1.557 wells Hi\lhly variable. deperding on Mcderate to Lew Florida-PeIllli tlRule - Rardan sanpling and analysis of 
wells (5G30) Florida: 1.385 wells systan design; for landslide louisiana-<:lass II Reg.Uaticns. swinming pool wastewater for 

Louisiana: 1 well control. grcud Wilter is gener Registration of Class V wells not possible ccntaninants should be ..... M::ntana: 55 wells ally used, swimning pool rEqUired rEqUired. (Fl.) 
Hawaii: 1 well drainage fluid II'dy contain Nebraska-Rule 
Idaho: 7 wells lithiUll hypochlorite. calcillll IUltana-Permit ..... 

\0 
washington: 108 wells. 
k>tentially present in 
all Regions. 

hypa:hlorite. salillll bicar
bonate. chlorine. brunine. 
ialine. cyanuric acid. alu
minUll sulfate. algaecides. 
fungicides. am lII1riatic 
acid. 

Hawaii-Permi t 
Idaho-Pennit if deeper than 18 

feet. 



• • 
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SUM\Rll' <F lLASS V IJmX:'l'lCM NO.L Df.TA AN> IlEXDMlNlM'ICHl 

.... 

N 
o 

TYPE <F 
JHJI!C'I'I(Jf wu. 

Geothermal Reinjection 
wells 

Electric Pooler 
Reinjection Wells 
15AS) 

Direct Heat Reinjec
tion Wells ISM) 

UlCATIa.1 " NHII!R 
<F WI!lU al 

Plm!2f1'lAL UlCATIa.1 

NatiOfWide: 89 wells 
Texas: nlJlbers not conf i nred 
Calif~a: 65 ~ls 

Nevada. 16 wells 
Idaho•• ~ls 

Alaska•• ~ls 

NatiOfWide: 21 wells 
New Yon: no nlJlbers 
New ......ieo: 2 wells 
Texas: 1 ~l 

Q)lorado: 2 wells 
Calif~a: 1 ~l 

Nevada: 6 wells 
Idaho: 2 ~ls 

Oregon: 6 wells 
utah: 1 ~l 

'l'VR:S (II' I'UJIDS 
IKIECII!D 

Vapo~~Daninatel Resoorce 
heavy netels lan;enic. boron, 
selenilllll. sulfates. ani 
dissolvel solids. 
Hot Wilter-Dani...tel ReSOUIa! 
heavy DeWS larsenic, boron. 
selenilllli. chlorides. dissolved 
solids, ani acidic pII. 

Arsenic. boron, fluoride. 
dissolvel solids, sulfates. 
chloride. 

GIUH>-tiA'l1!R RSJoi)
 
CI:Nrl\MIIlP.'la.1
 

lUl»n'lAL 

K::Oerate 

»trierate 

smn: RIDAA'1tRt 
S'IWCI1JI(E 

Texas-Penni t 
Nebraska-Rul e 
Utah-Pellllit 
California-Pennit 
Nevada-PeDlli t 
Idaho-PemUt 

New ......ieo-Penni t 
'l'eKas-PeDlli t 
Nebraska-Rul e/Penni t 
Utah-PeImit 
California-PeDllit 
Nevaela-PemUt 
Idaho-PeDllit 
Oregon-PemUt if injected vol...., 

exreed& 5.000 GPO 

REIXHDI:Wl'lCHl 

~ply to both electric power aro 
direct heat reinjection """lis: 
- Detailed study on the typeS of HIT 

available for geothermal systans 
aro the resol ut ion of each nethcxl. 
INV) 

- Initial analysis of injectate and 
injection ·zone .... ter corouCted 
prior to full-scale injection 
o!X'rat ions , paraneters of con
cern are temperature, inorganic 
const i tuents of Primary aro Secon
dary Drinking Water Regulations, 
alkaliniry. hardness, silica, 
boron, and imKlOia nitrogen. 
lCA, NV) 

- Injection into lDn-thermal reser
voirs if the thermal injection 
fluids neet drinking water requi.- 
nents or if the receiving fluids 
are of equal or lesser quali ty. lID) 



~.. 

...... 

N ...... 

'n'1'E (10' 
LOCATIal " IUIlI!R 

(F NEILS CR TYPES (F l'WIDS 
~ (USlIofI 

<IJmlMINl'.TIal S'I7.'re RmIA1tJQ" 

IHJPCJ'Ial MfU. I'lJft2fI'IAL urATIal :JHm:'1U) l'OlI!Nl'lAL S'DllJCroRE ~TI(H; 

Heat Pulp/Air 
Qln::\ i t ioning 
Retwn Flew Wells 
(SA?) 

tatiOBiide: 10.028 wells. 
Potentially present in all 
regioos: lI'Cre expecta:l in 
areas character iza:l by 
climatic eKtranes. ~na:l 

in all States ~ the 
follewing: )laine. IUxxle 
Island. Vemrnt. Puerto 
Rico. Virgin Islands. West 
Virginia. Alabama. Arkansas. 
Hawaii. lVrerican s..noa. TWI. 
Guam. OW. 

PJ;iJMrily thennally al tera:l 
gram:! water: additives de
signed to inhibi t scaling. 
cormsion and incrusta t ioo 
when water high in III!tals and 
sal ts. or darr:lnstrating high 
or lew PI. is used. 

Low COnnecticut-Pennit 
)lassachusetts-Permit if injecta:l 

volume is greater than 15.000 GPO 
New Jersey-Rule/Pennit 
Ne\.' York-Permit 
Deiaware-Permi t 
Maryland-Pennit 
Florida-Penni t 
Georgia-BaJ:nld 
N::lrth carol ina-Penni t 
South carolina-Rule 
III inois-Rule 
Minnesota-Pennit 
Wisccnsin-Rule 
l..aJisiana-Permit 
New Mexico-Registration 
Cklarana-Rule 
'J'exas-Rule 
Missouri-Registration 
Nebraska-Rule 
M::lntana-1b1e 
N::lrth Dakota-Rule 
Utah-Pennit 
Wyaning-Penni t 
Arizona-1b1e 
cal ifornia-Pennit 
Alasl<a-Penni t 
lda~Pennit 

Oregon-Permit if injecta:l volune 
is greater than 5.000 GPO 

Washington-Permit 

-

-

-

-

-

-

-

-

-

-

M:>re research is nea:led on the 
theoret ical em i mmental effects 
of heat purps. (ID, AZ, SCI 
Autrorizatioo by rule is appropriate 
for properly spaced and cperata:l 
systens. (SC) , 
New regulatory progrill1\S should be 
directa:l at large-scale systems 
rather than at systans foc !lingle
fClllily dwell i/l9S. (u.. <J<. TXI 
Records should be maintaina:l by 
camties an:! perio:lically up-loada:l 
to State databases in order to 
llOnitor well densities. MAl 
1lle State penni tt ing agency should. 
set CCI'lstruction standards an:! 
ensure that wells are coostructa:l 
am operata:l properly. (FL. KS. 
ID. NE. sc, WA) 
Penni ts for cannercial developrents 
srould include requirerrents for 
water quality characterizations 
of both source an:! receiving 
water. (WA) 
Return well s should be cased 
through top of injection zone. (IAI 
Annular space should be celll!nted 
or grouta:l. (IA. KS. NE. om) 
Adequate spacing between pro:luc
tion wells srould be practica:l. 
(KS. NE, SCI 
Discharge should be into or abcwe 
the supply aquifer. (u.. IA. KS, SCI 

- Closed loop systans should be re
quira:l. (l1I'. 'Ill) 

- Discharge should be to the surface 
rather than to an injection well. 
(u.) 

- 1lle waste pro:luct should contain 
no add i t ives or on] y appro.red 
additives (u., KS. NE) 

- Volunes am tBJilCratures of injec
t ion f] uids should be> rroni tored. (OC) 

- Analyses of receiving fluid" should 
De comuctcd per io:lically. (KS. WA) 
,',licensed ""'tee well drillel 
"nould Loc ffilOlc>yl'CJ to ins["ll. 
;'cwod:, an.i/o: pl UC] am SCd] the 
""ell. (u,. ILl 

- New well in~td) Jat ion in knOo\.T1 or 
~u~rectl'.J rontul'llirliJlW cJquifcr~ 

£hould t~, pI ohibi ted. l~ir,) 

'DImE 1-2. rontiBJed
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SlMWlr (F O.I\SS V INJI!ICrIOi NIiIL DAm AN) 1lEXXHI!Kll'4"<Rl 

UlC\!I'IDi • tuIIIlR GIDH>-WND!R (mUll 
'I'YFE (F (F tiEU.S (II 'l'YJlES (F fUIIm a:Jm\KINA.TICIl SIIaE RI!lD.Mtm 

INJI!ICrIOi NIiIL RJn!H1"UIL LCD4'IQl DIJI!CB) I'ODlIfl'lAL S11jiX;1\ilE 

Grouni_ter Aqua- -.ali: 7 active wells Large vollllll!li of ....stewater Iblerate Nlt>raska-Rul e 
culture Return 3 Stamby well s eatp:lSed of e6&e1ltiall y sal t Utah-Permi t 
Flo., Wells (SloB) 15 proposed well s water with added IJlltrients. Hawaii-FeDlli t 

R:>tentially found w.erever bacteriological grcwth. Oregon-FeDll1 t if injected vol.... 
mrine or f reah wa ter peri&hed aniIIlals. arxl animal exceeds 5.000 GPO 
organilll6 are cultured detritu&. Effluent typically 
in large quanti ties. caltainS nitrates, nitrit·es, 

......"ua. hijjl BCll, and 
ortlqboSINte. 

