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SEWAGE TREATMENT EFFLUENT WELLS

The U.S. Environmentd Protection Agency (USEPA) has conducted a study of ClassV
underground injection wells to develop background information the Agency can use to evaluate the risk
that these wells may pose to underground sources of drinking water (USDWSs) and to determine
whether additiona federd regulation iswarranted. The find report for this study, which is cdled the
Class V Underground Injection Control (UIC) Study, condsts of 23 volumes and five supporting
gppendices. Volume 1 provides an overview of the sudy methods, the USEPA UIC program, and
generd findings. Volumes 2 through 23 present information summaries for each of the 22 categories of
wells that were studied (Volume 21 covers two well categories). Thisvolume, whichisVolume 7,
covers sawage treatment effluent disposd wells.

1. SUMMARY

Class V sawage trestment effluent wells are used in many places throughout the country for the
shdlow disposd of treated sanitary waste from publicly owned treastment works or treated effluent from
aprivatdy owned trestment facility that receives only sanitary waste. For the purpose of this study,
injection wellsthat are used to digpose of indudtrial waste (not sanitary waste) from indudtria
wadtewater treatment facilities (not publicly owned treatment works) are not sewage treatment effluent
wells, but rather are industrid wels. In addition to being used for the purpose of wastewater disposd,
sewage treetment effluent wells are commonly used where injection will aid in aguifer recharge or
subsidence control, or to prevent sat water intrusion.

The effluent that is injected into sawage trestment effluent wellsis generdly subjected to
secondary or tertiary treatment in a municipa wastewater trestment plant or a privately owned
wadtewater trestment plant. However, one facility identified in the study discharges effluent thet is
subject to only primary treatment to subsurface digposa units. Secondary treated effluent may contain
fecd coliform and nitrates at concentrations above primary maximum contaminant level (MCLs), and
either secondary or tertiary treated effluent also may exceed secondary MCLs for chloride, sulfates, or
total dissolved solids (TDS). Available injectate qudity deta for sawage treatment effluent wells
indicate that injectate samples have exceeded MCLsfor fecal coliform, nitrates, TDS, and pesticides at
at least one facility; however, many of these reported exceedances are represented by only one or two
injectate samples, and data are not available to indicate whether these exceedances are one-time events
or routine occurrences. Also, available information indicates that at least one facility is permitted to
discharge injectate that exceeds the secondary MCL for chloride.

Approximately 42 percent of the documented sewage treatment effluent wells are located in
Horida, and approximately 700 of these wells (35 percent of the tota documented inventory) are
located in the Florida Keys and inject into shalow (<50 feet) aquifers that are of extremely poor quaity
and that are not likely to be used as sources of drinking water. Approximately 26 percent of the total
documented well inventory are located in Cdifornia. Other sewage treatment wellsin Florida, Arizona,
and other states, are used to inject treated wastewater effluent for aquifer recharge, and may be



injecting into aquifers of drinking water quality. Nearly 19 percent of the documented wells are located
in Hawaii. Hawaii UIC regulations do not dlow operation of sewage trestment effluent wells within one
quarter mile of adrinking water source, and it is anticipated that many of these wellsinject into aquifers
that are not of drinking water quality. No data were provided by survey respondents concerning the
characterigtics of injection zones for other states where sewage treatment effluent wells are currently
operated.

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

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

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

Consdering that sewage treatment effluent wells are associated with ether publicly or privatey
owned wastewater trestment plants that are generally required to have operating permits, the inventory
of sawage trestment effluent wells is considered to be relatively accurate compared with other injection
well categories for which wells do not always receive permits. Nevertheless, there may be a somewhat
larger or smdler number of sewage treatment effluent wells than these results suggest. For example,
New Hampshire did not report any sewage treatment effluent wellsin the state in its survey response;
however, two facilities that inject trested effluent into subsurface disposal units, classfied asinjection



wells for the purpose of this report, were identified through fidld vists. Conversdy, Maineinitidly
identified 168 sewage trestment effluent wells in its survey response; however, further investigation
reveded that these facilities are discharging untreated wastewater effluent to subsurface disposa units
and are therefore classified as large-capacity septic systems and not as sewage trestment effluent wells.
Although no state UIC programs other than Maine and New Hampshire are known to have
miscategorized sewage treatment effluent wells, if other states have done so, the reported inventory may
ether overestimate or underestimate the true number of sewage treatment effluent wellsin the U.S.

