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CHAPTER IV
ENVIRONMENTAL SETTING

The description of the environmental setting focusses on those aspects of
the environment that may be affected by MP&L's proposed addition of Unit 4 to
the Clay Boswell Steam Electric Station. Chapter IV presents an envirommental
framework which provides a basis for understanding and evaluating the probable
environmental impacts of the proposed action and alternatives. Both Chapter IV
and Chapter V of the Draft EIS are organized into sections describing major
environmental components. Chapter IV may be reviewed in its entirety prior to
proceeding to the probable impacts in Chapter V, or corresponding subsections of
Chapters IV and V may be reviewed separately prior to reviewing the chapters in
their entirety.

GEOGRAPHICAL SETTING

Regional

The Clay Boswell Steam Electric Station is situated in the southwest corner
of Itasca County in northeastern Minnesota as shown in Figure IV-1. Itasca
County bordered by Koochiching, Beltrami, Cass, Aitkin, and St. Louis Counties
is in the west central part of the 7 county Arrowhead Region. The Arrowhead
Region includes major industrial and recreational areas. To the northeast of
the Clay Boswell Station, the Mesabi Iron Range stretches 90 miles (145 km) to
the community of Babbitt. This major taconite mining district served by MP&L
includes the communities of Grand Rapids, Hibbing, Chisholm, Mountain Iron,
Virginia, Eveleth, Hoyt Lakes, and Babbitt.

Eighty miles to the southeast of the plant is Duluth, the major city of
northeastern Minnesota and a major port on Lake Superior. As a manufacturing
and retail center, Duluth provides services for the northeastern part of the
State. Approximately 80 miles (129 km) to the northeast is the inactive
Vermilion Iron Range near Tower and Soudan. To the southwest approximately 50
miles (80 km) is situated the inactive Cuyuna Iron Range including the towns of
Aitkin, Crosby, and Ironton.

The Clay Boswell Station is well situated for major access from the Iron
Range and from the south of the State. U.S. 169, a 2-lane highway, links Grand
Rapids with Minneapolis and St. Paul to the south and with the Mesabi Iron Range
to the northeast. U.S. 2, a 2-lane highway, connects Grand Rapids with Duluth
to the southeast and Grand Forks, North Dakota, to the northwest. Minnesota 38
connects Grand Rapids with International Falls to the north. Bus service in the
area between population centers is provided by the Greyhound Bus Company and the
Triangle Transportation Company. The Grand Rapids airport about 6 miles (9.6
km) from the Clay Boswell Station has regularly scheduled commuter flights
between Grand Rapids, and Duluth, Eveleth, Virginia, and the Twin Cities. Rail
transportation in the region is conflned to freight service, with the Burlington
Northern, Soo Line Railroad, and Duluth Missabe & Iron Range Railway providing
service.
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As shown in Figure IV-2, power transmission lines form a network over the
entire northeastern portion of the State, with some of the lines connecting with
the Clay Boswell Station. One 250 kilovolt (kv) line runs from the Clay Boswell
Station to Chisholm and Hibbing, another runs south to Crosby and Brainerd,
while another runs north to International Falls. 115 kv lines connect the Clay
Boswell Station with Duluth.

The Arrowhead Region is an important recreational area with its parks,
forests, wildlife areas, rivers, and abundance of lakes. The Boundary Waters
Canoe Area (BWCA) and the Voyageurs National Park are 2 major national
recreational areas. The many forest lands in the Arrowhead Region are managed
for both timber production and recreation. Among the large National Forests are
Koochiching and Kabetogama. Other State Forests include George Washington, Big |
Fork, Cloquet Valley, and Finland. The area also supports several State Parks.
The Nett Lake Indian Reservation lies in the north central part of the Arrowhead
Region, and the Leech Lake Indian Reservation, which marks the western border of
the MP&L service area, is situated just outside the western edge of the
Arrowhead Region.

Local

The site of the Clay Boswell Steam Electric Station is 5 miles northwest of
Grand Rapids, between the north shore of the Mississippi River at Blackwater
Lake and the present 2-lane Minnesota Trunk Highway 6. A mile to the north of
the Station is U.S. 2, a major east-west highway linking Duluth with North
Dakota. The Burlington Northern Railroad, which transports MP&L's coal from
Montana, runs parallel with U.S. 2 near the Clay Boswell Station, and a spur
connects directly with the site. 0il and gas pipelines from Canada parallel
U.S. 2 in the immediate vicinity of the plant.

Five miles southeast of the.Clay Boswell Station is Grand Rapids, county
seat of Itasca County and its largest city. The Clay Boswell Station is located
at the western edge of the Grand Rapids suburban fringe, but the immediate area
to the north and west of the Station is sparsely populated with only a few rural
residences. However, around Bass Lake to the northeast and Pokegama Lake to the
southwest of Grand Rapids are many year round and summer residences. The
combined population of Grand Rapids and its surrounding townships of Bass Brook
and La Prairie is 13,700.

Much of the area surrounding Grand Rapids and the Clay Boswell Station is
wooded. Large areas of low lying marshlands flank the Mississippi River and the
numerous lakes and streams, the legacy of the glacial activity thousands of
yvears ago, drain into the river. Topographically, the area surrounding Grand
Rapids and the Clay Boswell Station is gently rolling, becoming hilly to the
south and to the northeast toward the Mesabi Iron Range. The elevation averages
around 1,300 ft (396 m). One of the highest points in the area is the Sugar
Hills Ski area, elevation 1,596 ft (486 m) located about 10 miles (16 km)
southwest of Grand Rapids. '

The area surrounding Grand Rapids and the Clay Boswell Station developed as

the timber industry expanded during the last decade of the nineteenth century.
The Village of Cohasset, now Bass Brook Township, was platted in 1893 and had 3
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saw mills by 1900. Grand Rapids, a trading post, became an important lumber
supply point. With the potential water power of the Pokegama Falls 1% miles
(4 km) upstream, Grand Rapids was obviously an ideal site for a paper mill. The
Itasca Paper Mill, constructed in 1902, was bought by George Blandin, a St. Paul
newspaper publisher in 1916. At the height of the depression, he modernized the
plant so that paper production had increased from 10,000 tons (9,072 mt) in 1917
to 40,000 tons (36,287 mt) in 1939. The Blandin Paper Mill is now the major
industry in Grand Rapids, employing over 1,100 people in the area.-

While the lumber business boomed, the iron ore mining industry was
developing. In 1906, an iron ore washing plant went into operation at
Coleraine. Further growth came with the opening of rail routes between Grand
Rapids and the Mesabi Iron Range. The mines nearest to Grand Rapids today are
-concentrated around the small communities of Coleraine and Bovey. The Clay
Boswell Station itself lies near the southwest tip of the Mesabi Iron Range. It
is the continued growth of mining on the Mesabi Iron Range which results in the
forecasted need for Unit 4 at the Clay Boswell Steam Electric Station.

Site Specific

MP&L's existing Clay Boswell Steam Electric Station is located mostly in
sections 8 and 9 of T.55N., R.26W (Figure IV-3). The existing Clay Boswell
Station site abuts the Mississippi River on the south and State Highway 6 on the
north. The east boundary of the existing Station site is a public street
between sections 9 and 10. The western edge of the site extends slightly into
section 7. Blackwater Lake, which is connected to the Mississippi River,
bisects the site near the center in the northwestern portion of section 9.

The main power generating facilities are located near the center of
section 9, just east of Blackwater Lake. The coal storage pile is south of the
main power generating facilities and abuts the Mississippi River. Rail switch
yards and a water cooling tower are located east of the main power generating
facilities. Water for the power generating facilities is appropriated from
Blackwater Lake and water is discharged into the Mississippi River in the
southeast portion of section 9. The solid waste (bottom and fly ash) from the
existing power generating facilities are deposited in ponds west of Blackwater
Lake. These ponds are located in the northern portion of section 8 and the
northeastern portion of section 7, between the Mississippi River and State
Highway 6.

In addition to the lands in section 7, 8, and 9 already described, MP&L has
now acquired substantial additional lands in sections 3, 4, 5, 6, 7, and 10 of
T.55N., R.26W. These lands have been acquired by MP&L in anticipation of
constructing Unit 4 at the Clay Boswell Station. MP&L plans to acquire
additional land to comsolidate its land holdings in sections 4, 5, 6, 7, and 10.
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ENERGY

MP&L Service Area

Minnesota Power & Light Company (MP&L) is an investor-owned utility
headquartered in Duluth, Minnesota, which serves 15 counties of northeastern
Minnesota and 2 counties of northwestern Wisconsin. With its subsidiary, the
Superior Water, Light and Power Company (SWL&P), MP&L provides electricity for
approximately 330,000 customers, serving 98,000 homes in addition to businesses
and factories in 144 communities. Duluth, with a population of approximately
100,000, is the largest city in the franchise area (1).

MP&L's service territory, shown in Figure IV-2, includes 3 of the nation's
principal iron mining regions: the Mesabi Range, the Vermilion Range, and the
Cuyuna Range. Its service area also includes a geological formation, the Duluth
Gabbro, which contains significant deposits of copper and nickel (2).

MP&L Existing System

The MP&L system in Minnesota currently consists of 12 electric generating
facilities. Of the 12 facilities, 9 are hydro-electric generating stationms,
while the remaining 4 are steam electric generating stations using coal, oil, or
gas, or some combination of these fuels. It is interesting to note that the
hydro-electric plants are among the oldest in MP&L's system. The newest among
them are the Scanlon the Winton plants, built in 1923 and Thomson Unit 2 built
in 1949; while the oldest hydro-electric plant is Unit 1 at the Thomson Station,
built in 1907.

The Clay Boswell Steam Electric Station is the largest in MP&L's system.
It consists of 3 coal-fired steam electric generating units with a combined
capacity of approximately 500 megawatts (500 MW). The addition of proposed
Unit 4 at the Clay Boswell Station would bring total capacity at that facility
to nearly 1,000 MW.

In addition to the proposed expansion of the Clay Boswell Station, MP&L
would like to build a coal-fired steam electric station at Floodwood, in
St. Louis County, Minnesota. The first unit of the proposed Floodwood facility
would have a generating capacity of 800 MW, with future units to produce a
combined total of 3,400 MW(3). MP&L hopes to have the Floodwood facility
operational by 1984. A complete list of MP&L's existing units, their type,
location, age, size, and fuel source is presented in Table IV-1.

MP&L Interconnections and Pooling Arrangements

Since 1973, in an effort to meet current and anticipated energy demands,
MP&L has purchased electrical energy from other regional sources. It is
expected that it will be necessary to purchase additional energy through
agreements with the Manitoba Hydro-Electric System and members of the Mid-
Continent Area Power Pool (MAPP). Planning assistance will be provided through
the Mid-Continent Area Reliability Coordination Agreement (MARCA).

V-9




TABLE IV-1

EXISTING UNITS - MINNESOTA POWER & LIGHT COMPANY

Size
Plant Type Location MW Age Fuel Type Fuel Source
Blanchard hydro Mississippi River 12 both units water run of the river
Morrison County 52 years
(1925)
Clay Boswell steam electric Cohasset, Minnesota 490 Unit 1 sub-bituminous Big Sky Mine
Gross 19 years pulverized coal Colstrip, Montana
(1958)
Unit 2
17 years
(1960)
Unit 3
4 years
(1973)
Fond du Lac hydro St. Louis River 12 both units water storage
St. Louis County and 53 years
Carlton County (1924)
M. L. Hibbard steam electric  Duluth, Minnesota 124.5 Unit 1 no.6 oil and Berg 011 Company
Gross 46 years natural gas Gustafson 0il Company
(1931) Murphy 0il Company
Unit 2 City of Duluth (Gas)
34 years
(1943)
Unit 3
28 years
(1949)
Unit 4
26 years
(1951)
Knife Falls hydro St. Louis River 1.9 56 years water -
Carlton County (est, 1921)
Syl Laskin steam electric Colby Lake 116 24 years sub-bituminous Clay Boswell
Aurora, Minnesota Gross (1953) pulverized coal
no. 6 oil
Little Falls hydro Mississippi River 2.4 57 years water run of the river
Morrison County (1920)
Pillager hydro Crow Wing River 1.52 60 years water run of the river
Cass County (1917)
Morrison County
Scanlon hydro St. Louis River 1.6 54 years water run of the river
Carlton County (1923)
Sylvan hydro Crow Wing River 1.8 64 years water run of the river
Cass County (1913)
Morrison County
Thompson hydro St. Louis River 67.53 Unit 1 water storage
Carlton County 70 years
(1907)
Unit 2
28 years
(1949)
Winslow steam electric Superior, Wisconsin 25 Unit 2 no. 6 oil Murphy 01l Company
315 years
(1942)
Unit 3
(25 years)
(1952)
Winton hydro Basswood Lake 4,0 54 years water storage
Lake County (1923)
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The Mid-Continent Area Power Pool (MAPP) is a consortium of 12 investor-
owned utilities, 7 generation cooperatives, 2 public power districts, 11
municipalities, and a Federal hydro-electric system. Benefits of membership in
MAPP include coordinated planning and participation in the development of power
supply resources; availability of power supply services from other members,
including reserve sharing, emergency, and scheduled outage service; surplus
capacity purchases and sales; participation in energy purchases and sales;
peaking energy purchases and sales; and transmission service (4).

MP&L is also a member of the Mid-Continent Area Reliability Coordination
Agreement (MARCA), an organization which provides an overview of the planning
and operating activities of its members with respect to reliability. The MARCA
region is identical to the MAPP service area. It covers all of the states of
Minnesota, Iowa, North Dakota, most of South Dakota and Nebraska, and portions
of Wisconsin, Illinois, Michigan, and Montana. Organized in 1968, MARCA
presently has 22 members including 11 investor-owned utilities, 8 generation and
transmission cooperatives, 2 public power districts, and a Federal agency. The
Manitoba Hydro-Electric Board is an associate member of MARCA. Of the 22 MARCA
utilities, 21 (along with 12 smaller utilities) also are members of MAPP. The
overview of regional planning is provided first by a specific channel reporting
procedure to MARCA by each system on load forecasts, new facilities planned, and
the resultant generating capacity and reserves. Periodic testing of the overall
projected system is performed by computer modeling in accordance with criteria
established for the interruption of load. These criteria contain sets of
contingencies to minimize interruptions in service.

Coordination of MARCA with the Mid-American Interpool Network (MAIN) is
effected through an Inter-Region Reliability Coordination Agreement, which
establishes an Inter-Region Review Committee with responsibilities relating to
bulk power supply planning and operating reliability. Additionally, a statement
concerning inter-regional cooperation with the Southwest Power Pool (SPP) has
been .exchanged and a letter of agreement has been signed with the Western
Systems Coordinating Council (WSCC), which provides for inter~-regional planning
and operating liaison, planning coordination committees as required, and an
understanding that the coordination of operations relating to the East-West ties
will be performed by the East-West Work Group of the WSCC Operations Committee
(5). Figure IV-4 shows the relationship of MP&L to MAPP, MAIN, and MARCA.

In addition to the agreements with Manitoba Hydro-Electric System and MAPP,
MP&L has arranged to purchase the entire 400 MW of electrical power generated at
the Square Butte Plant near Center, North Dakota,, until 1984. At that time,
MP&L will purchase a declining percentage of the plant's capacity, to a minimum
of 49% of Square Butte's production. The power is to be transmitted through a
250 kv direct current line (6).

Projected Electrical Energy Consumption, and Power Demand

Based largely on commitments from the taconite industry, MP&L's electrical
energy sales are projected to increase by more than 79% - from 4.4 billion to
7.8 billion kilowatt-hours (kw hr) - in the period 1975 to 1979. MP&L already
has signed electric service agreements to provide electrical power for U.s.
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Steel's expansion of its Minntac plant near Mountain Iron, to be completed by
1977; Inland Steel's Minorca Plant near Virginia, scheduled to begin operations
in 1977; National Steel's expansion of operations at Keewatin, completed in
early 1977; Hibbing Taconite's operations at Hibbing, scheduled to be fully
operational by 1979; and Eveleth Taconite's expansion at the Fairlane Plant,
which was in full operation by November, 1976.

MP&L's projected annual electrical energy consumption by ultimate
consumers from 1976 through 1991 is presented in Table IV-2. 1In 1976, annual
electrical energy consumption by the industrial and mining sector was 72% of the
electrical energy consumed in MP&L's service area, while farm electrical energy
use was less than 1% of that consumed. While electrical energy usage by farms is
expected to increase by 1 million kw hr or 2.9% between 1976 and 1991,
electrical energy usage by the industrial and mining sectors is expected to
increase by 6,671 million kw hr or 186% between 1976 and 1991. Most of this
increase will be caused by the expansion of the taconite mining industry as well
as the expansion of the paper and pulp industries. These expansions will create
employment which will cause people to move to the area. Increased population
will result in new homes, schools, offices, and commercial areas, which will
cause increased energy demand in the commercial and residential sectors in the
MP&L service area. For instance, consumption of electrical power by the
commercial sector is expected to be twice as great in 1991 as it was in 1976.
Similarly, residential energy demand is expected to be 1.6 times as great in
1991 as it was in 1976.

TABLE IV<2
PROJECTED ANNUAL ELECTRICAL ENERGY CONSUMPTION BY ULTIMATE CONSUMERS -~ MINNESOTA POWER & LIGHT COMPANY (7)

thousand kilowatt hour

Street
and

Non-Farm Highway a
Year Farm Residential Commerical Mining Industrial Lighting Other Total
1976 35,000 621,596 475,937 2,608,100 983,596 19,178 242,018 4,985,425
1977 35,000 641,300 499,600 4,167,000 1,037,650 20,100 243,100 6,643,750 °
1978 35,000 662,200 525,000 4,907,400 1,122,200 20,700 244,100 7,516,600
1979 35,000 684,400 552,300 5,157,800 1,139,750 21,300 245,100 7,835,650
1980 35,000 707,800 581,500 6,140,800 1,170,900 21,900 246,100 8,904,000
1981 36,000 731,100 612,300 7,069,800 1,252,050 22,500 247,100 9,970,850
1982 36,000 754,100 643,100 7,272,800 1,260,300 23,100 248,100 10,237,500
1983 36,000 777,800 675,400 7,371,800 1,570,300 23,700 249,100 10,704,100
1984 36,000 802,200 709,200 7,450,800 1,680,100 24,300 250,100 10,952,700
1985 36,000 827,400 745,300 7,565,800 1,675,600 24,900 251,100 11,126,100
1986 36,000 853,800 782,800 7,735,800 1,797,500 25,500 252,100 11,483,500
1987 36,000 881,000 822,500 7,735,800 1,941,500 26,100 253,100 11,696,000
1988 36,000 909,000 864,200 7,735,800 2,086,200 26,700 254,100 11,912,000
1989 36,000 937,900 908,000 7,735,800 2,232,900 27,300 255,100 12,133,000
1990 36,000 967,700 954,000 7,735,800 2,379,500 27,900 256,100 12,357,000

1991 36,000 998,400 1,002,500 7,735,800 2,526,700 28,500 257,100 12,585,000

The numbers exclude sales for resale.
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Figure.IV-5 presents MP&L's projected maximum demand for electrical power
in its service area from 1975 through 1985, and the system's net generating
capabilities. These projections, which were made in 1975, have been revised by
individually reviewing forecasts for large users, and including more historical
data for the trending analyses. The revised projected maximum demand for
electrical power also is presented in Figure IV-4. '"Committed Generating
Capability'" is MP&L's present production capacity in addition to the capacity
purchased from Square Butte. From 1977 to 1983, capacity is expected to remain
at 1,260 MW. In 1984, this capacity will deline to 1,140 MW due to a reduction
in energy purchased from Square Butte. "Uncommitted Generating Capability" is
that electrical power which would be available by proposed additions to the MP&L
system. "Net Purchase" is that power available because of purchases by MP&L
through agreements with other power systems. "Additional Capacity Requirement'
is the extra capacity necessary to maintain an adequate system reserve to meet
peak demands or to provide uninterrupted service in the event of scheduled and
emergency outages. It is apparent that MP&L anticipates that demand for
electrical power in their service area will increase dramatically, from 762 MW
in 1975 to 1,825 MW by 1985. This is a growth of 140%. Because of the disparity
between the projected growth of demand for electrical power and MP&L's system
generating capacity, MP&L plans to increase generating capacity by adding the
proposed 500 MW Unit 4 at the Clay Boswell Steam Electric Station. Commercial
operation of Unit 4 is scheduled to begin in May, 1980.

Required Certificates from the State of Minnesota

Certificate of Need

MP&L is required by the Minnesota Public Utilities Act (Laws 1974, Chapter
429) to act in the best interests of its customers. Specifically, Section 4

thereof provides in part that "Every public utility shall furnish safe,
adequate, efficient, and reasonable service."

MP&L, therefore, applied for a Certificate of Need for a 500 MW electric
generating facility in accordance with the Minnesota Energy Agency Act (Minn.
Stat., §§ 116H.13 et seq.) and regulations promulgated thereto, on December 12,
1975. Subsequent to 2 days of public hearings held at the St. Louis County
Courthouse in Duluth, Minnesota, on February 13 and 14, 1976, the Director of
the Minnesota Energy Agency (MEA) granted a Certificate of Need on April 6,
1976, for a 500 MW coal-fired steam turbine electric generating facility to be
sited at the Clay Boswell Steam Electric Station, near the community of
Cohasset, Minnesota (8).

Minn. Reg. EA 611(a)(b)(1974) state that an application for a Certificate
of Need shall be granted if:

(a)
it is determined that the probable result of denial of the application

will be an unacceptable level of reliability of electric service to
ultimate consumers in Minnesota or in neighboring states.
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(b)

if a determination is made that the socially beneficial uses of the
output of the proposed facility, including its uses to protect or
enhance environmental quality, are deemed significant enough to
justify the need for the facility.

Some of the reasons presented by MP&L to justify the need for a new

generating facility were (9):

[¢]

Expansion of the taconite mining industry will increase demand for electric
power in MP&L's service area by 1980;

Conversion from gas and oil to electricity because of shortages of these
fuels may increase demand for electric power in the area;

There are no projected Federal or State conservation measures which
significantly will reduce demand for electric power in MP&L's area;

Only short term supplies of energy are available from outside the area; and
An excess of 550 MW of electric power does not exist in the MAPP system.

The Findings of Fact issued by the MEA Director concluded that:

MP&L's projections of electricity consumption have a high degree of
accuracy through 1980 due to the significant mining load component, the
growth of which is verified by existing commitment agreements and electric

service contracts which are binding on the parties;

Conservation is not 1likely to have a greater effect on electricity
requirements than is considered by MP&L in its forecast;

Current facilities and planned facilities not requiring a Certificate of
Need cannot meet the future demand for electricity in MP&L's service area;

There are no reasonable and prudent alternatives to the proposed facility
that would allow MP&L to meet the demand for electricity imposed upon it;

The size, type, and timing of the proposed facility are appropriate;
The system reserve margin maintained by MP&L is appropriate; and

The output of the proposed facility will be a socially beneficial addition
to Minnesota's energy sources.

Certificate of Site Compatibility

Pursuant to the provisions of the Power Plant Siting Act [Minn. Stat.

116C.51 et seq. (1974) ] and the Rules and Regulations promulgated thereunder
[MEQC 71-75 (1976)], MP&L submitted a Site Designation Application (SDA) to the
Minnesota Environmental Quality Council (MEQC), now the Minnesota Environmental
Quality Board (MEQB), for the purpose of securing a Certificate of Site
Compatibility for a generating unit at MP&L's Clay Boswell Station (10).

1v-16




The MEQB on February 10, 1976, in the proceeding identified as Docket No.
MP&L-P-1, issued a Certificate of Site Compatibility to MP&L pursuant to the
provisions of Minnésota Power Plant Siting Act for a Large Electric Power
Generating Plant (LEPGP) and associated facilities. The MEQB and a 21 member
Site Evaluation Committee concluded that the Clay Boswell Station is a suitable
site upon which to locate, construct, and operate an additional 500 MW coal-
fired steam electric power generating unit for the following reasons (11):

o Grand Rapids could provide the service and personnel necessary to support
an increased work force during plant construction;

o) Expansion of the existing Clay Boswell Station would more fully utilize
existing coal-handling facilities;

o Due to the developed nature of the Clay Boswell Station area, the
destruction or major alternation of land forms, vegetative types or
wildlife habitat which are rare, unique, or of unusual importance to the
surrdounding area will not occur;

o} The proposed addition would utilize water from the discharge canal of Units
1, 2, and 3, thereby making increased appropriations of water from the
Mississippi River unnecessary; and

o Selection of the Clay Boswell Station would expedite construction of the
new facility, and avoid increased costs to both company and consumers.

Consequences of Delay

As a result of the public hearing on MP&L's application for a Certificate
of Need, the MEA Director issued Findings of Fact, addressing the consequences
of delaying construction and operation of MP&L's proposed Unit 4 at the Clay
Boswell Station. The Director concluded that delay would have several adverse
consequences, among which are (12):

c MP&L's reserve margin would be eliminated, affecting the reliability and
integrity of the MAPP System;

0 MP&L's existing and planned transmission lines would be required for power
purchases, leaving no reserve transmission capability for contingencies;

) Purchasing power would result in increased use of o0il and natural gas in
the MAPP region, with resultant higher operating costs;

o Construction costs of the proposed facility would increase; and

o Undesirable social and economic impacts to Minnesota and the iron mining
industry could result.

If construction and commercial operation of the proposed Unit 4 at the Clay
Boswell Station is delayed, the reliability of MP&L's system will depend on
MP&L's ability to purchase additional base load electrical energy from other
utilities. The purchase of this energy is contingent on adequate transmission
capacity to carry the purchased energy and availability of sufficient saleable
energy surpluses by other utilities (13).
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Construction of MP&L's proposed Unit 4 has already begun under a limited
work authorization (14), and commercial operation is scheduled to begin in May
1980.

Transmission Facilities

The transmission facilities required to support MP&L's proposed Unit 4 at
the Clay Boswell Station will consist of two 230 kv lines in addition to the
existing 230 kv system. Although MP&L has not applied to MEQB for transmission
line corridors for the Clay Boswell Station, MP&L indicates that it intends to
extend one 230 kv line 40 miles (64 km) northwest to the Shannon substation (15)
and another 230 kv line 25 miles (40 km) east to the Blackberry substation (15)
(16).
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GEOLOGY

Regional
Physiography

The Clay Boswell Steam Electric Station is situated on the Canadian Shield,
in the Chisholm Embarrass area which lies between the Mesabi (Giants) Range and
the eastern arm of glacial Lake Agassiz in northern Minnesota. Figure IV-6
shows the physiographic setting of the Clay Boswell Station. A few miles (km)
southeast of the site, the Mesabi (Giants) Range, a granite highland, rises out
of the plains of the Chisholm-Embarrass area. The Mesabi (Giants) Range marks
the three-way divide among drainage systems to Hudson Bay, the Gulf of Mexico,
and the Great Lakes (17).

The Clay Boswell Station site is situated in an area that reflects a
complex geologic history (18). The bedrock geology in the Clay Boswell Station

area is shown in Figure IV-7. Bedrock consists of a folded and faulted
Precambrian (at least 600 million years old) terrain typical of the Canadian
Shield (19). These sedimentary, meta-volcanic, metamorphic, and intrusive

rocks crop out in northern Minnesota and in Canada. However, local outcrops of
Precambrian rocks are primarily limited to the Mesabi Range because of a
widespread mantle of glacial deposits (19). The Precambrian rocks are overlain
by a mantle of Cretaceons (60 to 130 million years old) rock (18).

The major structural features of the area are bedrock faults (20) shown in
Figure IV-7. Substantial left and right lateral displacements along these
faults have juxtaposed rocks of strikingly different character in certain areas.
The age of almost all of the faults is considered to be Lower Precambrian,
formed during a mountain building and granite forming episode (the Algoman
Orogeny) approximately 2.5 billion years ago. Many of the faults reactivated in
Middle Precambrian (1.6 to 2.4 billion years ago) time. However, since then,
they have been generally inactive (18).