Danestic Wast ewa ter 
Disposal Wells 

Il.- Seo<age Disposal Natiorwide: 980 wells Generally pacr quality. inclu- High III inois-llanned 
Wells (5W9) Pueno Rico: 5 wells d.ing high f ixa1 volat11es. BCD. Nebra&ka-llule 

Pennsylvania: no nurbers CXJl. 'Itt. nitrogen lorvanic. Utah-llanned 
Illinois: 916 wells and free illllDllia). chloride. _ii-l'eIJIli t 
Indiana: 22 wells alkalinity ard grease. Nevada-Banned 
Midligan: 11 wells Alaska-PeDIIi t or Rule 
Minnesota: lOwell s Dregcn-Rule 
Texas: 10 wells 
Hawaii: 3 wells 
Alaska: 3 wells 

cesspools (5W10) Natiorwide: 6.622 wells &me as for !lao< sewage Disposal High New Jersey-NJPIES Fermi t 
/'leo Jersey: 1 well Wells. New Yorl<-Pemli t if injected vol ure 
New York: no nurbers exceeds 1.000 GPO 
Pueno IUco: 67 wells New Mexico-Banned 
Indiana: 22 wells Texas-Rule 
Midligan: 18 wells Nebraska-Rule 
Minnesota: 25 wells , Utah-Banned 
New Mexico: 14 well s WyalIing-FeIllli t 
Texas: 16 wells Ariza\a-Fermit 
Nebraska: no nUJi>ers Cal i fomia-Banned 
Wyaning: 3 wells Hawaii-Permit 
Arizona: 17 wells Nevada-Ilanned 
California: 46 wells Alasl<a-Pennit or Rule 
Hawaii 57 wells Oregon-Rule 
Alaska > 79 wells 
Oregon 6.257 wells 

1IBDHXIM'I<Rl " 
- Regular &aBpling arxl analysis of 

injection fluid and injection zone 
fluid 6IJ:luld be required (ser.i
annually) • (IU) 

- Water to be di&pOSed 6IJ:luld be 
filtered and apprq>riately treated 
prior to injection. CHII 

- Return WOlters should be carefully 
aautored at a point before and 
after t<eatlrent to ensure the 
measures being tIll'loyed are suffi
cient to allOol the water to be 
injected. (IU) 

..... 

N tb n.c:CIlIII!I1dations axreming riJW 
N sewage dispo6al wells and cesspools 

were prcl\Iided in State ~ts. 

H£wever. the use of such disposal 
netlais has been banna:l in several 
States. 

•
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TABLE 1-2. cxmtiDled 

SIM\Rr IF ~ V INJEX::TIOI tiI'U. DAD AN> ~(Hl 

'J'YPE (F 
UlC'ATI0l " NHII!Jl 

(F WRUl CR TYH:S <F I'UJI[S 

~(aDI) 

~Ol 8JMt: JIIDIlA'l'(J{Y' 

~tiI'U. PUD!Nl'.IAL LOCATIOl DmX:'ftD I'Olml'IAL Sl'RnURE ~(Hl 

Septic SystSllS 5Wl1: 26.769 inventorie::l Varies with type of systan: High D:lrvlect icut-Permi t if volure - Fur ther study is recamen:!e::l. 
(5Wl1. 5W31. 5W32) wells in 31 States fluids typically 99.9\ water injecte:l exceeds 5.000 GPO (Fl... m, OR) 

5W31: 4.435 wells in 13 States (by weight) an:! .03 suspen:!ed Massadu&etts-Permit if volure - Proper construct ion ard installa
5W32: 3.783 wells in 8 States sol ids: II"djor constituents injecte:l excee::ls 15.000 GPO tion guidelines should be devel

include nitrates. chlorides. New Jersey-IUPDES Penni t q>ed. (If) 

sulfates. sa:li.... calci.... ard New York-PemUt it velure - Ongoing training programs for 
fecal col i form. injecte::l exceeds LOOO GPO sanitarians is recamended: should 

Marylan:!-PemUt (5W)ll include hj.drogeology. ground-water 
Al abama-PemU t fl 001. theory of sept ic systan 
Flor ida-Permi t operation. ard potential risks to 
Kentucky-Rule (5W)1l huran heal tho (PR, If). MIl) 
Sooth Cdrolina-PemUt (5W32) - Siting should be con:!octe::l so as 
Minnesota-Rule not to endanger ..ater wells. (KS, NE) 
Wisconsin-Rule 15W)1l - All systans should be si te::l ard 
Louisiana-Rule designe::l individually. (TX) 
New Mexico-Registration - Local planning groops should be ..... Cklatona-Rule encourage::! to establ ish sept ic tank 

I 
Texas-Local 
Missouri -Permi t -

density limits. (NE) 
Sewage disposal wells for private 

N Nebraska.,.Rule facilities should be phased out 
W M:ntana-PemU t an:! replaco::l by alternate Jrettms 

"brth.Dakota-Rule of treatnent and dislX'saL (TXI 
Utah-Permit - Well construct ions should be inves
Wyaning-PemUt tigato::l. (KS) 
Arizooa-PemUt - Statewide monitoring systems should 
Cdl ifomia-Permit be establ i£herl and should include 
Hawaii-PemUt (5W)1l inventory methodology and database 
Nevada-Banned (5W311. Permit (5W321 updates. (WA)
m::r-Na1e 
Alaska-Permit or Rule 
ldah:r-Permit if deeper thdn 18 

feet 
Oregon-Permit it injecte::l 

volure exceeds 5.000 GPD (5W32) 
Washingtcn-Permi t/Rule 



TABLE 1-2, COItiDled
 

lDH\RY CF lLASS V IH:/I;£'1'101 lIIEIL IWI7> IlNl ~
 

.... 

N 
.po 

'I'Yl'E CF 
IHJI!.[:'1'IOI IIIIlLL 

urATJOl " NMBl 
CF wu.s (Jl 

1UIDIl'IAL. UXM'l0i 
'I'YHS CF FlDIDS 

:omx:mJ 

~(U!Di1 

CDmlMINl'.TIOI 
lUD!HrlAL 

S'JI:ft: IIIDLA'ItIO" 
S'DIIIC1tlRE 1lEXIJHNlPaItH! 

Danestic wastEWater Fotentially present in all Injected fluid, after secolliary High to Lew Massachusetts-Penni t if injected - ~ration sinJld ensure that 
Treatnent Plant RegialS, 1,099 wells or tert ia ry waste treatnent, volllJe exceeds 15,000 GR> injection is restricted to rates 
Effluent Disposal inventoried na t iawide believed to be generally can New York-Permit an! pressures dictated by site
wells (5Wl2l in 19 Stateli. patlble with receiving forma

tion, lMy contain high nitrateli 
an! fecal colHoDII if iJrpxq>
erly treated. 

Puerto Rico-Penni t 
Florida-Pennit 
J<entueky-El iminate 
Illinois-Rule 
Indiana-Penni t 
Hicbigan-Peonit 
Texas-Rule/Permi t 
NeI:Iraaka-Rule 
Utah-PeDni t 
Arizona-PeIlllit 
cal i fomia-Peoni t 
Hawaii -Penni t 
tlevada-Banned 
Alaaka-PemUt or Rule 
IdalD-Rule 
~oo-Rule 

spec if ic h)'drogeolog ic conii t ions 
IBb:luld involve aonitoringl. 
1Wt, IlL, HIl. 

- Al temative nethais of disposal 
an! feasibiIi ty of upgrading 
existing plants should be evalu
ated. (VA) 

- In san! cases, well s sinJld be 
plugged. (ICY) 

Mineral an! Fossil 
Fuel llecoIIery 
Related Wells 

Mining, Sand or Natiawide: 6,500 wells Hydraulic or pnanatic slurries It:XIerate Marylanl-Permi t - Siting, design, construction, anl 

Other Backfill Mirylanl: 1 well - Solid portion of slurries Pemsylvania-Mine opera t ioo operation shoold be specif ied in 
Wells (5X13l Pemsylvania: 811 wells 

West Virginia. 258 wells 
Alabama: no nLDt>ers 
KenllJCky: 61 wells 
'lernessee: no rurt>ers 
Illinois. 5 wells 
New Mexico. 11 wells 
Texas: 65 wells 
.Usswri: 4,326 -.ells 
COlocado: 2 wells 
Ib1tana: 10 wells 
!'brth DaIcota. 300 wells 
Wyaning: 74 wells 
Nevada: 1 well 
lOah:l: 575 wells 

may be sanl, gravel, cerent, 
mill tailings/refuse, or fly 
ash. 

- Slurry waters may be acid 
mine water or ore extraction 
precess waste.ater. 

West Virginia-.line operation 
Alabama-Penni t 
Kentucky-Penni t 
III inois-Rule 
New Hex.iarlJnkna"m 
Texas-Rule 
Hisswri-!'bne 
Nebraska-Rule 
CDlorillb-Rule 
Ib1tana-Permi t 
!'brth Dakotil-Rule 
Utah-Rule 
Wyar.ing-Permi t 
Idaln-Rule 

penni t requi rarents. (IL) 
- SI urry inject ion vol ures slxluld 

be m:Jn i torec! anl carpared to 
calculated mine vol ure to prevent 
catastrqJhic failure. (I>VI 

- Grwnd-wlter nonitoring in areas 
containing potable water. (100) 

- Site-specH ic study is necessary 
to detennine the nature anl 
extent of degradation fran mine 
backf ill -.e II s. (Ml') 

- Auth:lrization of mine backfill 
well s wi trout penni ts sb:luld con
tinue ..here tail ings are injected 
into formations that are effect
ively isolatro frcr.c USO<I. lID) 

•
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Solution Mining hltionoride: 2.02S wells weak acid solutiens (sulfuric Lao New Yorlt-PeJ:mi t - NetlolOrIt of injection wells should 
wells (SX14l New York: 48 >ells 

Midligan: IS wells 
New Mexico, 1.073 wells 
Wyaning: 14 wells 
Arizom: 870 >ells 
california: Swells 
I\:ltentially in other 
mining districts• 

am hydccchloricl 
l\IlIronillll carbonate 
Sodium carbonatelbicarbonate 
Ferric cyanide 

Ne\.' Mexico-Fenni t 
Nebraska-Fetmit 
Utah-Fetmi t 
wyanlng-Fennit 
Ar izona-Fennit 
Cal ifornia-Fetmit 

not eKten:l beyorr:i surface projec
tion of ore body. (CA) 

- New types of mechanical integrity 
tests for inp18ll!lltation with this 
well type sOOuld be studied. (AZ) 

- Hydrologic nonitoring should be 
arducted to detennine a water 
budget. (AZI 

In 5i tu Fossil Fuel 
Recovery Wells 
(5XlSI 

Natiorwide: 66 wells 
Ollorado: 23 wells 
In:Uana: 1 >e11 
Midligan: 1 well 
Wyaning: 41 >ells 
I\:ltentially in other 
areas wtih relatively 
shallcw. organic rich 
S<b strata. 

Uniergroord coal gasification: 
- air, acyge.n, steam. water, 

igniting agents such as 
amDniun ni trate-fuel oil 
1ANf'O) or pzq>ane. 

