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SUMMARY AND CONCLUSIONS 

There are presently in operation on the Ohio River 34 power generating 

facilities having a generating capacity of just under 27,000 megawatts (MW). 

Eighty percent of this capacity is operated with once-through cooling facilities. 

There are eight facilities under construction. Facilities under construction or 

proposed have a total generating capacity of 23,245 W. Ninety-nine percent of 

this capacity is programed for off-stream cooling (1% is hydroelectric). 

An appraisal of maximum consumptive water use (at critical flow) for 

seven reaches of the river from mile points 0 through 981 varies from .05% 

('1P 918-981) to 2.7% (MP 162) of the river flow for power generating facilities 

in operation, under construction and in the planning stage. The average consump-

tive water use in the seven reaches varies from .04 to 0.5 percent respectively. 

Graphic analysis of stream flow and ORSANCO electronic monitor temperature 

data revealed no apparent long-term trend toward increasing or decreasing water 

temperatures during the 11-year period of record. However, there is a long-

term trend toward increasing river flow during this period. Cumulative deviations 

of flow show an identical pattern at all monitor locations -- with below normal 

flows from January 1964 to about December 1969, near normal flows during 1970 and 

71 and above normal flows from 1971 through 1974. Comparison of the cumulative 

deviation of water temperature and flow curves indicate there is no significant 

relationship between deviations of temperature and flow except at South Heights, 

Pa. (mile point 15.8). At this location water temperature is determined by the 

relative flow and tempiiature of the Allegheny and Monongahela rivers. 

During the 1964-74 period, analysis of daily average air temperatures --

Pittsburgh, Huntington, Cincinnati, Louisville and Evansville -- showed no 

long-term trend toward increasing or decreasing temperature. The lowest water 

and air temperatures were observed at South Heights and Pittsburgh respectively. 

In general, water and air temperatures increased from upstream to downstream 

with changes in water temperature paralleling changes in air temperature. Com-

parison of cumulative deviation curves and statistical analysis showed a very 

high level of correlation between water and air temperatures. 

Statistical analysis was used to determine the correlation between daily 

average water temperatures at South Heights (MP 15.8) and the corresponding 

daily average temperature at downstream monitoring locations. The analysis 

indicates there is no significant accumulation of added heat and that for base 

temperatures used for study purposes (40.0, 60.0 and 80.0 deg. F) maximum 

temperatures do not occur during the periods of below normal river flows. The 



added heat is dissipated within 40 to 45 miles downstream from the thermal 

discharge. 

Significantly, data collected during an intensive October 1973 Ohio River 

Temperature Survey by the West Virginia Department of Water Resources showed 

that thermal discharges raise the temperature of the top few feet of the river 

but generally did not significantly increase temperatures at the 10 foot and 

lower levels. The surface area affected was determined to depend on the volume 

of the then-al discharge and river flow characteristics. Downstream surface 

and overall temperatures of the river were found to return to normal levels with-

in 5 to 20 miles of the discharge. The West Virginia field survey data supports 

the conclusion derived from the analysis of long-term ORSANCO monitor data that 

there is no buildup of excess temperatures resulting from existing thermal dis-

charges. 

The present evaluation of thermal discharges to the Ohio River is based 

on the effect on river temperature relative to accepted stream temperature 

standards and the degree to which individual discharges comply with applicable 

effluent limitations in the 11-year period 1964-1974. Daily average temper-

atures at ORSANCO's 11 electronic monitors on the Ohio River were analyzed 

and the temperature limits specified in state stream standards were exceeded 

on four of over 34,000 days of record during the 11-year period, a compliance 

rate of 99.99 percent. 

Under the final U. S. EPA effluent guidelines for steam electric power 

plants there are three plants which are required to provide cooling facilities 

or file for an exemption under Section 316(a) of the Federal Water Pollution 

Control Act. The 650 MW number 7 unit of the W. H. Sammis Plant (MP 54.0) 

was placed in service in 1971. Units 1, 2 and 3 of the J. M. Stuart Plant 

(MP 405.7) were placed in service in 1970, 71 and 72 respectively. Each of 

these units is rated at a capacity of 610 MW, 110 MW more than the U. S. 

EPA guidelines exemption for units in service prior to January 1, 1974. A 

265 MW unit was placed in service in 1974 by the Owensboro Municipal utility 

at mile 753.5. 

Fifteen of the plants with once-through cooling can cause a calculated 

river temperature rise of one or more deg. F (7.2 deg. F maximum rise) at rated 

capacity and critical river flow. The temperature rise from 12 of these plants 

is one or more deg. F at the normal operating rate. 

With reference to the ORSANCO Pollution Control Standards No. 1-70, 2-70, 

the study indicates that at normal river flows, the W. H. Sammis Plant is the 



only discharge which results in a calculated river temperature more than a few 

tenths of a degree above the maximum allowable temperature for summer and fall 

months. Therefore, it appears that the ORSANCO standards may have been ex-

ceeded during the peri.d of record at the Sammis Plant. 

Because the highest temperature in the critical mixing zones of the river 

have been observed to occur near the water surface, a real potential for the 

application of remote sensing techniques is suggested for determining thermal 

mixing zones (rather than using intensive manual methods in a continuing moni-

toring program). 

The removal of SO2  from generating facilities stack discharges does not 

appear to present a water pollution problem since the flue gas desulfurization 

processes must be a closed cycle. The problem of sludge disposal, and associated 

runoff and seepage to the stream is an area that will require adequate planning 

and surveillance in order to prevent dissolved mineral or sludge materials from 

entering the stream. 

The study indicates that thermal discharges to the Ohio River, during the 

period 1964-1974, had a relatively localized influence on the river temperature. 

This conclusion is based on data from electronic monitoring devices located on 

the basis of need for data for multi-parameter stream quality evaluation. It 

reflects a macro evaluation of overall thermal quality of the Ohio River. 

Evaluation of the impact of thermal discharges in the mixing zone area will 

require more detailed data on a case by case basis. 
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INTRODUCTION  

The need to meet present and projected energy requirements has created 

a crisis atmosphere; one in which environmental controls have come under 

much closer scrutiny from a cost effective perspective. 

Water for cooling of thermal electric plants is by far the largest 

category of water use in the energy industry. It was reported to total 

about 170-billion gallons per day in 1970.* Cooling water is essential to 

the generation of electricity by steam that drives the turbine generator 

and there is every indication that the great bulk of electric generation is, 

and will continue to be, by steam power. 

Cooling water is used to remove the waste heat of vaporization of 

spent steam leaving the turbine exhaust. Waste heat generated in the cooling 

process and the cooling water must be processed either through a natural or 

man-made system or a combination of the two to facilitate radiation of the 

heat to the atmosphere. 

Since waste heat, when released to the water environment, may become 

a pollutant in terms of man-caused deleterious changes in the normal tempera-

ture of the receiving water, thermal discharges must be controlled. How 

this control is manifested in a cost-effective manner with minimal insult 

to the environment is a primary concern of water pollution control agencies 

and the industry. 

PL 92-500, the 1972 Amendments to the Federal Water Pollution Control 

Act, provides the national goal that "the discharge of pollutants into the 

navigable waters be eliminated by 1985." The Act provides that not later 

than July 1, 1977 the best practicable control technology (BPCT) currently 

available be applied to industrial point source discharges; and that the 

best available technology economically achievable (BATEA) shall be used by 

July 1, 1983. The Act also requires that stream quality standards be met 

by July 1, 1977. 

However, the Act, in Section 316(a), singles out effluent limitations 

proposed for the control of the thermal component of any discharge. It 

provides that "if the owner or operator of that source after opportunity 

for public hearing demonstrates to the (U. S. EPA) administrator's satis-

faction (or, if applicable, the state) that any effluent limitation 

*Water Demands for Expanding Energy Development", George H. Davis and 
Leonard A. Wood, Geological Survey Circular. 703, 1974 
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proposed for the control of the thermal component of any discharge from 

such source requires effluent limits more stringent than is necessary to 

assure the protection and propagation of a balanced indigenous population 

of shellfish, fish and wildlife in and on the bndy of water into which the 

discharge is to be made, then the administrator (or State) may impose an 

effluent limitation with respect to the thermal component, taking into 

account its interaction with other pollutants, that will assure the 

protection and propogation. . ." thus a vital discretionary power is set 

forth as a responsibility of the regulatory agency as it acts in its 

capacity of administering permits for effluent discharges under the 

National Pollution Discharge Elimination System (NPDES). 

Significantly effluent regulations promulgated by the U. S. EPA 

(October 8, 1974 Issue of the Federal Register) requires installation 

of closed cycle cooling but exempts from this regulation all operating 

plants placed on line before January 1, 1974 except for units of 500 

megawatts or greater. The latter units are subject to the regulation if 

placed into service after January 1, 1970. A 1974 ORSANCO inventory estab-

lished that there are 34 presently operating power facilities on the Ohio 

main stem; only three of this number have generating units which will be 

subject to the U. S. EPA regulations promulgated October 8. This same 

inventory revealed 8 power generation facilities under construction, 7 

proposed new facilities and 7 additional sites under consideration or a 

total of 22 such facilities in some advanced stage of planning or con-

struction. 

Actually, the inventory was an outgrowth of a discussion introduced 

to the ORSANCO Engineering Committee by a member of the Commission from 

Indiana who voiced concern with the number of power generating facilities 

planned for construction along the Ohio River from below Madison, Indiana 

to Cincinnati, Ohio. It was noted that similar developments are occurring 

along other sections of the Ohio River and major tributaries and that 

potential problems should not be resolved on a case-by-case basis. The 

problems cited included thermal and other waste discharges to the river, 

consumptive water use, air pollution and the disposal of solid wastes 

associated with air pollution control facilities. 
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It was recognized by the Commission that an evaluation of the present 

and potential thermal discharges on the main stem of the Ohio in terms of 

heat impact from the existing and planned facilities is essential to any 

consideration by the several State Regulatory Agencies and the U. S. EPA 

of requests for variances under Section 316(a) of the Federal Water Pollu-

tion Control Act. 

The present report has been prepared using already-available information. 

This includes data from the ongoing ORSANCO water pollution surveillance system 

as well as special study or survey results from the several states. The 

inventory of existing, planned and future power generating facilities was 

developed through the ORSANCO Power Industry Advisory Committee. Special 

assistance in the preparation of the chapter on aquatic life considerations 

was received from Dr. William Clay, Professor Emeritus of Biology, University 

of Louisville. Dr. Clay was project director of the 1957-60 ORSANCO Aquatic 

Life resources study which has served as the basis for recent biological 

evaluations. 

Because of the need to consider consumptive use of water as an integral 

part of the generating facility plans on the Ohio River, one chapter of this 

report is devoted to the production of substitute natural gas from coal. 

Similarly, it was deemed essential to consider the impact of emission control 

Of S02 under the Federal Air Pollution Control Act to further characterize 

consumptive water use and the implications of the production of solids in this 

process on river quality. 

This study is based primarily on the appraisal of historic river tem-

perature data obtained over a period of eleven years (1964-1974) from the 

ORSANCO electronic monitoring network. Continuous electronic measurement of 

water quality is a key element of the Commission's water quality surveillance 

program. 

The locations for electronic monitoring devices were selected on the 

basis of need for data for multi-parameter stream quality evaluation. Com-

parable long-term temperature data from the thermal mixing zones or from 

river reaches immediately downstream from the mixing zones are not available. 

Information from a limited number of intensive field surveys was utilized. 

The present study reflects a macro evaluation of overall thermal water 

quality in the Ohio River. Evaluation of the impact of thermal discharges 

in the mixing zone areas will require more detailed data on a case by case basis. 
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INVENTORY OF POWER GENERATING FACILITIES 

Thermal electric power generating facilities are the major sources of 

heat discharged to the Ohio River. Earlier studies, part of the 1968-70 

development of the ORSANCO Pollution Control Standards, showed that the 

largest of other industrial cooling water discharges were of minor signifi-

cance compared to the discharges from the power plants. To determine the 

magnitude of power plant thermal discharges, data on existing, under construc-

tion and proposed generating facilities was compiled in cooperation with 

the ORSANCO Power Industry Advisory Committee. A map showing the size, type 

of cooling and location of the generating plant is included at the end of 

this chapter. 

Power Plant Inventory  

Complete inventory data is tabulated in Appendix A. Information in this 

compilation includes plant location, operating company, station name, gener-

ating capacity with once-through or off-stream cooling, heat rejection rate, 

fuel, operating status, date generating units were or will be placed in service, 

classification under U. S. EPA guidelines, and consumptive water use. Except 

for heat rejection rate, EPA classification and consumptive water use, these 

entries are self-explanatory. 

