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SECTION 1
INTRODUCTION

The lower Mahoning River remains today as one of the most severely
polluted streams in the nation. Although it is a small stream, averaging only
about 150 feet in width and four feet in depth, it receives tremendous use by
a steel manufacturing complex including nine separate plants, a power
generating station, and eight Ohio municipalities which use it as a receiving
water for sanitary wastes. The Mahoning River is also an interstate stream
flowing from northeast Ohio in a southeasterly direction into northwestern
Pennsylvania. At its confluence with the Shenango River in New Castle,
Pennsylvania, it forms the Beaver River, which discharges into the Ohio
River about twenty-five miles below Pittsburgh. The forty mile stretch of
the stream from Warren, Ohio to New Castle, Pennsylvania is studied herein.

In order to maintain current industrial uses, streamflow of the
Mahoning River downstream of Warren, Ohio is highly regulated for low flow
augmentation, temperature control, and flood control with an elaborate
system of reservoirs operated by the U. S. Army Corps of Engineers. This
regulation results in higher summer minimum flows than winter minimum
flows, opposite that of most natural streams. Even with regulation, the
total flow of the Mahoning River may be used from two to four times during
the summer months and over five times during periods of winter minimum
flow. It is this continual use and re-use and, more significantly, overall lack
of water pollution control by basin dischargers that render the stream unfit
for aquatic life and recreational uses, both within Ohio and in Pennsylvania.
Pollution in the stream is characterized by extremely high temperatures,
low concentrations of dissolved oxygen, high levels of ammonia-N, cyanide,
phenolics, and metals, severe bacterial contamination, and gross amounts of
floating oil. Only pollution tolerant benthic organisms populate the lower
reaches of the stream. Needless to say, the lower Mahonihg River in Ohio

does not support a well-balanced, native fish population.
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With abundant recreational areas in the upper portions of the basin and
with the economy of the area heavily dependent upon the stream, valley
residents have not looked upon the Mahoning River for recreational uses, but
rather as an important economic resource to be used to its utmost capacity.
Unfortunately, existing uses of the stream in Ohio are not consistent with
Pennsylvania's intended uses of recreation and aquatic life and existing uses
of the Beaver River as a public water supply. Efforts by state and federal
regulatory agencies to implement a pollution abatement program in the
Mahoning Valley have been clouded by controversy for over twenty-five
years.

At this writing, a viable water pollution abatement plan for the
Mahoning Valley has not yet been implemented. Ohio water quality
standards are again being revised and proposed National Pollutant Discharge
Elimination System (NPDES) permits of May 1976 for the major municipal
and industrial dischargers have been appealed by the dischargers, the
Commonwealth of Pennsylvania, and the Western Reserve Economic
Development Agency. These proposed NPDES permits were based upon the
preliminary findings of this analysis and were designed to begin implementa-
tion of USEPA Administrator Train's decision of March 1976 to provide
economic relief to the Mahoning Valley steel industry from the full impact
of the Federal Water Pollution Control Act Amendments of 1972 (PL 92-
500).

The Federal Water Pollution Control Act establishes a continuous
planning process for water quality improvement to be implemented by the
states on a river basin scale (Section 303(e)); an areawide planning process to
be implemented within the framework of the basin plans (Section 208); and,
a NPDES permit program to regulate municipal and industrial wastewater
discharges by means of nationwide technology-based effluent limitations and
other discharge criteria necessary to achieve water quality objectives
(Section 402). Ideally, NPDES permits should be consistent with and
implement the results of the planning processes. This study was completed
at the request of the Ohio Environmental Protection Agency to estbalish the
technical basis for a Section 303(e) plan.

The major purpose of this report is to establish cost effective waste .

load allocations for significant Ohio municipal and industrial dischargers to



achieve federally approved Pennsylvania water quality standards. The
results can, and have, been used for Section 208 planning purposes,
preparation of proposed NPDES permits, and development of appropriate
water quality standards for the Ohio portion of the stream.

Developing waste discharge allocations for the Mahoning River is a
complex task involving questions of equity, economics, waste treatment
- technology, mathematical water quality simulation, and a high degree of
engineering judgment. Prior to assigning allowable discharge loadings to
each discharger, a considerable amount of detailed information about the
river system had to be developed. A review of the complex hydrology of the
system was necessary. The location of each significant discharger and the
amounts of wastes discharged were quantified. The relation of existing
discharges and possible changes in discharges to instream water quality were
established. Appropriate treatment technologies were evaluated in terms of
applicability to each discharger and available estimated capital cost
information was assembled. Finally, the allocations were established for
several treatment technologies and were evaluated in terms of the water
quality objectives.

In completing each of the above tasks an effort was made to use the
best information available. Where existing information was either lacking or
inadequate, substantial resources were expended to provide the necessary
data. Although the mathematical water quality models employed herein
were validated within reasonable limits, the results obtained were not
mechanically transferred into conclusions and recommendations, but were
evaluated in terms of the strengths and weaknesses of the entire analysis
and the feasibility of the treatment technology considered, then formulated
into an implementable water quality improvement plan.

Based upon the water quality analysis, the minimum level of waste
treatment for Ohio dischargers found to be consistent with Pennsylvania
water quality standards includes regionalization and secondary treatment
plus nitrification for municipal sewage treatment plants; BATEA or closed
dirty water quench systems for coke plants; recycle of blast furnace process
waters with discharge of minimal blowdown to the stream; BPCTCA or
equivalent treatment for steelmaking, hot forming, cold rolling, and

finishing operations at the steel mills; and, offstream cooling and recycle of



condenser cooling water at the Ohio Edison power plant. Estimated
municipal capital costs associated with the above levels of treatment are

about 120 million dollars, while estimated industrial capital costs range from
about 104 to 128 million dollars, depending upon the type of coke plant
treatment provided.

The report is presented in eight sections and separate appendices:
Section I is the introduction; Sections II and Il present conclusions and
recommendations, respectively; the Mahoning River basin is described in
Section IV with emphasis on the complicated hydrology of the stream;
Section V presents background information and effluent data for the major
industrial and municipal dischargers; a listing of applicable Ohio and
Pennsylvania water quality standards is presented in Section VI with a
historical water quality review; the mathematical water quality models
employed in the waste load analysis, the results of USEPA field studies that
were necessary to obtain sufficient data to use the water quality models,
and the results of model verification studies are presented in Section VII;
and, Section VIII presents the waste load allocation policy employed,
throughout the analysis, six waste water treatment alternatives, and the
water quality response and estimated capital costs associated with each’

alternative.



SECTION 11
FINDINGS AND CONCLUSIONS

A. Hydrology

I. The lower Mahoning River is highly regulated by the U.S. Army Corps
of Engineers for flood control, low flow augmentation, and temperature
control, resulting in summer minimum regulated flows greater than winter
minimum regulated flows. Using the Mahoning River minimum regulated
flow schedules for water quality design purposes does not provide the safety
inherent in using the annual minimum consecutive seven day flow with a ten
year recurrence interval used for désign purposes for most natural streams
in Ohio. Mahoning River streamflow at the minimum regulated schedules

may occur as much as twenty percent of the time on an annual basis.

2. Based upon information provided by the U.S. Army Corps of Engineers,
significant increases of minimum regulated schedules are not possible with
existing uses of the reservoir system in the Mahoning River Basin.
Increasing streamflow to minimize or eliminate point source waste treat-
ment requirements is not feasible as the drainage area of the basin is not

capable of supporting significantly higher sustained flows.

B. Water Quality

1. With the exception of improved pH levels, stream quality of the lower
Mahoning River has not appreciably improved since the early 1950's.
Excessive water temperatures, minimal dissolved oxygen concentrations,
gross amounts of floating oil, severe bacterjal contamination, and high levels

of ammonia-N, total cyanide, phenolics, and metals are still prevalent.



2. Existing Ohio and Pennsylvania water quality standards for the lower
Mahoning River have been routinely violated since they were adopted in

1972 and 1971, respectively.

3. The level of aquatic life in the stream has not improved from 1965 to

1975 as measured by the diversity and numbers of benthic organisms.

C. Water Quality Management Planning

1. The mathematical water quality model RIBAM, as modified by USEPA,
and an Edinger-Geyer temperature simulation model have been validated for
the lower Mahoning River system. Given the complexity of the system in
terms of the altered flow regime, the number of significant point sources,
and existing severely polluted conditions, efforts to validate the mathe-

matical models for water quality management planning were successful.

2. At this writing, the data base assembled for the lower Mahoning River
for determining mathematical model input parameters is the most extensive,

detailed, and complete data set for any river system in Ohio.

3. Except for the sensitivities of computed values of temperature,
dissolved oxygen, and ammonia-N to changes in flow, and the sensitivity of
computed dissolved oxygen values to changes in temperature, water quality
model computations for the lower Mahoning River are not overly sensitive to
anticipated ranges of input parameters supplied to the mathematical models.
Mahoning River quality in Ohio, and in Pennsylvania, is primarily a function

of municipal and industrial waste discharges in Ohio.

4. The waste load allocation analysis was completed with no explicit
safety factors for achieving Pennsylvania water quality standards. For the
most part, these standards are expressed as values not to be exceeded at any
time. Monthly average vs. daily maximum discharge l-oadings for municipal

and industrial sources were employed, and, as noted above, frequently



occuring water quality design flows were included. Allowances for
expansion in steel production in the Mahoning Valley were not made.
Industrial modernization, expansion, or growth must incorporate new source
performance discharge standards which will result in minimal impacts in
stream quality, and will most likely occur as existing production facilities

with high discharges of pollution are replaced.

5. Water quality models cannot be used exclusively to develop a
comprehensive water quality management plan for the Mahoning River.
Important constituents having adverse impacts on stream quality including
suspended solids, oil and grease, fluoride, certain nutrients, and metals must
be evaluated separately. For some constituents, rough quantitative
assessments of probable impacts on stream quality were made. For others
only qualitative judgments could be considered; and, for oil and grease, the
level of analysis was severely hampered by the very nature of oil and grease,
the absence of any reasonably specific applicable criteria, and, the difficulty

of relating waste discharges to such criteria.

D. Waste Treatment Technology to Achieve Pennsylvania Water Quality

Standards.

1. The most cost effective method of achieving Pennsylvania water
quality standards for the Mahoning River within the framework of the
Federal Water Pollution Control Act Amendments of 1972 was found to be
the following (Case 3, Tables VIII-3 and VIII-7):

a. Regionalization of municipal sewerage systems with secondary treat-
ment plus nitrification (Ammonia-N removal). Estimated capital and annual
operating costs (1976 dollars) for the eight municipalities included in this
analysis are 120 and 4.2 million dollars, respectively, as opposed to 96 and
3.3 million dollars, respectively, for conventional secondary treatment. Of
the total capital costs, 18 million dollars are for interceptor projects
necessary regardless of treatment plant design. About 0.4 million dollars of
the annual operating costs are associated with interceptor systems.

'b.  Offstream cooling and recycle of condenser cooling water at the Ohio

Edison-Niles Steam Electric Generating Station. Estimated capital costs



associated with this project are 8 million dollars (1976 dollars).
C. Depending upon the level of coke plant treatment provide‘d, total
capital costs of 96.2 to 120.3 million dollars are estimated for the steel
industry (1975-1976 dollars). Costs associated with each process operation
are summarized below:
1)  Coke plants

Closed dirty water quench systems (about 1.8 million dollars), or,
depending upon air pollution considerations, BATEA (25.9 million dollars).
2)  Blast Furnaces

Recycle of gas wash water, direct contact gas cooling water, and
miscellaneous contaminated streams with minimal blowdown to the river
(26.6 million dollars). Depending upon the performance of recycle systems
at the three most downstream blast furnace operations, blowdown treatment
may be required (up to 3.6 million dollars assuming BATEA costs for
blowdown treatment).
3)  Hot Forming

Treatment of process waste water to 30 mg/l suspended solids and
10 mg/l oil and grease (49.5 million dollars). There is considerable
uncertainty that this level of treatment for oil and grease {(or BPCTCA
(70.0 million dollars)) is sufficient to achieve designated stream uses.
Estimated hot forming BATEA costs are 102.0 million dollars.
4)  Cold Rolling, Finishing

Treatment to BPCTCA or equivalent (12.8 million dollars).
5)  Miscellaneous

Sanitary waste improvements (1.9 million dollars).

2. The treatment technology outlined above represents the minimum
basic program necessary to achieve Pennsylvania water quality standards.
Relatively minor adjustments of industrial final effluent limitations for
ammonia-N, total cyanide, and phenolics may be necessary after treatment
controls are installed. However, selection of the basic minimum waste
treatment technology at this time is not affected by these minor

adjustments or by the sensitivity of water quality model computations.

3. Estimated capital costs for the Mahoning Valley steel industry to
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adjustments or by the sensitivity of water quality model computations.

3. Estimated capital costs for the Mahoning Valley steel industry to



achieve Pennsylvania water quality standards (96.2 to 120.3 million dollars),
are significantly less than estimated capital costs for industry-wide
BPCTCA (147.4 million dollars) and industry-wide BATEA (189.1 million
dollars). A

E. Prospects for Stream Recovery

1. Numerical physical and chemical Pennsylvania water quality standards
will be achieved with the waste treatment alternative outlined above. There
is uncertainty that the Ohio and Pennsylvania general criteria for oil and

grease will be achieved.

2. Taste and odor problems at the Beaver Falls water supply resulting
from municipal and industrial discharges in Ohio should be abated. However,
taste and odor problems associated with reservoir operations in the Beaver

River Basin will continue to occur.

3. Poor sediment quality in the Mahoning River is likely to persist for
some time after gross point source discharges are abated. During natural
cleansing of these sediments to levels consisfent with then current
discharges, background water quality, and residual non-point source loadings,

adverse effects upon overlying water quality will be minimal.

4. After treatment controls are installed and discharges of toxic
substances are reduced, instream levels of phosphorus, and carbonaceous and
nitrogenous materials, will be sufficient to result in algal growth. The
extent to which nuisance conditions will occur is difficult to predict.
Several factors influencing algal growth, including the high natural turbidity
of the Mahoning River, reduction of extreme temperatures, and the
establishment of a foraging fish population, may tend to minimize possible

nuisance conditions.

s, Violations of Pennsylvania dissolved oxygen standards resulting from

non-point source loadings and combined sewer overflows induced by major



precipitation events are unlikely. Such effects in the Ohio portion of the

stream will be more severe.

6. After treatment controls are installed, the Mahoning River in
Pennsylvania will be capable of supporting a balanced warm water fishery.
Except for the most congested industrial areas just downstream of Warren
and Youngstown where the entire stream is a mixing zone for waste
discharges, the Ohio portion of the stream should also support a varied
aquatic population.  Operation -and maintenance of pollution control
facilities installed by dischargers located close to the Ohio-Pennsylvania

state line will have a major bearing on water quality in Pennsylvania.
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SECTION I11
RECOMMENDATIONS

L. Engineering and construction of municipal and industrial water
pollution control facilities consistent with Conclusion D. | be implemented
simultaneously through appropriate mechanisms provided by the Federal
Water Pollution Control Act and other Ohio EPA programs.
P

2. Additional comprehensive water quality and discharge surveys of the
lower Mahoning River should not be considered until point source discharge
controls are installed and operating. Existing long term ambient monitoring
programs should be continued to determine progress towards achieving

desired water quality objectives.

3. The design of municipal sewage treatment plants should consider
supplemental sludge handling capability in the event phosphorus controls are

necessary to minimize algal growth in the stream.






SECTION 1V
MAHONING RIVER BASIN DESCRIPTION

The Mahoning River Basin is described below in terms of geography,
geology, meteorology, land and water uses, demography, economy, and
hydrology. By design, the information and data presented are of a general
nature for the purpose of providing background information only. Additional
detailed information concerning the description of the basin can be found in
appropriate listed references. Hydrologic information is limited primarily to

the lower Mahoning River downstream of Leavittsburg, Ohio.

A. Geograghyl’ 2

The Mahoning River is an interstate stream originating in northeastern
Ohio flowing 96 miles in a southeasterly direction before crossing the Ohio-
Pennsylvania State line near Lowellville, Ohio (Figure 1V-1). The river flows
another 12 miles in Pennsylvania prior to its confluence with the Shenango
River at New Castle, Pennsylvania, forming the Beaver River. The Beaver
River flows for about 21 miles in Pennsylvania to the Ohio River at mile
point 942.4 (from its mouth) which is approximately 13 miles upstream of
where the Ohio River crosses the Pennsylvania State line.

Total drainage area of the Mahoning River Basin is 1140 square miles,
1078 of which are in Ohio and 62 in Pennsylvania. Principal tributaries are
the West Branch of the Mahoning, Eagle Creek, Mosquito Creek, Meander
Creek and Mill Creek. The average stream gradient of the Mahoning River
is 2.2 feet per mile from Pricetown to Leavittsburg and 2.6 feet per mile

from Leavittsburg to Lowellville.
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MAHONING RIVER BASIN
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The Mahoning River Basin is located in the Southern New York section
of the Appalachian Plateau Province, in the Appalachian Highlands
physiographic division (Figure IV-2). The southern New York section is a

mature glaciated plateau of moderate relief.

B. GeologyB’ 4

Figures IV-3 through IV-5 illustrate generalized geologic cross-sections
at various locations within the Mahoning Basin. The rocks exposed in the
basin dip gently toward the south, so that the formations crop out in east-
west belts with successively younger formations toward the south. The
Berea sandstone of Mississippian age occurs at the surface north of Warren.
For several miles south of Warren, interbedded shales and sandstones of
Mississippian age prevail at or near the surface. The surface of the southern
portion of the Mahoning River Basin is underlain by the Pottsville and
Allegheny rocks of Pennsylvanian age. Several of the sandstones and
conglomerates are water bearing but the Pennsylvania strata are
predominantly shale and clay with thin beds of coal and limestone. As a
result, the effect of groundwater storage on streamilow is probably
negligible.

Of relatively greater importance, from the hydrologic standpoint, is
the covering of glacial drift. This is erratic in thickness and of variable
character. The drift is mostly of late Wisconsin age, largely till, and
generally is thin, averaging about 25 feet in thickness. Except in the buried
valleys there is little water storage in the glacial deposits, and in these
valleys the materials are generally clay and fine sand, with limited storage
and permeability. The western part of the area has thicker drift, associated
with the end moraines.

There is a buried valley with drift 200 feet thick, extending south to
north across Portage County, and a similar one extending to the northward
in the present Mahoning-Grand River valley. The glaciers blocked northward
flowing streams, and filled the ancient valleys with drift, rearranging the
drainage .pattern, and causing such reversals in direction as the bend in the

Mahoning River near Warren. Generally, the most abundant water supplies
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GENERALIZED CROSS SECTION SHOWING THE GEOLOGY
OF THE MIDDLE MAHONING RIVER BASIN
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FIGURE IZ -5

MAHONING RIVER BASIN

GENERALIZED GEOLOGIC CROSS SECTION, NORTH TO SOUTH
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are in the underlying rocks, indicating that there is little natural
groundwater storage affecting streamflows (Figure IV-6).

The groundwater of the basin is generally of poor quality due to local
geological conditions. Relatively few groundwater supplies have been
developed in the basin. The Ohio Department of Natural Resources reports
that troublesome amounts of iron and manganese are present in most wells,
many of which also contain objectionable amounts of dissolved solids and
hardness. Water from most wells in the area has a pH greater than 7.0.
Temperature of underground water-in the area remains essentially constant
throughout the year; however, wells that induce infiltration from the
Mahoning River below Youngstown yield water with temperatures
considerably higher than the average of 51-54°F.

As mentioned previously, the soils in the Mahoning River Basin
developed generally from late Wisconsin till deposited on sandstone and
shale. As is the case for areas that have experienced glaciation, the soils of
the basin are varied with many abrupt changes, Table IV-1 presents
generalized information on soil features and limitations for several land uses
by major soils within association groups shown in Figure IV-7. The
Mahoning, Ellsworth, Remsen, and Canadea soils are dominated by a silty
surface layer with fine textured, clayey subsoil below 0 to 12 inches deep.
These soils have a rapid runoff rate and are highly erosive. The Wadsworth,
Rittman, Canfield, Ravenna, Conneaut, Chili, Loudonville, Weikert and
Platea soils have a moderate erodibility factor. The restrictive subsoil layer

is deeper, resulting in a better water holding capacity.

C. Meteorologyj’ 6

The climate of the Mahoning River Basin is characteristic of northern
Ohio. The mean annual air temperature is approximately 50°F with
maximum daily temperatures averaging 83°F during July and minimum daily
temperatures averaging 28°F during January. Figure IV-8 is an isohyetal map
of the basin depicting annual mean precipitation in inches; average rainfall
across the basin is approximately 36.5 inches. Average annual snowfall is
approximately 38 inches. The growing season for the basin averages

between 140 and 150 days. Table IV-2 presents mean air temperatures,
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TABLE

Iv -1

CHARACTERISTICS OF SOIL ASSOCIATIONS

Soil Slope
Association Range Soil Features and/or Limitations for Selected Uses
Septic Tank Agriculture Roads and
Leachl and 2 Ponds and Parking Pipelines
Fields Landscaping Recreation Lakes Lots and Sewers
Mahoning nearly level wetness, wetness, wetness, few wetness, seasonal high
Ellsworth to strongly slow poor tilth, temporary limitations, frost water table
sloping permeability clayey wetness clayey, heave
erosion subject to
cracking
Mahoning nearly level wetness, wetness, wetness, few wetness, seasonal high
Remsen to gently slow poor tilth, temporary limitations, frost water table,
sloping permeability clayey, wetness clayey, heave, high '
erosion subject to high shrink-swell
cracking shrink-swell -
Wadsworth nearly level wetness, wetness, wetness, few wetness seasonal high
Rittman to sloping slow erosion temporary limitations water table
permeability wetness
Canfield nearly level wetness, temporary wetness, few temporary seasonal high
Ravenna to sloping slow wetness temporary limitations wetness, water table,
permeability wetness frost heave seepage above
fragipan
Conneaut nearly level wetness temporary wetness, moderate temporary seasonal high
Painesville to gently wetness temporary seepage wetness, water table
sloping wetness frost heave
Canadea nearly level wetness, wetness, wetness moderate wetness, seasonal high
Sebring slow poor tilth, seepage poor water table
permeability clayey stability,

frost heave



TABLE

IV - 1 (Continued)

CHARACTERISTICS OF SOIL ASSOCIATION

Soil Slope
Association Range Soil Features and/or Limitations for Selected Uses
Septic Tank Agriculture Roads and
Leac and 2 Ponds and Parking Pipelines
Fields Landscaping Recreation Lakes Lots and Sewers
Chili nearly level few seasonal few high few few
Wheeling to strongly limitations, drouthiness, limitations seepage limitations limitations
{(Muck) sloping possible ground wind erosion except on muck rate except very on Chili and
water on farmed low stability Wheeling,
contamination and wetness high water
(muck) is on muck table in
severe muck
Colonie- gently few sandy, few high few possible
Conotton sloping limjtations, drouthy limitations seepage limitations caving
Elnora possible ground rate
water
contamination
Loudonville sloping to shallow to shallow to steep shallow to shallow to bedrock at
Weikert very steep bedrock, bedrock, slopes bedrock bedrock 2 to 4 feet,
steep slope some steep steep slopes stony
slope
Platea level to wetness, wetness wetness, few wetness seasonal high
Sheffield sloping slow temporary limitations water table
wetness

permeability

1Appli&s to homes, light industrial and commercial buildings of less than four stories with basements.
Soils of slow- permeability are defined by percolation rates of 0.063-0.200 inches per hour.