States with the mgority of sawage trestment effluent wells have developed and implemented
regulatory programs to permit these wells. Specificaly:

C In Florida, sewage trestment effluent wells are required to have individua permits and to meet
MCLs.
C In Hawaii, regulations have established ground water protection zones where the congtruction

of sewage trestment effluent wellsis prohibited. Wells outside of these zones are required to
obtain individua permits.

C Arizona requires sewage treatment effluent wells to obtain ground weter protection permits, and
requires well operators to demondirate that MCLs will not be exceeded beyond the facility
property boundary. Arizona aso has published best management practices (BMPs) for the
operation of wastewater trestment plants (and their associated sewage trestment effluent wells).

C Cdiforniarequires sawage trestment effluent wells to obtain individud permits

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

The regulatory picture in severd other sates with few sawage trestment effluent wellsin the
current inventory isvaried. States ether permit sewage treetment effluent wells by rule (e.g., Texas,
Idaho), require them to obtain ground water protection permits (e.g., New Hampshire), or require them
to obtain individua permits (e.g., West Virginia). Some states (e.g., New Hampshire) establish ground
water compliance zones (generdly at the site boundary) while others (e.g., 1daho) require injectate to
meet MCLs at the point of injection. In Wisconan, the operator of afacility that discharges sewage
treatment effluent into a subsurface soil absorption system that is congtructed in the unsaturated zone
above the weter table is required to obtain a Wisconsin Pollutant Discharge Elimination permit. Direct
discharge into a saturated formation is prohibited in Wisconsin.

These gate regulatory programs are supplemented by regulatory standards and guiddines that
apply to the operation of municipal wastewater trestment plants under the authority of the Clean Water
Act and associated State regulations. BMPs for wastewater treatment plants have also been



established by USEPA under the Clean Water Act. These BMPs are equaly appropriate for treatment
plants that discharge to surface water and those that discharge (inject) into ground water.

2.  INTRODUCTION

The exiging UIC Program regulations in 40 CFR 146.5 do not include a definition of sewage
trestment effluent disposal wells. However, USEPA’s 1987 Report to Congress (RTC) on Class V
Injection Wells defined such wells as those that are intended to “ dispose of the effluent from
wastewater treatment plants by injecting the wastewater into or above USDWS' (USEPA, 1987).
According to the RTC, sewage treatment effluent wells are separate and distinct from aquifer recharge
and sat water intruson barrier wells, even though aquifer recharge wells and sdt water intrusion barrier
wells may inject treated wastewater effluent (USEPA, 1987). This sudy maintains this digtinction,
discussing sewage trestment effluent wellsin VVolume 7, sdt weater intruson barrier wellsin VVolume 20,
and aguifer recharge and aquifer storage and recovery wellsin Volume 21. Welsthat inject solely
sewage treatment effluent are discussed in this volume, even if one of the purposes of thewelsisto
provide asdt water intrusion barrier, to recharge an aquifier, or for aquifer storage and recovery.
Therefore, Sx aquifer storage and recovery well systems that are proposed to inject solely trested
effluent are discussed in this volume, and are not discussed in Volume 21. On the other hand, wells that
inject sawage treatment effluent mixed with other waters for these other purposes are discussed in
either Volume 20 or 21.

The definition of “well” includes not only what is generaly thought of asawell (i.e,, abored,
drilled, or driven shaft) but dso “improved sinkholes” and subsurface fluid distribution systems.
Therefore, leach fields and sinkholes used for subsurface disposa of treated effluent are aso within the
scope of this study (after Deuerling, 1999). Further, both publicly owned treatment works (POTWS)
and privately owned treatment facilities receiving soldly sanitary waste are addressed in this volume:?
Wels used to inject effluent from a privatdy owned trestment facility thet recelves industria waste,
however, qudify asindustrid wells. In addition, wellsthat inject sewage trestment effluent beneeth the
lowermogt formation containing a USDW qudify as Class | injection welsrather than ClassV wdls
(this study examines only wells that rel ease sewage trestment effluent into or above USDWSs). Findly,
large-capacity septic systems that digpose of sanitary waste from multiple dwellings business
establishments are addressed separately in Volume 5, and dry wells used to dispose of raw (untreated)
sanitary waste are classified as cesspools, which are being addressed in an initid UIC rulemaking on
known high-risk ClassV wdlls.

Since freshwater can be a cogtly and limited resource, more communities, especialy thosein
arid regions of the U.S,, are trying to derive some secondary benefits from treasted wastewater effluent.

! Sanitary waste means liquid or solid waste originating solely from humans and human activities,
such as wastes collected from toilets, showers, wash basins, sinks used for cleaning domestic areas, sinks
used for food preparation, clothes washing operations, and sinks or washing machines when food and
beverage serving dishes, glasses, and utensils are cleaned.