Heat Rejection Rates -- To insure comparability of data from the various power 

plants, the following standard equation was used for calculating the heat re-

jection rate for fossil fuel generating facilities. 

Gross Heat Rate of 	 Assumed 
Heat Rejection Rate = The Coal Burned (  BTU  ) x Boiler Efficiency - 3413 BTU  

(BTU / KW-HR ) 	 KW-HR Generated (0.85 ) 	 KW-HR 

The equation assumes that 15 percent of the heat generated is discharged 

through the stacks ( 85% is converted to electricity by the turbine or rejected 

to the condensers ), 3413 BTU/KW-HR is converted to electrical energy in the 

generation process, and the remaining heat content of the steam is rejected 

to the river or to off-stream cooling facilities. For the proposed nuclear units 

1-1 



a heat rejection rate of 6,800 BTU/KW-HR was used for estimating consumptive 

water use. Off-stream cooling facilities are included in the design of all 

under construction or proposed nuclear plants. 

U. S. EPA Classification -- The U. S. EPA promulgated 'Effluent Guidelines 

and Standards for Steam Electric Power Generating" effective November 7, 1974 

(40 CFR 423; October 8, 1974 Federal Register). The inventory classifies 

plants in two categories: "A" which includes EPA designations "small unit" and 

"old unit"; and "B" corresponding to the guideline "generating unit'. The 

guidelines do not establish thermal limits  for units in the "A" class. Best 

practicable treatment, defined as no discharge of heat, is established as the 

effluent limitation for plants in the "B" category. Section 316(a) of 

P.L. 92-500 provides a mechanism for requesting exemption from thermal limita-

tions in NPDES permits for both class "B" plants or class "A" plants where 

thermal limitations may be included in the permit on the basis of compliance 

with stream standards. 

Consumptive Water Use -- Consumptive use, evaporation of water as part of the 

cooling process, is of concern since it could result in significant 

reduction in stream flow. Estimates of the consumptive water use in the in-

ventory were based on water consumption data for once-through and mechanical 

draft cooling towers in the Ohio Basin in the report," Consumptive Water Use 

Implications of the Proposed U. S. EPA Effluent Guidelines for Steam-Electric 

Power Generation," by Epsey, Huston and Associates, dated May 31, 1974. 

The report estimates water consumption rates for once-through and mechan-

ical draft cooling towers for the Ohio River Basin as: 

WATER CONSUMPTION RATE FOR ONCE THROUGH COOLING 

( Pounds Per Thousand BTU's Rejected ) 

Annual Average 0.43 

January 0.31 

April 0.43 

July 0.50 

October 0.43 



WATER CONSUMPTION RATE FOR MECHANICAL DRAFT COOLING TOWERS 

( Pounds Per Thousand BTU's Rejected ) 

Annual Average 0.72 

January 0.65 

April 0.71 

July 0.78 

October 0.73 

The annual factors of 0.43 and 0.72 pounds of water consumed per 1,000 

BTU's rejected were used for all calculations. The report indicates that 

there is minimal difference in the consumptive rates between natural draft 

cooling towers and mechanical draft cooling towers. It should also be 

noted that Epsey, Huston and Associates investigated several methods for 

determining consumption use of water and reported that all methods result 

in similar values. 

For units under construction or planned, a heat rejection rate of 

4100 BTU's/KW-HR for fossil fueled plants with off-stream cooling, and 

6800 BTU's/KW-HR for nuclear plants with off-stream cooling was used to 

calculate the consumptive use of water. Available information from the 

Power Industry inducates these rates are typical for current technology. 

All of the inactive plants listed in the inventory except the Shippingport 

Atomic Power Plant, which is being converted to a light-water breeder reactor, 

are not expected to be returned to service on a regular basis. 

Plant Operating Rate -- An average level of electrical generation during the 

mid-summer period was determined from daily electrical generation data 

furnished by the ORSANCO PIAC for the week of August 5-11, 1974. This data 

provides information on plant utilization and also provides a basis for com-

paring consumptive water use for that week with consumption at rated capacity. 

This week was selected as representative of normal summer utilization 

of generating facilities. Because the Ohio River and other generating plants 

in the basin are part of an interconnected regional electric distribution 

network, there are frequent changes in utilization of generating units at any 

one plant. These changes compensate for units out of service for maintenance 
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or repair, fuel availability, individual unit efficiency and other factors. 

For example,during and prior to the reference week, system plants were 

supplying the power normally generated at the Clifty Creek station which was 

severely damaged by tornadoes earlier in 1974. Other factors which influence 

plant operating rate include the local and regional level of industrial 

activity and weather conditions. Therefore, the week of August 5-11, 1974 

represents a normal or typical rather than maximum power generating period. 

Summary of Inventory Data  

The following pages summarize the status and type of cooling utilized 

at the present and future generating facilities along the Ohio River and 

estimates of consumptive water use. 

It should be noted that presently available information indicates that 

the completion of planned generating facilities may be delayed or abandoned 

in some locations because of decreased power demands and financing difficulties. 

Additionally, the thermal discharge requirements of ORSANCO Pollution Control 

Standard No. 2-70 are applicable to all existing and future generating plants. 
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STATISTICAL ANALYSIS OF TEMPERATURE AND FLOW DATA 

The evaluation of the impact of thermal discharges on Ohio River tempera-

tures requires analysis of available water and air temperature and river flow 

information. Statistical studies establish the long-term relationships between 

water temperature, river flow, and air temperature and provide the basis for 

estimating the effect of thermal discharges. 

Data Sources  

Information on the location and magnitude of thermal discharges is de-

rived from the power plant inventory detailed in the preceding chapter. 

Hourly values of water temperature, as well as pH, dissolved oxygen, conduc-

tivity and chloride, are provided by the ORSANCO electronic monitor system. 

The first monitor was placed in service at the Cincinnati water plant in 

1960. This hourly data from eleven Ohio River and nine tributaries is trans-

mitted to the control station at ORSANCO headquarters, computer edited, 

stored and processed. Most of the monitors are installed on the water in-

take systems of water treatment or power generating plants; therefore, tem-

perature readings are not directly affectd by thermal discharges. 

River flow data is a composite of the U. S. Geological Survey flow 

measurements and the National Oceanic and Atmospheric Administration's Cin-

cinnati Flow Forecast Center. U. S. Geological Survey flow data for the Ohio 

River is incomplete because of problems with measurements of low river flows; 

for example, in the Markiand Pool river flows below about 40,000 cfs cannot 

be measured. Missing data in the Geological Survey records is filled in by 

Flow Forecast Center estimates. These daily estimates are also used for 

current flow data since Survey data is compiled and published annually. 

Air temperature and other meteorological data for Pittsburgh, Huntington 

Cincinnati, Louisville and Evansville for 1964 through October 1974 was provided 

on punch cards by the National Oceanic and Atmospheric Administration's Environ-

mental Data Services, Ashville, North Carolina. 

Other sources of temperature information included the West Virginia Divis-

ion of Water Resources and the ORSANCO Water Users Committee. 



Time Series Analysis  

Time series analysis utilizes data in chronological order to deter-

mine one or more of the significant types of relationships -- cyclical 

movements, periodic movements, trends and irregular variations. Cyclical 

movements are fluctuations which have a long duration. For example, study 

of Ohio River flows at Louisville since the early 1930's indicate a drought-

to-drought cycle of approximately 11 years. Similar 11-year periods are 

reported for water level in the Great Lakes and some meteorological data. 

Continuous river temperature data is not available for a period extensive 

enough for analysis of possible long-term movements. 

Periodic movements are defined as cyclic movements which recur with 

some degree of regularity. River temperature has a recurring annual cyclic 

or seasonal variation which is shown in Figure 1 for monthly average (solid 

line) and maximum daily average temperatures each month (broken line) at 

Cincinnati for the period January 1964 through October 1974. Since the 

seasonal variation in river temperature at other monitor locations is identi-

cal, only the Cincinnati temperatures are presented graphically. Summaries 

of river temperature, air temperature and river flows are presented in 

Appendices B, C and D, respectively. The seasonal variations in air tempera-

ture would show the same pattern except that the range from minimum to maximum 

values would be greater. River flows show a similar seasonal variation with 

the maximum occurring in March or April and the minimum in September or October. 

The seasonal variations can be removed from the data by expressing each 

data item as the deviation from its mean or normal value. The seasonal cycle 

is removed when each monthly average January temperature is expressed as the 

difference between it and the mean January temperature -- the average January 

temperature for the period of record being considered. Since time-series 

ana1sis requires a complete data set, missing monthly and monthly average 

data from a significantly incomplete set of daily average temperatures was 

replaced by values estimated from the regression equations discussed later in 

this section. Another factor in time-series studies is that all of the records 

must cover the same time period. This limits the analysis to the five monitors 

with periods of record from January 1964 through October 1974 -- South Heights, 

Stratton, Huntington, Cincinnati and Louisville. 
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Deviations of the monthly average values from the corresponding mean 

for each month were used to determine possible inter-station relationships 

and to determine whether there was a significant trend in temperature. 

A preliminary estimate of inter-station relationships can be obtained 

from the graphical comparison of curves of the cumulative deviation from 

the mean (for example the January and February 1964 values are added to give 

a cumulative value for February 1964, addition of the March deviation gives 

the March 1964 value, etc.) vs time in months. These curves for water 

temperature are shown in Figure 2 (South Heights, Stratton and Huntington), 

Figure 3 (Huntington, Cincinnati and Louisville) and Figure 4 (Allegheny, 

Monongahela and Ohio rivers -- South heights), for river flow in Figure 5 

(South Heights and Louisville) and air temperature in Figure 6 (Pittsburgh, 

Huntington and Louisville). Since it is the direction of variations rather 

than magnitude which is being compared, all of the values are normalized to 

a scale of plus or minus seven. A rising line segment shows that a series 

of values was greater than normal; an approximately horizontal line segment 

shows a series of values varying about normal;and a falling line segment 

indicates a series of values below normal. 

For the three stations shown in Figure 2, the curves are almost identical 

except for the period from March to December 1970. During this period tempera-

tures were below normal at South Heights, near normal at Stratton and above 

normal at Huntington. The pattern at Cincinnati and Louisville is very similar 

to Huntington -- Figure 3 -- during the entire 11-year period,showing that 

with the exception of the 10-month period in 1970, essentially the same tempera-

ture variations occurred concurrently at the five monitor locations. Figure 4 --

Cumulative deviations for the Allegheny River at Oakmont, Monongahela River 

at Charleroi and Ohio River at South Heights -- shows that throughout the 

11-year period curves for the Allegheny and Ohio rivers are almost identical. 

During 1970, when the temperatures were below normal at these locations, the 

temperature of the Monongahela River was consistently above normal and showed 

a variation comparable to that at Huntington and downstream locations. It is 

apparent that, to a great extent, the temperature at South Heights is deter-

mined by the temperature of the Allegheny River. During the 1970 period, the 

pattern at Stratton represents a transition from the below normal temperature 

at South Heights to the above normal temperatures at Huntington and other down-

stream locations. 
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Figure 5 shows the cumulative deviations from the mean river flow at 

South Heights and Louisville; the curves for the other locations are identi-

cal to these two. Those curves show below normal flows from January 1964 

to about December 1969, near normal flows for 1970 and 1971 and above normal 

flows for 1972 through 1974. 

Cumulative deviations of monthly-average air temperature at Pittsburgh, 

Huntington and Louisville are shown in Figure 6. Data plots for air tem-

perature at Cincinnati and Evansville are identical. 

Inter-parameter relationshisat South Heights and Louisville are shown 

in Figures 7 and 8. At South Heights the cumulative deviation curve for 

river flow (dotted line) indicates a possible inverse relationship to river 

temperature (solid line) and no relationship to air temperature (broken line). 

At Louisville river flow does not appear to be related to variations in water 

or air temperature. Comparing the pattern of water and air temperature 

variations at South Heights and Louisville shows South Heights temperatures 

do not follow the Pittsburgh air temperatures as closely as the corresponding 

curves at Louisville. Comparisons at Huntington and Cincinnati show relation-

ships very similar to those at Louisville. 

Variance analyses show that the relationship between water temperature 

and river flow at South Heights is statistically significant at the 99.9 

percent level -- less than one in a thousand that the result is due to 

chance. At Huntington, Cincinnati and Louisville the relationship between 

water temperature and river flow is not statistically significant. The 

covariations of water and air temperature at all four locations is statisti-

cally significant at the 99.9 percent level. 

The river temperatures at South Heights are determined by the temperatures 

and flows of the Allegheny and Monongahela rivers. Since the monthly average 

temperature of the Allegheny at Oakmont is normally one to four degrees lower 

than the corresponding Monongahela temperature at Charleroi, the temperature 

at South Heights will vary in a manner related to the flows from the tributaries. 

