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A MESSAGE TO STAKEHOLDERS

This document has several aims. One is to provide insight into the scope of surface water

guality impairmentsn Kentucky due to bacteria. Another is to create a framework for

initiativesthat can beundertakenlocally to improve and restore water quality. A third is to

Fdzf FAEE YSyiGdzO1eQa 26t A3l GA2Y dzy RSNJ 6KS /Sty
(TMDLs) for impaired waters listed in the biennial Integrated Water Quality Report to Congress.

This bcument provides a method for @eloping TMDLs for arwaterbodyimpaired by

0F OGSNAI GAGKAY YSyiadzO1eQa 2dzNARARAOQUAZ2Y D

The ProblemBacteriaimpaired waters occur throughout Kentucky

In its 2014 Integrated Water Quality Report to Congress, the Kentuelgrddi of Water

(Division) identified 331 waterbodies that are impaired due to bacteria. Specifically, these
waters havenot metthe state water quality standards f&. coliand/or fecal coliform. These
types of bacteria indicate the likelihood that thes@ters contain pathogens, or disease
causing agents, associated with contamination from human or animal waste&. Téand

fecal coliform standards are intended to protect the health of those using waterbodies for
swimming, wading, boating and othezcreation. Waters that are impaired do not fully support
these recreational uses. Bacteirapaired waterbodies occur in every major river basin of
Kentucky.

How are bacteria getting into the water?

Bacteria can come from a variety of sources. Somaeftburces are regulated under the
Kentucky Pollutant Discharge Elimination System (KPDES) and require a permit to discharge.
These include sanitary wastewater systems, such as wastewater or sewage treatment plants,
and municipal storm sewer systems. Otlseurces do not fall under KPDEESmitting

authority and typically are closely tied to land use. These are known as nonpoint sources and
often contribute to runoff pollution following rainfall or snowmelt. Nonpoint sources include
livestock in or near strams, poorly functioning septic systems, spray irrigation waste handling
systemsand pet waste.

How will the bacteriaproblem be addressed?

For impaired waters to return to full support of recreational uses, actavesneededo curb

the amount of bacteria passing into the waterbodiesidtessarynd appropriate, KPDES
permits can be adjusted to ensure they are consistent with the TMDLreButing the bacteria
load from nonpoint sources will depend on voluntary actiongitigens, property owners, and
other stakeholders who use the land resources within the watershed of an impaired water.
Examples of measures for reducing bacteria include reducing livestock access to streams,
planting buffers of vegetation to slow runofhd filter out pollutants, providing financial
assistance for septic system owners to repair and maintain their systems, eliminating illegal
GAaGNFAIKGOG LALISEae GKFG RAAOKEFNBS dzy iNBF GSR
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the importance of piking up trash and pet waste.

The measures chosen need to be tailored to the actual sources contributing bacteria to an
impaired water. The measures should be feasible to put in placénand aikelihood of
successt reducing the amounts of bacteria @b reach the water.

Who shouldaddress the problem?

't GAYLHGStes SOSNER2YS Ay YSyiddzO1e Kkra + adl1s
can take part in efforts to improve water quality. The ways we use our land, maintain our
property, operae our businesses armdanage our waste all have an impact, positive or

negative, on the waterways connected to the lafitizens and other stakeholders concerned
with water quality may form a watershed team to develop a watershed plan that identifies
specfic causes of water pollution and the most effective actions for reducifidghé.Division

offers technical assistance for watershed planning and manages a grant program that can
provide financial help to watershed groups to organize, develop a waterslhed gnd carry

out activities of approved plans. Through every stage of watershed planning and management,
the support and engagement of local citizens and community stakeholders are key to the
success of any activity to improve water quality.

Xii
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TMDL SYNOPSIS

S.1llmpaired Waterbodies

State Kentucky

Major River Basin: See Appendices

USGS HUCS8ee Appendices

Counties: See Appendices

Pollutants of Concern:E. coliFecal Coliform

Impaired Use:Primary Contact Recreatipecondary Contact Recreation, or both
Suspected SourcesSee Appendices

TMDLs for individual bacterienpaired segments will be submitted in appendices to this
document. The Kentucky Division of Watdiyisior) will provide public noticeof these

appendices, which will contain the waterbodpecific information for the impaired segments.
The appendices will rely on the TMDL loadings and the general information in this document

and thus will not be staghalone documents.

S.2 TMDL Numeri@/ater Quality Criteria

Table & Bacteria TMDIMWater QualityCriteriafor All Surface Waters

Designated
Use Numeric Criterion
240E. colicolonies/100ml which must be met in at least 80% of all
samples takenvithin a 30-day periodduring the Primary Contact
PCR Recreationhseason of May through October
130E. colicolonieg100 ml as a geometric mean based on not less than
samples takenvithin a 30-day periodduring the Primary Contact
PCR Recreational seasaof May through October
400fecal coliformcolonies/100ml which must be met in at least 80% of
samples takenvithin a 30-day periodduring the Primary Contact
PCR Recreationhseason of May through October
200fecal coliformcolonieg 100 ml as a geometric mean based on not le
than 5 samples takewithin a 30-day periodduring the Primary Contact
PCR Recreational season of May through October
2000fecal coliformcolonies/100ml which must be met in at least 80% o
SCR | allsamples takemvithin a 30-day period
1000 fecal coliformcolonieg100 ml as a geometric mean based on not |
SCR | than 5 samples takewithin a 30-day period

Xiii
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S3 TMDL Equation andllocations
According to EPAL991), a TMDL calculation is performed as follows:

TMDU H2[! b H[! b ahf{
(Equation 1)

Where:
TMDL:The WQC, expressed as a load. The WQC for bacteria are specifauer3.

H 2 [ Theé sum of all Wasteloalllocations, which is the allowable loading of bacteria into the
stream from all contributing KPDfp8rmitted sources.

H [ Thé sum of all Load Allocations, which is the allowable loading of bacteria into the stream
from all sources not permitted by KP®ENd from natural background.

