
.,

I.

"£

',) ...,... ,.

.1.... J •

..;:' / ::'.;:'
"1 ..

~ , ':

: i .

& conllUlt:if,g in

,:. ,.' ' .

. ,',

1:

, .~" :
t ".

:.. ; ~ "';":',

-:: :.:' I. :. '.i.., .

...



,
.~~ WAPORA Inc.

~ Project No. 160

..~-.-

Reeeerch & Coneult:ing in Pollution Cant:raI

~.:; V SUT'-:'N ULJILC'lINI; 4901 '-llLl-V l4(lAD CINCINNATI ()t-4oQ 45238 PHONe: (!SOl Y22--6000

September 28, 1976

Approved by:

J. M. STUART STATION

316(a) Demonstration
)

FIN AL

Submitted to:

THE DAYTON POWER AND LIGHT COMPANY
Dayton, Ohio

Submitted by:

WAPORA, Inc.
Cincinnati, Ohio

Bernard L. Huff, Manage
Cincinnati Office

Reviewed by:

Aquatic Biologist

AIR SOLID WA8TE



TABLE OF CONTENTS

~ WAPOAA

Page

List of Tables. i

List of Figures • iv

I. SUMMARY AND CONCLUSIONS 1

A. Background. . . ~. 1
B. Thermal Plume Configuration • 1
C. Biological Impact Assessment. • 1

1. Phytoplankton • 2
2. Periphyton. . • • 2
3. Zooplankton • • • • 2
4. Macroinvertebrates. . 3
5. Fishes. 3

II. INTRODUCTION. 10

A. Background. 10
B. Nature of Demonstration • 10
C. Site Description. • 11

III. ENGINEERING AND HYDROLOGY • 16

A. Engineering • 16
1. Unit Operating Characteristics. 16
2. Cooling Water Characteristics · · 16
3. Time-Temperature Profile. 16
4. Record of Station Shutdowns and Recorded

Effects. 16
5. Heat Rejection. 18
6. Outfall Configuration • 18
7. Deicing Line Operation. . • 18

B. Hydrology • 19
l. Flow (Discharge). . • 19
2. Currents (Velocity) . 20
3. Depth Contours. 20
4. Ambient and Discharge Temperatures. • • 20

IV. THERMAL PLUME ANALYSIS. • • 83

A. Field Observations. • 83
B. Water Quality Compliance. 85
C. Low Flow Model. . ... 88

V. BIOLOGICAL IMPACT ASSESSMENT. 111

A. Introduction. • • • 118
B. Phytoplankton • 118
C. Periphyton. 121
D. Zooplankton • 121



~ WAPORA
_•.~--

TABLE OF CONTENTS (continued)

v. BIOLOGICAL IMP~CT ASSESSMENT (continued)

E. Macroinvertebrates. • • • • • • • • • • • • 122
F. Fishes. . • • . • . • • • . . . . . . . . • . • . 124

1. General Ecology of the Ohio River • • • • • • 125
2. Habitat Description of the J. M. Stuart

Study Zones. • • • • • • • • • • • • • 125
3. Habitat Description o~the 301 Kilometer

Study Area • • • • • • • • •• • • • • 127
4. Fish Survey Methods • • • • • • • • • • • • • 129
5. Study Results and Discussion. • • • • • 130

G. Nuisance Species. • • • • • • • • • • 144

VI. SYNERGISTIC EFFECTS • • · . · . . · . · . . · . 185

A. Existing Pollutants · · · · · • . . · · • · · · •
B. Dissolved Oxygen. . • • · • · · • · · • · ·C. Gas Bubble Disease. · · · · · · . • · · · • ·D. Chlorine. . . . . . · · · · · · · · ·

185
185
185
186

VII. ECONOMIC AND RECREATIONAL EFFECTS · . . . · . . · . . 189

VIII. LITERATURE CITED.

IX. APPENDIX••• . . . . . . · . . . · . . · . . · .
190

194



Number

~ WAPORA

LIST OF TABLES

II1-l

111-2

Cooling water characteristics calculated for J. M.
Stuart Station, Units 1, 2 and 3 (from The Dayton
Power and Light Company) ••••••••••••••

J. M. Stuart Station complete shutdowns, 1970-1976
(from The Dayton Power and Light Company) • • • • •

• • • 21

22

111-3

111-4

111-5

Numbers and species of dead fish counted in the effluent
canal (locations designated in a downstream direction)
following a shutdown occurrence on January 21 or 22,
1971 (from Gammon, 1971). • • • • • • • • • • • • • • 24

Heat rejection rate at the J. M. Stuart Station for a
typical day and year of operation (from The Dayton
Power and Light Company). • • • • • • • • • • • • • • 25

Outfall configuration for the J. M. Stuart Generating
Station discharge system to Little Three Mile Creek
(from The Dayton Power and Light Company) • • • • • • •• 26

111-6 USGS Ohio River flow data at Maysville, Kentucky. . . . . 27

III-7

111-8

111-9

USGS Ohio River flow data at Maysville, Kentucky••

USGS Ohio River flow data at Maysville, Kentucky••

USGS Ohio River flow data at Maysville, Kentucky.

· . .
28

29

30

USGS Ohio River flow data at Greenup Dam, Kentucky.

IIl-l0

III-II

IIl-l2

USGS Ohio River flow data at Maysville, Kentucky.

USGS Ohio River flow data at Maysville, Kentucky. . . . .
· . .

31

32

33

III-13

111-14

USGS Ohio River flow data at Greenup Dam, Kentucky.

USGS Ohio River flow data at Greenup Dam, Kentucky•• . .
34

35

III-IS

111-16

111-17

lII-18

IIl-l9

USGS Ohio River flow data at Greenup Dam, Kentucky. • 36

USGS Ohio River flow data at Greenup Dam, Kentucky. • 37

USGS Ohio River flow data at Greenup Dam, Kentucky. • 38

Ambient Ohio River temperatures (OF) in the vicinity of
the J. M. Stuart Station, 1964. • • • • • • • • • • • •• 39

Ambient Ohio River temperatures (OF) in the vicinity of
the J. M. Stuart Station, 1965. • • • • • • • • • • • •• 40

i



~ WAPORA
.-~-

-~-

LIST OF TABLES (continued)

Number Page

111-20 Ambient Ohio River temperatures (OF) in the vicinity
of the J. M. Stuart Station, 1966. • · · • · · · • 41·

111-21 Ambient Ohio River temperatures (OF) in the vicinity
of the J. M. Stuart Station, 1967. · · · · · · 42· · •

lII-22 Ambient Ohio River temperatur~ (OF) in the vicinity
43of the J. M. Stuart Station, 1968. · · · · · · · · ·

111-23 Ambient Ohio River temperatures (OF) in the vicinity
of the J. M. Stuart Station, 1969. · · · · • · · · · 44

111-24 Ambient Ohio River temperatures (OF) in the vicinity
of the J. M. Stuart Station, 1970. · · · · • · · · · 45

111-25 Ambient Ohio River temperatures (OF) in the vicinity
of the J. M. Stuart Station, 1971. · · • • • · • · • 46

111-26 Ambient Ohio River temperatures (OF) in the vicinity
of the J. M. Stuart Station, 1972. · · · · · · · · · 47

111-27 Ambient Ohio River temperatures (OF) in the vicinity
of the J. M. Stuart Station, 1973. • · · • · · • · · • . 48

111-28 Ambient Ohio Riyer temperatures (OF) in the vicinity
of the J. M. Stuart Station, 1974. • · · · · · · · · 49

IV-1

V-1

V-2

Gross generating load (MWH) for Units 1, 2, and 3 at 90
the J. M. Stuart Station during thermal plume measure-
ments July 22, 1976 (from The Dayton Power and Light
Company). • • • . . . • . . • • • • • • • • • . • • . . •

Yearly average temperature, ~T, and ratio of primary
production at Stations lA, IB, and III to that in the
Ohio River (mg C/m3/hr) and the percentage of sampling
dates when inhibition of primary production ~as more
than 10 percent, 1971-1974 (from Miller ~ a1., 1975).. 139

List of algal taxa identified from samples in the
vicinity of the J. M. Stuart Station (from Reed et a1.,
1974). • • • • • • • • • • • • • • • • •••••-. -.•• 140

i1



~
~ WAPORA

LIST OF TABLES (continued)

Number

V-3 Analysis of variance of percentage
found dead at Stations II, lA, and
from July-September, 1974 (arcsine
(from Miller et a1., 1975) • • • •

of zooplankton
IB on eight dates
transformation). . . . . . . . . 141

V-4

V-5

V-6

V-7

V-8

V-9

General description of bottom substrate in LTMC (Zone
1), the Ohio River (Zones II, III and IV), and Kennedy
Creek (Zone V) (from Norris ~ Gammon, no date) • • •• 142

Mean temperatures (OC) ± standard error and mean
6T (OC) in four adjacent zones of the J. M. Stuart
Segment, July through August 1970-75 (from Yoder and
Gammon, 1976). • • • • • • • • • • • • • • • • • • • 143

Mean numbers/km of each species collected by e1ectro
fishing in four adjacent zones of the J. M. Stuart
Segment, July through October 1970-75 (from Yoder and
Gammon, 1976). • • • • • • • • • • • • • • • • • • 144

Mean numbers/net-set of each species collected by
D-nets in four adjacent zones of the J. M. Stuart
Segment, July through October 1970-75 (from Yoder and
Gauunon, 1976). • • • • • • • • • • • • • • • • • • • •• 145

Mean numbers/haul and grams/haul for 23 species
collected by seining above (51) and below (52) the
J. M. 5tuart5tation, September 1974 through October
1975 (from Yoder and Gammon, 1976) • • • • • • 146

Comparison of mean condition factors (KTL)l of channel
catfish (Icta1urus punctatus) collected in the canal
(LTMC) and the Ohio River in the Fall of 1971 and the
Summer of 1972 (from Hatch and Gammon, 1973) • • • • 147

V-lO

V-ll

V-12

Preferred and lethal temperatures of selected fishes
found in the Ohio River (from WAPORA, Inc., 1915,
p. 150) .•.••............••.•••

List of endangered fish species of Ohio appearing
in the October 29, 1974 draft Ohio EPA 3l6(a) guide-
lines. . . . . . . . . . . . . . . . . . . . . . . .

State of Kentucky (Kentucky Department of Natural
Resources) endangered fish species list as of
September 1976 • • • • • • • • • • • • • • • • • •

iii

. .

. .

148

149

151



Number

~ WAPORA
.._-~-

LIST OF FIGURES

11-1 Location of the J. M. Stuart Station on the Ohio
Ri.ver • • • • • • • • • • • • • • • • • • • • • • · . . . 13

11-2

11-3

Extent of the Ohio River backwater in Little Three
Mile Creek at normal Meldahl -pool elevation of
485.0 feet MSL prior to straightening and grading
operations (from The Dayton Power and Light Company •

Discharge canal plan layout and natural grade con
tours of Little Three Mile Creek (from the Dayton
Power and Light Company • • • • • • • • • • • • • •

• • 14

15

111-1

111-2

111-3

111-4

111-5

J. M. Stuart Station Units 1, 2, and 3, Time-Temperature
Profile (from the Dayton Power and Light Company•••

Control weir structure located at the ,mouth of Little
Three Mile Creek (from the Dayton Power and Light
Company • • • • • • • • • • • • • • • • •

Duration curve of flows for Cincinnati, Ohio. •

7-day running average flow at Cincinnati, Ohio -
Jan 1, 1946 to Dec 31, 1975 and Jan 1 1961 to Dec 1975. •

7-day running average flow at Cincinnati, Ohio -
Jan 1, 1967 to Dec 31 1975 and Jan 1, 1946 to Dec 31,
1975. . . . . . . . . . . . . . . . • . . . . . .

50

51

52

53

54

111-6

111-7

111-8

111-9

lII-lO

7-day running average flow at Cincinnati, Ohio -
Jan 1, 1946 to Dec 31, 1975 and July 1, 1975 to June 30,
1976. . . . · · · • · · · · · · · · · · · 55

Average monthly flow at Cincinnati, Ohio. · · · · • · 56

Depth profile at Mile Points 405.04 and 405.08 on the
Ohio Ri.ver. • · · • • · · · · · · · · · · · · · • 57

Depth profile at Mile Points 405.12 and 405.16 on the
Ohio River. · · · · · • · · · · · · • · ... · · 58

Depth profile at Mile Points 405.20 and 405.24 on the
Ohio Ri.ver. · · · · · · · · · · · · · • • · · • · 59

iv



~ WAPORA
....... - - .. _._-- -.

LIST OF FIGURES (continued)

Number Page

111-11 Depth profile at Mile Points 405.28 and 405.32 on the
Ohio River • · · · · · · · · · · · · · · • · · · · • · 60

111-12 Depth profile at Mile Points 405.36 and 405.40 on the
Ohio River • · · · · · · · · · · · · · · · · · · · · · 61

111-13 Depth profile at Mile Points ~.44. 405.48 and 405.52
on the Ohio River. · · · · · · · · · • · · · · · · · · 62

111-14 Depth profile at Mile Points 405.56, 405.60 and 405.64
on the Ohio River. · · • · • · · · · · · · · · · · · · 63

111-15 Depth profile at Mile Points 405.68. 405.72 and 405.76
on the Ohio River. · · · · · · · · · · · · · · · · · · · • 64

111-16 Depth profile at Mile Points 405.80. 405.84 and 405.88
on the Ohio River. · · · · · · · · · · · · · · · · · · 65

111-17 Depth profile at Mile Points 405.92. 405.96 and 406.00
on the Ohio River. · · · · · · · · · · · · · · · · · · • · 66

111-18 Depth profile at Mile Points 406.04. 406.08 and 406.12
on the Ohio River. · · • · · · • · • · · · · · · · · · · · 67

111-19 Depth profile at Mile Points 406.16. 406.20 and 406.24
on the Ohio River. · · · · · · · · · · · · · · · · · · 68

II1-20 Depth profile at Mile Points 406.28 and 406.32 on the
Ohio River. · · · · · · · · · · · · • · · · · · · · · 69

111-21 Depth profile at Mile Points 406.36 and 406.40 on the
Ohio River • · · · · · · · · · · · · · · · · · · · · · 70

111-22 Depth profile at Mile Points 406.44 and 406.48 on the
Ohio River • · · · · · · · · · · • · • · · · · · · · · 71

111-23 Depth profile at Mile Points 406.52 and 406.56 on the
Ohio River • · · · • · • · · · · · · · · · · · · · · · • · 72

111-24 Depth profile at Mile Points 406.60 and 406.64 on the
Ohio River • · · · · · · • · · · · · · · · · · · · · 73

111-25 Depth profile at Mile Point 406.58 on the Ohio River • · · 74

111-26 Location of the J. M. Stuart Station and River Mile
designations on the Ohio River (from Corps of Engineers.
Huntington, West Virginia, January 1975) • · · · · · · · • 75

v



~ WAPORA

------,-

(continued)

: year-record of water temperature of the Ohio
'er in the vicinity of the J. M. Stuart Station
J64-1973). • • • • • • • • • • • • • • • • • • • 76

150nal temperature variation of the Ohio River based
the average monthly temperature at Cincinnati, Ohio,

64-1975 (from ORSANCO, 1974) • • • • • • • • • • • 77

.ily average condenser inlet (upstream) and outlet
ooling water discharge) temperatures (OF) and ~T (OF)

: the J. M. Stuart Station, 1972 (from The Dayton Power
ld Light Company) • • • • • • • • • • • • • • • • • 78

lily average condenser inlet (upstream) and outlet
~ooling water discharge) temperatures (OF) and ~T (OF)
t the J. M. Stuart Station, 1973 (from The Dayton Power
nd Light Company) • • • • • • • • • • • • • • • • • • •• 79

'ai1y average condenser inlet (upstream) and outlet
cooling water discharge) temperatures (OF) and ~T (OF)

it the J. M. Stuart Station, 1974 (from The Dayton Power
'Ind Light Company) • • • • • • • • • • • • • • • • • • •• 80

Jaily average condenser inlet (upstream) and outlet
(cooling water discharge) temperatures (OF) and AT (OF)
at the J. M. Stuart Station, 1975 (from The Dayton Power
and Light Company) • • • • • • • • • • • • • • • • • 81

Daily average condenser inlet (upstream) and outlet
(cooling water discharge) temperatures (OF) and ~T (OF)
at the J. M. Stuart Station, 1976 (from The Dayton Power
and Light Company) '. • • • • • • • • • • • • • • • • • •• 82

Daily range in condenser inlet and outlet temperatures at
the J. M. Stuart Station, 1970 and 1971 (* • fish collection
period) (from Norris and Gammon, no date). • • • • • 91

Thermal plume isotherms (~T : OF) observed at the J. M.
Stuart Station, August 18, 1970 (from Norris and Gammon,
no date) • • • . • • • • • • • • • • • • • • • • • • 92

Thermal plume isotherms (~T : OF) observed at the J. M.
Stuart Station, November 12, 1970 (Average Load - 580 MW;
Ohio River flow = 95,000 cfs) (from Norris and Gammon,
no date. . • • • • • • • • • • • • • • • • • • • • • • • • 93

vi



~ WAPORA

LIST OF FIGURES (continued)

Number

• • •

IV-4 Therma1·p1ume isotherms (6T : OF) observed at the
J. M. Stuart Station, June 16, 1971 (Average Load •
1180 MWj see text for consideration of Ohio River
flow) (from Norris and Gammon, no date) •••••• 94

IV-S

IV-6

lV-7

IV-8

IV-9

IV-10

IV-II

Surface isotherms (AT : OF) in the Ohio River at the
J. M. Stuart Station, June 22~1972 (from The Dayton
Power and Light Company) • • • • • • • • • • • 95

Two foot depth isotherms (6T OF) in the Ohio River
at the J. M. Stuart Station, June 22, 1972 (from The
Dayton Power and Light Company) •••• • • • • • • • 96

Four foot depth isotherms (AT : OF) in the Ohio River
at the J. M. Stuart Station, June 22, 1976 (from The
Dayton Power and Light Company) •••• • • • • • 97

Surface isotherms (AT : OF) in the Ohio River at the
J. M. Stuart Station, October 11, 1972 (from The Dayton
Power and Light Company) •••••••••••••• 98

Two foot isotherms (6T : OF) in the Ohio River at the
J. M. Stuart Station, October 11, 1972 (from The Dayton
Power and Light Company) • • • • • • • • • • • • • • •• 99

Four foot depth isotherms (AT : OF) in the Ohio River
at the J. M.'Stuart Station, October 11,1972 (from The
Dayton Power and Light Company) •• • • • • ••• • • 100

Location of temperature Transects A through H on the
Ohio River in the vicinity of the J. M. Stuart Station,
September 12, 1974 • • • • • • • • • • • • • • • • • •• 101

IV-12 Location of temperature Transects I and J on the Ohio
River in the vicinity of the J. M. Stuart Station,
September 12, 1974 · · · · · · · · · · · · · · · · · · · 102

IV-13 Cross section of Transect A, 6T (OC) isotherms,
September 12, 1974 • · • · • · · · · · · · · · · · · · · 103

IV-14 Cross section of Transect B, 6T (OC) isotherms,
September 12, 1974 · · · · · · · · · · · · · · · · · · · 104

IV-IS Cross section of Transect C, 6T (OC) isotherms,
September 12, 1974 · · · • · · · · · · • • • · · · · · · 105

IV-16 Cross section of Transect D, 6T (OC) isotherms,
September 12, 1976 · · · · · · · · · · · · · · · · · • · 106

vii



~ WAPORA
.. ------ ~

LIST OF FIGURES (continued)

Number Page

IV-17 Cross Section of Transect E, bT (OC) isotherms,
September 12, 1974. · · · · · · · · · · • · · • · • · · · 104

IV-18 Cross section of Transect F, bT (OC) isotherms,
September 12, 1974. • · · · · · · · · · · · · · · · · · · 105

IV-19 Cross section of Transect G, N.t (OC) isotherms,
September 12, 1974. · • · · • · · · • · · · · · · · · · · 106

IV-20 Cross section of Transect H, bT (OC) isotherms,
September 12, 1974. · · · · · · · • · · · · · · 107

IV-21 Cross sections of Transects I and J, bT (OC) isotherms,
September 12, 1974. · · · · · · · · · · 108

IV-22 Surface temperatures (OC) of the thermal plume at the
J. M. Stuart Station, July 22, 1976 • · • · · · · · · 109

IV-23 Longitudinal profile of thermal plume (OC) at the J. M.
Stuart Station, July 22, 1976 • · · · · · · · • · · · • · 110

IV-24

IV-25

IV-26

IV-27

V-l

V-2

Surface plume temperatures (OC) observed at the J. M.
Stuart Station, September 20, 1976 (0 3 stations where
measurements were taken). • • • • • • • • • • • • • • • • 114

Temperature .(OC) cross sections observed at designated
mile points on the Ohio River at the J. M. Stuart Sta-
tion, September 20, 1976. • • • • • • • • • • • • • • • • 115

Temperature (OC) cross sections observed at designated
mile points on the Ohio River at the J. M. Stuart Sta-
tion, September 20, 1976. • • • • • • • • • • • • • ••• 116

Temperature (OC) cross sections observed at designated
mile points on the Ohio River at the J. M. Stuart Sta-
tion, September 20, 1976. • • • • • • • • • • • • • • • • 117

Sampling station locations (LA, IB, II and III) at the
J. M. Stuart Station (from Miller and Ka11enuorf, 1972-
1973) '. . . . . . •.• . . . • . • . . • • . • . . . . . . 159

Phytoplanktonic primary production (mg C/m3 /hr) during
mid-day in the Ohio River (Station II - solid line), and
Little Three Mile Creek (Station LA - dashed line), 1972 at
0.1 meter (from Miller and Kallendorf, 1972-1973) • • • • 160

viii



LIST OF FIGURES (continued)
..~--

~ WAPORA

Number

V-3

V-4

V-5

V-6

V-7

V-8

V-9

V-10

Page

Annual cycle of temperature in the Ohio River (solid line)
and of Station LA in Little Three Mile Creek (dashed line)
below the outfall of the J. M. Stuart Generating Station,
1972 (from Miller and Kallendorf, 1972-1973). • • • • •• 161

Temperature and phytoplankton primary productivity in the
Ohio River (Station II - solid line) and Little Three
Mile Creek (Station LA - dashed line) during 1973 (from
Reed et al., 1974). • • • • • • • • • • • • • • • • • 162

Ratio of primary production at heated stations to the
control (Station II) as functions of ambient temperature
and 6T, 1971-1974 (from Miller ~ al., 1975). • • • • •• 163

Annual cycle of periphyton production (mg C/m3 /hr) at
Stations II, LA, IB, and III (from Miller ~ al., 1971-
1972) • • • • • . • • • • • • • • • • • • • • • . • • •• 164

Temperature of surface waters in the Ohio River
and two stations in LTMC during the swmner of 1974
when zooplankton live-dead analyses were taken (from
Reed et al., 1974). • • • • • • • • • • • • • • • • 165

Zooplankton (Cladocera, Copepoda, Rotifera) density in
the Ohio River (Station II) and discharge channel
(Stations IA and IB) during July-September, 1974
(± standard deviation) (from Miller et al., 1975) • 166

Percentage zooplankton mortality in the Ohio River
(Station II) and discharge channel (Stations IA and IB)
at the J. M. Stuart Station during July-September, 1974
(from Miller et al., 1975). • • • • • • • • • • • • • •• 167

Location of sampling zones (I through V) at the J. M.
Stuart Station, 1970 (from Norris and Gammon, no date).. 168

V-ll Density of macroinvertebrates collected from natural
substrates of LTMC and the Ohio River, 1973 (from Reed
~ al., 1974) • • • • • • • • • • • • • • • • • • • • •• 169

V-12 Density of macroinvertebrates collected from natural
substrates of LTMC (Station IB) and the Ohio River
(Stations II and III), 1974 (from Miller et al., 1975).. 170

V-13 Location of the J. M. Stuart Station and Sampling Zones
1 through 5 (from Hatch and Gammon, 1973) •• '. • • • •• 171

V-14 Map of the 301 km study area showing regional location
and the locations of the major municipal areas, locks and
dams, and thermal sources in relation to the 39 river and
23 backwater zones studied July-October 1975 (closed
circles = operational plants, open circles = plants
under construction) (from Yoder and Gammon, 1976) • • 172

ix



Number . ._-----==- - -
t:z WAPORA

Page

. . . . . . . . . . .