Most sewage treatment effluent wells are designed to also aid in aquifer recharge, subsidence control,
or maintenance of asat water intrusion barrier (Gredey and Hansen, 1991; Miller, 1991; Mills, 1991,
O'Hareet. d, 1986; USEPA, 1987; Ddllinger, 1997). Theuseof ClassV injection wellsthat are
designed exclusively for the purpose of sawage treatment effluent disposa appears to be limited.

3. PREVALENCE OF WELLS

For this study, data on the number of ClassV sewage treatment effluent wells were collected
through a survey of state and USEPA Regiond UIC programs. The survey methods are summarized in
Section 4 of Volume 1 of the ClassV Study. Table 1 lists the number of ClassV sewage treatment
effluent wellsin each date, as determined from this survey. The table includes the documented and
estimated number of sewage trestment effluent wells in each state, dong with the source and basis for
any estimate, when noted by the survey respondents. If agtate isnot listed in Table 1, it means that the
UIC Program respongible for that state indicated in its survey response that it did not have any ClassV
sewage treatment effluent wells.

Asshown in thistable, atota of 1,675 documented Class V sawage trestment effluent injection
wells were reported in 15 of the UIC programs surveyed. In addition to these documented wells,
USEPA Region 2 estimated |ess than 50 sawage treatment effluent wellsin New York. Oregon UIC
program estimated three sewage trestment effluent wells, and five UIC programs said that the true
number of sawage treetment effluent wellsin their gatesis unknown. The total estimated number of
wdlsin the U.S. is greater than 1,739.

Because mogt Class V sawage treatment effluent wells programs require operating permits, this
inventory information is consdered rdatively accurate when compared with the inventories for other
types of ClassV wellsthat are not regularly permitted (e.g., agriculturd drainage wells). Thetrue
number, however, may be higher or lower than that shown in Table 1. For example, the total national
inventory may be higher if some of the sdt water intruson barrier wellsin New Y ork, New Jersey,
Florida, and Washington arein fact injecting only sewage treatment effluent (these wells are counted as
sdt water intruson barrier wellsin VVolume 20 because the UIC programs did not indicate whether any
of the wdls areinjecting treated effluent). Conversdly, the total nationd inventory may be lower if some
programs incorrectly counted large-capacity septic systems as sewage treatment effluent wells. While
no dtates are known to have done o, for the find inventory shown in Table 1, the State of Maine
origindly classfied 168 large capacity septic systems as sewage trestment effluent wells.

Smilarly, competing factors may change the number of sewage treatment effluent wellsin the
future. In particular, the number of wells may decrease as more indudtria facilities are able to discharge
their sanitary wastes into municipa sewer systems. Conversdly, the number of wells may increase as
sewage treatment effluent is used more broadly for other purposes. The State of Washington has
recently authorized the injection of tertiary treated effluent for aguifer storage and recovery (ASR) on a
pilot basis. The Washington UIC program indicated that to



Table 1. Inventory of Sewage Treatment Effluent Wdllsin the U.S.

Estimated Total Number of Wells2

ptts

—

rling

ells

Documented
State Number of Well
umber ot VVells Number Sour ce of Estimate and M ethodology
USEPA Region 1
Information collected by USEPA on two sewage treatment facilities
NH 29 unknown | during 1999 field visits to the New Hampshire Department of
Environmental Services.
Telephone conversation with Ms. Mary Beth Costello, Massachus
MA 105 105 Department of Environmental Protection, Bureau of Resource
Protection (Costello, 1999).
Mark Hyland of the Maine Department of Environmental Protectior
reported that the original estimate of 168 sewage treatment effluent
ME 0 0 wellsreported in the Maine UIC program survey response were
actually large-capacity septic systems; no sewage treatment effluer
wells exist in Maine (Hyland, 1999).
USEPA Region 2
NY 0 <50 Best professional judgement of USEPA Region 2.
Territorial UIC program and USEPA Region 2 indicated in the survd
PR 0 unknown that treatment effluent wells exist in Puerto Rico, but none are
documented and no estimate is available.
USEPA Region 3
\WAY 9 9 Permit program data.
USEPA Region 4
Permit program data and telephone conversation with Richard Deug
FL 830 830 with the Florida Department of Environmental Protection in
Tallahassee, Florida (Deuerling, 1999).
State officials indicated that these wells do exist in Kentucky, but the
KY NR unknown _Kentucky U!C prqgram did not gomplete the survey, ar?d no
information is available concerning the number or location of such
in the state (Goodman, 1999).
USEPA Region 5
MI 0 11 USEPA Region 5 estimate.
Data from Local Health Departments, UIC program inspections, ang
OH 8 8 conversations with personnel from Ohio EPA District Offices, as
reported in the survey response by Ohio EPA.
Wi 3 3 Surveys conducted by Wisconsin Department of Natural Resource i

1989 and 1996.




