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Introduction

On Thursday, October 6, 1988, Cliff Schneider, Terry Anderson, and Tom
VanArsdall performed a chloride plume study on Lily Creek and Lake Cumberland. The
chlorides come from the Union Underwear facility and pass through the Jamestown STP,
which discharges to MP 7.35 of Lily Creek. This is about 1.75 miles above the impoundment.
The purpose of the study was to follow the chlorides from the free - flowing portion of Lily
Creek through the impounded portion of Lily Creek and then out into the main lake. A study
plan was outlined (VanArsdall, 1988) and followed as closely as practical in the field. In
general, chloride samples were -taken at points identified by conductivity readings in the

vertical profile (see field data in Appendix).

Results and Discussion

The day of the study was cool (40-559F) and sunny. According to the Corps of
Engineers (1988), the lake elevation had been slowly dropping to 690.11 ft MSL on October 6.
Average daily discharge through Wolf Creek Dam had been near 2100 cfs for several days.
The first sample was taken at Site 1 in Lily Creek near the Hwy 619 bridge (MP 5.3) at 1035
hours. The last sample was taken near the state park water intake (Site 9) at 1922 hours.
Due to failing daylight, sampling across a transect at Site 8 was not performed - only the in-

channel station near the west bank was sampled.

Results of the sampling are provided in Figures 1 and 2, Table 1, and partially
in Table 2. The Kentucky Division of Water (DOW) data in Table 1 includes only one
representative profile at each transect. Table 1 also includes data collected by Kenvirons
on September 29, 1988. Table 2 presents data routinely collected by DOW's lakes program.

The graphs in Figures 1 and 2 represent chloride conecentrations derived from: 1) sampling



results, and 2) calculations based on the relationship found between specific econductance

and chloride (at depths where samples were not taken).

Chlorides were rapidly diluted from 2120 mg/1 (a load of 17 tons/day) at Site 1
in Lily Creek to less than 100 mg/] in the headwaters of the impounded portion of Lily Creek
(Site 2). While the plume was well-mixed in these shallow headwater waters, the highest
levels further downstream toward the main lake tended to be found at 13 - 20 m. The
highest chloride concentration (81 mg/l) found at MP 2.0 of Lily Creek (Site 3) was at 13 m.
This indicates that fairly high chloride econcentrations can persist in the impounded portion
of Lily Creek upstream of the influence of the main lake. It is also evident that the highest
chloride levels were found just above the zones of maximum temperature change at about 14
m and 18 m (see field data sheets in Appendix). Water above 14 m (the epilimnion) was well

mixed, as seen by temperature changes of only about 0.3°C.

Near the mouth of Lily Creek (Site 4 at MP 0.15), the highest chloride levels
of 18-19 mg/l were found from 16-28 m, depending on the location across the transect
(Figure 1). As the chlorides then move into the main lake, they were diluted even further,
as evidenced by maximum chloride levels of about 10 mg/l at Site 7 at 14 m (Figure 2). The
control or background stations in the main lake above Lily Creek (Sites 5 and 6) had
chloride concentrations of about 7 mg/l (Figure 2), so the increase of chlorides in the main

lake was only 3 mg/l.

Kenvirons (1988) also collected chloride data in the Lily Creek embayment and
main lake on September 29, 1988. Their data (Table 1) was for the most part very similar to
that found in the present study. At MP 3.8 of Lily Creek, a ma.ximurh chloride
concentration of 58 mg/1 was found af 2 m. At MP 2.2, 85 mg/1 was found at 14.6 m, and at

the mouth of Lily Creek, 18.5 mg/1 was present at 15.2 m.
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~ The DOW maintains a lake ambient sampling station at MP 3.8 of Lily Creek.
Data since 1987 is presented in Table 2; however, only a few chloride observations are

available.

One surprising observation from the Kenvirons work was the 163.5 mg/l of
chlorides found at MP 3.2 at 11.3 m. This could indicate a buildup of chlorides near the
bottom in the headwaters of the Lily Creek embayment, and it is this layer that moves on
out into the lake at a slightly greater depth. Another possibily is that at times a higher
chloride loading is entering the lake. It is obvious from the DOW's July 1988 sample at MP
3.8 (Table 2) that there were greater chlorides present at that time than during the present

study.

