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To the Chairman and 

Members of the Commission 

Regulation and augmentation of stream flow are 

matters of fundamental importance in the conduct of pollu- 

tion abatement activities 	For this reason the Commission 

is intimately concerned with the reservoir development pro-

gram in the Ohio River basin, which is under the direction 

of the Corps of Engineers U S. Army. 	The following re 

port outlines the status of this 80unit reservoir program 

with reference to its present and anticipated effects on 

pollution abatement 

Highlights of the report were presented to the 

Commission on July 2 1952. by Commissioner Robert G West 

and Mr Edgar W Landenberger of the Ohio River Division 

office of the Corps of Engineers 	A background statement 

prepared by Mr Landenberger and Mr Robert K Horton Com-

mission staff sanitary engineer was distributed prior to 

the meeting 	Material from this statement as well as the 

notes and charts used in the oral presentation have been 

freely used in the preparation of this report prepared by 

Mr Landenberger 

Familiarity with the reservoir program 	its pur 

pose and development possibilities 	will command continu- 

ing attention in the formulation of Commission policies and 

plans 

ft 

EDWARD J. CLEARY 

Executive Director 

and Chief Engineer 



Monongahela River below Darn No. 12 during drought of 1930. 
This was prior to completion of Tygart Darn. 

Monongahela River below D&n No. 12 during normal low flow 
period after completion of Tygart Dam. 

Tygart Dam on Tygart River, W. Var, Placed in operation 
in 1938 for flood control and low flow regulation. 
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INTRODUCTION  

In April 1952 the Ohio River Valley Water Sanitation Commission 
adopted sewage treatment standards for the Huntington - Cincinnati 
reach of the Ohio River. These provide for seasonal variations in 
treatment, necessitated in large measure by seasonal variations in 
stream discharge. Similarly, the Commission's Cincinnati Pool Hearing 
Committee recognized that primary treatment of sewage discharged to 
that pool would be adequate during years of average or more than average 
river flow but that a higher degree of treatment would be required dur-
ing dry summer periods. This finding was reflected in the sewage treat-
ment standards adopted by the Commission for the Cincinnati pool. 

It is significant that determination of sewage treatment require-
ments for the Huntington - Cincinnati reach and the Cincinnati pool in-
volved recognition of an average increase in summer stream flow of 
about 1.,400 cubic feet per second over 900 million gallons per 'day - 
now available or to be available in the immediate future from reservoir 
operation. 

The reservoirs involved - Tygart, Youghiogheny, East Branch Clarion, 
Berlin, and Mosquito Creek are units In the comprehensive program for 
flood control and allied purposes in the Ohio River basin being prose-
cuted under the direction of the Corps of Engineers, U. S. Army. Thus9  
reservoirs provide a means - already in successful use - of modifying 
the natural regimen of stream discharge in the interest of cleaner 
streams. 

The Corps of Engineers has completed or essentially completed 
thirty-two reservoirs for flood control and allied purposes in the Ohio 
River basin, three other reservoirs are under construction at this time, 
and forty-five additional reservoirs are included in the comprehensive 
plan approved by Congress. The total cost of the eighty reservoirs in 
the approved comprehensive program will be in the order of one and a 
quarter billion dollars. Sound economic practice dictates that the max-
mum possible public benefit be realized from the investment of such a 
sum. Correlation of the reservoir program with the pollution abatement 
program of the Commission will assist in the attainment of this objective. 



THE RESERVOIR PROGRAM  

HM IT STARTED. Basic authorization for the comprehensive program for 
flood control and allied purposes being prosecutedL,in the Ohio River 
basin is found in federal flood control legislation. The Flood Control 
Act of 22 June 1936 defines fundamental federal flood control policy as 
fofloweg 

"It is hereby recognized that destructive floods upon the 
rivers of the United States, upsetting orderly processes 
and causing loss of life and property, including the erosion 
of lands, and impairing and obstructing navigation, high-
ways, railroads, and other channels of commerce between the 
States, constitute a menace to national welfare; that it is 
the sense of Congress that flood control on navigable waters 
or their tributaries is a proper activity of the 'Federal 
Government in cooperation with States, their political sub-
divisions, and localities thereof, that investigations and 
improvements of rivers and other waterways, including water-
sheds thereof, for flood control purposes are in the in-
terest of the general welfareo that the Federal Government 
should improve or participate in the improvement of navi-
gable waters or their tributaries, including watersheds 
thereof, for flood control purposes if the benefits to 
whomsoever they may accrue are in excess of the estimated 
costs, and if the lives and social security of people are 
otherwise adversely affected." 

Actually, the Ohio River basin program had its genesis in the great 
flood of 1913,  following which Congress recognized the national aspect 
of the basin's flood problem in the adoption of legislation calling on 
the Corps of Engineers for preliminary study of the situation. Al-
though a report favorable to a detailed investigation was submitted, 
no further action was taken by Congress until surveys of the Ohio River 
and its tributaries in the interest of navigation, flood control, and 
power development were authorized by the River and Harbor Act of 21 
January 1927s, in accordance with House Document No. 3089  69th Congress, 
1st Session. The Ohio River "308" report (HD 306/74/1) was made under 
that authority and was the basis upon which Congress authorized initia-
tion of a comprehensive plan for alleviation of floods on the main 
stream. Development of this plan was underway when the great floods of 
1936 and 1937 occurred. 