V-1S Seasonal temperature variations in degrees C; June 1974
through October 1975, in zone 1 ( ), zones 3 and

..,..----
4 (__ 0 __.), zones 2 and 6 (------), and zone 5 ( •••••• )
(from Yoder and Gammon, 1976) • • • 173

V-16 Thermal plume configuration in °c downriver from the J. M.
Stuart discharge canal during January, April, and August
1975 (from Yoder and Gammon, 1976) •••• 0 ••••• 0 • 174

V-17 Annual variations of five community indices (+ std. err)
in zone 1 (0), zone 2 (0), zone 3 (6), and zone 4 (0) for
electrofishing catches, Ju1y-9ctober 1970-1975 (from Yoder
and Gammon, 1976) ••••••••••••• 0 •• •• 175

V-1S Seasonal variations of five community indices for
electrofishing catches in the J. M. Stuart segment,
June 1974-0ctober 1975 (from Yoder and Gammon, 1976). 176

V-19 Seasonal abundance of eight species collected by
e1ectrofishing in the J. M. Stuart segment, June 1974-
October 1975 (from Yoder and Gammon, 1976)•••• 0 • •• 177

V-20

V-21

Seasonal abundance of eight species collected by
electrofishing in the J. M. Stuart segment, June 1974
October 1975 (from Yoder and Gammon, 1976) •• 0 •

Seasonal variations of the five community indices for
D-riet catches in the Jo M. Stuart segment, June 1974
October 1975 (from Yoder and Gammon, 1976) ••••••

178

179

V-22 Seasonal abundance of four species collected in D-nets
in the J. M. Stuart segment, June 1974-0ctober 1975
(from Yoder and Gammon, 1976) • • • • • • • • • • • • •• 180

V-23 Seasonal variations in temperature (OC), density, biomass,
and diversity at Sl ( ) and S2 (-~) for seining
catches, September 1974-0ctober 1975 (from Yoder and
Gammon, 1976) • • 0 0 ••• • • • • • • • • • • • 181

V-24 Seasonal abundance of six species collected by seining
at Sl ( ) and S2 (--), September 1974-0ctober 1975
(from Yoder and Gammon, 1976) • • 0 • • • • • • • • • •• 182

V-25 Distribution and relative abundance of seven inter
mediate species in the 301 km study area, July-October
1975 (from Yoder and Gammon, 1976). • • •• 183

V-26 Relative frequencies of occurrence in the river and
backwaters by the major species collected by e1ectro
fishing in the 301 km study area, July-October 1975
(from Yoder and Gammon, 1976) • 0 0 • • • 0 • • • • • •• 184

x



LIST OF FIGURES (continued)

Number

VI-1 Dissolved oxygen concentration at Stations IB and II,
J. M. Stuart Station, 1973-1974 (from Smiddy, 1974) • 187

VI-2 Dissolved oxygen concentration determinations at the
J. M. Stuart Station 1974-75 (from Miller ~ a1., 1975). l88

xi



L..

'"I .>

. ...•........ ; ..
.~"" , .~

....~ ':.' .:.
4.~: {~~~;:.. ':...
. ".'

.t"~:
'. '.

~-~_.

SUMM~RY AND

" .'
. ' " .

/.

", ",.....

.'.

...



1. SUMMARY AND CONCLUSIONS

A. Background

~ WAPORA

The J. M. Stuart Station is located near Aberdeen, Ohio on
the mainstem Ohio River; thermal discharges from the station enter the Ohio
River via the lower portion of Little Three Mile Creek (LTMC). The J. M.
Stuart Station has four similar coal-fired steam electric generating units
with a total nameplate rating of 2,441 MW. Units 1, 2, and 3 utilize once
through cooling water from the Ohio River and were declared commercial
on May 17, 1971, October 11, 1970 and May:-10, 1972, respectively. Unit 4
operates with a closed cycle natural-draft cooling tower and was declared
commercial June 21, 1974. Units 1, 2 and 3 have a combined maximum cir
culating water flow of 1,458 cfs with both circulating pumps in operation
for each of the three units.

The J. M. Stuart Station has been operating with the three
once-through units since May 1972, and water quality is such in this
section of the Ohio River as not to preclude the selection of a Type I
(Absence of Prior Appreciable Harm) 316(a) demonstration. Studies designed
to evaluate the possible detrimental impact of the thermal effluent on the
receiving waters were initiated in 1970 prior to plant operation and have
continued to date.

B. Thermal Plume Configuration

The J. M. Stuart Station utilizes the lower dredged and
straightened portion (approximately 1.57 kilometers) of LTMC as a dis
charge canal. A concrete and steel weir is located at the mouth of LTMC
to increase the water velocity at the point of entry into the Ohio River.
Under normal plant operating conditions, the cooling water is raised
(AT) 10-17°C (18-30.6°F) above ambient river temperature.

The configuration of the thermal plume at the J. M. Stuart
Station is dependent on several factors including plant generating load,
effluent discharge volume, river flow and velocity, and meterologica1
conditions. During periods of high river flow and velocity, and normal
plant operation, the thermal plume remains near the Ohio side of the
river. During lower river flows and normal plant operation, the thermal
plume, after leaving the discharge canal, crosses the river diagonally
to the far shore. Following initial partial mixing with ambient waters
the plume, under normal conditions, has a tendency to remain near the
surface and is undercut by the cooler river water, resulting in a
vertical temperature gradient downstream.

C. Biological Impact Assessment

Biological impact assessment studies were initiated in 1970
and have continued to date. Relevant studies and publications include:
Miller, 1970-1971; Miller, Ka1lendorf, and Reed, 1971-1972; Miller and
Kallendorf, 1972-1973; Reed et al., 1974; Smiddy, 1974; Hater, 1975;
Miller et a1., 1975; Gammon and~orris, 1970; Norris and Gammon, no date;
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Hatch and Gammon, 1973; Lesniak and Gammon, 1974; Yoder and Gammon, 1975;
and Yoder and Gammon, 1976. These reports are appended to this document,
each under separate cover.

1. Phytoplankton

A summary of four years of data on primary productivity
revealed that small temperature increases (6T<5°C) stimulate primary pro
ductivity over a range of ambient temperatures up to 20 to 2SoC (68 to 77°F)
and large 6T's are stimulatory only at cold ambient temperatures «SOC). In
general, any absolute temperature (ambient- temperature + 6T) less than 2SoC
caused stimulation of primary production. At ambient temperatures greater
than 2SoC (77°F), however, all temperature increases (6T's) on the average
caused inhibition of plankton production.

The overwhelming conclusion from these studies is that
the thermal discharge from the J. M. Stuart Station has decreased primary
productiVity from approximately April to November in LIMC, but has not
caused appreciable harm to the photosynthetic capacity of the Ohio River.
Studies further indicate that natural phenomena such as heavy rains,
increased river discharge, and increased silt load caused far greater
variation in the year-to-year total primary production in the Ohio River
than the thermal load from the J. M. Stuart Station. The slight tempera
ture increases of the plume in the Ohio River were actually stimulatory
of algal production even though there was marked inhibition in LIMC.

2. Periphyton

Periphyton primary production on artificial substrates
(glass slides) was measured at the J. M. Stuart Station from 1970 to 1972.
The maximum biomass in the Ohio River occurred during the summer and fall
when Ohio River flow was lowest, whereas it occurred during the winter
in February and March in the heated areas of LIMC. The minimum in LIMC
occurred during the summer.

Although decreases in periphyton production and biomass
on artificial substrates occurred in LTMC during the summer, the impact
on the naturally-occurring periphyton community is difficult to assess.
The Ohio River offers very limited natural surface area for periphyton
growth where light penetration is suitable for photosynthesis. This
fact reduces the consideration of appreciable harm on this community
component.

3. Zooplankton

Zooplankton mortality, measured during the summer of
1974, was significantly increased by retention at high temperatures
during the transit time (approximately 1 hour) in LTMC. Stations sampled
in LTMC had an average 6T of 7 to 8°C (12.6 to l4.4°F) over the study dates,
with a maximum ~T of 10°C (18°F). At the outfall point (discharge into
LIMC) mortality was 5.1 percent higher than in the Ohio River; at the
weir, 21.7 percent higher, on the average. Apparently, increased numbers
of zooplankters were dying in the discharge channel (LTMC) and their
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sensitivity was greatest in mid-summer when the absolute temperature
was highest.

Even if 100 percent mortality occurred during summer
months, at a flow of 11,500 cfs, for example, the plant would remove less
than 13 percent of the population, based on a three-unit intake of 1,458
cfs and assuming even distribution of zooplankters. Realistic mortality
figures reduce this percentage considerably. It is therefore reasonable
to conclude that the J. M. Stuart Station operation will not appreciably
harm this component of the aquatic community.

4. Macroinvertebrates

Investigations of the impact of the J. M. Stuart Station
thermal effluent on the macroinvertebrates of LTMC and the Ohio River have
been conducted by Gammon and Norris, 1970; Norris and Gammon, no date;
Reed et al., 1974; and Miller et al., 1975. Analyses have included general
substrite-identification (Norris and Gammon, no date), use of artificial
substrates such as Hester-Dendy multiple-plate samplers and rock basket
samplers (Gammon and Norris, 1970; Norris and Gammon, no date; Reed et a1.,
1974; Miller ~ a1., 1975) and sampling of natural substrates (Norris and
Gammon, no date; Reed II a1., 1974).

During the period 1970-1974, benthic macroinvertebrates
and macroinvertebrates colonizing artificial substrate samplers were
virtually eliminated from the thermally affected reach of LIMC by the
summer of 1973. During the summer of 1974, macroinvertebrates were able
to recolonize the artificial substrate samplers implaced in LIMC. No
really detectable change occurred in the Ohio River samples downstream of
the entry of LTMC. The effects on the macroinvertebrates in LIMC is
primarily an entrainment phenomenon since very few invertebrates occur
there "naturally" in the present situation.

5. Fishes

Studies of the fishes of lower LIMC, the adjacent Ohio
River, and a control backwater area, Kennedy Creek, have been conducted
since July 1970. Reports attached to this document as appendices are:
Gammon and Norris, 1970; Norris and Gammon, no date; Hatch and Gammon,
1973; Lesniak and Gammon, 1974; Yoder and Gammon, 1975; and Yoder and
Gammon, 1976.

Yoder and Gammon (1976) note the following about
seasonal trends as revealed by e1ectrofishing and D-net collections from
June 1974 through October 1975:

•

•

Indices were near zero in the discharge
canal and highest in the ambient river
zones during both summer seasons.

Indices were lower in the ambient river
zones and highest in LTMC during the winter.
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Species attracted to the discharge canal
during winter included longnose gar, white
bass, smallmouth buffalo, river carpsucker,
quillback carpsucker, and carp.

•

•

Species occurring in relative abundance
over the gradient of thermal conditions
encountered during the summer and transi
tional periods were, in order of decreas
ing thermal preference: longnose gar,
carp, quillback carpstteker, white bass,
river carpsucker, largemouth bass, spotted
bass, skipjack herring, gizzard shad, and
sauger.

Spotted sucker, bluegill, and white
crappie preferred the backwater during
all seasons.

In addition to the electrofishing and D-net results,
Yoder and Gammon (1976) also present seining data from the Ohio River for
sampling locations above and below the J. M. Stuart Station. The authors
determined from the seining data that:

•

•

•

•

•

There were no significant differences
between the locations for all months as
well as for numbers/haul, grams/haul, and
number of species. The data were sub
jected to a nested two-way analysis of
variance at the 95 percent level.

Community density (as measured by seining)
and biomass peaked during the late summer
months of August through October in the
shallow areas of the Ohio River. This was
most likely due to the recruitment of
young-of-the-year individuals into the
catch rates.

Gizzard shad and emerald shiner catches
made up nearly 90 percent of the total
catch by number and 75 percent by weight.

Young-of-the-year and juvenile gizzard
shad were most abundant above the J. M.
Stuart Station.

Young-of-the-year and juvenile river
carpsucker and river shiner were gener
ally more common below the J. M. Stuart
Station.

4
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Based on comparisons of yearly mean numbers/km, kg/km,
Shannon-Weiner diversity indices, based on numbers and weights, and number
of species for e1ectrofishing catches for the years 1970 through 1975,
Yoder and Gammon, 1976 observed the following trends:

•

•

•

•

•

Relative density and biomass (as reflected
in electrofishing catch rates) decreased
from 1970 to 1972 and then increased grad
ually from 1973 through 1975, probably re
flecting a normal trend in the Ohio River.

Community diversity indices were fairly
uniform throughout the study period.

Community indices in LIMC decreased to
zero in 1972 and 1973 but then increased
to 1970 and 1971 levels in 1974 and 1975.

The two thermally-influenced Ohio River
zones exhibited a similar, but less
extreme, pattern of change.

Indices in the control (upstream ambient)
Ohio River zone gradually decreased during
the six-year period.

Based on the available data we have further addressed
the following questions which reflect potential concerns:

• Has the thermal effluent reduced a signi
ficant portion of usable habitat in the
Ohio River proper for important species?

Has the thermal effluent altered available
habitat in LTMC for important species?
During which periods of the year?

•

•

How has the thermal effluent altered the
expected backwater fisheries composition
in L'lMC?

Has the thermal effluent adversely
affected spawning migrations into the
upper portion of LTMC?

Has the thermal effluent altered
expected spawning activity in lower LIMC?

• Has the thermal effluent altered the
expected overwintering activity in LTMC?
Are fish successfully able to survive
the winters in LTMC?
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How has the thermal effluent affected
recreational fishing in LIMC and the
adjacent Ohio River?

Has the operation of the J. M. Stuart
Station caused any significant fish
mortalities? What is the significance
of the fish kills to the fisheries complex
of LIMC and the Ohio River? What is the
likelihood of future fi~h kills?

Are any endangered or threatened fish
species being adversely affected by the
thermal effluent?

What is the overall impact of the thermal
effluent on the fisheries of the LIMC~Ohio

River complex?

The answers to these questions have been carefully con
sidered and more fully developed in Section V-F of this document; the
conclusions we have drawn are as follows:

•

•

•

•

On balance, it is concluded that a signi
ficant portion of the Ohio River has not
been eliminated for important fish species.

We conclude from a careful evaluation of the
appended reports that when temperatures in
the canal exceed 34°C (93.2°F) the canal por
tion of LTMC is temporarily removed as habitat
for many important fish species.

We conclude that the combination of higher
temperatures and higher flows in the present
day LTMC allows for a considerably different
fish species composition than might be expected
in a more natural LTMC.

We have carefully examined the physical habi-
tat available, and in our professional judgment,
conclude that it would be very unlikely that
riverine species utilized or would be likely to
utilize upper LTMC for major spawning activities
with or without the presence of a the~mal effluent.

6
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•

•

•

•

Except for the extreme lower portions
near the mouth of the effluent canal
during Ohio River backflooding, LTMC
does not provide appropriate habitats
for many of the apparent backwater
spawners.

We conclude that the thermal effluent
does alter the expected overwintering
activity in LTMC, but several species
of fish do inhabit the-Canal in the
winter. We do not believe that the re
moval of this one creek from the avail
able overwintering habitat constitutes
more than a local change. It also appears,
from limited data, that some species which
would normally overwinter in the pits on
the bottom of the Ohio River do success
fully inhabit LTMC in the winter.

We conclude that recreational fishing
has been altered by the thermal effluent,
and that overall recreational usage may
now be greater than prior to start-up.
Summer fishing in LTMC has been degraded,
but winter fishing has been greatly en
hanced. We believe that, on balance,
the trade-off is acceptable.

A fish kill numbering 7,540 fish (95%
gizzard shad) occurred in January, 1971
due to reverse thermal shock. The possi
bility of another large reverse thermal
shock kill appears to be very remote.
The present multi-unit operation at
J. M. Stuart should normally preclude
simultaneous shutdown of all units.

The State of Kentucky owns the waters of
the Ohio River in that area of the Ohio
River bordering Kentucky (includes the
Ohio River adjacent to the J. M. Stuart
Station). None of the fish species on
the Kentucky Endangered Species List or
the United States Endangered and Threatened
List have appeared in any of the collec~

tions at the J. M. Stuart Station. The
State of Ohio Endangered Species List, de
veloped for Ohio waters, includes the follow
ing species collected at the J. M. Stuart
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Station: shortnose gar (Lepisosteus
platostomus), ghost shiner (Notropis
buchanani), silver chub (Hybopsis
storeriana), and river redhorse
(Moxostoma carinatum). Neither the
Ohio or the Kentucky lists specifically
address any Ohio River endangered species,
nor does ORSANCO, the interstate agency
most directly responsible for coordinating
the bordering states concerned with such
matters.

Based on a consideration of the habitat,
occurrence, and abundance, in the Ohio
River of the four species listed above,
we have made the following determinations:

• The river redhorse is apparently limited
in numbers in the Ohio River due to its
reported intolerance to siltation,
"industrial pollution," and because of
its migratory spawning habit. Since only
one specimen was taken, and because of
the lack of temperature tolerance infor
mation, it is not possible to determine
the effect of the J. M. Stuart thermal
effluent on the river redhorse.

'l1le silver chub has been reported in
sufficient numbers in the Ohio River
such that it should probably not be con
sidered endangered in the Ohio River.

Given the low frequency of occurrence of
the shortnose gar in collections and the
lack of temperature tolerance information,
it is not possible to say if the thermal
effluent from the J. M. Stuart Station
has had an adverse effect on its distri
bution and abundance. Its reported low
tolerance to turbid and silt-laden rivers
may well override any considerations of
thermal effects in the Ohio River P9pu
lation.

If the ghost shiner is "rare" in the Ohio
River, it is probably due to its intdler
ance to turbidity and current velocity.

8
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• Very subtle and complex changes are
occurring over time as fish species
interact with the thermal effluent.
Current knowledge of the effects of
such changes on large river fish co~

plexes is far from complete. However,
we submit that the observed changes
are most likely local and limited,
and that measurable changes in the
Ohio River fisheries. are not likely
to occur as a result of the operation
of the J. M. Stuart Station. There
fore, we conclude that the overall
impact of the thermal effluent of the
J. M. Stuart Station on the fisheries
of the LTMC-Ohio River complex does
not constitute significant, adverse
harm.

6. Nuisance Species

Of the species of aquatic organisms collected at the J. M.
Stuart Station, none were considered to be nuisance organisms as defined by
the EPA's guidelines for 316(a) demonstrations (Section V-G).

D. Synergistic Effects

Review of the available water quality data in the vicinity
of the J. M. Stuart Station indicates little probability that synergistic
effects between temperature and existing pollutants would occur.

Dissolved oxygen concentrations, in both the heated and un
heated water at the J. M. Stuart Station, are adequate for the support of
aquatic life. No incidence or symptoms of "gas bubble disease" have been
reported by personnel conducting biological studies in this section of the
river.

9
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II. INTRODUCTION

A. Background

Under the 1972 Amendments to the Federal Water Pollution Con
trol Act (the Act), operators of steam electric power generating units must
comply with applicable technology based on effluent limitations promulgated
by the Administrator of the EPA. These limitations are published in 40 C.F.R.
Part 423. In addition, compliance with effluent limitations calculated to
achieve water quality standards is required under Section 301 (b) (1) (C) of
the Act. ---

With respect to the discharge of heat, an exemption from any of
those limitations is available, if the operator can make a successful demon
stration under Section 3l6(a) of the Act. Whenever the operator can success
fully demonstrate that the effluent limitation proposed for the control of
the thermal component of any discharge is more stringent than necessary to
assure the protection and propagation of a balanced, indigenous community
of shellfish, fish, and wildlife in and on the receiving waters, the appro
priate regulatory body may impose an alternative effluent limitation.

The Dayton Power and Light Company (DP&L) contracted WAPORA,
Inc. to prepare a 3l6(a) demonstration for the J. M. Stuart Generating Sta
tion. This document presents data evaluating the effects of the J. M. Stuart
Station thermal effluent on a balanced, indigenous community of shellfish,
fish, and wildlife in and on the receiving waters. The "receiving waters"
as outlined in a letter from N. E. Williams, Director, Ohio EPA to Mr. Howard
R. Palmer, The Dayton Power and Light Company, dated August 23, 1976 are
described as follows: "It is our intent to assess the affect of the thermal
discharge on the entire area affected - the Ohio River and Little Three Mile
Creek."

B. Nature of Demonstration

On September 30, 1974, the Water Planning Division, Office of
Water and Hazardous Materials, U.S. Environmental Protection Agency, issued
a Draft 3l6(a) Technical Guidance Manual for thermal dischargers. The man
ual has undergone several revisions, but the basic guidance contained in the
document remains essentially unchanged.

The document provides for several different basic types of
demonstrations depending on plant size and age, water body size and habitat
condition. Based on WAPORA's recommendation, and EPA Region V and Ohio EPA
concurrence, DP&L has chosen to provide a Type I Demonstration: Absence of
Prior Appreciable Harm (Existing Sources). The J. M. Stuart Station has
been on line discharging heated effluents into Little Three Mile Creek and
the Ohio River since 1970, and the water quality of the bhio River at the
plant site supports a varied and typical large river biota. No other known
factors are present at this site that complicate an assessment of the ef
fects of the thermal discharge on the biota of the receiving waters. This
Type I Demonstration evaluates the effects of thermal effluents from the
J. M. Stuart Station on the interrelationship of the biotic components of
the lower portion of Little Three Mile Creek and the Ohio River.