Table 1. Inventory of Sewage Treatment Effluent Wdllsin the U.S.

Estimated Total Number of Wells2

e

es
er of

Documented
State Number of Well
umber ot VVells Number Sour ce of Estimate and M ethodology
Tribal NR NR NA
Program
USEPA Region 6
Telephone conversation with Steve Musick, Texas Natural Resourd
TX 10 10 Conservation Commission, Ground Water Assessment Section, W gter
Quality Division (Musick, 1999).
USEPA Region 7
Permit program data. The Nebraska UIC program reported that it dq
NE 1 Unknown ] not have the resources available to prepare an estimate of the numli
undocumented wellsin the state.
USEPA Region 8
wYy 8 8 Permit program data.
USEPA Region 9
AZ 79 79 Best professional judgement of the Arizona UIC program.
CA 205 unknown | Permit program data.
HI 378 378 Permit program data.
USEPA Region 10
ID 8 8 Permit program data.
Onsite and UIC staff estimates and UIC Database (updated 12/98)
OR 2 >5¢ provided by Calvin Terada, of USEPA Region 10, per telephone
conversation with Oregon UIC program personnel (Terada, 1999).
All USEPA Regions
All States 1675 51739 The total estimated number counts the documented number when the

estimated number is unknown or NR

NR Although USEPA regional, state and/or territorial officials reported the presence of the well type, the number of wells
was not reported, or the response was not returned.

N/A Not Applicable.

USEPA regional staff completing the survey response.

wellsin Volume 20.

Unless otherwise noted, the best professional judgement for the estimated number of wellsis that of the state or

Including less than 50 “estimated” sewage treatment wells but not including an “estimated” 200 salt water intrusion
barrier wells for which the source of injectate could not be determined. These are counted as salt water intrusion barrier



c In addition to the 824 documented sewage treatment effluent wellsin Florida, there are six aquifer storage and recovery
(ASR) facilities that are proposed to use reclaimed water (treated effluent) asinjectate. These six wells are counted
here as sewage treatment effluent wells because treated sewage, in the form of reclaimed water, is the only fluid injected
below ground as part of the operation of these ASR wells.

d Including two documented and three estimated sewage treatment injection wells.

their knowledge there are no ASR wdlsinjecting treated effluent, but expect that some such wells may
become operationd in the future. Florida has six ASR facilities that propose to use only reclamed
water (treated effluent) asinjectate.  These ASR systems are discussed in this volume and not in
Volume 21.

Almost 97 percent of the documented sewage treatment effluent wells were reported in only
five of the surveyed states: Arizona, Cdifornia, FHorida, Hawaii, and Massachuseits. Based on the
esimate provided in the survey, New Y ork may aso have ardatively large number of sewage
treatment effluent wells. A summary of the wells reported in these an other Satesis provided below.

Arizona

Arizona UIC program staff reported 79 sawage treatment effluent wells operating in the State,
based on best professiona judgement. The state program reported that some of these wells are
believed to be recaiving injectate from sources other than domestic wastewater trestment plant effluent;
however, the number of wells receiving sewage treatment effluent mixed with other fluids were not
provided in the survey response. Therefore, dl 79 of the reported wells areincluded in the sawage
treatment well inventory in Table 1. The Arizona Department of Environmenta Quadity (ADEQ)
indicated that the maority of the wells are located in areas in the central and southeastern portions of
the gtate that are not sparsaly populated areas, and that the mgority of the wells are located above
state-designated aquifers (Day, 1999).

California

The Santa Ana Regiona Water Quality Control Board (RWQCB) reported that there are 204
sewage trestment effluent wells operating in the region. The San Diego RWQCB reported that thereis
one operaing sewage trestment effluent well in the San Diego region. The Santa Ana RWQCB adso
reported that there are an unknown number of privately-owned and undocumented leach fields
(subsurface disposd units) that discharge treated effluent operating in the region. The other six
RWQCBsin Cdifornia did not complete survey responses for sewage treetment effluent wells.