Review of the "308"  plan in the light of new flood experience 
resulted in the formulation of the general comprehensive plan for 
flood control and other purposes in the Ohio River basin adopted by 
the Flood Control Act of 28 June 1938, Subsequent investigations have 
provided the background for modification and expansion 'of the program 
into its present form, 



THE RESERVOIR PROGRAM 

WRAP IT INCLUDES,  At this time the program comprises eighty reservoirs 
and two hundred and thirty-nine local flood protection projects, It is 
designed to provide a high degree of flood protection and related bene-
fits throughout the basin at minimum overall cost. Thus, along most of 
the Ohio River, principal reliance for flood control is placed on local 
protection works supplemented by reservoirs, since it is not economically 
feasible to provide protection by reservoirs alone0 On the other hand, 
flood protection at Pittsburgh and along the Ohio River immediately be-
low Pittsburgh can be provided most economically by reservoirs alone. 
Similar situations exist in the tributary basins. For example, valuable 
flood protection can be provided for many acres of agricultural land in 
the Wabash River basin at lowest cost by means of levees of moderate 
height; whereas, in the Muskingum basin, it has been found advisable to 
construct an extensive reservoir system supplemented by relatively few 
local flood protection projects. Considerations of this sort have re-
sulted in the formulation of a physically and economically  balanced 
flood control program, the current construction status of which is as 
follows 

Local flood 
Construction Status 	 Reservoirs 	protection 

projects  

Completed or essentially completed 	32 	 39 

Under construction 	 3 	 8 

Authorized, but not yet started 	 192 

Total 	 80 	 239 

The program is under continuing investigation to insure that it will 
best serve the needs of the Ohio River basin0 

While the comprehensive flood control program is of general in-
terest, and water supply and waste treatment facilities freqaently are 
benefited by local flood protection works, it is the reservoir portion 
of the program which is of primary  importance in relation to the Ohio 
River Valley Water Sanitation Commissiongs objective of stream better-
ment. 

The locations of the eighty reservoirs in the authorized program 
are indicated on the map on the following page and pertinent reservoir 
data are tabulated in the appendix. 
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THE RESERVOIR PROGRAM 

The intensive development of the Ohio River basin which has result-
ed in both the need and economic justification for flood control res-
ervoirs and in the need for such an organization as the Ohio River 
Valley Water Sanitation Corrwission has created many water use problems. 
These problems, all of which are capable of solution either wholly or 
in part by use of reservoirs, include as the most important those re-
lated to navigation, floods, hydroelectric power production, domestic 
and industrial water supplies, waste disposal, recreation, and fish and 
wildlife conservation. 

The same development which created the water use problems has 
placed a limitation on the number of usable reservoir sites in the 
basin. Obviously consideration must be given to developments in poten-
tial reservoir areas - agriculture, industry, railroads, highways, 
urban areas, and so on as well as to the availability of suitable 
damsites, if reservoirs are to be provided within the framework of 
economic justification established by flood control legislation. It 
may be stated categorically that economical and fully effective basin-
wide reservoir systems cannot be developed separately in the Ohio Valley 
for all purposes such as flood control, hydroelectric power production, 
and low water regulation. Fortunately, however, many of the reservoir 
sites n the basin plan present opportunity for economical multiple-
purpose development and thus opportunity for provision of a function-
ally balanced reservoir program. 



LOW FLOW REGULATION  

ITS RELATION TO PCLLUTION  PROBLEMS. Low flow regulation is the reser-
voir f'unction of most value in relation to the Ohio River Vl1ey Water 
Sanitation Conmiissio&s program for stream betterment. Described in 
the simplest terms it comprises impoundment of excess water during 
periods of high flow for later9  controlled release during periods of 
law flow. It is not acceptable as a substitute for waste treatment. 
Instead, its value lies in supplementation of waste treatment. In a 
broad sense this value can be measured in terms of the dilution water 
provided. In many cases results which are possible through supple-
mental use of low flow regulation cannot be obtained by conventional 
waste treatment alone 9  as for example in a case where the stream to 
which treatment plant effluents are discharged does not furnish ade-
quate natural flow to permit maintenance of satisfactory stream con-
ditions even after a high degree of waste treatment has been provided. 
In other applications low flow regulation may provide dilution suffici-
ent to reduce the degree of waste treatment required to meet desired 
objectives., with attendant savings in treatment costs. 

The value of dilution as a pollution abatement measure is recog-
nized by sanitary engineers. In general9  undesirable stream character-
istics which vary in concentration in inverse relation to stream dis-
charge are subject to betterment by dilution andç  hence., to better-
ment by low flow regulation. In order to indicate the general applica-
bility of low flow regulation to stream polution problems9  Figure 1 
has been prepared to show certain pollution discharge relationships 
as follows 

Curve A. indicates a hardness discharge relationship for 
the Monongahela River at Pittsburgh9  based on water treat-
ment plant and stream flow records. The characteristic in-
verse form is conducive to the beneficial softening effect 
now being obtained by reservoir operation in the Mononga-
hela River basin as described in more detail later. 