Glacial History

The glacial landscape of the Chisholm Embarrass area is characterized by
morainal, till plain, and glacial lake deposits left during the Quarternary
Period (last million years) (21). Although ice sheets covered the State several
times, landforms and surficial deposits generally reflect only the last
glaciation, that of the Wisconsin Stage which began some 40,000 years ago and
ended some 10,000 years ago (21). Wisconsin Stage drifts (soils) in Minnesota
have a highly varied lithology and complex stratigraphy, which reflect the
configuration of the several lobes that protruded from the ice sheet margin
during various intervals of advance and retreat (21) (22). Four major Wisconsin
age ice lobes - Superior, Rainy, Wadena, and Des Moines - are recognized for the
glaciation of Minnesota (21 (22). Drift from 3 major glacial advances exists in
northeast Minnesota. The earliest ice lobe (perhaps the Wadena lobe) originated
northwest of Minnesota, moved into the Mesabi Iron Range from the southwest,
probably was confined to the area south of the Mesabi (Giants) Range, and
deposited a discontinuous drift termed basal till. The basal till is probably
at least 36,000 years old and of early to mid-Wisconsin age, though it may be,
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pre-Wisconsin in age (23 (24). Basal till thickness is typically 50 to 100 ft
(15.2 to 30.5 m) and in most places it lies directly on bedrock (19). At some
locations, e.g., near Grand Rapids, the basal till is underlain by glaciofluvial
sediments (19). The basal till is generally overlain by substantial thicknesses
of younger drift.

The second major ice advance was the Rainy lobe which moved into the Mesabi
Iron Range from the northeast, and deposited a fairly continuous drift termed
bouldery till (23) (19). The age of the bouldery till is uncertain and may be in
the range of 15,000 to 35,000 years (23). Thickness of bouldery till is
typically less than 50 ft (15.2 m). It is generally both underlain and overlain
by glaciofluvial sediments (19). Glaciofluvial sediments underlying the
bouldery till are typically less than 50 ft (15.2 m) thick; those overlying the
bouldery till are typically more than 50 ft (15.2 m) thick and occasionally more
than 100 ft (30.5 m) thick (19). These latter sediments were probably deposited
some 14,000 to 16,000 years ago during retreat of the Rainy lobe when much of the
present day topography was formed (23 (24).

The third major ice advance occurred about 12,000 years ago and involved
the St. Louis sublobe of the Des Moines lobe (23 (24). This sublobe entered the
area from the west-northwest, then split at the west end of the Mesabi (Giants)
Range, Second order sublobes moved eastward, north, and south of the Mesabi
Range (23). The St. Louis sublobe deposited a fairly thin, but continuous drift
termed surficial till (23) (24) (25). The surficial till is generally less than
25 ft (7.6 m) thick (23) (24) and does not form comspicuous topographic features
except in the morainal complex (including the vicinity of the Clay Boswell
Station) at the western edge of the Mesabi Iron Range (23).

After retreat of the St. Louis sublobe, much of the area south and west of
the Mesabi Iron Range was covered by glacial lakes, as shown in Figure IV-8.
Glacial Lake Aitkin II extended northward along the present Mississippi and
Prairie River valleys and covered most of the area around Clay Boswell Station
(22) (23). Interbedded sands, silts, and clays were deposited in Lake Aitkin II
(22) (24). Lacustrine soil deposits in the Mesabi Iron Range are generally less
than 25 ft (7.6 m) thick. No date is readily available for the draining of Lake
Aitkin II, but it was probably about 11,000 years ago (25).

Mineral Resources

Abundant mineral resources are present in northern Minnesota. The mineral
deposits associated with Precambrian bedrock include iron, dimension stone, and
gold resources. These occur in Precambrian rocks that crop out in the northeast
Itasca County as well as on the Mesabi (Giants) Range. The Mesabi Iron Range has
been the major iron ore source for our nation's steel industry. Since 1890, 3.0
billion long tons (3.1 billion mt) of iron ore and pellets have been shipped
from the Mesabi Range. In the early years of the Mesabi Iron Range, most of the
iron ore was high grade direct shipping ore. However, in recent years, most of
the iron ore mined on the Mesabi Range has been low grade ore, requiring
concentration to extract the iron from the ore. Low grade magnetic taconite ore
is mined and concentrated to produce high grade iron pellets, with the first
commercial taconite pellet shipments beginning in 1956.
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The “iron mines of the Mesabi Iron Range are located mostly northeast of
Grand Rapids. These include numerous active, inactive, and exhausted natural
ore mines and 8 large magnetic taconite mines. In 1976, an estimated 52.5
million long tons (54.3 million mt) of iron ore and pellets were shipped from
the Mesabi Range, including 11.0 million long tons (11.4 million mt) of natural
ore (direct shipping and beneficiated products) and 41.5 million long tons (42.9
million mt) of pellets (25): Present taconite operations have mined about 3% of
the estimated 45 billion long tons (46.5 billion mt) of taconite ore recoverable
by open pit mining methods. Mining the 45 billion long tons (46.5 billion mt) of
taconite ore will result in approximately 30 billion long tons (31.0 billion mt)
of waste (tailings) and 15 billion long tons (15.5 billion mt) of iron pellets.
The Mesabi Iron Range has substantial taconite resources which could be
extracted in the future by underground mining methods. The Mesabi Range also
has non-magnetic taconite resources which presently are not mined and processed
commercially. Thus, taconite is a major iron ore resource for the future. Iron
ore may also exist along major magnetic belts in northern Itasca and Cass
Counties, but, although some prospects are known, proven reserves are too small
to be mined economically.

Butler Taconite, located at Cooley between Calumet and Nashwauk, is the
only magnetic taconite operation in Itasca County. The other magnetic taconite
operations on the Mesabi Range are located further northeast in St. Louis
County. These taconite operations include National Steel Pellet Company, Butler
Taconite, Hibbing Taconite, U.S. Steel's Minntac, Inland Steel's Minorca,
Eveleth Taconite, Erie Mining, and Reserve Mining.

Meta-volcanic rocks (rocks originally wvolcanic but metamorphosed or
changed by heat and pressure over geologic time) are quarried in extreme
northeastern Itasca County and are used for decorative comstruction material or
for road material. Gold, associated with Precambrian rocks, occurs throughout
the area (26). However, no economically recoverable deposits of gold are known,
and this resource has not been included in Figure IV-9.

Marl, sand, and gravel are surficial deposits associated mainly with
glacial activity. All 3 deposits occur in northeastern Minnesota. Marl, a
calcareous clay used primarily in the ceramics industry, was probably deposited
in glacial lakes which remained after the retreat of Quaternary continental
glaciers. Sand and gravel, used mostly in the comnstruction industry, occur in
glacial soil deposits and river flood plains. Peat deposits are not a direct
result of glaciation, but they occur in poorly drained post-glacial depressions
underlain by impervious material, such as clay, where organic matter accumulated
and decayed anaerobically.

Seismology

The Clay Boswell Station is situated on the Canadian Shield (27) in the
northern part of the Central Stable Region of the United States. Figure IV-10
shows that this area is characterized by a low frequency of seismic activity,
and the earthquakes which have occurred in this zone have been of low
intensities. Causes for past shocks in this area are not well understood, but
according to Coffman and von Hake (28), are probably related to crustal rebound
which has continued since continental ice sheets retreated about 10,000 years
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ago. (The weight of thousands of feet of glacial ice is thought to have

depressed the earth's crust and the crust is now believed to be returning to its
original position.)

In addition to earthquakes which occur in the Central Stable Region, the
Clay Boswell Station may be affected by shocks which occur in the St. Lawrence
River region and the upper Mississippi-lower Ohio River valleys region (Figure
IV-10). These zones of major seismic activity have had earthquakes which were
powerful enough to be felt at the Clay Boswell Station (28) (29).

'

Local and Site Specific Geological Description

Physiography

Topographic expression around the Clay Boswell Station is, like the
surficial geology, almost exclusively the result of Wisconsin Stage glaciation.
The area is quite flat at an average elevation of about 1,300 ft (396.2 m) above
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mean sea level (MSL), although elevations in the Mesabi (Giants) Range are about
200 to 400 ft (61.0 to 121.9 m) higher due to the erosion resistant granite which
underlies the Mesabi (Giants) Range. Relief near the Clay Boswell Station is
low (about 200 ft or 61.0 m), and elevations range from 1,275 to 1,450 ft (388.6
to 442.0 m) MSL. After grading, the Station site will be at an elevation of
about 1,293 ft (394.1 m) MSL, 20 ft (6.1 m) above normal pool for Blackwater
Lake. . ;

Mineral Deposits

No economically recoverable mineral deposits are known to exist on the Clay
Boswell Station site with the possible exception of sand and gravel in the
northwest corner. Sand and gravel from this corner of the site will probably be
used in the construction of Unit 4. :

Glacial Landforms

Landforms and soil conditions at the western end of the Mesabi (Giants)
Range in the vicinity of the Clay Boswell Station resulted primarily from the
glacial advances during the Wisconsin stage of the Rainy lobe and St. Louis
sublobe of the Des Moines lobe (21)(23). In the vicinity of the Clay Boswell
Station, bedrock composed of granite associated with the Mesabi (Giants) Range
batholith is covered, as shown in Figure IV-11l, by more than 200 ft (61.0 m) of
glacial drift (soils).

The Clay Boswell Station is located in a former arm of Lake Aitkin II,
bounded by several end moraines (Figure IV-12) or brown silty till which
extended above the inferred maximum lake water level of approximately 1,320 ft
(402.3 m) MSL. The nearest portions of former lake shorelines are about 2 miles
(3.2 km) northeast and southeast of the existing electric generating facility
(Figure IV-12). Four "islands', apparently of brown silty till or similar
morainal material also extended above the level of former Lake Aitkin II. The
largest and southernmost of these "islands" is the hill located about 2 miles
(3.2 km) northwest of the existing Clay Boswell Station and about 3,000 ft
(914.4 m) west of the proposed Unit 4 ash pond. This hill has been proposed as a
source of borrow material for construction of fills and ash pond dikes for
MP&L's proposed Unit 4.

Ice contact and outwash deposits of various origins may exist around the
edges of this hill and at other near-surface locations in the area. According
to Figure IV-12, the shoreline of glacial Lake Aitkin II is located about 5
miles (8.0 km) north of the existing Clay Boswell Station and the area north of
this shoreline is a complex of moraine, outwash, and ice contact deposits
including eskers. Given the proximity of moraine, outwash, and ice contact
deposits to the proposed Unit 4 ash and S0, sludge pond, the p0351b111ty of such
deposits at or near the ground surface in the ash pond area should certainly not
be dismissed. Ice contact and outwash deposits are frequently rather pervious,
which may allow seepage from the ash pond.

The Clay Boswell Station and existing ash disposal areas are located in the
bed of former glacial Lake Aitkin II (Figure IV-12). Surficial soils on this
lake plain are predominantly sand, though there are extensive peat deposits in
low, poorly drained areas as well as brown silty till on high areas within a few
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miles (km) of the Clay Boswell Station (Figure IV-13). It is important to
recognize, however, that soil characterizations of the types shown in Figure IV-
13 are highly generalized.

Surficial Soils

Description of surficial soils at the Clay Boswell Station is confined
specifically to that area on the east side of Blackwater Lake and south of
Minnesota Route 6 where the existing Units 1, 2, and 3, coal handling facilities
and fly ash reclamation area are situated. Existing ash ponds for Units 1, 2,
and 3 located south of Route 6 on the west side of Blackwater Lake have not been
examined, as there are no plans for wastes from Unit 4 to be placed in these
ponds. The glacial geology and soil conditions at the proposed Unit 4 ash and
S0, sludge pond north of Route 6 are discussed separately.

At the Clay Boswell Station, borings and water wells extended to maximum
depths of about 250 ft (76.2 m) below the average ground elevation of
approximately 1,300 ft (396.2 m) MSL. None of these borings or wells reached
bedrock (30) (31) (32). Thus, it appears that soil deposits at the site have a
minimum thickness of 250 ft (76.2 m) and extend down to at least an elevation of
1,050 ft (320.0 m) MSL. :

. Except for localized, relatively thin, surficial zones of topsoil, man-
made fill, stockpiled coal, and old fly ash (in fly ash reclamation area), all
soils at the Clay Boswell Station are of glacial origin. The glacial soils can
be divided into 2 main categories:

1. Lacustrine deposits
2. Outwash deposits

The lacustrine deposits overlie the outwash deposits and extend up to the ground
surface except in those areas covered by topsoil, fill, coal, or fly ash.

The lacustrine soils, which range in thickness from about 40 to 90 ft (12.2
to 27.4 m), were deposited in former glacial Lake Aitkin II. These soils are
interbedded clays, silts, and sands typical of lake bed and lake beach deposits.
Patterns of stratification are quite erratic, indicating variable water depth,
current, and sediment source conditions during deposition. Similarly,
consistency of the finer grained (clay and silt) lacustrine soils and relative
density of the coarser grained (sand) lacustrine soils are variable both
horizontally and vertically at the Clay Boswell Station. The lacustrine clays
are generally of medium stiff to stiff consistency and, based on laboratory test
data (30) (31), are probably slightly to moderately overconsolidated due to
desiccation. The lacustrine silts and clayey silts range from soft to stiff in
consistency and are typically soft to medium stiff. The lacustrine sands, silty
sands, and sandy silts are generally loose to medium dense. It is probable that
some of the lacustrine sands are beach deposits corresponding to water level
fluctuations in former Lake Aitkin II. The finer grained lacustrine soils are
reported to contain lenses and seams of sand (30) (31). It is not clear from the
available information whether the lacustrine clays and silts are truly varved,
though this is a strong possibility, at least in certain locations.
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Outwash soils underlie the lacustrine soils and extend to the maximum
depths penetrated by borings and wells at the Clay Boswell Station. The outwash
soils appear to be at least 100 ft (30.5 m) thick (31). They typically consist
of medium dense to very dense, fine to medium grained sands becoming
progressively denser with depth. These sands or outwash soils probably
originated from deposition in an outwash plain by streams flowing from a melting
glacier. It is recognized that the sands may have a non- glac1a1 alluvial origin
(30), but this possibility is considered remote.

The outwash sands at the Clay Boswell Station probably correspond to
glaciofluvial sediments overlying the bouldery till. These glaciofluvial
sediments were probably deposited some 14,000 to 16,000 years ago, during
retreat of the Rainy lobe. No information is presently available regarding the
existence of bouldery till or other underlying glacial soils at the site.

Unit 4 Ash and S0, Scrubber Sludge Pond Site

The Unit 4 ash and S0, scrubber sludge pond site is located west of
Blackwater Creek and Blackwater Lake and north of Minnesota Route 6 in Sections
4, 5, and 6 of T55N, R26W, (Figure IV-3).

Information on the glacial geology of the site has been compiled from study
of aerial photographs, and topographic maps, limited field reconnaissance work,
and preparation of maps and cross sections from boring logs compiled by Ebasco
Services Inc. in their report on the Unit 4 ash disposal pond (33).

Glacial Landforms. Figure IV-14, the top of till structure contour map,
shows that the hill on the west side of the ash pond site is composed mainly of
till, the surface of which slopes south and east from the hill in a plateau (or
till plain) covered with other soils. Figure IV-14 also shows that the till
beneath the west side of the proposed pond is rather shallow with an irregular
surface containing several noses and valleys. The till is believed to be much
deeper beneath the central and eastern portions of the pond (where it was not
encountered in any of the borings). This latter area apparently corresponds to
a deep arm of former glacial Lake Aitkin II.

Figure IV-15 is a plan showing 6 approximate zones of inferred glacial
landforms and soil deposits. Zone 1, the hill top above approximately elevation
1,350 ft (411 m) MSL, consists of till with a few small local patches of ice
contact and outwash soils. Zone 2, the sides of the hill from approximately
elevation 1,350 to 1,310 ft (411 to 399 m) MSL, consists mainly of kame and
kettle-type ice contact deposits underlain by till. Zone 2 contains numerous
patches of outwash soils, especially on the east and west sides of the hill
below approximately elevation 1,320 ft (402 m) MSL. Some of the sandy soils in
this lower portion of Zone 2 may be beach deposits from former glacial Lake
Aitkin II which had a maximum water level of about elevation 1,320 ft (402 m)
MSL. The large kettle lake on the south end of the hill is included in Zone 2
even though its present water level is at elevation 1,200 ft (396 m) MSL. This
kettle lake was probably occupied by a block of stagnant ice when glacial Lake
Aitkin IT had its maximum water level.

Zone 3 extends around the west, south, and east sides of the hill. This
zone is fairly level with ground surface elevations on the order of 1,300 to
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1,310 ft (396 to 399 m) MSL. Zone 3, an area of very complex soil conditions,
appears to be a till plain covered with a veneer of outwash (presumably derived
from the hill). This till plain contains a number of moraine and kame features
including a probably archipelago of end moraine and/or kame deposits extending

southeasterly from the south end of the hill (Figure IV-15). Soil conditions
are further complicated by lacustrine deposits from former glacial Lake Aitkin

IT along the east edge of Zone 3 (and perhaps elsewhere in the zone).
Lacustrine deposits along the east edge of Zone 3 are quite erratic; this
reflects irregular lake bed and lake shore topography (Figure IV-14) as well as
variable sediment inflow from the hill to the west (Figures IV-14 and IV-15),
and fluctuations in lake water level.

Zone 4, the former lake bed area with surface elevations on the order of
1,280 to 1,300 ft (390 to 396 m) MSL, contains thick deposits of lacustrine
silts and clays beneath a surficial stratum of silty fine sand which is probably
also of lacustrine origin. Zone 4 includes most of the Unit 4 ash SO, scrubber
sludge pond and extends east of the pond where it covers portions of Zones 5 and
6. The east-central portion of Zone 4 which has the lowest present ground
surface elevations and the thickest, softest clay deposits, probably
corresponds to a deep embayment in this arm of former glacial Lake Aitkin II.

Zone 5 has surface elevations of about 1,290 to 1,300 ft (393 to 396 m) MSL
and apparently consists of one or more buried outwash channels, eskers, and/or
kame terraces. Zone 5 is composed of fairly loose granular material and appears
to be an aquifer. It is probable that the outwash and/or ice contact deposits in
Zone 3 formed during wasting of an ice front north or northeast of the pond site
prior to the development of Lake Aitkin II. The portion of Zone 5 at the north
end of the Unit 4 pond is overlain by lacustrine deposits. No borings were made
in the portion of Zone 5 east of the Unit 4 pond but this portion of Zone 5 is
probably also overlain, at least locally, by lacustrine deposits.

The center of the east side of Zone 5 is cut by the channel of the small un-
named stream that drains most of Zone 4. The stream channel may correspond to
an outlet of former.glacial Lake Aitkin II. It is possible that water impounded
in Lake Aitkin II overtopped and breached the ridge of Zone 5 to make this
outlet to the east, perhaps after melting of a stagnant ice block in what is now
the swampy area north of Blackwater Lake, between Zone 53 and Blackwater Creek.
An alternate and more probable explanation is that the stream channel across
Zone 5 was eroded by melt water flowing westerly from stagnant glacial ice in
what is now the swampy area along Blackwater Creek. If this latter explanation
is correct, the present easterly flow of the stream reflects a subsequent
reversal of drainage as the Zone 4 area of Lake Aitkin II filled with sediments.
A more definitive explanation of the origin of this stream channel would require
much more detailed study of the glacial history of adjacent areas to the north
and east and is beyond the scope of this report.

Zone 6, with ground surface elevations similar to those of Zones 4 and 5,
appears to consist of 2 separate deltas or delta complexes (perhaps including
kame deltas) which extend from the west side of Zone 5 into the arm of former
glacial Lake Aitkin II (Zonme 4). It might be appropriate to consider these
delta features as parts of Zone 5 because of the intimate generic relationship
of the former to the latter. However, the delta features are considered here as
a separate zone because of their conspicuous shapes and their somewhat different
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origins relative to the soil deposits of Zone 5. The Zone 6 delta at the
northeast corner of the Unit 4 pond is overlain by lacustrine silt and clay
deposits of considerable thickness. Only one boring (A-78) was made in the
delta complex east of the southeast corner of the Unit 4 pond. The log of this

single boring indicates that the south end of the southiern part of Zone 6 is
covered with thick lacustrine clay deposits. It is probable that the remainder

of the southern part of Zone 6 is also covered with lacustrine silts and clays.

It is apparent that the glacial history and resultant soil conditions at
the Unit 4 pond site are complex. Glacial soil deposits include lodgement and
ablation tills, several types of ice contact deposits (moraines, kames, and
related kame features, possible eskers), glacio-fluvial deposits (outwash), and
glacio-lacustrine deposits (lake bed sediments, beaches, and deltas). Each of
these types of soil deposits in itself 'is quite heterogeneous and erratic in
composition and physical properties. Intermingling of these soils in a
depositional environment like that of the Unit 4 pond site further complicates
an evaluation of their engineering and environmental behavior,

Soils. Several north-south and east-west subsurface cross-sections
through the Unit 4 ash and SO, scrubber sludge pond are provided in Figures IV-
16 and IV-17. These cross-sections, give a general idea of the thickness and
continuity of soils in the basin of former glacial Lake Aitkin II. Also, 2
illustrative (though not necessarily typical) subsurface cross-sections in
northwest-southeast and northeast-southwest directions across the southern part
of the Unit 4 pond site are included in Figures IV-18 and IV19. The location of
these cross-sections are shown in Figure IV-15. Section K in Figure IV-18
illustrates the inferred transition of materials in Zones 2, 3, and 4 of Figure
IV-15. Section N in Figure IV-19 illustrates inferred soil conditions in the
southwest corner of the Unit 4 ash pond (Zones 3 and 4 of Figure IV-15).

Seismology

Earthquake information for the north-central area of Minnesota has been
recorded only since about 1850 (34). There are very few direct reports of
earthquakes felt in the vicinity of the Clay Boswell Station. If a general area
(such as "eastern Minnesota") was reported as the "felt area", it is assumed
that the Clay Boswell Station also experienced the disturbance. Table IV-3
shows recorded earthquakes at the Clay Boswell Station site.

The Modified Mercalli Scale given in Table IV-4 is used to estimate the
effects of earthquakes on people and structures. Earthquake "intensity" is
subjectively rated on a non-linear scale from I to XII depending upon the
severity of damage caused by the shock.

Only 7 earthquakes have probably been felt at the Clay Boswell Station site
zonce 1850 (Table IV-3), and none of these has been felt with an intensity
greater than VI (the intensity at which damage begins to be sustained) on the
Modified Mercalli Scale. A minor earthquake with an intensity of III to IV on
the Modified Mercalli Scale did occur on December 23, 1928, and was apparently
associated with the Bowstring Lake Fault which is located 3 to 5 miles (4.8 to
8.0 km) northwest of the Clay Boswell Station (37). Some shocks, such as those
in the St. Lawrence River region (February 28, 1925) and in Illinois (June 26,
1909 and November 9, 1968), were powerful enough to cause damage near their
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TABLE IV- 3

EARTHQUAKE HISTORY - CLAY BOSWELL STEAM ELECTRIC STATTON®

(35)

Location of Epicenterb

Distance from

Latitude Longitude Clay Boswell® Intensityd Magnitudee Affected Areaf
Date area °N W mile km MM R sq mile sq km Remarks
1860 central Minnesota - - - - - - - - Fairly strong, but little
is known about this
earthquake
1900
6/29/09 Illinois 42.5 89.0 450 724 VII 500,000 1,294,994
9/03/17 Staples, Minnesota 46.3 94.5 110 177 VI 10,000 25,900
2/28/25 St. Lawrence River Region%* 47.7 70.5 1,280 2,060 VIII 7.0 2,000,000 5,179,976 Intensity not greater
than VI in U.S.
11/01/35 Temiskaming, Canada%* 46,8 79.1 780 1,255 VI 6.25 1,000,000 2,589,988 Intensity less than V
at plant
11/09/68 South central Illinois* 38.0 88.5 740 1,191 VII 5.3 580,000 1,502,193
7/09/758 Morris, Minnesota® 45,6 96.1 200 322 Unknown as yet 4.8 60,000 155,399
a Earthquakes of intensity V (Modified Mercalli Scale) or greater (except for the Morris, Minnesota earthquake),
b In some cases the epicentral locations are approximate and are where the earthquake was felt with gfeatest intensity. Starred (%) locations were
determined by instrumental methods and are more accurate.
¢ Distances are approximate.
d Modified Mercalli (MM) Scale intensity at epicenter.
e Richter (R) Scale magnitude at epicenter.
£ In most cases these areas are only approximate and include areas within isoseismal TII.
g

Information received from the U.S. Earthquake Information Center, Golden, Colorado.
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TABLE IV- 4
MODIFIED MERCALLI INTENSITY SCALE OF 1931 - ABRIDGED (36)-

Scale

Intensity

1

III

v

Vil

VIII

p.¢4

XII

Not felt except by a very few under especially favorable circumstances.

Felt only by a few persons at rest, especially om upper floors of buildings.
Delicately suspended objects may swing.

Felt quite noticeably indoors especially on upper floors of buildings, but
many people do not recognize it as an earthquake. Standing motorcars may
rock slightly. Vibrations like passing truck. Duration estimated.

During the day felt indoors by many, outdoors by few. At night some
awakened. Dishes, windows, and doors disturbed; walls make creaking sound.
Sensation like heavy truck striking building. Standing motorcars rocked
noticeably.

Felt by nearly everyone; many awakened, Some dishes, windows, etc., brokenj;
a few instances of cracked plaster; unstable objects overturned. Disturbance
of trees, poles, and other tall objects sometimes noticed. Pendulum clocks
may stop.

Felt by all; many frightened and run outdoors. Some heavy furniture moved;
a few instances of falling plaster or damaged chimneys. Damage slight.

Everybody runs outdoors. Damage negligible in buildings of good design and
construction; slight to moderate in well built ordinary structures; consider-
able in poorly built or badly designed structures. Some chimneys broken.
Noticed by persons driving motorcars.

Damage slight in specially designed structures; considerable in ordinary
substantial buildings, with partial collapse; great in poorly built structures.
Panel walls thrown out of frame structures. Fall of chimneys, factory stacks,
columns, monuments, walls., Heavy furniture overturned. Sand and mud ejected
in small ampunts. Changes in well water. Persons driving motorcars disturbed.

Damage considerable in specially designed structures; well-designed frame
structures thrown out of plumb; great in substantial building with partial
collapse. Buildings shifted off foundations. Ground cracked comspicuously.
Underground pipes broken.

Some well-built wooden structures destroyed; most masonry and frame structures
destroyed with foundations; ground badly cracked. Rails bent. Landslides con-
siderable from river banks and steep slopes. Shifted sand and mud. Water
spashed (slopped) over banks.

Few, if any, (masonry) structures remain standing. Bridges destroyed. Broad
fissures in ground. Underground pipelines completely out of service. Earth
slumps and land slips in soft ground. Rails bent greatly.

Damage total. Waves seen on ground surface, lines of sight and level dis-
torted. Objects thrown upward into the air.
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epicenters as indicated in Table IV-3. Distances from these epicenters to the
Clay Boswell Station are great enough so that energy from the earthquake waves
attenuated sufficiently to preclude damage at the Clay Boswell Station.

