East Fork Little Sandy River TMDL Fact Sheet

Project Name:

Location:

Scope/Size:

TMDIL, Issues:

Data Sources:

Data Mechanism:

Control Measures:

Summary:

TMDL
Development:

Implementation
Controls:

East Fork Little Sandy River Dissolved
Oxygen TMDL

Boyd County, KY

River mile 25 to mile 19 of the East Fork
Little Sandy River near Ashland, KY

Point Source

Ambient monitoring and 1991 water quality
survey

KY QUAL2E predictive modelling and in
stream monitoring

NPDES Permits

In 1991 KY DOW collected water quality data
on the East Fork Little Sandy River to ver-
ify a predictive QUAL2E model run. As
expected dissolved oxygen (D.0.) violations
were found along the East Fork Little Sandy
River and Shope Creek near Ashland. Forty
wastewater package plants ranging in size
from 500 gallons per day (gpd) to 50,000
gpd discharge in the area and contribute
pollutants resulting in violations of the
D.0. standard. The model run and survey
showed that the critical condition for D.O.
is during high temperatures (summer) and
low flow conditions.

Due to the small size, improper maintenance
and poor operation of the package plants,
it was concluded that the best TMDL stra-
tegy would be to eliminate all the package
plants and send the flows to a regional
facility near Ashland discharging to the
Ohio River. Thus, the TMDL for point
source discharge is 0 mg/l1 for BOD5 and
ammonia for the East Fork Little Sandy
River.

The DOW will not permit new wastewater
discharges or approve a plant expansion in
the referenced basin. Aall existing dis-
chargers will be required to tie into the
regional sewer line. The project should
be completed by 1997. Monitoring of the
stream is planned after removal of the
dischargers.
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Abstract

There are 50 wastewater treatnent plants located in the East
Fork of the Little Sandy River. Forty of these are |ocated between
river mles 25 to 19, an area experiencing rapid growh and
devel opment. Water quality nodeling indicates this area does not
meet Kentucky's water quality standard for dissolved oxygen during
|l ow flow sumrertine conditions. The Division of Wter conducted a
wat er quality survey in August 1991 to verify nodel predictions.

Di ssol ved oxygen violations were neasured in the East Fork at
mle 25.4, mle 20.0, and mle 17.0. Violations were also neasured
in Shope Creek. The source of these violations is attributed to
package wastewater treatnent plants. An oil sheen was visible at all
the sanpling sites on the East Fork, but the source was not
di scover ed. Di ssolved solids were high in Big Run, which also
rai sed dissolved solids in the East Fork below Big Run. Flow from
surface mnes and possibly a large landfill in the Big Run drainage
area are the likely sources of these constituents. Conpletion of a
sewer line extension that wll elimnate many of the package
wastewater facilities is expected to significantly inprove water
quality. A follow up study is recommended after this occurs to

determne if problens wth oil and dissolved solids persist.



| NTRODUCTI ON

The East Fork of the Little Sandy River begins in Lawence
County and flows 45 mles to its confluence with the Little Sandy
River in Geenup County (Figure 1). A portion of the basin in Boyd
County near Ashland is experiencing rapid growh and devel opnent.
This area, from about river mle 25 to mle 19, is not served by a
centralized wastewater treatnent system Package wastewater
treatnent systens have been installed to neet the needs of individual
devel opments. Currently there are 40 package facilities within this
area, serving schools, nobile honme parks, apartnent conplexes,
commerci al establishnments, and subdivisions. Design flows range from
only 500 gallons per day (gpd) to 50,000 gpd. Smal | package
facilities are generally inefficient and difficult for individual
owners to maintain. Some of these facilities are aging and do not
operate properly.

For several years the Division of Wter (D vision) has been
noti fying | ocal governnents and developers of water quality
problens occurring in the basin. Water quality nodel results
indicate that this section of the river and sonme of its
tributaries do not neet Kentucky's water quality standard for
di ssol ved oxygen (DO . Based on these results, requests for new
wastewater facilities or expansions of existing facilities are being
denied. Denials are based on provisions contained in Kentucky Wter
Quality Regulations, Title 401, Chapters 5:005 Section 7(3)and 5:055

Section 2(3). Because of this situation, the D vision has worked



with Boyd County and the City of Ashland to extend sewers to this
area and elimnate these package facilities. Design plans for this
ext ensi on have been received by the Division and are under review.
Full conpletion of the project is expected to take two to three
years.