10
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The J. M. Stuart Station is located on the mainstem Ohio River
(River Mile 405.6) about five miles east of Aberdeen, Ohio on the north
shore of the Ohio River (Figure II-I). The site occupies an area of approxi
mately 1,276 acres, most of which is located between U.S. Route 52 and the
Ohio River in Adams County, Ohio. Thermal discharges from the station enter
the Ohio River via the lower portion of Little Three Mile Creek.

The Dayton Power and Light Company has provided the following
account of the history of this portion o~ittle Three Mile Creek:

"Previous to the installation and operation of Meldahl
Dam, the level of the Ohio River at the location of
Little Three Mile Creek (LTMC) was established by Dam
34 at River Mile 434.1, near Chilo. Corps of Engineers
records show the pool elevation above Dam 34 to be 461.0
feet at normal river stage.

Topographic data obtained for The Dayton Power and Light
Company by Ebasco Services in November 1957 shows that
with a normal pool stage of 461.0 feet there would be
backwater in Little Three Mile Creek for a distance of
approximately 40 feet from the Ohio River shore line.

With the construction and subsequent operation of Mel
dahl Dam, the normal pool stage was raised to 485.0
feet. (Figure 11-2 shows the extent of backwater at
485.0 feet MSL). The change to this higher elevation
occurred in stages on certain dates and caused a
change in the amount of backwater in Little Three Mile
Creek. This information is shown by the following
tabulation:

Date l

June 13, 1964
July 14, 1964
August 18, 1964
March 28, 1965

Normal Poo11

461.0 ft
468.0 ft
475.5 ft
483.0 ft
485.0 ft

LTMC Backwater

40 ft
1400 ft
4000 ft
6300 ft
7000 ft

lCorps of Engineers, Huntington District, Russ Patterson,
Engineering Technician, Navigation Section, February 4,
1975.

The design of the first circulating water outfall struc
ture to be located in the area of LIMe (5400 feet from
the Ohio River) was completed in November 1966. Con
struction of this structure was started on June 21, 1968.
The layout and clearing of the discharge channel started
in December 1968. During March 1969, clearing and grub
bing was completed and excavation for the channel change

11
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was underway." (Figure 11-3 shows the plans for
excavation superimposed on the original contour
of LTMC.)

In early 1970 The Dayton Power and Light Company, in con
junction with the Ohio Department of Health, constructed a weir at the
mouth of Little Three Mile Creek (Figure 111-2). In late 1973 or early
1974 (exact date not known) the weir opening was widened from 19.5 feet to
58.5 feet. Public access to LTMC is presently limited to negotiating the
weir (approximate water velocity • 3.5 fps) by boat since the land adjacent
to the discharge portion of the Creek is owrted by The Dayton Power and
Light Company.

In this area, the Ohio River is about 550 yards wide and
ranges up to 50 feet deep at mid-channel. The water can fluctuate
dramatically as determined by rainfall and regula~ion of flow at the
Greenup and Meldahl Dams.

The U.S. Geological Survey maintains a gaging station on
the Ohio River at Maysville, Kentucky. This station is located a short
distance downstream of the Maysville-Aberdeen highway bridge (see Figure
IV-Il).

12



FIGURE II-l Location of the J. M. Stuart Station on the Ohio River.
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III. ENGINEERING AND HYDROLOGY

A. Engineering

1. Unit Operating Characteristics

The J. M. Stuart Station currently consists of four steam
electric generating units with a total nameplate rating of 2,441 }M. The
four steam turbine generators are supplied by four pulverized coal-fired
boilers, each of which supplies 4,400,000 lbs. of steam per hour, at 3,500
psig, 1,000°F main steam temperature and ~OOO°F reheat temperature. Units
1, 2, and 3 operate with once-through cooling water from the Ohio River.
Unit 4 operates with cooling water circulating through a closed cycle,
natural-draft cooling tower. The dates of initial operation of each unit
and the dates when each unit was declared commercial are as follows:

Unit No.

1
2
3
4

First Operation (testing)

April 12, 1971
August 31, 1970
March 20, 1972
Hay 8, 1974

Commercial Operation

May 17, 1971
October 11, 1970
May 10, 1972
June 21, 1974

Units 1, 2, and 3 have a combined maximum circulating water flow of 1,458
cfs (942 mgd) with both circulating pumps in operation (normal operation)
for each of the three units (Flow = 285 cfs/unit with one circulating pump/
unit in operation). Unit 4 make-up water flow is 15.47 cfs.

2. Cooling Water Characteristics

Cooling water characteristics for the J. M. Stuart Station
once-through units (Units 1, 2, and 3) are presented in Table III-I. The
calculated rise in water temperature through the condensers of the three
once-through systems is 23.7°F at 100 percent load. Actual temperature
rises (~T) as high as 30-34°F have been measured at the condenser outlet on
occasion (see Section IV). The calculated ~T's in Table 111-1 apply during
winter and summer operations.

3. Time-Temperature Profile

Figure 111-1 presents calculated time-temperature profiles
from the intake to the discharge canal under maximum and 75 percent load
conditions for Units 1, 2, and 3. Temperature decay with passage do\~ Little
Three Mile Creek has been recorded as high as 3°C (Miller ~al., 1975).

4. Record of Station Shutdmvns and Recorded Effects

Complete plant shutdowns at the J. M. Stuart Station have
been infrequent following the initiation of operation of Unit 3 in }lay 1972.
During the early period of construction and testing, the plant was shut down
nany tii:1es (Table III-2). Ho\l1ever, after May 1972, when Unit 3 \'las declared
cOIr.r.1erci:~l, there \-lere only four periods of complete shutdown, only one of
\·~hi.ch occurred rluring the \l1inter (December 1972). Other partial shutdO\l1ns
are apparent from an examination of the average daily condenser inlet and
outlet temperatures presented in Figures 111-29 through 111-33 (e.g., 5/3-4/19 2,
5/25/1972, 8/4/1974, 7/2/1973 and 11/4/1973).

16



.._-.. -

The following excerpts from EPA-DP&L correspondence serve to
document the occurrence of known effects on the aquatic biota during these
shutdowns.

1) Letter dated May 23, 1972: Valdas V. Adamkus,
Region V EPA to Howard R. Palmer, The Dayton Power
and Light Company - "The present condition of Little
Three Mile Creek and the numerous fish kills which
have occurred in the past, readily qualify as sub
stantial environmental impact."

2) Letter dated June 2, 1972: Howard R. Palmer,
The Dayton Power and Light Company to Va1das V.
Adamkus, Region V EPA - "In your letter you refer
to the numerous fish kills which have occurred in
the past at the Station site. As I indicated to
you on the phone, we have knowledge of only one
fish kill associated with the condenser cooling
water discharge into Little Three Mile Creek.
This occurred on January 21, 1971 as a result of
the unexpected sudden trip out of Unit No. 2 (the
only unit in operation at the time) and caused
a decrease in the temperature of the condenser
flow to Little Three Mile Creek. This was
reported to the State by the Company. Cooling
water flow was maintained to supply other vital
services. The reverse thermal situation has a
low probability of occurrence with multiple units
in service. If you should have other information
as to other reported fish kills, we would appre
ciate such information."

3) Letter dated June 22, 1972: Valdas V. Adamkus,
Region V EPA to Howard R. Palmer, The Dayton
Power and Light Company - "The enforcement
section of the Ohio Department of Natural
Resources has records of at least five fish kills
occurring in the discharge channel. A list of
these kills and numbers of fish involved is
attached as you requested."

Number of
Date fish Killed Reason

Harch 26, 1970 15 Cutting oil in stream
September 23, 1970 51 Thermal
October 23, 1970 36 Thermal
January 21 or 22, 1971 7,540 Thermal

(Company fined $602 for game fish kills)

February 6, 1971

17
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The January 21 or 22, 1971 fish kill is documented in a
special report by Dr. James R. Gammon, DePauw University entitled "The Effects
of the Heated Water Effluent on the Aquatic Biota of Little Three Mile Creek"
dated February 2, 1971. Gammon reported that the fish kill probably occurred
between January 21 and 22 when temperatures in the Little Three Mile Creek
dropped from a relatively stable 81°F to 49°F, a change of 32°F. Table 111-3
lists the species and numbers of fish counted approximately one week following
the shutdown occurrence. Although some fish may have been flushed out of the
canal before the count was made, the data does provide information on the
relative abundance and species of fish attracted to the heated water during
the winter months. Approximately 95 percent were gizzard shad. I

!
i

Of the five incidents listed in the third letter cited above,1
The Dayton Power and Light Company has direct knowledge of only one; the kill i

occurring in January, 1971. The reported fish kill on February 6, 1971 may ,
have been a result of the January shutdown since no shutdown occurred in
February.

No complete shutdowns have occurred since May 28, 1974.
Moreover, with all units now on-line, the probability of such an occurrence
will be quite low.

5. Heat Rejection

The fluctuation in heat rejection rate due to variations
in power generation is shown in Table 111-4 which represents the operating
loads for a typical day, and the integrated monthly heat rejection rates
within the recent experience of the J. M. Stuart Station.

6. Outfall Configuration

The thermal outfa1ls presently discharging into Little
Three Mile Creek are shown on Figure 11-3. Units 1 and 2 presently
discharge to a common outfall port; Unit 3 discharges into a separate
outfall port. The two ports direct the discharge into Little Three Mile
Creek. Pertinent dimensions are shown in Table 111-5.

In order to ensure that the thermal plume remained within
the confines of the then established mixing zone for the Ohio River, The
Dayton Power and Light Company, in conjunction with the Ohio Department of
Health, constructed a weir at the mouth of Little Three Mile Creek (Figure
111-2) in early 1970. The weir was designed such that it could readily be
widened to accommodate additional units and increased circulating water flows
thereby maintaining a minimum velocity at the point of discharge (into the
Ohio River) of at least 2.5 fps. In December 1973 or January or February
1974 (exact date not known) the weir opening was widened from 19.5 feet to
58.5 feet.

7. Deicing Line Operation

When the Ohio River ambient temperature approaches
38°F recirculation is initiated to prevent flash freezing across the
circulating water pumps. If possible, a temperature of 45°F is maintained.

18
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B. Hydrology

1. Flow (Discharge)

Tables 111-6 through III-II present USGS flow data
measured at the Maysville, Kentucky gaging station located on the Ohio
River at Maysville, Kentucky for the water years 1970 through 1975. Low
flow records for periods when flow was less than 70,000 to 100,000 cfs
are generally not given, since reliable and accurate means for measurement
are not available (personal communication, Mr. Howard Beaver, USGS,
Louisville, Kr., August 1976). --

Presently, up-to-date calculations for seven day, once-in
ten-year low-flow at Maysville, Kentucky are not available from the USGS.
Seven day, once-in-ten-year low-flow values have been calculated by USGS
District Offices for this and other Ohio River locations but are subject
to the approval of the Director, USGS prior to official release (personal
communication, Mr. Howard Beaver, USGS, Louisville, Kentucky August, 1976).

In 1970 the U. S. Corps of Engineers calculated the
seven day, once-in-ten-year low-flow at Maysville, Kentucky at 11,150 cfs
based on a 1968 list of existing reservoirs, those under construction and
those in the planning stage. This analysis included Rowlesburg Lake
planned for the Monongahela River system. In 1976 the Corps of Engineers
up~dated their calculations but eliminated all reservoirs except existing
ones and those under construction. While there are some reservoirs on
the 1968 list which are not Oft the 1976 list, the large majority of the
effects on low flows are attributable to Rowlesburg Lake. The seven day,
once-in-ten-year low-flow less Rowlesburg was recalculated to be 9,750 cfs.

As a point of reference, Figures 111-3 through 111-7
are presented based on flow data at Cincinnati, Ohio (ORSANCO, 1976).
Figure 111-3 illustrates the duration of various flows occurring at
Cincinnati, Ohio from 1946 through 1975 versus the period July 1975
through June 1976. Figures 111-4 through 111-6 present the seven-day
running average flow at Cincinnati, Ohio based on various periods of
record. These figures serve to show that lowest flows typically occur
during September and October on the Ohio River. An analysis of average
monthly flow at Cincinnati, Ohio (Figure 111-7) shows this same trend
over a long period of record as well as that which occurred from July 1975
through June 1976.

The Ohio River flow at the J. M. Stuart Station
(three miles upstream from Maysville gage) is subject to rapid day-to-day
fluctuation depending primarily upon the various combinations of control
and release patterns at Greenup Dam (upstream) and Me1dahl Dam (downstream).
USGS flow data at Greenup Dam, Kentucky (river mile 341.0) for water years
1970 through 1975 are presented in Tables 111-12 through 111-17. No
records are available at Me1dah1 Dam (river mile 436.2).
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2. Currents (Velocity)

Very limited data are available on water velocity in the
vicinity of the J. M. Stuart Station. Velocities measured on a transect
immediately upstream of the Station on July 22, 1976 (WAPORA) ranged from
0.10 to 0.93 fps near shore and from 0.97 to 1.38 fps at mid-river. At this
time river flow was calculated to be approximately 54,000 cfs (based on an
average ve10ci~y of .984 fps and approximate cross-section of 55,000 sq. ft).

3. Depth Contours

Figures 111-8 through 111-25 present the results of a
series of depth profiles taken by WAPORA on October 10 and 11, 1974 in the
vicinity of the J. M. Stuart Station. River stage was 33.8 feet (484.70
feet MSL). Transects are identified by river mile; the Stuart Station
intake is located at River Mile 405.2 and the discharge (LTMC) enters at
River Mile 405.6 (Figure 111-26).

4. Ambient and Discharge Temperatures

A ten year record of water temperatures for the Ohio
River is presented in Tables 111-18 through 111-28. The early data was
obtained from ORSANCO stations at Huntington, West Virginia and
Cincinnati, Ohio. The data after October 25, 1970 were recorded at the
Stuart Station intake monitor. Figure 111-27 presents a composite of the
temperature data showing the ten year extremes on a weekly basis and the
range of the weekly averages over the ten year period. Figure 111-28
shows the seasonal trend in temperature variation of the Ohio River based
on average monthly temperature at Cincinnati, Ohio for the period 1964
through 1974.

Figures 111-29 through 111-33 illustrate the daily average
condenser inlet and outlet temperatures and corresponding AT at the J. M.
Stuart Station for the period May 1972 through August 1976. The data
upon which these graphs are based (maximum, minimum, and daily average
inlet and'outlet temperatures) are appended under separate cover.
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TABLE III-l Cooling water characteristics calculated for J. M. Stuart Station, Units 1, 2 and 3
(from The Dayton Power and Light Company).

i,

Unit Loading Intake 1 Rate of Cooling2 Condenser3 Discharge Rate of Tota1 2

% Unit Load % Time Velocity (fps) Water Flow (MGD/cfs) l:!.T (Of) l:!.T (OF) Water Discharge (MGD/cfs)

40

50 100 .97 627/970 18 18 627/970

60 65 .97 627/970 21 21 627/970

70 47 1.46 942/1458 17 17 942/1458

80 35 1.46 942/1458 19 19 942/1458
N.... 90 28 1.46 942/1458 21 21 942/1458

100 25 1.46 942/1458 24 24
I.

942/1458

lUased on an adjusted intake area (due to present siltation and clogging of bottom cells) of approximately
1001.4 square feet at trash bars.

2cfs a 1.54723 x'MGD

3App1ys to both summer and winter operation.

i:~
~
:.-
C!
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TABLE III-2 J. M. Stuart Station complete shutdowns, 1970-1976 (from
The Dayton Power and Light Company).

Duration
Shutdown Date Hours Minutes

Aug 31, 1970 (Unit 2 began testing 11 55
August 31, 1970)

Sep 2, 1970 - 17 57
3 27 . 00
5 22 42
6 69 49
9 1 59

10 53 31
13 5 42
16 22 32
18 55 03
21 0 20
21 0 09
27 259 40

Oct 8, 1970 3 33
10 7 07
11 (Unit 2, Commercial - 195 20

October 11, 1970)
28 16 21
31 21 30

Nov 19, 1970 5 55
24 102 03

Dec 6, 1970 101 58
11 4 46
17 96 01
21 2 35

Jan 21, 1971 13 24
22 1 26
22 5 01
23 5 33

Feb 7, 1971 37 2

Mar 2, 1971 177 27

Apr 5, 1971 62 18
26 90 22

(Unit 1, Commercial -
Hay 17, 1971)

May 18, 1971 13 25
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TABLE III-2 (continued)

t:3 WAPORA

Duration
Shutdown Date Hours Minutes

Sep 18, 1971 15 23
24 241 3

Oct 11, 1971 - 17 27

(Unit 3, Commercial -
May 10, 1972)

Nov 6, 1972 14 70

Dec 17, 1972 15 18

May 23, 1974 8 92
28 68 86

(Unit 4, Commercial -
June 21, 1974)

. (No shutdowns occurred after May 28, 1974)
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Numbers and species of dead fish counted in the effluent
canal (locations desighdted in a downstream direction)
following a shutdown occurrence on January 21 or 22, 1971
(from Gammon, 1971).

Species Right Bank Left Bank Total

Golden redhorse 5 5
-

River carpsucker 110 110

Carp 44 19 63

Channel catfish 39 38 77

Flathead catfish 1 2 3

Bluegill sunfish 28 28 56

tolhite crappie 14 14

White bass 3 5 8

Spotted bass 3 6 9

Freshwater drum 3 2 5

Gizzard shad 5,000 2,190 7,190

TOTAL 5,250 2,290 7,540
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TABLE 1II-4

~ WAPORA

Heat rejection rate at the J. M. Stuart Station for a
typical day and year of operation (from The Dayton
Power and Light Company).

lAM
2AM
3AM
4AM
5AM
6AM
7AM
8AM
9AM

10 AM
11 AM
12 Noon

1 PM
2PM
3 PM
4 PM
5PM
6 PM
7 PM
8 PM
9 PM

10 PM
11 PM
12 Midnight

Typical Dayl
Heat Rejected

(BTU/hr x 106 )

4700
4700
4700
4700
4700
4700
4700
6300
6300
6300
6300
6300
6300
6300
6300
6300
6300
6300
6300
4700
4700
4700
4700
4700

Month

January
FebOlary
March
April
May
June
July
August
September
October
November
December

Typical Rece~t Year
Heat Rejected

(BTU/month x 109 )

4275
3880
4040
3705
3785
4090
4355
4375
4080
4030
4075
4645

1Calculations based on an annual average load factor of 71 percent with a
daily loading of 12 hours at 81 percent load and 12 hours at 60 percent
load (100 percent load heat rejection = 7800 x 106 BTU/hr).
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TABLE III-5 Outfall configuration for the J. M. Stuart Generating Station discharge system to
Little Three Mile Creek (from The Dayton Power and Light Company).

'I

Unit 1 Unit 2 Unit 3

1. Length of discharge pipe or canal:
Pipe 1000 feet 885 feet 885 feet
Outfall 290 feet l 160 feet
Structure 25 feet l 25 feet

2. Area and dimensions of discharge port:
16 feet x 44 feet 704 square feet l

12 feet x 40 feet --- --- 480 square feet

3. Number of ports: 11 1

N 4. Spacing of ports: 300 feet between Units 1 & 2 and Unit 3
0-

S. Depth:
:\Hean Not App1ic~b1e

Extreme Not Applicable

6. Angle of discharge:
Horizontal axis 90°1 90°
Vertical axis 0°1 0°
Current direction 90°1 90°

7. Velocity:
Maximum 1.4 fpSl 1.0 fps
Most usual 1.1 fpsl 0.8 fps

IData for combined discharge of Units 1 and 2
eft
~
~
."
o
:II
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TABLE IIl-6 USGS Ohio River flow data at Maysville, Kentucky.

C,32,3e:.oo Ohl0 ::'iver at !~ysville, Ky.

LOCATlor..··Lat ,3E',8',S", long E,3'4S'49", ~"oa County, 00 left ban£ at foot of :'~Let Street, at ~~;ysvl11e, 850 ft down.tream free
"berdeeo-~~av1l1ebrldge, 0.2 ..lle dOllnStream from Llceatoae Creek, ...d at ..l1e 4eE.c.

~RAlUAGE k~£A•••70,l)0 aq ml, approxi=ately.

1',,"100 OF IiECOP.D.-·Jaouary 19)9 to Cl:lTeot year (frag::JeDtary prlor~ctober1940, I:i.ll·,.,ater records only after lay 1964). Prior
to October 1965, pIIbl1shed a. "Dear ....;ysvl11e."

OJ,OE •••Water·atase recorder. PatWll of ISCe 1& 450.90 ft above meaD ... level, datum or 1929 or 451.50 ft above ....an aea level,
Ohl0 Rlver datum. Prlor to OCt. 1, 1964, Docrecordlnl .ase at 51te '.5 .,11ea upstreal:. at dat= 1.07 ft hilher. Auxlliary
vater-atase recorder at upper g.... at Capt. AnthoD)' ~.eldah1 LOcka and Pam at ml1. 4)6. Prior to Oct. 1, 1964, n"nrecordlllC
auxillary , ...e at ab...doa.d lock aDd dam '4 at mUe 4)4.1.

AVERAGE OISCHAROE.·-2,3 ;ye&r8 (1940-6'), 91,010 cra (17.62 ioche. per year).

EX'I'REM:S.--Current ;year: ~!axi diacharle durlog ;year, ,399,000 cra Apr. 5 (lase he1lM, 47.86 ft); 11101"""" not deten::lne4.
Perlod or record: ,·axl"., diacharge, 635,000 cra Apr. 17, 19/,8; r..axl..... sqe height, 66.6 ft ,·u. 9, 1945 (prea.ot datUII at

alte ,.5 .,u•• upstream); .,lQlmum diacharge not determlDe4. .
I/.axll1lWl1 at86e knllVl1, 76.4 rt J&D. 27, 1937 (preaent datum at alte ,3.5 .,11.s upstream, dlscharge, 820,000 cf., eat1::ated).