MOS: The Margin of Safety, which is implicit since conservative assumptions are applied to
account for uncertainties in the relationship between effluent limits and water quality.

Equation 1 can be ravritten to group WLAaNd LAS:

¢ a 5 [ |" (,) H| §eg[ne|!]tb H,) H|H|2[[ I !U.bstrémbH. [é |HI @ [ !Tributby"‘ MQS‘ 0
(Equation 2)

Where:
(HWLA +HLAXegmeni Allowable loads for all WLA and LA sources that contribute bacteria
directly to an impaired segment.

OHZ2 ! dpstrear} [A lutped allowable load for all WLA and LA sources that contribute
bacteria upstream of an impaired segment.

OH2 [ ! deuayd A lumiped allowable load for all WLA and LA sources that contribute
bacteria to all tributaries that flow into an impairesgtgment.

This translates as:

The total maximum daily load is equal to the allowable bacteria loadings discharged directly to
an impaired segment plus the allowable upstream load(s) plus the allowable tributary load(s)
plus the margin of safety or as:

¢aS5[ ' OHZeghehb B4 'HPAGWNBI Y [2F Roa0 b H¢NROIzI
(Equation 3)

An allowable load can be calculated as:

Allowable Load = QxWQCxCF
(Equation 4)

Xiv
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Where:
Q: The flow that is contributed by a source or the stream flow itself, in cfs

WQC:The applicable criterion for a bacteria indicator, edleS2.

CF:The value that converts the product of concentration and flow to load (in units of colonies
per day); it is derived from the calculation of the following components: (28.31685L/ft
86,400seconds/day * 1000ml/L)/(100ml) and is equal to 24,465,758ebndsml/ft >*day.

The WLA has three potential components:

20 ¢ 2q{!2 {b 2Hal{ nb WA { h
(Equation 5)
Where:
SWSWLA:The WLA for a KPDR&rmitted sanitary wastewater systemhat has discharge
limits for bacteria (including wastewater treatment plants, sewage treatment plants, package
plants and home units).

MS4WLA:The WLA for a KPDR&mitted Municipal Separate Storm Sewer System (MS4),
which can include citiegounties, universities and military bases, as well as the roads and right
of-ways owned by the Kentucky Transportation Cabinet (KYTC) within other types of MS4s.

CSGWLA:The WLA for a KPDR&mitted Combined Sewer Overflow.
Equation 5 can be substituento the Equation 3 to obtain:

¢as5[ T -2dH{ {2xa{ nb-2H/{ Hosegtieb! ! LIAGNBIY [ 2} Ro&0V
Load(s) + MOS
(Equation 6)

There are two methods for incorporating a MOS in the TMDL analysis: implicitly include the
MOS using conservative assumptions, or explicitly designate a numerical portion of the TMDL as
the MOS. For this TMDL, an implicit MOS is applied (See Footnot& &le&3).

Equation 4 can be substituted into each load component of Equation 6 to obtain a table of
allocations for all potential bacteria sources to an impaired segment (B8)leNote that

G2v/ & AYO2NLRNI (84 { KiablFaittrion aB packied AL EAR 2F SI O

10:031 Section &ge Section 2.0 of this docum@ntThe criteria for geometric means specify a
concentration benchmark, an averaging period, a minimum number of samples, and season
when applied. The criteria forrggle sample maxima specify a concentration benchmark, a
percent exceedance, a sample collection period, and season when applied. Loads based on the
WQC accordingly incorporate all of the elements included in the WQC. Noti alsource

does not contribte to an impaired segment, that component drops out of the allocation table

(i.e. if there is no MS4, the MSHLA component is removed from the table, etc.).

XV
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TableS3 Segment TMDL Allocatiofis

Allocations for Direct Loads to the Segment Allocaions for Allocations for
@ i 9)
TMDL SWSNVLAY MSAWLA® CSONLAD LA Upstream Loacito the | Tributary Load)s to the, MOS
Segmenf Segmen®

QsxWQCXCF| H 0sWxWQCXCF)| H OmgaxWQCXCF)| H O0c¥xWQCXCF)| H 6LWQCXCH H OupstrearxWQCXCF) | H OributanyxWQCXCF) | Implicit

DAIl loads are colonies/day of eith&r colior fecal coliform. The recreational use bacterial WQCs are found in 401 KAR 10:031. CF is the
conversion factor (24,465,758s-ml/ft3-day) to change the product of bacterial concentrat{onlonies/100 ml) and flow (i) into a load
(colonies/day).t KS &a&vYo2f aHé AYRAOINIGSAa GKIFIG GKS G2arft Frfft20FdA2y Aa GKS

@Qsis the flow (fé/s) in the segment.

©GIQswsis the flow (fé/s) in the segment due to a SWS entity. New or expanded SWS sources will be allowed to discharge to the segment
contingent upon them meeting the PCR bacterial WQCs found in 401 KAR 10:034/L3W/&ill be translated into KPDES permit limits as an
E. colieffluent gross limit of 130 colonies/100 ml as a monthly average and 240 colonies/100 ml as a maximum weekly averdgealr as a
coliform effluent gross limit of 200 colonies/100 ml as a monthly average and 400 colonies/100 ml as a maximum weekly average

“Qus4is the flow (fé/s) in the segment due toraMS4 entity. The MSWLA is not an endf-pipe limit The MS4WLA is an aggregate of the in
stream contribution of all MS4 outfalls within the MS4 jurisdiction, notgt@m watercontribution from indvidual MS4 outfalls. The MS4
WLA will be addressed through the MS4 permit and implemented througBtiven\Water Quality Management Plan (SWQMRh MS4
permittee is compliant with its MSWLA if it is compliant with its permit.

®)IQcsds the flow (fé/s) in the segment due to a CSO entity. Dry weather CSO flows are prohibited. During wet weather events, a CSO entity is
compliant with its CS@VLA if it is compliant with itsong Term Control Plan ak@PDES permit.

©Q ais the flow (fé/s) in the segmendue to a LA source.