Cuinro B9  adapted from the Commission ?s report on Pollution 
Patterns in the Ohio River - 19509  illustrates an. approxi 
mate chloride - discharge relationship for the Ohio River 
near Haverhill9  Ohio. The inverse form of the curve indi-
cates the possibility of reducing chloride concentration 
by means of low flow regulation. 

Curve C, adapted from the 1943 report on the Ohio River 
Pollution Survey made by the Public Health Service and the 
Corps of Engineers (HD 266/78/1) indicates a relationship 
between dissolved oxygen deficiency and discharge in the 
Mahoning River at Loweilville, Ohio. The value of dilu-
tion water in a situation such as is defined by the curve 
is obvious. 
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LM FLOW REGULATION  

Curve D9  adapted from the 19I1 studies made by the Public 
Health Service for the Corps of Engineers in connection 
with Berlin Reservoirs, illustrates the water temperature-
stream discharge relationship for the Mahoning River at 
Campbell9  Ohio. Substantial reductions in water tempera-
ture already are being provided in that basin by low water 
regulation. 

Concerning the relationship of low flow regulation to stream 
pollution problems in the Ohio River basin9  Mr. Maurice LeBosquet, 
representing the U. S. Public Health Service9  has had the following to 
say9  as noted in a report to the Delegates of the Ohio River Valley 
Water Sanitation Compact in 194 

"Locations in the Ohio River basin where low flow 
(regulation) can be used to advantage include the main Ohio 
River where benefits will accrue throughout the full length 
of the stream On the tributaries, increased low flows can 
be used to advantage on the Allegheny and Monongahela 
Rivers in Pennsylvania; the Mahoning, Scioto, and Miami 
Rivers in Ohio; the Kanawha River in West Virginia; and 
the West Fork of the White River in Indiana. Increased 
low flows will have lesser benefits on a great many other 
tributaries in the Ohio River basin." 

ITS PROVISION BY RESERVOIR OPERATION. There are several methods of 
providing low flow regulation by means of reservoirs in connection 
with flood control. These involve seasonal use of a portion of the 
flood control capacity of the reservoir, direct provision of storage 
capacity in addition to the capacity provided for flood control9  or 
a combination of seasonal operation and direct provision of storage. 
Low flow regulation also may be an incidental result of reservoir 
functions other than flood control. Each method has inherent advan-
tages and disadvantages. 

Seasonal operation. Under the seasonal plan of reservoir opera-
tion water releasea during the summer-fall dry season must be stored 
during the preceding late spring. The storage capacity which safely 
can be released for seasonal low flow regulation use is dependent 
entirely on the relationship of the flood reduction potential of the 
reservoir under consideration to the flood problem against which it 
provides protection. Thus it is feasible to use lOOOOO acre feet of 
the capacity of Tygart River reservoir for seasonal low flow regula-
tion, whereas such operation will not be feasible at Conernaugh River 
reservoir in the Allegheny River basin because of the limited flood 
control capacity provided at the latter site0 

In other situations it may not be possible to provide for seasonal 
low flow regulation because maximum flood control capacity may be re-
quired during the summer months. Obviously, each case must be consid-
ered on its own merits. Important physical considerations involved in 
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determining the propriety of seasonal reservoir operation for low flow 
regulation include the following 

a0 Storage capacity requirements for reservoir functions 
other than low flow regulation. 

b0 Amount of flood control capacity capable of being 
developed at site under consideration0 

c0 Drainage area controlled by reservoir0 

d0 flood patterns at damsite and at downstream damage 
areas0 

e0 Quantity and quality of water available at damsite 
for storage during late spring season. 

f0  Effect of storage and discharge operations on quantity 
and quality of water at critical downstream locations. 

The major advantage of the seasonal operation method of providing low 
flow regulation is the fact that it may involve little or no cost in 
addition to that incurred for flood control and other purposes. The 
major disadvantage lies in the limited flexibility of operation under 
the method. Seasonal operation is feasible at some of the reservoirs 
in the Ohio River basin program. 

Direct provision of storage  capaciy0 From the operational view-
point direct provision of storage capacity is the most satisfactory 
means of obtaining low water regulation. The physical limitations of 
this method are established by the following considerations 

a0 Storage capacity capable of being developed at site under 
consideration. 

b0 Storage capacity requirements for reservoir functions other 
than low flow regulation. 

c0 Long-term discharge regimen at damsite and critical down-
stream points. 

d0 Quantity and quality of water available at damsite for 
storage. 

e 0  Effect of storage and discharge operations on quantity and 
quality of water at critical downstream locations. 

The major advantage of the direct provision of storage capacity method 
of providing low flow regulation is the complete flexibility of operation 
under that method0 The major disadvantage is that single-purpose use of 



LOW FLOW REGULATION 

storage capacity is involved, resulting in costs in addition to those 
incurred for the other reservoir functions provided. The capacity of 
many of the reservoirs in the reservoir program for the Ohio basin 
might be increased, at added costs  to provide storage capacity for year 
around use in the interest of low flow regulation. 

Combination method, The combination method of providing low flow 
regulation comprises direct provision of a portion of the required 
reservoir capacity plus seasonal provision of the remainder. The 
method is subject to the limitations, advantages, and disadvantages of 
the separate methods of which it is comprised. This method is 
adaptable to a number of the reservoirs in the Ohio River basin program. 