2Applies to athletic fields, campsites, and picnic areas.

Source: Preparec{ as part of the Ohio Cooperative Soil Survey by Division of Lands and Soils. Ohio Department of Natural Resources;
U. S. Soil Conservation Service; and the Ohio Agricultural Research and Development Center.
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FIGURE I'Z-8

MAHONING RIVER BASIN
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SOURCE: Northeast Ohio Water Plan, 1972




TABLE 1V - 2

CLIMATIC DATA FOR NORTHEAST OHIO

Average Dates of Average Length
Mean Temperature, (°F) Killing Frost of Growing

Area Annual July  January First Last Season (Days) Latitude
Cleveland : 49.9 72.2 27.5 Nov. 2 Apr. 21 195 41%24' N
Painesville 49.9 71.0 28.2 Nov. & Apr. 24 193 41%5 N
Akron 49.7 72.4 27.0 Oct. 22 Apr. 30 173 40°55' N
Chardon 48.9 70.6 26.2 Oct. 17 May 3 167 41°35' N
Hiram 48.8 71.2 26.1 Oct. 15 May 2 165 “ 41°19' N
Youngstown 48.7 70.6 26.0 Oct. 4 May 12 145 41°16' N
Ravenna 49.2 70.6 27.1 , Sept. 25 May 14 133 41°10' N
Warren 50.3 72.1 27.8 Sept. 24 May Il 148 41°12' N
Canfield 49.2 70.8 27.0 Sept. 28 May 11 142 ‘ 41°01' N
Reference: Climate Guide for Selected Locations in Ohio, Division of Water, Ohio Department of Natural

Resources.

U. S. Department of Commerce, Climatological Summary.



average dates of killing frost and the average length of the growing season

for selected locations in the basin and other locations in northeast Ohio.

D. Land and Water Uses

Table IV-3 presents a summary of land use within the seven Ohio

counties included in the Mahoning River Basin. As shown in Table IV-4, only
small portions of Ashtabula, Columbiana, Geauga, and Stark counties are
actually in the basin. Land uses in the basin associated with portions of
these counties are primarily agricultural and residential. As shown in Table
1V-3, approximately 35 percent of the land within the basin is devoted to
cropland, 25 percent to forest and woodland, 17 percent to urban and
developed areas, and 17 percent to various farm and nonfarm uses. Less
than 0.5 percent of the basin is covered by water.

The Mahoning River Valley from Warren, in the northwest portion of
the basin, to Lowellville near the Pennsylvania line, is characterized as a
large urbanized area, comprising industrial, residential and commercial uses.
On the 36 miles of river frontage from Newton Falls to the Pennsylvania line
approximately ten miles are in open and undeveloped land. Eight miles of
this open land are evident from Newton Falls to Warren and two miles near
Lowellville. The reach in Pennsylvania from the State line to New Castle is
mostly undeveloped, although some urban development extends into the
Mahoning Valley of Pennsylvania from the outskirts of New Castle.

Approximately five miles of river frontage in the Mahoning River
Valley is in intensive urban development with a mix of residential,
commercial and industrial uses evident as the river pases southeast through
Warren, Niles, McDonald and Girard in Trumbull County. The stretch from
lower Warren to Niles is characterized by scenic, undeveloped river banks.
Nearly 60 percent, or about 21 miles, of river front from Newton Falls to
the Pennsylvania line is in heavy industrial use that includes several major
steel mills.

Manr uses of the basin's water resources are municipal, industrial, and
recreational. Other uses include livestock watering, fish and wildlife
propagation, and disposal of municipal and industrial wastes. Flow

augmentation is practiced on the Mahoning River by the U. S. Army Corps of



TABLE IV-3

MAHONING RIVER BASIN PLANNING AREA

1967 LAND USE

(ACRES)
Ashtabula % of Columbiana % of Geauga % of Mahoning % of Portage % of Stark % of Trumbull % of
County Total County Total County Total County Total County Total County Total County Total
Area of County 451,340 342,103 259,080 268,160 319,320 366,720 391,145
Urban and 57,959 12. 43,804 12.8 31,825 12.3 77,326 28.8 36,206 11.3 86,458 23.6 60,638 15.5
Decveloped Area
Water Area 1,100 0. 803 0.2 1,258 0.5 754 0.3 1,332 0.4 147 < 0.1 2,000 0.5
Cropland 142,954 31. 142,803 41.7 80,591 31.1 80,026 29.8 115,622 36.2 152,777 41.7 105,583 27.0
Pasture and 24,310 5. 52,828 15.4 19,057 7.4 15.485 5.8 32,053 10.0 23,157 6.3 32,127 8.2
Range
Forest and 135,674 30. 88,768 25.9 100,663 38.9 31,026 11.6 89,327 28.0 67,120 18.3 86,224 22.0
Woodland
Other Land - 48,412 10. 6,600 1.9 14,465 5.6 16,048 6.0 3,990 1.2 10,000 2.7 30,719 7.9
in Farm
Not in Farm 40,931 9. 6,497 1.9 11,211 4.3 46,779 17.4 17,902 5.6 25,705 7.0 64,615 16.5
Federal Non- 0 0. 0 0.0 10 <0.1 716 0.3 22,838 7.2 1,356 0.4 92,239 2.4

Cropland

SOURCE: Ohio Soil and Water Conservation Needs Inventory, the Ohio Soil and Water Conservation Needs Committee, 1971.



TABLE 1V - &4

OHIO COUNTIES IN THE MAHONING RIVER BASIN

Total Portion in Basin
Area Area Percent
County (sq. mi.) - (sq. mi.) of County -

Ashtabula 709 113* 16
Columbiana 535 56 10
Geauga 409 6 1.5
Mahoning 425 352% 34
Portage 505 276 55
Stark 579 57 10
Trumbull 641 496% 78

SOURCE: Water Inventory of the Mahoning and Grand River Basins and
adjacent areas in Ohio, Ohio Department of Natural Resources,
Division of Water, April 1961.

* Includes 285 square miles drained into Pennsylvania by the Shenango River
and its tributaries.



Engineers to provide adequate cooling water for industry, for flood
protection, and for recreational use.

Table IV-5 presents the average water consumption of the five largest
industrial water users within the basin. With the exception of municipal
water used for boiler operation and sanitary service, these facilities use the
Mahoning River as their major water source. Total daily usage during
normal production amounts to over 800 million gallons. Based upon
minimum regulated streamiflows at Youngstown for July (480 cfs) and
January (225 cfs), the total flow of the river is used about 2.6 times during
the summer and as much as 5.6 times during winter low flow periods. Since
the Mahoning River is also a very shallow stream, several low head dams
were constructed at various strategic points downstream of Leavittsburg to
provide adequate depth for industrial intakes. Some of the smaller industrial
water users on the Mahoning are Benada Aluminum Products Co., General
Electric - Mahoning and Niles Glass Plants, Fitzsimmons Steel Company,
Jones & Laughlin Steel, Reactive Metals Inc., Packard Electric Division -
GMC, and the Wilkoff Company. Most of these dischargers obtain water
from various municipalities and do not use surface water directly. Industrial
water demand projections, by county, through the year 2020 are presented in
Table IV-6A.

Current public water supplies within the basin are listed in Table 1V-7
with projected demands of the major systems through the year 2020
presented in Table IV-8. Table IV-7 shows that approximately 70 mgd were
processed by local water treatment plants for municipal usage in 1974,
Because of its severely polluted condition, the main stem of the Mahoning
River below Warren has never been used for potable water supply. However,
the Beaver River is used by the town of Beaver Falls, Pennsylvania as its
potable water supply. Tables IV-6B and IV-9A and B present projected rural
and suburban domestic water demand, projected livestock water demand and
projected crop irrigation water demand.

Major recreational areas in the basin, those 50 acres or larger in area,
are located on Figure 1V-9, which is keyed to Table IV-10 providing details
for specific areas. Table IV-10 shows that the reservoir system in the
Mahoning River Basin provides considerable recreational opportunities,

however, the Lower Mahoning River itself is generally not used for



TABLE

vV -5

MAJOR INDUSTRIAL WATER CONSUMPTION

LOWER MAHONING RIVER BASIN

Copperweld Steel Corporation
Steel Bar Division

Ohio Edison Company
Niles Electric Steam
Generating Plant

Republic Steel Corporation
Warren Plant
Niles Plant
Youngstown Plant

Youngstown Sheet and Tube Company
Brier Hill Works
Campbell Works
Struthers Division

U. S. Steel Corporation

McDonald Mills
Ohio Works

- TOTAL

Flow (mgd)
34.6

209.5

Source

Mahoning River

Mahoning River

Mahoning River

Mosquito Creek
Mahoning River

Mahoning River

Mahoning River

SOURCES: Industrial Discharge Permit Applications (1971 - 1973)



TABLE IV-6A

MAHONING RIVER BASIN PLANNING AREA
INDUSTRIAL WATER DEMAND PROJECTIONS
IN MILLTON GALLONS PER DAY (MGD)

County 1980 1950 2000 2010 2020
Ashtabula 184.6 158.3 117.0 103.6 81.9
Columbiana 2.2 2,6 3.0 3.6 4.0
Mahoning 437.6 416.1 310.5 246.4 220.7
Poriage 4.0 4.2 5.2 6.1 6.6
Stark 9.8 9.6 . 9.0 9.6 16.3
Trumbull 120.8 123.9 126.3 130.3 129.9
TOTAL 759.0 715.2 571.5 499.6 453.4
TABLE IV-6B

RURAL AND SUBURBAN.DOMESTIC WATER DEMAND PROJECTIONS*
IN MILLION GALLONS PER DAY (MGD)

County 1980 1990 2000 2010 2020
Ashtabula 1.80 1.84 1.99 2.02 2.17
Columbiana 2.75 2.80 3.02 3.08 3.31
Mahoning . 3.46 3.07 2.85 2.4 2.15
Portage 5.02 5.02 5.32 5.32 5.61
Stark 0.60 0.69 0.76 0.77 0.83
Trumbull 243 248 2.68 273 2.93
TOTAL 16.06 15.90 16.62 16.36 17.00

* Principally individual sources of well water withdrawal.

Source: Northeast Ohio Water Plan, Ohio Department of Natural
Resources, November 1972,



TABLE IV -7

MAHONING RIVER BASIN PLANNING AREA
MAJOR PUBLIC WATER SUPPLIES

1974
Consumption
System (MGD) Source
Alliance 8.3 Upper and Lower Deer Creek Reservoirs,
Mahoning River and Wells
Columbiana 0.4 Wells
Cortland 0.38 Wells
Craig Beach 0.06 Wells
Garrettsville 0.37 Wells
Hiram 0.18 Wells
Mahoning Valley 38 Meander Creek Reservoir
Sanitary District
Mosquito Creek Water 0.06 Wells
District
Newton Falls 1.0 Mahoning River
Ohio Water Service Co. 5.7 Lake Evans (4.3 MGD)
Lake Hamilton (1.4 MGD)
Ravenna Ordinance Depot 0.1 Wells
Sebring 0.9 Mahoning River
Warren ' 14.5 Mosquito Creek Reservoir
Windham 0.3

SOURCE: Ohio Environmental Protection Agency, Northeast District Office,
Water Supply Section, April 23, 1975.



TABLE 1V - 8

MAHONING RIVER BASIN PLANNING AREA
MAIJOR PUBLIC WATER SUPPLIES AND DEMAND PROJECTIONS

Average Daily Demand (MGD)

System 1969 1980 1990 2000 " 2010 2020
Alliance! 6.46 7.4 9.0 10.86 13.07 15.60
Columbiana .37 71 .91 1.07 1.32 1.59
Cortland .26 .40 - .55 .70 .87 1.06
Craig Beach .08 | .28 .36 41 47 32
Garrettsville .25 .33 .51 .85 1.08 1.30
Hiram 11 .25 45 .69 .96 1.23
Mahoning Valley , 37.13 44,00 52.25 60.75 73.20 86.50
Sanitary District
Mosquito Creek .01
~ Water District
Newton Falls 1.14 1.45 1.78 2.18 2.58 3.01
Ohio Water 4.05 5.78 7.02 8.18 9.32 10.30
Service Co.
Ravenna 1.10 1.12 1.18 1.16 1.18 1.20
Ordinance Depot
Sebring® .85 1.00 1.20 1.37 1.56 1.74
Warren’ 13.62 17.25 22.55 27.85 33.65 39.00
Windham .25 .45 .65 .91 1.23 1.59
TOTAL 65.67 80.46 98.37 116.98 140.49 164.65

1. Includes East Alliance

2, Includes McDonald, Youngstown, Niles, part of Lordstown, Austintown, Boardman, Girard,
Canfield, Coltsville Center, North Jackson, Smiths Corners, Wickliffe, and Mineral Ridge

3. Includes Campbell, Lowellville, North Lima, Poland, and Struthers
4. Includes Beloit and Maple Ridge

5. Includes part of Lordstown, Howland Corners, and Leavittsburg

SOURCE: Northeast Ohio Water Plan, Ohio Department of Natural Resources, November 1972.



TABLE IV-9 A

MAHONING RIVER BASIN PLANNING AREA
LIVESTOCK WATER DEMAND PROJECTIONS
IN MILLION GALLONS PER DAY (MGD)

County 1980 1990 2000 2010 2020
Ashtabula 0.66 0.61 0.61 0.55 0.49
Columbiana 0.41 0.38 0.38 0.35 0.32
Mahoning 0.32 0.31 0.31 0.28 0.26
Portage 0.39 0.36 0.36 0.33 0.30
Stark , 0.07 0.07 0.07 0.06 0.05
Trumbull 0.43 0.40 0.41 0.38 0.35
TOTAL 2.28 2.13 2.14 1.95 1.77

TABLE IV-9B

CROP IRRIGATION WATER DEMAND PROJECTIONS
IN MILLION GALLONS PER DAY (MGD)

County 1980 1990 2000 2010 2020
Ashtabula 253 300 341 34l 355
Columbiana 426 569 6ul 687 727
Mahoning 433 498 562 570 601
Portage 829 919 978 1020 1057
Stark 93 98 105 110 110
Trumbull 232 260 260 266 276
TOTAL 2266 2644 2890 2997 3126

SOURCE: Northeast Ohio Water Plan, Ohio Department of Natural
Resources, November 1972, .
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TABLE IV-10

WATER BASED RECREATION - MAJOR RECREATIONAL AREAS

Key to Administrative Acres Activities
County Figure 1V-9 Name of Area Agency Total Land Water Boating Fishing ~ Swimming
Columbiana 1 Lake Pine Sportsmen's Club Private 65 56 9 X X
Columbiana 2 Paradise Lake Park Private 130 100 30 b x
Columbiana 3 Valley View Hunt Club Private 338 338 0 X
Columbiana 4 Willow Springs Lake Private 60 53 7 X
Columbiana 5 Westville Lake Alliance 160 21 139 X
Mahoning 6 Lake Park Wildlife Area Alliance 93 73 20 X X
Stark 7 Silver Park Alliance 55 54 1 X
Portage 8 Shultz Lake Private 60 63 37 X X
Portage 9 Hickory Hills Park Private 62 47 15 X X
Portage 10 Silver Spur Ranch Club Private 250 244 ‘ X X X
Portage 11 Family Acres Private 52 50 X X
Portage 12 Leisure Lake Park Private 200 187 i3 X X
Portage 13 Hideaway Woods Lake Private 57 52 5 X
Trumbull 14 Ridge Ranch ' Private 115 100 15 X b X
Trumbulil 15 Niles Conservation Club Private 52 2 50 X
Trumbull 16 Paramount Lake Private 110 85 25 X X
Trumbuli 17 Liberty Lake Private 119 20 99 X p 4
Mahoning 18 Lake Palmyra Park Private 106 103 3 _ X
Mahoning 19 Arrowhead Lake Park Private 300 275 25 X X X
Mahoning 20 Greenfield Lake Private 80 72 8 X
Mahoning 21 Calvins Marsh Private 150 20 130 X X
Mahoning 22 Lake Wilaco Private 200 192 8 X



TABLE 1V - 10
(continued)

WATER BASED RECREATION - MAJOR RECREATIONAL AREAS

Key to Administrative Acres Activities
County Figure IV-9 Name of Area Agency Total Land Water Boating Fishing  Swimming

Mahoning 23 Hamilton Lake OH Water Svc. 104 0 104 X X

Mahoning 24 New Middletonn Sports Club Private 64 60 X

Mahoning 25 Rolling Meadows Lake Park Private 80 77 3 x

Mahoning 26 Canfield's Sports Cons. Club Private 102 100 2 x X

Mahoning 27 Western Reserve Lake Private 95 80 15 X

Mahoning 23 Eastern Ohio Cons. Club Farm Private 78 72 6 X

Columbiana 29 Ponderosa Park Private 87 77 10

Portage 31 W. Branch Reser. State Park DNR 7873 5223 2650 b4 X

Portage 30 Berlin Reservoir COE 4810 3090 1720 X

Portage 30 Berlin Reser. Wildlife Area DNR 713 709 4 X

Stark 30 Berlin Reservoir COE 507 215 292 X X

Stark 30 Deer Creek Reservoir Alliance 323 10 313 X

Mahoning 30 Berlin Reservoir COE 2059 735 1324 X X

Mahoning 30 Berlin Reservoir Wildlife Area DNR 570 570 0 X

Trumbull 32 Mosquito State Park DNR 11833 3983 7850 X X X
Mahoning 33 Mill Creek Park Youngstown 2389 2213 176 b ¢ X

Township
Mahoning 34 Evans Lake OH Water 566 0 566 X X
Sve. Co.
Mahoning 29 Lake Milton Youngstown 2856 . 1171 1685 X X X

SOURCE: Northeast Ohio Water Plan, 1972.



recreational use because of its inaccessibility in most areas and the high
degree of pollution that persists. With more than ample recreational areas
provided by the extensive reservoir system in the basin, there has been little
local interest in upgrading the Lower Mahoning River for extensive

recreational uses.

E. Demograghyl’ 7,8,9

Based upon the 1970 census, the population in the Mahoning River
basin was approximately 600,000 people, or about 5.6 percent of Ohio's
population of 10,650,000 people. Approximately 95 percent of the basin
population resides in the Mahoning and Trumbull counties.

Population growth of the Mahoning-Trumbull counties area, as it is
generally throughout the country, has been almost exclusively a function of
the area's economy. Past trends in population growth have generally
followed the changing pattern of demand for the area's major product -steel.
Future growth will be primarily related to the steel industry and the valley's
ability to attract new industrial development. Table IV-11 presents a listing
of the major population centers and the relative change between 1960 and
1970. With few exceptions, the population of the basin municipalities
exhibited increases between 1960 and 1970. The population of the two major
urban areas, Youngstown and Warren, declined from 1960 to 1970. This loss
of population reflects a lag in economic growth over the same period,
especially during 1961 through 1963 and the first part of 1967, and migration
to less densely populated townships and smaller cities and villages.

Table IV-12 illustrates decennial population projections for major
population centers in the basin. Note that Trumbull County consistently
demonstrates a higher growth rate than Mahoning County. The rapid growth
of Trumbull County is projected to continue through 2020, while the growth
rate of Mahoning County is moderate through 2000 and is projected to
decline to slightly less than the 1970 population by the year 2020.

The Ohio Bureau of Employment reports that civilian labor forces in
Mahoning' and Trumbull Counties in 1974 were 133,500 and 105,500,
respectively. Table IV-13 illustrates a slow steady growth in the civilian

labor force for Mahoning and Trumbull Counties, between 1968 and 1974



TABLE IV - 11

MAHONING RIVER BASIN - MAJOR POPULATION CENTERS

Location 1960 1970 Change %
MAHONING COUNTY 300,480 304,057 +1.1
Campbell 13,406 12,577 -6.6
Canfield - 3,252 5,468 +68.0
Craig Beach 1,139 1,532 +34.5
Lowellville 2,055 1,943 -5.8
Poland 2,766 3,117 +12.7
Struthers 15,631 15,343 -1.9
Youngstown 166,689 139,901 -19.1
TRUMBULL COUNTY 208,526 232,579 +11.5
Cortland 1,957 2,666 +36.2
Girard 12,997 14,085 +8.3
Hubbard 7,127 8,688 +21.7
McDonald 2,727 3,177 +16.5
Newton Falls 5,038 5,378 +6.7
Niles 19,545 21,489 +9.9
Warren 59,648 58,037 -2.8
PORTAGE COUNTYl 91,798 123,588 +34.6
Garrettsville 1,622 1,690 +4.2
Hiram 1,011 1,475 +45.9
Windham 3,777 3,200 -18.0
STARK COUNTY1 340,345 368,559 +8.3
Alliance 28,362 26,376 -7.5

1
the Mahoning River Basin.