In situ oil shale retorting, 
- air, c»cygen, steam, water, 

sanl, explosives, igniting 
agents (generally propane) 

Purpose in both cases is to 
initiate am maintain ccmbus

IotxIerate Texas-Pennit 
Nebraska-Rule 
COlorado-Rule 
UtalrFeImi. t 
wyanlng-FeDlli t 

- COrduct CCJlPlete geologic am 
hydrogeologic il1'lestigatiQ1S prior 
to system implementation. IWYI 

- Remediate ~one fluids to minUnlze 
future contarninat ion. CWYI 

tien. ea.t>ustion products 
include polynuclear aranatics. 
cyanides. nitrites, phenols. 

Spent Brine Return Natiorwide: 121 wells Limited to brines fran which Lao New Yorlt-Fennit - Technical requirerrents specif Jed in 
Flow Wells ISX161 New Yorlt: no nl.llters 

west Virginia: 2 wells 
Indiana: 8 wells 
Michigan: 33 wells 
Arkansas: 70 wells 
Cklaluna: 7 wells 
North Dakota: 1 well 
I\:ltentially in Regions 
having camercially recoo.'
erable halogen deposits. 

halogens or salts have been 
eKtracted: 
I\:ltential for addi tion of other 
un:Ief inEd constituents into 
waste 6trean. 

Arkansas-Pennit 
au aluna-Rule 
Nebraska-Rule 
Utah-Rule 

penni ts should be simi1ar to those 
for oilfield brine injection wells 
or solution mining wells. IWV. AA) 

- construction requirements should 
be developed based upon well oper
ating parameters. lAAl 

- Mechanical integrity testS should 
be required. lAA) 

- Semi-annual carprehensive ~l iog 
and analysis of fluid and compa~-
: son of produced v~. ir.jecteC 
fluid should be r<.quiree. (Al'} 
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Imustrial/Camercial 
Util ity Disposal 
Well s 15}.191 

.... 

N 

'" 

CDcl iog water Retum 
Flow Wells 15A191 

291 wells inventoried 
IIlItiODolide, potentially 
-.y tiDes this IUItler, 
ani would be located in 
all Regions. 

!leperdent upon type of systan, 
type of additives, an;! tEllp!r
ature of water; q::en pipe 
&y6tans may expose gnurd water 
to accidental intrexluction of 
surface calt<lminants, industrial 
spills, or unauthorized disposal 
of wastes. 

ttlderate to Lao< t!assaclusetts-fennit if injection 
vol\lre ea:eeds 2, 000 GPO 

New Jersey-NJPDES fennit 
AlaboDa-fenni t 
Florida-fennit 
Georgia-fetlJlit 
South carolina-Rul e 
III inois-Rule 
Wi6COl'l6in-Rule 
Arkansas-!b1e 
New Mex.iCO-Registrat ion 
Iowa-PeImi t 
Nebraska-Rule 
Utah-fennit 
cal ifornia-fenni t 
Hawaii-PeImi t 
Alaska-fennit 
ldam-PeImit 
Oregan-fetlJlit if injected vol\ireS 

exceed 5,000 GPO 
washington-fennit 

-

-

-

-

-

-

-

-

-

MiniIIUII loea t iog requirEllEnts for 
the injection well relative to any 
Ilea Iby nunicipal Q4lP1y wells 
should be established. lNE, SCl 
Wells shoold be grouted fI'01\ at 
least 20 feet below lani surface 
to Ian:! surface or to the >oater 
table. CNEI 
Wells 6txluld be cased fran surface 
to the tq> of the uppernllSt suppl Y 
ani injection za'le. CAR) 
CenEnted annulus fI'01\ surface to 
s\Wly/injection zane. CARl 
Require miniIIUII of 2 wells: supply 
well ani retum well. IAR. SCI 
Wells 6txluld be cal6tructed such 
that spent fluids are injected 
into source aquifer. CARl 
~ loop return flow ..,l1s 6txluld 
be prdlibited. CFL, AR. NE, urI 
Wells should be plug900 with carent 
upon abandcment. CARl 
fermit specifications needed: 
Detailed map showing all area wells. 
Diagran of injection well design. 
Diagran of ent ire systan. 
'ype and volure of injectate. CAR, 
NFl 

0' • 
~ 
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TYPE (F 

LOCAT.lm • IIMD 
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~(tSIrI)I a:HrAMINlITIm smn: RtnllA'ltJlY 
:IKJtrl'Im wu. l'OI'I!Nl'JAL LOCM'!(Jl :IlOECftD Pm»a'I.N.. StRK:lURE RECDM!HlATI<NS 

Industrial Process 1. 'lB'l inventoried wells Potentially ~' fluid disposed I High COnnect icut- PeImi t - Inventory efforts should continue 
water and Waste in 33 States. by various industriesl can have Massadusetts-Penni t with high priority on identifying 
Disposal Wells (5\120) high dissoJ ved solids. suspen tel Jersey-I.:JPDES Pemit industrial disposal fadl ities. 

ded solids, alkal ini ty. NeoI 'Yorlt-Petmi t (PR, IN. WI. 11K. W'{) 
chloride. p/D~te. sulfate, MaryJand-PeImi t - Assume all industrial waste 
total vola tiles. PennsyJvania-PeImi t disposal has a deleterious effect 

Al abama-Pemli t on usrw, W3rrant ing iJmEdiate 
FJorida-Peonit action. (PAl 
South carol ina-Petmi t - Extensive ground-water evaluation 
Illinois-Rule studies should be conducted to 
WiSC'a1Sin-Petmi t iOOnt ify areas which "OIld be 
'I'eXas-e1ass I Regulatioos vulnerable to cantanination by 
NEbraska-Rul e industrial waste disposal. (PR, ALI 
Utah-Banned - Drainage areas surrounding indus
Wyaning-Pemli t trial facilities sInlld be studied 

.... Ariwna-Pemli t 
california-Petmi t 

and all possible poll ut ion sources 
noted. CKSI 

I Hawaii-Pemli t 
Alaska-Pemli t 

- Inspection of these fadl hies 
should be rnard1Jtory, and conducted 

N 
-...J 

Idaho-Pemlit if de<per than 18 
feet 

by te.sns backed by ch<mical or 
industrial engineers. CPR) 

Dragoo-Penni t - !'btli toring prOgTans should be 
requi red and &aIJllling spec if ica
tions should be tightened. (PR. 
I-IJ. Fl.. KSI 

- Ground-water nonitoring should 
be conductEXl using a rnininun of 
one upgradient and two damgradient 
weJls. (AZ) 

- hactice of injecting industrial 
process water and waste should be 
discouraged, am wastes routed 
to on-site treatment facilities 
or llI.lt1ic ipal sani tary sewer 
systaIlS. (Fl.) 

- Discharge of industrial process 
wastes to sept ic ,,>,staIlS should 
be discouraged. CPR. NE) 

- Tnesc wells should be pennittoo 
onl}' ~'hen inject ion ie; into gJ'oun:i 
'."lteJ conte. ining gl'eatcl tl-.an 
: --,n-thousand "~I:l 1'DS. (fl.) 
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I 

Aut<Jld:>il e service 
Station Waste 
Disposal Wells 
(5X28) 

letiorwide: 99 wells 
ConnEcticut: 1 well 
Rhode Island. 3 wells 
Venront: 10 wells 
New Jersey: 18 wells 
New York: 3 wells 
Virginia. 1 well 
Florida: no nurt>ers 
III inois: 5 wells 
Indiana: 2 wells 
Michigan: T1 wells 
New Mexico: no nurt>ers 
1.-: 1 well 
Mis&aJri. 5 wells 
Utah: 2 wells 
Nevada. no nurt>ers 

I ldahl. 21 wells I 

HighWaste oil. antifreeze. 
floor washings (including 
detergents. organic. an:! 
inorganic sediJTent) an:! 
other petroleun products. 

I I 

ConnEct icut-Pellllit 
New Jersey-/UHES Penni t 
New York-Pennit 
Florida-Penni t 
III inois-Rule 
Nebrasl<a-Rule 
utah-8aMe:l 
ldalo-Rule 

I 

- lnventory update is vital. 
Guidel ines for construction. 
q>eration. an:! a.·erall regulat ion 
of these wells nero to be estab
lished. (NY. PR) 

- Pennits shluld shc10l constructJon 
features. a plan to utilize 
separators an:! holding tanks. an:! 
a plan to sample and analyze 
injected fluids. CIA) 

- Un:lergroun:l hllding tanks should 
. be rEquired. Il1I') 

- Local building code and sewer 
pretreatment inspect ion should 
identify areas where discharge 
to sewers is prdlibited. Il1I') 

I 
Recha rae Well s 

Ilqu ifer Recharge 
Wells 15R211 

letiorwide. 3.558 wells 
New Hanpshire. 1 well 
New York. 3.000 wells 
Florida. 349 wells 
Illinois. 1 well 
Minnesota. 1 well 
New Mexico. 30 wells 
Texas. 44 wells 
Kansas: 4 wells 
Nebraska. 4 wells 
Wyuning. 32 wells 

Depen:lent ~ SOJrce, water 
qual ity changes noted include 
adsorption. ion ecchange. pre
precipiUltia> and dissolution. 
chenical Q<idation. biological 
nitrif icatia> an:! deni trif ica
t ion, aerdJic or anaercbic 
degradatioo. JreChanical dis
persion. an:! filtration. 

High to Lao- New Jersey-Rule/Penni t 
Florida-Pennit 
Illinois-Rule 
New Mexico-Registratioo 
Texas-Pennit 
Nebraska-Rule 
Utah-Rule/Permit 
Wyuning-Penni t 
Arizona-Pennit 
cal i fomia-Penni t 
ldalo-Penni t if deeper than 

- Injection fluid should be of 
generally equivalent or better 
quality than injection zone 
fluid. (1£) 

- Standards for injectate qual i ty 
DUSt be on a case by case basis. 
(lIZ) 

- Regular injectate 6a11f"1 ing should 
be con:!UCted. (NE) 

- Use of prq>er design. coostruction 
an:! operation is essential. (FL. NE) 

Arizona. 51 wells 
california. 52 wells 
ldahl. 7 wells 
Washington. 7 wells 
Potentially found in 
areas characterized by 
large wi ttnrawal s for 
drinking water or 
irrigat ion far in excess 
of recharge• 

18 feet 

.. .. • 
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TYPE CF
 

LOCATI(JII " JUeER 
a:tlIMIN'd'I(JIICF wnLS (R ~ CFfLDDJS S'D\.'IE~ 

nmrJ'I(J\I 1I&L ~FOIDfl'IJ\L LOCATIO! S'ftlDC'1tIREI~ 

Varies wi th type of source;California: 155 wells Lew New Jersey-Rule/Permit - Pilot studies 
Intrusion Barrier 
Sal ine water 

exanples include advan:::ed Floricla-Pennit and hydrOgeOlogic paraneters 
Wells 158221 

Florida: 2 wells 
treated sewage, surface urbanPotential 1y foon:! in coastal Nebraska-Rule influencing sal t 

areas typified by aburdant ard agr icul tural ruroff, and Utah-Rule/Pennit should be con:lucted 
fresh "liter wittdrawals for inp:lned surface "liters. Cal I fornia-Pennit specific basis. 
irrigatien ard/or drinking Washingta>-Pennit - Characterization of 
IolIiIter. injectate and formation 

necessary. 

