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EXBCUTIVE SUMMARY

A review of the water quarity in estuaries, public rakes, andstreams in nine Southeastern states was undertakel, with somewhatmore emphasis placed on lakes than estuaries and streams. The statesstudled hrere: Arabama, Frorid.a, Georgia, Kentucky, Missj-ssippi, Northcarolina, south carolina, Tennessee, and vj.rginiå. rn generar, thepresentations for estuaries and streams were restricted to a reviewof information presented in each staters 1984 Section 3o5(b) ..poriand and its submission to the Association of Interstate WaterPollution Control Admínistratorst ttStater s Evaluation of progresstt
(STEP) program. In addÍtion to these data, municipal wastewatertreatment prant (!'lwrp) total phosphorus load estimates werecalculated for lakes. The terms 'iassessedtt estuaries and streamswill be used to refer to those waters evaluated by the states in the1984 section 305(b) reports, whereas the term ttasåessed" r"tã=-wiiï-refer to the set of Iakes considered in this report's WWTp phosphorusload anarysis; at a minimum, assessed lakes incruded. arr rakescovered in the states' clean Lakes Progrram Reports. The results ofthis project are summarized below

' By Number of Lakes: rn 5 of B states the majority (>50%) ofassessed lakes \4rere eutrophic.

' By Surface Area of Lakes: A similar trend v¡as apparent whenthe statesr assessed lake surface areas \4¡ere considered.
Population Growth

. Sj-nce I97O, the population gTrowth was 7 to 63fr in SE states.
e Ïncreases of 9 to 41ft are anticipated between 1985 and 2OOO.

Wastewater Treatment Systems

' wwrPrs served from 41 to gLl of the statesr popurations,whire most of the remai.ning popuration used ä"pti. tanks.

' wwrP's using phosphorus removal (chemicar or biologicar):FL and VA had 10 each, GA had 7, SC had 1, and AL,.Ky, MS,Nc, and TN had none. Eight of the r.0 vA plants v/erein the Chesapeake Bay Basin.
¡ onry vA had major combined seh¡er overfrow probrems(particurarry Richmond discharging into thä James River /Chesapeake Bay Estuary).

Íc States of Lakes Table A coI 1and2

va1



V,IWTP' s Potentially Impacting Lakes

An analysis was performed to identify those lakes which \rrere
potentially irnpacted by WWTP phosphorus. Ioads- For this purpose,
WWTPTs located rrrithin approximately 50 miles upstream of assessed
Iakes were identified, and the total phosphorus loads from the WWTP's
and non-point sources $rere estimated. This procedure indÍcated:

. 14 to 63'l of each statets WWTPis may impact assessed lakes
(Table A, col. 3 ) .

r Less than 1/3 of each statets assessed lakes had WWTPis
upstream, except NC (75%) and SC (53%) (Table A, col. 4).

. The majority of the assessed lake surface area in all SE
states was potentially impacted by WWTPTs (Table A, col. 5).

Table A: Ranking of Southeastern States According to Lake Trophic
States and Municipal Wastewater Treatment Plants Which
Potentially Impact Lakes

( 1) (2)

Number Of
Assessed Assessed

Lakes Vrlhich Lake Surface

(3) (4) (s)
Assessed

Lake
Surface
Area With

WWTP' s
Upstream
(As % of
Total) 1 Avg.

% Rank Rank

Percent Of
Are Area Which Percent Assessed

Eutrophic Is Eutrophic Of WWTPTs Lakes With
(As fl Of (As Percent Upstream WWTPTs
Total Of Total) Of Lakesl Upstream)l

% Rankl % Rankl % Rank % Rank
MS 100 9 MS 100 9 TN 63 9' NC 75 9
cA648TN608SC4A8SC538
vA 59 7 AL>5427 GA 29 7 MS 29 7
scs56sc526NC276TN236
TN525GA485KY275VA205
KY524NC354V4164KY174
NC423VA323MS153GAl.43
AL>2422 KY 21 2 FL 14 2 FL 4 2
FL3 9 1 FL nd 1 AL ndnd AL ndnd

KY
MS
GA
clì

TN
VA
NC
FL
AL

100 9
948
937
926
905
824
603
592
nd nd

MS 7.2
sc 7.0
TN 6.6
GA 6.2
NC 5.2
KY 5.0
VA 4.8
EL 2.O
AL L.O

nd
1:
2z
J:

= No data.
Nicholas L. Clesceri and Associates ranking.
Ðata vrere from U.S. EPA-NES Working Paper #475.
Not aII lakes with WWTP's upstream could be identified.

vtl-1



9upport of Oesiqnated Uses an4 Causes for Lgss Than fu:_!.__ggppgË!tnat n 3os (b)reports l

The statest evaluations of the degree to which their waterbodiessupported the designated uses (e.g. recreational or potable watersupply), and the description of factors which might Lave beenresponsible for ress than furr support of the deÀignated. uses (e.g.industry, wwrPrs, or non-point sources) were provided in the rgg+-3o5(b) Reports. These permitted an analysÍs óf the extent to whichthe various pollution sources in each stãte r\rere responsible for thedegradation of water quality.
1. Support of Designated Uses

' Estuari-es: Less than \61 of assessed. estuarine areasdid not fully support their designated uses(except SC 36%) (Table B, col. 1).
. Lakes: 25ol or less of the assessed. lake areas in

each state did not furly support their designated
uses (except NC and TN 3B%) (Tab1e B, col. Z).

' streams: Less than so"l of assessed. stream miles didnot fully support their designated. uses (except
KY 59% and VA 691) (Table B, cot. 3).

2. Causes for Less Than FuII Support

. Non-point sources vrere the most frequentty cited causesfor fairure to support designated. uses foi arr types ofsurface waters.

' wwrP' s 'dere cited nearly as often as non-point sources.
. rndustry was not considered to be a major factor except in

NC (lakes), TN (Iakes), and SC (estuaries).
3. Primary Factors Impairing Designated Uses

rndividual nutrients (e.g. phosphorus, nitrogen), heavy metars(e.9. copper, lead), and toxic substãnces were noi specifieå uy trrestates and, therefore, could not be identified for tLe followiñg
summary.

' wwrP Ðischargres: Dissolved oxygen, fecar coriforms, andnutrients were the most commonly referenced problems. Heavymetals, pH, and toxic substances v¡ere less frequently noted-.

' Non-Point sources: Fecal coriforms, nutrj_ents, and waterclarity hlere the most commonly referenced problems. Dissolvedoxygen/ pH, and toxic substances htere cited less frequently.
1X



Industrial Discharges: Ðissolved .oxygen and toxic substances
\¡rere the parameters most often cited; nutrients, PH, and
temperature vtere also common factors. Heavy metals and
water clarity \tlere noted in only one instance each.

Other Sources: Iron, manganese, pH, temperature, and
toxic substances vtere the problems noted.

Tab1e B: Ranking of Southeastern States According
Failure of EstuarÍes, Lakes, and Streams
Support Their Ðesignated Uses.

to
to

the

Percent of Surface Water Area Providing
Less Than FuIl Support of Designated Uses

Estuaries Lakes Streams

% Rankl % Ranklol Rankl
Average

Rankl

8.7
9.3
6.3
6.3
5.O
4.3
3.O
2.O
1.0

VA
TN
NC
SC
KY
FL
MS
AL
GA

9VA698
BKY599
7SC495
6FL457
4TN196
5NC184
3MS103
2AL62
1GA51

VAnd9NC38
sc368ÎN38
NC167SC25
MS l_1 6 FL 18
AL55GAj-4
FL34VA13
GA23KY9
TNNA2MS4
KYNAlALO

nd
NA
1:

= No data.
= Not applicable.
Nicholas L. Clesceri and Associates rankÍnq.
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Ï. TNTRODUCTION

A. Background

For the past few decades, the major focus of state water qualitypesonnelst attention has been on the èontrol of pollution from bothpoint and non-point sources. Traditionalry, g."rt., emphasis hasbeen praced on point source discharges, pJrtilularry municiparwastewater treatment plant effluents, as compared to non-point sourcepollution- This is due to the fact that nutiients such as phosphorusand nitrogen often stimulate unwanted algal growths, contributing tothe highly visible and detrimental eutrophi"átio.r oi Iakes, and.because of the generally held tenet that point sources. are morereadily controllable than non-point sources. Hora/ever, non_pointsources often produce the same, ot similar, deleterious effects orrsurface waters as point sources (e.g. increased nutrie¡rt roads,harmful microorganisms, and the depietion of dissorved oxygen).Currently, there are signs of a sfrift in attitude, a trenà-*.iX"A Uyrecognition of the necessity to identify and control non-point 
"rrrrå"pollution if the standard of fishable/swimmable water qu"iity for allpublicry-owned surface waters is to be met. rn evidence of thismovement, non-point sources are no\¡¡ being ranked by water quaritymanagers as an equar, 1f not greater, probrem than point sourcesl

Th. state reports pubrished by the Assãciation of state andInterstate Water PoIlution Control Administrators (ASIwpcA, 19g3 )indicate non-point sources are ranked as the greatèst problem by 26states and second by another 13. on the othei hand., municipat p:ointsources (generally wastewater treatment plants) are ranked as tftegreatest problem by 19 states and second by 20, wftfr industrial pointsources ranked first in only three states and third, ín 24.Through continued and heightened awareness of the importance ofnon-point source porluti-on, as well as point source porrulion, andthrough action on controlling any poltution source when found to beexcessive and cost-effectively controllable, immense improvements inour nation's surface water quãtity can be rearized.

B. Analysis of Water Ouality in the Southeastern U. S.

The present report provides a state-by-state assessment ofsurface water quality in the southeastern u.s. The stuao'=-pri*"rygoals vüere to provide a summary of the most current informationdescribing the status of surfaõe water quality in the region, and toexamine the relative ímpact of municipai wastewater treatment plantand non-point source total phosphorus loads on lakes and. streams inthe Southeastern U.S.
The review was based. on information and data obtained fromSection 314 Clean Lakes Program reports, Section 305(b) State WaterQuality Summaries, the Association of State and Interstate WaterPollution Control Administrationr s ttAmerica's Clean waterstt r"pãrt(AsrwPcA; 1983a,b), and miscerraneous state data bases.



2

The analysis of phosphorus loads to Southeastern U. S lakes used
the Clean Lakes Program reports as a starting point. The Clean Lakes
Program state reports presented rankings of lakes prioritized
according to the need of restoration, thereby providing a suitable
point from which to initiate further investigations. The lakes in
each staters Clean Lakes Program v¡ere selected because they \^tere
recognized by a state to be their most important lakes which may be
experiencing deteriorations in water quality. These were, therefore,
the most logical lakes on which to conduct additional analyses to
provide insights into the relative importance of municipal point
source versus non-point source phosphorus loads to water quality.

However, the Clean Lakes Program reports lacked crucial
information required for a full assessment of phosphorus loads to the
Iakes; in particular, no data concerning actual nutrient loads v/ere
provided. As a result, additional information sources had to be
utilized in conjunctj-on with the Clean Lakes Program reports.
Nevertheless, the wealth of other information contained in the
reports, describing the characterÍstics of each Iake (e.9. surface
area, depth, volume) and its drainaqe basin (e.9. area, Iand use,),
\^Jere an invaluable asset without which further investigations
concerning phosphorus loads and their affect on water quality would
have been severly hampered. The following sections present this
general approach for phosphorus load analysis which is capable of
identifying the principle point and non-point sources and sf
prioritizl-ng their importance to the water qualit.y of the Clean Lakes
Program lakes. The methodology is applicable to alI states having
conducted a Clean Lakes Program project or a similar program.

The states included in this report are from the Southeastern
U.S.: Virginia, North Carolina, South Carolina, Kentucky, Tennessee,
Alabama, Mississippi, Georgia, and Florida. For each state, the
overview of water- quatity in the stater s estuaries, Iakes, and
streams are presented first; these are the materials extracted from
the Section 305(b) state reports and the ASIWPCATs summaries of state
information (ASIWPCA, 1983a,b). The analysis of phosphorus loads to
each statets Clean Lakes Progiram lakes follows the review section.



II GENERAL PROCEDURES

A. Data Sources

The initial step in the analysis \,ras to obtain data relating tolakes, their drainage basins, and the municipal wastewater treatmentprants in the states of interest (see Figure r, forrowing paqe). Arelativery rarge data base has been compired during state andfederally funded reviews of existing data and/or tñe establÍshment ofl.ew sampling programs to investigate the quatity of surface waters.Therefore, state agencies \À/ere contacted Èo "cqùire the raw data andthe reports generated from these studies. In gèneraI, the reportsmost useful for the present anarysis originated from-progrr.*Ë
mandated by the Federal Water Pollution Control Amendments Act of1972 (Public Law 92-5OO), particularly the Section 314 Clean LakesProgram and the biennial Section 305(b) State Water Quality Summary.A recent survey of state water pollution control administrãtors :
(ASIWPCA, 7984) provided informátion similar to the Section 305(b)reports, but in a convenient summary form. Data from these r.poit"I¡Iere suppremented with municipar wastewater treatment plantinventories maintained by the states in accord.ance witñ the NationalPollution Discharge Elimination System (NPDES) and related stateprograms. The u.s. 19Bo census and u.s. Georogicar survey (usGS)Water Year Data Reports for the individual sta[es v/ere alão veryusefur. Brief descriptions of the section 314, section 3o5(b), änd
ASIWPCA STEP programs are provided in Appendix E.

B. Identification
Upstream

of Lakes With Municipal Wastewatef Treatment PIants

The major objectives of the Clean Lakes Program were to evaluatethe water quality of a staters publicly owned lakes, to provide atrophic state assessment for the takes, and to establish a priorityranking of the lakes based on factors such as water quality andimpediments to the designated. uses of the lakes. seginning with theset of lakes studied d.uring a Clean Lakes Program, Che present studyisolated those lakes which had municípal wastewater disèhargesupstream. Each staters Clean Lakes Program Report provided some formof Iisting of point source discharges ltcated -upstieam of the studyrakes, allowing the municipar wastèwater treatmènt prants to bereadily identifíed. The Cl-ean Lakes Program report for some statesdid not contain a comprete listing of alr muniiipar municipalwastewater treatment plants within a lakels drainage basin. Forexample, Elorida listed only those plants discharging directly to alake, and Georgia frequentry stated ilNumerous in Basintt wÍthoútÍdentifying the actuar discharges. rn such cases, usGS 1:5oo,oooscare state base maps and statewide inventorj_es of municipalwastewater treatment plants u/ere used to Iocate the facilities within50_mires upstream of each lake. For the purposes of this -r.;;t,----only municipal plants vlere enumerated. Induãtria1 and commercial



þ



Lake and Draina.ge Basin
Character¡stícs Derívat ion of

Pho sp ho ru s
Export Coefficients

U. S. EPA - NES
tri buta ry I oads and
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Con se rva t í on Se rv.

land resources
reg ions data.
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ldentification and
Characteristics
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2. USGS land use/land
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Basín
Area

2. State lake inventoríes.
3. USGS Water Yean Data reports.
4. Communications with state
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I
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Non-po i nt Source
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Load s

TI

Wastewater Treatment plant
Tota I Phosphorus Loads

Estimate of Total phosphorus Load to Lake

Figure 1: Schematíc Diagrâm of Procedures and Híerarchíes for Data Sources.



g
0)

E
o)
(o
o



\^/aste treatment facilities vrere
di scharges, as \4¡ere f aci Iities
and hospitals.

considered to be non-municipal
serving institutions such as schools

C. Lake and Ðrainage þasin Characteri stics
Lake surface areasl mean and maximum depths, volumes, d.rainagebasin areas, and land uses within the immediãte draínage basins w"reobtained from the CIean Lakes Progrram reports whenever available.

Land uses in a rake' s total drainaqie basin \dere estimated bycombining the data for a lakets immediate drainage basin w¡-tfr tnedata for any upstream rakes, after taking each básints area intoaccount. If any of these data r^rere omitted, attempts were made toIocate the values in other state reports and USGS Water year Datareports. Occasionally, when no source for required data could befound, personnel of an appropríate state agency vrere contacteddirectly. If land use data hrere still unavaitabte, drainage basins
$¡ere classified into the appropriate land use category with the aidof 1:250,O0O scale USGS land use/land cover maps.

D. Municipal Wastewater Treatment plant Total Phosphorus Loads

Tota1 phosphorus load estimates v/ere calculated only for lakeswhich had municipal point source discharges upstream. wtuntcipal
wastewater treatment plant total phosphorus loads hrere calculatedusingi per capita loads [kg p/capita/year] and the population servedby the facj-lity. Untreated municipal wastewater cón€aining someindustrial/commercial contrj-butions hras assumed to contain I.26 kgP/capiLa/yr (cresceri, unpublished data; soap and DetergentAssociation, unpubrished data). Factors used for the removar ofphosphorus during wastewater treatment were based on the type ofwastewater treatment provided. processes corresponding toconventional prlmary wastewater treatment \^rere considered to becapable of removing only 1O percent of the phosphorus in untreatedwastewater, conventional second.ary processes to remove 20 percent,tertiary treatment prants to remove 30 percent, and faciriti_espracticing chemical phosphorus removal v¡ere assumed. to maintain a 1
mg P/L effluent concentration; flows of 150 gallons/capita/d,ay hrereassumed for this calcuratlon. The popuration served by eachmunicipal wastewater treatment plant was obtained fro¡f the 19BO U.S.Census for all facilities whose name included the associated city ortown. For those prants which \i/ere recognized as not serving adiscrete census region,..populations served. v/ere estimated using thefacirity's rrDesj.gn Frowrr and an assumed discharge rate of 150gallons/capita/day. Thus, for example, the total phosphorus load fora conventi.onar secondary facÍrity serving looo peisons wourd becalculated as:



I

TP Load Íkg P/yrl = (1000 persons) X (f.26 kq P/cap/yr) X (1.0 'O.2)
= 1008.0 kg P/yr

For the purposes of this report, Iand disposal was considered to
achieve complete removal of phosphorus; therefore, such facilities
vlere not included in the municipal wastewater treatment plant
Iistinqs or in the load calculations.

E. Non-point Source Tota1 Pkre_EphergE Loads

Non-point source total phosphorus loads htere calculated using
export coefficients, expressed as kilograms of phosphorus per sguare
kilometer per year Ikg P/kmz/yr], and total drainage basin areas,
expressed as square kj-Iometers Ikmz]. A summary of the methodology
used to derive a set of appropriate export coefficients applicable to
each lakers draj-nage basin is described in the Appendices. The basi.c
procedure involved calculating average export coefficients for sets
of Major Land Resource Areas (USDA, 1981) using data from the U.S.
Environmental Protection Agency-National Eutrophication Survey
IEPA-NESI (Omernik, 1977). The Major Land Resource Areas for the
Southeast were grouped according to similar physico-graphic
characteristics (e.9. topography, climate, soil types) provided by
the U.S. Department of Agriculture (USDA, 1981). Each lake for which
non-point source nutrient loads $¡ere to be calculated was placed into
the applicable group (based on its geographical location) and
classified with the appropriate land use category (based on the
predominant land use within íts watershed). Non-point source (NPS)
total phosphorus loads vrere then calculated using the lakers total
drainage basin area (BA) and the appropriate export coefficient (EC)
from lable A in Appendix A:

NPS TP lkg/yrl = BA [kmzì x Ec [kq P/km'./yrl
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A. Overview of Surface Water

III. ALABAMA

Ouality

Recent State Water Ouality Investiqations
ïnformation concerning stream water quarity and pollutantdischarge sources is available for the State of Alabama IASIWpSA,19B3a,b; Alabama Department of Environmental Management (Alabama

DEM) ' 79841; however, data concerning lakes is reiatively scarce.

Extent and Nature of Water Ouality Concerns

Alabamar s assessment of water quarity in estuaries, publicIakes, and streams indicated that Alabama has experienced minor waterquality problems associated with estuaries and streams, but the lakesassessed had no serious water quarity probrems (Tabre AL-1).

Streams

of the 72,1,oo miles of streams assessed. by Arabama, 94percent support their designated uses (Tabre ai-r¡. For the 6percent not whorry supporting their desiqnated uses, the maincause appears to be discharges from municipal wastewatertreatment prants (67 percent), with industiiar sources (2opercent) and non-point sources (13 percent) accounting Èor theremaÍningi cases.
Of the 57 ambient monitoring stations in Alabama's 14 majorriver basins, eíght did not meet the 1983 qoal of

Fishable/Swimmable. Although not meeting the Fishable/Swimmablegoar/ some of these eight stations díd support their presentdesignated uses.

Estuaries

All but 5 percent of the staters 62s square mires ofestuarine environment fully supported their designa.ted uses, withnonsupport mainry attributabre to industrial sources (94percent), and the remainder caused by municipar and nòn-pointsources (Table AL-1).

Lakes

One hundred percent of Alabamars 41 lakes fully supportedtheir designated uses (Tab1e At-1). This is not to say-{tt"t attthe lakes in the state are in perfect condition; there are sitespecific probrems with some of the impoundments. For exampre,

9
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Bear Creek Reservoir had a low pH and hj-gh concentrations of iron
and manganese due to abandoned coal mining sites in the area.

Alabamar s Stream MonÍtoring Program

The Alabama Department of Environmental Management maintaj-ns
a network of approximately 57 ambient monitoring stations. The
water quality at each station is evaluated by the four parameters
for which specific numerical limits are established in the
staters stream classification criteria: dissolved oxygen, pII,
water temperatrrre, and turbidity. The evaluatlon of other data
collected at the stations is based on site specific judgements of
the department staff.

Alabama's CIean Lakes Program

Alabama has not conducted
date. Communications with the
in the planning stages.

a Clean Lakes Program as of this
state indicate that a program is

Municipal
Non-Point

Wastewater
Sources As

Treatment PIants, Industrial
factors Causrng Water Oualitv

Streams

Discharges, and
Concerns in

Estuaries, Lakes, and

Table AL-z provides an overview of the factors contributing to
the water quality problems associated with Alabama's public lakes and
streams as reported in the 1984 Alabama 3O5(b) Report (Alabama ADEM,
1984); the water qualit.y of aII lakes is presently consj-dered to be
adequate for their designated uses.

Munícipal Wastewater Treatment Plants

Low dissolved oxygen levels and high fecal coliform counts
were the most significant problems attributed to municipal
wastewater treatment plant effluents, although nutrients were
also Iisted as a concern.

The state has compiled data on muni-cipal wastewater
treatment plants, the type of treatment provided, and the
populations served by each treatment tlpe (Table AL-3).

These data indicate that 2,78O,000 (56 percent) of the
state's total population of 3,894,000 persons are served by a
municipal wastewater treatment system, with the remaining
population being served primarily by septic tank systems.
Alabama has no municipal wastewater treatment plants employing
chemical phosphorus removal to reduce the effluent phosphorus
concentration. No communities in Alabama are served by combined
sev/er systems.
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Non-Point Sources

Non-point sources also contributed to nutrient and dissolvedoxygen probrems, âs werr as to high sediment roads, \,{ithnutrients the most significant problem
Agricurturar runoff has the potentiar to be a major probrem

because of its wide geographical àxtent, and urban stórmwater andconstruction runoff have been found to be potentiar majorproblems in the larqe metropolitan areas oi ttre state. Sedimentloads from mining activities are also a concern.

lqeqds in the Control and Managrement=----Lreatment Plant and Non-point Source
of Municipal
Pollution

Wastewater

The future of Alabama's water quality depends on the statersability to estabrish and manage adequate programs in response totheir problems. rrsurface water quality mãintènance; groundwaterresource quality protection; identification and control of toxicpollutants from'industrial sources; and municipal wastewater plantoperation and maintenance are issues of concern in Alabamart (Àsiwpcg,1983a,b). The issue of decreased federal funding for munj_cipalwastewater treatment plant construction is a majtr problem that mustbe resorved if Arabama is to maintain it's water quãr:.ty. Thisproblem is compounded by the Alabamats 13 percent population increasebetween 1970 and l-980 (U.S. 19BO Census). Alabama''s'population rosean additional 3 percent between 19Bo and 1995 (N.y. ii*"", 19g5),and is projected to increase another 15 percent by the year 2ooo(U.S. News & World Report, 1985).
Toxic pollutants are presently being addressed by the statersinclusion of biomonitoring requirements in industrialipermits. Anonreguratory poricy has been adopted in response to non-pointpollution from agricultural runofi. The policy j-nvolves educationalprograms for the agricultural communj.ty and the implementation ofbest management practices to control agricultural runoff. Non-pointsource pollution from residual waste and mining sites have beencontrolled by regrulatory programs for many years.

B. Analvsis of phosphorus Lqads to the Alabama Study Lakes

An analysis of nutrient loads to Alabamats public 1akes was notpresented in this report since Alabama has not conducted a CleanLakes Program and data from other sources are sparse and not readÍIyavailable. This paucity of data is understandable, considering thestate has only 4J- pubticly owned lakes, and aII are supporting tLreirdesignated uses.
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C. Tables For Alabama

Table AL-L: Alabamats Estuaries, Public Lakes and Streams, Their
Support of Ðesignated Uses, Causes for Less Than FulI
Support, and the Major Water Quality Parameters of
Concern as presented in ASIWPCA (1983b).

I TotaI
I Stream
lMiles or
lAcres of
I Estuaries
I or Public

Lakes
in State
(# Lakes¡

Streams
and Lakes
Assessed

Miles Pct.
or of

Acres TotaI

Support of
Designated

Uses (Percent)

Cause for Less
Than FuII
Support of

Designated Uses
( Percent)

Not
FuII Part None Known

Non
Ind Mun Pt. Oth.

Streams

Lakes

Estuar-
ies

40, 600

348,826
( 41)

400, o00

L2, 101 30

348,708 99

32,000 B

94240

100000

95050

2067130
o000

94510

Maj or
Parameter(s) of

Concern

DO* FC* pH
FC Nut WC
pH DO* Nut*
Tem
Tox*
I/üc

*Identified by the state as the most significant problems.

DO : Dissolved oxygen concentration.
FC : Coliform or fecal coliform counts (bacteria).
Fe : fron concentration.
Mn : Manganese concentration.
Nut: Nutrient concentrations (nitrogen and/or phosphorus).
pH : The pH of the water.
Tem: Temperature.
Tox: Toxic substances.
WC : Turbidity (water clarity).
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Table AL-2: water Quality probLems in Arabama and the
Factors Attributed to Them..

Heavy Fish Ðissolved
Source $u'!rient Sedi4enl lqlÅform Metals KiIls OxvqenI(LrIs ()xygentt
Point
a) Municipall
b) Industrial

Non-Point
a) Àgric.
b) Mininq
c) Other

ge

_t
L. Municipal wastewater treatment plants.
2. There are prohah-ty other probrems attribut,abreto industrial Ëources, however, the only specific

reference LraË to dissorved olrl¡gen concentrat,ions.

KEY: E=Estuari-es, S=Streans.

's
s

s sst
I

--l
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Table AL-3: Wastewater Systems
IData obtained from

and State Statistics.
ASTWPCA ( r.983b) l

State Surface Area
Lake Surface Area Percentage

Total State Populationl (L980)
( l-e7o )

Population Served by
Municipal Wastewater
Treatment PIants

Year Round Housing Unitsl
- With a Public Sewer
- With a Septic Tank or Cesspool
- Other Means

Number of Combined Sewer
Systems and (Pop. Served)2

Compliance by Significant
Municipal Wastewater
Treatment Plants

50,76'7 míz
7.r %

3, gg3, ggg
3 ,444, l-65

2 , !BO, ooo
(s6%)

s3.2 %
¿-1 Q o/

/o
4.e %

-0(0)

= B9.O %

1. Data obtained, from
2. U.S. EPA (1-98s),

Wastewater
Svstem Tvpe

the 1980 U.S. Census.

Percent of Total
Population State Population

Primary
Biological 1

Secondary
Tertiary
No System
But Reguiredz

System Not
Required

70, o00
600, o00

1, 04O, Ooo
470, O00

none

1,713,888

1.8
15.4
26.7
12.1

none

44.O

1. Alabama defines biological treatment as those
biological ptants achieving only BO to 85
percent removal of biochemical oxygen demand.
Requires system: State residents for whom
septic systems are not an adequate method
of wastewater discharge and therefore
need a se$rer system.

z.



A. Overview of Surface Water

IV. FLORIDA

Qualitv

Recent State Water Ouality Investigatlons

As a result of the Florida Clean Lakes Program (Huber et aI.,19B3a,b), the Florida 1994 Section 305(b) Repor[ [Flòrida Departmentof Environmental Resources (Florida DER), 19-841, and the ASIWPCA STEPProgram (ASrwPcA, 1983a,b), an extensive surface water quatity database and pollutant discharge inventories have been compll"d fãr theState of Florida. Many of these data ry\rere prevJ-ousIy accessible onlythrough the acquistion of numerous reports published by a variety ofstate, federal, and unj-versity departments. These data are nowstored in computerized form and can be retrieved readiry.

Extent and Nature of Water Oualitv Concerns

Froridar s assessment of water quality in estuaries, pubricl-akes, and streams indicated that most problems were assoèiated withstreams, while estuaries and public lakes \¡/ere affected to a lesserdegree (Florida DER, 1984) (Tabte FL-1).

Streams

OnIy 46 percent of Floridats 12,659 stream miles
demonstrated full support of their designated uses. Failure tomeet water quarity standards hras attributed prlmarily tonon-point sources (50 percent), with 20 percent of the cases duemunicipal pollutants (Table FL-l_).

Estuaries

Arl but 3 percent of the staters 4,277 sguare mi_les ofestuarine envj-ronment assessed fully supported their designateduses, with nonsupport attributed to municipal pollutant 
"áurces(7o percent) and non-point source dischargès (3o percent)

(Table FL-1).

Lakes

Floridars assessment of public lakes indicated more than 90percent fully or partiarry supported their designated uses(Table FL-l-). Failure to support designated. usqs was attributedequally to municipal and non-point sources (both 48 percent) withthe remaining 4 percent caused by industriaÍ sources.

15



16

Florida' s Stream Monitoring Program

The emphasis of this report is on lakes, therefore, only a
brief description of Florida's stream monitoring program will be
provided. The Florida Fixed Station Monitoring Program includes
58 sites (nainly stream sites) that are sampled six tÍmes a year
for nutrients, coliform counts, dissolved oxygen, and a number of
other water quality parameters, and once per year for heavy
metals. A complete description of the program is available in
the 1984 Florida 3O5(b) Report (Florida DER, 1984).

Floridars Clean Lakes Program

Researchers at the University of Florida compiled data from
numerous prior studies to provide an analysis of 7BB Florida
Iakes in a report to the Florida Department of Environmental
Regulation (Huber et al., 1983a,b). This report serves as the
staters Clean Lakes Program report. The available data permitted
the evaluation of water quality in about 575 lakes, including
trophic state assessments and nitrogen and phosphorus point and
non-point source loads. A summary of the lakes' trophic states
is provided in Table EL-z. Due to the extensive analysis
presented in the Huber et al. report, it is not appropriate to
attempt to provide any more detail here.

Municipal
Non-Point
Estuaries,

Wastewater Treatment Plants, Industrial Dj-scharges,
Causing Water Quality Concerns

and
inSources, As

Lakes, and
Factors
Streams

Table FL-3 provídes an overview of the water guality problems
associated with Florida's estuaries, Iakes, and streams and the
corresponding factor(s) contributing to these problems. Pollutant
sources responsible for water quallty problems include phosphate
mining and fertilizer production, domestic wastes, agricultural
runoff, dairy and hog farms, and urban runoff. Municipal and
non-point source pollutants have been designated as the primary
offenders, each contributing to nearly half of the cases for less
than full support of designated uses (Table FL-L).

In the 1984 Florida 3O5(b) report (Florida DER, I9B4), the state
made a number of observations pertaininq to the factors causing water
guality degradation. Some examples of these are presented in the
following paragraphs, with addltional basins being discussed in the
305(b) report.

a. North Central Florida: Several trÍbutaries to the Suwanee
River drain an extensive phosphate mining area. These
tributaries have hiqh specific conductivj-tances, high
nutrj-ent concentrations, and high counts of coliform
bacteria.
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East coast of Florida: There are rocaLized. areas of waterquality standards viorations, s-ome severe, d.ue to rapid urbangrowth. sykes creek is an exemprary probrem area witrr waterquarity probrems resulting from treated wastewater effluent
and urban growth. The north prong of the Arafia River, thePhirippi creek, and the whitaker Bayou show very poor waterquarity, including high concentrations of nutriènts andcoliform bacteria, ro',,rr dissorved oxygen concentrations, androw biorogicar diversity. phosphate mining, chemical prants,urban runoff, and municipar wasterwater effruents contributeto these problems.

central Florida: The problems with the lakes and. streams inthis area of Florida are related to pump discharge fromagriculturar areas, and incrude row disÈorved oxygenconcentrations and high nutrÍent concentrations. severar
streams are eutrophic due to municipar wastewater treatmentplant effluents.

c.

Municipal Wastewater Treatment plants

The state has compiled data on municipar wastewatertreatment plants, the type of treatment prãvided, and thepopurations served by each treatment type (Tabre FL-4). Thesedata indicate that 6,1oo,ooo (63 percent¡ of the statårs totalpopuration of 9,746,oo0 persons are served by a municipal
wastewater treatment system, with the remaining popurat:_on beingserved primariry by septic tank systems. only one 

-community 
haJa combined sewer system.

Trends in the Control and Manaqement
Treatment pfant anA Non-point-Ëõrlrce

of Municipal
Pollution

Wastewater

The future of Floridars water quatity depends on the statersability to establish and manage adequate programs in response to itsextremely high population growth in recent years. FtorÍda
experi-enced a 44 percent population increasé between l-970 and 19gO(u.s. 1980 census). Frorida's popuration rose an additional 14percent between 1980 and 1985 (N.y. Times, 1985), and is projectedto increase another 41 percent by the year 2ooo (u.s. News & worldReport, 1985). The continued frux of peopre into the "sun bert'region wilt--place even more severe pressures on Florida's naturalresources: rrAdequate treatment of municipal and industrial wastecontinues to be a major concern because ãf continuing rapidpopulation growth, environmentally sensitive receiviñg waters whichrequire high treatment levels, and the staters dependence on groundwater which rimits land apprication of hrasteil (ASrlvpc¿, Lgg3bi. Toaddress these problems, the Florida Legislature in L9B3 p."s"å th.
$117 million water Quarity Assurance Aãt, which provided $1oo mirlionfor sehtage treatment plant construction and estaUtisfre¿ major new
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programs, or strengthened old programs, for monitoring, inspection,
and data collection.

Non-point source pollution is also a major problem, as estimates
indicate that more than half of the pollutants entering Floridars
surface waters are directly related to non-point sources. The
state's non-point source pollution control strategies include best
management practices encouraged through the State Administrative Code
and local ordinances regrulating urban stormwater control. Thus, a
nonregulatory approach has been followed for control of pollution
from silvicultural and agricultural sources. The state Stormwater
RuIe, state Dredge and FilI RuIe, and state reclamation regrulations
are addressing the problems resulting from new mining.

B. Analvsis of Phosphorus Loads to the Study Lakes

Identification of
Plants

Studv Lakes and Mun'i cipal Wastewater Treatment

Huber et aI. [1983a (Table 4-S)] identified 70 municipal
wastewater treatment plants which discharEed into 41 Florida lakes.
However, aII the facilities which dÍscharged into streams flowing
into the lakes \,{ere not included in the analysis. Perhaps this can
be explained by the abundance of wetlands and interconnected lakes,
which precludes the accurate determination of the direction of flow
and ultimate destination for many discharges. Recognizing these
obstacles to the present study, an attempt was made to provide at
Ieast a general picture of the magnitude of municipal wastewater
treatment plant phosphorus loads to Florida lakes. Some
modificatíons have been made to the generalized approach to avoid
these quandaries. Beginning with the set of 41 lakes from Huber et
âI. , 22 lakes were eliminated on the basis that their associated
dischargers did not meet the study requirements. That is, either the
facitity was not considered strictly municipal (e.9. Ít served a
country club, mobl-le home park, airport, etc.); the facility had been
upgraded and the current level of treatment was considered to provide
nearly the maximum rate of phosphorus removal which could be expected
short of diversion of the effluents around the lakes (i.e. the
utilization of chemical phosphorus removal or percolation ponds); the
facility employed special Iand application technologies or the
facility was not included in the most recently available inventory of
Florida permitted wastewater dischargers (EIorida DER, 1985). The 16
Iakes remaining \¡rere located on a USGS 1:5O0,OO0 scale state base
ilâp, and municipal wastewater treatment plants within approximately
50 rniles upstream were identified with the aid of the state's
wastewater treatment plant inventory (ElorÍda DER, 1985). During the
visual inspection of the USGS base ñâp, three additional Iakes
(C1press, Kissimmee, and Rousseau) were observed to be situated
downstream of two of the 16 lakes already targeted for analysis;
therefore, these three Iakes \¡tere included in the analysis. Thus,
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the phosphorus load analysis v/as performed on a total of 19 1akes(Table FL-A in Appendix B).
Morphological data for the study rakes (Table FL-A in

Appendix B) and rand use data for their basins (Tabre FL-B inAppendix B) r¡rere obtained from Tables 4-11 and 4-2 of Huber et ar.(1983a), respectively. Table FL-C in Appendix B provides a Iistingof the municipal wasterwater treatment plants upitream of the 19study lakes, along with the corresponding populàtions served by eachfacility. Although Huber et aI. (1983a) cãlèulated phosphorus load.sfor 14 of the 19 study rakes, the roads had to be reãatcutated
because:

a. Huber et al. employed per capita load values based on thephosphorus content of wastewater during the early 1970rs.
The phosphorus content of typical domestic wastewater hasdecl-íned appreciabry during the intervening years, from
around 12 percent in the late 1960rs to the level of from 4to 5 percent (cresceri et unpubrished data; soap andDetergent AssocÍation, unpublished data) .

b. Huber et aI. did not incrude phosphorus roads from arlmunicipal facilities discharging upstream.

Results and Discussion of Total Phosphorus Loads

using the present study's approach, municipar wastewatertreatment plant total phosphorus (TP) Ioads to ttre study lakes rangedfrom 1to 76 percent of the totar loads; the totar roads \^rerecarcurated as the sum of the non-point source and municipar
wastewater treatment plant loads. Table FL-5 contains a completelisting of these figures along with relevant excerpts from the 1984Frorida 305(b) Report (Erorida DER, 1984) concerning the 19 rakespotentiarry impacted by municipal wastewater treatment ptantdischarges. Table FL-6 provides an overview of the numËers of studyIakes and municipal wastewater treatment plants and populations
served by these plants as compared to the values for- the entirestate. The study lakes' water quality data from the Clean Lakes
Program is presented in Table FL-7a and the trophic states in .:
Table FL-7b

The following paragraphs consist of observations made concerning
some of the lakes studied in this report along wíth relevant commentsfrom the Clean Lakes Program Study:

a. cypress, Hatchineha, Kissimmee, Russelr, and Tohopekarj_ga
Lakes: These lakes are located downstream of the Orlandometropolitan area. Shingle Creek and Reedy Creek are thereceiving streams for the Orlando-Mcleod Rbad, Orlando-Sand
Lake Road, and orlando-Reedy creek rmprovement District
municipar wastewater treatment prants and empty into
Tohopekariga and cypress Lakes which flow into Lake
Hatchineha and then Lake Kissimmee. Lake Russe1I receives
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discharges via Reedy Creek from the Orlando-Reedy Creek
Improvement District. According to the 1984 Florida 305(b)
report, a number of steps have been taken to reduce sev¡age
Ioads from these plants as weII as urban and agricultural
runoff. The Florida DER is presently completing a wasteload
allocations study of Reedy Creek in an attempt to identify
se\¡rage plant discharge nutrient limitations to protect Lake
RusselI. Lake Tohopekaliga also recelves effluent from the
city of St. Cloud STP, which c'ontributes to the hlstoric
dissolved oxygen concentrations, bacterla, and nutrÍent
problems below the plant's dischargre point. Although Lakes
Hatchineha and Kissimmee are located downstream of Lake
Cypress, and therefore receive wastewater treatment plant
effluents from the same point sources, both currently meet
their use designations.

Lake Thonotosassa: Problems in Lake Thonotosassa v¡hich
included fish kills during r¡¡arm weather/ are caused by a
combination of industrial and domestic point source
pollutants and agricultural and rang¡eland non-point sources.
The river basin has a very large percentage of agriculture,
rangeland, and urban land use and the in-stream quality
reflects high areal phosphorus loads (Florida DER, 1984).

