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PREFACE

Section 303(e) of the Federal Weter Pollution Control Act Amend-
ments of 1977 provides for the establishment of a Continuous Planning
Process by the State on a river basin sczle consistent with other sections of
the 1977 Amendments. The river basin plan, or Section 303(e) plan, is a
water quality management plan for the streams, rivers, and tributaries and
the total land and surface area within a planning area defined by the State.
The purpose of the plan is to coordinate and direct the State's water quality
decisions on a river basin scale. The plan is neither a broad water and
related land resources plan nor a basinwide facilities plan; it is a document
that identifies the basin's water quality problems - including a determination
of existing water quality, applicable standards, and significant point and
nonpoint sources of pollution - and sets forth a cost-effective remedial
program for those problems including efiluent limitations and other control
strategies; it identifies Section 201 facility decision planning and
Section 208 areawide planning needs; it sets forth priorities for municipal
facilities planning and construction grants and for industrial permit
processing; and it estabiishes the timing cf plan implementation.

The Waste Load Allocation Report (WLAR) is a comprehensive water
quality report that provides the technical basis for the Section 303(e) plan.
It focuses upon the relationships of existing water uses with duly adopted
water quality standards. The WLAR identifies and ranks point source
dischargers in terms of adverse impact on water quality; provides recom-
mended schedules of compliance and target compliance dates; assesses
municipal treatment needs; recommends appropriate revisions to water
quality standards; and recommends an appropriate monitoring and surveil-
lance program. Where necessary, because of severe water quality problems,
the WLAR establishes maximum daily pollution loadings that can be
discharged to a stream segment; makes individual point source load

allocations; and, where possible, assess nonpoint source pollution.
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SECTION 1
OBJECTIVES

The objectives of the Waste Load Allocation Report are to provide the
basis for a water quality management plan for the Black River Planning
Area pursuant to Section 303(e) of the Federal Water Pollution Control Act
Amendments of 1977, and to support the National Pollutant Discharge
Elimination System (NPDES) permitting process pursuant to Section 402 of
the 1977 Amendments. NPDES permit conditions for point source
dischargers include effluent limitations, compliance schedules, and effluent

monitoring requirements.



SECTION II
SCOPE

The Black River Planning Area encompasses in excess of 515 square
miles of drainage in the Lake Erie Basin including the total drainage of the
Black River (467 square miles), Beaver Creek (44 square miles), Martin Run
(4 square miles), and a few square miles draining directly to the lake.
Figure II-1 illustrates the area of study and its location within the State.
Figure II-2 is a more detailed illustration of the Planning Area denoting
significant political boundaries. Based upon the 1970 census, the population
residing in the area is estimated to be 250,000 people or roughly 2.3 percent
of the State's 1970 population of 10,650,000 people; the Planning Area
accounts for about 1.2 percent of the surface area of Ohio. There are 159
known point source dischargers within the Planning Area, including 114
municipal and semi-public sewage treatment plants and 45 industrial
facilities including municipal water treatment plants.

Because of the extremely low water quality design flows of Beaver
Creek and the Black River above Elyria, sophisticated water quality
modeling was generally not required to establish effluent limitations for
dischargers to these streams in conformance with applicable water quality
standards. However, such techniques were employed to study the complex
water quality problems of the eleven mile segment of the Black River from
the northern portions of Elyria to Lorain. Effluent limitations in
conformance with water quality standards were developed for the major
dischargers in this segment.

Approximately 40 stream sampling stations throughout the Planning
Area were employed as part of this study to assess compliance with water
quality standards during spring runoff conditions (April-May, 1974). In

addition, 14 stations in the lower Black River were intensively sampled



during summer low flow cIrditions for water quality simulation purposes
(July 1974, July 127 7). Aside from ‘viter aquality data obtained by the USGS
and the Ohio Environmental Protection Agc.... -* and below the USGS
stream flow gaging station in Elyria, there are not much juii, term data
available for the Planning Area. Available water quality data from previons
Ohio EPA and U.S. EPA studies and miscellaneous sources were assembled
and included herein.

Of the 45 industrial facilities, 16 of the more significant dischargers
were inspected, and effluent sampling programs were completed at Harshaw
Chemical Company and the U.S. Steel - Lorain Works. The Elyria, Lorain,
and Oberlin sewage treatment plants were inspected, with sampling
programs completed at the Elyria and Lorain facilities. In addition, a field
reconnaissance program was conducted to identify dischargers to the Elyria
storm sewer system. Since NPDES permits are now effective for many
dischargers in the Planning Area, the effluent limitations and other
requirements of these permits are reviewed herein in terms of consistency
with applicable water quality standards and effluent limitation guidelines.
Recommendations for modification of these permits are made as appropri-

ate.
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SECTION III
FINDINGS AND CONCLUSIONS

(1) There are 159 known point source dischargers within the Black
River planning area, including 114 public and semi-public sewage treatment
plants, 38 industrial facilities, and 7 water treatment plants. Four facilities
discharge directly to Lake Erie, 127 discharge to streams with water quality
design flows of zero cfs, and 28 discharge to lake-affected areas of the
Black River or to streams having a significant water quality design flow.

(2) Upstream of Elyria, most streams have good quality water and are
in substantial compliance with Ohio water quality standards. Violations of
the cadmium and lead standards were found at several locations, apparently
the result of agricultural non-point source pollution. Bacterial standards
were exceeded throughout the basin due to the discharge of inadequately
disinfected sanitary wastes.

(3) Large discharges of ammonia and other oxygen-demanding
materials from the Elyria sewage treatment plant cause continuing and
substantial violations of Ohio Water Quality Standards for ammonia and
dissolved oxygen in the main stem of the Black River. Thermal discharges
from the U.S. Steel-Lorain Works cause violations of the temperature
standards in the Black River, and, the discharge of oxygen demanding wastes
from this facility contribute to the violation of dissolved oxygen standards.
In addition, the oil discharge from U.S. Steel Outfall 001 is causing
violations of Section 3745-1-04(B) of the Ohio Water Quality Standards,

despite being in compliance with current NPDES permit conditions. Upon



reaching design flow, the discharge from the French Creek Sewage
Treatment Plant will become a significant factor in the dissolved oxygen
balance in French Creek and in the Black River.

(4) The classification of the main stem of the Black River as "water
quality limiting" is warranted since conventional municipal secondary
treatment for the Elyria and French Creek sewage treatment plants, and
BPCTCA for the U.S. Steel-Lorain Works are not adequate to achieve water
quality standards. Most remaining streams in the planning area should be
similarly classified due to their low water quality design flows.

(5) With minor exceptions, Ohio's warmwater habitat use designation
and associated water quality criteria are achievable throughout the planning
area with well demonstrated, conventional industrial and municipal treat-
ment technologies. The seasonal warmwater habitat use designation is
appropriate for limited reaches below the Brentwood Estates, Eaton Estates,
Grafton, Lagrange, Lodi, and Oberlin Sewage Treatment Plants.

(6) Maximum and average temperature standards for the lower Black
River for the period April 15 to June 15 should be increased 3°F to reflect
the response of the river to weather conditions and the recommended

reduced thermal loadings at the U.S. Steel-Lorain Works.



SECTION 1V
RECOMMENDATIONS

1. The water quality management strategy and point source effluent
limitations presented in Section IX and Appendix IV should be implemented
through the NPDES permit program pursuant to Section 402 of the 1977

Amendments,

2. Trunk and collector sewers should be constructed as soon as possible in
Avon, North Ridgeville, and Sheffield to eliminate the semi-public treat-
ment plants in those communities and to avoid constructing many AWT

facilities.

3. The Amherst STP should be abandoned and combined with the Lorain
sewerage system to avoid advanced treatment requirements at Amherst.
Likewise, treatment plants planned for the Quarry Creek area should be
designed to discharge directly to Lake Erie or to discharge to the Lorain

sewerage system.

4, Consideration should be given to regionalizing sewage treatment plants
south of Elyria to eliminate many smaller facilities and minimize the

number and extent of seasonal warmwater habitat classifications.

5. The City of Elyria must develop and implement a strong industrial
pretreatment program to prevent upsets of the existing treatment plant and

future advanced waste treatment processes.



6. The primary water quality monitoring network presented in Section X
should be implemented by the Ohio Environmental Protection Agency in

accordance with Section 106 of the 1977 Amendments.

7. The Ohio Environmental Protection Agency should include an intensive
survey of the lower Black River in the mid 1980's as part of its monitoring
strategy. The intensive survey is recommended to demonstrate the effects
of rmunicipal and industrial treatment and to update the waste load
allocation. Non-point source pollution surveys in the agricultural areas
should be considered as follow up to document sources of water quality

procedures upstream of Elyria.



SECTION V
PLANNING AREA DESCRIPTION

The Black River Planning Area is described below in terms of
geography, geology, meteorology, land and water uses, demography, the
economy of the area, and the hydrology of the major streams. By design,
the information and data presented are of a general nature for the purpose
of providing background information only. Of necessity, the hydrology
section is more detailed. Most of the material is presented for the planning
area as a whole, whereas hydrologic information is presented for specific
streams and stream segments. More detailed information concerning the
description of the Planning Area can be found in appropriate listed

references.

A. Geograghzl’z’3

The Black River and Beaver Creek basins are located in the north
central part of Ohio and drain slightly in excess of 515 square miles or about
1.2 percent of the surface area of the State (Figure II-1). The Black River
portion is primarily located within Lorain County with some parts of the
basin also extending into Cuyahoga, Medina, Huron, and Ashland Counties.
The Beaver Creek basin lies entirely within Lorain County (Figure V-1).

The general topography and character of the land surface is a result of
glacial action during the Wisconsin and Illinoian periods. The surface is low
and relatively flat with a gentle slope from the southern townships to the
lake shore. However, a narrow valley has been cut by the Black River and

the lake front in Avon Lake and Sheffield Lake is bordered by a cliff.
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Black River

The origin of the Black River lies near the boundary between Sullivan
and Troy townships in Ashland County. From that point the main stem,
which includes the East Branch and West Fork, flows 78 miles to Lake Erie
at Lorain. Two major tributaries are the West Branch and French Creek,
forming confluences at river miles 15.4 and 5.1, respectively. The total
drainage area of the basin is 467 square miles and the elevation of the
stream ranges from 1138 feet above sea level at its source to 573 feet above
sea leve! at its mouth, giving an average fall of 7.6 feet per mile. However,
the river actually falls to the level of Lake Erie, 573 feet above sea level, at
about river mile 6.5. Figure V-2 presents a more detailed view of the slope

of the stream.

Beaver Creek

From its source in the extreme southwest corner of Russia township,
Beaver Creek flows 12.2 miles to Lake Erie and drains a total area of
44 square miles. Its range in elevation is from 806 feet above sea level at
the source to 573 feet at Lake Erie, giving an average fall of 19.1 feet per
mile.

Martin Run, a small tributary to Lake Erie between Beaver Creek and
the Black River drains # square miles. In addition, a few square miles of

land along the lake shore drains directly to Lake Erie.

B. Geologzl’z’3

The northern and western parts of Ohio are in the Glacial Plains
division of the Central Lowlands province, and the southeastern part is in
the Allegheny Plateau province. The boundary between these provinces is
the northern edge of the Glaciated Plateau shown in Figure V-3. Figure V-3
also shows the principal physiographic subdivisions in the State. The Black

River Planning Area includes three of these subdivisions; the Lake Plains,
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FIGURE X -3
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the Till Plains, and the Glaciated Plateau. All of the regions have been
glaciated, and the area is low and generally flat, with the exception of the
Glaciated Plateau. The Lake Plains encompasses a fifteen mile narrow strip
along the Lake Erie shoreline. The remainder of the Planning Area lies
within the Till Plains, except for a few square miles along the southeastern
edge which extend into the Glaciated Plateau.

Bedrock formations consist of shale, sandstone, and limestone of the
Devonian and Mississippian systems. Devonian rocks are prevalent in a
narrow band along Lake Erie, while younger Mississippian formations are
found under the Till Plains to the south. The soils overlying the bedrock are
glacial deposits of the Wisconsin Age. These soils are thin and quite
diversified as a result of glaciation, but generally, heavy clays predominate.
Such clayish soils exhibit a small water storage capacity which, along with
the low permeability of the bedrock, result in relatively low dry weather
streamflows due to low groundwater storage. Figure V-4 is a solils
association map and Figure V-5 is a groundwater availability map, both of
which serve to illustrate the above. A more detailed description of the soils

in the Planning Area can be found in References 1, 2, and 3.

C. Meteorologf

The Black River Planning Area has a climate which is marked by large
annual, daily, and day-to-day variations in temperature. Summers are
moderately warm and humid with a few days when temperatures exceed
90°F, whereas winters are moderately cold and cloudy with only a few days
of subzero temperatures. As shown in Table V-1, the annual mean
temperature for the area is about 51°F with monthly averages ranging from
28°F in January to 73°F in July.

Precipitation varies widely from year to year, but is normally abundant
and well distributed with fall being the driest season. As shown in Table V-
2, the mean annual precipitation is about 34.5 inches with the mean monthly
precipitation varying from about 2.2 inches in December to 3.5 inches in
April. Figure V-6 is an isohyetal map depicting the variation in mean annual
precipitation from about 33 inches near Lake Erie to 36 inches in the

southeastern section of the area. Table V-3 and Figures V-7 and V-8 present



FIGURE X-4
BLACK RIVER PLANNING AREA
SOILS ASSOCIATION MAP
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FIGUPE V-4

SOILS ASSOCIATION MAP KEY

MAHONING-ELLSWORTH, mostly nearly level to aently sloping,
somewhat poorly, poorly, and moderately well drained soils
of glacial till plains,

CHAGRIN-ORRVILLE-WAYLAND, nearly level, well, somewhat poorly,
and poorly drained soils of stream first bottoms,

t

FITCHVILLE-LURAY-SEBRING, mostly rearly level to depressional,
somewhat poorly, very poorly, and poorly drained soils on broad,
glacial lake plain flats,

ALLIS-FRIES-MITIWANGA, mostly nearly level to depressional,
somewhat poorly and poorly drained, shallow ta shale or sand-
stone bedrock soils of the glacial lake plain,

HASKINS-JIMTOWN~(OSHTEMO), nearly level to slopina, somewhat
poorly and well drained sandy and gravelly soils of beach ridges,

-glacial outwash plains, and stream terraces,

MAHONING-MINER, nearly level to depressional, somewhat poorly and
poorly drained soils of the glacial lake and till plains,

BENNINGTON-CARDINGTCN, nearly level to gently slopina, somewhat
poorly drained and moderately well drained upland soils formed
in silty clay loam or clay glacial tili,

CARDINGTON-BENNINGTCM, mostly qently slopina to moderately steep,
moderately well and somawhat poorly drained upland soils formed in
silty clay loam or clay Ioam alacial till,

HASKINS~CANCADEA-LOBDELL, nearly level to gently slopiny, somewhat
poorly drained and moderately well drained terrace and flood plain
s0ils formed either in loamy material overlying clayev alacial lake-
deposited sediments or clayey sediments and stream-deposited sediments.

FITCHVILLE-CHILI-BOGART, nearly level to slopinn, somewhat poorly
drained and well drained, mainly terrace soils formed either in
silty, glacial lake-deposited sediments or loamy material overlying
sand and gravel.

CARLISLE~LURAY-LORAINM, nearly level, very poorly drained organic and
gtacial lake bed soils formed either in thick layers of partly de-
composed plants or silty and clayey glacial lake-deposited sediments,




FIGURE X -5
BLACK RIVER PLANNING AREA
UNDERGROUND WATER AVAILABILITY MAP
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REFERENCE:

OHI0 HYDROLOGIC ATLAS J

ON10 ~DIVISION OF WATER,
OHIO WATER PLAN INVENTORY
REPORT NO. 13, COLUMBULS, {962

FIGURE X -6

BLACK RIVER PLANNING AREA
ISOHYETAL MAP
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the monthly and annual distribution of precipitation, respectively, demon-
strating the seasonal variation in precipitation. The annual snowfall
increases eastward across the Planning Area from 35 inches near the border
with Erie and Huron counties to about 50 inches on the eastern edge near
Cuyahoga County.

Table V-4 presents the average dates of killing frost, average annual
snowfall, and average length of growing season for 5 stations in and around

the Planning Area.

D. Land and Water Uses5’6’7

Table V-5 summarizes the land use within the four counties in the
Black River and Beaver Creek basins. It is important to note that the basins
include only small portions of Ashland, Huron, and Medina Counties. Land
uses in these counties are primarily forest and farmland. Approximately
10 percent of the Planning Area is urban and developed area, 55 percent
cropland, 10 percent pasture and rangeland, 15 percent forest, and 10 per-
cent farmland and other nonfarmland.

Major recreational areas include the Lake Erie shoreline, Spencer Lake
State Wildlife Area in Spencer, and Findlay State Park in Wellington, which
provide for swimming, camping, boating, and fishing.

Existing public water supplies are listed in Table V-6 with projected
public water withdrawals through 2006. To meet future water demands, the
Northwest Ohio Water Development Plan recommended that Grafton,
LaGrange, and Spencer obtain water by direct withdrawal from the East
Branch of the Black River, Lodi obtain water from a storage reservoir
constructed on the East Branch of the Black River, South Amherst and Eaton
Estates obtain their water from Elyria, Oberlin obtain water by direct
withdrawal from the West Branch of the Black River, Wellington construct
another water supply reservoir, and Elyria and Lorain construct new Lake
Erie pipelines. Several other plans were considered but were found
unfeasible. Additional information can be found in Reference 5.

Table V-7 lists agricultural water withdrawal for all or part of the

4 counties included in the Planning Area. Current industrial water
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TABLE V-7

BLACK RIVER PLANNING AREA
AGRICULTURAL WATER WITHDRAWAL (mgd)

. Farm & Farm Golf Course Greenhouse
County” Suburban lrrigation lrrigation & Nursery Livestock
Homes Irrigation
Ashland 0.166 - - - 0.131
Huron 0.666 0.135 0.044 0.021 0.517
Lorain 2.314 0.808 0.509 0.948 0.592
Medina 0.399 0.002 0.022 0.132 0.182

e

" Basins included

Reference:

Ashland County - Black & Vermilion River Basins

Huron County -~ Black, Huron, Sandusky & Vermilion R. Basins
Lorain County = Black & Vermilion River & Beaver Cr. Basins
Medina County - Black River Basin

Northwest Ohio Water Development Plan, Ohio Department of
Natural Resources, Columbus, 1967.




withdrawal is presented in Table V-8. Projected industrial water demand
from municipal water systemns in Lorain County are presented in Table V-9.
Total water usage from all sources in the Planning Area is shown in Table V-
10.

Lake Erie is the largest public raw water supply providing 27.8 mgd to
Elyria and Lorain or about 93 percent of all water used by municipalities.
Only one city, Lodi, uses groundwater as a supply, whereas the remaining
municipalities use other surface waters. The Black River is the largest
source of industrial water, supplying 173 mgd to the U.S. Steel - Lorain
Works, American Shipbuilding, and Republic Steel with U.S. Steel using
about 171 mgd. The Ohio Edison-Edgewater Generating Plant uses about
110 mgd of lake water primarily for cooling purposes. Groundwater supplies

only a small portion of the needs of the Planning Area.

E. Demograghz8

According to the 1970 census, the population of the Black River
Planning Area is approximately 250,000 people, or about 2.3 percent of the
State's 1970 population. The population is geographically skewed toward the
northem section of the basin with about 60 percent of the people residing in
Lorain and Elyria. Table V-11 lists the major population centers and the
percent change in population between 1960 and 1970. The population of
communities in the basin increased between 3.2 and 77.1 percent, with
Amherst, South Amherst, and North Ridgeville experiencing the largest
gains. Table V-12 presents population projections to the year 2000 for the
sewage service areas. The population of all service areas are projected to
increase until 2000, except for Brentwood Lakes and Eaton Estates, where
constant populations are expected.

Employment projections for Lorain County presented in Table V-13
show that the total employment and the unemployment rate in the county
are expected to increase. Table V-1% lists the ten largest employers in the

Planning Area and their current full production employment.
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TABLE V-9

LORAIN COUNTY (1)
PROJECTED [NDUSTRIAL WATER DEMAND
(mgd)

City 1978 1920
E]yria(z) 5.9 8.8
Grafton 0.4 0.72
LaGrange 0.19 0.39
Lorain 6.9 8.6
Oberlin 1.31 1.97
South Amherst 0.63 1.01
Wellington : 0.7 1.17

(1)

Notes: Includes only water obtained from municipal systems.

Including Elyria, Amherst, North Ridgeville, Sheffield, °

and parts of Carlisle & Elyria Township.

Reference: Water and Sewer Study for Lorain County, Kleinoeder-
Schmidt and Associates, Woodruff Inc., Cleveland, 1974.




TABLE V-10

BLACK RIVER PLANNING AREA
1973 WATER USAGE ESTIMATES

Use Lake Erie Other Surface Municipal Wells
Waters
Municipal 27.8 1.8 - 0.4
Industrial 110.2 173 10.8 -
Agriculture - - - 3.1
Other - 0.1 19.2 2.7
Total 138.0 174.9 30 6.2

References: 1. Water and Sewer Study for Lorain County, Kleinoeder-
Schmidt and Associates, Woodruff Inc., Cleveland, 1974.
2. 1973 Ohio EPA Water Treatment Plant Inventory
3. Northwest Ohio Water Development Plans, Ohio Department
of Natural Resources, Columbus, 1967.




TABLE V-11

BLACK RIVER PLANNING AREA
MAJOR POPULATION CENTERS

1960 1970 % Change
(1960-]970)

Lorain County

Amherst 6750 9818 +45.5
Avon 6002 7137 +18.9
Eaton 5886 6430 +9.2
Elyria 43782 53359 +21.9
Grafton 1683 1766 +h.9
Lagrange 1007 1066 +5.9
Lorain | 68932 76733 +11.3
North Ridgeville 8057 13142 +63.1
Oberlin 81398 8686 +6.0 -
Sheffield 1664 1806 +8.5
— South Amherst 1657 2934 +77.1
Wellington 3599 Lo +14.0

Medina County
Lodi ‘ 2313 2387 +3.2

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




Table V-12

Population Projections by
Sewage Service Area

Population (Estimated)

Service Area 1980 1985 1990 1995 2000

Lorain County

Avon STP (Shown into French Creek 1980)
Brentwood Lakes Estates 750 750 750 750 750
Eaton Homes Estates 1,920 1,920 1,920 1,920 1,920
Elyria STP 60,700 67,400 75,800 81,600 88,400
French Creek STP 32,600 38,900 43,300 46,600 49,300
Grafton STP 1,970 2,100 2,230 2,390 2,550
LaGrange STP 1,200 1,300 1,390 1,490 1,600
Lorain STP 104,000 113,000 122,000 130,000 118,000
North Ridgeville (Shown into French Creek 1980)
Oberlin STP 11,000 12,000 13,000 14,000 15,000
Wellington STP 4,660 5,130 5,620 6,060 6,520

Medina County

Lodi STP 3,150 4,000 4,000 5,250 5,850
Spencer STP 1,200 1,550 1,800 2,000 2,250
Reference:

Northeast Ohio Areawide Coordinating Agency, Water Quality Program, Sewage Treatment Plant
Load and Flow Projections, Technical Appendix A34, August 1978, revised November 1979.
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TABLE V-1h

BLACK RIVER PLANNING AREA
TEM LARGEST EMPLOYERS

Employment
Industry Activity Location Full Production
U. S. Steel - Steel Production Lorain 8500
Lorain Works
Ford Motor Co. Auto Manufacture Lorain 7869
GMC - Fisher Body Auto Manufacture Elyria 2700
Bendix Westing- Automotive Air Brakes Elyria 1600
house Manufacture
Lorain Products Electrical Equipment lLorain 1250
Manufacture
Stanadyne - Steel Fabrication Elyria 11C0
Western
American Ship Production Lorain 960
Shipbuilding and Repair
Tappan lInc. Heating and Air Elyria 856
Conditicning Unit
Production
Luxaire Rubber Product Elyria 726

Fabrication

Reference: Elyria and Lorain Chambers of Commerce



F. Economy

The economy of the Black River Planning Area is quite diverse with
industrial activity predominating in Elyria and Lorain and agricultural
activity predominating throughout the remainder of the basin. Major
industries include the manufacture of steel and steel products, various
inorganic chemicals, and automobile assembly, shipbuilding, and power
production. Important natural resources include sandstone and natural gas.
The numbers of various types of industries for Lorain County in 1973 are
listed in Table V-15.

There is one port facility located in Lorain serving mainly as a shipping
and receiving facility for U.S. Steel-Lorain Works, American Shipbuilding,

and as a coal shipping terminal.

G. Location of Point Source Dischargers

Figure V-9 illustrates the distribution of known point source dis-
chargers in the Black River Planning Area. Tables V-16 through V-20
provide discharger NPDES permit numbers, receiving stream and flow rates.
Altogether there are 114 public and semi-public sewage treatment plant
dischargers, 38 industrial facilities, and 7 water treatment plants in the
planning area. Of the industrial dischargers, about two-thirds (24) are
located in the city limits of Elyria or Lorain and most discharge to the
mainstem of the Black River. The remaining industrial facilities are
uniformly distributed throughout the area. As noted earlier, the United
States Steel Corporation - Lorain Works is the most significant industrial
discharger in the area with a total effluent flow of 171 MGD.

Public and semi-public sewage treatment plants comprise most of the
dischargers in the basin. Out of the 114 treatment plants, most facilities
are small with an effluent flow of less than 1 MGD. Only the Elyria
(6.2 MGD), Lorain (14.2 MGD) and French Creek Council of Governments
(7.5 MGD) sewage treatment plants have a flow exceeding 1 MGD with the
effluent flow at Wellington and Amherst STP approximately equal to 1 MGD.

The smaller sewage treatment plants typically serve individual facilities



TABLE V=15

MANUFACTURING FIRMS IHN LORAIN COUNTY

Rank Industrial Classification No. of Firms (1973)

1 Fabricated Metals 78

2 Nonelectrical Machinery 56

3 Printing and Publishing 26

4 Primary Metal [ndustries 21

5 Rubber and Plastics 20

6 Stone, Clay, and Glass 20

7 Electrical Machinery 17

8 Transportation Equipment 16

9 Food and Kindred Products 15
10 Miscellaneous Manufacturing 15
11 Chemicals and Allied Products 14
2 Instruments & Related 6
13 Furniture and Fixtures 5
14 Petroleum and Coal h
15 Lumber and Wood 4
16 Apparel and Related 3
17 Paper and Allied Products 1
Total 321

Reference: Manufacturing and Employment Characteristics, Lorain

County Economic Series No. 2, Lorain County Regional
Planning Commission, Elyria, 1974.



FIGURE -9

BLACK RIVER PLANNING AREA
DISCHARGER LOCATION MAP
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such as churches, schools or restaurants or small residential developments
including apartments and mobile home trailer parks. Figure V-9 shows the
majority of the sanitary waste dischargers are clustered in the unsewered
areas near the larger metropolitan centers in the northern portion of the
planning area, i.e. in Sheffield and Sheffield Lake east of Lorain, in the
communities south of Elyria, and, in Amherst and South Amherst along
Beaver Creek. In the less populated southern half of the basin, there are not
as many sewage treatment plants. Those present are more uniformly
distributed than in the northern half of the basin.

Water treatment plants are generally located within the smaller cities
in the southern half of the planning area. The Elyria and Lorain water
treatment plants are located on the lake and serve the northern half of the

planning area.

H. szrologx1 1,12,13

The hydrology in the Black River planning area is directly related to
geological formations and soil conditions which have minimal water storage
capacity. Surface materials are generally rather dense and impermeable and
the glacial deposits contain only limited amounts of permeable sand and
gravel. Bedrock in the area is mainly shale and contributes virtually no
groundwater to stream flow. Hence, groundwater storage is limited. In
addition, there are no significant reservoirs or water developments to
augment flows in the basin. The result of the above conditions is that
stream flows fluctuate widely with changes in precipitation but are typically
very low during sustained dry weather periods. A more detailed description
of the streamflow characteristics of the Black River and Beaver Creek

follows:
Black River

Figure V-10 is a cumulative drainage area graph for the Black River
showing both the drainage area and the location on the main stem of major
and minor tributaries. Approximately 80 percent of the total drainage area

lies above the USGS stream gage at Elyria (River Mile 15.2). Significant
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changes in the slope of the main stem are illustrated in Figure V-2 along
with the location of manmade impoundments in the Elyria area. These low
head dams were originally installed to maintain a supply of river water for
withdrawal during periods of low flow. However, only the dam on the West
Branch near East 15th Street is currently used to provide an industrial water
supply for Republic Steel. Reservoirs supplied by the Black River near
Grafton, Oberlin, Spencer, and Wellington are used as water supplies by
these municipalities.

Figure V-11 is a flow duration curve for the Black River at the USGS
gaging station in Elyria. As shown, the flow of the stream is expected to be
greater than 50 cfs only 50 percent of the time and greater than 8 cfs about
90 percent of the time. Conversely, the flow is expected to be greater than
750 cis about 10 percent of the time. These data are also illustrated in
Figure V-12 which includes a monthly hydrograph of the stream at the same
location. These data are significant in that while expected mean monthly
flows may range between 31 cfs in September and October to over 800 cfs in
March, the flow is expected to be greater than 50 cfs only half of the time.
The expected mean annual flow is just below 300 cfs.

As illustrated by these figures, the water quality design flow
throughout the basin above French Creek is extremely low, with the Elyria
sewage treatment plant contributing much more than half of the water
quality design flow above the lake-atfected portion of the stream. It is
significant to note that of the 140 dischargers in the Black River basin,
112 discharge to streams or segments with water quality design flows of
zero or streams with no natural flow.

Depending upon the level of Lake Erie, the Black River reaches lake
level between River Mile 6.5 and River Mile 5.1 where French Creek
discharges into the main stem. From this point to the mouth of the stream
at Lorain Harbor, the river is considered an estuary. The flow regime is
altered further from River Mile 5.0 to 2.5 by the intake pumpage and
discharges of the U.S. Steel-Lorain Works. Additional information concern-
ing the water quality design flow of the stream in this area can be found in

Appendices II and IIL
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Beaver Creek

As noted above, there are no hydrologic data available for Beaver
Creek. Since the Beaver Creek Basin is geographically similar to the upper
sections of the Black River basin, hydrologic data for the Black River in
conjunction with wastewater discharge data presented in Table V-20 were

employed to develop the water quality design flow profile for Beaver Creek.
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SECTION VI
WATER QUALITY STANDARDS

Water quality standards in Ohio were adopted by the Ohio Environ-
mental Protection Agency (Ohio EPA) on July 11, 1972, and Federally
approved on September 29, 1972. 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. Federal exception to a few of
the statewide criteria were amended by Ohio on January 8, 1975, and
Federally approved May 14, 1975. The water quality standards were further
revised by Ohio EPA on February 14, 1978. However, all of these revisions
were not Federally approved. Specifically, criteria for dissolved oxygen and
cyanide as well as various use designations and downgradings and the
definition of low flow streams were the major items excepted from Federal
approval. All use designations and associated criteria not specifically
excepted from Federa! approval were approved by U.S. EPA and are in
effect as State adopted-Federally approved water quality standards. At this
writing U.S. EPA is in the process of promulgating certain standards for
Ohio. Reference is made to the February 14, 1978 water quality standards
and the following correspondence from U.S. EPA for additional information

concerning those parts of the standards excepted from Federal approval:

1. Adamkus, Valdas V., Deputy Regional Administrator, Region V,
U.S. EPA, Chicago, Illinois to (Honorable James A. Rhodes, Governor
of Ohio, Columbus, Ohio) May 17, 1978, 2 pp w/attachment.

2. Adamkus, Valdas V., Deputy Regional Administrator, Region V,
U.S. EPA, Chicago, lllinois to (Honorable James A. Rhodes, Governor
of Ohio, Columbus, Ohio) August 9, 1978, 2 pp w/attachment.



With respect to this document and waste load allocations included herein,
the Warmwater Aquatic Habitat designation was considered throughout the
basin.  The proposed U.S, EPA dissolved oxygen criterion of 5.0 mg/l
(minimum at any time) was employed as a basis for establishing effluent
limitations for oxygen demanding wastes. Criteria for other critical
pollutants (temperature, ammonia-N, total cyanide, phenolics, and metals)
were obtained from the State-adopted Federally approved standards applica-
ble to the Black River. The achievability of the warmwater aquatic habitat

throughout the basin is addressed in Section IX.
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TABLE VI -~ 2

General Lake Erie Basin -~ includes allsurface waters of the state within th
boundaries of the Leke Erie drainage basin, excluding those water

" bodies as designated in Tebles 5h through 53, and Table 5a.
Shown as degrees Fahrenneit and (Celsius).

Jan. Feb. Mar. Mar.  Apr. Apr. May - May dune
1-31 - 1-29 1-15 16-31 1-15 16-30 - 1-15 16-31 - 1-15

Average: 44 44 48 5] 54 60 64 66 72 -
: (6.7) (6.7} (8.9) (10.6) {12.2) {(15.6) (17.8) (18.9) (22.2).
paily o N A -
Maximum: 49 49 53 56 61 65 69 72 76
C(9.8) (9.8 (1L7)(13.3)  (16.1) (18.3) (20.6) (22.2)- (24.4)
June  -July  Aug. Sept. Sept. QOct.  Oct. Nov.  Dec.’
16-30  1-31  1-31  1-15 . 16-30 1-15  16-31 1-30  1-31
Average: 82 g2 82 8 715 67 6 54 24
T (27.8) (27.8) (27.8) (27.8) (23.9) (19.8) (16.1) (12.2) . (6.7)
Pail . :. .
Maxi%um: 85 85 85 85 80 72 66 59 49

(29.4) (29.2) (29.4) (29.4) (26.7) (22.2) (38.9) (15.0) (9.4)

vi- &



TABLE V1-3

Seasonal Warm Water Habitat

Seasonal daily maximum temperature Timitations for
Seasonal Warmwater Habitat. Shown as Degrees
Fahrenheit and (Celsius).

Month Daily Maximum
January 70(21.1)
February 70221,];
March 75(23.9
April 80(26.7)
May 84(28.9)
June 89(31.7)
July 89(31.7)
August 89(31.7)
September 89(31.7)
October 84(28.9)
November ©76(24.4)
December 70(21.1)



LAKE ERIE STANDARDS

Temperature

(a) There shall be no water temperature
changes as a result of human activity
that cause mortality, long-term avoidance,
~exclusion from hebitat, or adversely
affect the reproductive success of
representative aguatic species, unless
caused by natural conditions.

(b} At no time shall water temperature excced

a monthly or bi-weekly average, or at
any tire exceed the daily maximum temperature

~as indicated in Table 7a and 7b. The
average and daily moximum temperature
standards shall apply and be measured outside
of a thermal mixing zone at any point on a
thermal mixing zone boundary at depths
greater than three feet, as defined in
Rule 3745-1-11(B)(2)(a) and (b) of the Ohio
Administrative Code.

(c) The terperature of the hypolimnetic waters
of Lake Erie shall not exceed at any
time a daily maximum as indicated 1in
Table 7c.

Table vi-4Lake Erie Western Basin - includes the area of Lake Erie west of a
1ine drawn from Pelec Point, Canada to Scott Point on Catawba Island.
Shown as degrees Fahrenheit and (Celsius).

Jan. Feb. Mar, Mar. Apr. Apr. May May " June
1-3] 1-29 1-15  16-31 1-15  16-30 1-15  16-31 1-15

Average: - - - - - 53 59 65 75
(M.7)  (15.0) (18.3) (23.9)
Daily '
Max imum: 35 38 39 45 5 56 64 72 78
.7) {3.3) {3.9) (7.2) (10.6) (13.3) (17.8) (22.2) (25.6)
June  July  Aug. Sept. Sept. Oct. Oct. Nov. Dec.
16-30 1-31 1-31 1-15 16-30 1-15  16-31 1-30 1-31
Average: 80 83 83 78 76 66 60 53 -
(26.7) (28.3) (28.3) (25.6) (24.4). {18.9) (15.6) (11.7)
Daily :
Maximum: 83 85 85 83 81 71 65 58 46

(28.3) (29.4) (29.4) (28.3) (27.2) (21.7) (18.3) (14.4) (7.8)

Yy o)



LAKE ERIE STANDARDS

Table V1-5 Lake Erie Central Basin - includes the area of Lake Erie east of a

Average:

Daily

Maximum:

Average:

Daily

Maximum:

tine drawn from Pelee Point, Canada to Scott Point on Catawba Island
to the Pennsylvania-Ohio state line. Shown as degrees Fahrenheit
and (Celsius).

Jan. Feb. far. Mar. Apr. Apr. May May June
1-31 1-29 1-15  16-31 1-15  16-30 1-15  16-31 1-15

- - - - 43 53 59 63 ‘ﬂ§5’
(6.1) (11.7) (15.0) (17.2) (23.9)

35 38 39 45 48 56 63 .72 78
(1.7)  (3.3) (3.9) (7.2) (8.9) (13.3) (17.2) (22.2) (25.6)

June July Aug. Sept. Sept. Oct. Oct. Nov. Dec.

16-30 1-31 1-31 1-15  16-30 1-15  16-31 1-30 1-31

80 83 83 76 7 66 58 48 -

(26.7) (28.3) (28.3); (24.4) (21.7) (18.9) (14.4) ( 8.9)

83 85 85 81 76 71 63 53 46

(28.3) (29.4) (29.4) (27.2) (24.4) (21.7) (17.2) (1.7} (7.8)

Table vi-6 Seasonal daily maximum temperature limitations for the hypolimnetic

regions of Lake Erie. Shown as degrees fahrenheit and {celcius).

- Month : : Daily Maximum
January - . 44 (6.7)
February . : 44 (6.7)
March B 44 (6.7)
April | 47 (8.3)
May 81 (10.6)
June 84 (12.2)
July 59 (15.0) |
August ' 59 (15.0)
September ‘ 55 (32.8)
October 46 (7.8)
November 41 (5.0)
December 38 (3.3)

Vi-R



Permissible Concentrations
. of
Pesticides (micrograms per liter)

*Aldrin

Benzene Hexachloride

Chlordane

Chlorophenoxy herbicides
2,4-D
2,4,5-TP (Silvex)

Ciodrin

Coumaphos

Dalapon

*BDT

Demeton

Diazinon

Dicamba

Dichlorvos

*Dieldrin

Diquat

Dursban

Endosulfan

Endrin

Guthion

*Heptachlor

Heptachlor Epoxide

Lindane

Malathion

Methoxychlor

Mirex

Naled

Parathion

Phosphamidon

Simazine

TeEPP

Toxapnene

" *Banned

Table VI-7

V-4

Public Water
Supply
ug/1

< 1.0
3.0
100.0

10.0

50.0

1.0

* 5.0

Warmwater
- Habitat

ug/1

T 0.00

0.1
. 0.01
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SECTION VII
SUMMARY OF POINT SOURCE EFFLUENT LOADINGS

Effluent data for significant dischargers in the Black River Planning
Area obtained from Ohio EPA monthly operating reports, U.S. EPA point
source sampling programs, and U.S. Army Corps of Engineers Permit
Applications are summarized in Tables VII-1 through VII-7. Effluent data for
most semi-public sewage treatment plants with capacities less than

0.05 mgd are not available.