In August 1991, the Division conducted a water quality survey
of this section of the East Fork to verify the low DO I|evels
predicted by the nodel. This report presents the results of the
st udy.

DESCRI PTI ON OF STUDY AREA

The East Fork drains an area of 154 square mles, primarily in
Law ence, Boyd, and G eenup Counties. There are 50 package
wastewater facilities in the basin, with 40 of these concentrated
cl ose together in the reach fromabout river mle 25 to mle 19, near
Ashl and, Ky. Shope Creek, a tributary to the East Fork at mle 20.8,
has 26 of these facilities within its basin. Shope Creek parallels
H ghway 60, near Ashland, which is the fastest growng area in the
county. Locations of these facilities are noted on Figure 1 and
described in Table 1. The East Fork al so enconpasses areas of strip
mning, oil and gas production, and has a tributary stream that
drains a large landfill.

Stream slopes are fairly steep in the headwaters of the basin,
but becone very flat, to less than 5 feet per mle (ft/m), below
mle 25. The East Fork is characterized by short riffles between

| ong, sluggish pools. Streanflow during the lowflow season is
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TABLE 1. WASTEWATER FACILITIES IN THE EAST FORK LITTLE SANDY RIVER

NAME

GARNER ELEMENTARY
BOYD CO. ELEMENTARY
BEAR CREEK C.C.
HIDDEN VALLEY MHP
STANDARD STATION
BOYD CO. VOCATIONAL
BOYD CO. HIGH SCHOOL
BOYD CO. GARAGE
CANNONSBURG ELEMENTARY
FARM & GARDEN CENTER
WHAYNE SUPPLY CO.
GREEN TREE MHP
COUNTRY LANES
TOMCO APTS

TUDOR OAKS APTS
WHEELER & WILLIAMS
PIGGLY WIGGLY

LIQUID TRANSPORTERS
ASHLAND MALL

GREEN VALLEY #1
RENEE MHP

GREEN VALLEY #2
BOYD CO. LIBRARY
PARADISE LANES

KY STATE POLICE
THIRD NATIONAL BANK
JAY'S MARKET

CRIPS DAIRY TREAT
SAVE MART

SUMMIT CHURCH
COMMERCIAL BUILDING
TACO JOHNS

FIRST AMERICAN BANK
SUMMIT MEDICAL BLD.
GIOVANNIS PIZZA

JAYS TRAILER PARK
KNIGHTS INN MOTEL
SUMMIT FOODLAND
SUMMIT JUNIOR HIGH
BOYD CO. AMBULANCE

(MGD)

0.00300
0.00450
0.03000
0.00900
0.00100
0.04600
0.02200
0.00100
0.00600
0.01500
0.00400
0.00600
0.00100
0.01000
0.01200
0.00100
0.00400
0.00100
0.05000
0.01200
0.00500
0.01200
0.00100
0.00150
0.00100
0.00100
0.00400
0.00100
0.00100
0.00100
0.00300
0.00500
0.00050
0.00200
0.00150
0.00150
0.01200
0.00150
0.00650
0.00100

5

DESIGN FLOW STREAM NAME

EAST FORK

TRIB. TO ELLINGTON CREEK
ELLINGTON BEAR CREEK
EAST FORK

EAST FORK

MUSIC BRANCH

TRIB. TO EAST FORK
TRIB. TO EAST FORK
TRIB. TO EAST FORK
EAST FORK

EAST FORK

MARSH RUN

MARSH RUN

MARSH RUN

MARSH RUN

MARSH RUN

MARSH RUN

EAST FORK

EAST FORK

SHOPE CREEK

SHOPE CREEK

SHOPE CREEK

TRIB. TO SHOPE CREEK
TRIB. TO SHOPE CREEK
TRIB. TO SHOPE CREEK
TRIB. TO SHOPE CREEK
TRIB. TO SHOPE CREEK
TRIB. TO SHOPE CREEK
TRIB. TO SHOPE CREEK
TRIB. TO SHOPE CREEK
TRIB. TO SHOPE CREEK
TRIB. TO SHOPE CREEK
TRIB. TO SHOPE CREEK
TRIB. TO SHOPE CREEK
TRIP. TO SHOPE CREEK
TRIE. TO SHOPE CREEK
TRID. TO SHOPE CREEK
TRIB. TO SHOPE CREEK
TRIB. TO SHOPE CREEK
TRIB. TO SHOPE CREEK