Figure IV-20 shows areas in the coterminous United States in which major,
moderate, minor, or no damage is expected during an earthquake. The Clay
Boswell Station is located in Zone 1, the region in which minor damage is
expected during an earthquake. However, the risk of seismic activity at the
Clay Boswell Station is considered to be very low.
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LAKES OVER 500 ACRES (202 HECTARES) WITHIN 15 MILES (24 KM) RADIUS OF

TABLE IV-5

CLAY BOSWELL STEAM ELECTRIC STATION (41)

Area Shoreline Depth Management Percenta
Lake acre hectare mile km Inlets Outlets ft m Ecology Class Class Littoral
Bass 2,844 1,151 14.5 23.3 2 1 76 maximum 23,2 hardwater walleye walleye
Cowhorn 576 233 6.3 10.1 1 1 median 0.3 game game
waterfowl 100
Deer 3,926 1,589 1 121 maximum 36.9 fish walleye
Goose 844 347 41.0 66.0 1 5 maximum 1.5 game waterfowl 100
and/or
furbearers
Moose 1,140 461 1 30 average 4.1 centrarchid walleye 30
(walleye)
Mud 1,440 583 8.0 12.9 1 3.5 maximum 1.1 game waterfowl
and/or
furbearers
Pokegamab 15,600 6,313 1 112 maximum 34.1 fish walleye 31
Prairie 1,279 518 16.6 26.7 1 12 median 3.7 fish centrarchid
(walleye)
Rice 959 388 2.9 .7 1 21  median 6.4 fish centrarchid 28
(bass—-panfish)
Shoal 661 267 1 9 maximum 2.7 marginal 100
fish-game
Siseebakwet 1,350 546 7.8 12.5 1 105 maximum 32.0 fish walleye
Spider 1,266 512 12 average 3.7 fish 58
Sugar 711 288 5.8 9.3 1 17 median 5.2 centrarchid
{walleye)
Trout
(Coleraine) 1,953 790 1 115 35.1 fish
Trout 1,792 725 13.1 21.1 1 48 median 14.6 fish centrarchid 17
(walleye)
Wabana 2,146 868 1 115 maximum 35.1 fish centrarchid
(bass—panfish)
White Oak 905 366 10.2 16.4 4 2.9 median 0.9 marginal
fish-game

Refers to percent of lake which is less than 12 ft

Pokegama Lake is a Federal Reservoir.

Also includes Blackwater, Jay Gould, Cutoff, and Little Jay Gould Lakes.

(3.6 m) in depth.
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Lakes

It is estimated that there are nearly 1,000 lakes within the 7,068 square
miles (18,306 sq km) of the Mississippi Headwaters Watershed. Lakes within a 15
mile (24 km) radius of the Clay Boswell Station and over 500 acres (202
hectares) in area are listed in Table IV-5.

Regional Ground Water Hydrology

In addition to the surface waters of the region, ground water provides a
complementary water source. In the western portion of the Mesabi Iron Range,
which includes the vicinity of the Clay Boswell Steam Electric Station, ground
water is obtained from both bedrock and glacial drift aquifers (water bearing
formations) (42) (43) (44).

The principal bedrock aquifer is the Precambrian age Biwabik Iron-
Formation which flanks the south side of the Mesabi (Giants) Range and dips in a
southeasterly direction. Fractured, oxidized, and leached portions of the
Biwabik Iron-Formation yield as much as 1,000 gallons per minute (gpm) (3,785
i1pm) to wells (42). Other bedrock formations in the area yield very little
water (42). Most wells in the Biwabik Iron-Formation are artesian. This
results from the southeasterly dip of the formation and the fact that it is
overlain by relatively impervious Virginia Argillite (42). Recharge to the
Biwabik Iron-Formation is from open pit mines, many of which are filled with
water (44), and from infiltration of precipitation through glacial drift
overlying the formation where it laps against the south flank of the Mesabi
(Giants) Range (42) (43). The direction of ground water movement in the bedrock
is largely unknown (44).

Glacial deposits in the area are complex with variable thicknesses, lateral
extents, and permeabilities. Pervious stratified glaciofluvial sediments occur
extensively between the 3 major till units of the area (44). In addition,
relatively pervious, glaciofluvial, glaciolacustrine, and ice contact deposits
occur at or near the ground surface at many locations in the area (42) (44). The
best glacial drift aquifers are relatively coarse grained stratified sand and
gravel deposits, though significant ground water yields can be obtained from
some of the finer grained stratified sand deposits (42) (43) (44). Pumping
rates of a few hundred gallons per minute to more than 1,000 gpm (3,785 lpm) have
been reported for wells in stratified glacial drift (42) (43). Smaller yields
sufficient for household use have been obtained from sandy till. Glacial drift
wells may be either artesian or water table (42). Precipitation and surface
water bodies recharge glacial drift aquifers; glacial drift aquifers discharge
water to lowlands and low lying surface water bodies (42) (43) (44).

Ground Water Quality

The quality of ground water from the Biwabik Iron-Formation and from
glacial drift is similar. Chemical data obtained in a 1960 survey of untreated
water from wells in the Biwabik Iron-Formation and blacial drift are presented
in Table IV-6 (42). Principal constituents of the well waters were calcium,
magnesium, bicarbonate, and sulfate. The water generally contained a
substantial amount of silica, hardness, iron, and manganese, a condition
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TABLE IV--6
CHEMICAL COMPOSITION - UNTREATED GROUND WATER USED FOR MUNICIPAL SUPPLY
MESABLI IRON RANGE AREA

1960
Glacial Drift Biwabik Iron Formation
(24 wells) (15 wells)

Constituent maximum minimum average ‘maximum minimum  average
Silica (S10,), ppm® 33 13 21 26 4.1 14
Iron (Fe), ppm 10 .04 1.9 4.9 .05 .82
Manganese (Mn), ppm 5.5 .00 .83 1.8 .00 .35
Calcium (Ca), ppm 90 20 52 76 18 45
Magnesium (Mg), ppm 48 8.9 19 36 6.6 18
Sodium (Na), ppm 9.1 2.5 5.8 12 4.1 7.1
Potassium (X), ppm 3.3 .6 1.8 .5.8 .9 2.1
Bicarbonate (HCO3), ppm 413 102 220 333 94 219
Sulfate (S0,), ppm 88 3.8 34 88 2.0 23
Chloride (Cl1), ppm 12 .0 3.5 12 .0 3.0
Fluoride (F), ppm .3 .0 .2 .2 .0 .1
Nitrate (NO3), ppm 1.6 .0 .5 7.1 .0 .9
Boron (B), ppm 11 .00 .04 .09 .01 .06
Dissolved solids, ppm 477 127 253 396 104 213
Hardness (as CaCO3), ppm 420 87 212 339 72 191
Noncarbonate hardness :

(as CaC03), ppm - - 32 - - 11
Alkalinity (as CaCO;), ppm 339 84 180 273 77 180
Sodium, % ' - - 6 - - 8
Specific conductance,

umhos at 25° C 758 178 408 648 162 372
pH 7.8 6.5 7.4 7.8 6.8 7.4’
Color 130 0 10 5 0 2
Temperature CF 49 42 45 50 43 45
Temperature °c 9.44 5.56 7.22 10.00 6.11  7.22

Parts per million,

IV-62




commonly found with ground waters. The color in most of the wells was 5 units or
less. The average of 10 units of color for waters originating in the drift was
biased because one result of 130 units significantly affected the average which
otherwise would have been only 4 units (42).

The similarity in water quality from the 2 aquifers is partly attributed to
the fact that much of the water in the Biwabik Iron-Formation probably was
percolated through the overlying drift (42). In some parts of the Biwabik Iron-
Formation, most of the soluble mineral matter was leached during formation of
the ore bodies. This leaching generally is agreed to have been accomplished by
ground water circulation. Consequently, little chemical alteration of ground
water now occurs upon contact with the Biwabik Iron-Formation after percolation
through the drift (42).

Ground Water Flow

Little is known regarding the direction of ground water movement in the
bedrock (44). Ground water movement in glacial drift is largely toward lowland
areas. On a more local scale, the direction of movement can be assumed to
conform generally with the surface drainage characteristics of the area. The
water table throughout the area is probably not more than 25 ft (7.6 m) below
land surface and in most instances is within 10 ft (3.0 m) of the surface (44).
Exceptions would of course be found in the vicinity of dewatered mine pits.

Most percolating waters do not infiltrate deeply into glacial drift but
discharge from topographically high areas to adjacent streams, lakes, and
swamps. Glacial drift ground water flow that does not discharge to local
lowlands also is directed according to the topographic expressions of the area,
but ultimately moves toward major streams (44). A relatively minor amount of
water that percolates into the glacial deposits of the area infiltrates the
underlying bedrock (42).

Local Surface Water Hydrology

Mississippi River Basin

The Clay Boswell Steam Electric Station is situated on the northern shore
of the Blackwater Lake, a part of the Mississippi River-Pokegama Reservoir
system. The site is about 5.5 miles (8.9 km) upstream from the Mississippi
River Pokegama Dam. About 3,265 square miles (8.456 sq km) of surface area
drain to the dam (45).

The water level in Blackwater Lake is controlled by the Pokegama Dam and
upstream reservoirs in accordance with the reservoir operation manual (39) (40).

The spillway elevation is 1,273 ft (388.0 m) above Mean Sea Level Datum of 1929
MSL-1929), and is also the normal pool elevation. The U.S. Geological Survey
(USGS) and U.S. Army Corps of Engineers (COE) have maintained river flow gaging
stations since 1883 at either Pokegama Dam or Paper Mill Dam, the latter being
located in Grand Rapids, downstream from the Pokegama Dam.

Average Flow Conditions. The Mississippi River flow data accumulated by
the USGS and the COE are given in Table IV-7. The average Mississippi River
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TABLE IV~7
MISSISSIPPI RIVER FLOW - GRAND RAPIDS, MINNESOTA a
United States Geological Survey (46)

Monthly
Water Minimum Daily Momentary Maximum Minimum Maximum Yearly Mean
Year cfs cu m per sec cfs cu m per sec efs cu m per sec cfs cu m per sec efs cu m per sec
1883
84 328 9.29 - - 462 13.08 1,517 42,96 821 23.25
85 0 0 - - 257 7.28 3,052 86.43 993 28.12
86 332 9.40 - - 387 10.96 2,684 76.01 1,313 37.18
87 178 5.04 - - 269 7.62 1,881 53.27 931 26.37
88 225 6.37 - - 338 9.57 2,688 76.12 1,212 34.32
89 269 7.62 - - 292 8.27 2,966 84.00 1,281 36.28
1890 94 2.66 - - 162 4,59 1,639 46,42 820 23.22
91 67 1.90 - - 136 3.85 1,578 44,69 690 19.54
92 0 0 - - 297 8.41 1,682 47.63 739 20,93
93 0 0 - - 151 4.28 2,742 77.65 831 23.53
94 64 1.81 - - 107 3.03 2,805 79.44 979 27.73
95 121 3.43 - - 132 3.74 2,073 58.71 895 25.35
96 90 2.55 - - 173 4.90 1,997 56.56 1,007 28.52
97 90 2.55 - - 137 3.88 2,512 71.14 1,261 35.15
98 519 14.70 - - 1,512 42.82 3,051 86.40 2,107 59.67
99 1,030 29.17 - - 1,085 30,73 3,349 " 94,84 2,303 65,22
1900 424 12,01 - - 900 25.49 3,585 101.53 1,912 54.15
o1 376 10. 65 - - 420 11.89 3,674 104.05 2,122 60,10
02 938 26.56 - - 1,176 33.30 3,547 100,45 1,931 54.69
03 457 12.94 - - 863 24,44 3,260 92,32 1,639 46,42
04 0 0 - - 454 12.86 1,705 48,29 978 27.70
05 250 7.08 - - 396 11.21 4,538 128.52 1,454 41.18
06 764 21.64 - - 1,522 43.10 3,309 93,71 2,427 68.73
07 675 19.12 - - 858 24.30 2,838 80.37 1,676 47.46
08 520 14,73 - - 606 17.16 2,127 60.24 1,253 35.48
09 406 11.50 - - 445 12,60 2,077 58.82 1,036 29.34
1910 541 15.32 - - 593 16.79 2,538 71.88 1,526 43,22
11 0 0 - - 384 10.87 2,159 61.14 1,019 28.86
12 375 10.62 - - 398 11.27 2,238 63.38 854 24,19
13 n 10.68 - - 403 11.41 1,791 50.72 905 25.63
14 s 9.01 - - 438 12.40 2,152 60.94 1,016 28.77
15 460 13.03 - - 499 14,13 2,832 80.20 1,256 35,57
16 394 11.16 - - 677 19.17 2,422 68.59 1,539 43,58
17 995 28.18 - - 1,000 28.32 3,502 99.19 1,995 56.50
18 343 9.71 - - 464 13.14 3,028 85.75 1,488 42,14
19 308 8.72 - - 3713 10.56 1,487 42,11 652 18.46
1920 507 14,36 - - 565 16.00 1,626 46.05 1,097 31.07
21 200 5.66 - - 396 11.21 2,080 58,91 881 24.95
22 308 8.72 - - 386 10.93 1,530 43.33 891 25.23
23 343 9.71 - - 385 10.90 1,494 42,31 784 22.20
24 322 9.12 - - 393 11,13 1,491 42,23 527 14,92
25 309 8.75 - - 384 10.87 1,540 43,61 577 16.34
26 100 2.83 - - 393 11.13 639 18.10 420 11.89
27 339 9.60 - - 380 10.76 1,980 96.07 725 20.53
28 300 8.50 - - 1,389 39,34 1,700 48,14 920 26,05
29 0 0 - - 407 11.53 2,145 60.75 963 27.27
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TABLE IV-7 (continued)
MISSISSIPPI RIVER FLOW ~ GRAND RAPIDS, MINK‘!ESO’I‘Aa
United States Geological Survey (46)

Monthly .
Water Mimimum Daily Momentary Maximum Minimum Maximum Yearly Mean
Year cfs cu m per sec cfs cu m per sec cfs cu m per sec cfs cu m per sec cfs  cu m per sec
1930 368 10.42 - - 396 11.21 2,149 60.86 873 26,72
31 143 .10.05 - = 184 5.21 1,525 43.19 487 13.79
32 83 2.35 - - 132 3.74 388 10.99 264 7.48
33 62 1.76 - - 126 3.57 392 11.10 280 7,93
34 42 1.19 - - 88.2 2.50 385 10.90 192 5.44
35 78 2.21 - - 111 3.14 367 10.39 228 6.46
36 93 2.63 - - 141 3.99° 511 14,47 224 6.34
37 67 1.90 - - 104 2.95 447 12.66 215 6.09
38 197 5.58 - - 250 7.08 683 19.34 511 14.47
39 365 10.34 - - 389 11.02 1,460 41.35 788 22.32
1940 174 4.93 - - 194 5.49 1,025 29.03 414 11.72
41 289 8.18 - - 390 11.04 1,595 45,17 698 19.77
42 235 6.66 - - 404 11,44 1,603 45.40 951 26.93
43 282 7.99 - - 766 21.69 1,759 49,81 1,325 37.52
44 271 7.67 - - 393 11.13 1,616 45.77 1,207 34.18
45 750 21.24 4,070 115.26 1,520 43.05 3,442 97.48 2,166 61.34
46 448 12.69 2,260 64,00 941 26,65 1,977 55.99 1,316 37.27
47 3s8 10.14 2,220 62.87 1,043 29.54 1,652 46.78 1,411 39.96
48 22 .62 12,500 - 354,00 356 10.08 2,173 61.54 1,204 34.10
49 0 ] 2,190 62.02 32.5 .92 1,769 50.10 1,002 28.38
1950 15 2.12 4,320 122,34 1,430 40.50 3,542 100.3i 2,265 64,14
51 304 8.61 3,870 109.60 1,436 40.67 2,580 73.07 1,978 56.02
52 20 .57 3,320 94,02 1,268 35.91 2,503 70.88 1,859 52,65
53 160 4.53 3,390 96.00 682 19.31 2,527 71.56 1,612 45.65
54 251 7.11 3,170 89.77 1,098 31.10 2,496 70.69 1,923 54.46
55 2.68 7.59 2,280 64.57 698 19.77 1,450 41.06 1,113 31.52
56 160 4.53 1,840 52.11 505 14.30 1,094 30.98 664 18.80
57 360 10,20 3,250 92.04 565 16.00 2,552 72,27 1,262 35.17
58 58 1.64 2,490 70.52 182 5.15 2,051 58.08 1,067 30.22
59 144 4.08 1,840 52.11 247 7.00 1,174 33.25 439 12,43
1960 216 6,12 1,860 52.68 442 12,52 1,220 34.55 883 25.01
61 83 2.35 1,340 37.95 98.3 2.78 766 21.69 501 14.19
62 177 5.01 3,620 102.52 193 5.47 3,363 95.24 1,560 44,18
63 386 10.93 2,290 64.85 510 14,44 2,09 59.30 1,241 35.15
64 436 12,35 3,120 88.36 462 13.08 1,640 46.44 929 26.31
65 530 15.01 2,710 76.75 1,199 33.96 1,820 51.54 1,428 40.44
66 1,320 37.38 3,590 101.67 1,889 53.50 2,667 75.53 2,217 62.79
67 727 20.59 2,950 b 83,54 821 23.25 2,155 61.03 1,583 44,83
68 278 7.87 1,880 53.24 570 16.14 1,740 49.28 891 25.23
69 627 17.76 4,6].0b 130,56 917 25.97 2,810 79.58 1,825 51.68
1970 238 6,74 3,120 88.36 277 7.84 2,641 74.79 1,597 45.23
71 130 5.38 3,710 105.07 250 7.08 2,346 66,44 1,063 30.10
72 309 8.75 2,800 79.30 309 8.75 2,180 61.74 1,641 46.47
73 168 4,76 2,010 56.92 336 9.52 1,940 54,94 1,019 28.86

Average discharge (90 years of data) is 1,144 c¢fs (32.40 cu m per sec).

Maximum daily discharge.
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discharge at Grand Rapids is 1,144 cubic feet per second (cfs) (32.39 cu m per
sec), calculated from a 90 year documented record period. The highest yearly
mean flow was 2,427 cfs (68.72 cu m per sec) recorded in 1906. The lowest yearly
mean flow was 192 cfs (5.44 cu m per sec) which occurred in 1934 during a period
of drought, lasting from about 1931 to 1938, in which lower than normal flows
were consistently recorded. The highest monthly flow of 4,538 cfs (128.50 cum
per sec) occurred in 1905 and the lowest monthly mean flow of 32.5 cfs (0.92 cum
per sec) occurred in 1949.

Average Flow Conditions

The regulation of the reservoir will have little effect upon the average
values and the high values, however, the minimums encountered in 1934 would be
greatly affected by regulation today. The most recent low flow occurred May 25,
1976 with a magnitude of 164 cfs (4.64 cu m per sec).

Low Flow Conditions

The Mississippi River headwater system has been controlled at low flows in
accordance with the manual of operation since 1962. The regulation will have a
profound effect upon any future low flow conditions. Currently during the water
years 1976-1977, there has been an 8 month period in which lower than normal
flows have occurred in the range of 200 cfs (5.66 cu m per sec).

Under Minnesota Regulations, a critical low flow must be defined and used
for impact evaluations. Normally, this critical low flow is the stream flow
that is "equal to or exceeded by 90% of the 7 consecutive daily average flows of
record (the lowest weekly flow with a once in 10-year recurrence interval) for
the critical month". In this case because the flow is dependent largely upon
the regulation plan, a critical 10-year flow is not defined. By examination of
the Commissioners' order and the manual of operation, there are established 2
minimum low flows for Pokegama Dam, a flow of 200 cfs (5.66 cum per sec) and a
flow of 100 cfs (2.83 cu m per sec).

To calculate the volume of water flowing to the Clay Boswell Statioﬁ, it is
necessary to add the outflows from Leech and Winnibigoshish Lakes shown in Table
Iv-8.

Table IV-8 shows the conditions that will dictate the volume of water which
will flow to the Clay Boswell Station. For impact evaluaiton, the 100 cfs (2.83
cu m per sec) could be considered as the critical flow.

Flood Flow Conditions

The Mississippi River flood-of-record occurred on September 3, 1948 and
was caused by the failure of the Paper Mill Dam in the center of Grand Rapids,
Minnesota. A discharge of 12,500 cfs (353.95 cu m per sec) was estimated for the
flood by extrapolating the rating curve about 4,500 cfs (127.42 cu m per sec)
(47). The water level in the river was recorded at 15.2 ft (4.63 m) above the
flood mark (47).

The USGS has established an elevation verses frequency curve for the
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TABLE IV-8

MISSISSIPPI RIVER FLOW FROM UPSTREAM RESERVOIRS - CLAY BOSWELL STEAM ELECTRIC STATION

Stage Range

At _or Above Below Reservoir Discharge

Reservoir ft m ft m cfs cu m per sec
Winnibigoshish 6.0 1.83 6.0 1.83 50 15.24
8.0 or 10.25%  2.44 or 3.12° 100 30.48
Leech 0.0 0.00 0.0 0.0 50 15.24
0.5 or 2.0% .15 or .62 100 30.48

The higher or lower of these 2 stages will govern, depending on which is the desired
stage at the time under consideration.
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Pokegama Dam based upon 92 years of record at the site as presented in Table IV-
9. The Federal government has established as a standard for flood plain
regulations a flood with a 1% chance of occurrence, often termed a 100 year
recurrence interval (48). This flood, as shown in Table IV-9, would reach a
level of 1,278.1 ft (389.56 m) above MSL. A flood with a 0.2% chance of
occurrence or a 500 year recurrence interval could reach an elevation of 1,278.5

ft (389.69 m).

TABLE 1IV~-9
FLOOD FREQUENCY AND RESERVOIR ELEVATION - POKEGAMA DAM (49)

Elevation above MSLa

Annual Chance of Flood Occurrence ft m
10% (10 years) 1,277.2 389.29
2% (50 years) 1,277.9 389.50
1% (100 years) 1,278.1 389.56
0.2% (500 years) 1,278.5 389.69

a MSL refers to mean sea level datum,

Lakes

There are many lakes within a 6 mile (9.7 km) radius of the Clay Boswell
Station. The large lakes with an area of 500 acres (202 hectares) or more are
included in Table IV-5. They are Pokegama, Prairie, Bass, Rice, and Shoal
Lakes. The smaller lakes, with an area of 80 to 500 acres (32 to 202 hectares)
are presented in Table IV-10.

Site-Specific Surface Water Hydrology

The surface environment at the Clay Boswell Station will contribute runoff
affecting the quantity and quality of the surface water. The runoff sources
during concentrated rainfall include: coal piles, the electric generating
facilities site, and solid waste disposal sites. The runoff can be evaluated by
using Figure IV-22 and a runoff coefficient determined for the area being
evaluated. The rainfall-duration curve for the Clay Boswell Station site was
determined from the weather Bureau publication Technical Paper No. 40.

Low Flow Conditions

The low flows expained in the regional setting also are considered to be
representative at both the discharge and intake points at the Clay Boswell
Station. They, therefore, should be used for site impact analysis.
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TABLE IV-10
LAKES OF 80 TO 500 ACRES (32 TO 202 HECTARES) WITHIN 6 MILES (9.7 KM) RADIUS OF
CLAY BOSWELL STEAM ELECTRIC STATION (41)

Area Shoreline Depth Management Percent
Lake acre hectare mile km Inlets Outlets ft m Ecology Class Class Littoral
Blandin 455 184 9.9 15.9 2 1 44 maximum 13.4 fish ¢centrarchid 81
Cavanaugh 84 34 1.2 1.9 1 15 median 4.6 fish centrarchid 60
(largemouth bass)
Hale 127 51 3.2 5.1 1 1 30 median 9.1 fish centrarchid 26
(bass-panfish)
Horseshoe 150 61 3.5 5.6 0 2 4 median 1.2  bullhead regular 100
shallow lakes - winter kill
winter kill
Little Drum 89 36 1 1 3 maximum 0.9 game
Little Rice 137 55 1 1 32 maximum 9.8 fish
Little White Oak 493 200 4,50 7.2 3.1 median 0.9 fish-game
Long 117 47 1 75 maximum 22.9 fish
Loon 220 89 1 1 69 maximum 21.0 fish
McKinney 104 42 1.8 2.9 1 1 9 median 2.7 centrarchid 86
Stevens 223 90 1 1 marginal 100
fish-game
& 1ittoral refers to percent of lake which is less than 12 ft (3.6 m) in depth.
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Floqd Flow Conditions

A flood of the Mississippi River with a 1% chance of occurrence would reach
a level of 1,278.1 ft (389.56 m) above MSL (Table IV-9) and would have a 0.1%
chance of occurrence during a 10 year period. It is evident as shown in Figures
IV-23 and IV-24 that a flood of this magnitude would not affect the Clay Boswell
Station. Neither would a flood with a 0.2% chance of annual occurrence which
would reach an elevation of 1,278.5 ft (389.69 m) and the boundaries of which
would approximate the same as those for the 100 year flood. The high levels for
both floods hardly differ because steep embankments confine the additional flood
water, preventing little additional flooding.

Site-Specific Ground Water Hydrology

Aquifers

Discussion of the ground water in this section does not include the site of
the proposed ash and SO ; sludge pond for Unit 4.

Two glacial drift ground water systems exist at the Clay Boswell Station.
A shallow perched water table occurs in a deposit of lacustrine silty sand and
silt overlying relatively impervious lacustrine clay. A deeper main water
table, confined beneath the clay, occurs in a deposit of silt and silty sand
about 50 ft (15.2 m) thick and underlying fine to medium sand of more than
120 ft (36.6 m) thick (50)(52). The upper silt and silty sand in this deeper
aquifer may be a basal lacustrine deposit or glacial outwash underlying the
lacustrine clay. . The lower sands in this deeper aquifer are probably glacial
outwash. :

Particle size analyses of samples from the upper aquifer reveal that 100%
of the material is finer than 0.4 mm and 50% finer than 0.075 mm. Samples of the
fine materials of the underlying 50 ft (15.2 m) deposit have grain size
distributions where'100% of the sample is finer than 0.4 mm and 85% to 809% finer
than 0.075 mm. Comparatively, the coarser materials in this deposit have a
grain size distribution such that 100% of the sample is finer than 0.3 mm and
only 25% finer than 0.075 mm. An analysis of the underlying fine to medium sand
shows that 100% of the material is finer than 1.0 mm and 10% finer than 0.075 mm
(50). It should be noted, however, that these particle size data are of limited
use in assessing aquifer characteristics. Particle size analyses are made on
thoroughly disturbed or remolded soil specimens while aquifer characteristics
depend significantly on details of in-situ texture and stratification.

Data obtained from one shallow piezometer from June to August, 1975,
indicate that the shallow perched water table lies from 1.8 to 7.2 ft (0.55 to
2.19 m) below the ground surface at about elevation 1,290 ft (393.2 m) above
MSL." Data obtained from one deep piezometer during the same period indicate
that the piezometric level in the deeper confined aquifer is about 20 ft
(6.10 m) below the ground surface, essentially at Mississippi River level or
elevation 1,274 ft (388.3 m) above MSL (50). It is probable that the position
of the shallow perched water table fluctuates considerably during the course of
a year and approaches the ground surface during wet periods. The piezometric
level in the deeper outwash sand aquifer is not likely to fluctuate so much as it
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appears to be controlled by the Mississippi River (50), the level of which is
maintained essentially constant by a downstream dam. The extent of the area of
the deeper aquifer has not been established clearly, but it probably extends
from just east of the community of Cohasset northwestward in the Mississippi
River Valley (53).

Yield

Two wells, extending to the deeper outwash sand aquifer provide cooling and
makeup water for the existing facilities at the Clay Boswell Station. Well A-1
(ground surface elevation 1,294 ft) (394.4 m) above Mean Sea Level (MSL) was
completed in December, 1956, and Well A-2 (ground surface elevation unspecified
but probably similar to that of Well A-1) was completed in February, 1957 (54).
These wells were drilled to depths of 195 and 198 ft (59.4 and 60.4 m),
respectively (54). Both wells are 10 in. (254 mm) in diameter with a double
outer filter wall of gravel and filter sand. Well screens of 0.005 in.
(0.127 mm) are positioned in Well A-1 at 145 to 155 ft (44.2 to 47.2 m) deep and
from 184 to 194 ft (56.1 to 59.1 m) deep. Identical screens are present in
Well A-2 at 154 to 164 ft (46.9 to 50.0 m) deep and from 184 to 194 ft (56.1 to
59.1 m) deep (54).