Lake Rowell: This lake has a relatively small drainage basÍn
area. The City of Starke STP is the only municipal facility
upstream of the lake.

c.

Comparison of Clean Lakes Program Water
of the Total Phosphourus Load Analt¡sis

Oualitv Results
for Studv Lakes

A comparison of the trophic states of the study lakes to the
percent of the total phosphorus load attributable to municipal
wastewater treatment plants indicated the state of eutrophy btas not
simply dependent on the percent contribution to the phosphorus load
by the municipal wastewater treatment plants (Table EL-8). Although
Iakes Ì¡rith grreater than 50 percent of their load attributable to
municipal wastewater treatment plants tended to show a high degree of
eutrophy (6 of 7 lakes vrere eutrophic), some lakes with minimal
phosphorus contributions from municipal wastewater treatment plants
\^rere also eutrophic (2 of 5 lakes \¡/ere eutrophic). This is as
expected, because non-point source loads can also cause severe water
quality degradation.

These observations are important, as all too often, people have
equated wastewater treatment plants with eutrophic lake conditions;
this is not always the case.

Data to the
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Tables For Florida

Table FL-1: Eloridars Estuaries, PubIic Lakes and Streams, Their
support of Designated uses, causes for Less Than FullSupport, and the Major Water euality parameters of
Concern as presented in ASIWpCA (l-983b).

Total
Stream

Miles or
Acres of
PubIic
Lakes

in State
(# Lakes)

Streams
and Lakes
Assessed

Support of
Designated

Uses (Percent)

Cause for Less
Than Full
Support of

Desiqnated Uses
( Percent )

Mi les
or

Acres

Pct.
of

TotaI
Not

EuIl Part None Known
Non

Ind Mun Pt. Oth.

Streams

Lakes

Estuar-
ies

12659

2 085 120
(7712)

2 751000

12659 100

74t337 36

2737000 99

9

o

<1

l_346

a2

97

32

10

o

50 26

480

20

48

4

4

70 30

Maj or
Parameter(s) of

Concern

DO
Nut*

DO
wc
Nut

FC
Nut
DO*

DO:
FC:
Nut:
wc:

Identified by the state as the most

Dissolved oxygen concentratíon.
Coliform or fecal coliform counts
Nutrient concentrations (nitrogen
Turbidity (water clarj.ty) .

significant problems.

(bacteria).
and/or phosphorus).
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Table EL-z: The 573 Florida Lakes for Which Huber et aI. (1-983a)
had Sufficient Data to Calculate the Trophic States.

Trophic I Number Percent I Surface Percent
Classification I of Lakes of Total I Area I ac ] of Total

Oligotrophic

Mesotrophic

Eutrophic

233

288

52

4T

50

9

**

**

**

* These values could not be readily calculated.

Table FL-3: Water Quality Problems in Florida and the
Factors Attributed To Them.

Heavy Fish Dissolved
Source Nutrient Sediment Coliform Metals KiIIs Oxygenrttttt
Point
a) Mu-nicipall
b) Industrial
Non-Point
Ð Asric.
b) Mining
c) Other

1. MunicÍpal wastewater treatment plants

2. Due to urban runoff.

KEY: E=Estuaries, L=Lakes, S=Streams.

LS
c
J

ES
E

LS
ga

LS
ES
6z
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Table FL-4:

State
Lake

TotaI

Surface Area
Surface Area Percentage

State Populationl (1980)

Wastewater System and
Data were from ASIWPCA

State Statistics.
( r_e83b) .

= 57,26I mi
= 5.7 %

g ,746,324
6,791,000

6,100, o00
(63%)

7r.e %
27.3 %
o.B %

= L (4,37A)

= 93.6 %

( 1e7o )

Population Served by
Municipal Wastewater
Treatment Plants

Year Round Housing Unitsl
- With a Public Sewer
- With a Septic Tank or Cesspool
- Other Means

Number of Combined Sewer
Systems and (Pop. Served)2

Compliance by Significant
Municipal Wastewater
Treatment PIants

1. Figure obtained from the 19BO U.S. Census.
2. U. S. EPA ( 1985 ) .

Wastewater Percent of Total
System Type Population State population

Primary
Secondary
Terti ary

No System
But Requiredl

System Not
Required

none
4, B0O, OOO
1 , 3O0, OO0

3 ,2OO, 0O0

900, oo0

0.0
47 .t
12.7

37.4

B.B

1. Requires system: State
septic systems are not
of wastehrater discharge
need a se\^ter system.

residents for whom
an adeguate method
and therefore
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Table FL-5: Non-Point Source and Munic¡pal Wastevater Treatment Plant Isee ('l)] Total phosphorus Loads To FtorÍda study Lakes.

surrâce Basin Landr tiTô.t[ot??1" %rBt.J:å3'
Area Basin2 Area Use -ñõn:---Þõlnt Attributed

!ake Nâme t !g,l .cgdg, t bÍlrl-l cat. pgin=t= ruyr!l 1õ-mwÍpíã- commentszcons ioerat ¡onsCrescent 7061 LO SJ i

E. Tohopeka I iga 4836

K r sME 301 0 1 71 .00 325.OO 66

133.00 0.53 1

46.90 1 3.60

uP sJ 9638 480.00 57.00

oKLAW 2007 114.00 11.10

Cypress

Dead

Geo rge

Griffin

Ha rney

Ha tch i neha

Kissimmee

Mon roe

Okeechobee

Po Í nt sett
Rou s sea u

Rowe I I

Russe I I

Ta lqu in

Thonoto sa s sa

Tohopeka I iga

176447 LK OK 14634

CHPLA 3124

K I SME 798

UP SJ 5O2B

KISME 3O1O

K I SME 4.162

UP SJ 6268

UP SJ 3295

WTHLA 5184

SA.NTA 51

K I SME 1065

ocHlo 4455

H I LLS 155

26>.OO 63.00

1 71 . 00 325.OO

235.00 325.OO

325.OO 81.00

830. 00 36.50

185. 00 1 .26

260.oo 5.30

2.'12 6.60

58.00 71 .00

181.00 18.10

10.20 1 7.00

1653

2711

18932

4314

2452

2686

14067

3550

't7 37

1 686

147

296

2772

334

7604

23

11

9 Shovs p nob I ems due to La ke Apopka po I I ut i onsources, local point inputs, and urban runoff.Efforts underway to curb pol lution loads.
20

66

59

20

Occasional lov DO and hígh nutrient levels.
Eutrophic lake neceives STp effluentè fromSanford and v¡a St. Johnts Ríver.

5 Rece i ves ag r i cu I tu ra I runoff from upst ream
sources and backpumping of agriculti;ral runofffrom the areâ surrounding south end of lake.

1

2

76

55 Hístoric and recent DO and nutnient problem
due to swamp drainage.

10 Upstream point sources include stripmine.
63 Rece ives po I I ut ion load from Baker Creek,shovs severe eutrophication problems. -

73 H i storic and recent eutroph icat ion prob lems dueto se\r'age loads, urban and agricultural runoff.
Tsa la Apopka 5237 WTHLA 414 -- 17.80 4.13 19

ISee footnotes on next page]

K I SME .1606 94.00 255.00
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Table FL-5, contínued.

1. Municipa I vÆstevater treatment plant is appreviated as MWTP ¡n the Table.

2. KeY to lake ríver basin codes:

CodF Ma.ior River Basín

KISME Kissimmee River
HILLS Híllsborough
LK OK Lake Okeechobee
OGH:LO och lockonee
OKLAW Oklawaha
SANTA santa Fe
LO SJ Lover St,. Johns
UP SJ Upper St. Johns
l.lTHLA H ith lacoochee

3. Land usê categories are equivalent to those assigned to each lakers drainage basin as
presented in Tâble FL-B in Appendíx B.
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Tabre FL-6: comparj-son of the Number of Lakes and Municipal
Wastewater Treatment Plants in the Phosphorus Load.
State Analysis to the Numbers presented by
Huber et aI. (1983a) and the State as a Whole.

IA}
Study

IB}
Huber
et aI.

{c}
State

Study
(col A)
as ol of
Huber

(col B)

Study
(col A)
as ol of
State

(col c)

Number 22 573 7,712 4 <1

Lakes Surface
Area lkmz 1 2 ,587 4,422 8, 438 59 31

Number 35 __1 244 __ 1 T4

MWTP' s1 Pop. Served
(x1O3 persons)

I

| 6,567 __1 100 9

1. Municipal wastewater Treatment plants. The municipar
facirities identified in the present study were thè same
as those included in Huber et al. (1983a), except for
those added or deleted due to special circumstances, âs
described in Part B of the Generar proced.ures section.
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Table FL-7a:

Lake Name

Data
SampIe
Period
I vears ]

Mean
Secchi Mean

Macro-
phyte

Water Quality Parameter Values for Those Study Lakes
for Which Data Were Availab.le. Values are in ug/L as
P, N, and Chlorophyll-a, with Secchi Disk Depths
in meters.

TP TN
No. Mean No. Mean

Disk ChI-a Troph. IPct.
Depth Concl State Cov. l

Crescent

Cypress

Dead

East
Tohopekaiga 54-81 41 49 38 768 1.39 6.2 M

71-80

s4-81

65-BO

2A 26

63 rt2
18 18

18 \294 0.65 29.4

64 ]-734 0.49 87.0

L7 410 1 .89 4.2

M

M

0.4

2.4

5.6

2.1

7.2

o.4

1.6

2.O

nd

4.8

o.2

10. o

6.7

42.3

1.9

nd

nd

t.2

E 74.4

George

Grlffin

Harney

Howell

Ki ssi-mmee

Monroe

62-80 20 98 22 1454 0.76 38.5

65-81 274 t22 275 2702 0.51 64.4

68-80 9 137 22 1931 4.88 14.8

66-75 l_3 1s38 30 L673 I .82 54. 1

54-81 86 59 91 7460 r.22 23.3

68-80 2t 195 69 2AO4 2.73 44.7

M

Hatchineha 54-8L 37 91 38 1554 0.58 30.8

Okeechobee 68-81 627 115 303 1645 0.68 16. 1

Pointsett 54-80 2B 62 43 15L8 A.74 16. 6

Rousseau

RowelI

RusseII

Talquin

66-80 57 39 s7 46A 3.13 2.3

66-81 13 139 12 873 0.74 2r.O

7B-BL s 50 5 L644 0.s6 9.9

65-80 4t 130 2L 676 0.92 11.O

Thonotasassa 65-81 119 687 lO2 963 0.60 54.8

Tohopekaliga 54-81 ]-62 361 l-65 1809 7.24 85.3

M

M

E

E

M

Tsala Apopka 71-81 82 89 85 1085 0.88 3. 1 M 69. 1

Key to trophic states: M = Mesotrophic, E = Eutrophic
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Table FL-7b:

Lake
Trophic

Indexl Statez
Limiting
Nutrienta

Trophic State Index and Trophic States forthe Florida Study Lakes.

TN: TP
Ratio3

Crescent
Cypress
Dead
E. Tohopekaliga
Georqe
Griffin
Harney
Hatcheneha
Howell
Ki- s simmee
Monroe

t7
16
22
16
l-5
22
15
I7

1
25
I4
74
24
t2

6
33

5
1
5

72

E
E
M
M

E
E
M
E
E
E
E
E
E
M
E
E

E
E
M

67
77
38
48
67
77
46
69
62
59
60
65
62
33
62
65
55
69
69
41,

nd
Balanced
Balanced
Balanced
Balanced
Balanced
Balanced
Balanced
N Limíted
Balanced
Balanced
Balanced
Balanced
Balanced
N Limited
P Limited
N Limited
N Limited
N Limited
Balanced

Okeechobee
Pointsett
Rousseau
RoweI].
RusseII
Talquin
Thonotassa
Tohopekaliga

M-E

1.

2.

Tsala Apopka

This is the Huber et aI. (1983a) chlorophyll-a
trophic state index

Utilizing the literature review in Table 27 of the
Vüisconsin DNR (1983) to relate chlorophyll-a
concentrations to trophic states, and Table 3-1 in
Huber et ar- (1983a) which compares the chlorophylt-a
trophic state index to chlorophyll-a concentratións,-
the following relationships were deiived:

Index Trophic State
>55 Eutrophic

30-55 Mesotrophic
<3O Oligotrophic

Refer to the glossary for explanation.

Balanced = nutrient balanced.
N Limited = nitrogen limited.
P Limited = phosphorus limited.
AIso, refer to the glossary.

4.
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Table FL-8: Comparison of Trophic State to the Percent
of the Total Phosphorus Load Attributable
to Municipal Wastewater Treatment Plants.

Percent
Attributed Trophic Statel

to (Number of Studv Lakes)
Municipal
PIants Oliqotrophic Mesotrophic Eutrophic

Less Than
1To5

5To25

25 To 50

Greater
Than 50

o

6

4

o

o

o

0

1. See glossary for descriptions of oligotrophic,
. mesotrophic, and eutrophic.



A. Overview of Surface Water

V. GEORGIA

Ouality

Recent State Water Quality Investigations

As a resurt of the Georgia crean Lakes program IGeorgia
Department of Natural Resources (Georgia DNR), I?B2J, the Georgia
l-984 Sectj-on 305(b) Report (Georgia DNR, 1984a), and the ASIWpCA STEp
Program (AsrwPcA, 19B3a,b), information has become available
concerning surface water quality and pollutant discharge sources inthe State of Georgia.

Extent and Nature of Water Ouality Concqrns

Georgriars assessment of water quality in streams, public lakes,
and estuaries indicated that all three types of water bodies are in
good condition in Georgia, either furly or partiy supporting arltheir designated uses (Tabre GA-1). The parameters of greatest
concern \^Iere coliform bacteria, dissolved oxygen concentrations, andnutrient concentrations.

Streams

The principal cause of nonsupport for the 5 percent of thestaters assessed stream miles exhibiting less than ful1 support
was municipar wastewater treatment plant discharges, which
accounted for 98 percent of the cases (Tabte GA-1).

EstuarÍes

Ninety-eight percent of Georgia's
fully supported their designated uses.
full support was attributed to natural
the cases (Table GA-l-).

assessed estuarine areas
The cause for less than
sources in BO percent of

Lakes

The principal pollutant source identified as an impediment
to furr support of the designated. uses of assessed lakes (14
percent not fully supportive) was municipal wastewater treatmentprant discharges (96 percent of the cases). Industriar and
non-point sources contributed equally to the remaining 4 percent
(Table cA-1).

31
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Georgiar s Stream Monitoring Program

The emphasis of this report is on lakes; therefore, only a
brief description of Georgiats stream monitoring program wiII be
provided. For example, durinq 1982 and 1983, the state monitored
109 fixed site stations, with samples collected monthly at most
sites. In addition, intensive surveys v¡ere conducted on 41
streams during 1982 and 1983.

Georgiats Clean Lakes Program

The Georgia Clean Lakes Program (Georgia DNR, 1982),
collected data on 175 public freshwater lakes. Sampling \4tas
conducted on 153 of the 175 lakes in the summer of 1980. Based
on these results, some of the lakes vrere selected for additional
sampling during the summer of 1981. A summary of the trophic
states of the lakes assessed during the Clean Lakes Program is
provided in Table GA-2.

Three water quality classification categories were
established to prioritize the Iakes according to their need for
restorative actions. Eiqht lakes l¡rere placed into Category A,
representing the hiqh priority lakes which \Átere the primary
candidates for restoration. The 28 lakes placed in Category B
were moderate priority lakes having most of the problematic
characteristics of Category A lakes, but to a lesser extent. The
remaining 139 lakes r¡¡ere placed in Category C, thereby
designating them as having no immediate need for restorative
action.

Municipal Wastewater Treatment Plants Industrial Dj-scharges, and
Non-Point Sources As Factors Causing Water Ouality Concerns in
Estuari-es, Lakes, and Streams

Tab1e GA-3 provides an overview of the factors contributing to
the water quality problems associated with Georgiars estuaries,
public lakes, and streams. In the 1984a Georgia 3O5(b) Report
(Georgia DNR, 7984), the state made several general observations
pertaininq to the sources of these water quality problems. These are
covered in the following paragraphs.

Industrial Discharges

Industrial point sources contribute significantly to a low
dissolved oxygen problem in Iakes and streams.
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Non-Point Sources

Turbidity due to sediments is the most severe problem
attributed to non-point sources, which include agriculture, urbanrunoff, and construction. Excessive nutrients from non-point
sources are also a larqe problem.

Municipal Wastewater Treatment plants

The two most significant use impairments resulting from
municipal wastewater treatment plant discharges h/ere nutrient
roads and low dissolved oxygen concentrati-ons. The state of
Georgia has compiled data on munÍcipal wastewater treatmentplants, the type of treatment provided, and the popurations
served by each treatment type (Table GA-4). These data indicatedthat 3,28o,00o (60 percent) of the staters totar popuration of
5,463,000 persons were served by a municipal wastêwâter treatment
system, with the remaining population being served. primariry byseptic tanks. Seven municipal wastewater treatment plants emplty
chemical phosphorus removal technologies to reduce the phospfto.us
concentration in their effluents. Eight treatment plants sérving
33O,O0O people have comblned sewer systems.

Trends in
Treatment +e Çont{of and Management of Municipal Wastewater

P1ant and Non-Point Source Pollution
The future of Georgia's water quality depends on the statersability to set up and manage adequate programs in response to theirwater quarity probrems. For exampre, ttHistoricarry, the major

environmental problem in Georgia has been water pottution frompublicly owned wastewater treatment works (POTW), and this remainsGeorgia's major environmentar problem in 1982. 'The probrem withmunicipal discharges has not been the absence of teChnology but theinsufficiency of funds for the construction of the requireãfacilitiest' (ASIWPCA, 1983 ). This problem has been compounded by thestaters L9 percent population incréase from 1970 to 19tio (U.S. fgAOCensus). Georgia's population rose an additional B percent between
1980 and 1985 (N.Y. Times, 1985), and is projected to increase
another 17 percent by the year 2000 (u.s. News & worrd Report,
leBs ) .

Georgia is working to identify and control the discharge oftoxics from industrial facilities by incorporating biomonitóringprovisions into industrial National PoIlution Discharge Etirnination
System (NPDES) perrnit requirements

The existing regura€ory proqrams for the contror of mining,construction, and other non-agricurturar, non-point sources are
consÍd.ered adequate by the state. The nonregulatory approach tocontrolling non-point source polrution from agricultural andsilvicultural practices and urban stormwater runoff consists ofpubllc education and training, monitoring of management practices,
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and planned refinement of nonregulatory progrrams. A three year
assessment study to evaluate th magnitude of water quality problems
related to non-point sources r¡ras scheduled for completion in :..984,
after which the state intends to formulate appropriate responses.

B. Analysis of Phosphorus Loads to the Georgia Study Lakes

Identification of Study Lakes and Municipal Wastewater Treatment
P i alrts

The Information Summary Sheets in the Clean Lakes Program report
appendix (Georgia DNR, 7982) contained complete Iistings of
wastewater discharges upstream of some lakes studied during the
Georgia CIean Lakes Progrram. However, for other Iakes, references
\^rere made to NES Vrtorking Papers or the report simply stated there
rr^rere numerous díscharges upstream. Whenever available, the
discharger data from the Clean Lakes Program Report appendix vtere
used to identify lakes having municipal wastewater treatment plants
upstream. Eor the other lakes, the alternate method using a USGS
1:50O,O00 scale state base map and an inventory of Municipal Water
Pollution Control Plants for the state of Georgia (Georgia DNR,
1984b) was used to identify the municipal facilities upstream.

Following these procedures, 24 of t}:.e 175 lakes assessed during
the Georgia Clean Lakes Program were found to meet the criterion of
having at least one municipal wastewater treatment plant discharging
within approximately 50 miles upstream.

Morphological data for the study lakes (Table GA-A in
Appendix B) were obtained from the Clean Lakes Program report. Land
use data (Table GA-B in Appendix B) for the drainage basins v/ere
obÈained from a number of sources. Data ¡^Iere available in the North
Carolina and South Carolina C1ean Lakes Program reports for the
immediate drainage basins of those lakes on the state borders (North
Carolina DEM, 1983 and 1984; South Carolina DHEC, 1982). For lakes
Ïraving extremely large basins, such as those on the Chatahoochee
River, Iand use data presented in USDA-SoiI Conservation Servicers
National Resources Inventory for Georgia (USDA, I9A2) were used to
place the lake basin in the appropriate land use cateqory. A list of
the municipal wastewater treatment plants upstream of each study
Iake, along with the corresponding population served by each
facility, is given in Table GA-C in AppendÍx B.

Results and Discussion of Phosphorus Loads

The present analysis of phosphorus loads to t.}:e 24 study lakes
represents a comprehensive analysis of the lakes considered to be
most important to the state of Georgia. Table GA-s provides an
overview of the numbers of study lakes and municipal wastewater
treatment plants and the populations served by these plants compared
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to their values for the entire state. MunicÍpal wastewater treatmentplant total phosphorus (TP) Ioads to the study lakes ranged from 1 to
82 percent of the total TP loads; the total loads \4rere calculated asthe sum of the non-point source and municipal wastewater treatmentplant loads. Table GA-6 contains these results along with relevantexcerpts from the 1984 Georgia 305(b) Report (Georgia DNR, 1994a)concerning the 24 lakes potentially impacted by municipal wastewatertreatment plant discharges. The Clean Lakes Program wáter quality
sampring data for the study rakes are presented in Tabre GA-7

A number of observations are worth notíng in regard to some ofthe lakes' phosphorus loads attributable to municipai wastewatertreatment plants.

a. Three of the largest lakes in the state have considerable
phosphorus loads attributable to municipal wastewater
treatment plants. These lakes are located downstream of
major treatment facilities:
1) Lake Allatoona: Receives approximately 75 percent of its

municipal load from the recently upgraded Cobb
County-Noonday Creek pIant.

2) Lake Jackson: The diversion of the Atlanta municipal
wastewater treatment plant discharges to the
chattahoochee River, scheduled for 1995, wilr remove
about 48 percent of the current muni.cipal wastewater
treatment plant phosphorus loads. The load was recently
reduced by one-half through the upgrading of the Dekalb
County-Snapfinger Creek plant and four Gwlnnett County

' prants to chemicar phosphorus removal. Furthermore,
non-poínt source studies in progress should result inadditional load reductions.

3) Lake oconee: Arthough the present phosphorus road
analysis indicated 65 percent of the rakets total
phosphorus load is attributable to municipal wastewater
treatment plants, the lake is not experiencing any waterquality problems. perhaps this is due to the large
distance the effluent must travel in reaching the lake.

b. Three rerativery smarl rakes with substantiar totar
phosphorus loads from munici-pal wastewater treatment plants
are each Ímpacted by a single facility (4-5 MGD).

1) coffee state park Lake: Downstream of the Douglas
wastewater treatment pIant.

2) Harry Williams: The municipal phosphorus load isprimarily from the cordere wastewater treatment plant.
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3) High FaIls: Is impacted primarily by the Griffin-Cabin
Creek facility; one other v-e¡y small facility is upstream
(Locust Grove West).

Comparison of Clean Lakes Program Water Quality Data to
of the Total p_hg_qphguru_Ë Load Analvsis for Studv Lakes

the Results

A comparison of the trophic state'of the study lakes to the
percent of the total phosphorus load attributable to municipal
wastewater treatment plants indicates the state of eutrophy is not
simply dependent on the percent contribution to the phosphorus load
by the municipal wastewater treatment plants (Table GA-8). Although
Iakes with greater than 50 percent of their load attributable to
municipal wastewater treatment plants tend to show a high degree of
eutrophy, some lakes with minimal phosphorus contributions from
municj-pal wastewater treatment plants were also eutrophic. This is
as expected, since non-poJ-nt source loads and industrial discharges
can also cause severe water quality degradation.

These observations are important, as all too often, people have
equated wastewater treatment plants wj-th eutrophic lake conditions;
this is not always the case.
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I C. Tables For Georgia

Tabre GA-1: Georgriats Estuaries, pubric Lakes and. streams, Their
Support of Designated Uses, Causes for Less Than EullSupport, and the Major Water Quality parameters of
Concern, as presented by ASIWPCA (1983a).

TotaI
Stream

Miles or
Acres of
Public
Lakes

in State
(# Lakes)

Streams 
I

and Lakes I

Assessed

Miles Pct.
or of

Acres Total

Support of
Designated

Uses (Percent)

Cause for Less
Than EUII
Support of

Designated Uses
( Percent )

Not
FulI Part None Known

Non
Ind Mun Pt. Oth.

Streams

Lakes

Estuar-
ies

20, 000

387,373
(17s)

380,000

17, OO0 85

387,373 100

304, O00 B0

95230
861310

98020

198 10
29620

1550801

Maj or
Parameter(s) of

Concern

DO FC FC*
Tox Nut* Nut*

DO*

1. Natural sources.

* rdentÍfied by the state as the most significant problems.

DO : Dissolved oxygen concentration.
FC : Coliform or fecal coliform counts (bacteria).
Nut: Nutrient concentrations (nitrogen and/or phosphorus).
Tox: Toxic substances.
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Iable GA-2: Trophic States of the
During Georgiars Clean
Data were Available.

163 Public Lakes Assessed
Lakes Program for Which

Trophic I Number Percent I Surface Percent
Classification I of Lakes of Total I Area I ac ] of Total

Oligotrophic

Mesotrophic

Eutrophic

Hlpereutrophic

L6

42

85

20

10

26

52

T2

56, 8BB

24,50]-

7 4,230

360

36

16

48

<1

Table cA-3 Water Quality Problems
Factors Attributed to

in Georgia and the
Theml .

Heavy
MetaIs

Fi sh
KiIIs

Dissolved
OxvqenSource Nutrient Sediment Coliform

Point
a ) wlunicipal2
b) Industrial
Non-Point
a) Agric.
b) Mining
c) Other

1. Georgia did not report they were experj-encing any
problems with estuaries.

2. Municipal wastewater treatment plants.

KEY: L=Lakes, S=Streams.
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Table GA-4: Wastewater Systems and
Data v/ere from ASIWPCA

State Statistics.
( 1eB3b) .

60,0OO mi
r.o % _

5, 463, 105
4,589,575

State Surface Area
Lake Surface Area Percentage

Total State Populationl (1980)
( 1e70 )

Population Served by
MunicÍpal Wastewater
Treatment Plants

Year Round Housinq Unitsl
- With a Public Sewer
- With a Septic Tank or Cesspool
- Other Means

Number of Combined Sewer
Systems and (Pop. Served)2

Compliance by Significant
Municipal Wastewater
Treatment PIants

= 3,28O,0O0
(60 %)

60.3 %
36.6 %3.r %

- B (330,24O)

=91 %

1. Figure obtained from the 1980 U.S. Census.
2. U.S. EPA (1985).

Wastewater
_éyslem Type

Percent of Total
Popqlation State Population

Primary
Secondary
Tertiary
No System
But Reguiredl

System Not
Required

none
2,720,00O

560, O00

330, 000

1, 950, 000

rrone
49. B
10. 3

6.O

3s. 7

1. System required: State
septic systems are not
of wastewater discharge
need a sewer system.

residents for whom
an adequate method
and therefore
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Table GA-s: Comparison of the Number of Lakes and Municipal
Wastewater Treatment PIantg in the Phosphorus Load
State Analysis to the Numbers in the Staters Clean
Lakes Program (CLP) and the State as a Whole.

IA}
Study

tBl
CLP

Ic]
State

Study
( col A)
as "/ of

CLP
(col B)

Study
(col A)
as "ft of
State

(col c)

Number 24 175 nd t4 nd

Lakes Surface
Area lkmz ] I,460 1,568 nd 93 nd

Number 723 __r 403 __1

MWTPr sl
1, 057 __ 1 3 ,280 _-1

1. Municipal Wastewater Treatment Plants. The municipal
facilities identified in the present study \^tere the same
as those included in Georgiats Clean Lakes Program, except
for those added or deleted due to special circumstances, âs
described in Part B of the General Procedures section.

31

Pop. Served
(xi-03 persons) 32
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Table GA-6: Non-point Source and Municipal Wâstevater Treâtment Plant Isee (1)] Totat phosphorus Loads To ceorgía study Lakes.

surrace Bas í n Lands t¡ló.tlotoXlt %rBt.J3å3'
Area Basin2 Area Use -Ton- ---Tol¡t Attributed

!?he, Name Iþql cg9g. tlql! 9g!.., ppin!= tryryriI tó-¡rwiÞis- comnents¡consi¿erations
A l l a t,oona 4800 COoSA 2900

B I ackshea r

Bul I Sluice

Ca rte rs

Cha tuge

Clarks Hi I I

Coffee SP

G. W. And rews

Goat Rock

Hârdíng

Ha rry Wí I I iams

Ha rtwe I I

High Falls

Jackson

Notte I y

Oconee

Oliver

3446

235

1 300

2894

28329

2

623

381

2367

11

22643

243

COOSA

TENNE

FLrNT 8780 FM|X 197.00 21.30 10

CHATT 3630 EM tx 60.00 15.60

High trophíc condítíon for a major impoundment;
concern over industrial díscharges to lake;
some aquatic macrophyte problems.

21 Rece ives inf lo\,/ of sed iment and surface-born
garbage from banks.

5

5 Garbage present on some adjacent fand; al legedproblems possibly due to lake pH fluctuat¡oñs.
SAVAN 15930 EM IX

SAT I L 490 FM IX

CHATT 21260 FMIX

CHATT 1 1540 EM IX

CHATT 1O9BO EM I X

FLI NT 175 FM IX

SAVAN 5410 EMIX

LO OC 490 EM|X

970 cMtx 28.80

490 cMrx 14.60

1.52

o.67

265.00 24.60
'1 1.00 11.10

475.00 1.27

192.OO 32.40

182.00 33.10

s.92 9.60

90.00 18.00

8. 10 21 .70

9

51

<1

15

16

72

17

73

Nev lake (fever than tv/o years old).

TENNE 550 cNrx 16.30 0. 53

ocoNE 4710 EMtX 78.00 141.00

CHATT 12100 EMtx 201.00 4.61

Listed as highly eutrophíc in prevíous studies.
See footnote 4.

Some pnoblems reponted concerning toxicconcentration levels ín fish.
Al leged problems due to dye from Dundee Dye
P I ant, caus i ng d i sco I orat íon; submerged añdemengent^vegetatign, físh ki I ls, algãl blooms,
severe DO stratifícâtion and deþletìon,
deposítion of sed iments

Algal blooms related to nutrient ínout fromtributaries; sí ltation in upper lakb;
re lat íve ly severe DO strât i î.i cat ion;history of fish ki I ts and ftoating !arbage.

1923 uP oc 3630 EM tX 60.00 250. OO

17 36

7692

870

4

65

3

sem¡nole 15182 APALA 44290 FMIX 990.00 24.90 3 Aquatic weed oroblem lmâny speciesì.
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Table GA-6, continued.

Est. TP Loads % of fotal
Surface Basin Landr f1o3 kqlvrl TP Loâds
Area Bas i n2 Area use -Ñõñ:-----Þõl nt Attt"i buted

Lâke Name thal Code tkm2l Cat. Pg,i nt (MUT| l to MUTP's goTments'lonsi9gratio,lls,, , ,
Sìtne.y t_ãnièr 15394 CHATT 2690 EMIX 44.7O 17.9O 29 lnf requent.problems vtith \dater levels,.

microorganism populat.íons; sorne loca I ized
areas impacted by wastevater ínputs.

10

9

55

31

Sinclair
Stevens creek

Tobesofkee

Walter F. George

west Po i nt

6217 oCONE 7510

174 SAVAN 18000

708 LO OC 470 EMIX

18300 CHATT 19320 FMIX

EMtX 125.OO 13.30

EMrx 300.00 29.50

7. B0 9.40

435. 00 1 95. 00

This is â run of the river impoundment with
primari ly riveríne cha r acteristics.
Some eros ion-related problems.

Poínt and non-point vastewater discharge from
the City of Columbus; fish kills several years
past; sol ¡d vaste disposal leachate problems
up st rea m.

Lov vater level s restrict recreation uses.10486 CHATT 13750 FMIX 310.00 20.10 7

1. Municipa I v,/aste\râter treatment plant is appneviated as MWTP in the Table.

2. Key to lake river basin codes:

Code Ma.ior Ríver Basín
SAVAN Savannnah River
OCONE Oconee
UP OC Uppe r Oemu I gee
LO OC Lover Ocmulgee
sATIL Satilla
FLINT FI inI
CHATT Chattahoochee
COOSA Coosa
TENNE Tennessee
APALA Apa I ach i co I a

3. Land use categoríes are equivalent to those assigned to each lakets dnainage basin as pnesented in Table GA-B of Appendix

4. "Hàrry Will¡ams PFA Lake exhibíted highly eutrophic conditions throughout 1980-1981. The lake \r'as impacted by the
Cordele wastewater treatment plant vhich discharged into the headvaters of t,he lake. Due to construction at
the plant,, occasionally in 1980 and 1981 only partially treated \{astelrater vas díscharged to the lake. As a
result the lake exhibited consistently high total trophic state indices, elevated Noz + NO3 ând NH3
concentrations, severe díssolved oxygen concentration fluctuations, and recurrent fish kills. These conditions
forced closure of the lâke to publ ic fishing and closure of a lake side campground. The lake was repeatedly
drained and refilled Ín 1980-81 in an effort to correct the conditions. The lake was íncluded in the 1981
Quarterly Sampl ing Project.tt IGeorgia DNR, no date (1984 305b Report)]

B.
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Table GA-7: Water Quality Parameter Va1ues and Trophic Conditions
for Those Study Lakesl for Which Data was Available
from the Georgia Clean Lakes program Information
Summary Sheets (Georgia DNR, 1983). Tp and ChI-a
are in ug/L as P and Chl-a, and Secchi Dísk OepEfr
is in meters.

Sampling TP
Conc.

ChI-a
Conc -

Secchi
Di sk Trophic

State2

Macro-
phytes
and/or

Lake

AIIatoona

Blackshear

BuIl Sluice

Carters

Chatuge

Clarks HiIt

Coffee SP

G.W. Andrews

Goat Rock

Harding

Harry Williams

Hartwell

High Falls

Date ( s

807
81 7

807
81 7

806
808
81 7

807
81 I
807
81 9

809
81 7

81 B

81 7

th AIqae3

29
16

2
7

20
40

1 l-0
1070

90

20
20

20
20

20
20

90
20

30

30

20
30

600
1040

630

20
20

50
30
30

8.1
9.5

7.1
8.6

2.8

6.2
2.5

5.4
5.4

6.3
1.9

73.3
33 .8

38. 6

6.1

20 .4
L8.9

156.9
13 .8

190. I
4.7
1.9

38.5
43 .5
9.4

2.4
1.2

1.3
o.9

0.3

3.O
3.3

2.3
2.O

2.7
4.7

0.3
o.4

1.1

L.2

1.5
1.6

o.6
o.5
o.5

3.0
5.0

1.0
o.B
2.1

M
E

E
E

H

M
M

M
M

M

o

H
H

E

E

A

25

13
L7

22
19

26
10

4
22

6

7

29
22

2
I
B

24
26

9
19
l-4

N

M

N

N

N

N

N

N

B

N

N

807
81 7

807
809
81 7

807
81 I
809
806
81 7

E
E

E
H
H

M
o

E
E
M
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Table GA-7, continued.

Lake
Sampling
Date(s)

Secchi
ChI-a Disk
Concl Depth

Macro-
phytes

Trophic and/or
Statea Algae3

TP
Conc.

Jackson

Nottely

Oconee

OIiver

Seminole

Sidney Lanier

Sinc I ai r

Stevens Creek

Tobesofkee

W. F. George

West Point

B0 6j.7
81 92

8L 819

80 9 l_0
807r
81 7T4
8087
81 722

50
40

20

40
40
20

20
20

20
60

N

M

N

N

N

N

N

M

E
E
M

BO81
81 85

81 91.
8077
80 9 10
Bt 62s
81 9 11

8077
81 79
BO 729
81 72I

B0 625
81 727

20

40
20
2A

20

BO
140

2A
2A

70
20

26.6
at.?

2.5

9.6
15

15.4

5
L2.t

46.4
32.8

4.6

72.2
7.2

B

o.7

11.5
9.9

t_8.9
77.2

t7 .7
15.9

1.5
L.0

3.9

o.7
1.5
1.5

1.3
1.4

1.2
1.0

3.O

t.7
2.9
2.O

2.7

7.2
1.6

r.7
1.3

2.r
1.5

E
E

o

E
E
E

E
E

E

M

E
E

E
E

M

E

A

N

N

1. Study lakes vrere the lakes for which phosphorus loads btere
calculated.

Key to trophic states:
H = Hypereutrophic
E = Eutrophic
M = Mesotrophic
O = Oligotrophic

3. Key to presence of algae
and/or macrophyte problems :

A = Algae
M = Macrophytes
B = Both
N = Not mentioned
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Table GA-B: Comparison of Trophic State to the percent
of the Tota1 Pho.sphorus Load Attributable
to Municipal Wastewater Treatment plants.

Number of Studv Lakes

Oliso-
Meso. Meso.

Percent
Attributed

to
Municipal
Plants

Meso-
Eutro.

Eutro- Hyper-
Eutro.

Trophic Statel

ori
1 02 0

Eutro. Hvper.

3Less Than
1To5

5To25

25 To 
.50

Greater
Than 50

0

o0

o

2

o

o

2

0

0

o

o

1. See glossary
mesotrophic,

descriptions of oligotrophi_c,
eutrophic.

for
and
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A. Overview Of Surface Water

VI. KENTUCKY

Oualitv

Recent State Water Ouality Investigations

As a resurt of the Kentucky clean Lakes program [KentuckyNatural Resources and Environmental Protection Cabinet (Kentucky
NREPC), 1984a), the Kentucky 1984 section 30s(b) Report (Kentucky
NREPC, 1984b), and the ASrwPcA srEP program (ASrwpcA, 1983a,b),
information has become available concerning surface water quality andpollutant discharge sources in the State of Kentucky.

Extent and Nature of Water Qualitv Concerns

, Kentucky's assessment of water quality in streams and public
Iakes sugigests that more extensj-ve problems are associated witfr
streams than with lakes (Table KY-1). Ninety-one percent (82 of the90) public lakes fully supported their designated uses, whereas only
1o percent of the 4,82o stream mires assessed. supported their
designated uses. Hc,r,,'/ever, it should be noted that only 12 percent ofthe stream miles in the state have been assessed.

Streams

Less than fuII support of stream usage has been attributed
equally to municipal wastewater treatment plants, industrial
discharges, non-point sources, and rrotherrt sources (lable Ky-1).
During 1983, 37 fishkirrs were attributed to porlution, with
approximately 51 miles of streams being affected. The resulting
mortality was estimated to be 76,r87 fish. The most frequent
causes of kills were oil and chemical spills, wastes from oil
drilling or mining operations, and contamÍnation by wastewater of
unspecified origin. A more extensive summary of the surface
water quality for each of Kentuckyrs ten major river basins isprovided ín Table KY-2. Excessive phosphorus was identified as a
problem parameter in three basins and excessive nitrogen in fourbasins. Nutrients have been improving in three of the ten basins
and no trend was observable in the other seven.

Lakes

The fairure of rakes to meet the required water quarity
standards has been largely attributed to non-point and ttothãrtt
sources (26 and 68 percent, respectively), and. only occasionally
to municipal wastewater treatment plant discharges (Table Ky-L).
rndustry has not been identified as causing water quatity
problems in Kentuckyrs public Iakes.

47
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Kentuckyr s Stream Monitoring Program

The emphasis of this report is on lakes; therefore, only a
brief description of Kentucky's stream monitoring program wiII be
provided. The Kentucky ambient monitoring program operates a
fixed-station network of primary water quality monitoring sites,
of which 69 were active during 7982-l-983. Including the program
activitles which vrere coordinated with other agencies (EPA, Ohio
River VaIley Water Sanitation Commissi-on, U.S. Geological
Survey, U.S. Army Corps of Engineers, amongt others), this
monitoring network generates data which are used to characterize
approximately 1350 stream miles within the state. The
fixed-station parameter coverage is extensive, with monthly water
samples analyzed for pH, turbidity, and concentrations of
bacteria, nutrients, solids, minerals, and metals.