See '1lquifer Recharge Wells' WisCQlSin-Pennit4 wells inventor led for Lew - Injectate quality should be monl-
Wells 155231 
Subs iden::e Catt rol 

WiSCQ'lsin fran state reports, Nebraska-Rule tored. (CA) 
it is believed inventory is Utah-Rule/Penni t - Prqler well 
lncarplete; potentially and CCI1Struct ion pract ices should 
present in desen and coastal be inplerented. 
areas typif ied by large. - For idditlonal 
long-term graun-water with- see •J\quifer Recharge Well s' 
dr_als, areas having 
carbonate aquifers are par
ticularly susceptible to 
swsiden:e. 

Miscellane<JJs Wells 

- Discharges should satisfy all 
Disposal well s 

Variety of ridioactive mater-Radioactive waste Unknoom numer. but existence Illinois-RuleUnknoom 
knc>om. available,
 

(5N24)
 
confirmed for 'h!nnessee, New ials, including Beryll i .... 1, New Mexico-Banned 

treatnent and CCI1trol 
in State reports. 

Tritiun. Strontiun 90, cesi....Mexico. Idaho. and Washington Cklalona-Rule 
- Discharge 

beta panicles, Plutoni..... 
137, Potassl.... 40, Cd>alt 60. Nebraska-Rul e 

drains should be pretreated prior 
J\lh:!rici..... Uraniun, and 

Utah-Rule/Permit 
to disposal. 

ridiornc1 Ides. 
ldah<>-PeDllit if deeper than 18 

- PermI ts, permi t 
washington-Penni t 

feet 
enforcarent actions should be 
negotiated annually with EPA 
thrcugh the State/EPA hJreenent 
Proaram. (WA) 

225 wells in State reports; Wide variety of injected - Well s sl>:>uld 
Techrology Wells 
ExperiJrental lbierate to Lew AI abama- PermI t 

Potentially located In every constl tuents, highly acidic operated so as 
(5X25) 

Flor Icia-Pennit 
into Class lIB aquifers. 

tion mining: da1estic waste-
Region. or basic "cnpo.mds for solu Mississippi-Rule 

- I:etalled hydrogeological 
water ccntalning hlgb total 

Ibrth Carol ina-Pennit 
should be cordueted prior to anI' 

susperried sol ids, fecal 
III inois-Rule 

~rqJOsedNew M2x i cc>- Penn i t 
- Cnemical 

air is used in certain water 
coli form. aIlITOnia. 8(IJ, pIl; Nebraska-Rule 

,,,riodically. 
recovery projects. 

Utah-RUle/Permit 
- :,'.:hanical 

/l.r izona-Penni t 
Wyaning-Penni t 

r ... · Q€'V('lop..::d [{~JUladYe 

(CA, g.) 

Hawaii-Pennit 
Nevada- Permi t 

Califol~ia-Permit 

...... 

N 
\0 

IlfXDM:Hll\.TI(H; 

to define lithologic 

water intrusion 
en si te

(CAl 
interaction of 

fluids Is 
(CA) 

design. ~ratlon. 

(CA) 
recanren:iations. 

reasoreble 
rrethods. (WA) 

to cribs ard f rerch 

(WA) 
cCJTPliance. an:! 

rot be si teel ard 
to pennit injection 

lCA) 
studies 

inject ion. (CA)
 
analysis of waste stream
 

(0.1 
integrity te~tb should 

clrU cnrductoo 
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Aquifer Ranedia t ion 
wells (lIrluding 
Oil Reccwery 
Inject ion wells) 
15X(6) 

ItitiOlJo'ide: 355 wells 
RtKXIe Island: 2 wells 
New Jersey: 9 wells 
Poeno Rico: 1 well 
Alabama: 1 well 
Jt:n"th Carolina: 12 wells 
Indiana: 4 wells 
Michigan: 59 wells 
Minnesota: 7 well s 
Wisconsin: 17 wells 
New Mi!ltico I 50 wells 
aualana: 60 wells 
Texas: 37 wells 
Kansas: 15 well s 
Missouri, no nlllbers 
Nebraska, no nlIIbers 
Colorado, 81 wells 

Dependent Ip;II h)odrogeologic 
reginen, par_ters of the 
ccntillllination plllll!. am design 
of the rarediation progrilll; for 
ref inery projectS, typical 
injectate ccnstituents are 
oll/grease, phenols. toluene. 
benzene. lead. iron. 

Unkncwn New Jersey-NJPllES feDlli t 
Alabama-feDlli t 
!t:lrth Carol ina-feDlli t 
Wisconsin-Rule 
auahana-Rule 
Nebraska-fermit 
Utab-Rule/feDlli t 
Cal ifomla-ferml t 

-

-

-

lJIplenentation of registering and 
lTOOitoring prograns. U<S) 
a::nstruction stan:iards should be 
similar to those establ ished for 
discharge wells. 10<1 
Cased fran surface thra.gh the tq> 
of the injection ZQle. (0<) 
SCreened interval s thra.gh sams 
and gravels. (0<) 
Atvwlus slx:luld be grouta::l. Co<) 
Injecta::l fluid quali ry slnJld be 
better than that of the fluid in 
the ccntilllinata::l aquifer but not 
necessarily of drinking water 
•. tandards. (f'L1 

Abandoned Drinki,ng 
waterlWaste Di~sal 

Wells (5X29) 

3,050 wells inventoried. 
R:>tentially present in all 
areas hav log shalla.r fresh 
IoBter aquifers. 

Potentially any kind of fluid. 
particularly brackish or sal ine 
water, ha2ardaJs chanicals and _ge, cla:un!ntation of 
ni trate am col ifoDII contan
ination dccllllE!llted in Nebraska 
(Exner am Spalding. 1985) I 
Danestic sewage disposal via 
these wells dccllll!nted for 75 
Iores in Mimesota, also do:u
IIlI!ntation for disposal of 
pesticides within agricul tural 
runoff (Jones, 1973; Exner am 
Spalding. 1985). 

lbierate Utah-Banned
 
'ftle folla.ring States have plugging
 
and abandonoent regulations for
 
IoBter wells,
 
Rh:lde Islam, New Jersey.
 
Poeno Rico, Dela....re.
 
Maryland. femsylvania,
 
Virginia. West Virginia,
 
Alabama. Florida. Georgia.
 
Jt:n"th Carol ina. Tennessee.
 
III inois. Michigan. Minnesota,
 
l1lio. WiSCUlsin, Arkansas,
 
Louisiana. a<latan.:. Texas.
 
Kansas, Misscuri, Nebraska, 
Colorado. !t:lrth Dakota,
 
South Dakota. Wyaning. Arizona.
 
Cal ifomia. Nevada, Alaska.
 
ldam. Oregon. am Washington
 

- ~"st establish a better inventory 
of wells. (PR. IN. MI. ~) 

- Wells stolld be properly plugged 
using cenent. l~) 

y ,. 

-
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SECTION 2 
HYDROGEOLOGIC CONSIDERATIONS 

2.1 IMPORTANCE AND USE OF THE GROUND-WATER RESOURCE 

2.1.1 INTRODUCTION 

Ground water is one of the most widely used natural 
resources and is available in at least small amounts at virtually 
every point on the Earth's surface (Heath, 1985). The 
availability of the resource is a significant issue in almost 
every State (Mann, 1985). Ground wa ter serves as the dominant 
source of drinking water for most rural areas and is the largest 
source of wa ter for irriga tion in arid and semiarid regions of 
the midwestern and southwestern United States. In addition, 
ground wa ter is an impor tan t source for indus trial, urban, and 
irrigation purposes in humid areas (Heath, 1985). It is a 
relatively reliable resource and is not subject to the rapid or 
potentially large fluctuations in availability characteristic of 
surface water supplies (USEPA, 1977). 

The development of ground water as a resource has led to 
declining ground-water levels in many areas of the country. 
These declines may lead to streamflow depletion, land subsidence, 
saltwater intrusion, and increased pumping costs for producers of 
water (Mann, 1985). The importance of ground water as a resource 
in the United States is represented in Figure 2-1. Half of the 
United States popula tion is served by ground wa ter, and studies 
show that ground-water use within this country is increasing at a 
ra te of 25 percent per decade (USEPA, 1977). In many areas of 
the country, the ground-wa ter resource is the only high qual i ty 
economic source of water available. 

Ground water contamination has been detected at sites in 
virtually all parts of the United States and regionally in some 
of the most heavily populated and industrialized areas. In 
almost all cases, ground-water contamination has been discovered 
only after a drinking water supply has been affected. Most of 
the time the level of contamination at the point of use does not 
exceed the health-based standards. 

Consequences of ground-water contamination vary depending on 
1) the potential hazard to health or the environment, 2) current 
use of the affected resource, 3) public concern, 4) regulatory 
requirements, and 5) funding available to study and mitigate the 
problem. In the most serious cases, water supply wells have been 
abandoned, uses of recreational areas have been altered, 
expensive remediation programs have been initiated, and new water 
supplies have been developed. 

2 - 1
 



A\'O l:t3d SNO"\'~ NOI11IW 

a= -ce -D ~ De ce 
::: •-

• tn _ 11 00 
\1ZZ ecce 

oU;
u
ii:z 
ot:; 
~c:a:::; 
l.I.I. 
::ltn
ll.=i 

8 
... 0 

! I 

§.. 

• 

GROUNDWATER WITHDRAWALS IN 1980 FCA 
TI-lE UNITED STATES, PuERTO RICO AND 
U.S. VIRGIN ISLANDS 
(from Heath. 1985) Rgure 2-1
 

2 - 2
 



2.1.2 GROUND-WATER USE 

Trends in wa ter development during the last three decades 
demons tra te tha t the use of ground wa ter for all purposes has 
been increasing at a faster rate than has the use of surface 
water (Heath, 1985). In 1980, nationwide ground water 
withdrawals ranged from less than one percent of total water 
withdrawal in the District of Columbia to 85 percent in Kansas 
(Heath, 1985). In addition, this survey demonstrated that in ten 
States, ground-water withdrawals represented more" than half of 
the States I total water usage. The above figures are exclusive 
of thermoelectric power generation, for which surface water use 
still exceeds ground-water withdrawals. 