Well A-1 presently yields an average of 43.4 gpm per ft (539 lpm per m) of
drawdown and Well A-2 presently yields an average of 16.3 gpm per ft (202 lpm
per m) of drawdown (55). The specific capacities were computed from pumping
tests during April, 1976, of 1.5 hours duration at rates from 150 to 375 gpm
(568 to 1,419 lmp). Static water levels in both wells at the initiation of
pumping were both 20.5 ft (6.25 m). The total drawdown during pumping at
Well A-1 was 8.75 ft (2.67 m) while drawdown at Well A-2 was 25.25 ft (7.7 m)
(55). The yield of Well A-2 has dropped some 60% from a value of 40.8 gpm per ft
- (506 1lpm per m) at the time of installation (55), presumably due to iromn
encrustation of the well screen (56). Total design capacity of the 2 existing
wells and their pumps is 400 gpm (1,514 lpm) or 576,000 gpd (2.18 x 108 1pd)
(56). The potential for additional wells in this same deep aquifer is excellent
(55).

Ground Water Quality

Data on the quality of water obtained from Wells A-1 and A-2 in May, 1976,
(57) are summarized in Table IV-1l. Comparison of these data with regional
water quality data in Table IV-6 indicates that the sodium concentration in
Wells A-1 and A-2 was noticeably greater than the regional maximum from wells in
glacial drift or the Biwabik Iron-Formation. Potassium, calcium, and total
alkalinity values from Wells A-1 and A-2 approach the regional maximum values
for glacial drift wells. Above-average total hardness occurs, and above-average
levels of total dissolved solids are present. Sulfate, chloride, manganese and
nitrate values for Wells A-1 and A-2 are well below regional average values for
glacial drift wells. However, the overall water quality appears to be generally
within the range of glacial drift wells in the Mesabi Iron Range area.

Minnesota Ground Water Quality Regulations stipulate that pollutants

cannot be discharged or deposited at any location where they could enter the
ground water table or endanger the quality or uses of underground waters (51).
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TABLE IV-11

WATER ANALYSIS? - PRODUCTION WELLS A-1 AND A-2
CLAY BOSWELL STEAM ELECTRIC STATION

May 18, 1976 :

Well A-1 Well A-2
Constituent mg per liter mg per liter
Calcium (Ca) 78 80
Magnesium (Mg) 24.5 24.6
Sodium (Na) 17.0 17.3
Potassium (K) 3.0 3.0
Iron (Fe) 1.20 1.33
Manganese (Mn) 0.25 0.22
Sulfate (SOy) 12 9.6
Chloride (C1) < 1.0 < 1.0
Bicarbonate {(as CaCO3) 320 327
Carbonate (as CaCOj) < 1.0 < 1.0
Totai alkalinity (as CaCOj) 320 327
Calcium hardness (as CaCOj;) 194 200
Total hardness (as CaCO3) 313 295
Total dissolved solids (TDS) 359 361
Nitrate ﬁitrogen 0.01 _ < 0.01
Total Phosphorus (P) 0.121 0.106

Methods: Analysie performed in accordance with "Standard Methods",
13th edition, 1971, American Public Health Association,
or "Methods for Chemical Analysis of Water and. Wastes',
1974, Environmental Protection Agency.

Ground Water Flow

No information is available on ground water flow directions in bedrock
beneath the Clay Boswell Station.

At the station, there is only one piezometer (Dames and Moore P-9) in the
deep outwash sand aquifer (50). Water levels observed in this piezometer from
June to August 1975 were about 1 ft (0.3 m) above the water level in nearby
Blackwater Lake (50). For all practical purposes, piezometric levels in the
deep outwash sand aquifer at the Station site are governed by and essentially
equal to the dam-regulated water level in Blackwater Lake and the Mississippi
River. What slight tendency for flow that there is in this aquifer at the
Station site is directed from the land to the lake and river.

No data are available on the direction(s) of ground water flow in the
shallow perched aquifer at the Clay Boswell Station. It is probable that ground
water in this aquifer flows toward local topographic depresions as well as
toward Blackwater Creek, Blackwater Lake, and the Mississippi River.
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TABLE IV-12
FIELD PERMEABILITY TEST (CONSTANT HEAD) - IN VICINITY OF UNIT 4 ASH POND SITE
CLAY BOSWELL STEAM ELECTRIC STATION ’

Boring Depth of Test Permeability Boring Depth of Test Permeability Boring Depth of Test Permeability
Number ft m cu m per sec Number ft m cu m per sec Number ft m cu m per sec
AW 10 3.1 1.4 x 107" ALOW 15 46 4.0 x 107° AB7W 5 1.5 3.0 x 107¢
' 15 4.6 b 20 6.1 a 10 3.1 9.3 x 107"
20 6.1 a 25 7.6 7.9 x 10~ 15 4.6 5.1 x 10~°
25 7.6 1.1 x 10~° 30 9.1 4.7 x 10-° 20 6.1 8.2 x 107°
30 9.1 7.4 x 1078 35 10.7 1.3 x 107" 25 7.6 8.2 x 107%
35 10.7 5.7 x 10-¢ 30 9.1 7.6 x 107°
40 12.2 3.7 x 10~° A20W 10 3.1 2.1 x 107" 35 10.7 5.1 x 1075
1 4.6 8.7 x 10~ 40 12.2 1.0 x 10~
A2W 5 1.5 a 20 6.1 9.4 x 10~*
10 3.1 1.0 x 10-° 25 7.6 5.9 x 10~% A74W 11 3.4 1.3 x 107°
15 4.6 a 15 4.6 1.3 x 10°%
20 6.1 a AZ3W > 1.5 1.9 x 107 20 6.1 3.4 x 10-3
25 7.6 a 10 i'l 1.2 x 107° 25 7.6 2.4 x 103
A8W 10 3.1 1.1 x 10-2 12 B.i 1.9 i 107" % > 18 x lo—z
15 4.6 7.1 x 107% 25 7.6 3.9 x 10~° % 107 LA 1o-q
40 12.2 1.9 x 10~
20 6.1 1.4 x 1073 30 9.1 1,7 x 10°°
25 7.6 b 35 10.7 4.3 x 107° A85 5 1.5 1.4 x 107°
31 9.5 2.1 x 10-° 40 12.2 5.1 x 10°° 10 3.1 1.4 x 107"
- s ) "6 - 15 4.6 2.1 x 107"
7 2. 1.3 x 107 A25W 5 . .2 x 10”
15 4.2 9.2 X 12-6 20 6.1 3.4 x 107% 20 o1 :
28 8.5 a
20 6.1 4.7 x 107" 25 7.6 4,8 x 107"
25 7.6 2.0 x 107* 30 9.1 2.1 x 107% A90 5 1.5 6.9 x 10~°
31 9.5 6.8 x 10~ 35 10.7 3.4 x 10" 10 3.1 a
36 11.0 7.4 x 10" 40 12.2 6.2 x 107" 15 4.6 a
40 12.2 6.4 x 10~" . L - 20 6.1 a
W .
AL6W 10 3.1 1.6 x 10°° 15 4.6 1.5 x 10~* 2 -6 : 4
15 4.6 1.0 x 10=* 20 6.1 3.4 x 107% ‘ %0 o1 L2 10:5
20 6.1 2.0 x 10-° 25 7.6 1.3 x 1078 > 107 12 x 10 5
40 12.2 4.6 x 10”
25 7.6 3.3 x 107° 30 9.1 5.6 x 10~"
30 9.1 2.3 x 10-% 35 10.7 3.9 x 107" A109 5 1.5 a
35 10.7 4.1 x 10~% 40 12.2 6.5 x 10-" 10 3.1 2.4 x 10-°
40 12.2 1.6 x 10~" 15 4.6
A29W 10 3.1 2.9 x 10-°
AlSW 9 2.7 6.8 x 10-5 15 4.6 1.6 x 10°* 20 o )
) : 25 7.6 2.3 x 10~°
25 7.6 2.2 x 10-" 20 6.1 3.4 x 10-%
30 9.1 4.3 x 10~* 25 7.6 1.1 x 10-° A106 10 to 35 3.1 to 10.7 1 x 10~"
35 10.7 1.4 x 10-° 30 9.1 2.3 x 10-5
40 12.2 2.7 x 10" 35 10.7 2.0 x 10-° Al17 15 4.6 a
40 12.2 8.1 x 10-° 20 6.1 a

Seepage too small to measure. '

Leaky casing.
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Unit 4 Ash and S0, Scrubber Sludge Pond Site

No information is available on ground water conditions in bedrock aquifers,
beneath the Unit 4 pond site. Bedrock is overlain by very thick glacial soil
deposits. Ground water conditions at the Unit 4 pond site are intimately
related to glacial geology and soil conditions, both of which are extremely
complex. ,

The ground water interpretations were developed from analysis of available
information plus limited field reconnaissance work.

Aquifers. Several glacial drift aquifers exist at the Unit 4 ash and S50,
scrubber sludge pond site. It should be noted that the hill at the west side of
the pond site functions as a major local ground water recharge area due to its
elevation and its peripheral ice contact features including kettle lakes and
ponds. This recharge area corresponds to Zone 2 (and to a considerably lesser
extent Zomes 1 and 3) (Figure IV-15). Local ground water discharge areas
include features at lower elevations than the above-mentioned hill, e.g.,
topographic depressions, streams, Blackwater Lake, and the Mississippi River.
No information is available to indicate whether low areas of Zones 5 and 6
function as discharge or recharge areas. Both of these possibilities exist.

The first main aquifer of the Unit 4 pond site consists of sandy outwash,
moraine, and ice contact materials extending outward from the recharge area of
Zones 1 and 2 and dipping downward into Zomes 3 and 4. This main aquifer
probably includes pervious upper portions of the underlying till as well as the
other deposits mentioned above. Field permeability test data provided in Tables
Iv-12 and 1IV-13 suggest that the first main aquifer has a coefficient of
permeability on the order of 10-3 cm per sec; this level of permeability is
consistent with its inferred geologic origin. Above approximately elevation
1,310 ft (399 m) MSL, the main aquifer extends to the ground surface. Below
this approximate elevation, the main aquifer is confined beneath relatively
impervious lacustrine clays and silts. This confinement plus the dip of the
aquifer from the higher hill recharge area gives rise to artesian conditions in
those portions of the aquifer in Zone 4 and much of Zone 3. Water level data for
piezometers A9D, A74, A8, A35, A67D, A71, Al8, and A76 given in Table IV-14
indicate a piezometric level of about elevation 1,290 ft (393 m) MSL in the
first main aquifer.

The second main aquifer at the Unit 4 pond site consists of outwash, ice
contact, and delta deposits in Zones 5 and 6. Materials in this second aquifer
are predominantly sandy in nature and, based on limited available data
(Piezometer No. A77D and A90), quite permeable. It is probable that there is
hydraulic communication between this second main aquifer and the first main
aquifer described above. These 2 main aquifers are considered separate (but
probably are interconnected). The 2 main aquifers are considered separately
here because of their different origins and their different positions relative
to lacustrine clays and silts in the bed of former Lake Aitkin IT.

As mentioned above, the 2 main aquifers are probably interconnected. The
first main aquifer is clearly artesian. Water level data for piezometers A109D,
A90D, A77, and A99 given in Table IV-14 suggest that the second main aquifer is
artesian with a piezometric level of about elevation 1,278 ft (390 m) MSL at the
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TABLE IV-13
FIELD PERMEABILITY TEST (TIME LAG)
IN VICINITY OF UNIT 4 ASH POND SITE
CLAY BOSWELL STEAM ELECTRIC STATION

Depth of Piezometer Permeability
Piezometer No. ft m cu m per sec _

AlD 40 12.2 1.2 x 10-8
AlS 12 3.65 2.5 x 107%
A8D 36 10.9 6.1 x 10~8
A9D 39 11.9 6.7 x 107°
A9S 7 2.1 Dry
A18D 34 10.4 7.5 x 10™°
A29D 40 12.2 Dry
A35D 30 9.1 -
A67D 40 12.2 7.4 x 10™8
A71D 40 12.2 1.6 x 10"
A69D 40 12.2 1.8 x 10~
A74D 40 12.2 1.2 x 10-3
A76D 56 17.1 2.4 x 10-%
A77D 50 15.2 a
A90A 9.0 2.7 3.1 x 107
A85 16.0 4.9 2.4 x 10™%
A117 10.0 3.1 2.9 x 10-°
A106 33 10.1 3.4 x 10-%
A109 55 16.8 1.8 x 10°°
A90 50 15.2 a

Recharge too fast for test.

north end of the proposed Unit 4 ash and SO, scrubber sludge pond. No data are
available on the portion of the second main aquifer located east of the proposed
pond.

A shallow perched water table exists in lucustrine sand and silt overlying
relatively impervious lacustrine clay, silty clay, and clayey silt in the bed of
former Lake Aitkin II (58). Water level data for piezometers AlS, A95, and A90S
given in Table IV-10 suggest that this shallow perched water table lies between
elevations 1,290 and 1,300 ft (393 and 396 m) MSL. This shallow water table
probably approaches the ground surface in wet seasons.

Local perched water tables are common in ice contact and moraine deposits
like those at the Unit 4 pond site. Such local perched water tables probably
exist in portions of the site other than the former lake bed.

Yield. No detailed information is available on yields of aquifers at the

Unit 4 ash and SO, scrubber sludge pond site. Several large farms and a number
of smaller farms and homes exist at and around the pond site; all of the farms
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TABLE IV-14
READINGS FROM GROUND WATER MONITORING PROGRAM IN VICINITY OF
4 UNIT 4 ASH POND SITE -
CLAY BOSWELL STEAM ELECTRIC STATION (60)

Ground Surface Ground Water Elevation

Piezometer Elevation ° October 29, 1975 May 6-14, 1976 December 7, 1976 January 10, 1977 February 3, 1977 March 6, 1977
Number ft m ft m ft m fr m ft m ft m ft m
AlS 1,296.5  395.2 1,290.9 393.5 1,293.4  394.2 1,289.6 393.1 1,289.6  393.1 1,289.6 393.1 1,289.4 393.0
Al1D 1,296.4  395.1 1,285.2 391.7 1,285.4 391.8 1,284.0 391.4 1,283.8 391.3 1,283.8 391.3 1,283.5 391.2
A9S 1,302.4  397.0 1,295.4  394.8 Dry Dry 1,295.3 394.8 1,295.3  394.8 1,295.4  394.8 1,295.5 394.9
A9D 1,302.3 397.2 1,292.6 394.0 1,292.4  393.9 1,290.7 393.4 1,289.8 393.1 1,290.4  393.1 1,290.0 393.2
A74 1,308a 399.0 1,296.0  395.0 1,293.7 394.3 1,293.6  394.3 Snow Snow Snow Snow
A8 1,302.8 397.1 1,292.4  393.9 . 1,290.1  393.2 1,290.0 393.2 1,289.8 393.1 1,289.4  393.0
A35 1,311a 399.6 1,287.6  392.5 1,286.3 392.1 1,286.1 392.0 1,286.1 392.0 - -
A106 1,293.1  394.2 1,279.9 390.1 1,278.4  389.7 1,278.3  389.6 1,278.3  389.6 1,278.5 389.7
All7 1,278.8  389.8 1,276.3  389.0 1,272.7 387.9 1,272.6  387.9 1,271.0 387.4 1,271.5  387.6
A85 1,281.4  390.6 1,279.4  390.0 1,276.0  388.9 1,275.7 388.8 1,275.5 388.8 1,274.8  388.6
A109D 1,288.1 392.6 1,277.7 389.4 1,276.4  389.1 1,276.2  389.0 1,276.2  389.0 1,276.2  389.0
A1098 1,289.1 392.9 1,280.3 390.2 1,283.3 391.2 1,283.2  391.1 1,283.0 391.1 1,282.8 391.0
A90D 1,300.7 396.3 1,277.6  389.4 1,276.2  389.0 1,276.4  389.1 1,276.6  389.1 1,276.6  389.1
A90S 1,301.0 396.5 1,297.9  396.0 1,293.3 394.2 1,293.4 394.2 1,293.3  394.2 1,293.4 39%4.2
A77 1,300.0 396.2 1,280.3 390.2 1,280.1  390.2 1,279.0 389.8 1,278.1  389.6 1,279.2  389.9 1,277.2  389.3
A94 1,300.6 396.4 1,278.4  389.7 1,278.5 389.7 1,278.5 389.7 1,278.5 389.7
A67D 1,308.3 398.8 1,295.6  394.9 1,294.7 394.6 1,292.9  394.1 1,292.6 " 394.0 1,292.6 394.0 1,292.3  393.9
A29D 1,334a 406.6 1,296.3  395.1 Dry Dry 1,296.3  395.1 Dry Dry - -
A69D 1,315.9  401.1 1,298.7 395.8 1,298.1  395.7 1,296.4  395.1 1,296.2 395.1 1,296.1  395.1 1,294.8 394.7
A71 1,310.1 399.3 1,297.4  395.5 1,294.5 394.6 1,294.1 394.4 1,293.8 394.4 1,293.6 394.3 1,293.3  394.2
Al8 1,303.8 397.4 1,294.9  394.7 1,293.7 394.3 1,291.6  393.7 1,291.4  393.6 1,291.3  393.6 1,290.8 393.4
A76 1,299.8 396.2 1,293.3  394.2 1,292.4  393.9 1,290.3 393.3 1,290.1  393.2 1,290.0 393.2 1,289.7 393.1
D&M 1 1,297.5  395.5 1,289.1 392.9 1,288.4 392.7 1,288.1  392.6 1,288.1 392.6

Blackwater - - 1,272.7  387.9 1,273.2 388.0 1,272.2  387.7 1,272.2  387.7 1,272.4  387.8 1,272.6  387.9

Elevation taken from contour map.
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and most of the homes have wells. Most of the farms and homes at the site itself
have been purchased by MP&L and are presently vacant. During field work on
May 18, 1977, residents and landowners at the pond site adjacent to the west
were surveyed for well information. The following discussion of yields is
derived largely from the results of that survey.

Wells on the order of 40 to 50 ft (12 to 15 m) deep in -the first main
aquifer, i.e., outwash and moraine overlying till in Zone 3 and adjacent areas
south and west of the hill on the west side of the pond site, are reported to
each yield sufficient water for domestic consumption and for watering 50 to 100
head of cattle, even in dry summers. According to a landowner on the west side
of County Road 251 (southwest of the hill at the west side .of the Unit 4 pond
site), the well driller who installed his 45 ft (13 m) deep well indicated that
water in sufficient quantity for domestic and farm use was available at a depth
of 40 to 50 ft (12 to 15 m) throughout the area (i.e., area southwest of pond
site). While one may question such hearsay evidence, it is indeed consistent
with geologic interpretation of the area (outwash plain overlying moraine and
till) and with other information obtained on wells in the area. It therefore
seems reasonable to conclude that wells in the first main aquifer, i.e., outwash
sands extending from the west side of the pond site (Zones 2 and 3) beneath
lacustrine soils of the central part of the pond site (Zone 4), will yield water
sufficient for domestic and farm use, including watering substantial herds of
cattle.

Information on wells in the second main aquifer, i.e., outwash, ice
contact, and delta deposits in Zones 5 and 6, is more meager. The existing
automobile junkyard on the west side of County Road 258, just north of the
proposed Unit 4 pond, reportedly has 2 wells on the order of 80 to 90 ft (24 to
27 m) deep in the second main aquifer and obtains sufficient water for domestic
purposes by using only one of the wells. The presently vacated dairy farm
located approximately 1,000 ft (300 m) east and 3,000 ft (900 m) north of the

southeast corner of the proposed Unit 4 pond reportedly has 2 wells 38 ft (12 m)
deep. Water from one of these wells was reportedly sufficient to run the farm,
which, when active, included a large dairy herd. It therefore seems that both
deep and shallow wells in the second main aquifer (Zone 5 and perhaps also
Zone 6) will yeild water sufficient for domestic and farm use, including
watering substantial herds of cattle.

Ground Water Quality. Available information on Unit 4 pond site ground
water quality is given in Tables IV-15 and IV-16. Pond site ground water has
higher pH and specific conductance values and higher concentrations of sodium,
potassium, chloride, nitrate, and total dissolved solids than typical ground
water of the Mesabi Range. Concentrations of sodium and total dissolved solids
in the ground water of the pond site are similar to concentrations in the ground
water of the Station site. Sulfate concentrations at the pond site are similar
to regional concentrations, but are higher than concentrations at the Station
site. Concentrations of calcium, bicarbonate, total hardness, and silica in
pond site ground water are generally.similar to those in typical ground water of
the region. Total iron concentrations in pond site ground water are
significantly below regional levels.

Ground Water Flow. No information is available on ground water flow
directions in bedrock beneath the pond site.
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TABLE IV-15
GROUND WATER QUALITY IN VICINITY OF CLAY BOSWELL STEAM ELECTRIC STATION (63)

Constituent A1D AlS A8D A9D Al8 A35 A69 A74 A77  Lake® Bayb Well A  Well B®
pH (lab) 6.1 7.9 8.5 7.8 8.2 8.2 8.3 8.3 12.1 6.5 7.94 7.63 7.63
Sodium (Na), mg per liter 8.92 8.56 79.0 4.0 5.18 7.86 21.4 4.36 64.0 1.50

Potassium (K), mg per liter 7.86 6.71 7.29 5.0 5.93 6.66 6.50 5.43 13.9 4,21

Calcium (Ca), mg per liter 70 144 17 78 68 73 61 75 122 3.3

Magnesium (Mg), mg per liter 24.9 44.1 4,28 20.6 20.2 22.7 14.5 19.9 0.012 0.99

Carbonate (as CaC03), mg per liter 0 0 0 0 0 0 0 0 144 0

Bicarbonate (as CaCOj;), mg per liter 240 386 140 251 193 264 216 202 0 12.4 138 318 322
Hydroxide (as CaCO3), mg per liter 0 0 0 0 0 0 0 0 219 0

Chloride (Cl), mg per liter 3.7 112 4.7 8.7 15.5 4.6 2.1 38.2 <1.0 1.2

Sulfate (SOy), mg per liter 20.1 13.9 77.9 22.8 24.9 18.7 33.1 10.5 88.2 <1.0

Nitrate (as N), mg per liter 0.06 <0.05 0.14 1.60 4.80 1.48 <0.05 1.90 0.13 <0.05

Specific conductance (umhos per cm) 491 797 451 527 507 381 402 535 1,480 42.4 271 594 596
Total hardness (as CaCO3), mg per liter 277 548 64 281 253 283 211 265 320 17.4 104 200 210
Iron (Fe), (total) mg per liter 0.02 0.02 0.07 <0.02 <0.02 0.02 0.04 <0.02 <0.02 0.13

Aluminum (Al), mg per liter <0.01 <0.1 <0.1 <0.01 0.3 <0.1 <0.1 <0.1 <0.1 <0.1

Silica (Si02), mg per liter 23.5 23.6 10.5 17.7 13.5 24.6 28.5 20.0 23.5 <0.5 7.5 28.6 28.6
Titanium (Ti), mg per liter <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3

Total dissolved solids, mg per liter 330 594 280 310 327 297 306 330 522 55

Phosphorus (P), mg per liter 0.018 0.016 0.031 0.011 0.010 0.012 0.032 0.06 0.012 0.025

Chlorine residual, mg per liter - - - - - - - - - - 0.35d 0.65d

o)

o

Sample taken from the unnamed lake near the NE corner of State Route 6 and County Road 251.

This sample was collected near the intake structure for Units 1, 2, and 3 on Blackwater Lake.

[¢]

These wells are the production wells which supply Clay Boswell Station with boiler makeup.

Data supplied by MP&L.

A chlorine residual appears in these 2 samples because they were chlorinated before collection.

Data supplied by MP&L.
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a TABLE IV-16
GROUND WATER QUALITY 1IN VICINITY OF PROPOSED UNIT 4 ASH POND COMPARED WITH
U.S. PUBLIC HEALTH SERVICE (1962) DRINKING WATER STANDARDS (64)

USPHSb
: Ground Water Quality Concentrations Drinking Water
Constituent mean minimum maximum P (1962)
pH 8.4 7.62 12.1 no standard
Sodium (Na), mg per liter 22.6 4,00 79.0 no standard
Potassium (K), mg ‘per liter 7.3 5.00 13.9 no standard
Calcium (Ca), mg per liter 79 17 122 no standard
Magnesium (Mg), mg per liter 19.0 0.012 44,1 no standard
Carbonate (as CaCO3), mg per liter 16 0 144 no standard
Bicarbonate (as CaC0O3), mg per liter 230 0 385 no standard
Hydroxide, mg per liter 24 0 219 no standard
Chloride (Cl), mg per liter < 21 <1.0 112 250
Sulfate (SO4), mg per liter 31 10.5 88.2 250
Nitrate (as N), mg per liter 1.13 < 0.05 4.80 10.17¢
.Specific conductance (umhos per cm) 615 381 1,480 no standard
Total Hardness (as CaC0O3), mg per liter 264 64 548 no standard
Iron (Fe), (total) mg per liter < 0.03 <0.02 0.07 0.05
Aluminum (Al), mg per liter < 0.1 0.01 0.3 no standard
Silica (S1i03), mg per liter 22.1 10.5 28.6 no standard
Titanium (Ti), mg per liter 0.3 <0.3 < 0.3 no standard
Total dissolved solids (TDS), mg per liter 366 280 594 500
Phosphorus (P), mg per liter 0.02 0.010 0.032 no standard

Water quality data in Table IV-5 were used in preparing this Table.
United States Public Health Service.

The USPHS recommended maximum is 45 mg per liter nitrate but this number has been
converted to 10.17 mg per liter nitrogen.

Ground water flow in the first main aquifer is radially outward from the
recharge area around the hill in the western part of the pond site (Zones 1, 2,
and 3). Flow in this first main aquifer probably continues some distance
easterly beneath silts and clays in the bed of former Lake Aitkin II (Zone 4).
No information is available on flow directions for either the first or the
second main aquifer in the eastern part of the pond site (eastern part of
Zone 4, Zones 5 and 6, area east of Zone 5). In the eastern part of the pond
site, deep ground water probably flows southerly and southeasterly toward
Blackwater Lake and the Mississippi River. Very limited data (59) suggest that
ground water flow in the second main .aquifer at the north edge of the pond site
(Zone 5) is also southeasterly.

No data are available on the direction(s) of ground water flow in shallow

perched aquifers at the pond site. It is probable that ground water in these
aquifers simply flows to nearby topographic depressions.
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WATER QUALITY

Regional

The upper Mississippi River Watershed has a predominantly sand river
substrate. Loam soils predominate from the source of the river at Lake Itasca
to Lake Bemidji, while light colored sand soils extend from this point to Grand
Rapids. These soils are poor for farming which has contributed to current low
population densities (65). Infertile soils also result in low levels of plant
nutrients leaching into surface water bodies. The region generally is poorly
drained (66).

The severe winters in the area, lasting from before September 15 to between
May 23 and 30 (65), increase the chance of shallow water bodies freezing solid.
In deeper systems, anoxia caused by aerobic decomposition occurs while oxygen
replenishment is inhibited by ice and snow cover.

Approximately 10% of the land area in Itasca County is covered by water.
Population densities are low resulting in generally low volumes of point source
discharges into the Mississippi River system.

The early development of the Mississippi River as a transportation route
resulted in stream channelization and headwater and river dams to augment river
flow during low periods. Dam construction also provided water for power
generation and potable water supplies. It limited flood control and created
fish and wildlife habitats (67).

Transportation on the Mississippi has declined and the area now is being
developed mainly for recreational purposes. The dams are being operated to
optimize these purposes (67). Primary concerns have been maintaining wild rice
production, protecting (by lowering levels) man-made shoreline structures, e.g.

docks and boat-houses from ice damage, and preventing water impoundment freeze
out.