Kentuckyrs Clean Lakes Program

Kentucky's Clean Lakes Program involved the trophic state
assessment of 90 public lakes, a figure representing 17 ttmajortt
and 73rrminorrrlakes. The scope of the project was intended to
cover aII public lakes deemed sÍgnificant by the Kentucky NREPC.
The 90 Lakes studied v/ere selected on the basis of public
ownership, size (generally greater than 5O acres in surface
area), and public interest and use. Three water quality
categories r^rere established based on the degree of water quality
inpairments. Five lakes which had documented severe use
impairments were classified as Category I lakes, and 35 lakes
having somewhat lesser, although serious, h¡ater quality problems
were classified as Category II lakes. The remaining 50 lakes
\^/ere consÍdered to have no use impairments or water quality
problems and were classified as Category III lakes. A summary of
the trophÍc status of the lakes assessed during the Kentucky
Clean Lakes Program is provided in Table KY-3.

Municipal Wastewater Treatment Plants and Non-Point Sources As
Factors Causing Water Ouality ægL+@ in Lakes and Streams

Table KY-4 contains an overview of the water quality problems
associated with Kentuckyrs lakes and streams, and the corresponding
factor(s) contributing to these problems.

Municipal Wastewater Treatment Plants

The state has compiled data on municipal wastewater
treatment plants, the type of treatment provided, and the
populations served by each treatment type (Table KY-5). These
data indicate that 1,485,OO0 (41 percent) of the statets total
population of 3,66I,0O0 persons are served by a municipal
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\4taste\^rater treatment system, with the remaining popuration (59percent) being served primariry by.septic systems. No municipar
wastewater treatment plants are required by their NPDES permit,s
to employ phosphorus removal. Seventeen treatment plant,s serving
769,OOO people have combined se\,\rer systems.

The primary impact of municipal wastewater facilities on
rakes resurts from nutrients in the wastewater effruents.
streams are primariry affected by bacterial contamination(coliform) as werl as increased nutrient roads, and have
experienced fish kills due to municipal wastewater discharges.
Toxic pollutants discharged to surface waters are arso of
concern.

Non-Point Sources

Kentucky's surface waters are adversely affected in agreater variety of ways by non-point sources than by municipal
wastewater treatment prants. A summary of the extent andseverity of non-point source polrutants in Kentucky is given in
Tab1e KY-6.

Agriculturar runoff is a widespread probrem, wÍth one-harfor more of the state's v¡aters being affected. Agricurtural
actÍvities cause problems associated with low dissolved oxygienconcentrations, high bacterial counts (coriform), decreases inwater clarity, and heightened concentratj.ons of heavy metals,nutrients (phosphorus and nitrogen), and suspended sor:.¿s

Mining operations also seriously impact Kentucky's surface
waters through land disturbances which result in runoff
containing high levers of suspended solids and heavy metars.

Trends in
Treatment

tþe Control and Management of Municipal
Plant and Non-Point Pollution

Wastewater

The future of Kentuckyrs surface water quality depends on thestate's ability to estabrish adequately etreðtive irogtams inresponse to theÍr problems. Kentucky experienced a growth rate of 14percent (1980 U.S. Census) in the 197Ors and this continuing growthin population will necessitate the funding of ad.ditional pot1ul:-oncontrol technologies. Kentucky's population rose an addi€ional 2percent between 19Bo and 1985 (N.y. Times, 1985), and is projectedto increase another 9 percent by the year 2ooo (u.s. News & worldReport, L9B5). Kentucky has expressed concern about what r¡¡ere, âtthat time, proposed changes in the federal construction grrants
proqram for municipal wastewater treatment plants, which have nohr
been enacted: ttReduction in funding for serúrage treatment prant
construction wiIl seriously affect the progress made towaids abatingpollution from these Imunicipal wastewater treatment plants] sourceÃ.At the present Kentucky is near the halfway point in èontrollingpollution from municipalities. Assured funding with the retaining ofthe 75 percent federal participation witl continue this progress.-tt
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(AS]WPCA, 1983b).
Kentucky is addressing the problem of pollution from mining

practices through regulatory programs Ie.9. NPDES and the Surface
Mining Control and Reclamation Act (Public Law 95-87) l. To deal with
agricultural, forestry, and construction-related pollution, the state
has adopted a nonregulatory approach, including technical assistance,
education, and economic incentives. Kentucky has also developed
regulatory options in the form of a Model Sediment Control Ordinance,
a Farm Lease Agreement, and a Timber SaIe Contract, r^¡hich wiII be
implemented if the nonregulatory approach does not achieve the
desired results.

B. Analysis of Phosphorus Loads to the Kentuckv Study Lakes

Identification of Study Lakes And Municipal Wastewater Treatment
PIants

The water quality of 90 publicly owned Kentucky lakes was
assessed during the Kentucky Clean Lakes Program (Kentucky NREPC,
1984a). Of the 90 lakes assessed, 15 stere selected for study
according to the criteria given 1n the General Procedures section;
that is, the study lakes are those which \^/ere identified as having at
Ieast one municipal wastewater treatment plant discharging within
approximately 50 miles upstream. Two of the 15 lakes,,^Iere Category I
lakes, three rñrere Category II lakes, and 10 were Category III lakes;
these categoríes r¡rere previously described in the section on the
Kentucky Clean Lakes Progrram. Thirteen of these lakes r^Iere
identified usíng the Iisting of major point source discharges for
each lake presented in Appendix B of the Clean Lakes Program report
(Kentucky NREPC, 1984a). A review of Kentucky's "majort' Iakes listed
in Table 2 of the Clean Lakes report indicated Barren Rj-ver Reservoir
and Lake Herrington also had municípal wastewater treatment plants
upstream. These lakes hrere added to the set of study lakes to ensure
complete coverage of the most important lakes in Kentucky.

Morphological data for the 15 lakes (Table KY-A in Appendix B),
and land uses within their basins (Table KY-B in Appendix B), vrere
obtained from the lake data summary sheets 1n the Clean Lakes Program
report. A Iisting of the municipal wastewater treatment plants
upstream of the study lakes, along with an estj-mate of the number of
persons served by each plant, is given in Table KY-C in Appendix B.

Table KY-7 provides an overview of the numbers of study lakes
and municipal wastewater treatment plants upstream, and the
populations served by these plants, âs compared to the values for the
entire state. The 15 lakes chosen for study comprise almost 1OO
percent (347,529 acres) of Kentucky's 348,569 acres of publicly owned
lakes assessed. during the Kentucky Clean Lakes Program. Thus, the
determination of estimated annual TP loads to the study lakes
represents a comprehensive analysis of phosphorus loading for those
lakes considered most important to the state of Kentucky.
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Results and Discussion of Total Phosphorus Load Calculations

Municipal wastewater treatment plant total phosphorus loads tothe 15 study lakes ranged from less than 1 to 91 percent of the totalloads (Table KY-B). Table KY-B also contaj-ns relevant excerpts fromthe 1984 Kentucky 305(b) Report (Kentucky NREpc, 1984b). thè crean
Lakes Program water quality sampling data for the study lakes arepresented in Table KY-9a, and the trophic states and rimitingnutrients in Table KY-9b.

Although the total phosphorus load analysis indicated potentíal
problems attributable to municipal wastewater treatment pfant
phosphorus loads courd occur in corbin, McNeery, Laurer River, andNolin Lakes, special circumstances exist preventing this potential
from being realized, of actions are already being taken to alleviatethe problems.

a. Lakes corbin and McNeery are smalr rakes (<60 acres) withrelativery smalr drainaqe basin areas; thus, it wourd be
unreasonable to expect them to be capable of assimilating thedischarge from a municipal wastewater facility. Apparently,the state has recognized this as it has already recommended
se\^/age diversion as a means of restoration.

Lake corbin was eriglble for phase r project funding
under the Clean Lakes Program, facilitating an investigation
of the causes for its water quarity probrems. The onry
Kentucky crean Lakes program rake erigible for phase rrproject funding was McNeeIy Lake, making it a candidate forthe imprementation of methods necessary to bring about
recommended improvements .

b. Laurel River Lake has been the subject of intensive
monitoring. The Kentucky Clean Lakes Program report stated,rrA preliminary investigation based on loading of phosphorus
to the Iake indicated that the lake would be eutrophic evenÍf the point source loading from corbin and London waseliminated. The i-mpacted area of the lake represents about 5percent of the total lake area. tt

c. Nolin Lake has been classified as mesotrophic and the
Kentucky cl-ean Lakes program report stated that rakeprotection and restoration measures \trere not required.

Comperison 9f gl_eên Lakes prog:ram Water Ouality Data toof the Total Phosphourus Load Analysis ggls.qg5þE\eE
the Results

A comparison of the trophic state of the study lakes to thepercent of the total phosphorus load attributable to municipal
wastewater treatment plants indicates the state of eutrophy is notsimply dependent on the percent contribution to the pfrosþtrórus Ioad
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by the municipal wastewater treatment plants (Table KY-10). Although
Iakes with greater than 50 percent of their Ioad attributable to
munÍcipal wastewater treatment plants tend to show a high degree of
eutrophy/ some lakes with minimal phosphorus contributions from
municipal wastewater treatment plants \¡rere also eutrophic This is as
expected, because non-point source loads can also cause severe water
quality degradation.

These observations are important, as all too often, people have
equated wastewater treatment plants v¡ith eutrophic lake conditions;
this is not always the case.



53

c. Tables For Kentucky

Table KY-1:

TotaI
Stream

MiIes or
Acres of
Public
Lakes

in State
(# Lakes)

Not
FuIl Part None Known

Kentucky Public Lakes and Streams, Their Support of
Designated Uses, Causes for Less Than FutI Support,
and the Major Water Quatity parameters of Concern
Ias presented by ASIWPCA (1983b)].

Streams
and Lakes
Assessed

Support of
Designated

Uses (Percent)

Cause for Less
Than FuIl
Support of

Designated Uses
( Percent )

Mi les
or

Acres

Pct.
of

Total Ind
Non

Mun Pt. Oth.

Streams

Lakes

40, 000

358, 203
(e0)

4,820 12

358,203 100

31

<1

590
9 <l_

10

91

25 25 25

0626
25t

691

Maj or
Parameter(s) of

Concern

Tox FC FC Fe
DO pH Mn
Nut* Tox
Tox* Nut*

v'¡c*

*rdentified by the state as the most significant problems.

1 : Largery due to hyporj.mnetic iron and manganese release
from impoundments affectinq downstream communityr s
water supply

Dissolved oxygen concentration.
Coliform or fecal coliform counts (bacteria).
Iron concentration.
Manqanese concentration
Nutrient concentrations (nitrogen and/or phosphorus)
The pH of the water.
Toxic substances.
Turbidity (water clarity) .

DO:
FC:
Fe:
Mn:
Nut:
pH:
Tox:
WC:
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Table KY-2: IVater Quality in Kentucky's River Basins
(from Kentucky NREPC, 1984b).

# Of Miles Problem
DO pH Aes. Nut. Tox. Bact. Bio. Avg. Sites Assess. Parameters

Big Sandv RÍver

WQIGGFGFPFFSSOSCuFCFe
TTendNNNNIUU

Licking River

WQIGGFPFFGF5Il6l-CuFcFe
TTendNNNNNUU-NO3P

Upper Cumberland River

WQIGGGGFFGG5134SCUFCFe
TTendNNNNNUU-SS

Kentuckv River

WQIGGFFGFGFII2343CuFCFe
TTendNDNNNUI-NOgPZn

SaIt River

WQIccFPFFFFT994CUFCFe
TTendNIIINUN

Green River

PSSZn

WQiccFFFFFF1226SlCuFeNOs
TTendNNNNIUU-Zn

Tradewater River

WQicGUFFPUFI3S3CuFCFe
TTendUNNNNUU
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Table KY-2, continued.

# Of Miles Problem
Do pH Aes. Nut. Tox. Bact. Bio. Avg. sites Assess. parameters

Lower Cumberland River

wQrccccuuuG2t}gNOs
TTendUDNIIUU

Tennessee River

WQIcFGFFFUFZ44None
TTendUNNNNUU

Mississippi River

Li sted

WQIcGUFcFUFl136CuFe
TTendUNUNIUU

Table Headings: Problem parameters:
Do = Dissolved oxygen. @pH = pH. EC = Fecal coliform bacteria.
Aes. = Aesthetics. Fe = Iron.
Nut. = Nutrients. NOs = Nitrates.
Tox. = Toxic substances. p = Total phosphorus.
Bact. = Bacteria. SS = Suspended solids.Biol. = Biological. Zn = Zinc.
Avg. = Average for site.

Water Ouality Index (WOI ): Trend:
G = Good
F = Fair
P = Poor
U = Unknown

I - ïmproving quality.
N = No detectable trend.
D = Decreasj-ngr quality.
U = Unknown.
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Tab'le KY-3: Trophic State of Kentucky's 90 Public Lakes.

Trophic
Classification

I Number Percent I
Surface Percent

I of Lakes of Total I Area [ac] of Tota1

Oligotrophic

Mesotrophic

Eutrophic

Hypereutrophic

l7

26

45

2

19

29

50

2

98,564

rB4,466

75,O79

105

28

51

21,

<1

laL,le KY-4: Water Quality Problems in Kentucky and the
Factors Attributed to Them.

Heavy Fish Dissolved
Source Nutrient Sediment Coliform Metals Kills Oxygen

ttllll
Point
a ¡ llunicipal l
b) Industrial
Non-Point
Ð Aqric.
b) Mining
c) Other

Þ
S
S

N LS
LS

N
S

S

1. Municipal

Key: L = Lakes

wastewater treatment plants.

= Streams.
= Freshwater lakes and/or streams, not

S
N speci fied.
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Table KY-5: Wastewater Systems and
Data were fro-m ASIWPCA

State Statistics.
( 1eB3b) .

State Surface Area
Lake Surface Area Percentage

Total State Populationr (1980)
( 1e70 )

Population Served by
MunÍcipaI Wastewater
Treatment PIants

Year Round Housing Unitsl
- With a Public Sewer
- With a Septic Tank or Cesspool
- Other Means

'Number of Combined Sewer
Systems and (Pop. Served)2

Compliance by Significant
Munícipa1 Wastewater
Treatment Plants

40,598 mi
r.4 %

= 3,660,777
= 3 ,22O,77I

= 1,485,0OO
(4r %)

54. 3
37 .7
8.0

o/
/o
of
/o
%

=77

=70

( 768, 560 )

ot
/o

1. Figure obtained from the 1980 U.S. Census.
2. U. S. EPA ( 19Bs ) .

Wastewater Percent of Total
System Tvpe Population State Population

Primary
Secondary
Tertiary

No System
But Requiredl

System Not
Required

16, 000
L,273, 00O

196, O00

No Data

No Data

o.4
34. 8.
5.4

No Data

No Data

1. Requires system: State
septic systems are not
of wastewater discharge
need a sewer system.

residents for whom
an adequate method
and therefore
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Table KY-6: Severity and Extent of Non-Point Source
Contributions (fron Kentucky NREPC, 1984b).

Source Extent Severity
Primary

Parameters
Urban

Agriculture ( irrigated)

Agriculture ( nonirrÍgated)

Animal Wastes

SÍlviculture

Mining

Construction

HydrologÍc Modification

Residual Waste/Landf i I I

L

nd

w

M

L

¡r

L

nd

nd

M

nd

M

M

I

S

M

nd

nd

SS, M, T, C

nd

N.OD,P, SS,T

N, OD, C

SS, T

M,SS,T,O

SS, T

nd

nd

1. Localized to two regions of state, but in those regions
the problem is widespread.

Extent Severitv
W = Widespread (5O% or more

of the Statet s '¡taters
are affected).

M = Moderate (25 to S1ft of
the Statet s v/aters are
affected).

L = Localized ( less than
251 of iu}le State's
waters are affected).

S = Severe (designated
use is impaired).

M = Moderate (designated
use is not precluded,
partial support).

I = Minor (designated use
is almost always
supported).

Primary Parameters

LF=
M=
N=
oD=

coliforms
Iow flow
metals
nutrients
oxygen demand

P
s
SS
T
o

- pestÍcides/herbicides
= sallnity
= suspended solids
= turbidity
= other: acid mine drainage-pH



59

Table KY-7: Comparison of the Number of Lakes and Municipal
Wastewater Treatment Plants in the Phosphorus Load
State Analysis to the Numbers in the Staters Clean
Lakes Program (CLP) and the State as a Whole.

Study
( col A)
as /o of

CLP

Study
(col A)
asfof
StateI {A}

Stud
{B}
CLP

r,406 I,417

{c}

I

| 1,485
t_

Number 9015

State col B col C

nd

100 nd

271

nd17

Lakes

MWTPf s1

Surface
Area lkmz ]

Number 56

Pop. Served
(x1O3 persons) 184 184 | 1OOt_

l-. Municipal Wastewater Treatment Plants. The municipal
facirities identified in the present study were the same
as those incruded in Kentucky's clean Lakes program, except
for those added or deleted due to speciar circumstances, âs
described in Part B of the General procedures section.
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Table KY-8: Non-point Source and Municipal Wastevater Treatment Plant Isee (1)l Total Phosphorus Loads To Kentucky Study Lakes.

Est. TP Loads % of Total
Surface Basin Landr [ 103 kqlvrl Tp Loads
Areâ Basín2 Area Use -Iõn- --Tõlnr AttributedLakg,Name =Lfgl çg rarionsBarkley 23440 Lo CU 45579 EM|X 645.00 42.10

Ba rren R iver

Buckho rn

Cave Run

Corbin

Cumberland

Dale Hollov

G rayson

Green Ríver

Herrington

Kentucky

Laure I R iver

McNee I y

Nolin

4047 GREEN 2440 BMtX 34.40 7.60 I ron and manganese re leases cause occas iona I

vater supply treatment problems do\únstream.

Sediments and turbidity from surface míning.

I ron and manganese re leases cause occas íona Ivater supply treatment problems dovnstream.

Nut,rients from point and NP sources cause(taste and odor producing) algal btooms.

1B

6

10

498 KNTKY 1057 BFOR

3347 LCKNG 2139 BMIX

20336 UP CU

12100 UP CU

612 L SAN

3322 GREEN

1 1 90 KNTKY

64872 TENNE

2452 UP CU

21 S,ALTR

8.20 0. 49

30.20 3. 31

14792 BM rX 209.00 63.00

2316 BMrX 32.70 2.36

508 BMtx 7.20 0.55

1166 BFOR 1 3.80 2.22

1137 BMrX 16.00 20.80

104120 FMrX 2330.00 22.60

730 BM I X 1 0. 30 12.50

56 UP CU 409 BM|X 5.80 4.03 42

24

7

B

14

51

1

55

13 BURB 0.39 3.76 91

Nutrients from point and NP sources causíng
nuisance algal blooms.

Nutrient inflovs from package sewage treatmentplants causing nuisance algal blooms and lov
d i sso I ved oxygen concent ra t í ons.

2343 GREEN 1821 BM I X 25.70 1 B. 1 0 42

*o'nn o'""" touu oout* tttu tt'* tu'uo t'tt tt ta:fl1î;;"0å;,1:?;:"1îl.3loîig,!xå;['¡ïl¿?:,".

1. Municipal wastevater treâtment plant is appreviated âs MWTP in the Table.
2. Key to lake ríver basin codes: 3. Land use câtegories are equivalent to those assiqned

drainage basin as presented in Table Ky-B of nppeñdixCode Ma.ior Ríven Basín
to
B.

SALTR Salt River
TENNE Tennessee
GREEN GTeen
UP CU Upper Cumberland

KNTKY Kentucky
LCKNG Lickíng
L SAN Lirtle Sandy

eâch laker s
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Table KY-9a:

Lake

Water puality Sampling Data for Those Study Lakesl
With Relevant Information Available From the Clean
Lakes Program (Kentucky NREPC, 1-984a). AII values
are in ug/L as N, P, or Chl-a.

NHs NOz
++

Date NH+ NOs TKN TN OP DP TP Ch1-a

Corbin 51

Corbin 52

Mean

Herrington 52
Herrington 52

Mean

Kentucky2

Values:

823
823

Values:

A2 (mean)

810 1110
1210 7240
1340 1600

MO I3t7

400 430
430 435

41s 433

nd nd

7 12 46 t2.6
7 13 49 29.r

32 42 276 148.0

l_5 22 I24 63.2

r 7 10 9.7
r 4 L4 7.9

1 6 12 8.8

nd nd 60 6.1

82727
82IL9
82819

B3
83

2ro 300
L70 30
200 260

193 \97

50 30
505
50 18

nd nd

1.

2.

The study lakes are those for which total phosphorus
load estimates were calculated.

Data obtained from Carriker and Cox (1984).
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Table KY-gb: Water Quality Indicators -of Kentucky Study Lakes.
IMean and yearly trophic state indices are Carlson
TSI (Chlorophyll-a) valuesì.

Macro-
phytes

Mean 1975-81 Trophic TN:TP Limiting and/or
Lake Year TSI Averaqe Statel Ratioz Nutrient3 Algrae4
Barkley

Barren River

Buckhorn

Cave Run

Corbin

Herrington

Kentucky

McNeeIy

NoIin

]-979 58 nd

1981 50 43

E 5-11: 1 N-NP

1981 4\

1_981_ 34

l-983 56 nd

t982 48 nd

I9A2 70 nd

1981 44 44

E-M nd

Ond

Ond

End

O >3O:1

O >37:1

Ond

Mnd

E 21-85: 1

M 6'522I

O-M-E nd

H <5:L

Mnd

nd

38

35

P

nd

nd

P-NP

P

P

nd

nd

P

P-NP

P

N

nd

nd

L9B2 55 nd

Cumberland 1979 37 nd

DaIe HoIIow ]]gTg 33 nd

Grayson 1981 4I 37

Green River 1981 53 43

Laurel River 1979 4L 425

Rouqh River 1981 57 45 N

L. Key to trophic states:
H=H]æereutrophic M=Mesotrophic
E=Eutrophic O=Oligotrophic

2. Total nitrogen to total phosphorus ratio (see glossary).
3. See glossary for explanatÍon.
4. The presence of macrophytes and/or algae is noted whenever

mentioned in the KentucÌ<y Clean Lakes report (Kentucky NREPC,
1984) as degrading water quality to the point where the lake's
public use is impaired.
A=Algae, B=Both, M=Macrophyte N=Not mentioned as a problem.
This value is the yearly mean for the period of 7977-79.

= No data.

5.

nd
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Tabre Ky-1o: comparison of Trophic state to the percent
of the Total Phosphorue Load Attributable
to Municipal Wastewater treatment plants.

Percent Trophic Statel
Attributed (Numb.er of Study Lakes)

to
Municipal Oligo- Meso- Eutro- 'Hyper-
Plants Oligo. Meso. Meso: Eutro. Eutro. Hyper. Egtro.

LessÏhan 0 0 1 0 O O O1To5

5To25 5 O 2 1 L O 0

25To 50 0 0 1 O 1 O O

Greater0lOOLOL
Than 50

1. See glossary for descriptions of otigotrophic,
mesotrophic, and eutrophic.
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VII. MISSISSIPPI

A. Overview of Surface Water Quality

Recent State Water Quality Investigations

As a result of the Mississippi Clean Lakes program IMississippi
Department of Natural Resources (Mississlppi DNR), 19B4bl, the 1gB4
Section 3O5(b) Report (Mississippi DNR, 1984a), and the ASIWPCA STEp
Program (ASIWPCA. 19B3a,b) information has become avairabre
concernj.ng surface water quality and pollutant discharge sources forthe state of Mississippi.

Extent and Nature of Water Ouality Concerns

Mississippirs assessment of water quality in estuaries, lakes,
and streams indicated srlghtry fewer porrution problems \^/ere
associated with lakes than with streams and estuaries (Table MS-1).overall, the staters surface water quarity is apparently sound., with
about 90 percent of its streams and estuaries fully supporting their
designated uses, and 10 percent demonstrating partiar support.
Ninety-six percent of the lake surface area supported the desiqnated
uses.

Streams

Failure of Mississippirs streams to meet required waterquality standards was attributed primarily to non-point sources
(72 percent), while municipal and ind.ustrial pollutant sources
accounted for 23 percent and 5 percent of the cases, respectively
(Table MS-l). A more extensive summary of the surface waterquality for each of Mississippirs major river basins is provided
in Tabre MS-2; the water quality, in respect to nutrients, vras
categorized as good or excellenÈ at all sites.

Estuaries

Non-point source pollutants were targeted as being the prime
offenders to estuaries, representing 56 percent of the cases for
nonsupport; 31 percent and 13 percent of the water quarity
problems ktere attributed to municipal and industrial sources,
respectively. One example of these problems is along the
Mississippi GuIf Coast. Extensive planning has been conducted inthis area to develop a management strategy for providing

67
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effective wastewater collection and treatment: rrstudies indicate
that along úith improved v¡astewater- treatment, an intensive
effort will be needed to locate and correct sources of bacterial
contamination in runoff into the Mississippi Soundrt (RsIWPCA,
1eB3 ) .

Lakes

OnIy 4 percent of Mississippits lakes demonstrated less than
full support of their designated uses, a condition attributed
solely to non-point source pollutants (Table MS-1). Although 96
percent of the 34 lakes presently support their designated uses,
29 were classified as eutrophic and the remaining five as
mesotrophic. The Missíssippi DNR anticlpates that the
implementation of Best Management PractÍces for non-point sources
would improve the water quality of all 34 Clean Lakes Program
Iakes such that the goal of fishable/swimmable use 'o¡ould be met.

Mississippi t s Stream Monitoring Proqram

The emphasis of this report is on lakes; therefore, cnly a
brief description of Mississippi's stream monltoring program wiII
be provided. Their program is composed of fixed station
monitoring (including the EPA core stations), intensive surveys,
and compliance monitoring. Mississippi's 30 primary fixed
stations are sampled once every other month and the EPA!s core
and chemical stations are sampled every month for a variety of
parameters (e.9. nutrients, dissolved oxygen, bacteria, Secchi
disk depth).

Mississippir s Clean Lakes Progrram

Mississippits Clean Lakes Program (Mississippi DNR, l-983)
selected 34 lakes to be included in the trophic state
classification and ranking phase of the program. These lakes
included the six major reservoirs within the state, 18 oxbow
Iakes, and L0 smaller reservoirs. Emphasis was placed on lakes
having surface areas exceeding 100 hectares (250 acres). To
establish the trophic states of these lakes sampling was
conducted from June 15 through JuIy 74, L982. A table of trophic
states is not presented for Mississippi because the Clean Lakes
Program Report indicated aII 34 lakes \,\tere eutrophic. Hordever,
the 1984 Mississippi 3O5(b) Report stated the water quality in
five of the lakes had improved to a mesotrophic state; the five
lakes were not specified.
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Municipal Wastewater Treatment Plants, Jndustrial Discheqges, and
Non-Point Sources ni f -e"""..""-!4-
Estuaries, Lakes, and Streams

Table MS-3 provides arr overview of the water quality problems
associated with Mississippi's estuaries, public lakes, and streams,
and the corresponding factor(s) contributing to these problems.

Municipal Wastewater Treatment PIants

The major parameters of concern from municipal wastewater
treatment plant effluents are coliform bacteria, dissolved
oxygen/ and nutrients. Of these, bacteria and dissolved oxygen
are considered to be the most serious problem areas at this time.

The state has compiled data on municipal wastewater .

treatment plants, the type of treatment provided, and the
populations served by each treatment type (Table MS-4). These
data indicate that 1,600,000 (63 percent) of the staters total
population of 2,52O,000 persons are served by a municipal
wastewater treatment system, with the remaining population (37
percent) being served primarily by septic systems. Mississippi
has no wasterwater treatment plants practicing chemical removal
of phosphorus, and has no communities served by a combined se\4rer
system.

Industrial Discharges

Parameters causing concern from indust,rial sources are
dissolved oxygen, nutrients, temperature, and toxics. At
present, dissolved oxygen and nutrients are considered to be the
two parameters of most serious concern.

Non-Point Sources

The impact of non-point source discharges has resulted in
higher levels of coliform bacteria, nutrients, toxics, and-
turbi-dity, with coliform bacteria and toxics considered to be the
most serious. A summary of the extent and severity of non-point
source pollutants in Mississippi is given in Table MS-s.

Trends j-n the Control and Management of Municipal Wastewater
treatment pf a-nt ana ¡¡on-poi.ãE- Sorlrce pof fuLion

The future of Mississippits surface water quality depends on the
staters ability to establisL-and manage adequatã p.ogiams in response
to their problems. Construction of new wastewater treatment plants
began to alleviate the historically bad municipal and industrial
pollution problems on the GuIf Coast, but this trend is being
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hampered by insufficient funds to construct the facilities stÍlI
needed. This problem is being compounded by the state's population
growth, which was 14 percent from 1970 to 1980 (U.S. 1980 Census).
Mississippi's population rose an additional 4 percent between 1980
and 1985 (N.Y. Times, 1985), and is projected to increase another 11
percent by the year 2000 (U.S. News & World Report, L985). However,
the State of Mississippi recogrnizes that emphasis can not be placed
on municipal wastewater treatment plants alone if high water quality
is to be achieved: t'Non-point source pollution appears to be our
greatest challenge in the future. Once the remainingi needs for
publicly owned treatment works are addressed, control of non-point
sources will be required to attain additional water quality
improvementst' (ASIWPCA, L983). Mississippi .is utilizing educational
programs to promote the use of Best Management Practices to control
non-point pollution from agricultural runoff. Additional planning,
though, wiII be necessary to develop implementation strategies for
more non-point source pollution control.

B. Analysis of Phosphorus Loads to the Sludy Lakes

Identification of
Plants -

Studv Lakes and Municipal Wastewater Treatment

Appendix 2 of Mississippi's Clean Lakes Program report
(Mississippi DNR, 1984b) contained complete listings of municipal
wastewater discharges in each lake's drainage basin. FoIlowing the
methods previously described j-n the General Procedures section, 10 of
the 34 lakes r¡rere found to have municipal wastewater discharges
upstream (Table MS-A in Appendix B). This 10 lake study group
encompassed the entire range of water quality found in the 34 Clean
Lakes Program lakes/ representing the highest priority lake (TchuJ-a)
to one of the lowest priority lakes (Enid).

Morphological data for the 10 lakes (Table MS-B in Appendix B),
and land uses in their drainage basins (Table MS-C in Appendix B),
were obtained from the data summary sheets Ín the Mississippi Clean
Lakes Program report (Mississippi DNR, 1983).

Results and Discussion of Phosphorus Loads

Table MS-6 provides an overview of the numbers of study lakes
and municipal wastewater treatment plants, and the populations served
by these plants, âs compared to the values for the entire state.
Municipal wastewater treatment plant total phosphorus (TP) Ioads to
the study lakes ranged from less than 1 to 99 percent of the total TP
Ioads; the total loads were calculated as the sum of the non-point
source and municipal wastewater treatment plant loads. Table MS-7
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contains all of the calculated loads along with relevant excerpts
from the 1984 Mississippi 305(b) Report (Mississippi DNR, 1984a)
concerning the 10 lakes potentially impacted by municipal wastewater
treatment plant discharges. The water quality sampling data from the
Clean Lakes Program for the study lakes is presented in Table MS-8.
The following are pertinent observations concerning some of the Iakes
in the study.

a. Lake Mary: The small drainaqe basin area of the lake and its
relatively smalI size precludes municipal wastewater
treatment plant discharges without a concomitant degradation
of water quality.

b. Lake Fergiuson: This lake serves as a harbor for the City of
Greenville, and aII but the uppermost portions of the lake
are severely impacted by port activities. The lakefs level
is controlled by inflow from the Mississippi River.
Therefore, although the municipal wastewater treatment plant
phosphorus load is relatively larqe, other problems most
Iikely mask any impact it would otherwise have.

Comparison of Clean Lakes Program Water Qualitv Data to the ResultssE leeg
A comparison of the trophic state of the study lakes to the

percent of the total phosphorus load attributable to municipal
wastewater treatment plants indicates the state of eutrophy is not
simply dependent on the percent contribution to the phosphorus load
by the municipal wastewater treatment plants (Table MS-9). Although
lakes with greater than 50 percent of their load attributable to
municipal wastewater treatment plants tend to show a high deqree of
eutrophy, some lakes with minimal phosphorus contributions from
municipal wastewater treatment plants r¡rere also eutrophic. This is
as expected, since non-point source loads can also cause severe waterquality degradation.

These observations are important, as aII too often, people have
equated wastewater treatment plants with eutrophic lake conditions;
this is not always the case.
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C. Tables For Mississippi

Table MS-1-: Mississippi's Estuaries, PubIic Lakes, and Streams,
Their Support of Designated Uses, Causes for Less
Than Full Support, and the Major Water Quality
Parameters of Concern as presented by ASIWPCA (1983b).

I TotaI
I Stream
lMiles or
lAcres of
I Estuaries
I or Public

Lakes
in State
(# Lakes)

Streams
and Lakes
Assessed

l'Miles Pct.
lorof
Acres TotaI

Support of
Designated

Uses (Percent)

Cause for Less
Than FuIl
Support of

Designated Uses
( Percent )

Not
FuII Part None Known

Non
Ind Mun Pt. Oth.

Streams

Lakes

Estuar-
ies

ro ,27 4

495, 191
(nd)

85 ,120

ro,274 100

495,t91 100

85,120 100

901000

96400

891010

523720

0 0100 0

13 3l_ 56 0

Maj or
Parameter(s) of

Concern

DO* FC* FC*
Tox Nut Nut*
Nut* DO* Tox*
Tem WC

* Identified by the state as the most significant problems.

DO : Dissolved oxygen concentration.
EC : Coliform or fecal coliform counts (bacteria).
Nut: Nutrient concentrations (nitrogen and/or phosphorus).
Tem: Temperature.
Tox: Toxic substances.



73

Table MS-2: Water Quality in Mississippi's River Basins
(from Mississippi DNR,. 1984a). A Key to Codes
Is Provided at the End of the Table.

Overall
H. Water QualityTemp. DO pH Solids Nut. Bact. Met. pest. Bio. and Trend

1. Big Black River Basin

Canton
WQI
Trend

Bovina

2. Coastal Streams

\,
U

Basin

Back Bav of Biloxi
WQIEEE
Trend U U U

Jourdan River Bay, St. Louis
WQI EEFEE
TrendUDUU
St. LouÍs Bay, Highway 90
WQIEEEE
TrendUDSU
WoIf River
v\¡Qr E
Trend U

3. Mississippi River Basin

Mississippi River, Vicksburg
WQÏEEEFG
TTendUUUUU
4. Pascagoula River Basin

BIack Creek, Purvis
WQIEEGE
TrendUDUU
Chickasawhay River / Enterprise
WQI

G
U

EGG
UUI

EE
UU

G-E
I

G-E

G-E
b

GE
UU

WQiEEE
ïrend U U U

GG
SS

EE
UT

E
D

GEE
USSÐ

EGEE
UUIT

EE
UU

EG
UU

E
U

EEEE
DUSS

Lt

U
E
U

G
S

F
e

E
S

E
I

E
U

G
U

E
D

\J

U

U
U

Trend
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Table MS-2, continued.

H.
Temp. DO pH Solids Nut. Bact. Met. Pest.

OveraII
Water Quality

Bio. and Trend

Cypress Creek, Janj-ce
WQIEEP
Trend U U D

Escatawpa River, Moss Point
WQIEGFEE
TTendDDUUU
Leaf River McClain
WQT E
Trend U

Okatibbee Creek Arundel

E
U

EE
UU

EGG
USS

GGEE
UUII

F
I

GGUU
UUUU

EEGG
UUSS

WQIEEGE
TrendUUUU

WQIEEGEGEEE
TTendUUUUUUII

EE
SS

E
U

EG
UU

E
U

F.G
S

G-E
ï

F-G
I

G-E
Þ

WQIEEF
Trend U U U

E
U

MeridianOkatibbee Creek
WQI
Trend

Okatoma Creek, Seminary

Pascagroula River, Benndale
wQrE-E-E
TrendU-U-U
Tallahala Creek, Runnelstown

W. Pascagoula River, Highway 90
WQIEEGEEE
TTendDUUUDU

5. South Independent Streams

Bavou Pierre, Willows
WQIEEGGG
TTendUUUUU

G
D

E
S

U
U

G
U

\t

D

E
S

F
D

G
Þ

G
U
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Table MS-2, continued.

H.
Temp. DO pH Solids Nut. Bact. Met.

Overall
Water QualityPest. Bio. and Trend

Homochitto River Rosetta
WQTGEE
Trend U U U

6. Tombigbee River Basin

Luxapalila Creek, Steens
WQIEEGE
TrendUUUD

7. Yazoo River Basin

Coldwater River, Prichard
WQiEEEF
TrendUUUU
L. lallahatchie River

EE
UU

GEGE
UUSS

GE
UU

G
U

GGP
UUI

GFF
UUU

G
U

G
U

GG
DU

GE
UU

E
U

G
U

Etta

G
I

FGG
UII

G-E
U

G-E
S

G-E
U

F.G
U

WQTEEE
Trend U U U

Sunflower Ríver Clarksdale
WQIEGG
Trend U D U

Sunflower Ríver Sunflower

tr
U

G
U

G
I

G
U

E
U

G
U

WQÏEG
Trend U U

Tallahatchie

Lt

U

Swan

P
D

River Lake
WQIEEG
Trend U U U

Yalobusha River Grenada
WQTEE EG

DU
Redwood

Trend U U

Yazoo River
V\IQI E E
Trend U U

G
U

G
D

U
U
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Table MS-2, continued.

H.
Temp. DO pH Solids Nut. Bact. Met.

OveraII
Water Quality

Pest. Bio. and Trend

Yazoo River, SheIl B1uff
WQIEEEG
TrendUUUU

8. Pearl River Basin

Bogue Chitto River, Lehr
WQTEEGE
TrendUUUU
Pearl River Barnett River
WQI E
Trend U

Pearl River, Byram
WQTEEG
Trend U U U

Pearl River, Columbia

Pearl River, Highway 90
WQI
Trend

P
S

GEGF
UUUD

G

Þ
E
Þ

G

S
E
I

E
U

GGEG
UUSD

EGE
DUU

GGEG
UISS

G
U

GEGG
UUSS

wgrEEcc
TrendUUUU

EE
UU

F-G
U

G-E
S

G
D

þ
S

\J

S

U
U

F
S

Lt

S
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Kev To Table MS-2:

Parameters:

Temp.: Temperature.
DO: Dissolved oxygen.
Nut.: Nutrients (e.9. nitrogen, phosphorus).
Bact. : Bacteria (coliform).
H. Met.: Heavy Metals
Pest.: Pesticides.
Bio.: Biologica].

Chemical Evaluation

a. QuaIity.

'P - Poor - Frequent severe standards violations or
other major effects.

F - Fair - Occasional severe standards violations or
other effects.

G - Good - Some mi.nor violations but generally not
impai red.

E - Excellent - No standards violat:ions or effects.
U - Unknown - Insufficient data.

b. Trend.
D - Degrading.
S - Stable.
I - Improving.
U - Unknown.
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Key Io Table MS-2, Continued:

Biological Evaluation :

a. QuaIity.

P - Poor - Unhealthy communities of aquatic organisms,
Iow diversity, dominant species pollution
tolerant.

F - Fair - Generally unhealthy communities, Ior¡
diversity, some impacts of pollutÍon.

G - Good - Moderately healthy, ind.igenous and
diversified communities, slight pollution
impacts.

E - Excellent - Healthy, indigenous communities of
aquatic organisms with high diversity and
no apparent, impacts of pollution.

b. Trend.

D - Degrading.
S - Stab1e.
I - Improving.
U - Unknown.
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Table MS-3: Water Quality Problems in Mississippi and the
Factors Attributed to Them.

Heavy Fish Dissolvedsource .Nutrient_sedi{ne,nt.corif,orm Metals Kirrs oxygerrltlttT
Point
a¡ mun:.cipaI1
b) Industrial
Non-Point
ãl As¡fc. .

b) Mining
c) Other

1. lvlunícipal waster¿ater treatment plants.

2. Toxics and pesticides from unspecified sources
were also l-isted as problems.

KEY: E=Estuaries, L=Lakes, S=Streams.

S
S

ES ES
S

L ES
g2

LS ts LS
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Table MS-4: Wastewater Systems and State Statistics.
Data hrere from ASIWPC-A (l-983b).

