JOURNAL OF THE TENNESSEE ACADEMY OF SCIENCE

VOLUME 50, NUMBER 3, JuLy, 1975

POSSIBLE EFFECT OF ACID MINE DRAINAGE ON THE WATER
QUALITY AND FISH POPULATION OF DALE HOLLOW
RESERVOIR, TENNESSEE AND KENTUCKY
ERNEST L. RAGSDALE AND FRANK J. BuLOW

Tennessee Technological University
Cookeville, Tennessee 38501

ABSTRACT

Variops water quality parameters of Dale Hollow
Reservoir, a 30,000 acre Corps of Engineers impound-
ment of the Obey Rivgr, were studied. Emphasis focused
upon the effects of acid mine drainage which enters the
impoundment from one of the tributaries.

Sinc;_e the reservoir _is a “two story” impoundment, the
study involved a vertical as well as a horizontal profile.
Some of the differences observed in affected portions of
the reservoir are‘assocnated with acid mine drainage.
Tpese included higher levels of sulfate and iron along
with lower pH and alkalinity. Comparison with a creel
census indicated higher productivity in the unaffected
areas.

INTRODUCTION

Dale Hollow Reservoir is a 30,000 acre U.S. Army
Corps of Engineers storage impoundment formed by
inundation of parts of the Wolf and Obey Rivers (Figure
1). Physical features, thermal stratification and dissolved
oxygen characteristics of the reservoir are described by
Ragsdale and Bulow (1975). The East Fork of the Obey
River has been severely polluted by acid mine drainage
(Nichols and Bulow, 1973). The West fork of the Obey
River is affected by intermittent acid mine drainage but
tends to buffer the effect of the East Fork on Dale
Hollow Reservoir (Carrithers and Bulow, 1973). The
purpose of the prescnt study was to determine effects
of acid mine drainage on water quality and fish popula-
tion. Potentially affected areas of the reservoir were
compared with unaffected areas. For such comparison
the reservoir can be divided into the Obey River em-
bayment (B in figure 1), the Wolf River embayment

(A) and the reservoir proper (C).

B
i
FIG. 1:

Dale Hollow Reservoir, Tennessee, indicating !he Wolf
gizgroémbaymem (A), Obey Embayment (B), Reservoir Proper
(C), and Individual Transects (1 through 10)
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MATERIALS AND METHODS

Ten transects, spaced at five to seven mile intervals, were
established throughout the reservoir (Figure 1). Two transects
were located on the Wolf River branch of the reservoir, four
were located on the Obey River branch, and three were located
beloyv the confluence of these two major branches. To obtain
maximum vertical distribution, water samples were taken at the
deepest point along the transect as indicated by a Lowrance
Model LFP 300 Fish Lo-K-Tor. As a result, the sampling site
was often equidistant from both banks and located in the old
river channel. Notable exceptions occur at transects near the
headwaters of the reservoir, these due primarily to the channel
there being narrow and deeper on one side.

Monthly sampling was conducted from February, 1971,
through January, 1972. Two boats were stationed at different
points on the reservoir and used to travel to the individual
transects. Four stations were sampled in a single day. To pro-
duce valid comparisons between the various transects, time
lapse between sampling trips was not greater than three days.

Chemical parameters sampled were total hardness, calcium
hardness, magnesium hardness, total alkalinity, phenolphthalein
alkalinity, methyl orange alkalinity, pH, sulfate and iron. The
pH was measured at the sampling site, while remaining water
samples were analyzed in the laboratory. Samples were taken
at ten meter intervals before stratification appeared. After
summer stratification had begun, however, sampling was ad-
justed to correspond with the epilimnion, metalimnion, and
hypolimnion. As a result, values were grouped as either top,
middle or bottom. Subsurface samples were taken with a 3.1
liter Kemmerer water sampler attached to a graduated line.
Cubitaners (Hedwin Corp., Baltimore, Maryland 21211) were
used for the collection and transport of samples. All bottom
samples were taken as close to the water-mud interface as
possible. Field analysis of pH was accomplished with a Hach
Kit Model AL-26-WR. Laboratory analysis of samples was
accomplished within 12 hours of collection; these determinations
were made with a Hach Kit Model DR-EI. Total hardness was
determined by titration. Calcium hardness was then measured
and subtracted from total hardness to obtain magnesium hard-
ness. Alkalinity was measured by Methyl Orange Titration.
Other values were determined by direct readings from: the
DR-EL-AC Colorimeter.