The upper Mississippi River drainage system is comprised of a complex array
of interconnected lakes, streams, and swamplands. Between Lake Winnibigoshish
and the Pokegama Dam, over 100 lakes and potholes drain into the Mississippi
River. Drainage is further complicated by the several dams on the river and its
tributaries. Because the dams control flow rate and impoundment water levels,
fish spawning, aquatic vegetation, and quality of the river bottom habitat are

influenced directly by dam operations throughout much of the tributary system
(67).

Local

The Clay Boswell Station is located within the upper Mississippi River
drainage system at river mile 1188 on the northern shore of Blackwater Lake,
about 5.5 miles (8.85 km) upstream from the Mississippi River Pokegama Dam
(Figure IV-21). : ‘

The river section (RM-1208-1184) which includes the Clay Boswell Station is
part of the Pokegama Dam impoundment. Summer depth ranges from 6 to 20 ft (1.8
to 6 m) while the width (open channels only) is between 80 and 120 ft (24.4 to
36.6 m). Maximum summer velocity is 0.6 feet per second (fps) (18 cm per sec).
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Unlike upper stream sections, coloration due to dissolved organics is observed.
However, clarity remains high except in areas and time of high algal densities.
A silt covered sand bottom is found in this river section (66).

Detailed study of water quality of the Mississippi River in the vicinity of
the Clay Boswell Station included analysis of data gathered from the following
sources: :

Source Location Period of Sampling
Minnesota Power and Light River Mile 1188 1971 to 1974, 1975
(MP&L) (Clay Boswell Station) *  to present
Minnesota Pollution River Mile 1186 1967 to present
Control Agency (MPCA)
United States Geological River Mile 1182 1955 to present
Survey (USGS) (Sporadic Sampling)
Minnesota Pollution River Mile 1172 1974 to present

Control Agency (MPCA)

In addition, data was gathered for the MP&L sponsored 316(a) study required
under the National Pollutant Discharge Elimination System (NPDES) permit under
the provisions of the Federal Water Pollution Control Act for point sources
discharging thermal effluents which may affect aquatic ecosystems. This study
was conducted during 1975 and 1976 to determine the impact of the Clay Boswell
Steam Electric Station Units 1, 2, and 3 on the aquatic environment of the
Mississippi River (68).

Water quality data gathered from the MPCA's station at river mile 1186,
from the U.S. Geological Survey's station at river mile 1182, and at the Clay
Boswell Station were considered similar. The most complete set of data was
available from the MPCA Station. MPCA data were interpreted to show temporal
variation of water quality in the area of the Clay Boswell Station (Table IV~
17).

MPCA Data Gathered at River Mile 1186

Many water quality parameters were measured at the MPCA monitoring station
at river mile 1186. Twelve of the most important are discussed here:
temperature, pH, total hardness, total dissolved solids, turbidity, biochemical
oxygen demand, chemical oxygen demand, dissolved oxygen, fecal coliform counts,
heavy metals, sulfates, and nutrient levels.

Temperature. Water temperatures varied according to seasomns ranging
between an observed maximum summer temperature of 78°F (26°C), and an observed
minimum winter temperature of 32°F (0°C), with an overall average of 49°F (9°C).

Primary Chemical Characteristics. The pH varied between an observed low
of 6.8 and an observed high of 8.4. The median level was approximately 7.7.
Average alkalinity of 143 mg per liter as CaCOy indicates that the river is well
buffered. Total hardness as CaCO, ranges between a low of about 72 mg per liter
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TABLE IV-17

AVERAGE WATER QUALITY MISSISSIPPI RIVER - COMMUNITY OF COHASSET, MINNESOTA (68)

MPCA
Station 1186

USGS

Station 1182

wmpaL?
Station 1188

NumberP Mean Maximum Minimum NumberP Mean Maximum Minimum NumberP Mean Maximum Minimum
Temperature, °F 88 49 78 32
Temperature, °C 88 9.4 25.6 0
Turbidity JTU 96 3.1 15 0.2
Color 42 27 130 0.0
Conductivity, micromho 91 302 4,600 130. 38 279 362. 190.
Dissolved oxygen, mg per liter 94 8.5 13.1 4.1
80D, mg per liter 96 2.0 4.8 0.5 30 2.2 4.2 .3
COD,d mg per liter 15 37.5 59 21 39 30.6 58.8 10
pH 97 7.7 8.4 6.8 38 7.6 8.2 6.8
Total alkalinity, mg per liter 95 143 180 72 35 139 106, 95. 40 134, 214. 68
Total residue, mg per liter 78 180 350 81 35 172 216. 122. 36 194, 304. 146
Suspended solids, mg per liter 96 6.1 32 0.5 36 5. 13. 0.5
Organic nitrogen, mg per liter N 78 0.72 1.5 0.14
Ammonia, mg per liter N 96 0.12 0.52 0.03 40 0.01 0.16 0.0
Nitrite, mg per liter N 77 0.15 10.0 0.01
Nitrate, mg per liter N 95 0.13 1.5 0.01 40 0.1 0.4 0.0
Kjeldahl, mg per liter N 40 0.51 1.07 0.0
Phosphorus, mg per liter P 96 0.063 .063 0.01 40 0.07 0.46 0.0
Total hardness, mg per liter CaCOjy 95 143 210 72
Calcium, mg per liter CaCOj; 57 87 150 40 35 83 108 60
Sodium, mg per liter 54 5.8 46 2.0 35 5.7 7.3 3.0
Potassium, mg per liter 55 2.3 9.5 1.0 38 2.9 3.1 0.4
Chloride, mg per liter 96 3.4 58 1.0 35 5.0 7.3 3.0
Sulfate, mg per liter 40 6.5 12 4.0 35 7.9 12 4,2
Fluoride, mg per liter 56 0.14 1.4 0.1 35 0.16 0.3 0.1
Silica, mg per liter 5 9.9 11 9.2 35 7.4 11 1.4
Arsenic, mg per liter 52 0.01 0.01 0.00
Cadmium, mg per liter 84 0.01 0.07 0.01
Copper, mg per liter 84 0.01 0.05 0.01
Iron, mg per licer 82 0.19  0.65 0.01 37 0.13 0.9 0.0
Lead, mg per liter 74 0.02 0.19 0.01
Manganese, mg per liter 82 0.08 0.83 0.01 34 0.04 0.9 0.0
Nickel, mg per liter 84 0.01 0.13 0.01
Zinc, mg per liter 84 0.04 0.39 0.01
Selenium, mg per liter 48 0.01 0.01 0.00
Total coli, number per 100 ml 96 591 11,000 20
Fecal coli, number 97
Mercury, yg per liter 52 0.25 1.4 0.1
Aluminum, mg per liter 31 0.31 0.8 0.0

[

Collected at circulating water intake.

o

Total number of samples collected.

Biochemical oxygen demand.

Chemical oxygen demand.
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and a high of about 210 mg per liter. The mean hardness value of 143 mg per
liter indicates a general classification as '"hard" water. Total dissolved
solids ranged from an observed maximum of 350 mg per liter, and an observed
minimum of 81 mg per liter. However, most measurements ranged between 130 mg
per liter and 220 mg per liter with an average of 180 mg per liter.

Turbidity. Turbidity is very low, with a yearly mean of 3.1 Jackson
Turbidity Units (JTU), and an average suspended solids concentration of 6.1 mg

per liter. Water in the vicinity of the Clay Boswell Station is colored. Color
results from drainage from the extensive peat bogs and swamps in the region.
Primary coloring agents most probably are lignins and tannic acid which result
from the decay of vegetable material in the bogs.

Organic Characteristics. Primary indicators of the organic character-
istics of water are biochemical oxygen demand (BOD), chemical oxygen demand
(COD), dissolved oxygen (DO), and the number of coliform organisms. BOD levels
are very low, with a yearly average of 2.0 mg per liter. COD levels are fairly
high for a river system, with a yearly average of 37.5 mg per liter. DO levels
have a yearly average of 8.5 mg per liter. The upper Mississippi River has an
average DO saturation level of 73%. Fecal coliform counts are low averaging 68
colonies per 100 ml. (High numbers of fecal coliform organisms are an
indication of recent sewage contamination).

Heavy Metals. Except for copper which occasionally exceeds MPCA Water
Quality Standards, concentrations of heavy metals in the upper Mississippi River
are extremely low. In many cases concentrations are below detection limits of
the measuring instruments (Table IV-18).

TABLE 1IV-18
DETECTION LIMITS OF TESTS FOR METALS ~ MISSISSIPPI RIVER NEAR
CLAY BOSWELL STEAM ELECTRIC STATIONZ

Percent of Samples

Detection Limit less than
Metal mg per liter Detection Limit
Iron 0.01 6
Manganese 0.01 17
Arsenic 0.01 100
Cadmium 0.01 93
Copper 0.01 89
Lead 0.01 81
Nickel 0.01 92
Zinc 0.01 31
Selenium 0.01 to 0.002 100

Mercury 0.0001 to 0.00005 33

Detection limits refer to MPCA metal data on preceeding Table.
Detection limits recently have been lowered.
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Sulfates. Sulfate concentrations are of particular concern in the upper
Mississippi River as wild rice may be sensitive to low-to-moderate sulfate
concentrations, especially in the spring when the rice is emerging. Although
wild rice has been found in water with sulfate concentrations ranging from 3 to
282 mg per liter, with a median concentration of 21.1 mg per liter (69), it has
been observed that large stands of rice generally do not occur in waters having
a sulfate content greater than 10 mg per liter and that rice is generally absent
from water with sulfate concentrations greater than 50 mg per liter (69). A
study sponsored by MP&L is currently being conducted by the University of
Manitoba to examine the effects of the Clay Boswell Station on stands of wild
rice in the Mississippi River. Preliminary results of the study indicate that
the elevated sulfate concentrations resulting from electric generating facility
discharges have no effect upon wild rice development in the Mississippi River.
The average sulfate concentration at station 1186 is 6.5 mg per liter with a
maximum of 12 mg per liter.

Data from 316(a) Study

Data for the 316(a) study conducted by Wapora Inc. for MP&L was gathered
from 5 sampling stations at various points around the Clay Boswell Station
(Figure IV-25). Water quality samples were obtained from 4 sampling zones
(upstream control, immediate discharge, intermediate discharge, downstream
recovery, and 2 samples at the intake structure) from September 17, 1975 to
July 8, 1976. The frequency and duration of the sampling program were limited
in comparison to the data gathered at the MPCA Station at river mile 1186.
However, the data is of considerable value since it reflects the water quality
in the immediate vicinity of the Clay Boswell Station both upstream and
downstream from the facility. Samples could not be obtained during winter
because of ice cover. Table IV-19 presents average values for water quality
parameters determined for samples between the above dates. Averages were not
determined for parameters which were below analytical detection on at least one
sampling date.

The data gathered indicated that most water quality parameters did not
differ greatly between zones. Sulfates, copper, and dissolved solids were the
notable exceptions. Sulfate concentrations were considerably higher in the
intermediate and immediate discharge =zones (Table IV-19). The observed
decreases in sulfate concentrations in the intermediate discharge and
downstream recovery can be attributed to flow dilution. Fly ash scrubber
blowdown is the major source of sulfates to the river, with lesser amounts
present in demineralizer regenreant wastes and cooling tower blowdown.
Dissolved oxygen (DO) concentrations were well within MPCA Water Quality
Standards at all sampling locations (Table IV-20). Average total dissolved
solids concentrations were highest in the discharge zone (226 mg per liter)
while the lowest concentrations were found in the upstream control area (146 mg
per liter),

Copper levels generally exceeded MPCA Water Quality Standards at both the
immediate and intermediate zones throughout the study period. The elevated
copper concentrations result from boiler blowdown and boiler tube cleaning
effluents which contain small quantities of copper from the copper tubing used
in the boilers.
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Data gathered at the MPCA river mile 1186 and for the 316(a) studies
together with data gathered by MP&L at the Clay Boswell Station indicate that
the water quality in the vicinity of the electric generating facility is very
good, with a few indications of significant municipal or industrial pollution.

According to the Classification of Interstate Waters of Minnesota, this
stretch of the Mississippi River is classified 2B, 3B. It is also classified
under classes 3C, 4A and B, 5 and 6 for all reaches where these classifications
would apply. Class 2B waters shall be suitable for fish habitation and
propagation; it also shall be safe for aquatic recreation (70). Class 3B waters
shall be suitable for general industrial purposes. The water quality of the
river as shown in Tables IV-17, IV-18, and IV-19 meets or surpasses the
applicable water quality criteria for all parameters except copper and sulfate
under the current MPCA Water Quality Standards (Table IV-21). The water quality
data persented indicate that the water quality in the vicinity of the Clay
Boswell Station has remained constant over a long period of time and is adequate
to support a balanced population of aquatic organisms.

TABLE IV-19
WATER QUALITY SAMPLING PARAMETERS - 316 (a) DEMONSTRATION STUDY
5 SAMPLING STATIONS NEAR CLAY BOSWELL STEAM ELEgTRIC STATION
September 17, 1975 to July 8, 1976

Upstrean Immediate Intermediate Downstream

Chemical and Water Quality Parameters Controlb IntakeP Discharge Discharge Recovery
Total alkalinity (as CaCOj3), mg per liter 120 130 140.6 138 137.8
Biochemical oxygen demand (BODs)

mg per liter 3.05 3.5 2.5 2.38 2.38
Chemical oxygen demand (COD)

mg per liter 26.5 30.2 29.4 27 33.5
Total Kjeldahl nitrogen, mg per liter 0.80 0.80 0.75 0.70 0.62
Total phosphorus, mg per liter 0.035 0.035 0.040 0.033 0.034
Total suspended solids (TSS) .

mg per liter . 3.0 1.75 4.33- 3.0 3.0
Total dissolved solids (TDS) .

mg per liter 146 165 226 174.2 167.2
pH 7.8 8.1 8.05 8.1 8.1
Sulfate, mg per liter 3.0 6.3 39.25 11.7 8.9
Turbidity (JTU)® 2.15 1.4 2,58 2.0 2.0
Total hardness (as CaC0,)

mg per liter . 120 135 177 145,6 143
Iron, mg per liter 0.25 0.18 0.26 0.23 0.22
Zinc, mg per liter 0.031 0.036 0.034 0.024 0.038
Copper, mg per liter <0.01 <0.01 0.023 0.013 <0.01

Combined average for samples taken between September 17, 1975 and July 8, 1976. Average concentrations
were not determined for chemical parameters which at some time during the study period fell below
levels detectable by the analytical procedures. Sulfate and total suspended solids were exceptions.
Values <1 were computed as 0.5,

Samples taken on only 2 dates during the study ,period.
JTU means Jackson Turbidity Unit.
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TABLE 1IV-20
DISSOLVED OXYGEN CONCENTRATIONS - 5 SAMPLING STATIONS NEAR
CLAY BOSWELL STEAM ELECTRIC STATION

Sampling Stations
mg per liter

Intermediate
a Upstream Discharge Discharge Downstreanm
Date Depth A B c D E F e H
9/16/75 s 11.0 8.2 8.8 10.6 8.1 8.4 8,2 -
B 7.8 5.8 7.6 9.6 7.8 8.0 7.8 -
9/20/75 S 8.6 8.6 8.8 9.6 $.0 9.2 9.6 9.2
B 8.2 6.8 8.2 9.0 8.8 8.8 9.0 8.8
11/25/75 S 9.6 10.0 10.0 11.2 11.6 11.8 ice ice
B 9.8 10.2 10,0 11.0 11.2  11.2 ice ice
12/9/75 S 9.0 10.0 9.6 10.0 10.2  10.0 ice ice
B 9.2 9.4 9.8 11.0 11.4 11.0 ice ice
1/12/76 S 8.4 8.5 ice ice ice ice ice ice
B 8.3 8.4 ice ice ice ice ice ice
1/27/76 ] 8.6 9.2 ice ice ice ice ice ice
B 8.8 8.9 ice ice ice  ice ice ice
2/3/76 S 8.6 8.6 8.4 10.8 11.2  11.0 ice ice
B 7.8 8.4 7.8 9.4 9.4 9.6 "~ dce ice
2/24/76 ] 7.6 7.9 7.4 8.9 9.3 9.3 ice ice
B 7.2 7.8 8.2 8.8 8.8 9.3 ice ice
3/10/76° s 5.2 5.4 46 4.6 bk bt fce  ice
B 4.2 5.2 5.2 4.4 4.8 4.6 ice ice
3/23/76 S 7.8 8.6 9.2 9.8 10.0 9.8 ice ice
B 7.8 8.0 8.7 9.5 9.8 9.7 ice ice
4/5/76 ] 7.4 8.5 8.6 9.1 9.0 9.0 ice ice
B 7.2 8.0 8.3 8.8 8.8 8.6 ice ice
4/19/76 S 11.8 9.2 9.2 9.8 10.0 10.0 10.2 10.0
B 9.4 8.2 9.0 9.8 9.8 9.6 10.0 9.6
5/3/76 S 10.3  10.2 9.8 10.6 11.3  10.9 11.4 10.8
B 10.2  10.2 10.8 10.4 11.1  10.7 1.1 11.7
5/17/76 s 9.2 9.0 9.2 9.6 9.8 8.9 9.2 9.2
B 9.0 8.0 8.4 8.9 9.0 8.2 9.0 8.4
6/7/76 B8 7.2 6.6 6.4 6.6 6.2 6.2 6.6 7.2
B 6.4 6.2 6.0 6.0 6.0 6.0 6.2 7.2
6/28/76 ] - - - 7.8 7.8 - - -
B - - - 6.2 7.6 - - -

For depth, S means surface and B means bottom.

Dissolved oxygen meter malfunction.
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TABLE 1IV-21
WATER QUALITY STANDARDS

MISSISSIPPI RIVER NEAR CLAY BOSWELL STEAM ELECTRIC STATION?

Substance or Characteristic

Limit or Range

Dissolved oxygen

Temperature

Ammonia (N)
Chromium (Cr+6)
Copper (Cu)

Cyanides (CN)
0i1

pH

Phenols

Turbidity value
Fecal coliform organisms

Radiocactive materials

Chlorides (Cl)
Hardness

Bicarbonates (HCO3)
Boron (B)

Specified conductance
Total dissolved salts
Total salinity ,
Sodium (Na)

Arsenic (As)

Barium (Ba)

Cadmium (Cd)

Fluoride (F)

Lead (Pb)

Selenium (Se)

Silver (Ag)
Unspecified toxic substances

Sulfates (S0,)

Hydrogen sulfide

Not less than 6 mg per liter from April 1 through May 31
Not less than 5 mg per liter at other times

5°F (2.78°C) above natural in streams and 3°F (1.67°C)
above natural in lakes, based on monthly .average of
maximum daily temperature, except in no case shall it ex~
ceed daily average temperature of 86°F (30.0°C)

1 mg per liter
0.05 mg per liter

0.0% mg per liter or not greater than 1/10 the 96 hr
TLM™ value

0.02 mg per liter
0.5 mg per liter
6.5 to 8.5

0.01 mg per liter and none that could impart odor or taste
to fish flesh or other fresh-water edible products such as
crayfish, clams, prawns, and like creatures. Where it
seems probable that a discharge may result in tainting of
edible aquatic products, biocassays and taste panels will
be required to determine whether tainting is likely or
present.

25 Jru°

200 most probable number per 100 ml as 3 monthly geometric
mean based on not less than 5 samples per month, nor equal
or exceed 2000 most probable number per 100 ml in more than
10% of all samples during any month.

Not to exceed the lowest concentration permitted to be dis-
charged to an uncontrolled environment as prescribed by the
appropriate authority having control over their use.

100 mg per liter
250 mg per liter

5 meq per liter
0.5 mg per liter
1,000 uymhos per cm
700 mg per liter
1,000 mg per liter
60% of total cations as meq per liter
0.05 mg per liter
1 mg per liter
0.01 mg per liter
1.5 mg per liter
0.05 mg per liter
0.01 mg per liter
0.05 mg per liter

None at levels harmful either directly or indirectly, or
not greater than 1/10 the 96 hr TLM" value

10 mg per liter, applicable to water used for production
of wild rice during periods when the rice may be
susceptible to damage by high sulfate levels.

0.02 mg per liter

Sources: Mina. Reg. WPC 15 Use Class ZB,IBB, 4A, 4B, 5, and 6.
TLM means Median Tolerance Limit,

JTU means Jackson Turbidity Unit, which is a measure of light transmitted through a water

sample,
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AQUATIC BIOLOGY

The discussion of aquatic biota in the vicinity of the Clay Boswell Station

presents data gathered from various sources. The Minnesota Department of
Natural Resources (DNR), U.S. Environmental Protection Agency (EPA), and MP&L
have sponsored a series of studies. Selected results of these studies are

presented in the following section. In the late spring of 1969, the DNR
conducted an intensive fisheries survey, using gill and trap netting. The
location of sampling was in the discharge embayment of existing Units 1, 2,
and 3 at the Clay Boswell Station and at 5 locations in the mainstream of the
Mississippi River from just east of Blackwater and Cut-off Lakes to
approximately one mile (1.6 km) downstream (east) of the community of Cohasset
(Figure IV-26). The EPA through a grant to the University of Minnesota at
Duluth is sponsoring a study of fish movements in the discharge bay (71).

MP&L has sponsored 2 studies required by MPCA. The 316(b) study was
conducted to determine the extent of organism impingement and entrainment by the
water intake structure at the Clay Boswell Station on Blackwater Lake.

The 316(a) study is to determine effects of thermal discharge from Units 1,
2, and 3 on the river ecology (68). During this study conducted between
August 1975 and September 1976, representative groups from various trophic
levels of the river ecosystem were surveyed. Information on phytoplankton
periphyton, aquatic macrophytes, zooplankton, and benthic invertebrates, was
collected and the following discussion focusses on data gathered for the 316(a)
study. Fishery information has been compiled from data gathered by personnel
from the DNR and the University of Minnesota at Duluth, as well as from the
316(a) study conducted by MP&L's consultant.

The 316(a) study gathered data from three monitoring zones corresponding to
high, intermediate, and low levels of thermal elevation in the Mississippi River
(Figure IV-25). A fourth zone upstream from the discharge was utilized as a
control. Within each zone, various components of the aquatic community were
examined. A fifth zone was established at the water intake on Blackwater Lake
to examine periphyton, zooplankton, and phytoplankton.

Local and Site-Specific Biota

The following monitoring zones around the Clay Boswell Station will be
examined: the upstream control zone; the immediate discharge zone; the
intermediate discharge zone downstream from the Clay Boswell Station thermal
discharge; and the downstream recovery zone (Figure 1V-25).

Upstream Control

The upstream control zone (Figure IV-25) is not thermally enriched by the
discharge from the Clay Boswell Station. Flow in the 8 to 10 ft (2.5 to 3 m)
channel was observed to be sluggish with dense wild rice beds established on
both sides of the channel. Depths vary from 1 to 3 ft (0.33 to 1 m) and the
channel bottom is covered from fall to spring flood with a 1 to 2 ft (.30 to
.60 m) layer of decaying vegetation contributed by the previous season's
macrophyte growth. During spring floods, much of the detritus is washed
downstream.
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Immediate Discharge

The immediate discharge zone is enriched thermally from the effluents from
Units 1, 2, and 3 of the Clay Boswell Station. Most of the water at this zone is
drawn from Blackwater Lake and elevated from between 5.9 to 20.2°F (3.3 to
11.3°C) in winter, and 2 to 10.8°F (1.1 to 6.1°C) in summer depending on the
generating load of the facility and circulating water flow rate. Thermal plume
modeling has shown that the thermal decay within the discharge embayment is
always at least 10°F (5.6°C) above ambient. Thermal decay or dilusion is always
much more rapid at the confluence of the embayment with the river.

Under normal spring conditions, the 10°F (5.6°C) isotherm extends
approximately 1,100 ft (335 m) downriver from the embayment-river confluence
along one side of the river, and the 5°F (2.8°C) isotherm extends approximately
2,200 ft (671 m) downriver. Under average summer conditions, the extent of the
10°F (5.6°C) and 5°%F (2.8°C) isotherms are approximately 100 ft (30 m) and
1,500 ft (457 m) downstream, respectively.

Under normal fall conditions, the 10°F (5.6°C) isotherm extends
approximately 200 ft (61 m) downstream; the 5°F (2.8°C) isotherm approximately
1,500 ft (457 m). Under average winter conditions, the 20°F (11.2°C) isotherm
extends to the confluence of the embayment with the river. The 10°F (5.6°C)
isotherm extends downstream approximately 900 ft; (274 m); the 5°F (2.8°C)
isotherm approximately 1,700 £t (518 m).

Under yearly average conditions, the 10°F (5.6°C) and 5°F (2.8°C) isotherms
are restricted to the west side of the river. Under normal spring conditions
the 5°F (2.8°C) isotherm extends more than half the width of the river.

During the winter, the plume centerline velocity within the discharge
embayment ranged between 0.0l and 0.17 fps (.3 to 50 cm per sec) under average
conditions and 0.01 to 0.04 fps (.3 to 1.2 cm per sec) under maximum conditions.
Plume centerline velocities during the winter in the main channel of the river,
downstream of the discharge, average approximately 0.54 fps (16 cu m per sec)
under average flow conditions and 0.20 fps (6 cu m per sec) under maximum flow
conditions.

Discharge plume centerline velocities during nermal spring, summer, and
fall flow conditions ranged from 0.02 to 0.15 fps (.6 to 5 cu m per sec) within
the embayment. Corresponding current velocities within the main channel of the
river were approximately 0.50 fps (15 cu m per sec).

Under spring, summer, and fall maximal flow conditions the plume centerline
velocities within the embayment ranked between 0.02 and 0.11 fps (.6 to 3.4 cum
per sec). Corresponding current velocities within the main channel of the river
ranged from 0.07 to 0.17 fps (2 to 4 cu m per sec).

For the most part, the discharge embayment is relatively shallow; the
deepest point is a small area approximately 25 ft (7.6 m) in depth. The maximum
depth of the main channel downstream from the station is approximately 10 ft
(3 m). Dense growths of macrophytes, some of which is wild rice, extend from 50
to 100 ft (15 to 30 m) from shore depending on the season. Macrophyte beds
reach a maximum depth of approximately 4 ft (1.2 m).
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Intermediate Discharge

The intermediate discharge zone is very similar to the upstream control
zone except that the main channel is slightly wider, and this area is thermally
enriched. Macrophyte beds (primarily wild rice) extend 10 to 30 ft (3 to 10 m)
out from the shore on both sides.

Downstream Recovery

The mainstream channel of the river at this point is approximately 10 ft
(3 m). Some thermal enrichment occurs in this zone depending on river flow,
season, and the Clay Boswell Station operating procedures. Macrophyte beds
(primarily wild rice) occur on both sides of the channel and extend varying
distances from the shore.

Results and Discussion of Monitoring

In the following section, discussion of aquatic biota found at and around
the Clay Boswell Station will be presented using the following categories:
phytoplankton, periphyton, aquatic macrophytes, zooplankton,
macroinvertebrates, and fisheries,

Phytoplankton. From August 1975 to September 1976, phytoplankton were
collected, analyzed, and studied using the following parameters: total
abundance, dominant species, percent composition by major groups, diversity,
and results of an anaylsis of variance between different zones and abundance by
major groups or species, for each sampling date (Table IV-22). A graphic
summary of abundance and percent composition is presented in Figure IV-27.
Phytoplankton collected in the vicinity of the Clay Boswell Station included a
diverse assemblage of diatoms, green and blue-green algae, and cryptophytes.
Phytoplankton lists are included in the complete species list (Table IV-23).