State Surface Area = 47,7OO miz
Lake Surface Area Percentage = 1.6 %

Total State Populationl (1980) - 2,52O,638
(1970) = 2,2!6,912

Population Served by = L,600,0O0
Municipal Wastewater (63 %)
Treatment PIants

Year Round Housing Unitsl
- With a Public Sewer = 56.5 %
- With a Septic Tank or Cesspool = 35.3 %
- Other Means = 8.2 %

Number of Combined Sewer
Systems'and (Pop. Served)2 = Q (O)

Compliance by Significant
Municipal Wastewater - 85 %
Treatment Plants

1. Figure obtained from the 1980 U.S. Census.
2. U.S. EPA (1985).

Wastewater Percent of Total
System Type Population State Population

No Treatment
Primary
Secondary
Tertiary

No System
But Requiredl

System Not
Required

50, oo0
300, o00
700, 000
600, ooo

150, 000

700, 000

2.O
11.9
27 .8
23.8

6.O

27 .B

L. Requires system: State residents for whom
septic systems are not an adequate method
of wastewater discharge and therefore
need a sehrer system.
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Table MS-s: Severity and Extent
Contributions ( f ro-m

of Non-Point Source
Mississippl DNR, 1984a).

Primary
ParametersSource

Urban

Agriculture ( irrigated)
AgrÍculture ( nonirrigated)

Animal Wastes

Si lviculture
Mining

Construction

Hydrologic Modification

Saltwater Intrusion

Residual Waste/Landfi I I

Extent Severit
L

L

L

L

L

L

L

L

M

S

S

I

ï

I

ï

M

N, P, SS, T

N, P, SS, T

N,C

SS

SS

ÞÞ

OD, SS

na

M,N

na

I

na

L

Extent
W = Widespread (5O% or more

of the State's waters
are affected).

M = Moderate (25 to 5A"l of
the Stater s r¡aters are
affected) .

L = Localized ( Iess than
25'l of t}:e Stater s
waters are affected).

Primary Parameters

Severity
S = Severe (designated

use is impaired).

M = Moderate (designated
use is not precluded,
partíaI support).

I = Minor (designated use
is almost always
supported).

C = coliforms
LF = Iow flow
M = metals

= pesticides/herbicides
= salinity
= suspended solids
= turbidity
= other

P
Þ

SS
N = nutrients T
OD = oxygen demand O

na : Not available.
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Tab1e MS-6: Comparison of the Number of Lakes and Municipal
Wastewater Treatment Plants in the Phosphorus Load
State Analysis to the Numbers in the State's Clean
Lakes Program (CLP) and the Stat,e as a Whole.

Ic]

Study
( col A)
as "ft of

CLP

Study
( col A)
as ol of
StateI tAl

Stud

Number nd l2et_
Ile4nd

Lakes

MWTP' s1

Surface
Area lkmz ] 1,887 2,OO5

Number

141

359

1, 600
Pop. Served

(x103 persons) _-1 
I

I

1. Municipal Wastewater Treatment PIants. The municipal
facilities identified in the present study htere the same
as those included in Mississippi's Clean Lakes Program,
except for those added or deleted due to special
ci-rcumstances as described in Part B of the General
Methods section.



Table MS-7: Non-point Source
Total Phosphorus

B3

and Municipal Wastewater Treatment Plant
Loads To Mississippi Study Lakes.

Surface Basin
Area Basin Area

Lake Name [ha] Codel lkmz ]

Est. TP Loads % of Total
1x1000 kglyrl TP Loads
Non- Point Attributed
Point (MWÏP)s to MWTPis3

Land
Use
¡-^.¡- 2UdL.

Arkabutla

Bogue Homa

Enid

Ferguson

Grenada

Mary

Pickwick

Ross

4804

486

5249

582

9838

911

18940

L2546

188

YAZOO

PASCA

YAZOO

MTSSI

YAZOO

S IND

TENNE

2594

303

1450

39

3419

4T

85003

Barnett L35171 PEARL 7690

YAZOO 4002

YAZOO 366

DMIX 70.00 11.30

EMIX 6. BO 1.91

FMIX 32 .50 30.30

DURB 0. 75 40.90

FMIX 77 .OO 6.40

DFOR 0.25 2.63

FMIX 1900.00 2.87

FMïX 772.OO 35.90

FMrX 90.00 8.00

DMIX 9.90 1.9s

Sardi s

Tchula

I4

22

49

99

I

92

1

18

I
1.7

1. Key to

Code

Iake river basin codes:

Ma'jor River Basin
Mississippi River
Tennessee
Yazoo
PearI
Pascagoula

MÏSSI
TENNE
YAZOO
PEARL
PASCA

B.
z.

3.

Land use categories are equivalent to
lakefs drainage basin as presented in

MWTP: Municipal wastewater treatment

those assigned to each
Table MS-B of Appendix

plants.
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Table MS-8: Water Quality Sampling Data and Trophic Conditions
for Those Study Lakesl for Which Data Were Available
in the Mississippi Clean Lakes Program (Mississippi
DNR, 1983 ); the Analyses Were Performed on Samples
Collected from June 15 Through September 14, 7982.
TP, TN, and ChI-a are in ug/L as P, N, and Chl-a;
Ðissolved oxygen is in mq/L and Secchi Disk Depth
is in Meters.

Macro-
Secchí phytes
Disk Limit. Trophic and/or

Lake Name TP TN Chl-a D.O. Depth Nut.2 TN:TP3 Statea Algaes

Arkabutla

Bogue
Homa

Enid

Ferguson

Grenada

Mary

Pickwick

Ross
Barnett

Sardi s

Tchula

1000

7]-0

55 900

12 1000

49 800

30 5200

75 BO0

75 1l-40

13 800

35 130

7 .7 7.5

7.r 7.5

8.2 6.9

24.4 7.2

6.7 8.7

18.0 11. s

6.7 6.4

29.2 8.5

4. 5 8.2

38.2 6.?

N

M

E

E

5

7t

P

P

20s

10

0.4

1.4

1.3

1_.5

0.6

1.0

7.7

o.4

1.8

o.2

P

P

P

P

P

P

16

83

16

173

11

L5

E

E

E

E

E

E

N

N

N

N

M

M

N

N

E

E

62

4

P

nd

1. The Study Lakes are lakes for which phosphorus loads r^rere
calculated.

See glossary for explanation.

Total nitrogen to total phosphorus ratio, see glossary.

2.

3.

4. Key to trophic states:
H = Hypereutrophic
E = Eutrophic
M = Mesotrophic
O = Oligotrophic

5. Key to presence of algae
and/or macrophyte problems :
A = Algae
M = Macrophytes
B = Both
N = Not mentioned
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Table MS-g: Comparison of Trophic State to the Percent
of the Total Pho-sphorus Load Attributable
to Municipal Wastewater Treatment Plants,

Percent
Attributed

to
Municipal
Plants Oligotrophic Mesotrophic Eutrophic

Trophic Statel
(Number of Studv Lakes)

Less Than
1To5

5To25

25 To 50

Greater
Than 50

0

0

o

o

0

1. See glossary
mesotrophic,

descriptions of oligotrophic,
eutrophic.

for
and
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VTII. NORTH CAROLTNA

A. Overvi-ew of Surface Water Oualitv

Recent State Water Qualitv Investigations

As a result of the North Carolj-na Clean Lakes Program lNorth
Carolina Department of Natural Resources and Community Development
(North Carolina DNR&CD), 1983 l, the North Carolina 1984 Section
3O5(b) Report (North Carolina DNR&CD, 1984), and the ASIWPCA STEP
Program (ASIWPCA, 19B3a,b), information has become available
concerning surface water quality in the State of North Carolína.
Numerous other state studies have provided additional- information
(North carolina DNR&CD, r934a, r984b, 1983, and 7982, amongr others).

Water Quality Status of Estuaries, Lakes, and Streams

North Carolinats assessment of water quality in estuaries,
public lakes, and streams lndicated all three types of water bodies
supported or partially supported their designated uses in greater
than 90 percent of the cases (Table NC-1).

Streams

OnIy 4 percent of North Carolinars stream miles dj-d not
support their designated uses. Eailure to meet water quality
standards was attributed primarily to non-point sources
(55 percent) and municipal point sources (30 percent)
(Table Nc-1).

Estuaries

Although only 0.3 percent of North Carolina's estuaries vrere
not supporting their designated uses, these coastal waters v/ere
exhibiting severe signs of eutrophication, organic pollution,
bacterial contamination, and excessive freshwater inflow
(Table NC-1). "Developing and implementating appropriate
managiement strategies for point and non-poi-nt source pollution to
these waters is a high priority. Separate standards for primary
nursery areas are being consldered as one approach to the coastal
problems" IASIWPCA, 1983 ) . The state feels eutrophication
problems may necessitate additional regrulations for point source
dischargers, such as the implementation of phosphorus removal
technologies.

a7
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Lakes

North Carolina's assessment of its public lakes indicated
that 100 percent of the }akes fully supported or partially
supported their designated uses (Table NC-1).

The Statets Stream Monitoring Program

The emphasis of this report is on lakes; therefore, only a
brief description of North Carolinars stream monitoringr progrram
will be provided. The program consists of 346 stations that are
sampled either monthly, quarterly or semi-annually for a'wide
range of water quality parameters. Thirty-seven of these
stations are part of the national Basic Water Monitoring Program
and are sampled monthly for all water quality parameters.

The Staters Clean Lakes Program

During the North Carolina Clean Lakes Program (North
Carolina DNR, 1983), 65 of North Carolinars BB pubtic lakes \^/ere
sampled during 1981, and samplÍng was conducted again on 31 of
these lake in the summer of 1982. It is noteworthy that North
Carolina continued its lake sampling program in 1983 using its
own funds to provide additional data (North Carolina DNR&CD,
1984c). The 65 Iakes were classified according to their trophic
state and a priority list for restoration was formulated. A
summary of the trophic states is provided in Table NC-2.

Municipal Wastewater Treatment Plants, Industrial Discharges, and
Non-Point Sources, As Factors Causing Water Ouality Concerns in
Es'tuarie,s, Lakes, ana Strearns

Table NC-3 provides an overview of the water quality problems
associated with North Carolina's estuaríes, public lakes, and streams
and the corresponding factor(s) contributing to these problems.
Municipal, industrial, and non-point sources were estimated to
contribute equally to causing nonsupport of uses in streams.
Eutrophication problems in lakes was attributed to non-point sources
55 percent of the time and municipal sources accounted for 40 percent
of the problems. Coastal waters were impacted primarily by non-point
sources, although municipal and industrial discharges may have
localized impacts. Major parameters of concern impacting the most
stream mileage include fecal coliforms, oxygen demand, nutrients, and
heavy metals. Sediment loads h¡ere consider-ed to impact more miles
than all the other sources.
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In the 1984 North Carolina 305(b) report (North Carolina DNR&CD,1984), the state made a number of observations pertaining to the
surface water qualÍty in the state:

a. The 1985 fiscal year program objectives emphasize coastal
water quarity issues, toxic substance programs, ilnutrient
sensitive htatersrr, imprememtation of non-point source
controls, as werl as continuing efforts in permitting,
pretreatment, compriance, and monitoring of municipal andindustrial wastewater treatment plants.

b. There vlere approximately 130 fishkills reported from 7gB2 to
1983- The majority of these fishkllls were caused by:
chemical and toxic spiIls (23 percent), agriculture ãnd urbanrunoff (10 percent), naturar conditions (12 percent), row
dissloved oxygen concentrations (8 percent), and unidentified
causes accounted for about 23 percent of the fishkilrs.

c. Eutrophication problems are most evident in the North
carorina coastal prain and piedmont regiions (catawba,
Yadkin/Pee-Dee, upper cape Fear, Roanoke, Neuse, Tar-pamlico,
and chowan/Albermarre River Basins). Approximatery 55percent of the land area of North Carolina drains to these
waters and 71 percent of the staters population lives in this
area

The entire chowan river basin and portions of the cape Fear
and Neuse basins in the Jordan and Fatls lake watersheds have
been classified as trnutri-ent sensitive \n/atersrt. This
supprementar stream crassification provides the authority torimit nutrient inputs from dischargers. The state has beènutirizing an approach of reducing nutrient inputs from arr
sources, point and non-point, in attempting to protect
rf nutrient sensitive \^ratersfr. presentry, point dischargers inthe Chowan basin have been j-ssued limits of 3 mg N/L fortotal nitrogen and 1 mg P/L for totar phosphorus, and arl newpermitted dischargers to the FaIIs and Jordan Lake watersheds
have a 7 mg P/L limit.
The Water Quality Management plan for North Carolina
identified suspended sediments as the most widespread waterquality problem. sediment has severe physicar, biologicar
and chemicar impacts on most waters of North carorina. A.larqe portÍon of the nutrients enterÍng waters vÍa runoff are
transported as suspended sediment, particularry phosphorus.

Municipal Wastewater Treatment plants

The state has compiled data on municipar wastewater
treatment plants, the type of treatment provided, and thepopurations served by each treatment type (rabte Nc-4). These

d.

ô
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data indicate that 2,93O,000 (50 percent) of the state's 1980
total population of 5,882,000 persons are served by a municipal
wastewater treatment system, with the remaining population being
served primarily by septic tank systems. Presently, no
facilities employ chemical phosphorus removal, hor,'rever, numerous
plants in the regj-ons designated as rfnutrient sensitive \^ratersfr
(Chowan Basin, and Ealls of the Neuse and B. Everett Jordan
Reservoirs watersheds), it may be required in the near future to
achieve the 1 mg P/L effLuent limit. One treatment plant serving
38,350 people has a combined ser^'er system.

Non-Point Sources

A summary of the extent and severity of non-point source
pollution in North Carolina is given in Table NC-5.

Trends in the Control and Men-aqemen! of Municipal Wastewater
treatment pfa-nt anA f,lon-point Sor.lrce pof fution

The future of North Carolina's water quality depends on the
staters ability to establish and manage adequate programs in response
to their problems. During the 1970's emphasis was placed on poínt
source dischargers and 1.3 billion dollars was used to improve the
effluent quality of municipal wastewater treatment plants, There are
still problems with many smalI municÍpal facilities and funds for
upgrading these plants are required. The major plants serving the
metropolitan areas are also a concern (e.9. Durham and Raleigh).
This problem has also been compounded by the state's 16 percent
increase in population from 1970 to 1980. North Carolina's
population rose an additional 5 percent between 198O and 1985 (N.Y.
Times, 1985), and is projected to increase another 23 percent by the
year 2OOA (U.S. News & World Report, 1985).

Control of non-point source pollution has been and wiII continue
to be a major focus of water quality programs in upcoming years.ttSince 7977 non-point source pollution problems have been a
particular concern/ particularly erosion problems throughout the
state and eutrophication of coastal waters. Programs have been
developed to deal with various non-point sources of pollution;
however, implementation of these' programs requires additional effort
(ASIWPCA, 1983). Erosion control is considered by the state as the
cornerstone of an effective non-point source control program.

The entry of toxic materials to the statets \,,¡aters is al-so an
important problem that is being addressed through the use of a mobile
bioassay Iaboratory.

B. Analysis of Nutrient Loads to the Study Lakes

For the phosphorus load analysis, refer to Curran et al. (1985).
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C. Tables For North Carolina

North carolinars Estuaries, pubric Lakes, and streams,Their support of Designated uses, causes for Less ThanFurr support, and the Major water Quarity parameters
of Concern as presented by ASIWPCA (1993b).

Table NC-l-:

Total
Stream

Miles or
Acres of
Estuari-es
or PubIic
Lakes

In State
(# Lakes)

Streams
And Lakes
Assessed

Support of
Designated

Uses (Percent)

Cause For Less
Than Full
Support of

Designated Uses
( Percent )

Miles
or

Acres

Pct.
of

TotaI
Not

Full Part None Known Ind
Non

Mun Pt. Oth.

Streams

Lakes

Estuar- 
|ies 
I

_l

39, 150

320, OO0
(88)

2048000

39,150 100

310,300 97

2048000 100

82144
87130

<L16B4

30 55

35 35

15

30

652510

Maj or
Parameter(s) of

Concern

Tox* EC FC Tox*
DO* DO* WC*
Nut Nut* Tox
Tem Tox Nut*

*rdentifíed by the state as the most significant probrems.

DO : Dissolved oxygen concentration.
FC : Coliform or fecal coliform counts (bacteria).
Fe : Iron concentration.
Mn : Manganese concentration.
Nut: Nutríent concentrations (nÍtrogen and/or phosphorus).
pH : The pH of the water.
Tox: Toxic substances.
WC : Turbidity (water clarity).
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Table NC-2: Trophic States for the
Lakes Program Lakes for

Avai Iable .

59 North Carolina C1ean
Which Sampling Data were

Trophic
Classification

I Number
I of Lakes

Percent
of Total

Surfacer Percent
Area I ac ] of Tota1

Oligotrophic

OIigo-Meso.

Mesotrophic

Alpha-Eutrophic

Beta-Eutrophic

Hlpereutrophic

9

L0

i.5

15

I
2

L5

T7

25

25

I4

3

49 , ]-78

55, 630

46,954

65 ,525

20 ,680

3,]-26

2A

23

L9

27

9

t_

1. Lake
Iakes

area totals
had val-ues

are
for

incomplete, as not aII 59
surface area provided.

Tab1e NC-3: Water Quality Problems in North Carolina
and the Factors Attributed to Them.

Heavy Eish Dissolved
Nutrient Sediment Coliform Metals KiIIs OxygenSource

Point
a¡ tUunicipatl
b) Industrial
Non-Point
a) Agric.
b) Mining
c) Urban Runoff
d) Other

LES
L

L. Municipal wastewater treatment plants
2. A major estuary problem is dilution by increased freshwater

runoff due to agricultural, silvicultural, and urban activities

Key: E = Estuari-es, L = Lakes, S = Streams,
F = Freshwater lakes and/or streams, not specified.

S S

gz
F

F

F

F F
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Tabre Nc-4: state characteristics and wastewater system
Information Summary for North Carolina.

State Surface Area = 52,712 m:.-
Lake Surface Area Percentage = I.O %

Total State populationl (1980) - 5,981,766
( 1970) = 5,082,059

Population Served by = 2,930, OOO
Municipal Wastewater (SO %)Treatment Plants

Year Round Housing Unitsl
- With a Public Sewer = 46.9 %- With a Septic Tank or Cesspool = 4B.B %- Other Means = 4.4 %

Number of Combined Sewer
Systems and (Pop. Served)z = 1 (38,350)

Compliance by Slgnificant
Municipal Wastewater = 85 %Treatment PIants

1. Fiqrure obtained from the 1980 U.S. Census-
2. U.S. EPA (198s).

Wastewater I9B2 Percent of Total
Svstem Type Population State population

Primary
Secondaryl
Advanced2
Terti ary3

No System
But Requireda

System Not
Required

30, 0o0
590,000

1, 500, o00
810,000

250, O00

2 ,860, O00

0.5
9.8

24.8
73 .4

4.7

47 .4

(Footnotes are provided on following page. )
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Table NC-A: Continued.

Footnotes:

1. Secondary: The State of North Carolina defines
secondary as biological treatment and settling
capable of achieving BOD's of 30 to 45 mq/L
( tri-ckling f i Iters / some lagroons, extended
aeration, etc. ) .

2. Advanced: The State of North Carolina defines
advanced as biological treatment capable of
achieving BODrs less than 28 ng/L (activated
sludge).

3, Tertiary: The State of North Carolina defines
Tertiary as two stage biological treatment or
a combination of biologicaL/chemical treatment
capable of achieving advanced levels (activated
sludge plus chemical precipitation.

4. Requires system: State residents for whom
septic systems are not an adequate method
of wastewater discharge and who therefore
need a sehrer system.
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Table NC-s: Severity and Extent of Non-Point Source
Contributions (from Kentucky NREPC, 1994b).

Source Extent Severitv
Primary

Parameters
Urban

Agriculture (irrigated) W

Agriculture (nonirrigated) W

AnÍmal Wastes L

Silviculture W

Mining L

Construction nd

Hydrologic Modification M

Saltwater Intrusion nd

On-Site Wastewater Disp. L

Residual Waste/LandfiII L

M

M

c,M,N, SS,T,P, SOC

SS, N, P, C

SS, N, P, C

C, OD, SS, N

SS, N

SS, T

nd

SS, S, LF

nd

C, N, OD

nd

nd

SS, M, SOC

Extent
W = Widespread (5O% or more

of the Statets waters
are affected).

M = Moderate (25 to 501 of
the Stater s h¡aters are
affected).

L = Localized ( less than
25fl of. iuhe Staters
waters are affected).

Severity
S - Severe (designated

use is impaired).

M = Moderate (designated
use is not precluded,
partial support).

I = Minor (designated use
is almost always
supported).

Primarv Parameters
c
LF
M
N
OD

soc
= oxygen demand

P = pesticides/herbicides
S = salinity
SS = suspended solids
T = turbidity
O = other

coliforms
Iow flow
metals
nutrients

= synthetic organic chemicals
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A. Overview

ïx.

of Surface Water

SOUTH CAROLINA

Ouality

Recent State Water Oualitv Investigations

As a result of the South Carolina Clean Lakes Program I South
Carolina Department of Health and Environmental Control (South
Carolina DH&EC), 19821, the South Carolina 1984 Section 3O5(b) Report
(South Carolina DH&EC, 7984), and the ASIWPCA STEP Program (ASIWpCA,
19B3a,b) information has become available concerningi surface waterquality in the State of South Carolina.

Extent and Nature of Water Ouality Concerns

South Carolinars assessment of water quality in streams andpublic rakes (south carorina DH&EC, 7982) indicated the staterspollution problems \^tere associated somewhat more with streams andestuaries than with lakes (Table SC-1).

Streams

Extensive pollution problems were indicated for South
carorinars streams, with half of them assessed as not fulry
supporting their designated uses (Table SC-1). Failure of South
Carolj-nar s streams to meet required water quality standards wasattributed to non-point sources (37 percent), municipal
discharges (23 percent), industrial sources (16 percent), and the
remaining 24 percent to other unidentified sources.

Estuaries

Less than fuII support of designated uses \À/as attributed to
non-point soúrces (40 percent), other unidentified sources (34percent), and municipal point sources (24 percent) (Tabre sc-1).
The state is especially concerned with urban runoff and has
designated Myrtle Beach as a ltNational Urban Runoff project
Demonstration Arearr for the purposes of studying the imþact of
stormwater runoff upon surf water quality. Marina development
along coastal South Carolina has also raised concerns regarding
water quality and the state is presently assessing these impacts.

Lakes

Seventy-fíve percent of South Carolina's 40 public lakesfurly supported their designated uses (Table sc-1). Municipar
discharges and non-point sources were targeted as being

97
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responsible for 37 percent and 34 percent of the cases of less
than full support of desígnated lake uses, with industrial
discharges, mixed point (industrial and municipal point sources),
and other unidentified sources accounting for the remaining 29
percent

South Carolina's Stream Monitoring Program

The water quality monitoring program planned for fiscal year
1985 is described in a special South Carolina DH&EC report (South
Carolina DH&EC, 1985). South Carolina's monitoring program has a
fixed monitoringi network consistÍng of 181 primary stations that
are sampled once per month (26 of these statj.ons are included in.
the National Basic Ambient Monitoring Program). A secondary
netrn¡ork of 4O4 strategically located stations (known and
potential problem areas) are sampled sÍx times per year during
the period of May through October.

South Carolinar s Clean Lakes Program

The South Carolina Clean Lakes Program report (South
Carolina DH&EC, 7982) was intended to provide an overview of the
water quality in the staters publicly owned lakes. Specific
problem areas r,¡/ere to be investigtated in subsequent Clean Lakes
projects (Phases I and II). The program designated 4O lakes as
comprising the significant publicly-owned freshwater lakes or
reservoirs of the State of South Carolina. Inclusion of a lake
in this list was restricted to those publicly owned lakes listed
in the South Carolina Water Resources Commission's t'Inventory of
Lakes in South Carolina Ten Acres or More in Surface Arealt
(Coleman and Dennis, 7974), and whose restoration would have ttan
impact on the people of South Carolina and the United States.rr
In accordance with the Federal Water Pollution Control Act
Ammendments of 1972 (Public Law 92-500), the Clean Lakes Program
report prioritized the 40 lakes according to trophic state and
certain social factors. Table SC-2 contains a summary of the
trophic states for the 4O lakes.

Municipal
Non-Point

Wastewater Treatment PIants, Industrial Discharges, and
Concerns inSources As Factors Causing Water Oualitv

Estuaries, Lakes, and Streams

Table SC-3 provides an overview of the water quality problems
associated with South Carolina's estuaries, public lakes, and
streams, and the corresponding factor(s) contributi.ng to these
problems.
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Municipal Wastewater Treatment PIants

The state has compiled data on municipal wastewater
treatment plants, the type of treatment provided, and the
populations served by each treatment type (Tabte SC-4). These
data indicate that 1,421,O0O (46 percent) of the staters total
population of 3,I22,O00 persons are served by a municipal
wastewater treatment system, with the remaining population being
served primarily by septic tank systems. One facility employs
chemicar phosphorus removal, and rro communities are served by
combined sewer systems.

Non-Point Sources

In the 1984 South Carolina 305(b) report, the state
identified agriculture and construction as the non-point source
problems of greatest concern to the state. Both sources hrere
described as creating locarized problems of moderate severity
where designated uses were not totarry precluded but were only
partially supported. A summary of the extent and severity of
non-point source pollutants is given in Table SC-s.

Trends in the Control and Manaqement of Municipal
Treatment Plant and Non-Point Source Pollution

Wastewater

The State of South Carolina continues to be concerned about
municipal wastewater treatment plants, with the 7982 Needs Survey
stating that 871 miIIÍon dollars are still needed for municipal
facilities."The matter of future funding to meet this criticãI need
is a serious concern to the Statet' (ASIWPCA, L983b). This problem is
being compounded by the statets popuration growth, which was 2L
percent from r97o to 1980 (u.s. 1980 census). south carorinars
population rose an additional 7 percent between 1980 and 1985 (N.Y.
Times, 1985), and is projected to increase another 20 percent by the
year 2OO0 (U.S. News & World Report, 1985). South Carolinars
non-point Source Control Strategy j-ncorporates both regulatory and
voluntary approaches to compliance. Existing regulatory programs for
mining, residual waste disposal, and hydrologic modifications ará
considered to be adequate, but programs of voluntary compllance have
been recommended by the Statewide 208 Non-point Source Management
plan for agricultural and silvicultural activities. Technical,
financial, and educational assistance have been advised to encourage
the implementation of best management practj.ces by these industries.
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B. Analvsis of Phosphorus Loads to the Slg5ly Lakes

Identification of
P I arìts -

Study Lakes and Municipal hlastewater Treatment

Section VII of the South Carolina Clean Lakes Classification
Survey Iisted the point source dischargers in each lake's immediate
watershed area. Of the 40 lakes listed in the report, 77 have
municipal wastewater treatment plants discharging upstream within
their immediate watersheds, and therefore hrere included in this
study. Another four lakes, Iisted as having no municipal dischargers
in their immediate basins, b/ere added to the set of study l-akes
because they are Iocated immediately downstream of one of the
original 17 lakes.

Morphological data for these 2I lakes (Table SC-A in Appendix B)
and land uses in their drainage basins (Table SC-B in Appendix B)
were obtained from Tables 4.1, 5.2, and 5.3 of the South Carolj-nars
Clean Lakes Progiram report (South Carolina DH&EC, 1982). A listing
of the municipal wastewater treatment plants located upstream of each
of the study lakes, alonq with the population served by each
facility, is given in Table SC-C in Appendix B.

Results and Discussion of Phosphorus Loads

The analysis of phosphorus loads to the 21 study lakes
represents a comprehensive analysis of the lakes considered to be
most important to the state of South Carolina. Table SC-6 provides
an overview of the number of study lakes and municipal wastewater
treatment plants, along with the populatÍons served by these plants,
as compared to the corresponding values for the entlre state.
Municipal wastewater treatment plant total phosphorus loads to the
study lakes, ranged from 3 percent to 90 percent of the total TP
Ioads Table SC-7. Water quality information (sampling data from
Clean Lakes Program) concerning the study lakes is presented in
Table SC-8.

Comparison of Clean Lakes Program Water Oualitv Data to
of the Tota1 Phosphourus Load Analvsis for Studv Lakes

the Results

A comparison of the trophic state of the study lakes to the
percent of the total phosphorus load attributable to municipal
wastewater treatment plants indicates the state of eutrophy is not
simply dependent on the percent contribution to the phosphorus load
by the municipal wastewater treatment plants (Table SC-9). Although
Iakes wÍth greater than 50 percent of their load attributable to
municipal wastewater treatment plants tend to show a high degiree of
eutrophy (6 of I lakes eutrophic), some lakes with minimal phosphorus
contributions from municipal wastewater treatment plants hrere also
eutrophic. This is as expected, since non-point source loads can
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also cause severe i4ratèr qualit!¡ d.egradation.
These observations are i.mportant, .a,F aII too often, people have

equated wastewater treatment plants with eutrophíc lake coqditians;
this is not always the case.
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C. Tables For South Carolina

Table SC-1: South Carolinars Estuaries, Public Lakes, and. Streams,
Their Support of Designated Uses, Causes for Less Than,
FuII Support, and the Major Water Quality Parameters
of Concern, as presented by ASIWPCA (1983b).

Total
Stream

MiIes or
Acres of
Estuaries
or PubIic

Lakes
in State
(# Lakes¡

Streams
and Lakes
Assessed

Miles Pct,
or of

Acres Total

Support of
Designated

Uses (Percent)

Cause for Less
Than FuII
Support of

Designated Uses
( Percent )

Not
FulI Part None Known

Non Not
ind Mun Pt. Det.

Streams

Lakesl

Estuar-
ies

9 ,679

447,984
(40)

242,OOO

2,765 29

447 ,984 100

nd nd

5t_ 24 25 0

75 18 7 0

56 24 Ll I

12 32 25 31

6 37 3423

2244034

Maj or
Parameter( s) of

Concern

DO* FC* FC*
Tox Nut WC
pH DO* Nut*

Tox
pH

*

1

DO
FC
Nut
pH
Tox
v'¡c

Identified by the state as the most significant problems.

Information for some of these parameters \^/as obtained
from the state 3O5(b) report.

Dissolved oxygen concentration
Colj-form or fecal coliform counts (bacteria).
Nutrient concentrations (nitrogen and/or phosphorus) .

The pH of the water.
Toxic Substances.
Turbidity (water clarity) .
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Table SC-2: Trophic State of South Carolina's 40 Public
Lakes Based on the_ Clean Lakes Progiramrs
Chlorophyll-a sampling data.

Trophic
Classification

Number
of Lakes

Percent
of Total

Surface
Area I ac ]

Percent
of Total

Oligotrophic

Mesotrophic

Eutrophic

Hypereutrophic

5

13

2t

1

72.s

32 .5

52.5

2.5

I,763

85,831

93 ,632

74

1

47

52

<1

Tab1e SC-3:

Point
a¡ tUunicipall
b) Ind.ustrial

Non-Point
a) Agric.
b) Mining
c ) Constr.
c) Other

Water Quality Problems in South Carolina and
The Factors Attrlbuted to Them.

Heavy
Nutrient Sediment Coliform Metals

Fi sh
KiIIs

Dissolved
Oxvcren

N

gzNN

N

N

1.

2.

Municipal wastewater treatment plants.

Other problems may also occur as a result of
agricultural activities but were not mentioned.

Discharges of wastes at marinas.

E = Estuaries
L = Lakes.
S - Streams.
N = Freshwater lakes and/or streams, not specified.

3.

KEY:
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Table SC-4: Wastewater Systems and State Statistics.
Data were from ASIWPCA (L983b).

State Surface Area = 33,055 mi2
Lake Surface Area Percentage = 2.I %

Total State Populationl (L98O) - 3,72I,82O
( 1970) - 2,59O,713

Population Served by
MunÍcipaI Wastewater
Treatment Plants

Year Round Housing Unitsl
- With a Public Sewer = 53.1 %
- With a Septic Tank or Cesspool = 42.9 %
- Other Means

Number of Combined Sewer
Systems and (Pop. Served)z = 0 (0)

Compliance by Significant
Municipal Wastewater
Treatment Plants

=76%

1. Figure obtained from the 1980 U.S. Census.
2. U. S. EPA ( l_985 ) .

Wastewater Percent of Total
System Tvpe Population State Population

= I,421,223
(46%)

= 4.t %

Primary
Secondary
Tertiary
No System
But Requiredl

System Not
Required

58,925
L ,362 ,2gg

none

642,298

1, 160, 918

l_.9
42.2
none

19.9

36.0

1. Requires system: State residents for whom
septÍc systems are not an adequate method
of wastewater discharge and therefore
need a seurer system.
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Tab1e SC-s: Severity and Extent of Non-Point Source Contributions
(from South Carolina DH&EC, L984a).

Source Severity Extent
Primary

Parameters
Urban

Agrlculture (irrÍgated) M

Agriculture (nonirrigated) M

Animal Wastes I

Silviculture I

Mining I

Construction M

Hydrologic Modífication I

Saltwater Intrusion I

ResÍdual Waste/LandfiIl I

L

L

L

L

L

L

L

L

L

L

c, M, oD, O-1

C,N,P,SS,T

C, N, P, SS, T

c, oD

SS, T

cc

SS, T

SS, T

s,o-2

M. OD. O-2

Extent
W = Widespread (5A% or more

of the Stater s v¡aters
are affected).

M = Moderate (25 to 5O"l of
the Stater s vraters are
affected) .

L = Localized ( Iess than
25'l of i'he State' s
waters are affected).

Severity
S = Severe (designated

use is impaired).

M = Moderate (designated
use is not precluded,
partial support).

I = Mj.nor (designated use
is almost always
supported).

Pri-mary Parameters

LE=
M=
N=
OD=

co I i forms
Iow flow
metals
nutrients
oxygen demand

P
Þ

SS
T
o

= pesticides/herbicides
= salinity
= suspended solids
= turbídity
= other: O-1 = oil & grease

O-2 = toxic materials
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Table SC-6: Comparison of the Number of Lakes and Municipal
Wastewater Treatment Pla.nts in the Phosphorus Load
State Analysis to the Numbers in the Staters Clean
Lakes Program (CtP) and the State as a Whole.

IA]
Study

IB]
CLP

tcl
State

Study
(coI A)
as '/ of

CLP
(col B)

Study
( col A)
asftof
State

(col C)

Number 2T 40 1, 4002 53 <2

Lakes Surface
Area lkmz ] 1, 663 1, 813 1,9902 92 84

'Number

Pop. Served
(x1O3 persons)

130 __ 1 296 __1 44

MWTPT s1
871 __ 1 r,42L 6T

1. Municipal Wastewater Treatment Plants. The municipal
facilities identified in the present study were the same
as those included in South Carolinars Clean Lakes Program,
except for those added or deleted due to special cj-rcumstances/
as described in Part B of the General Procedures section.

Inventory of lakes in South Carolina ten acres or more
in surface area (South Carolina WRC, 1-974).



Table SC-7: Non-point Source and Municipal Wastewater Treatment plant
Total Phosphorus Loads To.South Carolina Study Lakes.

Surface Basin
Area Basin Area
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Est. TP Loads % of Total
lxLOOO kglyrl TP Loads
Non- Point Attributed

Land
Use
Cat. 2Lake Name

Boyd MilI Pond

Broadway

Cunningham

Fishing Cr.

Greenwood

HartweII

Marion

Moultrie

Murray

Parr

Prestwood

Reynolds

Robinson

Rock & Cedar Cr.

Saluda

Secession

Warren

Wateree

hal codel km2 Point (MWTP)3 to MWTptss
18.00 162.00

Edgar A. Brown 54 EDICO

Clarks HiII 3L769 SAVAN 159OO

101 SNTCP ]-20

L364 SNTCP 9870

4614 SNTCP 3030

24828 SAVAN 5410

44759 SNTCP 38100

24444 SNTCP 38850

20639 SNTCP 6270

749 SNTCP 7770

IzJ. PEDEE

51 EDICO

911 PEDEE

500

140

450

324 SNTCP 10710

74 SNTCP

T2T SAVAN

2O2 SNTCP

356 SAVAN

243 EDrCO

265.00 84.00

1. 99 7. 10

164.00 47 .OO

43 . 50 204.OO

90.00 39.80

85s.00 255.00

870.00 25s.00

104. 00 246.OO

102, o0 187. oo

12. 10 l_.83

2.32 2.89

7. 50 1. 83

L7B. OO 58.00

9. 10

630

75

60

EURB

EURB

FMIX

EMIX

EMIX

EMIX

EURB

EMIX

FMIX

FMIX

EMIX

EURB

EURB

EMIX

EMIX

EMIX

EFOR

EURB

FMIX

FMIX

EMIX

1.30

r.34

l_. 18

5.60

90

4B

81

24

7B

23

B3

31

24

23

7L

65

74

56

20

25

750

500

180

6.30 17 .7A

4. 03 2 .33

295. O0 s8.00

2.52 22

74

37

T75548 SNTCP 13100

Wylie 5041 SNTCP 7B2O 130. OO 3.48 31. Key to lake river basin codes: EDICO: Edisto-Combahee
SNTCP: Santee-Cooper

plants.

PEE DEE: Pee Dee SAVAN: Savannah
2. From Table SC-B in Appendix B.
3. MWTP: Municipal wastewater treatment
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Table SC-B:

Boyd MilI
Boyd MitI

Mean:

Broadway 51
Broadway 52
Broadway 53

Mean:

Bro\rrn,
Edgar A.

CIarks S1
Clarks 32
Clarks 53

Mean:

Cunning.
Cunning.

Mean:

Eishing 51
Fishing 52

Mean:

Greenwood
Greenwood
Greenwood
Greenwood

Mean:

Water Quality Parameter Sampling Data and Trophic
Conditions for Those Study Lakesl for Which Information
was Available from the South Carolina Clean Lakes
Program (South Carolina DH&EC, 1-982). IAII values
represent analysis of samples taken during the period
6/24/81 Eo 8/Ll/Bl¡ concentrations are ín ug/L as P, N
or ChI-a and Secchi disk depth is in metersl.

NHs NOz
++

410 1060 1600 266A 700 680 940
50 900 1540 2440 600 550 BBO

230 9BO 1-570 2550 650 615 910

48. 3 0.3
67 .7 0.3
58.0 0.3 H A

1.3 0.1
6.5 1. O

3.9 0.6

22.5 0.6
20.1 0.6
2t.3 0. 6

48.3 0. 6
57.2 0,6
30.9 0.9
5.4 1.8

35.5 1. O

Macro-
phytes

Troph. &./or
Lake Name NH* NO, TKN TN TOP DOP TP ChI-a SD State2 Algae3

sL
S2

130 20 1300 ]-320
250 <20 tt20 7L20
670 <20 1_840 1840
350 <20 r42A 1427

20 <20 100 19.9 0.3
30 20 B0 13.6 0.5
40 20 50 l-8.4 0.6
30 <20 77 77 .3 0.4 E

800 20 2500 252A 50 30 r70 38.6 0.3 E

720 20 860 880 80 30 80 9 .6 1, O

90 50 800 850 <20 <20 60 6.3 1.4
150 720 310 430 <20 <20 40 3.1 2.4
320 63 657 720 <BO <30 60 6.3 1.6 M

B

S1
S2

140 2tO
1000 40
570 r25

700 430
230 490
465 464

s1 150 240
s2 110 360
s3 550 100
s4 600 140

353 2tO

560 770
1940 1980
1250 9r7

1080 1510
900 1390
990 1 450

l.760 2000
1440 1800
7120 1220
780 920

1275 1980

20 20 70
<20 <20 60
<20 <20 65

100 100 180
160 r20 250
130 110 215

40 20 240
320 250 740
<20 <20 140
<20 <20 80
<18 <13 300

MM

N
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Table SC-8, continued.

NHg
+

Noz
+ Troph.