At this time, the largest use of ground water is for 
irrigation (Heath, 1985). States with the largest ground-water 
use for this purpose are California, Hawaii, Illinois, Indiana, 
Kansas, Minnesota, and Wisconsin. Other States in the southern 
United States that rely heavily upon ground water for irrigation 
practices are Arkansas, Florida, Louisiana, Mississippi, and 
Texas. 

Forty-eight percent of the United States' population depends 
upon the ground-water resource as a drinking water supply. 
Thirty-nine percent of the ground-water-dependent population 
receive drinking water through public supplies and the other 
nine percent through individual domestic wells (USEPA, 1977). 
According to Hea th (1985), the percentage of the Uni ted Sta tes 
population served by groundwa ter ranges from 30% in Maryland to 
89% in New Mexico. Rural populations in the nation receive 94% 
of thei r drinking wa ter from ground-wa ter sources, whereas the 
populations served by public drinking water supplies get 35% of 
that supply from ground water (USEPA, 1977). Total withdrawal of 
groundwater in 1984'was 8. 8 billion gallons (27, 000 acre-feet) 
per day of which 38% was used for ~rinking water (Heath, 1985). 

2.2	 PHYSICAL PROPERTIES OF GROUND-WATER AQUIFERS AND 
GROUND-WATER CONTAMINATION 

2.2.1 PHYSICAL PROPERTIES 

Under natural conditions, movement of ground water is from 
areas of recharge to areas of discharge. Ground wa ter may be 
discharged to springs, ponds, lakes, or streams, lost by 
evapotranspiration to the atmosphere, or discharged directly into 
the ocean in coastal areas (Mann, 1985). This situation 
constitutes the hydrologic cycle, represented in Figure 2-2. In 
general, an equilibrium prevails in which long-term ground-water 
recharge is balanced by long-term discharge from the ground-water 
system (Mann, 1985). 
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,
 Aquifers are of two primary types: unconfined and confined.
 
Unconf ined aquifers, also referred to as water table aquifers, 
are the most common. Under unconfined conditions, the water 
table is exposed to the atmosphere through openings in the 
overlying regolith (Driscoll, 1986). Water in unconfined1	 aquifers, regardless of depth, is under the pressure exerted by 
the overlying wa ter. The upper 1 imi t of the sa tura ted zone in 
these aquifers is known as the water table. The pressure on 
fluids at the water table is equal to atmospheric pressure. 

Ground water existing under confined or artesian conditions 
is isolated from the atmosphere at the point of discharge by 
impermeable strata (Driscoll, 1986). The confined aquifer 
generally is subject to pressures higher than atmospheric 
pressure, but it is possible for unconfined conditions to exist 
(laterally) in the recharge areas of confined aquifers. 
Unconfined and confined ground-water conditions are illustrated 
in Figure 2-3. 

A third ground-water condition which can exist is due to 
variations in the ability of confining beds to retard water 
movement. Virtually all conf ining beds are capable of 
transmitting ground water if a sufficient hydraulic gradient 
and/or a total head di fferential exis ts between the aquifers. 
Beds that transmit measureable flows are termed "semi-confining," 
and the assoc ia ted aquifers are considered to be ·semi-conf ined 
(Mann, 1985). 

Intergranular pores, fractures, or openings resulting from 
solution in an unconfined aquifer are saturated with. water below 
a free surface, known as the wa ter table (Mann, 1985). As the 
volume of ground water in storage varies, the water table rises 
or falls accordingly. In confined aquifers, pores, fractures, 
and solution openings are completely filled with water. The 
water is confined under pressure by an overlying bed exhibiting 
low hydraulic conductivity (Mann, 1985). Changes in the amount 
of ground water stored under these condi tions occur 'through 
elastic expansion and contraction of the porous material and of 
the wa ter in response to pres sure changes. In some ins tances, 
changes in ground-water storage can occur through the inelastic 
compaction of fine-grained sediments wi th assoc ia ted subsidence 
of the land surface (Mann, 1985). 

Five criteria have been proposed to differentiate between 
ground-water systems (Heath, 1982): 

1.	 the aquifers and confining beds that make up the 
ground-water system; 

2.	 the types of primary and secondary porosities, solution 
cavities, or fractures; 
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1 

, 3. the composition of the dominant aquifer material, name
ly whether or not it is soluble, insoluble, or consists 
of both material types: 

4.	 the storage coefficient and transmissivity of the 
dominant aquifer: and 

s.	 the recharge and discharge conditions of the entire 
ground-water system. 

Based upon these criteria, the U.S. Geological Survey has 
proposed 13 ground-water regions for the conterminous United 
States. These regions are displayed in Figure 2-4. Note that 
Alaska and Hawaii are considered separate hydrogeologic regions. 
Geologic settings for aquifers and typical well yields for those 
aquifers are presented for each region in Table 2-1. 

2.2.2 GROUND-WATER CONTAMINATION 

For the purposes of this report, ground-water contamination 
is defined as the degradation of' ground water's natural quality 
as the result of human activity (USEPA, 1977). The Safe Drinking 
Water Act defines a contaminant as "any physical, ch~mical; 

biological or radiological substance or matter in water." 

Contamination processes begin with contaminant sources, 
namely waste disposal practices (USEPA, 1977). Leakage, percola
tion, or discharge of contaminants into water supply aquifers 
occur either intentionally or accidentally and can involve a 
variety of waste constituents. As the contaminant travels 
through the soil or rock media into the ground-water aquifer, it 
can be modified by various attenuation processes. These 
processes vary greatly in their effectiveness, and some toxic 
substances can be highly mobile. Attenuation of pollutants with
in the aquifer, like ground-water movement, can be extremely 
slow. Movement of these contaminants can occur as 1) individual 
bodies or "slugs," 2) local plumes caused by continual flow of 
leachate, and 3) masses of degraded water (USEPA, 1977). 

The degree of contamination that can occur wi thin ground
water aquifers ranges from a slight degradation in natural 
quality to the presence of toxic concentrations of heavy metals, 
organic compounds, and radioac t i ve rna ter i al s (USEPA, 1977). 
These constituents can be present in varying concentrations with
in certain Class V waste streams. It is important to note that 
simply removing the source of contamination does not clean up the 
aquifer once it has been contaminated. This contamination can 
result in portions of aquifers being condemned for use as drink
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'I2\BLE 2-1. GFD£GIC SE:l'I'IN3 AID 'IYPlCAL WELL YIEIDS FOR PRllOPLE 
JQJIFERS WI'IHIN Ml\JCR GRClJID-WATER REGICN3 (HFA'IH, 1982) 

ill • 
Region 

rb. Region 
Geologic 
Situation 

Malntains with thin soils 
aver fractured rocks, 
alternating with narrow 
alluvial and, in part, 
glaciated valleys 

Well Yiejd 
(gpn) (m /day) 

10-100 50-5001 Western Malntain 
Ranges 

2 Alluvial Basins Thick alluvial (locally 
glacial) deposits in basins 
am valleys bordered by 
mc::unta ins 

100-5,000 500-30,000 

3 Columbia Lava 
Plateau 

Thick lava sequerx:e inter
~dedwithooc~scli~ted 

deposits and overlain by 
thin soils 

100-20,000 500-100,000 

4 Colorado Plateau 
& Wyaning Basin 

Thin soils over fractured 
sedirrentary reeks 

10-1,000 50-5,000 

5 High Plains Thick alluvial deposits 
aver "fractured 
sedi.rrentary rocks 

100-3,000 500-20,000 

6 rbnglaciated 
Central Region 

'!hin regolith aver 
fractured sedirrentary 
reeks 

100-5,000 500-30,000 

7 Glaciated 
Central Region 

Thick glacial deposits 
aver fractured sedirrentary 
rocks 

50-500 300-3,000 

8 Piedrront & Blue 
Ridge 

Thick regolith aver fractured 
crystalline am rretarrorpoosed 
sedi.rrentary rocks 

50-500 300-3,000 

9 Northeast am 
SUperior Up1ams 

'!hick glacial deposits aver 
fractured crystalline rocks 

20-200 100-1,000 

10 Atlantic & Gulf-
Coastal Plain 

Canplexly interbedded 
sands, silts, & clays 

100-5,000 500-30,000 

11 Southeast Coastal 
Plain 

Thick 'layers of san::i & 
clay over semiconsolidated 
carbonate reeks 

1,000-20,000 5,000-100,000 
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TABLE 2-1, 
ccnti.nued 

12 Allwial Valleys Thick sam and gravel deposi ts 
beneath flocdplains ani 
terraces of streams 

100-5,000 500-30,000 

13 Hawaiian Islarxls Lava flCMS segmanted by dikes, 
in terbedded wi th ash deposi t's 
am partly overlain by allwium 

100-5,000 500-30,000 

14 Alaska Glacial and allwial deposits 
in part perennially frozen ani 
overlying crystalline, rretanor-
Plic, ani sedi.Irentary rocks 

10-1,000 50-5,000 

ing water supplies. It is considerably more difficult to reclaim 
a polluted aquifer than to clean up a surface water supply 
(Canter and Knox, 1986; USEPA, 1977). 

2.3 RELATIONSHIP OF CLASS V INJECTION TO 
UNDERGROUND SOURCES OF DRINKING WATER 

2.3.1. GENERAL DISCUSSION 

Underground sources of drinking water (USDW) have been tar
geted for protection under the Safe Drinking Water Act, and are 
bodies of water recoverable in "significant" quantities, having 
less than or equal to 10,000 mg/l Total Dissolved Solids (TDS). 
Typically, Class V wells are those that inject into or above 
USDW. However, certain Class V wells inject below USD~. 

Examples of such well types are geothermal reinjection wells, 
spent brine return flow wells, some of the mineral and fossil 
fuel recovery related wells, select radioactive waste disposal 
wells, and certain experimental technology wells. Potential for 
contamination by Class V injection can vary greatly and is 
largely dependent upon where injection occurs relative to USDW, 
construction and operation features of wells, and injectate 
quality and volumes. 