Species observed in samples from throughout the study include those
associated with both oligotraphic (e.g., Merismopedia sp., Cyclotella sp.,
Ehizosolenia sp.), and eutrophic (e.g. Melosira sp., ©Stephanodiscus sp.,
Microcystis ; ecosystems. Many euplanktonic (truly planktonic) phytoplankton
species are present (e.g. Attheya zachariasi , Diatoma sp., Fragilaria sp.,
Melosira sp., Synedra sp., Several tychoplanktonic (benthic algae which are
washed into the plankton) species are also found (e.g., Nitzchia aucularis ,
Cymbella sp.; (72). The cryptophytes Chroomonas acuta and Cryptomonas erosa,
the blue-green Osctllatoria sp., the golden brown Ochromonas sp., and the
diatoms Ankistrodesmus falcatus and Cyclotella-Stephanodiscus were the most
common forms observed.

Seasonal variations or shifts in phytoplankton diversity and density occur
among the zones. These variations or shifts could be attributed to the heated
discharge, chemical plume, and natural variations.

However, on an annual basis, no significant difference between zones could
be detected. Although real differences in total abundance occurred (Table IV-
22) on sampling dates, no zone was significantly different throughout the
sampling program.

%

Iv-104




TABLE 1V-22
PHYTOPLANKTON POPULATION SUMMARY ~ 5 SAMPLING STATIONS NEAR CLAY BOSWELL STEAM ELECTRIC STATION?

Sampling Stations

Intake Intermediate
Determination Upstream Surface Middle Bottom Discharge Discharge Downstream
September 9, 1975
b
Total aumber 256 « 1,597° » 611 735 577
d
Aggociation Chroomonas acuta and Cryptomonas erosa
% Diatoms® 14 +~ 14 - 18 ] 12
% Green algae® 19 « 1 - 13 13 15
% Blue-green algae® 2 « <1 = <1 <1 1
% Cryptophytes® 63 69 = 63 75 71
% Others® 2 5 - 5 2 1
Diversityf 1.97 « 177 - 1.91 1.59 1.77
Number of species 26 40 > 29 30 28 .
ANOVA:s Total count = U3z > Us = Yg = U7 > WYy
Cryptophytes = Wy > ug = Uy = us >
Chroomonas acuta - Uy > e = Uy = Us > Wy
Cryptomoras erosa - uy < Us = g = {y < U3
Sampling Stations
Intake Intermediate
Determination Upstream Surface Middle Bottom Discharge Discharge Downstream
October 2, 1975
Total numberb 275 1,446 1,065 966 1,318 404 476
Association? Chroomonas acuta and Chryptomonas erosa
% Diatoms® 17 7 9 16 11 18 23
% Green algaee 18 8 10 12 16 13
% Blue-green algae® 3 <1 2 <1 2 2
% Cryptophytes® 60 82 78 67 73 63 59
% Others® 2 2 4 S 3 1 3
Diversityf 2.06 1.23 .50 1.77 1.61 2.03 2.08
Number of species 29 36 32 35 37 34 33

8
ANOVA: not computed
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' TABLE IV-22 (continued) a
PHYTOPLANKTON POPULATION SUMMARY ~ 5 SAMPLING STATIONS NEAR CLAY BOSWELL STEAM ELECTRIC STATION

Sampling Stations

Intake Intermediate

Determination Upstream Surface Middle Bottom Discharge Discharge Downstream
December &, 1975

Total munber:b 2,381 2,776 3,047 2,528 3,340 2,644

Associationd Oscillatoria sp. and Ochromonas sp.

% Diatoms® 4.0 4,0 4.0 5.0 3.0 5.0

% Green algae® 4.0 4,0 4,0 4,0 4.0 3.0

% Blue-green algae® 71.0 75.0 76.0 77.0 74.0 66.0

% Cryptophytes® 8.0 7.0 6.0 6.0 6.0 7.0

% Others® 13.0 10.0 10.0 8.0 13.0 19.0

Diversityf 1,18 1.09 1.05 1.04 1.07 1.25

Number of species 32 34 31 23 23 25

ANOVA:8 Total Count - Hg = Uy = U3 = Uy > Us = iz
Blue~green algae - Lz = U3 = Yy, = U5 = Ug
Osoillatoria sp. = W2 = U3 = Wy = Us = kg = Yy
Ochromonas sp. = Wy =Yg > Uy = Uy = U3 = Ug

Sampling Stations

Intake Intermediate
Determination Upstream Surface Middle Bottom Discharge Discharge Downstrean
February 9, 1976

Total numberb 399 427 427 383 474 428 364
Associa:iond Ankigtrodesmus falcatus and Oseillatoria sp.

% Diatoms® 9.0 6.0 6.0 9.0 12.0 6.0 8.0
% Green algae® 53.0 61.0 64,0 54,0 53.0 52,0 61.0
% Blue-green algae® 24.0 19.0 16.0 19.0 22.0 29.0 13.0
% Cryptophytes® 13.0 11.0 11.0 13.0 11.0 10.0 14.0
% Others® 1.0 3.0 3.0 5.0 2.0 3.0 4.0
Diversityf 1.77 1. 64 1,58 1.75 1.89 1.69 1.75
Number of species 22 19 15 17 26 18 19

ANOVA:S Total Count = (U} = Uy = Uy = |y, = Ug = g = Ug
Green algae - U1 = Y2 = U3 = Yy = Us = Ug = Uy
Ankistrodesmus faleatus - Uy = Mg = W3 = Wy = W = Ug = Ug
Ogeillatoria sp. = Us = Y = U1 > Mz = Uy = U3 = g
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TABLE IV-22 (continued) a
PHYTOPLANKTON POPULATION SUMMARY -~ 5 SAMPLING STATIONS NEAR CLAY BOSWELL STEAM ELECTRIC STATION

Sampling Stations

Intake Intermediate
Determination Upstream Surface Middle Bottom Discharge Discharge Downstream
{[ April 15, 1976
Total numberb 960 2,262 2,078 1,855 1,875 3,337 2,232
( Assox:iat:iou‘:l Chroomonas acuta and Pennate diatoms
( % Diatoms® 21.0 26,0 3.0 48.0 35.0 2.0 28.0
% Green algae® 25.0 13,0 15.0 18.0 14.0 16.0 17.0
% Blue-green algae® 0.0 0.0 1.0 0.0 0.0 0.0 0.0
% Cryptophytes® 47.0 54.0 36.0 22.0 41.0 50.0 46,0
% Others® 7.0 9.0 14.0 12.0 10.0 10.0 9.0
; Diversityf 2.12 1.92 2.23 2.08 2.11 1.97 -2.03
% Number of species 35 35 36 35 32 32 30
i
ANOVA:B Total Count - Us > Ug = Uy = U3 = Ug = Uy = |y
{, Diatoms = My = Us = U3 = Mg = U7 = U > |y
i Chryptophyta - Us = Hg = U7 > U = U3 = Y) = Y,
Pennate ~ Uy = U = U3 = Uy = Us = Ug = Y7
Chroomonas acuta - Us > Hz = U7 = Hg = U3 = Uy = Uy
[,
i
1 Sampling Stations
( Intake Intermediate
Determination Upstream Surface Middle Bottom Discharge Discharge Downstream
[ May 10, 1976
| . b
¥ Total number 2,523 4,968 4,056 4,665 3,546 3,562 2,780
Association? Cyclotella - Stephanodiscus and Chroomonas acuta
{ % Diatoms® 42.0 33.0 50,0  40.0 41.0 40.0 37.0
| % Green algae® 22,0 20.0 17.0 18.0 23.0 22.0 24.0
% Blue-green a%gaee 1.0 1.0 1.0 1.0 1.0 2,0 1.0
% Cryptophytes® 32.0 35.0 28.0 32.0 24.0 24,0 *25.0
% Others® 3.0 11.0 4.0 9.0 11.0 12.0 13.0
Diversityf 2.13 2.22 2,00 2.11 2.34 2.25 2.27
Number of species 36 44 34 32 43 14 31

Diatoms -~ Mg = Uy > Yy = Yg = s
Chryptophyta = Uy = Wy > 3 > g
Cyclotella - Stephanodiscus - i3

>
=

H1
Hg
Hy

g
ANOVA:  Total Count = U = y, > U3 = Ug = U > U7 = Ly

Uy

=W = Uy

>

Uz = HUs = Hg > Uy = Uy

Chroomonas acuta = Uz = Wy, > W3 = Hs = Ug = Uy > Uy
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TABLE IV-22

(continued)

PHYTOPLANKTON POPULATION SUMMARY ~ 5 SAMPLING STATIONS NEAR CLAY BOSWELL STEAM ELECTRIC STATION®

Sampling Stations

Intake Intermediate
Determination Upstream Surface Middle Bottom Discharge Discharge Downstream
June 14, 1976
b
Total number 1,451 3,771 5,564 5,116 4,372 7,779 8,403
Association? Cyclotella - Stephanodiscus and Chroomonas acuta
% Diatoms® 2.0 52,0 55.0 56.0 65.0 71.0 76.0
% Green algae® 23.0 16.0 13.0 13.0 10.0 11.0 9.0
% Blue-green algae® 0.0 9.0 7.0 9.0 10.0 10.0 7.0
% Cryptophytes® 74.0 23.0 24,0 21.0 14.0 8.0 7.0
% Others® 1.0 0.0 1.0 1.0 1.0 0.0 1.0
Diversityf 1.58 2.06 1.86 1.90 1.84 1.57 1.45
Number of species 25 41 34 30 45 36 36
g
ANOVA:™ Total Count ~ U7 = Ug > Uy = |, = Mg = Uz > 1y
Diatoms - M7 > M5 > U3 = Ug = Wy > U2 > 4y
Cyelotella - Stephanodisous = 7 > s > Uy = g = Wy > Up > 1y
Chroomonas acuta - Wy = My > Uz = U1 = Us = {7 = g
Sampling Stations
Intake Intermediate
Determination Upstream Surface Middle Bottom Discharge Discharge Downstream
July 29, 1976
Total number’ 1,648 924 63 1,015 502 398 377
Associationd Chroomoras acuta and Cryptomonas erosa + Coccoid greens and Coccoid greenm colonies
% Diatoms® 28.0 24,0 20.0 21.0 27.0 23.0 20.0
% Green algae® 30.0 26.0 25.0 25.0 44,0 55.0 63.0
% Blue~green algae® 1.0 2.0 3.0 3.0 5.0 2.0 4.0
% Cryptophytes® 36.0 41.0 43.0 42.0 11.0 10.0 2.0
% Others® 5.0 7.0 9.0 9.0 13.0 10.0 11.0
Diversityf 2.51 2.61 2.63 2.64 2.95 2.87 2.78
Number of species 47 45 44 49 47 47 45
8
ANOVA: Total Count = 1ty > My = Yz > Uz = Hg = Us = Ug
Green algae = Uy > Uy = Uz = Y7 = Ug = Us = U3
Cryptophyta - Hy; > Wy = U > U3 > Ug = Us = Uy
Coccoid greens - \i; > Wz = Us = Uy = Ug = Wy = Y3

Chroomonas acuta
Cryptomonas erosa

- W

~ M1 > My = Hp = U3 > Ug = Us = Uy

= Uy

= Mz > U3 > Ug = Us ™ Mg
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TABLE IV-22 (continued) a
PHYTOPLANKTON POPULATION SUMMARY -~ 5 SAMPLING STATIONS NEAR CLAY BOSWELL STEAM ELECTRIC STATION

Sampling Stations

Intake ) Intermediate
Determination Upstream Surface Middle Bottom Discharge Discharge Downstreamn
August 17, 1976
Total numberb 1,207 520 622 618 403 427 273
Associationd Coccoid greens and Stephanodiscus tenuts + Coccoid greens and Coccoid green colonies
% Diatoms® 38 28.90 30.0 27.0 33.0 29.0 15.0
% Green algae® 35 37.0 38.0 34,0 51.0 45.0 72.0
% Blue~green algae® 4,0 4.0 - 4.0 4.0 7.0 21.0 5.0
- % Cryptophytes® 15.0 18.0 19.0 26.0 1.0 0.0 0.0
% Others® 8.0 13.0 9.0 9.0 8.0 5.0 8.0
Diversityf 2.53 2,84 2.79 2.72 2,61 2.40 2.41
Number of species 50 49 55 48 47 43 46
g

AROVA: Total Count = My > Uz = My = Uz = Us = Ug = U7
Diatoms ~ M3 > M3 = Uy = Uz = Ug * Us = Uog
Green algae - Y, > U3 = Uy = Hg = U5 = Uy = Uz
Stephanodiscus tenuts = My > Uy = Uz = Uy = Hg > Hs = Hy
Coccoid greens = My > Yu = U3 ® Yo = Uy = Ug = Us

Summary for 9 dates between September 9, 1975 and August 17, 1976.

Total number is the average of the total abundance of organisms in 3 samples, expressed as thousands
of organisms per liter.

Mean of 3 samples; 1 each from surface, middle, and bottom on this date only.

Association refers to the dominant species or group of phytoplankton on the sampling date.

% refers to percent composition of total number.

m 0o A 0

Diversity refers to the Shannon-Weaver Index, a method of calculating the ecological diversity of an
aquatic community where smaller numbers indicate less diversity,

ANOVA refers to a statistical analysis of variance summary where p represents the true mean of the
population at the sampling station; = indicates no significant difference; < or > indicates signifi-
cantly less~than or greater-than differences between the means; and subscripts refer to sampling
locations in order of occurrence upstream to downstream, e.g. M; is the true mean of the population
at the discharging station.

In most river systems, tychoplanktonic and some euplanktonic diatoms are
usually dominant (73). In the Mississippi River at Clay Boswell, the large
numbers of euplanktonic species reflect the lacustrine (lake-like) nature of the
river there. The large backwater areas in the river and the close proximity of
several lakes emptying into the river also contribute to this euplanktonic
community.

Of special note are the low numbers of Cyanophyta which generally occur in
lake type habits. Members of this phylum are considered undesirable in large
numbers because they may impart taste and color to public water supplies; they
inhibit zooplankton feeding (74) (75); and their blooms often result in anoxic
conditions, which in turn can cause fish kills.

In general, the phytoplankton community reflects the excellent quality of
the Mississippi River at this location.
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TABLE 1IV-23
SUMMARY OF COLLECTED PHYTOPLANKTON SPECIES - CLAY BOSWELL STEAM ELECTRIC STATION
September 9, 1975 to August 17, 1976

Species Species Species
Acnanthes sp. Epithemia sp. Pediastrum kawraiskyi
Actidesmium sp. Eudorina sp. Pediastrum tetras
Actinastrum hantzsehii Euglena sp. Pennate
Amphipleura pellucida Filamentous green Peridinium sp.
Anadaena sp. Fragilaria sp. Phacus sp.
Ankistrodesmus falcatus Gomphonema sp. Pinvularia sp.
Asterionella formosa Gymnodinium sp. Platydorine sp.
Attheya zachariasi Kirchneriella sp. ' Polyedriopsis sp.
Blue-green trichomes Lagerheimia quadriseta Quadrigula sp.
Chlorogonium sp. Mallomonas akrokomos Radiosphaera sp.
Chloromonad sp. Mallomonas globosa Rhizosolenia sp.
Chroomonas acuta Mallomonas tonsurata Scenedesmus arcuatus
Closterium sp. Mallomonas sp. Scenedesmus bijuga
Coccoid blue-green colonies Melosira ambigua Scenedesmus dimorphus
Coccoid greens Melosira binderana Scenedesmus falcatus
Coccoid green colonies . Melosira granulata Scenedesmus quadricauda
Cocconets sp. Melosira islandica Scenedesmus sp.
Coelastrum sphaericum Melosira varians Sorastrum sp.
Coscinodiscus sp. Merismopedia sp. Spermatozoopsis exultans
Cosmarium sp. Micractinium pusillum Staurastrun sp.
Crucigenia tetrapedia Microcystis sp. Stephanodiscus astrea
Crucigenia sp. Nephrocytiwn sp. Stephanodiscus tenuis
Cryptomonas erosa Nitzschia acicularis Synedra sp.
Cyclotella-stephanodiscus Nitzsehia palea Syrura sp.
Cyelotella sp. Nitzschia sp. Tabellaria sp.
Cymatopleura sp. Ochromonas sp. Tetraedron minimim
Cymbella sp. Oocystis sp. Tetraedron sp.
Diatoma elongatum Ophiocytium capitatum var. Tetrastrum glabrum
Diatoma sp. Longspinum Tetrastrum heteracanthum

Dictyosphaerium sp. Osctllatoria sp. Tetrastrum staurogeniaeforme
Dinobryon (solitary) Pandorina morum Trachelomonas sp.
Dinobryon sp. Pediastrum boryanum Treubaria sp.

Pediastrum duplex

Iv-110




(x108) /1iter

org.

mean no.

100

percent composition
w ~1
o w

a4
w

)

8.4

1
-
BN
N
NN
N
3 i
L | Ul
2 . i ' 3
| B A ]
g A 4 >
q : . / / W /
£ E 7/L7‘ / / / ;:{:& ? / /
YA ) YA AAA V] re 4 /
1 234 5 1234 5 1 234 5 123 45 12 34 5 123 45 12 34 5 12 345 1 234 5
Sept. 9, 1975 Oct. 2 Dec., 4  Feb. 9, 1976  Apr. 15 May 10 June 14 July 29 Aug. 17

LEGEND

DIATOMS
BLUE-GREEN ALGAE
CRYPTOPHYTES
GREEN ALGAE

OTHER

UEEAN

SAMPLING LOCATIONS
1 = UPSTREAM
2 = INTAKE
3 = DISCHARGE
4 = INTERMEDIATE DISCHARGE
5 = DOWNSTREAM

PERCENT COMPOSITION BY MAJOR GROUPS
AND TOTAL ABUNDANCE (ALL GROUPS)-
PHYTOPLANKTON POPULATIONS
SAMPLED AT SURFACE DURING
1975-1976 NEAR CLAY BOSWELL
STEAM ELECTRIC STATION

(SOURCE: WAPORA, INC., WASHINGTON, D.C., STATISTICAL DATA
TRANSMITTED TO MICHAEL BAKER, JR., INC. ON MARCH 17, 1977)

Iv-111

FIGURE IV-27







Periphyton. Diatoms and green algae were the most abundant groups of
periphyton (attached algae) found in the Mississippi River near the Clay Boswell
Station. A summary of population parameters, including total abundance,
dominant species, percent composition by major groups, a diversity index, and
results of analysis of variance for short-term exposure periods, for each
sampling date is presented in Table IV-24. A graphic summary is presented in
Figure IV-28. A complete species list is presented in Table IV-25.

Species observed throughout the study include those normally associated

with running water habitats (e.g. - the stalked diatom Achnanthes , the
epiphytic Coceconeis , the epipelic blue-green Oscillatoria ) but were also
observed in the plankton (e.g. - Cyclotella, Melosira , Chroomonas ). The

pennate diatoms, the diatoms Cocconeis placentula v. lineata , Tabellaria
Achnanthes , and the blue-green Oscillatoria were the most common forms observed
throughout the study.

Pennate diatoms were clearly the overall most common periphyton form
observed. Green algae were the second most abundant group throughout the study,
in both short and long term samples, and were dominant, or nearly so, on several
dates.

Based on the limited data, an analysis of variance, identical to that
performed for the phytoplankton, showed no significant difference between zones
when total abundance for all short term exposure periods was tested. By date,
numerous zones were shown to have significantly higher or lower total abundance
or abundances of major groups.

In most cases, the immediate discharge showed a lower diversity and greater
dominance by diatoms. Apparently the discharge area is a more suitable habitat
for diatoms, perhaps because of increased temperatures, flow velocities,
chemical constituents of the water, or a combination of these and other factors.

As was noted for the phytoplankton, the low numbers of blue-green algal
species in the periphyton may indicate the excellent water quality in this
section of the upper Mississippi River.

Aquatic Macrophytes. The aquatic macrophytes (large aquatic plants)
collected during the 316(a) study are presented in the Species List and list of
zones of occurrence in Table IV-26. A more general list of aquatic macrophytes
found in the upper Mississippi River reservoir system is presented in Table Iv-
27, and a site-specific list prepared during the summer of 1969 by the DNR is
presented in Table IV-28 for comparative purposes.

For the 316(a) study, 13 species (the most at any zone) were collected in
the immediate discharge. Ten were collected in the intermediate discharge,
eight in the upstream control, and six in the downstream zone. Dominant species
with zones of occurrence are included in Table IV-29.
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TABLE IV-24
SUMMARY OF PERIPHYTON POPULATION - SHORT-TERM AND LONG-TERM EXPOSURE PERIODS
5 SAMPLING STATIONS NEAR CLAY BOSWELL STEAM ELECTRIC STATION

Sampling Stations

Intermediate

Determination Upstream Intake Discharge Discharge Downstream
October 16, 1975 - short term

Total numberd® 10 187 195 34

Association? Cocconets placentula var. lineata and Pennate diatoms

% Diatoms® 73.0 92.0 91.0 87.0

% Green algaeC® 11.0 5.0 6.0 7.0

% Blue-green algae® 13.0 3.0 3.0 4.0

% Cryptophytes¢ 3.0 < 1.0 < 1.0 1.0

% Others® 0.0 0.0 0.0 1.0

Diversityd 1.564 0.99 0.97 1.49

Number of species 24 21 24 30

ANOVA:® Total Count - My = Mg < Up = Ua
Diatoms = iy = Us < Uz = Yy
Cocaoneis placentula var. lineata —= Wy = Us < Uz = Uy

Pennate diatoms - Y} = Yz = Uy = Us

Sampling Stations

Intermediate

Determination Upstream Intake Discharge Discharge Downstream
November 26, 1975 ~ short term

Total numberd 26 52 19

Associationb Pennate diatoms and Blue-green trichomes

% Diatoms® 77.0 89.0 70.0

% Green algae® 2.0 3.0 4.0

% Blue-green algae® 21.0 8.0 24,0

% Cryptophytest < 1.0 < 1.0 1.0

% Others® 0.0 0.0 1.0

Diversityd 1.42 1.99 1.85

Number of species 28 26 30

ANOVA:® Total Count - pj3 = Hs < Mg
Diatoms -~ U3 = Wg < My
Pennate diatoms - Us = U3, U3 = Uy, Hy > Us

Blue~green trichomes -~ U3 = Uy = Us
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TABLE IV-24 (continued)
SUMMARY OF PERIPHYTON POPULATION -~ SHORT-TERM AND LONG-TERM EXPOSURE PERIODS
5 SAMPLING STATIONS NEAR CLAY BOSWELL STEAM ELECTRIC STATION

Sampling Stations

Intermediate

Determination Upstream Intake Discharge Discharge Downstream
November 26, 1975 - long temm

Total numberd 107.1 89.0

AssociationP Cocconets placentula var. lineata and Pennate diatoms

% Diatoms® 93.0 97.0

% Green algae¢ 1.0 1.0

% Blue-green algae® 6.0 2.0

% CryptophytestC < 1.0 < 1.0

% Others® 1.0 0.0

Diversityd 1,49 1.37

Number of species 17 17

ANOVA:®

Sampling Stations
Intermediate

Determination Upstream Intake Discharge Discharge Downstream
January 8, 1976 - short term

Total number?d 1.0 33

Association? Pennate diatoms and Ogscillatoria sp.

% Diatoms® 54.0 94,0

% Green algaeC 8.0 3.0

% Blue-green algae® 37.0 3.0

% Cryptophytes¢ 1.0 < 1.0

% Others® 0.0 0.0

Diversityd 1.46 1.99

Number of species 18 25

ANOVA:® Total Count - Pz < iy
Diatoms - H3y < Uy
Pennate diatoms - y3 < U,

Oscillatoria sp. = Uz < Uy
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TABLE IV-24 (continued)
SUMMARY OF PERIPHYTON POPULATION - SHORT-TERM AND LONG-TERM EXPOSURE PERIODS
5 SAMPLING STATIONS NEAR CLAY BOSWELL STEAM ELCTRIC STATION

Sampling Stations

ANOVA:® Total Count - Uz = U, = yg
Diatoms - U3 = Yy = Uj
Pennate diatoms -~ y, > Uj > us

Tabellaria sp., - U3 = U, = Us
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Intermediate

Determination Upstream Intake Discharge Discharge Downstream
January 8, 1976 - long term

Total number?d 9.0 42.0 3.0

Association? Pennate diatoms and Oseillatoria sp.

% Diatoms® 45.0 97.0 43,0

% Green algaeC 8.0 < 1.0 0.0

% Blue-green algae® 47.0 3.0 54,0

% Cryptophytesc 0.0 0.0 3.0

% Others® ; 0.0 0.0 0.0

Diversityd 1.50 1.66 1.51

Number of species 10 13 17

ANOVA:®

Sampling Stations
Intermediate

Determination Upstream Intake Discharge Discharge Downstream
February 9, 1976 - short term

Total numberd 26.0 28.0 13.0

Association® Pennate diatoms and Tabellaria sp.

% Diatoms® 79.0 96.0 96.0

% Green algaeC 20.0 3.0 1.0

% Blue~green algae© < 1.0 1.0 2,0

% Cryptophytesc < 1.0 < 1.0 < 1.0

% Others® 1.0 1.0 1.0

Diversityd 1.92 1.43 1.68

Number of species 21 27 23




TABLE IV~24 (continued)
SUMMARY OF PERIPHYTON POPULATION -~ SHORT-TERM AND LONG-TERM EXPOSURE PERIODS
5 SAMPLING STATIONS NEAR CLAY BOSWELL STEAM ELECTRIC STATION

Sampling Stations

Intermediate

Determination Upstream Intake Discharge Discharge Downstream
February 9, 1976 - long term

Total numberd 153.0 40.0 5.0

Association® Pennate diatoms and Characiwm sp.