TABLE 1. WASTEWATER FACILITIES IN THE EAST FORK LITTLE SANDY RIVER

(Continued)
MAP NAME DESIGN FLOW  STREAM NAME
(MGD)
41 ROC-KEL APTS 0.00500 TRIB. TO SHOPE CREEK
42 HALL RIDGE MHP 0.00750 STEVENS HOLLOW
43 FIRST BANK AND TRUST 0.00050 SHOPE CREEK
44 FAIRHILL ESTATES 0.01600 SHOPE CREEK
45 MR. GATTIS PIZZA 0.00600 SHOPE CREEK
46 STAR ELEMENTARY 0.00500 STAR CREEK
47 HYLAND CO. 0.01000 WILLIAMS CREEK
48 THREE SISTERS MHP 0.00160 WILLIAMS CREEK
49 PRINCELAND SWIM CLUB 0.00500 WILLIAMS CREEK

50 SIXTY FOUR SERVICE CEN. 0.00200 WILLIAMS CREEK



mnimal. The U S. Geol ogical Survey (USGS) has published streanfl ow
data for streanms in Kentucky, and report a 7-day 10-year (7Q 0O | ow
flow of 0. O cubic feet per second (cfs) at mle 37.8 and 0.40 cfs
at mle 7.5 (8). Streans such as the East Fork do not have a high
assimlative capacity to accept wastewater discharges. Slopes on
tributaries are steeper, especially in the headwater regions.
Streans with steep slopes have higher velocities and greater
reaeration, and are better able to accept wastewater discharges
W t hout experiencing water quality problens. However, these sl opes
are reduced considerably near the confluence with the East Fork
For exanple, slope on the tributary of Shope Creek at mle 1.7 is
about 87 ft/m, while the slope on Shope Creek near its nouth is
only about 9 ft/m.
DATA COLLECTI ON

Streanflow and water quality neasurenents were nade at 13
sites in the reach of the East Fork frommle 25.4 to mle 17.0 on
August 6 to August 8, 1991 (Figure 1, Table 2). Wather conditions
were hot and sunny to partly cloudy, and streanflow conditions were
low. No significant rainfall had occurred for at |east two weeks
prior to the study. Instantaneous neasurenents for DO  water
tenperature, pH, and specific conductance were nade using a Hydrol ab
4041 portable water quality neter that had been calibrated the day
prior to the study. Quality control neasurenents using the Wnkler
titration nethod were done at the first site each norning and

periodically during the day to ensure neter accuracy. DO and



water tenperature were also neasured hourly f or periods ranging
from 19 to 22 hours at four locations in the East Fork using two
Hydrol ab Datasonde | units. These wunits were calibrated to
manuf acturers' specifications the day prior to the study, and
i nst ant aneous DO neasurenents were nmade when setting and renoving
the units to ensure data accuracy. Sonde units were set in the East
Fork at mle 22.8, at mle 21.6, at mle 20.0, and at mle 17.0.
Data from these units were downl oaded to an IBM PC for analysis

Streanfl ow was neasured using a Tel edyne-Gurley flow neter that had
been spin tested prior to use, and utilizing USGS nethodol ogy. one
wat er sanple was collected in Big Run because of elevated specific
conductance values. The sanple was analyzed for alkalinity,

chloride, sulfate, calcium and sodi um
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TABLE 2. LOCATI ON OF WATER QUALI TY SAMPLI NG STATI ONS

Locati on
East Fork at 1-64, mle 25.4
Big Run on county road, mle 0.4
Musi ¢ Branch off Hwy 180, near nouth
Unnaned trib. to East Fork at mle 24.3, near nouth
East Fork at Hw 60, mle 22.8
Marsh Run at Hwy 60, near nouth

East Fork off Hwy 60, mle 21.7
Shope Creek off Hw 538, mle 1.8

Unnanmed trib. To Shope Creek at mle 1.7, near nouth
Shope Creek off Hwy 60, mle 0.4