2.3.2. RELATIONSHIP OF CLASS V INJECTION TO USDW 

As discussed, certain Class V wells inject fluids below 
USDW. These wells often inject large fluid volumes. Depending on 
the compatibilities of the injectate and the USDW (Le., physical 
and chemica I charac ter i s tics), this could adversely impac t 
(degrade) USDW if proper planning is not conducted. In many 
areas studied, USDW exist to depths of several thousand feet. 
Aquifers at these depths are conf ined, probably both above and 
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below. Proper planning can assure that injection will occur 
below a lower confining layer. If proper construction and opera
tion are practiced, including regular mechanical integrity 
testing, injection below USDW can pose minimal threat of contami
nation to USDW. 

The inventory indicates that most Class V injection is above 
USDW. Wells of this type include many of the drainage wells and 
domestic waste water disposal wells. Attenuation of contaminants 
in shallow soils and unconsolidated sediments is the controlling 
parameter in shallow USDW contamination. If injection wells are 
sited and constructed properly, contaminants may be attenuated, 
thereby reducing the potential for harm to USDW. 

Injection into USDW is the type of Class V activity 
potentially most harmful, and representatives of each Class V 
well type probably are presently injecting into USDW. Depending 
upon the nature of the injected fluids,. injection directly into 
USDW could result in broadscale degradation within USDW. 
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SECTION 3 
CLASS V INJECTION WELL INVENTORY 

.. 
The Class V injection well inventory is characterized by 

extreme variations in database completeness. In general, 
inventories for "high-tech" Class V wells are more accurate than 
those for "low-tech" wells. A number of factors may be 
responsible for this disparity. High-tech Class V injection 
wells are typically associated with special industries or large 
scale remediation and disposal projects. They also tend to be 
small in number, localized, and easy for regulatory agencies to 
inventory and monitor. In addition, several agencies at the 
local, county, and state levels may be regulating these 
operations through drilling and waste discharge permits. 
Furthermore, owners/opera tors of high-tech well s generally are 
more informed about existing regulations, such as reporting 
requirements, than are owners/operators of some types of low-tech 
wells. As a result, files maintained by high-tech well operators 
tend to be more complete, whereas no such files may exist for 
many low-tech wells. 

A number of inspection programs have been conducted that 
target high-tech Class· V injection wells. These inspections have 
prov ided valuable inventory da ta for facil i ties inspected, as 
well as for other facilities owned by the same owner/operator. 
All these factors have resulted in a generally .complete inventory 
database for high-tech wells and a generally poor to nonexistent 
one for low-tech wells. 

The current regulations (40 CFR 144.24) state that injection 
into Class V wells is authorized by rule until future regulations 
are established. Owners or operators of Class V injection wells 
authorized by rule are required to submit specific inventory 
information within one year of the effective date of an 
applicable underground injection control program in their State. 
The inventory information required as specified in 40 CFR 
144.26(a) includes the following: 

1. facility name and location; 

2. name and address of legal contact; 

3. ownership of facility; 

.. 
4. nature and type of injection well(s); and 

5. operating status of injection well(s). 

For programs administered by USEPA, owners/operators of the 
following types of Class V injection wells are required to supply 
addi t ional inventory inf orma t ion [40 CFR 144. 26 (b) (1) (i ii) ] : 

1. sand or other backfill wells; 
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2.	 radioactive waste disposal wells; 

3.	 geothermal energy recovery wells; 

4.	 brine return flow wells; 

5.	 wells used in experimental technology; 

6.	 municipal and industrial disposal wells other than 
Class I; and 

7.	 any other Class V wells, at the discretion of the 
Regional Administrator. 

The additional information to be provided by these 
owners/operators includes [40 CFR 144.26 (b) (2) (ii-x)] : 

1.	 location of each well or project by Township, 
Range, Section, and Quarter-Section; or by lati 
tude and longi tude to the nearest second, accor
ding to the conventional practice in the state; 

2.	 date of completion of each well; 

3.	 ident if ica t ion and depth of the forma t ion (s) into 
which each well is injecting; 

4.	 total depth of each well; 

5.	 casing and cementing record, tubing size, and 
depth of packer; 

6.	 nature of injected fluids; 

7.	 average and maximum injection pressure at the well 
head; 

8.	 average and maximum injection rate; and 

9.	 date of the last mechanical integrity test, if 
any. 

Per 40 CFR l46.52(b), within three years of approval of each 
UIC program, whether administered by the individual State or by 
the USEPA, a report must be submitted by the Director of the UIC 
Program "to USEPA and must contain the following: 

1.	 information on the construction features of Class 
V wells and the nature and volume of injected 
fluids; 

3 - 2 



2.	 an assessment of the contamination potential of 
Class V wells using available hydrogeological 
data: 

3.	 an assessment of the available corrective alterna
tives where appropriate and their environmental 
and economic consequences: and 

4.	 recommendations for both the most appropriate 
regulatory approaches and for remedial actions 
where appropriate. 

Appendix A contains State Report Summaries on each report 
received to date. Summaries for each State report include: 

1.	 status of the UIC program: 

a.	 primacy - implemented by the state 

b.	 direct implementa tion (DI) implemented by 
the USEPA: 

2.	 title, author, date, and status of the report: 

3.	 hydrogeology and water usage: 

4.	 number of injection wells by type, and their com
patibility with numbers reported by Federal 
Underground Injection Control Reporting System 
(FURS):	 . 

5.	 assessed contamination potentials of each well 
type ("high," "moderate," or "low," where appli 
cable) : 

6.	 applicable regulatory systems for each well type 
("permit," "rule," or "none," where applicable): 

7.	 inventory strategies: 

8.	 availabflity of case studies and bibliographies: 
and 

9.	 recommendations. 

3.1 INVENTORY METHODS (STRATEGIES) 

Several methods were used to gather inventory data. 
Strategies employed for different States and Territories are 
1 isted ·on the State Report Summaries in Appendix A. Some 
inventory methods were common to several states. For example, 
inventory efforts often were initialized by publishing notices 
about the UIC program in the local newspapers. Generally they 
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requested information required by 40 CFR 144.26. Another common
ly used method entailed mailing questionnaires to County Health 
Departments/Sanitarians, registered water well drillers, and 
public facilities such as schools, churches, etc. In addition, 
visits to various government agencies were made to question per
sonnel who might be knowledgeable about current Class V activi
ties and to search various files for existing Class V well regis
trations and permits. National Pollutant Discharge Elimination 
System (NPDES) permits generally were reviewed where available. 
Also, mail ing I is ts and telephone contacts were compil ed from 
local telephone directories and directories of related pro
fessional organizations (e.g., National Water Well Association). 

The USEPA has instituted a computer database system for 
maintaining the inventory data of all classes of injection wells. 
The Federal UIC Reporting System (commonly referred to as FURS), 
contains general facility, well type, number, and status 
information for each inventoried inj ection facili ty. Generally, 
the FURS inventory data for Class V injection wells, on a 
national basis, are incomplete and dated. In preparing this 
report, well data provided in the State reports and addi tional 
correspondence were considered in addition to the FURS data. 

3.2 INVENTORY RESULTS 

According to the most recently submitted inventory figures, 
there are approximately 170,000 Class V injection wells in the 
United States, its Territories, and Possessions. Table 3-1 lists 
the number of wells reported to date for each State, Territory, 
and Possession. Also provided is the total for each well type 
and for each Region. Figure 3-1 illustrates the distribution of 
Class V wells by State. Table 3-2 is a summarized version which 
lists totals by Region and by general well type category. Figure 
3-2 illustrates the distribution of Class V wells by Region. 
Please refer back to Table 1-1 for a list of well type sub
classifications recognized by the USEPA for the purpose of this 
study. Figure 3-3 illustrates the distribution of inventoried 
Class V wells by general well type category. 

At this time it is prudent to emphasize that the reported 
inventory figures should be interpreted cautiously. The 
inventory collection is an on-going process, and figures are 
subject to change frequently and dramatically. There are always 
questions about what practices are Class V as opposed to other 
classes of wells, and which practices are considered well 
inj ection. There is also, from time to time, confusion about 
what Class V subcategory to which a particular injection practice 
should be assigned. . 

Furthermore, it should be emphasized that many of the 
numbers included in the table are estimates and that records are 
not necessarily available for each well listed. For example, the 
estimated number of drainage wells (502 plus 5D4) in Arizona 

I 
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ranged from 25,000 to 100,000 wells. Based on verbal communi
cation with various State agencies, the range was narrowed down 
to between 40,000 and 60,000 wells. For the s~ke of simplicity, 
the table indicates 50,000 wells. 

In another case, the number of hear pump/air-conditioning 
return flow wells (5A?l in Oklahoma was reported to be "in the 
hundreds. II Again for the sake of simplicity, the table lists 
"100" heat pump/air-conditioning return flow wells. 

As a final example, the number of septic systems (5WJll in 
Florida was reported to be 19,000. This number was derived using 
a mathematical equation to estirnate the "total" number of septic 
systems. Nineteen thousand represents one percent of the "total" 
number. This number was derived because only one percent of the 
total number of septic systems are believed to serve more than 20 
persons. Florida has actual records on approximately 850 septic 
systems. The remaining estimated figures are too numerous to 
describe. 

3.3 INVENTORY DISTRIBUTION 

The geographical distribution of the wells inventoried to 
da te is di ff icul t to accuratel y descr ibe for several reasons. 
First, efforts made to compile inventories differed significantly 
among States and Regions. While some States were successful at 
actually locating and keeping records on each reported well, 
other States made blanket estimates and had little to no 
documentation to support the estimates. In States where the 
USEPA was responsible for conducting the inventory, levels of 
effort varied significantly. 

Second, record-keeping systems among States vary dras tic
ally. Inventories were easier to conduct and resul ted in more 
accurate figures for States which require permits or 
registrations of injection wells. In many cases, file searches 
were quicker, and were likely to be. more accurate than reI iance 
on a network of contacts. 

Third, the response rates differed significantly among 
various groups who were contacted for information. Whereas one 
State may have derived its most significant information from the 
Soil Conservation Service (SCSl, for example, another State might 
have had less success with the SCS and found County Health 
Departments to be its most valuable source of information. It 
should be noted her~ that different groups have varying levels of 
interest in the different well types: therefore, the inventory 
figures provided by different groups vary accordingly. For 
example, the SCS may prov ide more information on agricul tural 
drainage wells (5F1l while County Health Departments are likely 
to provide more information on septic systems (SWIll. Table 3-3 
illustrates the varying response rates of several groups which 
were contacted by mail in a portion of Region V. 
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, difficult to distinguish storm water drainage wells (SD2) from 
industrial drainage wells (SD4) within the current inventory, but 
industrial drainage wells might be expected to be- located in 
highly populated (industrialized) areas with appropriate1	 hydrogeological condi tions. High numbers of improved sinkholes 
(SD3) are expected in areas with "karst" topography such as 
Region IV, Region V, Puerto Rico, and Missouri. 