(MQupstreamis the flow contribution (f/s) from upstream of the segment. This load includes both WLA and LA sources upstream of the impaired
segment.

®Qrributaryis the flow contribution (f¥/s) from a tributary to the segmenthis load includes both WLA and LA sources on tributaries to the
impaired segment.

©The following assumptions provide an implicit MOS:

(a)Upstream and tributary bacterial concentrations are at the maximum allowable limit; there is no dilution camswithdise areas.

(b)Although all sources are provided an allocation at the Water Quality Standatra]l sources discharge at this maximum allocatibthe
same tine.

(c)There is no bacteria dieff; in reality bacteria concentrations diminish downstre from their source. Thus, bacteria loads to the upper
portion of a segment will diminish prior to reaching the lower portion of the segment.

(d)For SChmpaired segmentsSWS sources must meet the PCR criterion-y@and.

XVi
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Figure $3-1 illustrates howthe watershed of a hypothetical impaired segment would be
divided into areas of direct, upstream, and tributary loadiAtjocations in each dhese areas
would beassignedased on thdormulasin Table S.3.

g W Stream
’\ L,m Ly —— Impaired Segment
| ' Area of Direct Loading to the Segment
Area of Loading from Upstream of the Segment
Area of Loading from Tributaries of the Segment

(SN 4

T

Figure S.& Areas of Directpstream, and Tributary Loading

S.4Translation of WLAs into Permit Limits

WLAs for Sanitary Wastewater Systems (S\&8g)iven in Tabl&3. SWSNLAs will be

translated into KPDES permit limits askarcolieffluent gross limit of 130 colonies/100nd a
monthly average and 240 colonies/100ml as a maximum weekly average or as a fecal coliform
effluent gross limit of 200 colonies/100ml as a monthly average and 400 colonies/100ml as a
maximum weekly average.

WLAs for MS4 areas are also given in TaBler8e following assumptions are provided to
facilitate implementation of the MSY¥VLA in the permitThe MS4NLA is not an endf-pipe
limit. The MS4ANLA is an aggregate of thestream contribution of all MS4 outfalls within the
MS4 jurisdiction, not the storm water contribution from individual MS4 outfallIS4WLAs will
be addressed through the stormater permitand implemented through the Storm Water
Quality Management Plain MS4 permittee is compliant with its MSMLA if it is compliant
with its KPDES permit.

WLAs for CSOs are also given in TaBlelBe following assumptions are provided toifsate
implementation of the CS@/LA:Dry weather CSO flows are prohibit&lring wet weather

Xvii
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events, a CSO entity is compliant with its &@8ICA if it is compliant with itsongTerm Control
Plan andKPDES permit.

All future growth sources must me&tS 5 A @pednktidgfeairements.

Xvili
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1.0INTRODUCTION

The Clean Water Act requires states to designate uses for surface waters within their

jurisdiction. The designated uses assigned to waterbodies in Kentucky can bdrfoun

Kentucky Administtive Regulations (KAR)4Q21 KAR 10:026 and inclugemary contact

recreation (PCR) and secondary contact recreation (SCR). PCR or SC&evdédirsed

respectively) & a6l GSNR adzAdl ofS F2N) Fdzi t o02Reé O2yil C
al®& M 0KNRdzZZK hOU20SNJomé 2NJ agl GSNB &adzaidl ot S
to public health due to water quali§(401 KAR 10:001further,401 KAR 10:034stablishes

water qualityd i F Y RF NR&a GKFG I NBS GYAYAYdzY NBIjdzA NBYSy (2
I 2YY2y6SIEfGK 2F YSyiddzO1e Ay 2NRSNI G2 YFAYGlrAy
pathogenrelatedwater quality criteria\WQQ in 401 KAR 10:031 are based upon those

recommenckd by the U.S. Environmental Protection Agengy# (U.S.EPA, 198&nd 2012.

¢KS GSNY aLI GK23aASy¢é¢ NBFSNB G2 o6F OGSNRIF X JA NHza
that can cause disease. Because it is currently resauteasive, diffcult, and a potential

health hazard to detect most pathogens in water, other organisms are used to indicate whether

the presenceof pathogens is likelyConsistent witt® t ! rée@mmenckd criteriag Kentucky uses
Escherichia cofE. colj and fecal colifan bacteria as indicator organisms of pathogdascoli

and fecal coliform are found in the fecal waste of humans and walonded animals (birds

and mammals). The presence of these bacteria in a waterbody indicates that contiamina

from human or animalvastehas likely occurred and that pathogens may be present.

Section 303(d) of the Clean Water Act (CWA) requires states to identify waterbodies within
their boundaries that have been assessak not currently meeting their designated uses (401
KAR 10:026 and 10:03&and require the development of a Total Maximum Daily Load (TMDL).
States must establish a priority ranking for such waters, taking into account their intended uses
and the sevety of the pollutant. Tle resultinglist of impaired waterss submitted to the EPA

during evennumbered yearsand each submittal replaces the previous lisstings of bacteria
impaired segmentsan be found inthe5 A @A & A 2 Y md&stFecéntnigddaédDREeport to
Congress on the Condition of Water Resources in Kentucky Volume Il. 303(d) List of Surface
Waters which carbe obtained athttps://eec.ky.gov/Environmental
Protection/Water/Monitor/Pages/IntegratedReportDownload.aspx

States are required to develop TMDLSs for the pollutants that cause each waterbody to fail to
meet its designated uses. The TMDL establishes the allowable amount (i.e., load) of the
pollutant the waterbody can naturally assimilate while continuing to méaetwater quality
standardsfor each designated us@he pollutant load must be established at a level necgssa
to achievethe applicableNQG with seasonal variations andnaargin ofsafety that takes into
account any lack of knowledgdoutthe relationship between effluent limitations and water
quality. This load is then divided among different sources of the pollutant in a watershed.
Information from EPA on TMDLSs can be foundhdtp://www.epa.gov/tmdl.



https://eec.ky.gov/Environmental-Protection/Water/Monitor/Pages/IntegratedReportDownload.aspx
https://eec.ky.gov/Environmental-Protection/Water/Monitor/Pages/IntegratedReportDownload.aspx
http://www.epa.gov/tmdl
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TMDLs for individual bacterienpaired segments will be submitted in appendices to this
document with anappendix corresponding to each major river baSine Divisiorwill provide

public noticeof these appendices, which will contain thaterbody-specific information for the
impaired segments. The appendices will rely on the TMDL loadings and the general information
in this document and thus will not be staradbne documents.
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2.0WATER QUALITY CRITERIA

A TMDLprovidespollutant allocatonsfor a waterbodyto meet its designated use As of 208,
the Divisionusedfecd coliform andk. colias indicators of the likelihood giathogen
impairment.