The Chevron El Segundo Refinery has applied for a permit for ground water injection of
recycled water to aliquid hydrocarbon recovery system at the refinery. Chevron had been injecting
filtered ground water into the contaminated aguifer benegth the refinery as part of an aguifer
remediation and aquifer recharge project. The RWQCB approved the redesignation of the aquifer,
which would be required under Cdiforniaregulations for the injection of tertiary treated water into an
aquifer. The West Basin Municipa Water Digrict (WBMWD) which would supply the recycled



water, indicated that approvals by the Cdifornia Water Resources Control Board and the USEPA for
this proposed project were anticipated in March 1999 (WBMWD, 1999).

Florida

Florida UIC program staff reported 824 documented sewage trestment effluent wellsin in the
state, based on permit program data, and reported no additional estimated wells that are not
documented. The FHorida UIC program a so reported six proposed ASR wells that have applied for
permitsto inject only treated effluent; these are indluded in the inventory of sewage trestment effluent
wellsin Table 1. The permit Satus of these Sx ASR facilities, as of December 1998, is summarized in
Table 2. More than 700 of the 830 sewage treatment effluent wellsin Florida are located in the Horida
Keys (Monroe County), mostly in areas where there are no USDWSs.

Forida UIC program staff dso reported that there are 34 ASR injection well facilities for which
owners or operators have applied for construction or operating permits. Five of the 34 ASR facilities
are conducting operationd testing, and six have received state operating permits. Besdesthe Sx ASR
facilities that are counted in the sewage treatment effluent well inventory because they are proposed to
inject only sawage trestment effluent, the other ASR facilitiesin Horida are injecting (or will inject) a
mixture of sewage trestment effluent and other fluids. These other facilities are discussed in Volume 21
on Aquifer Recharge and Aquifer Storage and Recovery Wdlls.

Hawaii

Hawaii UIC program staff reported 378 documented and no additiona sewage treatment
effluent injection wells operating in the state, based on permit records. All 378 injection wells receive
effluent that is solely sanitary wastewater subject to secondary wastewater treetment. The Hawaii UIC
program reported the locations of each sewage trestment effluent well operating in the state in the

survey response.
Massachusetts

Massachuseits UIC program staff reported 105 documented sewage treatment effluent wells
operating in the Sate, and did not report any additiona estimated wellsin the state that are not
documented.

Michigan

Michigan UIC program staff did not provide an estimate of the number of sewage trestment
effluent wellsin its survey response. The injection well inventory provided by the state UIC program
did not categorize Class V wells by well type. USEPA Region 5 gtaff, however, estimated that 11
sawage trestment effluent wells exigt in Michigan based on areview of itsinjection wel inventory.



Table2. Aquifer Storage and Recovery Facilities I njecting Only Sewage Treatment Effluent in Florida

Facility Name ASR Pre- Construction Construction Well Constructed | Operational Operation
Type* Application Application Permit Issued Testing Permit
Received
V enice Gardens RCW X
Englewood RCW X
Hillsborough County NW RCW X
New Smyrna Beach Expl. RCW X
M anatee Southwest RCW X
St. Petersburg SW RCW X

*ASR Types: RCW-Reclaimed water (i.e., sewage treatment effluent)
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New Hampshire

New Hampshire UIC program gtaff did not report any sewage treatment effluent welsin its
survey response. However, permit data collected during a USEPA field visit to the New Hampshire
Department of Environmenta Services indicate the existence of two domestic sawage treatment
operations that discharge treated effluent into underground leach fied systems. These facilities have
been issued Discharge to Ground Water Permits by the State of New Hampshire Department of
Environmentd Services. One of these systems, operated by the Town of Ossipee, discharges both
primary treated effluent and untreated septage? to ground water through 24 subsurface leach fidlds.
The other system, located in the Town of Weare and operated by All
Clear Services, discharges tertiary treated effluent from a Solar Aquatics System®© (SAS) wastewater
trestment system to a series of five subsurface discharge units. According to the ClassV survey
criteria, these subsurface discharge systems are classified as sewage treatment effluent injection wells.,
For the purposes of the inventory in Table 1, therefore, each individuad subsurface discharge point is
dassfied as an individud injection well.

New York

New Y ork UIC program staff reported no documented sewage treatment effluent wells
operating in the state, but USEPA Region 2 estimated that less than 50 sewage treatment effluent wells
may exig in the Sate that are not documented. USEPA Region 2 did not provide any additiona
information concerning this estimate, which is based on their best professond judgement.

Oregon

Oregon UIC program staff reported two documented wells. It also estimated three additional
sewage trestment effluent wells, but stated that this vaue represents an underestimate of the total
number of such wellslikely to exist in the date. The Sate believes that some facilities may be ingtaling
numerous smdler capacity injection wels to take advantage of exemptions from permit requirements for
individua injection wells. These amal capacity wells do not require permits and are, therefore, not in
the state program inventory.