The testing for the presence of long-term trends in the temperature and 

flow data is based on the use of the relationship of the deviations from the 

monthly means with time. The general regression equation for trend is: 

Variable = A + B x time 

II - 8 
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where the variable is expressed as the deviation from the mean and time is 

expressed in months for month 1 to month N or, for a centered time series, 

from month -N to month +N. A and B are constants determined by least squares 

regression analysis. 

A summary of the trend analysis for water and air temperature and river 

flow is presented in Table 1 which tabulates the number of months of record, 

A and B coefficients, regression coefficients and statistical significance 

(Sigma). The regression coefficient is a measure of the degree of association 

between the variables and ranges from plus or minus one when the equation 

provides a perfect correlation of the dependent variable (temperature or flow) 

with the independent variable (time) to zero when there is no relationship. 

For both water and air temperatures the analysis shows that there is no 

statistically significant trend with time. For flow the analysis indicates 

that the trends toward increasing flow from the start to end of the 131 months 

of record is statistically significant. However, the use of the regression 

coefficient as a measure of statistical significance is based on the assumption 

that the value of each data item is not affected by the values of any of the 

other data items. This assumption does not apply for analysis of time series 

or other sequential data. Considering the high level of statistical signifi-

cance confirmed by the curves of cumulative deviations (Figure 5), it is 

apparent that there has been a real trend toward increasing flows during the 

1964-74 period. Since this 11-year period represents only one phase -- drought 

to peak -- of the long-term cycle, the trend line which describes the data for 

this period should not be used to predict future flows or to estimate flow prior 

to 1964. 

In summary, time-series or chronological appraisal of monthly-average tem-

perature and flow data for the Ohio River from January 1964 through October 

1974 shows: 

1. The normal seasonal pattern in monthly average water and air tem-

peratures is the dominant factor in month-to-month temperature 

variations. Year-to-year variations in maximum and minimum values 

do not significantly influence the seasonal pattern. 

2. The annual cycle can be eliminated from the data set by conversion 

to deviations of the monthly average from the corresponding overall 

monthly mean. 
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3. Graphic analysis of the sequential cumulative deviations from the 

mean shows that, with the exception of South Heights and Stratton 

during 1970, water temperature variations occur in a nearly identical 

pattern -- short term trends -- at 11 of the electronic monitor 

locations. The marked deviation from this pattern at South Heights 

during 1970 was due to below normal temperatures in the Allegheny 

River. This analysis also indicates that there is no apparent long-

term trend toward increasing or decreasing water or air temperatures 

during the 11-year period of record. 

4. Graphic analysis of cumulative deviations of flow shows an identical 

pattern at all monitor locations -- with below normal flows from 

January 1964 to about December 1969, near normal flows during 1970 

and 1971 and above normal flows from 1972 through 1974. This pattern 

indicates a trend toward increasing flows during the period of record. 

5. Statistical analysis and comparison of the cumulative deviation 

curves for water temperature and river flow indicate that, with 

the exception of South Heights, there is no significant correlation 

between water temperature and river flow. The South Heights water 

temperature is determined by the relative temperature and flow of 

the Allegheny and Monongahela rivers. 

6. Trend analysis confirmed that there was no significant trend in 

water or air temperature but that the increase in flow with time 

during the period of record was probably statistically significant. 

Interstation Temperature Relationships  

The impact of thermal discharges on river temperatures can be determined 

by field surveys to measure short-term temperature variations downstream from 

a major thermal discharge or by analysis and interpretation of long-term tem-

perature records at fixed locations. Field surveys studies will be discussed 

in the next section. Long-term temperature records are available from the ORSANCO 

electronic monitor network. Five of the monitor stations have continuous records 

over at least 10 years and records for all eleven Ohio River monitor include 

the January 1969 through October 1974 period. These records involve over 31,000 

daily average temperature values based on hourly readings. 



Regression analysis was used to determine the relationship between 

monitor locations. To provide a common baseline, daily average water 

temperatures at each downstream monitor were used as the dependent variable 

and temperatures at South Heights were taken as the independent variable. 

For example, the temperature at South Heights for each day was paired with 

the temperature at Stratton for the same day. Since only pairs of data 

could be used, days with missing data at either monitor were deleted from 

the analysis. It was assumed that the data would fit a linear equation 

Tm = A + B x Ts.h. 

where Tm is the temperature at a specified downstream monitor, Ts.h. is the 

corresponding temperature at South Heights and A and B are constants. The 

determination of A, B, regression coefficient and standard deviation was 

completed for each year of record at each monitor location. These regression 

equations were used to calculate the downstream monitor temperature for South 

Heights temperatures of 40.0, 60.0 and 80.0 deg. F. 

The statistical parameters and calculated temperatures are listed in 

Table 2 for each year of record. Table 3 presents the same information for 

the regression between the South Heights monitor and Wheeling and Natrium 

water user stations. 

All of the 108 annual equations are statistically significant at a level 

such that there is considerably less than 1 chance in 1,000 that the relation-

ship resulted from random factors. This is not a cause and effect relationship, 

since it is obvious that the temperature at South Heights on a given day does 

not determine the temperature at Evansville some 775 miles downstream on the 

same day. Instead the equations show the dominant concurrent effect of a third 

variable -- meteorological conditions -- on river temperatures. The correlation 

coefficient decreases slightly as the distance from South Heights increases --

from about 0.995 at Stratton to about 0.985 at Evansville -- and the standard 

deviation increases from about 1.5 at Stratton to 3.6 at Evansville. 

Although Tables 2 and 3 allow year-to-year comparison of temperatures 

calculated from constant temperatures at South Heights, they do not permit 

comparison between stations in any one year. To provide for this comparison, 

the calculated temperatures are tabulated by station and year in Table 4, 

for South Heights, temperatures of 40, 60 and 80 deg. F. 
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Within each year there is an apparent trend for temperatures to increase 

downstream with the greatest increase occurring at 40 deg. F. The ranges 

from minimum to maximum for the 1969-1974 period is 2.7, 1.7 and 1.4 deg. F 

for 40, 60 and 80 degree temperatures at South Heights. The maximum winter 

temperature average of 43.6 deg. F occurred in 1973. The maximum spring-

fall and summer temperatures of 63.2 and 84.0 (average of all stations) 

occurred in 1970 when the observed temperature pattern at South Heights 

was distinctly different from the pattern at the other monitor locations. 

In general, winter and spring flows would be high (40 and 60 deg. values) 

As noted in the previous section, flows were generally below normal from 

1964 through 1969, near normal during 1970 and 1971, and above normal from 

1972 through 1974. Essentially all of the maximum winter temperatures 

(40 deg. F) occurred in 1973 whereas, 	the maximums for the 60 and 80 Deg. F 

curves occurred in 1970. 

If thermal discharges resulted in the accumulation of excess heat (in-

creased river temperatures) the effect should be most apparent between 

Stratton and Willow Island, and between New Haven and Huntington during the 

high temperature period. Except in 1970 there are no significant differences 

between the temperatures at Stratton, Willow Island, New Haven and Huntington. 

The lower three curves of Figure 9 show the average, maximum and mimimum cal-

culated temperature at each station for the period of record. The upper graph 

shows the calculated river temperature rise at 100 percent of rated capacity 

and critical flow for each power plant with once-through cooling. 

Between mile 55 (Stratton) and mile 161 (Willow Island) temperatures on 

the 80 deg. F curve show a drop at mile 86 (Wheeling), a rise at mile ill 

(Natrium) and a drop at Willow Island. The marked drop between Stratton and 

Wheeling, a segment receiving multiple thermal discharges, may be due to 

differences in temperature measurement. Electronic monitor temperature sensors 

are calibrated against sensitive (0.1 deg. F) thermometers which are standardize 

against a U. S. Bureau of Standards standard thermometer; therefore, monitor 

temperature readings should be comparable. On the other hand, there is no 

information regarding the accuracy or sensitivity of the thermometers used 

at Wheeling and Natrium. Therefore, there isame doubt that the temperature 

drop at Wheeling and rise at Natrium indicate actual changes in river conditions. 

II - 26 



10 

0 

C
al

c
u

la
te

d 

85 

80 

Figure 9: Calculated Temperature Rise for Thermal Discharges and Calculated 

River Temperatures from Annual Regression Equations 
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In a similar manner, regression analysis was used to determine the 

relationship between daily average air temperature at Pittsburgh and the 

corresponding air temperature at Huntington, Cincinnati, Louisville or 

Evansville. The statistical parameters -- A and B coefficients, standard 

deviation (Sigma) and regression coefficient -- and the calculated tempera-

tures for 40, 60 and 80 degree F values at Pittsburgh are shown in Table 5. 

All of the regression equations are statistically significant at the 99.9 

percent level (less than 1 chance in 1,000 that the relationship is due to 

random variations). Station-to-station variations in air temperatures cal-

culated for 40, 60 and 80 degree F at Pittsburgh and water temperatures 

calculated for 40, 60 and 80 degree F at South Heights are summaried below 

for the 11-year period. 

Air Water 
Station Temperature -- deg. 	F Temperature -- deg. F 

Pittsburgh 40.0 	60.0 80.0 40.0 	60.0 	80.0 

Huntington 45.5 	63.4 81.2 42.4 	61.9 	81.5 

Cincinnati 43.4 	62.8 82.2 41.7 	61.3 	80.9 

Louisville 46.3 	65.0 83.6 42.6 	61.9 	81.2 

Evansville 45.9 	64.8 83.8 only 6 years of record 

At both 40 and 60 degree base temperatures, calculated air and water 

temperatures at Cincinnati are lower than corresponding values at Hunting-

ton and Louisville. At 80 degrees,Cincinnati water temperatures are slightly 

lower than values at Huntington and Louisville,although the Cincinnati air 

temperature is higher than Huntington's and lower than Louisville's. 

As shown in Table 6, the linear regression 

T water = A + B T air 

at the five monitor locations is significant at the 99.9 percent level, even 

after adjusting for the non-randomness of the data sets. The regression 

coefficients are somewhat lower than the coefficients determined for the water 

temperature at South Heights with downstream monitor values or the corres-

ponding air temperature relationships. Two reasons can be identified: 

1. The river flows from east to west whereas the weather generally 

moves from west to east. This countercurrent movement means that 

the water temperatures at a given location have been determined 

by the air temperatures for one or more preceding days. 
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Table 6: Relationship Between Air and Water 
Temperatures at Same Location 

Year 
Number of 

Values 
I 	Alpha 
Coefficient 

J 	Beta 
Coefficient Sigma 

Regression 
Coefficient 

Pittsburgh Air 	South Heights Water 

1964 301 8.692 0.976 8.254 0.848 

1965 292 14.527 0.876 8.093 0.832 

1966 211 7.080 0.956 7.432 0.892 

1967 241 6.572 0.976 6.802 0.895 

1968 289 12.377 0.919 7.623 0.856 

1969 274 10.632 0.933 7.180 0.886 

1970 289 9.448 0.918 6.698 0.893 

1971 283 6.825 0.992 6.442 0.911 

1972 314 11.874 0.874 7.022 0.868 

1973 300 5.221 0.992 7.932 0.867 

1974* 254 15.578 0.831 7.055 0.847 

Huntington Air -- Huntin:ton Water 

1964 306 8.635 0.936 8.785 0.845 

1965 319 9.994 0.917 8.740 0.831 

1966 245 9.233 0.931 8.657 0.830 

1967 256 9.807 0.924 7.798 0.857 

1968 306 9.928 0.931 8.220 0.837 

1969 313 12.113 0.891 7.602 0.875 

1970 286 5.936 0.997 7.821 0.879 

1971 274 6.965 0.958 7.643 0.871 

1972 304 11.935 0.840 7.837 0.832 

1973 315 7.311 0.947 8.407 0.859 

1974* 202 11.583 0.877 7.424 0.822 

*10 months 



Table 6: Relationship Between Air and Water 
Temperatures at Same Location 

Year 
Number of 

Values 
Alpha 

Coefficient 
Beta 

Coefficient Sigma 
Regression 
Coefficient 

Cincinnati Air -- Cincinnati Water 

1964 303 17.631 0 780 7.403 0.848 

1965 309 11.746 0.878 8.266 0.831 

1966 292 13.902 0.838 7.469 0.863 

1967 197 7.789 0.967 7.922 0.875 

1968 310 11.052 0.888 8.120 0.846 

1969 306 11.214 0.898 7.274 0.892 

1970 312 7.330 0.947 7.524 0.888 

1971 320 10.154 0.897 7.453 0.870 

1972 318 14.439 0.833 8.108 0.838 

1973 327 7.291 0.960 8.774 0.845 

19 74* 273 16.848 0.792 7.995 0.792 

Louisville Air -- Louisville Water 

1964 305 9.416 0.913 7.509 0.878 

1965 331 11.433 0.862 7.807 0.864 

1966 304 10.042 0.891 7.725 0.869 

1967 310 11.071 0.866 8.403 0.826 

1968 307 9.942 0.888 7.588 0.870 

1969 313 9.132 0.916 6.986 0.902 

1970 303 5.829 0.976 7.176 0.896 

1971 321 13.684 0.829 7.015 0.866 

1972 335 12.684 0.822 6.800 0.879 

1973 331 12.013 0.835 7.378 0.861 

1974* 272 14.085 0.825 7.311 0.820 

* 10 months 
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Table 6: Relationship Between Air and Water 
Temperatures at Same Location 

Year 
Number of 

Values 
Alpha 

Coefficient 
Beta 

Coefficient Sigma 
Regression 
Coefficient 

Evansville Air -- Evansville Water 

1969 288 11.275 0.909 6.320 0.913 

1970 297 8.690 0.930 7.330 0.887 

1971 287 9.965 0.879 6.985 0.888 

1972 294 9.433 0.906 7.542 0.879 

1973 276 9.164 0.898 6.704 0.897 

1974* 194 11.065 0.865 7.439 0.832 

* 10 months 
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2. The weather stations used for this study are located at sites which 

may be at a higher elevation and up to several miles distance from 

the electronic monitor. This difference in location could affect 

not only air temperature (dry-bulb) but also such meteorogical 

variables as wet-bulb temperature, humidity, wind velocity and 

wind direction. 