Black River Basin {Tables VII-1 - VII-5)

The most significant municipal discharger in terms of impact on water
quality is the Elyria sewage treatment plant, which discharges over
3,000 lbs/day of BODB, 2000 lbs/day of suspended solids, and 2000 lbs/day of
ammonia to the stream. In addition, significant quantities of cyanide and
various metals were found in the plant effluent during a U.S. EPA sampling
survey. Although the Lorain sewage treatment plant is larger than the
Elyria facility in capacity, the impact of its effluent on the receiving stream
is less, owing to the location of the plant and the more efficient treatment
provided. Because of its location on Plum Creek, loadings from the Oberlin
sewage ireatment plant are significant in terms of effects on stream
quality.

By far, the most significant industry in the Planning Area is the
U.S. Steel - Lorain Works. Based upon a 1979 U.S. EPA survey, this plant
discharged in excess of 20,000 lbs/day of suspended solids, 3700 lbs/day of
oil and grease, 2100 lbs/day of ammonia, 70 lbs/day of cyanide, 50 lbs/day of
phenol, and a thermal loading in excess of one billion BTU/hr. The plant also

discharges over 3400 lbs/day of iron, in addition to about 30 lbs/day of

vl -1



chromium, 10 lbs/day of copper, 30 lbs/day of lead, and 170 lbs/day of zinc.
However, recent improvements in wastewater treatment at this facility
(blast furnace recycle and improved oil and grease removal) have reduced
the discharges somewhat. The 1979 U.S. Steel data can be found in
Volume 1. Because of their location, smaller Elyria industries have

significant impacts on stream quality.

Beaver Creek Basin (Table VII-6)

The Amherst sewage treatment plant is the most significant discharger
in the basin discharging about 350 lbs/day of BOD5 and 400 lbs/day of
suspended solids. There are no significant industrial dischargers in the

Beaver Creek basin.

Direct Dischargers to Lake Erie (Table VII-7)

Referring to Table VII-7, the Ohio Edison-Edgewater Plant discharges
about 650 million BTU/hr of heat and 1,600 lbs/day of suspended solids to
the lake. The Lorain and Elyria water treatment plants are the other

significant Lake Erie dischargers.

A ranking of point source dischargers is presented in Section IX.

J——
Y11t -3
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SECTION VIII
EXISTING WATER QUALITY, BIOLOGY, and SEGMENT CLASSIFICATION

A. EXISTING WATER QUALITY

Secondary objectives of the Waste Load Allocation Report are to
characterize the existing water quality of Planning Area streams and to
define streams and stream segments where State-adopted, Federally-
approved water quality standards are not being achieved. Unfortunately,
there is no long-term comprehensive water quality data base for the entire
Black River Planning Area. Table VIII-1 is a listing of current water quality
stations maintained by the USGS, Ohio EPA, Lorain County Metropolitan
Park District, and municipal sewage treatment plants. Figure VII-1
illustrates the station locations. Although the reasons for maintaining these
sampling stations are diverse, there is some duplication of effort which
could be partially minimized by the implementation of the recommended
Primary Water Quality Network (Section X) and more importantly, through
coordination of the monitoring programs by the Ohio EPA. Water quality
data obtained by these sources are briefly reviewed below and are presented
in Volume Il. Also included are the results of several U.S. EPA surveys.

In general, water quality upstream of Elyria is fairly good with isolated
problems caused by discharges from smaller municipal and industrial
facilities. However, from Elyria downstream to Lake Erie, the water quality
in the Black River is poor owing to discharges from the Elyria STP and the
U.S. Steel-Lorain Works.
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Key for Table Vill-1

Number Constituent
1 Flow
2 pH
3 Temperature
L Turbidity
5 Conductivity
6 Color
7 Dissolved Oxygen
8 BODS
9 CoD
10 TOC
11 Phenols
12 0il and Grease
i3 Pesticides
14 TKN
15 Ammonia-N
16 Nitrate-N
17 Nitrite-N
18 Total Phosphorus
19 Orthophosphate
20 Total Solids
21 Dissolved Solids
22 Volatile Solids
23 Chloride
24 Fluoride
25 Sulfite
26 Sulfate
27 Bicarbonate

vt -6

Number

28
29
30
31
32
33

35
36

37

39
Lo

41
9
L3
bl
Ls
46
Ly
48
Lg
50
51
52
53
54

TRONN DTS SR BN YA

Constituent

Carbonate

Total Hardness
Alkalinity
Cyanide
Hexavalent Chromium g
MBAS

Aluminum
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Barium

Cadmium
Calcium

Copper
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Lead

Magnesium
Manganese
Mercury

Nickel
Potassium
Selenium
Sodium

Zinc

Total Bacteria
Total Coliform
Fecal Coliform
Fecal Streptococci
Chlorine Demand
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FIGURE WII-1
BLACK RIVER PLANNING AREA
STREAM MONITORING STATIONS
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1. USGS

The USGS monitors the East and West Branches of the Black River for
calcium, magnesium, alkalinity, hardness, dissolved solids, chloride, sulfate,
fluoride, nitrite, nitrate, pH, specific conductance, temperature, total
organic carbon, and mércury. Temperature and specific conductance are
monitored continuously. Grab samples are obtained two or three times per
month, but all of the above constituents are not analyzed each sampling.
Streamflows are not recorded at the time of sampling. Data obtained for
the West Branch for the 1973 water year (Station 04200400) near U.S. High-
way 20 indicate the stream is moderately hard to hard with total hardness
concentrations ranging from 110 to 360 mg/l. Most values were above
200 mg/l. The stream is slightly alkaline with pH values ranging from 7.l to
8.7 standard units. From these data it appears that water quality standards
for chloride, dissolved solids, pH, temperature and mercury are being
achieved. The stream quality of the East Branch (Station 04199900) is
similar to that of the West Branch except for a slightly lower pH in the
range of 6.9 to 8.5 standard units. Mercury was detected at 1.1 ng/l on one
occasion, exceeding the 0.5 pg/l water quality standard. Water quality at
these stations is generally good since they are above the most significant
point source dischargers in the basin. However, because of the limited scope
of the sampling program, and the lack of data at water quality design flows,
a full assessment of compliance with water quality standards at these
locations cannot be made solely with USGS data.

In addition to continuous monitoring for dissolved oxygen and grab
sampling for total phosphorus, the Black River is monitored by the USGS at
the Ford Road bridge below the Elyria Sewage Treatment Plant at the same
frequency and for the same constituents described above. The effects of the
dischargers in the Elyria area and most notably the effects of the Elyria STP
are gquite evident as shown by the dissolved oxygen data. The then effective
daily minimum water quality standard of 4.0 mg/l was not achieved on 26 of
30 days in June 1973, 21 of 31 days in July, 31 of 31 days in August and
every day the monitor was in service during September. This trend
continued in the 1974, 1975, and 1976 water years. The daily average

standard of 5.0 mg/l was also not achieved for most of the 1973 summer.
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These trends for dissolved oxygen continued through 1976 except for periods
of abnormally high river flows. The hardness and pH data are similar to data
obtained for the tributaries, although dissolved solids concentrations are
somewhat higher. As noted above the limited scope of the USGS sampling
permits only a partial assessment of compliance with water quality

standards.

2. OHIO EPA (Attachment A, Volume II)

The Ohio EPA also samples the Black River at the Ford Road bridge
and at Cascade Park. The frequency of analysis is monthly and more of the
water quality limited constituents are studied. Data from the State's 1976~
77 Section 305(b) report to the U.S.EPA are presented in Attachment A,
Volume iI. Data are included for many of the constituents studied by the
USGS and also include analyses for metals, pesticides, phenolics, MBAS,
nutrients, cyanide, and chemical and biochemical oxygen demand. These
data show continual bacterial contamination and relatively high concentra-
tions of ammonia, cadmium, hexavalent chromium, copper, zinc, phenolics,
total Kjeldahl nitrogen, total organic carbon, and oxygen demanding
substances. Arsenic, mercury, lead, and selenium, as well as all of the

common pesticides studied were not detected.

3, LORAIN COUNTY METROPOLITAN PARK DISTRICT (Attachment B,
Volume II)

The Lorain County Metropolitan Park District (LCMPD) monitors the
Black River in Cascade Park and in the Black River Reservation at Route 2,
the East Branch at LaPorte, the West Branch at Parsons Road and at
Carlisle Reservation, and Plum Creek at the intersection of Routes 10 and
20.°

chemical oxygen demand, pH, color, turbidity, total bacteria, total and fecal

Samples are collected and analyzed for temperature, dissolved oxgyen,
coliform, chloride, sulfate, and total and orthophosphate. The LCMPD also

monitored four stations for total bacteria during 1974. Data for 1973 and

1974 are presented in Attachment B, Volume II.
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These data show the Black River at Cascade Park and in the Black
River Reservation to be in compliance with the pH and chloride water
quality standards and in substantial compliance with the dissolved oxygen
standards. Concentrations of less than 5.0 mg/l were recorded on only one
day in August 1973 at each station. The former fecal coliform standard of
200 organisms/100 ml (geometric mean) appears to be exceeded a large
portion of the time at each station. The bacterial contamination in the
Elyria area probably results from combined sewer overflows and from septic
tank drainage in areas not serviced by sewers. Data for the East Branch at
LaPorte show the stream to be in compliance with pH, dissolved oxygen, and
chloride standards, but not in compliance with the bacteriological standards.

The water quality at the West Branch stations is similar to that on the
East Branch and the main stem, although the bacterial densities are less at
the Parsons Road Station. The Plum Creek station had the highest bacterial
densities and the lowest dissolved oxygen concentrations during 1973, most

likely the result of discharges from the Oberlin STP.

4. MUNICIPAL SEWAGE TREATMENT PLANTS (Attachment C, Volume
In)

Most municipalities operating sewage treatment plants are required by
the State of Ohio to monitor the receiving streams upstream and
downstream of the plant discharges on a continuing basis consistent with
plant performance monitoring. The larger facilities generally monitor the
streams for BODS, dissolved oxygen, ammonia, total nonfilterable solids, and
fecal coliform, while the smaller facilities generally monitor for BOD 5 and
dissolved oxygen only. Data obtained during 1974 upstream and downstream
of the Elyria, Lorain, and Amherst sewage treatment plants are presented in
Attachment C, Volume II. Because these data are not always related to
streamflow at the time of sampling, it is not possible to quantitatively
assess the impact of these facilities on the receiving streams. In the case of
the Lorain STP, which discharges to the Black River near its mouth in Lake
Erie, surface samples are taken along the left bank of the river looking

upstream. Because of the sampling locations and the complicated hydrology
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in that area, these data cannot be employed to fully assess the impact of the
Lorain STP. The data obtained generally illustrate bacterial contamination
above and below the municipal facilities, and high ammonia concentrations

in the Black River.

5. OTHER MONITORING

The then Ohio Department of Health, Division of Engineering
conducted a survey of the Black River in the Elyria area in October and
November 1970.3 The results of that survey are presented as Attachment D,

Volume II.

6. U.S. EPA SURVEYS

From 1972 to 1979 the U.S. EPA has conducted numerous water quality
surveys in the Black River basin to support enforcement actions with the
U.S. Steel Corporation for its Lorain Works and to develop the data
necessary to complete this waste load allocation. The results of these
studies are presented in Volume II, Attachments E to M. A brief description

of each is provided below.
a. March 1-3, 1972 (Attachment E, Volume 1I)

A fish flesh tainting study was completed in the vicinity of the
U.S. Stee!l - Lorain Works under high stream flow conditions in March 1972.[*
The results indicate that fish flesh flavor was adversely affected from
downstream of U.S. Steel Outfall 002 (coke plant) to the downstream end of
the U.S. Steel turning basin. Phenolics and possibly oils were indicated to be

possible causes of the tainting.

.
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b.  September 12-14, 1972 (Attachment F, Volume II)

Grab samples were obtained at eight locations from River Mile 6.6,
above U.S. Steel, to the lake. The data demonstrate the intrusion of lake
water at the U.S. Steel plant and the highest levels of ammonia and cyanide

near the coke plant outfall (river mile 3.5).
c.  April 30, 1974 (Attachment G, Volume II)

Grab samples were obtained at 22 stations in the upper Black River
and Beaver Creek on April 30, 1974 (five on Beaver Creek, nine on the East
Branch of the Black River, and, eight on the West Branch). Data from this
survey clearly demonstrated the adverse impact of the Amherst STP on
Beaver Creek and highlighted relatively minor water quality problems in the
upper part of the Black River basin. Bacterial contamination was prevalent
at all sampling stations and high oxygen demand and ammonia concentra-
tions were detected below several smaller sewage treatment plants.
However, these problems affect only limited areas downstream of the
plants.

d.  May 2, 1974 (Attachment H, Volume II)

Eighteen locations on the main stem of the Black River from the
confluence of the East and West Branches in Elyria to the river mouth, one
location in French Creek, and two locations in Lake Erie were sampled on
May 2, 1974.4 Grab samples were obtained at each site and temperature,
dissolved oxygen and conductivity profiles were completed at one foot or
three foot intervals at the deep water stations. The data from this survey
demonstrated the significant increase in stream temperature caused by the
U.S. Steel - Lorain Works and highlighted the impact of the Elyria STP and
U.S. Steel discharges on dissolved oxygen levels in the lower river.
Concentrations as low as two to three milligrams per liter were recorded
despite a river flow of 168 cfs. Problems with ammonia, cyanide and

phenolics were also noted in the lower river. A total cyanide concentration



of 230 pg/l was recorded near U.S.Steel. The present water quality
standard is 25 pg/l. Relatively high levels of metals were also detected.

The intrusion of lake water into the Black River was again demonstrated.
e.  July 23-26, 1974 (Attachment I, Volume II)
An intensive survey of the lower Black River was completed from

July 23-26, 1974.%

obtained at fourteen locations from Elyria to Lake Erie as well as at the

Three consecutive 2% hour composite samples were

Elyria and Lorain sewage treatment plants and at U.S. Steel outfalls and
intakes. The data from this survey were used to develop temperature and
dissolved oxygen water quality models of the lower Black River. The survey
was conducted during a period of dry weather and low stream flow which
represented near critical conditions. Temperature and dissolved oxygen
problems noted in the May 1974 survey were accentuated and the lake
intrusion flow was actually demonstrated with precise velocity measure-
ments using special instrumentation. Reference is made to Attachment |,

Volume II and Appendices Il and Ill for additional detail.

f. July 9-11, 1974 (Attachment J, Volume II)

A benthic and sediment chemistry survey of the lower Black River
including sixteen sampling sites was conducted from July 9-11, 197%. These
data confirmed what was indicated by the poor water quality data below
Elyria and demonstrated that benthic conditions in the stream had
deteriorated from 1972 when a similar study was conducted. Sediment
chemistry and benthic data obtained in the vicinity of U.S. Steel clearly
demonstrated the adverse biological impact of plant discharges. Extremely
high oil levels were found in the sediments downstream of U.S. Steel Outfall
001.

g.  July 9-11, 1974 (Attachment K, Volume II)

In conjunction with the biological survey and the July 23-26, 1974

intensive survey, sediment samples and water samples from selected
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U.S. Steel outfalls were analyzed for polynuclear aromatic hydrocarbons.5

Some of these compounds are known carcinogens. The results of the study
confirmed the presence of polynuclear aromatic compounds in the sediments

near the U.S. Steel Plant, most notably near the coke plant Outfall 002.
h.  September 16, 1975 (Attachment L, Volume II)

Grab samples were obtained at nine sampling points from U.S. Steel
river intake WI-3 to Lake Erie on September 16, 1975. Surface, mid-depth,
bottom samples were collected at the deep water stations. The data are

presented in Attachment L, Volume II.
i July 16-19, 1979 (Attachment M, Volume II)

A second intensive survey of the lower Black River was completed
from July 16-19, 1979. Most of the sampling points employed in the July 23-
26, 1974 survey were included, the only significant difference being that
depth-integrated samples were obtained at the deep water stations in lieu of
surface mid-depth and bottom samples. The data from this survey are
presented in Attachment M, Appendix II, and reviewed in Appendices Il and
Hi. Since there were no significant differences in waste treatment at the
Elyria STP and U.S. Steel, the stream quality data obtained are quite similar
to those obtained in 1974, Stream flow conditions were also close to critical

or design levels and lake intrusion was again demonstrated.
B. BIOLOGY OF THE BLACK RIVER

History

Changes in the aquatic biota of Lake Erie and its southern tributaries
over the past 150 years have been attributed to a variety of factors.
Ditching and draining of the marshes and swamps near rivers and along the
lakeshore eliminated large areas of valuable aquatic habitat. These areas
supported large stands of aquatic vegetation used for feeding, spawning, and
nursery areas by native fish such as northern pike, muskellunge, mud-

minnows, and sticklebacks. The rich benthic community usually associated



with this aquatic vegetation was also adversely impacted. Once these
drained areas were farmed, soil erosion increased and siltation of the
previously silt-free gravel riffles and sand bottom pools reduced spawning
habitats for fish including river chub, bigeye chub, hornyhead chub, mimic
shiner and sand darter. The construction of mill dams on tributary streams
also had deleterious effects on fish, blocking migratory routes of species
such as lake sturgeon, smallmouth bass, walleye and a variety of suckers. In
addition to these stream alterations, the population growth and industrial
development in the area resulted in the introduction of a variety of organic
and inorganic materials into the lake and streams of the region. These
factors indicate that the biota currently inhabiting Lake Erie and tributary
streams such as the Black River are the end product of decades of adverse

influences stemming from development of the region.

2.  Fish

Early studies of the fish of Lorain County indicated the presence of
eighty-three species from the Black River, Vermilion River and adjacent
areas of Lake Erie in 1889 to 1892. Those species which could be equated
with current common and scientific names are presented in Table VIII-2.
Fish reported as abundant in the area included lake sturgeon, white sucker,
black redhorse, shorthead redhorse, bluntnose minnow, sand shiner, common
shiner, emerald shiner, hornyhead chub, creek chub, golden shiner, lake
herring, mudminnow, green sunfish, pumpkinseed and freshwater drum.
Other common species in the area were walleye, sauger, yellow perch,
largemouth bass, smallmouth bass, rock bass, muskellunge and channel
catfish. Goldfish were not reported at this time and carp were uncommon.

In a seining study conducted from 1959 to 1960, forty-eight species and
five hybrid combinations of fish were reported from collections made
throughout the Black River Basin. These species are presented in Table VIII-
2. Those fish which were only encountered in the mainstem of the Black
River and French Creek excluding hybrids are depicted in Figure VIII-2. This
study concluded that fish which required unsilted streams and an abundance
of aquatic vegetation such as the brown bullhead, rosyface shiner, hornyhead
chub, sand shiner and pumpkinseed, which were common or abundant in 1892,

had decreased in abundance. Those species favoring muddy conditions or



TABLE Vil(-2
FISH COLLECTED FROM THE BLACK RIVER AND

ADJACENT WATERS

Year of Stud +
Cormon Kame TE§§:T§§ZV""—T§5§7T§357¥;'_T§7T:T§71

Scientific Hare

ACIPERSERIDAE (sturgeon)

Acipenser fulvescens Lzke sturgecn X
AMTTDAE (bowfin)
Ania calva _— Bowfin X X
ANGUTTLTDAE {freshwater eel)
Anguilla rostrata American eel X
ATHERINIDAE (silversides)
Labidesthes sicculus Brook silverside X X
CATOSTOMIDAE {suckers)
Carpiodes cyocinus Quillback X X
Catostonus comersoni White sucker X X X
Erimyzen sucetta Lake chubsucker X
Hypentel ium nigricans Northern hog sucker X X X
Minytrema nelanops Spotted sucker X X
Hoxostoma anisurum Silver redhorse X
Moxostoma carinatum River rednorse X
Moxostoma duquesney Black redhorse X X
Moxostoma erythrurum Golden redhorse X X
foxostoma macrolepidotum Shorthead rechorse X X
CENTRARCHIDAL {sunfish)
Ambloplites rupestris Rock bass X X X
Lepomis cvenelius Green sunfish X X X
Leponis gibbosus Pumpkinseed X X X
Lepomis gulosus Warmouth -X
Lepomis humilis Orangespotted sunfish X
Tepomis macrochirus Bluegill X X X
Lepomis mecalotis Longear sunfish X
Microptesus dolomieui Smalimoutii bass X X X
Micropterus salroices Largerouth bass X X X
Pomoxis annilaris White crappie X X X
Powoxis nigromaculatus Black crappie X X
CLUPETDAE (harring)
Alosa psaudoharengus Alewife X
Dorosoma cepedianum Gizzard shad X X X
COTTIDAE (sculpin)
Cottus bairdi Mottled sculpin X X X
CYPRINIDAE (minnows and carp)
Campostcma anomalum Stoneraller . X X X
Carassius auratus Goldfish X X
glinostomus elonqatus Redside dace § X
prinus carpio Carp 4 X
ricymba bucczta Silverjaw minnow X X X
Hybopsis amblops Bigeye chub X X
0psis storeriana Silver chud X
Nocomis biguttatus Hornyhead chub X X
Nocomis micronogon River chub X
Notemiqonus crysoleucas Golden shiner X X X
Notropis ardens Rosefin shinar X
Notropis atherinoides Emerald shiner X X X
Notropis blennius River shiner
Kotropis chrysocephalus Striped shiner X
Notropis cornutus Common shiner X X
Notropis dorsalis Bigmouth shinar X .
Notropis emiliae Pugnose shinar X
Kotropis hudsonius Spottzil shiner X X X
Notropis rubellus Rosyface shiner X X X
Notropis spilopterus Spotfin shiner X X
HNotropis stranineus Sand shiner X X X
Notropis unbratifis Redfin shiner X X
Notropis volucellus Mimic shiner X
Kotropis whipplei Steelcolor shiner X
g§§F5gT§ welerolepis Blacknose shiner X
Phoxinus eos Northern redrelly dace X
Phoxinus erythrogaster Southern redbeliy dace X X
Pimephales notatus Bluntnose minnow X X X
Pimephales protelas Fathead minaow X X X
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TABLE Viti-2 (Continued)

Scientific Namz

CYPRINIDAE {Continued)
Rhinichthys atratulus
Rhinichtnys cataractae
Semotilus ecromeculatus

CYPRIRUOORTIVAE (KiTIifish)

Fundulus diaphanus
ESGCIDAE (p1Ee; i
Esox americanus americanus
Fsox americanus vermiculatus
Esox Yucius
Esox masguinon
GADIDAE (coafisn;
lota lota
GASTERDSTEIOAS (stickleback)
Culzea inconstans
HIODGTITORE {mooneye)
Hiodon tergisus
ICTARLUATDAE (freshwater catfish)
Ictalurus melas
Tctalurus natalis
Tctalurus nzbulosus
Ictalurus purctatus
Noturus flavus
Noturus gyrinus
Noturus miurus
LEPISOSTEIDAE (gar)
Lepisosteus osseus
Lepisosteus platostomus
OSMERIDAE {smalt
Osmerus mordax
PERCICHTHYIDAE (temperate bass)
Morone chrysops
PERCIORE perc ;
Anmocrypta pellucida
Etheostova biennioides
Etheostona czeruleum
Etheostoma flebellare
Etheostoma nigrum
Perca flavescens
Percina caproces
Percina copalandi
Percina meculata
Percima Qeitata
Percinz phoxocephalum
Stizostedion canadense
Stizostedion vitraum vitreum

Stizostedion vitreum glaucum
PERCOPSTDAE (trout-percai

Percopsis omiscemaycus
PEVRURYZONTIDES (lamprey)

Petromyzon marinus

Tchthyomyzan unicuspis
SALPONTDAE {Trout)
Coregonus artedii
Coregonus clupeafornis
ncorhynchirs kisutch
Oncorhynchis tshawytscha

alno galr neri

Salvelinus nameycush’
SCTAEIDAE {drun)
52%%dinotus grunniens
UWMBRIDEE (mudninnow
Umbra pygmaea

HYBRIDS

Bluegill X pumpkinseed

Brown bullhead X black bulihead

Corrmon hare

Blacknose dace
Longnose dace
Creek chub

Banded killifish

Redfin pickerel
Grass pickerel
Northern pike
Muskellunge

Burbot
Brook stickleback
Mooneye

Black bulihead
Yellow bullhaad
Brown bullhead
Channel catfish
Stonecat
Tedpole wedtom
Brindled madton

Longnose gar
Shortnose gar

Rainbow smelt
Hhite bass

Eastern sand darter
Greenside darter
Rainbow darter
Fantail darter
Johany darter
Yellow perch
Logperch

Channel darter
Blackside darter
Shield darter
Slenderhead darter
Sauger

Walleye

Blue pike

Treut-parch

Sea ]ampréy
Silver lamprey

Lake herring
Lake whitefish
Coho salmon  «
Chinook salmon
Rainbow trout
Laka trout

Freshwater drum

Central mudminnow

viatt A7

Year of Stud ;
TESUTEIE ™ 1959-TSe0F  TOTISTaTE
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TABLE VIII- 2 (Continued)

~

Scientific Name Cormon Hame

HYBRIDS {Continued)

Carp X goldfish

Common shiner X striped shiner
Green sunfish X pumpkinseed
Green sunfish X Tongear sunfish
Redside dace X redbelly dace
White crappie X black creppie

TOTAL NUMBER OF SPECIES EXCLUDING HYBRIDS

* Collected in Black and Vermilion Rivers!(8)
** Collected in Black River and its tributaries(g)

Year of Study

T089-T897%  1959-T560% ~ T971-1978"
X X
X
X
X
X
X
83 48 70

¥ Collected in Lake Erie and lower portions of Chagrin, Cuyahoga and Rocky Rivers(z)
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little aquatic vegetation such as green sunfish, fathead minnow, black
bulthead, creek chub, common shiner and Johnny darter which were reported
in 1892 had remained or had become common. Additionally, carp and
goldfish had now become established in the area.

An intensive fishery survey of several streams and the lakeshore area
near Cleveland, Ohio was conducted from 1971 to 1972. A total of seventy
fish species and subspecies (plus six hybrids) were collected from the
lakeshore area and the lower portions of the Chagrin, Cuyahoga and Rocky
Rivers. These species are presented in Table VIII-2. Predominant species
collected (accounting for 5 percent or more of the total number of fish
collected) were alewife, gizzard shad, emerald shiner, rosyface shiner,
spotfin shiner, bluntnose minnow, yellow perch and a hybrid of the common
shiner and striped shiner. Despite the fact that the fish populations in the
Cleveland area have been altered in the past 150 years, almost all of the
former species are still present within the area. These isolated populations
are potential repopulation sources.

In summary, fish studies of the Black River and adjacent waters
indicate the fish community of the river has changed substantially since
1889 but that a variety of fish still exist in its mainstem and its tributaries.
Other recent fish studies indicate small populations of many species found in
the 1800's are present in the lake or other south shore tributaries. These
populations represent potential repopulation sources for streams along the

south shore of Lake Erie including the Black River.

3. Benthic Macroinvertebrates

Shifts in the major components of the benthic macroinvertebrate
community of Lake Erie from one characterized largely by mayflies to one
predominated by oligochaeta (aquatic earthworms) worms and midge larvae
have been discussed by several authors. Although similar changes would be
assumed to have occurred in the benthic macroinvertebrate communtiies of
its tributary streams such as the Black River, these changes have not been
recorded.

A series of thirty benthic samples collected in the lower reaches of the

Black River in 1950 indicated that its benthic community was comprised
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mainly of tubificid worms (Tubifex and Limnodrilus) and leeches. Worm

densities ranged from 598 to 1244 worms per square meter. Sphaeriid clams,
midge larvae and amphipods were present but not common. Sediments were
reported as being rich in decomposing organic matter similar to the highly
enriched western basin tributaries like the Maumee River. The highest
levels of organic enrichment in these ten south shore tributaries appeared to
be related to high population levels in the stream basins.

The Environmental Protection Agency made collections (July 1972 and
1974) in the Black River from its mouth and adjacent lakeshore area to its
East and West Branches above their confluence. In 1972, the sampling was
limited to the lower 7 miles of the river. Oligochaeta worms dominated
these samples ranging in density from 787 to 243,729 worms per square
meter. Leeches were common and midge larvae were generally present in
low numbers. Sphaeriid clams were common in the lower 3 miles of the
river near the lake and both pulmonate and prosobranch snails appeared
infrequently. Amphipods and isopods were collected mainly at the mouth of
the river.

In the EPA's July 1974 collections (list of taxa collected shown in
Table VIii-3) obligochaeta worms were predominant in samples from the
lower 15 miles of the river and ranged from 400 to 502,000 worms per square
meter. Leeches were common in the lower 3 miles of the river and sphaeriid
clams, pulmonate snails and prosobranch snails in the lower mile. Midge
larvae occurred sporadically and were absent from mile 1 to 5. A general
improvement in the quality of the benthic community appeared above mile
10 in the Black River and in its East and West Branches. This was noted by
the occurrence of mayflies, caddis flies and a variety of midges. EPA
concluded that the Black River had a degraded benthic fauna below Elyria to
its mouth.

These studies of benthic macroinvertebrates in the lower Black River
indicate that at least since 1950 the community has been dominated by
oligochaeta worms.  Although the specific composition of the worm
association in the river is not known it is probably similar to the association
in the Cleveland Harbor area. This worm association included large amounts

of tubificid worms such as Limnodrilus hoffmeisteri, L cervix and Pelascolex

multisetosus and the sphaeriid clam Pisidium all indicative of high levels of
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TABLE VilI-3
BENTHIC MACROINVERTEBRATE TAXA COLLECTED IN

o
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THE BLACK RIVER BASIN BY EPA IN JULY 1974

HNELIDA

Oligochaeta (aquatic "earthworms"“)
Rirundinea {leeches)

Helobdella sp.

H. stagnalis

H. elongata

Erpobdella sp.

ERTHROPODA

Crustacea
Hyalella artecs
Gammarus faciatus
Insecta

Colepotera {aquatic beetles)
Dubirephia sp.
Stenelmis so.

Diptera {midges)
Abdabesaryia sp.
Chironopus sp.
Cryptochironomus sp.
Cricotopus sp.
Palypedilun sp.
Tribelos so.
Stictochironomus sp.
Endochironomus sp.
Tenytarsus sp.
Psectrocladius sp.
Procledius sp.
Simulium sp.
Orthocladiinae papae
Chironominae pupae

Ephemaroptera (mayflies)
Hexageniz limbata
Caenis sp.
Baetis sp.

Megaloptera (fishflies)
Sialis sp.

Trichoptera {caddis flies)
Agraylea sp.
Chimarra obseura
Hydrospsyche sp:

. Cheumztopsyche sp.
Trichoptera pupae

FOLLUSCA

Gastropoda {snails)
Physa sp.
Pleurocera ap.
Valvata sincera

Bivalvia {clems
Sphearium sp.

3. transversum

S. musculun

HYDRACARINA (water mites)

PLATYHELMINTHES (flatworms)

Turbellaria
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organic enrichment. Lesser amounts of leeches, pulmonate snails and midge

larvae (Procladius, Chironomus and Cryptochironomus) were also common.

It also appears that the numbers of worms have increased over the years.
Other benthic taxa are limited in the lower river but a wide variety of

species still exist in the upper mainstem of the river and its two branches.

C. Sezment Classification

hatal

As part of the Section 303(e) Continuous Planning Process, the states
are required to classify streams or segments of streams as either "water
quality” or "effluent" limiting. Effluent limiting segments are those where
applicable water quality standards are being met, or there is certainty that
these standards will be achieved by application of effluent limitations
required by Sections 301(b)(1)X(A) and 301(b)}1)(B) of the 1972 Amendments.
The corresponding level of treatment required for municipalities is conven-
tional secondary treatment and that for industries is Best Practicable
Control Technology Currently Available (BPCTCA). Water quality limiting
segments are those where standards are not being achieved and where
application of the above treatment levels is not sufficient to achieve water
quality standards. Ohio EPA originally classified segments of the Black
River in the February 15, 1973 Section 303(e) Continuous Planning Process
submission (see Figure VIII-3). This report classified the following streams
or segments as water quality limiting:
Black River - Main stem from mouth to confluence of East and
West Branches

East Branch -  From confluence with West Branch to Lodi

West Branch -  From Northern boundary of Elyria to confluence with
Wellington Creek

French Creek

Plum Creek

Wellington Creek

Beaver Creek
Only Charlemont Creek and the West Branch from its confluence with
Charlemont Creek to its confluence with Wellington Creek were classified

as "effluent" limiting.
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FIGURE VI11-3
BLACK RIVER PLANNING AREA
STREAM SEGMENT CLASSIFICATION
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Based upon locations of dischargers, existing water quality, and
hydrologic characteristics, the original classification was modified to
include additional segments (see Figure VIII-4). Table VIII-4 presents
segment descriptions and classifications. Table VIII-5 presents a listing of
dischargers by segments, with the most significant dischargers ranked from
most significant to least significant. For water quality segments, those
dischargers which cause the segment to be so classified are noted. As
shown, most water quality limited segment classifications are the result of
municipal or semi-public sewage treatment plant dischargers, the most
notable exception being Segment 1 where discharges from the U.S. Steel -
Lorain Works have a significant impact on stream quality. Table VIII-6
presents a ranking of the ten most significant dischargers in the planning
area. Discharger identification numbers in Tables V-16 to V-20 and
Figure V-9 are also used in Figure VIII-4 and Tables VIII-4 and VIII-5.

Segment | Black River - Main Stem Harbor Mouth to East 31st Street Bridge

Six industries and one municipal sewage treatment plant discharge to
this water quality limited segment of the Black River. U.S. Steel - Lorain
Works is by far the most significant discharger in this segment as well as in
the entire Planning Area. U.S. Steel discharges through five outfalls, a total
flow of 178 mgd, 20,000 lbs/day suspended solids; 3700 ibs/day oil and
grease; 2100 lbs/day ammonia-nitrogen; 70 lbs/day of cyanide; 54 lbs/day
phenolics, and a thermal load of 660 million BTU/hr. Process water is taken
from the river through two intakes. (The suspended solids discharge has
been reduced with the installation of a blast furnace recycle system in late
1979).

The Lorain Sewage Treatment Plant is a smaller but still significant
discharger to the segment. The facility presently discharges about 17 mgd
of treated sewage containing 300 lbs/day BOD5, 400 Ibs/day ammonia and
small amounts of cyanide and phenolics.

The remaining industrial facilities in this segment have only small
discharges which do not have a significant impact on stream quality.

During critical low flow periods stream flow entering this segment

from upstream is composed almost entirely of the Elyria STP flow. Stream



FIGURE Vili~ 4

BLACK RIVER PLANNING AREA
SEGMENT CLASSIFICATIONS
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TABLE VIII-5

BLACK RIVER PLANNING AREA
DISCHARGER RANKING BY SEGMENT

Segment 1 (Black River - Main Stem - Harbor Mouth to East 3lst Street Bridge)

Discharger Segment Classification

*B7 - U.S. Steel Water Quality Limiting
*Bl1 - Lorain STP

B2 - American Shipbuilding Co.
Lorain-Elyria Sand Co.

B3 - Standard Pipe Protection
Koehring Co. - Plant No. 1
Ashland Qil Terminal

vz,
=
t

oo
LCR-N
LI |

Segment 2 (French Creek - Confluence with Black River to Headwaters)

Discharger Segment Classification
*Bl4 - French Creek Council of Govts., STP Water Quality Limiting

*(B9, B1l-B13, B16-B22, B25, B26) -
13 Semi-public dischargers to French Creek

*(B29-B32, B34-B37) - 8 Semi-public dischargers
to an unnamed tributary to French Creek
*B33 - Good Samaritan Nursing Home
B28 - Dreco Plastics .
B10 - Servisteel Corp. &

Segment 3 (Black River - Main Stem - East 3lst Street Bridge to Elyria STP)

Discharger Segment Classification
*¥B62 - Elyria STP Water Quality Limiting

*(B38-B39, B41-B54) - 16 Semi-public dischargers
to a storm sewer
(B33-B39, B&1-B54) - 16 Semi-public dischargers to
Ridgeway Ditch
B59 - Beckett Corp.
B57 - Kalt Manufacturing K
B40 - Heisler's Truck Co. -

Segment 4 (Black River - Elyria STP to Confluence of East and West Branches)

.

Discharger . Segment Classification
B64 - Stanadyne-Western Division ) Effluent Limiting

B65 - Bendix-Westinghouse
B63 - Lake Erie Plastics

.

¥ - Denotes a major contributor to "water quality limiting" classification.
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TABLE VIII-5
(Continued)

BLACK RIVER PLANNING AREA
DISCHARGER RANKING BY SEGMENT

Segment 5 (East Branch - Confluence of East and West Branches to Parsons Road
(Grafton))

Discharger Segment Classification

*E30 - Grafton STP Water Quality Limiting

*E21 - Eaton Estates STP - Discharger to Willow Creek

*(E23-E27) - 5 Semi-public dischargers to an unnamed
tributary to the East Branch of the Black River

*(E15, E18-E20, E22) - 5 Semi-public dischargers to
Willow Creek

E5 - Emtec Manufacturing

E10 - Lear Siegler Co.

*(E12-El4, E28-E29) - 5 Semi-public dxschargers to the
East Branch of the Black River

*E4 - Tiffany's Steak House

E31 - Grafton WTP

Ell - Diamond Products

E6 -~ Ohio Metallurgical Services

El6 - Ohio Edison - Eaton Line Shop

El7 - Sohio - Lorain County Terminal

Segment 6 {East Branch - Parsons Road (Grafton) to Lodi STP on East Fork)

Discharger Segment Classification

*E42 - Lodi STP Water Quality Limiting
*E39 - Spencer STP :
*(E35-E37) - 3 Semi-public dischargers to an unnamed
tributary to the East Branch of the Black River
*E32 - Indian Hollow Golf Club STP
*E40 - Spencer Lake Campground
*(E33-E3%4) - 2 Semi-public dischargers to Salt Creek
E38 - Columbia Gas Transmission
Etl - Spencer WTP

Segment 7 {East Fork of East Branch - Lodi STP to Headwaters)

Discharger Segment Classification
(E4t, E46-E47) - 3 Semi-public dischargers to the - Effluent Limiting

East Fork of the East Branch of the Black River
E45 - Harris Tire Service
E43 - Lodi WTP

- Denotes a major contributor to "water quality limiting" classification.
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TABLE VIII-5
(Continued)

BLACK RIVER PLANNING AREA
DISCHARGER RANKING BY SEGMENT

Segment 8 (West Fork of East Branch - Confluence of East and West Forks to
Headwaters)

Discharger Segment Classification
(E48-E49) - 2 Semi-pudlic dischargers to the Effiuent Limiting

West Fork of the FEast Branch of the Black River

Segment 9 (West Branch - Confluence of East and West Branches to Confluence
with Charlemont Creek)

Discharger Segment Classification
*W2 - GMC-Fisher Body Division Water Quality Limiting

*W5 - Republic Steel Corp.