SOURCES: U. S. Census Bureau
Northeast Ohio Water Plan

A small percentage of population of Portage and Stark Counties lie within



TABLE 1V - 12

MAHONING RIVER BASIN - POPULATION PROJECTIONS

1960 1970 1980 1990 2000 2010 2020
MAHONING COUNTY 300,480 304,057 316,988 326,789 330,056 © 320,919 302,456
Campbell 13,406 12,577 12,594 12,717 12,709 12,292 11,554
Canfield 3,252 5,468 6,151 6,308 7,112 7,030 6,630
Craig Beach 1,139 1,531 1,607 1,727 1,779 1,747 1,655
Lowellville 2,055 1,943 1,789 1,780 1,764 1,700 1,594
Poland 2,766 3,117 3,039 3,154 3,196 3,113 2,936
Struthers 15,631 15,343 15,328 16,204 16,309 15,829 14,905
Youngstown 166,689 139,901 132,575 129,240 126,777 121,442 113,595
TRUMBULL COUNTY 208,526 232,579 266,919 306,534 346,893 378,617 400,896
Cortland 1,957 2,666 3,107 3,683 4,233 4,656 4,948
Girard 12,997 14,085 16,252 18,590 20,996 22,894 24,229
Hubbard 7,137 3,638 10,377 12,155 13,890 15,233 16,169
McDonald 2,727 3,177 3,703 4,293 4,881 5,340 5,661
Newton Falls 5,038 5,378 6,025 6,837 7,692 8,370 8,349
Niles 19,545 21,489 26,413 30,600 34,780 33,043 40,325
Warren 59,648 58,037 73,264 83,547 94,212 102,646 108,589
PORTAGE COUNTY! 91,798 123,588 171,266 228,400 288,695 339,365 372,234
Garrettsville 1,622 1,690 2,000 2,639 2,939 3,370 3,650
Hiram 1,011 1,475 2,123 2,884 3,678 4,343 4,775
Windham 3,777 3,200 3,128 3,301 3,622 3,934 4,138
STARK COUNTY! 340,345 368,559 421,867 478,771 522,722 547,046 551,774
Alliance 28,362 26,376 27,709 30,038 32,026 33,114 33,198

SOURCE: Northeast Ohio Water Plan, 1960-1970 Census.

L A small percentage of population of Portage and Stark Counties lie within the Mahoning River Basin.



TABLE 1V - 13

MAHONING RIVER BASIN
CIVILIAN LABOR FORCE MAHONING & TRUMBULL COUNTIES

1968-1974%
Mahoning Trumbull
1968 120,325 93,475
1969 124,075 98,125
1970 120,800 95,500
1971 123,125 97,175
% change 1.9 1.8
1972 123,100 97,300
% change - 0.1
1973 126,825 100,375
% change 3.0 3.2
1974 133,500 105,500
% change 5.3 5.1
Percent Increase 10.5 10.5
1970-1974
Average ‘
Annual 2.5 2.5
Increase

SOURCE: Division of Research & Statistics,
Ohio Bureau of Employment Services

* Data for 1968-1969 represent all persons who work in each county,
while 1970-1974 data represent only those persons who live and
work in each county.



with an annual average increase of 2.5 percent. The manufacturing, retail
trades, service and construction industries provide most of the present basin
employment with the basic steel industry accounting for about 27,000 direct

jobs.

F. Economy

Aside from the limited discussion of the area's economy presented
earlier, a review of more detailed information is beyond the scope of this
report. Additional data can be found in the following references:

l.  Population and Economics - Part 1, June 1970. Mahoning-
Trumbull Counties Comprehensive Transportation and
Development Study.

2. Comprehensive Transportation and Development Study -
Economic Inventory Report 1, March 1968.

3. Employment Trends in EDATA Planning Region - Eastgate
Development and Transportation Agency, 1975.

4. EDATA Economic Trends - A Bimonthly Summary of
Economic Indicators.

5. Economic Impact of Pollution Control Regulations on Steel
Plants in the Mahoning River Valley - Booz, Allen &
Hamilton Management Consultants for USEPA, April 1976.

G. Hydrology

The hydrology of the lower Mahoning River is extremely complex and
significantly affects water pollution abatement requirements necessary to
achieve desired stream standards, both within Ohio and in Pennsylvania.
Natural streamflows have been altered by an extensive reservoir system
constructed for low flow augmentation and temperature control, flood
control, and water supply, and by several low head channe! dams in the
Leavittsburg-Lowellville reach of the river. Table IV-14 lists the major
reservoirs in the basin and summarizes total storage capacity and the

capacity allocated for low flow augmentation.lo’ 1

Figure IV-1 illustrates
the location of each reservoir while the location of the low head dams can
be found in Figure IV-17. The discussion presented herein is limited to water

quality design flow considerations and to operation of the reservoir system



TABLE IV - 14
MAJOR RESERVOIRS IN MAHONING RIVER BASIN

Tributary Total Summer low flow
Year Owner or Drainage Area Storage Capacity Storage Capacity
Reservoir Completed Operator (Sq. Mi.) (Acre feet) (Acre feet) % of Total
Milton Reservoir . 1917 City of Youngstown 273 29,770 21,500 72
Meander Creek 1931 Mahoning Valley 84 35,500 - 0
Sanitary District

Berlin Lake 1943 Corps of Engineers 248 91,200 56,600 62
Mosquito Creek Lake 1944 Corps of Engineers 98 104,100 69,400 63
Michael J. Kirwan Reservoir 1966 Corps of Engineers 81 78,700 - 52,900 67
TOTAL 339,270 200,450 59

Note: For Berlin Lake, the amount of storage available for low flow augmentation depends upoﬁ storage withdrawn for water supply.
The minimum low flow storage capacity is 37,200 acre feet.

SOURCES: (1) Water Resources Data for Ohio - 1974, Part 1. Surface Water Records, U. S. Geological Survey.
(2) Water Resources Development in Ohio, 1975, U. S. Army Corps of Engineers.
(3). Personal Communication with Max R. Janairo, Jr., Colonel, U. S. Army Corps of Engineers, Pittsburgh Dist., September 1976.



for low flow augmentation rather than expanded to a broad review of the
basin hydrology encompassing annual flow duration and yield, maximum
flood flows, and other hydrologic data.

Ohio water quality standards, EP-1-01 (B) (1), establish the annual
minimum consecutive seven day average streamflow with a ten year
recurrence interval (7 day - 10 year low flow) as the water quality design
flow, or the minimum flow at which stream standards are to be achieved.
Pennsylvania water quality standards do not specify a design flow, although
the 7 day -10 year low flow is employed for water quality design purposes in
Pennsylvania. For the lower Mahoning River at Youngstown, the natural
design flow would probably be much less than 50 cfs (1 cfs = 0.646 mgd)
without the construction and operation of the reservoir sys*cem.12 However,
current operation of the system by the U. S. Army Corps of Engineers is
designed to provide guaranteed minimum streamflows ranging from 225 cfs
at Youngstown during the months of November through March, to 480 cfs

3 This schedule has been developed over the past sixty years

during July.
beginning with the construction of Milton Lake by the City of Youngstown in
1917 to provide low flow augmentation for steel production during World
War I. Berlin Lake and Mosquito Creek Lake were constructed during World
War 1I, primarily for low flow augmentation and flood protection. The
Michael J. Kirwan Reservoir (West Branch) was added in 1966 for additional
low flow augmentation and flood protection. Meander Creek Reservoir was
constructed in 1931 for water supply purposes only. (Berlin Lake can be used
to augment the water supply potential of Meander Creek Reservoir.) The
Corps of Engineers operates these reservoirs as a system, generally using
Berlin Lake-Milton Lake and Kirwan Reservoir to maintain the schedule at
Leavittsburg, and Mosquito Creek Lake to maintain the schedule at
Youngstown.“’t

Figure IV-10 presents the current flow schedules the Cérps of
Engineers is maintaining at Leavittsburg and Youngstown, labeled BL and
BY, respectively.14 Also shown are schedules encompassing alternate
releases for the Warren and Youngstown water supplies and the Kirwan
Reservoir. The BY-BL schedule includes an allocation of up to 17 mgd from
Berlin Lake for the Youngstown water supply and up to 16 mgd from

Mosquito Creek Lake for the Warren water supply. This schedule is designed
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to control mean stream temperatures in Youngstown to 98°F in July based
upon 1958-1959 industrial production levels. The location of the
temperature control point is at the Youngstown Sheet and Tube Company -
Campbell Works river intake.

According to the Corps of Engineers, the succession of drought years
from 1930 to 1934 serves as a basis for the present reservoir storage and
release schedules.ll'l Minimum regulated flows were determined from
rainfall, runoff, evaporation, temperature, and storage computations for the
1930-1934 period. Maintenance of these schedules during a similar drought
period would result in almost complete depletion of the storage in each
reservoir, thereby fully consuming the water resources in the basin.

Since EP-1-01 (B) (1) also provides for consideration of hydraulically
altered flow regimes in establishing water quality design flows; it is
appropriate to consider the minimum regulated schedule as the design flow
for the Mahoning River. The duration or percent of time the regulated flows
are achieved could result in non-attainment of desired aquatic life uses,
notably in Pennsylvania. Figure IV-11 illustrates the actual flow duration
experienced at the Leavittsburg, Youngstown and Lowellville USGS stream
gages for the 1943-1965 period.15 While these data cannot be directly used
to determine the frequency at which the BY-BL schedule was achieved prior
to the construction of the Kirwan Reservoir, Figure IV-11 serves to
illustrate the high frequency at which relatively low flows are encountered
in the basin. For example, the annual average flow from schedule BY is
about 300 cfs at Youngstown. This flow was equaled or exceeded only 77
percent of the time from 1944-1965; the maximum flow from schedule BY
(480 cfs) was achieved less than 50 percent of the time. Also shown on
Figure IV-11 is the simulated annual flow duration at Youngstown prepared
by the Corps of Engineers for the 1930-1966 period assuming operation of
existing reservoirs in the basin and no regulation for excessive stream
’cempera‘cures.16 This curve primarily reflects the addition of the Kirwan
Reservoir, showing an increase over the actual 1944-1965 duration at flows
less than 400 cfs. Since the 1930;1966 simulation period includes the severe
drought years of 1930-1934, a simulation of the 1944-1965 period would most
~ likely also illustrate an increase over actual duration for flows greater than
400 cfs.



10,000

8000

4000

7000

€000

8000

4000

3000

2000

500

400

300

200

ico

Sources: (l) Flow Durotion of Ohio Streams Bullitin 42

FIGURE I -1l

MAHCNING RIVER BASIN

FLOW DURATION AT
LEAVITTSBURG -YOUNGSTOWN = LOWEL LVILLE

Lowellville (1944-1965)
(1931-1960 Adjusted Mean Discharge
1000 ¢cfs, 0.932¢ts /sq. mi.)

Youngstown (1944-1965)
(1922-1965 Mean Discharge
83lcfs, 0,925¢fs/sq.mi.)

Simulotion-Youngstown
{i1930~-1966)

Leovittsburg (1943-1965)
(1931-1960 Adjusted Mean Discharge
533 c¢cts, 0.927cts/sq.mi.)

Ohio Department of Notural Resources.
(2) U.S. Army Corps of Engineers.

1 1 1 1 1 1 1 i

20 30 40 50 60 70 80 950
% OF TIME FLOW EQUALLED OR EXCEEDED

5L



While Figure 1V-11 provides some insight as to the occurrence of low
flows at Youngstown, attainment of the BY schedule throughout the year is
not addressed. Since the schedule encompasses significant annual variation
which is opposite that of most natural streams, attainment of the schedule
throughout the year becomes important for water quality considerations.
Figure 1V-12 presents a comparison of the daily minimum regulated schedule
with actual monthly flow duration for the 1944-1975 period of record.17
Since a direct comparison of daily minimum regulated schedule with monthly
flow duration cannot be made, the monthly flow duration data were plotted
at the beginning of each month with an ascending schedule (April, May,
June, July) and at the end of each month with a descending schedule
(August, September, and October); the flow duration data were plotted at
the middle of each month for which the schedule is constant (November
through March). Plotting the data in this fashion more clearly illustrates the
flow duration trends in relation to the daily minimum schedule. The 1944-
1975 period includes full operation of Mosquito Creek Lake and Berlin Lake,
operation of the Kirwan Reservoir from 1968-1975, and the recent two-year
period when Milton Lake was taken out of service for emergency repairs.
Since the BY-BL schedule was not developed until the late 1950's and not
implemented until 1968 after Kirwan Reservoir became operational,18 it is
not possible to determine actual maintenance of the schedule from the data
in Figure IV-12. However, these data serve to illustrate frequent occurrence
of low flows in the past. A review of the data indicate the extreme 100
percent duration flows occurred during the summer months of 1952.

To confirm the ability of the existing reservoir system to achieve the
BY-BL schedule throughout the year, the Corps has also simulated monthly
flow duration for the 1930-1966 period assuming operation of the current
reservoir system, the actual hydrology of the basin during that time, and no

regulation for excessive stream tempera’tures.16

Figure IV-13 presents a
comparison of the simulated monthly flow duration with the BY schedule.
Since the simulated flow duration data represent monthly average values,
the data were plotted in the same manner as the data presented in Figure
IV-12. Figure IV-13 illustrates that simulation of the- current reservoir
system in the Mahoning River basin for the period 1930-1966 would have

resulted in attainment of the BY schedule had the Kirwan Reservoir been in
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operation for that time and had Mosquito Creek Lake and Berlin Lake been
in operation from 1930-1944. These data lead one to conclude that the
Corps can maintain the BY-BL schedule in the future although the overage
above the schedule expected during the June-August period will be minimal
at best. |

Figure IV-14 is a similar plot encompassing the 1968-1974 water years,
after operation of the Kirwan Reservoir was initiated.l6 The monthly flow
duration data were plotted in the same manner as the flow duration data in
Figure IV-12. These data illustrate significant shortfalls from the schedules
from May through August and attainment of scheduled flows during July only
about 80 percent of the time. The Corps of Engineers attributes the
nonattainment of the minimum schedules for the 1968-1974 period to the
lack of about 50 cfs of water for flow augmentation from Milton Lake which
was taken out of service during part of this time for emergency repairs.16

In addition to the streamflow provided directly by the reservoir
system, the municipalities which depend upon the reservoirs for potable
water add flow to the stream through discharges of partially treated sewage.
Table 1V-15 presents discharge points for the eight municipal sewage
treatment plants on or near the main stem of the lower Mahoning River,
annual average discharge flow rates for 1973, 1974, 1975 and, projected

19, 20, 21 These data indicate that the current

design flow rates for 1985.
annual average sewage volume of 50-55 mgd amounts to about 38 percent of
the regulated flow at Youngstown for the November through March period
and about 18 percent of the maximum July schedule. Since only the
municipalities of Warren, Niles, McDonald and Girard discharge above the
Youngstown gage, actual percentages at the gage are 14 percent of the
November through March schedule and about 6 percent of the maximum July
schedule. Over 50 percent of the total sewage volume is discharged at
Youngstown, about three miles downstream from the USGS gage.

Also shown in Table IV-15 are estimated 1985 design flow rates for the
most likely arrangement of regional sewage treatment systems in the

valley.zo’ zl

These data show a probable increase in sewage volume to
about 80 mgd or an increase of about 45 percent over current levels.

Included in the total are 5.8 mgd from the recently completed Meander
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TABLE Iv-15

MUNICIPAL SEWAGE TREATMENT PLANTS
LOWER MAHONING RIVER

STP Discharge Annual Average Discharge (MGD) Design Discharge (MGD)
Municipality (River Mile% 1973 1974 1975 Current 1985 (Estimated)
USGS Stream Gage at Leavittsburg (River Mile 46.08)
Warren 35.83 12.800 12.950 12.210 : 13.50 16.0
Meander Watershed 30.77 - - - - 5.8
Niles 29.47 3.729 4.157 4.163 3.00 10.0(1)
McDonald 27.32 0.529 0.605 0.805 0.61 -
Girard 25.73 3.174 2.680 1.840 1.80 .
USGS Stream Gage at Youngstown (River Mile 22.80)
Youngstown 19.78 _ 28.760 29.040  28.500 50.00 40.0(2)
Campbell 16.09 ’ 2.090 2.270 2.530 2.50 -
Struthers . 14.90 2,270 2.000 2.050 2.50 8.5(3)
USGS Stream Gage at Lowellville (River Mile 12.67) .
Lowellville 12.35 0.210  0.283  0.269 0.22 0.5
TOTAL -  53.560  53.990 52.370 ) 74.10 80.8

Notes: (1) Regional treatment facility serving Niles, McDonald, Girard and adjacent areas located at existing Niles Treatment Plant site.
(2) Regional treatment facility serving Youngstown and adjacent areas located at Mill Creek (River Mile 22.03).
(3) Regional treatment facility serving Campbell, Struthers and adjacent areas located at existing Struthers Treatment Plant site.

SOURCES: Ohio Envirenmental Protection Agency
Eastgate Development and Transportation Agency



Creek Watershed Plant and increases of about 4 mgd at Warren and 2 to 3
mgd from a regional Niles-McDonald-Girard facility, all of which will be
discharged above the USGS gage in Youngstown. The resultant increase in
flow at the gage should be about 12-13 mgd or about 19 cfs.

According to the Corps of Engineers, increases in sewage flow above
the gage would not result in alterations {o the BY schedule. Because of the
limited water resources of the basin, further augmentation to the regulated
schedule cannot be justified since the maximum yield of the reservoir

L4 The Corps has

system is currently being approached at the BY schedule.
indicated it could not provide increased flows during the November through
March period without a downward adjustment of the summer schedule.

Although limited recent data (Figure IV-14) suggest somewhat lower
design flows during the May-August period may be indicated, simulation
results of the 1930-1966 period and expected increases in sewage flow by
1985 indicate use of the BY-BL schedule for water quality design flow
purposes may be warranted. Figure IV-15 presents water quality design
profiles from the USGS gage at Leavittsburg to the Ohio-Pennsylvania State
line incorporating BY-BL schedule flows of 225 cfs (November-March), 300
cfs (September-October), and 480 cfs (July) at Youngstown. The expected
1985 municipal flows were applied to the stream at the most probable
location of the regional treatment facilities. ‘For the purpose of this
analysis, it was assumed that Berlin Lake-Milton Lake and Kirwan Reservoir
would be employed to maintain the schedule at Leavi\ttsburg with Mosquito
Creek Lake accounting for the difference to maintain the schedule at
Youngstown. Net additions from municipal systems were incrementally
added below the Youngstown gage. Contribution from minor tributaries
between Leavittsburg and Lowellville was assumed to be negligible, as is
usually the case during dry summer months and occasionally during the
winter because of freezing. Sensitivity of the water quality response to
changes in flow is reviewed in Section VIII.

It is important to note that flow in the Mahoning River will be at or
close to the BY-BL schedule frequently throughout the year, more so during
the June-October period and less frequently during the winter months.
Hence, the safety inherent in adoption of a water quality design flow based

upon rather extreme probability such as the 7 day-10 year low flow is
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lacking for the Mahoning River. For unregulated streams adjacent to the
Mahoning River basin, the ratios of design flows (Q7 lo) to annual mean
’

flows (Qa) are as follows:zz’ 23, 24

Drainage Area

Stream (Sq. Mi.) Q7,’10/Qal
Grand River near Madison 581 0.002
Ashtabula River near Ashtabula 121 0
Conneaut Creek at Conneaut 175 0.006
Little Beaver Creek near 496 0.036

East Liverpool

For the Mahoning River at Youngstown, this ratio would be about 0.3
assuming the annual mean of the BY schedule as the design flow.

For comparison purposes, the USGS was requested to compute
equivalent annual minimum consecutive seven day mean flows with various
recurrence intervals for the period 1944 to 1975 at the Lowellville,
Youngstown, and Leavittsburg gaging s‘cations.16 These data are presented
in Table IV-16. The 1944-1975 period was selected to include the time after
Berlin Lake and Mosquito Creek Lake became operational. In summary, the
data show 7 day-10 year low flows of 100 cfs, 156 cfs, and 197 cfs for
Leavittsburg, Youngstown, and Lowellville, respectvively. For Youngstown,
the value of 156 cfs represents only 69 percent of the minimum winter BY
schedule of 225 cfs, less than 33 percent of the maximum July schedule of
480 cfs, and about 52 percent of the annual average schedule value of 300
cfs. Table IV-16 also demonstrates the high frequencies at which relatively
low 7 day-10 year low flows have been occurring. Although the
determination of a 7 day-10 year low flow for a regulated stream has little
meaning in terms of Ohio Water Quality Standards the data further serve to
illustrate the tight flow regulation in the basin and the lack of safety
inherent in employing regulated flows for design purposes. Hence,
maintenance of a water quality criterion in the lower Mahoning River will
depend more upon the frequency at which design effluent discharges are
achieved rather than upon the frequent and prolonged occurence of the
design flow. For natural, unregulated streams design discharge levels are

generally based upon flows which infrequently occur.



TABLE IV - 16
3
ANNUAL MINIMUM CONSECUTIVE SEVEN DAY MEAN FLOWS
PERIOD OF RECORD 1944-1975
LOWER MAHONING RIVER

Recurrence
Low flow Interval Leavittsburg Youngstown Lowellville
Probability (Years) (cfs) (cfs) (cfs)
0.0! 100 71 125 146
0.02 50 78 132 158
0.05 20 39 144 178
0.10 10 100 156 197
0.20 5 115 173 222
0.50 2 148 213 280
0.230 1.25 189 266 350
0.90 L.11 213 ' 301 392
0.96 1.04 242 345 | 443
0.98 1.02 263 377 478

0.99 1.01 282 410 512

SOURCE: U. S. Geologica! Survey



Figure IV-16 is a cumulative drainage area graph for the entire
Mahoning River basin showing both the drainage area and location on the
main stem of major and minor tributaries. Also shown are locations of USGS
gaging stations and reservoirs. Significant changes in the slope of the
stream and pooling effects caused by the low head dams are illustrated in
Figure IV-17.

H.  Mahoning River Stream Mileage

Stream mileage along the main stem of the Mahoning River from its
confluence with the Shenango River near New Castle, Pennsylvania to just
upstream of the Copperweld Steel river intake in Warren Township was
determined from U. S. Army Corps of Engineers maps with a calibrated map
measure. The Corps of Engineers maps were developed from photographs
exposed during December 1961 for the Corps' Lake Erie - Ohio River Canal
study (scale 1:2400 or I' = 200'). Mileage from the most upstream point
covered by these maps (River Mile 42.90) to the Leavittsburg Dam in
Leavittsburg, Ohio (RM #46.08) were determined from United States
Geological Survey 7.5 minute series topographic maps for the Warren,
Champion, and Newton Falls quadrangles (scale 1:24000 or 1" = 2000").
Stream mileages to RM 42.90 are presented with two significant figures
beyond the decimal point (!52.8 ft. or 0.264 inches on the Corps' maps),
while the second decimal is estimated for mileages above 42.90. The zero
mile point for the Mahoning River was selected at the center track of the
Penn Central Railroad bridge nearest the confluence of the Mahoning and
Shenango Rivers.