East Fork on county road, nmle 20.0

East Fork on county road, mle 17.0

WIlliams Creek on Hw 5, mle 0.7



WATER QUALI TY

Measurenents and observations made during this study indicate
that water quality in the study area of the East Fork of the Little
Sandy River is poor during lowflow, sumrertinme conditions.
Kentucky's criteria for DO were violated in the East Fork at mle
25.4, at mle 20.0, and at mle 17.0. These criteria stipulate that
daily average DO cannot be less than 5.0 mlligrans per liter
(mg/L), with no instantaneous |evels below 4. 0 ng/L. Two | ocations
in Shope Creek also violated these criteria. Table 3 and Figures 2
through 5 present this data. These violations are |ikely caused by
the effluent from package wastewater facilities. WAst ewat er
effluent contains oxygen-consum ng carbonaceous and nitrogenous
substances, and other nutrients which pronote algae growth. Algae
produce oxygen during daylight hours and consunme oxygen at night,
and |l arge algal bloonms can result in severe water quality problens.

Di ssol ved oxygen in the East Fork at mle 25.4 (Site 1 on
Figure 1) was 4.6 ng/L on August 6 at 2:30 PPM Nornmally, DO in the
afternoon is nuch higher because of photosynthesis by algae.
Weat her conditions were cloudy, and there was oil on the water
surface. These factors may have reduced photosynthetic activity at
this site, but do not appear to have affected other sanpling
stations. This low DO may be the result of effluent from a nobile
home park 0.6 mles upstream This facility is known to have had
operational problens in the past. In contrast, the DO in Big Run
(Site 2) at mle 0.4 was 13.2 ng/L at 3:05 P.M, a clear indication
of photosynthesis. Misic Branch (Site 3) and the unnaned tributary

10



TABLE 3. WATER QUALITY COEDITIONS IN EAST FORE LITTLE SAMDT BIVER

: : ! : 1 DISSOLYED | WATER ! SPECIFIC
WP S ! STATION ! DATE ! TR ! BLOK ! OLTGEN ! TENP. !CONDOCTANCE! B
' H i v (CFS) ! (KG/L) !(DEG. C)! (uS/CH) ! [DHITS)
[ BT ROBE LITILE 8-06-91 1230 BH. {001 | 46 | 224 | &0 | 1.2
ISANDT, MILE 25.4! ! ! ! ! ! ;
--------- e
71 BIGEOY ) 8-06-81 05PN ! 047 ¢ 132 ¢ 236 ! 1995 ! 8.1
AT NILR 0.4 ! : : : ! :
- 1 1_ | 1 1 1 l.-_ __-:- ________
30 WUSIC BRANCE ! 6-06-31 12:00 P.M. | 0.0 | : ! :
| HEAR MOUTE | ; i i ; ; :
_________ |________________|_________!__________‘ 1 ——-l | S [
! TRIB. 10 BAST | : : : : : :
¢ IP0LITILE SANDY ! B-06-91 12:0 B.X. ! 0.0 ! : ! :
' OAT NILE 243 i : : v :
: : H H H : H h
5 'EAST PORK LIMMLE! 8-06-91 '11:15 AM.! 038 ! 5.7 ! 26 ! 195 ! 1.5
ISADY, MIIE 22.80 8-07-91 19:15 A%, ! 0.3 ! 53 L 220 ' {014 ! 15
1 _r --------- ] ] 1 1 1 l e -
! MABSEROR ! 8-06-01 {15 P! 0.08 ! 6.9 ! 28 {. 130 ! 1.1
! JEAR NODTE ! : : : : ! :
: onereeeene : e :
7 ULAST FORK LITTLE! B8-06-91 '1:00 PX. ! - ! 8.0 L 24 ! 10 ¢ 16
O ISKNDT, MILE 2070 8-07-01 19:50 AN, 1 - ! &1 P 15 ' T ! 15
—— 1 - 1 =1 S | t 1 |
§ | SHOPE CREEK ! 8-07-81 '3:00 BN, ! 0.06° ! 3.0 ! 2.9 ' 84 ¢ 1.4
U AT HILE 18 : : : : : :
_________ LR DU DU R D : ,-_____-: ___________: e ——
9 ¢ TRID. 70 SHOPR ! 8-07-91 12:30P.K. ! Q.06 ' 9.7 ! a0 i 670 ! 8.4
'CRREL, MILE 1.7 ! ! ! : ! ! !
_________ 1 R 1 | IR B : : _:___________
10 ! SEOPE CEREK ! 8-07-01 ‘LS P! 003 ! 3.2 f 222 680 | 1.5
' OATNILE 040 ! ! ! ! ! ! !
U1 IEASTRORE LITTLE! 6-07-91 '10:20 A.K.! 048 ! 3.4 2.4 1 560 | 1.5
ISANDT, ILE 20.00 B-08-91 19:00 A.K. | - ! 40 ! 25 ' 55 ! 15
12 I3AST FOBK LITILE! 8-07-91 '10:30 A.K.! 089 ! &3 ! .4 1 61 ! 1.5
ISANDT, MILE 17.00 B-08-31 10:35 AN, ! It AR YRR
13 0 WILLIANS CEEEK ! 8-07-91 13:30 PN, 0.07 L 87 1 285 ' g5 | 1.4