In summary, these statistical studies of daily water and air temperatures 

confirm the more general relationships derived from analysis of the deseasonal-

ized monthly average data. Some conclusions: 

1. The highly significant correlation between daily average water 

temperatures at South Heights and the corresponding daily average 

values at downstream monitor locations parallels the equally 

significant correlation between air temperatures at Pittsburgh 

and corresponding daily values at downstream weather stations. 

2. For both water and air temperatures this high level of correlation 

is not a cause and effect relationship. That is the temperature 

on a given day does not affect the corresponding temperature at 

a downstream location on the same day. 

3. The correlation between daily water and daily air temperatures at 

a given monitoring location shows that air temperature (and possibly 

other meteorological parameters) is the major determinant of water 

temperatures. 

4. Evaluation of the statistical studies indicates that there is no 

significant build-up of excess temperature as the result of thermal 

discharges to the river. Since the electronic monitor locations 

are from 15 miles (Cincinnati) to 40 or 45 miles downstream from 

significant thermal discharges, temperature rise due to thermal 

discharges is dissipated within some 40 river miles. 

Field Surveys  

Temperature data from the monitor network provides long-term continuous 

records at fixed locations but, except by inference, does not provide data on 

the downstream die-away of excess heat from thermal discharges. Most river 

surveys were designed to study other parameters -- DO, coliform, nutrients, 

etc. -- rather than temperature. For example the U. S. EPA September 1970 
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report "Water Quality of the Ohio River, Louisville, Ky. -- Evansville, 

Ind." reports on data collected during October 1967 when river flow was 

about 50,000 cfs. The report states "Water temperature averaged 20 deg. C 

in the Louisville reach and 19 deg. C in the Evansville reach." 

Another U. S. EPA report "Ohio River -- McAlpine Pool" June 1973 presents 

data collected during a five day survey from Markland Dam to Louisville during 

September 1972. Average river flow during the survey was 30,400 cfs. With 

reference to temperature the report states: 

"Ohio River water temperatures ranged from 240C to 270C with a notice-

able and consistent cooling of water temperature occurring during the study. 

No significant temperature variations were observed below any waste discharge 

or in the lateral or vertical cross-sections of the river. No measureable 

temperature change was observed from above (Station 561.0) to below (Station 

566.3) the Indiana-Kentucky Clifty Creek Power Plant. The power company 

discharges approximately 960,000 gpm of cooling water with an 11 0F  tem-

perature rise which would amount to a calculated 0.420F river temperature 

increase based on a river flow of 30,000 cfs and fully mixed. No variation 

was observed during the survey since the dial thermometers used were sensi-

tive only to ± 0.50C. Temperatures in the Kentucky River ranged between 

24°C to 260C." (It should be noted that the calculated 0.420F rise in river 

temperature in the above statement should have been 0.42°C rise.) 

Specific field surveys have generally been conducted by or for the 

electric power conipanies to define the mixing zone in the vicinity of individual 

thermal discharges and generally have not extended more than two miles down-

stream. Although these surveys generally show a very rapid decrease in ex-

cess river temperatures (compared to upstream values) it is not possible to 

distinguish between mixing and heat transfer to the atmosphere. Similar 

information has been obtained by infrared aerial photograph and imagery. 

One of these studies conducted by Purdue University in the Louisville area 

indicated that there was no detectable accumulation of heat over a 13-mile 

section of river receiving discharges from threc power plants. 

In October 1973 the West Virginia Division of Water Resources conducted 

an intensive river temperature-DO survey from mile 40 (state line) to mile 

261.7, 1.5 miles downstream from the Kyger Creek power plant. Temperatures 

were measured at the surface and at 10, 20, 30 and 40 foot depths. For each 

cross-section surface samples were collected at four to five equidisant loca- 
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tions across the width of the river. The number of samples at the other 

depths varied with the shape of the channel. A summary of this data is 

presented in Table 7 which shows the average temperature for each depth 

and the average of all temperatures for the cross-section. 	Typical cross- 

section data at the thermal discharge shows, for mile 102.5 at the Burger 

plant: 

Surface 82.4 70.5 70.5 	70.5 

10 ft. 77.0 70.3 70.2 	70.2 

The average temperatures are 

depth respectively. 

73.5 and 71.9 deg. F at the surface and 10 foot 

This survey shows that, in most instances, the effect of a thermal 

discharge is to raise the temperature of the surface layer of water without 

increasing temperatures at the 10 foot and deeper levels significantly. 

This excess surface temperature decreases rapidly by water to air transfer 

of the excess heat. Although the thermister accuracy is given as ±0.7 deg. C 

(1.3 deg. F), daily calibration of the instruments at the river temperature 

probably improves the accuracy of the temperature readings. The reported 

river flows are 2 to 3 time greater than the critical (1-day in 10-year) flows. 

In summary the West Virginia surveys shows: 

1. In most cases thermal discharges raise the temperature of the 

top few feet of the river but do not significantly increase 

temperatures at the 10 foot and lower levels. The surface area 

affected depends on the volume of the thermal discharge and 

downstream flow characteristics. 

2. Downstream surface and overall temperatures of the river return 

to normal levels within a few (5 to 20) miles of the discharge. 

3. This field survey data supports the conclusion derived from the 

analysis of long-term monitor data that there is no buildup of 

excess temperatures resulting from the thermal discharges. 



Table 7 	October 1973 Ohio River Temperature Survey 
West Virginia Department of Water Resources 

Mile 
Point 

Average Cross-Section Temperature 
Survey 	River Flow 	 Depth in Cross-Section -- 
Date 	cfs 	Surface 	10 	20 	30 

-- deg. 
ft. 
40 

F 

Overall 

40.0 10/3 	27,000 	70.9 71.2 71.2 71.0 71.0 
45.2 71.4 71.4 71.5 71.2 71.4 
53.0 71.3 70.3 70.2 70.2 70.2 70.5 
54.0 Sammis Discharge 
54.0 74.5 72.9 70.9 70.2 72.5 

54.3 New Cumberland L & D 
55.0 71.6 71.3 71.5 71.5 
57.5 71.6 71.2 71.3 71.4 
57.6 Toronto Power Plant Discharge 
57.6 74.3 71.5 71.4 72.7 

57.7 71.7 71.7 71.7 
60.5 71.2 70.9 71.0 71.0 
61.8 National Steel Discharge 
61.9 74.0 71.4 72.7 
64.0 10/4 	27,000 	71.4 71.3 71.6 71.3 

66.8 Harmon Creek 
66.8 75.2 71.4 71.2 73.0 
67.1 71.8 71.2 70.8 71.4 
69.8 71.6 71.2 71.2 71.3 
76.6 Cardinal Discharge 

76.6 79.8 71.6 71.0 74.4 
76.9 75.6 72.6 71.2 71.2 71.2 72.6 
77.4 76.0 71.7 71.4 71.4 72.7 
78.0 74.7 72.0 71.5 71.4 72.6 
79.8 73.2 72.0 71.5 71.4 72.2 

84.2 Pike Island L & D 
86.4 10.5 	30,000 	71.6 71.6 71.6 
87.4 L & D #12 
91.8 71.8 71.8 71.2 
96.1 L & D #13 

102.2 10/8 	17,500 	70.2 69.9 70.0 70.0 
102.5 Burger Discharge 
102.5 73.5 71.9 72.7 
102.9 71.9 71.4 71.7 
103.5 73.7 71.1 70.2 72.0 

104.2 10/8 	17,500 	71.0 70.5 70.8 
105.4 71.2 70.8 70.2 70.9 
Ill. 1 Kammer Discharge 
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Table 7 : October 1973 Ohio River Temperature Survey 
West Virginia Department of Water Resources 	

Cont'd (2) 

Mile 
Point 

- 
Survey 	River Flow 
Date 	cfs 

Average Cross-Section Temperature 
Depth in Cross-Section -- 

Surface 	10 	20 	30 

-- deg. 
ft. 
40 

F 

Overall 

111.1 74.2 74.1 71.1 73.5 
111.7 73.9 71.4 71.2 72.2 
112.3 71.6 71.3 71.4 71.4 
114.0 L & D #14 
114.5 71.4 71.2 71.3 

120.0 10/19 	17,500 71.3 70.6 70.9 
128.6 71.4 70.8 71.0 
129.1 L & D #15 
131.1 71.5 71.2 71.1 71.3 
146.5 L & D #16 

160.5 Willow Island Discharge 
160.5 10/10 	22,000 73.6 70.2 72.1 
161.0 73.1 70.2 71.6 
161.6 71.1 70.4 70.7 
162.1 71.0 70.4 70.5 70.7 

167.5 L & D #17 
172.6 71.3 70.8 70.7 71.0 
176.8 Union Carbide Discharge 
176.8 74.2 71.1 70.9 72.5 
177.2 72.7 71.2 71.2 71.8 

191.1 10/11 	20,000 71.6 70.4 70.5 70.9 
203.9 Belleville L & D 
237.2 Racine L & D 
240.9 10/12 	20,000 71.8 71.2 71.4 71.5 
241.6 Phillip Sporn Discharge 

241.6 74.8 74.3 71.5 73.9 
242.1 76.8 71.6 71.5 73.6 
242.5 76.1 72.0 74.0 
243.5 75.0 72.7 72.0 73.7 
244.5 73.8 73.0 72.5 73.3 

246.0 74.8 73.3 73.1 73.0 73.0 73.7 
260.0 Kyger Creek Discharge 
260.0 75.6 75.2 72.3 72.5 74.4 
260.6 76.2 73.4 72.8 74.1 
261.7 75.2 74.1 73.2 73.0 72.8 73.8 
279.2 Gallipolis L & D 
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TEMPERATURE AND THERMAL DISCHARGE STANDARDS 

The evaluation of thermal discharges to the Ohio River is based on the 

impact on river temperatures relative to accepted stream temperature standards 

and the degree to which individual discharges comply with applicable effluent 

limitations. 

Stream Standards  

The Ohio River flows through the western part of Pennsylvania and forms 

the boundary between Illinois, Indiana and Ohio on the north and West Virginia 

and Kentucky on the south. All of the states have adopted temperature criteria 

which have been approved by the U. S. EPA as state-federal water quality stan-

dards. These are: 

Pennsylvania -- Pittsburgh (mile 0.0) to Pennsylvania-Ohio-West Virginia 

state line (mile 40.0): not more than 5 deg. F. rise above ambient 

temperature (upstream temperature at a sampling point unaffected by 

any sources of waste heat) or a maximum of 87 deg. F., whichever is 

less; not to be changed by more than 2 deg. F. during any one-hour 

period. 

Illinois, Indiana, Kentucky, Ohio, West Virginia -- (mile 40.0 to mouth): 

maximum rise above natural temperature shall not exceed 5 deg. F.; 

allowable maximum temperature during any month shall not exceed: 

Month 
Temperature 
deg. F 	 Month 

Temperature 
deg. 	F 

January 50 July 89 

February 50 August 89 

March 60 September 87 

April 70 October 78 

May 80 November 70 

June 87 December 57 

In addition the Illinois standards provide that water temperatures shall 

not exceed the maximum limits in the above table during more than one percent 

of the hours in the 12-month period ending with any month and at no time shall 

the water temperature at such locations exceed the maximum limits in the table 

by more than 3 deg. F. 