W17 - Pheasant Run Village

(W11-Wi4) - 4 Semi-public dischargers to an unnamed
tributary to’ the West Branch of the Black River

W4 - Tappan Inc.

(W6, W8-WI10, W15-W16) - 6 Semi-public dischargers
to the West Branch of the Black River

W1l - Ohio Screw Products

W25 - Oberlin WTP .

W3 - Koehring Co. - Plants No. 3 & No. 5

W7 - Invacare Corp.

Segment 10 (Plum Creek - Confluence with West Branch to Headwaters)

Discharger Segment Classification

*W22 - Oberlin STP Water Quality Limiting
*(W19-W21, W23-W24) - 5 Semi-public dischargers
to an unnamed tributary to Plum Creek

Segment 11 (West Branch - Confluence with Charlemont Creek to Headwaters)

Discharger Segment Classification
—-———-g——— -
(W32-W33) - 2 Semi-public dischargers to the Effluent Limiting

West Branch of the Black River

Segment 12 (Wellington Creek - Confluence with West Branch to Headwaters)

Discharger Segment Classification
W26 - Findley State Forest Effluent Limiting

* - Denotes a major contributor to "water quality limiting" classification.



TABLE VIII-5
(Continued)

BLACK RIVER PLANNING AREA
DISCHARGER RANKING BY SEGMENTS

Segment 13 (Charlemont Creek - Above Confluence with Tributary (Wellington STP)
to Headwaters)

Discharger Segment Classification

W27 - Wellington STP Effluent Limiting
W28 - Cleveland Steel Products

W25 - Sterling Foundry

W31 - Ukranian-American Association Camp

W30 - Wellington WTP

Segment 14 (Beaver Creek - Mouth to Headwaters)

Discharger Segment Classification

*C5 - Amherst STP Water Quality Limiting
*(C4, C8-C9, Cll, Cli4) - 5 Semi-public dischargers
to Beaver Creek
*(C1-C2, C6-C7) - 4 Semi-public dischargers to an
unnamed tributary to Beaver Creke
C3 - Nelson Stud Welding
*(C12-C13) - 2 Semi-public dischargers to Squire's Ditch
*Cl15 - Oberlin Masonic Hall
Cl0 - Cleveland Quarries

Segment 15 (Martin Run - Mouth to Headwaters)

Discharger Segment Classification
*M1 - Cresthaven Subdivision STP Effluent Limiting



TABLE VIII-6

Ten Most Significant Dischargers
in the Black River Planning Area

(Based on Impact on Water Quality)

1. U.S. Steel - Lorain Works
. Elyria STP

Lorain STP

. French Creek STP

. Oberlin STP

. Amherst STP

. Wellington STP

. GMC - Fisher Body Division
. Republic Steel Corporation
. Lodi STP
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quality during low flow periods is also significantly affected by lake quality.
The stream segment is classified as water quality limiting because of the
U.S. Steel and Lorain STP dicharges.

Segment 2 French Creek

There are currently twenty-five dischargers to French Creek, twenty-
two of which are small semi-public sewage plants which contribute a total
flow of about 0.19 MGD. By far, the most significant discharger is the
French Creek Council of Governments (COG) Sewage Treatment Plant which
has a design flow of 7.5 mgd. Presently the facility operates significantly
below capacity discharging about 1.9 mgd and stream loadings of 24 lbs/day
suspended solids (1.5 mg/l), 16 Ibs/day BOD5 (1.0 mg/l), and 10 lbs/day
phosphorous (0.7 mg/l). The Avon STP was scheduled to be connected with
the French Creek STP, however, due to the recent defeat of a sewer levy in
Avon the connection has not been made. Many of the semi-public facilities
do not presently have effective NPDES permits.

Two relatively small industries also discharge into French Creek.
Neither Dreco Plastics (0.02 mgd) nor Servisteel Corporation (0.0015 mgd)
however is considered a significant discharger because of the small effluent
loadings.

The natural flow of French Creek during dry weather conditions is
essentially zero because of the limited groundwater storage capacity and the
relatively small drainage area (32 square miles). The low natural flow
results in the stream being'classiﬁed as a seasonal warm water habitat
above the French Creek STP and a warm water habitat from the treatment
plant to the confluence with the Black River. For planning purposes, the
stream segment is classified as water quality limiting because conventional

secondary treatment is not adequate to achieve water quality standards.

Segment 3 Black River East 31st Street Bridge to Elyria STP

There are twenty-five dischargers to this segment of the Black River.
The Elyria Sewage Treatment Plant is the largest discharger and the primary

cause of the "water quality limiting" classification. The facility discharges



at a rate of 8 mgd and has a major impact on dissolved oxygen, ammonia,
cyanide, phenol and phosphorus levels in the river. Based upon discharger
records and a 1974 U.S. EPA survey, existing treatment at Elyria results in

the following effluent quality:

BOD, 41 mg/l
Suspended Solids 32 mg/l
Ammonia-N 18 mg/t
Total Phosphorus 12.2 mg/l
DO 2.5 mg/l

Most of the remaining dischargers in this segment are unpermitted
small semi-public sewage treatment plants with a combined flow of
0.29 mgd discharging to the river through a storm sewer or Ridgeway Ditch.

Three small industries, Beckett Corporation, Kalt Manufacturing, and
Heisler's Trucking Company, also discharge in this segment of the Black
River, and have minimal impact on stream quality because of their small
flow (less than .005 mgd).

The seven day, ten year low flow of the Black River at USGS gage just
upstream of this segment is 3.3 cfs. Because of the low stream flow,
secondary treatment at Elyria STP is not adequate to achieve water quality

standards, thus necessitating the water quality limiting classification.

Segment 4 Black River - Elyria STP to Confluence of East and West

Branches

This effluent limiting segment of the Black River has only three
dischargers; Stanadyne - Western Division, Bendix - Westinghouse, and Lake
Erie Plastics. Stanadyne is the largest of the three, with a flow rate of
0.49 MGD. The other two are considerably smaller (0.006 MGD and
0.002 MGD for Bendix - Westinghouse and Lake Erie Plastics, respectively),
and are limited to discharging cooling water and boiler blowdown only.
Stanadyne discharges significant loadings of chromium, hexavalent chrom-

ium, copper, nickel, and zinc.



Segment 5 East Branch - Elyria to Grafton

There are seventeen semi-public facilities discharging a total of
49 MGD to this segment of the Black River. In addition, six industries, one
municipal sewage treatment plant, and one municipal water treatment plant
are located in this segment.

The effluent loadings from the Grafton STP (0.2 mgd) and the many
serni-public facilities cause the water quality limiting designation of this
segment. Significant loadings of oxygen-demanding materials, ammonia and
suspended solids are discharged by these sources. Harshaw Chemical
Company was the worst discharger in segment 5 prior to connecting with the
Elyria STP. Presently there is no process water discharge to the river from
this facility. Of the six industrial facilities, none are considered major
polluters.  Emtec Manufacturing, and Lear Siegler have the largest

discharges in this group.

Segment 6 East Branch - Grafton to Lodi

Segment 6 contains two municipal sewage treatment plants, seven
semi-public facilities, one industrial source and one water treatment plant.
The Lodi STP is the largest discharger in the segment at 0.29 MGD. The
Spencer STP (0.096 MGD) is about one-third the size of the Lodi STP. The
cumulative flow of the seven semi-public facilities is much smaller than the
two STP's accounting for only 0.03 MGD. During low flow periods the
sanitary wastes from these facilities make up most of the flow of the
stream, thus necessitating the "water quality limiting" classification. Of the
public and semi-public treatment plants, only the Spencer and Lodi STPs

have effective NPDES permits.

Segment 7 East Fork of East Branch - Lodi STP to Headwaters

There are only five dischargers to this "effluent limiting" segment of
the Black River. The three semi-public dischargers provide the greatest
Hlow (0.031 MGD) into the river and are the most significant dischargers.

Harris Tire Service, which discharges only non-contact cooling water, and



the Lodi WTP are smaller and do not significantly impact water quality. In
the absence of the point source dischargers, there would be no natural flow

in this segment during dry weather periods.

Segment 8 West Fork of East Branch - Confluence of East and West Forks

to Headwaters

Only two dischargers are located on this "effluent limiting" segment of
the Black River. Worden's Trailer Park and Homerville High School
discharge sanitary wastes and have a combined flow of 0.0126 MGD.
Neither facility has an effective NPDES permit. Again, there is no natural

flow to this segment during dry weather periods.

Segment ¢ West Branch - Confluence of East and West Branches to

Confluence with Charlemont Creek

This "water quality limiting" segment contains eleven semi-public
dischargers (total flow of 0.865 MGD), six industrial dischargers, and one
municipal water treatment plant. GMC-Fisher Body Division with a flow of
1.6 MGD, has the largest discharge in this segment. The existing NPDES
permit for this plant contains effluent limitations for hexavalent chromium
(0.05 mg/l), total chromium (0.5 mg/l), total copper (0.5 mg/l), free cyanide
(0.05 mg/l), total nickel (0.5 mg/l), pH (6-9 standard units) and total
suspended solids (20 mg/l). Republic Steel Corporation is the second largest
discharger in the segment. Unlike GMC, Republic obtains its process water
supply from the river so there is no increase in river flow at this facility
despite significant loadings of suspended solids, iron, and oil and grease.
GMC and Republic Steel are the dischargers primarily responsible for the
water quality limiting classification. The remaining industries in this
segment cause little detriment to water quality.

This segment originates at the confluence of Charlemont Creek and
the west branch of the Black River. Estimated dry weather stream flow of
.83 cfs is composed of upstream sanitary discharges. Little additional flow
enters the west branch until the confluence with Plum Creek which

contributes about 2.2 cfs mostly from Oberlin STP.



Segment 10 Plum Creek

Five semi-public facilities (total flow 0.0072 MGD) and the Oberlin
STP (1.5 MGD) discharge to Plum Creek. Only the Oberlin STP has an
effective NPDES permit. During low flow periods, Plum Creek has no
natural flow. This fact, in conjunction with the significant discharges of
sanitary waste, cause the strearn to be classified as a water quality limited

segment.

Segment 11 West Branch - Confluence with Charlemont Creek to

Headwaters

Panther Trails Campground and Echo Valley Golf Course are the only
two dischargers in this effluent limited segment. Both are semi-public
sewage plants operating without NPDES permits. In general, water quality

in this segment is good.

Segment 12 Wellington Creek

Findlay State Forest (0.0022 MGD) is the only discharger to this
effluent limiting stream segment. During critically low flow periods natural

stream flow is only about one half that of the State Forest.

Segment 13 Charlemont Creek - Wellington STP to Headwaters

Wellington STP (0.467 MGD) is the most significant of the five
dischargers to Charlemont Creek. Two small industrial facilities, the
Wellington Water Treatment Plant and a small semi-public facility also
discharge to this segment. The drainage area of Charlemont Creek is
relatively small such that the critical low flow of the creek at the
confluence with the west branch (0.8 cfs) consists entirely of point source
discharges. These low flow characteristics results in the water quality

limiting classification.



Seement 14 Beaver Creek Basin

There are fifteen dischargers to Beaver Creek, including two minor
industrial dischargers, twelve small semi-public dischargers (combined flow
0.2 mgd) and the Amherst sewage treatment piant (1.3 mgd). The Amherst
STP is by far the largest discharger in this segment contributing 360 lbs/day
(33 mg/l) suspended solids; 350 lbs/day (32 mg/i) BODg; and 22 lbs/day
(2.0 mg/l) phosphorus. Stream quality is degraded downstream of the
Amherst plant, however upstream quality is generally good. (See April 30,
1974 U.S. EPA survey.)

Critical stream flow usptream of Amherst STP (0.3 cfs) is made up
entirely of upstream discharges. Since secondary treatment at the Amherst
STP is not so sufficient to attain water quality standards, the creek is

classified as a water quality limited segment.

Segment 15 Martin Run

Cresthaven Subdivision STP (0.03 mgd) is the only discharger to Martin
Run. For planning purposes this intermittent stream is classified as

"effluent lirmited".
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SECTION IX
WATER QUALITY MANAGEMENT AND PLANNING

A. Recommended Point Source Controls

1. Legislative Requirements

As presented in Section I, the primary objectives of this study are to
provide the basis for a water quality management plan pursuant to
Section 303(e) of the 1977 Amendments and to support the National
Pollutant Discharge Elimination System (NPDES) pursuant to Section 402 of
the 1977 Amendments. Within the scope of these broad objectives, this
section of the Waste Load Allocation Report presents the remedial steps
necessary to attain water quality standards applicable to the Black River
Planning Area. These water quality standards are discussed in Section VI.

Violations of water quality standards in the Black River Planning Area
are primarily attributable to point source dischargers regulated through the
NPDES permit system. The NPDES permit system is a basic mechanism
established by Section 402 of the 1977 Amendments for enforcing the
effluent limitations applicable to direct or point source dischargers into the
navigable waters. The function of the permit is to define precisely the
discharger's obligation under the Federal Clean Water Act, translating the
general requirements of the applicable effluent standards or water quality
requirements into effluent limitations tailored to the discharger's particular
operation. The permit also defines the schedule by which a discharger must

attain compliance with the effluent limitations. On March 11, 1974, the
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the U.S. Environmental Protection Agency transferred the NPDES permit
issuing authority to the Ohio Environmental Protection Agency. NPDES
permits issued after that date have been and will be issued by the State
subject to EPA concurrence. Both the U.S. EPA and the Ohio EPA may
enforce the conditions in these permits.

Under Section 402, NPDES permits are required to conform to
Sections 301, 302, 306, 307, 308 and 403 of the 1977 Amendments or, prior
to the taking of necessary implementing actions relating to all such
requirements, conditions as the Administrator determines are necessary to
carry out the provisions of the Act. Of these sections, Section 30!, 307,
and 308 are the more significant in terms of the development of NPDES

permits:

a. Section 301 "Effluent Limitations"

Section 301(b)(1XA) of the 1977 Amendments requires, as a minimum,
that effluent limitations for point sources shall conform to the best
practical control technology currently available (BPCTCA) or, for publicly
owned treatment works, at least secondary treatment by July I, 1977.
However, Section 301(b)(1XC) requires that any more stringent limitations
necessary to meet other State requirements including water quality
standards shall also be achieved by July 1, 1977. Section 301 paragraph
(b)(2){A) requires the installation of Best Available Control Technology
Economically Achievable (BACTEA) by July 1, 1984 for all pollutants
determined to be toxic under Section 307(a)(1) of the Act. For conventional
pollutants, as defined in 304(a)(%4), Best Conventional Pollutant Control
Technology must be installed by July 1, 1984 at sources other than publicly

owned treatment works.

b. Section 307 "Toxic and Pretreatment Effluent Standards"

Section 307 requires the Administrator of the U.S. Environmental
Protection Agency to establish effluent limitations for toxic pollutants
which shall take into account the toxicity of the pollutant, its persistence,
degradability, the usual or potential presence of the affected organisms in
any waters, the importance of the affected organisms and the effect of the
toxic pollutant on such organisms. Each toxic standard must be set at the

level which the Administrator determines provides an ample margin of
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safety (Section 307(a)(#)). The Act specifically provides that the standard
may be in the form of a prohibition and further states that national policy is
that the discharge of toxic pollutants in toxic amounts be prohibited
(Section 101(a)(3)). Furthermore, Section 307 requires the Administrator to
establish pretreatment standards for the introduction of pollutants into
publicly owned treatment works. These standards are directly enforceable
by the Ohio Environmental Protection Agency and U.S. Environmental
Protection Agency against users of treatment works. Users are also subject

to the monitoring provisions of Section 308.

c.  Section 308 "Inspections, Monitoring, and Entry"

Section 308(a) provides that the Administrator shall require the owner
or operator of any point source to establish and maintain records, make
reports, install monitoring equipment, develop monitoring programs and to
provide entry to the Administrator, or his authorized representative, to
inspect such records, monitoring equipment, and sample effluents. In
addition, Section 308(b) provides that all such information pertaining to
Section 308(a) be made available to the public, with the exception of

information protected as trade secrets.

In surnmary, point source dischargers are required to comply with
either Best Practical Control Technology Currently Available (BPCTCA),
secondary treatment, or applicable water quality standards by July 1, 1977,
whichever is limiting, and, Best Conventional Technology, or Best Available
Technology Economically Achievable, whichever is limiting, by July 1, 1984.
Compliance schedules and self-monitoring requirements are included in

NPDES permits to insure that effluent limitations are being achieved.

2. Discharger Classification

Point source dischargers in the Black River Planning Area are
classified into three general categories by receiving waters:

(1) Direct dischargers to Lake Frie

(2) Dischargers to "Low-Flow Streams" defined by Region V's simpli-

fied wasteload allocation technique, and to streams with water quality

design flows of zero.



(3) Dischargers to larger streams and dischargers to lake-affected

areas of streams that flow into Lake Erie,

A recommended water quality management strategy for each category is
presented below.

Attachment A of Appendix IV is a summary of final effluent limita-
tions in presently effective NPDES permits. Attachment B of Appendix IV
presents recommended permit modifications for dischargers whose issued
permits are not consistent with applicable effluent limitations and water
quality standards. Attachment C of Appendix IV presents a brief fact sheet
including recommended effluent limitations, monitoring requirements, and
special permit conditions for those dischargers that currently do not have
NPDES permits.

a. CATEGORY I DIRECT DISCHARGERS TO LAKE ERIE

Ohio has not classified the nearshore waters of Lake Erie as "Effluent
Limiting" or "Water Quality Limiting". For the purpose of this study, these
waters are considered to be effluent limiting, that is, direct dischargers to
Lake Erie are limited by BPCTCA/BCT/BATEA effluent guidelines for
industries or secondary treatment guidelines for municipalities. Table IX-1
lists the direct dischargers to Lake Erie within the Black River Planning
Area. The discharger identification numbers correspond with those listed in
Figure V-9.

Permits have been issued for the Lorain and Elyria water treatment

plants and the Ohio Edison - Edgewater Generating Plant.

(1) Elyria and Lorain Water Treatment Plants

The NPDES permits for the Elyria and Lorain water treatment plants
issued by the Ohio EPA were based upon the State's assessment of BPCTCA
as there are no Federal effluent guidelines for water treatment plants. The

respective permits as issued are consistent with water quality objectives.
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(Figure V-9) Discharger and Location

TABLE IX-}
DIRECT DISCHARGERS TO LAKE ERIE

fication No.
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Elyria Water Treatment Plant
Lorain

American Crucible Products Co.
Lorain

Lorain Water Treatment Plant
Lorain

Ohio Edison - Edgewater Plant
Lorain
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(2)  Ohio Edison Company

The Ohio EPA permit effective April 1977, is based upon the effluent
guidelines for the Steam Electric Power Generating Category issued on
March &, 1974,

Final effluent limitations for Ohio Edison should be modified to
conform with the final Steam Electric Power Generating Point Source
Category effluent limitations published by the U.S. EPA on October 8, 1974
and new BPCTCA/BCT/BATEA regulations when promulgated.

The existing permit has no limitations on oil and grease, chromium,
total phosphorus, and total zinc and pH for Outfall 601. However, these
chemicals will be included in the permit effective April 14, 1982, It is
suggested that all wastewaters, except non-contact cooling water be routed

to ashponds.

(3)  American Crucible Products Company

The American Crucible Products Company manufactures submersible
pumps, bronze gears, and other bronze parts and discharges about 6000 gpd
of cooling water to Lake Erie. There is no effective permit for this facility.
Recommended effluent limitations include oil and grease (10 mg/l daily
average, and 20 mg/l daily maximum), suspended solids (30 mg/l daily
average, 45 mg/l daily maximum), and a condition that the discharge be

restricted to non-contact cooling water and boiler blowdown.

b. CATEGORY 2 DISCHARGERS TO "LOW-FLOW STREAMS" AND
ZERO FLOW STREAMS

The hydrology of the Black River is such that there is little natural
flow throughout most of the basin during dry weather periods. The water
quality design low flow at the USGS gage on the East Branch of the Black
River is zero and only 3.3 cfs at the USGS gage in Elyria. During prolonged
dry weather periods streamflow throughout the basin is almost entirely made

up of effluent flow. A significant stream flow is maintained downstream of
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the Elyria STP during low flow periods. Hence, except for the Black River
mainstem downstream of Elyria, most streams in the Black River Basin are
classified as low flow streams for the purpose of this report.

There are 111 dischargers to the low flow segments of the Black River.
Of these discharges only three industries and ten municipal sewage
treatment plants have an effluent design flow equal to or greater than one
hundred thousand gallons per day (0.1 MGD). (see Table IX-2). The
remaining facilities are small semi-public waste treatment plants, water
treatment plants, or industries which have little direct discharge or that
discharge to one of the municipal sewage treatment plants.

Effluent quality obtained from discharger monitoring reports for 1978
and 1979 for the ten municipal treatment plants are summarized in
Volume Ii, Attachment N. These data show effluent quality from Ambherst,
Grafton, and Spencer are typical of secondary treatment with monthly
average BOD5 concentrations between 20 and 45 mg/l and suspended solids
from 20 to 60 mg/l. Wellington, Spencer and LaGrange have slightly better
effluent quality achieving discharge levels of 18 to 20 mg/l BOD5 and 25 to
30 mg/l suspended solids. French Creek COG STP and the municipalities of
Oberlin, Eaton Estates and Brentwood Lakes Estate have advanced treat-
ment facilities capable of achieving effluent quality of 10 mg/l BOD5 and
12 mg/l suspended solids. None of the facilities are designed to remove
ammonia-N. However, some nitrification occurs at facilities where the
present flow is less than the design flow (i.e., French Creek COG STP). All
facilities practice effluent disinfection during summer months and six plants
chlorinate all year.

Effluent limitations for the 10 larger municipal sewage treatment
plants were determined using a simplified procedure adopted by U.S.EPA
Region V for municipal sewage treatment plants discharging to low flow
streams (see Appendix V). This methodology can be applied to single
municipal dischargers located on streams where the upstream flow is equal
to or less than the design discharge flow, the design discharge flow is
10 MGD or less; and there are no or only limited interactive effects from
the most upstream discharger on a segment with more than one discharger.
Water quality in these segments is highly dependent upon effluent quality.

Hence, upstream quality is less significant than for systems where the

//‘\’-7



Table IX-2

Facilities Greater than 0.1 MGD
Discharging to Low Flow Streams

Municipal Sewage Treatment Plants

Ambherst
Brentwood Estates
Eaton Estates
French Creek COG
Grafton

LaGrange

Lodi

Oberlin

Spencer

Wellington

Industrial Dischargers

Republic Steel Corporation Elyria
GMC - Fisher Body Division
Stanadyne - Western Division



upstream flows are much greater than design effluent flows.

The simplified method incorporates a mass balance technique to
determine ammonia-nitrogen limitations; a simplified Streeter-Phelps anal-
ysis to determine carbonaceous oxygen demand limits; a sensitivity analysis;
and, suspended solids limits determined from BOD limits. The method
requires data for stream design flow, upstream quality, stream physical
characteristics, travel time, and effluent design flow.

Tables 1X-3 through IX-12 present the data used in the simplified
methodology for the ten municipal sewage treatment plants. In general,
upstream design flows were determined from upstream discharges or from
drainage area yields based upon flow data obtained at the USGS gage in
Elyria. Upstream temperature and pH data were determined from U.S. EPA
water quality surveys and stream slope was taken from USGS 7.5 minute
series topographical maps. Travel time, stream width, depth and flow were
measured for all but the smallest facilities where estimates were based upon
slope, flow, and measured values below similar facilities in the basin.
Stream reaction rates were adjusted for temperature and depth as suggested
in the Region V report. An upper limit on the depth adjusted CBOD reaction
rates of 1.0 was used in the analysis as recommended by the Region V
Ad Hoc Committee on Waste Load Allocations. The diurnal dissolved oxygen
variation was assumed to be 2mg/l as suggested by Region V since
measurements downstream of the facilities often showed large DO fluctua-
tions which are not expected to persist after installation of more advanced
treatment. Population and STP flow projections for the planning period
were obtained from the Northeast Ohio Areawide Coordinating Agency.

The only facility that did not strictly meet all the criteria for the
simplified methodology is the Grafton STP. In this case, the sum of the
upstream aesign discharge flows is 1.6 cfs whereas the projected flow of the
Grafton plant is 0.59 cfs (0.38 MGD). Considering that the design flow of
the East Branch of the Black River is 0.0 cfs three miles above the
confluence with the West Branch, the critical flow upstream of Grafton
cannot be as high as 1.6 cfs. Because good stream quality data are available
upstream of the plant and upstream low flow is likely to be less than sum of
upstream dischargers, some of which are located over 10 miles upstream,

the simplified method was applied for this plant as well.
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The results of the simplified modeling approach are summarized in
Table IX-13. These results show that with the exception of Grafton, all
treatment facilities must discharge less than 3 mg/l of ammonia in order
that water quality standards not be exceeded. Extremely low levels of
BOD5 (less than 5 mg/l) are shown for all but three plants - Amherst,
Spencer, and Wellington. A significantly higher F_Z»OD5 loading is computed
for Wellington (17 mg/l) since the steep slope downstream of the plant
contributes to high reaeration in this segment.

The sensitivity of allowable effluent loadings to the characteristics of
each system was evaluated for each STP. Ranges for input parameters,
shown in Tables IX-3 to 1X-12, represent the uncertainty in the value
selected for a particular characteristic. Where measurements at or near
critical flow were obtained, the ranges of inputs are small, while larger
ranges were used where such data are not available. The results of the
sensitivity analyses are summarized in Table IX-13 and illustrated in
Appendix V. Ranges in effluent quality presented in Table IX-13 are the
maximum ranges computed in each sensitivity analysis. Ammonia-nitrogen
ranges for all plants reflect the sensitivity of ammonia- water quality
standards to pH and, to a lesser extent, temperature. The computed range
of BODs for most plants is quite small (less than 5 mg/l). Eiffluent
requirements are generally not sensitive to upstream water quality, but are
more sensitive to stream temperature, reaeration rate, BOD reaction rate
and to a lesser extent stream velocity.

Recommended NPDES permit limits based upon this analysis are
presented in Table IX-14. Concentrations are weekly averages not to be
exceeded. For those treatment plants where BOD5 concentrations less than
10 mg/l were computed, a 10 mg/l effluent limit is recommended to protect
the stream from severe deoxygenation and to provide limits which can be
attained with conventional treatment systems i.e., biological treatment with
nitrification and post filtration. These limits may be revised depending upon
U.S. EPA's final promulgation of Ohio WQS or should the U.S. EPA develop a
maximum technology requirement for municipalities on low flow streams.
Seasonal limits for BOD_, were evaluated, however, because of higher

5
allowable limits for ammonia nitrogen and corresponding higher NBOD

IX - 28



Ambherst
Brentwood
Eaton
Grafton
LaGrange
Lodi
Oberlin
Spencer

Wellington

Table 1X-13

Results of Simplified Wasteload Allocation Procedures

Computed Effluent Quality

D.O. Ammonia, mg/t BOD;, mg/l
STP Expected Max. Min. Expected Max.
6.5 3.3 6.6 1.7 12.9 19
6.5 1.9 3.8 0.9 6.2 8.6
6.5 1.9 3.3 0.9 1.2 2.1
6.5 7.0 9.0 5.5 2.8 6.6
6.5 2.6 Ny 1.1 1.5 3.2
6.5 2.8 4.5 1.2 1.8 3.3
6.5 1.7 4.1 0.7 2.4 3.5 )
6.5 2.6 4.1 1.1 6.6 11.0
6.5 2.6 4.1 1.1 17.2 22.5
IX2]

Min.

[ I~ Yo

0.9

(=]

0.6

3.0
12.5



Ambherst*

Brentwood Lakes Estates
Eaton Estates

Grafton

LaGrange

Lodi

Oberlin

Spencer

-Wellington

*For additional discussion see Section IX-D, Municipal Treatment

Table IX-14

Recommended Effluent Limits

Ammonia, mg/l

May-Oct Nov-Apr
3.0 6.0
1.5 5.0
1.5 5.0
1.5 5.0
1.5 5.0
1.5 5.0
1.5 5.0
2.0 5.0
2.0 5.0

Suspended

Solids
mg/!L
i2.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
20.0

Phosphorus

mg/}
1.0

1.0

Needs.

BOD

mg/?
12.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
15.0

3%
5

= N N N O I -
O 0O 0 O OO0 o O O



values, seasonal BOD5 limitations are not warranted. Occasional violations
of the minimum dissolved oxygen water quality standard may result with
these limits, (10 mg/l BODj, 1.5 mg/l NHTN) however, the affected area
will generally extend less than 3 miles downstream of the treatment plants
and with the exception of the stream below Eaton Estates STP, dissolved
oxygen levels should not drop below 2mg/l. Hence, Ohio's seasonal
warmwater habitat use designation may be warranted for limited reaches of
these streams. Recommended ammonia-nitrogen limitations (1.5 mg/l) are
slightly less than the maximum concentration required to meet the water
quality standards to somewhat offset higher BOD, limits (10mg/l vs 1 to
5 mg/l). While higher ammonia-nitrogen limits are allowed during winter
conditions reflecting lesser ammonia toxicity with lower temperatures,
nitrification is required throughout the year since low flows often occur
during winter months. Effluent limitations in Table IX-14 are consistent
with nitrification and post filtration for all municipalities except Wellington.
Wellington does not require filtration to achieve the higher BOD5 limits.
Phosphorus limits for Amherst, French Creek COG, Oberlin, and Wellington
are included based upon the Great Lakes Water Quality Agreement of 19781
which specified phosphorus limits for facilities greater than 1 mgd discharg-
ing in the Lake Erie drainage basin.

For the many semi-public dischargers it is recommended that wherever
possible they tie in with municipal sewage treatment plants. Since stream
quality downstream of these smaller facilities during low flow periods is
composed almost entirely of effluent flow, existing and proposed semi-public
sanitary discharges should have requirements consistent with municipal
treatment plants on low flow streams (see Table IX-15). Appendix IV lists
the facilities which should have effluent limits that conform with this
guideline.

NPDES permits for industrial dischargers to low flow stream segments
must conform with BPCTCA/BCT/BATEA effluent guidelines, or achieve
water quality standards whichever is more stringent. Since many industrial
dischargers do not fall into categories for which Section 304 effluent
limitation guidelines are promulgated, proposed permit conditions were
developed taking into account water quality standards, existing effluent
quality, and "best engineering judgment" BPCTCA, BCT, BATEA. Recom-
mended effluent limitations for unpermitted discharges are presented in

Appendix IV Attachment C.

IX-22



Table IX-15

Recommended Effluent Limitations

for Small Sanitary Discharges to Low Flow Streams

Constituent Monthly Avg.

5005
Total Suspended Solids
Ammonia~-N
May-October
November-April
Dissolved Oxygen
{minimum)
Fecal Coliform 1090/100 ml
pH '

I =74

Weekly Avg.
10 mg/i

10 mg/i

2.0 mg/l
5.0 mg/l

6 mg/l
2000/100 mi
6-9



c. CATEGORY 3 DISCHARGERS TO LOWER BLACK RIVER

Table VIII-5 is a list of dischargers to the mainstem of the Black River.
Reference is made to Figure V-9 for discharger locations, Water quality and
effluent data clearly demonstrate the most significant dischargers in this
segment are the U.S, Steel-Lorain Works, Elyria STP, and Lorain STP. In the
future, the French Creek COG STP may also contribute significant loadings
to the Black River via French Creek at design discharge levels.

Mathematical water quality models were employed to assess the
degree of treatment required to attain temperature and dissolved oxygen
water quality standards. Appendix Il describes the temperature simulation
model that was developed for the Black River. This model was verified
using data obtained during July 1974 and July 1979 U.S. EPA water quality
surveys. The EPA computer model AUTOSS was selected to simulate
dissolved oxygen. Appendix Il describes the model, and model calibration
and verification studies. The application of the temperature and dissolved
oxygen models for water quality planning is described below. These models
have the capability to simulate the interaction between the Black River and
Lake Erie which has a significant bearing on the water quality in the Black

River.

(1) Temperature

As discussed in Appendix II, the temperature simulation model provides
an expected river temperature distribution (i.e. maximum, minimum and
average daily temperatures over a given time period) at critical points in the
lower Black River. Note that the Ohio WQS contain average and maximum
criteria. The average criteria represent the arithmetic mean of multiple,
equally spaced, daily average temperatures over a consecutive 15 or 30 day
period; and, the maximum daily temperature is the highest arithmetic mean
of temperatures for any two consecutive hours during a 24 hour day. The
"average" model output is directly comparable to the "average" value in the
WQS. However, the "maximum" model output (or, value exceeded a given

percentage of time) is an average value over 24 hours as opposed to the

IX-26~



2 hour averaging period for maximum temperatures specified in the
standards. Hence, the model "maximum" value is expected to be lower than
the WQS "maximum" value by about half of the diurnal temperature
variation in the stream.

The model requires as input meteorological data, stream hydrology
including lake flow, effluent thermal loadings, and lake temperatures. For
temperature simulation purposes the Black River near U.S. Steel was divided
into three reaches; an upstream section (Elyria STP to U.S. Steel water
intake WI-3, RM 10.8 to 3.88); a midsection dominated by the discharge from
Outfall 002 (river intake WI-3 to the upstream end of the turning basin,
RM 3.83 to 2.85); and, the turning basin dominated by Outfalls 003 and 004
(RM 2.85 to 2.40).

For water temperature projections, hourly weather data at Cleveland,
Ohio were obtained from the National Weather Record Center for the period
1957 through 1976.2 The hourly data were averaged by means of a separate
computer model to provide daily average meteorological conditions, daily
equilibrium temperatures (E), and heat exchange rates (K). This model
summarizes daily E and K values to provide respective means and standard
deviations for the twenty year period in time increments associated with the
Ohio temperature standards.

Monthly flow duration data at the USGS gage at Elyria provided the
upstream flow for the temperature model. French Creek flow was assumed
to be a fraction of the upstream flow on the Black River at the Elyria gage
plus the design discharge from the French Creek STP. The flow at the
Elyria STP was established as the design flow of the plant. The standard
deviation of the current flow of that facility was also considered. An
expression for lake flow affecting each of the three stream segments
included in the temperature model was developed from stream data and
demonstrates the inversely proportional relationship of lake flow to
upstream river flow (see Appendix II).  Daily lake temperatures for the
years 1976 through 1978 were obtained from the Lorain Water Treatment
Plant. 3

Self monitoring data from U.S. Steel collected from September 1976

through June 1978 provided thermal load data and expected variation



(standard deviation) for each discharge. Recent completion of a blast
6 BTU/hr from
Outfalls 003 and 004.4 To evaluate the effect of this treatment, the

furnace recycle system reportedly removes about 125x 10

temperature model was run with measured thermal loads at U.S. Steel less
the expected reduction due to recycle at the blast furnaces. Standard
deviations of the thermal loads at Outfalls 003 and 004 were reduced
proportionately.

Results from this "existing case" simulation are illustrated in Fig-
ures IX-1 to IX-3. The figures present the daily average computed
temperature and the daily average temperature exceeded 5% of the time for
each time increment contained in the water quality standards. The 5%
temperzture is expected to be exceeded once every twenty days or about
once during each time interval in the water quality standards. It is
important to note the model predicts daily average water temperature at
each location in the stream and that temperature at the water surface is
expected to be warmer than the average and temperature at the bottom is
expected to be cooler. Since U.S. EPA intensive survey data show minimal
diurnal variations of temperature in the lower Black River, daily maximum
temperatures as defined in the Ohio WQS would be expected to be only | or
2°F above the daily average values exceeded 5% of the time as computed
with the model.

Figure IX-1 and 2 show expected temperatures below Outfall 001 and
at Intake WI1-3. Note that computed daily average stream temperatures
exceed the average WQS during May and June. However, the daily maximum
WQS is expected to be exceeded (temperature exceeded 5% of the time)
from April through August by 1°F to 5°F in this segment. Stream
temperatures are hottest from Intake WI-3 to the upstream end of the
turning basin (midsection). Here the average WQS is exceeded by the
average computed temperature from April through July. Daily maximum
WQS are projected to be exceeded from March through November by as
much as 12°F. Turning Basin temperatures are cooler than midsection
temperatures but still are projected to exceed maximum temperature
standards in April through July, September, and November. EPA survey
data and the temperature model verification studies confirm these viola-

tions.
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FIGURE IX -

BLACK RIVER TEMPERATURES
AT RIVER MILE 5.0
EXISTING US STEEL THERMAL LOADINGS
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FIGURE IX-2

BLACK RIVER TEMPERATURES
AT RIVER MILE 3.88
EXISTING U.S. STEEL THERMAL LOADINGS
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FIGURE IX-3
BLACK RIVER TEMPERATURES
IN MIDSECTION AND TURNING BASIN
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To determine effluent limits required to attain Ohio temperature
standards throughout the year, two treatment alternatives were evaluated.
The first involves recycle of the effluent from U.S. Steel Outfall 001 with
only a 5% blowdown to the river. The second alternative includes recycle of
Outfall 001 and recycle of cooling water for the primary coolers at the coke
plant which discharge at Outfall 002. This is expected to reduce the thermal
laod from Outfall 002 by 120 x 10° BTU/hr.* Thermal loads used in the
analysis are presented in Table IX-16.

Computed temperatures for the two alternatives are illustrated in
figures IX-4 to IX-7. Recycling the current discharge from Outfall 001 can
reduce stream temperatures in the upstream segment by as much as 10°F
(Figure IX-4 and 5). Stream temperatures in this segment are projected to
achieve water quality standards throughout the year with the exception of
perhaps the latter part of May when average and maximum WQS would be
exceeded by 1 to 2°F. Midsection temperatures (Figure IX-6) are expected
to exceed daily maximum standards a high percentage of the time for the
months April through November, however, the margin of exceedance is
expected to be reduced by about 3°F by recycling the discharge from Outfall
001.

Recycle of cooling water for the coke plant primary coolers at Outfall
002 can result in a 6°F reduction in average temperatures in the midsection
(see Figure 1X-7). Recycling Outfall 001 and the primary coolers at Outfall
002 should result in compliance with Ohjo temperature standards in the
lower Black River except during the period from April 16 to June 5. In this
two month period maximum temperature standards are exceeded by 3°F and
the daily average criteria are exceeded in late May by 1.5°F.  Similar
violations are also expected during this period in the turning basin.