ThePrimary Contact RecreatioQCare in effect from May 1 through October 31. For this
designated use, 401 KAR 10:031 Section 7(1)(a) states that:

Fecal coliform content or Escherichia coli content shall not exceed 200 colonies per 100 ml or
130 colonies per 100 ml respectively as a geometric mean based on not less than five (5)
samples takn during a thirty (30)lay period. Content also shall not exceed 400 colonies per
100 mlin twenty (20) percent or more of all samples taken during a thirtyd8@)period for

fecal coliform or 240 colonies per 100 ml for Escherichia coli. Theselialitse applicable

during the recreation season of May 1 through October 31.

The Secondary Contact RecreatidfQCs are in effedor the entire year. 401 KAR 10:031
Section 7(2)(a) states:

Fecal coliform content shall not exceed 1000 colonies pem1@8 a monthly geometric mean
based on not less than five (5) samples per month; nor exceed 2000 colonies per 100 ml in
twenty (20) percent or more of all samples taken during the month.

Because there are multiple WQCs for bacteria, all of which bristet for a waterbody to
meet the standards o401 KAR 10:031, there are also multipdDls that must bedeveloped
which are evaluated basesh the type, timingandamountof data collectedas described
above

Bacteria levels in a stream can vary in response to weather, how continuous or intermittent
discharges influence stream conditions, and other factors. The recreational criteria reflect this
variability by incorporating 3@ay evaluation periods. Whenasged Y3 | 6 G SNDb2R& Q&
of its designated uses, the Division does not make the determination based on a single sample.

As stated, for example, a geometric mean requires a minimum of five samples. Likewise, when
comparing stream data to the concentratitmenchmarks for individual samples (i.e., 240

colonies/100 ml oE. colj 400 colonies/100 ml or 2,000 colonies/100 ml of fecal coliform), the

Division uses results from multiple samples representing a variety of flow conditions over the
recreation seasoto determine if a stream supports recreational use(s).
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3.0PHYSICAL SETTING

Element2 ¥ I ¢ 0 SND 2 R & iaciudingiibchakaOeristicainddyind ggclogy
andhydrology caninfluence topographyland use, andbacteria transport and survival. These
FaLlSoia 2F YSyi(dzO1eQa LKeaAOlt aStaday3a | NB

3.1 Hydology

The Commonwealth of Kentucky has more than 90,000 miles of streams and sprirsgskg a

of 1:24,000 (KDOWO14) ® ¢ KS ¢dz3 C2NJ] X . A3 {lFIYyRe&3X hKAZ2
northern and western border of more than 800 miles. The major river basins that capture the
drainage of Kentucky are shown in Fig@8r&1 (Commonwealth of Kentucky, 201T)ith the
exception of far western Kentucky, all drainage makes its way to the Ohio River before it
discharges to the Mississippi River.

The Divisiorollows the Strahler (1952) method for stream order determinatahere small
upstream segments with no tribaties are first order. When two first order streams merge,

they form a second order stream segment; two second order segments merge to form a third
order segment; and so on. In this method, a first order segment merging with a second order
segment resultén a continuation of the second order segment; order only increases when
segments with the same order mergw if a tributary to a main segment has a larger order.

First order streams tend to be small and carry little flow except during wet weather events

while larger stream orders indicate larger systems with greater fhvthe 1:100,000 scale of

the National Hydrography Dataset, eight interior rivers discharge to a border river as sixth order
or higher: Levisa Fork, Lickjientucky, Salt, Green, Tewater, Cumberland, and Tennessee.

County Boundary

Stream Order, 1:100,000 NHD
5

Ohio (minor tributaries)

e

—6 Ohio (minor tributaries o ; /
R : Tygarts;
—8,9,10 Licking ™ Little

Sandy

Ohio (minor tributaries)
3 - Salt 4 ' A
“ Kentucky Big

x Sandy

¢ R e

{ A J
Tradewater * 4

{d Tennessae |- Lower } Lorer Z a0 , y
o 4 ) p
A~ f Mississippi Gpabsijond p = Cumberland : t

(minor tributaries)

0 15 30 60 90
e  Miles

Figure3.1-1 Major River Basins of Kentucky
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A watershed is an area of land draining to a common waterbody. The surrounding ridgelines
and high points define the boundary that divides one watershed from anotherf tkieavater

that flows off the land or soaks into the ground within that boundary will make its way to the
same stream. Each major river basin consists of many tributary rivers and streams that drain
subwatershed areas.

Hydrologic unit codes (HUCs) weleveloped by the U.S. Geological Survey to assign unique
identification numbers to individual watersheds. The longer the identification number, the
smaller the watershed. While adigit HUC typically represents a major river basin, -aigjt

HUC represes the watershed of a much smaller stream. For example, tegié HUC for the
entire Kentucky River basin is 051002. Within that basin, the watersheds of the North, Middle
and South forks of the Kentucky River are assigndd)i8 HUCs of 051004, 0510202, and
0510023, respectively. Within the Middle Fork of the Kentucky River watershed, tributary
Beech Fork is given the -tixgit HUC of 051002@204 The 12digit HUCs for areas surrounding
and immediately upstream of each impaired segment of this TetBlidentified in the
appendices to this report

3.2 Karst

¢CKS adFdiSQa (21L23INYLKeE AyOfdzRSa airAayAFAOryd |
shown in Figur&.2-1. In Kentucky, karst features such as sinkholes, caves, and spkings

result fromweathering of limestone (and occasionally dolostone) bedrdtle areas where

these rocks are located near the surface closely approximate where karst topography will form
(KGS, 2016dThis bedrock contains many interconnected bedditagnes and vertical joints,

and the calcium (or magnesium) carbonate within it is highly soluble in carbonic acid. Rain

water and groundwater contain carbonic acid as a result of interaction with carbon dioxide in

the atmosphere or soil pore space. Assthcidic water infiltrates bedrock and pools

temporarily along joints and bedding planes, it can dissolve the carbonates, gradually enlarging

the rock fractures into cavities and passages (Mag].e2005).