Tables IV-17, 18, and 19 present stream mileage for tributaries,

bridges, dams, and USGS gages, respectively.
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TABLE IV - 17

MAHONING RIVER STREAM MILEAGE

(River mouth to Leavittsburg, Ohio)l

Tributary
Hickory Run
Byers Run
Coffee Run
Grays Run
Hines Run
Yellow Creek
Dry Run
Crab Creek
Mill Creek
Fourmile Run
Little Squaw Creek
Squaw Creek
Meander Creek
Mosquito Creek
Mud Creek
Red Run

Infirmary Run

K

River Miles Above Mouth

0.02

2.98
10.42
13.10
14,90
15.63
18.47
19.81
22.03
25.64
25.73
27.67
30.77
31.14
33.33
41.04

41.62



TABLE 1V - 18

MAHONING RIVER STREAM MILEAGE
(River mouth to Leavittsburg)

Bridges River Miles Above Mouth
Lawrence County, Pennsylvania
Penn Central RR (3 tracks) (center track) 0.00
Montgomery Av. A : 0.23
Route 18 0.42
Montgomery Av. 1.43
Penn Central RR (2 tracks) 1.52
Brewster Road 4.34
Route 224 6.76
Church Hill Road 9.69
Mahoning County, Ohio
Lowellville
Washington St. 12.64
Pittsburgh and Lake Erie RR (1 track) 13.52
Poland Township
Pittsburgh and Lake Erie RR (1 track) 14.21
Struthers
Bridge St. (State Route 616) 15.77
Pittsburgh and Lake Erie RR (1 track) 15.83
Penn Central RR (1 track) 16.64
Youngstown
Qakland Av. : 16.69
Penn Centra! RR (4 tracks) ' 17.82
Penn Central RR (2 tracks) 17.87
Center St. 18.29
Baltimore & Ohio RR (1 track) 16.51
Baltimore & Ohio RR (2 tracks) 19.17
Cedar St. 19.80
South Av. (State Route 164) 20.11
Market St. (State Route 57, U.S. Route 62) 20.49
Marshall St. 20.91
Mahoning Av. (State Route 18) 21.03
West Av. 21.50
Lake Erie & Eastern RR (2 tracks) 21.58
Baltimore & Ohio RR (2 tracks) 21.80
Baltimore & Ohio RR (2 tracks) 22.40
Interstate 6380 22.42
Erie-Lackawanna RR (1 track) 22.43
Bridge St. 22.73
Lake Erie & Eastern RR 22.93
Lake Erie & Eastern RR (2 tracks) 23.75
Division St. (Lower) 23.84
Division St. (Upper) 23.88

Youngstown & Northern RR (1 track) 24.82



TABLE IV - 18
(continued)

MAHONING RIVER STREAM MILEAGE

(River mouth to Leavittsburg)

Bridges

Trumbull County, Ohio 1
Girard
Baltimore & Ohio RR (1 track)
interstate 80
Liberty St.

Niles
Olive St.
Belmont Av.
Erie-Lackawanna RR (1l track)
Main St. (State Route 46)

Weathersfield Township
Penn Central RR
West Park Av.

Warren Township
Baltimore & Ohio RR (2 tracks)
Dover Av.

Warren
Main Av.
Baltimore & Ohio RR (1 track)
Erie-Lackawanna RR (2 tracks)
South St.
Market St. (State Routes 5 and 82)
Summit St.
Erie-Lackawannna RR (1 track)
Dunstan Av.

Leavittsburg
Leavitt Road

River Miles Above Mouth

25.78
26.20
26.77

29.52
30.48
30.76
31.30

33.24
33.71

36.94
36.95

38.08
38.66
38.70
38.71
38.91
39.93
40.02
41.51

46.02



TABLE 1V - 19

MAHONING RIVER STREAM MILEAGE
(River mouth to Leavittsburg, Ohio)

River Miles Above Mouth

Ohio-Pennsylvania State Line 11.61

Low Head Dams Location
1. Lowellville Dam Lowellville 12.81
2. Youngstown Sheet & Tube Dam Campbell 16.06
3. Republic Steel Dam Youngstown 17.98
4. Marshall Street Falls Youngstown 20.91
5. U. S. Steel Dam Youngstown 22.96
6. Liberty Street Dam Girard 26.82
7. Republic Steel Dam Warren 36.69
8. Summit Street Dam Warren o 39.99
9. Leavitt Road Dam Leavittsburg 46.08

USGS Stream Gages
1. Lowellville 12.67
2. Youngstown 22.80

3. Leavittsburg 46.02



10.

11.

12.

13.
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15.
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SECTION V
SIGNIFICANT WASTEWATER DISCHARGERS

3

As noted earlier, the basic steel industry dominates the economy of
the Mahoning Valley, and to a large extent, determines the quality of water
in the Mahoning River. The average net discharge from the nine major steel
plants may exceed 400,000 lbs/day of suspended solids, 70,000 lbs/day of oil
and grease, 9,000 lbs/day of ammonia-nitrogen, 500 lbs/day of cyanide,
600 lbs/day of phenolics, and 800 lbs/day of zinc. The oil discharge is
equivalent to over 200 barrels per day, or the equivalent of enough energy to
heat nearly 30,000 average sized homes. Including the discharge from the
Ohio Edison Power Plant, the total industrial thermal loading may exceed
four billion BTU's/hr during periods of peak steel production, enough energy
to heat 96,000 average sized homes. Unfortunately, this energy is not in a
usable form. As noted earlier, the major plants may use the entire flow of
the Mahoning River about 5.6 times during periods of winter critical flow
and about 2.6 times during periods of summer critical flow. The aggregate
discharge from the many smaller industrial facilities discharging to the
lower Mahoning River is insignificant compared to the steel industry
discharge. However, the total municipal discharge from the eight primary
sewage treatment plants is significant, amounting to over 27,000 lbs/day of
suspended solids, 33,000 lbs/day of BODS, and 3,600 lbs/day of ammonia-N.
A more detailed review of the major dischargers follows. Figure V-1
illustrates the locations of the major and significant smaller dischargers

along the main stem of the lower Mahoning River.

A. Industrial Dischargers

Table V-1 presents a summary of employment, water usage, and
production data for the nine most significant steel plants. Tables V-2 to V-

I1 present summaries of available discharge data for each steel plant and
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TABLE V- 1

MAJOR MAHONING RIVER STEEL PLANTS

Production Rates (Tons/day)

Approximate Water Coke Iron Steel Hot Cold
Facility Location Employment Usage Plants Making Making Forming Rolling  Pickling Coating
(mgd)
Copperweld Steel Corporation Warren 2300 34.6 2030 3540 400
Republic Steel Corporation Warren 4600 59.1 1413 3024 6825 11733 1611 3117 1245
Republic Steel Corporation Niles 200 1.7 990 1119
Republic Steel Corporation Youngstown 4100 73.9 2990 4290 7366 1605 207
U. S. Steel Corporation McDonald 2400 43.0 3640 . 760
McDonald Mills -
U. S. Steel Corporation Youngstown 3600 78.8 4200 5600 7086
Ohio Works
Youngstown Sheet & Tube Co. Youngstown 1900 . 55.6 1108 13850 8436 266
Brier Hill Works
Youngstown Sheet & Tube Co. Campbell 7900 232.8 4013 5050 5400 16506 2306 2400 391
Campbeli Works ’
Youngstown Sheet & Tube Co. Struthers See Above 22.9 975 225
Struthers Division
TOTAL 27000 602.4 3416 17672 23705 64282 6773 7796 2068

NOTES: 1. Employment data from permit applications and other industrial sources.
Breakdown between U. S. Steel plants is estimated.

2. Production data supplied by industries.



the Ohio Edison power plant at Niles. Tables | to 9 of Appendix A present a
summary of production operations, associated outfalls and existing waste
treatment facilities for each facility. Table V-12 summarizes the corporate

contribution of discharges to the Mahoning River.

1. Copperweld Steel Corporation 1

The main Copperweld Steel discharge is located just upstream from
the City of Warren about 42.6 miles above the mouth of the river (Figure V-
1). The company produces various alloy steels with electric furnaces and
may sell either ingots or finished and semi-finished bar products.1
Copperweld Steel accounts for about 9 percent of the raw steelmaking
capacity in the Valley. As there is no coking or iron making at this facility,
the primary contaminants of concern are suspended solids and oil and grease
resulting from hot forming and heat treating operations. Of the nine major
steel plants, Copperweld Steel accounts for about 2 percent of the aggregate
suspended solids discharge and about 4 percent of the aggregate oil and
grease loading. However, the Copperweld discharge is important because of
its high volume in relation to critical stream flows and because it imparts
turbidity and a visible oil sheen to the river in an area of good quality water
and few significant dischargers (Figure V-2). Although the company uses
about 37 percent of the stream during winter critical flows, the thermal
loading from the plant does not result in significant increases in stream
temperature.

Copperweld Steel has had an effective NPDES permit since 1974
which requires the company to treat and recycle its plant effluent with a

nominal blowdown to the river by July 1, 1977.

2. Republic Steel Corporation

Republic Steel's operations in the Mahoning Valley are inter-dependent
both within the Valley and with other Republic Steel operations in Ohio.2 Of
the three plants in the Mahoning Valley District, the Warren and Youngstown
Plants are most significant in terms of production and waste discharges.
The Warren Plant is fully integrated, producing coke, iron, steel, and semi-
finished and finished products. Most of the production is devoted to hot

strip with some cold rolling, galvanizing, and terne (lead) coating.z’



Figure V-2 Copperweld Steel Corporation river intake, effluent settling
basin, outfall 002 (July 1971). Note discoloration resulting from discharge.

e

Figure V-3 Republic Steel Corporation-Warren Plant coke plant and blast
furnace area; blast furnace discharge 013 at crest of dam (July 1971).



Although the plant is fully integrated, it depends upon the Youngstown Plant
for supplemental coke for its blast furnace and for hot metal (molten iron)
to keep its BOF steelmaking facility operating at capacity. The Youngstown
Plant has no steelmaking, but receives ingots and semi-finished strip from
23 A small
portion of the pipe produced is galvanized. The Niles Plant is a small

the Warren Plant for conversion into various sections and pipes.

pickling and cold rolling operation. Republic Steel produces about
29 percent of the raw steel in the Valley.

Discharges from the Warren Plant are located just downstream from
the City of Warren and just upstream from the City of Warren Sewage
Treatment Plant about 36.3 to 37.9 miles above the mouth of the Mahoning
River. These discharges account for about 51 percent of the total industry
suspended solids loading, 14 percent of the oil loading, 21 percent of the
ammonia discharge, 14 to 15 percent of the cyanide and phenolics
discharges, and about 52 percent of the zinc loading. fhe Warren Plant blast
furnace (Figure V-3) discharges more suspended solids than any other facility
or entire plant in the Valley (90 tons/day), resulting in sludge banks
downstream. Figure V-4 illustrates a combined discharge from the Warren
Plant cold rolling, pickling, galvanizing, and terne coating operations.
Emulsified oil used in cold rolling is evident in the river. Water usage can be
as high as 64 percent of winter and 30 percent of summer minimum
regulated streamflows. Hence, large discharge loadings of the above
contaminants and a high thermal discharge have significant adverse impacts
on stream quality. The Mahoning River is of fairly good quality above the
Republic Steel Warren Plant.

The Niles Plant withdraws water from Mosquito Creek and discharges
to the Mahoning River upstream from Mosquito Creek about 34.3 miles
above the mouth of the river. Discharges from the plant account for about
| percent of the total industry suspended solids discharge and about
4 percent of the oil discharge.

The active portion of the Ielepublic Steel Youngstown Plant discharges
downstream of the City of Youngstown Sewage Treatment Plant and just
upstream from the Campbell city limits, about 17.8 to 18.5 miles above the
mouth of the river (Figure V-1). The facility accounts for about 22 percent

of the total industry suspended solids discharge, 13 percent of the oil



Figure V-4 Republic Steel Corporation-Warren Plant cold rolling and
finishing area outfall 009 (July 1971). Note discharge of emulsified oil from

lagoon.

Figure V-5 Republic Steel Corporation-Youngstown Plant blast furnace area
(July 1971). Note sludge banks in river formed by blast furnace discharges.



loading, 33 percent of the ammonia loading, 17 percent of the cyanide
loading, and about 39 percent of the phenolics discharge. The blast furnace
area contributes 'most of the suspended solids discharged by the plant. As
illustrated in Figure V-5 sludge banks are evident below the blast furance
outfalls. Although most coke plant wastes are disposed of by dirty water
coke quenching, discharges of ammonia, cyanide, and phenolics are quite
high. Thermal discharges from the plant are also significant in terms of
resultant increases in stream temperature.

Republic Steel Corporation can be attributed with discharging the
following portions of the steel industry pollution loading to the Mahoning

River from its three plants:

Suspended Solids 75% Ammonia 53%
Oil and Grease 319% Cyanide 32%
Zinc 55% Phenolics 53%

3. United States Steel Corporation

The Ohio Works and the McDonald Mills comprise the Youngstown
Works of U. S. Steel.4 The Ohio Works is located in Youngstown just
upstream from the center of town discharging to the Mahoning River about
22.5 to 23.2 miles above its mouth (Figure V-1). The McDonald Mills is
located in McDonald, about five miles upstream from the Ohio Works and
about 28.7 miles above the mouth of the Mahoning River. Figure V-6 depicts
the Ohio Works and Figure V-7 shows the McDonald Mills discharge.

Iron making, steelmaking, primary rolling and a small amount of
pickling are carried out at the Ohio Works while the McDonald Mills
produces bars, strip, and various shapes from the semi-finished products of
the Ohio Works.%” *

Steel does not operate a coke plant in the Valley, receiving coke for the

Pickling is also carried out at the McDonald Mills. U. S.

Ohio Works blast furnaces from its Clairton, Pennsylvania coke plant.
Because of the absence of a coke plant and in general better housekeeping
and more adequate treatment facilities, discharges from the U. S. Steel
facilities account for a proportionately lesser share of the total steel
industry discharge than Républic Steel or Youngstown Sheet and Tube. U. S.
Steel produces about 24 percent of the raw steel in the Valley, yet

discharges only & percent of the steel industry suspended solids loading from



Figure V-6 U. S. Steel Corporation-Ohio Works (background), Youngstown
Sheet and Tube Company-Brier Hill Works blast furnace area (foreground)
(July 1971).
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Figure V-7 U. S. Steel Corporation-McDonald Mills outfall 006 (July 1971).
Note oil sheen along left bank of river resulting from discharge.



its Ohio Works and less than 2 percent from the McDonald Mills. Together
both plants discharge 2 percent of the industry oil loading, although there is
a severe floating oil problem at the McDonald Mills as shown in Figure V-7.
The Ohio Works discharges about 18 percent, 40 percent, and 20 percent of
the steel industry ammonia, cyanide, and phenolics discharges, respectively.
Both plants are significant thermal dischargers. The Ohio Works uses about
54 percent of the winter critical stream flow and about 25 percent of the
summer critical flow while the McDonald Mills uses about 30 percent of the

winter flow and 14 percent of the summer flow.

4. Youngstown Sheet and Tube Company

The Youngstown District of the Youngstown Sheet and Tube Company
(YS&T) includes the Brier Hill Works located in Girard and Youngstown, the
Campbell Works located in Campbell, Struthers, and Youngstown, and the
Struthers Division located in Struthers, The Campbell Works is a fully
integrated facility with tubular goods and strip as main products; the Brier
Hill Works produces iron, steel, electric weld pipe, cold drawn bars, and
semi-finished products for f{finishing at the Campbell Works; and, the
Struthers Division produces bars and electroplated conduit.z’ > The
company produces about 39 percent of the raw steel in the Valley.

The Brier Hill Works receives coke, hot metal and skelp from the
Campbell Works and hot rolled bars from the Struthers Division. Slabs and
rounds are sent to the Campbell Works.6 The discharges from the plant
extend from 23.6 to 25.7 miles above the mouth of the Mahoning River and
account for about 4 percent of the total industry suspended solids loading,
and about 7 percent of the oil, ammonia, cyanide, and phenolics discharges.
As shown in Figure V-1 and V-8, the Brier Hill Works is just upstream and
across the river from the U. S. Steel Ohio Works. Figure V-9 illustrates a
heavy oil sheen on the river between the two facilities. The total water
usage amounts to 38 percent of the winter critical stream flow and about 18
percent of the summer critical }low. The Brier Hill Works is a significant
thermal discharger.

The Campbell Works (Figuré V-10 and V-11) uses more water than any
other discharger in the Mahoning Valley, consuming up to 120 percent of the

critical winter flow and 66 percent of the summer low flow. The plant



Figure V-8  U. S. Steel Corporation-Ohio Works (foreground), Youngstown
Sheet and Tube Company and Brier Hill Works (background) (July 1971).

s

Figure V-9

Oil sheen on Mahoning River between Youngstown Sheet and
Tube Company-Brier Hill Works and U. S. Steel Corporation-Ohjo Works
(July 1971).



discharges as much oil as all other steel plants combined, accounting for 51
percent of the total oil loading, 21 percent of the ammonia loading, 13
percent of the cyanide discharge, 20 percent of the phenolics loading, and 36
percent of the zinc discharge. The Campbell Works is also the largest steel
industry thermal discharger, and discharges about 14 percent of the steel
industry suspended solids loading. A reason for the relatively low suspended
solids discharge is the partial blast furnace gas wash water recirculation
system in operation here. With the river being highly contaminated before
reaching the plant and with the tremendous loadings from the Campbell
Works, the most contaminated section of the stream is found just
downstream from the Campbell Works to the Ohio-Pennsylvania State Line.
The Campbell Works discharges about 16.2 to 17.6 miles above the mouth of
the river and only about 4.6 to 6.0 miles above the State Line.

The Struthers Division is a relatively small operation compared to the
Brier Hill Works and Campbell Works, but nevertheless, contributes
significant waste loadings to the stream. The plant accounts for less than
I percent of the total industry suspended solids loading, about 5 percent of
the oil discharge, 9 percent of the cyanide loading, and 9 percent of the zinc
discharge. The Struthers Division is located just downstream from the
Campbell Works.

Except for oil and grease, discharges from the three Youngstown Sheet
and Tube Company plants generally account for less pollution than
discharges from Republic Steel and more pollution than discharges from

U. S. Steel. Percentages of the total major steel industry loading are shown

below:
Suspended Solids 19% Ammonia 29%
Oil and Grease 63% Cyanide 28%
Total Zinc 45% Phenolics 27%

5. Ohio Edison Company

Ohio Edison operates a 250MW coal fired steam electric generating
station at Niles, Ohio just below the confluences of Mosquito and Meander
Creeks with the Mahoning River. The condenser cooling water is discharged

about 30.1 miles above the mouth of the river. Ohio Edison may use as much



Figure V-10 - f Youngstown Sheet and Tube Company-Campbell Works
steelmaking, primary mills and finishing mills (July 1971).

Figure V-11 Youngstown Sheet and Tube Company-Campbell Works blast

furnace and sinter plant area (foreground) coke plant area (background)
(JUI)’ 1971). GPO 815-661



as 155 percent of the winter critical stream flcw and 6y 'percent of the
summer critical stream flow, Water usage in exc .3+ of actual stream flows
is possible because the plant river intake withdiaws water from the pool
created by the Liberty Street Dam in Girard, thus ecirculation of a portion
of the heated effluent results.

At peak power production, Ohio Edison may ii.charge in excess of one
billion BTU's/hr of waste heat to the river resultiag in increases in stream

temperatures of over 12°F depending upon stream rlcw rates.

6. Other Industrial Dischargers

Figure V-1 also illustrates the locations of ten of the more significant
smaller industrial dischargers to the Lower siahoning River and its
tributaries. While discharges from some of ttese facilities may have
localized adverse impacts on stream quality, none have the far-reaching

effects of the major steel plants or Ohio Edison.



TABLE V- 2
INDUSTRIAL DISCHARGE SUMMARY

COPPERWELD STEEL COMPANY

D 350*BD
OH 0011207

NET DISCHARGE LOADINGS (ibs/day) .

Thermal Total Qil

Lgading Suspended and Total Total Total
(x10°BTU/hr) Solids Grease Ammonia-N Cyanide Phenolics Zinc Chromium
Permit Application 100 6050 1560
1972 USEPA Sampling! 80 3010 220 .
1975 USEPA Sampling2 70 2380 9 16 5
(February)
1975 USEPA Sampling? 60 3460 15 14 9
(July) '
Ohio EPA 3300 1100
Discharger3 6250 2620
NOTES: 21 One 8 hour or 24 hour composite sample per outfall.
3 Average of three consecutive 24 hour composite samples at significant outfalls. :

Modified NPDES permit limitations. . |



TABLE V- 3

INDUSTRIAL DISCHARGE SUMMARY

REPUBLIC STEEL CORPORATION
Warren Plant

D 304*AD
OH 0011274

NET DISCHARGE LOADINGS (lbs/day)

Thermal Total Qil '
Lgading Suspended and Total Total Total
{x10°BTU/hr) Solids Grease Ammonia-N Cyanide ~ Phenolics Zinc Chromium
Permit Application 670 17200 4600 980 37 250 1070 68
1972 USEPA Sampling1 400 31700 9000 750 12 60 310
1975 USEPA Sampling2 310 111700 1280 62 154 540 32
(February) '
1975 USEPA Sampling? 370 40600 670 49 55 140 10
(July)
Ohio EPA 302700 15100 1910 68 79
Dis.charger3 400 205800 9500 1930 72 . 84 150
NOTES: . One 8 hour or 24 hour composite sample per outfall.

Average of three consecutive 24 hour composite samples at significant outfalls.

3 Long-term average from comprehensive monitoring program (75-152 observations per outfall).



TABLE V- &

INDUSTRIAL DISCHARGE SUMMARY

REPUBLIC STEEL CORPORATION
Niles Plant

D 305*AD
OH 0011266

NET DISCHARGE LOADINGS (ibs/day)

Thermal Total Oil
Lgading Suspended and Total Total Total
(x10°BTU/hr) Solids Grease Ammonja-N Cyanide Phenolics Zinc Chromium
9300 3030
Permit Application
1972 USEPA Sampling ! 2280 1630

1975 USEPA Sampling
{February)

1975 USEPA Sampling
(July)

Not sampled - production curtailed

Not sampled - production curtailed

Ohio EPA

Discharger 9000 2870
Discharger> 5100 2900
NOTES: 1 One 8 hour or 2% hour composite sample per outfall.