Additional thermal load reductions at U.S. Steel were evaluated but
the reductions produced only slightly cooler temperatures (1° to 2°F) while
significantly increasing treatment costs. Because of the high temperatures
and relatively low flow rate, recycle of the primary coolers at Outfall 002
appears to be a cost effective method to reduce thermal loads from that

outfall.
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OQutiall

Loading
(16° BTU/hr)

Std. Dev.
Flow (MGD)

No. of
Measurements

Outfall

Loading
(10° BTU/hr)

Std. Dev.
Flow {MGD)

Qutiall

Loading
{10° BTU/hr)

Std. Dev.
Flow (MGD)

Outfall

Loading
(16° BTU/hr)

Std. Deyv.
Flow (MGD)

Table 1X-16

U.S. Steel - Lorain Works
Thermal Load Allocations

Measured Thermal Loadings (9/76 to 6/73)

001 005 002 003
83.7 4.y 251.2 333.0
35.8 2.6 69.6 145.8
51 3 26.5 638
95 91 23} 95

Existing Case - Reduction of 125 x 10® BTU/hr

for Blast Furnace Recycle in Outfalls 003 and 00%

001 005 002 003
34 i 251 258
36 3 70 113

51 3 T 26.5 68

Alternative One - Existing Loadings with
Recycle of Qutfall 001 (5% Blowdown to 001)

001 s . 002 003
4 4 251 258
70 113
2.5 3 26.5 68

Alternative Two - Alternative One with
Recycle of Primary Coolers at Outiall 002

001 005 002 003
4 4 131 258
37 113
2.5 3 *19.3 68
IX-3]
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FIGURE IX-4
BLACK RIVER TEMPERATURES
AT RIVER MILE 5.0
ALTERNATIVE -1 (RECYCLE OF OUTFALL 001}
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FIGURE IX -5
BLACK RIVER TEMPERATURES
AT RIVER MILE 3.88
ALTERNATIVE -1 (RECYCLE OF QUTFALL 001)
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FiGURE IX-6
BLACK RIVER TEMPERATURES
IN MIDSECTION AND TURNING BASIN
ALTERNATIVE -t (RECYCLE OF OUTFALL OOl
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BLACKX RIVER TEMPERATURES
IN MIDSECTION AND TURNING BASIN
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AND PRIMARY CQOLERS AT OUTFALL 002)

100 r

90
e = TURMING BASIN
ac
w
[+
L]
W
510 -t
b 95 PERCENTILE vl
P 4 "'/ MAXIMUM WQS
; e w=s
W { / 7 N
iy l gity” -
[+4
W /l x ~
> P4 AVERAGE DAILY — e o ]
| ___! ;/ "'J/ TEMPERATURE \
50 2 W
- _7{ / \\ A
‘ — e s v ——
[ ~ 7
40! — —/
// AVERAGE DAILY WOS—
30 L1 P S N I § B OV A S & J N T N IJ_LI; It t i1 I T T | N S ] F U O I VD s
& 10 '8 20 2% $ 0 1% 20 23 & 10 18 20 28 B !0 18 29228 8 10 15 2008 3 10 18 20 28 3 101> 20128 & 10 158 29 28 ® 10 18 20 23 s 10 i3 20 23 8 10 8 20 238
FEBRUARY  MARCH APRIL May JUNE JuLy AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBEF



The Lorain Plant Thermal Discharge Demonstration, United States

Steel Corporation5 suggests that even with elevated stream temperatures in

the lower Black River there will be a cool zone of passage for fish to move
upstream of U.S. Steel Corporation. While this is the case from the lake
upstream to the turning basin, U.S.EPA intensive survey data and the
temperature simulations indicate this is not the case from the turning basin
(RM 2.9) to Outfalt 00! (RM 5.0) without thermal controls at Outfalls 001
and 002. U.S.EPA intensive survey data (July 1974, July 1979) show
significant temperature stratification (10°F) from the turning basin down-
stream to the lake where the stream channel is about 30 feet deep.
However, upstream of the turning basin where the stream is less than
12 feet deep, top to bottom temperature measurements varied by at most 3
to 4 degrees Fahrenheit. Considering that under existing thermal loads
maximum daily temperature standards will be exceeded 40% of the time
from May through September (by as much as 12°F upstream of the turning
basin), there is no zone of passage for fish to avoid high stream
temperatures. Significant heat reduction is required at U.S. Steel to achieve
water quality standards and protect movement of fish through the lower
Black River. While much of the dredged section of the lower river is not a
suitable habitat for {ish spawning, the basin upstream of U.S. Steel has many

suitable habitats.

(2) Dissolved Oxygen

In assessing treatment alternatives for dissolved oxygen in the Jower
Black River, primary emphasis was placed on modeling dissolved oxygen
under critical low flow, high temperatures conditions. These are virtually
the same conditions encountered during the July 1974 and July 1979
U.S. EPA intensive surveys. Data from these surveys were used to calibrate
and verify the AUTOSS model (Appendix III).

(@) Physical Conditions

Table 1X-17 presents the hydrologic and physical characteristics used

for model projections. The design flow above the Elyria STP is the seven-



Table IX-17

Lower Black River Physical and Hydrologic Characteristics

River Flow cfs Width Depth Dispersion
Mile Entering Total Ft. Ft. sqft./sec
Elyria STP

10.8 19.1 22.4 60 0.88 2
6.5 60 0.88

6.0 87 2.2

5.5 105 4.1

French Creek

5.0 _ 8.9 31.3 138 6.1

4.5 181 7.0 2
4.0 231 8.2 125
3.5 238 10.0

3.0 ' 315 14.5

2.95 14.5 :
2.85 235 15.0

2.82 ' . 433 20.0

2.8 500 27.0 125
2,68 767 30.0

2.55 1200 725
2.4 500

2.0 535 30.0

1.5 523

1.6 269 725
0.0 331 " 30.6

-0.1 1700 21.2 140
-0.2 3200 21.0

-0.4 : 26.6

-0.6 800 30.2 140



day ten-year low flow determined at the USGS gage in Elyria (3.3 cfs).6 In
the sensitivity analysis the effects of higher flows were also evaluated. For
low flow, dry weather projections, dry weather municipal flows were
estimated as the product of the design flow and the ratio of 1979 average
summer flow to 1979 average annual flow. The low flow of French Creek
above the French Creek STP is estimated to be 0.3 cfs, Since the projected
flow below the Elyria STP of 22.3 cfs is nearly identical to the flow
measured during the July 1974 U.S. EPA survey (21 cfs), stream physical
characteristics (widths, depths, and velocity) determined in the 1974 survey
were used for model projections.

The amount of lake water mixing in the lower Black River was found
to be a function of net downstream flow above U.S. Steel (see Appendices II
and IID, which is the sum of the flows at the Elyria USGS gage, the Elyria
STP, and French Creek, or about 31.2 cfs at critical conditions. This falls
between 23 cfs measured during the 1974 survey and 41 cfs measured during
the July 1979 survey. Dispersion coefficients for the projections were
estimated from the measured dispersion coefficients from the two surveys
and the lake flow/river flow relationships determined for the temperature
model. Figure IX-8 presents 1974 and 1979 measured dispersion coefficients

as well as the values used in the projections.

(b) Reaction Rates

Table IX-18 presents a summary of reaction rates used for water
quality projections. CBOD and NBOD stream reaction rates were obtained
from the model calibration and verification studies, with the exception of
the CBOD reaction rate for the Elyria STP to U.S. Steel segment, where a

reaction rate of 0.3 da}’_1

was specified as being more representative of
conditions below a well-treated efﬂuent7. The stream reaeration rate was
calculated using the relationships applied in the July 1979 simulation.
Sediment oxygen demand in the lower Black River was measured in
conjunction with both the 1974 and 1979 intensive surveys (see Appendix Il
and Volume ID. For projections with more advanced treatment, the
sediment oxygen demand (SOD) was estimated to be half of the 1979

measured values. Variations in stream reaction rates and SOD rates were

/X”BC‘)
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Table IX-18

Reaction Rates for the Lower Black River

River Miles
Rates 10.8 - 6.0 6.0 ~ 2.9 2.9 to Lake
CBOD 0.3 0.1 0.05
NBOD 0.3 0.1 0.05
Reaeration 7.6 0.35 -~ 0.14 0.024
SOD
(1/2 1979 value) 0.0 0.0 - 0.28 0.28 - 0.56

1 X-3%



evaluated in the sensitivity analysis.

(c) Dissolved Oxygen Projections

Various treatment alternatives were evaluated to determine effluent
limitations for oxygen demanding substances for the major dischargers in the
lower Black River. For the Elyria STP secondary treatment, secondary
treatment with nitrification, and secondary treatment with nitrification and
filtration were studied. The French Creek STP presently has secondary
treatment with post filtration and is required by a July 6, 1979 Ohio EPA
order to complete Step I design for nitrification by September 1, 1982.8
Three alternatives were evaluated for the French Creek STP: (1) the
proposed system; (2)effluent limits required to attain water quality
standards in French Creek as determined in the previous section; and,
(3) direct discharge to Lake Erie. The consulting engineer for the City of
Lorain indicates that it is more cost effective to provide a direct discharge
to Lake Erie from the Lorain STP rather than to provide additional
treatment and maintain the current discharge to the Black River.” The
options evaluated for the Lorain STP were the existing discharge to the
River and a discharge to the Lake. For the U.S. Steel-Lorain Works the
three cases evaluated in the thermal modeling were also evaluated with the
dissolved oxygen model. These cases include (1) existing permit limitations,
(2) recycle of Outfall 001 with a 5% blowdown to the river and an EPA
estimate of BATEA at Outfall 002, and (3) recycle at Outfall 001 with
BATEA and primary cooler recycle at 002. The 95 percentile temperatures
computed in the thermal analysis were used for dissolved oxygen simula-
tions. Effluent loadings for the treatment alternatives are presented in
Table 1X-19. The effect of the existing discharges can be seen in
Appendix III.

Figures IX-9 to IX-12 show the impact of each facility on dissolved
oxygen in the lower Black River. For this analysis a base condition was
selected which included nitrification and filtration at Elyria STP, effluent
limits at French Creek COG STP required to meet WQS in French Creek,
Lorain STP discharging to the Lake, and U.S.Steel with recycle at
Outfall 001 and BATEA at Outfall 002 (option 2). Effluent loadings for three
of the facilities were held constant at the base condition while successively

more stringent treatment levels for the remaining facility were evaluated.

IX -2
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FIGURE IX~9
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AUTOSS calculates daily average stream concentrations in contrast to
the EPA proposed dissolved oxygen standard which is a minimum concentra-
tion to be achieved at all times. Since intensive survey data indicate that
diurnal DO fluctuation and DO stratification near the DO sag point are less
than 1 mg/l, it is expected the actual daily minimum stream DO resulting
from the treatment alternatives will be within 0.5 mg/l of the average
computed value from the model. Because this range is within the expected
accuracy of the model, simulations were not directed at achieving instream
concentrations higher than the minimum standard.

Figure IX-9 shows the impact of the Elyria STP effluent on water
quality in the Black River. With secondary treatment, average dissolved
oxygen concentrations below the minimum standard of 5 mg/l are projected
throughout most of the river. Nitrification at Elyria, is projected to
significantly improve stream quality but post filtration of the effluent is
required to achieve 5 mg/l throughout the river. It is important to note that
the minimum dissolved oxygen concentration occurs upstream of U.S. Steel
Intake WI-3 (RM 4.0), and not immediately downstream of the Elyria STP. In
the four mile river segment below the STP the stream is relatively shallow
and fast moving. At river mile 6 the stream begins to widen and deepen
causing stream velocity and reaeration rate to diminish dramatically. As a
result, a large portion of the BOD is exerted between river mile 3 and 6.
Downstream of river mile 3.5 the river starts to recover because of the
influence of Lake Erie.

The impact of French Creek COG STP is shown in Figure IX-10.
French Creek empties into the Black River just upstream of the critical
dissolved oxygen point. Figures IX-9 shows that if the French Creek STP
discharge were removed from French Creek and directed to the Lake,
minimum DO in the lower Black River would improve by 1 mg/l over the
quality expected with very low BOD limits at the plant (alternative 2). This
is primarily the result of an increase in the dispersion coefficient at critical
flow conditions due to a reduced net downstream flow. With French Creek
discharging to Lake Erie, dispersion coefficients determined from the July
1974 survey were applied since the flow during the survey (23 cfs) is about
the same as the expected stream flow of 22 cfs with French Creek out of

the system. With regard to the impact on DO in French Creek and the lower

IX-43



Black River a direct discharge to the Lake is clearly the preferred option.

The Lorain- STP is located at the mouth of the Black River and as such
has little impact (0.3 mg/l) on mimimum DO occurring at River Mile 1.0 (See
Figure IX-11). A discharge to the river, however, reduces DO by 1.0 mg/l
from river mile 1.0 to 3.0 when compared to a lake discharge.

The treatment options for U.S. Steel are presented in Figure IX-12.
Assuming existing quality at Qutfalls 001 and 002 (alternative 1) U.S. Steel
discharges 2000 lbs/day of CBOD and 2500 Ibs/day NBOD near the DO sag
point with a resulting minimum stream DO of 4.2 mg/l. By recycling Outfall
001 and applying BATEA at Outfall 002 (alternative 2), 95% of the CBOD
load and 75% of the ammonia loading in this segment are removed and the
minimum DO increases to 4.8 mg/l. Recycle of the primary coolers at
Outfall 002 (alternative 3) does not significantly change the minimum DO
from alternative 2 since CBOD and NBOD effluent loadings were not
changed. Hence, the thermal discharge from Outfall 002 has little effect

on dissolved oxygen concentrations at the most critical point in the stream.

(d)  Sensitivity Analysis

A sensitivity analysis was performed to evaluate the reliability of
these projections. For this study, stream characteristics input to AUTOSS
were varied over a range of expected values while effluent loadings were
held constant. Since most characteristics had been measured during
intensive surveys, the range of inputs selected was generally plus and minus
25% of the original values (See Table IX-20). In evaluating the sensitivity to
temperature, the projected temperatures were increased and decreased by
39F. To evaluate the sensitivity to upstream flow, the sum of the 2000 year
design flow of all upstream dischargers was applied. When the upstream
flow was increased the dispersion-coefficient was set equal to the July 1979
intensive survey values since the increased flow was nearly identical to the
measured flow during the 1979 survey. In evaluating the effect of upstream
quality and lake quality, CBOD, NBOD and DO values were simultaneously
changed to reflect better and worse quality. A zero sediment oxygen
demand was evaluated in the sensitivity analysis. Finally, to determine the

impact of the dispersion coefficients, the dispersion coefficient curve

X -+



Sensitivity Analysis Inputs

Sediment Oxygen Demand
Reaeration
KCBOD
KNBOD
Quality

Upstream CBOD
Quality NBOD

D.O.

Quality
Lake CBOD
Quality NBOD

D.O.
Temperature

Upstream Flow
Dispersions Magnitude
Dispersions River Mile

Depth (velocity) Upstream
Turning Basin

Depth (velocity) Downstream
Turning Basin

Table 1X-20

Range of Coefficients

Increase

+25%
+25%

+25%

\n — O\
. . .
00O O

v O =
oW O

@]

+3°F
12.5 cfs
+25%

+0.2 mi.

+25%

+3 ft.

IX-45

Decrease

0 SOD
-25%
-25%

-25%

-25%

-0.2 mi.
~25%

-3 ft.



(Figure 1X-8) was shifted upstream and downstream 0.2 miles and, in a
second study, the dispersion coefficients were varied plus and minus 25%.
The results of the sensitivity analysis are illustrated in Figure IX-13.
This analysis shows that minimum stream DO is not highly dependent on any
of these values, i.e., the uncertainty associated with various inputs to the
model does not affect the selection of point source treatment alternatives.
The maximum change in DO occurred when varying the reaeration rate and
temperature and even for these parameters minimum DO changed by only
0.4 mg/l. Clearly, effluent loadings from the dischargers are the most

significant factors affecting DO in the lower Black River.

(3) Recommended Effluent Limitations

Tables IX-21 to 24 present the recommended NPDES permit limita-
tions based upon this analysis. The City of Elyria must install treatment

5 and 2.0 mg/l
ammonia~-N. This will require upgrading the existing system to include more

capable of meeting weekly effluent limits of & mg/l BOD

effective biological treatment including nitrification and post filtration of
the effluent. In view of the fact that existing industrial discharges to the
Elyria sewerage system often cause treatment plant upsets, the City must
improve monitoring of these dischargers and develop a strong, enforceable
pretreatment regulation to prevent upsets of the more sensitive advance
treatment system which is required. Effluent limitations for heavy metals,
cyanide and phenolics consistent with water quality standards are also
presented for the Elyria STP to insure a pretreatment program 1is
implemented.

At the French Creek COG STP, the proposed nitrification system must
be installed and BOD5 effluent limits of less than 5 mg/l are required in
order to attain water quality standards in French Creek and the Black River.
Considering that the existing effluent quality at the plant is excellent due to
the fact sewage flow is only about one-third of plant design, stringent
effluent limitations can be met by construction of nitrification facilities (or
modifying operating practice) and resiricting the allowable flow to the
plant. However if sewer tie-ins are allowed to the extent influent flow

approaches the design capacity of plant and effluent quality is reduced, the
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Recommended Effluent Limitations

Constituent

Total Suspended Solids
BOD
Ammonia-N
May - October
November -~ April
Total Phosphorus
Fecal Coliform
pH
Dissolved Oxygen (minimum)

Cyanide, Total
Cadmium
Chromium
Copper
Lead

lercury
Nickel
Zinc

Table 1X-21

Elyria STP

Monthly Avg.

1000/100 ml

Daily Maximum

25 g/l
12 pg/t
100 pg/l
20 wg/l
30 pg/l
0.2 pg/l
100 pg/t
95 ug/!

IX-4%

Weekly Avg.

10 mg/!
8 mg/l

2.0 mg/t

5.0 mg/!

1.0 mg/l

2000/100 ml
6-9

6.0



Tabla IX-22
Recommended Eifluent Limitations

Frencn Crezk Council of Governments
Sewage Treatment Plant

Option | - Discharge to Franch Creek

Weekly -Average

Tatal Suspended Sciids 10 mg/l
BCD . 2 mg/l

Amrionia-N 1.5 mg/l
Total Phosphorus 1.0 mg/t
Dissoived Oxygan 6.5 mg/l

Option 2 - Discharge to Lake .Erie

Monthly Average

Tozal Suspended Sclids 10 mg/t
23S0, 10 mg/l
Ammionia-N No limitation
Totz! Phosphorus 1.0 mg/t
Dissolved Oxygen 6.5 mg/l

X - 44



Table I1X-23

Recommended Effluent Limitations

Lorain Sewage Treatment Plant
(Lake Erie Discharge)

Constituent Monthly Avg.
Total Suspended Solids 20
BOD 20

Ammionia-N _—
Total Phosphcrus
Fecal Coliform 1000/100 ml

IX-50

Weekly Avg.

30
30
1.0
2000/100 mi
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facility will have to consider further upgrading at the plant or constructing @
direct discharge to Lake Erie. The most cost effective solution for the
Lorain STP has been determined to be a direct discharge to Lake Erie.”

Recommended effluent limitations for the U.S. Steel-Lorain Works,
include recycle of Outfall 001 with only a small blowdown to the river and
BATEA at Outfall 002 (Table IX-24). Recycle at Qutfall 001 is required to
achieve temperature standards, and of equal importance, to achieve
dissolved oxygen standards and compliance with Section 3745-1-04(3) of the
Ohio Water Quality Standards. This section provides that to every extent
practical and possible, state waters shall be free from floating debris, oil,
scum and other floating materials entering the waters as a result of human
activity in amounts sufficient to be unsightly or cause degradation. While
U.S. Stee!l has been able to improve the discharge from Qutfall 00! to the
point of achieving current NPDES permit limitations for oil and grease
(7 mg/l maximum), unfortunately, the company has not been able to prevent
large amounts of floating oil from accumulating on the river which are
clearly unsightly and sufficient to cause degradation (i.e., low dissolved
oxygen levels and poor sediment quality). The only effective means of
controlling this oil is to recycle the discharge and discharge only a small
blowdown to the stream. This technology is common in the steel industry
and has been demonstrated at other U.S. Steel plants.

Recycle of the primary coolers is required at Outfall 002 in order for
the Black River to meet Ohio temperature standards throughout most of the
year. Daily maximum cyanide and phenolic effluent limitations are required
at Outfalls 002, 003, and 004 to achieve water quality standards in the river.
Limits were calculated with a mass balance equation assuming no upstream
load and the minimum total flow in the segment (i.e., upstream flow plus
lake flow) as determined from the relationships presented in Appendix I,
(103 cfs midsection and 260 cfs in turning basin). These recommendations
should be incorporated into the next NPDES permit for the plant and include
a compliance schedule consistent with installation of BCT/BATEA treatment
by July 1, 1984.

Recommended permits for the remaining dischargers to the Black
River are discussed in Appendix IV. Included are 17 semi-public sewage
treatment plants in Sheffield which discharge a total of about 0.2 mgd of

sanitary wastes to the North Ridge Road storm sewer. Due to the small
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discharge flow compared to the water quality design flow of the Black

River, U.S. EPA secondary treatment guidelines are recommended for each

discharger:
Secondary Treatment Guidelines
Constituent Monthly Ave., Weekly Avg.
BOD (mg/1) 30 45
Suspended Solids, (mg/l) 30 45
Fecal Coli. (No./100 ml) 200 400
pH (s.u.) 6-9

It is also recommended that each tie-in to the Lorain sanitary sewer

system when it is extended to the area.

B. Non Point Scurce Considerations

The Black River Basin consists of 10% urban and developed land, 55%
cropland, 10% pasture and range, 15% forest, 10% farmland and other
nonfarmland.

In the urban areas, non point source pollution is primarily from
combined sewer overflows, urban runoff, and industrial runoff. The
combined sewer overflows contain raw sewage which is high in suspended
matter, CBOD and fecal coliform, and ammonia-N. Urban runoff is usually
high in suspended matter and usually contains some oil, organic matter, and
heavy metals. Industrial runoff is also high in suspended matter with some
oil and organic matter. For areas around blast furnaces and coke plants, the
runoff has the additional possibility of containing ammonia-N, cyanide,
phenolics, and sulfides. In rural areas, non point source pollution is
primarily from agricultural runoff. This runoff is characterized by
suspended and dissolved solids, organic matter, nutrients and sometimes

pesticides.

1. Dissolved Oxygen

In general, historical Black River water quality data are unsuitable for

use in evaluating non point source loadings to the river because the data
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were not obtained to depict non-point source problems. The United States
Geological Survey maintains the only continuous monitor on the Black River
at the gage at Elyria, downstream frorﬁ the confluence of the east and west
river branches. Flow, dissolved oxygen, specific conductance, and tempera-
ture are recorded daily and reported in the annual USGS publication Water

10

Resources Data for Ohio. Daily maximum and minimum DO and

temperature are reported.

USGS data for the water year 1973 was analyzed to determine the
impact of storm water runoff on DO concentrations in the river. For this
study, a storm event is defined as a 100% increase in stream flow at the
USGS gage in Elyria over a 24 hour period. Dissolved oxygen is the only
constituent reviewed because specific conductance and temperature were
generally unchanged by storm water runoff.

Data from 37 storm events showed that on the average, the minimum
daily DO increased 0.65 mg/l and the maximum DO increased 0.79 mg/l
during storrn events (Table 1X-25). This indicates that massive amounts of
organic material with a high BOD are not being added to the river upstream
of Elyria during storm events. It should he noted that the USGS gage is at
the confluence of the east and west branches of the Black River upstream of
the major sewage treatment plants for the cities of Lorain and Elyria. The
DO trend described above would probably differ if taken downstream of
these facilities due to the possible bypass of organic material from the
plants into the river during heavy storm events. Reference is made to a
similar data review for the Mahoning River which showed only limited
negative impacts downstream of the Youngstown area during storm

11
events.

2. Nutrients, Suspended Solids

In December 1975 the U.S. Army Corps of Engineers Buffalo District

released the Lake Erie Wastewater Management Study Preliminary Feasi-

bility Reoort12 which assesses diffuse source contributions to Lake Erie and
includes estimated loadings from major tributaries. The three parameters of
primary concern in this study were NOZ'NOB’ phosphorus, and suspended
solids. For these parameters, the Corps developed loading models which,
when used with measured river flows, can accurately predict stream

concentrations. The general equation is Y = A + BX, where
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Y is the parameter's concentration given in mg/l,
X 1s the river flow in cfs/sq. mile, and

A and B are coefficients which are dependent on the river and

parameter.

For the Black River at the USGS gage A and B are as follows:

NOZ-NO3 A =1.09 B = .0020
Phosphorus A= .20 B = .00072
Suspended Solids A =68.4 B =230

According to this model, the concentrations of the above three
parameters increase with increased flow in the Black River.  This
concentration rise with river flow is the result of nitrogen and phosphorous
containing fertilizer and fertilizer laden soil being washed into the river
during storm events. Soil erosion into the river causes the increase in

suspended solids.
3. Metals

In Section VIII, violations of cadmium and lead standards were
attributed to non-point source pollution. Similar findings were made in the
Grand and Ashtabula Rivers and Conneaut Creek.'> Cadmium is used in
agriculture as a fungicide and cadmium succinate is used in insecticides and
turf fungicides.w Lead acetate, lead arsenate, and lead arsenite are used in
insecticides and lead arsenate is also used as a herbicide.m The use of these
products in predominantly agricultural portion of Black River Basin may
account for violations of the cadmium and lead standards. This situation can
be improved, along with other runoff problems, through the use of improved
farming practices. Additional assessment of non point source contributions,
would require extensive non point source surveys. The International Joint
Commission has outlined the procedures for conducting such surveys in their
report of the proceedings of the Sandusky River Basin Symposium, May 2-3,
1975 in Tiffin, Ohio.'”

part of this study since non-point source loadings do not include pollutants

However, additional surveys were not conducted as

for which point source load allocations are necessary. Such studies are

recommended as part of the Ohio EPA monitoring strategy.



Based upon this review, non-point source loadings to the basin do not
have a significant impact on the constituents allocated in this report. The
eifect of non-point sources on the allocations is minimized by allocating

loads at low flow conditions when surface water runoff in the basin is zero.

C. Total Maximum Daily Loads

Section 303{(d) of the 1977 Amendments to the Clean Water Act
requires that for streams where effluent limitations required by Section
30L(b) are not stringent enough to maintain WQS, the State must determine
the Total Maximum Daily Load (TMDL) of pollutants that can be discharged
to the segment and still maintain water quality standards. TMDL's must be
developed for each water quality constituent that contributed to the water
quality limiting classification. The TMDL must take into account stream
flow, upstream quality and stream assimilative capacity.

Section Viil of this report indicates that for planning purposes the
Black River Basin is divided into fifteen segments, nine of which are
classified as water quality limiting. The constituents of major concern in
these segments are dissolved oxygen and ammonia nitrogen. Thus TMDL's
must be determined for the oxygen demanding substances (BODj) and
ammonia nitrogen. Since the assimilative capacity of stream segments for
nonconservative substances is a function of stream and effluent flow as well
as the location of the discharger within the segment, TMDL's were
determined assuming the existing configuration of dischargers. Should new
facilities propose to discharge to the segment or if existing facilities cease
present operations the TMDU would be expected to change. Recommended
effluent limitations for the major dischargers in the basin were presented in
the first part of this section based upon water quality models. Effluent
limitaticns for minor facilities were treated as a whole and required to have
treatment consistent with the larger facilities. The TMDL for the water
quality limited segments was computed as the sum of the recommended
effluent limitations for the dischargers in a segment considering the design
flow of the facilities, Table 1X-26 presents the TMDL's for the nine water
quality segments in the planning area. A thermal loading TMDL is included

for Segment 1 since temperature standards are not achieved with existing or
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Table 1X-26
Total Maximum Daily Loads

Loadings lbs/day

Segment BODj Ammonia ’Ihermal* Cyanide Phenolics
Black River
1 135 136 700 49 19.6
French Creek
2 340 97
Black River
3 1140 270 3.0
East Branch
5 50 10
East Branch
3 330 70
West Branch
9 8 .2
Plum Creek
10 130 30
Beaver Creek
14 160 40
Martin Run
15 2 0.4
£10% BTU/he

**Additional TMDL's for Segment 3

Ibs/day
Cadmium 1.4
Chromium 12.1
Copper 2.4
Lead 3.6
Mercury .02
Nickel 12.1
Zinc 11.5

ér.



BPT thermal loads at U.S. Steel. However, it should be noted that the
distribution of the thermal loads at the U.S. Steel facility is critical to
attainment of Water Quality Standards. Total cyanide and phenolics TMDL's
are also included for the U.S.Steel segment. TMDL's for cyanide and
metals are included for Segment 3 since the Elyria STP discharge con-

tributes to violations of those WQS'.

D.  Municipal Treatment Needs

The preceding discussion evaluated the required effluent quality for
existing facilities at year 2000 design flows. Other recent studies of the
area reviewed the {feasibility of regionalization of existing municipal
facilities and/or the need for new sewage treatment plants in other parts of
the basin. A report on the Lorain Regional Sewer Sys’cem16 recommended
one of three plans for upgrading and expanding the existing Lorain and
Amherst Sewage Treatment Plants, depending whether or not the Amherst
facility is abandoned. One plan includes expanding the Lorain STP to
24 mgd, and Amherst STP to 3 mgd. The other plans suggest constructing a
second major treatment plant next to Quarry Creek to serve the area west
of Martin Run. The size of this plant would depend upon abandoning the
Amherst STP. All three plans involve the extension of sanitary sewers to
Sheffield Village, and Sheffield Lake and would allow the elimination of at
least 20 semi-public treatment plans discharging to the Black River.

The selection of an alternative must take into account the respective
cost as well as water quality impacts. While it is not within the scope of
this report to conduct detailed cost analyses, it is important to recognize
that two of these alternatives include a new 6 to 9 mgd plant on Quarry
Creek. Since the stream has no natural flow, the facility would have to
provide advanced waste treatment capable of achieving weekly BOD5
effluent limits of 5 to 8 mg/l and 1.5 ammonia-N. On the other hand a
direct discharge to Lake Erie or a discharge to the Lorain STP would require
conventional secondary treatment and avoid the substantially higher capital
and annual costs of an advanced treatment system. The facility planning
process must carefully consider the advantages of discharging to the Lake.

In either case, the Amherst plant should be abandoned and sewage from the
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area should be treated at the Lorain STP or a new facility discharging to the
Lake.

The Lorain County Water and Sewer Study” recommended that
Rochester build a sewage treatment plant. Since it would discharge to a
zero flow stream, the effluent should be consistent with effluent limitations
at other STP's (i.e. BOD5-7 mg/l, ammonia 1.5 mg/l). The report also
recommends the elimination of the Oberlin, Grafton, Eaton Estates,
Brentwood Lake Estates, and Grafton State Farm sewage treatment plants
by 1990 and construction of a sewage treatment plant south of Elyria to
treat the wastewater from Eaton Township. The proposed plant south of

5 and l.5
mg/l ammonia, as it would discharge to a stream with a water quality design

Elyria would have to achieve effluent limitations of 7 mg/l BOD

flow of zero cfs. An additional recommendation was the expansion of the
Elyria sewer district to include Oberlin and eliminate the Oberlin STP.
Since these options require similar treatment, the 201 facility plan should

evaluate the relative costs of separate versus regional treatment plants.

E. Water Quality Standards Revisions

i. Low Flow Streams

The general warmwater habitat use designation and associated water
quality criteria (5.0 mg/l minimum) cannot be achieved downstream of every
municipality located on low flow streams in the planning area. However, the
level of treatment recommended throughout the year at these facilities i.e.,
weekly BOD5 limitations of 10 mg/l and nitrification, will prevent nuisance
conditions in the summer months and provide for protection of most uses
throughout the remainder of the year. The aquatic habitat immediately
downstream of these facilities is generally good. Pools and riffle areas with
sand and gravel bottoms are common. Minor sludge deposits were found
below a few facilities, but deposits are not likely to persist with advanced
treatment. Major problems were noted downstream of the Amherst STP.
As noted in Section VI, varied fish populations were found throughout the
basin upstream of Elyria. Notwithstanding the above, the amount of habitat

adversely affected below each facility with the degree of treatment
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recommended is not great, usually less than one or two miles. In summary,
Ohio's seasonal warmwater habitat use designation is recommended for two
mile reaches below the Brentwood Estates, Eaton Estates, Grafton,

Lagrange, Lodi, and Oberlin Sewage Treatment Plants.

2. Black River Mainstem

The results presented herein clearly demonstrate that the warmwater
habitat use designation and associated water quality criteria can be achieved
throughout the lower Black River. However, minor problems with dissolved
oxygen near U.S. Steel's upstream intake and with temperature near
U.S. Steel Outfall 002 are expected. This analysis shows that a daily
average dissolved oxygen standard in excess of five milligrams per liter can
be achieved in this area. However, achieving five milligrams per liter on a
daily minimum basis at the critical point is less certain, owing to the
unknown effect of recycling U.S. Steel Outfall 001 upon the dispersion of
lake water from U.S. Steel Intake WI-3 to Outfall 001. Since the analysis is
not overly sensitive to factors other than waste loads and diurnal variation is
likely to be small, deviations from the 5.0 mg/l minimum dissolved oxygen
standard are also likely to be small. For some portion of lake affected area
of the lower river dissolved oxygen levels less than 5.0 mg/l may occur at
the stream bottom, but a large safe zone of passage above 5.0 mg/l should
be available. Since this area is not particularly well suited for spawning,
dissolved oxygen levels less than 5.0 mg/! near the bottom of a water column
eight to thirty feet deep is not significant in terms of precluding movement
or migration of fish.

With respect to stream temperatures, meteorological conditions make
it difficult to achieve temperature standards throughout the year in the
lower Black River even with significant thermal reductions at U.S. Steel.
Recycle of U.S. Steel Outfall 00! and the primary coolers discharging
through Outfall 002 will result in attainment of Ohio water quality standards
except for a small exceedance (1 to 3°F) during the period April 16 through
June 15. Chris Yoder, Chief, Water Quality Section, Ohio EPA indicates
that minor exceedances of temperature standards during this period are not

critical to the survival or movement of fish in the lower Black River.18 The
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increased temperature, however, may change by a few weeks the migration
of fish through this segment. It is therefore recommended that average and
maximum temperature standards for the period April 16 to June 15 be
increased 3°F for the lower Black River. This modification in conjunction
with the recommended thermal loading at U.S. Steel will result in
attainment of water quality standards throughout the year.

Based upon the above, criteria associated with lesser uses than

warmwater aquatic habitat are not warranted for the lower Black River.
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SECTION X
RECOMMENDED PRIMARY MONITORING NETWORK

Section 106(e)(1) of the Federal Water Pollution Control Act Amend-
ments of 1977 provides that beginning with fiscal year 1975 (July 1974), the
U.S. Environmental Protection Agency may not grant funds in support of
State-administered programs for water quality improvement unless the State
has established a suitable water quality monitoring strategy. The U.S. EPA
has developed draft guidelines to assist the States in preparing the
monitoring strategies required by Section 106. According to these guide-
lines, there are six basic types of monitoring that should be included in an

overall water quality monitoring strategy:

(1) Monitoring in support of the State continuous planning process
pursuant to Section 303(e) of the 1977 Amendments.

(2) Intensive monitoring surveys for setting priorities for establishing or
improving pollution controls; determining quantitative cause and effect
relationships of water quality; obtaining data for updating water quality
management plans; determining the extent to which pollution control actions
taken were successful; and, determining any additional water quality

management actions required.

(3) A primary fnonitoring network to assess progress toward the July 1983
goal that, wherever attainable, all waters should be capable of supporting
aquatic life and recreational uses; to establish baseline water quality; to
maintain cognizance of water quality conditions throughout the State; and,
to obtain the basic information needed for reports required by Section 305(b)
of the 1977 Amendments.



(4)  Cornpliance Monitoring of point source dischargers under permit
through the National Pollution Discharge Elimination System (NPDES)
pursuant to Section 402 of the 1977 Amendments.

(5)  Monitoring of surface waters, groundwaters, sediments, and biological
communities to determine whether toxic pollutants designated under
Section 307(a) of the 1977 Amendments are entering the State's waters and
for determining their origin and the priority for appropriate control in the

event they are found.

(6) Groundwater monitoring to determine baseline groundwater quality
and to provide early detection of pollution. In addition, potential sources of
groundwater pollution should be monitored to complement actual ground-

water monitoring.

One of the more important monitoring programs outlined above is the
primary monitoring network as this program provides the basic information
for both medium and long-range water quality management decisions as well
as data necessary for Federal reporting purposes. The location of
recommended primary water quality monitoring network stations for the
Black River Planning Area are illustrated in Figure X-1. Appropriate station
descriptions are provided in Table X-1. A sampling frequency of once per
month is recommended at each station for each physical, chemical, and
bacteriological constituent listed in the State-adopted Federally approved
Water Quality Standards. A dissolved oxygen profile should be obtained at
Station | since this is near the critical dissolved oxygen sag point in the
lower Black River. Also, the sample for water chemistry should be obtained
on the discharge side of U.S. Steel's intake pumps to obtain a well mixed
sample of the river. Consideration should be given to establishing
streamflow gaging stations downstream of the Elyria sewage treatment
plant but above the East 31st Bridge in Lorain and on French Creek near its

confluence with the Black River.
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Appendix 1

Discharger Location Maps
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" FIGURE I1-5
BLACK RIVER

{CONFLUENCE OF EAST AND WEST BRANCHES TO ELYRIA STP)
DISCHARGER LOCATION MAP

o

(=4

//0 USGS GAGING o

L STIRM___ fo¥ STATION -3

- - - > j
< -

& 3

QQ

WEST BRANCH EAST BRANCH
BLACK RIVER BLACK RIVER
KEY

Q INDUSTRIAL DISCHARGER

: SCALE IN MILES
e e ] ] e =
] .8 o

U



FIGURE 1-6
EAST BRANCH OF BLACK RIVER
{CONFLUENCE OF EAST AND WEST BRANCHES TO SR 57)
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FIGURE -7

EAST BRANCH OF BLACK RIVER (SR 57 TO GRAFTON)
DISCHARGER LOCATION MAP
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FIGURE TI-8 !
WILLOW CREEK
DISCHARGER LOCATION MAP
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FIGURE I-9 Rt
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FIGURE I-10
WEST BRANCH BLACK RIVER
(CONFLUENCE OF EAST AND WEST BRANCHES T0O SRIQ)
DISCHARGER LOCATION MAP
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FIGURE I-1!
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FIGURE 1-13
CHARLEMONT CREEK
DISCHARGER LOCATION MAP
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FIGURE I-14
BEAVER CREEXK (MOUTH TO OHIO TURNPIKE)
DISCHARGER LOCATION MAP
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FIGURE I-15
BEAVER CREEK {OH!O TURNPIKE TO HEADWATERS)
DISCHARGER LOCATION MAP
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Appendix II

Temperature Model



I. OHIO TEMPERATURE STANDARDS

Ohio Environmental Protection Agency adopted revised water quality
standards on February 14, 1978. These standards were federally approved on
May 17, 1978.1 Temperature standards applicable to the Black River are
presented in Table l. Specified temperatures are monthly or bi-weekly
averages and maximum values, not to be exceeded. Mixing zone criteria are
provided for segments classified as limited warmwater habitat or as seasonal
warmwater habitat.

Prior to these revisions Ohio temperature standards included a
provision that stream temperatures not exceed more than 5°F the water
temperature which would occur if there were no temperature change
attributable to human activity. Maximum temperature standards and mixing

zone criteria were also specified.