VAT IR 0.7 !

11



to the East Fork at mle 24.3 (Site 4) were dry. Although the
sanpling sites on these streans were bel ow wastewater facilities,
these primarily serve schools which were not in session. DO in the
East Fork at mle 22.8 (Site 5) was above the state criteria over a
21 hour period beginning at noon on August 6 and ending at 9:00
A M on August 7 (Figure 2). G| was again observed on the water
surface. A local resident indicated that the oil was recent, but
he did not know its source.

The sanpling site on Marsh Run (Site 6) was below six small
wastewater facilities, but DO was not below criteria at the tinme of
sanpl i ng. The site was in a pool containing matted periphytic.
al gae, and below a riffle area. Both factors would hel p increase DO
but algal respiration at night nmay | ower Do below criteria.

DO concentration in the East Fork at mle 21.7 (Site 7) also
was not below state criteria over a 19 hour period begi nning at 2:00
P.M on August 6 (Figure 3). The curve on Figure 3 is typical for
streans, with a snmooth upward rise to a peak in late afternoon and a
sl ow decline before dawn. This area is a |ong pool exposed to full
sun during daylight hours. GO, however, was again visible on the
wat er surface.

Shope Creek at mle 1.8 (Site 8) was septic with a strong
sewage odor. The cause was inproperly treated ef fluent from one or
nore of the upstream wastewater facilities. The tributary to Shope
Creek at mle 1.7 (Site 9) did not violate DO criteria when sanpl ed
at 2:30 P.M on August 7, despite the large nunber of package
wastewater facilities upstream This tributary has a steep sl ope

12
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which maintains sufficient velocity to allow a substantial
reaeration in rif f les. Further downstreamin Shope Creek, at mle
0. 4 (Site 10), DO again was low and in violation of criteria. This
site was below several nore facilities, and stream slope was much
| oner allowing for water to becone nearly stagnant in pools. Streanf
low at this site was | ess than half of that neasured at Sites 8 and
9, about 1.4 mles upstream This is not wunusual for sumrer
conditions, when water is lost to evapotranspiration and mgration
to the groundwater table.

The East Fork at mle 20.0 (Site 11) and mle 17.0 (Site 12)
exhi bited severe problens. Di ssol ved oxygen did not exceed 5. 0
ng/L at either |ocation over a day-night cycle (Figures 4 and 5). DO
at mle 20.0 was often less than 4.0 ng/L, while the mle 17.0 site
generally renmained at about 4.5 ng/L. In addition, the cycles did
not exhibit the normal type of curves, but were erratic over the
peri od. Both sites are below the nmgjority of the wastewater
facilities, and water quality is likely affected by their effluents.
This reach also has a heavy tree canopy which would reduce
phot osynt hesi s by bl ocking sunlight during daylight hours, and both
sites had oil on the surface.

Wllians Creek at mle 0.7 (Site 13) did not violate the DO

criteria.

Besides the problems with DO violations and visible oil, a
third water quality problem was noted. Speci fic conductance, a
nmeasure of the dissolved solids content of water, was 450

m crosi emans per centineter (uS/cn) in the East Fork at mle 25.4

15
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(Table 3). This is within a normal range for streans in Kentucky.
The value neasured in Big Run at mle 0.4 was 1993 uS/cm which
raised the value in the East Fork at mle 22.8 to 1075 uS/cm