Long-term average from comprehensive monitoring program (28-29 observations).



INDUSTRIAL DISCHARGE SUMMARY

TABLE V-5

REPUBLIC STEEL CORPORATION

Youngstown Plant

D 306*AD
OH 0011282

NET DISCHARGE LOADINGS (Ibs/day)

Thermal Total Qil
Lgading Suspended and Total Total Total
(x10°BTU/hr) Solids Grease Ammonia-N Cyanide Phenolics Zinc Chromium
Permit Application 380 66400 2150 2440 140 4380 510 28
1972 USEPA Samplingl " 350 29700 3000 990 50 260 30
1975 USEPA Sampling2 470 15400 3740 240 560 240 9
(February)
1975 USEPA Sampling? 140 45700 - 650 138 60 150 . 9
(July)
Ohio EPA 161100 15490 3540 90 190
Discharger3 390 38800 8950 3090 80 230 20

NOTES: 21 One 8 hour or 24 hour composite sample per outfall.
Average of three consecutive 24 hour composite samples at significant outfalls.

Long-term average from comprehensive monitoring program (61-112 observations per outfall).



TABLE V- 6

INDUSTRIAL DISCHARGE SUMMARY

UNITED STATES STEEL CORPORATION
McDonald Mills

D 329*AD
OH 0063215

NET DISCHARGE LOADINGS (Ibs/day)

Thermal Total Qil
Lgading Suspended and Total Total Total
(x10°BTU/hr) Solids Grease Ammonia-N Cyanide Phenolics Zinc Chromium
Permit Application 15 2900 300 *
1972 USEPA Sampllng1 175 13300 1050
1975 USEPA Sampling? 104 8310 _ 6
(February)
1975 USEPA Sampling? 44 4310 13
(3uly)
Ohio EPA N 3700 900
Discharger” 10270 3770

NOTES: 21 One 8 hour or 24 hour composite sample per outfall,

Average of three consecutive 24 hour composite samples at significant outfalls.
Proposed NPDES permit effluent limitations reflecting existing discharge levels (30 day average).



TABLE V-7

INDUSTRIAL DISCHARGE SUMMARY

UNITED STATES STEEL CORPORATION
Ohio Works

D 327*AD
OH 0011916

NET DISCHARGE LOADINGS (Ibs/day)

Thermal Total Qil
Lgading Suspended and Total Total Total
(x10°BTU/hr) Solids Grease Ammonia-N Cyanide Phenolics Zinc Chromium
Permit Application il5 3930
1972 USEPA Sampling! 310 7700 550 520 70 -
1975 USEPA Sampling2 420 7050 300 430 62 160
{February)
1975 USEPA Sampling2 170 2370 93 7 1 24
(July) ,
Ohio EPA 15000 490 1630 190 120
Discharger'3 37160 1550 2560 1260 240

NOTES: 1 One 8 hour or 24 hour composite sample per outfall.
Average of three consecutive 24 hour composite samples at significant outfalls.
Proposed NPDES permit interim effluent limitations reflecting existing discharge (30 day average).



TABLE V- 8

INDUSTRIAL DISCHARGE SUMMARY

YOUNGSTOWN SHEET AND TUBE COMPANY
Brier Hill Works

D 337*AD
OH 0011312

NET DISCHARGE LOADINGS (lbs/day) -

Thermal Total Oil
Lgading Suspended and Total Total Total
(x10°BTU/hr) Solids Grease Ammonia-N Cyanide Phenolics Zinc Chromium
Permit Application 330 20460 4920 ' 200 70 18
1972 USEPA Samplingl 190 4810 560 110 60 5 16
1975 USEPA Sampling2 270 16700 660 74 32 28
{February)
1975 USEPA Sampling? 120 1070 - - - 63
(July)
Ohio EPA. 20400 4910 150 170 18
Discharger> 270 17750 4870 630 32 42

NOTES: 1 One 8 hour or 24 hour composite sample per outfall.
3 Average of three consecutive 24 hour composite samples at significant outfalls.
Long-term average discharge (observations from 1968-1975).



TABLE V-9

INDUSTRIAL DISCHARGE SUMMARY

YOUNGSTOWN SHEET AND TUBE COMPANY
Campbell Works

D 336*AD
OH 0011321

NET DISCHARGE LOADINGS (Ibs/day)

Thermal Total Oil
Lgading Suspended and Total Total Total
(x10"BTU/hr) Solids Grease Ammonia-N Cyanide Phenolics Zinc Chromium
Permit Application 1710 74600 93000 2240 30 120 420 40
1
1972 USEPA Sampling 980 108000 53700 1150 22 , 110 1020
.2
1975 USEPA Sampling 720 32100 2660 490 310 640 210
(February)
.2 -
1975 USEPA Sampling”™ 350 16300 980 100 150 450 90
(July)
Ohio EPA 72400 94200 2060 90 190 420
. 3
Discharger 850 54720 34380 202G 60 120 3i0

NOTES: L One 8 hour or 24 hour composite sample per outfall.
Average of three consecutive 24 hour composite samples at significant outfalls.

Long-term average discharge (observations from 1968-1975).

N\ / 7



TABLE V-'10
INDUSTRIAL DISCHARGE SUMMARY

YOQUNGSTOWN SHEET AND TUBE COMPANY
Struthers Division

D 334*AD
OH 0011321

NET DISCHARGE LOADINGS (Ibs/day)

Thermal Total Qil
Lgading Suspended and Total : Total Total
(x10°BTU/hr) Solids Grease Ammonia-N Cyanide Phenolics Zinc Chromium
Permit Application 34 6220 1140 50 45 79
1972 USEPA Sampling1 22 630 40 85 360
1975 USEPA Sampling? Not Sampled
{February)
1975 USEPA Sampling? 26 890 18 8 28
(July)
Ohio EPA 6120 1140 46 79
Discharger> 40 2590 3280 43 80

NOTES: 1 One & hour or 24 hour composite sample per outfall,
Average of three consecutive 24 hour composite samples at significant outfalls.
Long-term average discharge (observations from 1968-1975).



TABLE V- 11

INDUSTRIAL DISCHARGE SUMMARY

OHIO EDISON COMPANY
Niles Steam Electric Generating Station

NET DISCHARGE LOADINGS (tbs/day)

Thermal Total Oil
Lgading Suspended - and Total Total Total
(x10°BTU/hr) Solids Grease Ammonia~N Cyanide Phenolics Zinc Chromium
Permit Application 810
1972 USEPA Sampling 970
1975 USEPA Sampling 1160
(February)
1975 USEPA Sampling 800

(July)
Ohio EPA

Dischargef

1300 {maximum)




TABLE V-12
SUMMARY OF MAJOR INDUSTRIAL DISCHARGES

MAHONING RIVER BASIN -

Total
Thermal Suspended Total .
Discharge Solids Oil and Grease Ammonia-N Cyanide Phenolics
10°BTU/Rr % of total Ibs/day % of total lbs/day % of total Ibs/day % of total Ibs/day % of total lbs/déL% of tota

Copperweld Steel Corporation 70 (2) 6300 (2) 2620 (4)
Republic Steel Corporation 750 (21) 299700 (75) 21350 (31) 5020 (53) 152 (32) 314 (53)
United States Stcel Corporation 520 (14) 18700 (5) 1390 (2) 1680 (18) 190 (40) 120 (20)
Youngstown Sheet and Tube Company 1160 (31) 75100 (19) 42530 (63) 2700 (29) 135 (28) 162 (27)
Ohio Edison Company 1160 3D
TOTAL ) 3700 399800 67890 9400 477 596

NOTE: Data for Republic Stee] Corporation and Youngstown Sheet and Tube Company are long-term averages.
Data for United States Steel Corporation were obtained from the Ohio EPA, and data for Copperweld Steel Corporation reflect interim NPDES permit effluent limitations.



B. Municipal Dischargers

Tables V-13 to V-20 present summaries of available discharge data for
eight sewage treatment plants discharging to the lower Mahoning River.
Figure V-1 illustrates the location of the dischargers and Figure V-12
illustrates the respective service areas for each sewage treatment plant.
Information pertaining to all existing municipal waste water treatment
facilities in the valley are presented in Table V-21. With the exception of
the newly constructed Meander Creek Sewage Treatment Plant, the eight
facilities described herein provide primary treatment. Since effluent quality
for these facilities falls within the range expected for primary treatment,
adverse impacts on stream quality are roughly in proportion to effluent
volume. The total effluent from the facilities amounted to 54 MGD on an
annual average basis in 1974. The Meander Watershed plant is expected to
add 4 MGD by late 1977.

L. Warren

The Warren WWTP, located on 104 acres of land between the Mahoning
River (M.P. 36) and South Main Street, is a primary sewage treatment plant
with facilities for chemical precipitation, sludge filtration and incineration.
The plant was placed in operation in 1962 and now treats an average daily
flow of 12.2 MGD.7 Average design flow of the plant is 13.5 MGD and the
design population is 90,000.7 The plant presently serves about 80,000 people
including the entire population of Warren and several thousand people from
Champion, Lordstown, Warren, and Howland Townships.8

There are three pumping stations within the service area. Most of the
raw sewage is lifted to the Warren plant from the Mahoning River
interceptor pumping station located approximately 0.8 miles to the north of
the plant on South Main Street. The maximum capacity of this pumping
station is 38.0 MGD with a firm pumping capacity of 28.5 MGD.8 Industrial
wastes (4.5 MGD) coming to the treatment plant originate from automobile,
electric products, aluminum extrusion and steel manufacturing and
fabrication plants.

A combined sewer system and infiltration result in excessive flows
during wet weather. Bypassing occurs at the Brookside and D2 pumping

stations, the Mahoning River interceptor and at the treatment plant.8
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Overflows can occur at the Union Street storm sewer and at the Market
Street and Republic Steel office building regulating stations.8 With the
exception of the bypass at the treatment plant, all other bypasses and
overflows are discharged to the Mahoning River without treatment. Excess
flow at the treatment plant is chlorinated prior to being discharged to the
Mahoning River. v

The Warren plant is the second largest municipal discharger to the
lower Mahoning River. For 1974, the annual average effluent flow was 12.95
MGD. The plant flow amounts to about 24 percent of the total municipal
contribution to the lower Mahoning River and the discharge accounts for
about 21 percent (5900 lbs/day) of the municipal suspended solids discharge,
25 percent (8200 lbs/day) of the BOD5 discharge, and about 30 percent (1000
lbs/day) of the ammonia discharge.9

2, Niles
The Niles WWTP is located in the southeasterly section of the City just

upstream of U. S. Steel McDonald Mills, about 28.5 miles above the mouth of
the Mahoning River. Niles is the third largest municipal discharger to the
lower Mahoning. The plant receives and processes sanitary sewage using
primary sedimentation with some chemical pretreatment, followed by
chlorination of the effluent and anaerobic decomposition of sludge. The
Niles plant was designed to serve a population of 25,000 by the year 1980,
providing primary treatment for a design flow of 3.0 MGD. The plant
presently serves the entire populaion of Niles (23,500 people) and Howland
12 10 1974, the

plant treated an annual average daily flow of 4.2 MGD, which is about 40
11

Sewer District #9 which accounts for some 1100 people.
percent higher than the design flow. The hydraulic overloading can be
attributed to large amounts of infiltration and storm water entering the
combined sewerage system. Typically, the flow must exceed 9.2 MGD
before bypassing will occur at the plant. This maximum flow has been
exceeded on numerous occasions. Sewer overflows reportedly occur
upstream of the treatment plant at nine different locations within the
service area.12

The Niles discharge accounts for about 7 pércent of the total

municipal effluent flow and 7 percent, 6 percent, and 9 percent of the



suspended solids, BODj, and ammonia loadings, respectively. Discharge
loadings during 1974 averaged about 2300 lbs/day of BODS, and 1900 lbs/day
of suspended solids. U. S. EPA's July 1975 survey revealed an average

ammonia discharge of about 300 lbs/day over a three déy period.

3. McDonald

The McDonald Sewage Treatment Plant is located just downstream of
U. S. Steel McDonald Mills about 27.8 miles above the mouth of the
Mahoning River. The plant receives and processes sanitary sewage, using
primary sedimentation with some chemical pretreatment, followed by
chlorination of the effluent and anaerobic sludge digestion. The plant was
placed in operation in 1959 and now treats an average daily flow of
0.605 MGD. Design flow of the plant is 0.610 MGD average and design

13 The plant presently serves the entire population of

population is 5300.
McDonald, roughly 3200 people. There are no reported industrial dischargers
to this facility. The collection system consists of both separate and
combined sewers. The plant has infiltration/inflow problems, although
bypassing is reported to be infrequent. With the exception of the
Lowellville WWTP, the McDonald WWTP is the smallest municipal discharger
to the lower Mahoning. The plant discharge accounts for about | percent of
the total municipal contribution of BOD (250 Ibs/day), suspended solids (120

Ibs/day) and flow (0.605 MGD).}*

4. Girard

The Girard Sewage Treatment Plant is located across from the
Youngstown Sheet and Tube Brier Hill Works about 25 miles above the mouth
of the Mahoning River. The plant services all of Girard, with a population of
about 14,000, and Liberty Township Sewer District #3, which accounts for

15 The facility was placed in operation in 1963 and has a

some 6000 people,
design flow of 1.8 MGD and design population of 18,000.16 The only known
industrial discharger to this facility is the Benada Aluminum Products
Company.15 )

The existing sewerage system is predominantly separate with a few

combined sewers in the main business district. However, inflow/infiltration



has resulted in hydraulic overload problems at the treatment plant. During
heavy rains, sewer overflows also occur upstream of the treatment plant.

During dry weather, the plant effluent may become the total flow of
Little Squaw Creek before it reaches the Mahoning River. The Girard
discharge accounts for about 5 percent of the total municipal contribution of
NH;-N (180 lbs/day), BOD, (18,000 lbs/day), suspended solids (1000 lbs/day)
and flow (2.7 MGD) to the lower Mahoning River.

5. Youngstown

The Youngstown Wastewater Treatment Plant is located just upstream
of the Republic Steel Youngstown Plant about 19.5 miles above the mouth of
the Mahoning River and about 8 miles above the Ohio-Pennsylvania State
Line. The Youngstown Plant provides primary treatment that can be
augmented by chemical addition. The plant was placed in operation in 1965

18

and now treats an average daily flow of 28.5 MGD "~ while the design flow is

50 MGD with a design population of 490,000.18 The Youngstown treatment

facility presently serves about 90 percent”

of the population of Youngstown
(approximately 126,000 people) and 80,000 people from Mahoning and
Trumbull Counties outside the City limits. There are numerous industrial
discharges to the plant, many of which are unknown. However, the City has
retained a consultant to identify all sources of industrial discharges to the
plant.

The collection system includes a large number of combined sewers,
resulting in wide fluctuations in flow to the plant during wet weather. Due
to the large amount of excess hydraulic capacity available, bypassing at the
treatment plant is infrequent and is likely to occur only during power

outages. There are reportedly 117 regulatorsl3

and overflows upstream of
the treatment plant which have discharges into every stream in the area,
including Silver Creek, Crab Creek and Mill Creek which traverses an
extensive park system. Ten to fifteen percent of the city, by area
(Northwest section) and approximately 10 percent by population, is
unsewered with septic tanks for sanitary service.18 Projects for improving
and expanding the collection system are in progress.

The Youngstown WWTP is the largest municipal discharger in the study
area and can be attributed with discharging the following portions of the

municipal pollution loading to the lower Mahoning River:



Flow 54% or 28.5 MGD

Suspended Solids 63% or 17000 lbs/day
BOD5 52% : or 17000 lbs/day
Ammonia 46% : or 1900 lbs/day

6. Campbell 3
The Campbell WWTP, located about 16.5 miles above the mouth of the

Mahoning River, is a primary sewage treatment plant (with provisions for
chemical treatment) serving the entire population of Campbell (13,000
people). The plant was placed in operation in 1958 and between March 1974
and September 1975 treated an average daily flow of 2.274 MGD.19 There
are no reported industrial discharges to this facility, with the exception of
sanitary wastes from Youngstown Sheet and Tube Company-Campbell
Works.20

Although most of the sanitary sewage is separated from the storm
water throughout the City, both are combined in a 5' x 6' concrete box sewer
on Wilson Avenue, directly upstream from the treatment plant. Due to the
location of the plant with respect to the City, the storm water reaches the
'plant in a very short time causing hydraulic overloading and resultant
bypassing of much of the septic solids deposited in the interceptor during dry
weather conditions. The Campbell discharge contains 4 percent, 3 percent,
4.5 percent, and 3 percent of the total municipal contributions of flow,
suspended solids, BOD5, and ammonia, respectively to the lower Mahoning

River.

7. Struthers

The Struthers WWTP is located just downstream of the Youngstown
Sheet and Tube Company-Struthers Division, about 14.2 miles above the
mouth of the Mahoning River. The plant receives and processes sanitary
sewage using primary sedimentation followed by chlorination of the effluent
and anaerobic decomposition of sludge. The plant was placed in operation in
1961 and now treats an average daily flow of about 2.0 MGD.21 Design flow
of the plant is 2.5 MGD and the design population is 25,000 peopl_e.22 The
plant presently serves about 29,000 people including the entire population of

22

Struthers and 12,000 people from Poland Township.““ With the exception of



some sanitary wastes from the Youngstown Sheet and Tube Company-
Struthers Division, there are no reported industrial discharges to this
facility, 211 22

The City has major intercepting sewers which intercept combined
sewers. Sewer overflows occur upstream of the treatment plant at about
four different locations during heavy srains. Bypassing of raw sewage also
occurs at the plant during wet weather. However, bypassed sewage 'is
chlorinated prior to being discharged.

The Struthers discharge accounts for about 4 percent, 2 percent, 2
percent, and 5 percent of the total municipal contribution of flow, suspended
solids, BODS, and ammonia, respectively. Discharge loadings during 1974
averaged about 650 lbs/day of suspended solids, 918 lbs/day of BOD5, and
207 lbs/day of ammonia.

8. Lowellville

The Lowellville WWTP, located just upstream of the Ohio-Pennsylvania
State Line about 12.2 miles above the mouth of the Mahoning River, is a
primary sewage treatment plant with facilities for chemical precipitation.
The plant was placed in operation in 1959 and during 1975 treated an
23 Design flow of the plant is 0.25 MGD

and the design population is 2500.22 The plant presently serves about 1800
3

average annual flow of 0.269 MGD.
people within the Village of Lowellville.2 There are no reported industrial
discharges to this facility. The sewerage system has major hydraulic
overloading problems, resulting from inflow/infiltration and numerous
combined sewers. Bypassing and sewer overflows occur during heavy
rains.zBThe Lowellville WWTP is the smallest municipal discharger to the
lower Mahoning River. The plant discharge accounts for less than 1 percent
of the total municipal contribution of flow (0.269 MGD), suspended solids
(170 Ibs/day), BOD4 (250 Ibs/day), and ammonia (14 lbs/day).

9. Meander Creek

The Meander Creek Sewage Treatment Plant, located on Meander

Creek near Niles, Ohio, has recently been completed and was placed in
operation in late 1976. The plant is a secondary treatment facility (Pure

Oxygen Activated Sludge) with phosphorus removal capability and



disinfection by ozonation. Average design flow of the plant is 4.0 MGD and

2% The plant will serve the City of Canfield,

the design population is 40,000.
Mineral Ridge, and portions of the Austintown Township sewer service
district.

A National Pollutant Discharge Elimination System permit for the
Meander Creek facility has been f4ssued to the Board of County
Commissioners of Mahoning County. Pertinent discharge limitations of this

permit which went into effect June 21, 1976 appear below:

30 Day 7 Day
Parameter Average Average Other
BOD5 15 25
Suspended Solids, mg/1 20 30
Phosphorus, mg/1 1 1.5
Ammonia (summer), mg/1 2.5 5
Ammonia (winter), mg/1 5 : 7.5
pH su 6-9
Fecal Coliform lbs/100 m! 200 400
Dissolved Oxygen, mg/1 minimum of 5

10. Other Municipal Dischargers

In addition to the sewage treatment plants discussed above, Table IV-
20 also presents data pertaining to other municipal waste water treatment
facilities in the Mahoning River Basin. Included in Table V-20 are the types
of sewer systems and treatment facilities provided by the municipalities and
counties along with performance data. It should be noted that nearly all of
the municipal and county dischargers not previously discussed, now provide
secondary treatment. Discharges from these facilities are generally of
reasonably good quality. However, localized water quality problems are not

uncommon.