About 55 percent of Kentucky overlies rotlat could develop karst, given enough time. About
38 percent of the state has at least some karst development discernible on topographic maps;
25 percent of the state has wealleveloped karst featureKGS, 2016d Figure 3.2L shows

areas of Kentucky wherthe underlying geology is favorable tbe development of karst
features(Commonwealth of Kentucky, 2017)
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Areas of Karst Potential N

" High potential for karst A
Less potential for karst

¥ No potential for karst
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Figure 3.21 Simplified Karst Geology Kentucky

Watershed boundaries based on topography may not be accurate irdexdlloped karst
regions.Although groundwater drainage generally follows topographic basin boundaries, this is
not always trueKarst conduits can carry drainage beneath one surface whégtandinto

another. For example, surface runoff may enter a sinkhole in one watershed aechegge

with a spring in @ifferent watershed Thistransferincreases or decreases the actual

boundaries of an affected stream bagsee Figure 3:-2). TheDivisionand the kntucky
CGeologicalurvey(KGSimaintain a Karst Atlas of groundwater tracing data and delineated
basins (both as static PDF maps and3A8shape files) that can be downloaded at
http://kygeonet.kygov.

Figure -2 Conceptual Model of Typical Karst Terrainkentucky
Accessed atttps://www.uky.edu/KGS/karst/



http://kygeonet.ky.gov/
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Karst pathways can serve as underground tributaries to surface water, and thus a ttanspor

pathway for pollutants to streams. Improper waste management activities (e.g., dumping into
sinkholes, poorly installed or failirsgptic system)or inadequatebestmanagement practices

(e.g., lack of buffer strips around sinkholes in agricultural fields) can lead to direct

contamination of water supplies. Karst also provides a challenge for nonpoint source pollution
managementas its pathways have long beenregade I & Gy I (i dzNB Qsinkhalé 6 SNJ & &
plains, sinking streams, and springs provide a direct connection between surface water and
groundwater systems.

3.3 Geology, Physiography and Soils

Rock outcrops in Kentucky reveal deposits from the Paleozoievinaages ranging from upper
hNR2OAOAIY 62f RSaduv (G2 tSyyaetgdryAiAly oeéz2dzy3Sa
regions of erosiosresistant sandstones, siltstones, conglomerated coal, or softer carbonate
rocks. The bedrock material, in turn,smfluencedhe appearance of the surface landforms. In
ISy SNI f I surfdegsettorg ass€rias of dissected plateaus and gently rolling plains
separated by escarpment$he plateausgut by streams into steep hills, occur over the
sandstone, siitone, conglomeratgand coal. The plains occur on carbonate rocks, mainly
limestone and some areas of dolostones. Escarpngegntsas of sudden elevation change due
to differences in erosion rates of the underlying rqeckark the transition from one typefaock

to another (Newell2001). More recently depositedlluvium (inconsolidated material carried
by streams, glacial melbr wind) typically occurs along floodplains throughout the stef&G
2016h). Figure3.3-1 shows the locations and geologic agéshe uppermost strata in Kentucky
(Commonwealth of Kentucky, 2017)

B Water

Geologic age of rock at the surface

Quaternary (alluvium)
Tertiary
Cretaceous
Pennsylvanian
Mississippian

I Devonian
Silurian
Ordovician

3

\ 3
N\ 2‘??,

0 15 30 60 90
Miles

Figure3.3-1 Simplified Geologiklap of Kentucky
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The variaions in geology and topograplajvide the state intsseveraldistinct physiographic
regions shown in Figur8.3-2 (Commonwealth of Kentucky, 2017)

N

A

Quter Bluegrass

Inner Bluegrass

Knobs

Eastern Coal Field
Western Coal Field

Eastern Pennyroyal

Purchase Western Pennyroyal

0 15 30 60 90 120
ey Miles

Figure 3.2 Physiographic Regions of Kentucky
3.3.1 Eastern Kentucky Coal Figtegion

The Eastern Kentucky Coal Field region, part of the Cumberland Plateau extending from
Pennsylvania to Alabama, comprises®é &8 § SNy GKANR 2F GKS aidl dSo ¢
rivers; the Licking, Kentuckand Cumberlangoriginate here. High elevation and high relief

characterize tis heavily forestedegion Pennsylvaniaiage sandstone, siltstone, shale,
conglomerateandO2 £ fAS o6SySIFGK GKS adz2NFI OSd® ¢KS YI y.
carved narrow, winding valleys with steejalls that end in narrowidges. Because of the

scarcity of level land, residential development in the Eastern Coal Field tends tcooccur

floodplains and low terraces (Wogd2002). Western areas of quiekoding shale have wider

valleys and lesrugged slopes (Carey and Hshaell, 2008).

In the far southeast of the region, Pine Mountain is a-t#ife-long stretch of Devonian,

Mississippiapand Pennsylvanian strata pushed upward by a thrust f&HES2016).

{2dziKSFad 2F tAyS az2dzydlAys f2y3 GKS adlrdsSQa
YR /dzYoSNIIYyR az2dzyltAyd ¢KSAS Y2dedigdelA yaQ LIS
represent the highest elevations in the state.