Incidental low flow regulation. In addition to provision of low 
flow regulation in combination with flood control it is possible to 
obtain incidental low flow regulation benefits in connection with cer-
tain other reservoir functions, notably the production of hydroelectric 
power. Basically, reservoir operations for power production are much 
the same as those for low flow regulation, in that water is stored dur-
ing periods of high flow for release when natural stream discharge is 
of inadequate volume. Such operations may be conducted on a seasonal 
basis, by direct provision of storage capacity, or by a combination of 
these means. Run-of-river hydroelectric plants have no appreciable 
low flow regulation effect. 

Frequently hydroelectric plants are used for peaking purposes, 
resulting in large variations in discharge which, under certain condi-
tions, may be objectionable from the pollution abatement viewpoint. 
When such objectionable conditions are experienced they often can be 
overcome by provision of re-regulation works below the hydroelectric 
projects or by other means with a net beneficial result on downstream 
water quality during low flow periods. 

EXAMPLES. A further understanding of the applicability of low flow 
regulation as a pollution abatement measure perhaps best can be 
obtained by consideration of examples of reservoirs already in opera-
tion for low flow regulation in the Ohio River basin. 

Tygart River Reservoir. Tygart River reservoir is provided by 
means of a concrete gravity dam located 23 river miles above the mouth 
of Tygart River, a Monongahela River tributary, and 12 river miles 
above the head of the Ohio River at Pittsburgh. It controls a drain-
age area of 1,181 square miles and was placed in operation early in 
1938 The total storage capacity of the reservoir at spillway crest 
elevation is 289,600 acre feet. A minimum pool of 11,200 acre feet 
capacity is maintained. The reservoir is operated in the primary 
interest of flood control during the winter-early spring season and 
for flood control and low flow regulation on a seasonal basis during 
the late spring-su.mnmerfall season,, Storage allocations to these 
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purposes are as follows: 

Function 	 Storage allocation 
(acre-feet) 

Minimum pool 	 11,200 

Flood Control 
Winter 	 2789400 
Summer 	 178,400 

Low water regulation 
Winter 
Summer 	 100,000 

Total storage capacity 	 289,600 

Careful analysis of the flood producing potential of the Tygart 
River basin above the reservoir, in relation to the downstream flood 
problem, has demonstrated the propriety of seasonal allocation of 
reservoir capacity to the low flow regulation function. Figure 2 shows 
the guide or rule curves which establish the pattern of low flow 
regulation operations. They are designed to insure a minimum flow of 
340 cubic feet per second in the ?ionongahela River at Dam No. 8, under 
the most severe drought conditions of record. Examination of the 
curve,q discloses that impoundment is begun in April and that discharge 
from storage in the interest of low flow regulation normally extends 
from July to mid-December. Monthly average additions to the flow of 
the Tyga.rt-Monongahela-Ohio system are of the following order: 

Month 	 Average additions 
(acre-feet) 

April 	 (-) 	609000 
May 	 (-.) 	3,00O 
June 	 (-U) 	

,000 
July 	 10,000 
August 	 20,000 
September 	 209000 
October 	 20,000 
November 	 18,000 
December 	 12,000 

(-) Denotes impoundment 
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LOW FLOW REGULATION 

While releases from Tygart River reservoir ordinarily are not 
based on consideration of water quality, because of the basic require-
ment that an adequate volume of flow be maintained for navigation pur-
poses, reduction in stream hardness results from its operation because 
of the prevailing inverse rel?tionship between hardness and discharge 
in the streams of the Ohio River basin subject to pollution by mine 
drainage. 

Figure 3 illustrates the highly beneficial effect of the described 
method of Tygart River reservoir operation on the hardness of the Monon-
gahela River at Pittsburgh for an extremely dry year such as 1930, dur-
ing which reductions as great as 150  parts per million would have been 
effected in monthly average hardness Average results for a longer 
period such as that of 1930 through 1934, while less spectacular than 
the 1930 results, would be about as follows, on a monthly basis: 

Month 	: 	Hardness * 	: 	Discharge * 
(Average 1930:  (parts per million) 	: 	(cubic feet per second) 
through. 193)4) :Nat.ural :Regulated :Change :Natural :Regulated :Change 

Jan : 97 97 0 15,800: 15,800 0 
Feb : 81 81 0 	: 15,800: 15,800 : 0 
Mar : 75 75 0 	: 27,200: 27,200 : 0 
Apr : 89 93 : ): 20 3500: 193600 : (900) 
May : 105 114 : (9): 162300: 152700 : (600) 
June : 146 : 152 : (6): 52100: 4,900 : (200) 
July : 160 146 : 14 	: 4,600: 4,900 : 300 
Aug 188 158 30 	: 5,)400: 59700 1 300 
Sep : 158 127 : 31 : 4,600: 5000 : 400 
Oct : 200 169 : 31 	: 2,800: 3,100 300 
Nov : 197 158 : .39 	: 59600: 5,900 : 300 
Dec : 129 127 : 2 	: 13,500: 13,600 : 100 

Average : 136 125  11 11,)4OO: 119)400 

*Effect of flood control operation disregarded because of its relatively 
small influence on monthly average discharges and consequently on 
monthly average hardness. 
( ) Denotes increase in hardness and decrease in discharge during 
storage period. 