TABLE V- 13

MUNICIPAL DISCHARGE SUMMARY

WARREN WASTEWATER TREATMENT PLANT

DISCHARGE LOADING (Ibs/day)

Total
Suspended Total
BOD5 Solids Phosphorus Ammonia-N

Permit Application 11000 6100 300 1300
1975 USEPA Sampling 7300 7300 500 1000

(February)
1975 USEPA Sampling 9300 6400 600 700

(July)
1975 Annual Summary 9500 6200 600 1200

of Operations
1974 Annual Summary 8200 5900 700 1000

of Operations



TABLE V- 14

MUNICIPAL DISCHARGE SUMMARY

NILES WASTEWATER TREATMENT PLANT

DISCHARGE LOADING (Ibs/day)

Total
Suspended Total
E»OD5 Solids Phosphorus Ammonia-N

Permit Application 2900 2300
1975 USEPA Sampling 2700 1200 230 380

(February)
1975 USEPA Sampling 2200 2200 170 300

(July)
1973 Annual Summary 2000 2000

of Operations
1974 Annual Summary 2300 1900

of Operations



McDONALD WASTEWATER TREATMENT PLANT

TABLE V- 15

MUNICIPAL DISCHARGE SUMMARY

DISCHARGE LOADING (Ibs/day)

Total
Suspended Total
BOD5 Solids Phosphorus Ammonia-N

Permit Application
1975 USEPA Sampling 200 100 30 50

(February)
1975 USEPA Sampling 330 310 40 70

(July)
1973 Annual Summary 220 100

of Operations
1974 Annual Summary 250 120

of Operations



GIRARD WASTEWATER TREATMENT PLANT

TABLE V- 16

MUNICIPAL DISCHARGE SUMMARY

DISCHARGE LOADING (lbs/day)

Total
Suspended Total
BOD 5 Solids Phosphorus Ammonia-N

Permit Application 2200 1600
1975 USEPA Sampling 1250 740 100 210

(February)
1975 USEPA Sampling 1400 1300 100 180

(July)
1973 Annual Summary 2200 1600

of Operations
1974 Annual Summary 1300 1000

of Operations



TABLE V- 17

MUNICIPAL DISCHARGE SUMMARY

YOUNGSTOWN WASTEWATER TREATMENT PLANT

DISCHARGE LOADING (Ibs/day)

Total
Suspended Total .
BOD 5 Solids Phosphorus Ammonia-N

Permit Application 14000 16000 1600 400
1975 USEPA Sampling 10200 8000 1100 1500

(February)
1975 USEPA Sampling 13900 13500 1100 1900

(July)
1973 Annual Summary 13700 16800 1400 2100

of Operations
1974 Annual Summary 17000 17000 1660 2700

of Operations



TABLE V- 18

MUNICIPAL DISCHARGE SUMMARY

CAMPBELL WASTEWATER TREATMENT PLANT

DISCHARGE LOADING (Ibs/day)

Total
Suspended Total
BOD5 Solids Phosphorus Ammonia-N

Permit Application 1500 830
1975 USEPA Sampling 1100 380 100 130

(February)
1975 USEPA Sampling 1100 1000 110 140

(July)
1973 Annual Summary 1480 750

of Operations
1974 Annual Summary 1800 850

of Operations



TABLE V- 19

MUNICIPAL DISCHARGE SUMMARY

STRUTHERS WASTEWATER TREATMENT PLANT

DISCHARGE LOADING (lbs/day)

Ammonia-N

Permit Application

1975 USEPA Sampling
(February)

1975 USEPA Sampling
(July)

1973 Annual Summary
of Operations

1974 Annual Summary
of Operations

Total
Suspended Total
BOD 5 Solids Phosphorus

1350 720
1460 740 130

950 900 120
1111 776

900 650

250

200



TABLE V- 20

MUNICIPAL DISCHARGE SUMMARY

LOWELLVILLE WASTEWATER TREATMENT PLANT

DISCHARGE LOADING (lbs/day)

Ammonia-N

Permit Application

1975 USEPA Sampling
(February)

1975 USEPA Sampling
(July)

1973 Annual Summary
of Operations

1974 Annual Summary
of Operations

Total
Suspended Total
BOD5 Solids Phosphorus
70 60 , 10
90 110 15
210 120
250 170

14



TABLE V-21 . .
DATA ON MUNICIPAL WASTEWATER TREATMENT FACILITIES

MAHONING RIVER BASIN

1974 Performance Data Annual
Type Sewer System Annual % Removal
Receiving Type Treatment Facility 1970 Av. Flow Raw BOD Final BOD BOD
Entity Stream Design Flow MGI)/PE Population MGD Raw SS Final SS SS
Alliance* Beech Creek S+C - Sec. + D 26,547 3.060 179 39 78
4.7]36,400 188 134 82
Beloit* Tirbutary to S-Sec.+D 921 0.004 186 3 98
Mahoning River 0.171,000 223 17 93
Campbell Mahoning River S~ Prim, + Chem, - D 12,577 2.270 162 : 93 42
2.5/25,000 : 109 45 59
Canfield* Sawmill Creek S-Sec.+D 4,997 0.700 182 16 91
0.75]7,500 177 20 88
Columbiana Mill Creek - §-5Sec.+D 4,959 0.710 101 3.9 96
’ 0.878,000 206 4.3 98
Cortland* ] Mosquito Creek S-Sec.+D 2,525 0.270 130 47 64
0.22/2,200 140 58 58
Garrettsville* Silver Creek S - Sec. 1,718 0.128 156 58 63
0:1572,000 62 34 45
Girard Little Squaw Creek S - Prim. + Chem. - D 14,119 2.680 157 80 49
1.8/18,000 132 46 65
Hiram* Big Hollow Creek S - Sec. 1,484 0.139 217 52 51

0.171,000 ’ 121 37 55



TABLE V-21

DATA ON MUNICIPAL WASTEWATER TREATMENT FACILITIES

MAHONING RIVER BASIN

1974 Performance Data Annual
Type Sewer System Annual % Removal
Receiving Type Treatment Facility 1970 Av. Flow Raw BOD Final BOD BOD

Entity Stream Design Flow MGD/PE Population MGD Raw SS Final SS SS

Lowellville Mahoning River S - Prim. - Chem. - D 1,836 0.233 221 109 51
0.22/2,640 157 71 55

McDonald Tributary to S - Prim. - Chem. - D 3,177 0.605 117 49 58
Mahoning River 0.6175,230 132 24 82

Newton Falls Mahoning River C - Prim.-D 5,378 0.719 65 38 42
1.0/7,000 128 47 63

Niles Mahoning River S-C - Prim. - Chem. - D 21,581 4,160 177 66 63
3.0/27,000 109 54 50

Sebring* Fish Creek S - Sec. 4,954 0.500 144 12 92
0.5/4,045 131 13 90

Struthers Mahoning River S - Prim. - Chem. - D 15,343 2.000 97 55 43
2.5/31,000 106 39 63

Warren Mahoning River $-C - Prim. - Chem.-D 63,494 12.95 100 76 24
13.5/90,000 160 55 66

Windham* Eagle Creek S -Sec.-D 3,360 ‘0.370 226 17 92
0.6/6,000 68 11 84

Youngstown -Mahoning River S-C - Prim. - Chem. - D 140,909 29 151 71 56
50/218,000 157 69 53



TABLE v-21

DATA ON MUNICIPAL WASTEWATER TREATMENT FACILITIES

MAHONING RIVER BASIN -

1974 Performance Data Annual
Type Sewer System Annual % Removal
Receiving Type Treatment Facility 1970 Av. Flow Raw BOD Final BOD BOD
Entity Stream Design Flow MGD/PE Population MGD Raw SS Final SS SS

Mahohing County Mahening River S-Sec.-D
Milton S. D. #11 0.3273,200 650
Craig Beach
Mahoning County * Mill Creek S-Sec.-D 5,000 1.430 164 2.6 98
Park S. D. #29 5.0/50,000 164 15 91
Boardman STP
Portage County * Tributary to Deer Creek S-Sec.-D 0.044 127 8 97
Atwater Sanitary S. D. #1 0.2/2,000 231 6 94
Trumbull County * Meander Creek S - Sec. 136 18 87
Mineral Ridge S. D. 0.272,000 158 18 89_
Trumbull County * Mosquito Creek S-Sec.-D 1.973 146 15 90
Mosquito Creek S. D. 1.5/15,000 100 17 33
Trumbull County * Chocolate Run S - Sec. 201 15 93
Warren-Champion S. D. 0.057/300 192 16 92

Subdistrict #1-B

Kuszmaul Allotment
Trumbull County * Chocolate Run S - Sec. 192 10 95
Warren-Champion S. D. 0.0157150 229 13 94

Subdistrict #1-D

Meadowlane Heights Allotment
Trumbull County * Tributary of S - Sec. 163 19 98
Weathersfield S. D. #1 Mahoning River 0.12/1,200 198 5 b33

SOURCES: 1) Reference 25

2) 1974 Annual Summaries of Operations
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SECTION VI |
WATER QUALITY STANDARDS AND HISTORICAL WATER QUALITY

A. Ohio and Pennsylvania Water Quality Standards

The history of water quality standards development for the Ohio
portion of the Mahoning River is long and full of controversy. While a
detailed historical review is beyond the scope of this report, the Ohio
Environmental Protection Agency has made a summary of major
developments from February 1965 to March 1976 from its perspective.1 The
effective standards as of this writing are those originally adopted by Ohio on
July 11, 19722 and Federally approved on September 29, 1972.3 These
standards were re-adopted by Ohio without change on July 27, 1973 with
other statewide standards# and again Federally approved on December 18,
1973.”
by Ohio on January &, 19756 and Federally approved May 14, 1975.

By these standards,2 the Mahoning River from Warren to the

Federal exception to a few of the statewide criteria were amended
7

Lowellville Dam is classified for secondary contact recreation, as a well
balanced warm water fishery, for industrial water supply, and for
agricultural use and stock watering. The reach from the Lowellville Dam to
the Ohio-Pennsylvania State line is also classified for public water supply
and for primary contact reaction. At this writing, the Ohio EPA is
considering downgrading designated stream uses and water quality crliteria

The

post 1983 standards would be compatible with existing Pennsylvania water

for selected Ohio reaches of the Mahoning River from 1977 to 1983.

quality standards at the Ohio-Pennsylvania State line.

The current water quality standards for the Pennsylvania portion of
the Mahoning River were adopted on September 2, 19718 and Federally
approved on August 10, 1973.9 These standards designate the Mahoning
River in Pennsylvania for warm water fish; domestic, industrial, livestock,
and irrigation water supplies; recreational uses including boating, fishing,

water contact sports, natural and conservation areas; and, power



(generation) and treated waste assimilation. Pennsylvania is considering
minor adjustments to the numerical criteria associated with the warm water
fish use designation.

Table VI-l summarizes existing Ohio Mahoning River water quality
standards, Ohio statewide water quality standards, existing Pennsylvania
Mahoning River water quality standards, and possible revisions to the
Pennsylvania water quality standards under consideration. The criteria
association with the possible revisions to the Pennsylvania standards were
obtained from recent correspondence between the Ohio Environmental
Protection Agency and the Pennsylvania Department of Environmental

Resources.10r 11,12, 13



Water Quality

TABLE VI- 1|

OHIO AND PENNSYLVANIA WATER QUALITY STANDARDS

LOWER MAHONING RIVER

Ohio Standards

Mahoning River

General Statewide Standards

Penns}lvania Standards

Mahoning River

Possible Revisions to

o

Constituent July 11, 1972 January 8, 1975 September 2, 1971 Pennsylvania Standards
‘1) Temperature Aljowable increase over temperature 5°F Allowable increase over natural Maximum values not to be Maximum values not to
' measured at Leavittsburg, Ohio stream temperatures and maximum exceeded: be exceeded:
values not to be exceeded:
January 10°F 50°F 50°F 56°F
February 10 50 50 56
March 10 60 60 62
April 5 70 70 71
May 5 -~ 80 80 80
June 5 90 90 90
July 5 90 90 90
August 5 90 90 90
September 5 90 o 90 90
October 5 78 78 78
November 5 70 70 69
December 10 57 57 - 58
2) Dissolved Oxygen Minimum daily average 5.0 mg/l Minimum daily average 5.0 mg/l Minimum daily average
Minimum at any time 4.0 mg/l Minimum at any time 4.0 mg/I 5.0 mg/l
No value less than
4.0 mg/l
3 pH No values below 6.0 su No values below 6.0 su Not less than 6.0 su
No values above 8.5 su No values above 9.0 su Not more than 8.5 su
Daily fluctuations which exceed the pH may be less than 6.0 or more
range of pH 6.0 to pH 8.5 and are than 9.0 if there is no contribution
correlated with synthetic activity of acidic or alkaline pollution
may be tolerated attributable to human activities
%) Ammonia-N See "Toxic Substances" (17) Maximum at any time 1.5 mg/l See "Toxic Substances" (17)
(0.02 mg/1 unionized Ammonia-N) (0.02 mg/l unionized Ammonia~N)
5) Total Cyanide See "Toxic Substances" (17) Maximum at any time 200 ug/l Not more than 25 ug/l
6) Free Cyanide - Maximum at any time 5 ug/l -



Water Quality
Constituent

TABLE VI-1
(continued)

OHIO AND PENNSYLVANIA WATER QUALITY STANDARDS

LOWER MAHONING RIVER

Ohio Standards

Mahoning River
July 11, 1972

General Statewide Standards
January 8, 1975

Pennsylvania Standards

Mahoning River
September 2, 1971

Possible Revisions to
Pennsylvania Standards

7) Phenolics
~8) Oil and Grease

9) Dissolved Solids, mg/l

10) Total Iron
11) Dissolved Iron

12) Fluoride
13) Threshold Odor Number

14) Total Copper

See "Toxic Substances" (17)
See "General Criteria" (18)

Maximum monthly average 500 mg/1
Maximum at any time 750 mg/l

Daily average of 24 at 60°C

See "Toxic Substances" (17)

i

Maximum at any time 10 pg/l
5.0 mg/!1 (hexane soluble)

Dissolved solids may exceed one, but
not both of the following:

a) 1500 mg/l

b) 150 mg/l attributable to human
activities

-

Maximum at any time 1.0 mg/l

Maximum at any time 1.0 mg/1

The threshold odor number
attributable to human_ activities
shall not exceed 24 at 40" C

Maximum values at any time:

Total Copper Hardness
(ug/l) (mg/1CaCO 3)
5 0-80
10 80-160
20 160-240
50 240-320

75 >320

Not more than 5 ug/l

See "General Criteria"
(18)

Maximum monthly average
500 mg/1

Maximum at any time

750 mg/l

Not more than 1.5 mg/l

Not more than 1.0 mg/l

Not more than 24 at 60°C

See "Toxic Substances" (17)

Not more than 10 ug/l

Not more than 2.0 mg/1
Not more than 24 at 40°C



Water Quality
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TABLE VI- 1
(continued)

OHIO AND PENNSYLVANIA WATER QUALITY STANDARDS

LOWER MAHONING RIVER

Ohio Standards

Mahoning River
July 11, 1972

General Statewide Standards
January 8, 1975

Pennsylvania Standards
Mahoning River Possible Revisions to
September 2, 1971 Pennsylvania Standards

15) Total Zinc

16) Bacteria

See "Toxic Substances" (17)

Primary Contact - (Swimming and
Water-Skiing)

Bacteria: The fecal coliform content
{either MPN or MF count) not to
exceed 200 per 100 ML as a monthly
geometric mean based on not less
than' five samples per month; nor
exceed 400 per 100 ML in more than
ten percent of all samples taken
during a month

Secondary Contact - (Boating, Fishing
and Wading)

Bacteria: The fecal coliform content
{either MPN or MF count) not to
exceed 1,000 per 100 ML as a
monthly geometric mean based on not
less than five samples per month; nor
exceed 2,000 per 100 ML in more
than ten percent of all samples taken
during a month

Maximum values at any time:

Total Zinc Hardness
(ug/D (mg/ICaCO,)
75 0-80
100 80-160
200 160-240
400 240-320
500 > 320

1. Geometric mean fecal coliform
content {either MPN or. MF count),
based on not less than five samples
within a 30-day period, shall not
exceed 200 per 100 ml

2. Fecal coliform content (either
MPN or MF count) shall not exceed
400 per/100 ml in ‘more than ten
percent of the samples taken during
any 30-day period

See "Toxic Substances" (17)

The fecal coliform density in
five consecutive samples
shall not exceed a geometric
mean of 200 per 100 ml



Water Quality
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TABLE VI-1
(continued)

OHIO AND PENNSYLVANIA WATER QUALITY STANDARDS

LOWER MAHONING RIVER

Ohio Standards

Mahoning River
July 11, 1972

General Statewide Standards
January 8, 1975

Pennsylvania Standards

Mahoning River
September 2, 1971

Possible Revisions to
Pennsylvania Standards

17) Toxic Substances

18) General Criteria

Toxic Substances: Not to exceed
one-tenth of the 96~hour median
tolerance limit, except that other
limiting concentrations may be used
in specific cases when justified on the
basis of available evidence and
approved by the  appropriate
regulatory agency.

Minimum Conditions Applicable to all

Waters at all Places and at all Times

1. Free from substances attributable
to municipal, industrial or other
discharges, or agricultural practices
that will settle to form putrescent or
otherwise objectionable sludge
deposits.

2. Free from floating debris, oil,
scum and other floating materials
attributable to municipal, industrial
or other discharges, or agricultural
practices in amounts sufficient to be
unsightly or deleterious.

All pollutants or combinations of
pollutants shall not exceed at any
time one-tenth of the 96-hour
median tolerance limit for any
indigenous aquatic species, except
that other more stringent
application factors shall be imposed
where necessary to meet the

minimum  requirements of the
National Technical Advisory
Committee, "Water Quality

Criteria,” 1968.

All waters of the state shall be free
from substances attributable to
human activities which result in
sludge deposits, floating materials,
color, turbidity, or other conditions
in such degree as to create a
nuisance.

The list of specific water
quality criteria does not
include all possible
substances that could cause
pollution. For substances not
listed, the general criterion
that these substances shall
not be inimical or injurious to
the designated water uses
applies. The best scientific
information available will be
used to adjudge the
suitability of a given waste
discharge where these
substances are involved.

General Water Quality Criteria:

a) Water shall not contain
substances attributable to
municipal, industrial or other
waste discharges in
concentration or amounts
sufficient to be inimical or
harmful to the water uses to
be protected or to human,
animal, plant or aquatic life.

b) Specific substances to be
controlled shall include, but
shall not be limited to,
floating debris, oil, scum and .
other floating materials,
toxic substances and
substances which produce
color, tastes, odors, turbidity
or settle to form sludge
deposits.
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TABLE VI-1
(continued)
OHIO AND PENNSYLVANIA WATER QUALITY STANDARDS

LOWER MAHONING RIVER

Ohio Standards : Pennsylvania Standards
Mahoning River General Statewide Standards Mahoning River Possible Revisions to

July 11, 1972 January 8, 1975 September 2, 1971 Pennsylvania Standards

18) General Criteria

3. Free from materials attributable
to municipal, industrial or other

. discharges, or agricultural practices

producing color, odor or other
conditions in such degree as to create
a nuisance.

4. Free from substances attributable

to municipal, industrial or other

discharges, or agricultural practices

in concentrations or combinations

which are toxic or harmful to human, -
animal, plant or aquatic life.

i : v —



B. Historical Water Quality

Prior to the industrialization and urbanization of the Mahoning River
Valley in Ohio, the Mahoning River supported a diverse fish population
including Ohio muskellunge, redfin pickerel, smallmouth bass, lérgemouth
bass, yellow perch, and walleye among, others.w Many of the migratory
species were eliminated from the stream during the first half of the
nineteeneth century with the construction of channel dams.“’t Virtually all
species of fish were eliminated from the main stem of the lower Mahoning
River during the early twentieth century by untreated municipal and
industrial wastes from a growing steel producing center.m While there are
probably no water quality data available for the pre-industrialized Mahoning
River, references to the polluted state of the stream prior to World War II
and numerous data from the early 1950's to the present are available.
Following is an excerpt from a 1936 report concerning the then current state

of the river: 15

"Nine communites with a 1936 population of 276,000 discharge
into the stream up to 40 million gallons a day of untreated
domestic sewage. Industrial wastes from many plants are also
discharged without treatment directly into the Mahoning. Sew-
age odors in Youngstown and elsewhere are often extremely
objectionable. In the mills almost crude sewage is used at times
for cooling rolls, blast furnace operations, condensation, boiler
feedwater, etc. and sewage odors become very offensive. During
periods of low flow the river water is black and boils with
putrefication. Sewage wastes clog industrial equipment."

While conditions described above no longer exist, the Mahoning River
remains as one of the most polluted streams in the nation by present day
standards. Municipal sewage treatment plants for the eight communities
described in Section V were not installed until the late 1950's and early
1960's. The City of Youngstown did not begin operations at its plant until
1965. Prior to that time, raw sewage was discharged directly to the stream.
As noted earlier, all of these facilities currently provide only primary
sewage treatment. With few notable exceptions, the existing level of
treatment at the steel plants remains characteristic of that found
throughout the industry during the early 1950, i.e., direct discharge- of coke

plant wastes or disposal through coke quenching; rudimentary solids removal

WA



for blast furnace gas wash water; scale pits with and without oil skimming
for hot forming wastes; no treatment for emulsified cold rolling oils; direct
discharge of spent pickling acids and rinse waters; and, no treatment for
coatings wastes. The notable exceptions being the partial recirculation
system for blast furnace wastes at the Youngstown Sheet and Tube
Company-Campbell Works installed during the late 1960's; the recirculation
system installed at the Republic Steel-Warren Plant strip mill during the"
early 1960's when that mill was modernized; and, the new cold rolling mill
and pickle rinse water treatment system installed by Youngstown Sheet and
Tube at its Campbell Works in late 1976. Two other notable improvements
in steel plant waste disposal practices occurred during the past twenty
years: direct discharges of spent pickling acids were generally eliminated in
the mid 1960's when off-site disposal methods were adopted; and, most steel
plant sanitary wastes were diverted to municipal sewerage systems as
sewage treatment plants were planned and constructed, although a few
direct discharges of raw sewage from the mills remain. Against this
background, a brief review of water quality during the post World War II

period is presented.

1. Temperature

Large increases in water temperature over natural levels accelerate
oxygen depletion, adversely affect fish and other aquatic life, and may
intensify toxic effects of other waste constituents.

The water temperature of the Mahoning River above Leavittsburg,
Ohio is governed largely by air temperatures and by releases from upstream
reservoirs. Aside from seasonal variations, the water temperature down-
stream of Leavittsburg is controlled primarily by thermal loadings from the
steel industry and the Ohio Edison-Niles Plant. The monthly maximum and
mean water temperatures of the Mahoning River from 1943 throulgh 1965 at

6 These

continuous thermographs illustrate excessive temperatures in terms of

Leavittsburg and Lowellville are illustrated in Figure VI-I.

aquatic life uses generally prevailed during the summer months throughout
the entire period of record. Monthly maximum and mean river temperatures
frequently exceeded 100°F and 90°F, respectively, at Lowellville. Figure

VI-2 illustrates the water temperature of the Mahoning River between 1966



WATER TEMPERATURE IN DEGREES FAHRENHEIT

FIGURE ¥I-|
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FIGURE ¥1-2
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and 1974. These thermographs reveal that temperature conditions remained
essentially unchanged from those observed between 1943-1965. During this
entire period, these data indicate that existing Ohio and Pennsylvania water
quality standards were routinely exceeded.

More recent data (Appendix B), which was obtained by the USEPA
during July 1976, show some reduction of water temperatures, however, the
July data were obtained during a period of very low steel production. Even’
under these conditions, temperature increases from Leavittsburg to
Lowellville resulted in violation of the existing Mahoning River standards
adopted in 1972 (maximum allowable ATof 5°F).2

2.  Dissolved Oxygen

Dissolved oxygen is required for the respiration of all aerobic life
forms. Reduced dissolved oxygen concentrations disrupt the natural
biological balance within a stream and result in increased toxicity of many
toxic substances. A well balanced aquatic biota requires minimum dissolved
oxygen concentrations above four or five mg/l.