These stream criteria establish maximum allowable instantaneous 

temperature limits for the Ohio 

these criteria, based on hourly 

River. 	Evaluation of compliance 

monitor records, shows: 

Temperature -- deg. F 

with 

% of hours 
during month Maximum 

Date Monitor Maximum Hour Daily Average criteria met 

November 1971 Stratton 71 70 99 

Cane Run 71 71 96 

September 1973 Willow Island 88 87 98 

October 1973 Cincinnati 79 78 98 

Markland 79 78 98 

Cane Run 79 78 98 

All of the values above the temperature limits occurred on the first and 

second days of the month. At midnight on September 30 the limit changes from 

87 to 78 degree F and at midnight on October 31 the criteria changes from 78 

to 70 degree F. During 1971 and 1973 September and October air temperatures 

were unusually high. This was reflected in the water temperatures which, 

although following the normal seasonal pattern, were also very high. Since 

water temperatures at the other monitor locations were only slightly lower than 

those noted above, it is apparent that most, if not all, thermal discharges 

resulted in violations of the state stream standards immediately downstream 

from the mixing zone. This type of standards violation was the basis for the 

exception provided in the Illinois temperature standard. 

The above evaluation of compliance with stream standards is based on 

hourly temperature readings; however, daily average values are used for further 

assessment of the impact of thermal discharges on river temperatures. Some 

of the reasons are: 

1. Because of the small diurnal temperature variation in the Ohio 

River individual hourly values which exceed the limits by a few 

tenths of a deg. F may be affected by the accuracy and sensititivity 

of the measuring system; 

2. Temperatures near or above the maximum allowable temperatures have 

generally been observed in early October and early November, when 

the allowable temperature drops-from 87 deg. F in September to 78 deg. F 



in October and 70 deg. F in November. Above normal fall air 

temperatures result in high river temperatures during the 

transition from one month to the next; 

3. Temperature data from water users and field surveys represent 

only one or two determinations per day; 

4. Thermal discharge loads and river flows are available only on 

a daily or daily average basis. 

Daily average temperatures at the 11 electronic monitors on the Ohio 

River exceeded the monthly limits in the above table on four days -- 78.2 

deg. F at Cincinnati on October 3, 1973; 70.3 and 70.8 at Cane Run on 

November 1 and 2, 1971; and 78.4 at Cane Run on October 1, 1973. The 

temperature limits were exceeded on four days out of over 34,000 days of 

record or a compliance rate of approximately 99.99 percent. Table 8 shows 

the maximum daily average temperature recorded each month at the monitor 

stations, the date on which this temperature was observed and the river flow 

on that date. More detailed temperature and flow data are presented in 

Appendices B and D. 

Mixing Zones  

The state stream standards include definitions of mixing zones -- The 

area immediately adjacent to an outfall. Stream standards for temperature 

and other water quality paramaters do not apply within the mixing zone. 

Following are the state mixing zone standards for the Ohio River: 

Illinois: determined on a case-by-case basis; generally the area 

shall not exceed that of a circle with a radius of 600 feet, 

nor include more than 25 percent of the cross-sectional area or 

volume of flow. 

Indiana: determined on a case-by-case basis; generally limited to 

no more than 25 percent of the cross-sectional area and/or volume 

of flow nor more than 50 percent of the stream width. 
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Kentucky: The aquatic use standards shall not apply to areas 

immediately adjacent to outfalls. Areas immediately adjacent 

to outfalls shall be as small as possible, be provided for mixing 

only, and shall not prevent the free passage of fish and drift 

organisms. 

Ohio: not more than one-half of the width nor more than one-third 

of the cross sectional area; not extend downstream a distance 

more than five times the width of the stream, nor exceed 23 acres 

of horizontal area of the Ohio River; not include spawning or 

nursery areas nor interdict the migratory routes of any indigenous 

aquatic species; not include a drinking water supply intake. 

Quality standards within the mixing zone are: 

(a) concentration of pollutants of combinations thereof shall 

not exceed the 96-hour median tolerance limit for any 

indigenous species. 

(b) water temperature shall not exceed the upstream temperature 

by more than 15 deg. F during months of May through October 

or by more than 23 deg. F during November through April 

Pennsylvania: A fishway shall be required in streams receiving heated 

discharges where it is essential for the preservation of migratory 

pathways of game fish or for the preservation of important aquatic 

life. The dimensions of the fishway shall be prescribed in each 

case, dependent upon the physical characteristics of individual 

streams when necessary. 

West Virginia: not more than 50 percent of the width, one-third of 

the cross-sectional area, nor include more than one-third of the 

stream flow; length shall not exceed ten times the average width 

of the mixing zone; not exceed a horizontal area of 23 acres on 

the Ohio River; not include spawning or nursery areas nor interdict 

the migratory routes of indigenous aquatic life; not overlap a 

drinking water supply intake. Within the mixing zones water 

quality for warm-water fisheries shall not: 

(a) be lethal to indigenous aquatic organisms 



(b) contain chemical constituents or combination thereof 

which exceed, at any time, one-tenth of the 96-hour 

median tolerance limit for indigenous fish and their 

food organisms. 

Thermal Effluent Limitations  

Regulations and standards for the control of thermal discharges to the 

Ohio River have been adopted by the U. S. Environmental Protection Agency 

and ORSANCO. The U. S. EPA Effluent Guidelines and Standards for the Steam 

Electric Power Generating Point Source Category became effective on November 

9, 1974 (Part III, Federal Register, October 8, 1974). These guidelines 

established three classes of power generating plants: 

I. Small unit -- generating units of less than 25 megawatts net 

rated capacity or any unit which is a part of an electric 

utility system with a total generating capa dty of less than 

150 megawatts. 

II. Old unit -- any generating unit of more than 500 megawatts 

capacity placed in service before January 1, 1970, and any 

generating unit of less than 500 megawatts capacity placed in 

service before January 1, 1974. 

III. Generating unit -- any generating unit except those defined as 

small or old units. 

No thermal discharge limitations are established for either the small 

unit or old unit classes. For "Generating Units" (Class III) and small units 

which are "new sources", the thermal limitation "no discharge of heat from 

the main condensers" is, with some exceptions, effective on July 1, 1981. 

Under Section 316(a) of PL 92-500, the owner or operator responsible for a 

thermal discharge may apply for exemption from the thermal limitation by 

demonstrating that this effluent limitation is more stringent than necessary 

to protect fish and other aquatic life. 



The ORSANCO Pollution Control Standards No. 1-70 and 2-70, adopted 

November 1970, apply to all non-contact cooling water and other discharges 

of heated water to the Ohio River. These Standards are: 

All sewage, industrial wastes and cooling water from munici-

palities or political subdivisions, public or private institutions, 

or installations, or corporations discharged or permitted to flow 

into the Ohio River from the point of confluences of the Allegheny 

and Monongahela rivers at Pittsburgh, Pennsylvania, designated as 

Ohio River mile point 0.0 to Cairo Point, Illinois, located at the 

confluences of the Ohio and Mississippi rivers, and being 981.0 

miles downstream from Pittsburgh, Pennsylvania, shall be so 

regulated or controlled as to provide for reduction of heat 

content to such degree that the aggregate heat-discharge rate 

from the municipality, subdivision, institution, installation 

or corporation, as calculated on the basis of discharge volume 

and temperature differential (temperature of discharge minus 

upstream river temperature) does not exceed the amount calcu-

lated by the following formula, provided, however, that in no 

case shall the aggregate heat-discharge rate be of such magni-

tude as will result in a calculated increase in river temperature 

of more than 5 deg. F.: 

Allowable heat-discharge rate (Btu/sec) = 

62.4 x river flow (cfs) x (TA  - T R 
 ) x 90% 

Where: 

TA = Allowable maximum temperature (deg. F.) 

in the river as specified in the follow-

ing table: 

TA  

 

T 
A 

    

January 50 	July 89 

February 50 	August 89 

March 	60 	September 87 

April 70 	October 78 

May 	80 	November 70 

June 	87 	December 57 



T  = River temperature (daily average in deg. F) 

upstream from the discharge 

River flow = measured flow but not less than criti- 

cal flow values specified in the follow-

ing table: 

River Reach 
	

Critical 

From 	 To 	 flow 

in cfs* 

Pittsburgh, Pa. (mi. 0.0) 

Willow Is. Dam (161.7) 

Gallipolis Dam (279.2) 

Meldahl Dam (436.2) 

McAlpine Dam (605.8) 

Uniontown Dam (846.0) 

Smithland Dam (918.5) 

Willow Is. Dam (161.7) 	6,500 

Gallipolis Darn (279.2) 	7,400 

Meldahi Dam (436.2) 	9,700 

McAlpine Dam (605.8) 	11,900 

Uniontown Dam (846.0) 	14,200 

Srnithland Dam (918.5) 	19,500 

Cairo Point (981.0) 	48,100 

* Minimum daily flow once in ten years 

At its May 24, 1973 meeting the Commission adopted the following 

guideline for administrative and enforcement purposes with regard to 

the thermal discharge provisions of ORSANCO Pollution Control Standards 

No. 1-70 and 2-70: 

"The foregoing requirement (thermal discharge provisions of 

Standards No. 1-70 and 2-70) shall be deemed to be met if the 

aggregate heat-discharge rate does not exceed the calculated 

allowable heat-discharge rate during more than two percent of 

the days in the 12-month period ending with any month and in no 

case result in a calculated river temperature more than 3 deg. F 

above the corresponding allowable maximum temperature; the vari-

ance is applicable only in those instances when the daily-average 

river temperature upstream from the discharge approaches or 

exceeds the specified allowable maximum temperature as the result 

of meteorological conditions. In no case shall the aggregate heat-

discharge rate be of such magnitude as will result in a calculated 

increase in river temperature of more than 5 deg. F" 



The critical flows specified in the ORSANCO Standard are based on 

U. S. Corps of Engineers estimates of probable 1-day in 10-year minimum 

flows to be expected after 1975. Recently these values, especially in the 

upper Ohio River have been questioned because some of the authorized tribu-

tary reservoirs may not be constructed. The major impact of not constructing 

these reservoirs will occur in the first 25 miles of the river (upstream from 

the Beaver River). 

Impact of Thermal Discharges  

The inventory of Power Generating Stations on the Ohio River (Appendix A) 

includes information for preliminary evaluation of current status of compliance 

with the Federal and ORSANCO standards. With regard to the federal effluent 

guidelines for steam electric power plants, generating units in three plants 

will be required to provide cooling facilities or file for an exemption 

under Section 316(a). The 650 MW number 7 unit at the W. H. Sammis plant 

(mile 54.0) was placed in service in 1971. Units 1, 2 and 3 of the J. M. 

Stuart Plant (mile 405.7) were placed in service in 1970, 1971 and 1972. 

Since each unit has a capacity of 610 MW the requirements of the U. S. EPA 

guidelines for "generating units" (Class III) will apply. The 265 MW unit 

at the Elmer Smith Station of the Owensboro Municipal Utilities was placed 

in operation after January 1, 1974. The U. S. EPA or state agency issuing 

the NPDES permits may require submission of 316(a) reports for some of the 

other power plants. 

Estimation of compliance with ORSANCO Pollution Control Standards 

(effluent) must be based on calculated values and observed river temperature 

and flow conditons. Compliance with the five degree temperature rise limi-

tations can be readily estimated on the basis of river flow and generating 

plant capacity and heat rejection rate. As shown in the following table, 

at critical river flow thermal discharges from 15 of the 35 plants with 

once-through cooling, as tabulated in Appendix A, can result in a calculated 

temperature rise of at least one degree F at rated capacity and the discharge 

from 12 of these plants would result in a rise of at least one degree F at 

the normal operating rate. Because of the 90 percent factor 



in the ORSANCO Standard, a 4.5 rather than 5 degree rise should be 

considered as the limiting value for comparing with the calculated 

values in the tabulation with the ORSANCO requirement. 