Texas

Texas UIC program staff reported that there is only one facility in the state that operates
sewage treatment effluent wells, and that 10 such wells are operated at this location.

Wisconsin

Wisconsn UIC program staff reported three documented sawage trestment effluent wells. The
Wisconsin Department of Natural Resources (WDNR) indicated that it expects that two of the three

2 Septage is the sludge material pumped from sewage septic tanks when they are cleaned.
11



documented wells will be abandoned within five years because of the availability of sewer connections
(WDNR, 1999).

Wyoming

Wyoming UIC program staff reported atotal of eight documented wastewater effluent injection
wells operated at two locations in the state. First, the Teton Village Water and Sewer Didtrict operates
three wells that inject treated wastewater from the Teton Village Wastewater Treatment Plant (WDEQ,
1993). Second, the Aspen/Teton Pines Water and Sewer Didrict operates five wdls that inject treated
municipa wastewater from the Aspen/Teton Pines Wastewater Trestment Plant.

4. SEWAGE TREATMENT EFFLUENT CHARACTERISTICS
AND INJECTION PRACTICES

4.1  Injectate Characteristics

The types and concentrations of injectate condtituents for sewage trestment effluent wells will
vary depending on the type of trestment the wastewater undergoes in the sewage treatment plant prior
to injection. Thetype of trestment, in turn, depends on the qudity of the raw wastewater that entersthe
treatment plant and the intended method of disposa of the treeted effluent. Domestic wastewater may
undergo four levels of trestment as defined by Perry (1975):

C Prdiminary trestment involves equdization, which avoids overloading the trestment system
during pesk flows, neutraization of the pH; oil and grease remova; metdlic ion remova; and
screening/grit removal.

C Primary trestment removes settlesble solids through sediments. Advanced primary trestment
may involve the addition of chemica compounds that aid in coagulation of solids, remova of
phosphorous, and increased biologicd oxygen demand (BOD) removal.

C Secondary treatment, according to Rhyner (1995), is“biologica remova of dissolved organic
matter and inorganic matter.” Inorganic compounds of environmenta concern in domestic
wagtewater include phosphate and nitrogen compounds (in the form of ammonia, organic
nitrogen, and nitrates), which can degrade the quality of recelving waters. These compounds
can dso be removed in the secondary treatment stage of an appropriately designed wastewater
treatment system. Rhyner states that secondary treatment may reduce BOD by 90 percent,
and can sgnificantly reduce nitrogen and phosphorous. Activated dudge and trickling filter
processes are the most frequently employed secondary trestment methods in the United States.

C Tetiary treatment is defined as* any process that follows secondary biologica sysems’ (Perry,
1975). Tertiary treatment may be used in specific instances where phosphorous and nitrogen
(in the form of ammonia, organic nitrogen, and nitrates) remain a unacceptable levelsin an
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effluent sream (Perry, 1975), and may aso involve the remova of “pathogenic microorganisms
and viruses’ (NC, 1996). Several state UIC programs reported that sewage trestment effluent
well operators are employing tertiary treatment systems to meet injectate qudity limitations.
Such systems, which may include sand filtration, reverse osmosis, or microfiltration systems, are
able to produce a high qudity effluent that when injected, poses low risk of ground water
contamination (NRC, 1996; Horan, 1990). However, the risk to senditive populations and
ecologicd receptors posed by the underground disposal of tertiary effluent continues to be the
subject of ongoing research (Goldman, 1999).

Injectate quality data provided by state UIC programs and obtained through field vidits indicate that
sawage trestment effluent disposed by underground injection is generally subjected to secondary
trestment at aminimum, and in many cases effluent is subjected to tertiary treetment. However, one
subsurface disposal unit was identified in the study where injectate receives only primary trestment prior
to injection

Survey respondents provided injectate data for only afew of the sewage trestment effluent
injection wellsin their jurisdictions and some respondents did not provide any data for these wells.
Additiond injectate data for sewage trestment effluent wells were obtained from follow-up research
and telephone contacts with permitting agencies. Altogether, the available injectate data for sewage
trestment effluent wells represent only gpproximately 1 percent of the total inventory of more than
1,675 documented wells (six facilities located in three states and comprising 21 wells). These data are
summarized in Sections 4.1.1 through 4.1.4.