Common upland soil series include Shelocta, Gignd Latham (Woods, 2002). These saits a
moderately deep to very deegcidic soils with fine tarie-loamy particle sizeAll include silt

loam a silty clay loam. Loam may also occur in Shelocta and Gilpin soils, and Shelocta may also
include clay loamThey are moderately to well drained and have medium to rapid surface

runoff. They occur on slopes ranging from 0 to 90 percent. Grigsby is a aoseries of
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floodplains and terraces. Grigshy soils are very deep and well drained, with negligible to
medium runoff rates. They are coarkmmy and moderately acid to neutrdd SDANRCS,
2016)

Along the western margin of the region, the Cumberland gsnant marks a transition zone

between the resistant Pennsylvanian sandstone and conglomerate of the Eastern Coal Field and
GKS 2f RSNE a2F0SNJ OFNDP2YyFGS NRO]l 2F YySAIKO2NR
gSEFIKSNAY I KIF a NBadzimosSdrRmétigandisgeXiSfordations) ilkciidingd I 4 S Q
g GSNFFEEax yI GdzNT,and steefiokgSsiand cliff€akey ghd BainelIN2 O a
2008). Some karst features occur in this area (Woods, 2002).

3.3.2 Eastern Pennyroy&egion

The Eastern Penngyal region borders the Cumberland Escarpment to the west. It occupies a
narrow strip between the escarpment and the Knobs and Bluegrass regions in the north before
expanding across souttentral Kentucky. The region is underlain by Mississippian limestone
chert, shale, siltstoneand sandstone, with an area of Mississippian through Ordovician soluble
limestone, dolomiteand weak shales. The region has rolling plains and hills, and along the
Cumberland River, steep bluffs, wide terracasd bottomlandsStreams commonly have
moderate gradients, and a few karst areas occur (Woods, 2002).

Common soil series include Baxter and Garmon. Thesealveatied upland soils occur on ridges
and slopes. Garmon soils are filkamy, moderately deep, very strongly atidneutral, and

contain loam, silt loam, or silty clay loam. Their runoff rates range from very low to high. Baxter
soils are fine and strongly to very strongly acid unless lime has been added. They contain silt
loam or silty clay loam in upper horizosdty clay or clay in lower horizons, and have low to

high runoff rateUSDANRCS, 2016)

Nolin and Newark soils are commonly found in Pennyroyal floodplains. These fine, very deep,
moderately acid to moderately alkaline soils tend to have very low fuatés on level

surfaces. Both are formed from alluvium from limestones, siltstones, sandstones,,strales
loess. Well drained Nolin soil textures include loam, silt loam, silty clay loam, fine sandy loam,
and sandy loam. Newark soils are somewhat podrhined and include silt loam, silty clay

loam, clay loamand fine sandy loarflUSDANRCS, 2016)

3.3.3 Bluegrass Region

The Bluegrass region occupies the necintral portion of Kentucky. Ordovician limestones,

the oldest rock layers to crop out ihe state, underlie the region throughout. The more

resistant limestones of the Inner Bluegrass interior have weathered slowly to produce gently

rolling hills. Karst features such as sinkholes, springs, and sinking streams are common here

(KGS 2016b). Due to the prevalence of karst, upland surface streams of low to moderate

AN} RASYy(d KI@S 2yteé gSIH1té& RAaAaASOGSR GKS LYYySN
rolling landscape, the Kentucky River has carved a gorge up to 400 feet deepinnetsiene
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(Woods, 2002). The Palisades, as the gorge is known, stretches 100 mil@&ofsoesborough
to Frankfort

Silt loam soil predominates in the Inner Bluegrass region (Woods, 2002). Typical soil series in
the Inner Bluegrass include Maury and Ma&f&éhese naturally fertile upland soils are fine, well
drained and moderately to very deep, formed from material weathered from phosphatic
limestone. Maury soils are neutral to strongly acid and have slow to medium runoff rates.
McAfee soils range from naerately acid to mildly alkaline and have medium to very rapid
runoff (USDANRCS, 2016)

The more erodible interbedded Ordovician limestones and shales of the Outer Bluegrass have
given rise to deeper valleys and fewer tracts of flat 1ak@$2016b). Wdespread soil series in

the Outer Bluegrass include Lowell and Eden. These finedveatied soils omidge topsand

slopes have moderate to rapid runoff rates. Soil textures include silt and clay loams, silty clays
and clay. Lowell soils are very strontp slightly acid to depths of 30 inches and strongly acid to
slightly alkaline at greater depths. Eden soils range from very strongly acid to moderately
alkaline in the upper horizons and mildly to strongly alkaline at depths closer to the calcareous
bedrock. Nolin and Newark soils are commonly found in Bluegrass floodiSI3ANRCS,

2016)

3.3.4 Knobs Region

The Knobs region forms a belt 10 to 15 miles wide around the southern half of the Bluegrass
region (McDowe]l200]). The Knobs are separatédm the Pennyroyal plateau by two
escarpments, the Cumberland to the east and Muldraugh Hill along the south and west. The
region includes narrow eastern and western strands of Silurian limestones and dolostones
flanked by a narrow belt of Devonian dejitsf limestones, dolostoneand a thick layer of

shale KGS2016g). The Knobs themselves are a series of many isolated, often conical hills with
steep slopes. The typical knob is capped by an erassistant limestone or sandstone of
Mississippian ag underlain by layers of Mississippiage shales that are more prone to

erosion. A layer of Devonian black shales typically occurs at the B&3$2016e). The knobs
FNBE NBYYlyda 2F GKS Sa0FNWYSyYy(iaQ T2 NNoket SEGSY
of area streams (McDoweRQ01).