R~.--Rec"rds rair above 70,000 cra &Dd poor belovo

DISCHARGe. III CUdlC FEET PEIl SeCONO. WATEIl YEAIl OCTOllEII Iq"9 TO SEPIEMBEII 1971:

DAY OCT 1l0Y (IEC JAN feB "Alt APR "AY JU~ JUL AUG SE'

1 33.'0~ 28t,.1)00 2"1.0\)0 75.000 196.000 238.')00
2 211.1::l0 3(·4.001) 2106.000 72.000 l55.000 209.1)00
3 33.~C' 281.0CI) 229,000 68.0~e 105.COO 1117 .OCO

" Z8.eO:l 226.C~O) 225."0" 81.700 '6S.COO 129.000
5 l2.COli 175.01)1) 231.0JO litl.I:CO 39t,.~00 110.000

6 1S.(\00 140.1l00 219.0rC 19t,.OCO )9J .';OC Q9.lo00
7 38.00C tlO.C.,O 19~,JOO 222.C·jO 'S6.',)\)0 80.QOO
I 1S.00.. QC.COO 185,000 211>.0:0 29... ·JOO 70.0c.o
Q 50,000 73.1CO 205.000 205.0~0 Z,,),OOO 6('.000

10 6/).000 55.COe 223001)0 175,OeO 21l.(;00 50.(\00

11 84.100 40.1100 2)'S,000 150.cno 190.ilOC 50.0:>0
12 125.000 "C.OOO 225.000 130.0'0 170.)00 60.COO
U 11>5.IWO t,5.0CO 190,000 135.000 155.000 107.CeO
14 171l.1l00 "O.OOIl 16~.~;)0 160.C~C 1.. ;).000 125.000
15 IH.I;OO t,5.00C 155.030 160.C.:I0 130 • .)00 112 .~'O

16 11:>.000 48,000 18S,OO~' 130.000 12lt.COC 101.0)00
17 107.000 ..11.000 1.6t,.00') 105.000 111• .:I01l 117 .I)~O

18 9C.";'OC SC.OOIJ 2611,000 9'~'t"0 136.0CO ICQ ,C~O

19 112.1100 5t,.MO Bb.OJO Ico.O(ln 12C.000 107.CvO
20 BC•• COOO I>O.::~" 195.00C 120.0~'0 110.:>00 111.::'00

21 70,OOe 56,000 17('.00" 1 lJ.O':'O 105.0CO &d.7eO
22 102.0;:':: 1>0,::00 1<05.;)')0 125.:>00 11 ('.·:-OQ 70.COO
23 S~.'OJ S8.~C.0 IIO.COOn 125.("(;0 tle,',GO 7C.~JO

2.. "O.CCO Sb.OeO 89.bOC ll5 • .:ICO ZlC;.~OO 70.Cn~

25 ,,~.OOO 'is.OnO 82,600 13,) .0':'0 l<t7.000 'i5.~';0

26 4l.COe 55,Oll0 82.000 11).000 761>.000 105,000
27 H.IlUC 65.000 18.00:') 110.0uO 273,CCO 70.000
211 37.<>00 87,600 80.001l 125.·)(10 21.6.0~0 75.000
29 "C.1"1l0 12t,.000 125.('no 250.e1l0 N.O"?
30 75.tOu 17C.O"O 135,O\;0 2" 7. ooe 65,COe
31 2'4, ':;'d'~ 222.0~0 150.0('0 55.0')0

rOUL Z,23C.Q"l ,,222.114 5,160.2'4 t,.179.7" ".t, ..O.COI 2.965.1"
"EAN 71. q"o lc... r,Oo 18",300 13t, .1I~C 21".30::0 qS.6~C

"All 2·:It.~OO 3C4.e~0 26I1,C"" 226.(I~0 394 ."C~ 2H,!)·:C
Mill lB.!;OC t,O.CC·\) 78.000 1>8.Il'," 105.':'01) S~.OCO

CH" I.OJ I.t,' 2.6) 1.92 3.C8 1.36
Ill. 1.18 1.71 2. '" 2.22 3."" 1.~7

CAL YJi 1969 :.JJ. 26';),000
",.-;;.. )':. 1 '{7C :.:;;1. ,3"4,000

~ :"F.; ...e::5~d. 1:. t~,,,·~ca:;'is.
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TABLE 1II-7 USGS Ohio River flow data at Maysville, Kentucky.

03238000 Ob10 111ver a~ I'..,.Y111.. K)'.

LOCATIO!\.··La~ 38·36·~~·. 10ll& 63·4~·49·. ~~OQ COIlD~)'. Ol> lett ba:>k a~ t~ ot I'.aJ'ke~ S~....t. at .....,.Y1lle. e~ tt aow.tre_ h'w
AheJ"deea.I'..,....111e br14&e. 0.2 aUe d""",.tre.. troll U ....tOGe. Creek. ""d at IOU. 408.6.

DliAIIIAGE A.1>J:A.·.70,130 .ll al. approx1oate17'

!'!:l\IOD OF RECORD•••:"".....,. 1939 to eurrea~ ;year (frapeoUry prior to OCtoher 1940. h1s11-vater recorda =1)' atter .....7 1964). Prior
to O:tDher 196~. publ1.hed U ·o.ar ~:a,.Y1ll•••

CAGJ:: ••-\later-Uac. recCll'4er. Ilat... ot lace 1. 4~0.90 tt above me...... le...1. 4atwt ot 1929 or 4n.~0 tt above meao ••a 1....1.
Oh10 1l1ver 4at.... Pr10r to OCt. 1. 1964. OO:lZ'ecord1111 l86e at .u. 3.~ aU•• upatream at 4at... 1.07 tt h1&her. Auxll1ar)'
"at.r·.tap recorder at upper S86. at Capt. AlItboll)' Mel4Ul Locka ao4 Du at aU. 436. Prior to OCt. l. 1964. aODftcordl111
aux1l1VJ Cap at abul4clce4 lock aM 4aa 34 at 1111& 434.1.

Av::P.AGE DISCIIAlIGE.--2' ;yean (1940-63). 91.010 e~a (17.62 1nc~a .,er ;year).

EX'!F.:o::.zs.--Curreot year: 1·:aX1cwt d1acharp dur1", ;year. 3~2.ooo cta Feb. 2~; I<sx1T.1WC S&I. he1sb~. 44.32 tt Feb. 2~l .,101_ oot
detc....10.d.

Per10d ot record, MaX1aum "'1achar... 63'.000 ct. Apr. 17. 1948; max1_ S86. he1pt. 66.6 tt ~v. 9, 194~ (prea.ot 4atUII at
&1~ 3.~ ..U •• upatream); 1I101Jlwl dt.charie oot dete....1oe"'.

!.:axi= atas••1oee at leut 1772. 76.4 tt Jan. 27, 19'7 (pre••ot 4atwc at ut. 3.~ alle. upatre... d1aeharP. 820.000 ch,
ut1_t.d).

F.E!'.A.'=XS.··llecorda fau abDY. 100,000 cra aod poor belClV. D1schar.. 1... t.hao about 70,000 eta OD 4a,. tor vh1ch 00 d1acharp 1.
sbCN'D. ..

DIS:Hvce, I~ CU~IC FEET PE' HCDND, WUER yeAI' OCTOle, 1910 TO sePTE"IeR 1971

OIY OCT NOV DEC JAN :"8 14AP. AO' "!IY JUN JUL lUG Sf'

1 1"5,000 85,000 98.000 88.300 257,000 60,000
2 156,000 90,000 90.000 11... 100 2Co5.000 60.000
3 140,000 95,000 80.000 10,000 231.000 60,000
'0 lColo,OOt' 99.300 80,000 70.000 216,000 60.000
5 141,000 95,000 110,000 169.000 213,000 100,000 124,000

6 1100.000 95.000 2H,OOO 2"9,000 218,000 80.100 ••,800
7 140,000 105,000 261.000 2SJ .000 2'ot',OOO 164,000
8 126.000 105,000 2S8,OOO 269.000 211,000 2"6.000
9 113,000 90,000 210.000 216,000 281,000 305,000

10 96,900 80,000 .161,000 171.000 271,000 321,000

11 95.000 15,000 138.000 1S3 .000 238,000 2U.000
12 95.000 75,:100 1\ 2.000 139,000 211.000 230,000
13 9S.000 115,000 103.000 163.000 199.000 2130000
1'0 95.000 146,000 115.000 19~ .000 190.000 248.000
U 100.000 154,000 14S,OOO 222.000 191.000 273,000 1108,000

16 105,000 l't3.000 158.000 ZZ" .000 193.000 256.000 134,000
17 106,030 129.000 161.000 203.000 193.000 219.000 125,000
18 120,000 121.000 150,000 177 ,000 l'n.ooo 154,000
19 12(1,O~') 1210,000 130.000 179,000 190,000 151,000
20 120, 030 122,000 9S,OOO 198,000 111,000 115,000

21 11 O. 000 120.000 15.000 222,000 162.000 as.OOO
22 '9,900 164,000 70.000 261.000 162,000 70,000
23 110,000 2102.000 65.000 290.000 160,000 60,000
2'0 116,.00 291,000 70.000 328.000 150,000 55.000
25 85,000 305.000 92,700 350.000 145,000 50,000

26 15.00') 298.000 119.000 3101.000 1.. 7.000 50,000
ZJ 10.000 2'08.000 112.030 31" .000 131.000 50,000
28 lS.000 18... 000 89.200 27J .000 125.000 45.000
29 70.000 lS2,000 80.000 116,000 ..5.000
30 75,000 118.000 J'o .500 103.000 45.000
31 9l.'o00 109,000 et.600 95,000 75.000

nUl 30259.7" ... 314.314 3.88'0.0" 5.900.1014 5,940.0M 4,218.1M

";'~ 105.100 1'01.100 125. )00 210.700 1910600 136,100
"U 92,400 156.0')0 305.000 267.000 lSO.OOO 281.000 321.000 124.000 146.000
..t~ 70. 000 75.000 65,000 70.000 95.000 45.000

C:..1. Yil 1970 "'.AX 394.000
'o-:n rl 1971 }:;J( 3~0.000

Yo [xi're••e~ 1D thtT.1I&:1U.
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TABLE III-8

._~-

USGS Ohio River flow data at Maysville, Kentucky.

0)238000 Cldo Mftl' .t x-pY111e, X7.

LCCA1'ICIl.--Lat )8')8'''., 10QI 83'4"49·, Muoo ~1, ~n l>ulk at. toot ot Mo.Z'~ 8\ren, .t. 1!a18Y111e, .~ n ~~ r
Aber4eell-Mqanu. bride., 0.2 1111& ~t.re.. boa u.._. Creek, alI4 .t. .11& 408.6.

1lilADIAllJ: AII!A.--70,UO ., .i, aPPJ'Oll1aate11.

PEIlIOD or R!C0III)••..7una&Z7 1939 w CUZ'zoeot ,.ar (trapn\u7 priGI' w October 1940, b1P_wr recorda oal1 .ttar Mq 1964). 1'1'1C11'
to OcWber 196', pIIbl1alaed u • ar Mqanu.••

GAGE••-Wator..."". recor4er. Dat ot ,ace 1a 4~.90 n aboft _aD a.a leftl, 4&t... ot 1929 or "1.~ n aboft _aD." 1eft1,
0l>1o M...r 4&t.... Prior to Oct. 1, 1964, DClIlreOOl"41la& ,ace at alta 3.' II1lM upatra.. at 4&t.. 1.07 n 1l1eMr. AWIt11.1u7
vat.er-ataca recorder at. upper cace .t Capt. ADt.boDJ Mel4ab1 Loella alI4 Daa at 1111. 436. Prior to Oct. 1, 1964, DOON~
au:dl1arJ , •• at. abaD4oDa4 loc1r. alI4 4aa 34 at. .11& 434.1.

A'IEllMlI DISCJlAllGI•••23 ,ear& (1940-63). 91,010 eta (17.62 locbea per 1IIar).

En'IiD4!S.--e:.an-e.t ,ear: Mald.- 41.cllarp tlvrlDc rear, 418,000 et. Apr. 24~ II&d.- &ace b&1&11', 4I.~ n Apr. 24; 1I1U- -'
4eWrll1Da4.

Period ot reCOl'l: ~ 41acbarle, 6",000 ct. Apr. 1'1, 1948~ -.at.- ,ace llaiPt. 66.6 n Ilar. 9, 1945 (praa- uw. .t
I1W 3.' Idl.. vp&treaa>; e10UlIa 41.cIlarI. 00\ 4&\arll1Da4.

I'....u- atac. a10ca at leut 1'1'12, '16.4 n JaG. '¥I, 193'1 (preen' 4&t... at alto 3.'1111.. upatNaa, 41acllarp. 120,000 eta •
• 1\1_taIl)•

P.!3WtCS ••-llecorda r.ir. Dlacllarp Ie.. tIwl .bout 100,000 ct. _ 4&,. tor wbicb DO 41acllarp 1& aboft.

OISC"A~GE. 11'1 CUbiC FEET PER SECO~. WATEII YEAR OCT08ER 1971 TO SEPTE'l8ER 197Z

OAY OCT NOY DEC JAN FEB MAR APR MAY JIJN JUl. Aue SEP

I ~1.300 I~O.OOO 310.000 136.000 124.000 2"1.000

2 136.000 101.000 2b3.000 117.000 1010000 221.000

3 1';4 .000 102.000 293.000 82.000 I1S.IIOO 21S.000

4 164.000 110.0110 33S.000 97.300 134.000 2n2.000

S 192.000 120.000 371.000 119.000 lS0.000 196.000

6 228.000 I1S.000 375.000 134.000 174.000 19100110

7 111.000 247.000 10S.000 344.000 148.000 171.000 212.000

8 1611.000 22'l.000 90.000 304.000 209.000 155.000 216.000

9 214.000 1'l7.000 8S.000 256.000 266.000 136.000 1'l4.000

10 220.000 1114.000 75.000 237 .000 276.000 12S.000 167.000

11 204.1100 200.000 70.0011 22'l.000 246.000 164.noo 138.(100

12 176.000 196.000 b5.000 210.0011 20b.000 Ul.000 103.000

13 153,000 l'lO,OOO 10'!>.000 196.000 l'll,1I00 181.000 'lS.OOO

14 124.000 1110,000 200.000 1110,000 7.30,000 lb7.nOO Q3.200

15 110,000 160,000 226.000 188.0110 ?88.000 155.000

16 100.000 14o,eoO lZ7.000 211.000 )36.000 157.000
11 116,000 110,000 204.000 ·2230000 '\"0.000 167.000

18 110,000 'l5,OOO 18'l,OOO 234.000 3'l4.000 1108.000
1'l 101.000 85.000 184,000 2410000· 379.000 1100,000

lO liS. 000 176.000 240.000 3S2.000 139,000

21 123,000 156.000 224.000 31l11.000 11 0.000

22 170.000 122.000 210.000 338.000 105,000

23 200.000 113.000 209.000 396.000 8'l.700 149.000

24 1118.000 119.000 214.000 414.000 196.000

2!io 170.000 234.000 219.000 380.000 247.000

26 1100.000 30l.000 l13.000 329.000 302.000

27 160.000 3S7.000 197.000 2810.000 3"3.000

28 160.000 381l.000 180.000 13S.000 3100.000

29 150.000 3104.000 164.000 192.000 • 343.000

3D 1'>0.000 155,OOn 169.000 309,000

31 I!>O.OOO 147,000

10UL 5.070.314 h921.0M 70371.014 7.644.3'4
·:Et.... 163.600 1109.700 237.800 254.1100
..ax 220,000 241,000 38l11.000 315,000 414.000 111,000 363,000 26l,000

.. IN " ... 000 bo;.OOO 147,ono 82.000

CAL TR 1m ~u 350,000
VIa TR 1972 MAX 414,000

M !..q.re•••4 10 t~~'NS&Q4a.
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TABLE IlI-9

-~-

USGS Ohio River flow data at Maysville, Kentucky.

0)238000 Oblo R1ftr at ~'I1ll.e, K7.

LClCAnQl.··Lat )8')8'5'-, loq ')'45'49", MuDD Count7, 00 left beak at root or MarILn Street, at Ma,.Y1l1e, 850 ft (m.) a-.
atre_ r.- AbeJUft-Ma,7w'l1ll.e bn., 0.2 aile (0.) Ila) dCMlatre_ rz- L1zIeatoo. Cred, aD4 at 1111.. 401.6 (657.4 Ila).

DJIAIJIACE AR£A.-70,130 .q at (181,640 .q b), appz'OlC1Mte17.

PERIOD CIt RD:aIlD.--JaDUU7 1939 to C\IZTeI1t ~ar (tn.peatary prior to October 1940, h1&h-vater recorda 0D17 after "'.q 196/,). Pr1W
to October 1965, JIIlbl18~ .. "o.v MQaY11le." -

GAGE ••..vat.r-etqe recorder. Datllll ot ,aca 18 450.90 n (1)7.434 .) above tleaD ••a lewl, datllJl or 1929 01' 451.50 n (137.617.)
abov. - ••a lewl, Ohio R1Yl11' datua. Prior to Oct. 1, 1964, -.tcord1ll& ,&I. at aUe 3.5 aile. (5.611II) upatre_ at datu8
1.<77 ft (0.)26.) IlSCber. AuxU1V7 vater-.tas. r.cord.r at upper ,ap at Capt. AIltlloay Maldall1 LoUa aD4 Ilea at a1le 4)6
(702 11II). Pr1oI' to Oct. 1, 1964, DODI'ecord1D& awc1llary pp at abaDdooed lock u4 dul )4 at a1le 434.1 (691.5 Ila).

AVERAGE DISCIWm:.--2) ,._ (1940-6), 91., 01.0 ct. (2,577 cu aI.), 17.6e SA/7I' (448 -171').

EXTREM!S••...eur.....t ,.ar: Mus- 41acllar&e 4ur1D& ,.., 475,000 ct. (13,500 cu ./.) Dec. 12; un- ,lip be1&llt, 52.06 ft
(15.868 .) Dec. 12; aiD1aIa DOt datel'a1H4.

Period ot ncori: Max1ala 41ac:llarp, 635,000 era (18,000 cu aI.) Apr. 17, 1948; IIl&X1JIua ,ap be1allt, 66.6 ft (20.)0.)1'..,.. 9, 194' (p.....Dt dat.. at atte ).5 1I1le. or 5.6 Ila upatreu); aiD,.,. U.cIlarp DOt 4.tera1De4.
Max1aIa .tas••1Dce at leut 1772, 76.4 n (2).29.) Ju. ~, 1937 (p....eat 4&_ at atte ).5 a1le. 01' 5.6 Ila upatre.,

41acllal'p, 820,000 era 01' 2),200 cu ala, e.t1ated).

RD'.ARaJ.--1leeorda r.1I'. DUcllaI'p 1_ tIlaD about 100,000 er. (2,')0 cu aI.) 00 da,. tor *1c11 DO 41acllal'p 18 e!llMI.

UISCI1AIlIiE. 11'/ CUBIC FElT Pl~ SECOND. w.t.TEil vE'~ OCTOBER 1972 TO SEI'TE"IHEII 1973

UAV OCT "'UII DEC JAN FElf """ AI'~ ""V JUN JIlL aUG SE~

1 150.000 143.000 72.000 159.000 413.000 179.000
l 135.000 12~.000 711.000 147.000 31>2.000 162.000
3 120.00u Illl.UOO 82.01)0 146.000 291.0110 1211.000
4 110.0011 140.000 ,H.OOO 162.000 242.000 90.200
S 1111.000 164.UOO 1l7.0no 190.000 218.000

6 125.000 lh.oOO 136.000 ~13.000 19".000
7 165.000 1111.000 148.000 ?15.000 169.000
8 l10.000 I11S.UOO 165.000 <'210000 144.000
9 275.000 140.000 110.000 133.000 143.000

10 392.000 115.000 160.000 l~3.000 178.000

11 ..e.O.OOO 151.0110 l64.000 202.000
12 470.000 141.000 ZI>I.OOO 203.000
13 4';0.000 130.000 l50.000 192.000
14 394.000 11>1.000 230.000 179.000
1~ 349.0110 111).000 Z14.000 11)3.000

Ie. J25.000 124.UOO 192.0110 146.0110
17 J19.000 182.000 195.000 178.000 128.000
III 30".00U 170.000 ~80.000 153.000 109.000
19 275.000 137.000 340.000 162.onl) 92.000
20 l40.000 101.000 31)6.000 175.000 ~4.000

i!1 l25.000 353.000 171.1100 7$.000
U 231.000 3ZS.000 146.1100 73.000
23 2670000 297.000 137.000 73.000
24 Ji?I.000 253.000 141.000 112.000
25 J38.000 221).000 1"4.01)0 132.000

26 J15.000 21Z.000 191.000 164.000
27 263.000 ;,>111.000 l07.000 lto7.000
211 ..25.000 209.000 ?1l3.000 147.000
Z'I 205.1100 205.000 3113.000 137.000
30 185.000 201.000 42... 0110 167.000
31 163.000 17.4.000 1;\2.000

TOTAL 8.118.014 5."4).0" ".21"5.0>1 ~.?56.0"l

..tAlf ..61.900 1"8.~00 ZO'l.!>OO Ito... .;OO

""ll 470.000 366.01)0 4Z4.000 413.000 179,000
01)10 110.000 72.000 137.000 73.000

CIJ. III 1m .,JJC 470,000
10':11 III 197) .,JJC 470,000

MExprean4 10 thouaaoda.
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TABLE III-IO USGS Ohio River flow data at Maysville, Kentucky.

03238000 Ohio River at Maysville. Ky.

LOCATIGl.--Lat 38'38'55". lana 83'45'49", Mason Colmty, 011 left !link at foot of Market Stuet. lit ~laysville. 858 ft (Z59.) dole·
stre_ from Aberdeen-Maysville bridge. 0.2 lIile (0.3 laD) cIownstreaa fl'Oll Limestone Creek. and at mile 408.6 (657.4 ka).

DRAINAGE AREA.--70,130 sq ali (181.640 sq Iaa). approxilllately.

PERla> OF REalRD. - ·January 1939 to current year (frapentary prior to"OCtober 1940. high-"..ter records only after May 1964), Prior
to OCtober 1965. published as "near Maysville."

CAGE.·-Water·stage recorder. DatuiWaa,. is 450.90 ft (137.434 .) above mean sea level. datlD of 1929 or 451.50 ft (137.617.)
above mean sea level. <IIio River dana. Prior to OCt. 1. 1964. IIOIIrecordinl gage at site 3.5 miles (5.6 ka) upstre~ at dana
1.07 ft (0.326 II) higher. Auxiliary water-staae recorder at upper gage at Capt. Anthony Meldahl Locks and Dam at 1II11e 436
(702 ka). Prior to OCt. I, 1964,.lIOII1'ec:Onlin& auxiliary gaee at abandoned lock and da 34 at mile 434.1 (698.5 laD).

AVERAGE DI~.--23 years (1940-63), 91.010 cis (2,577 QI ..ts). 17.62 i:rl/yr (448 flD/yr).

EXlREES.--CUrrent year: Naxian discha1'le during year, 488,000 cfs (13.800 QI ""s) Jan. 12; 1IIlIXinulgage height, 52.15 ft
(15.895 II) Jan. 13; minw. not detenoined.

Period of record: Maxizua discharae. 635,000 cfs (18,000 cu ""s) Apr. 17. 1948; J:l8llilua gage height, 66.6 ft (20.30 II)
Mar. 9. 1945 (present datul at site 3.5 railes or 5.6 ka upstreaa); lIIinW. discharge not determined.