IL. EXISTING CONDITIONS

Data from the Black River comprehensive water quality surveys
conducted by the U.S.EPA on July 23-26, 1974, and July 16-19, 1979,
accurately describe present temperature conditions in the lower Black
River. Figure | is a map of the area showing the U.S. Steel-Lorain Works
five river outfalls and the 13 stream stations where water quality was
monitored. The temperature data obtained during these surveys indicate
that thermal discharges from the U.S. Steel-Lorain Works cause Ohio
temperature standards to be exceeded (Figure 2 and 3). Upstream of
U.S. Steel, water temperatures are generally unaffected by human activities
except for minor effects from sewage treatment plants. During the July
1974 survey temperatures upstream of U.S. Steel ranged from 68-72 degrees
fahrenheit. The discharge at Outfall 001 (RM 5.0) however increased river
temperature by about 15°F, well above the five degree AT standard then in
effect. Just below Outfall 005, more than a mile downstream of Outfall
001, the river temperatures are approximately 12°F above the natural river
temperature. This twelve degree temperature difference persisted at the
surface downstream to the lower end of the turning basin (RM 2.4). Despite
the large temperature increases, the maximum temperature standard then in

effect (90°F) was not exceeded during the July 1974 survey.
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Similar conditions were observed in the July 1979 survey (Figure 3).
Stream temperatures above U.S. Steel averaged about 75°F  whereas
downstream of Outfall 00! temperatures averaged about 84°F with
maximum values approaching 90°F.  Maximum temperature standards
presently in effect (85°F) were exceeded at the river surface at all stations
between river miles 2.0 and 5.0. At stations 6, 7, and & (river mile 3.35,
3.88, and 4.85) where the stream is not thermally stratified, the average
daily temperatures on the first day of the survey exceeded the 85°F

standard.

111 BLACK RIVER TEMPERATURE MODEL

Based upon the data reviewed above, it is evident U.S. Steel
Corporation-Lorain Works must reduce its thermal loading to the Black
River in order for the stream to achieve existing Ohio water quality
standards. To assist in determining thermal effluent limitations a
mathematical model was developed to simulate temperatures in the lower
Black River.

The temperature model discussed herein is a modification of the

original model developed by Schregardus and Amendola.z’3

In this analysis
the lower Black River is divided into three segments or stretches based upon
physical and hydrologic characteristics. The upstream segment from Elyria
STP to U.S. Steel intake WI-3 (RM 10.8-3.88) is treated as a free flowing
stream in which heated waters cool as they flow downstream. The Edinger
and Gever one dimensional formulation is used to predict stream tempera-
tures for this segmentﬁ

The second segment is located between the Intake WI-3 and turning
basin (RM 3.88-2.9). This segment averages about 15 feet deep and 250 feet
wide. Temperatures are relatively constant along the length of this section
but some horizontal stratification does exist. The temperatures are
affected by lake intrusion but not to the same extent as in the turning basin.
Qutfall 002 discharges to this portion of the river and heated river water
enters from upstream. _

The Black River turning basin (RM 2.9-2.4) is the third segment. The
turning basin is dredged periodically by the U.S. Army Corps of Engineers to

a depth of about 30 feet and averages about 600 feet wide. Large quantities



of water flow upstream from the lake and mix with the heated water
discharged from Outfalls 003 and 004 and the heated water entering from

upstream.  Temperatures were relatively uniform across the surface;
however, vertical temperéture stratification existed throughout the basin
during the two July surveys.

A cooling pond formulation was selected for the midsection and
turning basin because of low stream velocities and the uniform surface
temperature distribution. In this case a heat balance equation containing all
the heat added to and removed from the segments was developed and solved
for the average segment temperature.

The expressions developed to calculate temperature are presented
below. Details on the development of these equations are presented in

'Reference 2.

Segment 1 T -E 4+ (Tm _E)e- (KA/pCPFR)

Segment 2 Tms ] pCp (FUTu + FOOZTOOZ + FL TL) + KAE
KA + DCP (FL + FOOZ + Fu)

Segment 3

Ty = 25 {(Fy + Fogp + F) T + FoosTops * FoouTooy * (Fip - Fy) Til + KAE

KA+QCP(FU+F + F + F + F,. )

002 003 004 LB

Where:
FR = river flow
E = equilibrium temperature, °F

2.0

A
i

exchange coefficient, BTU/f



>
i

surface area of the stream to the point where T is determined, ft2

density of water, 62.4 lbs/ft2

©
1

Cp = heat capacity of water, 1 BTU/1b-°F
Tm: mixed temperature of the stream at the heat source discharge, °F

TB = temperature of the turning basin, °F

Tmsz temperature of the mid-section, °F

TOOZ,TOOB,TOOAL ~ effluent temperature for U.S. Steel Qutfalls 002, 003, and
004, °F
F F Fony, =
002,” 003,” 004 ~ effluent flow for U.S. Steel Outfalls 002, 003, and 004, cfs

FLB: lake flow entering the basin at the downstream end, cis
FL = lake water flowing upstream along the bottom to the mid-section, cfs

Values for the equilibrium temperature and the heat exchange rate (K)
are calculated using the procedures described by Parker5 and the short wave
radiation formulation developed by TVA.b

Based on these relationships a computer program (TEMPBR) was
developed to simulate temperatures in the Black River. The program,
patterned after a model developed and successfully applied on the Mahoning
River,7 calculates the statistical temperatures distribution at critical points
in the river. Means and standard deviations of the equilibrium temperatures,
heat exchange coefficients, thermal loadings, effluent flows and tempera-
tures and lake temperature must be supplied to the model. A normal
distribution random number generator (mean 0, standard deviation 1) is used

with the following equation to calculate input values for each simulation:

V:—)Z+(SXR)



Where:

V = input value

X = mean

S = standard deviation

R = computed supplied random number

By repeating the stream calculations many times the model simulates the
variability of river temperatures resulting from expected independent
changes in each of the input values. The resulting temperature distribution
would not be available using only mean or extreme values for mode! inputs.

To insure that the model adequately duplicates the desired distribution of
input data, a check is made of each set of numbers with a "t" statistic prior
to use in the model, If the calculated statistic is not within the desired
limits, a new set of random numbers is generated and tested.

As described in previous work??? lake water intruding into the river has a
significant impact on the temperature regime in the lower Black River. In
this analysis lake intrusion flows corresponding to different upstream river
flows were determined using the mass balance relationship discussed in
Reference 2 and 3. Sodium and chloride data from four separate U.S. EPA
surveys incorporating seven days of data were used to calculate lake flow at
three critical points in the river, intake WI-3 (RM 3.88) midsection (RM 3.35)
and turning basin (RM 2.6). At each site an expression was developed using a
least squares fit procedure which relates lake flow to upstream river flow.
Table 2 presents the flow data and the resulting equations for computing
lake intrusion flow.

The model accepts either a constant upstream flow or a set of flows
representing the expected flow distribution at the Elyria USGS gage. Flow
at French Creek is the sum of the French Creek STP flow and a natural flow
determined as a percentage of the flow at the Elyria USGS gage based on

drainage areas.
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Verification

To validate the predictive capabilities of TEMPBR, the model was
applied using the July 23-26, 1974 and July 16-19, 1979 intensive survey data
and the resulting cornputed temperatures were compared to measured
values,

In general, values supplied to the model were daily average measure-
ments from one of the intensive surveys. For U.S. Steel Outfalls 003 and
004, company flow estimates were used since reliable measurements could
not be taken. Lake intrusion flows were calculated using the equations
presented in Table 2. Daily stream flows supplied to the model are those
recorded at the USGS gage at Elyria. Average meteorological conditions
reported at Cleveland Hopkins Airport were used to compute the equilibrium
temperatures (£) and heat exchange coefficients (K). Tables 3 and 4 present
the input values used in verifying the model.

Surface areas used in model verification are presented in Table 5.
Widths downstream of R.M. 6.5 were measured from a Corps of Engineers
dredging map, a Lake Survey Harbor Map, and United States Geological
Survey (USGS) quadrangle maps. Between R.M. 6.5-10.8 width measure-
ments obtained during September, 1974, at a flow of 139 cfs were adjusted

to survey flow conditions by the proportionality

Widthe Q"

1,2
where n was set at 0.15"7 (see Appendix III).

Measured and predicted temperatures for the July 23-26, 1974 survey are
shown in Figure 4. The temperature model accurately predicted measured
temperatures throughout the lower Black River. Upstream of U.S. Steel,
computed values are within 19F of the average measured temperatures. At
Qutfall 001 the model precisely duplicated the measured increase in stream
temperatures and predicted within 0.4°F of the three day average measured
value at station 7 (RM 3.88). Predicted temperatures differ by only 1°F and
0.5°F from the average measured values in the midsection and turning basin,
respectively. Also the predicted range of temperatures (1 to 2°F) closely

approximates the observed range of daily average temperatures.



Table 3

Black River Temperature Model (TEMPBR)
July 1974 Verification

Input Data
Standard
Mean Deviation
Equilibrium Temperature (E) 70.6°F 0.0
Heat Exchange Coefficient (K) 145 BTU/ft“~day-°F 0.0
Lake Temperature 71.1°F 0.0
Upstream Flows (3 values) 9.3 cfs, 9.8 cfs, 9.8 cfs
French Creek Filow 1.6 cis
Elyria STP
Flow 9.92 cfs 0.13
Temperature 75.5°F 0.0
U.S. Steel - Lorain '
Flow Outfall 00! 75.1 cis 2.4
002 45.9 cis 0.9
003 105.0 cfs 0.0
004 34.0 cis 0.0
305 4.9 Cfs6 0.1
Thermal Load 001 179 x 106 BTU/hr 4.7
002 302 x 106 BTU/hr 6.1
003 506 x 106 BTU/hr 31.0
004 203 x 10 6B'I'U/hr 20.7
005 17.7 x 10° BTU/hr 1.5



Table 4

Black River Temperature Model (TEMPBR)
July 1979 Verification

Input Data
Standard
Mean Deviation
Equilibrium Temperature (E) 76.6°F 2 0.0
Heat Exchange Coefficient (K) 93.3 BTU/ft"-day-°F 0.0
Lake Temperature 74.7°F 1.75
Upstream Flows (3 values) 37.46 cfs, 29.74 cfs, 24.23 cfs
French Creek Flow 2.6 cis
Elyria STP
Flow 8.37 cis 2.65
Temperature 71.73°F 0.0
U.S. Steel - Lorain
Flow Outfall 00l 62.0 cfs 0.0
002 23.5 cfs 0.0
003 68.0 cfs 0.0
004 22.0 cis 0.0
005 2.3 cis 6 0.0
Thermal Load 001 66.91 x 106 BTU/hr 16.43
002 203.0 x 10 6BTU/hr : 4.01
003 272.61 % 106 BTU/hr Ly, 74
004 110,12 x éO BTU/hr 13.07

005 3.23 x 107 BTU/hr 1.17



Table 5

Black River Temperature Model (TEMPBR)

1974 and 1979 Verification
Surface Areas

Elyria STP to French Creek (RM 10.8-5.1)
French Creek to U.S.S. 001 (RM 5.1-5.0)
U.S.S. 001 to U.S.S. 005 (RM 5.0-3.92)
U.S.S. 005 to U.S.S. WI-3 (RM 3.92-3.88)
Midsection (RM 3.88-2.9)

Turning Basin (RM 2.9-2.%)

2,332,915
89,760
1,082,000
42,000
1,190,000
1,630,000

sq.ft.
sq. ft.
sq.ft.
sq.ft.
sq.ft.
sq.ft.
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Figure 5 shows the results of the July 16-19, 1979 simulation. Upstream
of U.S. Steel the model accurately predicted the gradual increase in
measured temperatures. At Outfali 091 the model predicted low by about
1.5°F, and, at intake WI-3, predicted temperatures are about 3°F below
measured values. Through this stretch measured temperatures increased
about 1.5%F whereas predicted values decreased slightly. In the midsection,
the mode! predicts about 2.5°F above the average measured value.
Apparently the heated water from Outfall 002 was affecting intake WI-3 and
therefore being dispersed more than was predicted. In the turning basin the
predicted temperature is within 0.5°F of the measured value.

Based upon the ability of the model to replicate measured temperatures
experienced during the two intensive surveys, the model is considered
verified and was employed to compute allowable thermal loads for the
U.S. Steel-Lorain Works. The results of the 1979 verification study
indicates that allocations based upon the model under low flow conditions
may resuit in slightly lenient (or high) thermal discharge limitations from
U.S. Steel.
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Appendix III

Dissolved Oxygen Model



INTRODUCTION

In order to assess the degree of treatment required to attain
acceptable levels of dissolved oxygen in the Black River, a mathematical
model of the system was constructed. EPA computer model AU’I‘OSS1 was
calibrated using the July 1974 survey data and verified using July 1979 EPA

survey data. Figure | illustrates the area of study.

BASIC APPROACH

The Black River upstream of river mile 6.5 is a shallow free flowing
stream with moderate velocity and slope. Downstream of this point water
level and quality are influenced by backwaters of Lake Erie; thus, although
the system is not saline, it conforms to an accepted definition of an
estuary.z’B’!"‘

The estuary portion of the river downstream of river mile 2.9 is
dredged to thirty feet and in summer somewhat stratified. Cool Lake Erie
waters enter the river beneath the warmer river and effluent waters as a
result of thermnally induced density differences between the two.5’6
Vertical concentration gradients, however, are not large. During the
July 23-25, 1974 and July 16-19, 1979 EPA surveys, the variation of
dissolved oxygen with depth averaged about 1 mg/l in the lower portion of
the river. Consequently, it is appropriate to describe the system one
dimensionally using the average concentration (from top to bottom) at each
point as commonly applied to pollution analysis in stratified and unstratified
estuaries.5’7’8’9’lo"‘1’12 In this case, the transport of material caused by
the rather complex hydrodynamic behavior in the estuary portion of the
river is described in terms of advective and dispersive transport along the
Jongitudinal axis, as discussed by Harleman.5

In the Black River under constant flow and loading conditions the basic

. . . .1
equation for the concentration, ¢, of any constituent is: 3

(cQ + % (2 EA L)) ke xS
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where

A is area (L units)

Qis tlow (L/T)

E is the dispersion coefficient (LZ/T)

K is the first order decay coefficient (1/T)

S is the total distributed source term (M/L3/T)
x is length (L)

L designates units of length

M units of mass

T units of time

The AUTOSS program employs a finite section or finite difference
approach to solve the concentration equation. For this approach, the river
between R.M. 0.0 - 10.8 is divided into a large number of equal length
segments within which mixing is assumed to be complete. Concentrations
are determined by advective and dispersive transport into and out of each
section and by the sources and sinks of material within each section.
Initially 0.1 mile segments were employed; however, it was found that
0.2 mile segments produced virtually identical results while reducing
computer time. The latter segment size was therefore used throughout.

A more detailed description of AUTO-SS is presented in Attach-
ment A.

MODEL CALIBRATION

AUTOSS was calibrated using the July 23-26, 1974 U.S. EPA survey
data. The July 1974 hydrograph of the Black River at Elyria, Figure 2,
indicates that a low and relatively steady flow regime had been maintained
for about two weeks preceding the survey and continued throughout the
survey period. The system was close to a steady state with respect to flow.
Also, since the average stream flow during the 1974 survey was very close to
the critical flow conditions used for water quality projections the data are

especially useful for calibrating mode!l coefficients.
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Stream geometry, dispersion, reaction rates, waste and tributary
loadings, and upstream and downstream boundry conditions were determined
from the data following procedures outlined by Thomannm. Since the flow
regime during the July 1974 intensive survey was steady the three daily
values were averaged together. Each day's data are comprised of 12 grab

samples composited before laboratory analysis or 12 field measurements.

Hydraulic Characteristics

Lake Stage
The water level of Lake Erie (obtained from the Lake Survey Center of
the Naticnal Oceanographic and Atmospheric Administration, Detroit) can

be seen in Table 1 to have remained stable during the survey.

Flows

Flow of the Black River at Elyria (upstream of the reach under study)
is shown in Figure 2. Flow was also measured at R.M. 10 and in French
Creek. Flow inputs and diversions in the study reach are presented in
Tables & and 5. Discharge flows for U.S. Steel Outfalls 001, 002 and 005 are
EPA measurements whereas flows for Outfalls 003 and 004 are U.S. Steel

estimates.
Width

Widths between R.M.0.0 - 2.9 were obtained from a Corps of
Engineers dredging map; widths between R.M. 2.9 - 6.5 were obtained from a
Lake Survey Harbor Map and United States Geological Survey (USGS)
quadrangle maps. These data are presented in Figure 3. Between R.M. 6.5 -
10.8 cross-sectional measurements were obtained during September, 1974, at
a flow of 139 cfs for eight points on the river as shown in Table 2. These
widths were adjusted to the July 1974 survey flow condition by the

proportionality

Width e<Qn



Table 1

Stage of Lake Erie at Cleveland

Date State (feet above sza level)
July 22, 1974 572.94
July 23, 1974 572.99
July 24, 1974 572.92
July 25, 1974 572.93
Table 2

Cross-sectional data for the free flowing
portion of the river (September, 1974%)
Flow = 139 cfs

Aoproximate River Mile Vidth Average Depth
10.8 34.8 1.71%
10.4 62.5 2.07
10.1% 105.5 3.09

9.7 67.5 1.3
3.5 76.5 2.1
8.3 63.5 0.86
7.8 107.2 1.76
6.5 114, 2.68
Average 78.9 1.95
Table 3

Time of travel betwean R.M., 10.7 - 6.5
as measured by dye tracers.
Flow = 20 cfs

River Mile Miles Trave] Time (hours) Velocity (ft/sec)
10.7 - 10.1 0.6 2,3 0.383
10.1 - 8.6 1.5 5.33 0.413
8.6 - 8.4 0.2 1.0 0.290
8.4 - 7.8 0.6 2.08 0.423
7.8 - 6.5 L3 5.0 0.381
Total -

o+

N
R
v
~J

Average - - 0.392



TABLE 4
July 23-26, 1574 EPA Lurvey
SCOIUM AND CHLORIDE IMPUTS TO THE BLACK RIVER

identification River Mile Flow (cfs) Na (mg/1) €1 (mg/1)

Lorain STP 0.2 20.2 76 77.5
Uss ~ 004 2.56 34,0 28.3 76.3
uss - 003 2.63 105.2 22.0 L5.7
uUss - Wiz 2.8 -186.6 18.2 35.3
uss - 002 3.5 45.8 28.0 Lé.7
Uss - W13 3.88 -80.0 Ly.2 61.0
Uss - 605 3.92 k.9 L8 .1 69.0
Uss - 001 5.0 75.0 45.1 64.0
French Creek 5.1 1.6 117.0 102.7
Elyria STP 10.7 1 10.6 113.3 142

Black River 10.8 13.25 96 120

{upstreanm)



TABLE 5
July 23-26, 1974 EPA Survey
INPUTS OF DISSOLVED OXYGEMN,
CARBONACEOUS AND NITROGENOUS BOD

(mg/1 unless otherwise noted)

§;¥:r <§i§? BOD. TKN UBOD CBOD NBOD DO
Lorain STP 0.2 20,2 6.0 6.4  50.0 24.4 25.6 3.6
USS - 004 2.56 3k.0 6.7 7.233 k2.0 13.1 28.9 5.0
Uss - 003 2.63 105.2 k.0 3.33 31.0 17.7 13.3 k.27
USS - Wi2 2.8 -186.6' - 1.93 13.7 6.0 7.72 1.5
UsS - 002 3.5 45.8  10.7 3.33 36.0 22.7 13.3 6.07
Uss - Wi3 3.88 -80.0%2 7.6 3.43 32.0 18.3 13.73 2.83
USS - 005 3.92 k.9 16 3.67 33.3 18.6 14.7 5.53
Uss - 001 5.0  75.0 9.7 3.33 36.7 23.h 13.3 3.9
French Creek 5.1 1.6 3 .17 10.7 6.0 4.7 7.35
Elyria STP 10.7 10.6 84 21.8 258 171 87 3.4
Black River 10.8 13.25 7.3 4.0 k0.3 2k.3 16.0 7.3
’(upstream

1
2

Set equal to sum of outfalls less

Set equal to sum of outfalls.

NH3 as N.

1 mgd evaporation.



IUN ¥IALY
o] | < £ 14 1

-

13348 $ N

SHIINIONT

‘'vidasn @
40 S4u00 VW

$'S 01 00 3TIW H3ALY
Y3IAIY MOvE JO H1d3Q
¥ J4NOIA

[o}]

o2

og

ot

o]

Hid3Q

(33)

. % )

3NN HIALY
o] i [4 2 1 4 [ 9 L
o
L !
Ul 3315 8N
' 4\«1 v v
el
002
[ o 4 v -~
o o %
v
— a {
.? & oot
[ .. [ ] ..
ose
¥ 009
® [ ]

§9SN ¥ A3AUNS 3XVY @
SU3INIONI 30 $d4H0D ¥

0001t

[

0o0ei

$'9 01 00 37N HIAIY
H3IAIY A0vI8 40 HLIGIM
€ 3Ynoid

H1QIM

(4d)



8,13 : :
where n was set at 0.15.%? By this means the average width between

R.M. 6.5 - 10.7 was found to be 60 feet.

Depth

Depth measurements across a large number of transects in the dredged
portion of the river (R.M.0.0 - 2.9) were available from the Corps of
Engineers. Between R.M. 2.9 - 6.5 depth data were available from previous
EPA surveys. Adjustment was made for the July 1974 lake level. Data for
the estuary portion of the river are presented in Figure 4. Supporting data
were available from the Corps of Engineers.m The effect of dredging is
apparent in the sharp change in depth at R.M. 2.9.

Above R.M. 6.5 depth is a function of river flow rather than lake
stage. Adequate numbers of depth measurements were available for a flow
of 139 cfs, but the depth dependency on flow was not known. Since velocity
in this segment was measured with dye traces during low flow, depth was
calculated from continuity: \

Depth = Flow/(Width x velocity)

By this means, an average depth of around 1 foot was calculated between
Elyria STP and R.M. 6.5. This corresponds with actual measurements taken

for gaging at R.M. 10 during the July 1974 survey.
Velocity

Velocity in the estuary portion of the river (below R.M. 6.5) was
calculated from the flow and channel dimensions. Velocity in the free
flowing portion (above R.M. 6.5) was measured by dye tracers as shown in
Table 3. As the velocity was relatively constant between R.M. 10.7 - 6.5,

the average velocity between these points was used.

Slope

The hydraulic slope of the stream was measured from USGS quadrangle
maps and the Corps of Engineers river ‘chalweg.li’L The slope was found to

average 4.7 ft./mile between R.M. 10.7 - 6.5.



Below R.M. 6.5 the slope is very small as the river approaches lake
level.

Dispersicn

The longitudinal dispersion coefficient, E, was determined from the
sodium and chloride profiles, using the finite difference, trial and error fit
procedure described by Thomann.13 The value of E is shown as a function of
river mile in Figure 5. Inputs of sodium and chloride to the system ar
shown in Table 4; comparisons of the observed and predicted profiles are
shown in Figures 6 and 7. Excellent agreement of observed and predicted
values indicates that AUTOSS when applied using appropriate coefficients

can effectively simulate the interaction between the river and the lake.

Nitrogenous BOD

Measurements of total Kjeldahl nitrogen (TKN), ammonia, and nitrite
plus nitrate, taken during the July 1974 survey are shown in Figure 8.
Downstreamn of R.M. 6.5 these curves represent concentrations near the
water surface; mid and lower depths were not sampled for analyses of these
parameters. Ammonia can be seen to comprise the bulk of the oxidizable
nitrogen. Thus, as the rate limiting step can be expected to be ammonia
oxidation,15 a single first order kinetic reaction will closely approximate the
three or four stage reaction (depending on whether starting with ammonia or

organic nitrogen): 10,16

Org-N - NH3 - NO, - NO3

Nitrogenous BOD (NBOD) was estimated to be 4.0 x TKN (total Kjeldahl
nitrogen) concentra‘cion.17

In the stratified portion of the estuary it was necessary to estimate
the average vertical concentration because vertical concentration profiles
or composites were not obtained during the survey. Since the relative
longitudinal distributions of NBOD (and CBOD), sodium, and chloride were

sirnilar, the relative vertical distributions were also assumed to be similar.
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The average level of NBOD at each point between R.M. 0.0-3.4 was
calculated from the surface concentration multiplied by the ratio (0.9) of
the average to surface concentration of sodium and chloride.

Differences in decay rates were expected to exist between the estuary
and free flowing portions of the river, due to differences in benthal
character, ratio of volume to benthal surface, and rate of replacement of

fluid elements at the benthal interface.lo’lz’lg

In the free flowing portion
(above R.M. 6.5) the decay coetficient was found to be 0.14 day_1 (base e)
based upon the observed rate of disappearance. Such a low rate is
characteristic of a system dominated by gross levels of carbonaceous
BoD. 'Y

ammonia proceded faster than the oxidative step, causing ammonia levels to

Not surprisingly, the hydrolytic conversion of organic nitrogen to

increase slightly moving downstream from Elyria STP to R.M. 6.5. Oxida-
tion of TKN between the Elyria STP and R.M. 8.6 was negligible and as
expected, there was no increase in the nitrite plus nitrate concentration in
this reach. Indeed, a significant decrease was observed. This is attributed
to the biochemical reduction of oxidized nitrogen occurring in anaerobic
sediments known to exist in the pools of the free flowing portion of the
civer. 120 The slight oxidation between R.M. 8.6 and R.M. 6.5 was
accompanied by a slight increase in nitrite plus nitrate concentration.

The decay coefficient in the estuary portion of the river was estimated
to be 0.05 day—l, based upon fit to the observed NBOD and DO levels. This
unusually low rate is attributed to insufficient levels of dissolved oxygen

existing through much of the estuary.lo’l6

Assuming the nitrification
inhibition function presented by Hydroscience21 (and shown in Attach-
ment B), the rate coeifficient would be approximately 0.1 day"1 hefore
reduction due to low dissolved oxygen.

Inputs of NBOD are presented in Table 5. Comparison of observed and

predicted NBOD levels are shown in Figure 9.

Carbonaceous BOD

Carbonaceous BOD (CBOD) was determined from the long-term BOD
(20 or 30 day BOD) less the NBOD. Average vertical concentrations
between R.M. 0.0-3.4 were estimated in the same way as described for

NBOD in the previous section.
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The decay coefficient was estimated from the observed rates of
disappearance and the observed levels of CBOD and DO. It was found to be
0.6 day—l for one mile below Elyria STP, 0.5 day°1 in the remaining free
flowing portion of the river and 0.1 day~1 in the estuary portion.

Inputs of CBOD are presented in Table 5. Comparison of the observed
and predicted profiles is shown in Figure 10. It is believed that inadequate
ice packing between time of collection and time of start of the BOD test for
the samples collected at R.M. 8.6 and 10.1 contributes to the difference
between observation and prediction at these points. Instream settling of

CBOD may also account for some of the difference.

Algal Effects

The diurnal variation at some stations (11, 12, and 13) during the July
1974 survey appeared to be consistent with photosynthetic activity. At most
stations including the critical area in the vicinity of U.S. Steel, however, the
diurnal range was small. At Station 10 the large diurnal variation was
opposite to any attiributable to photosynthesis. Biological examination of
the river, furthermore, did not reveal excessive growths of algae anywhere
below Elyria STP. Thus there is little evidence that algal activity provides a
significant amount of oxygen to the river on a daily average basis. Water

quality was beneath the optimum for algal growth.

Sediment Oxygen Demand

In the 1974 survey sediment oxygen demand (SOD) was measured in the
laboratory on samples taken from the riverbed in various locations. Results
are presented in Table 6. For use in the model, this measurement is
multiplied by the fraction of bottom covered by sludge material.

Due 1o the mixing procedure employed,(described in Attachment C),
such laboratory measuremnents should excead the true demand of undisturbed
sediments. Nevertheless, the SOD (in mg/l/day) was found to be minor
relative to the oxygen uptake of BOD in the water column
(kC x CBOD + kn x NBOD, in mg/t/day).



TABLE 6

July 1974
SEDIMENT OXYGEN DEMAND

Lab SOR Rate=* Estimated Fraction
g 0,/m"/day of Bottom Covered
River Mile Max. in., Mean By Organic Material®¥*
1.8 1.50 1.01 1.18 1.0
2.75 1.96  1.10 1.57 1.0
4.0 1.72  0.97 1.39 1.0
4.8 2.15  1.76 1.96 .25
5.3 6.35 3.85 5,03 .25

% At 23.5 - 25.0°C temperature
%% Estimated from field description of benthal character



Effects of Temperature

Reaction rate coefficients were assumed to display an Arrhenius

dependence on temperature:

) T-20
K=k,

The temperature dependence coefficient, 8, was 1.024 for reaeration,

1.1 for nitrogenous decay, and 1.047 for carbonaceous decay.l’13

The temperature regime found during the July 1974 survey is shown in
Figure 11.

Reaeration

Reaeration rate upstream of river mile 2.9 was calculated using the

O'Connor formula modified as recommended by O'Connor:lo’21

Ka:KL/H
and K, = 12.9 U1/2H3/2
constrained by K. >7
LZ
where K}'{ is the surface renewal rate, H is depth,(ft) and U is
velocity.( /sec)

The Tsivoglou formula22 was considered for application to the free
flowing portion but was found to significantly underestimate reaeration
capacity. The Churchill formula, on the other hand, was not considered to
be applicable for this situation as it was developed for streams with
velocities considerably higher than found anywhere in the study reach, and
depths greater than those found in the free flowing por‘cion.z3 Its use would
also underestimate reaeration capacity.

Formulations which relate reaeration to river velocity and depth are

not applicable downstream of river mile 2.9 because of low stream velocities
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and the depth of the stream. Therefore, reaeration rate coefficients were
based on a correlation developed by Banks and Herrazq and successfully
applied to the Saginaw River?” which relates wind speed to oxygen suriace
transfer rate,

K, =.38 w0 - 088 W+ .0029W2

Ka =K, /H

L/

where W is the wind speed in Km/hr. Average wind speed recorded at
Cleveland Hopkins Airport during the July 1974 survey was used in the
equation (10.3 km/hr).

Dissolved Oxygen

Inputs of dissolved oxygen (DO) are presented in Table 5. Comparison
of the observed and predicted DO profiles are shown in Figure 12. It can be
seen there is good correspondence between measured and computed values
throughout the river. Using the previously described rates the model
computed within 0.5 mg/! of average DO concentrations measured during the
survey. The calibration, therefore, demonstrates that with the proper
reaction rates the model can accurately simulate the complex hydrologic

interaction between the river and the lake.

MCDEL VERIFICATION

A second intensive survey of the lower Black River was conducted July
16-19, 1979 to obtain data for model verification. The survey was nearly
identical to July 1974 survey, with the exception that depth integrated
samples were collected in the estuary portion of the river in lieu of surface,
mid-depth and bottom samples.  Temperature, dissolved oxygen and
conductivity depth profiles were also obtained at each sampling site.
Stream characteristics input to AUTOSS were determined using the same

procedures applied during model calibration.



Hydraulic Characteristics

Stream flow at the USGS gage in Elyria during the July 1979 survey
averaged about 30 cfs and was slowly declining during the thrce-day survey
from a small storm about 10 days before the study (see Figure 13). Inputs
and withdrawals from the system, shown in table 7, are EPA measurements
with the exception of discharge flow at U.S. Steel Outfalls 003 and 004
which are 1J.S. Steel estimates.

Stream widths and depths downstream of river mile 5 were the same as
in the calibration run since lake level during this survey (572.3) was
essentially the same as in July 1974 (572.9). However, values above that
point were adjusted for flow based on relationships between values
determined at 21 cfs and 139 cfs. As a result, widths and depths in the
verification are slightly larger than the corresponding values used in model
calibration in the upstream portion of the river.

Dispersion coefficients were calculated with sodium and chloride data
using the same trial and error procedure applied during calibration
(Figures 14 and 15). The resulting values, (Figure 16) are slightly less and
shifted somewhat downstream from the July 1974 coefficients due to higher

upstrezmn fow.

Nitrogenous 30D

For model verification NBOD loadings and boundry conditons were
assumed to be four times measured TKN values (see Table 7). Reaction
rates from the July 1974 survey were initially applied in the verification,
however, predicted siream concentrations did not agree well with averaged
measured values. Rates from the 1974 survey appeared too low for the
upper segment of the river and slightly high for the estuary portion. A
NBOD reaction rate of 0.32 day‘l, gives good agreement between measured
and computed concentration downstream of Elyria STP whereas a rate
ranging from 0.0 at the mouth to 0.1 at river mile 5 worked best in the lower
portion of the river. The NBOD rate in the free flowing portion of the river
agrees well with values found in other Ohio streams.2?7 The low rate in
the estuary portion of the river may be partially caused by the low dissolved

oxygen levels in this segment, however, rates did not increase as DO
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Lake Erie
Lorain STP
USs-004
USS-003
USS-WI2
USss-002
USS-wi3
UssS-005
uUssS-001
French Creek
Elyria STP

Black River
{Upstream)

Table 7
Inputs of Dissolved Oxygen,
Carbonaceous and Nitrogenous BOD
July 16-19, 1979 EPA Survey

{mg/l unless otherwise noted)

River Flow

0.6 - 0.5 3.6
0.2 25.0 3.7 7.7
2.56 34.0 6.6 5.1
2.63 105.2 3.5 4.7
2.8 175.6!

3.5 36.4 5.5 6.2
3.88 99.41

3.92 3.6 .3 7.4
5.0 95.8 .2 13.2
5.1 2.4 .6 3.6
10.7 9.8 19.2 64.5
16.8 30.4 1.5 9.4

lSet equal to sum of Outfalls.

NBOD
2
14.6
26.5
14.0

21,8 |

13.1
8.8
2.6

76.8
6.0

o

DO
8.0
3.7
4.8
4.8

5.3
6.4

3.8
8.2

“3.3

9.4
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concentrations increased near the mouth. With the high ratio of volume to
benthal surface and the low NBOD concentration relative to upstream
values, conditions are below oprimum for rapid nitrification.

Figure 17 shows measured and computed concentrations with the
selected reaction rates. Computed concentrations are within 2 mg/l of the

average measured values at all stations.

Carbonaceous BOD

For the July 1974 intensive survey, BOD tests were conducted with and
without a chemical nitrification inhibitor. Carbonaceous BOD concentra-
tions determined in the 1979 survey are long term BOD's (30 day) inhibited
for nitrification. Effluent loadings and boundry conditions are presented in
Table 7.

Reaction rates determined in model calibration were supplied to the
model but did not produce good agreement with measure concentrations. A
reaction rate of 1.2 in the free flowing portion of the river was found to
better replicate measured stream concentrations. The reaction rate of 0.14
worked well for both the 1974 and 1979 surveys between river miles 2.9 and
5.0 which is the critical area for dissolved oxygen. In the dredged portion of
the river CBOD reaction rates decreased uniformly with river mile from a
value of 0.05 at RM 2.9 to 0.0at RM 1.5, A 0.0 rate was applied from
RM 1.5 to the lake. Using these reaction rates, the model accurately

replicated observed concentrations (see Figurs 18).

Sediment Oxygen Demand

Sediment oxygen demand rates were measured using an in-situ benthic
respirometer at four locations in the lower Black River on August 7 and &,
1979. These values are very similar to rates determined in the July 1974
survey. Also, the portion of stream bottom covered with sediment was
determined at 13 stations using an Eckman dredge. Sediment oxygen
demand rates input to the model are the product of the measured rates and
the percentage of bottom covered with sediment (see Table 8). Upstream of
the turning basin (RM 2.9), SOD rates measured at R.M. 2.4 were applied
since measured rates were not available. In the free flowing portions of the
stream the sediment oxygen demand was assumed to be zero since the

stream bed is generally hard and rocky.
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Table 8

Sediment Oxygen Demand
August 1979

Fraction of Bottom

SOD Rate Covered by Rate Supplied
River Mile gm/m”~/day Organic Material to Model
0.6 1.73! .86 1.49
0.0 86! .36 74
.5 1.3 43 .56

1.1 1.73} .86 1.49
1.8 1.5 1.00 1.5
2.4 1.29% 1.00 1.29
2.85 1.29 1.002 1.29
2.9 1.29 43 .55
3.4 1.29 0 0
3.6 1.29 43 .35
3.9 1.29 0 0
4.y 1.29 .29 .37
4.9 1.29 .29 .37
5.5 1.29 43 .55
6.0 1.29 0 0

lMeasured values

2

Estimated fraction



Dissolved Oxygen

Dissolved oxygen inputs for model verification are presented in Table
7. Reaction rates for CBOD and NBOD are the values described above while
reaeration rates were calculated using the formulas applied in model
calibration. A comparison of measured and predicted DO concentrations,
Figure 19, shows the model (dashed line) accurately reproduced the three
day average measured values in the lower portions or the river downstream
of river mile 5. The model predicts about 1.5 mg/l high at sampling stations
10 and 1i (river mile 6.5 and 8.6). Since CBOD and NBOD predicted
concentrations agree well with measured values in this segment the model
was rerun with the reaeration rate reduced to 6.0 from the value of 7.7
computed with the O'Connor formula. The results shown as the solid line
agree with measured values throughout the river with the exception of river
mile 10.1 where the measured value exceeds the predicted value by about
1.5 mg/l. This is likely the result of the large diurnal variation occurring at
this station which does not occur at stations further downstream. At the
other sampling stations computed values are generally within one-half mg/!
of the average measured value.

In general, the rates calibrated with the July 197% data did not
adequately simulate observations from the July 1979 survey. Model reaction
rates had to be adjusted or recalibrated in order to reproduce the July 1979
measured concentrations. The two data bases clearly demonstrated that
with the proper reaction rates AUTOSS can accurately simulate the complex
hydrological interaction between the river and the lake (Figures 17, 18 and
19). The stream hydrology computations were verified with the July 1979
survey data (Figures 14 and 15). Also identified by the calibration and
verification is the critical segment between intake WI-3 and the turning
basin where minimum DO concentrations occur. In this segment reaction
rates from both July surveys were similar and the model replicated actual
conditions.

Failure to verify reaction rates especially downstream of Elyria STP
has little impact on modeling at critical flow conditions for load allocation
purposes. Stream quality will be improved and CBOD reaction rates
downstream from Elyria STP will be reduced by installation of advanced
treatment.  Also, in the estuary portion of the river, minimum DO

concentrations will improve with installation of treatment eliminating any
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DO related rate suppression which occurred during the two July surveys. It
is important, however, to assess the impact of reaction rates on stream
quality at critical conditions and the selection of treatment alternatives.
Chapter IX describes the sensitivity analysis performed for this study and
indicates effluent loadings, and not reaction rates, are the dominant factor

in determining water quality in the lower Black River.
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ATTACHMENT A
AUTO-SS SOLUTION

EXCERPT FROM MAUTO-QUAL MODELLING SYSTEH!!