Mile 
Point 

Plant Critical 
Flow, 	cfs 

Calculated Rise °F at Critical Flow 

*5_11 Aug 74 
Operating 

Rate, Percent 

100 Percent 
Rated 

Capacity 
5-11 Aug 74 
Operating Rate 

15.3 F.R. 	Phillips 6,500 fl 1.8 1.1 
54.0 W.H. 	Sammis 6,500 63 7.2 4.6 
76.5 Cardinal 6,500 77 3.1 2.4 
79.6 Windsor 6,500 67 1.2 0.8 

102.5 R.E. 	Burger 6,500 45 2.2 1.0 
111.1 Kammer 6,500 48 2.1 1.0 
241.6 Philip Sporn 7,400 84 2.5 2.1 
260.0 Kyger Creek 7,400 92 2.6 2.4 
405.7 J.M. 	Stuart 9,700 70 3.0 2.1 
453.0 W.C. 	Beckjord 11,900 58 2.4 1.4 
495.5 Tanners Creek 11,900 75 2.0 1.5 
560.0 Clifty Creek 11,900 54** 2.4 1.3 
610.0 Gallagher 14 3,200 60 1.0 0.6 
616.8 Cane Run 14,200 50 1.4 0.7 
773.5 Warrick 14,200 83 1.2 1.0 

J. operating rate reported by companies for week of Aug. 5-11, 1974 
** may not be operating at normal rate because of Spring 1974 tornado damage 

At critical flow and total rated plant capacity, the thermal discharge 

from the W.H. Sammis plant results in a 7.25 deg. F calculated temperature 

rise in the Ohio River; at the 63 percent operating rate reported by the 

operating company for the week of August 5-11, 1974, the calculated rise would 

be 4.6 degree F. Because of the location of this discharge immediately up-

stream from the New Cumberland Dam, the mixing zone probably includes the dam 

structure. Field surveys, including the West Virginia survey discussed in the 

preceding chapter, show that a significant (up to 50 percent) part of this 

added heat is dissipated at the dam. 

The temperature contours within the mixing zones, as defined in the state 

standards, are determined by the depth, size and location of the outfall, 

volume and temperature at the cooling water discharge, and river flow tempera-

ture and channel. geometry. As a result the size and shape of the mixing 

zone is continuously changing. Under these dynamic conditions there is no 

practical method for frequent monitoring of compliance with mixing zone 



standards and periodic field surveys or remote infrared sensing and 

interpretation must be used. 

The calculated temperature rise at critical flow and rated or normal 

generating capacity provide an estimate of the maximum impact of a thermal 

discharge on river temperatures downstream from the mixing zone. These 

calculated values do not compensate for heat loss in the mixing zone and, 

therefore, overestimate the temperature increase. 

The calculated temperature rise at actual river flow for the thermal 

discharges at or nearest to the monitor locations and the maximum monitor 

temperature (Table 1) provides information to estimate if stream standards 

might be exceeded at the discharge location. Not considering the heat 

loss at New Cumberland Dam, the W.H. Sammis plant is the only thermal dis-

charge which results in an estimated downstream temperature more than one 

degree F above the stream standard during the summer and fall months. Except 

for September and October 1973 when above normal air temperatures resulted in 

water temperatures which approached or exceeded the standards, estimated 

maximum temperatures downstream from the other power plants may have occasion-

ally exceeded the temperature standards by not more than a few tenths of a 

degree. Since it is reported that all future facilities will be constructed 

with off-stream cooling, currently operating on-stream cooling facilities 

represent the probable maximum of thermal discharges to the Ohio River. 

Data and Monitoring Requirements  

NPDES and other permit applications and effluent limitations and monitor-

ing requirements specified in the permits provide information regarding existing 

thermal discharges. However, this information may not be adequate for the 

evaluation of compliance with effluent and stream standards, for evaluation of 

temperature conditions downstream from the discharge, or for projection of 

future control requirements and continuing planning. Determination of compliance 

with effluent limitations or estimation of compliance with stream standards 

could be based on requiring that self-monitoring reports for each thermal dis-

charge include the daily average actual and calculated maximum allowable heat 

discharge rate or daily average upstream or intake temperature and the calcu-

lated downstream river temperature. With reference to future water temperature 

conditions and planning, additional information on present and future generating 

facilities is required. 



Generating,facilities -- The type of desirable information on generating 

facilities (in operation, under construction or in the planning stage) is 

exemplified by the inventory of power generating facilities detailed in 

Appendix A. This inventory, which tabulates the status of individual plants 

and each generating unit within the plant as of December 1974, should be 

revised annually to insure a current record of this information. One form 

for a standard status inventory update is presented on page 111-14. 

Although the emphasis of this form is on the thermal component of the 

discharge from power generating facilities, more detailed information on the 

volume and characteristics of other wastewater discharges, disposal of solid 

wastes and facilities for air pollution control could be acquired at the same 

time by appropriate expansion of the questionnaire. 

The ORSANCO pollution control standards are applicable to all discharges 

of heated wastewater to the Ohio River and the U. S. EPA is currently develop-

ing effluent guidelines for other industrial discharges of non-contact cooling 

water. 

Monitoring Requirements -- In addition to effluent limitations NPDES 

permits include detailed monitoring requirements. A summary of the parameter 

and monitoring frequency for once-through condenser cooling water specified 

in NPDES permits proposed or issued by U. S. EPA Regions III, IV and V is 

presented on page 111-15. Monitoring requirements by the Ohio EPA could 

not be included since copies of their NPDES permits were not available for 

evaluation. 

There are region-to-region differences in monitoring requirements not only 

for once-through condenser cooling water but for other characteristics of power 

plant wastewater discharges. For thermal discharges the monitoring requirements 

should include determination and reporting of the daily average heat rejection 

in BTU/hr. from each plant. In addition all of the agencies issuing NPDES 

permits should coordinate their monitoring requirements so that appropriate 

information will be available for the preparation  of the annual water quality 

inventory reports required by PL 92-500. 



Thermal Discharge Information 

Plant name: 	 Operating Company 	  

Location: City or county 	  State 	  Zip Code 	 

Total plant generation: Rated 	 MW: Normal operating rate 	% 

Generating Unit No: 	 NPDES outfall No. 	  

Status: Inactive 
Being planned 

Site only 

in service 	 under construction 	  

In-service or planned operating date 

Type: Hydropower 	 ; Gas Turbine 	  

Thermal 	Fuel; Coal 	; Oil 	 Gas 	; Nuclear 	 

Generating capacity: Rated -- Gross 	MW; Net 	MW; 

Condenser heat rejection rate: 	 BTU/KWH 

Cooling water source: Ohio 	 M.P.; Other River 	  

Name 	 MP 

Pond, Lake or Reservoir: Name 	  Groundwater 	  

Condenser Cooling: Once through    Off-stream: Natural Draft Tower 	 

Forced draft: 	 Cooling Pond 

Discharge to: Ohio 	MP; Other river 	 name; 	 MP 

	

Pond, Lake or Reservoir, Recirculating 		 ; flow through 	  

Ash pond 

 

sub-surface 	 ; No discharge 

 

     

Elevation of outfall: Top 	ft. MSL; Bottom 

Type of Discharge: End of Pipe 	; Flume 	 

Direction of axis of discharge relative to shoreline: 

00 (Parallel) 

 

300 	; 400 	; 900 	 Other 

 

   

Control of Biological Growth (condenser and/or cooling facilities) 

Mechanical 

Chemical: Chlorine 

 

feed rate 	16/hr; Duration 

 

      

Frequency 	  

Other (identify active constituents: 

Completed by 	  Title 	  Date 

ft. MSL 

Diffuser 



Monitoring  

Once Through Condensor Cooling Water  

CHARACTERISTIC FREQUENCY SAMPLE REGION 

Flow 1/week measured III 

Flow continuously recorded or 
pump logs 

IV 

Flow continuously daily V 

Temperature continuous recorded III 

Temperature continuous recorded IV 

Temperature continuously daily V 

Heat Rejection continuously recorded III 
(Btu/hr) 

Heat Rejection daily calculated IV 
(Btu/hr) 

Heat Rejection monthly average V 
(Btu/hr) 

Chlorine (free 
available) 

1/week grab during 
chlorination 

III 

Chlorine (free 
available) 

1/week multiple grab IV 

Chlorine 	(free 
available) 

daily grab V 



Remote Sensing  

The U. S. EPA and the state stream quality criteria all recognize that 

it is necessary to provide for a mixing zone for the area adiacent to an 

outfall where the criteria will not apply. Illinois, Indiana, Ohio and 

West Virginia have specified the limits of a mixing zone in some detail. 

NPDES permits issued by U. S. EPA Region V for power generating facilities 

include a requirement that the temperature characteristics and the 5 deg. F 

temperature rise contour of the mixing zone be determined at least once every 

quarter. Available information indicates that the highest temperatures gener-

ally occur near the water surface. 

Remote temperature sensing procedures -- determination of water temperatures 

or temperature differences -- with airborne  equipment were evaluated. These 

temperature sensing procedures are based on measurement of the infrared radiation 

from the water surface. Such procedures can be classified as infrared radiation 

(radiometer) sensing from orbiting satellites, infrared photography from air-

craft and radiometer measurements from aircraft. 

The ERTS (Environmental Resources Technology Satellite) provides informa-

tion for production of computer prepared images in several spectral ranges 

including the infrared band. Each image covers an area of 10,000 square miles 

(100 miles x 100 miles) with a resolution of approximately one acre. Evaluation 

of several ERTS infrared images indicate that, because of the large area, they 

are not suitable for defining thermal discharges and the associated mixing zone. 

However, images from other spectral bands might be of value for appraisal of 

land use and, over a period of time, changes in land use. 

Black and white images in the infrared band can be obtained by photographing 

the area from aircraft. The U. S. EPA operates two aircraft for thermal and 

other photo-surveillance (based in Las Vegas and Denver). Arrangments for air-

craft operations in a specified area can be made through the Monitoring and 

Surveillance Sections of the appropriate U. S. EPA Region. These services can 

include analysis and interpretation of the images. Similar services are 

available through consultants and aerial survey firms. The images show temper-

ature gradients by the varying shades of gray through black. This procedure is 

of value for determining thermal gradients and the size and limits of the mixing 

zone. However, if actual temperatures are to be determined, a field survey is 

necessary to measure river temperatures in the area. 



Infrared photography can be replaced with infrared sensor and radiometer 

equipment 	to provide an electronic record of water temperature. Computer 

analysis results in a computer generated map showing iostherms (line of equal 

temperature) which delineate the mixing zone and the return to normal river 

temperature. Appropriate temperature scaling results in the generation of 

a color television type image which can be photographed for visual analysis 

and as a permanent record. This technique, demonstrated by the Purdue 

University Laboratory for the Application of Remote Sensing, provides the 

most complete depiction of temperatures within the mixing zones and an esti-

mate of the rate of dissipation and mixing of the excess heat without the 

need for concurrent river surveys. Because electronic rather than photographic 

temperature sensing is used, separate daylight and night flights can provide 

measurement of diurnal temperature variations and greater temperature sensitivity 

can be obtained by night flights. This technique can provide an estimate of 

water temperature and of the rate of dissipation and mixing of excess Feat with-

out the need for extensive river surveys. Within the mixing zone it is not 

possible to distinguish between mixing and heat transfer to the atmosphere. 

The aircraft techniques are more applicable to the study of river tempera-

ture conditions than satellite observation. Additional cameras with selected 

filter and film combination can be used to provide information such as the 

identification of areas of extensive algae and other aquatic plant growth with 

false-color infrared film and the development of more specific land use information. 

Because such aerial survey techniques can provide information for long reaches 

of the river at a cost which is probably less than the cost of an equivalent field 

survey, their potential applications should be studied in more detail. If such 

techniques have the expected applicability, institutional arrangements should be 

developed to coordinate and possibly conduct such surveys to obtain the maximum 

information per flight and to provide a single agency to compile, evaluate and 

distribute the information. 

Sulfur Dioxide Removal Requirements  

In accordance with requirements contained in the Clean Air Act of 1970, some 

sources producing emissions of sulfur dioxide that exceed the ambient air quality 

standards may be required to reduce emissions to acceptable levels by July 1, 1975. 

In some states an extension of this deadline has been grated until July 1, 1977. 

However, discussions with air pollution control agencies indicate that most 

facilities will not be in compliance until the 1980's. The following discussion 



provides an overview of potential water quality problems relating to SO2  

control and is not intended as a review of control requirements for air 

quality control. 

The Federal ambient air quality standards for SO2  are divided into 

the following primary and secondary classifications: 

1. Primary (Health related) 

A. Not to exceed: 

a. yearly average -- 80 micrograms/cubic meter 

b. 24-hour maximum -- 365 micrograms/cubic meter 

2. Secondary (Welfare related: effect on vegetation) 

A. Levels not to be exceeded more than once a year -- 1300 

micrograms/cubic meter 

It should be noted that some states and counties may have regulations 

that are more stringent than the federal standards. 

With regard to new sources, the federal regulations require that the 

emissions shall not exceed 1.2 lbs. SO2  per million BUT's. Compliance with 

the standard requires gas desulfurization or use of coal containing not more 

than about 0.5 to 0.7 percent of sulfur. A great deal of the flue gas de-

sulfurization activity is in conjunction with new plants, where for one reason 

or another low-sulfur fuel is not a feasible alternative. 