RESULTS AND DISCUSSION

The chemical composition of ground water that drains from
a mine is frequently altered. This chemical alteration in coal
mines is generally understood to begin when pyrite (FeSy),
which is usually associated with coal deposits, is exposed to
the atmosphere. The resulting oxidation produces soluble sul-
furic acid and associated iron compounds. Any ground water
coming into contact with these substances dissolves the mptall}c
salts and also acts as a carrier for the sulfuric acid which in
turn dissolves mineral deposits such as manganese anfi calcium
(Appalachian Regional Commission, 1969). The specific cl}em—
istry of the entire process is extremely complex and not precx_sely
defined. However, it can generally be represented by equations
described by Hill (1968). Waters affected by acid mine drainage
can be characterized in terms of 11 parameters; these, along
with the values which make them indicators, are listed below.

pH < 6

Acidity > Alkalinity
Manganese > 05 ppm
Total Iron > 0.5 ppm
Sulfate > 75 ppm



2o
e
TE

pegerivic 3
cult

P R il
et

Sufoor a0l

skﬂ

113

.L”i.

Jocmac g THE TESNESEE ACHE =

_h
it i

<

e
TnLes

ul

T T I

Tl WD

AAAANA .“;_ :m z:_@_m i

T e

a&u g pwmuan%umn
_m;mvlv_

mmm,m

.ag.n_ __#

R % U

,&m_ ,u“.

ﬁumi

3T

mmm e}

- mmamm=

.
"

b3
5 s
FIG. 3:
dond Seanderd Desarion of

. of oo
Frammece

U S

-
-

98 P preamy pony

of pH
Grouged

(Lowey Gragdi
-mh:llﬂ

hich prodeccs
owered, bet
xy—
Towerod. The

cl

PR

»-

oriigt

Iy j .: i
mwm :m »u_uw m.md.m
A hininte
AT Y
il il
Ll
mwmm mummmmmw- hmm

ES o
-m!
rmu
fa e

of e

Grosped
Grephh

Graph), Mean Valmes
#t Eavt Trampext (Lower

. Tenmexser

Tep

Borrom

L M
addie and
ollow Ry,

T, T
Valort st Fare

& Top. M,

Dwie H,

0o of Salfeny
Vatuyy Crouped
(Lower Graph),

e
F'G. “;
Wean oed Somodard Dey

ramsece (Top Graphy: Memn
. @l Bortam ur esch Tremvecr

Wanueme W
Vibery & Faex T,
o Ty Madie
Tsse Rollow Resorvoir

TV



94
istic 150
the characteristic
None of values approached o in Figure 6
refesred 1o by Hill (1968). The lower $250 e stronsly
ppm w(al hﬂdﬂel“m 1ard

SN0 Rew
3
B it Sl e
- -
R A
-
-
R
=g

]
3 ]
70 1“ +
]
50 '
___‘d
3 10
1 2 3 4 5 [ 7 ] 4
TRANSECTS
;uo
) 18 W
€ 5
s o /"o.
e B
0 ’ 2 -
! ' : ¢ ﬂumu‘ g ‘ o

Maximum, Minimum, Mean and
Hardness Values (Top Graph); Mean
Magnesium Hardness (Lower Graph)

Wolf River the
data also indi thatagwaterprweptagcgfthe_ﬁsherme_n
werenwcessfnlmtheWolfRiva.Anmtcresungpmntthatu

TABLE 1: Summary of Creel Census Data Taken by
Tennessee Game and Fish Commission, Dale Hollow

Reservoir. Tennessee. 1967 through 1971*
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SDates are based om fiscal yesr sad therefore include data frem July of the
previous year to July of the curreat yesr.
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