Maxw. siaae since at least 1772, 76.4 ft (23.29.) Jan. 27, 1937 (present datua at site 3.5 IIIiles or 5.6 laD upstre_.
discharge. 820.000 cfs or 23.200 QI ""S. estilllated).

RBWUCS.--Records fair. Discharge less than about 100.000 cfs (2.830 cu III/s) 011 days for "ilich no discharge is shown.

DAY

1
2
3
4
~

6
1
8
9

10

11
12
13
14
15

16
11
18
19
20

21
22
23
24
25

26
21
211
29
JO
31

TOTAl.
HEAN
HAll
"IN

OCT NOV

106.000
11~.OOO

110.000
99.300

14J.OOO
2"'hOOO
335.000
375.000
~-----

375,000

UEC

340.000
lU.OOO
182.000
140.000
126.000

106.000
85.000
15.000
65.000
6!>.000

10.000
70.000
65.000
80.000

10J.000

135.000
141.000
111.000
80.000
80.000

95.000
118.000
166.000
115.000
161.000

148.000
183.000
254.000
292.000
295.000
291.000

4.566.U"
141.300
340.000
65.000

.JAN

211S.000
26'1.uOO
24~.000

245.000
212.000

268.000
2J6.000
186.000
150.000
110.000

2\13.000
424.000
"1l0.000
47J.000
408.000

281.000
209.000
188.000
199.000
l13.000

2330000
250.000
231.,)00
226.1100
221.lIOO

222.000
237.000
2"5.000
2!>1.000
25J.000
235.000

8.101.0"
261.500
4110.000
150.000

215.000
lYO.OOO
166.000
152.000
131.000

130.000
130.000
135.000
14t1.000
142.000

133.000
109.000
109.000
108.000
111.000

133.000
136.000
126.000
101.000
106.000

110.000
1170000
126.000
13S.000
158.000

·IS7.000
14•• 000
125.000

J.l:IOl.0M
135.800
215.000
106.000

HAlf

108.000
108.000
1310000
156.000
153.000

1:>10000
171.000
Id1.000
190.000
11l1.000

1910000
2311.000
283.000
315.000
312.000

268.000
2Z3.000
204.000
198.000
11l9.000

196.000
233.000
261.000
266.000
221.000

Hot.OOO
1..9.000
128.000
125.0UO
137.000
156.000

6.031.0..
194.500
315.000
108.000

165.000
19S.000
213.000
238.UOu
282.0011

3h.000
323.000
296.000
263.000
2103.000

2104.008
245.00u
221.000
203.000
1110.000

1100.000
IS0.000
135.00Cl
120.000
110.000

1011.000
910 100
80.000
9,.1100

105.000

89.100
10.000
65.000
bS.OOO
60.000

5.166.004
172.200
323,000

bO.OOO

5,.ouO
60.000
92.0110
~S.OOO

1I1s.400

~1.900

10.0UO
71.500
6S.uOO
!05.0UO

70.000
~7.S00

181>.000
2;3.000
2a".ouo

""2,000·
hS.lIOU
148.000
1;1>.000
16".000

142.0011
lIS.000
114.0uO
109.000
114.000

101>,0110
~S.UOO

1>5.000
70.000
95.500

151.000

3.735.1101
lZ0.500
2116.0uO

55.000

.JU~

19ot,OOO
l44.00U
2711.000
29~.01l0

~6U.000

203.000
134.C100
84.9011

~J.lOO

IJ2.000
21O.00u
24b.000

222.000
173.0011
1211.000
106.000
115.00ll

296,000

.JUL

lnl.noo
lu2.000
118.000
11",.000

'1".200

118.000

luZ.OOO
-10.000

127.000
IJb.1I00
1"!;'lIIlO

UIoODO
1II1.0DO

145.000

CAL YIl 1973 H.\X 424,000
h'TR YJl 1974 WJ( 480,000

MExpressed in thousands.
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TABLE III-ll

·_ .._~-.-

USGS Ohio River flow data at Maysville, Kentucky.

03238000 C»lio River at ~brsville, Ky.

lJXATICt\.--!..at 330 38'53", lOll;! 83°4S'4:l", '·lason County, on left bank at foot of ~larket Street. at Maysville. 850 ft (259 a) cboIl·
Hre3111 fTall Aherdcen-~laysville bridge, O.Z IIli (0.3 Iaa) downstream fTal Limestone Creek, and at IIlile 408.6 (657.4 1aI).

!lRAIXO\GE AREA.··70,130 5q oi 081.640 sq km). approximatel)·.

PERIOD OF REaJRIJ. ·-Janu3ry 1939 to s.,ptember 1975 (discontinued). Fra£lllClltary prior to OCtober 1940. hiah·...ater records only alter
~13)" 19M. Prior to OCtober 1965. putolished as "near ~13}'5\·i11e."

c.O\GE.-·l\'ater·stage rt:corder. Dal:um of gage is 450.90 ft (137.4341:1) above mean sea level. datua of 1929 or 451.50 ft (137.617 a)
above mean sea level. Ohio River datUlll. Prior to OCt. 1. 1964. nonrccording gage at site 3.5 mi (5.6 Iaa) upstre8lll at datIB
1.07 ft (0.326 m) higher. Auxiliar}' "'.Iter-stage recorder at upper gage at capt. Anthony ~leldahl Locks and IlaIa at mile 436
(702 b). Pri~r to OCt. I, 19M. nonrecording auxiliary gage at abandoned lock and liD 34 at llil. 434.1 (698.5 1aII).

AVERAGE DlSOi.w;E.··23 years (1940'63), 91,010 cts (Z.57i c:u at.), 17.62 in/yr (448 JIIlI/yr).

EXfWlES.··Current year: ~bxim.JIII discharge during yC:lr, 40Z.000 cts (11,400 c:u III/s) .~lar. 16; lllUiJIuIlgage heiaht. 47.36 ft (14.435 a)
~Rr. 16; IninillUlD di!'Charge not deter.nined.

Period of record: ~laxiJlull discharge, 635;000 cis (lS,OOO OJ III/s) Apr. 17, 1948; ltaXiIIua gage height, 66.6 ft (20.30 a)
~tar. S. 1945 (preser.t dat\.lll at site 3.5 miles or 5.6 km upstreu); ainiJlul discharge not determined.

~1:1xi.nJm stage since at least 1772, 76.4 ft (23.29 m) Jan. 27, 1937 (present dat... at site 3.5 IIliles or 5.6 IaI upstrea,
discharge, 820,000 cis or 23,200 c:u als, estilllated).

Rh'l,'IRKS.··Records fair. Discharge less than about 100,000 cis (2,830 c:u 111/5) on days for "tIidl no discharge is shown.

DISCHARGE. l!'j CUBIC FEET PEN SEC0040. IIATEA YEAA OCTOBEN 197. TO SEPTEIIIlEA 1915

DAY OCT !'jOV OEC JAN fEB IIAA APA IIAY JUtI JIlL .ut SE~

I 131.000 194.000 257.000 354.000 3Sb.000 305.000 97.000
2 167.000 219.1100 2112.000 282.000 H1.000 274.000 103.000 11.....
3 166.000 241.000 294.000 224.000 273.000 252.000 122.000 1110•••
4 161000U ZH.OOO 294.000 195.000 221.000 234,OUO 130.000
~ 152.000 2Zl.000 271.000 180.00U 202.000 232.000 110.000

6 128.000 190.000 2b2.000 16'1.000 187.000 237,000 100.100
7 117.000 l7U.OOO 282.000 1511.000 174,000 227 .000 123.000
8 125.000 149.000 293.000 156,000 145,000 193.000 142.000
9 I11S.00U 1311.UOO 277 .000 171,000 121.000 160.000 135.000

10 208.000 134.000 240.000 193.000 11S.000 147.000 . 110.000

II 221.000 159.000 195.000 1.98.000 102.000 13t>.000 95.000
12 202.000 173.000 178.000 204.000 85.000 1211.000 90.000
IJ 174,000 1711.000 212.0011 278.000 80.000 110.000 95.000
14 155.000 174.000 242.000 336.000 75.000 95.000 105.000
IS 150.000 17t>.000 232.0011 380.000 t>S.OOO 95.000 106.000

It> 150.01)0 164.000 201.000 399.000 60.000 108.000 100.000
17 162.000 146.000 Ibl.OOO 390.00U 65,000 118.000 95.000
18 177.000 1Jt>.000 149.000 352.000 60.000 132.000 100,000
I" 132.000 15b.000 158.000 3U"000 65.000 145.000 95.000
20 171.001i 1911.000 176.000 294.000 70.000 135.000

ZI 96.S00 155.000 221.000 184.000 324.000 75.000 1211.000
22 104.000 142.000 228.000 181.000 367,000 75.000 110.000
23 I1l.000 127.000 203,000 191.000 375.000 75.000 95.000
24 108.000 119.00u 1640000 l53.000 379,000 110.000 97.1100 138.000
25 112.000 121.000 1'10000 295,000 3n.000 221.000 110.000 200.000

ell 108.000 144.000 1n.OOO 341.000 376.0011 294.1100 111.000 23100..
27 118.000 IIti .1I0U 223.000 378.000 355.000 345.000 100.000 169.000
28 128.000 2011.000 24b.000 381l.000 306.000 371.000 119.100 110,00'
2Y 123.000 215.000 233.000 292.000 3bltOOO ,"S.OOO 95.500
;'0 Il.ltOoo c13.0uII 2011.uOU 334.000 326.000 90.000
31 c05.000 221.uOO 355.000 100.000

TOUI. ~.IOO.O~ 5.819.01" 6.868.0" 9.057.0" 'hIOB.O" 4.5960711
..f ..... 1{o4.500 187,700 245.300 29Z.200 170.300 148.300
MU i'l1.OOO 24b.OOO 388.000 3119.0110 371.000 305.000
"I~ 117.000 I J-. DOO 1_9.000 156.000 e.O.OOO 90.000

C\L YR ~·t·\X ~SO,O:IO

h'lP. YR ~:·\X 39~), 0(:0

~1 F_q>rl.'sscd ill tl,O·bol!kls.
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TABLE lII-l2 USGS Ohio River flow data at Greenup Dam. Kentucky.

03216600 Obto at••w .t Gw••au, D... ~y.

LOCATIO•• --L.t 31·31'41". 10.' ~2·51·31". Cr••a., Co.aty••t 1.ft ••• of Cw••au, D•• o. Obio ai••w. 1.1 .il••
up.tr••• fro. Gr.,. Ir••ck. 4.7 .tl•• 'oun.tr.o. fro. Lttti. So." Rla.w. 5.0 .iloo .owtb of Cr••••' ••••
at all. 341.0. --

blAIHACI AlIA.--62.000 0' .i. a,pro.i.at.ly.

'&RIOD 0' lECOaD.--Octob.w 1'" to curroat yo.r.

CACE.--Cot.-op••la. a.' vat.r-.t••• w.cor'.r.. R••'v.t.w '0'. 0.4 .il••p.tr.a••t dot•• 503.0' ft .bo••
a.an 0 •• 1••01. Ohlo 11••r 'at•• an' 502.51 ft abo••••an ••• 1•••1. '.t•• of 1929. Tailv.t.w •••• 0.4
.11. 'ovnotr••••t '.c.. 30.12 ft 10v.r.

EXTREMES.--C.rr.nt 'O.tl H•• i ••• ••11y 'iacb.r••• 335.000 cfa Apr. 5; •••1••• b.a'v.t.t •••• b.i.ht. 20.32
ft Apr. 5; 0 ••1•••. tallv.ter .a•• b.i.bt. 4'.51 ft Apr. 5; .1nla•• 'ail, 'iochorl•• 10.400 cfa Oct. 14. 16.

'orlo' of racor': tln.l.....ally 'hch.r.o. 335.000 eh Apr. S. 1970; •••i .... b••'v.tor '0'. b.ilht.
20.32 ft Apr. S. 1970; •••1••• t.llv.tor .0'. belcht. 49.51 ft Apr. 5. 1970; .lni.... '.11, 'lacb.rso.
9.300 efa Oec. 17. 1"1.

REMARKS.--R.eow'a 100'. 0.11, 'iaeb.r•• eo.p.te' fwo. be.' •••ta op!ala.a ••0' 10ek..... 'lov re,.l.to' by
Ohlo Rl.er .yat•• of lock••••••••0' we.ewaotra

DISCHARGE. I~ CUIIC FEET PER SECOND. wATER YEAR OCTOIER 1969 TO SEPTE~IER 1910

on
1
2
3
4
5

6
1
I
9

10

11
12
13
14
IS

16
11
11
19
20

Z1
22
21
24
Z5

26
21
21
29
30
31

TOUL
HEAN
"AX
"IN

eCT

11.600
21.200
18.600
21.100
24,700

21,500
19,100
19,700
23,100
15.100

16,tOO
21,200
19,500
10.400
20,100

10,400
11,900
16."00
18,000
lit, 900

16,700
17.200
18,500
22,900
12,500

n.700
11.500
15,"00
12 ,800
19,Ton
10,9CO

546,'JI)0
17.6..0
27.500
10.400

NOV

19,600
33,400
25,500
35,100
41,20')

29,000
32,100
23,000
22,503
26,400

21.400
24,100
25,400
24,200
l8,100

13.100
30.100
26,400
34,700
~7,100

65.20D
13,501)
64,500
55,501)
50,400

51,000
51,200
51,200
43.300
32.600

1.110.1"
37.01)0
13.500
ll.lO')

CEC

28,900
24,000
31,000
24,500
29,600

33,300
35,1')0
30,900
52,200
59,300

91,000
112,000
1130000
156.000
122,000

112 .000
103.000

11I,100
79.700
75.900

66 ...00
55.500
530 700
3",100
4l.3')D

38,200
31.100
3b,lI00
38.900
96,lOO

279.000

2,264,,,"
13.050

279.000
ZIt,OOO

JAN

279,000
215,OOC
206,(1)0
192,000
163,000

124,ODO
910,400
11,100
60,900
46,900

25,100
'05.300
33090C
"1.101)
102,200

101,600
"1,400
'010,900
51>,900
,,8,70C

57,400
51,800
51,300
45,200
Io5,20e

60,500
",900
85,"00
97,60C

l71o,OOO
220,0')0

2. "5.314
'l3,400

279,000
25.lJOO

Fee
240,000
206,')00
207,00"
22~,OOO

231.000

201,:100
172,000
173,000
193,000
200,OGO

190,')00
tlO.OOO
160.000
135,0:10
110,000

200,OOe
2110.000
200,000
tlIl,OOO
160.000

1'00.000
122,000
91,"00
81,30"
81.300

81,61"
T2,"00
75,"00

Io,S18.e"
16J,5)C
240.0:;0

72.60:1

MAR

12,700
64,700
62,500
61,300

123.000

Ul,OOO
221.000
211,000
111,000
152.000

124,(100
ll.. ,000
151.000
165,000
142,00')

1 C4,OOO
7~.300

l'i,"OO
97,"00

110.000

1')6,000
101.000
111,1)00
119.000
113,000

108,000
108,003
10",000
1:19,000
119.000
152.000

3.188.3"
122.20-)
227.01\0
61,300

APR

110,01)0
230,000
213,000
320,000
335,000

319,000
214,000
Z15,OOO
205,000
118,000

16'.. 000
153,000
138.000
120,000
ll:),OOO

105,1)00
1010,(01)
101,000
99,700
95,900

88,400
97,000
9'i,600

196,000
230,01)0

2100.000
240,000
222,000
224,000
209.noO

5.5f>".614
185,60,)
335,900
.,.400

"AY

215,OOC
159.000
11",000
1(;4,01)0
91,100

13,900
14,"00
67,900
55,100
45,700

"l, .. t>o
44,900
15.5Cr.
86,"00
84, "0

83,2')0
84,7)1)
81,0')0
98,4\>0
9l,50(l

85.00C
65,500
72,9CC
"4,700
",,900

54,100
65,IOC
69,300
65,100
61,"')0
47,ZOC

2 .497. l~

80.550
Z15.0)(:

44,900

JUII:

43,900
21.I)OC
32,300
33.900
27,100

32 ,60C
41.900
"1,000
3Cl,600
32,100

26.700
39,31\0
3Z.900
2P- ,000
35,1001)

42,5':'0
49,200
H,9,)C
5304')0
TO,20/)

7",31)')
6",OJOO
36,100
41.600
31,9:10

29.900
37 ,2')0
48,300
3t .",)0
35.601:

1.2)1.'1"1
41,06"
16,30)
26.10C

JUL

2b,800
"",700
34,lOO
33,200
30,900

34,601)
3",800
18,900
39,"00
54,800

55,10e
55,""0
35,7CO
32,700
24,100

4/).901'
49.100
55.8CC
47.901:
38,60C

38.401:
33.10C
31 .200
32,31)0
26.70n

23.21)0
26.600
27.400
24.600
3/).6/)0
41,300

1.126.4H
36,341)
55.OJOI:
18 .900

AUG

50,3')0
5",7')0
48,1')0
",4(1)
32,3!\0

2! ,500
22 ,T/)O
21.500
2l.UO
3/).400

33,200
38."00
38.300
29,70"
22.4 /)1)

2'1,1"0
27.,901)
1~.2{\')

1Cl,71)0
16,200

22.Z1:I0
2:",'»)0
41,6)0
4",100
"7,510

26,4')0
3'),1100
2",9')0

2"'"21,900
1".0:>0

93C,~0)

30.02?
56,7')0
H,O')"

se,
21.ltOll
20,4:)~

32,1'?
21,2"0
15 ,I")

2",4')"
20,1.)0::
21,4')0
21,'100
28,O)n

3",t,e
25,l,)0
22,5'0
21, "'0
21,U~

19,1)'"
22.'1)0
33,2')0
32,1)0
32,UO

3102')0
29,U"
33,5)0
28,""
20.5)0

2'1,70'.)
33,2'0
32,6.)1)
33, ne
3.. ,n')

!15,"tI
27,1'10
34,81)0
15,1':.'0)

CAL YI 1969 TOTAL 22,225,200
wTH YR 1970 TeTAL 2T,351,300

MEA" 6", no
ileA.. 74.940

"'U 279.000
"'u H5.00C
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TABLE III-13

------

USGS Ohio River flow data at Greenup Dam, Kentucky.

03216600 auo lIiver .t. ClreellUp llaIl, Ky.

LOCAnar.-.~t 38"38'48". 10111 82"1'38". ClrMDup COUDty, .t. lef't ee4 ot Clfteaup Dall OD Ob1o lIiftr. 1.1 1I11e. upat..... trc. Graya
~raDch, 4.1 sUe. ~t.re.. trOlD Little Smq lIiver, '.Olll1e. llOl't.iiOt ClreeDllp, aD4.t. .11. 341.0 (....ure4 ~tft.. tro.
Piu.burs. Pa.).

DnAI1IAGE AIIEA.--lQ.OOO .q IIi••pproxiMt.e17.

PEIIIOD OF 1lECCIlD••-october 1968 to eurreet ;rear.

ClAGE.--G.te-OJll'll1D8 aD4 vater-.tap ...eorien. Be-.i_t.er sese 0.4 IIUe upat.reu .t.4at.... '00.06 tt .bove ..eo .e. level, Clato lIi_
4at... _ 502.51 tt above ..eo a.a 1....1, 4at.... ot 1929. TaU_tel' PIe 0.4 lI11e 4oVD.t...... at. 4&t.\III )0.12 tt 1_.

EX'I'IIEI':!S.--Curreot year: .:axi_ 4aily ai.cbarP. 330,000 ct. Feb. 24; ......111IIII baa4vater lap ba1Cht.. 16." tt reb. 2';~
t.Uv.ter _ height.. 45.80 f't Feb. 25; lliol_ 4aU)' ,li.charp. 11,500 ct. Sept.. 2.

Pert04 or reeori: 1'_1IaDI 4aUy 4i.ebarse, 335,000 ct. Apr. 5, 19?O; 1!:IX1Dlm he-.ivat.er Ille be1Cht.. 20.32 f't Apr. 5, 19?O;
caxt...... teU_r ..... be1Pt., 49.58 f't Apr. 5. 1970; m1oi_ 4&11)' 41.charp, 9,300 ct. OCt. 1,. 1968.

REY.AilKS.--Ilec_ soo4. Dally 41.charse cOlllplt.e4 tr... hea4, sate opeDl.... , eo! lock..... Flow reeul.t.e4 by Ohl0 lIiver .,.- or
locka. 4uI, aD4 re.arvoir. upat...... from at.at.1OD.