The foregoing tabulation indicates that seasonal use of storage 
capacity equivalent to slightly more than 1 percent of the average 
annual volume of flow in the Monongahela River at Pittsburgh for the 
19301934 period would have provided almost a 10 percent reduction in 
the average hardness prevailing during that period incidental to the 
provision of a dependable navigation water supply. 
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LOW FLOW REGULATION 

Youghiogheny River Reservoir. Youghiogheny River reservoir, an 
example of a project providing low flow regulation by combined seasonal 
operation and direct storage provision, is located in the upper 
Youghiogheny River basin, a Monongahela River tributary. Reservoir 
storage allocations are as follows: 

Function 	 Storage allocation 
(acre-feet) 

Minimum pool 	 5,200 

Flood control 
Winter 	 151,000 
Summer 	 99,500 

Low water regulation 
Winter 	 973,800 
Summer 	 149,300 

Total storage capacity 	 254,000 

In accordance with the above schedule a minimum capacity of 97,800 
acre feet is available for unrestricted use for low flow regulation pur-
poses and an additional capacity of 51,500 acre-feet is available for 
seasonal use. Youghiogheny River reservoir operation is more closely 
keyed to pollution abatement needs than is possible in the case of the 
Tygart project, and is more flexible, as indicated on Figure 1 	It is 
based on providing discharge from storage in an inverse relation to the 
discharge prevailing at downstream points. Examples of operations in 
accordance with Figure 4 follow: 

Assumed zone of operations: Zone P (As for example 
when 100,000 acre feet of water are in storage on 
20 August; 40,000 acre feet of water are in storage 
on 25 October, etc.) 

Condition: Flow from uncontrolled area between the 
dam and Connellsville is 200 cfs 

Action: A release of 700 cfs is indicated 

Condition: Flow from uncontrolled area between the 
dam and Connellsville is 1,200 cfs 

Action: A release of 300 cfs is indicated (to 
reach the Zone D limit of 1,500 cfs) 
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LOW FLOW REGULATION 

ECONOMIC CONSIDERATIONS. In the planning of reservoir projects the 
Corps of Engineers has received valuable aid from the Public Health 
Service in regard to the need for and value of low flow regulation. 
The economic value of low flow regulation in the Ohio River basin is 
substantial. As is the case with other pollution abatement measures, 
however, assignment of a precise monetary value presents practical dif-
ficulties For example, reduced hazards to health are difficult to 
evaluate in dollars and cents unless such arbitrary yardsticks as the 
cost of health insurance, workmen's compensation costs, and so on are 
used. In general, however, a conservative estimate of low flow 
regulation benefits can be obtained by estimating the cost of provid-
ing equivalent results by alternative means. Thus, if a reduction in 
sewage treatment requirements can be made if low flow regulation is 
provided the difference between the cost of partial and complete 
treatment facilities may be credited as a low flow regulation benefit. 
If there is real need for the sewage treatment the crediting of bene-
fits in this manner is sound. The timing of project provision is 
another factor of major significance in evaluation of low flow 
regulation benefits. 

On the basis of evaluation studies made by the Service, and 
additional evaluation studies made by the Corps, the latter has esti-
mated that Tygart, Youghiogheny, Berlin, and Mosquito Creek reservoirs 
already have provided low flow regulation benefits amounting to about 
$20,000,000 This estimate is based on evaluation of improvements 
effected in domestic, industrial, and navigation water supplies and 
upon reduction in the cost of waste treatment facilities. 

In connection with the portion of the estimate related to waste 
treatment facilities it has been assumed that if such facilities have 
not been provided to date but that an ultimate reduction in treatment 
requirements has been made possible by virtue of low flow regulation, 
the temporary value of the low flow regulation prior to satisfaction 
of the reduced waste treatment requirements is equivalent, on an 
annual basis, to the reduction in the annual cost of required waste 
treatment facilities which ultimately can be realized. 

Reduced to the basis of an annual value per acre foot of reser-
voir capacity utilized the foregoing benefit estimate exceeds by 
several times the average annual cost of that capacity, indicating the 
economic feasibility of low flow regulation. 



PRESENT AND POTENTIAL LOW FLOW REGULATION 
PROJECT DEVELOPMENTS 

CURRENT STATUS. The general applicability as a pollution abatement 
measure of low flow regulation available in connection with the Ohio 
River basin reservoir program has been outlined briefly in the fore-
going discussion. Several specific examples have been given and the 
current construction status of the reservoir program has been indica-
ted. Low flow regulation already is being provided by five reservoirs 
and will be provided by another in the immediate future. Still another 
reservoir, now under construction, will provide low flow regulation 
upon its completion0 The table on page 19 indicates the current status 
of the reservoir program in this respect. The seven reservoirs invol-
ved provide for a storage capacity reservation of 466,600 acre feet for 
low flow regulation purposes. In addition, a total storage capacity of 
3,130 2000 acre feet used for power draw-down purposes in the Cumberland 
River basin provides incidental low flow regulation. The entire 981 
miles of the Ohio River and 1,3I0 miles of tributary streams are sub-
ject to benefit. 