MODEL DEVELOPHMENT

The development of AUTGSS and AUTHQD has been broken into sections.
Because the two models have many of the same properties, a general
development 1S given first. The last two sections will deal with each

model separately and discuss the particular solution techniques used;



CHANNEL REPRESENTATION:

The first problem to be resolvad in a mode] development is how
to represent the stream or estuary b2ing modelled in terms that can
be mathematicelly describad and represented on a digital computer.
The method of representation used in these models is called the
"channel-junction” method. Eésentia11y this method consisis of
dividing the natural channzl into a finite number of sections (See
rigure 1). Each of these sections contains a Tinite volume of ﬁater.
These-sections {discrete volumes of water) are assumad to be uniform

at a given ins ani‘in time in all their properties. This assumption

is gonora1]y referred to as the "fully mixed assumption". Thus, any

property of this vo?ume of water, for instance, a constituent concen-

tration, reprasents th
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average value for that volume. This average
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flow and movemant of watar in the system. Thus, the problem of repre-

senting ;1ow uﬁd the consequential transfer of properties from onea

junction to another has to b2 dea1t with. For this reason the concept
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of cnann°1 s. introduced. Physical]y a cnannal may be thought of as

the interface batween two junctions. Computationally the channel fis

treated as a uniform, rectangular channel batvieen junction miapoints.
later properties are not essociated with channels. Channeis are used
(computationally) for the transfer of propoerties from junction to
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Various properties arc associated with either a channel or a

junction; the properties of a channel are:
I3

1.

n
L.

2.

12.
13.

14.

Flow (ft3/sec)
Velocity {ft/sec)
Dispersion coefficient (ft?/sec)

Cross-sectional area (ft2)

Length (ft or miles)

The properties of a junction are:

Yolume (ft3)
Surface area (ft2)
Constituent concentrations (ppm)
Temperature (°C)

vaporation - rainfall (in/month)
Iinflows (ft¥/sec)

Diversions (ft3/sec)
Reaeration rate (1/day)
Photosynthasis - respiration rate (gr 0,/m?/day)
Sediment uptake rate (gr 0,/m2/day)
C29D decay rate (1/day)

N8P0 decay rate (1/day)

Constituent masses (ppm—ft3)

Inflow concentrations (ppm).



4
Somz of the junction properties are computed from channel values.
For instance, junction volumes are computed by using the channel
depths and widths on either side of the junction.

The system of channels and junctions used in a model is commonly
called the "network". This network can be visualized as a systom of
pots (junctions) connected by hoses (channels). The network is
established autamatically in AUTBSS and AUTEQD. However, some basic
information is required:

1. Starting river niie
é. Ending river mile
3. Humbar of secticns.
Thus far in the networz rﬁpresévbau1on the ,0110ﬁ1ng assumptions
have been made: |
i. The natural channel can be accurately represented by
a system of discrete volumes
2. Mithin each junction all water properties are uniform
. (fu11y mixed assumption) |
3. Junction valuas have point values at the center of a
Junction.

»Thesé assumptions should beAkgpt in mind when app] ying the models.
Experience has shown that in most applications these assumptions are
valid. However, some caution must be exercised in such cases as heaviXy’
stratified estuaries or impoundmants. .

The following example demonstrates how the networ”.is established:
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Given the basic data:

starting mile = 0.0
ending mile = 4.0
numbar of sections = 4

The network shown in Figure 1 would result from the above information.
The starting and ending mi?es.are the midpoints of the first and
last junctions, respactively. The distance from‘junction interface to
junctian fntefface és equal to the length of the segment (ending mile
minus starting mile) divided by tha number of sections. This distance
is referred to as the c?annel Yength.niln AUTQSS and AUTEQD the cﬁannel
lengths are:constant trroughout the network. The first and ]ast junction
will attué1]yié2tend one~ha1f o7 & channel iength outside the defined
segment. The stream and/or estuary being modelled is referred to as the

segmant, and tha terz "channal® is used as it pertains to the network.

r—t

At this point ail that has been done is te define the nework, the

junction boundaries, and the chznnel lengths. The physical properties
(widfh, depth, etc.) have not yei been determined. Most of these physi-
cal characteristics are read as input to the program. Those values tﬁat
are not fead are computeﬂ internaily cn thz baéis of data that has been
read.  The jnppt data for these models is refereanced to river miles. Once
read thé iﬁput data is ei{her interpolated to define values over the entive
segnent, or in the case of point value data (such as inflows) it fs assign-
ed to the closest junction.

For example, if in the network shown in Figure 2, widths vere read

in as follows:
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e mile 0.5 width

1l

620.0 ft.
@ mile 3.5 width

i

50.0 ft.
The program would assign thz values of width as shown in Figure 2.
The interpolating procedure, showin in Figure 2, is used for all
physical data (see operating instructions for definition of physical
data) whether it be a chammel or Jjunction parameter.

As a general example of how some of th2 internal computations:

on physical data are done, considar the following general network:

A<i}:} 1T /o\2 j’;j~1 (... ni-2 4;;?? nj-1 <E§:>
' \_/ \_/ |

let dj = pezan depth o7 channeT J (ft) ;
'Asj = syrtace arez of Junction j {(ft3d <
= width of channel j (ft

1.
‘J

<
~~
*h [
[ 5ty
w
L

Vj = yolune of Junction

L

i

channal Tength (constant)(ft)
Hj is an input to the program, dj is computaed on the basis of flow

end L is defined in the network constructiod. The remaining are

computed as follows:
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The first and last junction's values are 1iven by:
J g Y

Last junction (nj):

Aspy = gt (7%
Yng = ¥gq dysab (789),

First junction (1): ‘ | N
Rsy = W L (ft2)

= 1 -3
V1 H}d] L (ft ).~

In general, when values are assigned to channals and they are needed
Le g ! Y ,

to compute @ junction parameter, the channa1 values on either side of

raged ard that average value is used in the



HYDRAULIC DEVELOPMENT :

The hydraulic solution used in AUTOSS and AUTOQD consists of
tvo parts:
1. Determinz the flows in each channzl.

2. Datermin

4

the depths in each channel. -

The solution represents a net, steady state situation. No attempt

4]
w

is made in these modais to solve the equations governing tidal

oW, rMmosurges, or a nstea o condition. )at is whny
flow, storm surges, or any unsteady flow conditi That hy

y

RUTOQD is called a guasi-dynamic model. The quality eguations are

integrated with time using net, steady state Tlows. The implicit

changes in flow is instantaneous, while the quality response Tlags

in time. This assumption is acceptable in most instances.

Tha first part of the solution is a simple application of the

3
e
-y
=
)
—iy

3
—t
0
(@}
—~{y
a
C
23
[l
e
oot |
“

+

&

A4

Consider the following situation:
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where Qj = flow rate in channel j (ft3/sec)

Isolating junction j;

et
gin; = infloy to junction J (Ft3/sec)
qout, = diversion from junction j (ft3/sec)

eva-pj = net evaporation minus rainfall at junction j
{inches/mnnth) '

€F = conversion factor, to convert in/mo: to ft/sec
Asj = surface area of junction j (ftz)

Qj—] w111 b2 given by;

-~
-t

~

o]
f

¥ ' 3
., = =0. -gin. +qout. *+ As CF (T e
-1 .¢Q3 qin, +qout, +evap.hs, F {ft~/sec)

Th

44
w
—t
[La]
jou
w
i
Q3
]
D
%]
-3
—
Q

be wrong in the above equation, this is because
the sign convention used is: a flow from upstream to downstream is
definad as negative. The above procedure is followed for all channels

in the network, starting at the upstream end and working downstream.
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However, the first and Yast junction are computed differently

because each has only one channel conrected to it. Taking the last

Junction (nj);

2 C_. . = ~qin_. +evap .As .CF +cout . (Ft3/cec
(2) S i anA nj 3 ‘OULnJ (Ft/sec)
(note sign convention)

Taking the first junction (1);

qin]

s et ommn o tv— e vo o
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QOUT] (~QIN]) will be given by; :

(3) (_g?gT§ = —Q] +qin] —qout1 ~evap]As]CF (ft3/sec)
1 :
A positive QOUT} indicates a flow out of the segment at the downstream
end. £ nzgative QOUT} represents an inflow and its absolute value
is refzreed to as QIN,.

After the above procedure has been completed, flows will have
been 2stablished in all the channels. The second part of the solution,
determining depths may proceed;

let d. = mean depth of channel {1 (ft).

Depth can be given by an equation of the form;

o~
>
Nt
a8
-t
"
i)
——t
-
Pae]
-y
™
A ]
S
o

where A

-t
v
e

'RE and A3 ; are emperical constants.
> >

The coefficients of equation (4) (A1 ., A, ., A, .) are entered as
17 2,17 73,1

5 -

interpolated over the segment. These coefficients

3
Y]
&
rr
{l\
[l
1]
o+
£
o
)
-
ot

12d from stage/discharge curves when availiable. In

)

1 cases they may be computed. For example, assume tha
Manning Equation is applicable (a special case). The coefficients
< then be determinad as folilows:

485 .
v = 1280 R¥362 (fr/sec)  Mamning's Formula [6]

vihere;
U = velocity (ft/sec)
n = Manning's coefficient

R = hydraulic radius (ft)
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S = vater surfece slope (ft/ft)

Assuime the channel is wide compared to its depth, then R = d.
For uniform steady flow S = slope of channal botton (SO). Letting
B = channel witdh (ft) and Q = flow rate (ftj/sec), the Manning

Forinnla may bz written as;

0 _ 1.486 1/2
A

B n

. solving for d,

2
- R n
d n-zQ + r\3

with,

0.6
Ao =T n = |
i BN )
1,&00830

AZ = 0.6

AE = (.0
In an est ary the depth of flow may be essentially dnvariant

_ ‘with the flow magnitude. In that case A1 equals 0.0 and A3 represents

the esLuary depth at wmean t]do ]eve]

Thore has been no distinction mada baLwoon estuaries and free
flowing streams in the h draulic devalopmedt Since the models use daily
average or net flows, the hydraulic differences bestwaen estuaries

and streams may be represented in the ceoefficients of the depth

' .
e e v e s

FaCN

™,



~
\
- .

Gl NN . 0 BN NN OO aw m B

equation. It is possihle to Tink

in these models.

ther the stream and estuary

15



QUALTTY DEVELOPMENT

The quality solutions usad in AUTESS and AUTEQD are based on
the mass balance equations. A general development is given first
and then the equations and solution techaiques for AUTASS and AUTHQD
are given separately.

GENERAL QUALITY EQUATICNS:

CONSERVATIVE SUBSTANCES:

Isolating junctiens j-1, 5, j+), and channels j+1, j, j-1, j-2

J+H i+l

Taking Jjunction J

evapj ; (%)

16

T

AT
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Let Cj = constituznt concentration (ppm) at junction j
C N __‘l = n " 3t n s _'l
3 J
- " 11 1 1 '.;_
Cj+] J+l
Cin. = inflow concentraticn (ppm) at junction j
3 (associated with qinj)
Vs = volune of juaction j {rt3)

Writing a mass balance for junction j
Mass in {during at) = [Qjcj+] + qinjCinj] at(ppm ft3/sec)
A I3 h 1 = + £+3 .
Mass OLu.(uJF]ﬁg At) [Qj_]C;j T qogcmcm] st{ppm ft3/sec)

(tlote sign convention on flows)

[s

iJ = Mass in - lass out

=
5

facd

AM. = -Q.C. o + qin.Cin. + Q. .- t.C.
“J 3V5+1 q n\]c-m\’] QJ~1CJ QOULJCJ

A
B, = V.C. and
J JJ
s, = V. LG,
J J __J
AT At
5 tC. = (-Q.C.., + qin Cin, + Q. .C. - cout.C. /. (ppm/sec
(5) C; = (-Q;C5, + aingling + Q; 4Cy - qout C.) / V. (ppa/sec)
At ' ‘
If the flow were in the opposita direction the above equation would

appear as:

“C. -~ gout.C. + qin.Cin. {ppn/se
; 5o 4 541 QJ 5 - aou JCJ qerC1rJ) / VJ(pp /sec)

ot
The flows used in equation 5 are used for further development
Equations 5 and 6 are applicable to purely advective systems. Howaver,

in general there are exchanges due to tidal oscillations {in estuarics)
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and/or turbulent dispersion (in estuaries and free flowing streams).
These exchanges are not included in equations 5 and 6. To express
these changes, an analogy is made with Fourier's law of heat

conduction [7]

X ol
S0 = b
vy I\rdn (SF\
where
6q = the heat flow across SA (BTU/hr)

&
3.
"

elemental cross sectional area (ftZ)

!

k = thermal ccﬁduétivity (BTU/°K-FL)

T = absolute temperature (°K)
8T = derivative of temperature in the direction of
an  the outward normal n (averaged over 8A).

Integrating over A and considering the x direction

2T
ox

P}
1

-kA

The equation says that the heat transfef par unit time is proportional
to»the temperaturs gradient. The énaiogy is drayn that the mﬁss'~ a
trensfer per uniti time is prosorciornal to the concentrationAgradient.
7 ©oaM _ o, aC

The constant of proportiorality (E) is called the dispersion coefficient.

It is considered a channel property and is an input parameter. The
dispersion coefficient is important in both models, particularly in
tidal bodies. This feature is now added to the mass balance

ecuation (5):

e .

2 n



(8) A i.=[~QjCj+] + Qj—1cj - qoutjCj + qinjCinj]/ Vj

At
+[EjAJ(EQ:Elil? + Ej~]ﬁj_1(Cj~Ci:l}]/ Vj(ppm/sec)
L L
where
Aj = cross-sectional area of channel j (ft2)
E‘:

; dispersion coefficient in channel j (ft4/sec)

-
i}

channel length (7t)
If gin and gout are zero and a uniform channel is assumed, the above

equation reduces to the familiar form [8]:

2
(9) aC . 9C aC = .
SE.ﬁvE ;;2’“ 52— (u = velocity)

- when the Timit of 120 1is taken.
LA

Eguation 8 is thez basi

-t
72}

for the solution of conservative constituants.

-
o
[$4)
—.h
o

3
g
—
Cu
r

-t
O
jun}
- 11
o)

=3
[p]

onservative substances also apply to non-
, howaver, tne reactions of the subétance vith
the environment and/ér other substances must be added.
Three non-conservative substances are considered in these models:
1. CB2D - first stage (carbonaceous) Biochemical 0xygén
Damand (B2D)
2. MNBGD - second stage {nitrogenous) BiocﬁemicaT Oxygen

Demand (B2D)

D2 - Dissolved Oxygen
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The oxidation of organic waste will be broken into three stages:
1. Oxidation of oxidizable carbon compounds
2. Oxidation of armmonia (to nitrite)
3. Oxidation of nitrite (to nitrate)
The oxidatien of the carbon and nitrogen constituents will be considered
separately.
FIRST STAGE OXYGzi DEMAR
Theoreticaily this term represents the ultimate oxygen demand of

the organic carbon compounds, (carbonaceous BQD) IL hzs b°e1 rep rted

PR - B RIS AR
i

that this'term has a theoretical value of 2.67C [9] unbre C is the

' orgahfc carbon ceantent. Realistically, this term represents the oxygen
demand of inorganic compdunds nemical oxygan demand) as well as the
oxidation of orgznic vaste. To determine its value, various factors
have been deveissad to be e2ppiied to b-day BHD va]u to obt in the
ultimate first stzage oxygen dezmand. These ;actors may vary ffom 1.10
to 2.40, with 1.45 bein5 tre most common. CB2D may be obtained from
BOD va1ué- as follows: )

“Determine tne deoxygenation rate KC (1/day) with no

nitrification taking place. Then using BODs, again
“assuming no nitrification. CPDD n171 ba g en as:
i i
(10) B'Ds
" CBOD = %
(1.0-e ©)

Hote that if K.C = 0.23 (a common Viterature value) the

CBSD = 1.45 BADs.

o

EaLEN
8

AN
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If B@Un is known CESD would be given as
CBHD = "
. T 0 - ey
The behavior of CBOD in the natural waterway is described by
the first order reaction [10]
(12) ' aCBYD ' )

= -K CBZD
ot B it
vihere Kc is the deoxygesnation rate in the vaterway. The complete

equation for CBZD may now be written

et Cj = CBED concentration in junction j (ppm)
Cinj = CB2D inflow concentrafion at Jjunction j (ppm)_
(13} AC. -
A;ﬁ-=[~QjCj+] + Q3~1C5 - qoutjcj + qinjCinj]/ Vj
1 S St Gy
—“chj

The deoxygenation rate ch 1s the rate in the stream. KC is entered
a2s irzut to thz progranm. Tha valua entered is assumed to be the'va1ue
at 20°C. Stream temperatures are also enbered and KC is then corrected
acccrdiﬁg to the eguation [11]

(14) ) KC@T°C - xcozo°c) (1.047) {T-20)

The oxidation of th2 organic carbon compounds (CB9PD) is assumad
to be independent of the dissolved oxygen concentration. This assumption,

naturally, 1imits the application of these models to aerobic systems.
Hr
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SECOND STAGL OXYGEN DEZMAND (1E9D)

This constituent represents the ultimate oxygen demand of all
the oxidizable nitrogen fractions. The oxidations of ammonia, nitrite
and organic nitrogen are lumped together in this term. Organic nitrogen
is included becausz it is generally assumed that organic nitrogen first
hydrolyses to ammonia nitregan and the oxidation occurs. “The ultimate
NB3D may be given by [12]

(15) NB2D = 4.57 TKM + 1.14 (NO; ~N)

where TKMN Is the 7o Kjeldahl Nitrogen (Organic N + Asmonia -N) and

vt

ta

- ak
l

110, is nitrite nitrogen. The above relationship assumes that all the

[}

TEH and M0, -N is oxidizable. If this is not the case an appropriate
reductidn factor, as determinzd by laboratory studies, will have to-
be applied.
It is éss ared that the oxidation of the various nitrogen fractions
(referred to as nitrification) can be characterized by one gross rate
(1/d§y). This rate is prizmarily a function of the'nitr’ry ing bacteria

papulations and tampzrature. Sp3c1.=ca11y, litrosomonas for the oxida-

tion of ammonia to nizrate and Nitrobacter Tor the oxidaticn of nitrite

to nitrate. Despite the laboratory BJD test results, it is reascnable,

—l
)
=
U
wn

(‘f.
(@]
o3
vy
V)

%]

v

(w0
Q
o
%2}
wvi
( D
r
W
ct
(‘t‘

he popu.at1ons of Nitroscmonas and

B t“O)cher are sutrficient, in the stream, to bring about s1gn cant
oxidetion of the nitrogen fractions immediately upon their introduction
to the natural streem. The nitrification rate Kn is entered as input
to the model. A commonly used literature value is 0.103 (1/day).' [13]
HE20 1s handled in the samz w3y as CBZD.

(16) BNBAD = X NBJD
4

S

,tv,‘\
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The complete equation for NBAD 1s identical to the one for CB2D
except that I replaces KC. Rs wiith KC, Kn is temperature corrected

according to the equation [14]

(17) }:n@'m' = (Kn@20°C)(] .017)T“ZO

Nitrification is assumad to proceed independently of dissolved
oxygaen in BUTHSS. In AUTSQD, when D2 drops below 5% of the air

saturation valua the nitrification rate is set to zero.

1. Atmospheric Reazration 1. CB%D
2. Photosynthetic Production 2. HN34ED

- 3. Sediment uptake
. Biclogical respiration

5. Evaporation

Som2 of the Tactors are considered as constani sources or sinks for a

particular junction, while others are computed, such as CBZD and NBAD.

The DO budget for junction j is written in equation Torm as:



wheare

24

Dﬂj - qautjDﬁ qun D3in ]/V

LEA;(07,-07, ”) +E, ”]( %_i)mi

L
-K~ CBZD. ~ K, MB2D. + Ky (D2sat.-Dp.)
C. L N 2 \bpoat .
i J j J j J J
] 'Asi
—;*!\Pj*Rj-SEdmtj) v;‘j- . CV ._e\_lapj D?)JCF/\/J

Ddin. = dissolved oxygen input concentration at junction j (ppm)

|73 an = 2 + = A
uC_CB;3 tne rata of oxygen usage by CRUD

- NBSL = the rate of oxygen usage by HBAD

ij 3 N p:
Kz.(DZsati-Dﬁj = th2 rate of the addition of oxygen due
toJ-£WO>oh:”1v reasration. Kz_ (1/dzy) is the reaeration
co>fficiant Tor junction jJ. Dﬁsatj 15 the oxygen saturation
csncentratian in Junctien j. Both K, and/or Dﬁsatj may ba
entered as input OF-EGEJ may be c¢o ;J%Ed witain the prégram.

._3..

if the computing opticon is choser, th2 following mathods

are used:

7
=
%]

e
I
-

s computed bv ne equation [15]

2 [ ” ’-*2
Dﬂsa;j = 14.62 - O.So?Tj + 0.00457" . (ppm)
whare Tj is tha water temperature (°C) et junction

Note: This equation assum2s a salinity of 0.0 parts
per thousand. Eguation 19 is a simplication

of the following equation:

s

Eate N

el -
)
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™

osd

N

=
R
W
(7]
8]
)
—
IS

6244 - 0.367134T + 0.064972T2
- 0.09655 + 0.002055T
+ 0.000273952
whare S is the salinity concentration in parts per thousand

(°/oo)- Ky 1s computed by the Dobbin's 0'Connor equation  [16]
S

i
K, £20°C o
2 ¢ = 57
3 TRRLE
3
where H . = hydraulic radius (Ft)

and uy = velocity (ft/sec)

b o4

Cate

is assumed to bz egual to tha depth.

A
N
~ds
n
0

omputed i the channels and then averaged

(il
Q
[]
o
y
wle
=3
Cdy
[t
)
(@]
(o]
—Jy
«©

n values.

o<
[\

is also adjusted for temperature: [17]

v,0T°C = (Xp 020°C)(1.024) 720001 day)
With rejatively minor program changes, othar equations for
compuiing the reasretion rate may be incorporated into the

=

mocel to replece the above eguation. The FEader is referred
to "Tracgr Measurarent of Stream Rezeration” [18] and
“Characterization of Stream Reasration Capacity” [19]

for information cn other methods for determining or computing

t

Pj -~ R. (Photosynthasis - Respiraticn Rate) = the net
difference batvwean the production of oxygen and the usage
of oxygen by hislogical activity other than CBD, RB2D and

sediment uptake. It is a daily and volume averaged value
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and has the units gr. 0,/n?/day. In reality, these terms
are difficulc to evaluate. The reader is veferred to avail-
able Titerature for further information.

7. edmtj:= the na2t oxygen uptake of the sediments. It is
entered as input and has the units gr. Oglmz/aay. As with
P-R this term is difficult to accurately evaluate. Various
1iteratu?- values havé been presented.. One method for
“obtaining field measuremenés ié’presenfed in “An In-Situ
Benthic Respirometer.” [20]
8. CV éﬁd Cr are units conversion factors.A The other‘terms'in
equation 13 have heen previdus}y defined.'_v
The dissolved oxygen solution presented here shouid be vieﬁed as
an approximation. For most applications most of the important sources
and sinks of oxygen have besn accounted for in some form. In many

applications the uscor ray Tind many of the Terms may be neglected.

-

o
R
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AITZSS SOLUTION:

For the steady state conditicn the time derivatives of equations

(8),(13) and (18) are set to zers. The quelity equations are written

1. Consevrvative Constituents.
= [-Q.C..5 + Q. 4C. ~ qout.C. + qin.Cin.] / V.
0= [-Q3C5p + Q5405 - qoutyCy + qingCingd /¥y
(22) . C
~C. ~C.
- 33y e 3 3=t
2. Carbonaceous Oxygen Damand (CBOD) _
0 = [-G.CBOD. +3. CBOD. -~ t.CBOD. +gin. in. .
r QJL 541 QJ_] 0 j QOULJC ODJ q1nJCBOD1nJ] / VJ
€L0D.~CBD., | CBOD,-CBOD. |
o EA(— By o (g gy,
(23) 3 L 5-1"3-1 C i
-X. CBOD.
¢, CI00;
3. Mitrozenous Oxygen Demand (11BOD)
0 = {~-Q.NBOD,. 4 +Q. -}BOD. - E.NBOD. +gin.l in. V.
[ ijga 541 QJ_1 0 3 QOULJlDO 3 q1n3180Dth] / j
NBOD . ~1iE0D. N300 .-NBOD.
24) ~[ELA, (— G A e § _
(~— i [EJAJ( L ) H_—j_'lAj_‘l( L )3 / VJ
~KH_HBOD
J
&. Dissolved Oxygen (D9)
= [-0.D0. +0. -BJ. ~cout.DO. +qin.D0In. !,
0=1 Q3803+1 QJ_{ 33 QOLLJDOJ qing O1n3} / \3
DO.-DO. DO.-DO. o
YW e B il K S-S S G el
(25) [EJAJ( L / EJ*] J*]( I )] / VJ

K -¥. FPOD. +¥. (DOsat.-DO.) -evap.CF-DO./V.

}\C:CBODj n”‘.uJDJ +r2_(POsatJ DOJ) e»cpaCf DOJ/\J
J J J
+(P.-R.-Sedmt. )is.CY/V.
(PJ RJ S¢o1t3);SJC /\J
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These equations are based on the same flow condition from which
equations (8), (13) and (18) were derived. As before, all the
rewaining dervivations ave mada2 on the basis of this flow condition.

Devrivations for the other Tlow possibilties are left to the reader.

[

The models were dasi

e

ned to handlie any flcs possibility.

The set of eguations for a constituent now appear as a set of
Tinear equations with the junction concentrations as the only

unknowns. Taking the conservative equation for junction j and

solving for Cj gives;
[ — aj:3 C{jsl a])Z
(26) C; = g5 - gy - g Gy
"3 J v J
where;
= {0 - gout. ~E.A./L -E. )
By = L5y - qouty ~Eghyfb =By ghy 4 L]
= Bl AL 4/L
5,1 = Biihyey/
- _ o S
“5,2 77N TR
33’3 = C'.{'\'jb’nj
The coefficients for =he Tirst and last junction are

g .= -gout_. ~E A /b +an_]

First junction (1);
By = -qouty -EjAL/L

@y =0

i

) 5 E]A]/L +Q}

et aren srmer - = o S e+ e 8 o 3 4 e S § e S g Wb

4 et St} it + O Py e RS

PR

"
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ty 3 q1n1C7n]

The equations for the first and last junction are written as;

o ¢4 P
%13 912
(27) G =-3 o b
] ]
Ci C
3 L1
(23) L L T
nJ nj B j nj-1 t

The coefficients for the other constituents are determined in the same
manner as for the conservative constituents.

The basic solution techniqua used in AUTASS s cal?éd the "Gauss-
Seida} Iterative Mathod"[21]. A relaxation .actor has been added to tha
methed to increass or decrease the rate of change. The algorithm for
this method is decribad as fellows: )

Given the sy

%]

tem of equations;

C2:~W~WCM

iy

3,3 J,1 3,2
C, = - 22 ol ¢ . C
T
J J J
c = “nin3 _ nisl o
nJ an an nj-1

1. Assign initicel values to the junction concentrations, these
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values are approximations.

Starting at the first junction, campute a new concentration.

Conpuite the difference betwzen thz old and new concentration;

§.=C,  ~C

(@]
[
v

>
[N
v
(@)
—t
.

o
2
)
w
o
o
m
e
(‘\
(72
d-
O
i
I
o
-
)
o

; concentrations as;

where @ is a relaxation Tactor.

Rep2at this procedure tor junctions 2, 3, 4, ..f....,'nj.

IT ajl the éc's corputed in step 2 are within a specitied

——l
-l
=
~de
v
Lt

-t

(convergence criteria) then the solutien is
t2, 1T not, rveturn to step 2 and repzat. Every time
step Z js repsated it is referred to as an iteration. The

maxisum nushar of iterations has been set at 1000 (see

myeve 5o

AAXCYT i Subroutinz SHLVEX), this value may be changed by

-

tha vz=r, i7 desiraed. The convergence criteria and w have
been sep at 0.007 and 1.60 vespactively (see DELMAX and

RELAY in SSLVYEX), these may also ba changed.

JRELN

~

Vbl



Appendix IV

Effluent Limitations



Attachment A

Existing Permit Limitations
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Attachment B
Recommended Modifications to Effluent Limitations



U. S. ERVIRONMENTAL PROTEZCTION AGENCY
REGION V
SURVETLLANCE AND AMALYSIS DIVISION
EASTERM DISTRICT OFFICE

RECOMMENDED PERMIT MODIFICATICNS

Discharger: Amherst

NPDES Permit No.: QOH 0021628

Recommended Modifications:

Effluent Timitations were determined using U.S. EPA, Region V, Simplified
Waste Load Allocation Metbodology for muricipal sewage treatment plants

on low flow streams [see Appendix V and Sectior 1X,2)

Effluent Limitations:

MOMITORING REQUIREMENTS

Sample Type

Frequenrcy

Constituent Present FINAL LIMITATIONS
Performance Present Medified +
Avg.i Max.| Avg. |, llax.
vg ax.| Avg dée-‘ﬁi\
5005 (mg/1) 12
Suspended Solids 12
Apmonia
May - October 3.0
November - April 6.0
Phosphorus 1.0
Dissolved Oxygen 6.0
{min. - mg/1)

* Final limitations are ''no discharge', based on connection to the lorain West

Side Regional Sewer District.

+ Recommended modifications are present in the event that Amherst does not

hook up to the regionalized systenm.




U. S. ENVIRONMENTAL PROTECTION AGENCY
REGICON V
SURVEILLANCE AND ANALYSIS DIVISION
EASTERN DISTRICT OFFICE"

RECOMMENDED PERMIT MODIFICATIONS

Discharger: Ayon STP

NPDES Permit No.: OH 0023955

Recommended Modifications: . -

Present final limitations state that the STP is to be abandoned and connected
into the French Creek interceptor. Modified 1imits are presented in the
event the STP is not connected to the French Creek Interceptor for some rea-
son. Limits are based on Tabie IX-15.

Effiuent Limitationsf

Constituent Present FINAL LIMITATIONS MONITORING REQUIREMENTS
Performance Present Modified Sample Type Frequency
Avg.| Max.| Avg. ngély
BOD, {mg/1) 10 | Composite 1 /week
Suspended Solids {mg/! 10 " "

Ammonia - N

May - October 2.0 " "
November - April 5.0 " "
Dissolved Oxygen 6.0 Grab "
{mg/1 - min)
Fecal Coliform 1000 {2000 Grab H

(#/1060 m1)




Discharger:

NPDES Permit Mo.:

U. S. EHVIRG

SURVEILLANCE AND ANALYSIS DIVISION

(VY=Y
NMED

REGICN V

EASTERN DISTRICT GTFICE

RECOMMENCED PERMIT MODIFICATIONS

OH 0025158

Recommended Modifications:

Effluent limitations were determined using U.S.
Waste Load Allocation Methodolozy for municipal

Brentwood Lake Estetes STP

on low flow streams {sez Appendix V and Section 1X.2)

Effluent Limitations:

ITAL PROTECTION AGENCY

EPA, Region V, Simplified
sewage treatment plants

Const]tuent Present FINAL LIMITATIONS MOMITORING REQUIREMENTS
Performance Present  Modified | Sample Type Frequency
Av Yax.} Avg, 1 Hax
Fontnl WeegV}ontgt Weakl,
BOD5 (mg/1) 10 15 10 | Composite Weekly
Suspended Sotids (mg/1) 12 18 10 Composite Weekly
Ammonia (mg/1)
May - October -- - 1.5 Composite Weekly
November - April -- -- 5.0 Composite Weekly
Dissolved Oxygen -~ -- 16,0 Grab Daily
{mg/1 - min) min




U. S. ENVIRONMENTAL PPOTECTION AGENCY
REGION V
SURVZILLANCE AND ANALYSIS DIVISION
EASTERN DISTRICT QFFICE

RECCHMENDED PERMIT MODIFICATIONS

Discharger: Eaton Estates STP

NPDES Permit No.: H 00251Lk)

Recommended Mocdifications:

e

Effluent limitations were determined using U.S. EPA, Region V, Simplified
Waste Load Allocation Methodology for municipal sewage treatment plants
on low flow streams (see Appendix V and Section 1X,2)

Effluent Limitatiors:

Constituent Present FINAL LIMITATIONS MOMITORING REQUIREMENTS
Performance Present Modified Sample Type Frequency
Avg.| Max. 5.1 Hax,
ontBriviadiy AS- gk
B0Dg (mg/1) 10 15 10 Composite 1/week
Suspended Solids 12 18 10 Composite 1/week
Dissolved Oxygen 5.0 6.0 Grab Daily
(min - mg/1) min min
Ammonia (mg/1)
May ~ October - - 1.5 Composite 1/week
Novembar - April -- -- 5.0 Composite 1/week




Discharger: Elyria

U. S. EHVIRONMZN

ITAL PROTECTION AGENCY
REGICN V
SURMETLLANCE 20D ANALYSIS DIVISION
EASTERM DISTRICT OFFICE

RECOMMENDED PEAMIT MODIFICATIONS

5TP

NPDES Permit No.: OHGOZ5003

Recommanded Modifications:

Effluent limitations were determinad using U.S. EPA waeter quality model - AUTO-SS.

Effluent Limitations:

Constituent Present FIKAL LIMITATIONS MONITORING REQUIREMENTS
Performance Prasent Modlfled Sample iype Frequency
, Mav | Ava |} e -
whArgel e el »,-,e.gk

800, - mg/! o} 15 8 24 hr comp. 57week
Total Suspendad Solids) 12 18 10 24 hr comp. 5/week

(mg/ 1)
Ammonla-M - ma/!

May-October 1.5 }2.3 2.0 | 24 bhr comp. 5/week

November-Aprii 1.5 2.3 5.0 | 24 hr comp. 5/week
Total Phosphorus - mg/! 1.0 |1i.5 1.0 | 24 nr comp. 5/week
Fecal Coli‘orm 200 | 400 1000 | 2000} Grab Daily

(#7103 m1)
pH (s.u.) - - 6-9 | Grab Daily
Dissolved Cxygen - mgAl —_ -— 6.0 | Grab Dally

Constituent FINAL LIMITATIONS MONITORING REOUIREMENTS

Present Modified Sample Type Frequency
Dally Daily
Max. Max. -

Cyanide, total - ug/! 5 25 24 hr comp. Weekly
Cadmium ug/| 5 12 24 hr comp. Weekly
Chromium ug/ | 100 100 24 hr comp. Weekiy
Copper ug/! 20 20 24 hr comp. Weekly
Lead ug/! 30 30 24 hr comp. Weekly
Mercury ug/! 0.2 0.2 24 hr comp. Weekly
N!ckel ug/! - 100 24 hr comp. Weekly
Zing ug/ | 5 95 24 hr comp, Weekly




Discharger:

NPDES Permit No.:

Recommanded Modificat

U. S. ENVIRONMENTAL PROTECTION AGENCY

g
R

EGION V

SURVEILLAMCE AND ANALYS!S DIVISION
EASTERM DISTRICT CFFICE

RECCMMENDED PERMIT MODIFICATIONS

French Creek COG STP

OH oobhi512

lons:

Effluent limitations were determined using U,S. EPA, Water Quality
Model - Auto-SS and Region V, Simplified Waste Load A}location Methodology
far municipal sewage treatment plants on low flow streams (see Appendix V

and Section !X.A.2)

Effluent Limitetions:

FINAL LIMITATIONS

Constituent Present MOMITORING REQUIREMENTS
Performance Present = Modified | sanpie Type Frequency
hvee ], AL
BODg (mg/1) 10 15 2 | 24 hour comp. Daily
Suspended Solids 12 13 10 | 24 hour comp. Daily
Total Phoschorus ] 1.5 1.0 | 24 hour comp. Daily
Ammonia - N
July - October 1.5 12.25 -- | 24 hour comp. Daily
May - October .- -- 1.5 | 24 hour comp. Daily
November - April -- -- 5.0 } 24 hour comp. Daily
Residual €i, .2-1 .7 .5 | Grab Daily
Dissolved Oxygen 5.0 6.0 j Grab Baily
(mg/t - min)
Fecal Coliform 200 | 400 11000 t2000 | Grab Daily
{(#/100m1}

* Discharge to French Creek

ite
iy

be appropriate,

With discharge to Lake Erie present limitations without ammonia-N limits would



Discharger: Grafton

NPDES Permit bo.: 0o

Racommended Modificat

»

U. S. EHVIRCNHINTAL PROTECTION AGENCY

REGICH V

SURVEILLANCE AND ANALYSIS DIVISION
EASTERYN DISTRICT OFFICE

RECOMMENDED PERMIT MODIFICATICNS

STP

0025372

fons:

Effluent timitation

5 were determinad using U.S. EPA, Region ¥, Simplified

Waste Load Allocation Methodology Tor municipnal sewage treatment plants
on low flow streams (see Appendix V and Section 1X,2)

Effluent Limitations:

Constituent Present FINAL LIMITATIONS MONITORING REQUIREMENTS
Perfornance Present Yedified Sample Type Frequency
, M P
PALIO DA AL T 8
80D. (mg/1) 10 12 10 | Composite V/week
Suspended Solids 10 12 10 | Composite 1/week
Ammonia (mg/1) :
July - October 1.5} 2.3 -- | Composite 1/week
May - October -- -- 1.5 | Composite 1/week
November - April -- -- 5.0 | Composite 1/vieek
Residual C1, {mg/1) .5 .5 § Crab Daily
Dissolved Cxygan 6.0 Grab Baitly
{mg/1 - min.)




-

U. S. ENVIRONMENTAL PROTECTION AGENCY
REGION V

SURVETLLANCE AND ANALYS!S

EASTERI DISTRICT CFF

DIVISiOH
iCc
RECOMMENDED PERMIT MODIFICATIONS

Discharger: LaGrange

NPDES Permit No.: QM Qol5728

Recormended Modifications:

Effluent limitations were determined using U.S. EPA, Region V, Simplified
Waste Load Allocation Methodology for municipal sewage treatment plants

on low flow strezaems (see Appendix V and Section 1X,2)

Effluent Limitatiors:

Const]tuent Present FINAL LIMITATIONS PONITORING REQUIREMENTS
Performance Present Melified Sample Type Frequency
Al Bl 72 L ~
BGD: {mg/1) 12 18 10 | Composite 1 /vieek
Suspended Solids (mg/1) 20 30 10 | Composite 1/week
Uissolved Oxygen (mg/1) 5.0 6.0 | Grab Daily
min, min.
Ammonia (mg/1)
May - October -- -- 1.5 | Composite 1/vieek
November - April -- -- 5.0 | Composite 1/week




GER N GN U N ED s I N N N N BE M N BN G = o

Discharger:

NPDES Permit No.:

U. S. ENVIRONMINTAL PROTECTION AGENCY
REGION V

SURVEILLANCZ AND AMALYSIS DIVISION
EASTERAN DISTRICT COFFICE

ECOHMENDED PERMIT MODIFICATIONS

Obertin STP

OH 0020h27

Recommended Modifications:

Effluent limitations were determined using U.S. EPA, Region V, Simplified

Waste Load Allocation Methodology for municipal sewa
on.low flow streams (see Appendix V and Section 1X.2

Effluent Limitations:

?e treatment plants

FINAL LIMITATIONS

Constituent Present HONITORING REQUIREMENTS
Performance Present Modified Sarple Type Frequency
Avg.l Hax.} Avg.| Max. :
BOD. (mg/1) 10 15 10 |Composite 3/wéek
Suspended Soltids fmg/1 12 18 10 jComposite 3/week
Ammonia-N {mz/1} .
July - October 1.8 (2.7 -- |[Composite 1/week
May - October -- -- 1.5 |{Composite V/week
November - April -— -- 5.0 }Composite 1/week
Total Phosphorus (mg/1 1.0 | 1.5 1.0 }Composite 3/week
Dissolved Oxygen 3.0 6.0 {Grab Daily
(min. - mg/1) min min. .