DISCHARGE. IN CU81C FEET PER SECOND. WATER YEAR OCTD8ER 1910 TO SEPTE"BER 1911

3,116.61'11,1,27.21'1
121,800 Io7.57e
2"0.000 89,000

32.100 21.600

9"7.500 1,060.6"
32,180 31, .ZlO
79.000 126.COO
13 .100 11.900

DAY

1
2
3
I,

5

6
'?
I
'l

10

11
12
13
II,
IS

1ft
11
18
19
20

21
22
23
2"
25

2ft
27
ze
29
30
31

TOTAL
MEAIl
MAX
"IN

«.T
30. 1100
25.300
n.TOO
Z9.300
21.500

1" .100
23.600
210.200
25.000
21.000

Zl .1CC
310.200
30.200
61,900
13,500

130900
56.600
51o.6eO
490 900
1,6.900

47,800
63 .100
67.10C
65.100
56.800

<09.600
,,3.1,00
"3."00
36.000
70.200

13",000

1,02••M
1,6.220

139,OeO
11,.100

186.000
161,.000
H'.OOO
151.000
11,6.000

1<09.000
138.000
123.000
Hl.000

93,300

93.000
89.600
8<0.000

100.000
110.000

110.000
110.000
115.000
95.200
89.600

89.500
91.1100
87.10U
80.'100
7<0.600

61,200
6••800
510700
67.100
61,.500

3,151,.9M
105.200
1116.000
57.700

DEC

110,000
92.000

100,000
'12,000
811.000

100.000
110,000
100,000
82.000
72.000

730000
18,OOC

115.000
158,000
161,.000

U5.000
1210,000
l20.000
122.000
lilO .3:10

118,000
181,,000
270,000
300,000
300,000

260,000
196,000
let7,OOO
120.000

98,40C
92,200

4,210.6"
135.800
300,00e
72,000

JAN

B'.OCC
80.700
68.500
78.000

180.000

2100.000
260.000
230.000
11l1.000
136,OCO

117.000
99.70C
86.000
'10.000

131,000

11,6.000
141.000
129.000
102.000
78.000

66.000
61.000
55.000
62.000
69,000

81.000
9C,000
82.000
69.000
62.000
69.000

3.1,33.<;'4
110.800
260.000
" .000

FE8

710 .000
6'1.000
62.000
65.000

180.000

230.000
233.000
202.000
171,.000
1108.000

126.000
1 C8, DOC
1)7.030
199.000
239,000

225.000
16,.000
11,9.0aO
112,CeC
18'" OeD

226.000
268.000
31 e, eee
330.000
320,000

290.030
250,000
23e.000

5.37C.CII
1"1,800
He,OeC
62.000

"AR

2100.000
220.000
200,000
1'l0. eoo
210.000

22C,CCC
21,0,000
260.000
250.000
220,000

150,000
170,000
160.000
161.000
173,000

1 7t, ,000
120,000
175,000
155,000
1100.000

137,000
13&.000
125,000
1l~.000

122.000

116.000
1 CIo .000

"5,000
89.600
58.800
81,.100

5.101.11'1
1610.700
260.000

58.800

APIt

89,300
11.000
66,900
76.600
7","00

611,500
64,500
710,900
91,100
89.ftOO

81.300
77 ,100
6ft. 800
69,500
72,100

6ft ,"00
68,200
63,800
6e.900
et6.100

102.300
50.1,00
53,800
59,700
105,600

<00.600
35,500
3'1,000
1,8.600
58,700

1,92".9"
6<0.330
91.800
35,500

MAY

50,700
54.100
51.600
52,600
60.500

7",900
181,000
250,000
2~0.000

280.000

litO, 000
180.000
180. oeD
230.000
2100,000

220,000
190.000
160.000
HO.OOO

95.000

710,000
60.900
53,800
1,1.1000
36.200

45.100
n.Iooo
1,1.100
32.100
1,0.500
710. ltD

JUN

59.000
80.000
61.000
1,7,000
101.000

54.000
65. DOC
57.000
54.000
53.000

103,000
1,1.000
100.000
52.000
62.000

ft".OOO
62.000
Set. 000
1,3.100
31.500

3et.OOO
33."00
38.10e
32.200
101,800

33.700
U.SOO
21.600
33.80C
22.000

JUL

33,100
34.200
31.100
26.100
21.200

16.000
20.500
1",400
11.200
3",000

37.500
610.000
32.000
30.100
21.200

22,700
13.100
2,",BOO
51.400
?9 ••000

108."00
32.000
30.600
2'.500
29,000

22.100
25.300
26."00
33, 100'
103,300
53.100

AU"

52,300
36 .000
51.00C
If".ooo

126,000

"".000
61.00C
"<0,000
35,000
25.000

29,00C
23,200
2ft ,200
21,1,00
23,900

20,500
11.900
15 ,DOC
15.100
13.000

13,600
26,000
20,900
13 .100
25,300

22.000
24,100
21,100
2."'00
25,900
21,.800

SE'

11••00
11.500
15••00
16.4DO
16.JDO

18.600
lZ.9oo
16.300
19 ••00
20.000

11.900
24,'00
Io'h9OD

151.0CO
171.000

1"0,000
133.000
103.000
95.500
81.600

75.etOO
64.100
66.600
60.700
<02,3eD

54.JOO
113.900
56.000
59.200
,"".500

l,120.7M
ST.UO

111.000
11.500

eAL TIt 1970 TorAL 32,228,100 MEAN 88.300
wTJ YR 1971 TOrAL 33,621.800 MEAN "2.110

Yo F.xpreue4 10 tt.:NU"ila.

MAX 335.000 MIN 110.100
MAX 330'.000 "TN 11.500
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TABLE III-l4 USGS Ohio River flow data at Greenup Dam, Kentucky.

032\.6600 01110 111...1' at Craemap _, ItJ.

LOCAnCll ••·tat )8')8'1,1", 1011& 82"1')8", GZ'ftlllIP e-tJ, at lett n4 ot ClrftIIUp _ OD 01110 111ft.., 1.1 .u.. IlJllItftu ". ClftJII
BnDctl, 4.7 1I11e. a-tra.. traI Little Sud1 !11ft.., '.0 1I11e. Dortb ot Greaup, aII4 -' II11e :M1.0.

IlIlAIJfAGE AIlEA•••62,ooo a, 111, aJ'lll'Old.MWlJ.

PZIII01l C8 IICCIUI••-october 1968 to Cl\U'ftIl't p ....

CAaE••.cato-opea!AC u4 -tar..toee ftool'den. .lI4vatar Pee 0.4 II11e IlJllIVNa -' «at.. ~.06 ft aboft __ ... 1eftl, ClIdo 111_
«a_ u4 502.'1 ft allcmt __ 1eft1, «at.- ot 1929. TaU_tel" Pee 0.4 1I1l. a-tra_ ., «at.- )0.12 ft ~.

El'1'IlEM!S••-euneot ,....: ~«a~ 411ebup, 419,000 ct. F.b. ~, ..a- bea4vatar Pee be1p', 21.24 ft M. 28, -.xs..
tallvatar Pee be1&!l', 50.16 ft F.b. 28; II1II1Dm~ cI1lIcbarp, 14,200 ct. Sep\. 10.

Periocl ot rleOl'll: I'..a- «aU7 cI1lIc:barp, 419,000 eta reb. ~, 1972; -..:s- bu4v"r Pee be1&", 21.24 ft Feb. 28, 19721
aa:a- tall_tor caP be~, 50.16 ft F.b. 28, 19721 1I1Il~ 4a1q cI1lIcIIup, 9,)00 at. Oat. 17, 1968.

Jll':Io'.AIIC8••••COI'III aoo4. Da11J cI1lIc:barp cc:aput14 ". be_, aate opeD1Ap, .... 1.ocllape. J'1Glr replat04 b7 01110 111_ 'J!lM8 It
locke, 4AM, ua4 ft._ue.

DISCHARGE. IN CUdlC FEET PER 5ECO~D. ~ATER yEAR OCTOBEP 1911 TO SEPTE~BER 1912

OU

1
2
J
•
!>

6
1
8
9

10

11
12
13
14
IS

16
11
18
19
20

21
Zl
23
24
2S

26
27
211
29
30
31

OCT

42.300
31.600
2i1.000
31.000
32.500

29.600
26.500
21.400
21.100
26.100

20.500
1'1.300
25.300
20.900
18.1100

21.800
18.700
11,ROO
17.300
111.600

Zl.900
17.'100
lt1.600
26.400
51.600

70.200
17.800
61.300
52.700
38.900
34.900

NOV

26.400
31.100
44.100
SCl.600
SS.1l00

48.100
42,.600
36.800
35.100
31.300

33.300
21.'100
21.800
210 100
27.400

23.200
2••400
25.900
21.200
23.100

22.300
29.600
11.000
28.800
34.100

30.100
33 ••00
40.100
!)9.100
71.600

DEC

101.000
113.000
104.000

Cll.00U
65.000

51.000
96.400

194.000
230.000
l20.000

1.0.000
168.000
13".000
113.000
105.000

95.000
95.000

1010000
94.000
n.ooo

76.000
79.000
n.ooo
81.000
1••000

63.000
53.000
59.000
64.000
72.000
80.000

"'AN

97.400
130.000
IJIJ.OOO
149.000
1114.000

l28.000
214.1100
190.000
155.000
156.000

168.000
112.000
169.000
15110000
144.000

122.000
119.900
80.000
80.000
95.000

116.000
ISlhOOO
150.000
140.000
145.000

162.000
155.000
139.000
149.000
167.000
143.000

FEB

112.000
95.0110
85.000
95.000

112.000

110.000
90.000
75.000
70.000
10.000

60.000
S6.000

110.000
18';'000
l05.000

185.000
160.000
150.000
145.000
140.000

1100000
85.000
95.000

140.000
210.000

362.000
419.000
395.000
327.000

L>30.000
229.000
310.000
164.000
381.000

350.000
292.000
243.000
219.000
214.000

l02.000
111.000
148.000
143.000
178.000

201.000
208.000
214.000
221.000
209.000

182.000
168.000
172.000
182.000
191.000

176.000
155.000
13'1.000
125.000
121.000
116.000

96.400
80.000
60.300
75.500
95.700

112.000
127.000
2070000
..50.000
225.000

188.000
155.000
151.000
210.000
305.000

310.000
369.000
394.000
3114.000
291.000

150.000
322.000
161.000
415.000
392.000

293.000
200.000
165.000
138.000
120.000

MAY

11l.000
86.000
92.000

119.000
1.10000

159.000
144.000
122.000
102.000
11·.000

144.000
150.000
1311.000
124.000
112.000

124.000
1"5.000
121.000
119.000
100.000

95.000
113.000
113.000
16.100
n.ooo
51.200
46.1100
41.600
33.700
30.100
35.1100

.JUtIl

31olO0
42.100
39.100
41.lO0
35.000

25.000
31.200
30.100
21.100
29.600

24.600
....000
23.100
370100'
311.6110

44.100
49.400
56. aDO
Sl.ROII
51.100

14.200
110.000
154.000
227.000
300.000

350.000
380.000
310.000
320.000
250.000

"'IlL

215.000
195.000
1111.000
172.000
161.000

195.000
231.000
201.000
1610000
140.000

112.000
99.000

102.000
88.000
790000

74.000
61.000
65.000
66.000
611.000

62.000
50.000
42.000
38.000
21.000

35.000
28.000
?5.000
39.000
45.600
61.600

AUG

11.Z00
65.100
5).1100
14.300
113.200

10.200
42.3110
42.300
30.100
28.lO0

36.300
36.100
35.100
18.100
2T.I00,

22.200
210100
51.900
90.500

lO5.000

94.100
56.300
41.100
n.zoo
33.800

25.200
35.1100
21.400
25.900
2f..600
11.100

Hit

20.510
16.000
lS.Z"
23.300
19.210

11.000
15.5..
20.010
21.600
14.Z00

210400
14.600
29.101
33.300
38.700

23.300
40.400
32.100
38.900
310700

23.400
24.Z00
22.300
29.000
14.4"

11•••0
Zl.5..
30.000
:n.900
46.700

TOTAL
"EA".
"AX
"'IN

972.100 1.035.IM 3.230.4.. 4.S.3.3M 4••53.0M 6••S4.0M
31.360 34.500 104.200 146.600 153.600 208.200
77,800 71.600 230.1100 228.000 419.000 381.000
16.600 17,000 53.000 RO.OOO 56.000 116,000

6.7.1.9~ 1.067.3M
1'24.700 911.950
415.000 159.000

60.300 30.100

~263.0"
101l.800
3RO.OOO

210100

3.123.2M
lOO.700
2110000

25.000

1.4311.1M
46.3QO

lO8.0011
11.300

741.90.
24.930
46.no
14.200

CAL y~ 1971 TOTAL 30.061.100
WT~ YH 1972 TOTAL 39,069.300

J( £"1're...4 11& ~",,", ...da.

HE AN 82.360 "'AX 330.000
M(AN 106.700 MI.. 419.000

35
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TABLE III-1S USGS Ohio River flow data at Greenup Dam, Kentucky.

03216fOO Ohic River at Creenup Da., Ky.

LOCATIOI.. ··Lat 31-"'41", 10nl 12-51'38", Gnenup County, at left end oC Greenup Da. on Ohio River. 1.1 ai
(1.8 ta) upstream froa Crays Branch, 4.7 m1 (7.6 ka) dc~~stream from Little Sandy River, 5.0 ~l (1.0 ta)
north of Greenup, and at .il. 341.0 (548.7 tm),measured down.trea~ froa Pittsbur,h, Pa.

DRAINAGE AREA.··6:,000 ai2 (161,000 ka2)~approximately.

PERIOD OF RECORD.··October 1968 to current year.

GAC£.--r.ate-openins and water·~tage recorders. Headwater gage 0.4 mi (0.6 ka) upstreaa at dat~a 503.06 ft
(153.333 a) above mean seM level. Chio River datu~ and 502.51 it (153.165 .) above aean sea level, datua
of 1929. ~ailvater iage 0.4 ai (0.6 km) downstream at datum 30.12 ft (9.111 .) lover.

AVERAGE DISCf~RGE.·~S years, 19.520 ft'ls (2,535 m'/s), 19.61 1n/yr (491 ../yr).

EXTREMES.·.Current year: Maximum daily dis~harie, 475,000 ft'l. (13,500 _'I.) nee. 11; .aximua headwater la.e
hei.ht, 25.45 ft (7.757 ml D~c. 12; aaximum tallvater ,ale heilht. 54.41 ft (16.514 a) Dec. 12: ainimum
daily discharge,. 8,140 ft Is (229 .'/s) Sept. 3.

Period of re~ord: tlaxit.u. daily discharge, 475,000 ft'ls (13,500 .'1.) nee. 11, 1972; maxiaum headwater
gage height, 25.45 ft (7.757 e) Dec. 12, 1972; maximum tailwater gage heilht, 54.41 ft (16.514 .) Dec. 12,
1972: minimum daily dischar,., 8,100 ft Is (229 a'/s) Sept. 3, 1973.

RE~~RIS.··Records poor. Daily discharge computed from head, gl,e upeninlS, and 10ckaaes. Flow reaulated by
Ohlo River system of locks, daes, and reservoirs upstream from station.

DiSCHARGE, IN CU~IC rEET PER SECOND, ~ATER YEAR OCTOBER 1972 TO SEFTEMBER 1973

CAL YR 1972 TOTAL 47,191,200 ~EAN lZ8,~0~ MAX 475,000
"7?- YR 1973 TOTAL 40,4l>8,:(\0 ~f,I,N 1l0,SCO ~:AX 475,000

SEr

16,fOO
16,300
14.200
11,600
18,000

9,700
13,900
14,400
18,000
16,100

15,000
21.600
15,400
18 ,100
11,700

19,800
14 ,100
30,200
14,100
15,100

17.200
21,100
11,200
22,100
41,900

16,200
9,100
1,100

10,800
11,200

501,400
16,710
41,900
8,100

AUG

29,300
21,500
31,900
11,100
27,000

12,100
17 ,300
17 ,400
16,200
16,100

17,300
14,000
23,000
20,600
28,200

42,300
32,300
39,700
34,100
21,300

47,400
40,100
43.100
38.700
37,000

25,300
15,'00
15,000
14,900
21,100
11,700

799,200
25,710
47.'00
12,100

JUL

50,100
3Z ,300
38.500
31,200
27,800

35 ,000
34,100
28,000
27,300
27,300

16,800
33,500
27,300
16,100
21,600

21,300
23,000
20,200
24 ,600
18,300

25,500
38,100
32,000
32,900
31,800

48,500
50,500
39,400
32,100
33,600
16,500

915,1100
29,550
50,500
16,100

IN 21.31
IN 24.27

JUN

176,000
lU,OOO
112 ,000

8Z ,600
80,000

103,000
111,000
111,000
";:>00
U,100.

72,800
52 ,100
63,600
611,000
66,000

"',900
53,800
66,200
85,800
84 ,000

73,900
66,900
62,600
67,000
49,900

35,600
38,800
35,200
37,000
32,600

CFS!ol 2.01
CFSM 1.79

79,300
77 ,200
77 ,400
80,000

120,000

145,000
150,000
123.000
135,000
170,000
186,000

MAY

360,000
260,000
230,000
200,000
1110,000

181,000
141,000
125,000
136,000
183,000

203,000
196,000
114,000
U7,OOO
146,000

130,000
114,000
101,000
87,200
86,200

4,7iO.3M 2,249.9M
153,900 75.000
360,000 1~6,OOO

77,200 32.600

APR

126,000
1111,000
119,000
140,000
184.000

199,000
207,000
210,000
240,000
250,000

250,000
230,000
220,000
200,000
190,000

\

164 ,DOD
140,000
133,000
140,000
147,000

140,000
11 5,DOD

115,600
142,OllO
157,000

174 ,000
204,000
310,000
360,000
380,000

S,6U.6H
189,500
380,000
95,600

MIS 14 ,200
Hr~ 8,100

~~R

71,400
74,100
76,000
17 ,600

119,000

127,COO
147,000
159,COO
146,000
143,000

132,000
117,000
112,000
106,000

94,800

124,000
225,000
33(1,000
370,000
350,000

315,000
280,000
250,000
225,000
210,000

190.000
un,ooo
200,000
197,000
165,000
137,000

5,469.9M
176,400
370,000
il,400

FEB

1:1,000
117,000
161,000
227,000
250,000

230,000
210,000
183,000
201,000
208,000

190,000
155,OCO
120,000
115,000
143,000

171,000
165,000
123,000

86,400
88,400

80,900
83,900
79,300
75,500
75,300

68,000
66,400
67,200

3,8f11.3M
137,900
250,000

CS6,COO

JAN

118,000
102,000

95,600
116,00(1
144.000

152,000
148 ,000
137,000
110,000

79,500

72,100
64 ,500
51,600
51,200
51,100

55.700
53,100
57,1:)00
57,500
65,500

68,900
17 ,900
83,600
90,200
9(',200

1S,700
51,6l'0

102.000
126,000
131,000
136,000

DEC

134,000
122,000
114 ,000
103,000
108,000

126,000
182,000
245 ,DOD
345,000
440,000

475,000
455,000
390,000
350,000
310,000

290,000
300,000
280,000
230,000
220,000

210,000
240,000
320,000
355,000
325,000

270,000
220,000
200,000
180,000
160,000
134,000

7,833.0M 2,855.2M
252,700 92,100
475.000 152.000
103,000 51,200

N.J'"

64,000
126,000
131,000
141,000
130,000

OCT

49,200
7CS,800
fll,6011
45,700
42,300

41,500-120,000
78,100 88,000
H,200 SI,100
73,100 131,000
51,10~ 163,000

47,900 168,000
46,500 H2,nOO
45,600 126,000
!8,300 107,000
3S,200 117,000

34,400 173,000
29,200 194,000
25,700 174,000
32,700 148,OriO
25,500 157,000

170,000
110,000
16~,liOO

1C7,OOO
119,liOO

112,000
129,000
151,000
162,000
152,000

29,000
34,000
31,700
2\1,000
30,100

31,500
32,200
29,400
32,300
35,700
34,900

1,331.4M 4,19S.1M
42,950 139,800
84.200 194.000
25,500 64,000

TOTAL
~'£AN
~IAX

MIN

DAY

1
2
3
4
5

6
7
8
9

10

11
12
13
14
15

16
11
18
19
20

21
22
23
24
25

26
27
28
:9
30
31

36



TABLE III-16 USGS Ohio River flow data at Greenup Dam, Kentucky.

032166&8 Ohio River at Creenup Dam. ly.

LOCATioH •••1.at 38'31'41". lOll' 12'51'31". Creenup County. at left enel of Cuenup D.. on Ohio River. 1.1 .i
-(1.1 ka) u~strea. fro. Crays Iranch. 4.7 mi (7.6 k.) elovastrca. fro. l.ittle Sandy River. 5.0 .i (1.0 ta)
north of Greenup. anel at aile 341.0 (54'.7 tal. aeasureel elownstrea. froa 'ittsbur.h. 'a.

DRAINAGE AREA.··62.000 .i l (161.000 t. I ). approxi.ately.

fERIOD Of RECORD.··OCtober 1961 to curreni year.

GAGE.··Cata·openinl anel water·sta.e recorders. Heaelvater caae 0.4 .i (0.6 ta) upstream at datua SC3.06 ft
(153.333 a) above aean sea level, Ohio River elatua anel SOl.51 ft (153.165 .) above .e.n sea level, datua
of 19Z9. Tailvater-.a.e 0.4 .i (0.6 ta) eloWftstrea••t elatu. 30.12 ft (9.111 .) lower.

AVERAGE D:SC/lAlGE.··6 years. "~.050 ftt/s (2,607. .t/s ). 20.16 b'/yr (512 "lS/yr).

EXTRE~~S"'Current year: Mati=ua daily elischar.e, 540,000 ftt/s (15,300 .t/s ) Jan. 12; a.ximue headwater .a.e
hei.ht, lI~t deter.ined; .axiaua tai1water •••• heilht. 55.11 ft (16.791 r.) Jan. 13; .. iniaua daily discharae,
11,lOO ftl,s (317 .I/S) AUI. 27.

Period of record: Ma.im~ daily dischar.e, 540,000 rtl,s (15.300 a"s) Jan. 12, 1974; roaxi.ua h.adwater
,aee hel,ht. not-deter=ined; Ea.iau. t.i1water ga,e heiRht, 55.11 ft (16.798.) Jan. 13, 1974; .iniau. daily
discharce. 1,100 ftl/s (229 .',s) Sept. 3. 1973.

REMARKS.··Records poor. Daily discharce coaputeel fro.. heael. lale openin.s ••nel loctaces. Floy re.ulateel by
Ohio River systea of locts, d••s, and reservoirs upstream fro. station.

OISe~ARGt. I" CUBIC foE£T PER SECOhO. WATER YEAR ~ctOatR 1973 TO SEPTE~BER 19?4

92".000 2.60S.4~ 3.961.4M 1.S25.0M 2.9....5M 5.289.6~

29.t10 '9.610 121.100 2"2.1CO 105.200 110.600
115.00. 311.000 2&1"00 5..0.000 110.000 299,COO
13.30' 33.100 55.200 120 ••00 13.900 62.100

...so".e~ 3.31e.9M 3.1I96.5M 1.061.211
lSo.200 109.000 10•• 900 3... 230
2eo.000 2e5.000 lln.ooo 100.000
51.400 '9.000 lIS."OO 11"00

...100

..6.'00
3lit600
31.701
31 ••00

31.100
3'.600
41.000
55.'0'
13.100

31."0'
3".)0'
28.701
ze.20e
23.901

40.100
fl. 100
'''.100
39.900
39.2..

111','00
85.900
65.100
,I.TOO
53.S0.

'''.10'
U,OOl

10?000
125."0
140.000

310400
11.001
16.100
26.600
21.900

25.600
16'''00
36.501
l1'.200
31ltlOO

2... 300
l5.500
30.100
26.200
Zh600

16"0'
U.200
23.500
22.600
19.300

19.100
1110000
19'''00
18.100
IS....