Dissolved oxygen concentrations found at Leavittsburg are generally
sufficient for all designated stream uses. Downstream from Warren to
Lowellville, however, the discharge of oxygen consuming materials including
organic and nitrogenous matter along with thermal discharges, reduce the
river's capacity to maintain natural dissolved oxygen levels. The majority of
the oxygen demanding material is discharged by the municipalities of Warren
and Youngstown. Loadings from industry, largely from the three by-product
coke plants, blast furnaces, and finishing operations also contribute to the
oxygen demand on the river.

Typical dissolved oxygen profiles are illustrated in Figures VI-3 and VI-
#.18’ 19 The data presented for the summer months of 1952, 1963, 1964,
1969, 1970 and 1971 demonstrate the profile has not significantly changed
during this period. As expected, the heavy concentration of oxygen
demanding wastes discharged downstream of Warren resulted in almost
complete depletion of oxygen at several locations. Installation of primary
sewage treatment plants on the main stem of the Mahoning River during the
late 1950's and early 1960's has not significantly improved dissolved oxygen

levels in the stream. This is due to an increase in municipal influent loads
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since 1950, lack of control for soluble organic and nitrogenous matter, and
lack of control for industrial discharges.

The present dissolved oxygen standards for the Mahoning River in Ohio
are not less than 5.0 mg/l as a daily avefage value, nor less than 4.0 mg/! at
any time.2 As shown in Figure VI-4, dissolved oxygen levels in the Mahoning
River have consistently violated these stdndards and were less than 4.0 mg/l
fifty percent of the time at Lowellville during 1964, 1969, 1970 and 1971?
Dissolved oxygen levels at Mt. Jackson, more than ten miles into
Pennsylvania, violated the Pennsylvania standard of 5.0 mg/l from 1969
through 1971 and never exceeded 3.6 mg/l during the summer months of
1970 and 1971.

3. pH

Extreme pH values interfere with domestic and industrial water uses
“and adversely affect fish and other aquatic life. Changes in pH also affect
toxicity of certain pollutants, notably ammonia-N and cyanide.17

In the past, low pH values observed in the lower Mahoning River were
the result of uncontrolled discharges of spent pickle acid solutions by steel
mills in the Warren-Lowellville section of the basin. The Ohio River Valley
Water Sanitation Commission (ORSANCOQ) estimated in 1959 that approxi-
mately 400,000 pounds per day of acid (as eq‘uivalent CaCOB) were
discharged by the steel mills.20 Table VI-2 is a listing of pH data for the
Mahoning River compiled from 1959 through 1973. These data illustrate
that extreme values of pH were recorded through 1967. Major improve-
ments occurred in the disposal methods of pickling acids between 1968 and
1971 which resulted in a significant reduction in the amount of acid
discharged to the stream. For water year 1973, the pH at the USGS
Lowellville monitoring station never was less than 6.0 and on only 15 days
was it less than 6.5. The maximum pH recorded was 8.2. Although rinse
waters from pickling operations at Republic Steel, U. S. Steel, and
Youngstown Sheet and Tube are still discharged with no treatment, the pH
of the Mahoning River has generally achieved current Ohio and Pennsylvania
water quality standards since 1968 (pH 6.0 to 8.5).



TABLE VI-2
MAHONING RIVER WATER QUALITY DATA

pH
8} (1 )] (2) (3) ) (2) 3) (3) (3)
Oct 1957 Oct 1958 Oct 1959 Jan 1963 Oct 1963 Jan 1964 . Jan 1965 Oct 1965 Oct 1966 Oct 1972
to . to to to to to to to to to
Sept 1958 Sept 1959 Sept 1960 " Dec 1963 Sept 1964 Dec 1964 Dec 1965 Sept 1966 Sept 1967 Sept 1973
Days Days Days Days
Location Min Max Min Max Min Max Min Max Min Max <6.0/<6.5 Min Max Min Max Min Max <6.0/<6.5 Min Max <6.0/<6.5 Min Max <6.0/<6.!
Leavittsburg 6.6 8.9 6.9 8.6 6.6 8.3
Warren
Niles 5.3 8.9 3.5 7.3 5.4 7.7 ‘-
" Youngstown 4.6 7.3 3.9 8.1 4.6 3.2
Struthers 5.8 7.6 6.2 8.3 6.5 8.1
Lowellville 6.1 7.0 53 7.3 6.6 7.2 6.1 8.0 3;8_ 8.5 63/149 4.4 9.0 6.3 8.5 4.0 8.1 33/81 3.0 9.5 63/107 6.0 8.2 0/15

(1) U. S. Geological Survey, Water Supply Papers, Numbers 1571, 1672, 1742.

(2) Ohio Department of Health, Stream Surveillance Report, 1963, 1964, 1965.

(3) U. S. Geological Survey, Water Resources Data for Ohio, Part 2; Water Quality Records 1964, 1966, 1967, and 1973.

s



4. Ammonia-N

Excessive ammonia-N concentrations contribute to several water
quality problems including toxicity to fish, deoxygenation, and stream
eutrophication. High levels of ammonia during the warmer months depresses
the dissolved oxygen substantially below the level accounted for by the
residual carbonaceous BOD. The chlorine demand of raw water for potable
_supplies is increased significantly by the presence of ammonia-N.

Ammonia-N in the Mahoning River is derived mostly from coke plant
and blast furnace discharges and from municipal sewage. Other sources
include hot dip galvanizing rinse waters and wash waters from the General
Electric - Niles Plant glass bulb frosting operation. Ammonia-N data for
the Mahoning River are presented in Table VI-3. As shown, the general Ohio
water quality standard of 1.5 mg/l has been exceeded at Lowellville since at
least 1958. As clean water rarely exceeds a few tenths of a mg/l,21 these
concentrations are indicative of gross contamination. More recent data
(1971 and 1975) presented in Table VI-3, appear to show some improvement
at Lowellville over previous years. Since there have been no major
treatment facilities installed which would account for reduced ammonia
éoncentrations, the improvements noted by the recent data are attributed to
mitigating factors including the levels of steel production and stream flow

occuring at the time of stream sampling.

5. Cyanide
Cyanide is known to be toxic to fish at relatively low concentrations.

The toxicity, however, varies widely with changes in pH, temperature and
dissolved oxygen.22 Concentrations of total cyanide found in the Mahoning
River result from discharges from coke plants, blast furnaces, and to a
lesser extent from plating operations.

Table VI-4 presents total cyanide data for the Mahoning River
measured from 1952 to 1975. These data reveal that total cyanide levels
have exceeded the current Pennsylvania water quality standard8 of 25 ug/l
by wide margins since 1952. The average total cyanide concentration
measured at Lowellville between November 1952 and September 1953 was
250 ug/l. In February 1975, the USEPA found an average total cyanide

concentration in the river at Lowellville of 205 ug/l; the average



TABLE VI-3

MAHONING RIVER WATER QUALITY DATA

Ammonia-N, mg/l

Period of Record

(1) (1) 1) (2) (3) 4) (5)
Oct 1957-Sept 1958 Oct 1958-Sept 1959 Oct 1959-Sept 1960 Oct 1967 Oct 1970-Sept 1971 Feb 1975 July 1975
Location Min Max Avg Min Max Avg " Min Max Avg Min Max Avg Min Max Avg Min Max Avg Min Max Avg

Below Alliance ' - 3.28

. Below Berlin Reservoir 0.08 0.33
Below Lake Milton 0.020.06
Leavittsburg 0.01 0.71. 1.2 2.6 1.7 0.150.180.17 0.030.120.06
Niles 1.2 2.8 1.8 0.661.020.85 0.400.79 0.66
Below Niles 3.464.15 . )
Youngstown 1.1 0.% 1.8 1.06 1.24 1.11 0.621.2}1 0.9
Struthers 1.1 3.0 2.1 2.24 2,27 2.26 1.752.54 2.10
Lowellville 0.0 12.03.5 0.0 7.8 35 0.2 7.4 3.3 8.64 10.02 0.8 3.7 19 2.37 2.402.38 1.502.37 1.90
Mt. Jackson 0.8 3.7 1.8
Route 224 2.323.24 2.66 1.24 1.86 1.57

(1) U. S. Geological Survey, Water Supply Papers, Numbers 1571, 1672, 1742.

(2) Ohio Department of Health, A Report on Recommended Water Quality Standards for Interstate Waters, Mahoning River, Pymatuning, Yankee, and Little Beaver Creeks,

Ohio-Pennsylvania, May 1970.

(3) USEPA, Region V, Ohio District Office, Mahoning River Enforcement Report, March 1972,

(4) USEPA, Mahoning River Survey, February 11-14, 1975,

(5) USEPA, Mahoning River Survey, July 14-17, 1975.
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TABLE V-4
MAHONING RIVER WATER QUALITY DATA
Total Cyanide, mg/l

(1) 2 (3) (®) (5) ' TS

Nov 1952-Sept 1953 Aug 1965-July 1976 1969 Oct 1971-Sept 1572 Feb 1975 July 1975

Location Range Avg Min Max Avg Min Max Avg Min Max Avg Min Max Avg Min Max Avg
Leavittsburg v '. ° ‘ .00 .007 .006 <005 .007 .002
Warren A - <005 <005 <005
Niles : ; .014.028 .023 029 .059 .040
Girard Dam - 05 .13
Youngstown, Penn. RR . 05 .13 ‘ .184.200 .131 .028 .088 .052
Struthers . 198274 .226 - 066 .153 .099
Lowellville 0-1.0 .25 05 .12 .188.224 .205 .063 .098 .076
Ohio-Penn State Line 00 .120 .046
Route 224 Bridge-Edinburg .00 .240 047 i
New Castle ’ ©.107.190 .183 .021 .035 .026

(1) Public Health Service, U. S. Department of HEW, Report on Quality of Interstate Waters, Mahoning River, Ohio-Pennsylvania, January 1965.

(2) USEPA, data processing network, STORET, August 1965 to July 1976.

(3) Ohio Department of Health, A Report on Recommended Water Quality Standards for the Interstate Waters, Mahoning River, Pymatuning, Yankee and Little Beaver Creek,
Ohio-Pennsylvania, May 1970.

(4) U. S. Geological Survey, Water Resources Data for Ohio, Part 2, Water Quality Records, 1972.

(5) USEPA, Mahoning River Survey, February 11-14, 1975.
(6) USEPA, Mahoning River Survey, July 14-17, 1975,



concentration measured at Edinburg, Pennsylvania was 183 ug/l, over seven
times the Pennsylvania standard, indicating virtually no improvement in

total cyanide concentrations in the Mahoning River since 1952.

6. Phenolics

High levels of phenolics cause disagreeable tastes and odors in drinking
~water, taint the flavor of fish flesh, and are directly toxic to fish at high
concentrations. If phenolics are present in raw water supplies in sufficient
concentrations to cause taste and odors, expensive water treatment
procedures may be required to minimize the problems. For this reason, the
National Academy of Sciences - National Academy of Engineering commit-
tee on water quality criteria recommends no more than one ug/l of phenolic
compounds in streams being utilized for public water supply;zz The
Mahoning River below Leavittsburg is not used for public water supply,
however, phenolics that originate from the coke plants and blast furnaces in
the industrial Warren-Youngstown area, contribute to taste and odor
problems in Pennsylvania water supplies on the Beaver River.zo’ 23
, Table VI-5 presents the average and extreme phenolics concentration
in the Mahoning River from 1952 to February of 1975. The levels of
phenolics measured at Lowellville have remained relatively constant during
this period, illustrating a continuing discharge of excessive amounts of
phenolics since 1952. Phenolics concentrations measured in Pennsylvania
are much higher than the levels recommended for public water supplies and
are also much greater than the Pennsylvania water quality standard of 5
ug/l.8 Average concentrations found during the USEPA February 1975
survey were 82 ug/l at Edinburg and 70 ug/l at New Castle, Pennsylvania.

7. Qil And Grease

There are no quantitative data for instream levels of oil and grease for

the Mahoning River. However, as noted in Section V, as much as 200 barrels
of oil per day have been discharged to the stream based upon industrial
discharge data; and, as noted in Section VII, oil concentrations in Mahoning
River sediments are measured in terms of percents. McKee and Wolf21
indicate oils in waters used for domestic water supplies may have the

following potential deleterious effects: hazards to the health of consumers;



TABLE VI-5
MAHONING RIVER WATER QUALITY DATA
Phenolics, ug/l

Period of Record

(1) ) (2) M () (3) (%) (5) (6)
1952 to 1954 1957 to 1958 1958 to 1959 1959 to 1961 1963 1964 1969 1970 to 1971 1975
Location Range Max Min Avg Max Min Avg Max Min Avg Max Min Avg Max Min Avg Max Min Avg Max Min Avg Max Min Avg -

Pricetown 14 0 45 « 7.1 0 .13
Leavittsburg ' y 11 0 74 71 0 0% 70 0 30 33 12 16
Niles 1561 2 232 1656 5 162 275 0 55 62 33 43
Youngstown ' 166 0 28 366 Q41 81 sl 165 0 55 ‘130 110 120
Struthers 571 7 136 557 14 139 : 295 10 45 200 120 193
Lowellville 5-44 348 8 65 528 5109 240 3 45 540 5 63 36 8 185 0 45 140 130 137
Mt. Jackson , w225 0 35
"Edinburg : 100 72 82
New Castle ‘ _ . 100 48 70
Mouth 100 0 15
Beaver Félls < 300 0 28

(1) Public Health Service, U. S. Department of HEW, Report of Interstate Waters, Mahoning River, Ohio-Pennsylvania, January 1965.

(2) U. S. Geological Survey, Water Supply Papers Numbers 1271, 1672, 1742,

(3)U.s. Geologic_a] Survey, Water Resources Data for Ohio, Part 2, Water Quality Records, 1963 and 1964.

(4) Ohio Department of Health, A Report on Recommended Water Quality Standards for the Interstate Waters, Mahoning River, Pymatuning, Yankee and Little Beaver Creek,
Ohio-Pennsylvania, May 1970.

(5) USEPA, Region V, Ohio District Oifice, Mahoning River Enforcement Report, March 1972,

(6) USEPA, Mahoning River Survey, February 11-14, 1975,



production of tastes and odors; presence of turbidity, films, or irridescence;
and, increased difficulty of water treatment. Adverse effects upon aquatic
life include interference with fish respiration; destruction of algae and other
plankton; destruction of benthal organisms and interference in spawning
areas; fish flesh tainting; deoxygenation; interference with photosynthesis
and reaeration; and, direct toxic actionga

A Oil sheens are always found on the Ohio portion of the lower Mahoning
River, and during periods of peak steel production, heavy oil slicks covering
the entire stream surface can be found in the Campbell-Struthers area as

well as in some upstream locations.

8. Heavy Metals

Heavy metals individually or in combination may be toxic to‘aquatic
organisms and thus can have an adverse impact on the aquatic environ-
ment.17 Iron has been found to be objectionable in public water supplies
because of its effect on taste, staining of plumbing fixtures and laundered
22 Table VI-6

presents available heavy metals data for the Mahoning River. With the

clothes and accumulation of deposits in distribution systems.

exceptions of iron, zinc and copper, existing levels of heavy metals do not
appear to present significant water quality problems.
During the period 1963-1965, iron concentrations at Leavittsburg were

16

less than 1.5 mg/l for 90 percent of the time.”> From Niles downstream to

Lowellville, the iron concentrations increased markedly and concentrations

16 There has been some

in excess of 50 mg/l were measured frequently.
reduction in total iron levels since 1965 (primarily the result of pickle liquor
from steel mills being hauled off-site for neutralization), however, total iron
remains in excess of the maximum Pennsylvania water quality standard of
1.5 mg/l.8

Data for zinc and copper are too limited to exhibit any significant
water quality trends, however, levels exceeding general Ohio water quality
standards from Leavittsburg to the State line during April, July and October
of 1969 and February of 1975 were common. Zinc is primarily discharged by
plating operations, blast furnaces, and municipal sewage treatment plants.
Copper is also found in plating wastes and occasionally in blast furnace

discharges.

P



TABLE VI-6
Continued

TABLE VI-6
MAHONING RIVER WATER QUALITY DATA

Heavy Metals, me/l

MAHONING RIVER WATER QUALITY DATA

Heavy Metals, mg/l

Ohio Stations " Pennsylvania Stations
April, July, Oct 1969 .

. ' Mahoning River Beaver River
Youngstown Loweilville Parameter Route 224 Mt. Jackson Beaver Falls
Parameter Min Max  Avg Min Max Avg Min  Max  Avg Min  Max  Avg Min  Max Avg

Chromium ' 0.02 0.02 10/70-9/71¢3 .
Copper . 0.02 0.04 0.02 0.05 Total Iron 0 2.7 1.1
Total Iron 3.0 10.2 4.8 13.0 Ferrous Iron 0 2.7 0.2
Soluble Iron 0.21 0.25 0.16 0.38 S/7l(3)
Lead 0.02 0.02 Arsenic, ppb <6.0 <6.0 <6.0
Manganese 0.15 0.50 0.22 0.61 Cadmium <0.01 .01 .01
Zinc 0.09 0.19 0.11 0.19 Chromium <0.03 .03 .03

Lead 0.1 <0.1 .1
(1) Onio Department of Health, A Report on Recommendad Water Quality
Standards for the Interstate Waters, Mahoning RIver, Dy tuning, T dansee Mercury 0.1 Q.1 Q.1
and Tittle Beaver Creck, Ohio-Pennsylvania, May [970.

Nickel Q.1 Q.1 <.l

2/7 5(a)

Cadmium <0.008 .

Chromium 0.03  0.065 0.045

Copper 025 0.1 0.055

Total Iron 2.3 4.1 3.5

Lead <0.05

Zinc 0.26 0.37 0.32

(3) USEPA, Region V, Ohio District Office, Mahoning River Enforcement Report, March 1972.

(4) USEPA, Mahoning River Survey, February 11-14, 1975,



Parameter

Pricetown
Min Max Avg

TABLE VI-6
Continued

MAHONING RIVER WATER QUALITY DATA

Leavittsburg
Min Max Avg

Heavy Metals, mg/l

Ohio Stations

Niles
Min Max Avg

Youngstown

Min Max Avg

Struthers
Min Max Avg

Lowellville
Min Max Avg

1/63-12/652)

Total Iron

10/70-9/71(

Total Iron
Ferrous Iron

e

Arsenic, ppb
Cadmium
Chromium
Lead
Mercury
Nickel

275"

Cadmijum
Chromium
Copper
Total Iron
Lead

Zinc

2.0

<6.0
<01
<03
<.l
<.l

<.l

5.0

0.1 1.7 0.4

<6.0
<0l
<03
<.l
<.l

<.l

<008

<020 .025
<010 .075 .031

40 590 520
<050

<020 .05 .035

160 12
0.5 11.9 3.8
0 3.3 1.0
<6.0
<01
<03
< .1
<.l
<.l
<008

.17
<02 .45 .l6
31 79 4.l
<05
.08 .16 .12

60 5.5

0.5 143 3.5
0 43 1.0

<6.0

<01

<03

<.l

<.l

<.l

<008

<02 .02 .01
01 .06 .04
2.1 2.7 2.4
<05

12 .29 .20

91 8.6

0.5 148 5.7
0 24 10

<6.0
<01
<03
<.l
<.l
<.l

<008
04 .05 .45
.02 1.08 .06
3.3 53 4.6
<05
26 40 .32

107 6.6

0.2 88 22
0 1. 05

<6.0

<0l

<03

<.l

<.l

<.l

<008

T .03 .04 .035
..03 .04 .035
3.0 3.2 3.l
<05

.30 .36 .33

(2) U. S. Geological Survey, Water Supply Papers Number 1859C.

(3) USEPA, Region V, Ohio District Office, Mahoning River Enforcement Report, March 1972.

(4) USEPA, Mahoning River Survey, February 11-14, 1975.
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9. Bacterial Conditions

High total coliform densities, especially when accompanied by high
fecal coliform concentrations, indicate the presence of human or animal
wastes which may contain pathogenic organisms capable of causing enteric
diseases in humans.22 The presence of these organisms above acceptable
levels in streams pose potential health problems to those exposed to the
water. Major bacterial sources in the Mahoning River are sewage treatment
plant discharges, combined sewer overflows, and storm water runoff.

Total and fecal coliform data for the Mahoning River collected
between 1939 and 1971 are contained in Table VI-7. These data are at levels
indicative of gross contamination throughout the period of record. The
construction of primary sewage treatment plants with chlorination during
the late 1950's and early 1960's seems to have done little to improve the
coliform densities found in the lower Mahoning and Beaver Rivers.lg’ 24
Gross contamination continues as a result of combined sewer discharges,
storm water runoff, and inadequate disinfection of primary sewage effluents
because of high solids content. Data collected during August 1971 also
suggests possible bacterial aftergrowth induced by high river temperatures
and an abundance of organic matter. This record shows continuous violation

of both Pennsylvania and Ohio water quality standards listed in Table VI-1.

10. Biological Conditions

The biotic variety in a stream is a good indicator of pollution levels.
In July 1952 a lengthy steel strike curtailed industrial production along the
Mahoning River and the pollution load to the stream at that time was
primarily untreated municipal wastes. Industrial production was resumed in
September when the strike ended. Figure VI-5 shows the differences in the
number of genera of plants and animals under conditions which existed in

17 The biotic community was severely reduced with the

July and September.
resumption of industrial activity and the resulting increase in the industrial
pollution load discharged to the stream. These data also indicate the
relatively rapid repopulation of the stream once toxic discharges were
abated at the outset of the strike. Seasonal variations between July and
September did not affect the results as evidenced by the data obtained at

the two upstream control stations.