SD State2

Macro-
phytes
&./or

AIqaegLake Name NH NO TKN TN TOP DOP TP ChI-a

Hartwell 51
Hartwell 32
Hartwell 53
Hartwell 54

Mean:

Marion Sl-
Marion 52
Marion 53
Marion 54

Mean:

Moultrie 51
Moultrie 52
Moultrie 53

Mean:

Murray 51
Murray 52
Murray 53
Murray S4

Mean:

Parr 52
Parr 52

Mean:

Prstwd. S1
Prstwd. 52

Mean:

Reynolds 51
Reynolds 52

Mean:

Robinson 51
Robinson 52

Mean:

400 40
120 60
900 60
510 140
483 75

650 <20
340 300
400 30
540 <20
733 <165

140 <20
670 <20
]-20 60
310 <30

60 30
990 30
70 30

110 140
150 t20

\70 240
150 340
160 290

1300 60
1400 50
1350 55

600 r20
2000 40
1300 80

410 30
400 60
405 45

610 650
780 840

1460 1520
7640 l_780
7]-23 i.198

780 780
570 870

1500 1530
910 910
940 to23

1120 ]-720
720 720
340 400
727 747

450 480
1400 1430
680 710

1040 1180
310 950

560 800
490 830
525 815

1640 1700
1790 1840
1715 1770

1700 !820
2400 2440
2050 2\30

860 890
7800 7860
4330 437s

<20 <20 60
<20 <20 70
<20 <20 80
<20 <20 50
<24 <20 65

<20 <20 7A
30 30 50
40 <20 90

<20 <20 110
<35 <30 B0

<20 <20 60
<20 <20 60
<20 <20 50
<20 <20 57

20 <20 60
40 30 720

<20 <20 80
<20 90 70
<30 <60 40

<24 100 70
20 50 100

<20 75 85

<20 <20
<20 <20
<20 <20

2A <20
<20 <20
<20 <20

<20 <20 50
<20 <20 40
<20 <20 45

15.8 1.0
20.7 0. 6
29.3 0.s
3.4 4.0

17.3 1.5

7 .2 1.5
1. 9 0.3

13.3 0.6
B. 6 1.5
7 .8 0.9

4.7 L.O
5.8 0.3
3. B 2.O
4.6 1. 1

6.8 0. 9
10.0 0.9
4.1 1.8
2.6 3.0
3.1 2.4

3 .4 0.5
3 .2 0.8
3.3 0.7

2.r 2.O
1 .5 r.4
1. B I.7
2.7 0.5

16.9 1.5
9.8 1.0

4.3 2.O
o.4 1. O

2.4 1.s

N

B

BM

N

N

M

M

40
4A
40

60
60
60

N
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Table SC-8, continued.

NHs NOa
++

Rck & Cdr Sl- 490 360 1280 7640
Rck & Cdr 52 180 90 94O 1O3O

Mean: 335 225 1110 1335

Macro-
phytes

Troph. &./or
Lake Name

Secession 51 29O
Secession 52 310

Mean: 300

Saluda 51
Saluda 52

Mean:

Warren 51
Warren 52

Mean:

$lateree S1
Wateree 52
Wateree 53

Mean:

WyIie 51
Wylie 52
Wylie 53

Mean:

3400 3490
720 750

2060 2t20

30 750 7BO
<20 550 550
<30 650 665

1500 1 520
1500 1520
1500 7520

40 rt20 r.160
3A 2400 2430
s0 500 s50
40 1 340 L3BO

100 70 180
60 <20 140
B0 <70 160

20 20
<20 <20
<20 <20

34.6 0. 6
33.5 0.4
34. 1 0.5 E

27 .B O.3
5.9 1.5

l_6.9 0.9

N

710
480
595

700
850
775

110
740
200
350

NM

90
30
60

A

90
40
65

B

20
20
20

20 20 70 5.6 0.1
20 <20 100 5.0 1.0
20 <20 85 5.3 0. 6

560 50 940 990
270 270 ]-720 1390
r20 40 1480 ts20
3r7 1,20 11BO 1300

40 30 190 30.6 0.5
30 20 160 29 .3 0.5
35 25 17s 30.0 0. s

<20 <20 150 8.5 1.0
80 B0 170 7.7 0.8

<20 <20 100 Lz.I 0.5
<40 <40 140 9.4 0.8

40 <20 180 l_4.8 0.4
<20 <20 90 5.2 0.5
<20 <20 60 4.7 1.5
<40 <20 110 8.2 0.8

N

A

L. Study lakes were the lakes for which phosphorus loads were
calculated.

2. Key to trophic states:
H = Hypereutrophic
E = Eutrophic
M = Mesotrophic
O = Oligotrophic

Key to presence of algae
and/or macrophyte problems :

A = Algae
M = Macrophytes
B = Both
N = Not mentioned
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Table SC-g: Comparison of Trophic State to the percent
of the Total Phogphorus Load Attributable
to Municipal Wastewater Treatment plants.

Percent
Attributed

to
Municipal
PIants Oligotrophic Mesotrophic Eutrophic

Trophic Statel
(Number of Study Lakes)

Less Than
1To5

5To25

25 
,To 50

Greater
than 50

00

o0

0

4

L. See glossary for descriptions of oligotrophic,
mesotrophic, and eutrophic.
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X. TENNESSEE

A. Overview of Surface Water Quality

Recent State Water Ouality Investiqations

As a result of the Tennessee Clean Lakes Program ITennessee
Department of Health and Environment (Tennessee DH&E), 19Bol, the
Tennessee 1984 section 305(b) Report (Tennessee DH&E, r9B4), the
ASrwPcA srEP Program (ASrwPCA, 1983a,b), and sampllng progirams of the
Tennessee Valrey Authority (carriker and cox, 1984; Higgins and Kim,
1981; Placke, 1983, amongf others), information has become available
concerning surface water quality in the state of rennessee.

Extent and Nature of Water Ouality Concerns

Tennesseets assessment of water quality in streams and public
Iakes (Tennessee DH&E, 1-984) indicated the state's pollution problems
are associated with both streams and lakes (Table TN-l).

Streams

The failure of 50 percent of Tennessee's assessed stream
miles to support their designated uses \^¡as attributed primarily
to non-polnt sources (55 percent). Municipal and industrial
pollutant sources accounted for 33 percent and 1-5 percent of
nonsupport cases, respectively (Tabre TN-1). A more extensive
summary of the surface water quality for each of Tennesseets L3
major river basins is given in Table TN-2.

Lakes

Sixty-two percent of Tennessee's LL5 public lakes fully
supported their designated uses (Table TN-1). Industrial_
discharges htere targeted as the primary cause for less than futl
support of designated lake uses (51 percent), with municipal and
non-point source discharges being responsible for 33 percent and
L5 percent, respectively.

Tennesseer s Stream Monitoring Program

Tennessee's primary program of ambient water quality
monitorj-ng consists of approximately 90 fixed sampling sites
sampled on a quarterly basis with some special stations sampled

113
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on a monthly basis. A secondary monitoring network of water
treatment plants collects monthly c-o¡nposite samples of untreated
surface water. The third integral part of the staters monitoring
is an intensive survey program.

Tennesseers Clean Lakes Program

The Tennessee Clean Lakes Program (Tennessee DH&E, 1980).
designated 112 lakes as comprising the significant publicly-owned
freshwater lakes of the State of Tennessee. Inclusion of a lake
in this group rû/as restricted to publicly-owned lakes ( state or
federal jurisdiction) with a surface area of at least 2 hectares
(5 acres) which had been j-dentified by the state as having
substantial public interest and use. In accordance with the
Federal Water Pollution Control Act Ammendments of 1972 (Pubtic
Law 92-500), the Survey prioritized the II2 lakes according to
trophic state and certain social factors. A summary of the
trophic states òf the lakes assessed during the Tennessee Clean
Lakes Program is provided in Table TN-3. Lake samplinq during
the program v/as limited to samples taken during the period of
JuIy 15 through September 15, 1979, âs this was determined to be
the time of peak seasonal prod.uctivity. However, the Tennessee
Valley Authority has analyzed aIl the major reservoirs under its
jurisdiction thereby sÍgnificantly enhancing the available
surface water quality data base (Higgins and Kim, 198L; Placke,
1983; among others).

Municipal Wastewater
Factors Causing Water

Treatment Plants and Non-Point
Oualitv Degradatj-on in Lakes

Sources As
ana Streanrs

Table TN-4 provides an overview of the water quality problems
associated with Tennesseets l-akes and streams and the corresponding
factor(s) contributing to these problems.

Municipal Wastewater Treatment Plants

The state has compiled data on municipal wastewater
treatment plants, the type of treatment provided, and the
populations served by each treatment type (Table TN-5). These
data indicate that 2,982,O00 (65 percent) of the state's total
population of 4,59L,000 persons are served by a municipal
wastewater treatment system, with the remaining population being
served primarily by septic tank systems. Five treatment plants
serving 150,500 people have combined se\der systems. No municipal
wastewater treatment plants i.n Tennessee are reguired by their
NPDES permits to practÍce phosphorus removal, although there may
be a few very small municipalities which remove phosphorus.
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Non-Point Sources

A summary of the extent and severity of non-point sourcepolrutants in Tennessee is given 1n Tabre TN-6. rn the L9B4
Tennessee 3O5(-b) report, the state made several general
observations pertaÍning to non-point sources causing waterquarity problems in rakes and streams (Tennessee DH&E, 1994).

a. west rennessee has the worst water quality in the state,
a situation which is largely due to agricultural
activities. The major rivers in this region are impacted
by poor agricultural practices on hÍghly erodible soils
and by the channelization of the waterways. Agricultural
runoff adds appreciably to the sediment loads, nutrients,
and organj-c chemicals in the water\4rays.

b. Mining runoff from coar, phosphate, and minerar mínes, in
addition to agricultural related runoff, affect an
estimated B0B miles of streams in middle and eastern
Tennessee.

Trends in the Control and Management of Municipal
Treatment Plant and Non-Point Source pollution

Wastewater

The State of Tennessee continues to be concerned about municípal
wastewater treatment plants, stating, ttMore municipal plants must be
brought up to standard or face continual problems with downstream
water users and run the risk of hearth problems and ross of
recreationar uses." (ASrwPcA, 1983b). This probrem is being
compounded by the statets population growth, which was 1-7 percent
from 1970 to 1980. Tennesseets popuratíon rose an additional 3percent between L98o and 1985 (N.Y. Times, 1995), and is projected
to increase another L6 percent by the year 2000 (u.s. News & world
Report, 1985). The Tennessee Division of vrlater Management, in
cooperation with the State Rural Clean Water Coordinating Committee
and other agrj.curture related committees, is seeking to deverop a
comprehensj-ve and implementable nonregulatory program to control
agriculturar non-point source porrution, including a system for
ranking priority areas in the state.

B. Analysis of Phosphorus Loads to the Studv Lakes

Identification of
Plants

Studv Lakes and Municipal Wastewater Treatment

Appendices A and B of the Tennessee Clean Lakes program report
consisted of data summary sheets for each lake studied, including
municipal wastewater discharges. Hol{ever, for the purposes of this
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study, the discharge listlngs r¡rere found to be incomplete.
Therefore, identification of municipal wastewater discharges upstream
of the lakes was performed by following the alternate method. Using
a 1:500,000 scale USGS state base map and the State of Tennesseets
municipal wastewater treatment plant inventory (Tennessee DH&E,
1985), 27 lakes hrere identified as having municipal wastewater
dischargers within approximately 5O miles upstream.

Morphological data for these 27 lakes (Table TN-A in Appendix B)
and land uses in their drainage basj-ns (Table TN-B in Appendix B)
were obtained from the data summary sheets in Appendices A and B of
the Tennessee Clean Lakes Program report (Tennessee DH&E, ilo date),
A Iisting of the municipal wastewater treatment plants located
upstream of each of the study lakes, along with the population served
by each facility, is given in Table TN-C in Appendix B.

An overview of the numbers of study lakes, municipal wastewater
treatment plants, and the populations served by these plants,
compared to the corresponding values for the entire state, is
presented in Table TN-7. T}:e 27 lakes chosen for stud.y comprise
about 90 percent (609,374 acres) of Tennessee's 675,550 acres of
publicly owned lakes assessed during the Tennessee C1ean Lakes
Program, Thus, the analysis of phosphorus loads to the 27 study
Iakes represents a comprehensive analysis of the lakes considered to
be most important to the state of Tennessee (Tab1e TN-B).

Results and Discussion of Total Phosphorus Load Calculations

Municipal wastewater treatment plant total phosphorus loads to
the 27 study lakes ranged f.rom 2 percent to 98 percent of the total
TP loads (Table TN-B). Table TN-8 also contains relevant excerpts
from the l9B4 Tennessee 305(b) Report (Tennessee DH,&E, 1984).

It is clear from the comments in Table TN-8 that heavy metals,
Iow pH, and high suspended solids concentrations are of primary
concern in the State of Tennessee. Hota/ever, Tennessee does recognize
major problems with the eutrophication of many of its largest and
most important reservolrs. The Tennessee DH&E stated in the 305(b)
report that, ttthe problems associated with eutrophication are low
dissolved oxygen Iconcentrations] (D.O. ), elevated concentrations of
iron and manganese in the IreservoÍr] release waters, and reduced
waste assimilation capacity.tt They also reported, ttthe reservoir
release problems resulting from low dissolved oxyqen concentrations
are generally associated with nutrient enriched stratified
reservoirs.tt Municipal wastewater treatment plants have been shown
by the present analysis to contribute significant phosphorus loads to
some Tennessee lakes, however, of t}:e 27 lakes identified in the
municipal wastewater treatment plant phosphorus load analysís, only
Boone has been specified by the state as having excessive nutrient
Ioads from municipal discharges in the 1984 Tennessee 305(b) report
(Tennessee DH&E, 1984). This may be due to the recent upgrading of
several municipal facilities which were felt to have a deleterious
affect on surface \oraters, the elimination of discharqes from some
facilities, and the construction of ner,,¡ plants f.or areas not
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previously sewered. This improvement strategy included the major
Chattanooga and Knoxville plants, which h¡ere upgraded to secondary
treatment levels. Furthermore, the Boone Reservoir watershed has
recently been classified as a rrnutrient sensitive watersrr region.

Comparison of Clean Lakes Program Water eualitvof the Total Phosphourus Load Analysis for Study
Data to

Lakes
the Results

Table TN-g provides a summary of the water quality parameter
values and trophic conditions for those of the study lakes sampled
during the Tennessee crean Lakes Program. A comparison of the
trophic state of the study rakes to the percent of the totar
phosphorus load attributable to municipal wastewater treatment plants
indicates the state of eutrophy is not simpry dependent on the
percent contribution to the phosphorus load by the municj-par
wastewater treatment plants (Table TN-10). Atthough lakes withgreater than 50 percent of their load attributable to municipal
wastewater treatment plants tend to show a high degree of eutrophy,
some lakes with minimal phosphorus contributions from municipal
wastewater treatment plants were also eutrophic. This is as
expected, because non-point source loads can also cause severe waterquality degradation.

These observations are important, as all too often, people have
equated wastewater treatment plants with eutrophic lake conditions;
this is not always the case. In fact, the only two lakes specified
by the Tennessee DH&E (1984) as being adversely affected by municipal
wastewater treatment plants lr'ere Boone and Fort Loudon (Table TN-8).
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C. Tables For Tennessee

TotaI
Stream

Miles or
Acres of
PubIic
Lakes '

In State
(# Lakes)

Streams
And Lakes
Assessed

Miles Pct.
or of

Acres Total

Table TN-1: Tennessee Public Lakes and Streams, Their Support of
Designated Uses, Causes for Less Than FuIl Support,,
and the Major Water Quality Parameters of Concern
Ias presented by ASIWPCA (1983b) ].

Support of
Designated

Uses (Percent)

Cause For Less
Than Full
Support of

Designated Uses
( Percent )

Not
FuII Part None Known

Non
Ind Mun Pt. Oth.

Streams

Lakes

]-9,236

675, 550
(11s)

t9,236 100

675,550 L00

16 3 31

20180
50

62

o

1_

55

15

15 30

51 33

Maj or
Parameter(s) of

Concern

Tox*
pH
Tem
Met*
DO

FC
pH
Tox*
Nut
wc*
DO

FC*
DO
Met

*Identified by the state as the most significant problems.

DO;
FC:
Met:
Nut:
pH:
Tem:
Tox:
WC2

Dissolved oxygen concentration.
Coliform or fecal coliform counts
Heavy Metals
Nutrient concentrations (nitrogen
The pH of the water.
Temperature.
Toxic substances.
Turbidity (water clarity).

(bacteria).

and/or phosphorus)
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Overview of Vfater Quality in Major Tennessee River Basins.Table TN-2:

Region

Overall
Water

Quality

Water
Quality

Parameters

Violation of
Water Quality

Standards
Attri-buted to: Comments

Northeast

(Clinch, Very
French-Broad, Good
HoIston, and
Upper Tennessee
River Basins)

Southeast

Heavy Metals,
Fecal CoIi. ,
Susp. SoIids

CoaI mining,
oil and gas
explorations,
and agr. NPS

(Hiwassee and
Lower Tennessee
River Basins)

Middle

(Tennessee R. Mod.
Western Valley, Good
Cumberland, Good
Duck, and EIk
River Basins)

West

Heavy metals,
Susp. Solids,
Low pH

Copper Basin
mining NPS
runoff.

(Forked Deer,
Obi-on, and
Hatchie
River Basins)

Occaslonally
Heavy Metals,
Fecal CoIi. ,
Susp. SoIids,
Low pH

Heavy Metals
Fecal CoIi. ,
Susp. Solids,
High pH,
Chlordane

Agr. NPS run-
off, phosphate
mining, flow
reductions and
mj-nor impact
from indust.
and municípal
discharges.

Atmospheric,
urban, and
agr. NPS,
land use
practices.

I

I

Good I

Mod.
Good

French-Broad R. is
the worst in Tenn.
due to very hiqh
susp. solids from
urban and agr. NPS
runoff in N.C.

FecaI Coliform
exceeded standard
while Chattanooqa
Moccasin Bend WWTP
was being upgraded

Cumberland above
NashviIIe best in
state. Tenn. R.
very high susp.
solids and heavy
metal violations
more frequent.
FIow reductions in
Elk R. are problem
alonq with PCBrs.

Heavy metals are
from the NPSis,
susp. solids are
from land use/
and pH is natural.
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Table TN-3: Trophic State of Tennessee's 1L5 Public Lakes.

Trophic I

Classification I

Number
of Lakes

Percent
of Total

I Surface Percent
I Area I ac ] of Total

Ultra-
Oligotrophic

Oligotrophic

Mesotrophic

Eutrophic

Hypereutrophic

No Data

3

19

29

47

I

6

3

L7

26

42

7

5

12,542

23.,932

69 ,864

155, 061

3,gl7

]-O,877

5

9

25

56

1

4

Table TN-4: Water Quality Problems in Tennessee and
Factors Attributed to Them.

Heavy Fish
Nutrient Sediment Coliform Metals KiIIs

the

Di ssolved
Oxvgen

Point
a) Municipall
b) Industrial
Non-Point
ãl-Asric.
b) Mining
c) Other

S

LS

LS
Þ

S

S

Þ
S

1. Municipal

KEY: L = Lakes,

wastewater treatment plants.

S = Streams.
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Table TN-5: Wastewater Systems and State Statistics.
Data \lrere from ASIWPCA (1983b).

State Surface Area = 42,244 miz
Lake Surface Area Percentage = 2.5 %

Total State Populationl (1980) - 4,SgL,I2O
(1970) - 3,925,687

Population Served by
Municipal Wastewater
Treatment PIants

= 2,982, 165
(6s %)

Year Round Housing Unitsl
- With a Public Sewer = 56.4 %
- With a Septic Tank or Cesspool = 39.6 %- Other Means = 4.O %

Number of Combined Sewer
Systems and (Pop. Served)z - 5 (150,500)

Compliance by Siqnificant
Municipal Wastewater = 79 %
Treatment Plants

L. Figure obtained from the 19BO U.S. Census.
2. U.S. EPA (1985).

Wastewater Percent of Total
System Type Population State Population

Primary
Secondary
Tertiary
No System
But Requiredl

System Not
Required

Unknown

1L3,606
2 ,557 ,51,3

3l_ 1 , 046

56,546

135, 146

r,417,269

2.5
s5. 7
6.8

7.2

2.9

30. 9

1. Requires system: State residents for whom
septic systems are not an adequate method
of wastewater discharge and therefore
need a sev/er system.
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Table TN-6: Severity and Extent of Non-Polnt Source
Contributions (from -Tennessee DH&E, 1984).

Source Extent Severity
Primary

Parameters
Urban

Agriculture ( irrigated)
Agriculture (nonirrigated)

Animal Wastes

Silviculture
Mining

Construction

Hydrologic Modj- f ication
Residual Waste,/Landfi I I

L

w

M

L

L

L

L

L

L

U

Þ

M

M

I

M

I

M

M

ss,M,c,N,oD,T,o-1

N, SS, P

N, SS, P

C,OD, SS,T,N

SS, E

M, O-2, SS

SS

o-3

M, O-1

Extent
W = Widespread (5O% or more

of the State's waters
are affected).

M = Moderate (25 to SQl of
the State's waters are
affected) .

L = Localized ( Iess than
25"1 of iutre Stater s
waters are affected).

Severitv
S - Severe (desiqnated

use is impaired).

M = Moderate (designated
use is not precluded,
partial support).

I = Mi.nor (designated use
is almost always
supported).

U = Unknown

PrÍmarv Parameters
P
Þ
ÞÞ
r
o

LF=
M=
N=
OD=

coli forms
Iow flow
metals
nutrients
oxygen demand

- pesticides/herbi cides
= salinity
= suspended solids
= turbidity
= other: O-1

o-2
o-3

toxics
pH
Iow D.O.
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Table TN-7: Comparison of the Number of Lakes and Municipal
Wastewater Treatment- Plants in the phosphorus Load
State Analysis to the Numbers in the State's Clean
Lakes Program (CLP) and the State as a Whole.

{Al
Study

IB]
CLP

tcl
State

Study
(col A)
as /o of

CLP
(col B)

Study
(col A)
as "l of
State

(col C)

Number 27 115 nd 23 nd

Lakes Surface
Area [ )<mz 1 2,466 2,734 nd 90

Number __ 1 707 __ I 100

nd

63

83
MWTP'sl Pop. Served

(x103 persons) | 2,
I

46]- __ I 2 ,982 __ 1

1. Municipal Wastewater Treatment Plants. The municipal
facirities identified in the present study hrere the same
as those incruded in Georgia's crean Lakes program, except
for those added or deleted due to speciar circumstances, âs
described in Part B of the Generar proced.ures section.
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Table TN-8: Non-point Source and Municípal Wastevater Treatment Plant Isee (1)] Total Phosphorus Loads To Tennessee Study Lakes.

Est. TP Loads % of fotal
Surface Basin Landõ [103 kq,/yrl Tp Loads
Area Basin2 Area Use -Iõn=----Tõînr Attribured

!ak.e,Name =!!gl 9gdg,. [!!ri] 9g!,., Bgjn!. (YUT|l to MWJP's commentszconsi¿erationsBarkley 37799 Lo cu 45579 BM|X

Boone 1781 HOLST 4766 CMIX 104.00 147.00 59 Studge bui td-up from se!r'âge overfto\r's,bacterial contamination, and eutrophication.
Burgess Fa I I s 28 UP CU 39 BMIX O.j5 20.50 98

Cente r H í l l 9332 UP CU 5655 BAGR 1 05. 00 47 .7O 32

Cheatham 3015 Lo cU 36674 BMIX 515.00 895.00 64

Cherokee 12262 HoLsT 8881 CMIX 194.00 125.OO 39 Reservoi r release problems; mercury contam-
ination.

Chickamauga 14326 LO TN 53346 CURB 710.00 75.OO 10 Shols impact of past industria I and municipa I
d i scha rges.

Corde I I Hu I I 5628 UP CU 20966 BMIX Z95.OO 7.00 3

Dale Hollo\r' 12542 UP CU 2422 BMIX 34.20 3.27 9 Lack of nutrients and f ish food supply probably
inh ib its co ld\rater f i shery.

Douglas 12303 FR BR 1]761 cMlx 260.00 8.10 3 Siltâtíon, therma I pollut¡on, cotoratíon f rompulp mi1 l, and reservoir release problems.
Ft. Par Henry 353 HOLST 4929 CM|X 't OO.O0 147.00 5S

Fort Loudon 5eoe uP rN 24735 cuRB 4oo'00 515'00 57 å;Jïil?ål;:T"$.:¿::'?ïj; [iîg':],*H;li?,;::ort
Great Fa I ls 854 Up CU 4343 BAGR 80.00 2O.7O Z'l

J. Percy Priest 9187 Lo CU 3Z1O BURB 78.00 q5.6O 37

Kentucky 64873 TN WV 1041'18 FMIX 2330.00 26.60 2 PCBts, h igh suspended so I ids, and heavy meta I s.
Melton Hi I I 2303 CLNCH e65S CM|X 190.00 29.40 14

Nickajack 4197 Lo TN 566t+3 CURB T45.OO 350.00 32

Nol íchucky 155 FR BR 3064 CAGR 57.OO 19.60 26 MÍnera I m¡nes caus ing high suspended sol ids
and si ltatíon.

Normandy 1279 DUCKR bO7 BMIX 7.1O 7.30 51

Norris 13841 CLNCH 7542 cMlx 165.00 17.6A 10 coat mining producíng tow pH, high sutfares,
coâl fines, and elevated heavy mètals ¡n fí3h,
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Table TN-8, continued.

Est. TP Loads % of rotal
Surface Basin Land¡ f 103 kqlyrì TP Loads
Area Basín2 Area Use loË--Tõlnt Attributed

lâke Nâme th¡l Code tkmzt ?,ât- Point fMwTPì to Ml^/TPts comments/consícleratinns

Ocoee #1

Ocoee ffZ

Ocoee #3

765 LO TN 1540 GMIX 45.70 O.42 1 For al I three Ocoee neservoirs: heavy metals,
lov pH, and high suspended sol ids from mines.

nd Lo TN 1326 GMIX 39.40 O.42 1 See ocoee #1.

194 LO TN 1274 GMIX 37.80 O.42 2 See Ocoee #1.

old Hickory 11109 LO CU 30236 BMIX 425.OO 39.70 9

Tims Ford 4290 ELK R 1370 BMIX 19.30 25.80 58

Wa ta ugâ 2602 HOLST 1212 GURB 11.00 2.14 17

warrs Bar 15783 UP TN 44833 CURB 410.00 610.00 60

nd = No data avaílable.
'l . Municípa I waste!/ater treatment plant is appreviated as MWTP in the Table.

2. Key to lake river basin codes:

Gode Ma.ior River Basin
CLNCH Cl inch River
TN WV TN Western Val ley
LO CU Lo\,ver Cumber|and
UP CU Upper Cumberland
DUCKR Duck River
ELK R Elk River
HOLST Ho I ston
FR BR French Broad
UP ïN Upper ïennessee
Lo ïN Lower Tennessee

3. Land use categories are equivalent to those assigned to each
lakets drainage basin as presented ín Table TN-B of Appendix B.
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Table TN-9:

Total
Lake Name Phosphorus

Water Quality Parameter Values and Trophic States for
Those Study Lakes for Which Data Was Available in the
Tennessee Clean Lakes Program Report (Tennessee DH&E,
1984). AII concentrations are in units of wg/L and
Secchi disk depth values are in meters.

ChI-a
Secchi
Depth

Trophic2
State

Macro-
phytes
and/or
Algaez

Barkley
Boone
Burgess FalIs
Center HiIl
Cheatham
Cherokee
Chickamauga
CordeII HUII
DaIe Hollow
Douglas
Fort Loudon
Fort P. Henry
Great EalIs
J. Percy Priest
Kentucky
Melton HiIt
Nickaj ack
Nolichucky
Normandy
Norris
Ocoee#1
Ocoee#2
Ocoee#3
OId Hickory
Tims Eord
Watauga
Watts Bar

90
20
BO
10

100
10
20
20
10
10
30
10
l-B
10
40
10
20
40
nd
10
10
nd
10
60
10
10
20

9
I4
13

o
1B
T2

5
6
1
6

16
27

9
5

10
1
4
3

nd
2
1

nd
o

27
'3
2
9

E
E
E
o
E
E
M

M

o
M

E
E
E
M

E
o
M

M

nd
o
o

nd
o
E
M
M
E

0.45
1.50
0.40
4. 30
0.50
3.50
1. 70
1.50
6.50
2 .24
1.50
1.30
o.20
1. B0
1.50
1.00
1.30
1. O0

nd
3.40
2.50

nd
1. OO

o.80
2.25
4. 00
1.50

N
N
A
N
N
N
N
N
N
N
N
N
N
A
N
N
N
N
B
A
o
o
o
N
N
B
N

1. E = Eutrophic, M =Mesotrophic, O= Oligotrophic.

2. The presence of macrophytes and/or algae is noted
whenever the Tennessee Lake Classificatj_on Report
mentioned documented nuisance algae blooms or a
macrophyte infestation within the last 5 years.
(A = Algae, M = Macrophytes, B = Both, O = Abiotic
conditions, N = Not mentioned).
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[able TN-10: Comparison of Trophic State to the Percent
of the Ïotal Phosphorus toad Attributable
to Municipal Wastewater Treatment Plants.

Percent
Attributed

to
Municipal
PIants Oliqotrophic Mesotrophic Eutrophic

Less Than
1To5

5To25

25 To 50

Greater
Than 50

Trophic Statel' (Number of Study Lakes)

0

o

04

L. See glossary for descriptions of oligotrophic,
mesotrophic, and eutrophic.



A. Overview of Surface Water

XI . VIRGINIA

Ouality

Recent State Water Ouality Investiqations

As a result of the VirgÍnia Clean Lakes
Water Control Board (Virginia SWCB), I9B2l,
305(b) Report (Virginia SWCB, 1984a,b), and
(ASIWPCA, L9B3Aa,b), informatj-on concerning
pollutant discharge sources is available for

Progiram IVirginia State
the Virginia 1984 Section
the ASIVTTPCA STEP Program
surface water quality and
the State of Virginia.

Water Ouality gtatus of Estuaries, Lakes, and Streams

Virginia's assessment of water quality in streams and public
Iake,s indicated that more extensive problems were associated with
streams than with lakes (Table VA-1).

Streams

only 31 percent of the 4,500 stream mires assessed. by virginia
supported their designated uses, while 25 percent partially
supported them, and 44 percent did not support their designated
uses (Table vA-l). Less than furr support of stream usage hras
largery attributed to non-point source pollution (98 percent)
with municipal and industrial sources accounting for the
remaining 2 percent.

Estuaries

A seven year 27 million dollar study of the Chesapeake Bay
has been completed. Recommendatíons for long-rangie management of
the Bay are currently being formulated. This program is too
important and complex to attempt a brief summary here.

Lakes

Eighty-six percent of Virginia's 161 public lakes fully
supported their designated uses (Tabre vA-1). Fairure to meet
required water quality standards \r¡as attributed to municipar
wastewater treatment plants (35 percent), industrial sources (2o
percent), non-point sources (33 percent) and other unspecified
problems (12 percent).

729
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The State's Stream Monitoring Program

The State Water Control Board of Virginia maintains a statewide
network of 307 ambient r^¡ater quality monitoring stations that are
sampled monthly. Forty of these 307 stations are part of EPA's
National Core Monitoring Program and are sampled annually for
metals and pesticides in water and sediments. These stations are
also sampled biennially for metals and pesticides in fish tissues
and for the health of bottom dwelling (benthic) invertabrates and
periphyton (attached algae). In addition, the state maintains
175 biotogical monitoring stations that are sampled either
annually or biannually in the spring and fall to evaluate the
benthic macroinvertebrate community.

The Staters Clean Lakes Program

The Virginia State Water Control Board (SWCB) conducted
Virginiars Clean Lakes Proqram during L980 and 1981. Of the 161
publicly owned lakes which met the criteria for inclusion in the
Clean Lakes Program, 32 were determined to be the most
signifícant, high priority lakes and v¡ere monitored at monthly
intervals over a seven month period (April to October, 19BO). An
additional 19 lakes having insufficient or outdated data from
past investigations \¡/ere surveyed once during the summer of 1980.
The 161 lakes were classified according to trophic state using
the data collected on these sampling trips and information from
previous state and federally funded lake studies (e.9. EPA-NES).
For the purposes of ranking, these 161 lakes hrere classified into
tr^¡o classes, the 32 priority lakes being Class I lakes and the
remaining lakes being Class II lakes. A summary of the trophic
states of the lakes assessed during the Virginia Clean Lakes
Program is provided in Table VA-2.

Municipal
Non-Point

Wastewater
Sources As

Treatment Plants, Industrial Discharqes, and
factors Causing Water Oualitv Concerns In-

StreamsEstuarj-es, Lakes, and

Table VA-3 provides an overview of the water quality problems
associated with Virginia's estuaries, public lakes, and streams and
the corresponding factor(s) contrj-buting to these problems.

In the 1984 Vlrginia 305(b) report, the state made several
observations pertaining to the factors causing water quality problems
in lakes and streams:

a. Dissolved oxyqen and pH problems in streams are mainly due to
natural conditions.



131

b. FecaI coliform (bacterial) contamination, which affects 3,597
miles of streams, is attributed to municipal, animal r¡laste,
and agricultural pollution sources.

c. Over one-third (35 percent) of the publÍcly owned freshwater
Iakes were considered eutrophic. This can be attributed to
their shallowness and non-point source nutrient
contributions.

d. From 1981 to 1983, 50 fish ki.lls were attributed to
pollution, with the resultinq mortality estimated to be
1,365,434 fish. Ho\nrever, 88 percent of this total came from
two large fish kills, one attributed to a gasoline spilt and
the other to an lndustrial discharge.

Municípal Vùastewater Treatment Plants and Non-Point Sources As
Factors causi.ng water ouality oegradation @

Municipal Wastewater Treatment PIants

The state has compiled data on municipal wastewater
treatment plants, the type of treatment provided, and the
populations served by each treatment type (Table VA-4). These
data indicate that 4,328,000 (81 percent) of the staters total
population of 5,347,OO0 persons are served by a municipal
wastewater treatment system, with the majority of the remaining
population having septic systems. virginia is concerned about
the 11 combined se\^/er systems in the state which serv s36,9oo
people. Of particular concern are the Richmond combined se\^r,er
overflows which are thought to impact the Upper James River
estuary. There are ten municipar facirities employing chemical
phosphorus removal; eight of these are located in the Chesapeake
Bay drainaqe basin.

Non-Point Sources

Virginia has identified non-point sources as a major problem
in the state and the following are some of the responses to this
pollution. Additional projects have al-so been started using
Federal 205(j ) funds.

a. Virginia has published a management handbook and five
technical handbooks containing plans and specifications
for selected best management practices (BMpfs) appricabre
to VirqiÍnia.

b. Detailed non-point source abatement and control plans and
programs have been prepared by designated areawide
planning aqencies (Section 2OB) for the Hampton Road.s
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area, the Fredericksburg area and Northern Virginia.

c. Eight cities, 20 towns and 17 counties (20 percent of aII
Iocalities in the state) in the non-designated State
planning area have passed formal resolutions affirming
and supporting the state voluntary BMP implementation
program.

d. Twenty-six príority agricultural watersheds covering over
three million acres (12 percent of the staters area).
!ìrere selected for targeting available resources to
implement BMPs.

e. A two year program to create vegetative filter strips
along waterways in the Chowan and Chesapeake Bay basins
r¡¡as started in the spring of 1983.

Trends in the Control and Manggemen! of Municipal Wastewater
treatlnent pfant anA Non-point Sorlrce pof futiotr

The future of Virginia's water quality situation depends on the
staters ability to establish and managie adequate programs in response
to their problems. These problems have been compounded by the 15
percent increase in population from 1970 to 19BO (U.S. 1980 Census).

Toxic pollutants, protection of the Chesapeake Bay, and the
qualíty of interstate waters have been major concerns of the state of
Virginia over the past decade. Toxic pollutants are presently being
addressed by a program that wiII monitor complex effluents for both
organic and inorganic substances.

The state was so concerned with non-point source pollution that
the Secretary of Commerce formed a non-point source pollution
committee. Due to the paucity of water quality data supporting
definition of non-point problems, a non-regulatory approach was
recommended. Best management practices handbooks, public education,
and citizents programs to monitor streams and activities causing land
disturbances are some of the methods being used in this
non-regulatory approach (See Nonpoint Source section of this report).
Special non-point source studies are also being conducted on lakes
and the Chesapeake Bay region to evaluate this problem more
extensively.
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B. Analysis of Phosphorus Loads to the Study Lakes

Identification ofr- Study Lakes and Municipal Wastewater Treatment

Thirty-two Iakes \,üere identified by the Virginia Clean Lakes
Program as being sÍgnificant, high priority rakes, but only three of
these lakes were Iisted as having municipal wastewater treatment
prants upstream of them. This is j-n agreement with the staters
observation that 98 percent of the pollutant sources to lakes are
non-poÍnt. However, these 32 lakes represent only 12 percent of the
total acreage of lakes in the state. Therefore, further sources of
information were used to identify additional rakes for a more
complete and representative analysis.

Usíng Table 2 of the Virginia Clean Lakes Program report. all
Iakes qreater than 10O hectares in surface area \¡/ere located. on USGS
1:500,000 state base maps, and municipal wastewater treatment plants
within approximately 50 miles upstream hrere identified. NES working
papers ì¡tere also used for identifying municipal wastewater treatment
plants for Rivanna, Occoquan, Claytor, Chesdin, and John W.
Flannagan. After checking 54 of the 161 lakes (those qreater than
100 hectares or Iisted as having point source problems), an
additional eight lakes \¡/ere added to the study. The remaining lakes
were too small to be found on the USGS maps and therefore could not
be checked for wastewater treatment plants.

Morphological data for the study lakes (Table VA-A in
Appendix B) were obtained from the Clean Lakes Program report,
EPA-NES workinq papers, arrd USGS reports. Land use data for the lake
basj-ns (Table VA-B) were obtained from the Virginia Clean Lakes
Program for the three lakes Iisted as having municipal wastewater
treatment plants upstream. The other eight Iakesr lratersheds \^rere
placed in the appropriate regional Iand use categrory through visual
inspection of the 1:250,O0O scale USGS land use and land cover maps.
Table VA-C in Appendix B provides a listing of the municipal
wasterwater treatment plants upstream of the 11 study lakes, along
with the corresponding populations served by each facility.

Results and Discussion of Total Phosphorus Loads

Using the present studyrs approach, municipal wastewater
treatment plant total phosphorus (TP) Ioads to the study lakes rangred
from 9 to 59 percent of the totar loads; the totar loads \^rere
calcurated as the sum of the non-point source and municipal
wastewater treatment plant loads. Table VA-5 contains a complete
Iisting of these figures along with relevant excerpts from the 7984
virginia 305(b) Report (vírginia swcB,1984a,b) concerning the L1
lakes potentially impacted by municipal wastewater treatment plant
discharges. Table VA-6 provides an overview of the numbers of study
Iakes and municipal wastewater treatment plants and populations
served by these plants as compared to the values for the entire
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state. The study lakes' water quality data from the Clean Lakes
Program is presented in Table VA-7a and the trophic states in
Table VA-7b.

Comparison of Clean Lakes Program Water Ouality Data to the Results
of the Total Phosphourus Load Analvsis for Studv Lakes

A comparison of the trophic state of the study lakes to the
percent of the total phosphorus load attributable to municipal
wastewater treatment plants indicates the state of eutrophy is not
simply dependent on the percent contribution to the phosphorus load
by the municipal wastewater treatment plants (Table VA-9). Although
Iakes with greater than 50 percent of their load attributable to
municipal wastewater treatment plants tend to show a high degree of
eutrophy, some lakes with minimal phosphorus contributions from
municipal wastewater treatment plants \^tere also eutrophic. This is
as expected, since non-point source loads can also cause severe water
quality degradation.

These observatj-ons are important, as aII too often, people have
equated wastewater treatment plants with eutrophic lake conditions;
this is not always the case.
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C. Tables For Virginia

Table vA-1: virginiats Estuaries, public Lakes and. streams, Their
Support of Designated Uses, Causes for Less Than FuII
Support, and the Major Water Quality parameters of
Concern, as presented by ASIWpCA (l_983b).

TotaI
Stream

Miles or
Acres of
Estuaries
or Public

Lakes
in State
(# Lakes)

Streams
and Lakes
Assessed

Miles Pct.
or of

Acres Total

Support of
Designated

Uses (Percent)

Cause for Less
Than Full
Support of

Designated Uses
( Percent )

Not
FulI Part None Known

Non
Ind Mun Pt. Oth.

Streams

Lakes

Estuar-
ies

27,240

67,972
(161)

I ,524, 4BA

4,500 17

67,9I2 100

na na

3125440
86 l_301

na na na na

20 35 33 72

11980

na rra na na

Maj or
Parameter( s) of

Concern

na : Not available.* Identified by the state as the most signific
DO : Dissolved oxygen concentration.
FC : Coliform or fecal coliform counts (bacteria)
Nut: Nutrient concentrations (nitrogen and/or pho
pH : The pH of the water.
Tem: Temperature.
Tox: Toxic substances.