4.1.1 Oveview of Injectate Quality

Thefollowing examples of injectate quality for sawage trestment effluent wells were taken from
the literature, from permit documentation provided by state regulatory agencies through the Class V
injection well survey, and from permit data obtained through field visits and telephone contacts with
date regulatory agencies.  Thisinformation is organized by sate in order to reflect the specific
monitoring requirements and resultsin the different states. Because of differences in these requirements,
the injectate quality data obtained from one UIC program may not be directly comparable to the data
obtained from another program.

Arizona

ADEQ daff indicated that there is some variability in injectate qudity for sawage trestment
effluent wells, but that approximately 90 percent of these wells operating in Arizona meet drinking water
MCLs &t the point of injection. ADEQ staff also indicated that the wastewater trestment plants
discharging to injection wells in Arizona use some type of tertiary trestment systemn in order to meet
effluent (injectate) quality sandards. Of the 79 sewage treatment effluent wellsin Arizona, 41 were
reported to have tertiary treatment including sand filtration, six were reported to have reverse osmoss
systems, and 32 were reported to have microfiltration (Day, 1999).
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California

Representatives of the San Diego and Santa Ana RWQCBs indicated in the survey responses
that the 205 sawage treatment effluent wells operating in their regions (other than the sdt water intruson
barrier wells) receive treated effluent that is subjected to secondary trestment. However, injectate data
were not provided for these wells.

Florida

The Manatee County Public Works Department ASR system well injects exclusively reclaimed
water (treated effluent) and are therefore classified as sewage treatment effluent wells. Table 3
summarizes the injectate data for these wdls.  Injectate monitoring data indicate that the effluent
discharged to the Manatee County ASR systemn well meets primary and secondary drinking water
standards for the congtituents monitored.

Table 4 presents injectate data for secondary treated wastewater effluent injected into sewage
treatment effluent wellsin the Pinellas Peninsulain west-centra Florida (Rosenshein and Hickey,
1997). In Monroe County (southwest Forida) the Monroe County Health Department (MCHD)
monitors injectate quality for sewage trestment effluent wells operating in the county. Table 5 presents
injectate data for aerobicaly treated residential wastewater effluent published by the MCHD (MCHD,
1997).

Hawaii

The City and County of Honolulu, Hawaii Department of Wastewater Management (HDWM)
published data on injectate characteristics for wastewater trestment plants injecting treated effluent into
ClassV injection wells (HDWM, 1997). The HDWM operates three wastewater treatment plants
(WWTP) on theidand of Oahu, including the Kahuku WWTP, Padlaa Kat WWTP, and Waimanao
WWTP. Each facility injects secondary treated wastewater into systems of injection wells. Tables 6,
7, and 8 show the condtituents found in wastewater injectate for the three injection well systems for
years between 1993 and 1997. The injectate data for the Kahuku, Padlaa Kai, and Waimanalo
WWTPs show that feca coliform concentrations exceeded the primary MCL of 1/100 ml, and that
concentrations of TDS exceeded the secondary MCL of 500 mg/l.

Massachusetts

Massachusetts UIC program staff provided injectate quality data for three wastewater
trestment plants that inject treated effluent; these include amunicipa wastewater trestment plant, a
school complex, and a condominium complex. Monthly monitoring report summaries were provided
by the Massachusetts Department of Environmenta Protection (MDEP) for the Edgartown
Wastewater Treatment Facility in Edgartown, The Easton School Complex in Easton, and the Fuller
Pond Condominiums Trust in Middleton, Massachuseits. Injectate quaity monitoring and monthly
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Table 3. Injectate Data for the ASR System at M anatee County
Public Works Department Water Treatment Plant, Manatee County, Florida

Parameter Drinking Water Health Advisory L evel Range of Concentrations
Standar d* (mg/l, unless otherwise (mg/l, unless otherwise
(mg/l, unless otherwise indicated) indicated)

indicated)

Total Trihalomethanes (TTHMs)| 0.08 (P) NA 0.012 - 0.015

Gross Alpha 15 pCi/l (F) 15 pCi/l (C) 1.0-1.5pCi/l

Dissolved Oxygen NA NA 561-811

Total Iron Secondary MCL: 0.3 (F) NA <0.02 - 0.03

Conductivity NA NA 250 - 360 uhmos

Total Dissolved Solids (TDS) Secondary MCL: 500 (F) NA 180 - 205

pH Secondary MCL: 6.5- 8.5 NA 7.1-80

Chloride Secondary MCL: 250 (F) NA 16.4-21

Sulfate 500 (P) D 79-90

Secondary MCL: 250 (F)
Total Alkalinity NA NA 12.2-21.8

Data Source: Manatee County Public Works Department, 1996

Regulatory Status: D - Draft; F- Final; P - Proposed

- means no discharge limit, MCL, or HAL specified

16. indicates primary MCL

©) indicates secondary MCL (no notation means the valueis aprimary MCL)
(NC) means the reported health advisory level is for non-cancer effects