% Diatoms® 53.0 96.0 93.0

% Green algae® 44.0 1.0 5.0

% Blue~green algae® 3.0 1.0 1.0

% Cryptophytes¢ 0.0 2.0 1.0

% Others® 0.0 0.0 0.0

Diversityd 1.46 1.44 1.70

Number of species 11 17 12

ANOVA:

Sampling Stations
Intermediate

Determination Upstream Intake Discharge Discharge Downstream
February 9, 1976 - long term (3 to 4 months)

Total numberd 23.0

Association® Coceoneis placentula var. lineata and Synedra ulna

% Diatoms® 99.0

% Green algae® 1.0

% Blue-green algae® 0.0

Z Cryptophytes¢ 0.0

% Others® 0.0

Diversityd 1.55

Number of species 15

ANOVA:®
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TABLE IV-24 (continued)
SUMMARY OF PERIPHYTON POPULATION - SHORT-~TERM AND LONG-TERM EXPOSURE PERIODS
5 SAMPLING STATIONS NEAR CLAY BOSWELL STEAM ELECTRIC STATION

Sampling Stations

Intermediate

Determination Upstream Intake Discharge Discharge Downstream
March 15, 1976 - short term

Total numberd 121.0 180.0 94.0 64.0

Association? Tabellaria fenestrata and Pennate diatoms

% Diatoms® 100.0 97.0 98.0 99.0

% Green algaeC < 1.0 1.0 1.0 < 1.0

% Blue-green algae® < 1.0 3.0 < 1.0 0.0

% CryptophytesC < 1.0 0.0 1.0 0.0

% Others® 0.0 0.0 0.0 1.0

Diversityd 0.66 1.06 1.25 1.53

Number of species 12 9 19 15

ANOVA:® Total Count - M, = U3 = Uy = Us
Diatoms = lp = M3 = Uy = Ug
Pennate diatoms = H; = U3 = Us < Y4

Tabellaria fenestrata - Ws > M3 = Uy = Us

Sampling Stations

Intermediate

Determination Upstream Intake Discharge Discharge Downstream
March 15, 1976 - long term

Total numberd ‘ 108.0 3.0

Association® Pennate diatoms and Tabellaria fenestrata

% Diatoms® 100.0 96.0

% Green algae® < 1.0 1.0

% Blue-green algae® 0.0 1.0

% Cryptophytesc 0.0 2.0

% Others® 0.0 0.0

Diversityd 1.66 1.84

Number of species 12 13

ANOVA:®
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TABLE IV-24 (continued)
SUMMARY OF PERIPHYTON POPULATION - SHORT-TERM AND LONG-TERM EXPOSURE PERIODS
5 SAMPLING STATIONS NEAR CLAY BOSWELL STEAM ELECTRIC STATION

Sampling Stations

Intermediate
Determination Upstream Intake Discharge Discharge Downgtream
April 15, 1976 - short term
Total numberd ) T 36.0 71.0 155.0 80
Association? Coccoid greens and Achnantheg sp.
% Diatoms® ) 61.0 41.0 80.0 40.0
% Green algaeC 26.0 7.0 18.0 48,0
% Blue-green algae® 4.0 - 51.0 1.0 9.0
% Cryptophytes¢ ) 9.0 1.0 1.0 3.0
% Others® 0.0 0.0 0.0 0.0
Diversityd 2.48 1.5% 2.06 2.12
Number of species 35 27 26 3
ANOVA:® Total Count = Uy = U3 = Uy < My
Diatoms = Mg = U3 = Mg < Uy
Coccoid greens = Wy = Uy < Wy < Us
Achnanthes sp. - Uz  Hz Us < Uy
Sampling Stations
Intermediate
Determination. Upstream Intake Discharge Discharge Downstream
April 15, 1976 -~ long term
Total number?2 79.0 342.0 152.0
AssociationP Achnanthes sp. and Coccoid greens
% Diatoms® 80.0 97.0 37.0
% Green algae® 15.0 1.0 56.0
% Blue-green algae® 1.0 2.0 4.0
% Cryptophytesc . 3.0 0.0 1.0
%Z Others® 1.0 0.0 2.0
D:I.vers:f.t:yCI 1.42 1.68 2.08
Number of species 22 20 23
ANOVA:®
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TABLE IV-24 (continued)
SUMMARY OF PERIPHYTON POPULATION - SHORT-TERM AND LONG-TERM EXPOSURE PERIODS
5 SAMPLING STATIONS NEAR CLAY BOSWELL STEAM ELECTRIC STATION

Sampling Stations

Intermediate
Determination Upstream Intake Discharge Discharge Downstream
May 10, 1976 ~ short term
Total numberd 86.0 124.9 58.0 37.0
Association? Gomphonema sp. and Nitzschia sp.
% Diatoms® 83.0 89.0 89.0 73.0
% Green algaeC 14.0 9.0 8.0 20.0
% Blue-green algae® 1.0 1.0 2.0 3.0
% Cryptophytesc 2.0 1.0 1.0 2.0
% Others® 0.0 0.0 0.0 2.0
Diversityd 1.88 2.12 2.14 2.45
Number of species 28 27 33 35
ANOVA:® Total Count = Uy = My > Us, My > Uy > Us
Diatoms = Uj = Uz = Uy > Us
Gomphonema sp. =~ Uy > Uz = Uy = Us
Nitzschia sp., = Ua > Uy = Uy > Us
Sampling Stations
Intermediate
Determination Upstream Intake Discharge Discharge Downstream
May 10, 1976 - long term
Total numberd 60.0 110.0 196.0 143.0 101.0
Association? Achnanthes sp. and Nitzschia sp.
% Diatoms® 84.0 82.0 98.0 89.0 82,0
% Green algaet 8.0 16.0 1.0 8.0 15.0
% Blue-green algaeC 3.0 2,0 1.0 2.0 3.0
% Cryptophytesc 4,0 0.0 < 1.0 1.0 < 1.0
% Others® 1.0 0.0 0.0 0.0 0.0
Diversityd 2.55 2.12 0.36 1.85 2.21
Number of species 30 24 13 27 27

ANOVA:®
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TABLE IV-24 (continued)

SUMMARY OF PERIPHYTON POPULATION -~ SHORT-TERM AND LONG-TERM EXPOSURE PERIODS

5 SAMPLING STATIONS

NEAR CLAY BOSWELL STEAM ELECTRIC STATION

Sampling Stations

Intermediate
Determination Upstream Intake Discharge Discharge Downstream
June 14, 1976 -~ short term
Total numberd 127.0 41.0 152.0 27.0 75.0

Association?

% Diatoms®

% Green algae®

% Blue-green algae®
% Cryptophytes¢

% Others®

Divetsityd

Number of species

Cocconets placentula var. lineata and Cyclotella Stephanodiscus

86.0 77.0 97.0 85.0 92.0
10.0 14.0 1.0 6.0 2.0
3.0 4.0 1.0 6.0 3.0
0.0 5.0 1.0 6.0 3.0
1.0 0.0 0.0 1.0 0.0
1.56 2.01 0.37 1.41 1.18
14 26 13 20 23

ANOVA:® Total Count -~ Uy = U3 > Hy = Hy = Us

Diatoms = uy = U3 > Hy = Uy = Us
Cocoonets placentula var. lineat

Pennate diatoms - U = y, = ys <

a = Wy = Uy = Uy = Us < Ug

Hy = U3

Sampling Stations

Intermediate
Determination Upstream Intake Discharge Discharge Dovmstream
June 14, 1976 - long term
Total numberd 117.0 56.0 49.0 110.0

AssociationP

% Diatoms®

% Green algaeC

% Blue-green algaeC
% Cryptophytesc

% Others®

Divetsityd

Number of species

ANOVA:®

Cocconets placentula var. lineata and Pennate diatoms

85.0 86.0 98.0 94.0
13.0 8.0 0.0 2.0
2.0 4.0 2.0 2.0
0.0 2.0 0.0 2.0
0.0 0.0 0.0 0.0
1.66 1.39 0.67 1.02
10 14 8 14
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TABLE IV-24 (continued)
SUMMARY OF PERIPHYTON POPULATION ~ SHORT~TERM AND LONG-TERM EXPOSURE PERIODS
5 SAMPLING STATIONS NEAR CLAY BOSWELL STEAM ELECTRIC STATION

Sampling Stations

Intermediate

Determination Upstream Intake Discharge Discharge Downstream
July 15, 1976 ~ short term

Total numberd 28.0 169.0 53.0 28.0 126.0

Association? Coccomets placentula var. lineata and Epithemia sp.

% Diatoms® 83.0 84.0 96.0 89.0 ’ 93.0

% Green algae® 1.0 8.0 2.0 5.0 4.0

% Blue~-green algae® 2.0 7.0 1.0 5.0 ) 2,0

% Cryptophytesc 4.0 1.0 1.0 1.0 1.0

% Others® : 0.0 0.0 0.0 0.0 0.0

Diversityd 1.75 1.23 0.34 0.84 1.28

Number of species 37 23 28 23 20

ANOVA:® Total Count - Ly = P, = Uy = |1y = Us
Diatoms = H; = My = Uy = Uy = Yg
Pennate diatoms - Uy = Uy = Uy = |, = Us

Cocconeis sp. ~ Wy = Hp = U3 = Yy = Us

Sampling Stations

Intermediate

Determination Upstream Intake Discharge Discharge Downstream
July 15, 1976 - long term

Total number® 57.0 132.0 119.0 50.0 35.0

Association® Cocconeis placentula var. lineata and Epithemia sp.

% Diatoms® 89.0 91.0 98.0 90.0 82.0

% Green algaeC® 5.0 6.0 1.0 3.0 10.0

% Blue~green algae® 4.0 3.0 1.0 7.0 5.0

% Cryptophytesc 2.0 < 1.0 < 1.0 0.0 3.0

% Others® 0.0 0.0 0.0 0.0 0.0

Diversityd 1.52 0.76 0.22 0.81 1.34

Number of species 22 20 11 13 17

ANOVA:®
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TABLE IV-24 (continued)
SUMMARY OF PERIPHYTON POPULATION -~ SHORT-TERM AND LONG~-TERM EXPOSURE PERIODS
5 SAMPLING STATIONS NEAR CLAY BOSWELL STEAM ELECTRIC STATIONS

Sampling Stations

Intermediate

Determination Upstream Intake Discharge Discharge Downstrean
August 17, 1976 - short term

Total numberd 126.0 164.0 18.0 30.0 76.0

AssociationP Cocconets placentula var. lineata and Coccoid greens

% Diatoms® 68.0 89.0 37.0 61.0 87.0

% Green algae® 19.0 9.0 36.0 32.0 12.90

% Blue~green algae® 13.0 1.0 27,0 7.0 1.0

% Cryptophytesc < 1.0 < 1.0 < 1.0 < 1.0 0.0

% Others® 0.0 0.0 0.0 0.0 0.0

Diversityd 2.22 1.11 1.97 1.94 1.17

Number of species 34 20 32 28 14

ANOVA:® Total Count = y; = Hgp > Uy = Yy = Hs
Diatoms ~ My, > Hg = U3 > U3z = Wy
Cocconets placentula - Wy = Uy = Ug < Uy < Ug

Coccoid greens - Uy = Uy = My = Uy = Us

Sampling Stations

Intermediate

Determination Upstream Intake Discharge Discharge Downstreanm
August 17, 1976 - long term

Total number3d 60.0 154.0 35.0 34.0 188.0

AsgociationP Coceoneis placentula var. lineata and Epithemia sp.

% Diatoms® 86.0 92.0 77.0 90.0 95.0

% Green algae® 7.0 4.0 15.0 8.0 3.0

% Blue~green algae® 7.0 4.0 7.0 2.0 1.0

2 Cryptophytesc 0.0 0.0 0.0 < 1.0 0.0

% Others® 0.0 0.0 1.0 0.0 1.0

Diversityd 2.00 1.38 1.11 0.90 0.59

Number of species 24 12 14 15 10

ANOVA:®

Iv-123



TABLE IV-24 (continued)

SUMMARY OF PERIPHYTON POPULATION - SHORT-~TERM AND LONG-TERM EXPOSURE PERIODS

5 SAMPLING STATIONS NFAR CLAY BOSWELL STEAM ELECTRIC STATION

Sampling Stations

Intermediate
Determination Upstream Intake Discharge Discharge Downstream
September 20, 1976 - short term
Total numberd 13.0 85.0 59.0 9.0 14.0

Association?

% Diatoms®

% Green algae®

% Blue-green algae®
% Cryptophytesc

% Others®

Diversicyd

Number of specles

ANOVA:® Total count - W

Cocconets placentula var. lineata and dchnanthes lanceolata
and Pennate diatoms

69.0 92.0 85.0 53.0 78.0
8.0 1.0 8.0 14.0 6.0
3.0 1.0 1.0 2.0 1.0

19.0 6.0 6.0 28.0 15.0
1.0 0.0 0.0 3.0 0.0

2.24 0.56 1.50 2.49 2.01
33 21 27 47 40

Hy = Ug < U3 < Uy
Diatoms = H; = Wy, = Us < U3 < Y

Pennate diatoms - Yy = Uy = Hy = Uy = Ug

Achnanthes lanceolata = Yy = Ha = Uy = Us < Uy

Cocconeis placentula var. lineata - My = U3 = Yy = Us < Hp

Sampling Statiomns

Intermediate
Determination Upstream Intake Discharge Discharge Downatream
September 20, 1976 - long term
Total number2 9.0 66.0 73.0 15.0

Association?

% Diatoms®

% Green algaet

% Blue-green algae®
% Cryptophytesc

% Others®

Diversityd

Rumber of species

ANOVA:®

[ 20

o

Cocconets placentula var. lineata and Achnanthes lanceolata

64.0 93.0 91.0 74.0
8.0 1.0 4.0 6.0
3.0 < 1.0 1.0 1.0

25.0 5.0 4.0 3.0
0.0 0.0 0.0 0.0

2.24 0.69 1.52 2.12
25 18 17 17

Total number is the total abundance as organisms (x 10%) per sq cm.

Association refers to the dominant species or group »f Periphyton on the sampling date.

% refers to percent composition of total number.

Diversity refers to the Shannon-Weaver Index, a method of calculating the ecological diversity of an
aquatic community where smaller numbers indicate lesser diversity.

ANOVA refers to a statistical analysis of variance summary where | represents the true mean of the

populations at the sampling station;

= indicates no significant difference; < or > indicates

significantly less-than or greater-than differences between the means; and subscripts refer to
sampling locations in order of occurrence upstream to downstream, e.g. U1 1s the true mean of the

population at the upstream station.
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TABLE IV-25

SUMMARY OF COLLECTED PERIPHYTON SPECIES - CLAY BOSWELL STEAM ELECTRIC STATION
October 16, 1975 to September 20, 1976

Species

Species

Species

Achnanthes lanceolata
Achnanthes sp.
Actidesmium sp.
detinastrum hantzsehii

Actinastrum hantzschii var. fluviatile

Amphora sp.

Anabaena sp.
Ankistrodesmus falecatus
Asterionella formosa
Attheya zachariast
Blue-green trichomes
Calothrix sp.
Chaetophora type
Chaetophorales
Characiwn sp.
Chlamydomonas sp.

Chlorogonium sp.
Chroococcus minor

Chroomoras acuta

Chroomonas sp.
Cladophorales type
CZostepium 8p.

Coccoia blue-greens
Coccoid blue-green colonies
Coccoid greens

Coccoid green colonies

Cocconeis pediculus

Coceonets placentula var. lineata

Cocconeis sp.

Coelastrum wiaroporum
Coelosphaerium Sp.
Coseinodiscus rothit -
Cosmarium sp.

Crucigenia tetrapedia
Cructgenia sp.
Cryptomonas erosa
Cryptomonas sp.
Cyelotella stephanodiscus
Cyelotella sp.
Cymatopleura sp.

Cymbella sp.

Diatoma elongatum
Diatoma sp.
Dietyosphaerium pulchellum
Dictyosphaeriun sp.

Dinobryon sp.
Epithemia sp.
Eudorina sp.

Euglena sp.

Eunotia pectinalis
Filamentous green
Fragilaria sp.
Gomphonema angustatum
Gomphonema olivaceum
Gomphonema parvulum
Gomphonema sp.

Gonium sp.
Gymnmodinium sp.
Gyrosigma macrum
Gyrosigma sp.
Kirehneriella sp.
Lagerheimia longiseta
Lagerheimia quadriseta
Leptochaete sp.
Lyngbya sp.
Hallomonas tomsurata
Mallomonas sp.
Melosira ambigua
Melosira binderana
Melosira granulata
Melosira iglandica
Melosira italica
Melosira varians
Melosirg sp.

Meridion sp.
Merismopedia sp.
Micractintum pusillum
Microcystis sp.
Mougeotia sp.
Navicula exigua
Navicula mutica var.tropica
Navicula rhynchocephala
Navicula tripunctata
Navicula viridula
Naviculoid diatoms
Nitzschia acicularis
Nitaschia holsatica
Nitzschia palea
Nitzschia vermicularis

Nitzechia sp.

Ochromonas 8p.

Oseillatoria sp.

Pandorina morum

Pediastrum boryarum

Pediastrum duplex

Pediastrum kawraiskyt

Pediastrum tetras

Pediastrum sp.

Pennate

Pepidinium sp.

Phacus brev
Phacus sp.

Pinnularia

Quadrigula

Rhizosoleni.
Rhotcosphen
Seenedesmus
Soenedesmus
Scenedesmus
Seenedesmus
Seenedesmus

Scenedesmus

teauda

sp.

sp.

a sp.

{a curvata
abundans
arcuatus
bijuga
denticulatus
dimorphus
quadricauda

Sehroederia sp.

Sorastrum s

D.

Spermatozoopsts exultans
Spirogyra sp.
Stephanodiscus astrea
Surirella sp.

Synedra ulna

Synedra sp.

Synura sp.

Tabellaria fenestrata
Tabellaria sp.
Tetraedron caudatum
Tetraedron sp.
Tetrastrum heteracanthum
Tetrastrum staurogeniaeforme

Trachelomonas sp.

Treubaria s
Ulothriz sp
Zygnema  sp

D.
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TABLE IV-26
LIST OF AQUATIC MACROPHYTES COLLECTED - MISSISSIPPI RIVER NEAR CLAY BOSWELL STEAM ELECTRIC STATION
August 1975 to August 1976

Zones
Upstrean Immediate Intermediate Downstream
Species Control Discharge Discharge Recovery

American elodea (Elodea caradesis)
Arrowhead (Sagittaria latifolia)
Bladderwort (Utricularia sp.) X

»

Buttercup (Ranunculus sp.)
Coontail (Ceratophyllum sp.)

E I T S R ]

Giant duckweed (Spriodela polyrhiza)

Leafy pondweed (Potamogeton foliosus)

Pond 1lily (Nuphar advena)

Pondweed (Potamogeton sp.)

Star duckweed (Lemma trisulea)

Water milfoil (Myriophyllum sp.)

Water stargrass (Heteranthera dubia)

White water lily (Nymphaea tuberosa)

Wild rice (Zizania aquatica) X

L T - A

Total number species 8

—
W

10 6

The immediate discharge, which produced the most species and highest
production, has a large littoral area and is thermally enriched year-round. The
bottom slopes at the other zones are much steeper and drop off rapidly at the
edge of the channel, thus limiting the available habitat. Thermal effluents
apparently cause early emergence, enhance growth, and extend the growing season,
thus creating unfavorable nuisance conditions at the discharge and intermediate
discharge areas, as is evidenced by the higher biomass and increased
productivity in the spring and early summer at these 2 zones. The standing crop
in the intermediate discharge in the spring was greater than that in the 2
adjacent areas combined.

The aquatic macrophyte community within the study area is a variable but
productive community which has the expected species diversity for the region.
Localized productivity is apparently increased by the addition of thermal
effluent, but large differences in species composition and growth from year to
year is most likely due to natural variation and sampling differences.

Zooplankton. A summary of zooplankton population parameters, including
total abundance, dominant species, percent composition by major groups, a
diversity index, and results of an analysis of variance between zones for total
abundance and abundance by major groups or species, for each sampling date, is
presented in Table 1IV-30. A graphic summary of abundance and percent
composition (by major groups) is presented in Figure IV-29. A complete species
list, appears in Table IV-31.
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TABLE IV-27
LIST OF AQUATIC MACROPHYTE GENERA COLLECTED - UPPER MISSISSIPPI RIVER (76)

Species

Begger tick (Bidens sp.) Cane (Phragmites sp.)
Bluepoint (Calamogrostis sp.) Smartweed (Polygonum sp.)
Sedge (Carex sp.) Pondweed (Potamogeton sp.)
Coontail (Ceratophylium sp.) Arrowhead, wapato (Sagittaria sp.)
Spike rush (Eleocharis sp.) Bulrush (Seirpus sp.)
Elodea (Elodea sp.) ‘Bur reed (Spargantium sp.)
Manna grass (Glyceria sp.) Giant duckweed (Spirodela sp.)
Marestail (Hippuris sp.) Cattail (Typha sp.)
Duckweed (Lemna sp.) Wild celery (Vallisneria sp.)
Water milfoil (Myriophyllum sp.) Wild rice (Zizania sp.)
Yellow water lily (Nuphar sp.)

TABLE IvV-28

LIST OF AQUATIC MACROPHYTE GENERA COLLECTED NEAR
CLAY BOSWELL STEAM ELECTRIC STATION
MINNESOTA DEPARTMENT OF NATURAL RESOURCES (1969)

Upstream Dovnstream
Taxa of Discharge of Discharge

Coontail (Ceratophyllum sp.)
Elodea (Elodea sp.) X
Mare's tail (Hippuris sp.)

Duckweed (Lemma sp.) X
Water marigold fMegalodonta sp.)
Water milfoil (Myriophyllum sp.)

Hd

Yellow water lily (Nuphar sp.)

»
E I T B A S o

White water 1ily (Nymphaea sp.)

®o%®

Reed grass (Phragmites sp.)
Pondweed (Potamogeton sp.)

L]
"

b

Arrowhead (Sagittaria sp.)

E]

Bulrush (Seirpus sp.)

Bur reed (Spargarnium sp.)
Giant duckweed (Spirodela sp.)
Cattail (Typha sp.) X
Bladderwort (Utricularia sp.)

MoK X X MW W

Wild rice (Zizania sp.) X
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TABLE IV-29

DOMINANT AQUATIC MACROPHYTE SPECIES COLLECTED ~ MISSISSIPPI RIVER NEAR

CLAY BOSWELL STEAM ELECTRIC STATION
316 (a) DEMONSTRATION STUDY

Zone

Date

Species

common name

Upstream Control

Immediate Discharge

Intermediate Discharge

Downstream Recovery

August 27, 1975

June 2, 1976

August 13, 1976

August 27, 1975

June 2, 1976

August 13, 1976

August 27, 1975

June 2, 1976

August 13, 1976

August 27, 1975

June 2, 1976

August 13, 1976

wild rice
arrowhead

coontail
wild rice

wild rice
arrowhead

arrowhead
white water 1lily

arrowhead
white water 1lily
coontail

arrowhead
white water lily

coontail
wild rice
star duckweed

wild rice
star duckweed

arrowhead
wild rice

arrowhead
bladderwort
wild rice

wild rice
bladderwort

arrowhead
(no wild rice)

Lotic zooplankton populations are almost always dominated by rotifers,
primarily because of their ability to withstand abrasion and turbulence normally
associated with flowing water habitats.
cladocerans) are usually found in small numbers and are commonly members of the
genus Cyclops (Copepoda) and Vosmina (Cladocera) although Alona, Chydorus, and
Diaptomus are also frequently encountered (77).
Certodaphnia, Moina, and Pleuroxis were found in addition to these genera more
typical of river systems and this may be indicative of the contribution of
zooplankton from several tributary lakes and the overall lacustrine nature of

the region.
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TABLE 1IV-30
SUMMARY OF ZOOPLANKTON POPULATION
5 SAMPLING STATIONS NEAR CLAY BOSWELL STEAM ELECTRIC STATION

Sampling Stations

: Intermediate
Determination Upstream Intake Discharge Discharge Downstream
September 3, 1975

Total number? 4.6 16.7 10.4 7.3 5.6

Assoeia:ionb Nauplii larvae and Synchaeta sp.

Z Rotifetac 29.0 76.0 43.0 46.0 42.0

% Copepoda® ' 15.0 5.0 15,0 14.0 11.0

b4 Naupliic 33.0 14.0 24.0 27.0 28.0

% Cladocera® 21.0 4.0 17.0 11,0 15.0

7 Others® 2.0 1.0 1.0 2.0 4,0

Diversityd 2.48 1.96 2.50 2.65 2.68

Number of specles 35 33 32 35 38

ANOVA:® Total Count = liz > W3 = Wy = Us = Iy
Rotifera = Uy > W3 = MUy ® Hs = Wy
Synchaeta sp. = Uz > M3 = Wy = Us = U
Nauplii larvae = u; = Uy = U3 = Uy = Ug

Sampling Stations

Intermediate
Determination Upstream Intake Discharge Discharge Downgtream
October 1, 1975
Total number? 2.4 7.4 53.0 3.2 11.1
Association® Keratella cochlearis, Nauplii larvae, and unidentified rotifer
% Rotifera® 57.0 78.0 89.0 52.0 63.0
% Copepoda® 11.0 6.0 3.0 13.0 14.0
% Nauplii® 24.0 11.0 2.0 24.0 16.0
% Cladocera® 8.0 5.0 6.0 10.0 7.0
% Others® 0.0 0.0 0.0 1.0 0.0
Diversityd 2.30 2.10 1.18 2.63 2.47
Number of species 45 39 36 45 41

ANOVA:® Total Count = U3 > Ug = Uy = Uy = M)
Rotifera - Y, > Us = Mo = Uy = U
Keratella cochlearis = U3 > Uz = Us = Uy = I
Nauplii larvae = M; = Uz = U3 = Uy = Us
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TABLE IV-30 (continued)
SUMMARY OF ZOOPLANKTON POPULATION
5 SAMPLING STATIONS NEAR CLAY BOSWELL STEAM ELECTRIC STATION

Sampling Statfions

Intermediate
Determination Upstream Intake Discharge Discharge Downstream
December 4, 1973
Total number3d 19.0 108.8 76.1 60.9
Association? Keratella cochlearis and K. earlinae
% Rotifera® 66.0 94.0 89.0 90.0
% Copepoda® 13.0 1.0 3.0 4.0
% Nauplii® 11.0 3.0 3.0 3.0
% Cladocera® 10.0 2.0 5.0 3.0
7 Others® 0.0 0.0 0.0 0.0
Diversityd 2.17 1.17 1.52 1.42
Number of species 24 20 21 23
ANOVA:® Total Count = W3 > Wy = Us > Ui
Rotifera - U3 > Uy = Us > Uz
Keratella cochlearis - Uz > Uy > Us = Uy
Nauplii larvae - Uy = Yy = Y, = Hs
Sampling Stations
Intermediate
Determination Upstream Intake Discharge Discharge Downstream
February 9, 1976
Total numberd 132.7 4.9 21.4
Association® Nauplii larvae and Xeratella earlinge
% Rotifera® 53.0 66.0 67.0
% Copepoda® 8.0 13.0 18.0
% Nauplii® 36.0 19.0 12.0
% Cladocera® 3.0 2.0 3.0
% Others® 0.0 0.0 0.0
Diversityd - 2,22 2,11 2.18
Number of species 29 24 27

ANOVA:® Total Count - Uz = Wy > us
Rotifera = g = H3 = Uy
Nauplii larvae - 4, = M3 = Uy
Keratella earlinae - Up = U3 = Uy
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TABLE IV-30 (continued)
SUMMARY OF ZOOPLANKTON POPULATION
5 SAMPLING STATIONS NEAR CLAY BOSWELL STEAM ELECTRIC STATION

Sampling Stations

Intermediate
Determination Upstream Intake Discharge Discharge Downstrean
April 12, 1976
Total numberd 11.2 19.0 17.9 20.3 13.2
Association? Nauplii larvae and Keratella earlinae
% Rotifera® 53.0 51.0 59.0 49.0 44,0
% Copepoda® 11,0 13.0 8.0 15.0 16.0
% Nauplii® 35.0 32.0 28.0 30.0 35.0
% Cladocera® 1.0 2.0 4.0 4.0 3.0
% Others® 0.0 2.0 1.0 2.0 2.0
Diversityd 2.25 2,38 2.40 2.53 2.38
Number of species 27 36 32 36 37
ANOVA:® Total Count = Uy = Hp = Uz = Uy = Us
Rotifera = ; = Mg = Uy = Uy = Ug
Nauplii larvae - u; = Uz = Uy = He = Us
Keratella earlinae - Uz = W, > Uy = Us = Uy
Sampling Stations
Intermediate
Determination Upstream Intake Discharge Discharge Dovmstream
May 10, 1976
Total numberd 30.3 83.0 63.9 101.7 131.7
Association® Nauplii larvae and Keratella earlinae
T Rotifera® 44.0 49.0 59.0 68.0 73.0
% Copepoda® 9.0 13.0 8.0 7.0 5.0
) 4 Naupliic 45.0 37.0 28.0 23.0 20.0
% Cladocera® 2.0 1.0 4,0 2.0 1.0
7 Others® 0.0 0.0 1.0 0.0 1.0
Diversieyd 2,01 2.01 2,27 2.29 2.17
Number of species 32 27 31 29 23

ANOVA:® Total Count - Us > Uz > Ug > Wy > ¥
Rotifera - ug > My > P2 = U3 = Wy
Nauplii larvae = Yo = Wg = My > M3 = U3
Keratella earlinae - Ws > Uy = Hg = U3 > U
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TABLE IV~-30 (continued)
SUMMARY OF ZOOPLANKTON POPULATION

5 SAMPLING STATIONS NEAR CLAY BOSWELL STEAM ELECTRIC STATION

Sampling Stations

Intermediate
Determination Upstream Intake Discharge Discharge Dovmstream
June 20, 1976
Total numberd 15.3 47.9 55.3 58.6 53.4

Association? Nauplii larvae, Keratella earlinae, and K. cochlearis
4 Rociferac 22.0 59.0 52.0 75.0 80.0
% Copepoda® 9.0 4,0 6.0 2.0 1.0
z Naupli:l.c 35.0 25.0 23.0 17.0 15.0
% Cladocera® 34.0 12.0 19.0 6.0 3.0
I Others® 0.0 0.0 0.0 0.0 1.0
Diversityd 1.91 2.10 2.11 2,01 1.79
Number of species 28 24 27 27 25
ANOVA:® Total count = Uy = U3 = Us = Uz > Wy

Rotifera - Wy = Ug = Y3 > U2 > W

Keratella cochlearis = Us = U3 = Uy = Uy > Uy

K. earlinae - us = Uy > Uz = Y3 > Iy

Nauplii larvae = §t13 = Uz = |y, = yUs >

Sampling Stations
Intermediate
Determination Upstream Intake Discharge Discharge Dowmstrean
July 15, 1976

Total numberd 76.0 51.2 57.9 83.7 79.5
Association® Unidentified rotifer and Xeratella cochlearis
% Rotifera® 58.0 69.0 66.0 70.0 71.0
% Copepoda® 5.0 7.0 6.0 7.0 5.0
z Naupli:l.c 11.0 16.0 12.0 14.0 13.0
% Cladocera® 25.0 8.0 15.0 9.0 11.0
% Others® 1.0 0.0 1.0 0.0 0.0
Diversityd 2,13 2,22 2.13 2.19 2.14
Number of species 33 35 35 36 34

ANOVA:® Total Count = Uy = Us = 4ty > U3 = Y2

Rotifera - uy

Hs > Wy > Uy = Uz

Keratella cochlearis - U; = Uz = Uz = Uy = Ug

Unidentified rotifera - Us = Y, > U3 = Yy = Hg
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TABLE 1IV-30 (continued)
SUMMARY OF ZOOPLANKTON POPULATION
5 SAMPLING STATIONS NEAR CLAY BOSWELL STEAM ELECTRIC STATION

Sampling Stations

Intermediate
Determination Upstream Intake Discharge Discharge Dowmstream
August 17, 1976
Total numberd 73.1 46.0 27.7 44,9 25.1
Association® Nauplii larvae, Eubosmina coregoni, and Keratella cochlearis
b4 Rotiferac 48.0 39.0 29.0 22.0 15.0
%X Copepoda® 6.0 14.0 17.0 17.0 24,0
% Nauplii® 12,0 32.0 38.0 39.0 54.0
% Cladocera® 34.0 15.0 16.0 18.0 6.0
2 Others® 0.0 0.0 0.0 4.0 1.0
Diversityd ) 2.20 2.25 2.23 2.18 1.83
Number of species 27 28 31 34 32

ANOVA:® Total Count = U3 > Uz = Uy > W3 = s
Rotifera - yy > Uz = Uy = Py = ug
Nauplii larvae - Wy > Yg = Us = U3 = |,
Eubosmina coregoni = Yy > Uy = My = U3 > Ys

.