3.3.2 GEOTHERMAL REINJECTION WELLS 

Relatively high numbers of geothermal reinjection wells were 
expected in areas with high geothermal gradients such as the West 
Coast of the United States. The reported inventory figures 
support this hypothesis as most electric power reinjection wells 
(SAS) and direct heat reinjection wells (SA6) are located in 
Regions IX and X. 

Technology concerning heat pump/air-conditioning return flow 
wells (SA?) is available nationwide. Data indicate that heat 
pump/air-conditioning return flow wells are present in all 
Regions of the United States. It should be noted that high 
geothermal gradients are not required for efficient usage of 
groundwater source heat pumps. 

3.3.3 DOMESTIC WASTEWATER DISPOSAL WELLS 

Domestic wastewater disposal wells are prevalent in every 
Region of the United States. Generalizations beyond. that fact 
are difficult to make. However, fewer domestic wastewater 
disposal wells are probably located in more highly populated 
areas because those areas are more likely to be served by sewer 
systems. An exception to this generalization may be older 
cities. 

One reason it is di ff icul t to recognize any trends in the 
distribution of domestic wastewater injection wells is that they 
are exceedingly difficult to inventory. State and local 
regulations and record-keeping systems differ drastically. If 
records of individual systems are not kept by the State, it is 
difficult to identify these wells. 

Another reason it is difficult to recognize trends is that 
some disposal systems were not included in some inventory 
efforts. For example, only septic systems with associated 
"wells" were inventoried in some States, while other States 
included both septic systems with "wells" and those with 
"drainfields." Both types will be included in the Class V 
inventories for this report. Without consistent inventories, it 

..	 is impossible to make comparisons • 

3.3.4 MINERAL AND FOSSIL FUEL RECOVERY WELLS 

Inventory figures of these well types are bel ieved to be 
relatively complete. These well types generally are limited to 
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States with related available natural resources. They seem to be 
well documented and regulated within their respective industry 
regulations. . 

• 
3.3.5 INDUSTRIAL DISPOSAL 

Problems wi th compi! ing inventories and recogniz ing usage 
trends of industrial disposal wells are similar to the problems 
associated with domestic wastewater disposal wells. Accurate 
records are not kept in many states. Furthermore, often there is 
reluctance on the part of owners/operators to report their 
industrial disposal wells for fear of Ugovernment interference." 
Also, injectate quality often is suspect, and recent public 
awareness campaigns concerning environmental protection may have 
made the owners/operators wary. 

3 .3 .6 RECHARGE AND MISCELLANEOUS WELLS 

Limited information was provided on recharge and 
mi scellaneous well s. Presumably these well types will see 
increased usage in the future. Region V reports a relatively 
high number of abandoned drinking water wells (5X29): however, it 
should be noted that they are not necessarily used for the dispo
sal of waste. The numbers reported indicate the number of aban
doned drinking water wells on which they have records. There is 
no evidence to suggest that they are all being used to dispose of 
waste. Due to the difficulty in determining which wells actually 
are being used. for disposal, the Agency is assuming a worst-case 
scenario and will include all abandoned drinking water wells in 
the inventory until data demonstrate otherwise. Where waste 
streams can be identified, well type classifications are revised 
to reflect the source of the waste streams. 

3.4 EVALUATION OF THE DATABASE 

Conducting an initial inventory search for· Class V injection 
wells and then maintaining the inventory database with periodic 
updates is a complicated task. However, it is one that is essen
tial to the program because a solid inventory is the basis for 
solid assessments. Some Class V wells were not regulated before 
the USEPA urc program. Consequently, an unknown number of Class 
V injection wells probably remain uundiscovered u to this day 
since records of their existence either were not kept or were 
lost. 

The inventory of Class V wells is considered to be poor to 
fair (Le., incomplete). Many states were confident that most 
existing well types were identified even though the numbers of 
each type were thought to be low. Several factors contribute to 
the lack of detail and completeness (inventory vs. existing ..
wells) • 

3 - 14
 



As described earlier, levels of effort among States and 
among Reg ions differed signif icantly. Second, the amount and 
type of information available for each well type differ among 
States, among Regions, and among well types. Third, different

1	 information sources responded to requests for information incon
sistently. Fourth, several problems in classifying well types 
were evident. 

It is essential to continue collecting inventory information 
and updating databases in order to reasonably assess the ground
water contaminatiori po~ential of Class V injection wells. 

3.5 RECOMMENDATIONS 

The Class V injection well inventory continues to change. 
New wells continue to be constructed, and "undiscovered" existing 
wells continue to be identified. Several States recommended that 
additional resources and efforts be devoted to improving the 
Class V injection well database. All data should be 
computerized, including records of questionnaires, permit record 
files, and support documentation. Every effort should be made to 
establish a uniform classification and numbering system. 

As a result of the States' efforts in inventorying Class V 
wells, several important lessons have been learned concerning 
strategies "for obtaining a complete inventory on which to base 
assessments. Based on the inventory methods used by the States, 
the following recommendations for where and how to best find 
inventory information on both general and well specific levels 
are presented. 

3 :5.1 GENERAL 

Currently there are at least 30 types of Class V injection 
wells, rather than only the 11 types that FURS recognizes. Not 
all States have all 30 types. However, because there are so many 
well types, States may have to employ more than one strategy when 
conducting and updating inventories. 

The States in USEPA Region VIII recorninend that the Agency 
make a request to Congress for funding to conduct an effort 
similar to the Surface Impoundment Assessment study. This study 
could be conducted with a more consistent approach and would 
provide a firm foundation for making regulatory changes. 

When conducting mailed questionnaire surveys, some states 
found tha t telephone surveys used to ascertain appropria te 
"targets" enhanced mailed responses. Attachments to the 
questionnaires explaining the UIC program and follow-up telephone 
calls for data verification also ·have been useful in obtaining 
cooperation. 
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Some states recommended that every time an inventory search 
is conducted by State, Federal, local, or consultant entity, 
documentation of the strategy and date is essential so future 
inventory searches can build upon previous knowledge. • 

Current yellow pages, industry directories and association 
mailing lists, and agency and community listings were recommended 
for use by many states because they provide a good base of 
addresses and telephone numbers. Examples of directories include 
the Thomas Register and State Red Book of companies and 
industries; the Pennwell series of directories such as the 
Worldwide Refining and Gas Processing Directories; the telephone 
directory government blue pages; State association of governments 
or cities listings; and City, County, or State listings of 
business and commerce. Idaho reports that computerized directory 
systems, such as the Electronic Yellow Pages, allow statewide 
searches by specified categories and can provide addresses on 
printed mailing labels • 

. Some States have had good inventory resul ts posting pub 1 ic 
notices in newspapers and various trade journals. Results are 
directly proportional to the notice's general content and ease of 
reading, location, and period of time the notice was posted. 

Permits or other records needed during drilling and 
installation of a well may have been filed with the State agency 
which requires permits for water wells. However, the files may 
not be segregated by well type. 

Many States require that all water well drillers be licensed 
with the State and that drillers register all completed wells and 
supply well logs. In these States, registration forms could be 
re-designed to indicate "well purpose." Well drillers should be 
better informed of the Class V UIC Program in order to identify 
specific injection well types. 

Contamination potential assessments of the various Class V 
well types is, in part, dependent on 1) hydrogeologic character
istics and water usage in a given area, and 2) the population at 
risk. Numerous States recommended that efforts should be 
initiated to standardize the type and amount of information 
available on Class V injection wells. 

3.5.2 SPECIFIC 

In describing their inventory efforts, many States 
identified methods util ized to inventory spec if ic well types. 
Recommendations based on these methods follow. 

1. Agricultural Drainage Wells (sF1) 

Many States have entities which can be contacted concerning
 
existence of agricultural drainage wells such as county
 
ext ens ion s e rv ice s ; i r rig a t ion, wa t e r ,. 0 r d r a ina g e
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districts; septic tank and dry well installers and drillers; 
local or regional water quality or resource boards; county 
environmental health departments; local consultants and 
university groups, especially at the A & M universities;.tl:e 
USDA Soil Conservation Service offices; and USGS State 
offices or State geological surveys. 

Often the farmer is the only person who really knows of the 
existence of agricultural drainage wells. If the farmer is 
informed of the potential contamination of USDW posed by 
these wells, he may volunteer information when asked. Iowa 
State University Cooperative Extension Service put together 
an information brochure, "Agricultural Drainage Wells in 
Iowa," for distribution to farmers and others to provide 
information on the effects of these wells on water supplies. 
Publications of this type may help to improve the inventory 
database by informing the public not only of their 
responsibility to report Class V wells but also the reason 
behind the requirements. 

2. Storm Water and Industrial Drainage Wells (SD2, SD4) 

These wells are among the hardest types to effectively 
inventory if a State has not been registering them since the 
time of installation. Obviously, if a State has had no 
problems with drainage, then this type of well probably will 
not have been used. There are several potential places to 
search for storm drainage well records. These incl ude the 
State or Federal highway department, city engineers, public 
works directors, architectural engineers - either private or 
public (certain areas may have been designed to be drained 
by these wells), drillers or "dry" well installers, State 
water resource divisions or boards, State health departments 
or environmental protection agencies, and USGS State offices 
or State geological surveys. Another key means of locating 
drainage wells is to ch€ck local zoning requirements for 
sewage an~ storm water control. Some local ~oning 
departments also have records showing actual well locations. 
City zoning maps may be used to determine industrial sectors 
of the cities. A percentage of storm drainage wells located 
in industrial sectors may be "industrial drainage wells" 
(SD4) because the probability of chemical or hazardous 
substance spills and leaks is greater in industrial 
settings. 

Public notices about storm drainage wells to the general 
population may be a good strategy to use. Fieldwork also 
may be necessary (in probable areas) when all other means 
fail. 

3. Improved Sinkholes (SD3) 

Sinkholes are found in areas of the Uni ted States' underlain 
by karst limestone formations (approximately 20% of the 
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" United States.). In many locations, naturally occurring 
sinkholes may have been improved to enhance acceptance rates 
of storm drainage or any fluids (e.g., sewage, industrial 
process water and waste products). Inventory strategies .. 
used for storm drainage wells also may be used to find 
improved sinkholes. 