As far as existing sources are concerned, the emissions must not violate 

ambient air quality standards that have been established for the region in 

which the emission is located, and control may be necessary only if the stand-

ards are violated. In a number of instances, the states and counties have 

specified more stringent controls by requiring all emissions to have SO2  controls. 

The requirements vary widely within the states, and there is no particular 

pattern in the requirements for desulfurization other than they are usually 

more applicable to existing plants than new sources. 

Wastewater discharge systems employed for the scrubbing of flue gas must 

be closed systems, and under such conditions no discharge is permitted to 

the stream. Utilities have been hesitant to adopt some form of sulfur 



recovery processes because of the marketing problem and the additional 

expense of installation. The capability of the sulfuric acid and sulfur 

markets to absorb large volumes of products from recovery processes needs 

to be established. Utilities management, on the other hand, has fewer 

reservations about coping with the sludge disposal problems. It should be 

recognized, however, that solids disposal could be a very difficult and ex-

pensive operation that requires continuing surveillance to prevent any dis-

charge to stream. This is particularly so for plants located in an area 

that has a limited number of suitable disposal sites. 

An example of the estimated quantities of sludge resulting from a de-

sulfurization process, is the new East Bend Power Generating Station (Unit 2) 

of the Cincinnati Gas and Electric Company, and the Dayton Power and Light 

Company that is planned for the Ohio River below Cincinnati. 

Unit Generating Capacity 	 600,000 KW (net) 

Life of Unit 	 35 years 

Lifetime Unit Capacity Factor 	50% 

Unit Heat Rate 	 9,800 BTU/KWh 

Sulfur Content 	 3.2% sulfur (dry) or 

of Coal 	 2.8% as received 

Type of Scrubber: 	 Lime 	 Limestone 

Cu yd of sludge 	 125 365,000 	9,974,000 

Acre/ft of sludge 	 7,846 	 6,330 

Total cu yds of solids 
wastes (wet) 	 18,425,000 	16,034,000 

Total acre/ft of solids 
wastes (wet) 	 11,690 	 10,174 

As can be seen from the above estimates, the amount of solids from a 

single scrubbing unit is substantial. 

The lime-limestone scrubbing method is by far the leading method 

at the present time. Other scrubbing methods being employed are magnesia, 

double-alkali and catalytic oxidation. Some reduction can also be achieved 

using fly ash, but not to levels needed for the average 90% removal antici-

pated. In the Ohio Valley, all full scale installations operating, under 



construction or in the planning phase employ lime-limestone gas desulfurization 

to remove the SO2. The status of these plants in the Ohio Basin is shown in 

the table below: 

Lime and/or limestone 
scrubbing 

Operating Company Plant Size MW 
Scrubbers 

No. Status 

1)  Louisville Gas & Electric Paddy's Run 70 2 0 

2)  Louisville Gas & Electric Mill Creek 1,650 P,C 

3)  Louisville Gas & Electric Cane Run 998 P,C 

4)  Kentucky Utilities Green River 70 1 UC 

5)  Duquesne Light Phillips 100 1 0 

6)  Ohio Edison Mansfield 2x 880 12 UC 

7)  Columbus & Southern Oil Conesville 2x 375 P 

8)  Allegheny River Pleasants 2x 625 C 

9)  Central Illinois 
Public Service Newton 600 P 

10)  Cincinnati Gas & Electric East Bend 600 C 

11)  Cincinnati Gas & Electric Miami Fort 500 P 

12)  Indianapolis Power and 
Light Stuart 125 1 P 

13)  Indianapolis Power and 
Light Petersburg 530 P 

14)  Tennessee Valley Authority Shawnee 550 1 0 

15)  Central Illinois Light Duck Creek 100 1 UC 

16)  Public Service, Indiana Gibson 75 1 UC 

17)  Penns. Power & Light Hoitwood 80 1 0 

0 - Operating, 	UC - Under Construction 	P - Planned 

C - Considering only FGD systems 

Source: November 1974 Status Report by Pedco Environmental 

Certain utilities have resisted installation of desulfurization facilities 

on the basis that the technology should be allowed to mature before the very 

large investments required for full plant systems are incurred. It is repre-

sented by these utilities that in many cases, such equipment is not necessary 

to meet ambient air quality standards, and that a combination of tall stacks and 

low sulfur coal during adverse weather conditions would permit them to meet the 

standards 100% of the time. In some cases, a compromise has been reached with 
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the regulatory agency in which the utility has been allowed to build a 

full-scale test unit and carry out a test program before committing the 

entire plant or power production system. This question is still unresolved. 

From a water pollution standpoint, it would appear that the flue gas 

desulfurization processes should not present a problem, since they must 

he closed cycle. It should he recognized,however, that most of the processes 

use water as a transport medium, and there is always the possibility of 

accidental discharge. In addition, there is an evaporative loss of water in 

the process, which is a consumptive use. A review of the above with members 

of the ORSANCO Power Industry Advisory Committee indicates that these losses 

would be minimal and of no consequence, in comparison with losses incurred 

with cooling towers. The problem of sludge disposal, and associated runoff 

to the stream is another area that will require adequate planning and sur-

veillance in order to prevent these waste materials from entering the stream. 



AQUATIC LIFE CONSIDERATIONS 

The first sections of this report present information on the significant 

sources of thermal discharges to the Ohio River -- thermal electric generating 

plants -- and, based on evaluation of 11-year water and air temperature and 

river flow data, an assessment of thermal discharges or temperatures in the 

Ohio River. Information pertinent to aquatic life considerations include 

the following: 

1. Current plans of the power companies are to utilize off-stream 

cooling for essentially all generating units under construction 

or in the planning stage. As a result, thermal discharges to 

the Ohio River will decrease as currently operating units are 

down rated from base load, to cyclic, to peaking service and 

finally removed from service. 

2. The greatest impact of thermal discharges on river temperature 

is within the mixing zone. 

3. Downstream,after mixing is completed,river temperature increases 

would generally be less than two deg. F at critical flow. At 

near normal river flows the estimated temperature increase is 

considerably lower. 

4. The heat added to the river is dissipated within a 40 to 45 mile 

distance downstream. 

The following section relates this information to aquatic life 

changes in the environment of the Ohio River. 

B a ckr o und  

The species composition and relative abundance of biological organisms 

in the Ohio River today differs considerably from that found and recorded 

by the first white settlers. The regime of the river has changed and has 

caused significant biological changes. 

The change in the character of the Ohio River, which has reduced 

the variety of fish habitats and food organisms ias been influen- 



tial ecologically and must be taken into account when evaluating the effects 

of other ecological factors. The effects of added heat for instance, must 

be viewed against this historical background, the consequences of which are 

still unfolding. For example, channelization coupled with the installation 

of navigation dams and other improvement has changed the river from a free-

flowing stream to a series of lake settings. As a result, many species that 

previously were abundant, such as the Sturgeon and Paddlefish are now reduced 

in number and their distribution in the Ohio River is limited. Some species 

of fish have increased in abundance for the lakes created by the dams favor 

such fish as the deep-bodied Suckers, the Gizzard Shad and perhaps some of 

the smaller Sunfishes.* The introduced Carp is another example of a species 

that shows strong preference for quiet waters as furnished by the dams. 

This section of the report primarily considers the possible effects of 

heat on the fish of the Ohio River. Although three broad categories of 

aquatic organisms are considered in the review of the biological community 

(phytoplankton, zooplankton and fish) most attention is focused on fish and 

their species composition and abundance in upper, middle and lower sections 

respectively -- of the Ohio River. Experience has indicated that the biologi-

cal community, and in particular the. species composition and abundance of 

fish, provide a good indicator for judging overall water quality changes. 

The fish reflect the effect of changing habitat on the entire biological 

community in the Ohio River because they represent the highest order of 

organisms found in the water. 

Spawning, Reproduction and Growth  

The Ohio River is character istized by a gravelly bottom, and a paucity of 

shallow water and riffles or weeds suitable for nesting. Shoreline in many 

localities shows the effects of bank erosion caused by the large variations 

in river flow and to a more minor degree the back-wash of commercial and 

recreational boats navigating the river. As a result, the number of areas 

suitable for spawning in the main stream of the Ohio River is limited, and 

a great deal of the spawning takes place in the small creeks and other tri-

butaries to the Ohio River. Sampling performed during the course 

* Aquatic Life Resources of the Ohio River: ORSANCO, 1962 pp  3-16 



of the 1957-60 Aquatic Life Resources Study (ALRP) revealed that a large 

number of species requiring shallow water, weeds and riffles to reproduce 

were in fact spawning in the small tributaries, and then returning to the 

main river. The Sauger, Roundbodied Suckers (redhorses), Large and Small 

Mouth Bass, and Colder Shiner are examples of fish that prefer the small 

tributaries with shallow-gravel bars and weeds for spawning purposes. At 

the same time these same species are found throughout the main river as 

both fingerlings and mature fish. 

Maintenance of correct seasonal variations in temperature for bringing 

about the spawning conditions as well as temperatures suitable for incuba-

tion are crucial for reproduction. A review of daily average river tempera-

tures for eleven years (1964-74) (Figures 10, 11 and 12) reveals that at the 

electronic monitor locations the Ohio River maintains a natural pattern of 

gradual temperature changes not perceptively raised by thermal discharges. 

The range of temperature within any one month for this period results from 

variation in meteorological conditions from year to year. A review of thermal 

discharge and river flow and temperature indicates that the added heat could 

not account for any delay or advancement of river temperature in the spring 

and early summer spawning season. For example, the maximum, average and 

minimum temperatures in the middle portion of the river were 4570  F and 

43.50  F and 40.40  F respectively during March 1972, and during March 1973 were 

55.10 F, 48.30  F. and 39•70 F or substantially elevated over the previous year. 

Volume of flow during this same period ranged from 100,000 to over 300,000 cu 

ft/sec in 1972 and from 65,000 to 370,000 cu ft/sec in 1973. Data shows the 

thermal loads during both years were about equal and that the same amount of 

heat added could influence the temperature of the river by less than 0.50  F 

at these flows. Thus the significant year-to-year variation in river temp-

erature during the spring and early summer period resulted from year-to-year 

differences in meteorological conditions and not changes in thermal loads to the 

river. 

At these elevated flows during the spawning period, the mixing zone of 

a thermal dishcarge is probably very restricted and limited to the shore-

line area due to the high flow and velocity of the river. Velocities at 
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flows greater than 100,000 cu. ft./sec. are approximately 3-4 mph, in 

comparison to river velocities of 0.1 mph at the minimum daily flow ex-

pected once in ten years, as specified in ORSANCO Pollution Control Stand-

ards No. 1-70 and 2-70. This rapid mixing and high dilution of added heat 

would appear to preclude any blockage of spawning migrations. 

Table 9, Figures 10, 11 and 12 also indicate the optimum, upper limit, 

upper incipient lethal and spawning temperatures for a number of species* 

found in abundance in the Ohio River. and shows that the temperature regime 

of the Ohio River is suitable for spawning by the Emerald Shiner, Channel 

Catfish, Largemouth Bass, Freshwater Drum and Blue Catfish. The Sauger 

appears to be borderline for spawning, depending on year-to--year temperature 

fluctuations. 

With regard to the summer temperatures, it would appear that growth 

of some species such as the Channel Catfish would be enhanced by higher 

temperatures, and the Sauger limited by existing or higher temperature. 

The temperature range for the Largemouth Bass and Emerald Shiner appears 

suitable for optimum growth. Based on this information one may conclude 

that some species might be restricted by an overall increase in temperature, 

while others would have increased growth potential, provided the natural 

seasonal variations are maintained. 

* ':ater Quality Criteria - 1972; U. S. EPA - R3-73-033 arch 1973; Appendix IT-C 
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With respect to plankton, counts are typically low in the winter and 

spring periods, and are mostly diatoms. Blue-green and green algae are 

more plentiful in the summer and fall months. Recent information would 

indicate that the predominant blue-green algae formerly found in the river 

during the warmer months has given way to green algae. Just how much 

effect improvements in water quality and the newer deeper pools have had 

in this shift from the blue-greens to green has not been ascertained. 

It should be noted, however, that the Ohio River has not experienced 

algal blooms in the longer, deeper pools, whereas such blooms occurred 

under the wicket-dam system. During these incidents, which were prevalent 

in the late 1950's to early 1960's,the predominant organisms were diatoms 

and blue-green algae, with counts of more than 20,000 per ml being recorded. 