.-

U. S. E¥VIRONHENTAL PROTICTION AGENCY

REGION V

SURVEJLLANCE AND ANALYSIS DIVisSION
EASTERN BISTRICT CrriCE
RECCU~ZNDED PERHIT MODIFICATICNS

Discharger:

Spencer

NPDES Permit MNe OH 0022171

Recommended Mcdifications:

Effluent limitations were cztermined using U.S,

EPA, Reg ion V

Simplified

Waste Load Aljocation Methadology for muricipal sewage treatment plants

on low flow streams {see Aspeadix V and Section I1X.2

Effluent Limitations:

e

Constituent Presant FINAL LIMITATICNS PONITORING REQUIREMENTS
Perforrance Present Yodified 1 sampie Type Frequency
’v 1 Vg, 2 .
o1y waskly 8- (ks
BOD,. (mg/1) 2§ 36 10 | 8 hour comp. 1 veek
Suspended Solids (mg/1p 30 45 10 | 8 hour comp. 1/week
Ammonia (mg/1)
May - October -- -- 2.0 | 8 hour comp. 1/week
November - April -- -- 5.0 | 8 hour comp. 1/week
Dissolved Oxygen {(mg/} 5.0 6.0 | Grab Daily
min. min.




-

U. S. ENVIRONMEZNTAL PROTECTION AGEHCY
REGION V
SURVEILLANCE AND ANALYSIS DIVISION
EASTERN DISTRICT CFFiCc

RECOMMENDED PERMIT MODIFICATIONS

Discharger: Wellington

NPDES Permit No.:  OH 0028037

Recormended Molifications:

Effluent limitations were determined using U.S, EPA, Region V, Simplified

Waste Load Allocation Methodology for municipal sewage treatment plants
on low flow streams (see Appendix V and Section 1X.2)

Effluent Limitations:

w

v

Constituent Present FINAL LIMITATIOHS MOMITORIG REQUIREMENTS
Performance Present Hodified Sample Type Frequency
Av Max.t Avg.f tax.
Manth! 'We]e)E(]L i -'eeyiy
8005 {mg/1) 10 15 15 | Composite 2/vieek
Suspended Solids {mg/1) 12 18 20 | Composite 2/week
Ammonia (mg/1)
May -~ October - - 2.0 | Composite 2/week
November - April -- - 5.0 { Composite 2/week
Dissolved Oxygea (rng/1) -- - 6.0 { Grab Daily
. min
Phosphorus {mg/1) 1.0 | Composite 2/week




U. 5. ENVIRONMENTAL PROTECTION AGENCY
REGION V

SURVETLLANCE AND ANALYSIS DIVISION
EASTERM DISTRICT CFFICE

RECOMMENDED PERMIT MODIFICATIONS

Discharger: See Attached List

NPDES Permit No.: See Attached List

Recommended Modificatlons:

[

The present permits do not contain any limitations or monitoring requirements

Effluent Limitations:

for ammonia or dissolved oxygen. The recommended limits are based on Table I1X-15,

T

Constituent Present FINAL LIMITAT'9N§ MOMNITORING REQUIREMEMNTS
Performance Present Modified Sample Type Frequency
Avg.l Max.| Avg. Jgg g
8005 (mg/1) 10 15 10 | 24 hour comp. Monthly
Suspended Solids {(mg/}) 12 18 ’ 10 | 24 hour comp. Monthly
Ammonia - Nitrogen :
May - October {mg/1) 2.0 | 24 hour comp. Monthly
November - April (dg/1) 5 | 24 hour comp. Monthly
Dissolved Oxygen {mg/3}) F min. Grab Daily

Fecal Coliform {#/100 ml)
Hay - October ) 1000#] 2000#




DISCHARGER

Chestnut Ridge STP

City of North Ridgeville Sewer Department

36119 Center Ridge Road

North Ridgeville, Ohio 44039

Cresthaven STP

Lorain County Sanitary Engineer

247 Hadaway Street
Elyria, Chio L4L035

'Crestview STP
City of North Ridgeville Sewer Department

36119 Center Ridge Road

North Ridgeville, Ohio 44039

Dreco Inc.
7887 Root Road
Elyria, Chio 44035

Nelcon Stud Welding
West Ridge Road and
Elyria, Ohio L4035

SAN3

NPDES PERMIT NO.

OH 0043435

OH 0026131

OH 0043451

OH 0051616

OH 0021610



U.S. ENVIRONMENTAL PROTECTJON AGENCY

REGION V

SURVE[LLANCE AND ANALYSIS DIVISION

MICHIGAN-0HIO DISTRICT OFFICE

RECOMMENDED PERMIT MODIFICATIONS

DISCHARGER :

Bendix Westinghouse

901 Cleveland Street

Elyria, Ohio 44035

NPDES PERMIT NO:  OH 0001261

RECOMMENDED MODIFICATIONS: (for Outfalls 002 and 004)

0il and grease limitations should be added to the permit because the
COE permit indicates that oil and grease may be a problem in those outfalls.
The final limitations are based on Ohio EPA's estimate of BPCTCA.

EFFLUENT LIMITATIONS:

FIHAL
LIMITATLONS MONITORING REQUIREMENTS
Constituent Present Modified Sample Type Freguency
Avg. Max. Avg. Max.
0il and Grease (mg/1) | -- -- 10 20 Monthly Grab




U.S, ERNVIRON

X

SNTAL PROTECTION AGENCY
REGION V .
SURVETLLANCE AND ANALYSIS DIViSION
MICHIGAN-0H10 DISTRICT OFFICE

RECOMMENDED PERMIT MODIFICATIONS

D1SCHARGER :
GMC - Fisher Body Division

Telegraph Road
Elyria, Ohio LL03S

NPDES PERMIT NO: 0H 0000272

RECBMMENDED MODIFICATIONS:

Effluent limitations and monitoring requirements for Zinc and 0il and
Grease in outfall 601 should be added to the permit because the company's
COE permit application indicates that they are sygnificant problems. The
final limitations are based on Ohio EPA's estimate of BPCTCA.

EFFLUENT LIMITATIQNS:

Avg. Max. Avg. Max.

FITAL ]
LIMITATIONS MONITORING REQUIREMENTS
Constituent Present Modified Sample Type Frequency

Zinc, Total (mg/1) -- -- 0.5 1.0 { 24 hour comp. 2/week
0il and Grease (mg/1) | -- -- 10 20 2 grabs/2L houns 2/week




Discharger:

NPDES Permit No.: OH

-

SURVEILLANC

REGION V
AND ANMALYSIS DIVISION
EASTERM DISTRICT OFFICE

=

U. S. ENVIRCNMENTAL PROTECTION AGENCY

RECOMMENDED PERMIT MODIFICATIONS

00L37L5

Recommanded Modificaticns:

Effluent limitations

Effluent Limitations:

Good Samaritan Nursing Home

are modified based on Table IX-15.

FINAL LIMITATIONS

Constituent Present MONITORING REQUIREMENTS
Performance Present Modified Sample Type Freguency
Av Hax. 1 Avg. | PBa
“onigf 'we;&l{ Vs meeka
BODS (mg/1) 10 15 10 | 8 hour comp. 1/month
Suspended Solids 12 18 10 | 8 hour comp. 1/month
Ammonia - N .
May - October -- -- 2.0 | 8 hour comp. 1/month
November - April -- -- 5.0
Dissolved Oxygen -- -- 6.0 | Grab 1/week
{mg/1 - min.)
Fecal Coliform 200 ; 400 {1000 {2000 i Grab 1/week
(#7100m1) .

B



Discharger:

NPDES Permit bho.:

U. S. EMVIROMMENTAL PROTEZC
REGION V
SURVEILLANCE AND ANaLYS!
EASTERY DISTRICT CFFI

RECOMMENDED PERMIT MOGIFICATIONS

lnvacare Corporation
L43 Obearlin Road
Elyria, Ohio L4035

GH 0000833

Recommended Mcdifications:

-
=
=2
3.
[ )
"
)
<

]

Effluent limitations for Outfall 002 should be deleted because the sanitary
wastes are discharged to Elyria sanitary sewers.

Effluent Limitations:

Outfall Q02 N
Constituent Present FINAL LIMITATIONS MONITORING REQUIRENENTS
Performance Present Medified Sample Type Frequency
Avg.l Max.| Avg.| Max.
Flow (mgd) - - - —— .
BOBg (mg/1) 300 L5y -1 -
Suspended Solids (rg/1) 30 Ly - -
Fecal Coli. (no/100~1% 200 | ko9 - .
C12 Residual {mg/1) --1 0.5
pH (s.u.) 6 - 9 6 - 9




U.S. ENVIRONMENTAL PROTECTION AGENCY
REGION V
SURVETLLANCE AND ANALYSIS DIVISION
MICHIGAN-OHIO DISTRICT OFFICE

RECOMMEMDED PERMIT MODIFICATIONS

DISCHARGER :
Koehring Plant #1
East 28th Street and Fulton Road
Lorain, Ohio 44052

NPDES PERMIT HO- OH 0001929

RECOMMENDED MIDIFICATIONS:

The fecal coliform limitations and monitoring requirements for
Outfalls 001, 003, and OO4 should be eliminated because sanitary
wastes are discharged to the Lorain Sewer System,

EFFLUENT LINITATIONS:

FIHAL T
LIMITATIONS MONITORING REQUIREMENTS
Constituent Present Hodified Sample Type Frequency
Avg. | Max. | Avg. tax.,

Fecal Coli (no/100 mi1)§ 200 L0oo - .- - o




U. S. ENVIRONMENTAL PROTECTION AGENCY
REGION V
SURVELLLANCE AND ANALYSIS DIVISIOH
EASTERN DISTRICT CFFICE

RECCMMINSED EFFLUENT LIMITATIONS AND MOMITORING REGUIREMENTS

Discharger: Lodi S7P

NPDES Asplication No.: OH 0020991

NPDES Pernmit Mo.: - R

Justification:

Effluent linmitations were determined using U.S. EPA, Region V, Simplified
Waste Load Allocation rethodology for municipal sewage treatment plants
on low flow streams (see Appendix V and Section 1X.2)

Recormended Effluent Limitations and Monitoring Reauirements

Constituent Present LIMITATICNS MONITORING REQUIREMENTS

performance Initial Final Sample Type Frequency
Avg.{ Hax.] Avg.| Mex.

Flow (mgd) .283 -- -- b -~ | Continuous Daily
80D, (mg/1) L 10 15 10| 24 hour comp. 1/week
SusPended Sotics (ma/ 1) L .15 25 101 2L hour comp. 1 /week
Ammonia - N {m2/1)
May - October -- -- - 1.51 24 hour comp. 1/veek
November - ~pril -- -- - 5.01 24 hour comp. 1/week
Dissolved Ox,zen 5.4 -- --16.0 Grab Daity
(min. - wg/ b
Fecal Coli. =/100m1) -- 200 Loo 1000 | 2000} Grab 1/month




U.S. ENVIRONMENTAL PROTECTION AGENCY
REGION V :

SURVEILLANCE AND ANALYSIS DIVISION
MICHIGAN-OHIO0 DISTRICT OFFICE

RECOMMENDED PERMIT MODIFICATIONS

DISCHARG

i
A

Ohio Edison Company - Edgewater Plant
200 Oberlin Avenue
Lorain, Ohio 44052

NPDES PERMIT NO: OH 0051306

RECEMMENDED MOD}FICATIONS: (for Outfall 601)

The final effluent limitations should be modified to conform with
the U.5. EPA steam Electric Power Generating Point Source Category
Effluent Guidelines issued on October 8, 1974, The present final
effluent limitations are based on the proposed effluent guidelines
dated March L, 1974,

EFFLUENT LIMITATIONS:

FINAL
LIMITATONS MONITORING REQUIREMENTS
Constituasnt Present Mogifiad Sample Type Frequency
Avg. Max. Avg. Max.
Flow {mgd) -- - -- -- |Continuous Daily
Residual C1, (mg/1) * % 0.2 0.5 Grab . Daily
Temperature (°C) -- - -- -- |Continuous™~ Daily
Suspended Solids (mg/1p 15 Lg - -
01l and Grease (mg/1) 10 20 -- --
Chromium, Total {mg/1){ -- 0.2 - -
Phosphorus, Total (mg/1) -- 5.0 -- -
Zinc, Total (mg/1) -- 1.0 -—- --
pH 6 tb 9 6 toj9 Grab Daily

“ No discharge of residual chlorine
Report Average and Maximum values

Special Conditions

Neither free available nor total residual chlorine may be discharged from
any unit for more than 2 hours in any one day and not more than one unit may
discharge free available or total residual chlorine at any one time.



D ISCHARGER :

u.

NPDES PERMIT NO:

S. ENVIRUHMENTAL PROTECTION AGENCY
REGION V

SURVETLLANCE AND ANALYSIS DIVISION

MICHIGAN-0HIO DISTRICT QFFICE

RECOMMENDZD PERMIT MODIFICATIONS

Chio Edison Company - Edgewater Plant

20C Cherlin Avenue
Lorain, Ohio 44052

OH 0751306

RECOMMENDED MODIFICATIONS: (Outfall 602}

The final effiuent

Timitations should be modified to conform with

the U.S. EPA Steam Electric Power Generating Point Source Category Effiuent
Guidelines issued on October 8, 1974,

EFFLUENT LIMITATIONS:

FIRAL
LItTTATIONS MONITORING REQUIREMENTS
Constituent Present Hodi fied Sample Type Frequency
AVG Max. | Avg. Max.
Flow (mgd) -- -- 24 hour total Daily
Suspended Solids (mg/}1) 30 100 | Grab Weekly
0il and Grease {mg/1) 15 20 | Grab Weekly

No discharge after July 1, 1980




U.S. ENVIRONMENTAL PROTECTION AGENCY

SURVE I LLANCE AND ANALYSIS D1ty

RE

GION V

§STON

MICHIGAN-0OHIC DISTRICT OFFICE

RECOMMENDED PERMIT MODIFICATIONS

DISCHARGER :

Ohio Edison Company -~ Edgewater Plant

200 Oberlin Avernue
Lorain, Ohic 544052

NPDES PERMIT KD:  OH

RECOMMENDED MODJFICATIONS:

0051306

(Outfall 603)

The final effluent limitations should be modified to conform with

the U.S. EPA Steam Electric Power Generating Point Source Category
Effluent Guidelines issued on October 8, 1974,

EFFLUENT LIMITATIONS:

FInAL ]
LIMITATIONS MONITORING REQUIREMENTS
Constituent Present Modificd Sample Type Frequency
Avg. Hax. 1 Avg. Hax.
Flow (mgc) - -- -- -~ 24 hour total Weekly
Suspendec Solids (mg/))] 15 Lg - 50 24 hour comp. Weekly
0i} and Grease (mg/1) 10 20 10 20 Grab Weekly
pH (std. units) 6 th 9 6 to}9 Grab Weekly

Special Conditions

Any untreated overflow from facilities designed, constructed, and
operated to treat the volume of material storage runoff and construction
runoff which is associated with a 10 year, 24 hour rainfall event shall
not be subject to the above limitations.



U.S. ENVIRONMENTAL PROTECTIOM AGENCY

DISCHARGER :

NPDES PERMIT NO:

RECEMMENDED MOD]

REGION V
SURVETLLANCE AND AKALYSIS DIVISION
MICHIGAN-0H10 DISTRICT OFFICE

RECOMMENDED PERMIT MODIFICATIONS

Ohio Edison Company - tdgweater Plant
200 Oberlin Avenue
Lorain, Ohio KL052

OH 0051306

FICATIONS: (Outfall 60L4)

The final effluent limitations should be modified to conform with
the U,S., EPA Steam Electric Power Generating Point Source Category
Effluent Guidelines issued on October 8, 197h.

EFFLUENT LIMITATIONS:

Constituent

FINAL
LIMITATIONS MOMITORING REQUIREMENTS
Present Modified Sample Type Frequancy

Avg, Max. Avg. Max.

Flow {mg/1)

0il and Grease

pH (std units)

-~ -- 2L hour total Weekly

Suspended Solids {mg/l] 30 100 24 hour comp. Lweekly

(mg/1) 15 20 24 hour comp. wWeekly

| 6 tp 9 Grab Weekly

* No discharge by July 1, 1980

Special Conditions

Low volume waste sources: Wet Scrubber Air Pollution Control System

lon Exchanger Water Treatment System
Laboratory and Sampling Stream

Floor Drainage

Water Treatment Evaporator blowdown
Cooling Tower Basin Cleaning Water
Blovidown from recirculating house service
water systems.




DISCHARGER :

U.S. ENVIRONMENTAL PROTECTION AGENCY

REGION V¥
SURVEILLANCE AND ANAL

YS1S DIVISION
MICHIGAN-OHI0 DISTRICT OFFICE

RECOMMENDED PERMIT MODIFICATIOHNS

Ohio Edison Company - Edgewater Plant

200 Oberlin Avenue
Lorain, Ohio L4052

NPDES PERMIT NO: OH 0051306

RECEMMENDED MODIFICATIONS.

(Outfall 605)

The final effluent limitations should be modified to conform with
the U.S., EPA Steam Electric Power Generating Point Source Category

Effluent Guidelines issued on October 8, 1974,

EFFLUENT LIMITATIONS:

——

FINAL
LIMITATIONS MOMITORING REQUIREMENTS
Constituent Present Modified Sample Type Frequency
Avg. Max. Avg. Max,

Flow {mgd) -- -- 24 hour total Weekly
Suspended Solids (mg/1) 30 130 24 hour comp. Weekly
0il and Grease (mg/1) 15 20 Grab Weekly
Total Copper (mg/}) i 1 24 hour comp. Weekly
Total iron (mg/1) 1 1 24 hour comp. Weekly
pH (std units) 6 tol 9 Grab Weekly

“No discharge after July 1, 1980C



U.S. ENVIRONMENTAL PROTECTION AGENCY
REGION V :

SURVE I LLANCE ANT AMNALYSIS DIVISION
MICHIGAN-OHIC DISTRICT OFFICE

RECOMMENDED PERMIT MODIFICATIONS

D1SCHARGER :
Pfaudler Company
820 Taylor Street
Elyria, Ohio 4L0O35

NPOES PERMIT NO:  OH 0000728

RECEGMMENDED MODIFICATIONS:

The oil and grease and suspanded solids limitations should be decreased
because self-monitoring data shows that they are meeting the lower limits.
The sample type for oil and grease should be a grab sample rather than a
24 hour composite sample.

EFFLUENT LIMITATIONS:

FINAL
LIMITATIONS MONITORING REQUIREMELTS
Constituent Present Modified Sample Type Frequency
Avg. Aax. Avg. Max.
Suspended Solids (mg/!] =~~ Lg -~ 10 2L hour comp. | Monthly
0il and Grease (mg/1) -- 20 -—- 10 Grab Monthly




-

U. S. ENVIRONMEINTAL PROTECTION AGENHCY

Discharger: Pheasant

REGICN V

SURVETLLANCE AND ANALYSIS DIVISION
EASTERN DISTRICT OFFiCE

RECOMMEMDED PERMIT MODIFICATICNS

Run Village

NPDES Permit No.: OQOEPA#WRQ1+AD

Recommended Modifications:

Recommended effluent limitations are based on the analyses presented in

Table 1X-i5,

Effivent Linmitations:

FINAL LiMITATIONS

MONITORINE REQUIREMENTS

Constituent Present
Performance Present Modified Sample Type Frequency
) o -~ M
oﬁkgf' Jé%i\ Avs. Jééﬁﬁ@

80D 8 12 10 j Composite 1/month
Suspended Solids 8 12 10 { Composite 1/month

Ammonia - N
July - October ] 1.9 -- | Composite 1/month
November - June 2.51 5.0 ~-- | Composite 1/month
May - Cctober -- -- 2.0 | Composite }/month
November - April -- -- 5.0 | Composite 1/month
Dissolved Oxygen (min.) 6.0 6.0 Grab 1/week
Fecal Coli. {#/100m1) 200 | Loo 11000 |2000 | Grab 1 /week




U. S. EHVIRCNMEINTAL PROTECTION AGENCY
REGION V
SURVEILLAMCE AND ANALYSIS DIVISION
EASTERN DISTRICT OFFICE

RECCHMENDED PERMIT MODIFICATIONS

Discharger: Pinecrest Apartments

NPDES Permit ho.: OH 0044830

Recommended Modifications:

¥

Recommended limitations are based on the analyses presented in Table IX-]5,

Effiuent Limitations:

e

Consti tuent Present FINAL LIMITATIONS MONITORHG REQUIREMENTS
Perforrmance Present Modified Sample Type Frequency
‘ P [T
Axoﬁ YT e‘;‘é‘fT 740‘% N eak]
BOD. (mg/1) 10 15 10| 8 hour comp. 1/week
Suspended Solids (mg/} 12 18 10 | 8 hour comp. 1/week
Ammonia - N )
May - October -- -~ 2.0} 8 hour comp. 1/vieek
November ~ April -- -~ 5.0 1 8 hour comp. 1/vieek
Dissolved Oxygen - --1 6.0 Grab 1/week
{min. - mg/1)
Fecal Coli. (#100m1) 200{ 400 | 1000 | 2000 { Grab 1/month




U.S. ENVIRONMEINTAL PROTECTION AGENCY
REGION ¥
SURVE{LLANCE AND ANALYSIS DIVISION
MICHIGAN-QOHIO DISTRICT OFFICE

RECOMMENDED PERMIT MODIFICATIONS

DISCHARGER ;
Republic Steel Corporation

525 15th Street
Elyria, Ohio 44035

NPDES PERMIT NO: OH 0001295

RECOMMINDED MODIFICATIONS:

1) Discharge 001 be limited to noncontact cooling water and boiler blow~
dow.n as implied by the final effluent limitations

2) The permit should include a special condition that sanitary wastes be
discharged to the Elyria sanitary sewer system as soon as sewers are

extended into the area.

EFFLUENT LIMITATIONS:

FINAL
LIMITAT IONS MONITORING REQUIREMENTS
Constituent Present Modified Sample Type Freguency

Avg. | Max. | Avg. | Max.




-

U. S. ENVIRONMEMTAL PROTECTIOM AGENCY

REGION V

SURVELILLANCE AND ANALYSIS DIVISION
EASTERN DISTRICT CFFICE

RECOMMENDED PERMIT MODIFICATIONS

Discharaer: Ridgeview Shopping Center

NPDES Permit Ho.:  OH 0045093

Recommended Modificat

ions:

W

Recommended effluent limitations are based on the analyses presented in Table IX-15.

Effluent Limitations:

FINAL LIMITATIONS

Constituent Present MONITORING REQUIREMENTS
Performance Present Medified Sample Type Frequency
Avg.i Max.l Avg.l I
}ﬂmgﬁl T AN TR
BOD (mg/1) 10 15 10} Grab 1 vieek
Suspended Solids 12 18 10| Grab 1/week
Ammonia - N ;
May - October -~ -- 2,0 | Grab 1/month
November - April -- -- 5.0} Grab 1/month
Dissolved Oxygen - --1 6.0 Grab 1/vieek
(min. - mg/1)
Fecal Coli. (#/100m1) 200{ 400} 1000 { 2000 | Grab 1/week




&

. S. ENVIRONMENTAL PROTECTION AGENCY
REGION V

SURVEILLANCE AND AMALYSIS DIVISION

EASTERM DISTRICT OFFICE

RECOMMENDED PERMIT MODIFICATIONS

Discharger:  Spencer WTP

NPDES Permit No.:  OH 0030520

Recommended Modificatlons:

-
Effluent Limitations:
Consti tuent Present FINAL LlH!TATI??? MONITORING REQUIREMENTS
Performance Presant Mcdified Sample Type Frequency
Avg.l Max.i Avg.l Max. .
Dai?v Daialv Da\i Y aﬁiy]y
Phosphate (1b/day) 1.0 ] Composite Dé}ly
Total tron (mg/1) 1.0{ 2.0} Composite Daily When Dschr
Susbended Soilds (mg/1 15 20 15 20| Comp site Daily When Dschy
pH (s.u.) 6 +11.5 6+ 9

[Ya VaRVal
PO

Grab Daily When Dschy




U.S. ENVIRONMENTAL PROTECTION AGENCY
REGION V
SURVE ILLANCE AND ANALYSIS DIVISION
MICHIGAN-OH410 DISTRICT OFFICE

RECOMMENDED PERMIT MODI!FICAT}ONS

DISCHARGER:
Standard Pipe Protection
3100 tast 3lst Street
Lorain, Ohio 44052

NPDES PERMIT NO: OH 0051675

RECOMMENDED MOD!FICATIONS:

The temperature limitations for OQutfall 002 should be deleted because
the discharge rate is small compared to the water quality design flow in
the receiving stream.

EFFLUENT LIMITATIONS:

FINAL ]
LIMITATIONS MONITORING REQUIREMENTS
Constituent Present Modified Sample Type Frequency

Avg. Max. | Avg. Max.

Temperature --

* The effluent temperature should not exceed the intake temperature
by more than 15°F during May thru October and by more than 23°F
during November thru April.



3
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NPDES Permit No.:

u. s.

-

REGION V
SURVIILLANCE AND AMALYSIS DIVISION
EASTERHN DISTRICT GFFICE

ENVIRCNMENTAL PROTECTION AGENCY

RECCHMENDED PERMIT MODIFICATIONS

OH 0045123

Recommended Mcdificatlons:

scharger:  Westwood Mobile Home Park

Recommended modifications are based on the analyses presented in Table IX-15.

Effluent Limitations:

FINAL LIMITATIONS

Consti tuent Presant HONITORING REQUIREMENTS
Performance Present Hodified Sample Type Frequency
iohtf1y dedal, 0 ik
80D (mg/1) 8 12 10 | 8 hour comp. 1/week
Suspended Solids 8 12 10 | 8 hour comp. 1/week
Agmonia - N .
July -~ October 1.0] 1.5 -~ 1 8 hour comp.
November - June 2.5 5.0 --{ 8 hour comp.
May - October -- - 2.0 1 8 hour comp. 1/month
November - pril - - 5.0 ] 8 hour comp. 1/month
Dissolved Oxygen 6.0 6.0 Grab Daily
{min., - mg/1) :
Fecal Coli. (#100m}) 200 400 | 1000 } 2000 | Grab 1/month




Attachment C

Recommended Effluent Limitations
for Unpermitted Dischargers



RECOMMENDED EFFLUENT LIMITATIONS AND MONITORING

U. S. ENVIRQHMENTAL PROTECTION AGENCY

REGION V

SURVEILLANCE AND AMALYSIS DIVISIOM
EASTEPN DISTRICT OFFICE

RECUIREMENTS

Discharger: See Attacned List #l

NPDES Apslication Mo

NPDES Permit No.:

Justification:

~These are semni-publi

with a water quality design flow of zero cfs.
+he Information contained in Table I1X-15.

Recommended Effjuent Limitatlions and Monitoring Recuirements

c and industrial sewage treatment plants discharging fo streams
The final limitations are based on

Constituent Present LIMITATIONS MONITORING REQUIREMENTS
Performance Initial Final Sample Type Frequency +
Avg.| Max.{ Avg. ”Hexr . ‘
LN
BOD mg/! {0 Grab
Suspended Solids mg/! 10 Grab
Ammonia-HN
May-October 2.0 Grab
November-£pril 5.0 Grab
D.0. {min g/ 6.0 Grab
Fecal Coliferm 1000 }2CCC Grab
(#/100 mi)

‘+ A reasonable monitoring frequency developed according to the volume of discharge.

Special Conditions

The entities in Sheffield, Avon, and North Ridgeville should tie-in to the French Creek
Council of Governments STP as soon as sewers are extendes into their area.




LisT ™

D1SCHARGER

Lorain County Animal Protectlive League
Herman Apartments

Oberiin Savings Bank

Country Garden Apartments
Eiyria Country Club
Tiffany's Steak House

Bethel Baptist Church

Church of the Open Door
Lorain County Airport

Forest HIlls Country Club
West Carlisle School

Twining Motor Sales

East Oberlin Community Church
Oberlin Assembly of God
Glorious Faith Church
Almighty Church

Findley State forest
Ukranlan-Amerlcan Assoc. Camp
Panther Tralls Campground
Echo Valley Golf Course
Grace Lutheran Church
Calvary Baptist Church

East Carlisle School

SOHIO Service Station

Chio Edison-Eaton Line Shop
Eaton Town Hall

Trinity Lutheran Church
Eaton School

North Eaton Baptist Church
Brush School

Brentwood Golf Course
Midview High School

La Porte Apartments
Butternut Terrace Apartments
Indlan Hollow Golf Club
Belden School

Litchfield School

LOCATION
Elyria
Elyria
Elyria
Elyria
ciyria
Elyria
Russia Township
Elyria
Elyria
Carlisle Township
Carlisle Township
Oberlin
Oberlin
Oberlin
Oberlin
Oberlin
Oberlin
Huntington Township
Wellington Township
Brighton Township
Elyria
Elyria
Carlisle Township
North Ridgeville
Eaton
Eaton
Eaton
Eaton
North Eaton
Carlisle Township
Carlisie Township
Carlisle Township
La Porte
Carlisle Township
Lagrange
Belden

Litchfield



DISCHARGER

Litchfi;ld Barber Shop

D & H Truck Stop

Spencer Lake Campground

Lodi Motel

Sharwood Forest Camping Area
Pierce Recreational Area
Werdan Trailer Park
Homerville High School

Dewey Road Inn

Lorain County Rehabilitation Center
Lorain Oak Hills Farms STP
Amherst Moblile Homes Park
South Amherst Schools

Oak Park Lake

Maranatha Terpie Pentecostal
Church of the Nativity
Oberlin Masonic Hall

Barr Sched!l

Brookside High School
Schmidt's Other Hayseed

Our Lady of Wayside Inn

Avor QOaks Nursing Home
Meyarhaufer Apartments

French Creek Tavern

Avon Professicnal Bullding
Tom's Country Club

Aven High School

St. Peter's Church and School
First Congregational United Church
Autorama Drive-In

Fields United Methodist Church
Howard Johnson Restaurant
Ohio Manor Motel

Gibson Mobile Home Park
Center Ridge Medical Building

Rae Apartments

LOCATION
Litchfield
Litchfield
Spencer Township
Lodi
Chatham Township
Chatham Township
Homer Township
Homerville
Amherst
Amherst
Amherst
Amherst
South Amherst
Oberlin
Oberlin
South Amherst
Oterlin
Sheffield
Sheffield
Sheffield
Avon
Avon
Avon
Avon
Avon
Avon
Avon
North Ridgeville
North Ridgevilie
North Ridgeville
North Ridgeville
North Ridgeville
North Ridgeville
North Ridgeville

North Ridgeville
North Ridgeville



DISCHARGER LOCATION

Lake Ridge Academy North Ridgeville
Beckett Corporation North Ridgeville
Fields Elementary School Field

Ohio Turnplke Service Plaza #5 STP Amherst Township



U. S. ENVIRONMENTAL PROTECTION AGENCY
REGICOH V

SURVEJLLANCE AND ANALYSIS D

EASTERN DISTRICT CFFIC

IVISION
3

RECGMRENDED EFFLUENT LIMITATICNS 23 MOMITORING REQUIREMENTS

Dlscharger: Sese Aftached List #2

NPDES Applicaticn No.:

NPDES Pernit le.:

Justification:

AlY of the entities discharge o storm sewers which discharge to the Black River. The
flnat effluent limitations for BCDQ and susoerded solids are based on U.S. EPA
secondary treatment guidelines. 7

Recormended Effluent Limitations and Monitoring Reauirements

Consti tusnt Presant LIMITATIONS HOMITORING REQUIREMENTS
Performance Initial Fipal Sample Type Frequency ~

Avg.| hkax,| Avg.| Max.

Fiow (gpd) -— - - - -— Estimate
BOD, (mg/1) - —~ 1 -1 30| 45 | Grab
Suspended Solids mg/ -- - - 30 15 Grab
Feca! Coliform — - -— *% Grab

{col/100 =i}

pH (s.u.) - 6 49 619 Grab

¥ A reasonable monitoring fregquercy should be developed based on discharge volume.
*¥ Fecal Coliform

7-day avg. = 2000

30-day avg. 1000

o

Sspecial Condivicrs

The 1isted entities should dis:harée to the Lcrain Sanitary sewer system as soon as it is
extended into the area.




Las™T

D|SCHARGER

MacDonald's Restaurant

St. Vincent De Paul Church

Mary's House of Many Flavors
lce Cream Shop

Dwens 011 Service Station

Sheffield Shopping Center

Manners Restaurant

Perkins Cake and Steak House

Central Security Natlonal Bank of
Lorain County

Clark 0il Service Station

Pick-N-Pay Supermarket

Iskl's Sunoco Station

Tudy's Restaurant

St. Peter and Pau! Church

Broadway Assembly

Heisler's Truck and Equipment Corp.

"

LOCATION

1340 North Ridge Road
Sheffield, Ohio 4405k

51295 North Ridge Road E
Lorain, Ohio 44052

1390 North Ridge Road
Sheffield, Ohio LLOSH

2425 North Ridge Road £
Sheffield, Ohio A4LOSA

Sheffield, Ohio 4405k

2173 North Ridge Road E
Sheffield, Ohio 4405k

2170 North Ridge Road E
Sheffield, Ohio 44054

105 Sheffield Center
Sheffield, Ohio LLOSh

1685 North Ridge Road E
Sheffield, Ohio 44054

Elyria Avenue and North Ridge Rd.
Sheffleld, Ohio L4054

1429 North Ridge Road E
Sheffield, Ohio LLOSh

1742 North Ridge Road E
Avon, Ohio L4011

1500 Lincoln Blvd.
Lorain, Ohio 44052

Broadway at North Ridge Road
Lorain, Chio A4L052

6438 Lorain Blvd,
Elyria, Ohio 144035



“U. S. ENVIRONMENTAL PRGTECTION AGENCY
REGLON V
SURVETLLANCE AND AHALYS!S DIVISION
MICHIGAN-0RIC DISTRICT OFFICE

RECOMMENDED EFFLUENT LIMITATIONS AND MOMITORING REQUIREMENTS

Discharger

American Crucible Products
1305 Oberlin Avenue
Lorain, Ohio 44052

NPDES Apnlication Number: None

NPDZS Permit Number:

None

Justification

The company discharges about 6,000 gpd of non-contact cooling water to Lake
Erie via the Lorain storm sewer system. Oil and Grease Limitations are based on
Ohio EPA's estimate of BPCTCA.

Reconmended Effluent Limitations and Monitoring Requirements

LIMITATIONS MONITTOR{NG REQUIREMENTS
Constituent Present . Initial Fipal Sample Type Frequency
Performance | Avg.| Max.| Avg.| Max.
i
Flow -- -- -- -- -~ 124 hour total Monthly
0il and Grease -- -- -- 10 20 Grab Monthly
pH -- 6 -9 6 -9 Grab Weekly

Special Conditions

The discharge should be restricted to non-contact cooling water and boiler
blowdown,




“U. S. ENVIRONMENTAL PROTECTION AGENCY
REGION V
SURVEILLANCE AND ANALYSIS DIVISIOHN
MICHIGAN-OHIO DISTRICT OFFICE

RECOMMENDED EFFLUENT LIMITATIONS AND HONITORING REQUiREHEHTS

Dischargers:

Camp Vlahoo
5504 Colorado Avenue
North Ridgeville, Ohio Lh039

Ridgewood Motor Court
35157 Center Ridge Road
North Ridgeville, Chio 544039

NPDES Application tumber: OH  DOL44369

NPDES Permit Mumber: None

Justification

Both entities are within 100 feet of one of the French Creek Counci) of

. Government STP trunk sewers.

Recommended Effluent Limitations and Monitoring Requirements

| LINITATIONS MOMITORING REQUIRZHE

. Constituent Present | initial Final Sample Type

Performance , Avg. ] Pax.| Avg.] Max.

Frequz

Speéia) Conditions

The above dischargers shoald tie infs¥é¢French Creek Council of Government
sanitary sewer system.
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RECOMMENDED EFFLUF

“U. 5. EMVIRONMENTAL PROTECT!OM AGENCY

REGION V
SURVETLLANCE AND ANALYSIS BIVISION

MICHIGAN-OHIO DISTRICT OFFICE

NT LIMITATIONS AND MOMITORING PEQUIREMENTS

Discharger

NPDES Application Number:

Cleveland Quarries
South Amherst Road
Ohio L4LOOI1

Amherst,

NPDES Permit Number:

Justification

The company discharges about 100 gpd of process water to Beaver Creek.
Suspended solids limitations are based on Chio EPA's estimate of BPCTCA.

None

OH 0051594

Recomnended Effluent Limitations and Monitoring Requirements

i
1

LIMITATIONS

MOHITORING RENUIREMENTS

Constituent Present . Initial Fipal Sample Type rreq y
Performance |} Avg.| Max.| Avg.| Max.
!
Flow (gpd) 100 -~ - - - Estimate Monthly
Suspended Solids (mg/1 .- -- -~ 130 45 Grab Monthly
oH  (s.u.) -- .- 6 -9 Grab Monthly

Special Conditions

None



"U. S. ENVIRONMENTAL PROTECTION AGENCY
REGION Vv
SURVETLLANCE AND ANALYSIS DIVISIOH
MICHIGAN-OHIC DISTRICT OFFICE

RECOMMENDED EFFLUENT LIMITATIONS AND MOMITORING REQUIREMENTS

Discharger

Emtec Manufacturing
140 South Qljve Street
Elyria, Chio 44035

NPDES Application Number: None

NPDES Pernit Numkter: None

Justification

The company discharges about 33,000 gpd of non-contact cooling water, Silver

plating rinse waters, and wash waters to an Elyria storm sewer.

Recommended Effluent Limitations and MHonlitoring Requirements

. , LIMITATIONS MOMITORING REQUIREMENTS
Cunstituent Prescint initial Final Sample Type Fraauency
Performance ; Avg.{ Max.| Avg.| Hax.
|
Flow (gpd) 33,000 -- - e 24 Hour Total #onthly
Silver {mg/1) -~ -- - R 8 Hour Comp. Monthly
pH - -- 6 -9 Grab Biweekly

Special Conditions

1) The rinse water and wash water should be routed to the Elyria sanitary

sewer system after pretreatment if necessary.

2) The discharge should contain non-contact cooling water and boiler blowdown.
3) If entity continues to discharge rinse water and wash water to the storm

sewer, the Silver Monitoring requirements should be retained.



N

RECCHMENDED EFFLUENT LINITATIONS AMD MOHMITORING REQUIREMENTS

;U. S. ENVIRONMENTAL PROTECTION AGENCY

REGION V

SURVEILLANCE AMD ANALYSIS DIVISION

HICHIGAN-CHIC DISTRICT OFFICE

Discharger

Diamond Products, Inc.
333 Prospect
Elyria, Ohio L4035

NPDES Application Mumber: None

NPDES Permit Mumber:

Justification

None

The company dischargss sbout 2000 gpd of cooling water to an Elyria Storm

Sewer with oi] contanination as a problem.

on Ohio EPA's estimete of BPCTCA.