Exclusive of the regulation incidental to power production, the 
aggregate increase in summer flow will approximate 1,300 cubic feet per 
second based on 85 percent utilization of storage and uniform increase 
in flow during July through November0 Operation of the projects on a 
schedule based on observed discharges at key points as, for example, 
as is done in the case of Youghiogheny River Reservoir may permit 
increased flows during critical periods averaging substantially more 
than the above amount0 

FUTURE STATUS 

The approved reservoir program. While the approved Ohio River 
basin reservoir program offers considerable promise in regard to provi-
sion of additional low flow regulation, both on the tributaries and the 
main stem, competition for reservoir capacity exists between many worth-
while reservoir functions such as flood control, hydroelectric power 
production, direct water supply, low flow regulation and recreation. 
Proper resolution of the problems of reservoir use will aid in meeting 
the objective of maximum public benefit from investment in water control 
facilities. Allegheny River reservoir, a unit in the approved reservoir 
program, provides an example of the resolution of such problems. 

The concept of a reservoir for flood control and other purposes on 
the upper Allegheny River main stem is of long standing, pre-dating by 
a substantial number of years the authorization of Allegheny River 
Reservoir for flood control by the Flood Control Act of 22 June 1936 
Further authorized investigation of the project, reported in House 
Document No. 300, 76th Congress, 1st Session, disclosed the advantages 
of multiple-purpose reservoir development at an upper Allegheny River 
main stem site. As a result a modified project, to serve the combined 
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PRESENT AND POTENTIAL LOW FLOW REGULATION 
PROJECT DEVELOPMENTS  

interests of flood control and low'-flow regulation, was authorized by 
the Flood Control Act of 18 August 1941 as a unit of the comprehensive 
plan which had been adopted in 1938 for flood control and other pur-
poses in the Ohio River basin. 

As contemplated in House Document No. 300/76/1, the project now 
eligible for selection for construction would compriae a concrete 
gravity dam with controlled spillway. The damsite would be in the 
vicinity of Kinzua, Pa. At full pool elevation 1,365 the reservoir 
limits would extend upstream to the vicinity of Salarnanca, N.Y. A 
total storage capacity of 1312,000 acre feet is contemplated. Of this 
amount a capacity of from 910,000 to 585,000 acre feet would be 
reserved for flood control on a seasonal basis, and a capacity of from 
19,000 to 520,000 acre feet would be reserved for low flow regulation. 
A minimum pool of about 20,000 acre feet would be provided. The reser-
voir would be operated in the primary interests of flood control and 
low flow regulation for the benefit of the Allegheny and upper Ohio 
River valleys. Ultimate provision of the projects  as in the case of 
the other remaining units in the approved program, is dependent upon 
appropriation by Congress of the funds required for its detailed 
planning and construction. 

Reconsideration of the operation of reservoirs already completed 
also may be involved in determining the future status of low flow 
regulation from the approved reservoir system, the Muskingum River 
reservoir system being a case in point. Low flow regulation could be 
obtained from that system by use of the conservation pools now main-
tained at relatively constant levels for recreational purposes, and, 
possibly, by limited seasonal operation of several of the reservoirs. 
While public demand now appears to favor operation of the Muskingum 
system in the present manner, the system does provide a water reserve 
which could, upon demonstration of public need and demand, be used for 
low water regulation during critically dry periods. This situation is 
another example of the type of problem which must be resolved in con-
nection with reservoir planning and operation. 

Figure 5 has been prepared in order to indicate in a general way 
and on a conservative basis the low flow regulation potential of the 
approved Ohio River basin reservoir program, on the basis of one of the 
many possible combinations of reservoir operations for that purpose. 
Final decisions in regard to the amount of low flow regulation to become 
available in the several tributary basins and., thus on the main stream, 
must await detailed study of the reservoir projects remaining to be con-
structed and, in certain instances, an expression of local interest in 
the provision of that reservoir function. Examination of Figure 5 dis-
closes that the approved reservoir program has a potential for increas- 
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PRESENT AND POTENTIAL LOW FLOW REGULATION 
PROJECT DEVELOPMENTS 

ing drought period flows in the Ohio River by a very substantial amount 
and that reservoirs already provided or under construction are effect-
ing from about one-third to one-sixth of the total potential regulation, 
depending upon the Ohio River location selected. 

Other reservoirs. The approved reservoir program is subject to 
continuing review in connection with detailed pre-construction planning 
of the various units selected for construction and, frequently, respon-
sive to direct Congressional action calling for engineering investiga-
tions. In connection with the latter, existing plans usually are 
reviewed with a view to determining their current adequacy, and find-
ings are reported to Congress. This was done in the case of Allegheny 
River reservoir as described above. Congress then determines if addi-
tions to or major changes in the approved reservoir plan are in order 
and, as in the Allegheny reservoir case, may impiement its decisions in 
flood control legislation. 

In all of the investigations and reviews called for by Congress, 
in which reservoirs are involved, consideration s given to water supply 
and low flow regulation needs. The investigations are conducted in such 
a manner as to keep the affected State or States advised of progress and 
to permit opportunity for consultation regarding plans and proposals and 
for cooperation in the work of investigations. Recent examples of such 
investigations involving consideration of low flow regulation are those 
concerning the MahoningGrand River basin in Ohio and the West Fork 
River basin in West Virginia. 