DO* DO FC* pH*
FC FC* Nut*Tem*
Tox* Nut*Oth

ant problems.

sphorus ) .
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Table VA-2: Trophic State of Virginiars Public Lakes.

Trophic I Number Percent I Surface Percent
Classification I of Lakes of Total I Area I ac ] of Total

Oligotrophic

OIigo-Meso.

Mesotrophic

Eutrophic

Unknown

I

1"7

44

56

36

5

11

27

35

22

1,180 2

14,298 2r

30,749 45

2I,228 31

642 1

Table VA-3: Water Quality Problems in Virginia and the
Factors Attributed to Them.

Heavy Fish Dissolved
Source Nutrient Sediment Coliform Metals Kills Oxvgen

Point
a¡ tUunicipall
b) Industrial
Non-Point
Ð Asric.
b) Mining
c) Other

LS S

c

Ba

gs
LS LS

Key: E=Estuaries, L=Lakes, S=Streams.

1. Municipal wastewater treatment plants.

2. Pesticldes and other toxj-cs are also problems

3. Nutrients are a qeneral non-point source problem
estuaries, but the sources were not specified.
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Table VA-A: Wastewater Systems and
Data were from ASIWPCA

State Statistics.
( 1e83b) .

State Surface Area
Lake Surface Area Percentage

Total State Populationl (1980)
( 1e70 )

Population Served by
Municipal Wastewater
Treatment PIants

Year Round Housing Unitsl
- With a Public Sewer
- With a Septic Tank or Cesspool
- Other Means

Number of Combined Sewer
Systems and (Pop. Served)2

Compliance by Significant
Municipal Wastewater
Treatment PIants

= 40,815 miz
= 0.3 %

= 5,346,818
= 4,657,487

= 4,328,0OO
(87 %)

65.e %
2e.7 %4.s %

= 11 (536,900)

= 66.I %

l-. Figure obtained from the 1980 U.S. Census.
2. U.S. EPA (1985).

Wastewater
System Type

Percent of Total
Population State Population

Primary
Secondary
Tertiary
No System
But Requiredl

System Not
Required

308, 000
2 ,2!O, 000
1 , 810, oOO

329, 000

689, B18

5.8
41.3
33.9

6.2

1,2.9

1. Requires system: State
septic systems are not
of wastev,rater discharge
need a se!üer system.

residents for whom
an adequate method
and who therefore
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Table VA-5: Non-point Source and Municípal Wastevater Treatment Plant Isee (1)] Total Phosphorus Loads To Virginiâ Study Lakes.

surrace Basin Landr uilö"tlotiil' %r3trl3å3'
Area Basin2 Area Use -Xon- ---Tõlnt Attributed

lahe fame !!r9l 9,999 99,!,., Pg,in!= (MUTEì to MWf Prs comments/cons iderat ionsLake Anna 5262 YORKR S

effect of heated \r'ater discharge on aqua. I ife.
257 POTOM 500 cAcR 9.20 1 .03 10 High FC tevets attributed to storm retated

nunoff from agrícultura I land.
'15 NPS pollutants (mostly f rom agricultura I

runoff) .account for a lmost a I I the SS, Tp,
and TN loadings to take; etevated Fe ánd ¡ln
I eve I s re I ated to severi ty of DO dep I et ion.

23 Problems vith bacteria, DO, SS, and elevated
pH ín upper a rm ( peak Creek).

11 Sl ight increase in FC violations dovnstream;critica I erosion problems in vatershed.
36 Upstream tributaries affected by active ordiscontinued coa I mining activilies.

Beaverdam Creek

Chesd i n

Claytor

Halífax

J .- W. F lannagan

Leesville

Moomav

Occoquan R.

Rivanna

SmÍth Mtn.

1295 JAMES 3445 EMtX 57.OO 9.50

1815 NEWRV 6138 GM|X 182.00 54.00

'l 66 ROAN K 1417 EM I X 23 .5O Z . Btt

463 TENBS 572 BFOR 4.46 2.47

1376 ROANK 3899 EM|X 65.00 27.30 30

6005 JAMES 891 CFOR s. 30 1 1 .50

688 POTOM 1533 EM|X 25.40 22.90

Fluctuating water lévels, errâtic flow patterns
g ive uppe r po rt ion h igh ly r ive r ine cha r's.

New neservoir (full pool level reached 19gZ).

With the Upper Occoquan Sevage Authority
operating-eff.iciently, the \,r'ater qua lityproblems in the watershed shift from STÞeffluent to NPS runoff from agricultura I lands.
Restorative.and protectíve activities, e.g.
.i mplementation of BMpr.s, initiated thiougñ
"Clean Lakes Phase lltt pro.iect funding.

28 Depressed oxygen levels, hiqh FC counts. alqal
blooms, and sedimentation pioblems in uþper-neaches; l.a ke . i s on 

- 
a long- range recove ry cyc ledue to neduced nutrient concentrations. -Seci¡on

208 Study strongly recommended that BMp's be
i mp I emented th roughout ent i re I a ke wa te rshed .

59

48

158 JAMES 671 cMtX 14.70 1.44 9

8094 ROANK 2653 CM|X 5B.OO 22.50

( Footnotes a re on fo I I o\r í ng page )
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Table VA-5, continued.

Footn0tes:

1. Munieipal \rastevater tneatnent plant

2- Ke-v to lå ke r¡ve r bas in codes:

ís appreviated âs MWTP Ín the Table.

JAMES
ROANK
TENBS
YORKR
NET,'RV

3. Land usè
a rea as

to those assigned
Appèndíx B.

Jãmes R¡ver
Roanoke R¡ven
Tennessee & Bíg Sand¡t
York River
Nev RíVer

categoríes a're êqu ivã lent
presented in Tâble vA-B of !o each takers draínage
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Table VA-6: Comparison of the Number of Lakes and Municipal
Wastewater Treatment Plants in the Phosphorus Load
State Analysis to the Numbers in the Staters Clean
Lakes Program (CtP) and the State as a Whole.

{Aì
Study

tBl
CLP+NES1

Icl
State

Study
(col A)
as "l of

CLP
(cot B)

Study
( col A)
as ol of
State

(col c)

Number 11 54 nd 20 nd

Lakes Surface
Area Ikmz ] 256 na na

Number 35 __1 244 __ 1 T4

MWTPr s2 Pop. Served
(x103 persons) 297 __1 4,328 _-1

t.

2.

= Not available.

This group is comprised of all major (Category I) Iakes,
aII minor (Category II) Iakes with surface areas >100 ha,
and aII EPA-NES lakes, AII of the 161 lakes in the Clean
Lakes Program report (Virginia SWCB, J-982) and the L984
305(b) report (Virginia SWCB, !984) which were stated t<>
have problems related to municipal discharges v/ere
included in this set of lakes.

Municipal Wastewater Treatment Plants. The municipal
facilities identified in the present study were the same
as those included in Virginia's Clean Lakes Progiram, except
for those added or deleted due to special circumstances, âs
described in Part B of the General Procedures section.
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Table VA-7a: Water Quality Sampling Data for Those Study Lakesl
With Relevant Information Available From the Clean
Lakes Program (Virginia SWCB, 1982). A1l values
are in uq/L as N, P, or ChI-a, with Secchi Disk
Depths in centimeters.

Lake Depthl Date Depth ChI-a NHo NO" TKN TP OP

Beaverdam

Secchi

100
175
nd
nd

150
130
100

40
l_00

BO
100
150
160
100

80
70

720
110
100

90

B4
114
130

90
95

723
85
84

100
204
130

99
nd

139

10.3
8.7
4.3

nd
5.3

nd
6.5

9.9
18. 6
T2.I
nd

13. l_

14. 1
16.0

18. 6
13.2

nd
13 .0
18.0
24.2

10.9
t2.6
7.8

11.9
19.8
72.6
9.8

16. 1

1,2.9
6.9

ra.2
50.4
50.0
18.3

NHs
+

< 100
< 100
< 100

Lo0
< 100

100
300

100
< 100
< 100
<100
< l_00
< 100
<100

< 100
<100
<100
< 100
<100
<100

< 100
<100

100
<100

200
400
400

<i.00

<100
< 100
< 100
< 100

100
300

Noz
+

490
200

90
250
<50
<50

BO

160
900
234

80
<50
<50
<50

270
1BO
200
<50

70
60

310
150
100

60
100

50
80

<300

110
90

<50
<50
<50

BO

300
500
400
BO0
300
400
700

300
300
700
400
300
300
400

300
204
400
400
500
400

200
300
500
400
500
400
600
100

200
500
300
600
400
600

100
< 100
< 100

100
<l"oo
<100
<100

200
<100
<100
< 100
<100
<100

100

< 100
400

< 100
< 100
< 100

200

20c
100

<100
< 100
< 100
< 100
< 100
<100

100
< 100

L00
<100
<100

100

20
<10
<10

30
10
10
L0

70
<L0

30
<10

L0
10
20

10
2A
10
20
20
20

<10
<10
<10
<10

10
10
10

<Lo

<10
<L0
<10

10
<10
<10

Sb
Sb
2M
Sb
3M

Sb

BO 05 27
80 06 23
80 07 1,4
B0 08 1l-
B0 0B 11
80 09 25
BO IO 29

04 15
05 06
06 09
07 01
oB 25
09 10
10 09

05 06
06 09
07 01
08 25
09 10
10 09

24
08
24
15
13
T6
15
24

08
24
15
13
L6
15

Chesdin A1 Sr 80
lM BO
l-M 80
lM BO
]-M BO
1M BO
1M 80

Chesdin 81 lM 80
1M BO
3M 80
1M 80
1M BO
1M 80

Rivanna A1 lM B0
sb 80
sb 80
1M 80

.5M 80
Sb BO
sb 80

Rivanna 81 1M BO

,5M 80
Sb BO
1M BO
1M 80

.5M BO
sb 80

o4
05
o6
o7
OB
o9
10
o4

05
o6
o7
08
o9
10



Table VA-7a: Continued.

Secchi
Lake Depthl Date Depth Chl-a

NHs
+

NH¿

Noz
+

NO'

143

TKN TP OP

Rivanna C1 1M
.5M
Sb
1M

.5M
Sb

Rivanna D1 l-M
.2TVT

Sb
1M
1M

.5M
Sb

Rivanna EL lM
.5M
Sb
1M

.5M
Sb

04 24
05 08
06 24
07 15
09 16
10 15

BO 04 24
BO 05 08
B0 06 24
B0 07 15
B0 0B l_3
B0 09 16
BO 10 15

B0 a4 24
B0 0s 08
80 06 24
B0 07 15
B0 09 16
BO 10 15

72 14.5
100 9.7
794 9.7
134 24.3
64 57.4

100 25.7

81 8.7
75 10. 1

160 12.6
131 ]-5.2
nd 45.2
73 79.6

116 16.4

87 4.7
r20 5.7
L47 5.1
131 A_4
35 27!.7

\42 6.s

BO
80
BO
BO
BO
BO

< 100
< 100
< 100
< 100
<100

300

100
< 100
< l_00
< 100
< 100
< 100

300

<100
nd

< 100
< 100
Int
nd

500
280

70
<50
<50

BO

260
110

70
<50
<50
<50
90

270
190
130
210

<100
< 100

200
200
400
300
400
500

200
200
400
400
500
600
500

200
<100

200
100

4200
100

< 100
200

< 100
< 100
< 100
< 100

200
100

< 100
<100
< 100
< 100
< 100

200
100

< 100
2AO
300
100

<10
<10
<10
<10

10
10

100
<10
<10

10
20
10
nd

<10
200
20

720
40

200

nd = No data.

Key to Depths:
a. Sr = surface
b. Sb = subsurface
c. 1M, 2M etc. = 1 meter, 2 meters, etc
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Table VA-7b:

Lake
Trophicl
State

Macrophytesz
and,/or Alqae

Trophic Status and Water Quality
Indicators for the Virginia Study
Lakes.

Anna
Beaverdam
Chesdin
Claytor
Halifax
John W. Flannagan
Lee svi I le
Moomaw
Occoquan
Rivanna
Smith Mountain

o-M
M
E
E
M

nd
E

nd
E
E
M

N
N
B
A
N
N
N
N
A
A
A

1.

2.

See glossary for definitions of eutrophi-c,
mesotrophic, and oligotrophic.

The presence of macrophytes and/or algae is
noted whenever mentioned in the 1984 Virginia
305(b) report as degrading water quality
(Virginia SWCB, 1984).

(A=algae, M=macrophytes, B=both,
N=not a problem)
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Table VA-8; Cornparison of Trophic State to the percent
of the Total Phosphorus Load Attributable
to Nlunicipal Vfastewater Treatrnent plants.

Percent,
Attributed Trophic Statel

to (Number of Study Lakes)
Municipal
PIants Oliqotrophic Mesotrophic Eutrophic

Less Than
11o5

5To25

25 1o 50

Greater
Than 50

oo

o

oo

o

3

2

1. See glossary for descriptions of oligotrophic,
mesotrophic, and eutrophic.
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XIÏ. SUMMARY

A review of the water quality in estuaries, public lakes, and
streams in nine Southeastern states was undertaken, wÍth somewhat
more emphasis placed on lakes than estuaries and streams. The states
studied \¡/ere: Arabama, Florida, Georgia, Kentucky, Mississippi, North
carolina, south carorina, Tennessee, and virginia. rn generar, the
presentations for estuaries and streams were restricted to a review
of information presented in each staters 1984 Section 3O5(b) report
and and its submission to the Association of Interstate Water
Pollution Control Administrators"tStater s Evaluation of Progresstt
(STEP) program. In addition to these data, municipal wastewater
treatment plant (wwrP) totar phosphorus road estimates vrere
calculated for lakes. The terms Itassessed.rr estuaries and streams
wiII be used to refer to those waters evaluated by the states Ín the
1984 Section 305(b) reports, whereas the term trassessed.tr Iakes will
refer to the set of lakes considered in this reportrs WWTP phosphorus
load anarysis; at a minimum, assessed rakes incruded arr lakes
covered in the statest Clean Lakes Program Reports. The results of
this project are summarized below.

1. Trophic States of Lakes:

a. Number of Lakes: In five of eight Southeastern states
(Alabama had no data) the majority of public lakes are
eutrophic, with a somewhat lesser number being mesotrophic
and even fewer oligotrophic. This is illustrated by the bar
graphs in Figure SUM-1 for individual states, the Southeast
as a whole, and the average of the state percentages. Therrregionalrr graph represents all Southeastern lakes as a
single group rather than an average of state values, and is,
therefore, heavily biased by the large number of oligotrophic
and mesotrophic lakes in Florida.

b. Surface Area of Lakes: When the surface areas of the lakes
are considered, a similar trend is visible, although surface
areas reveal predominantly mesotrophic conditions in
Kentucky, North Carolina, and Virginia (Figure SUM-2). It
should be noted that surface area data were not calculated
for Florida, thus the regional graph Ís similar to the
average of states graph.

2. Population Growth:

a. since 1970, the popuration has increased by 7 to 63 percent
in every Southeastern state (Fi_gures SUM-3 and SUM-4). Onty
slightly lower growth rates (9 to 41 percent) are anticipated
between 1985 and 2000. Florida has experienced. the greatest
growth, 63 percent during 1970-1985, and another 41 percent
is projected by 2000.

r47
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Municipal Wastewater Treatment P1ants Potentially Impacting
Lakes:

a. On a regional basis, 27 percent of the municipal wastewater
treatment plants potentially impact lakes assessed during the
Clean Lakes Program, with the percentages for individual
states ranging from 14 to 63 percent (Figure SUM-S).
Tennessee had the highest percentage of treatment plants
impacting lakes (63 percent) followed by South Carolina (40
percent). Less than 30 percent of the treatment plants
impacted lakes in aII other states, with the lowest
percentage being Elorida (1-4 percent). Hovlever, the FlorÍda
analysis was not as complete as that performed on the other
states. The percentage in Florida may actually be higher.

b. In all states, the majority of Clean Lakes Program lakes did
not have a municipal wastewater treatment plant located
upstream, and those which did tended to have Iess than 25
percent of their phosphorus load attributable to the
municipal facilities (Figure SUM-6).

c. In contrast to the numbers of lakes, when the surface area of
public lakes are consÍdered, it is found that most of the
freshwater surface area is potentially impacted by municipal
wastewater treatment plants (Figure SUM-7). The percentage
of potentially impacted lake surface areas ranges from 60
percent in North Carolina to 97 percent in Kentucky. In
general, municipal wastewater treatment plants represent less
than 25 percent of the total phosphorus load. Virginia is a
notable exception, having 29 percent of the surface area with
municipal phosphorus Ioads accounting for from 1 to 25
percent of the total load, 34 percent of the area with 26 to
5O percent, and 19 percent with 5L percent or more.

Wastewater Treatment Systems:

a. Presently, there are no municipal wastewater treatment plants
employing chemical phosphorus removal ín Alabama, Kentucky,
Mississippi, North Carolina, ot Tennessee; Florida and
Virginia have ten facilÍties each, Georgia has Êeven, and
South Carolina has one (Table SUM-1).

b. As a regional average, about 60 percent of the population in
the Southeastern U.S. is served by municipal wastewater
treatment plants and 40 percent by septic tank systems
(Figure SUM-8). The percentage of the population served by
municipal facilities for individual states range from 41
percent in Kentucky to 3L percent in Virgrinia, with most of
the remaining population using septic tanks to treat their
wastewater.
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c. Levels of Treatment: The largest number of persons connected
to municipal wastewater treatment plants are served by
facilities practicing secondary treatment, ranging from 28 to
60 percent of the total state population (Table SUM-2).
Mississippi has 12 percent of its population served by
primary treatment facilities, whereas aII other states have
Iess than 6 percent with primary treatment. Mississippi is
the only Southeastern state with any of its population
dischargingr without treatment (2 percent).

d. Combined sevrer overflows were not stated to be a major
problem except in Virginia which is particularly concerned
about the City of Richmond combined se\4¡er overf 1ows.

5. Support of Designated Uses and Causes for Non-Support:

The extent to which surface waters in the Southeastern U.S.
support their desigrnated uses, and the causes for less than full
support/ are summarized ín Figures SUM-9 through SUM-14 and Table
SUM-3.

a. Support of Designated Uses:

1) Estuaries: At least B0 percent of assessed estuarj-ne
areas in aII states having estuaries fully support their
designated uses, with the exception of South Carolina
which has only about 56 percent fully supporting the
uses.

2) Lakes: With the exception of North Carolina (62 percent)
and Tennessee (62 percent), 75 percent or more of the
lakes fully support their designated uses. The average
support for all states was 82 percent.

3) Streams: The majority of stream miles assessed. by the
states also fully support their designated uses, except
in Florida (46 percent), Kentucky (10 percent), Tennessee
(50 percent), and Virginia (31 percent) .

b. Causes for Less Than FuIl Support: The causes for less than
fuII support of designated uses in estuaries, public lakes,
and streams hrere highly variable from state to state.
Although non-point sources h¡ere the most frequently cited
cause for failure to meet designated uses for aII surface
waters, municj-pal wastewater treatment plants r¡rere considered
to be nearly as important. In gieneral, industry was not the
causative factor in as many cases as non-poj-nt sources or
municipal wastewater treatment plants, except in North
Carolina (Iakes), Tennessee (lakes), and South Carolina
(estuaries) where industry was the greatest problem.
However, âs an average of all states, Iess than full support
of estuaries was attributed approximately equally to
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industry, municipal wastewater treatment plants, non-point
sources, and unknown sources, w_hiIe munj-cipal wastewater
treatment plants and non-point sources were the most common
factors for less than fuII support in lakes and streams.

1) Municipal Wastewater Treatment Plant Discharges:
Dissolved oxygen fecal coliform, and nutrient
concentrations hrere the most commonly referenced. problems
attributed to municipal wastewater treatment plants
(Eigure SUM-15). Heavy metals, pH, and toxic substances
\^rere Iess frequently noted.

2) Non-Point Sources: Fecal coliform, nutrient
concentrations, and water clarity were the most commonly
referenced problems attributed to non-point sources
(EÍgure SUM-16). Dissolved oxygen, pH, and toxic
substances vrere mentioned, but less frequently.

3) Industrial Discharges: Dissolved oxygen concentrations
and toxic substances \^/ere the parameters most often cited
1n regard to industrial discharges, although nutrients,
pH, and temperature hrere also common factors (Figure
SUM-17). Heavy metals and water clarity v/ere noted in
only one instance each.

4) Other Sources: Fe (iron) and Mn (manganese) from
reservoir releases (anoxic hypolimnion), pH, temperature,
and toxic substances r¡/ere the only rrotherft sources
referenced; each was cited only once (Figure SUM-18).
Although the Fe and Mn problems r¡tere specifically
attributed to natural causes, the ultimate causes are
probably nutrients and BOD (biochemical oxygen demand
from organic compounds) which can result in depletion of
hypolimnetic dissolved oxygen.
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Fiq. SUM-I; Trophic Stotes of Assessed Lokes - S of Lokes.
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Fig. SUM-2: Trophic Stotes of Assessod Lokes - S of Surfoce Areo.
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Fís. SUM-S: Populotions in lhe Southeoslern U.S.
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Fig. SUM-S: Number of MunicÍpol WWTP's ín Southcoslorn Stotes.
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Fig- SUM-7: Lqke Surfoce Areo
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SUM-8: Municipol & On-Site Wostewster Treotment Systems.
(Volu¡r Aro f Of Tstol Slofr Populctlonr & UrfIP'r)
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Fí9. SUM-9: Supporï of
F=Full P=Porflol

Designoled Uses -
N=No supporl U-Unknott
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Esturories.
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Table SUM-1: Southeastern States Having Municipal
WïA¡TPrs PracticÍng Biological or Chemical
Phosphorus Removal.

State j!_qnts Served Popul-ation
0

Kentucky O

Mississippi 0

North Carolina 0

South Carolina 1

Tennessee 0

Virqiinia Lo

PercenÈ
Population Of State

864, O00

7 334,700

o

o

33,300

o0
>+76,1151 >g

Numb-er
of

LOFlorida

Georgia

ReqionaIl 1".708.1151
1: Population data \4rere available

of the 1O plants in Virginia.
NA: Not applicable, no facilities.
nd: No data.

for only



Table SUM-2: Level of Treatment Provided by Municipal
Facilities lrlith the Percentage of the Total
State Population Served.

Percent of Total State Population

No
Treatment Primary Secondary Tertiaryl

Alabama
Florida
Georgia
Kentucky
Mississippi
North Carolina
South Carolina
Tennessee
Virqinia

0
o
o
o
2
0
0
o
o

t2
13
10

5
24
13

o
7

34

42
47
60
35
2A
35
42
56
41

2
0
0

<L
l2
<1

2
3
6

1: Refer to gTlossary for definitions of level of treatments.



Table SUM-3: Support of Designated Uses
Less Than FuII Support.

Support Of
Designated Uses

( Percent )

and Causes for

A. Estuaries

Percent
Of Total

Area
Assessed FuIl Part None Unk.

Causes Eor Less Than
FulI Support

( Percent )
Non-

Ind. Mun. Pt. Oth.
9505094510
9703007a300
9802015so80
na na na na na na na na
89 l_0 1 0 13 3L 56 0
8416001025650
5624 1l-92244034
na na na na na na na na
nd nd nd nd nd nd nd nd

B
99
BO
na

100
Lo0
100
na
nd

Alabama
Florida
Georgia
Kentucky
Mi ssi s sippi
North Carolina
South Carolina
Tennessee
Virginia
Avg. Of States
Regional

84222273219
T2Ondndndnd

87
90

92
92

na: Not
nd: No

B. Lakes

applicable,
data.

no estuaries.

Percent
Of Total

Area
Assessed

Support Of
Designated Uses

( Percent )

FulI Part None Unk.

Causes For Less Than
FuIl Support

( Percent )
Non-

Ind. Mun. Pt. Oth.
o
0
o

68
0
1

23
1
0

o0000
1o80448
1310296
90006
40000

201805133
1870637
2c 1805133
130111_

0
48

2
26

100
L5
34
15
98

100
36

100
100
Loo

97
l_00
100
100

74
74

100
82
86
91
96
62
75
62
86

a2
81

Alabama
Florida
Georgia
Kentucky
Mi ssi ssippi
North Carolina
South Caroli-na
lennessee
Virginia

Avg. Of States
Regional

l_0
nd

l-260132838
T2TOndndnd



TabI SUM-3, continued.

C. Streams

Percent
Of Total

Area
Assessed

Support Of
Designated Uses

( Percent )

FulI Part None Unk,

Causes For Less Than
Full Support

( Percent )
Non-

Ind. Mun- Pt. Oth.
Alabama
Florida
Georgia
Kentucky
Mississippi
North Carolina
South Carolina
Tennessee
VirgÍnia

Avg. Of States
Regional

30
100

85
t2

100
100
29

100
I7

56
56

20
4
l_

25
5

15
72
15
20

13
7nd

0
9
0

3L
o
o
0

31
0

4
13

J
0
0
4

25
3

44

l_1
6

2
32

2
59
10
L4
24
16
25

94
46
95
10
90
82
51
50
3L

61
72

67
20
9B
25
23
30
32
30
35

130
50 26
10

25 25
720
550
25 31
550
33 12

37 10
nd nd

20
15

40
nd
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SUM-I0: Csuses For Less Thon Full Support - Esluories.
l=lndu¡lrl M¡¡Munlclpol ìYIVTP'r NgNon-Polnf OãOth.r

Gcorgh Krnlucky

STATE

llladælppl N. Cstrllno

Vlrgln&o

STATE

Þ2
t¡¡oe
1¡,
G.

Ìl s ¡ RNo Tklnk I No E¡tuortor ZRNo

Avg. By Slolor
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Fic. SUM-1 1:

F F=Full

of Designoted Uses - Lokes.
N=No Supporl U=Unknown

Support
P=Porlþl

t-z
¡¡,(t
Ê
l¡lÈ

t00

90

EO

70

00

50

/X)

50

20

lo

o

t00

9o

60

70

60

50

40

30

20

to

o

t-2
l¡¡oÊ
f¡¡
o-

Gcorglo Krnlucþ

SÍATE

Vlrglnlo

STATE

Ml¡¡l¡rlppl N. Cortllm

pNu RU,îùu R7lltu HV4xu ÞSrrxu VT'ùu

S. Csrotlno Avg. By Slc¡icr
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t0
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Fí9, SUM-122 Couses For Less Thon Full Supporl - Lokos.

Gcorg¡a Kcnluc*ï

STATE

tllælælppl N. Corollna

Þz
¡¡¡oc
l¡¡
À

t00

9o

EO

io

ô0

50

¿[O

50

20

to

o
Vlrglnto

STATE

l=lndurlt7 ll=lluntelpollllYTP'¡ N=Non-Polnl O=¡Othrr

o I M [\{o [/HS\|1 | ror Appncqbtr

S. Corollno Tcnnc¡roo Avg. By Stotor



Fís. SUM-13: Support
F=Full PsPortlol
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of Designoled Uses - Streoms,
N-No Supporl U=Unknown

þz
ht(t
Ê
l¡¡
û.

t00

go

EO

70

co

50

&

50

20

to

o

t00

90

80

70

GO

50

¡tO

so

2A

t0

o

t-z
l¡¡oÉ
l¡¡
À

Gcorgle Krnlucky

STATE

tllsclrrtppl N.Cor¡llna

Vlrglnlo

STATE

låU RØ-H RØ* U RØl\U

S. Corollno Tcnncrroc Avg. Ð Slols¡ Roglonol
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SUM-I4: Couses For Less Thsn Full Support - Streoms,
l=lndudry Mrllunlclpol ïIVTP'¡ N=Non-Polnl O=Ottrr

Gcorglc Kcnlucþ

STATE

lllælcslppl N.Coroltno

t-
=tl()g
¡¡À

t00

90
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_70

GO

50

&

to

20

to

o

100

90
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70

60

50

æ

30

20

t0

0

Þz
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É
l¡¡
À

Vlrglnlo

SIATE

S. Corollno AvC. By Slob¡ Roglonol
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SUM-'|5: Concerns Relotíng to Munic. WWTP Dischqrges.
llolor IAL ]llnor IEL ond Tolol tCl - Kcy Followr Flg. SUY-IE

D.o. F. ColL H. tlcloh Fc tln Hulrlcrl¡ Pll Tcm¡ Toxþ¡ WC

ìVATER OIJATJTY PARA}IEIER

Fíg. SUM-16: Concerns Reloling to Non-Poïnl Sources.
Mofor fAI Mlnor IBI ond Tolol fO - Kry Folts*s FlS. Sult-|8

F. Coll. H. Mclola Fc lln Nulrlcnta pH

WATER OUAUTY PARATIEÍER
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Fig. SUM-171 Concerns Reloting to lndustriol Díschorges.
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Key Io Tables SUM-I-S Through SUM-18

D. O. = Di-ssolved oxygen.
F,CoIi. = Fecal coliform.
H. Meta1s = He,avy metals.
Fe = fron.
IvIn = Manganese.
TenP. = Tehperature.
WC = l{ater claritlr.





LÏTERATURE CITED

Alabama DEM, 1984. water Quality Report to congress for calendar
Years l9B2 & l_983, Aprit 1984. Alabama Department of
Environmental Manaqement, Montgomery, Alabama, 49 pp.

ASIWPCA, 1983a. Americars Clean Water: The State's Evaluation of
Progress I972'1982. The Association of State and Interstate
water Pollution contror Administrators, washington, D.c. , 16
pp.

ASIWPCA, 1983b. Americars CIean Water: The Staters Evaluation of
Proqress :-.972-1982 Appendix. The Association of State and
Interstate Water Pollution Control AdminÍstrators,
Washi-ngton, D. C. , 670 pp.

Carriker, N.E., and J.P. Cox, L984. Kentucky Reservoir Water Quality- 1982. Tennessee Valley Authority, Office of Natural
Resources and Economic Development, Chattanooga, Tennessee,
108pp.

coreman, F.D. and J.A. Dennj-s, 1974. rnventory of Lakes in south
Carolina Ten Acres or More in Surface Area, January 1974.
Report No. LL9, State of South Carolina Water Resources
Commission, Cayce, SC, 222 pp.

curran, s.J., P. DeFrancisco, A. Reirry, and N.L. cresceri, 1985.
Nutrient Loads to North Carolina Lakes. March 7, 1985 Report
to The Soap and Detergent Association prepared by Nicholas L.
Clesceri & Associates, Bolton Landing, N.y.

Frorida pER, 1985. Groundwater Porrution source rnventory: DER
Domestic Facilities With Design Capacity Greater Than O.O GpD
- Computer Printout February 22, 1985. Florida Department of
Environmental Regulation, Tallahassee, Florida, 4O2 pp.

Florida DER, 1984. Water Quality Inventory For The State Of Florida,
June 1984. Florida Department of Environmental Regulation,
water Quarity Monitoring and Quarity Assurance section,
Tallahassee, Florida, 235 pp.

Georgia DNR, 1984a. water Quarity contror rn GeorgÍa: r9g2-1983.

173



174

Georgia Department of Natural Resources, Environmental
Protection Division, Atlanta, Georgia, 38 pp.

Georgia DNR, 1984b. State of Georgia Inventory of Water Pollution
Control Plants: Municipal. Georgia Department of Natural
Resources, Environmental Protection Division, Atlanta,
Georqia, 22 pp.

Georgia DNR, L982. Georgj-a CIean Lakes Program Lake Classification
Survey. Georgia Department of Natural Resources/
Environmental Protection Division, Atlanta, Georgia, pp.

Higgins, J. and B-R. Kim, 1981. Phosphorus Retention Models for
Tennessee Valley Authority ReservoÍrs. Water Resources
Research (17):57I-576

Huber, W.C., P.L. Brezonik, J.P. Heaney, R.E. Dicki-nson, S.D.
Preston, D. S. Dwornik, and M.A. DeMaio, 1983a. A
Classification of Florida Lakes: Final Report to the Florida
Department of Environmental- Regulation - Volume I, February,
1983. Department of Environmental Enqineering Sciences/
University of Florida, Gainesville, Florj-da, 333 pp.

Huber, W.C., P.L. Brezonik, J.P. Heaney, R.E. Dickinson, S.D.
Preston, D. S. Dwornik, and M.A. DeMaio, 1983b. A
Classiflcation of Florida Lakes: Fina1 Report to the Florida
Department of Environmental Regulation - Volume II, Febrary,
1983. Department of Environmental Engineering Sciences,
University of Florida, GainesviIIe, Florida, 224 pp.

Kentucky NREPC, I984a. Trophic State and Restoration Assessments of
Kentucky Lakes - Final Report, Apri-I, 1984. Kentucky Natural
Resources and Environmental Protection Cabinet, Division of
Water, 476 pp.

Kentucky NREPC, 1984b. L984 Kentucky Report to Congress on Water
Quality. Kentucky Natural Resources and Environmental
Protection Cabinet, Division of Water, 159 pp.

Mlssissippi DNR, 1984a. State of Mississippi l-984 Water Quality
Report to Congress. MissÍssippÍ Department of Natural
Resources, Bureau of PoIlution Control, Jackson, Mississippi,
lI2 PP.



17s

Mississippi DNR, 1-984b. Mississippi CIean Lakes Survey lg92.
MissÍssippi Department of Natural Resources, Bureau of
Pollution Control, Jackson, Mississippi, 110 pp.

Mississippi DNR, 1984c. Municipal Projects: August 7, 1994.
(Missippi Wastewater Dischargers). Mississippi Department of
Natural Resources, Bureau of Pollution Control, Jackson,
Mississippi, 18 pp.

New York rimes, sunday, ApriL 29, 1985. u.s. Popruration: A portrait
in Numbers. (Population estj-mates by Dunn & Bradstreet and
the U.S. Census Bureau).

North Carolina DNR&CD, 1984b. North Carolina Ambient Lakes
Monitoring Report: L983 (August, 1984). North Carolina
Report No. 84-13, North Carolina Department of Natural
Resources and Community Development, Division of
Environmental Management, Water Quality Section, Raleigh,
N.C., 22O pp.

North Carolina DNR&CD, 1983. North Carolina Clean Lakes
Classification Survey - 7982 (February, 1983). Report No.
83-03, North Carolina Department of Natural Resources and
Community Development, Division of Environmental Management,
Water Quality Section, Ralej-gh, N.C., 395 pp.

North carorina DNR,&CD, 1984a. vrlater Quality Progress in North
Carolina 7982-1983 (JuIy, 1984). Report No. g4-11, North
Carolina Department of Natural Resources and Community
Development, Division of Environmental Management, Water
Quality Section, RaIeigh, N.C., 191 pp.

North Carolina DNR,&CD, 1983. Water Quality Discussions of FalIs of
the Neuse and B. Everett Jordan Lakes (October, 1993).
Report No. 83-06, Department of Natural Resources and
Community Development, Division of Environmental Management,
Water Quality Section, Raleigh, N.C., 87 pp.

North Carolina DNR&CD, 1982. Chowan Albemarle Action Plan (December,
79e2). Report No. 82-02, North Carolina Department of
Natural Resources and Community Development, Division of
Environmental Management, Water Quality Section, Raleigh,
N.C., 103 pp.



176

Omernik, J.M., 1977. Nonpoint Source - Stream Nutrient Level
RelationshÍps: A Nationwide Study. EPA-600/3-77-IO5,
September L977. U.S. Environmental Protection Agency,
Corvallis, OR, 1-50 pp.

Placke, J., 1983. Trophic Status Evaluation of TVA Reservoirs.
Tennessee VaIIey Authority, Office of Natural Resources,
Division of Natural Resources Operations, Chattanoogra,
Tennessee, 163pp.

South Carolina DH&EC, L984a. Water Quality Assessment 7982-1983
(June, 1984). Technical Report No. 0L9-84. South Carolina
Department of Health and Environmental Control, Office of
Environmental Quality Control, Columbia, S.C., 153 pp.

South Carolina DH&EC, 1984b. State of South Carolina MonÍtoring
Strategy for Fiscal Year 1985. Technical Report No. 02O-84.
South Carolina Department of Health and Environmental
Control, Office of Environmental Quality Control, Columbia,
S.C., 168 pp.

South Carolina DH&EC, I984c. NPDES Permit Stream Data (Computer
printout of wastewater facilities) South Carolina Department
of Health and Environmental Control, Office of Environmental
Quality Control, Columbia, S.C., 153 pp.

South Carolina DH&EC, 1982. South Carolina Clean Lakes
Classification Survey (August, l-982). Technical Report No.
019-82, South Carolina Department of Health and Environmental
Control, Bureau of Water Pollution Control, Columbia, S.C.,
426 pp.

Tennessee DH&E, 1985. Municipal Hydraulic Listing Sorted By Type
(computer printout of wastewater dischargers). Tennessee
Department of Public Health, Nashville, Tennessee, 5 pp.

Tennessee DH&E, 7984. Status of Water Quality in Tennessee: L984
Section 305(b) Report. and Reservoirs. Tennessee Department
of Public Health, Division of Water Management, NashviIIe,
Tennessee, 138 pp.

Tennessee DH&E, ho date. Tennessee Lake Management Program: Survey
of Publicly-Owned Lakes and Reservoirs. Tennessee Department
of Public Health, Bureau of Environmental Health



177

Administration, Division of Water Quality Control, NashviIIe,
Tennessee, 25 pp

U.S. News & World Report, June l-7, 1985. U.S. Population - New
Forecast. (Population estj"mates by the National Planning
Association).

Virginia SWCB , !g82. Classification and Priority Listing of Virginia
Lakes. Virginia State Water Control Board, Richmond,
Virginia, pp.

VirgÍnia SWCB, 1984a. Water Quality Inventory 305(b) Report
Virginia, Volume 1: Executive Summary and Programs. Virginia
State Water Control Board, Richmond, Virginia, 55 pp.

Virginia SWCB,' 1984b. Water Quality Inventory 305(b) Report
Virginia, Volume 2: Basins and Appendices. Virginia State
Water Control Board, Richmond, Virginia, 143 pp.

vÍrginia swcB, 1984c. Municipar NPDES Facirity Listing (computer
printout of wastewater facilities). Virginia State Water
Control Board, Richmond, Virginia, 20 pp.

Weiss, D.M. and E.J. Kuenzler, 1976. The lrophic State of North
carolina Lakes (Jury, 1976). Report No. rr9, water Resources
Research Institute of the Unj-versity of North Carolina, North
Carolina State University, Raleiqh, N.C. , 224 pp.

Wisconsin DNR, 1983. Limnological Characteristics of Wisconsin
Lakes. Technical BuIIetin No. 138, Wisconsin Department of
Natural Resources, Madison, Wisconsin, 116 pp.



t7B

lBlank Pagel



Derivation
For Use ïn

APPENDTX A

of Expgrt CoefficÍents
The Southeastern U.S.

]-79



180

Table 1: Regional Grouping of the Major Land Resource
Areas in the Mideastern and Southeastern U.S-

Region U. S.D.A.
Code Category Ma'ior Land Resource Area (MLRA) Description

A l-164 Ozark Highland
]-17 Boston Mountains
118 Arkansas VaIIey and Ridges
119 Ouachita Mountains

B I2O KY & IN Sandstone and Shale Hills and Valleys
I2I Kentucky Bluegrass
I22 Highland Rim and Pennyroyal
123 Nashville Basin
]-25 Cumberland Plateau and Mountains

C 1,26 Central Allegheny Plateau
\27 Eastern Allegheny Plateau and Mountains
128 Southern Appalachian Rldges and Valleys
]-29 Sand Mountain
147 Northern Appalachian Ridges and VaIIeys
148 Northern Piedmont

D 131 Southern Mississippi Valley Alluvium
134 Southern Mississippi VaIley Silty Uplands

E L36 Southern Piedmont
I37 Carolina and Georgia Sand Hills

F 1334 Southern Coastal Plain
135 AL, MS, and AR Blackland PraÍrie
l-38 North-Central Florida Ridge

c 13O BIue Ridge
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Table 2: Criteria Used to Categorize NES Subdrainage
Areas According to Land Use Percentages.