Recommended Effluent Linitations and lonitoring Reauirements

The final effluent limitations are based

LIMNITATIONS

MONITORING RFQUITEMENTS

Constituent Present l Initial Final Sample Type Frequency
Performance | Avg.] Max.| Avg.| Hax.
Flov (gpd) -- - -- T Estimate Monthly
¢il ard Grease (mg/1) - -- -- 10 | 20 Grab Monthly
pH (s.u.) - 6 -9 6 ~9 Grab Monthly

Special Conditions

Method of Flow estimation should be described in self-monitoring reports.



Y. S. ENVIRCHMZINTAL PROTECTION AGENCY
REGION V
SURVEILLANCE AND AMALYSIS DIVISION
EASTERN DISTRICT OFFICE

RECOMMINDED EFFLUEHT LI* 1TATIONS AND MOMITORING REQUIREMENTS

Discharger: Sratton State Farm Hznor Prison

;
18C0 South Aven - Zen Re

is
Sat 2d
Eaton Twp, Ohio 224343

NPDES Applicaticn Mo.: OH CO4Z334

NPDES Permit Yo.: None ) -

Justification:

The prison discharges about €5,C00 god of sanitary wasTes fo Alexander Ditch,
which as a 7-ca; I0-year lcw “lcw 0f O cfs. The initial effiuent limitations are
based on 1972 Ohio EPA moniforing renorts, whereas the final limitztions ere
based on the information contained in Table !RX-15.

Recommended Effluent Llimitaticns and Menitoring Recuirements

Constituent Present LIMITATIONS + - MOMITORING REQUIREMENTS
Performance laitial Finatl Sample Type Frequency
Avg.| Max.| Avg.| Hax. '
Flow (mad) - - -- 0.065} ~- Centintous
BOD5 (mg/ 1) 18 25 50 10 8 hr comp. Weekly
Suspended Solids mg/! 31 40 60 10 ‘8 hr comp. Weekly
NH;-N (mg/ 1) - - - * 8 hr comp. Monthly
00 (min) (mg/1} 5 -~ - 6.0 Grab Yeekly
Fecal Coliform
(no/ 106 mi) - 200 £00 1000 }20C0 Grab Monthiy
pH (s.u.) -- 6 -9 6 -9 Grab Weekly
*¥NH_ -
NH3 N
May-October = 2.0 + Average - Vleekly Average
November-Aprit = 5.0 Maximum - Monthly Averags

Speclal Conditions

None




RECChMENDED E

u. s.

ENVIRONMENTAL PROTECTION AGENCY

REGION V

SURVETLLANCE AND ANALYSIS DIVisiON
EASTERMN DISTRICT OFFICE

FELUSNT LEMITATIONS AMD MOMITORING BEOUIREMENTS

Discharqer: b3 Y Butcheri-~c Ccocrpany

[7333 Avon 2

a1~

GrafTton, Chio

NPDES Aoclication MNo.:

NPDES Per~it tic.:

Justification:

The company cischarge

5
unnamed tritstary of Sait Cr
ar

8]

The final limiTations

~z-~ 10,000 gpd of process and sanitary wastes to an

, wnich has @ water quatity design flow of zero cfs.
cn fhe information contained in Tabie IX-15;

Recommerded Effluent Limitatioas and Monitoring Reauirements

Constituent Present LIMITATIONS MONITORING REQUIREMENTS
Perfocrmance lnitial Final + Sampie Type Frequency
Avg.] Max.| Avg.|Ava.
20 _davl 7 oo
Flow (gpd) - - - - — Estimate Monthlty
8005 (ma/ 1) - -— -- 10 Grab Monthly
0il and Greass 'A;/!) - - ~— 7 Grab Monthly
Ammonia (r3/1) Grab Monthly
May-Octcter 2.0
November-4zril 5.0
Suspendez Soiids {ma/ i) -- — - 10 Grab Monthly
Fecal Coil“crr
(£/100 mi? 1000} 2000 Grab Monthiy
Dissolved Oxvzen (nining/l  -- - - 6 Grab Monthly
pH (5.u.) - 6 -9 6 -9 Grab Monthly
+ Final limits ars for 7 consscutive days.

Special Cenii-ion

W

None




U, S.

EHVIRONAENTAL PROTECTION AGENCY
REGION V

SURVEILLANCE AND ANALYSIS DIVISION

RECCHMENDED EFFLUENT LIMITATIONS AND MOMITORING REQUIRENENTS

MICHIGAN-0H10 DISTRICT OFFICE

Discharger

NPDES Application Numbar:

NPDES Permit Number:

Justification

Koehring Plants No.3 and 5
300 West River Road
Elyria, Ohio 44035

OH 072 0X2 2 000549

None

The company discharges about 100 gpd of cooling water and boiler blowdown

to an Elyria storm sewer.

.Recommended Effluent Limitaticns and Monitoring Requirements

, LIMITATIONS MONITCRING REQUIREMENTS
Constituent Present | Initial Final Sample Typa Fre juency
Performance Avg.| Max. AVg. Maﬂ
Flow {gpd) -- R I - - 24 Hour Total Monthly
pH (s.u.) -- 6 -9 6 -9 Grab Monthly

Special Conditions




"U. S. ENVIROLMENTAL PROTECTION AGENCY
' REGION V
SURVEILLANCE AND ANALYSIS DIVISION
MICHIGAN-0MI0 DISTRICT CFFICE
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FELUELT LIMITATIONS AND MONITORING REQUIREMENTS

Discharger

Lake Erie Plastics Company
Bond and Adams Street
Elyria, Ohio L4035

NPDES Application MHurber: None

NPDES Permit MNumber: None

Justification

The company discharges about 2,000 gpd of cooling water and boiler blowdown
to an Elyria Storm Sewer.

Recommenced Effluent Limitations and Monitoring Requirements

LIMITATIONS MHONITORING REQUIRENENTS 4-]
Constituent Present Initial | Final Sample Type Frequency
Performancg AVg. Hax. ﬁ\vg. Max.
Flow (gpd) 2000 -- -~ -- -~ Estimate Monthly
pH -- 6 -9 6 -9 Grab Monthly

Special Conditions

1) The discharge should be limited to non-contact cooling water and boiler blowdown.
2) The method of flow estimation should be stated in the self-monitoring reports.



U, S. ENVIRONMENTAL PROTECTION AGENCY

SURVEILLANCE AND AMALYSIS DIVISION

£
REGION V

EASTERMN DISTRICT OFFICE

RECOMMENDED EFFLUENT LIMITATIONS 21D MGMITORING REQUIPEMENTS

Discharger: Logl STP

NPDES Application MNe

NPDES Permit No.:

Justification:

Effluent limitations were deter—ined

2HC02099t

using U.S. EPA, Region ¥, Simplified Waste lLoad

Allocation Methodalogy . for municical sew23ze treatment plants on low flow streams
(see Appendix V and Section IX.2)

Recommended Effluent Limitations and Monitoring Reguirements

Constituent Present LIMITATICNS MONITORING REQUIREMENTS
Performance | Initiz} Final Sample Tyre Frequency
Avg.| Max.| Avg.| Max.| . ’
Flow mgd .281 — - .4 Continuous Daily
8095 mg/ 1 4 10 15 ' 10 [Composite-24 h /week
Suspended Sollds mg/1i 4 15 25 10 |Composite-24 hq [/week
Ammonia-N mg/l
May-October - -- - 1.5 {Composite-24 hi 1/week
November-Apri !l - - - - 5.0 |Composite-24 n |/week
DO (min) (mg/1) 5.4 - - 6.0 Grab Daily
Fecal Coliform
(#/100 ml) - 200 1} 400 1000 | 2000 |Grab 1/month




.

"U. S. ENVIRGMAZHNTAL PROTECTION AGENCY
. REGION V
SURVEILLANCE AND ANALYS!S DIVISION
MICHIGAN-CHIC DISTRICT OFFICE

RECCHMENDED EFFLUEHT LIMITATIONS AND MOUITORING REQUIREMENTS

Discharger

Lorain - Elyria Sand Company
1840 Idaho Avenue
Lorain, Ghio L4052

NPDES Application Number: OH 070 0X2 3 000160

NPDES Permit Mumber: None

Justification

The company discharges about 0.48 mgd of gravel washwater to the Black River.
The initial and final effluent limitations are based on the Chio EPA estimate of
BPCTCA. The present waste treatment system should be able to meet the suspended

solids limitations.

Recommended Effluent Limitations and Honitoring Requirements

LIMITATICNS MONITORING REQUIREMINTS

Constituent Present . Initial Final Sample Type frequancy
Performance | Avg. Max.| Avg.] Max.
!
Flow (mgd) 0.43 - - - -- Grab Weekly
Suspended Solids (mg/}) -- 30 L 30 Lg 8 hour Comp. |Weekly
Gil and Grease (mg/l) -- -~ -- - -- Grab Monthly
-- 6 -9 6 -9 Grab Weekly

Special Conditions
None




U. S. EHVIRONMENTAL PROTECTION AGEHCY
: REGION V
SURVETLLANCE AND ANALYSIS DIVISION
EASTERN DISTRICT OFFICE

RECOMMEMDED EFFLUEHT LIMITATIONS AND MOMITORING REQUIREMENTS

Discharger: Oberlin Water Treatment Plant

Parsons Road
Oberlin, Ohio 44074

NPDES Application Mo.:  gberiin - OH 0045195

NPDES Permit No.: None

Justification:

1t is a lime softening plant discharging filter backwash and softening sludge.
The final limitations are based on Ohio EPA's estimate of BPCTCA for Water
Treatment Plants.

Recommended Effluent Limitations and Monitoring Reaquirements

Constituent Present LIMITATICNS - MOMITORING REQUIREMENTS
Performance initial Final Sample Type Frequency
Avg.} Max.i Avg.i Max.

Flow (gpd) -- - - - - Estimate Biweekly,
when dis-
charging

Suspended Sollds - -- -— i5 20 Grab "

{mg/1}

pH ool - 6-11.5 Grab "

Special Conditions

None




-------.-‘

Discharger

“U. S, EHVIRONMENTAL PROTECTION AGENCY
. REGION V
SURVEILLANCE AND ANALYSIS DIVISION
MICHIGAN-0HI0 DISTRICT CFFICE

RECOMMENDED EFFLUENT LIMITATICNS AND.HONITOR!HG REQUIREMENTS

Ohio Screw Products
818 Lowell Street
Elyria, Chio 44035

NPDES Appiicaticn Number: None

NPDES Permit Number:

Justification

None

The company discharges about 600 gpd of cooling water to an Elyria storm
sewer. The oil and grease limitations are based on Ohio EPA*s estimate of BPCTCA.

Recornended Effluent Limitations and Monitoring Reguirements

Constituent

Flow {(gpd)

0il and Grease {mg/1)}

pH

. LIMITATIONS MOMITORINUG RECUIREMENTS
Present Initial Final Sample Type Fraquency
Performance | Avg.[ Max.] Avg.] Max.
- - -- - -~ 24 hour Total Monthly
-- - -- | 10 20 Grab Monthly
- 6 -9 6 -9 1 Grab Monthly

Special Conditions

NONE



RECOMMENDED EFFLUENT LIMITATIONS AND MOMITORING REQUIREMENTS

U. s,

ENVIRONMENTAL PROTECTION AGENCY

REGICH V

SURVEILLANCE AND ANALYSIS DIVISION

EASTERMN ZISTRICT OFFICE

Dischargar

NPDES Apolication NHumber:

NPDES Permit Number:

Justification

Stanadyne - Westzrn Division
377 Mocdland Avaene
Elyria, Ohio 4ho35

O Q70 0X2 2 000152

OH 0022425 (suspended)

W

The company discharges about 0..9 mgd of process and cooling water to an
The initial effluent limitations are based on February-

Elyria storm sewer,

July, 1973 state operating reports.

The final effluent limitations except

for cadmiumare based on existing effluent quality or the March 28, 1974
Electroplating BPCTCA guidelines, whichever is more stringent.
limitation is based on the Ohio EPA estimate of BPCTCA.

Recommended Effluent Linitations and Monitoring Requirements

The cadmium

AL,

. ) LIMITATIONS MOIITORING REQUIREMENTS
Constituent Present Initial’ Final Sanple fype Frequency
Performance Avg . Hax. Avg.| Max.
Flow (mgd) .49 -- - -- -- 24 hour Total Weekly
755 (Ib/day) 3L 3L 68 34 68 24 hour Comp. Weekly
MHexa. Chromium (1b/day) 0.b 0.t 7 0.8 [0.31 0.6 | 24 hour Comp. Weekly
Cyanidge-A" {1b/day) -- -- -- 0.09] 0.18} 24 hour Comp. Weekly
Cyanide, Tora! (1b/day) $.09 0.0910.18 | 0.03| 0,18} 24 hour Como. Weekly
Cadmium, Total (ib/day) - -- -- 0.05[ 0.10] 24 hour Cemp. Weekly
Copper, Total (ib/day) 1.5 1.5 1 3.0 1 1.5 { 3.0 | 24 hour Comp. Weekly
Nickel, Total {(b/day) 62.3 -- -- 2.6 | 5.3 | 24 hour Comp. Weekly
Zinc, Tota} (1b/day) 0.2 0.2 | 0.4 | 0.2} 0.4 | 24 hour Comp. Weekly
pH (s.u.) = 6 - 10 6 - 10 6 - 9.5 Cont inuous --

e .
A - amenable to chlorination

It
W

pH - meximum and mininum daily readings should

monitoring reports.

Special Conditions

NONE

be included in_the self




U. S. ENVIRONMENTAL PROTECTION AGENCY
: REGION V
SURVEILLANCE AND AMALYSIS DIVIStON
EASTERN DISTRICT CFFICE

RECCHMENDED EFFLUENT LIMITATIONS AND MOMITORING REQUIREMENTS

Discharger
Tappan, Inc.
206 Woodford Street
Elyria, Ohio 44035

NPDES Application humber: None

NPDES Permit Number: None

Jistification

The company discharges about 26,000 gpd of non-contact cooling water and
boiler blowdown to an Elyria Storm Sewer.

Recommended Effluert Limitations and Monitoring Requirements

LIMITATION - HOMITORING REQUIREMENTS
Constituent Present Initial Final Sample Type Frequency
Performance | Avg. | Max. | Avg. | Max.
Flow (gpd) 26,000 -- ~-- -- -- | Daily Total Biweek!ly
Temperature  (°F) -- -- - - -~} Grab "
pH o €-9 6-9 Grab "

Special Conditiens

The discharge should be limited to non-contact cooling water and boiler blowdown.




U. S.

SURAVEILLANCE ARD ANALYSIS DIVISION

PEGION V

EASTERN DISTRICT OFFICE

ENVIRCNHINTAL PROTECTION AGENCY

RECCHMENDED EFFLUENLT LIMITATIONS AND HOMITORING REOQUIREMENTS

Dlschargar:

LPDES Applicaticn No.:

MPDES Permit to.:

Welllngton Weter Treatment Plant

None

kore

2 llre softening plant discharging filter backwash and
jimitations a

Plants.

Pecorrandad Effluent Linitaticens and Monitoring Reguirerents

softening sludge.
re based on Ohio EPA's estimate of BPCTCA for Water

Present LIMITATICONS . HONITORIHG REQUIREMINTS
Constlituent Performance Tnitial P - -
fvg. | Max.] Avg.| Max.] Sample Type Frequency
Flow (gpd) -- - -- -- -- Estimate Biweskly,
vhen discharg
ing
Suspended Solids - -- - 15 20 Grab . n
fr3/1)
oo - 6-11.5 Grab 1t
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Draft 5/12/80

Technical Justification for NPDES Effluent Limitations

for Municipalities on Low Flow Streams

Introduction

In ordar to better coordinate State, regional, and headquarters preparation
and review of justification for AST/AWT projects, and toc expedite the
preparation and review process, a simplified methodology for determining
effluent limitations for municipalities on low flow stream is proposed. The
intent is t5 insure that public funds for water pollution abatement are spent ina

cost effective fashion.

Effivent limits for municipalities located on low flow streams can be
adequatelv =stablished and justified by rather simplified methods which do not
consume zan incrdinate amount of State resources to develop the limits, or
Agency rescurces for project review. In Region V, these simplified methods are
estimated 1z e 2pplicable to more than fifty percent of the projects. While the
potential savings in State and EPA resources are substantial, cost effective and
technicaliv sound effluent limitations to protect State-adopted and federally-
approved water uses and water quality standards will result. Furthermore, if
used on & r=gicnal or larger scale, consistent consideration of dischargers in

similar circemstances would be insured.

Water guality models are available for the full range of hydrological
characteris=ics {i.e. free flowing streams, estuaries, lakes), and their use is
becoming increasingly widespread as river basin scale planning and 208/201
planning advances. However, one of the major precepts in working with water
quality modsls is to select the least complicated model that adequately
characterizes the system being studied. As models become more complex, data
requirements 1o successfully operate the models increase significantly. In most
cases, these data are not obtainable without the expenditure of substantial
resources. It is clear that resources should be expended for model verification
and calibration in those complex situations where simplified methods to
characterize the combined effects of numerous dischargers are not adequate.
However, for those isolated municipalities on low flow, free flowing streams, the

expenditure of substantial resources to determine effluent limitations is not



warranted; nor are such resources readily available in State agencies, U.S. EPA,
or in the consulting engineering profession. For purposes of this paper, low flow
streams are generally defined as those frse-flowing streams where the water
quality design flow upstream of a municipal discharger is equal to or less than
the design municipal discharge flow. In RegionV, all States use the Q7’10 or

hydraulicaliy altered flow regimes as water quality design flows.

The itfied methods outlined below incorporate a mass balance techniqué
to determine ammonia-nitrogen limitations; a simplified Streeter-Phelps analysis
to determine carbonaceous oxygen demand limits; a sensitivity analysis; and,
suspended solids limits related to the required BOD discharge. The analytical

techniques proposed in the 1977 report Water Quality Assessment: A Screening

Method for Nondesignated 298 Areas, prepared by Tetra Tech Inc. for U.S. EPA

1
Environmentai Research Lzboratory are simllar.( )
Applicaticn znd Censtraints

The mathod should be applicable to single municipal dischargers located on
free flowing sireams wnere the upstream flow is equal to or less than design
discharga flzw; the design discharge flow is 10 MGD or less; and, there are no, or
only limited. interactive 2fiscts from the most upstream discharger on a

Tv

segment witn mora than one discharger. The method should only be used for the

upstream cischarger in such cases.

Water guality in these systems is highly dependent upon effluent quality.
Hence, upsirzam quality Is less significant than in systems where the upstream
design flows are much greater than design effluent flows. The method can also
be applied to simple systems where upstream flow is greater than STP flow

provided upstream water quality and reaction kinetics are well documented.

Procedure
The following stepwise procedure is recommended for determining effluent

limits for the simple single-source system:

I. Ammonia-N Effluent Limitations
Determine ammonia-N limitafions by using applicable WQS, upstream flow

and background concentration, and design eifluent flow as shown below: (2)



()

i - _ 1
Eq. 1 Cp = {Cyqs (Qp + Q) - CyQuHQp
where
CD = allowable design discharge concentration
C"&’QS = water quality standard limit
C;: = upstream or background concentration ,

Qp = design municipal discharge flow rate

Q.. = upstream design flow

When selecting the allowable instream ammonia-N WQS criterion (CWQS)
from tables or graphs relating the toxicity of unionized ammonia-N to pH and
temperature, =ppropriate va.uas for the expected pH and temperature conditions
during the c2sign season afisr mixing of the discharge and the receiving stream
should be considered. in manyv cases use of the maximum pH and temperature
values evar recorded is not realistic. If sufficient stream data are available, the

use of temperature and ©H data exceeded twenty-five percent of the time during

or not avzlable, use of data ifrom nearby streams or equiliorium water
d

temperaturs J21t2 may S2 used as design conditions and to establish the range for

S

e s

.

a sensitivizv anzlys For cases where the municipal effluent will comprise

most of the stream flow, effluent pH data. should be considered.

The mass balance technique can also be used for total residual chlorine or

metals limizs, if desirad.

2. BOD5 and Dissolved Oxygen Effluent Limitations

Determine effluent dissolved oxygen and BOD limitations with a simplified
Streeter-Phelps(B) analysis employing both carbonaceous and nitrogenous oxygen
demands. The equation usad to calculate the DO deficit (D) below a point source

(2)

is shown below:

Eq.2 D = Do exp (-K,t) + (K,CBOD /(K, - K) fexp (-K,1) - exp (K, 0}

.

+ (K4NBOD /(K - K {exp (-K3t) - exp (K, 1)}

DO =DOg-D

avg.

3



where

Do = mixed DO deficit at effluent, mg/l
DO, = DO at saturation, mg/l
CBOD = mixed ultimate CBOD concentration below effluent, mg/!

N30OD | = mixed NBOD concentration below effluent, mg/l

K, = C BOD reaction rate (base e), day” -
r(z Reaeration rate (base e) day -1
K. = NBOD reaction rate {base e} day” -1

1 m

t = travel time below discharge, days

Incremenzal time periods are applied in equation 2 to determine the location of
the minimum DO concentration (i.e. sag point). Successively lower CBOD values

are appli=d until DO stapdards are met at the sag point.

DO standards are ofzen presented as minimum values applicable at all times
while the time average for cutputs of steady state models are based upon the
averaging period for ingut loadings, usually 24 hours. Hence, attainment of
minimum DO standards i3 compensated for by modeling at a higher target
yrgen, usually 1 mg/l higher than the minimum water quality standard.
This levsi s 1o compensate for diurnal fluctuations in plant discharges and
diurnal wzriation due to photosynthetic activity. Where both average and
minimum <issclved oxygen standards are specified (i.e. 5.0 mg/l daily average
and 4.0 mg/! minimum at any time) the average standard should be used as a
target level. Use of a minimum dissolved oxygen standard as a target with a

steady state model would result in violations of the standard.

The critical variables in a DO analysis on a small stream are the reaeration
rate and to a lesser extent the CBOD and NBOD decay rates and effluent
dissolved oxygen levels. Many formulations have been developed for predicting
stream reaeration rates based upon physical characteristics such as width, depth,

(%,5) ( )

accurately predicts stream reaeration. Kz is calculated by equation 3. Also, a

velocity, and slope. Rathbun( ) suggests that the Tsivoglou formula

most
recent work by the United States Geological Survey and the Wisconsin
Department of Natural Resources'demonstrated the Tsivoglou relationships to be
the most accurate of twenty predictive reaeration equations on small flow

streams when compared with tracer methods.(8)



Eq. 3 K, =0.83 VS at 20°C 10< Q< 300 cfs
K, = 1.8 VSat 20°C 1< Q< 10 cfs

where S is the slope in ft/mile and V is velocity in ftfsec.  According to

Dr. Tsiviglou, there is no evidence to support restricting the use of Equation 3
.. 9 . .

based upcn minimum slope.( ) Howevear, O'Connor's reaeration formulation may

(4)

be used for iarger, deeper streams wizh more uniform channel geometry:

172

v N . A0
Eq. & K, =12.9 s 20°C

A revisw of reaction rates measured on low flow streams with similar depth,

flow, and zuality to those addressed is this analysis showed CBOD rates typically
- 16,11,i2,13 .
range from 2.3 to 1.3 (16,11,12,13) depending on depth and degree of treatment

(Table '1‘;.‘ Adjusting CBOD day-! rates by depth as suggested by Hydro-

science' ™"’ :hows 0.3 day-1 1o be a representative value for these low flow
(14)

mes:

streams. C2CD rate, thereiore, becon

-0.43%

Eq. 5 K =0.3(D/9) day-1 0<D< 8

K = 0.3 day-! D>8
where
D = depth in feet
Based upon data presented in Table !, the CBOD rate should be constrained to a
maximum value of 1 day“l after depih adjustment. Measured NBOD rates ranged
from 0.27 to 0.50 day-1 and averagec 5.42 day-1 (Table 1). Since reaction rates

are partially dependent on effluent treatment level it is appropriate to use the

rates measured below similar facilities on small streams. Reaction rate studies



on low flow streams where existing waste treatment is not adequate would
provide little additional information since rates would be expected to change
after installation of more advanced waste treatment. The use of the above-

mentioned average rates are recommended unless other rates can be justified.

Reaction rates must be adjusted for stream temperature using the

generalized expression: (15)
Eq. 6 K = K (at 20°C) 8 (T-20)
whera
T = siream Temparature °c

In some cases, it mzy be advisable from design and operations standpoints to

(@]
o
<,
th
O
w
Q
o

provide for jess restri limitations and more restrictive NBOD (NHB-

N) limitaiicns while main “aining the same ultimate oxygen demand of the
effluent. {lzimate oxygan demand is the sum of the carbonaceous demand and
nitrogenrcus Zemands.) This may occur when resultant ammonia-N limits are 3 to
5 mg/l znd CTROD limits are in the range of 5 to 10 mg/l. Stream reaction rate

differences in CBOD and NBOD should be considered when adjusting effluent

restrictions. Since each mg/l of ammonia-N is equivalent to about #.5 mg/l of

O

CBOD, lowering the allowable ammonia-N limit by 1 mg/l could have the effect
of raising the CBOD limit by nearly 5 mg/l, if KC = Ky
As part of the dissolved oxygen analysis it is necessary to consider post

aeration of municipal effluents and seasonal effluent limitations.

3. The sensitivity of computed effluent loads to input values should be
determined by repeating the above analysis with changes in the input variables.
For the mass balance calculations the sensitivity to the background conditions of
flow and concentration should be addressed. For the Streeter-Phelps analysis it

is necessary to evaluate sensitivity to background conditions, reaction rates



(CBOD, NBOD, and reaeration) and travel time. Fach cosfficient should be
varied over a range of values that reflects the uncertainty in the particular
variable. If direct measurements of certain input variables are made, the range
about the variable would be small. If rates or rate formulations other than those
suggested above are used, the sensitivity analysis should be used as part of the
justification for the alternate rates. CBOD and NBOD rates should generally be
varied plis or minus 33% to 50% about the selected value unless directly
transterratie rate data are employed in which case a smaller range might be
studied.

Resuizs oi the sensitivity analysis should be reviewed within the context of
the effluent gquality expected ifor various treatment levels. Thus, if effluent
requiremers computed using the range of inputs fall within the expected
effluent gziity from 2 si; ‘gi treatment level (i.e. AST or AWT) then additional
analyses woculd not be reguired. However, if the required treatment level is
heavily dezendesnt upon selaction of an input value where existing data are
inadequate o characterize the variable, additicnal data should be obtained to
more accurz’zly define that model coefficient, thus clarifying the selection of

the treacm=nt aiternative. For further confirmation of the selected effluent

m

limitations. ~me sansitivity analysis can be rerun at a less stringent level of

treatmen= {i.=. 30D, oI 3% mgz/l vs 15 mg/l).

4. After th= sensitivity analysis is completed, suspended solids limitations
should be rzlzz2c to the BOD requirements. Whenever BOD5 limits of less than
15 mg/l ars required, it 1s clear that post filtration will be necessary to insure
consistent compliance with the BOD limits. Hence, suspended solids limits of 10
to 15 mg/}, based upon filter performance would be appropriate. Where BOD5
limits in excess of 15 mg/l are required, post filtration is usually not necessary
and suspendad solids limits of 20 to 25 mg/l are appropriate. However, filters
may be requirad whece unusual wastewater characteristics are encountered
(i.e. industrial wastes). For many plants, split flow filtering may be adequate to
achieve applicable TSS and BOD5 limits during the first five to ten years of a
twenty year design life. Post filtration may also be necessary where stringent
phosphorus limitations are prescribed, and will aid in toxics removal from STP

effluents. The above limits were' obtained from consultants and State agency



personnel and reflect consideration of consistency and reliably achieving the
desired effluent quality.

Data Requirements

The data required for this typs ui wnairsis o 4 <wooested methods of

obtaining these data are listed below:

1. Siream Design Flow - USGS low-flow publications; drainage area yields;

measurements during low flow periods.

2. osiream water quality - State or EPA water quality monitoring;

sewage treatment plant monitoring; data for similar streams.

3. Strsam Physical Characteristics (slope, depth, etc.) - field measure-
ments; USGS topographic maps; special COE or county project maps; stream

gazetiears,

&, Time of Travel - Dye studies; calculations based upon field measure-

Direct rneasurements of time-of-travel, upstream quality, and stream
physical characteristics should be employed for each segment studied, notably
for those whers post filtration of the STP effluent is considered. Since these
data are readily obtainable with short duration, low resource surveys, efforts
should be made to obtain the data through State agency monitoring programs or
as part of the 20! grant process. When such data are not available, estimates
can be made from some of the suggested sources listed above. The impact of
less site specific data should be considered in the sensitivity analysis. Time of
travel studies provide the most useful data when the upstream flow and existing

STP flow are equivalent to the sum of the upstream Q7 1o and the STP design
y



flow. If flows in the immediate range of design flow are not encountered during

the time-of-travel studies, a second study at a different flow will permit

extrapolation of the data to the design flow.

NPDES Effluent Limitations

—~

ypically, municipal effluent limitations are specified as 30 day and seven
day averages values for BODj, ammonia-N, and, suspended solids with daily
maximum values for chlorine residual. Because of the high ratio of discharge
flow to upstream flow for municipalities on low flow streams, the effects of the
treated discharges on downstream water quality are particularly significant.
Hence, the resuits of the simplified analysis should be employed as seven day
average limits rather than thirty day averages. An alternate approach recently
adopted by 3lichigan considers daily concentration limits based upon the water
quality analysis and weekly mass loading limits based upon the design (20 year)
flow of the faciiity and the daily effluent concentration limits. In any event,
use of modaiing resuits as 30 day averages is not consistent with the

mathematizal relationships usad in the analysis.

The T2030 and NBOD outpuis from the Streeter-Phelps analysis should be
converted “2 bUD. and ammonia-N NPDES permit limitations with the following
s

L2

relationshins

BOD5

i1

CBOD/3

NHB—N

11

NOD/4.57

The factor ior BOD5 was derived from long term BOD data obtained at advanced
16,17,18 {Table 2). A statistical analysis
of these data indicates there is no correlation between the CBOD/BOD5 ratio

and the percent industrial flow.

and secondary sewage treatment plants

Margin of Safety

Section 303(d) of the Clean Water Act requires that a margin of safety
reflecting the uncertainty in the relationships between effluent limitations and

water quality be considered. Since this analysis relies heavily on site-specific



data; incorporates a sensitivity analysis around effluent quality; addresses diurnal
variation; and, addresses treatment system performance and reliability (i.e. post
filtration where applicable), 2 margin of safety is implicity included. A separate
margin of safety should be considered when the analysis is of questionable
validity due t a lack of data about the system, or the applicable stream
standards are only marginally protective of designated stream uses (i.e. minimum

dissolved oxygen of 4.9 mg/l for warmwater fisheries). -

Resource Reguirements

Including the time required for minor field surveys (upstream water quality,
time-of-travei, etc.) about +wo to three man-weeks of effort should be sufficient

to develop an acceptable project justification report.

Example

Attacnimant A
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State

Ohio
Ohio
Ohio
Onhio
Ohio
Ohio

Ohtlo

Biinnesota

Wisconsin
Wisconsin
Wisconsin
Wisconsin
Wisconsin
Wisconsin

Average

" Table 2

CBOD/BOD. Data

5

Piant Type

Lake=ood

Mansii=id

Activated Sludge
Activated Sludge

Sheizy Activated Sludge
Lorain Activated Sludge
Cosh2cion Activated Sludge
Cornzaut Activated Sludge
CR:ED EZasterly Activated Sludge

Minnzzgolis-St. Pzul

Activated Sludge

Trickling Filter

N—*eiar‘—'\ .2nasha Activated Sludge
Town enasha East Activated Sludge
Town Ieznasha ‘.’Jes‘_ Activated Sludge
Hear: of the Vallz Act. and filters
Depere Activated Sludge

Percent
Flow Industrial # of Ult. CBC
(MGD)  Flow Samples BOD,
11.7 % 1 3.27
10.6 32% 1 3.43
1.2 0% 3 3.21
14.1 1455 4 3.13
2.3 39% i 4. 34
2.6 0% 1 2.61
135.0 129 2 5.10
27% 13 3.18
2 3.40
40% 2 3.20
2295 1 1.80
u2%% 2 3.10
5 <109 2 2.75
2095 1 3.00
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Attacnmant A

Example Problem

1. Planning Area

Raccoon Creek is a small northern Ohio stream which flows 12 miles in a
northerly cirection discharging to Lake Erie west of Cleveland, Ohio. Similar to
other northern Ohlo streams, the creek's 44 square mile drainage area has little
groundwater storage. As such, the stream has low natural flows during dry
weather parizds (Q7 10 of 0.36cfs). Ohio Water quality standards designate

L]

Raccoon Creek as a warmwazer fishery and for primary contact recreation.

The Cizy o1 Lekeview, popuiation about 10,000, operates a secondary sewage
treatment plant which discharges to Raccoon Creek about & miles upstream of
the mouth. The plant began operation in 1927 and provides treatment for a daily

average ilow oi 1.2 MGD composed almost entirely of domestic wastes. The

O
:’J
o
e
Q
)

facility has 2 , oreaeration and grit removal tanks, primary settling
tanks, trickling filters, secondary settling tanks and provisions for chlorination of
the final =iZlvent. Siudgze disposal is accomplished by digestion and drying on
sludge drvinz bads. Average eifluent quality for 1978 was 33 mg/l suspended
solids, 2% mz/i BC! 7.7 mg/i dissolved oxygen and 6.1 mg/! phosphorus. The
plant is the only significant cischarge to the stream. Based upon 208 agency

population prcj=ctions piant design flow for the year 2000 is 2.1 MGD.

A U.S. EPA reconnaissance inspection on June 30, 1978, showed Raccoon
Creek in the vicinity of the Lakeview STP contains areas of riffles and small
pools. Upstream of the STP the substrate is primarily rocky with the stream
having relatively high dissolved oxygen. Immediately downstream of the STP
rocks are coverad with slime, sludge worms are abundant, and the stream is
malodorus. Dissolved oxygen concentrations below the minimum water quality
standard occur regularly downstream of the STP. These observations clearly
indicate the stream is not meeting the balanced warmwater fishery and primary
contact recreation designations of the water quality standards deéplte average

STP effluent quality in the immediate range of secondary treatment.

.



Efftuent quality required to meet water quality standards was determined
with simplified modeling techniques using available data for stream physical
characteristics, reaction rates, and stream quality. The Raccoon Creek -
Lakeview system meets the three criteria suggested for selecting the simplified
method in that this is a single source system, critical stream flow (i.e. Q7_10)
upstream of the plant is less than effluent flow, and STP design flow is less than
10 MGD.

2. Wasteload Allocation

Stream data used in the allocation are presented in Table 1. Upstream flow
and water guality data were not available for Raccoon Creek so Black River data
were used. The Black River is adjacent to Raccoon Creek and has similar land
use patierns. Representative siream velocities and depths were measured in a
June 30, 1578, U.S. EPA survey and were adjusted for flow using relationships
proposed bv Chio EPA. Sewage treatment plant design criteria for flow were
taken from the Step |l epolication or were assumed (dissolved oxygen effluent
criteria). Assuming a diurnal DO fluctuation of 2.0 mg/l the allocation

techniguss were applied to meet a minimum DO standard of 5 mg/l.

Foliowing methods outiined under Procedure I, the ammonia-nitrogen
effiven: Lmitarion was computed to be 2.60mg/l. CBOD effluent limits of
21.3 mg/i were computad by the Streeter Phelps analysis. This corresponds to a
BOD5 limiz of 7.1 mg/l using 2 CBOD +to BOD ratio of three. This level of
ammonia and 30‘1)5 resulted in the average DO standard of 6 mg/l being met at
the sag point which occurred 0.9 miles downstream of the outfall. A phosphorus
limit of 1.0 mg/! is aiso required by Ohio EPA regulations (1JC) at this plant since
Raccoon Creek is a tributary to Lake Erie and design flow is equal to or greater

than one million gallons per day.
3. Sensitivity Analysis
The sensitivity of the allocated loads to the inputs are shown in Figures 1

and 2. Fach input variable was changed separately with other input values

remaining at the base conditions shown in Table 1. Also shown on figure 2 is the
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efflumint quality associated with waste treatment levels (i.e. S-secondary treat-
ment, N-nitrification, PF-partial filtration, F-complete {iltration). For the
Lakeview STP, ammonia—nitrogen effluent requirements are directly related to
the water quality standards and are not sensitive to upstream concentrations.
The range of ammonia-N concentrations is equivalent to the change in the water -
quality standards resulting from changes in temperature and pH. Effluent values
are more sensitive 10 s.o~=m pH and less sensitive to temperature. However, the

entire wange of computed values require nitrification of the effluent.

Thie computed effluent limitation for BOD5 changed by less than 2.0 mg/l
from t'he base conditions when depth, slope, NBOD reaction rate, temperature,
pH, upsstream concentrations and effluent DO were changed over the range of
values anticipated for this svstem. BOD5 results were changed 3.3 and 2.8 mg/l,
respec tively, when CBOD reaction rate and velocity were varied over the
expected rang=. Since only readily available data were used in this analysis the
ranges sei=cted for the sensitivity analysis were large (i.e.plus or minus 30

1o 509). D=spite these lar;

09

2 input ranges, computed BOD5 ranges are relatively
small. Alsc computed 50[)5 levels all correspond to the same treatment level
(secondary ireatmsant with nitrification and post filtration). Additional stream
studies tc moere precisely caiine site specific inputs are not warranted because

the anticipazesd rang2 of inputs do not affect treatment system selection.
4., Recommanded Effluent Limitations

Recommznded effluent limitations from this analysis are shown in Table 2
with the resulting DO concentration displayed in Figure 3. The recommended
limits inciude a reduction of ammonia-nitrogen to 1.5 mg/l and an increase in
BOD5 to 10 mg/l. The BOD increase is offset by the lower ammonia limit which
is not difficult to achieve. Seasonal effluent limits for the winter months are
also included in Table 2. These values were computed using a stream
temperature of 130C, a value exceeded 25% of the time during November and
March. Upstream flow was not changed for the seasonal analysis since streams
in the area experience flows near the Q7-lO flow during the months of November
through January. Recommended effluent levels require post filtration since low

BOD limits cannot consistently be met without filters and higher effluent



Recommended Effluent Limits

Total Suspendad Solids
BOD
5
Ammonia-N
Total Pheschorus

Total Resizua: Chlorine

Table 2

Seven Day Average

May
through
October

10 mg/l
10 mg/l
1.5 mg/l
1.6 mg/l
0.1 mg/i*
6.5 mg/l

November
through
25 mg/l
25 mg/l
4.5 mg/l
1.0 mg/l
0.1 mg/i*
7.5 mg/fl
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loadings associated with secondary and nitrification treatment would cause DO
concentrations to drop well below minimum water quality standards for the lower
3.5 miles of the stream {see Figure 3). Filtration will also insure more consistent
compliance with the phosphorus limit of 1 mg/l required by OEPA regulations and

the international agreements regarding phosphorus for Lake Erie.
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