© means the reported health advisory level isfor a 10 cancer risk

NA means Not Applicable
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Table 4. Congtituents of I njected Wastewater Effluent, Pinellas Peninsula, Florida

Constituent Concentration (mg/L) MCL (mg/l) HAL (mg/l)

Boron, dissolved ND - 0.36 - 0.6 (NC)
Cadmium, dissolved ND 0.005 0.005
Cadmium, total recoverable ND 0.005 0.005
Copper, dissolved ND 1(S) -
Copper, total recoverable ND 1(S) -
Iron, dissolved ND - 0.08 - -
Iron, total recoverable ND - 0.13 - -
Lead, dissolved ND 0.015 --
Lead, total recoverable ND - 0.001 0.015 --
Zinc, dissolved ND - 0.05 5(S) -
Mercury, total ND - 0.0002 0.002 0.002
Silica 5-22 - -
Total Nitrogen 12-25 - -
Organic Nitrogen 16-11 - -
Nitrite, as N 0-34 — --
Ammonia, NH,as N 5-23 - -
Nitrate, as N 0-32 10 -
Total Phosphorus, as P 25-93 - -
Dissolved Solids 460 - 2,200 500.0 (S) --
pH 6.4-8.6 6.5-85(S) -
Dissolved Oxygen 4-82 - -
Chemical Oxygen Demand 59 - 120 - -
Biochemical Oxygen Demand 5-day 2-49 - -
Biochemical Oxygen Demand 20-day 19- 150 - -
Total Organic Carbon 7-28 - -

Source: Rosenshein and Hickey, 1997.

— means no discharge limit, MCL, or HAL specified

©) indicates secondary MCL (no notation means the valueis aprimary MCL)

(NC) means the reported health advisory level is for non-cancer effects

ND means Not Detected
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Table5. Congtituents of Injected Aerobically Treated Effluent, Monroe County, Florida

Concentration (mg/L)
Constituent
1995 1996 1997 MCL (mg/l) HAL (mg/l)
CBOD, ND - 30.6 ND - 72 ND - 150 - --
TSS ND - 276 ND - 820 ND - 131 - --
Total Nitrogen 1.04 - 92.65 ND - 85.6 1.1-68 - -
Total Phosphorus | ND - 13.4 ND - 72 ND - 0.42 - -
pH 74-78 NR NR 6.5-85(9 -
Chlorine 0-0.05 NR NR 250 (S) —

NR - Not Reported
ND - Not Detected

Source: MCHP, 1997.



Table 6. Congtituents of Secondary Treated Wastewater | njectate, Kahuku WWTP Oahu, Hawaii 1993-1997

Concentration Ranges mg/L (except as noted)
Constituents
1993 1994 1995 1996 1997 MCL (mg/l) HAL (mg/l)
BOD, 98- 99 NR 1-4 1-3 1-6 - --
Suspended Solidg 98 - 99 NR 1-2 1-4 1-2 - -
Turbidity (NTU) | NR NR 0.3-0.88 02-24 0.07-13 - -
pH 6.61-7.32 6.59-7.27 6.77-7.11 6.58 - 6.82 6.59 - 7.06 6.5-85(9) --
Chloride 05-398 0.28-2.28 0.15-09 0.14-0.48 0.10-0.81 250.0 (S) --
Total Kjedahl NR <0.05-6 03-16 0.1-0.8 0.3-05 10 (Hawaii state -
Nitrogen standard)
AmmoniaasN NR <1.0-52 <0.1-0.46 01-03 01-02 - --
Dissolved NR NR 19-431 2.83-8.67 47-512 - --
Oxygen
Fecal Coliform NR NR 1-58 1-4 2-7 /100 ml --
(CFU/100 ML)
Nitrate + Nitrite NR 0.8- 1.56 2-15 135-275 26.0-27.2 -- -
Total NR 224-31 1.94-3091 2.56-2.82 287-31 - --
Phosphorous
Ortho- NR NR 187-321 224-271 261-31 - --
phosphorous
TDS NR NR 292 - 463 420 - 4,586 420 - 449 500.0 --
Surfactants NR NR 0.25-05 0.25-05 NR 0.5(9 -

Source: HDWM, 1997.

NR - Not Reported



Table7. Constituents of Secondary Treated Wastewater 1njectate, Paalaa Kai WWTP, Oahu Hawaii 1993-1997

Concentrations mg/L (except as note