In the Mahoning='Grand case, consideration has been given to a 
storage reservoir on the Grand River, supplemented by diversion-channel 
excavation, pumping facilities, and other appurtenances, which would 
permit virtually complete control of the runoff from the upper Nahoning 
and Grand basins Important flood control and low flow regulation bene-
fits would result from operation of such a project. In the West Fork 
basin case consideration has been given to modification of the approved 
reservoir plan for the basin to provide for low flow regulation as well 
as flood control. It has been found that a reservoir to serve both 
functions might be built on the West Fork River above Weston, W.Va. 
Recommendations have not been submitted to Congress in either case, 
pending completion of the investigations0 

While differences of opinion have arisen in connection with both of 
the above possibilities because of the need for taking land for reser-
voir purposes and for other reasons, investigations of this sort provide 
a means for keeping the approved reservoir program alive and responsive 
to changing needs in the Ohio River basin. 



COMMISSION VIEWPOINT 

As has been noted the favorable aspects of low flow regulation 
were called to the attention of the Commission during its organiza-
tional period, and the Commission has taken advantage of the low flow 
regulation now available plus that assured at an early date in connec-
tion with establishment of sewage treatment standards for two reaches 
of the Ohio River. For example, treatment requirements established 
for the Cincinnati pool call for a reduction in biochemical oxygen 
demand of up to 65 percent. Commission studies indicate that without 
the increased flow available in this stretch of the Ohio River result-
ing from reservoir operation, the maximum requirement for biochemical 
oxygen demand reduction would have been in the neighborhood of 75 per-
cent rather than 65 percent, and that without the benefit of reservoir 
operation the number of days diring a year when a degree of treatment 
higher than primary would be required would be greatly increased. Low 
flow regulation, therefore, means a very definite saving in the cost of 
treatment to all those discharging wastes into the Cincinnati POOle 

The Commission has recognized the low water regulation feature of 
the reservoir program in other ways, as in the case of its Wabash River 
Survey, where studies indicated that in the event low flow regulation 
became part of a flood control program the cost of waste treatment in 
the area surveyed would be materially reduced. However, at the time of 
the survey, development of a flow regulation program was so indefinite 
that potential benefits were not considered in evaluating waste treat-
ment requirements0 

On one occasion in the past, a statement of policy was enunciated 
by the Commission regarding low flow regulation benefits from a specific 
reservoir project. The project involved was the Nahoning=Grand River 
Floodway mentioned above as being under investigation. The policy 
adopted was stated in a formal resolution passed by the Commission at 
its meeting on 11 January 190 This resolution read in part as 
follows 

"Be it resolved, that it is the view of the Ohio 
River Valley Water Sanitation Commission that the costs 
which may be allocated to procurement of the widespread 
sanitation benefits from the MahoningGrand River Flood 
way for flood control and related purposes should be 
borne by the United States; and 

"Be it further resolved, that it is the view of the 
Ohio River Valley Water Sanitation Commission that the 
adoption of such a policy in the instant case will 
(1) provide for the citizens of the Ohio River basin 
substantial and widespread sanitation benefits not fully 
obtainable by other practical means; and (2) will permit 
an earlier and more complete realization of clean and 



CONNISSION VIEWPOINT 

sanitary waters in the Ohio River basin, in accordance 
with the terms of the compact, than may be anticipated 
without the adoption of such a policy in the instant 
case; and 

"Be it further resolved, that the Ohio River Valley 
Water Sanitation Commission recognizes the desirability 
for provision of low flow regulation on the basis of sound 
technical and economic principles and, to this end, it is 
the view of the Commission that low flow regulation in the 
MahoningGrand River Floodway properly may be applied as a 
supplement to, rather than as a substitute forg  sewage and 
industrial waste treatment." 

The record shows that adoption of this resolution did not comprise 
blanket endorsement by the Commission of the principle that the Federal 
government assume the cost of the low flow regulation features of each 
flood control project in the Ohio Valley. In fact it was made clear at 
the time that the Commission desired and intended to consider each such 
case individually and on its own merits. 

Some of the courses of action toward which the Commission may wish 
to direct its attention with a view to coordination of the pollution 
abatement and reservoir programs include the following 

a0 Expression of the need for and value of low flow regulation 
from reservoirs now being planned. 

b0 Consultation with the Corps of Engineers with regard to estab-
lishment of schedules for low water regulation operations. 

c0 Conduct of studies after project completion that would lead to 
a precise determination of benefits on the basis of operating experience 
and that would serve as a basis for recommendations to the Corps of 
Engineers regarding improvement of reservoir operations for low flow 
regulation. 

d0 Critical consideration of reservoir projects to insure that 
they will have no adverse effect on the Commission's program. 

e0 Consideration of minimum flows required in the future to per-
mit continuing industrial development in the Ohio basin without detri-
ment to the stream betterment program. 



SUMMARY 

It has been the intent of this report to indicate the applica-
bility of low flow regulation available from the Ohio River basin 
reservoir program to the problem of obtaining stream betterment 
Examples of reservoir operation have been given, economic considera-
tions have been discussed briefly, and the present and possible future 
status of low flow regulation have been discussed. Much has been done 
in connection with the Ohio River basin reservoir program and much 
remains to be done. In the accomplishment of the remaining work, close 
cooperation between the Corps of Engineers, charged with responsibility 
for reservoir planning, and the Ohio River Valley Water Sanitation 
Corrffrlissiorl, whose objective is stream betterment for all legitimate 
uses, will return dividends in the form of substantial low water 
regulation benefits. 