Members of the ORSANCO water users committee have reported that algal counts 

have been relatively low (typically under 2000) for the last five years 

and taste and odors due to aquatic organisms have not presented water trea4-

ment problems. 

With regard to temperature effects on plankton after being entrained in 

the cooling water systems of a power generating plant, studies have revealed 

the percent of organisms killed increases with increasing temperature differ-

ential. For example, the kill is estimated to be about 25% with a temperature 

differential of 15°  F and 100% for one of about 40°  F. The percentage of 

organisms affected tends to vary with the time of the year and ambient temper-

atures. At the same time, the studies have revealed that there is no effect on 

the overall plankton population of the river from thermal discharges. 

With regard to the zooplankton, these organisms react in much the same 

manner as plankton. Consequently, for the purposes of this discussion, they 

will not be covered separately. 

Composition and Abundance Fish  

The composition and abundance of the ten most abundant fish found in 

sample collections are summarized in Tables 9, 10 and 11. A total of 136 

kinds of fish were taken during the 1957-60 Aquatic Life Resources Study which 

used a variety of sampling methods (rotenone, nets, seives, electric shocker, 

other trawls, and Pole and line). During the late 1960's additional collections 

were made in the lock chambers using rotenone in a joint venture by the state, 
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federal and interstate agencies to determine the extent of any changes in 

species composition and abundance of fish. The locations selected were the 

same ones used in the earlier Aquatic Life Resources Study. In comparing 

the results of the studies it should be kept in mind that the 1968-70 studies 

were both limited in number and in type of sampling (rotenone only). Since 

all sampling methods have a certain amount of bias, and the lock chambers were 

only sampled once during each of three summers, the number of species recovered 

was less than the number reported in the original study. For example, the 

Sturgeon and Paddlefish have rarely been recovered from a lock chamber, yet 

commercial fishermen report they are caught quite regularly in the lower river. 

An examination of the data resulting from the collections indicates a 

close similarity of results. As might be expected, the species composition 

varied somewhat throughout the river. In the upper third of the river, the 

most abundant species taken were the Shiners, Bullhead and Channel Catfish. 

In the middle section, the leading species were Emerald Shiner, Channel Cat-

fish, Gizzard Shad and Freshwater Drum- with the Blue Catfish abundant down-

stream. The other Shiners and Black Bullhead were not as abundant in this 

section. In the lower third the Freshwater Drum, Gizzard Shad, Blue Catfish 

and Threadfin were most abundant with the Emerald Shiner occurring in smaller 

numbers. None of the game and pan fishes rank high either in weight or in numbers 

in these samples, a finding which is substantiated by the Creel census data. Of 

the most abundant species, six are forage fish, three are species sought by both 

sport and commercial fishermen and one species, the Black Bullhead, is of 

interest primarily to the angler. Of those species contributing the greatest 

weight, two are forage fish, five are of interest to both sport and commercial 

fishermen and one, the Black Bullhead is of interest only to the angler. 

Temperature is recognized as an important factor in determining the species 

of fish present in the waters of a given geographical area. The 1964 to 1974 

electronic monitor temperature data indicated only limited temperature variation 

along the length of the Ohio River. During any given month year-to-year temp-

erature variations at all locations were greater than the temperature differences 

between monitoring stations. Based on a standing crop that is estimated to be 

between 155 and 300 pounds per surface acre, the data shows the river supports a 

diverse and large population of fish. However, the nature of the long-term data 

presented in this report precludes specific conclusions as to whether or not thermal 

discharges to the Ohio River have altered reproduction or growth of any fish species. 
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PRODUCTION OF SYNTHETIC NATURAL GAS BY COAL GASIFICATION 

The quest for national sources of energy has greatly increased the 

emphasis placed on the potential application of systems to convert coal to 

substitute natural gas SNG. In addition processes for low BTU gas, as well 

as solvent extraction and liquification of coal for the production of alter-

nate clean fuels are in the pilot plant stage. An example is the recent 

announcement that a coal liquification plant will be constructed by the 

Ashland Oil Company in cooperation with the Commonwealth of Kentucky at 

Catlettsburg, Kentucky. For purposes of this reporc consideration will be 

limited to coal gasification processes. 

Three factors are important in siting a coal gasification plant: a 

long-term source of coal, an adequate source of water and a demand for the 

product, SNG. The Ohio River Basin provides a desirable setting for coal 

gasification programs because of the abundance of coal and water and the 

availability of river transport facilities. Of these, water may be the most 

important factor in selecting a plant site. Large volumes of water are re-

quired for SNG production and process cooling, and if the coal is slurried 

for transportation to a plant site by pipeline, an additional 200 gallons 

of water per ton of coal is required. To better understand the process and 

the implication of such plants for  the Ohio River, the following information 

has been assembled. It is important to note that even established processes 

continue in a highly developmental stage and critical process design criteria 

may be expected to change accordingly. 

Coal - Coal resources in the compact area are estimated to be among the 

largest known deposits in the world. According to the U. S. Bureau of Mines, 

bituminous reserves in the area amount to a total of 459,392 million tons, 

as of January 1, 1972. 

The coal reserves (remaining as of January, 1972) in each of the 

signatory states is as follows: 

1.  Illinois 139,124 million tons 

2.  Indiana 34,577 million tons 

3.  Kentucky 64,840 million tons 

4.  Ohio 41,360 million tons 



5.  Pennsylvania 69,166 million tons 

6.  Virginia 9,697 million tons 

7.  West Virginia 100,628 million tons 

8.  New York Nil 

Total - 
	 459,392 million tons 

About half or 225,000 million tons of this reserve is recoverable 

using present mining methods. However, it is postulated that about 185 

million tons may be added by future exploration. 

Potential increases of mine drainage from the anticipated increased 

mining activity is of concern since mine drainage already constitutes a 

major water pollution source in the basin. Present information indicates 

that the most feasible and economical coal gasification unit is one capable 

of producing about 250 million cubic feet of pipeline quality Synthetic 

Natural Gas (SNG) per day. Such a plant will require some six million 

tons of coal per year. In the Ohio basin a typical coal seam is about 

four feet thick and yields about 7200 tons per acre (1800 tons/acre foot). 

To supply such a plant would require the mining of about one and a half 

square miles of four feet thick coal per year. With a 40-year life expec-

tancy this would require 60 square miles of coal to be available for a 

plant of this size. Mining of multiple coal seams, where practical, would 

decrease the overall area affected. 

Water - Coal gasification processes require large quantities of water. 

All present techniques require menthanation or an additional process to 

convert the low BTU product (400 BTU cu. ft.) to pipeline (high) quality 

gas (1000 BTU cu. ft.). The Lurgi process presently under consideration 

is only one of several capable of producing CO:H2 ratio), gas cooling, 

gas purification and methane synthesis, all of which require water for 

processing and cooling (see attached diagram). A coal gasification plant 

of the 250 million cu. ft. size requires 16 to 18,000 tons of coal/day 

(depending on quality), and water consumption can be expected to range 

from 10 million gallons per day (MGD) where water is at a premium to 40 

NGD where abundant water is available. This is a consumptive use, based 

on using water as a source in the reaction. Additional water is required 

for cooling purposes. The principal reasons for the differences are in 

the evaporative cooling requirements and relate to the extent to which air 
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cooling is employed and greater wastewater disposal required because of 

low quality input water. Using the 10 mgd value (40 gallons of water 

per 1000 du. ft. gas produced), one ton of coal will produce 14,000 cu.ft. 

of gas and require 560 gallons consumptive use of water. The large con-

sumptive use of water in the conversion process is the result of water 

being used as a hydrogen source, which can be simply illustrated by the 

reactions or combinations that occur in a coal gasification reactor. 

	

C+02 	CO2  

	

C+CO2 	2C0 

	

C + H 
2  0 
	C0+H2  

	

C+2H2 	CH4  

C + 2H20 -- CO2  + H2  

H2  + 1/2 0 - 1120  

In the reactions the C combines with the H2 to form CH4  (methane) 

and the excess C combines with the 02  to form CO2. 

A certain amount of water is present in the coal, but as the reaction 

progresses in the methanation process, and carbon hydrogen ratio increases, 

the hydrogen from the water must increase, which causes the high consumptive 

water use. A large amount of carbon dioxide (CO  2) also generated in the 

process; it must be scrubbed out and released to the atmosphere. Carbon 

dioxide production has been estimated to be about 2.1 million pounds per 

hour from a 250 M cu.ft. plant. Whether or not the CO2  will be a problem 

has not been determined. 

Although the methanation process does produce water as a product, this 

result is by far offset by the large comsumptive use of water (70% or more) 

for cooling (air or water), water treatment, ash disposal and related opera-

tions. The type of cooling will influence the amount of water consumed in 

the gasification process. 

With regard to thermal discharges (to air or water), it would appear 

that a 250 million cu.ft. plant (1000 BTU/cu.ft.) would have a potential 

BTU/sec. heat rejection rate equivalent to a  1200 MW  power generating plant. 

This is based on the assumption that a plant of this size would consume 

about 18,000 tons/day of coal which had an average content of 10,000 BTU/lb. 



Although data on complete heat balance is not available, the thermal dis-

charge to the environment could be significantly less than this amount 

because many of the steps taking place in the gasification process are 

exothermic and endothermic reactions. Compliance with ORSANCO Pollution 

Control Standards 1-70 and 2-70 will have to he determined on a case by 

case basis. 

Solids Disposal - The disposal of solids remaining after completion of 

the coal gasification is a problem that requires consideration. Estimates 

would indicate that from 30 to 50% of the 16-18,000 tons of incoming coal 

per day must be disposed of as ash or char. The disposal of such large 

amounts will undoubtedly pose problems, particularly if the plant were 

located in a heavily populated area and suitable disposal sites were not 

available in close proximity to the plant site. 
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OHIO RIVER VALLEY WATER SANITATION COMMISSION 

APPENDIX B 

SUMMARY OF OHIO RIVER TEMPERATURES 

Monthly Average and Maximum-Minimum 

Daily Average Temperatures 

December 1975 



INDEX 

Ohio River Temperature 

(Electronic Monitor Stations) 

Station Mile Point Period Page 

South Heights 15.8 1964-1974 B-1 

Stratton 53.8 1964-1974 B-3 

Willow Island 160.6 1969-1974 B-5 

New Haven 241.6 1968-1974 B-7 

Huntington 304.2 1964-1974 B-9 

Cincinnati 462.8 1964-1974 B-ll 

Miami Fort 490.0 1965-1974 B-13 

Markiand Dam 531.1 1970-1974 B-15 

Louisville 600.6 1964-1974 B-16 

Cane Run 616.8 1966-1974 B-18 

Evansville 791.5 1969-1974 B-20 
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OHIO RIVER VALLEY WATER SANITATION COMMISSION 

APPENDIX C 

SUMMARY OF MONTHLY AIR TEMPERATURE 

Monthly Average and Maximum-Minimum 

Daily Average Dry Bulb Temperature 

December 1975 



INDEX 

Dry Bulb Air Temperature 

Station 	 Period 

Pittsburgh, Pa. 1964 - 1974 

Huntington, W. Va. 1964 - 1974 

Cincinnati, Ohio 1964 - 1974 

Louisville, Ky. 1964 - 1974 

Evansville, Ind. 1964 - 1974 
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OHIO RIVER VALLEY WATER SANITATION COMMISSION 

APPENDIX D 

SUMMARY OF OHIO RIVER FLOW 

Monthly Average and Maximum-

Minimum Daily Flow 

December 1975 
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Ohio River Flows 

Station Mile Point Period Page 

Sewickley 11.8 1964-1969 D-1 

South Heights 16.0 1964-1974 D-2 

Stratton 55.0 1964-1974 D-4 

Dam 15 126.9 1969-1974 D-6 

St. Marys, W. Va. 157 1964-1969 D-7 

Willow Island 160.6 1968-1974 D-8 

Parkersburg, W. Va. 184 1964-1969 D-lO 

New Haven 241.6 1967-1974 D-ll 

Pomeroy, Ohio 265.4 1964-1968 D-13 

Point Pleasant, W. Va. 264 1964-1969 D-14 

Huntington, W. Va. 304.2 1964-1974 D-15 

Ashland, Ky. 322 1964-1969 D-18 

Maysville, Ky. 410 1964-1969 D-19 

Meldahi Dam 536.2 1969-1974 D-20 

Cincinnati, Ohio 462.8 1964-1974 D-21 

Markland Dam 531.5 1969-1974 D-24 

Louisville, Ky. 600.6 1964-1974 D-25 

Evansville, Ind. 792.0 1968-1974 D-28 

Golconda, Ill. 903.1 1964-1969 D-31 

Metropolis, Iii. 944.1 1964-1969 D-32 
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