16.900
Ih200
110900
.....~OO
6hQOO

10.. ,000

1149.300 1. T93.1"
n."oo 59.1'70

10... 000 1..0.000
110 lOO 23,901

73.400
92.000

100.000
8...600
63.200

53.600
41.000
40.100
33.900
32.600

'39.200
33.100
210000
18.200
111,"00

23.500
2l.300
22.800
12. JOO
11..600

12,600
12.500
16.100
11.900
11.300

16.600
24.800
22.200
35,100
33.900
13.100

51.200
"0.300
-5.500
5Z,800
"2.100

11.900
lCO.OOO
139.000
214.000
201,000

1,,,.000
139.000
.h400
"... 800
16.800

JIM

11S.000
2"2.000
ltO.OOO
21'0.000
199.000

I'OtOOo
109.000

1'2.200
13.300
51.600

....900
;11.100
.18.100
10.900
25."00

12"000
98.100
93.000
92.100

" ... 000

87.400
64.600
56.600
..9.500
911,'00

,,",0.000

"AY

",.'00
54.200
65.100
lhUO
T6.300

T2.000
6T.000
58.000
51.000
62.000

6'hOOO
HO.OOO
2"0.000
285.000
265.000

197.000
14•• 000
133.000
1"~,000

- ."1.000

APR

1..... 000
132.000
122.000
113.000
99.100

n.l00
7..,300
0... 100
13.300
If.300

13.100
61.500
55.000
59.000
510..00

1310000
1510000
1110000
228.000
270.000

UOtOOO
210.000
2..20000
2310000
2510000

2"0.000
201.000
163.000
169.000
156.000

MAR

82.100
90.200

10e.000
124.000
12...000

126.000
162.000
166,000
166.000
161.000

llf.eOO
262.000
270.000
l"O.OOO
249.000

199.000
110,000
175.000
171,000
163.000

190,000
2511.000
Z99,OOO
23f,OOO
111.000

139.000
115,000
101.000

91.500
103.000
120.000

fE8

62••00
r. ... lOO
93.100

115••00
13hlOO

125.000
106••00
92'''00

17o.eoo
1"5,'00
}30.100
120.800
115••00

105.000
100••00
110.000
115.100
110.800

90.000
811 ••00
83.1I00
IIs.eoo
95.100

11 0.000
103,000
93••00
73.900
17.800

US.IOO
215.100
190.000
US. '00
190••00

200.eCO
215.100
225.100
235.COO
215.100
190••00

.IAN

2S0.tOO
235.tOO
220.100
260.tOO
2~0.toO

250.100
190.tOO
1"0.'00
120.000
160.000

400.100
5100.100
520 ••00
.. 30 ••00
330.100

190.100
16S.eoO
165.100
115.100
1<;0.100

Otc

26..000
10iSttOO
135.tOO
116"00
99.500

63.800
64.400
55.200
59.900
63.600

63.100
6.....00
60.300
69'''00

111.000

129"00
111.000
e9.S00
tll.?OO
65.600

65.800
123"00
I1c.eoo
159.060
134,000

1300000
2310000
217.000
232.000
229.GOO
,50.000

NOW

55.300
5".000
..:.600
..5.500
51.?00

'6'''00
155.000
290.000
312.000
317.000

10S.000
114.000
106.000
100.000
71.000

58.000
70.000
61.500
60,000
.9.300

49.300
39.200
..0.300
J9.700
33.,~0

55.200
53.100
5'hl00
53.COO
~0.100

oct

32.500'
45.001
27.401
4h4"
41.201

40,60'
..O,CO.
29.20'
30.001
21••0.

29.otl
2h2O.
28.3ot
2107ot
22.40.

14••CO
n.30'
18.7U
2a.to.
15.201

17.ne
16.6ot
13.30.
lS.Goe
14,COO

17.000
111.000
If.Oot
30.001
15.000

11!.. UO

DU

1
2
3
4
5

6
7
I
9

10

11
12
13
1"
15

16
11
11
19
20

21
~2

n
24
25

26
21
2.
29
30
31

TOTAL
ilEA'"
ICa..
MIN

CAL YR 1913 TOTAL 34.683.50' ~£AN '5.020
.TR TR 19T" TOTaL 31.219.90. ~~AN 1.... 700

IIU 3~O.000 ~IN 11,101 C;Sl4 1. 53
~AA 5"0.000 MIN 11.l00 CFSM 1.69

IN 20,'0
IN 22.93
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TABLE III-17 USGS Ohio River flow data at Greenup Dam, Kentucky.

03216600 Ohio River at GreewJP DBa, Ky.

UX:ATlCW.-·Lat 38'31'48", 10lIl 82'51'38", Greenup County, at left end ofG~ DIll, 1.1 iii (1.8 lea) upstre8111 fna Grays lranc:h,
4.7 iii (7.6 kII) cIoooIlstrea f~ Little Sandy River, 5.0 iii (8.0 lea) north of G~, and at aile 341.0 (548.7 kII).

MAINAGE ARF.A.--62,000 sq iii (161,000 sq 1lII), approxilllately.

PERIOD OF RBXlRD. ··October 1968 to OJJTellt year.

GAGE.--Gate-openiJIg and water-suge recorders. Heldwater gage 0.4 ai (0.6 kII) upstl'Cllll at datla 502.51 ft (153.165 a) above_
sea level, datla of 1929 or 503.06 ft (503.06 ft (153.333 II) above _ lIM level, Ohio River datta. Tailwater gage 0.4 iii
(0.6 kII) dawnstreall at datla 30.12 ft (9.181 II) lower.

AVERAGE DISDWllZ.·-7 years, 95.100 <:is (2,693 OJ ""s), 20.83 Wyr (529 at/yr).

EX'J1lS4ES.--01rTent year: MaxiJIuI daily discharge, 400,000 cfs (11,300 cu Ills) MIr. 16; lIUiaa observed headwater gage height,
19.80 ft (6.035 II) *r. 16; IIlIXilIua tailwater gage height, 48.78 ft (14.868 a) Mar. 16; .iniaa daily discharge, 10,700 C;fs
(303 OJ II/s) q. 3.

Period of record: MaxiJlul daily discharge, 540,000 cfs (15,300 OJ II/s) Jan. 12, 1974; maxiDul observed headwater sage height,
26.2 ft (7.99 a) Jan. 13, 1974; maxina tailwilter gale height, 55.11 ft (16.798 II) Jan. 13, 1974; minillua daily discharge, 8,100
cfs (229 cu II/s) Sept. 3, 1973.

RIM\RICS. -·Records good. Daily discharge cOlllpllted fraa head, gage openings, and lockages. Flow regulated by Ohio River 51stea of
locks, dams, and reservoirs upstreaa fTaa SUtiOll.

DISCHARGE. 11\1 CultlC FEET PER 5ECOI\I0. wATER VEAR OCTOBER 1974 TO 5EPfE"BER 1975

OAY OCT 1'40.., OEC ..IAI\I FE8 MAR APR 14AV ..I!J1lI ..IUL AUG SEIt

1 27,"00 26.600 13... 000 117.000 255.000 274.000 305.000 2!O9.000 93.200 50.700 24.200 113.000
i! 210100 30.000 15... 000 221.000 292.000 11>9.000 251.000 235.000 101.000 37.000 14.600 131.000
3 3v.300 Z3.400 149.000 221.000 2tt3.000 161.000 200,000 210.000 125.(100 30.600 10.700 95.600
4 31.000 23.300 150,000 203.000 271>.000 151.000 180,000 205.000 118.000 16.300 19.600 70.100
5 Z!I.900 32.200 132.000 175.000 211.000 h1.000 173,000 220.000 81.800 37.400 12.900 48.900

I> 31.400 47.400 108.000 158.000 235.000 126.000 158.000 21!1.000 100.000 27.400 23.S00 46.700
7 19.800 !l2.500 92.800 137.000 280.000 118.000 133.000 1112.000 129.000 27.400 23.&00 50.700

" 23.100 50.800 97.300 117.000 265.000 129,000 113.000 IH.OOO 134.000 26.300 29.&00 45.600

'" 23."00 44.!l00 163.000 111.000 236.000 159.000 99.200 137.000 120.000 211.900 20.500 33,100
111 23.300 41.000 i09.000 113.000 184.000' 117.000 95,"00 126.000 93.400 40.200 17.300 16.700

11 22.800 39.200 200.000 127.000 147.000 165.000 79.200 121.000 78'''00 37.400 18.700 27.000
Ii! 20.100 ..4.800 167,000 138.000 l!O6.000 204,000 68.800 105.000 80'''00 29,400 17.900 42.700
U 21.Z00 ~5.200 144.000 134.000 220.000 286.000 76.400 87.300 90.900 Z4,100 23.000 7Z.eOO
I .. 17.700 ~5.500 IJ5.000 136.000 Z19.000 33... 000 57'''00 83.900 98.400 25.300 31.800 70.100
1!1 2;.000 1>1>.000 1211.000 1.. 0.000 181.000 393.000 !l5,200 84.500 101.000 21,500 36.1100 54.000

let Z4.100 bO.800 IZ6.000 125.000 145.000 400.000 58.900 106.000 85.500 31.2011 68.6110 33.000
17 .. !O.800 b2,400 143.000 114.000 126.000 332.000 53,300 109.000 79.700 21.900 97.800 36.&00
III 54.300 ,:>7.800 159,000 108.000 125.000 277,000 55.000 127.000 85.500 24.400 88.100 42.700
19 54.000 ,:>0.000 156.000 1.... 000 14"000 251.000 46.!l00 132.000 76,"00 26.500 39.1110 49.700
CII 32.000 '4.300 139.000 195.000 163.000 Z60.000 63'''00 119.000 68.600 Z".100 30,500 69.100

Zl 33.800 d5.900 122.000 219.000 1!l9.000 338.000 67.200 117 .000 54.600 25.100 19.900 78.100
U c5'''00 107.000 111.000 201.000 14... 000 365.000 b7,300 79.700 55.100 27.700 ZS.1110 69.600
.t3 26.900 109.000 104.000 IS",OOO 148.000 355.000 61'''00 84.900 "6.200 7.2.900 20.300 "7.300
24 3".000 106.000 93.900 130.000 211.000 30.. ,000 81.700 103.000 38.700 17.600 18.100 132.000
2':> 29,"00 103.000 97.600 131.000 282.000 31D.000 246.000 116,000 34.600 38.400 23.500 225.000

ZI> 30.800 102.000 140.000 18fl.00O 317.000 3Z5,000 330.000 9... 000 43.400 lZ.800 17.700 211.000
i7 28.500 1111.000 178.000 ;>25.000 3100.000 281.000 354.000 92.20U 78.600 28.300 20.000 136.000
i!ll 23oZ00 125.000 iOI.OOO Z16.1I00 324.000 204.000 319.0011 91.000 72.7.00 26.800 18.300 107.000
Z9 29.700 119.000 199.000 182.000 239.0(10 Z75.000 710.200 79.200 14.1000 24.2110 93.flOO
30 24.200 104.000 195,000 lA3.000 Z87.000 270.000 79.200 7~.900 130100 22.600 76.30e
31 310900 177.000 21S.000 314.000 109,000 11.500 56.700

TOUL 891.500 1...96.614 4.50... 614 5.033.014 6.06!1.0" 7.829.014 4.399.314 4.050.914 Z.S17.7,. 826.600 91S.ZIII1 2.365.001
",EAI\I Zd.7!>0 61>.550 145.300 162.400 216.bOO 25Z.500 146,600 130.700 83.920 26.660 29.520 78.130
MAX !l4.300 I.tS.ooo c09.000 2i!;.000 340.000 400.000 354,000 Z59.000 13".000 50.700 97.11110 2i!5.000
MIN 17.700 Z3.300 92.8~0 108.000 125.000 118.000 4b.500 74.200 34.bOO 11.500 10.'110 27.000

CAL YR 1914 TOUL 38.037.800 IIEAI'4 1010'200 IIAX 540.000 "'1'1 11.200 CFSM 1.68 IN. 2Z.82
wT~ Y" 1915 TOTAl. 41.394.400 MEAN 113.400 MAX 1000.000 'lIN 10.700 CFSN 1.83 IN. 24.84

~I t:.xpres~ed in thousands.
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TABLE III-18 Ambient Ohio River temperatures (OF) in the vicinity of the J. M. Stuart Station, 1964.

Month Week of Mean Maximum Minimum Month Week of Mean Maximum Minimum

January 5 39 42 39 July 5 80 81 80
12 39 40 38 12 80- 81 80
19 39 41 38 19 82 84 81
26 41 44 40 26 84 85 84

February 2 40 40 39 August 2 84 84 84
9 41 41 40 9 81 83 81

16 40 41 39 16 78 79 78
23 40 41 40 23 78 79 78

30 79 79 79

March 1 43 46 41 September 6 80 82 78
8 48 52 45 13 77 80 76

15 48 51 45 20 76 78 74
w 22 49 50 47 27 73 74 72
\0

29 49 51 47
1\

April 5 48 50 48 October 4 68 I. 71 66
12 1 53 56 50 11 64 65 64
19 57 59 53 18 63 65 61
26 61 64 60 25 61 62 60

lfay 3 69 74 64 November 1 61 61 61
10 66 69 63 .8 60 60 59
17 71 73 69 15 59 60 57
24 73 74 73 22 54 55 53
31 73 73 72 29 50 52 49

June 7 75 76 73 December 6 48 49 47
14 78 79 78 13 47 48 46
21 79 81 79 20 44 41 42 ~
28 80 81 80 21 45 46 45

~
YEARLY MAXIMUM: 85, WEEK OF: 7-26 YEARLY MINIKUK: 38, WEEK OF: 1-12, 19 C1

:It•
lIndicates only Huntington data used.
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TABLE 111-20 Ambient Ohio River temperatures (OF) in the vicinity of the J. M. Stuart Station, 1966.

Month Week of ~ Maximum Minimum Month Week of !!!.!!!. Maximum Minimum

January 2 45 46 44 July 3 84 85 84
9 39 42 38 10 83 84 83

16 38 39 33 17 84 86 83
23 36 37 33 24 84 85 83
30 34 39 33 31 83 84 82

February 6 34 36 33 August 7 82 82 82
13 40 40 38 14 81 81 81
20 39 40 38 21 81 82 80
27 43 50 38 281 81 82 80

March 6 48 52 46 September 41 80 83 78
13 49 51 48 11 78 78 76
20 52 54 51 18 75 77 73
27 53 54 53 25 72 73 69

.ll' 3 49 50 49 2 67.... April October 65 64

tl
10 50 55 48 9 64 66 63
17 53 56 49 16 62 I 63 60
24 61 62 57 23 61 62 59

30 1 56 57 55

May 1 60 64 57 November 61 54 54 53
8 60 60 59 131 53 54 52

15 63 64 60 20 55 55 55
2·2 70 68 65 27 54 55 52
29 71 72 71

June 5 75 75 73 December 4 49 49 48
12 77 77 75 111 45 47 42
19 80 81 78 181 42 43 40
26 83 85 81 25 40 41 39

t1
YEARLY MAXIMUM: 86, WEEK OF: 7-17 YEARLY MINIMUM: 33, WEEK OF: 1-23, 30; 2-6

~
~

lIndicates only Cincinnati data used.
..
0
:It
~
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Ambient Ohio River temperatures (OF) in the vicinity of the J. M. Stuart StationJ 1967.
I

TABLE III-21

Month Week_of ~ Maximum Minimum Month Week of Mean Maximum Minimum

January 1 39 40 38 July 2 80 81 79
8 40 40 39 9 80 81 80

15 38 40 35 16 80 81 79
22 41 43 39 23 81 81 80
29 42 43 41 30 82 83 81

February 5 41 42 40 August 6 80 81 80
12 38 40 38 13 79 79 79
19 39 40 37 20 78 79 78
26 36 36 36 27 77 78 77

March 51 September 3 76 77 73
121 10 75 76 72

191 17 75 76 72

261 24 72 74 68

.I:- 21 October 1 69 70NApri1 67

II
91 8 66 69 64

161 15 64 I 65 62
231 22 61 . 62 58
301 56 59 54 29 51 58 55

May 71 56 57 55 November 5 54 54 53
141 56 58 54 12 50 51 • 48
211 61 65 58 19 47 48 47
281 69 70 68 26 45 47 43

June 42 70 73 68 December 3 43 43 42
112 78 80 75 10 45 45 44
18 80 82 80 17 45 46 44
25 81 83 79 24 43 45 41

31 39 40 37
~

YEARLY MAXIMUM: 83, WEEK OF: 6-25; 7-30 YEARLY MINIMUM: 35, WEEK OF: 1-15 ~
~

lIndicates no data available. CJ
2Indicates only Huntington data used.

=-~
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TABLE III-22 Ambient Ohio River temperatures (OF) in the vicinity of the J. M. Stuart StatioJ, 1968.

Month Week of ~ Maximum Minimum Month Week of Mean Maximum Minimum

January 7 34 36 33 July 7 82 83 81
14 35 37 33 14 83 84 82
21 37 38 37 21 85 85 84
28 40 42 37 28 83 84 83

February 4 40 41 39 August 4 84 84 83
11 36 38 35 11 81 82 80
18 35 36 35 18 82 83 81
25 37 37 36 25 80 82 80

March 3 41 44 38 September 1 79 81 77
10 46 48 43 8 76 79 74
17 48 50 45 15 75 77 73
24 49 51 47 22 77 78 74
31 57 58 55 29 73 76 70

~ 7 57 60 56 October 6 69 70 69w April

1\
14 62 63 60 13 70 70 68
21 64 65 63 20 67 1. 68 63
28 65 67 64 27 61 62 60

May 5 67 68 65 NoveDber 3 60 61 59
12 68 70 67 10' 55 57 54
19 66 69 64 17 51 54 49
26 62 63 62 24 48 49 46

June 2 68 69 68 December 1 47 48 45
9 75 77 73 8 43 44 41

16 77 78 76 15 40 41 39
23 79 79 78 22 38 40 38
30 80 81 79 29 36 38 34

YEARLY MAXIMUM: 85. WEEK OF: 7-21 YEARLY MINIMUM: 33. WEEK OF: 1-7, 14 ~,
C!
:It•
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TABLE IlI-23 Ambient Ohio River temperatures (OF) in the vicinity of the J. M. Stuart Station~ 1969.

Month Week of !!!!!l Maximum Min~Dl\1lJl Month Week of Mean Maximum Minimum

January 5 32 33 32 July 6 84 85 83
12 34 35 33 13 82 83 81
19 37 40 35 20 82 83 82
26 41 41 40 27 82 83 82

February 2 41 41 40 August 3 81 82 81

9 40 41 39 10 81 82 81
16 39 41 38 17 79 80 79
23 40 41 39 24 79 80 78

31 80 80 80

March 2 43 44 41 September 7 71 80 75
9 43 44 42 14 76 78 73

16 46 46 45 21 74 75 72

23 47 50 43 28 72 74 70
30 48 51 45

J:'-
.j::oo

I

April 6 51 54 49 October 5 71 72 70
1\13 58 60 57 12 70 I, 72 67

20 58 60 57 19 66 68 63

27 58 60 58 26 61 63 59

May 4 64 66 62 November 2 57 61 55

11 66 66 64 9 53 54 52

18 63 65 61 16 50 51 48

25 72 74 70 23 47 48 47
. 30 44 45 42

June 1 75 77 74 December 7 43 44 42
8 78 80 76 14 42 43 40

15 78 80 78 21 39 41 37
22 80 82 78 28 38 40 37
29 85 86 83 0

YEARLY MAXIMUM: 86, WEEK OF: 6-29 YEARLY MINIMUM: 32, WEEK OF: 1-5 ~•"0a•
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TABLE III-24 Ambient Ohio River temperatures (OF) in the vicinity of the J. M. Stuart Station, 1970.

Month Week of Mean Maximum Minimum Month Week of Mean Maximum Minimum-
January 4 36 39 33 July 5 81 82 80

11 33 33 33 12 81 83 80
18 34 34 33 19 81 83 80
25 36 39 34 26 83 84 82

February 1 37 38 37 August 2 83 84 83
8 38 39 37 9 81 82 81

15 39 40 38 16 81 82 81
22 41 41 40 23 82 83 81

30 82 83 82

March 1 44 45 41 September 6 82 84 80
8 45 45 42 13 81 83 80

15 43 43 42 20 82 84 80
22 44 44 41 27 79 81 78

.s:- 29 46 49 41
VI

1\
April 5 50 52 48 October 4 72 73 71

12 53 56 50 111 711, 72 69
19 59 61 57 18 68 69 67
26 63 65 61 25 66 67 65

May 3 66 67 66 November 1 61 63 59
10 69 70 68 8 58 58 57
17 72 74 71 15 54 56 53
24 74 77 70 22 51 54 49
31 76 77 71 29 51 52 49

June 7 78 80 77 December 6 49 51 48
14 80 81 79 13 47 50 47
21 80 82 79 202 48 49 46
28 81 83 80 272 46 47 45

~
YEARLY MAXIMUM: 84, WEEK OF: 7-26; 8-2; 9-6, 20 YEARLY MINIMUM: 33, WEEK OF: 1-4, 11, 18 ~

~..
lIndicates only Cincinnati data used. 21ndicates possible recirculation influence. 0

:a
~
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Ambient Ohio River temperatures (OF) in the vicinity of the J. M. Stuart StatioJ, 1971.
\ '

TABLE III-25

Month Week of ~ Maximum Minimum Month Week of Mean Maximum Minimum

January 31 45 46 44 July 4 84 85 83
10 1 46 47 44 11 84 85 83
171 44 46 40 18 79 81 77
241 43 44 42 25 78 79 77
311 41 43 39

February 71 40 44 38 August 1 77 78 76
141 42 42 41 8 77 77 77

211 43 44 42 15 78 80 78
281 50 57 44 22 78 79 76

29 78 79 77

March 7 43 51 41 September 5 78 80 72

14 46 47 43 12 77 79 72

21 46 47 46 19 74 79 71
28 49 50 47 26 75 77 72

~
0'

April 4 52 54 50 October 3 72 73 70
11 57 58 55 10 68 I 69 67
18 60 61 59 17 67 . 68 65
25 60 60 60 24 68 69 67

31 66 67 63

May 2 61 61 60 November 7 58 61 57
9 60 61 59 14 58 58 57

16 64 68 60 21 52 55 50
i3 68 69 68 28 48 50 46
30 73 75 70

June 6 74 77 73 December 5 46 47 45
13 78 79 77 12 48 49 47
20 80 81 78 19 46 47 45
27 82 85 80 26 47 48 46 ~

YEARLY HAXIKUH: 85, DATE: 7-1, 9, 15 YEARLY MINIMUM: 38, DATE: 2-8, 9
~
~

"0
lIndicates possible recirculation influence. =-~
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TABLE 1II-26 Ambient Ohio River temperatures (OF) in the vicinity of the J. M. Stuart Station, 1972.

Month Week of ~ Maximum Minimum Month Week of Mean Maximum Minimum

January 2 45 48 42 July 2 66 68 64
91 42 44 41 9 70 73 68

161 43 44 41 16 76 79 73
231 43 44 42 23 81 81 80
301 42 44 41 30 80 81 77

February 61 41 41 41 August 6 75 76 74
131 40 41 38 13 77 79 76
201 40 42 39 20 78 79 77

27 43 44 41 27 78 78 77

March 5 41 43 39 September 3 77 78 76
12 44 46 40 10 77 77 76
19 45 46 43 17 77 77 74
26 44 45 43 24 75 76 74

J:'- April 2 47 49 45 October 1 71 73 69.....