Sources of dissolved solids, which is conprised of calcium

magnesi um sodi um potassium chloride, sulfate, nitrate, carbonate

and bicarbonate ions, i nclude runoff from surface mnes,
underground mnes, oil drilling, wastewater treatnent facilities,
urban runoff, and possibly landfill |eachate. The USGS, in a

report published in 1983 docunenting water quality inpacts from
coal mning, sanpled 282 sites in the Big Sandy, Levisa Fork, Tug
Fork, and Bl aine Creek basins of Eastern Kentucky. They reported a
medi an concentration of 336 uS/cm wth a range from 10 to 26, 000
uS/cm N nety-five percent of the sanples were |less than 900 uS/cm
(5). An exam nation of topographic maps indicates the |ikely cause
of the high dissolved solids in Big Run is from either mning
activities or a large landfill, or both. An attenpt was nmade in
the field to track the source of this condition, but was not
concl usi ve. A water sanple was collected in Big Run and anal yzed
for various conponents: calciumwas 190 ng/L, sodium was 132 ng/L.
chloride was 46 ng/L, alkalinity was 176 ng/l, and sulfate was 746
ng/ L. All are much higher than normal for streans in Kentucky.
Sulfate is commonly high in mned areas. M ne drainage is often
acidic; however, the USGS has noted that low pH is not comon in
Kentucky streans because runoff is quickly neutralized by
calcareous material and alkaline water in the streans (5).
Al though pH of the sanple was 8.1 units, m ne drainage cannot be
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ruled out as the source of the high dissolved solids. Di scussi ons
with field office staff in the Division of Waste Managenent i ndicate
that Big Run receives flow fromboth strip mned areas and fromthe
sedi nent collection basin at the landfill. Flow occurs year around
fromthe mning areas and nuch of the tine fromthe sedi ment basin.
The landfill has a stormnvater permt fromthe D vision of Water, and
a review of Discharge Mnitoring Reports from the previous year
shows a range of specific conductance from 860 to 1200 uS/cm
sulfate from 321 to 526 ng/L, sodium from 41 to 200 ng/L, and
chloride from 110 to 430 ng/L. The landfill itself appears to use
an old strip-mned area, which mght contribute water to the
landfill's sedi nent basin. This basin is currently being enlarged
whi ch woul d reduce the anobunt of flow reaching Big Run during | ow
rainfall periods (evaporation from the basin would exceed inflow
during dry periods). Speci fic conductance decreased in the East
Fork at mle 21.7 and at mle 20.0. Decreases can occur by the
addition of water with |lower conductivity and through uptake of the
various conponents by algae (7). Since streanflow increased only
slightly in this reach, the likely cause of the reduction is uptake
by al gae. Speci fic conductance increased frommle 20 to mle 17,
and streanflow nearly doubled in this reach. There are no
wastewater facilities between these sites, and no significant
tributary streans were seen. This increase may be the result of
normal groundwater inflow between these locations or may be

additional flow from strip mnes |ocated between these sites.
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Specific conductance in Shope Creek and Marsh Run is sonmewhat

el evated, and |ikely caused by wast ewater discharges.

CONCLUSI ONS AND RECOMVENDATI ONS

The East Fork of the Little Sandy River, at |east between
mles 25.4 to mle 17.0, is of poor quality during low flow
summertinme conditions. The river and its tributaries are adversely
affected by the effluent from 40 package wastewater facilities,
causi ng | ow di ssol ved oxygen and al gal bl oons. Ol was observed on
the water surface at all sanpling sites in the East Fork. This may
only be a tenporary condition resulting from an unknown source
upstream or it may be a nore constant occurrence from poorly managed
oil and gas drilling operations, |eaking storage tanks, or other
sources. Specific conductance and dissolved solids were very high in
Big Run, and are affecting quality in the East Fork. Sources are
likely from surface or underground mning scattered throughout the
Big Run basin and froma large landfill at mle 1.2 of Big Run.

Based on Kentucky Water Quality Regulations, Title 401
Chapters 5:005 Section 7(3) and 5:055 Section 2(3) and the results
from this study, it is recomended that the D vision continue to
deny new or expansion of package wastewater facilities in this area
of the East Fork and its tributaries. Conpl etion of the sewer
extension project to elimnate existing package facilities 1is
essential for future growh and devel opnent. Once conpleted, the
Di vi si on shoul d conduct a follow up study to docunent water quality
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i nprovenents, and determne if problens with oil and di ssol ved solids
persi st. If so, further work wll be necessary to determne the
sources of these problens and i npl enent renedial actions to elimnate

t hem
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