The data collected in September and Oectober ‘indicate that chloride
concentrations were slightly elevated in the epilimnion, but were mostly contained at a
depth just above the thermocline. These sort of autumn conditions tend to distribute some
of the chloride load in the epilimnion, although the highest concentrations were usually
found just above the thermocline. In the summer, the temperature changes much more
rapidly between 5 and 10 meters, resulting in a shallower epilimnion, which is segregated
both thermally and chemically from the denser effluent that is discharged into the lake.
Thus, one would expect to find a narrower, more concentrated layer of chlorides during
stratified conditions of summer. This would probably result in higher summertime chloride
concentrations above the thermocline in the main lake than was found in the present study.
However, as the chloride plume approaches the mouth of Lily Creek and is diluted by water
from the main lake, it is likely that chlorides are only slightly higher in the main lake at any

time 6f the year.
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Table 1. Chloride Concentrations in Lily Creek
and Lake Cumberland, Fall 1988

Ky Division of Water - October 6, 1988 Kenvirons - September 29, 1988

Loeation Site Depth (m) Chloride (mg/1) Location Depth (m) Chloride (mg/1)

Lily Creek MP 5.3 1 Surface 2120
(stream sample)

Lily Creek MP 3.8 2 Composite 63.7 Lily Creek MP 3.8 0.6 45
(headwater of lake) 2.1 58
Lily Creek MP 3.2 0.6 40

2.1 41.5
7.3 61.5
11.3 163.5

Lily Creek MP 2.7 0.6 34
3.0 37
7.3 45.5
15.2 92.5

Lily Creek MP 2.2 0.6 27
3.0 32.5
7.3 43
1

4.6 85

41.2
43.5
81.0
55.5

Lily Creek MP 2.0 3

N =

— 0 WD
. s e
[— N — I = =]

Lily Creek MP 1.7 0.6 22
3.0 26
7.3 32.5
15.2 35.5



Table 1. Chloride Concentrations in Lily Creek
and Lake Cumberland, Fall 1988 (Cont'd.)

Ky Division of Water - October 6, 1988 Kenvirons - September 29, 1988
Location Site Depth (m) Chloride (mg/1) Location Depth (m) Chloride (mg/1
Lily Creek MP 0.9 0.2 14
3.0 15
7.3 22
15.2 43.5
30.5 29.5
Lily Creek MP 0.2 4 1.0 11.9
12.0 10.8
16.0 17.1
21.0 8.6
28.0 18.5
Cumberland River 5 1.0 6.6 Wolf Creek 0.6 8.5
MP 477.0 12.0 7.1 MP 0.0 or 3.0 8.5
{control station) 20.0 5.2 Cumberland River 7.3 8.5
25.0 5.1 MP 476.1
{control station)
Wolf Creek MP 0.2 6 1.0 6.7 Lily Creek MP 0.0 0.2 9.0
{control station) 12.0 7.5 or 3.0 9.0
20.0 5.0 Cumberland River 7.3 16.0
32.0 5.5 MP 475.7 15.2 18.5
27.4 7.5
Cumberland River 7 1.0 7.7 Cumberland River 0.2 9.0
MP 475.5 12.0 8.7 MP 475.5 3.0 9.0
(100 m from north bank) 14.0 9.1 7.3 12.5
36.0 6.4 15.2 15.0
30.5 10.0
Cumberland River 8 1.0 8.4
MP 474.3 10.0 8.5
20.0 5.1 6
35.0 5.8
Cumberland River 9 1.0 7.5
MP 473.1 10.0 7.7
20.0 4.9
20.0 5.8




Table 2. Water Quality Characteristics of the

May 19, 1987

1m

4m

Sm

6m

Tm

10m

12.3m (near bottom)

August 4, 1987

1m
4m
Sm
6m
Tm
8m (near bottom)

October 7, 1987

Im
4m
4.5m (near bottom)

‘May 10, 1988

Im
Tm
8m
8.9m (near bottom)

July 27, 1988

Im
3m
4m
Sm
5.2m (near bottom)

Upper Lily Creek Embayment, MP 3.8.2

Temperature

Dissolved
Oxygen
(mg/1)

10.2
10.2
6.

4
3.
0
0

oo ot u
e O 00 W O b =3 ©

-3 00
« e e
(=235 =)

13.4
11.3
10.5
7.8

G
e W

Specific
Conductance

(umhos/cm)

206
250
509
628
531
502
340

273
340
566
615
983
508

362
436
>1500

254
350
470
1844

452
525
647
1930
1957

(mg/1)

98

136

183



Table 2 (Con't).
Water Quality Characteristics of the
Upper Lily Creek Embayment, MP 3.8.2

Dissolved Specific
Temperature Oxygen Conductance
(°C) (mg/1) (umhos/cm)
September 28, 1988
1m 24.4 9.5 410
2m (near bottom) 24.2 8.2 435
October 6, 1988
1m 21.7 9.7 413
2m 20.2 10.0 426
2.3m (near bottom) 19.9 9.1 425

Cl”
{ mg/l)

64

a Data from Kentucky Division of Water, Ambient Lakes Sampling Program

or————
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FIGURE 1 (cont)
SITE 1. Chloride = 2120 mg/l (stream sample)

SITE 2A. Chloride = 64 mg/l (sample composited vertically)

SITE 2B. Chloride = 56 mg/l (sample composited vertically)

SITE 3 - LILY CREEK MP 2.0
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FIGURE 2 (Cont)

TYPICAL PROFILE AT CONTROL SITES 5 & 6
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