4. Electric Power Geothermal Reinjection Wells (SAS) 

These wells are used in thermally active areas of the United
 
States, notably the western states and in the Gulf Coast.
 
Many geothermal electric power plants discharge to rein

jection wells. Entities holding records on these wells
 
include oil companies and other operators involved in
 
geothermal electric power generation, the Geothermal
 
Resources Council (based in San Francisco), State oil and
 
gas divisions, energy or corporation commissions,
 
departments of minerals (these are State level agencies),
 
U.S. Bureau of Land Management (for developments on Federal
 
leases), the U.S. Geological Survey, and the U.S. Department
 
of Energy. States such as California and Nevada have permit
 
programs for these wells.
 

S. Direct Heat Geothermal Reinjection Wells (SA6) 

These wells also are used in thermally active areas of the
 
United States but do not require as high groundwater temper

atures as geothermal electric power operations. Many of
 
these wells are shallower than electric power reinj ection
 
wells and mayor may not reinject spent water.
 

In Oregon, well s which inj ect in to a forma tion other than
 
the source aquifer must apply for a permit with the
 
Department of Environmental Quality. Other wells whicb
 
reinject into the source aquifer or discharge to the surface
 
do not need a permit. In California and Nevada, large
 
direct heat operations file for permits with the California
 
Department of Oil and Gas and the Nevada Department of
 
Minerals. Public service commissions also may be involved
 
if the di rec t heat operation is very large or serves as a
 
public utility company.. The Geothermal Resources Council
 
and State and U.S. Geological Surveys are good information
 
sources.
 

6. Heat Pump/Air Conditioning Return Flow Wells (SA?) 

Historically, the best sources of information for heat
 
pump/air conditioning return flow wells have been the
 
State tax commissions since many States gave tax credits (or
 
prov ided other incen t i ves) for these sys terns. Idaho,
 
Michigan, and Oregon offer such tax credits. Michigan and
 
Ohio give property and sales tax incentives for groundwater
 
heat pumps. In Massachusetts, heat pumps are exempted from
 
State sales tax. Nevada has a program to reduce the valua
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I tion of alternative energy systems for property tax 
purposes. 

In addition to State tax records, inventory information mayt	 be available through heat pump installers and distributors. 
The telephone yellow pages should list such companies. 
Also, the National Water Well Association, which is an 
advocate of ground-water heat pumps, has a plethora of 
information on heat pump companies, state laws, etc. 

7.	 Aquaculture Return Flow Wells (5AB) 

Aquaculture is the practice of rearing water animals or 
cUltivating water plants in a controlled environment. Most 
operations are for profit, however, some aquaculture is 
experimental or for public interest (e.g. Marineland of the 
Pacific). The source of water may be ground water, waste
water from power plants or other industries, surface water 
or ocean water. Thus, only some aquaculture wastewater 
disposal wells are really return flow wells. Disposal wells 
are only one of the methods of wastewater discharge 
available. Sources of informa tion for these well s include 
the State or local USDA officel the telephone yellow pages 
under Fish Hatcheries, Fish Farms, Seafood, Aquaculturel 
State listing of commerce, industry, or businessl and 
research or public display aquariums. 

B.	 Domestic Wastewater Disposal Wells (SW9, 5WlO, 5Wll, 5W31, 
5W32, 5Wl2) 

Historically, disposal of sewage wastes has been handled at 
the county and/or city level. Some States do maintain 
records of sewage disposal systems and almost all counties/. 
cities maintain such records. In order to increase the 
inventory of these Class V injection wells, personal, 
telephone, and written queries (in decreasing order of 
effectiveness) should be made with the county/city 
sanitarians and public works directors. The nature and 
availability of sewage disposal well records vary from State 
to State and county to county. Experience has shown that 
often, records of these types of wells are extensive paper 
files and information is very difficult, if not almost 
impossible, to extract. Building a Class V inventory 
database of such wells may prove to be a long, tedious 
process which requires significant resources. 

The city public works department director should be the 
person to contact for information on sewage treatment plant 

..	 effluent disposal methods. Most plants discharge to surface 
watersl however, in some locations wells may be used (e.g. 
Hawaii, Florida). Some cities are using highly treated 
sewage wastewater (effluent) for aquifer recharge proj ects 
or saline water barrier projects (e.g., Palo Alto, 
California saline water intrusion barrier project). 
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9.	 Mineral and Fossil Fuel Related Wells (5X13, 5X14, 5X15, 
5X16) • 
Records and other information on these wells related to
 
energy and mineral recovery may be found by contacting the
 
U.S. Bureau of Mines, U.S. Department of Energy, U.S.
 
Geological Survey, State bureaus of mines, State departments ..
 
of energy, corporation commissions, State departments of
 
minerals and economic geology, State geological surveys,
 
State water resources /protection boards, and the mining and
 
energy industries themselves. For operations on Federal
 
land, the U.S. Bureau of Land Management may hold records.
 

10.	 Cooling Water Return Flow Wells (5A19) 

Most	 users of cooling water return flow wells are utilities 
(el ec tr ic power genera t ion) and indus tr ies. Of ten, the 
State water resources/protection boards or comparable 
agencies have records for such wells. If no State records 
a're kept, then contact should be made with the utilities' 
and industries' process engineers or plant supervisors/ 
directors. The State public service commissions should have 
listings of all utilities in the States. Directories, such 
as the Thomas Register, California Red Book (other states 
may	 have similar directories), the Pennwell Oil and Gas 
Directory series, and others will give industry addresses,
 
telephone numbers, and other pertinent information.
 

11.	 Industrial Process Water and Waste Disposal Wells ,(5W20) 

It is difficult to obtain records for this grouping of
 
wells. In addition to the large number and variety of
 
industries, commercial ventures, and businesses, many
 
industries may be reluctant to provide information on their
 
waste disposal practices. The types of directories listed
 
above for 5A19 wells and the telephone yellow pages can be
 
consulted for information on locations of industries.
 

The State water resources agencies or environmental
 
health/protection agencies may have a permit program or keep
 
records on these wells, especially if they are "high
 
technology" wells. Additionally, industries which were
 
denied NPDES (surface wa ter) di scharge permi ts may be
 
disposing of waste through injection wells.
 

12.	 Automobile Service Station Waste Disposal Wells (5X28) 

The wells referred to in this Class V category inject a
 
variety of wastes from car dealer and gasoline service
 
stations including waste oil, engine cleaning solvents,
 
brake fluid, transmission fluid, antifreeze, and other
 
fluids from the repair bays: car wash effluent (detergent,
 
oil and grease, sediments, heavy metals); and minor spills
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of gasoline and oils. Many automobile service stations 
participate in waste oil and other recycling programs and 
are connected to the ci ty sewer lines. Sometimes oil and 
grease interceptors - separators are required by a State 
plumbing code. But many other stations may be using private 
waste and wastewater discharge systems such as "dry" wells 
and septic systems (which may receive wastes other than 
domestic wastes). 

Finding the stations which inj ect their was tes and was te
waters is difficult because (1) the number of automobile 
service stations is great, and (2) city or county officials 
will have to be contacted to determine which stations are on 
the sewer system and if they are allowed to dispose of all 
their wastes in the sewer system. Many service stations 
could be contacted and queried on their waste disposal 
systems through the oil companies. A signif icant number of 
stations are privately owned and would have to be contacted 
individually. Furthermore, many stations may be reluctant 
to provide information about their waste disposal practices 
or may not have detail ed informa tion on wells and septic 
systems they use. Information on automobile service 
stations may be available now through the Underground 
Storage Tank (UST) Programs initiated by the Hazardous and 
Solid Waste Amendments of 1986, (HWSA), and Superfund 
Amendments and Reauthorization Act (SARA) amendments (e.g., 
UST owner operation inventory surveys). 

13. Recharge Wells (5R21, 5B22, 5S23) 

Most recharge projects are under the direction of or direct
ly report information to the State, regional, or local water 
resources agency or similar agency. Permits and extensive 
moni toring I tes ting programs usually are required since 
important USDW are directly affected by recharge projects. 

14. Radioactive Waste Disposal Wells (5N24) 

The Nuclear Regulatory Commission (NRC) licenses and 
regulates commercial nuclear facilities under the Energy 
Reorganization Act of 1974. In the 'past, facilities managed 
by The Department of Energy (DOE) may have used wells to 
dispose of some low-level radioactive waste. Some States 
may regulate these wells through water resources boards, 
health departments, or environmental protection agencies. 

Radioactive waste disposal wells may be used by national and 
private nuclear research laboratories, national and private 
processing and manufacturing plants, nuclear power plants, 
the military, and various smaller entities using nuclear 
materials such as hospitals, oil and service companies, 
mining and energy companies, etc. 
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15.	 Experimental Technology Wells (SX2S) 

Many of the wells fall ing into this ca tegory are used in 
pilot scale solution mining operations. Inventory 
information for these wells should be available through the 
same entities named for 5X14 wells. 

Other types of experimental technology wells include thermal 
storage project wells, air injection wells for water table 
recharge, tracer study wells, aquifer remediation wells, and 
oil shale and coal gasification related ~"ells. The State 
water resources or 'protection boards, research or academic 
institutes, or mining boards may have inventory data for the 
various facilities. 

16. Aquifer Remediation Related Wells (SX26) 

Aqui fer remediation related wells have been increas ing in 
number in the last 10 to 20 years, especially since the 
inception of federal programs such as RCRA and CERCLA. Many 
contaminant spills, leaks, and other discharges are befng 
remediated in part by injection-extraction well systems. 
For example, this type of clean-up technology is being used 
near Denver, Colorado, at the Rocky Mountain Arsenal. 
Additionally, several companies are remedia ting long-term 
oil leaks from refineries, terminals, storage areas, and 
pipelines using extraction-injection systems. Contacting 
appropriate State or Federal water protection agencies which 
may be involved in or have initiated several of these clean
ups may help to improve inventories. Many industries whose 
sites have experienced contamination are starting aquifer 
and soil contamination remediation programs on their own 
initiative. Contacting their environmental staffs and 
private consulting firms (employed to clean-up their 
facilities) may result in better inventories. 

17.	 Abandoned Drinking Water Wells Used for Waste Disposal 
(SX29 ) 

These wells are very difficult to obtain information on for 
the Class V inventory. State water well laws cn reporting 
new wells and on plugging and abandonment may be used to 
inventory these wells. Most information on these wells may 
come from individuals reporting specific waste disposal 
operations. Wells installed and abandoned before regulation 
programs began may remain unkno~n. 
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