OveraII Land Land Use Percentagesl
Land Use Use
Categoryz Code Forest Aqriculture Urban Other

Forest

Mixed

FOR >75

MIX >25

<25 <5 <10

Agriculture AGR <25

>25 <10 <10

>75 <10 <10

L. The four Iand use percentage categories (i.e. trforesttr,
tragriculturett, tturbantt, and ttotherrr) are compilations
of the land use parameters utilized by Omernick (7977).ttForestrr is equivalent to forest plus wetlands,rragriculturett represents agriculture plus cleared
unproductive land use, rturbantr is equivalent to the
urban land use percentage, and trothertt is the sum
of the other and rangeland percentages.

2. Any NES site which did not fit into one of the above
categories \^rere excluded from the analysis. Export
coefficients for areas with significant urban influence
\4¡ere obtained from the literature (see text).
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Table 3:

Regional
Land Use
Code (a)

No. of
Sítes

Nutrient Export Coefficients Derived for Overall
Land Use Categories Within Each Pre-defined ttMa¡or
Land Resource Arearr (MLRA) Region.

Export Coefficients lkq/kmz /vrl
TNTP

Mean S. D.
No. of
Sites Mean S. D.

AEOR
AMÏX
AAGR

BFOR
BMIX
BAGR

CFOR
CMIX
CAGR

DFOR
DMIX
DAGR

EFOR
EMIX
EAGR

FFOR
FMIX
FAGR

GFOR
GMÏX
GAGR

24
72

0

24
T2

0

9
13

2

3.O
5.3

nd

5.8
7.6
nd

t4
2B

5

6
t7

1

10
36

o

186
206
nd

I
I
0

2l
2
0

B
7
o

2I
2
o

170
298
nd

333
472
6L6

452
670
830

331
478
4]-6

239
355
nd

262
680
nd

477
518
nd

74
2t4
nd

l_05
140
169

21-3
273
427

L4t
?!?

106
176
nd

1r.B
1066

nd

9
11

2

t4
28

5

6
16

1

L0
36

0

7.8
t_4. 1
53. O2

9.3
2t.9
18. 5

6.0
27.L
48.72

L2.2
\6.6

nd

12.8
22.4

nd

l_9.8
29.7

nd

2.3
7.9

62.I

7.9
]-3.7
14. O

2.8

'?_!
4.L

11.9
nd

9.3
13 .9

nd

11.3
10.4

nd

1.

z.

The reqional land use codes consist of the three overall
Iand use codes (i.e. FOR, MIX, and AGR), prefixed by
a region code (A-G) to designate the group of MLRATs
(see Table L) which contains the sites used to derive
each export coefficient.

Due to insufficient data, these values are presented
for illustrative purposes only and were not used in
the appllcation of export coefficients to lake
drainage basins.
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Table FL-A: Morphological Characteristics of the Florida Study Lakes.

Lake Name

Hyd.
Surface Max. Mean Lake Res.
Area Depth Depth Volume Time

County [ha] [m] [m] [106 m3] ldays]

1 Crescent
2 Cypress
3 Dead
4 E. Tohopekaliga
5 George
6 Griffin
7 Harney

B Hatchineha
9 Kissimmee

10 Monroe

11 Okeechobee

12 Pointsett
l-3 Rousseau

14 Rowell
L5 RusseII
16 Talquin
17 Thonotosassa
18 Tohopekaliga
19 Tsala Apopka

FIagIer, Putnam
Osceola
Calhoun, GuIf
Osceola
Putnam, Volusia
Lake
SeminoIe,
Volusia
Osceola
Osceola
SeminoIe,
Volusia
Glades, Hendry, 176447
Okeechobee,
Martin,
Palm Beach
Brevard
Citrus, Marion,
Levy
Bradford
Osceola
Gadsden, Leon
Hi Ilsborough
Osceola
Citrus

7061
1653
27tt
483 6

]-8932
431,4
2452

2686
r4067

3550

7737
1686

t47
296

2772
334

7604
s237

nd
nd
nd
nd
nd
nd
nd

nd
nd
nd

nd

nd
nd

nd
nd
nd
nd
nd
nd

2.4 141
1.7 28
2.4 65
2.8 135
2.6 492
2.2 9s
nd nd

1.9 51
1. B 255
1.8 64

3.0 5293

0.8 74
6.6 t72

1.6 2
nd nd

5.3 747
3.1 10
2.4 183
o.2 11

116
13
T4

240
59
55
nd

25
8B
t2

693

4
47

30
nd
27
77

J"64
37

nd: No data available.
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Table FL-B:

Lake Name

Land Uses Within
Values represent
basin area.

the Florida
percentages

Study Lake Basins.
of total drainage

Percent Land Use

Total
Basin
Area

Forest Agric. Urban Vrletland Water I kmz I

Crescent
Cypress
Dead
E. Tohopekaliga
George
Griffin
Harney
Hatchineha
Ki ssimmee
Monroe
Okeechobee
Pointsett
Rousseau
RoweIl
Russell
Talquin
Thonotosassa
Tohopekaliga
Tsala Apopka

7B
23
70
I7
4I
74
30
23
22
33
15
25
44
77
31
7I
10
23
57

1
4

<1
4
I
5

10
4
4
9
6
I
5
0
3
2
1
3

10

1
B
2

l-1
6
5
3
B
6
5
3
2
4

11
9
4

19
t4

5

13
54
27
54
47
53
54
54
55
4B
58
64
45
Ll_
49
18
67
50
24

6
11

1
L4

5
22

3
l-1
13

5
LB

3
3
l_

7
4
4

11
4

1401
3010
3L24

798
9638
2007
5028
3010
4762
6268

14634
3295
5184

51
1065
4455

155
1606

414
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Table FL-C: Municipal Wastewater Treatment Plants In The Florida
Study Lake Basins.

Lake Name
Municipal Wastewater
Treatment Plant

Treat. l
Tvpe

LeveI
of

Treat.
Pop. 2

Served
Crescent

Cypress

Dead

E. Tohopekaliga

George

Griffin
Harney

Hatchineha

Kissimmee

Bunnell
Crescent City

Kissimmee Martin St.
Orlando Mcleod Road
Orlando NTC Annex
OCPU/Sand Lake Road
Reedy Creek ID
Saint Cloud

Cottondale

Orlando NTC Annex

Altamonte Regional
Deland Regional
LÍncoln Heights Subd.
Sanford
Weathersfield Subd.

Leesburgi

BCUD/Silver Pines
BCUD/West Coccoa
OCPU/Univ. Highlands
Orlando/Iron Bridge Rd.
Orange Cnty, Orlando
Park Manor Estates

Kissimmee Martin St.
OCPU/Sand Lake Road
Orlando Mcleod Road
Orlando NTC Annex
Reedy Creek ID
Saint Cloud

Kissimmee Martin St.
OCPU/Sand Lake Road
Orlando Mcleod Road
Orlando NTC Annex
Reedy Creek ID
Saint, CIoud

AS
EA

CS
TF
TF
CS
AS
TF

TFP

TF

AWT
AS
AS
AS
EAP

AS

CS
Uù
EA
RBC
nd
EA

Ter
Sec

Sec
Sec
Sec
Sec
Sec
Sec

Ter

Sec

Ter
Sec
Sec
Sec
Ter

Sec

Sec
Sec
Sec
Sec
Sec 6

Sec

Sec
Sec
Sec
Sec
Sec
Sec

Sec
Sec
Sec
Sec
Sec
Sec

2500
500

17000
627t35
13500

150000
70000
10000

600

13500

220284
16000

795
18O00

3206

11000

900
i.2s0
23]'0

497405
3538 s

4900

17000
150000

62LL3s
13500
70000
l_0000

17000
150000

62173s
13500
70000
10000

CS
cs
TF
ÏF
AS
TF

CS
CS
TF
TF
AS
TF
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Table FL-C, continued.

Lake Name
Municipal Wastewater
Treatment Plant

Îreat.1
Tvpe

LeveI
of

Treat. 2
Pop.

Served

Monroe

Okeechobee

Pointsett

Rousseau

RoweIl

Russell

Talguin

Thonotosassa

Tohopekaliga

Tsala Apopka

BCUD/S1lver Pines
BCUD/West Coccoa
OCPU/Univ. Highlands
Orange Cnty, Orlando
Orlando/Iron Bridge Rd.
Park Manor Estates
Sanford
Belle G1ade
Clewi ston
Okeech
Okeechobee
Pahokee

BCUD/West Coccoa

DunneIIon
ïnverness

Starke

Reedy Creek ID

Havana
Quincy

Plant City

Kissimmee Martin St.
OCPU/Sand Lake Rd.
Orlando Mcleod Road
Orlando NTC Annex
Saint Cloud

Inverness

CS
CS
EA
nd
BC
EA
AS
cs
CS
nd
AS
nd

CS

TF+
AS

CS

AS

TF
CS

AS+

Sec
Sec
Sec
Sec 6

Sec
Sec
Sec
Sec
Sec
Sec 6

Sec
Sec 6

Sec

Sec
Sec

Sec

Sec

Sec
Sec

Ter

Sec
Sec
Sec
Sec
Sec

Sec

CS
CS
TF
TF
TF

AS

900
1250
2370
3538 5

49 140 s

4900
18000
20000

667 3

4140
1400

10000

1250

II46
40954

6500

70000

3000
l_5000

192701

17000
1s0000

62 113 5

13500
10000

40954

(Footnotes are on Following Page)



188

Table EL-C, continued.

Footnotes:

nd: No data available.

1. Codes for Wastewater Treatment Tvpe:

*¡ Additional treatment of unspecified type.
AS: Activated sludge.

AWT: Advanced wastewater treatment.
BC: Biological contactor.
CS: Contact stabilization.
EA: Extended aeration.

EAP: Extended aeration with effluent to polishing pon4.
RBC: Rotating biological contactor.
TF: TricklÍng filter.

TFP: Tricklins filter with polishing pond.

2. Population served as listed in Florida DER (1985).

3. Estimated using the facilityrs rrDesign Flowrr (Florida DER,
1985) and an assumed discharge rate of L50 gaL/capita/day.

4. 1980 U.S. Census.

5. This value represents the population of the city served
by the facility multiplied by the ratio of the facilityrsItDesigin Flov¡rr to the sum of the ttDesign Flowrt values of
alI municipal facillties servÍng the city.

6. No data, conventional secondary treatment was assumed.
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Morphorogicar characteristics of the Georgia study Lakes.

Surface
Area

Max.
Depth

lml

Mean
Depth

Lake
Vo1ume
106 mgLake Name

Category A Lakes
L Harry WiIliams
2 Hiqh Falls

3 Jackson

Category B Lakes
4 Blackshear

5 Coffee SP Lower
6 Seminole'

7 Tobesofkee

Category C Lakes
B Allatoona

9 BuIl Sluice
10 Carters
11 Chatuge
L2 Clarks HiIl

13 G.W. Andrews
14 Goat Rock
15 Harding
16 Hartwell

17 Nottely
18 Oconee
19 Oliver
20 Sinclair
2l Sidney Lanier

22 Stevens Creek
23 Walter F. George
24 West Point

Crisp, Doo1y,
Lee, Sumter,
Worth
Coffee
Decatur,
SemÍnoIe
Bibb

Bartow, Cobb,
Cherokee
EuIton
Murray
Towns
Columbla, Elbert,
Lincoln, McDuffie,
WiIkes
Early
Harri s
Harris
Eranklin, Hart,
Stevens
Union
Putnam
Muscogee
Ba1dwin, Hancock,
Putnam
Dawson, Forsyth,
HaI1, Lumpkin
Columbia
CIay, Quitman
Heard, Troup

ha m

Crisp
Butts,
Monroe
Butts,
Newton

Lamar,

Jasper,

11
243

1923

3446

2
15 182

708

4800

235
1300
2894

28329

623
381

2367
22643

\736
7692

870
6217

15394

774
18300
10486

3.0
7.3

30. 0

nd
3.7

6.9

5.3

nd
3.1

nd

9.4

nd
\2.8
Lo.6
1l_.0

3.6
nd

9.4
L3 .9

13.1
5.7
nd

6.6

l_9.5

nd
6.3
7.2

nd
9.O

130.0

14. O

5.O
12.O

13. O

45.0

6.5
120.o

37 .O
48.0

9.3
14. 0
33 .8
53.4

39.0
32.O
20.o
28.0

55.0

2.1
30.0
25. O

180.0

nd
4600.0

nd

450. O

nd
l_70. o
310.0

3100.o

22.O
nd

220.O
3100.o

230.0
440. O

nd
410.0

3100.0

nd
1150.0
750.0

nd: No data available.
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Table GA-B:

Lake Name

Percentl
Land
Use

Land Uses Within the Georgia Study
Lake Basins.

TotaI 3

BasinRegionaI2
Land Use Area
Catesory lkrnz ]

Allatoona
Blackshear
BUII Sluice
Carters
Chatuge
Clarks HiIl
Coffee SP Lower
G.W. Andrews
Goat Rock
Harding
Harry Williams
HartweII
High FaIls
Jackson6
Nottely
Oconee
OIiver
Seminole
Sinc I ai r
Sidney Lanier
Stevens Creek
Tobesofkee
Walter F. George
West Point

EMIX
FMIX
EMIX
GMIX
GMIX
EMIX
FMIX
FMIX
EMIX
EMIX
FM]X
EMIX
EMIX
EMIX
GMIX
EMIX
EMÏX
FMIX
EMIX
EMIX
EMIX
EMIX
FMIX
EMIX

2900
87804
36301

9701
490

15930
49o 5

2t260
115401
10980

175 5

5410
49o1

3 630
550

47rO
12 L004
44290
7510
2690

18O004
4704

L93204
8910

2.

3.

1. No data vrere available in the Georgia Clean Lakes
Program report (Georgia DNR, L982).

Drainage basins hrere classified into the appropriate
regional land use category using data avaj-Iable from
Georgia DNR (1-982) and USGS land use/land cover maps.

Unless otherwise noted, the total drainage area l¡as
obtained from the USGS Vùater Resources Data for
Georgia: Water Year 1983 report.

Estimated using data obtained from the USGS Water
Resources Data for Georgia: Water Year 1983 report
for the gaging station located immediately downstream
of the lake or reservoir of interest.

5. Estimated from 1:500,0O0 scale USGS state base map.

Listed as Lloyd Shoals Reservoir in the USGS Vrlater
Resources Data for Georgia: Water Year 1983.

4.

6.
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Table GA-c: Municipar wastewater Treatment prants rn Georgia
Study Lake Basins.

Lake
Municipal Wastewater
Treatment Plants

Treat. 1

Tvpe

LeveI
of

Treat.
Pop.

Served
Allatoona Acworth

Canton
Cobb Cnty-Hunt. Woods
Cobb Cnty-Noonday Cr.
Dawsonville
Jasper-East Pond
Jasper-West Pond
Woodstock I

Andersonvi I Ie
Byromvi I Ie
Cordele
Oglethorpe
Marshallvi I Ie
Montezuma #1
Montezuma #2
Vienna

Buford- Southside
Buford-Westside
Cumming
Flowery Branch
Gai-nesville-FIat Cr.
Gainesvi IIe-Linwood
Gainesvi I Ie-White Sulphur

EIIi j ay

Hiawassee

Danielsvi IIe
Elberton-Falling Cr.
Elberton-Fortson Cr.
HartweII
Lincolnton
Thomson
V'Iashington

Douglas

Fort Gaines

Sec 3608
Sec 3601
Sec 2472
Sec 533332
Sec 4OOz
Sec 1556
Sec rr

Sec 2699

AS
AS
AS

RBC
WSP
WSP
WSP
WSP

Blackshear

BuII Sluice

Carters

Chatuge

Clarks HiII

Coffee SP

G.W. Andrews

AS/MS Sec 6697
AS Sec rr

AP/PP/SE Ter 2094
ASISE P 13332

cr/TE/AS P 105863
TF Sec 45373

AS/PP Ter 1513

AS Sec
WSP Sec

TFIAS Ter
WSP Sec

WSP/SF Sec
AS Sec
AS Sec

WSP Sec

AS Sec

AS Sec

AP/PP Sec
AS Sec
AS Sec
TF Sec

ASISF Sec
AS Sec
AS Sec

AS Sec

AS Sec

2672
7332

109 14
130s
1540
4830

2886

1507

6672

8002
5686

4855
1406
7001
4662

10980

7260
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Table GA-C, continued.

Lake
Municipal
WWTP Name

Treat. 1

Tvpe

Level
of

Treat.
Pop.

Served

Goat Rock

Harding

Harry WiIIiams

HartweII

High FaIIs

Jackson

Hami Iton
Hogansvi I Ie
Hogansville Pond
LaGrange BIue John Ind.
LaGrange BIue John Mun.
LaGrange Hogansville Road
LaGrange YeIIow Jacket Cr.
Pine Mountain
West Point
Hogansvi I Ie
Hogansville Pond
LaGrange Blue John Ind.
LaGrange BIue John Mun.
LaGrange Hogansville Road
LaGrange YeIIow Jacket Cr.
Pine Mountain
!{est Point

Cordele

Clayton
Hartwell
Lavonia
Toccoa-EastanoIlee Cr.
Toccoa-Toccoa Cr.

Griffin-Cabin Creek
Locust Grove-West

Atlanta South River
Conyers-Almond Branch
Conyers-AtI. Suburbia SD
Conyers-Boar Tusk Cr.
Conyers-Honey Cr.
Conyers-Lakeridge Est. SD
Conyers-Scott Cr.
Conyers- Stanton Vtloods
Covington
Dekalb Cnty-Pole Bridge
Dekalb Cnty-Snapfinger Cr.
Gwinnett Cnty-Beaver RuÍn
Gwinnett Cnty-Big Haynes
Gwinnett Cnty-Castlewood
Gwinnett Cnty-Jackson Cr.
Gwinnett Cntv-Lilburn Pond

NT
AS

WSP
AS
TF
TF
TE
AS
AS
AS

WSP
AS
TF
TF
TF
AS
AS

TFlAS

AS
TF
TF

AP/PP
AP/PP

TF
WSP

ASlTF
AS

AS/PP
AS
AS

ASIPP
AS
AS

TFIAS
AS

TFIAS
ASlSE
ASlSF
AS/PP
AS/SF

WSP

NiI
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec

Ter

Sec
Sec
Sec
Sec
Sec

Sec
Sec

Ter
Sec
Ter
Sec
Sec
Ter
Sec
Sec
Ter
Sec

P
P

Sec
Ter

P
Sec

5672
3362

lt

24204
'l
il
il

984
4294
3362

il

24204
il
il
il

984
4294

109 14

1838
4855
2424
9t_04

il

20728
7543

1200002
8333 2

1333 2

66672
3333 2

6002
20002
10002

10586
200002

2400002
240002

3333 2

4672
160002

3472
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Table GA-C, continued.

Municipal
WWTP Name

Treat. l
LeveI
of

Treat.
Pop.

ServedLake
Jackson
(Cont. )

Nottely

Oconee

Oliver

Seminole

Gwinnett Cnty-Snel lvi Ile
Gwinnett Cnty-Yellow R.
Henry Cnty-Camp Cr.
Henry Cnty-Hudson Bridge
Henry Cnty-Pano1a Woods
Locust Grove-East
Loganvi Ile
McDonough
Monroe-Grubby Cr.
Monroe-MiIl Cr.
Monroe-Mountain Cr.
Newton Cnty
Stockbridge

Blai rsvi I Ie

Athens-Cedar Cr.
Athens-Doublegate
Athens-Middle Oconee
Athens-North Oconee
Athens-Rivercliff SD
Athens-Weatherly Woods
Greensboro-North
Greensboro-South
Jefferson
Madi son-North
Madi son- South
Monroe-Jacks Cr.
Statham
Watkinsvi I Ie

Hami Iton
Pine Mountain
West Point

Bainbridge
Colquitt
CamiIIa
Decatur Cnty-Indian Air Pk
DonaI sonvi I Ie

Clarksville
Cleveland
Cornelia
Dahlonega
Demorest

T
AS

ASlSF
ASlSF
ASlPP
ASlPP

WSP
RBC
WSP
WSP
WSP
WSP

AS
ASlSF

WSP

TF
WSP

TF
TF

b¡SP
WSP

AS
WSP

AS
AS

WSP
AS
NT

NT
AS
AS

AS
AS
AS
TF
AS

TF
AS

TFIAS
AS
AS

P
P

Sec
Ter
Ter
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec

6667
400002

3333 2

26672
833 2

7 253
r_84L
2778
BB54

il

66672
2 103

530Sec

Sec 1300151
Sec tr

Sec ll

Sec ll

Sec 5 ll

Sec ll

Sec 2985
Sec rl

Sec 1820
Sec 2954
Sec It

Sec 22409
Sec 1101
NiI T2O4

Nil 5672
Sec 984
Sec 4294

Sec 10553
Sec 2065
Sec 541-q
Sec 33332
Sec 3324

Sec
Sec
Ter
Sec
Sec

1348
1578
3203
2844
1l-30

Sidney Lanier
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Table GA-C, continued.

Municipal
WWTP Name

lreat. 1
LeveI
of

Treat.
Pop.

ServedLake
Sidney Lanier
(Cont. )

Sinclair

Stevens Creek

Tobesofkee

W.F. George

West Point

Flowery Branch
Gainesville-Flat Cr.
Gai-ne svi l Ie- Linwood
Gainesvi IIe-White Sulphur
Helen
LuIa

Eatonton WPCP #L (East)
Eatonton WPCP *2 (West)
Greensboro-North
Greensboro- South
Madi son-North
Madi son-South
Monticello-Pearson Cr.
Monticello-Whit,e Oak Cr.
Rutledge

Columbia Cnty-Crawford Cr.
Columbia Cnty-Reed Cr.
HarIem
Lincolnton
Thomson
Washington

Barnesville Gordon Road
Forsyth-Northeast
Eorsyth-South

Lumpkin
Columbus-BattIe Forest
Columbus-Hei ferhorn Cr.
Columbus-South

Franklin
Grantville Pond
Grantvi-lIe Pond
Grantville Pond
Grantvi-lIe Pond

#1
#2
#3
#4

T
ASlSF

cT/Tî/AS
TF

AS/PP
AS

WSP

ASIPP
AS/PP

WSP
AS
AS
AS

WSP
WSP
WSP

AS
AS
AS

ASlSF
AS
AS

AS
AS

ASIPP

IÏ
AS
AS
AS

AS
WSP
wsP
WSP
v'¡sP

1333
105863
45373

L513
265
857

4833
il

2985
lt

2954
It

2382
il

694

33332
1 1333 2

L485
1406
7001
4662

4887
33033
13213

1335
19 L8404

lt

il

711
1110

tÌ
il
il

P
P

Sec
Ter
Sec
Sec

Ter
Ter
Sec
Sec
Sec
Sec
Sec
Sec
Sec

Sec
Sec
Sec
Sec
Sec
Sec

Sec
Sec
Ter

Pri
Sec
Sec
Sec

Sec
Sec
Sec
Sec
Sec
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Table GA-C, continued.

Lake
Municipal
WWTP Name

Level
Treat. l of Pop.
Tvpe Treat. Served

West Point Hogansville
(Cont. ) Hogansville Pond

Newnan- SouthsÍde
Newnan-Snake Cr.
Newnan-Wahoo Cr.

AS Sec 3362
WSP Sec rr

AS Sec It

TF Sec rr

AS Sec rr

LaGrange-Yellow Jacket Cr. TF Sec 33383
Newnan-Mineral Springs AS Sec 1,1449

1. Codes for Wastewater Treatment Type:
AP@
AS: Activated sludge.
NT: No treatment.
SF: Sand filter.
TF: Trickling filter.
PP: Polishing pond.

WSP: Waste stabilization ponds.
IT: Imhoff tank.
CT: Chemical Treatment

RBC: Rotating biological contactor.

2. Estimated using the facilityrs'rDesign Flowrr (Georgia DNR,
1984b) and an assumed discharge rate of 150 gaL/capita/day.

3. This value represents the population of the city served by
the facility multiplied by the ratio of the facilityrsrrDesign Flowrt to the sum of the trDesign Flow" values of all-
facilities serving the city.

4. Population figure Iisted under the heading of rrstandard
Metropolitan Statistical Arearr (SMSA) in the 1980 U.S.
Census.

5. No data were available, therefore conventional secondary
treatment was assumed.
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Table KY-A:

Lake Name

Morphological Characteristics of the Kentucky
Study Lakes.

'Surface Max.
Area Depth

Countv lhal lml

Mean Lake
Depth Volume

lml [106 m3l

t

3
4

5
6

Barkley

Barren RÍverl
Buckhorn
Cave Run

Corbin
Cumberland

DaIe HoIIow

Grayson
Green River
Herringtonl

Kentucky

Laurel River
McNeeIy
NoIin

Rough River

Livinqston,
Lyon, Trigg
AIlen, Barren
Leslie, Perry
Bath, Menifee,
Rowan
Laurel
Clinton, McCreary,
Pulaski, RusseII,
Wayne
CIinton,
Cumberland
Carter, Elliott
Adai.r, Taylor
Boyle, Garrard,
Mercer
CaIIovray,
Livingston, Lyon,
Marshall, Trigg
Laurel, Whitley
Jefferson
Edmonson,
Grayson, Hart
Breckinridge,
Grayson

23440

4047
498

3347

56
20336

l-2100

6]-2
3322
1.190

64872

2452
2t

2343

2064

22.7

24.4
20.o
27 .O

9.5
56.7

49.O

18. O

26.O
76.O

26.9

76.O
9. l_

30. 5

22.O

4.6

7.8
7.9
8.2

5.4
24.2

]-4.9

5.8
9.1

,4. o

5.4

2I.9
3.O
5.9

7.2

1071.9

316 .2
39 .6

274.6

3.1
4927.8

1668.9

35. I
301. 1
244.3

3501.9

537.3
0.5

139. O

148.0

B
9

t_0

t2
13
t4

11

15

1. This lake was included in the Kentucky Clean Lakes Program
report (Kentucky NREPC, I984a), but was not listed in
Appendix B of the report as having a major point source
discharge facitity.
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Table KY-B: Land Uses Within the Kentucky Study Lake Basins.

Percent Land Use
TotaI

Regional Basin
Land Use Area

Lake Forestl Agric. Urban Other2 Categorv tkmz I

Barkley
Barren River
Buckhorn
Cave Run
Corbin
Cumberland
DaIe HoIIow
Grayson
Green River
Herrington
Kentucky
Laurel River
McNeeIy
NoIin
Rough River

44346
40423
BB]-21
73221
65350
56213
60294
62361
94 11
26773
83T7O
71262
16 37 31
39565
40 60 r-

16
15

1
4
1

20
7
o
4
0
0
1

16
0
0

BMIX
BMIX
BFOR
BMIX
BMÏX
BMIX
BMIX
BMIX
BFOR
BMIX
FMIX
BMIX
BURB
BMIX
BMIX

45579
2440
1057
2r39

409
14792

23]-6
s08

]-766
1l_37

lo4120
730

L3
7827
TJ,7 6

1.

2.

The rrforesttf land use percentage is considered to be
equivalent to the Itsilviculturerr classification in the
Kentucky Clean Lakes Program report (Kentucky NREpC, 1984a)

The rrothertt land use percentaqe represents the sum of
the trotherrr and trmining-relatedtt percentages in the
Kentucky Clean Lakes Program report (Kentucky NREpC, 1984a)
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lable KY-C: Municipal Wastewater Treatment PIants In Kentucky
Study Lake Basins.

Lake Name
Municipal Wastewater
Treatment PIant

Level
Treat. l of Pop.
Type Treat. Served

Barkley

Barren Rlver

Buckhorn

Cave Run

Corbin City

Cumberland

Adai rvi IIe
Cadiz
Eddyvi Ile
EIkton
Guthrie
Hopkinsvi I Ie- STP
Hopkinsville-S&WW Co. LAG
Kuttawa
Pembroke
Princeton
Smith Subdivision
Trenton

Glasgow #1
Glasgow $2
Tompkinsvi IIe
Tomp.-Mulkey Est.

Hyden

Frenchburg
Salyersvi lle
West Liberty

London

Barbourville
Benham
Corbin TE/AS
Cumberland
Evarts
Harlan
Jel lico
Livingston
LoyaII
Lynch
McKee
Middlesboro
Monticello
Mt. Vernon
PinevilIe
RusselI Cnty-Jamestown
Somerset
Williamsburql

TF

Subd.

Sec L105
Sec 166L
Sec 1949
Sec 1Bl-5
Sec 1361
Sec 96182
Ter 177OO"
Sec 560
Sec 636
Sec 7073
Sec l-3 2

Sec 465

sec3 12958
Sec lr

Sec 4366
Sec ll

Sec 488

Sec 550
Sec 1352
Sec 1381

Sec 4OO2

Sec 3333
Sec 936
Sec 8075
Sec 3712
sec3 1234
Sec 3024
Pnd

Sec 334
Sec I2IO
Sec 7614
Ter 255
Sec 12215
Sec 5677
Sec 2334
Sec 2599
Ter 744L
Ter 10649
Sec 5560
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Table KY-C, continued.

Lake Name
Municipal Wastewater
Treatment Plant

Treat. 1

Tvpe

Level
of

Treat.
Pop.

Served
DaIe HoIIow

Grayson

Green River

Herrington

Kentucky

Laurel River

McNeely

NoIin

Rough River

Albany

Sandy Hook

Liberty

Brodhead
Crab Orchard
Danville #2
Stanford
Lancaster

Marshall City S/D #L

Corbin
London
Northland Estates Subd.

Apple VaIIey Subd.
Cogan Cnty-Maple Gr.#5
GHK Sewage Co.
Pleasant Valley Subd.

EIÍzabeth
Hodgenville

Hardinsburql

Pri

Ter

Sec

Sec 3

Sec 3

Sec 3

Sec 3

Sec 3

Ter,

Sec
Sec
Ter

Ter
Ter
Ter
Ter

Sec
Sec

Sec 3

2083

627

2206

686
843

t2942
27 64
33 65

10672

8075
4002
333 2

1333 2

932
1333 2

15002

15380
253I

22tt
nd: No data available.

1. Codes for Wastewater Treatment Type:
AS: Activated sludge.

LAG: Wastewater lagoon.
TF: Tricklj-nq filter.

The population served by this facili-ty was estimated
using the municipal wastewater treatment plantts rrDesign
FIowrr, obtained througrh communicatj-ons wit}. the Kentucky
DNR, and an assumed discharge rate of 150 gaL/cap/day.

No data'available; therefore conventj-onal secondary
treatment was assumed.

2.

3.
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Table MS-A. Morphological Characteristics of the
Mississippi Study takes.

Lake Name

Surface Max. Mean Lake
Area Depth Depth Volume

County [ha] [m] [m] [106 m3

1 Arkabutla
2 Bogue Homa
3 Enid
4 Ferguson
5 Grenada
6 Mary
7 Pickwick
B Ross Barnett
9 Sardis

10 Tchula

DeSoto, Tate 4AO4
Jones '486
PanoIa, Yalobusha 5249
Washington 582
Grenada, Yalobusha 9838
Wilkinson 911
Tishomingo 18940
Madison, Rankin 135171
Lafayette, Panola 12546
Holmes 188

9.1
t.2

15.5
nd

16. 5
nd

6.0
3.7

16. 5
3.0

437 .O
5.8

814.0
nd

7623.O
nd

1136.0
5001.0
2055.0

5.6

Table MS-B: Land Uses Within the
Lake Basi-ns.

Mississippi Study

TotaIl
Regional Basin
Land Use Area

Lake Name
Percent Land Use

Forest Aqric. Urban Other Catesory Ikmz ]

Arkabutla
Bogrue Homa
Enid
Ferguson
Grenada
Mary
Pickwick
Ross Barnett
Sardi s
TchuIa

36
70
67
60
6l_
B3
7L
6s
65
27

57
20
26
10
32
l2
20
29
27
7T

4
5
4

10
4
2
4
2
4

<1

4
5
3

2A
3
2
6
4
4
2

DMIX
FMIX
EMIX
DURB
FMTX
DEOR
FMÏX
FMIX
FMIX
DMIX

2590
303

1450
39

34L9
4t

85003
7 690
4002
366

1. Obtained through
Mississippi DNR

personal communj-cation with the
(April, 1985).
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Table MS-C: Municipal hlastewater Treatment Plants In
Mississippi Study Lake Basins.

Municipal Wastewater
Treatment Plant

LeveI
Treat. l of Pop.

ServedLake Name
Arkabutla

Bogue Homa

Enid

Ferguson

Grenada

Mary

Pickwick

Ross Barnett

Back Acres Subdivision
Castle Park Subd.3
Coldwater North'
Coldwater South
Hernado North
Hernado South
Magnolia Hi11s Subd.
Royal Heights Subd.
Senatobia

Heidelberg
Sandersville

Brittany hloods Subd.
Busby Subd.
Chickasaw HiII Subd.
Oxford
Univ. of Mississippi
Water VaIley

Greenvi lle
Bruce East
Bruce West
Calhoun City
Calhoun City West
Coffeevi I Ie
Vardaman

Bude
Crosby
MeadviIIe
Roxie

Iuka

Ackerman
Carthaqe
EtheI
Forest North
Forest South
Kosciusko South
Kosciusko Southeastu(2)
Kosciusko Northeast

Treat
nd
nd
CL
CL
CL
AL
nd
nd
AS

HCR
AL

nd
nd
nd
AS
AS
AL

Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec

467
927 2

1s05
il

2969
il

1002
2002

501-3

Sec 1O9B
Sec BOO

Sec 2732
Sec 2672
Sec 472
Sec 9882
Sec L54672
Sec 4147

Sec 40613

Sec 22Og
Sec lr

Sec 2033
Sec rl

Sec Il29
Sec 1OO9

Sec IO92
Sec 349
Sec 575
Sec 591

Sec 2846

Sec l-567
Sec 3453
Sec 486
Sec 5229
Sec a ll

Sec 7415
Sec ll

Sec ll

AS

CL
CL
CL
CL
AS
CL

CL
AL
CL
3C

CL

CL
CL
CL
AS
nd
AS
CL
CL
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Table MS-C, contj-nued.

Lake Name
Muni c ipal Vrlastewater
Treatment Plant

LeveI
Treat. l of Pop.
Tvpe Treat Served

Ross Barnett
(Cont. )

Sardi s

TchuIa

Lake
Louisville South
Louisville Southeast
Noxapater North
Noxapater South
Pelahatchie East
Pelahatchie West
Philadelphia North
Philadelphia South
Sebastopol
Walnut Grove
Weir

College HilIs Subd.
Myrtle
New Albany
Western HilIs Subd.

TchuIa

CL Sec 524
CL Sec 7323
CL Sec rr

CL Sec 516
CL Sec rr

CL Sec 1445
CL Sec rr

CL Sec 6434
CL Sec rr

nd Seca 268
CL Sec 439
3C Sec 553

nd Sec 2532
CL Sec 4O2
AL Sec 7072
nd Sec l-6,02

AL Sec 1931

nd: No data available.

1. Codes for Wastewater Treatment Type:
AL: Aerated Lagoon.
AS: Activated Sludge.
CL: Conventional Lagoon.

HCR: Hydrograph Controlled Re1ease.
3C: 3-Cell conventional Iagoon.

2. Estimated using the rrPermitted Average Flowrt obtained in
Mississíppi (1984c), and an assumed discharge rate of
15O gaL/capita/day.

3. Renamed as Country Haven Subd.ivision.

4. No information was available in Mississippi DNR (1984c),
therefore, conventional secondary treatment was assumed.
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Table SC-A: Morphologi-cal Characteristics of the
South Carolina Study Lakes.

Lake Name

Surface Max. Mean Volume
Area Depth Depth million

County [ha] [m] lml [106 ms I
1 Boyd MiII Pond Laurens 74 9. s 3.7 2.7
2 Broadway Anderson I2l 6.7 1.8 2.2
3 Edgar A. Brown Barnwell 54 3.0 1.0 O.5
4 Clarks HiIl McCormick; 31769 43.0 11.3 3577 .I
5 Cunningham

GA
Greenvi IIe

6 Fishing Cr. Chester, 1-364 27.3 7 .2 9A.7
Lancaster
Greenv/ood, 4614 27.O 7 .O 32O.7
Laurens,
Newberry
Anderson , 24828 53.4 13.9 3503. 1
Oconee,
PÍckens; GA
Berkeley, 44759 23.4 3.9 1726.9
Calhoun,
Clarendon,
Orangebury,
Sumter
Berkeley 24444 23 .O 6. 1 l-493 .8
Lexington, 20639 57.8 1-2.6 2607.6
Newberry,
Richland,
Saluda
Fairfield, 749 7.6 4.6 34.7
Newberry
Darlington 121, 4.3 1. B 2.2
Aiken s1 l_.5 1.5 0. B
Chesterfield, 911 9.4 4.2 38.2
Darlington

16 Rock & Cedar Cr. Chester, 324 10.7 8.8 2e.4
Fai fie ld,
tancaster
GreenviIIe, 2O2 12.2 2.4 4.9
Pickens
Abbeville, 356 55.0 6.7 23 .9
Anderson
Hampton 243 2.7 1.8 4.4
Fairfield, 5548 19.5 6.9 3A2.4
Kershaw,
Lancaster

7 Greenwood

B Hartwell

9 Marion

L0 Moultrie
J.1 Murray

12 Parr

13 Prestwood
14 Reynolds
15 Robinson

17 Saluda

18 Secession

L9 Warren
20 Wateree

21 Wylie York; NC 5041 28 . 4 6 .9 347 .7
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Table SC-B: Land Uses Within the South Carolina Study Lakesl
Basins (Upstream impoundme-nls are in brackets).

Percent Land Usel
TotaI

Regionals Basin
Land Use Area

Lake Name Forestz Agric.3 Urban4 other Category [kmz]

Broadway

Edgar A. Brown

Clarks HiII

42

63

57
I HartweII,
Secess j-on l

Cunningham 65

Fishing Cr. IWyIie] 51

Greenwood 48
lBoyd MiII Pondl

Hartwell 47

Marion 60

MoultrÍe IMarion] ZS

Murray 52
I Greenwood]

Parr

Prestwood
I Robinson ]

Reynolds

Robinson

Rock & Cedar Cr.
lFishing Cr. l

Saluda

Secession
I Broadwav I

40

36

31

25

5

35

18

<1

<1

<1

EURB 75

2968

32
25 1

155

FMTX

EMIX

EMIX

EMIX

EURB

EMIX

FMIX

FMIX

EMIX

EURB

EURB

EMIX

EMIX

EMIX

EFOR

EURB

60

15900*

]20

9870 6

3030*

5410*

38100*

38850 6

6270*

7770

50O+

140

450

10710+

750

5006

30

23

32

t4

1l_

2

I

B

4

70

5

1

5

T4

25

25

30

60

40

40
<1 <2

23 1

1

5

4

13

15

42

BO

40

62

43

20

34

55

56
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Tab1e SC-B, continued.

Percent Land Usel
TotaI

Regionals Basin

Lake Name
Land Use Area

Forest2 Aqlric.3 Urbana Other Category Ikmz

Warren

Wateree 60 18
lRock & Cedar Cr. ]

57

22

37

39

FMIX

3 FMIX

B EMIX

1BO

13 100*

7820

19

31WyIie

1. These values represent the land use (by percent of total)
for the immediate watershed, as listed in Table 5.3 in the
South Carolina Clean Lakes Program report (South Carolina
DH&EC, 1984a).

2. The rrForestrr land use percentage represents the sum of the
values given under the frforesttr and rtr¡/etlandsrr headings in
Table 5.3 in the South Carolina Clean Lakes report (South
Carolina DH&EC, 1984a) .

3. ThettUrbantt land use percentage is considered to be equivalent
to the "built-uprt classification in Tab1e 5.3 of the South
Carolina Clean Lakes Program report (South Carolina DH&EC,
1984a).

4. The ttOthertt land use percentage figure represents the sum
of the values gi-ven under the tt\nraterrr and rfotherfr headings
in Table 5.3 of the South Carolina Clean Lakes Progiram
report (South Carolina DH&EC, 1984a).

5. For those lakes which have no upstream impoundments listed, the
associated drainage basin r¡/as placed into the appropriate land
use categrory according to the given land use distributÍon. The
watersheds of Iakes with upstream impoundments r¡rere categorized
as mixed unless the entire basin, characterized as the weighted
sum of the sub-basin land use distributions, was predominantly
agricultural or forested.

6. Total drai-nage area obtained from a compendium of lake and
reservoir data collected by the EPA-NES in the eastern,
north-centraI, and southeastern United States (U.S. EPA-NES
Working Paper #475).

* Total drainage area was obtained from the USGS Water
Resources Data for South Carolina: Water Year LgB2 report.