. A



TABLE VI-7

MAHONING RIVER BACTERIOLOGICAL DATA

{Number per 100m!)

beriod of Record

March-Aprit 1966°2 August 8, 1971 August 17, 19711Y August 26, 1971 August 31, 19719

T. Coliform F. Coliform T. Coliform F. Coliform T. Coliform F. Coliform T.Coliform F. Coliform T. Coliform F. Coliform

\Min Max Min Max
Above Alliance 20 430 10 330
Below Alliance 3,300 5,800 2,000 19,500
Below Berlin Res. 10 20 3 10
Below Lake Milton 10 30 2 i0
Pricetown 5,060 2,800 9,000 690 13,000 3,200 2,200 250
Below Newton Falls 540 6100 2,100 4,100 :
Leavittsburg 2,500 6,300 360 1,cC0 23,000 690 64,000 3,200 24,000 2,500 54,000 3,100
Warren 390 9,200 440 1,700
Niles 160 24,600 300 2,900 33,000 2,300 8.500 1,300 39,000 2,500 86,000 4,000
Youngstown-Div. St. 20,000 53,000 6,400 71,300 9G,000 8,500 82,000 56,000 480,000 8,400 7,200 1,000
Youngstown-Rt. 18 77,000 370,060 33,060 69,000 ; .
Struthers 61,000 161,000 11,060 36,500 370.600 60,000 650,000 74,600 690,000 14,000 170,000 22,000
Lowellville 45,000 120,000 3,900 11,800 360,0C0 15,000 500,000 30,000 900,000 44,000 490,000 34,000
Route 224 (Pa.) 360,000 13,000 450,000 33,000 860,000 42,000 400,060 47,000
Mt. Jackson (Pa.) ' 26,660 990 12,6000 1,100 57,000 4,400 11,600 700
New Castle (Pa.) 4,3C0 210,600 1,300 12,000
Beaver Falls (Pa.) 590,000 210 1,000 390 7,000 470 5,000 6,000

Total Coliform
% of months
Min Max  Avg  avg index > 3000

Jan 1936 - March 19391
Mahoningtown (Pa.) 181 115,000 40,000 s0

Jan 1948 - June 19531
Beaver Falls (Pa.) 3,020 57,100 22,500 97

(1) Ohio Department of Health, Water Pollution Study, Mahoning River Basin, October 1954,

(2) Ohio Department of Health, A Report on Recommended Water Quality Standards {or Interstate Waters, Mahoning River, Pymatuning, Yankee, and Little Beaver Creeks,
Onio-Pennsvivania, May 1970.

(3) USEPA, Region V, Ohio District Oifice, Mahoning River Enforcement Report, March 1972,




FIGURE M -5
EFFECT OF INDUSTRIAL WASTES ON GENERA OF ORGANISMS
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A later study completed in 1965 by the U. S. Public Health Service
measured the number and kinds of bottom organisms and the concentration

of phytoplankton in the Mahoning River. The following excerpt from
Mackenthun” presents the findings of this study which are nearly identical
to those found by USEPA during 1975 (Section VII). (Figure numbers revised

to conform to this report):

"In a study during the week of January 4, 1965, bottom
organisms were reduced in numbers from over 1,300 per square
foot upstream from Newton Falls, Ohio, to about 350 per square
foot upstream and downstream from Warren, 300 per square foot
at Lowellville (Mile 11), and 850 per square foot at the first
bridge crossing downstream from the Ohio-Pennsylvania State
line (Figure VI-6). Similarly, 11 different kinds of organisms
were found upstream from Newton Falls, only one Kkind, a
pollution tolerant organism, was found at Lowellville (Mile 11),
and 3 kinds were found at the first bridge crossing downstream
from the State line (Figure VI-7). Although few in numbers
downstream from Newton Falls, clean-water associated organ-
isms were found to the highway 422 bridge upstream from
Warren, Ohio. Cleanwater-associated organisms were not found
throughout the remainder of the Mahoning River. Only pollution-
tolerant sludgeworms persisted at Lowellville, and only pollution-
tolerant sludgeworms and leeches and one kind of tolerant snail
were found at the station downstream from the State line. The
absence of clean-water associated fish food organisms in the
Mahoning River downstream from Warren, Ohio, the severe
decrease in the diversity of bottom organisms and the generally
low numbers of stream bed animals at most sampling stations,
attests to the severely polluted condition of the river and its
toxicity from Warren, Ohio, to its confluence with the Shenango
River in Pennsylvania.

The bottom of the Mahoning River throughout the reach
studied was generally rock and rubble with sludge along the
shores and in many slack water areas. Such a rubble substrate
would be expected to support a bountiful fish food organism
population when not polluted. In many areas, oil formed a film
on the water's surface, adhering to twigs, shoreline grasses and
debris, and became mixed with the sludges. Substrate rocks and
rubble were covered with a thick iron deposit that was harmful
to bottom organisms in the Lowellville-State line reach.

Conditions of existence were only slightly improved in the
Beaver River. Sludgeworm populations were reduced from those
found in the more polluted reaches of the Mahoning River, which
indicates a reduction in the organic food supply. At New
Brighton, Pa., partial stream recovery was found. The different
kinds of organisms had increased and stoneflies were observed in
small numbers on rocks in the shallow water near the shore.
These were not found in quantitative samples taken from deeper

L 4
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KINDS OF STREAM BED ANIMALS, MAHONING-BEAVER RIVERS

1965

JANUARY

VINVATASNNId

OIMO

NMOLSONNOA

qyvyle

S3TIN

NI¥HVYM

A

N\

A

M.y

10
BEAVER RIVER ——»i

Y
_

%

AMMMNN

AN
AMMM.S.,

M-

30

40

MAHONING RIVER

50

SANIX 40 Y3gWNN

RIVER MILES



water where the impact of pollution would be expected to be
greatest.

Oil was also found throughout the Beaver River. Many of
the bottom rock were red in color and showed evidence of an iron
precipitate. Colonizing the rock's surface in shallower waters
was a growth of slick, slimy algae often characteristic of
polluted water.

" Fisheries investigators have reported that the Mahoning
River does not support a catchable fish population downstream
from Warren, Ohio, to its confluence with the Shenango River,
and that the Beaver River supports a catchable fish population
only in its lower reach in the New Brighton area. In those areas
where fishing was not reported, there were no bottom organisms
on which fish normally feed.

Results of an examination of the phytoplankton population
were similar to those found for the bottom organism population.
Values of total counts upstream from Newton Falls, Ohio, were
in a range that would be expected in an unpolluted stream during
the winter months (Figure VI-8). Downstream from the U.S.
Highway 5 bridge (mile 47.4) total count values were substan-
tially reduced and remained so throughout the remainder of the
Mahoning River. At Lowellville, Ohio, and at the first bridge
crossing downstream from the Ohio-Pennsylvania State line,
total count values were one-fourth of those upstream from
Newton Falls. Some recovery was found at the highway 18
bridge upstream from the confluence of the Mahoning River with
the Shenango River. Depressed algal counts demonstrate the
degrading effects of pollution on this primary food source for
aquatic life in the stream. The low phytoplankton total count
values and the low population numbers found in the bottom
organism population is strongly suggestive of the action of a
toxic substance or substances to aquatic life."

While there has been little, if any, change in biological conditions in
the Mahoning River from 1952 to 1975, the physical characteristics of the
stream are such that a substantial fish population could be supported in the
absence of toxic substances and deoxygenating wastes. There is evidence
that a substantial recovery of the stream for aquatic life uses is possible

once wastewater discharges are controlled.

11. Taste and Odor

Taste and odor in surface waters may result from many sources.

Among these are discharges of phenolics, oils, and municipal wastes, bottom
river sediments, and natural odor producing substances. All of these
contribute to this problem on the Mahoning River in addition to bottom

releases from upstream reservoirs in the basin.
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An indication of the odor potential of water is measured by the
threshold odor (T.0.) determination. The Federal Water Quality Administra-
tion and the Ohio Department of Health cooperated in a threshold odor study
of the Mahoning River during 1969 and 1970. The results of that study are
presented in Table VI-8. As shown, mean threshold odor number values
ranged from 18 to 114 at 40°C for the stations from above Youngstown to
Mt. Jackson, Pennsylvania. Similarly, méan threshold odors values of 2 to
306 were found for the five reservoirs tributary to the Mahoning River.
Mean odors values at the Beaver Falls water intake during this survey ranged
from 7 to 65.

The existing Ohio threshold odor limit on the main stem of the
8 As

shown in Table VI-10, these criteria have been exceeded in the Mahoning

Mahoning from Warren to Lowellville, is a daily average of 24 at 60°C.

River and in the Beaver River at the Beaver Falls water intake.

To combat tastes and odors, the Beaver Falls water treatment plant
uses large quantities of activated carbon, which add significantly to water
treatment costs. Under average Mahoning River conditions, the plant uses
from 35 to 100 pounds per day of powdered activated carbon.z5 However, as
much as 600 pounds per day have been used on numerous occasions to

combat shock loads of taste and odor causing materials.25

oA



TABLE VI-8

MAHONING AND BEAVER RIVERS

Threshold Odor Data“)

1969-1970
Mahoning River Stations Reservoirs Tributary to the Mahoning River
Below Below Below Below Below
Above Above Beaver River Berlin Lake West Branch Mosquito Mcander
Alliance  Warren  Youngstown  State Line Mt. Jackson  at Eastvale Pa,  Reservoir Milton Reservoir Reservoir Reservoir
April 1969 )
Number of Samples 3 10 9 9 10 10 5 5 5 5 3
Range 13-30 5-66 7-35 17-57 12-57 3-10 4-10 2-35 1-4 10-125 4-8
Mean 20 12 13 32 33 7 3 10 2 39 6
July 1969
Number of Samples 3 9 9 3 9 9 5 5 5 4 3
Range 8-24 4-58 20-100 22-99 22-150 7-43 5-23 3-70 . 3-162 10-43 3.75
Mean 13 20 44 59 61 13 10 26 66 32 27
October 1969
Number of Samples 3 10 10 10 10 10 5 5 5 5 3
Range 25-76 2-7 20-50 43-200 27-17¢ 18-87 1-3 2-200 1-3 3-59 3-6
Mean 52 5 33 118 9% 43 2 42 . 2 19 4
February 1970
Number of Samples 3 10 10 10 10 10 5 5 5 5 3
Range &9 4-481 10-121} 17-181 28-181 10-150 6-1500 6340 4-150 13-35 >3
Mean 8 85 62 73 75 &5 306 76 40 27 7

(1) Results are recorded as T.O.N. at 40°C. -

Source: Ohio Department of H d i : . . .
Ohio~Pennsvlvanipa, A ealth, A Report on Recommended Water Quality Standards for Interstate Waters, Mahoning River, Pymatuning, Yankee, and Little Beaver Creeks,

Z
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SECTION VII
WATER QUALITY MODEL VERIFICATION

A mathematical water quality model is necessary for water quality
management planning in the lower Mahoning River because of the large
number of point source dischargers and the unique hydrologic characteristics
of the system. A computerized water quality model (BEBAM) for the entire
Beaver River basin including the Mahoning and Shenango Rivers and two
reservoirs in the Mahoning River system was developed by Raytheon
Oceanographic and Environmental Services under contract with the USEPA.
Before BEBAM could be used with some degree of confidence for water
quality management planning for the industrialized stretch of the Mahoning,
significant modification and a more rigorous verification of the model were
necessary. The BEBAM code was modified to improve the flexibility of the
model with respect to interdependent constituents and to accurately
incorporate the effects of sediment oxygen demand in the dissolved oxygen
balance. The segmentation was adjusted to the actual distribution of
dischargers, tributaries, and channel dams along the study reach, thus
forcing the computational procedures in BEBAM to more closely reflect
mixing and transport phenomena found in the river. Detailed physical data
of the system were considered permitting more accurate water quality
computations. Numerous field and laboratory studies were conducted to
develop stream reaction rates specific to the Mahoning River for
carbonaceous biochemical oxygen demand, ammonia-N, total cyanide, and
phenolics. Because of the lack of published information concerning total
cyanide and phenolics, the respective reaction rate dependence on
temperature had to be determined. Also, sediment oxygen demand rates
were measured in the field. Finally, two comprehensive point source and
water quality surveys were conducted for model verification purposes and

sediment quality and biota were investigated.

\.
A



A. Water Quality Model
The water quality model, BEBAM, with some modifications was used

throughout this study to simulate water quality in the Mahoning River. The
model is composed of two major elements: a computerized model of
seventeen water quality constituents, called the River Basin Model (RIBAM);
and a general computerized model of river water temperatures called
QUAL-1. Specialized data decks provid'e the two models with information
descriptive of the particular river basin being studied. A second tempera-
ture prediction model was also evaluated in this study. General descriptions
of the models are presented below. More detailed descriptions can be found

in References 1 and 2.

1. River Basin Model

RIBAM is a far-field, one-dimensional, steady-state computer model
adapted from the DOSAG3 water quality model prepared by the Texas Water
Development Board. The conceptual and theoretical approach used in the
computation of the 17 water quality parameters in RIBAM is a direct
extension of the approach used to model BOD and DO in DOSAG.
Modifications were made by the USEPA to the RIBAM code received from
Raytheon in order for the model to be more compatible with the Mahoning
River system.

In RIBAM, the river is analyzed as a network consisting of four basic
components:

1) Junctions - the confluence of two streams,

2)  Stretches - the length of the river between junctions,

3)  Headwater stretches - the length of a river from its headwaters

to its first junction,

4)  Reaches - the subunits that comprise a stretch.
Reach boundaries were selected at effluent sources, channel dams,
tributaries or physical changes in the stream which divide a stretch into
subunits of uniform physical and hydraulic characteristics. As a result, all
effluent sources are considered to enter the stream at the upstream end of a
reach,

To compute water quality, RIBAM assumes steady-state conditions in
which each constituent behaves according to a continuous differential



equation throughout a reach. At reach boundaries, effluent sources are
added and stream characteristics can be changed. This approach may be
used because the definition of a reach assumes that physical characteristics
of the stream remain constant for the length of the reach. In addition, the
mathematical model assumes stream quality is one dimensional, i.e., that
concentrations vary along the length of a reach but are uniform in width and
depth.

For modeling purposes, the 17 water quality constituents are grouped
into three categories: 1) conservative, 2) non-conservative, non-coupled
and 3) non-conservative coupled. Each constituent within a given category
obeys a general equation which is characteristic of that category. The
concentration of each constituent is computed for any point in a reach by
evaluating the appropriate equation using the time of travel from the head
of the reach to the point. Time of travel is computed by the time-rate-

distance equation:

7.1

~+
I
<X

where x = the distance downstream from the head of the reach
= average stream velocity within a reach.

The constituents of particular concern on the Mahoning River are
temperature, ammonia-nitrogen, total cyanide, phenolics, and dissolved
oxygen (DO). Carbonaceous biochemical oxygen demand (CBOD), and
nitrite-nitrogen, were also considered in the modeling because of their
effect on dissolved oxygen. Conservative constituents were not modeled in
this analysis. However, mass balance relationships were reviewed for each
conservative constituent studied (see Section VII-B).

In RIBAM, CBOD, ammonia-N, total cyanide, and phenolics are
classified as non-conservative, non-coupled constituents and are assumed to
obey the first order differential equation:

€ - xe 7.2
where K is the reaction rate and the C the concentration. The solution to

equation 7.2 is:



c=ce™ 7.3
where Co is the concentration at the head of the reach and t is the time.

The starting concentration C0 is determined by a mass balance
equation, which assumes that the effluent mixes completely with the river
water at the point of discharge., All tributary and municipal flows and
loadings are added at this point as well as net loadings from the industrial
discharges. The most significant industrial discharges generally do not add
to the total flow of the stream since most steel plant process and cooling
water is withdrawn and then discharged to the river.

In RIBAM, the first-order decay of ammonia-N is the first step in the
three-step biological removal of ammonia-N from the system. The reactions
modeled are the oxidation of ammonia-N to nitrite-N, the oxidation of
nitrite-N to nitrate-N and the biological assimilation of nitrate-N.
Reactions representing the bio-chemical decomposition of organic nitrogen
to ammonia-N and biological assimilation of ammonia-N are not included in
RIBAM. These reactions do not consume DO in the stream, however, both
reactions affect ammonia-N concentrations which in turn can affect oxygen
levels during nitrification. In RIBAM, the nitrification of ammonia-N to
nitrite-N consumes 3.43 mg/l of dissolved oxygen for every mg/l of
ammonja-N that is oxidized to nitrite—N.4 Nitrite-N is also oxidized by
bacteria to nitrate-N. Concentrations of nitrite-N are therefore increasing
as a result of the ammonia-N reaction and depleting as a result of
nitrification to nitrate-N. In RIBAM, nitrite-N is modeled as a non-
conservative, "coupled" parameter with two first-order reactions taking

place simultaneously. The differential equation for this reaction is:

dC

2
g~ =K,Cp+ CF) K\ C) | 7.4

where C is concentration, K is the reaction rate, CF is the conversion factor
from ammonia to nitrite and the subscripts 1| and 2 refer to ammonia-N and
nitrite-N, respectively. For this reaction, CFI,Z is 1.0, indicating that
one mg/! of nitrite-N is produced for each mg/l of ammonia-N that is broken

down. The solution to equation 7.4 for nitrites is:
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Cz(t)_(C2 +A1,2)e 2 -Al’ze 1 7.5
, K,Cc°
where A ~——1—-—1—-—
1,2 1-—K2

It has been shown that the oxidation of one mg/l nitrite to nitrate consumes
up to 1.14 mg/l of DO.“ This relationship is incorporated into the DO
equation. The complete nitrification of one mg/l of ammonia-N to nitrate-N
therefore uses a total of 4.57 mg/l of DO, assuming a stoichiometric
conversion.

RIBAM assumes dissolved oxygen is dependent upon and coupled to
CBOD, ammonija-N, nitrite-N, iron, chlofophyll a, and sediment oxygen
demand. However, DO in the Mahoning River is dominated by the effects of
abnormally high stream temperatures, large CBOD and ammonia-N
discharges from the industries and municipalities, and to a much lesser
extent by the oxygen uptake of the polluted sediments. Preliminary
evaluations indicated that in most cases the effects of iron and chlorophyll a
on DO would be minimal and were therefore not included in this analysis.
The affects of not including these constituents in modeling DO is discussed
further in a subsequent review of model verification.

The resulting differential equation for the dissolved oxygen deficit is:

dD

i -KRD + 3.43 KlC1 + 1.14 K2C2 + K3C3 +B 7.6

where D is the DO deficit, K the reaction rate, C the constituent
concentrations, and B is the benthic oxygen demand. The subscripts 1, 2,
and 3 denote ammonia-N, nitrite-N, and carbonaceous BOD, respectively,
and R denotes the reaeration rate. As modeled in this analysis,
carbonaceous BOD represents the total oxygen demand less that from the
nitrification of ammonia-N and nitrite-N. The RIBAM code includes
additional terms for chlorophyll a and iron which are deleted in equation 7.6
because they were not included in this analysis. The solution to equation 7.6

s

o Kot K.t Kt
D(t) = (D +A1+A2+A3—b)e R-Aze 2-A3e 3" +b 7.7
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The dissolved oxygen concentration is computed by subtracting the
oxygen deficit computed in equation 7.7 from the saturated dissolved oxygen

).

concentration (C SAT

CDO(t) =C -D (t) 7.8

SAT

The saturation dissolved oxygen concentration is dependent on the stream
water temperature, T, and the mean basin elevation, E. CS AT is computed

in the model by the equation:

C = {14.62 - 0.3898*T + (0.006060*’1'2) - (0.0005897*T3)} 7.9

5.67}

SAT
*{(1-(0.00000697+E))

where T is in degrees centigrade and E is feet above sea level.

An important factor in maintaining- dissolved oxygen levels in the
Mahoning River is the many low-head channel dams located between
Leavittsburg and Lowellville. The turbulent mixing which occurs as water
flows over these dams substantially reduces dissolved oxygen deficits. In

RIBAM, the change in the DO deficit resulting from reaeration over channel

dams is computed after Owen, et a1.5
Da/Db=1+0.11ab(l + 0.046 T)H. 7.10
where Da = dissolved oxygen deficit above dam (mg/1)

Db = dissolved oxygen deficit below dam (mg/l)
T = temperature (C°)
H = height (feet which the water falls)

a = 1.25 in clear to slightly polluted water;
1.0 in polluted water;

0.80 in sewage effluents.



b = 1.3 for step weirs to cascades;

1.0 for weir with free fall.

Since values of 1.0 for coefficients a and b are built into the RIBAM code,
adjustments were made to the values of H input to the code based upon
measured data above and below each dam to compensate for the inflexibility
with respect to the a and b coefficients. Adjusting the dam heights has the .
same effect on the computed reaeration over the dams as changing
coefficients a and b to correctly account for the degree of stream pollution
and dam configuration.

In RIBAM, reaction rates for non-conservative parameters are assumed
to have an Ahrhenius temperature dependence. Reaction rates at 20 degrees
centigrade for each reaction are adjusted for temperature by the
generalized expression:

K(T) = K(20)8 %" 7.11
K(T) = reaction rate at temperature T
T = Temperature of a reach in °c
8 = temperature correction factor for
a particular constituent
Values of 8 were computed from data obtained on the Mahoning River or

selected from recently published information.

2. River Temperature Models

Two temperature prediction models were evaluated to determine
which would be more appropriate to successfullby and easily simulate the
temperature regime in the Mahoning River. The two models evaluated were
QUAL-1, developed by the Texas Water Development Board, and the
Edinger-Geyer completely mixed stream model.z’ 6 The QUAL-1 model had
been received from Raytheon as the temperature modeling portion of the
Beaver Basin Model (BEBAM) project. Some difficulty had been encountered
by Raytheon in trying to verify QUAL-1 on the Mahoning River. It was for
this reason that a second temperature model, the Edinger and Geyer

formulation, was also evaluated.



a. QUAL-1

QUAL-! contains the capability to simulate CBOD, DO, temperature
and conservative constituents. Only the temperature portion of the model
was evaluated in this study. The basis for temperature simulation in the
QUAL-1 model is a heat budget which represents the energy transfer across

the air-water surface:

_ +
HN = Hsn + Han - (Hb HC + He) 7.12

where

HN - Net energy flux passing the air-water interface, BTU/itz—day

2

H__= Net shortwave solar radiation passing through interface, BTU/{t" —day

sn
Han: Net longwave atmosphere radiation flux passing through interface,
BTU/ft2-day
r

Hb = Outgoing longwave back radiation flux, BTU/ftz—day
HC = Conductive energy flux between air and water, BTU/ftz-day
He = Energy loss by evaporation, BTU/ftz-day

The heat budget equation shown above is the basis not only for
QUAL-1 but for most temperature models. The basic differences between
models are the particular methods used to estimate the heat terms in
Equation 7.12 and the 