Wide variation in Knobs soils reflects the variable and transitioning geology underneath.
Common soil series include Trappist and Beasley. Trappist soils are fine, moderately deep, well
drained upland soils oceaung onridge tops side slopesand benches. Silt loam, loam, silty clay
loam, and loam tend to occur in upper horizons, and silty clay, clay, and clay loam at depth. Soill
reaction is strongly to extremely acid, except where limed. Runoff rates range from high to very
high. Beasley sas are fine, deep, wetlrained soils ofidge topsand hillsides. Silt loam, silty

clay loam, and silty clay occur in upper horizons, and silty clay or clay in deeper horizons. Runoff
rates range from medium to rapid, and reaction ranges from very styomgtl to moderately

alkaline, depending on depth. Both series occur on slop@4@b60 percen{USDANRCS,

2016)

10
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3.3.5 Western Pennyroyal Region

The Western Pennyroyal region occurs to the southwest of the Knobs and west of the Eastern
Pennyroyal regins. Thick deposits of Mississippiage limestone help to define this area. The

ease with which this very pure limestone bedrock dissolves in contact with groundwater has

resulted in tens of thousands of karst features such as sinkholes, caves, spnkigg, streams

and streamless valleys. e south of the region avasbllind & & Ay | K2 € Swedky | A y € 2 ¢
RA24SOGSR o0& adaNFI OS auNBlYad az2@Ay3d Ayaz2 GKS
escarpment marks the beginning of the Mammoth Cave ujdakiere, resistant Mississippian

(and some Pennsylvanian) sandstaogers the limestone, suppressing the formation of

sinkholes at the surface and instead creating¢ S ¢ lBriydstikifd@rcave system. In this

area the Green River has cut a 300t-deep gorge through the sandstone cap rock into the St.

Louis limestone, setting a regional gradient that draws water from hundreds of square miles of

the sinkhole plain through the limestones beneath the Mammoth Cave plateau @fay,

2005).

Crider andBaxter are common soil seriesThevery deep, wetdrained uplandCrider soildorm
from a loess mantle and the underlying limestone residuum. They contain silt or siltpaay
in their upper horizons and silty clay, clay silty clay loam in lower hizons. Crider soils are
neutral to very strongly acid, firgilty, and occur on slopes of 0 to 30 percent. Surface runoff
rates vary from low to high. Baxter soils are describedhénEastern Pennyroyal sectiddolin
and Newark soils are widespread saf floodplaingUSDANRCS, 2016)

3.3.6 Western Coal Field

The Western Coal Field is part of a larger formation, the Eastern Interior Basin, that extends
into Kentucky from Indiana and lllinoisGS, 2016f Like the Eastern Coal Field, its
Pennsylvaniaragelayersconsistof interbedded shale, sandstone, conglomerai®sd coals

(KGS, 2016cQuaternary deposits (of clay, silts, saadd gravel) are common in river and

stream floodplainsKGS, 2016hMuch of the area consists of lowlandgwwvide, poorly

drained valleys. In the Caseyville Hills area bordering the Western Pennyroyal, where
Mississippian rock transitions to Pennsylvanian, valleys are narrower and relief higher. Streams
have low to moderate gradients (Wogd2002).

Common si series include Zanesville and Wellston. Thesediltg, deep to very deep upland
soils occur omidge topsand slopes of O to 35 percent and are moderately to extremely acid,
except where lime exists. Zanesville is moderately well drained, has grginface runoff

rates, and has silt loam or silty clay loam textures in upper horizons. Lower horizons also
contain loam, silty clay or clay loam, gigrclay loam, or fine sandgam. Wellston soils are well
drained, have medium to high runoff rates, asitt loamor silty clay loam in upper horizons.
Loam, clay loam, sandy clay loamsandy loam can also occur in deeper horizons. Both series
may include significant amounts of rock fragments. Newark soils are common in floodplains
(USDANRCS, 2016)

11
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3.3.7 Jackson Purchase Region

The Jackson Purchase region encompasses far western Kentucky. Bordered by Tennessee to the
south, the Tennessee River to the east, the Ohio River to the north, and the Mississippi River to
the west, it is the lowest area of tretate. During the relatively recent Cretaceous and Tertiary
periods, this region lay beneath a northern extension of the Gulf of Mexico. Unconsolidated
Cretaceous and Tertiary sediments, rather than bedrock, typically occur just under the soil of

this coasal plain (Carey and Hounshell, 2008). Quaternary deposits are common in river and
stream floodplains. Rolling plains and broad bottomlands cover large areas of the region.

Gullies dissect hills in the eastern portion; western streams aregi@adient andassociated

with wetland ecosystems along their lower reaches. Sloughs, bayous, oxbow lakes and other
wetland ecosystems are common (Woods, 2002).

Grenada and Loring soil series occur throughout the Purchase region. Both asétjineess
derived, moerately welldrained soils found on nearly level to sloping uplands and stream
terraces. Grenada soils are very deep silts, silt loams or silty clay loams that are strongly acid to
neutral in lower horizons. Upper horizons are very strongly acid to moelgratid except for

the surface layer in areas that have been limed. Runoff rates vary from low on level areas to
high on 6 to 12-percent slopes. Loring soils include silt loam and silty clay loam with a fragipan;
loam or sandy loam additionally occurtire lowest horizon. They are slightly to very strongly

acid depending on deptUSDANRCS, 2016)

3.3.8 Runoff Potential of Soils

Soil erosion and water runoff can both move bacteria teaderbodyor to groundwater. The
U.S Department ofAgricultureNatural Resources Conservation Service (NR&3SJeveloped
hydrologic soil grops (HS§) to relay information about the runoff potential of a soil when
thoroughly wet. For runoff potential, ratings are low, moderately low, moderately high, and
high for F6Gs A, B, C, and D, respectively (USRES, 2009). For dual HSG assignment (i.e.
A/D, B/D, or C/D) soils can be adequately drained, but a water table exists within 24 inches of
the soil surface (USBMRCS, 2009). In these cases, the first letter dendiesitained

condition while the second denotes the undrained condition (USIRES, 2009%igure 3.33
shows the spatial distribution of HSG types in Kentulckgeneral, soils with greater runoff
potential occur in the Bluegrass, Western Coal Field amdh@se regionCommonwealth of
Kentucky, 2017)

12
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— County Boundary
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Figure3.3-3 Runoff Potentihof Soils Based on Hydrolo@oil Group
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4.0 SOURCE ASSESSMENT

For regulatory purposes, the sources of fecal coliform Endolin a watershed can be placed
into two categories: KPDE®@rmitted and noRKPDE$ermitted sourcesA KPDESermitted
source requires &PDEHermit fromthe Divisionin order to discharge to a waterbodi{tPDES
discharge permits include wastewater treatment facilities that dischargeetly to a stream,
systensthat dischar@ storm water, and some agricultural operatio®DES is not the only
permitting program that may affect water quality or quantity within a watershed; other
permitting examples include water withdrawal permits rpets to build structures within a
floodplain, permits to construct an onsite sewagedtment disposal systepand permits to
land-apply waste from sewage treatment plants. However, within the framework of the TMDL
processa KPDEBermitted source is défied as one regulated under the KPDES program- Non
KPDE®ermitted sources include nonpoint sourcefspmllution. Nonpoint sourc@ollutionis

often caused by runoff from precipitation over and/or through the ground eswbrrelated to
land use.