'.4 

a 
I.. 

A
ll

eg
he

ny
  R

I  

4'. 
0 

01 I4\ 01 
- 
Cl'  

0 

0 

0 
4, 

6 

g 
• •6 

- . • • C 
.4 .1 .-4 U 

4' 8 o 
C, 16 

• 
4' 
4.. 
.1 
6. 

.4 0 0' '-4 
F- 'Q 

-3 
14\ 
.4-' 

LA 

-I 
4* 

'I 
.4 
4 

01 .4 .4 .4 

U 
.4 

• 

I. 

16 1. • . 

M 

C-, 

0 • C I.. !) 	I. 
C-) 

-I 
'-4 

_I  
a4' O  • I. 	0 

00. 
C 
16 

Lo
ot

ti
o

n  
o
f 

.1.4 	
. 	 .1.4 

I. • 

• 0 	.1.4 	.44 	
4. 	 .44 	.4 

0 0 

IC U 

4.'. 
• 04. 

01104. 
CO P.4 -4 	4.' 4. 
o .W -I U 
I. 	U 

4.1.4 

gTh 
6.41, 
U • O.4 0 
C$. 0 
4.0.064.' 

C 

4.' 	•0 I 
'•..4 C  k.4 

I 
• fl-I .4 
166.-I 

0øIi' 
Iii I 

be 	8C 

aL4 .  

o bOO. 
•0 	U 

• .-I C .0 
U 
10.4 .4 

4 .u$ 4flu , 
C • CO 

10 004' 

OH 

'.-flO 	0 
O 
• ICC C 
00-0.0 CI. 
.4 I 0 .4' 

4' 	

.0 
1166 4.' 

01060 
01.3. .14.' 
0 	0...4 

• 3101 
1334.4366 

IP. 06_I 

CP. 	CO. 
.031600 
4-1.4.4.00 

26 



_4 	_.4 

dO 
O 4 

0 

S . 	p. 

• i I. 
*11.4 

I. 

0 

L
it

tl
e
  S

ti
ll

w
a
te

r
  C

ro
ok

 

w
tl

lI
  C

ro
ok

  N I. 0 4. 

I I 
W

il
ls

  C
ro

ok
 

Su
b

-t
o

ta
l  -4 

-4 -4 

W 	'-4 a 	- -1 

g • 	- S  .0 .0 - 5  3 -4 p 4 • 

g 
-4 

0 
-4 

0 	0 0 
	 S S 

41 	
41 	

41  -00 
	

4 4 	 0 

It 
	 U C.) - U 

. ':2 gCS 
	

' °' 	
P4\ 0J - F- 4 F-I Lt'. 

41  

S 

R 

I. 0 

0 
0 

0 

S 0 

I. 

B
la

ck
  F

o r
k

 

N 

o 0 0 o o 0 0 0 0 0 0 0 0 0 0 0 o 

o o 0 o o 0 0 0 0 0 0 0 0 0 0 0 o 

27 



k I k 

( P
oo

l 
N

o
.  
2
0
))

  

'0 
S 

S 

4,  
0 N

ot
  s

ta
rt

e
d

 

N
ot

  s
ta

r
te

d  

II 
.0 

If.' 	 -. 	0 
If.' 	I -. 	u's  

U', 	4' 	 1 	- 
4' 

'-I 

g 
N 

g 
N 

-4 
-4 
0 

-4 

J 

0 

0 

I 

I 
I. 

I. • 
0 N S • -I 

ON 
0-4 

I. 
a 

$ 

I 

• 
-4 

- 	$Fl 

$ *.2 a 2 	.42 
0 



29 

I 

I 

U 

3 



S 
S 
-4 

1 

I. 

U' 

V 

'4 0 

0 
-I 
4' * 
a 

 

3' 3 

 

U' 

8d0 - - - 

 

     

1z 

11 

4' 0 4) 
0 

• 
• 4)  0 • u 

-4 

I 

S 

4) 
S 	U 	U 

-4 

CY 

I 
'-4 

- 	 I 
-4 

0 0 	0
• 	

- p  
p- 

I 
- 	

0 

-- p 

p 

30 



U3m U 

0 0 

-4 U 	 ,-4 .-4 _• U U U 
3 	
It4) 0 	 0 0 0 

0 0 0 

gI 
g 	. 	. 

• rl) 
I 

U I 43 43 43 4) 4) 
e 0 0 0 0 o 	0 

0 

II 
. 	I. 

4. 
to I 	 r 
'U 

g 

(
&
)
  
C
o
n
i
t
n
io
t
t
o
n
  
i
ni
t
i
at
e
d
 
b
y
  
S
t
a
t
e
  
o
f
 
O h
i
o
  

-4 

U 0 U\ 
• .4 K 
-4 0 0 	 U 
I tr. 	Dl 	 I..4114(\ 

I .411 IA 
4 

I. 

Dl CII 	 - 44\ N 04 - 
0 

A 

c$
1.
s  
M
i
l
l
 

U 

I. 

0 . 	- 
M 	 $1 $ 	

'-4 

AU -4 
• I 	

kj4 

ig 	 14 

31 



ILLINOIS • INDIANA • KENTUCKY • NEW YORK 

OHIO• PENNSYLVANIA 0 VIRGINIA 0 WEST VIRGINIA 