+ The total drainage area value represents the sum of the lakers
immediate drainage basin area and the drainage area of
the lake located just upstream.
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Table SC-C:

Lake
Muni cipal Vrlastewater
Treatment Plants

Estimated
Population

Served

Municipal Wastewater Treatment Plants in
the South Carolina Study Lake Basins.

Boyd MiII
Pond

Broadway

Brov,rn, E. A.

Clarks HiII

Cunningham

FÍshing Cr.

Greenwood

WCRSA/IdIewiId Trust Subd.
/Lower Reedy Creek
/Lynndale Subd.
/Mauldin Road
lPinebrook Forest

BeIton/BreazaIe

Barnwell City

AbbevÍ IIe
Anderson
BeIton/Breazeale

/MarshaII
Calhoun FaIls
Central
Due West
Easley/(four in Hartwell)
Honea Path/Corner Lagoon
Iva
Liberty
Oconee Cnty Sewer Comm.
Pickens/Town Cr.

Duncan
Greer/South Tyger R.

CIover
Fort MiIt
Lancaster
Rock Hill/Manchester Cr.

BeIton/Ducworth
Easley/Brushy Cr.

/Burdine Spring
/Georges Cr.
/Glenwood

Honea Path/Clatworthy
/Stui-lI Branch

Pelzer

350i
250001

2001
1350001

2BOt

t]-692

5572

5863
27373
327:2

249t
1.9t4
L3 66
6L662
26]-:-2
13 69
3767

25000
2381,2

]-259
574\2

345 1
4t62
9603

294532

20392
80982

il
il

*lr'
2loo
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Table SC-C, continued.

Lake
Municipal Wastewater
Treatment PIants

Estimated
Population

Served

HartweIl

Marion

WCRSA/Avice DaIe
/Fountain Inn A
/Grove Cr.
lHolmesview
/Parker
/Piedmont
/Piedmont Industrial
/Saluda River
/(five in Boyd Mitl Pond)

West Pelzer
Wi I li amston

Central
Easley/AriaI MiIl ViIlage

/Eighteen Mile Cr.
/Golden Cr. Lagroon
/Golden Cr. Overland

Liberty
Oconee Cnty Sewer Comm.
Pickens/Town Cr.

Camden
Cayce City
Columbia/Broad River

/Challedon Oxid. Lag.
/Chatledon West Lag.
/Coatsworth
/Coldstream
/Er:-*arsgiate
/Gardendale
lHaIImark
/Metro Plant
/Pineglen
/Quail VaIIey Subd.
/Whitehall 1

/WhitehalL 2
/Whitehatl 3

East Richland Cnty PSD
Lexington
Ridgeway
Springdale/Springdale Subd.
St. Matthews
Winnsboro/Jackson Cr.

175L
34401

100001
301

10001
60001

501
25001

1 60830 1

944
43t0

7974
.6r662

il
il

3]-67
250001

3L992

7 462
1 1701

1BOO1
11 701

655 1

6101
20o01
1550 1

11501
2201

2000001
285t

10501
40001
1845 1

550 I
100001
273\

600 1

501
2496
29L9
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Table SC-C, continued.

Lake
Municipal Wastewater
Treatment Plants

Estimated
Population

Served
Moultrie BCW&SA/Land-O' -Pines Subd. l-50

7 462
l-1701

Murray

Parr
Reservoir

Camden
Cayce City
Columbia/ (I4 in Marion)
East Richland Cnty PSD
Lexinqton
Ridgeway
Springdale/Springdale Subd.
St. Matttrews
Winnsboro/Jackson Cr.

BeIton/Ducworth
Easley/(four j-n Greenwood)
Greenwood/Wj-Ison Cr.
Honea Pat.h/(two in Greenwood)
Laurens Town
Newberry
Newberry Cnty W&SA/PIant 1
Newberry Cnty W&SAlPlan|u 2
Ninety-Six
Pelzer
Prosperity
Ridge Spring/N
Saluda
WCRSA/(13 in Greenwood)
West Pelzer
Williamston

Blacksburg
CarIi sIe
Chesnee
Chester/Sandy R.
Cowpens
Duncan
Gaffney
Greer/Maple Cr.

/South Tyger R.
Inman MiIIs Water District
Inman Town
Jonesville

2 t-68851
100001
2t3L

6001
501

2496
29J.9

20392
80982

L43 13 2

4582
l_0587
92r8
17001

751
2249
2100

672
2042

2752
1840251

944
43 10

1873
503

1069
476t2
2423
7259

13453
l-0525

181 I
1554
1188
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Table SC-C, continued.

Lake
Municipal Wastewater
Treatment Plants

Estimated
Population

Served
Parr
Reservoir
(Cont. )

Landrum/Page Cr.
Lyman
Pacolet Mills
Prosperity/East
Riverdale MilIs
SSSD/BondaIe Subd.

/Cínder Branch
/Compark
/Hickory HiIl
/HiLlbrook Forest
/Lawson Fork
/Oak For. 1

/Oak For. 2
/OLd Furnace
/Roebuck MS

/Sa1em Est.
/Shoresbrook
/Southern Pines
/Springfield
/Standing Stone
/Twin Lakes

Union/Meng Cr.
WCRSA/Coachman Estates

/Evergreen
/Fountain B

/Fountain C

/Fountain D

/Howard Court
/Mauldin A
/River Downs
/Rocky Cr.
/Simpsonvi Ile
/Sirnpsonvi IIe
/layLors
/Travelers Rest-East
/Wade Hampton

WeIIford
Whitmire
Woodruff

5352
500001

686
2962
4501
2651

nd1
725r
193 1

770t
300001

5001
6251
3001
1101
5001

1000 1

3 501
45001

751
1101

r4322
T25L
1601

20001
2550 1

2055 1

471
6500 1

3 001
3750 1

8701
13001

3 7500 1

30001
200001

1001
2038
5171

B
c
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Table SC-C, continued.

Lake
Municipal Wastewater
Treatment Plants

Estimated
Population

Served

Prestwood

Reynolds

Robinson

Rock&Cedar

Saluda

Secession

Warren

Wateree

WvIie

Pageland/SE Oxid. Pond

Aiken/Airport Industrial Park
ECW&SAlTrenton City Lag.

Pageland/SE Oxid. Pond

Chester/Rocky Cr.
CIover
Fort MilI
Great FaIIs
Lancaster
Rock HiII

WCRSA/Sfater & Marietta

Anderson/Rocky R.
BeIton/BreazaIe

/MarshalI

EstiIl Town

Chester/Rocky Cr.
CIover
Fort MilI
Great FaIIs
Lancaster
Rock HiII
Clover

1813 2

25001
365 I

1813 2

26592
3451
4762
2607
9603

35344

2500

13 657 2
327:z

2308

26592
3451
4162
260J.
9603

35344

3451

1. Estimated using the facilityrs "WLAFLotr obtained
from the South Carolina DHEC (1984c), and an
assumed discharge rate of 15O gal/cap/day.

2. This value represents the population of the city
served by the facility multiplied by the ratio of
the facility's ttwlAFlott to the sum of the ttwlAFlott
values of aII municipal facilÍties serving the city.
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Table TN-A: Morphological Characteri-stics of the
Tennessee Study Lakes.

Surfacel Max. l
Area Depth

Lake Name County [ha] [m]

Mean2
Depth

Iml

Lake
Volume

[106 m3
1 Barkley

2 Boone

3 Burgess FalIs
4 Center Hill

5 Cheatham

6 Cherokee

7 Chickamaugia

I Cordell HulI
9 Dale Hollow

10 Douglas

11 Ft. Patrick Henry
12 Ft. Loudon

13 Great Falls

14 J. Percy Priest

15 Kentucky

Montgomery,
Stewart
Carter, SuIlivan,
WashÍngton
Putnam
DeKaIb, Putnam,
White
Cheatham,
Davidson
Grainger, Hawkins,
HambIein,
Jefferson
Hamilton, McMinn,
Meigs, Rhea
Jackson, Smith
CIay, Pickett
Cocke, Jefferson,
Sevier
Sullivan
Blount, Loud.on,
Knox
VanBuren, White,
Warren
Davidson,
Rutherford,
Wi I son
Benton, Henry,
Houston,
Humphreys,
Stewart
Anderson, Knox,
Loudon, Roane
Marion
Greene
Bedford
CampbeII
Polk
PoIk
PoIk
Davidson, Sumner,
Wi I son
Franklin, Moore
Carter, Johnson
Loudon, Meiqs,

37799

1781

2B
9332

3015

12262

2J,.O

39.7

1.9
54. B

13.O

49.7

74326 20.O

5628 25.9
12542 36.0
12303 38.7

353 27.4
5909', 25.3

854 2I.9

9187 30.5

64873 26.9

2303 2I.O

4197 39.3
155 19.0

1279 26.8
13841 6r -6

765 32.e
nd nd

794 32.6
11109 t7.6

4290 43.6
2602 83.5

15783 32.O

L6 Melton HilI
l-7 Nickaj ack
18 Nolichuckys
19 Normandy
20 Norris
21 Ocoee #1
22 Ocoee #2
23 Ocoee #3
24 OId Hickory

25 Tims Ford
26 Watauga
27 Watts Bar

6.8

73 .4

1.01
27 .7

4.2

15.5

6.4

6.8
16. B
14. B

9.3
17.5

7.4

8.8

]-7.7

6.7

7.4
2.O

L2.3
22.7
14. 01

nd
2.O
6.O

17.5
32.t
9.2

2568.0

239.O

o.31
2581.0

128. O

1904.0

972.O

383.O
2!O4.O
1820.0

33 .0
1037.0

63 .0

BO4. O

7561. O

155. O

311.0
3.2

157.0
3l_48 . O

107. O1

nd
4.7

672.O

750. O

835.0
1450.0

Rhea, Roane
(See footnotes on following page).
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TN-A, continued.

Eootnotes:

nd: No data available

1. AII surface area and maximum depth values for the study lakes
vlere obtained from the the appendix of the Tennessee Clean
Lakes Report (Tennessee DH&E, 19BO), as v/ere the mean depths
and Iake volumes footnoted by an '1' .

2. Unless otherwise noted, these data \^/ere calculated from data
in the USGS Water Resources Data for Tennessee: Water Year
1983. Lake volumes represent the total reservoir capacity.

3. Nolichucky Reservoir is listed in the USGS Water Resources Data
for Tennessee: Water Year 1983 as Davy Crockett Reservoir.
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Table TN-B: Land Uses V,,Iithin the Tennessee Study Lake Basins.

Percent Land Use
TotaI

Regional Basin
Land Use Area

Lake Name Forest Agric. urbanl otherz catesorv lkmal

Barkley
Boone
Burgess FaIIs
Center HiIt
Cheatham
Cordell HuII
Cherokee
Chickamauga
Dale Ho1low
Douglas
Ft. Pat Henry
Fort Loudon
Great FaIIs
J. Percy Priest
Kentucky
Melton
Nickaj ack
Nolichucky
Normandy
Norris
Ocoee #L
Ocoee #2
Ocoee #3
Old Hickory
Tims Ford
Watauga
Watts Bar

gg3
L5
40
40
50
44
29
30
55
35

9
5
9

35
693
54
55

4
50
56
70
99
75
45
55
50
52

10
84
60
54
45
55
60
2A
40
60
B5
15
90
35
30
45
40
95
50
39
20

1

1

_1

t_

5
1
5

1
1

5
5
1

10
40

5
5
5

75

25
2
1

-:

BMIX
CMIX
BMÏX
BAGR
BMIX
BMIX
CMIX
CURB
BMIX
CMTX
CMIX
CURB
BAGR
BURB
FMIX
CMÏX
CURB
CAGR
BMIX
CMIX
GMIX
GMIX
GMÏX
BMÏX
BMIX
GURB
CURB

45s79
47 66

39
5685

3667 4
20966

B8B1
53846

2422
11761

4929
24735

4343
32 10

104118
B65B

56643
3064

50s
7542
1540
7326
1274

30236
13 70
r2t2

44833

-;

;;

.;

1

2
101

1
101

-.

15
35
45
40
45

10
3

1. The tturbanttrand use category is equivarent to the urban and
built-up classification given Ín the appendix of the Tennessee
Clean Lakes Report (Tennessee DH&E, 19BO).

The rfotherrt land use category represents the sum of the open
space and mining land use percentages given in the appendix of
the Tennessee Clean Lakes Report (Tennessee DH&E, lgBO).

Includes a significant percentage of wetland (>5% of total).

rncrudes a significant percentage of rand use devoted to mining
activity (>5% of total).

3.

4.
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Table TN-C: Municipal Wastewater Treatment Plants In Tennessee
Study Lake Basins.

Lake Name
Municipal Wastewater
lreatment P1ants

Treat. l
Tvpe

LeveI
of

Treat.
Pop.

Served
Barkley

Boone

Burgess FaIIs

Center Hill

Cheatham

Cordell HuII

Cherokee

Clarksville
Cumberland City
Dover
Erin

Bluff City
Bristol Regional
Elizabethton
Johnson City-Brush Cr.
Johnson City-Knob Cr.
Johnson City-Regional

Cookevi lle
Cookevi IIe
McMinnvi I Ie
Monterey
Smithvi lIe
Sparta
West Warren UD

Ashland City
Dickson
Franklin
La Verqrne
Nashvi I Ie-CentraI
NashviIle-Dry Cr.
Nashville-Hurricane Cr.
Nashville-Lincoya Bay
NashviIle-Whites Cr.
Nash. -OId Hickory UD
Smyrna

Byrdstown
CeIina
Gainesboro
Livingston

Church HiIl
Jefferson City
Kingsport
Morri stown
Roqersvi I Ie

OAS
LAG
CS
CS

PRI
CAS
CAS
CAS
CAS
CAS

TF

TF
CAS
TF
CAS
TF
TF

CS
CAS
EA
rìc
CAS
CAS
CAS
CS
CAS
TF
OXD

CS
CAS
CS
CAS

CS
TF

RF/AS
RF/AS

CAS

Sec
Sec
Sec
Sec

Pri
Sec
Sec
Sec
Sec
Sec

Sec

Sec
Sec
Sec
Sec
Sec
Sec

Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec

Sec
Sec
Sec
Sec

Sec
Sec
Sec
Sec
Sec

54777
5672

1197
161 4

\T2I
53537 3

l.243t
784733

il
il

20350

20350
10683
2610
3839
4864
50002

2329
7040

1,2407
5495

850505 1

il
ll
il
lt
il

BB39

884
1580
1119
3372

41"10
56t2

897603
19683

4368
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Table TN-C, continued.

Lake Name
Municipal Wastewater
Treatment Plants

Treat- 1

Tvpe

LeveI
of

Treat.
Pop.

Served
Chickamauga

Dale HoIIow

Douglas

Ft. Pat Henry

Fort Loudon

Great FaIls

Athens #L
CIeveIand
Dayton
Decatur
Etowah
Harriman
Kingston #1
Kingston #2

Loudon
Niota
Rockwood

Byrdstown
Jamestown

Dandridge
Newport

Bluff City
Bristol Regional
Elizabethton
Johnson Cíty-Brush Cr.
Johnson City-Knob Cr.
Johnson City-Regional

Dandridge
Gatlinburg
Jefferson City
Knoxville-E. Knox Forks
Knoxvj- lle- lUD Turkey Cr .

Knoxville-Fourth Cr.
Knoxvi Ile-Kuwahee
Knoxville-Loves Cr.
Maryville Regional
Piqeon Forge
SeviervÍ lIe
McMÍnnvi I Ie
Sparta
West Warren UD

Rr/AS
TF
CAS
EA
TF
PRI
PRI
PRI

oxD
EA
TF

CS
CS

EA
2AS

PRI
cAs
CAS
CAS
cAs
CAS

EA
2AS
TF
CAS
rìc
CAS
2AS
TF
CAS
2AS
CAS

Sec
Sec
Sec
Sec
Sec
Pri
Pri
Pri

Sec
Sec
Sec

Sec
Sec

Sec
Ter

Pri
Sec
Sec
Sec
Sec
Sec

Sec
Ter
Sec
Sec
Sec
Sec
Ter
Sec
Sec
Ter
Sec

Sec
Sec
Sec

Sec
Ter
Sec
Sec

12080
264L5

59 13
1069
3 758
8303
4447

3943
765

5767

BB4
2364

1383
7580

IT2T
535373
t243t
784733

::

1383
32 10
5672
BBlB 5

BBlB 5

680745
3527745

29275s
77480
t822
4556

10683
4864
50002

5495
3284s
8839
2160

CAS
TF
TF

La Vergne CS
Murfreesboro-Sinking Cr. 2AS
Smyrna OXD
Woodbury OXD

J. Percy Priest
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Table TN-C, continued.

Lake Name
Municipal Wastewater
Treatment PIants

Treat. 1

Type

LeveI
of

Treat.
Pop.

Served
Kentucky

Melton HilI

Nickaj ack

Nolichucky

Normandy

Norri s

Ocoee #1

Ocoee #2

Ocoee #3

OId Hickory

Camden
Centervi lle
Hohenwald
Linden
Lobelvi IIe
McEwen
Paris Utilities Main
Parsons

Clinton Utilities #1
HaIIsdale Powe1I
Knoxville-W. Knox UD
Lake City
Maynardvi I Ie

Chattanooga-Moccasin B .

Dayton
East Ridge
Red Bank
Signal Mountain

Erwin
Greenvi IIe

Manchester

Carlnri I Ie- Jacksboro
Claiborne City
La Follette
Sneedvi IIe

Copperhi ll

Copperhill

Copperhill

Carthage
Gainesboro
Gallatin
Hartsvi IIe
Lafayette
Lebanon

rF
cs
TF
cs
LAG
2AS
CAS
TF

TF
OXD
EA
TF
EA

OAS
CAS

RF/AS
TF
CS

PRI
TF

EA

CS
EA
TE
PRI

OXD

oxD

oxD

CAS
CS
CAS
CAS

RF/AS
TF

Sec
Sec
Sec
Sec
Sec
Ter
Sec
Sec

Sec
Sec
Sec
Sec
Sec

Sec
Sec
Sec
Sec
Sec

Pri
Sec

Sec

Sec
Sec
Sec
Pri

Sec

Sec

Sec

Sec
Sec
Sec
Sec
Sec
Sec

3279
2824
3922
1087

993
1352

10728
2422

5245
140002

8818 5

2335
924

301-515 3

5913
2]-236
]-3297
5818

4739
r4097

7250

3659
43332
8198
111"O

418

418

418

2672
1119

t7tgL
267 4
3808

ILB72
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Table TN-C, continued.

Municipal Wastewater Treat. l
Lake Name Treatment Plants Tvpe

LeveI
of

Treat.
Pop.

Served
Tims Ford Cowan

Decherd
Tullahoma (Utility Bd. )
Winchester

Mountain City

Clinton Utilities #1
Crossvi- l Ie
Cumberland UD-Scotts H.
Cumberland UD-Dodson C.
HaIIsdale PowelI
Harriman
Kingston #L
Kingston #2
KnoxviIIe-E. Knox Forks
Knoxville-1UD Turkey Cr.
KnoxviIIe-Fourth Cr.
Knoxvi IIe-Kuwahee
Knoxville-Loves Cr.
Knoxville-W. Knox UD
Lake City
Lenoir City
Loudon
Madi sonvi IIe
Maryville Regional
Oak Ridge
Oliver Springs
Rockwood
Spring CÍty
Sweetwater
Wartburg

TF
TF
TF
TF

oxD

TF
2AS
TF
TF
OXD
PRI
PRÏ
PRI
CAS
CS
CAS
2AS
TF
EA
TF
TF
OXD
TF
CAS
CAS
CS
TF
OXD
TF
CS

Sec
Sec
Sec
Sec

Sec

$ec
Ter
Sec
Sec
Sec
Pri
Pri
Pri
Sec
Sec
Sec
Ter
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec

1790
2233

15800
582 1

2r25

5245
6394

120002

140002
8303
444t

8818 s

BBlB 5

6807 4s
3527r45

29275s
881B 5

2335
5446
3943
2884

17 4BA
27 662

3 659
57 67
195 1
4725

7 61,

Watauga

Vrtatts Bar

1. Codes for Wastewater Treqlrnen!_IIpe t

ge.
CS: Contact Stabilization.
EA: Extended Aeration.

LAG: Lagoon.
OXD: Oxidation Ditch.
PRI: Primary.
OAS: (Pure) Oxygen Activated Sludge.

RF/AS: Roughing Filter/Activated Sludge.
TF: Trickling FiIter.

2AS: 2-stage Activated Sludge.

(Foototes continued on following page)
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Table fN-C, continued.

Footnotes Continued:

2. The population served by this plant was estimated using therrDesign Flor¡il in Tennessee DH&E (1985), and an assumed
discharge rate of 1-5O gaL/capita/day.

3. Population for the rrUrbanized Arearrin the i"980 U.S, Census.

4. Population for the ttStandard Metropolitan StatisticaL Arearr
(SMSA) in the 1980 U.S. Census.

5. This figure represents the population of .the city se.rved by the
given faci.Iíty muttiplied by the ratio of the facilityts rtDesign
Flov¡rr to the sum of the trDesiqn Flowrt values for all facilities
serving that city.
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Table VA-A: Morphological Characteristics of the
Virginj-a Study Lakes.

Lake Name

Surface Max.
Area Depth

County [ha] [m]

Mean
Depth

lml

Lake
Volume

[106 m3 ]
1 Anna
2 Beaverdam
3 Chesdin

5 Claytor
6 Halifax
7 John W. Flannagan
I Leesville
I Moomaw

I Occoquan

Rivanna
Smith Mountain

Spotsylvania !
Loudon
Chesterfield
New Kent
Pulaski
Halifax
Dickerison
Pittsylvania,
AIIeghany
Bedford, CampbeII
Prince WiIIiam,
Eairfax
Albemarle
Pittsylvania,

10
11

5262
257

I295

1815
166
463

r376
6005

6BB

158
8094

nd
l_4. o
14. 0

35.0
nd

46.O
nd
nd

nd

12 .6
61.0

nd
8.5
3.7

29.O
nd

18.0
nd
nd

4.9

6. l_

35. 1

nd
21.8
90.7

527.5
nd

83 .3
nd
nd

33.7

9.6
2841.O

Franklin, Bedford

Table VA-B: Land Uses Within the Virginia Study Lake Basins.

TotaI
Regional Basin
Land Use Area

Percent Land Usel

Lake Name Forest Aqric. Urban Categorv Ikm2 I
Anna
Beaverdam
Ckresdin
Claytor
Halifax
John W. Flannagan
Lee svi I le
Moomaw
Occoquan
Rivanna
Smith Mtn.

nd
30

70-80
nd
nd
nd
nd
nd
nd
6l_

nd

nd
50

15-25
nd
nd
nd
nd
nd
nd
35

EMIX
CAGR
EMIX
GMIX
EMIX
BFOR
EMIX
CFOR
EMIX
CMIX

CMIX

891
5002

3445
6l-38
t4r7

572
3899

891
t-533

677
2653

nd
20
<5
nd
nd
nd
nd
nd
nd

4
nd nd

1. Estimated from USGS Land Use/Land Cover

Estimated from 1:500,0OO scale base map

maps.

of Virginia.2.
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Table VA-C: Municipal V¡fastewater Treatment Plants in Virginia
Study Lakesr Basins

LeveI
Treat. l Level Of Pop.

Tvpe Trmt. ServedLake
Municipal Wastewater
Treatment PIant

Anna

Beaverdam

Chesdin

Claytor

Halifax

Elannagan

Lee svÍ I Ie

Moomaw

Occoquan

Rivanna

Smith Mtn.

LouÍ sa
Louisa Cnty SB-Minerales
Louisa Regional STP
Mineral

Loudon Cnty SA-SI. Louj-s
Round HiII

Amelia Cnty SD
Crewe
FarmvilIe

Galax
HiIlsvíIIe
Independence
Pulaski
Rural Retreat
Wyetheville

Chatham
Gretna

Clintwood
Pound

Ferrum
Roanoke
Rocky Mount
Shawsville
Starkey

Ashwood
Bath Cnty SA
Hot Springs
Monterey
blarm Springs

Upper Occoguan Regional
Vùarrenton

Brownsvi I Ie
Crozet

Roanoke
Shawsvi lIe
Starkey

AL
EAlCF

LAG
TF
LAG

TF
AL/TE
AL/TE
TF
TF
CAS

nd
cAS/LAG

TE
EA

SE
CAS/NR/CF

TF
EAICCS

EAS

EA
TF
SE
nd
nd

1A/EA/cs1oD
TE/RBC/CCS

TE/PP
EA

cAS/NR/CF
EAICCS

EAS

Sec 932
Sec 33e
sec3 13002
Sec 399

Sec 5732
Ter 51O

Sec 1O0O2
Sec 2325
Sec 6467

Sec 6524
Sec 2123
Sec I]-]-2
Sec 35229
Sec l-OB3
Sec 7135

Pri 1390
Sec 1255

Sec 1369
Sec 1086

Sec 500
P 700220

Sec 4198
P 6672

Sec 33332

Sec 4640
Sec 5860
Sec 300
Pri 223
sec3 350

P 1000002
Sec 3907

Sec nd
Sec 1433

P LOO220
P 6672

Sec 33332

TF
ST
nd
LAG

(See footnotes on following page)
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APPENDIX C

Glossary of Terms

Activated Sludge: A biologícal wastewater treatment system utilizing aerobic
microorganisms (bacteria, protozoa, and rotifers) in a tank
containing wastewater to stabilize (purify) the wastewater.

Advanced Treatment: Tertiary Treatment and Advanced Treatment are sometimes
used as synonyms, but they are not precisely the same. Advanced
treatment means any process or system which is used after
conventional treatment, or to modify or replace.one or more steps, to
remove refractory contaminants. (See Tertiary Treatment)

Assimilative Capacity; Ability of a body of water to purify itself of
pollutants.

tsiochemical Oxygen Demand (BOD): Bacteria placed in contact with orqanic
material will utilize it as a food source, consuming oxygen to
oxidize the organic material to stable end products such as carbon
dioxide and water. The amount of oxygen used in this process is
called the biochemical oxygien demand (BOD) and is considered to be
measure of the organic content of the wastewater.

Chlorophyll a: Green pigment in plants and algae necessary for
photosynthesi s .

Coliform bacteria: Nonpathogenic organisms consj.dered a good. indlcator of
pathogenic bacterial pollution.

Combined Sewer: A sewer receiving both stormwater runoff and sewage.

Combined Sewer Overflow (CSO): A discharge of a mixture of stormwater and
domestic wastes which occurs when the flow capaclty of a combined
se\^/er system i-s exceeded during a rai-nstorm.

Conventional Secondary Wastewater Treatment: These are conventional treatment
processes which achieve secondary treatment leve1s of pollutant

223
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removal. Activated sludge, extended aeration, trickling
filters, stabilization ponds, and rotating biological
contactors (to name just a few) a.re generally considered to
be conventj-onal secondary treatment. processes.

Conventional Wastewater Treatment: In the general sense, .orr,r*rrtional
wastewater treatment is the .treatment of wastewater by means
which have become well extablished and which are nor+ in
widespread use. Conventional treatment generally includes a
primary treatment step and a conventional secondary treatment
step. (AIso see Conventional Secondary Wastewater
Treatment).

Designated Use: A system of classifying water utilization in natural
waterways that is identified in State water quality
standards. Uses can include cold water fisheries, public
water supply, fish and wiIdIife, and recreation.

Dissolved Oxygen (DO): The quantity of oxygen present in water in a
dissolved state, usually expressed as milligrams per liter of
water. Adequate levels of dissolved oxygen are needed to
support aquatic life.

Effluent: Liquid that is dischargred to the environment from a
treatment plant after completion of the treatment process.

Epilimnion: The upper circulating layer of a thermally stratified
Iake.

Estuari-es: Regions of interaction between rivers and nearshore ocean
waters,'¡/here tidal action and stream flow create a mixing of
fresh and salt water.

Eutrophication: A natural enrichment process of a lake, which may be
accelerated by man's activities. Usually manifested by one
or more of the following characteristics: (a) excessive
biomass accumulations of primary producers where surface
runoff from streams and other natural watercourses is carried
by a single draÍnage system to a common outlet.

Effluent: Liquid that is discharged to the environment from a
treatment plant after completion of the treatment process.



225

Epilimnion: The upper circulating layer of a thermally stratified
Iake.

Estuaries: Regions of interaction between rivers and nearshore ocean
waters, \nrhere tidal action and stream flow create a mixing of
fresh and salt water.

Eutrophication: A natural enrichment process of a lake, which may be
accelerated by mants activities. UsualIy manifested by one
or more of the following characteristics: (a) excessive
biomass accumulations of primary producers (e.9. algae). (b)
rapid organic and/or Ínorganic sedimentation and shallowing
of the water. (c) seasonal and/or diurnal dissolved oxygen
deficiencies.

Extended Aeratj-on: An activated sludge wastewater treatment process
that has a much lonqer hydraulic retention time than
conventional activated sludge (24 hours versus 6-8 Ïrours,
respectively). (A1so see activated sludge)

Fecal Coliform Bacteria: A group of organisms common to the
intestinal tracts of man and of animals. The presence of
fecal coliforms in water is an indic.ator of potlution and of
potentially dangerous bacterial contamination.

Heavy Metals: Metals of high specific gravity, i-ncluding, cadmium,
chromium, cobalt, copper, Iead, and mercury.. They are toxic
to many organisms even in extremely low concentrations.

Hlpoli-mnion: The lo\,ver, non-circulating layer of a thermally
stratified lake.

Lagoon: A shallow pond where sunlight, bacterial action, and oxygen
work to purify wastewater. Laqoons are widely used by small
communj-ties to provide wastewater treatment.

Limiting Nutrient: As stated by Justus Liebig in 1B4O: "Ithe] growth
of a plant is dependent on the amount of foodstuff which is
presented to it in minimum quantity lin relation to its
needsl.rr Thus, a limiting nutrient can be considered to be .a

nutrient which stimulates plant growth (e.9. algae and
macrophytes) when its concentration in a waterbody íncreases.
Phosphorus is considered to be the most common lirniting
nutrient, however nitrogen is also often limiting, and
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phosphorus and nÍtrogen commonly are co-limiting.

Macrophytes: Large vascular, aquatic plants which are either rooted
or floating.

Mesotrophic Lake: A trophic condition between an oligotrophic and a
eutrophic h¡ater body

Municipal Watewater Treatment Plant: A publicly owned wastewater
treatment facility. Generally, the wastewater contains both
domestic (household) wastes and some industrial/commercial
v¡astes.

Nltroqen: An essential plant nutrient present in high concentrations
in wastewater. Some commonly measured forms of nitrogen are:

- Ammonia (NHg ) .

Ammonium ion (NH+ ).
- Nitrite ion (NOz ) .

Nitrate Íon (NOs ) .

- Total Kjeldahl Nitrogen (TKN), orgiainc nitrogen plus ammonia
nitrogen.

- Total Nitrogen, includes all forms of nit.rogen and is
generally calculated. as the sum of the nitrite, nitrate, and
total Kjeldahl nitrogen concentrati-ons.

Non-point Source: non-point source pollutants are not traceable to a
discrete orlgin, but generally result from land runoff,
precipitation, drainage, or seepage. These pollution sources are
diffuse rather than discreet in origin. The commonly used categories
for such sources are agriculture, forestry, urban areas, mÍning,
construction, and saltwater intrusion.

Oligotrophic Lake: A lake with a small supply of nutrj-enls, and
consequently a low level of primary production. Oligotrophic
lakes are often characterized by a high level of species
diversi fi cation.

Phosphorus, Available: Phosphorus which is readily available for
plant growth. UsuaIIy in the form of soluble
orthophosphates. Phosphorus, lotal (TP): All of the
phosphorus present in a sample regardless of form.

Photosynthesis: The process occurring in green plants in which light
energy is used to convert inorganic compounds to
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carbohydrates. In this process, carbon dioxide is consumed
and oxygen is released.

Point Source: A discreet pollutant discharge such as a pipe, ditch,
channel, or concentrated animal feeding operation.

Polishing Ponds: Aerobic or facultative ponds that potish the
effluent from conventional treatment plants by further
reducing the settleable solids, biochemícaI oxygen demand,
fecal bacteria, and ammonia (NHs). (See Ponds)

Po1lution: A condition created
obj ectionable material

the presence of harmful or
water.

by
in

Ponds (Wastewater Treatment): An earthen basin open to the sun and
air that depends on biological, chemi-cal, and physical
processes to stabilize (purify) wastewater. These processes
include sedimentation, digestion, oxidation, synthesis,
photosynthesis, endogienous respiration, gas exchange,
aeration/ evaporation, thermal currents, and seepage.

Primary Treatment: Primary treatment is the removal of the larger
particulate material in wastewater generally through allowing
the particles to settle out of the water column to the bottom
of a tank where they can be collected (i.e. sedimentation).
It may also be used to describe a treatment process that does
not achieve secondary treatment effluent standards.

Rotating Biological Contactor (RBC): This system of wastewater
treatment, Iike the tricklíng filter, is a fixed growth
reactor. The process involves the rotating of partially
submerged disks in wastewater, allowing wastewater to flow
over a fixed biomass film (composed of microorganisms) on the
d.isk and absorbing oxygen from the air. The microorganisms
remove dissolved oxygen and organj.c material from the
wastewater.

Sand Eilters: Granular media filtration used as an effluent p,olishing
technique in treatment plants to increase biochemical oxygen
demand, and suspended solids removal.

Secchi Disk Depth: A measure of optical water clarity as determined
by lowering a weighted Secchi disk into a water body to the
point where it i-s no longer visible.
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Secondary Treatment: A treatment process that achieves a level of
effluent quality established by the EPA in 1973. Acceptable
secondary treatment must have the following minimum water
quality parameters:

A 30 nq/L concentration (30 day arithmetic mean) for
biochemical oxygen demand and Suspended Solids.
Removal efficienci-es shall not be less than 85
percent.
A geometric mean (30 consecutive days) of 2O0 per 100
mI for fecal coloform counts.
Effluent pH shall remain in the 6.0-9.O range.

Septic Tank: The most popular on-site wastewater treatment technique
which relies on a collection tank which receives waste from
the home and provides a period of settling, during which a
significant portion of suspended solids settle out and are
gradually decomposed by bacterial action at the bottom of the
tank. The remaining se\^/age is discharged into a drain field
composed of lengths of porous or perforated pipe placed at
shallow depths. A weII designed and maintained system will
provide ecologically sound treatment.

Suspended Solids: Refers to the particulate matter in a sample of
water, including the material that settles readily as well as
the material that remains dispersed.

Tertiary Treatment: Advanced Treatment and Tertiary lreatment are
sometÍmes used as synonl¡ms, but they are not precisely the
same. Tertiary treatment suggests additional step applied
only after conventional primary and seÇondary waste
processing. Upgrading treatment to increase biochemical
oxygen demand, and suspended solids removal and/or nutrient
removal can be accomplished through tertiary treatment.
Ex amp r e sniå:åËii::"il"il"l:i: 
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Total Nitrogen: (See Nitrogen).

Total Nitrogen to Total Phosphorus Ratio (TN:TP): The ratio of the
total nitrogen concentration to the total phosphorus
concentration in water serves as a yardstick with which to
evaluate whether nitrogen or phosphorus is the Iimiting
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nutrient (see limiting nutrient). In general, nitrogen is
considered to be the limiting nutrient if the ratio is less
than 10, and phosphorus is limiting if it is gireater than
about 15. When the ratio is between 10 and L5 the limiting
nutrient can not be predicted, and the two may be
co-Iimiting. Numerous studies have used slightty different
values than those presented here.

Treatment Plant: A structure constructed to purify wastewater prior
to discharging it to the environment. The purification, oF
treatment, is accomplished by subjecting the wastewater to a
combination of physical, chemical, and biological processes
which reduce the concentration of contamj.nants present in the
wastewater.

Trickling Filter: A biological treatment process where wastewater is
purified by trickling wastewater over rocks on which colonj-es
of bacteria are growing. The bacteria remove the orgranic
impurities from the wastewater and utilize it as a food
source. The name trickling filter is a misnomer since no
filtering action in a physical sense occurs.

Trophic Condition: A relative description of a lakers biological
productivÍty. The range of trophic conditions is
characterized by the terms oligotrophic for the least
biologically productive, to eutrophic for the most
biologically productive. Turbidity: A measure of the
cloudiness of a liquid. Turbidity provides an indirect
measure of the suspended solids concentration in water
hlater Quality: A term used to describe the chemical,
physical, and biological characteristics of water, usually
with respect to its suitabilíty for a particul_ar use or
purpose.

Water Quality Standards: Requirements authorized by State law that
consist of designated uses for aII waters and minimum
acceptable levels of water quality that wiIl permit
achlevement of these uses. The criteria can be numerical or
narrative.



APPENDÏX D

Table of Conversions and Definition of Units

cfs = cubic feet per second = 7.48 gallons per second
= 28.32 liters per second = 35.31 cubj.c meters per second

ha = hectare = 2.47 acres

km = kilometer = 1000 meters = 0.62 miles = 3281 feet
kmz = square kilometer = 10O hectares

= 247.11 acres = 0.39 square miles

kg = kilogram = 2.2O pounds

kg P/c ap / v' = 

=k;l ; 3';H"å:';fl::;i:,Í:'o: :': l;ri:'oål'f 
" ^,

ks P/km 2 / v' = 

=k¿l ;3';H"å:";fl::;i:,ffi 'o :1" il: ^:å';ïï:';"1' ;"x: "'
L - Iiter = L.06 quarts

lb = pound = 0.45 kilograms

m = meter = 1.09 yards = 3.28 feet
mgd = million gallons per day = 11.57 gallons per second

1.55 cubic feet per second

nq/L = milligrams per liter = ppm = parts per million
miz = square mile = 64O acres

= 259 hectares = 2.59 square kilometers

ml = milliliter = 1,/10OO of a liter
ug = fticrogram = 1/1OOO of a milligram
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APPENDIX E

Descriptions of Data Sources

The Federal Water Pollution Control Act Amendments of 7972
(Public Law 92-500), which arose from the recoqnized need torrmaintain the integrity of the Nationts \n/atersrr, conferred to the
states the responsibility of preventing, reducing, and eliminating
pollution.

To aid the states in achieving this goal, t'*ro provisions of the
Public Law 92-5O0 were instituted: Section 305(b) State Water Quality
Summary and. Section 314 Clean Lakes Programs. These measures were
intended to provide economic support and standardized approaches for
the states to'use in evaluating and reporting on the condition of
their surface waters.- One aspect of these programs was to encourage,
each state to develop a trophic state (water quality) ranking for its
publicly-owned Iakes. 1n addition, a prioritized ranking of the
staters streams and publicly owned lakes was to be established based
on the support of designated uses and need for restoration. The
biennial state water quality reports mandated by Section 305(b)
provide a standardized means of reporting a statet s \^Jater quality
assessments to the U.S. Environmental Protection Agency (EPA). It is
then the EPAis responsibility to provide Congress with a biennial
update on the nationrs v¡ater quality.

In contrast, the Section 314 Clean Lakes Program is an optional
investigative vehj-cle through which state funds for the analysis of
publicly-owned lakes are matched by federal funds. Conclusions were
to be made concerning the overall water qualitlr by combining the
results from short-term sampling conducted during the Clean Lakes
Program with previous studies and professional judgements. Lakes
chosen for analysis under the Program Ïrave generally been those
directly affected by human activities or those having significant
public interest and use. Thus, the result of the Clean Lakes Program
has been a sound information base upon which intelligent,
cost-effective water quality management decisions can be founded.

In 1982, the Association of State and Interstate Water Pollution
Control Administrators (ASIWPCA) and the EPA cooperated in the
development of a comprehensive program to evaluate the progress made
by the states in meeting the requirements set down by the Public Law
92-500 (ASIWPCA, 1983a,b). The ASIWPCA sent a questionaire to the
appropriate personnel in each statets water quality agency and
compiled the responses/ which paralleled the data generated by the
statesr 305(b) and CIean Lakes Progrram reports. The resulting
publication, consisting of state-by-state water quality summarÍes,
has provided an excellent, standardized basis from which a qeneral
assessment of water quality on the national level can be made. The
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report has targeted point sources (e.9. municipal and industrial
wast,e discharges), non-point sources (e.9. diffuse runoff, including
agricultural runoff ), and t,oxj-c pollutants as significant problem
areas.