:\
9 49 53 47 8 67 69 65

16 57 58 55 15 62 I, 65 60
23 56 57 55 22 59 61 56
30 59 61 56 29 56 57 56

May 7 61 62 60 November 5 53 55 52
14 62 63 61 12 50 51 48
21 66 68 64 19 45 47 43
28 68 69 68 26 42 43 41

June 4 72 73 70 December 3 43 44 42
11 74 75 73 10 43 44 42
18 75 77 72 17 40 41 39
25 64 69 61 24 42 42 41

31 42 43 42 a
YEARLY MAXIMUM: 81, DATE: 7-24, 25, 26, 27, 28; 8-1 YEARLY MINIMUM: 38, DAn;: 2-16

~
~

lIndicates possible recirculation influence. "0:II
~
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TABLE 1II-27 Ambient Ohio River temperatures (OF) in the vicinity of the J. M. Stuart Statiod, 1973.

Month Week of ~ Maximum Minimum Month Week of Mean Maximum Minimum

January 7 39 41 38 July 1 79 80 78
14 38 39 38 8 81 82 80
21 39 41 38 15 81 82 81
28 41 42 41 22 81 82 81

29 81 81 80

February 4 42 43 40 August 5 81 82 81
11 40 40 39 12 81 82 80
181 40 40 39 19 80 81 80
251 41 43 39 26 81 82 80

March 4 47 50 44 September 2 83 83 82
11 53 54 51 9 80 81 78
18 49 53 45 16 76 77 75
25 48 50 46 23 76 77 75

30 76 77 75
~
c»

April 1 51 51 50 October 7 73 74 73

:\8 49 51 47 14 71
1

73 69
15 51 55 48 21 67 . 68 66
22 57 57 56 28 63 66 60
29 55 56 54

May 6 58 60 56 November 4 56 58 53
13 61 62 60 11 51 52 50
20 63 64 61 18 50 51 50
27 65 66 64 25 52 53 51

June 3 70 73 67 December 2 49 50 48
10 75 77 73 9 45 47 44
17 79 80 77 16 42 44 40
24 79 80 78 23 41 43 41

30 42 43 41 U
YEARLY MAXIMUM: 83, DATE: 9-3, 4, 5, 6 YEARLY MINIMUM: 38, DATE: 1-12, 13, 14, 15, 16, ~

17, 21 ..
0

lIndicates possible recirculation influence.
:D•
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TABLE III-28 Ambient Ohio River temperatures (OF) in the vicinity of the J. M. Stuart Station, 1974.

Month Week of ~ Maximum Minimum Month Week of Mean Maximum Minimum

January 6 41 42 41 February 3 44 46 42
13 42 43 41 10 40 41 40
20 45 46 44 17 43 44 41
27 46 47 46 24 44 44 43

March 3 48 55 44 April 7 51 52 50
10 50 51 47 14 53 54 52
17 46 46 46 21 56 58 55
24 46 47 46 28 61 62 59
31 50 52 47

May 5 62 63 62 June 2 68 69 66
12 63 64 62 9 72 73 70
19 67 65 69 16 74 75 72

26 69 70 69 23 70 74 68

.po
\D MAXIMUM: 75, WEEK OF: 6-16 MINIMUM: 40, WEEK OF: 2-10

1\

Some temperatures may have been influenced by recirculation.
I.

NOTE:

ij

~
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FIGURE 111-1 J. M. Stuart Station Units 1, 2 and 3, Time-Temperature Profile (from the
Dayton Power and Light Company).

(a) Temperature decay varies with flow and atmospheric conditions (no field tests conducted).

(b) Calculated time of travel to the Ohio River (from the Dayton Power and Light Company).
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FIGURE 111-2 Control weir structure located at the
mouth of Little Three Mile Creek (from
The Dayton Power and Light Company).
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FIGURE 111-30 Daily average condenser inlet (upstream) and outlet (cooling water discharge) temperatures (OF)
and AT (OF) at the J. M. Stuart Station, 1973 (from The Dayton Power and Light Company).
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IV. THERMAL PLUME ANALYSIS

A. Field Observations

The configuration of the thermal plume at the J. M. Stuart
Station is dependent on a number of factors~ including plant generating
load, thermal discharge volume, river flow (discharge), and meteorological
conditions. The difficulty in obtaining reliable low flow (discharge) data
for this section of the Ohio River is discussed in Section III-B-1. An
approximation of flow can be found by referring to flow data from Greenup
Dam, approximately 64 miles upstream of the J. M. Stuart Station. No
records are available for Meldahl Dam, 31 miles downstream (personal com
munication, Mr. Howard Beaver, U.S.G.S., Louisville, Kentucky).

The first of the four J. M. Stuart Station units (Unit No.2)
was declared commercial on October 11, 1970. The initial thermal dis
charge regime (Figure IV-I) was somewhat erratic until May 17, 1971 when
the second unit (Unit No.1) was declared commercial and plant operation
became more uniform.

Figures IV-2 through IV-4 show the configuration of the ther
mal plume in Little Three Mile Creek and the Ohio River during August and
November 1970 and June 1971 (Norris and Gammon, no date). Each figure de
picts the temperature at the surface, two foot and four-foot depths. The
thermal plume measured on August 18, 1970 (prior to commercial declara
tion, when Unit 2 was being tested) is shown in Figure IV-2. On November 12
1970 when average plant load was 580 MW and river flow was 95,000 cfs, the
thermal plume (Figure IV-3) remained near the Ohio shore and dissipated
rapidly.

With two units (Units 1 and 2) in operation on June 16, 1971
(Average load • 1180 MW), the thermal plume configuration (Figure IV-4)
extended farther out from the Ohio shore. However, river flows were
apparently less than in November 1970 as no record is available from the
Maysville gage and the discharge recorded at Greenup Dam on June 14, 15,
and 16, 1971 was 52,000, 62,000, and 64,000 cfs, respectively. Thus, with
lower flow the thermal plume predictably extends farther out in the Ohio
River.

The Dayton Power and Light Company conducted thermal plume
tests on June 22, 1972 (Average load = 1700 MW) and October 11, 1972 (aver
age load • 1745 MW) when all three once-through cooling units were in com
mercial operation (Figures IV-5 through IV-lO). Again, although no flow
records are available from the Maysville gage, the records from Greenup
Dam (51,700, 74,200, and 110,000 cfs on June 20,21, and 22, 1972, respec
tively; 73,100, 51,100, and 47,900 cfs on October 9, 10, and 11, 1972,
respectively) indicate that flow was considerably lower during the October
period when the plume reached the Kentucky shore (Figures IV-8 to IV-lO).
This becomes more likely considering that lower ambient temperatures during
October (67°F on October 11, 1972 versus 75°F on June 22, 1972) should have
helped dissipate the plume more rapidly under similar plant loadings.
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WAPORA conducted thermal plume measurements at the J. M. Stuart
Station on September 12, 1974. Transects were established as depicted in
Figures IV-II and IV-12; the cross sectional temperature profiles are pre
sented in Figures IV-13 through IV-21. The total generation by Units 1, 2,
and 3 for the day of the test (September 12, 1974) and the previous day
(September 11, 1974) was as follows:

Hour September 11 September 12

8AM 1142 MW 9061MW
9 1162-'- 9271

10 1164 10281

11 1167 10441

12 Noon 1177 10421

1PM 1182 10451

2 1144 10711

3 1134 10561

4 10231 10541

5 10241 10551

6 10191 10391

7 10211 10221

8 970 1 1019 1

l Unit 2 out of service.

Ambient river temperature was 22.0°C (71.6°F) on September 12, 1974. Eve.
though Unit 2 was forced out of service during the actual test, all cir
culating water pumps remained in service, and the flow out of LTMC was
maintained at approximately 640,000 gallons per minute (1427 cfs). Ohio
River flow at Greenup Dam was 53,500, 38,200, and 39,600 cfs on September
10, 11, and 12, 1974, respectively. No records are available from the
Maysville, Kentucky gage during this low flow period.

The plume reached the opposite shore approximately one mile
downstream (Figure IV-II through IV-16) but had dissipated to within 1°C of
ambient and remained within 5 to 10 feet of the surface the entire width.
The 1°C ~T isotherm was followed downstream to River Mile 412.3 (Figure
IV-2l), the location of Transect J (Figure IV-12).

The surface configuration of the thermal plume measured on July
22, 1976 is shown in Figure IV-22. The longitudinal depth profile of the
plume is shown on Figure IV-23. Ohio River flow was calculated to be approx
imately 54,000 cfs on this date and the circulating water flow approximately
640,000 gpm (1,427 cfs). Table IV-l shows the generating loads of Units 1,
2, and 3 at the time of plume measurement.

On September 20, 1976, a third survey of the river was made by
t~APORA. This survey was triggered by the fact that at that time, the flow
in the river was expected to be approximately 15,000 cfs. Since this was
very near the predicted 7'day, 10 year low flow value, an opportunity was
present to observe the actual performance of the plume under low flow condi-
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tions. The plume, as measured, is shown in Figure IV-24. At the time of
the field study, the ambient temperature was 23°C (73.4°F). There were
high winds blowing from the West, the sky was completely overcast, and the
air temperature was between 22 and 25°C (71 and 77°F). Only two once
through cooling units were operating; however, all of the circulating pumps
were in operation.

As the figure shows, the configuration of the plume is quite
complex. This complexity is increased by the fact that there are apparently
thermal plumes from thermal discharges u~tream from LTMC, on the Kentucky
side. The resulting plume, which is approximately 4°C (7.2°F) ~T above the
ambient temperature, lies along the Kentucky shore above the power plant dis
charge. In addition, there are small discharges of warm water from the
power plant itself, which form a small plume, about 1°C (1.8°F) ~T along the
Ohio bank, above the discharge.

The plot of temperature cross-sections measured during the
field study (Figures IV-25 to rv-27) clearly show that there is a separate
and distinct plume on the Kentucky side which is not a part of the J. M.
Stuart Station plume. Note particularly the cross-sections at River Mile
(RN) 405.2 and 405.4.

Measurements of the effluent from the operating units indicated
that the water was being discharged at 38°C (100.4°F) at the upstream end of
LTMC. This was mixed with discharges from the circulating pump on the non
operating unit which was being discharged at 25°C (77°F). The two flows
mixed thoroughly in LTMC and had a resulting temperature of 36°C (96.8°F).
In traveling down LTMC, the temperature of the outflow decreased until it
was 34°C (93.2°F) at the mouth of the creek.

Measurements of the plume inside the 5°F isotherm (2.8°C) ~T

indicated a surface plume of approximately 265 acres. This area extended.
all the way across the river; however, it remained at all times less than
seven feet deep. Since the average depth of the river is 35 feet, the plume
covered less than 20 percent of the transverse area of the river at all times.
The 5°F plume extended on the surface, from the mouth of LTMC (RM 405.5), to
approximately RM 406.3, thus yielding a total length of 0.8 miles.

B. Water Quality Compliance

Copies of all water quality related communications (which
indicate possible harmful effects) between the applicant (The Dayton Power
and Light Company) and any agency other than EPA during the last five years
are presented separately as an appendix to this document. The 316 (a)
guidelines (U.S. EPA, September 30, 1974, p. 28) furthe~ state:
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"The applicant should submit copies of all such cODDDunications
or show why he is unable to do so, except that in the case of State admin
istration of the permit program, cODDDunications with the State need not be
submitted but cODDDunications with EPA should be included."

Ohio EPA regulation EP-l-03 ''Mixing Zones" establishes in
Section (B) (1) that:

"Except as subsequent provisions of this paragraph provide
different limits, no mixing zone shall:

(a) constitute more than one-half of the width of the
receiving watercourse nor constitute more than one
third of the area of any cross-section of the
receiving watercourse,

(b) extend downstream at any time a distance more than
five times the width of the receiving watercourse
at the point of discharge,

(c) exceed twenty-three acres of horizontal area of the
Ohio River or twelve acres of horizontal area of
any other receiving watercourse,

(d) include spawning or nursery areas of any indigenous
aquatic species, or

(e) interdict the migratory routes of any indigenous
aquatic species, or

(f) include a drinking water supply intake."

Section (C) (1) provides that:

"Except as subsequent provisions of this paragraph establish
different standards, the water quality standards in mixing zones shall be
as follows:

(a) All pollutants or combinations of pollutants shall not
exceed at any time the 96-hour median tolerance l~mit

for any indigenous aquatic species, determined by static
or dynamic bioassays in accordance with standard methods
described in "Standard Methods for the Examination of
Water and Wastewater", 13th Edition, 1971, published
by the American Public Health Association, and Water
Pollution Control Federation.

(b) Water temperature shall not exceed the' temperature of
the receiving watercourse upstream of the mixing zone
by more than 15 degrees Fahrenheit (8.3 degrees centigrade)
during the months of May, June, July, August, September
and October or by more than 23 degrees Fahrenheit (12.8
degrees centigrade) during the months of November,
December, January, February, March and April."
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Section EP-l-02 (G) provides that outside of the established
mixing zone, the maximum stream temperature rise "shall not exceed by more
than five degrees fahrenheit (2.8 degrees centigrade) the water temperature
which would occur if there were no temperature change of such waters attri:
butable to human activities. In addition, at no time shall water temperature
exceed the maximum temperatures indicated in the following table:"

Water Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. ~ ~

All
Waters CO
Except
Ohio FO
River

10.0 10.0

50 50

15.6

60

21.1

70

26. 7 ~2.2

80 90

32.2

90

32.2

90

32.2

90

25.6

78

21.1

70

13.9

57

Main
Stem CO 10.0 10.0 15.6 21.1 26.7 30.6 31.7 31.7 30.6 25.6 21.1 13.9
Ohio
River FO 50 50 60 70 80 87 89 89 87 78 70 57

Finally, it should be noted that EP-l-Ol declares that:

"(A) Except as specified in subsection (8) below, all
surface waters of the state are hereby classified
as appropriate for warm water fisheries, for
primary contact recreation, for processing by
conventional treatment into public, industrial,
and agricultural water supplies, and for such
other uses as are identified for specific waters
in subsequent sections of this Chapter, EP-1, of
the Regulations of the Ohio EPA.

(8) The water quality standards set forth in this
Chapter, EP-1, of the Regulations of the Ohio EPA,
shall not apply in any of the following circum
stances:

(1) whenever the flow falls below the annual
minimum seven-day average flow that has a
recurrence period of once-in-ten-years
taking into account hydraulically altered
flow regimes, calculated by the methods
described in H. C. Riggs, Techniques of
Water-Resources Investigation of the
United States Geological Survey, Chapter
8 1, Low-Flow Investigations (Washington,
D. C., 1972).

(2) where a portion of a watercourse is deter
mined to be a low-flow stream. The term
"low-flow stream" means that portion of a
watercourse where: (a) the total upstream
drainage area is less than five square miles,
and (b) less than 50 percent of the flow
would be present if there were no point
source waste-water discharges for 15 percent
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of any two consecutive year periods
during the ten years preceding July 1,
1974.

Discharges to low-flow streams as described
by this subsection, EP-1-01 (B)(2), commenced
on or before July 1, 1974, will be required
to either mp.et water quality standards or be
treated by "the best available control techno
logy economically achieveable" as defined by
the Director of ~e Ohio Environmental Pro
tection Agency or the Administrator of the
United States Environmental Protection Agency
under the Federal Water Pollution Control Act
Amendments of 1972, whichever is less string
ent; and water discharge permits for such
discharges will contain effluent levels that
would be reached by such treatment. The
standards set forth in this Chapter, EP-l,
of the Regulations of the Ohio EPA, shall
apply to low-flow streams for discharges
commenced after July 1, 1974. Such dis
charges shall not interfere with the attain
ment or maintenance of the water quality
standards set forth in this Chapter."

Evaluation of the biological impact of the thermal effluent
will be presented in Section V of this document.

C. Low Flow Model

Several attempts were made to model the near-field plume in
the Ohio River resulting from the J. M. Stuart Station discharge. Two
methods were used. The first was a graphical method based on techniques
developed by Shirazi and Davis (1974). The second was based on a com
puter program developed by Motz & Benedict (1971). Neither model gave
entirely satisfactory results. The lack of success is attributable to
the limitations of current thermal modeling coupled with the complexity
of the discharge conditions at the J. M. Stuart Station. Complete
descriptions of the modeling efforts are included as an appendix to this
report (WAPORA, 1976b).

The reasons why the various near-field modeling techniques
were not entirely successful are several. First, current technology
in near-field plume modeling is far from complete. Most existing plume
models assume a disch~rge into an infinite receiving water. The J. M,.
Stuart Station discharges a relatively high velocity jet (3.54 feet per
second) almost straight across a body of water about 2,000 feet wide.
This means that the plume almost certainly would strike the opposite
bank and be reflected back causing a pattern of interference with exist
ing near-field models. This effect is most severe at low flow when the
movement of the ambient water is not fast enough to deflect the plume in
the downstream. The net effect of the boundary interference is to cause
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the plume to spread more rapidly than expected and to cause the velocity
of the jet to decrease more rapidly than expected. This conclusion is
borne out by the field studies conducted by WAPORA. Figure IV-24 shows the
plume on September 20, 1976 curving downstream very sharply. In view of
the fact that the cross current on that day was approximately 0.25 feet
per second compared with a jet velocity over 3 feet per second, the sharp
curvature can only be attributed to interference from the bank opposite
the discharge. Note also on Figure IV-24 how the 25°C isotherm spreads
sharply upstream. A second observable effect which occurred on September 20,
1976 is that the plume quickly mixes with the river water and forms a well
mixed surface layer. This is observed ee Figure IV-26. Notice especially
on Figure IV-26 that the deepest part of the plume oscillates from side'to
side. This is also attributable to bank effects.

A second major limitation of plume models is that they assume a
discharge into a relatively quiescent body of water. The water may be
assumed to be flowing but it must be assumed that existing turbulence is
slight compared to· the turbulence along the edges of the plume due to the
movement in the jet. On September 20, 1976 there was a high wind blowing
almost straight up the centerline of the river causing one- to two-foot
waves. This would tend to cause the plume to mix with the river water
much more quickly than would be predicted with a plume model~ Therefore,
on a very windy day, such as occurred during the field study, the plume
would be expected to spread quicker than predicted. For the above reasons
the near-field modeling of the discharge is not reliable.

In view of the fact that the flow conditions on September 20, 1976
were very nearly 7-day, lO-year low flows, it would seem reasonable to
assume that the plume at actual low flow would be very similar to that
measured in the field. On September 20, 1976 a surface plume greater than
5°F 6T was observed over an area of about 265 acres. This plume extended
approximately 0.8 miles below the J. M. Stuart Station. The temperature
rise through the station was about 19.8°F (11°C). Had all three units been
operating the temperature rise would have been at least 23°F (12.8°C).
Assuming that the plume area is roughly proportional to the 6T, a plume
area of approximately 308 acres would be expected. This plume would
probably extend no deeper than the observed plume or seven feet deep. All
of the surveys to date have shown that the heated water from the J. M.
Stuart Station tends to remain within the top seven feet of the river once
mixing has occurred (see Figures IV-13 to 21 and IV-25 to 27).

The far-field analysis of the J. M. Stuart Station discharge
(WAPORA, 1976b) indicates that assuming extreme meteorQ10gical and hydro
logical conditions the maximum expected temperature rise would be 1.6°F
thirty miles downstream at Mehldahl Dam. This assumes the concurrence of
the 7-day, 10-year low flow in the river with a set of ~eteorological

conditions haVing a frequency of occurrence greater than 10 years. This
result would therefore be considered to be extremely conservative, as the
field studies indicated the river is not usually heated more than 1°C
(1. 8°F) for more than three miles downstream.
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Gross generating load (MWH) for Units 1, 2, and 3 at the
J. M. Stuart Station during thermal plume measurements
July 22, 1976 (from The Dayton Power and Light Company).

Unit
Time 1 2 2

0800 402 367 400-
0900 551 421 511

1000 596 433 598

1100 599 429 598

1200 570 428 599

1300 540 427 599

1400 563 425

1500 578 425 344

1600 577 426 559

1700 581 425 577

1800 581 411 577
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FIGURE IV-l Daily range in condenser inlet and outlet
temperatures at the J. M. Stuart Station, 1970
and 1971 (* = fish collection period) (from
Norris and Gammon, no date).
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FIGURE IV-2

·----------=- -

Thermal plume isotherms (AT : OF) observed
at the J. M. Stuart Station, August 18, 1970
(from Norris and Gammon, no date).
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Surface

Ambient water temperature = 82° F.

Rive~ stage = 33.~8'

FIGURE IV-2



FIGURE IV-3

.._~-

Thermal plume isotherms (~T : OF) observed
at the J. M. Stuart Station, November 12, 1970
(Ave. Load ~ 580 MW; Ohio River flow • 95,000
cfs) (from Norris and Gammon, no date).
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Ambient water temperature = 55° F.
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FIGURE IV-4

~ WAPORA

Thermal plume isotherms (AT : OF) observed
at the J. M. Stuart Station, June 16, 1971
(Average Load - 1180 MW; see text for con
sideration of Ohio River flow) (from Norris
and Gammon, no date).
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Surface

Ambient water temperature: 77° F.

River stage: 33.7q'
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FIGURE IV-6 Two foot depth isotherms (~T : OF) in the Ohio River at the J. H. Stuart
Station, June 22, 1972 (from The Dayton Power and Light Company).
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FIGURE IV-8 Surface isotherms (~T : OF} in the Ohio River at the J. ~ Stuart
October 11, 1972 (from The Dayton Power and Light Company).
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SCALE: J" = 2000'

Location of temperature Transects A through H
on the Ohio River in the vicinity of the
J. H. Stuart Station, September 12, 1974.
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Location of temperature Transects I and J on the Ohio River in the
vicinity of the J. M. Stuart Station. September 12. 1974.
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FIGURE IV-13 Cross section of Transect A, ~T (OC) isotherms, September 12, 1974.
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FIGURE IV-14 Cross section of Transect B, 6T (OC) isotherms, September 12, 1974.
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FIGURE IV-1S Cross section of Transect C, 6T (OC) isotherms, September 12, 1974.
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FIGURE IV-16 Cross section of Transect D, ~T (OC) isotherms, September 12, 1976.



River width • 1334'

I.r
. I. ~

5

-.
~....
-.;

..c: 10
~

Q.

I~ .
1\~ I I.0-....

15

FIGURE IV-17 Cross section of Transect E, ~T (OC) isotherms,
September 12. 1974.
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FIGURE IV-20 Cross section of Transect H, "6T (OC) isotherms, September 12, 1974.
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Surface plume temperatures (Oe) observed at the
J. M. Stuart Station. September 20. 1976
(0 • stations where measurements were taken).
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FIGURE IV-25 Temperature (Oe) cross sections observed at designated mile
points on the Ohio River at the J. M. Stuart Station,
September 20, 1976.
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FIGURE IV-26 Temperature (OC) cross sections observed at designated mile
points on the Ohio River at the J. M. Stuart Station,
September 20, 1976.
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FIGURE IV-27 Temperature (Oe) cross sections observed at designated mile
points on the Ohio River at the J. M. ~tuart Station.
September 20. 1976.
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