4.1 Wasteload Allocation

TheWasteload AllocationW/LA is the portion of the TMDL allocated to KPEEegnitted
sources within the watershed&KPDE®ermitted discharges are also referred to as point
sourcesHolders oflKPDE®ermits to discharge bacteria to the waters of the Commonwealth
can includeSanitary Wastewater Systemdlunicipal Seprate Storm Sewer Systenad
Concentrated Aimal Feeding Operationkach type opermitteeis discussed in more detail
below.

4.1.1 @nitary Wastewater Systems

Wastewater Treatment Plants (WWTPSgwage Treatment Plants (STPs), package péarits
home unitscollectivelyare referred to asSanitary Wastewater Systems (SWBsaddition to
meeting discharge requirementSWSs are also responsible fioe integrity oftheir collection
systemqincluding trunk mains angdressure maindpr examplg. Home units either discharge
through an outfall or sprayrrigate the treated wastewater. Both types diome units are
covered under the samé&KPDES general permi{foweverthe home units thasprayirrigate
receive doad allocation(see Section 4.2)ince they do not discharge to a waterbody through
an outfall. Additional information about specific SWSs that discharge dirextiy impaired
waterbody covered by this TMDL is prosdlin the appendix for each riveasin.

Some SWSs include combined sewers, adatetd form of infrastructurelesigned to minimize
direct human contact with untreated sewage. During periods of wet weather, combined sewers
carry wastewater discharges and storm drain flow to a centralized wastewater treatment
facility. However, when this combined flow exceeds thpacity of the sewer, some of the flow

is diverted to a combined sewer outfall, where it discharges to a surface waterbody. While this
discharge relieves pressure within the sewer and helps prevent basement backups in private
residences or discharge throlmgnanhole structures, it results in loadings of raw sewage into
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the receiving waterbodyKDOW 201#).

Combined Sewer Overflows (CSOs) are permitted by KPDES and managenbuselar
judgmentswith the state or joint federal/state consemtecrees CSO maagement plans

include enforceableschedulefor eliminating or minimizinghe impact of theCSOgn water

quality. In 2008 more than 28 percent of Kentuckians were customers of sewer systems with
CSO¢KDOW, 2008)Table4.1-1 lists Kentucky communities with CSOs aSetember2016
Figure 4.11 shows the locations of communities with CSO gi@ssmmonwealth of Kentucky,
2017) Additional information about specific CSO outfalls that discharge directly to an impaired
waterbody coveed by this TMDL is provided in the appendix for each river basin.

Tabk 4.1-1 CSO Areas in Kentuclas of Septembe016)

Community Regulated Entity County KPDES No.
Ashland Ashland STP Boyd KY0022373
Catlettsburg Catlettsburg STP Boyd KY0035467
Frankfort Frankfort Municipal STP Franklin KY0022861
Harlan Harlan STP Harlan KY0026093
Henderson Henderson STP Henderson KY0020711
Louisville Metropolitan Sewer District Jefferson KY0022411
Loyall Loyall STP Harlan KY0026115
Maysville Maysville STP Mason KY0020257
Morganfield Morganfield WWTP Union KY0021440
Northern Kentucky | Sanitation District No. 1 Campbell, Kenton| KY0021466
Owensboro RWRA Max Rhoads WWTP Daviess KY0020095
Paducah Paducah/McCracken Joint Sewer Agen| McCracken KY0022799
Pineville Pineville STP Bell KY0024058
Vanceburg Vanceburg STP Lewis KY0021512
Worthington Worthington WWTP Greenup KY0022926
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Figure 4.11 CSO Communities in Kentucky

Similarly Sanitary Sewer OverflowS$Opgare discharges of sanitary wastewater to a
waterbody, often as a result of a problem such as power failure, line breaks, blockages or
defects in design or constructighttps://www.epa.gov/npdes/sanitaryseweroverflowsssos
accessed on 4/14/16). Theye prohibitedand receive no allocation.

4.1.2Municipal Separate Storm Sewer Systems

Municipal Separate Storm Sewer SysteM§43 are defined in 401 KAR 5:008n MS4 is a
publiclyownedconveyance or system of cegyancegsuch as storm drains, curbing and
gutters)that is designed or used to collect or convey storm water but is not a combined sewer
or part of an STFSince MS4s may discharge untreated storm water runoff into surface
waterbodies, some categories of MS4s must obtain a KPDES permit and develop a storm water
management program to prevent harmful pollutants from entering the NiSAOW, 2016b)

Permits havdive-year permitting cycles anannual reporting requirements.

EPA has categorized MS4s into three categories: small, medium, and large. The medium and
large categories are regulated under the Phase | Storm Vyabgram. Large systems, such as

the cities of Lexington and Louisville, have populations in excess of 250,000. Medium systems
have populations in excess of 100,000 but less than 250,000; however, there are currently no
mediumsized systems in Kentucky. The small MS4 category includes alindSebvered

under Phase I. Since this category covers a large number of systems, only a select group are
regulated under the Phase Il rule, either being automatically included based on population (i.e.,
having a total population over 10,000 or a popudatiper square mile in excess q0Q0) or on
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