Total number is the average of the total abundance of organisms in 3 samples, expressed as organismsg
per liter.

Association refers to the dominant species or group of Zooplankton on the sampling date.
% refers to percent composition of total number.

Diversity refers to the Shannon-Weaver Index, a method of calculating the ecological diversity of an
aquatic community where smaller numbers indicate lesser diversity.

ANOVA refers to a statistical analysis of variance summary where u represents the true mean of the
population at the sampling station; = indicates no significant difference; < or > indicates significantly
less-than or greater-than differences between the means; and subscripts refer to sampling locations in
order of occurence upstream to downstream, e.g. U; is the true mean of the population at the upstream
station.

In general, rotifers (primarily Keratella ) were the dominant group
throughout the study and Nauplii larvae (immature copepods) were the most
common non-rotifer (Table IV-30 and Figure IV-29).

All species ranged from a low of less than 10 organisms per liter (several
zones, several dates) to over 130 organisms per liter (several zones, several
dates), which is within normal range for most large rivers, approximately
average for most headwaters, but low for lower reaches and for zooplankton
communities in general. Normal seasonal variation in abundance was evident with
the cold-month samples containing fewer plankters than in warmer months.

On an annual basis, no significant difference (p=.05) was found between
zones, all dates and zones considered.

The generally similar population densities observed throughout the study
suggest that the chemical constituents in the river around the Clay Boswell
Station are neither enhancing or inhibiting production, or that other factors
are compensating for a change in production that may be occurring in these
zones.
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SUMMARY OF COLLECTED ZOOPLANKTON SPECIES - CLAY BOSWELL STEAM ELECTRIC STATION

TABLE IV-31

September 3, 1975 to August 17, 1976

Species

Species

Species

Alona costata

Alona sp.

Asplanchna sp.

Bosmina longirostris
Brachionus angularis
Brachionus calyctflorus
Brachionus capsuliflorus
Brachionus quadridentatus
Brachionus sp.

Calanoid copepod
Calanoid copepodid
Calanoid nauplii
Camptosercus rectirostris
Canthocamptus sp.
Cephalodella sp.
Certodaphnia sp.
Chydorus sphaericus
Chydorus sp.

Cladoceran, immature
Cladoceran, unidentified
Collotheca pelagica
Collotheca sp.
Conochiloides sp.
Conochilus hippoerepis
Conochilus untcornis
Conochilus sp.

Cyclopoid copepod
Cyclopoid copepodid

Cyclops bicuspidatus thomast

Cyclops vernalis
Cyelops sp.
Daphnia longispina
Daphnia sp.
Diaptomus sp.

Dipleuchlanis propatula
Diplots sp.

Diptera larvae
Eubosmina coregont
Euchlants dilatata
Euchlanis sp.

Bucyclops agilis
Eucyeleops sp.
Burycercus lamellatus
Filinia longiseta
Graptoleberis testudinartia
Harpacticoid copepod
Hexarthra sp.
Hydracarina
Illyoeryptus sp.
Kellicottia Bostoniensis
Kellicottia longispina
Keratella cochlearis
Keratella crassa
Keratella earlinae
Keratella quadrata
Keratella serrulata
Lecane leontina

Lecane sp.

Lepadella sp.

Leptodora kindii
Manfrediun sp.

Moina sp.

Monostyla bulla
Monostyla lunaris
Monostyla quadridentata
Monostyla sp.

Mytilina sp.

Nauplii larvae
Notholea acuminata
Notholea .labis
Notholea limmetica
Notholea squamula
Notholea sp.
Ostracoda
Paracyclops sp.
Platyias patulus
Platyias quadricornis
Pleuroxtis denttoulatus
Pleuroxis procurvus
Pleuroxis sp.
Ploesoma sp.
Polyarthra sp.
Polyphemus pediculus
Polyphemus sp.
Rotaria neptunia
Seapholeberis sp.
Synchaeta sp.
Testudinella sp.
Trichocerca capucing
Trichocerca cylindrica
Trichocerca elongota

Trichocerca longiseta

Trichocerca
Trichocerca

Trichocerca

multiecrinis
porcellus

sp.

Trichotria tetractis

Trichotria sp.

Tropocyclops prasinus
Unid bdelloid rotifer

Unid rotifer
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LEGEND

7365 COPEPODA
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ROTIFERA

CLADOCERA

OTHER

SAMPLING LOCATIONS
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Overall, the zooplankton populations in this stretch of the river exhibit
characteristics common to normal plankton populations. Erratic and sudden
changes in density, but predictable seasonal fluctuations as observed here, are
considered normal to populations in flowing water habitats. Undoubtedly, the
populations in the vicinity of the Clay Boswell Station are influenced by the
various tributary lakes and rivers adjacent to the area, and much of the
variation between dates and zones observed in this study could result, in a
large part, from these influences.

Macroinvertebrates. A total of 107 taxa of macroinvertebrates were found
in the vicinity of the Clay Boswell Station. Figure IV-30 is a graphic summary
of abundance and percent composition (of major groups) for 2 exposure periods.
A complete species list, number of organisms per square meter, and percent
composition, for each exposure period appears in Table IV-32. A complete
species list appears in Table IV-33.

Generally, ponar dredge samples taken from the bottom of the river showed
species composition to be similar throughout the study area. Bottom samples
from the immediate discharge area were slightly higher in percentages of tubifid
worms than the other areas. This is primarily due to the larger percentages of
silt in the substratum of this area.

No significant difference in total abundance of organisms of multiplate
samplers was found between the immediate discharge and the unaffected areas.
Lower numbers of several groups were found in the immediate discharge; however,
with exception of Hyallella azteca , an amphipod, these organisms were not found
to be particularly abundant in any area. Caddis flies were the most abundant
organisms on the artificial substrate samplers and numbers of this group were
similar between the immediate discharge and upstream control zones.

Diversity indices were also generally similar between the immediate
discharge and upstream control areas, while seasonal fluctuations occurred in
the other zones.

The data showed a wide variety of macroinvertebrate species present, some
in very high densities. These densities reflect seasonal trends which also
occur in natural populations. The data indicate that substrate habitat is
probably the most important factor controlling numbers and taxa of benthic
organisms. The thermal discharge, as well as river flow patterns, may be
responsible for the distribution of organisms collected by artificial substrate
samplers.

Fisheries. The species of fishes found in the vicinity of the Clay Boswell
Station are essentially warm water fishes with the exception of the coregonids
(lake whitefish, Coregonus Clupeaformis, and the cisco herring Coregonus
artedii ). A comprehensive species list of fishes known to inhabit the
Mississippi River either in its upper reaches or in the vicinity of the Clay
Boswell Station is presented in Table IV-34. The list has been compiled from
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TABLE IV-32

MACROINVERTEBRATE SPECIES ABUNDANCE - MISSISSIPPI RIVER NEAR CLAY BOSWELL STEAM ELECTRIC STATION

September 9, 1975 and April 23, 1976

Sampling Stations

Upstream
a Control

Immediate
Discharge

Intermediate

Digcharge

Downstream

Recovery

Taxa . no. per sq m %D

no. per sq m

%b

no: per sq m

% b

no.

per sq m

September 9, 1975

(P) Coelenterata (hydroids and jellyfish)
Hydra sp.

(P) Platyhelminthes (flatworms)
(C) Turbellaria (planarians) 32.3 1.1

(P) Annelida (segmented worms)
(C) Hirudinea (leeches)
(F) Erpobdellidae 25.1 .8

Glossiphonia complanata

(P) Arthropoda
(C) Crustacea
(0) Amphipoda (scuds)
Gammarus fasciatus
Hyalella aszteca 810.6 26.5
(C) Insecta
(0) Collembola (springtails)
Isotomurus sp.
(0) Diptera (except chironomidae)

(F) Ceratopogonidae

(F) Chaoboridae
Chaoborus sp.

(F) Simuliidae 17.9 .6

(0) Diptera (chironomidae)

(T) Chironomini
Dierotendipes sp. 7.2 .2
Endochironomus sp. 68.1 2.2
Glyptotendipes sp.
Microtendipes sp. 21.5 .7
Polypedilum sp.
Pseudochironomis sp.

Tribelos sp.
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TABLE IV-32 (continued)
MACROINVERTEBRATE SPECIES ABUNDANCE - MISSISSIPPI RIVER NEAR CLAY BOSWELL STEAM ELECTRIC STATION
September 9, 1975 and April 23, 1976

Sampling Stations
Upstream Immedigte Intermediate Downstream
a Control Discharge Discharge Recovery
Taxa no. per sq m %b no. per sqm %b no. per sqm %D no. per sqm %D
September 9, 1975 (continued)
(T) Tanytafsini
Cladotanytarsus sp. 10.8 b 25.1 1.2 .2 7.2 .5
Micropsectra sp. 7.2 .1 14.3 .9
Paratanytarsus sp. 53.8 1.8 7.2 .3 17.9 1.2
Rheotanytarsue sp. 61.0 2.0 7.2 .1 14.3 .9
(SF) Orthocladiinae
Cricotopus sp. 7.2 .2
Corynoneura sp. 10.8 .7
Orthocladius sp. 39.5 1.9 17.9 .3
Thienemanniella sp. 39.5 1.3 7.2 .5
(T) Coelotanypodini
Clinotanypus sp. 17.9 1.2
(T) Pentaneurini
Ablabesmyia sp. 35.9 .5
Thienemannimyia sp. 28.7 .9 154.2 7.3 78.9 1.1 32.3 2.1
(0) Ephemetoptera (mayflies)
(F) Baetidae
Baetis sp. 46.6 1.5
(F) Ephemerellidae )
Ephemerella sp. 3.6 .1 3.6 .2
(F) Heptageniidae
Stenonema sp. 7.2 .2 3.6 2 3.6 .2
Leptophlebia sp. 21.5 .7 17.9 1.2
(0) Lepidoptera (moths)
Nymphula sp. 3.6 2 7.2 .5
(0) Odonata (damselflies)
(F) Coenagrionidae
Enallagma sp. 3.6 .1 7.2 .3 7.2 .1 64.6 4,2
(0) Trichoptera (caddisflies)
Trichoptera, pupae 10.8 b
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TABLE IV-32 (continued)

MACROINVERTEBRATE SPECIES ABUNDANCE - MISSISSIPPI RIVER NEAR CLAY BOSWELL STEAM ELECTRIC STATION
September 9, 1975 and April 23, 1976

Sampling Stations

Upstream Immediate Intermediate Downstream
Control Discharge Discharge Recovery
Taxa® no. per sqm % © no. per sqm % D . per sqm %D no. per sqm %D
September 9, 1975 (continued)
(F) Hydropsychidae 139.9 4.6
Cheumatopsyche sp. 1,553.0 , 50.8 154.2 7.3 297.7 4,2 71.7 4,7
Hydropsyche sp. 3.6 .1
Hydropsyche frisoni 25.1 .8 28.7 1.4 7.2 .1
Hydropsyche orris 3.6 .1 3.6 .2
(F) Hydroptilidae 3.6 .1 3.6 .2 10.8
Agraylea sp. 17.9 .6 25.1 1.2 3.6
(F) Leptoceridae
Oecetis sp. 10.8 .5 43.0 .6 14.3 .9
(F) Psychomyiidae 32.3 1.5 154.2 2.2 7.2 .5
Neureclipsis sp. 25.1 .8 1,169.3 55.4 5,570.1 78.9 50.2 3.3
Polycentropus sp. 21.5 1.0 28.7 A 14.3 .9
(P) Mollusca
(C) Gastropoda (snails)
(F) Ancylidae
Ferrissia sp. 7.2 .2 7.2 .5
(F) Lymnaeidae
Lymmaea sp. 3.6 .2
(F) Physidae
Physa sp. 10.8 .7
(F) Amnicolidae
Amnicola sp. 3.6 .2
(C) Pelecypoda (clams)
(0) Heterodonta (fingernail clams)
(F) Sphaeriidae
Sphaerium sp. 21.5 1.4
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K MACROINVERTEBRATE

TABLE IV-32 (continued)

SPECIES ABUNDANCE - MISSISSIPPI RIVER NEAR CLAY BOSWELIL STEAM ELECTRIC STATION
September 9, 1975 and April 23, 1976

Sampling Stations

Upstream Immediate Intermediate Downstrean
a Control Discharge Discharge Recovery
Taxa no. per sq m %b . per sqm %D no, per sq m % b no. per sq m %D
September 9, 1975 (continued)
Total number of organisms 852 588 1,968 425
Mean number organisms per sq m 3,055.8 2,109.0 7,058.6 1,524.3
Total number of taxa 28 24 24 31
Number of replicates 3 3 3
Shannon-Weaver Diversity Index® 1.67 1.66 .94 1.84
April 23, 1976
(P) Porifera {(sponges)
(F) Spongillidae 28.7 1.2 7.2 4 25.1 2.9 26.9 1.7
(P) Coelenterata (hydroids and jellyfish)
Hydra sp. 7.2 Wb
(P) Platyhelminthes (flatworms)
(C) Turbellaria (planarians) 1,144.1 46.6 695.8 35.1 218.8 25.2 328.2 21.0
(P) Bryozoa (moss animals)
Cristatella sp. 32.3 1.6 5.4 .3
(P) Annelida (segmented worms)
(C) Hirudinea (leeches)
(F) Erpobdellidae 10.8 A 16.1 1.0
(C) Oligochaeta (aquatic earthworms)
(F) Lumbriculidae 3.6 .2
(P) Arthropoda
(C) Crustacea
(0) Amphipoda (scuds)
Hyalella azteca 283.3 11.5 57.4 2.9 254.7 29.3 462.7 29.6
(C) Insecta
(0) Coleoptera (beetles)
(F) Elmidae ,
Elmidae, adult 10.8 A
Stenelmis sp. 10.8 4 3.6 Wb 5.4 .3
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MACROINVERTEBRATE SPECIES ABUNDANCE - MISSISSTPPI RIVER NEAR CLAY BOSWELL STEAM ELECTRIC STATION

TABLE IV-32 (continued)

September 9, 1975 and April 23, 1976

Sampling Stations

Upstream Immediate Intermediate Downstream
, Control Discharge Discharge Recovery
Taxa no. per sqm %P no. per sqm %P no. per sqm 4D no. per sq m %P
April 23, 1976 (continued)
(¥) Gyrinidae
Dineutus sp. 10.8 1.2
(0) Diptera (except chrionomidae)
(F) Ceratopogonidae
Palpomyia sp. 14.3 1.7
() Simuliidae 3.6 .2
(0) Diptera (chironomidae)
Chrionomidae, pupae 7.2 b
(SF) Chrionominae
(T) Chrionomini
Endochironomus sp. 118.4 6.0 14.3 1.7 5.4 .3
Glyptotendipes sp. 3.6 .2 7.2 .8
Microtendipes sp. 3.6 .2 14.3 1.7
Parachironomus sp. 3.6 .2 3.6 A 10.8 .
Polypedilum sp. 3.6 .1 10.8 .5 5.4 .3
(T) Tanytarsini
Micropsectra sp. 7.2 N4
Tanytarsus sp. 3.6 .2
(SF) Orthocladiinae
Corynoneura sp. 3.6 .1
Thienemanniella sp. 3.6 .2
(T) Pentaneurini
Thienemannimyia sp. 104.0 4.2 39.5 4.5 16.1 1.0
(0) Ephemeroptera (mayflies)
(F) Caenidae
Caenis sp. 3.6 4
(F) Heptageniidae
Stenonema sp. 35.9 1.5 3.6 2 3.6 A 5.4 .3
(0) Odonata (damselflies)
(F) Coenagrionidae
Enallagma sp. 39.5 1.6 50.2 5.8 53.8 3.4
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TABLE IV~32 (continued)
MACROINVERTEBRATE SPECTES ABUNDANCE -~ MISSISSIPPT RIVER NEAR CLAY BOSWELL STEAM ELECTRIC STATION

September 9, 1975 and April 23, 1976

Sampling Stations

Upstream Immediate Intermediate Downstream
Control Discharge Discharge Recovery
Taxa® . per sqm %P no. per sqm %D no. per sq. m 4P no. per sq. m %D
April 23, 1976 {(continued)
(0) Trichoptera (caddisflies)
(F) Hydropsychidae
Cheumatopsyche sp. 412.5 16.8 731.7 37.0 290.5 18.6
Cheumatopsyche, pupae 96.8 3.9 25.1 1.3 134.5 8.6
Hydropsyche frisoni 7.2 .3
Hydropsyche orris 3.6 .2
(F) Leptoceridae
Athripsodes sp. 3.6
Occetis sp. 10.8 14.3 1.7 26.9 1.7
Ocetis, pupae 10.8 3.6 .2 35.9 4.1 48.4 3.1
(F) Limnephilidae
Limmephilus sp. 3.6 .1
(F) Psychomyiidae
Neureclipsis sp. 182.9 7.4 186.5 9.4 21.5 2.5 86.1 5.5
Neureclipsis, pupae 21.5 46.6 2.4 5.
Polycentropus sp. 21.5 .9 28.7 3.3 21.5 1.4
Polycentropus, pupae 7.2 .3 61.0 7.0
(P) Mollusca
(C) Gastropoda (snails)
(F) Physidae '
Physa sp. 10.8 .5 3.6 A
(F) Amnicolidae
Amnicola sp. 3.6 .1 39.5 4.5
(C) Pelecypoda (clams)
(0) Heterodonta (fingernail clams)
(F) Sphaeriidae
Sphaerium sp. 10.8 .7
Total number of organisms 685 552 242 291
Mean number organisms per sq m 2,456.9 1,979.8 868.0 1,565.6
Total number of taxa 23 24 21 20
Number of replicates 3 3 3 2
Shannon-Weaver Diversity Index 1.82 1.69 2.26 2.07

& P = Phylum, C = Class, O = Order, F =

Organism abundance measured by the Hester-Dendy method.
that sampiing date. Dates are sampler placement dates.

Family, SF = Subfamily, T = Tribe.

% refers to percentage of all macroinvertebrates collected at that station on

A method of calculating the diversity of an aquatic community where smaller numbers indicate lesser diversity.
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TABLE IV-33
LIST OF ALL MACROINVERTEBRATE ORGANISMS COLLECTED - MISSISSIPPI RIVER NEAR
CLAY BOSWELL STEAM ELECTRIC STATION (68)
October 3, 1975 to June 7, 1976

a Upstream Immediate Intermediate Downstream
Taxa Control Discharge Discharge Recovery

(P) Porifera (sponges)
' (F) Spongillidae X X X X

| (P) Coelenterata (hydroids and jellyfish)
Hydra sp. x x

(P) Platyhelminthes (flatworms)
y (C) Turbellaria (planarians) b3 X X x

(¢4

~

Nematoda (roundworms) % X

[¢:4
| Cristatzlla sp. X x

~

Bryozoa (moss animals)

(43
i (C) Hirudinea (leeches)

~

Annelida (segmented worms)

Macrobdella decora
(F) Erpobdellidae

Glossiphonia sp.

E I A A
®
»®
H]

F ]

i Glosstiphonta complanata
Helobdella sp.
Helobdella stagnalis

“
*
=
®

"
»

Placobdella sp. % X x
Illinobdella sp. . X

(C) Oligochaeta (aquatic earthworms)

(F) Naididae X
(F) Tubificidae b3 X X X
(F) Lumbriculidae x X b'e X

(P

~

Arthropoda
(C) Arachnoidea
(0) Hydracarina (water mites)
Avrhenurus X
(C) Crustacea
(0) Amphipoda (scuds)
Crangonyx sp.
Gammarus “usetatus x

Hyalella asteca x % X x
(C) Insecta

(0) Coleoptera (beetles)

Donacia sp. x

(F) Elmidae
Elmidae, adult %
Zubiraphia sp. X

. Stenelmis sp. x b3 X

(F) Gyrinidae
Dineutus sp. x

(F) Hydrophilidae

Berosus sp. X X
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TABLE IV-33 (continued)

LIST OF ALL MACROINVERTEBRATE ORGANISMS COLLECTED - MISSISSIPPI RIVER NEAR

CLAY BOSWELL STEAM ELECTRIC STATION
October 3, 1975 to June 7, 1976

a Upstream Immediate Intermediate Downstream
Taxa Control Discharge Discharge Recovery
(P) Arthropoda (continued)

(F) Noteridae X
(0) Collembola (springtails)
Isotomurus sp. X
(0) Diptera (except chironomidae)
(F) Ceratopogonidae
Palpomyia sp. X X X
(F) Culicidae
Chaoborus sp. x X
(F) Simuliidae X X
(F) Tabanidae b3
(0) Diptera (chironomidae)
Chironomidae, pupae X X
(SF) Chironominae
(T) Chironomini
Chironomus sp. X % x x
Cryptochironomus sp. X X
Demicryptochironomus sp. x
Dicrotendipes sp. X b X X
Endochironomus sp. x x x
Glyptotendipes sp. x x
Micerotendipes sp. X X X X
Parachironomus sp. X X x
Polypedilum sp. b3 x X X
Pseudochironomus sp. x x x X
Tribelos sp. X X
(T) Tanytarsini
Cladotanytarsus sp. X X x X
Mioropsectra sp. X x X
Paratanytarsus sp. X X X
Rheotanytarsus sp. x kS X X
Tanytarsus sp. %
(SF) Orthocladiinae
Cricotopus sp. %
Corynoneura sp. % "
Orthocladius sp. < %
Thienemanniella sp. x x x
(T) Coelotanypodini
Clinotanypus sp. X " % «
(T) Macropelopini
Procladius sp. x < % «
(T) Pentaneurini
Ablabesmyia sp, x x X X
Thienemannimyia sp. X X X 3
(T) Tanypodini
Janypus sp. X
(0) Ephemeroptera (mayflies)
(F) Baetidae
Baetis sp. < < «
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TABLE IV-33 (continued)

LIST OF ALL MACROINVERTEBRATE ORGANISMS COLLECTED - MISSISSIPPI RIVER NEAR

CLAY BOSWELL STEAM ELECTRIC STATION

October 3, 1975 to June 7, 1976

a
Taxa

Upstream
Control

Immediate
Discharge

Intermediate
Discharge

Downstream
Recovery

(P) Arthropoda (continued

(0)

(]

=

0

~

(0)

(0)

(0)

(F) Caenidae
Caenis sp.

(F) Ephemerellidae
Ephemerella sp.

(F) Ephemeridae
Frhemera sp.
Hexagenia sp.

(F) Heptageniidae
Stenonema sp.
Leptophlebia sp.

Hemiptera (water bugs)

(F) Corixidae
Cenocorixa sp.

dotonecta sp.

(F) Pleidae
Plea striola

Lepidoptera (moths)
Nymphula sp.

Megaloptera (alderflies)
Stalie sp.

Odonata (dragonflies)

(F) Gomphidae
Gomphus sp.

(F) Libellulidae
Epicordulia sp.
Tetragoneura sp.
Erythemis sp.
Leucorrhinia sp.
Libellula sp.

Odonata (damselflies)

(F) Coenagrionidae
Enallagma sp.

Trichoptera (caddisflies)

Trichoptera, pupae

(F) Hydropsychidae
Cheumatopsyche sp.
Cheumatopsyche, pupae
Hydropsyche sp.
Hydropsyche frisont
Hydropsyche orris

(F) Hydroptilidae
Agraylea sp.
Oxyethira sp.

(F) Leptoceridae
Athripsodes sp.
Leptocerus americanus
Oecetis sp.

Oecetis, pupae

®oW oH®Kox X
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TABLE IV-33 (continued)
LIST OF ALL MACROINVERTEBRATE ORGANISMS COLLECTED - MISSISSIPPI RIVER NEAR
CLAY BOSWELL STEAM ELECTRIC STATION
October 3, 1975 to June 7, 1976

Upstream Immediate Intermediate Downstream

a
Taxa Control Discharge Discharge Recovery

(P) Arthropoda (continued)
(F) Limnephilidae
Linnephilus sp. X
(F) Molannidae
Molanna, pupae X
(F) Phryganeidae
Phrygavea sp. X X
(F) Psychomyiidae
deureclipsis sp. X X X

Neureclipsis, pupae

=
»
P

Phylocentropus sp.

E

Polycentropus sp.

®
”

Polycentropus, pupae

(P) Mollusca
(C) Gastropoda (snails)
(F) Ancylidae
Ferrissia sp. X x x x
(F) Lymnaeidae
Lymnaea sp. X
(F) Physidae
Physa sp. S X x x
(F) Planorbidae
Helisoma sp. X X 3
(F) Amnicolidae
Amnicola sp. x X X X
(C) Pelecypoda (clams)
(0) Schizodonta (clams)
(F) Unionidae
Avodonza imbecilis x
Ligumia regia X X
(0) Heterodonta (fingernail clams)
(F) Sphaeriidae
Pigidium sp. x x x x
Sphaeriun sp. x X X X
Total number of taxa - 107 68 63 61 74

P = Phylum, C = Class, O = Order, F = Family, SF = Subfamily, T = Tribe.

IV-158




TABLE IV~34

LIST OF ALL FISH SPECIES CAPTURED - MISSISSIPPI RIVER NEAR CLAY BOSWELL STEAM ELECTRIC STATION

316 (a) DEMONSTRATION STUDY
August 1975 to September 1976

Species

Upstream
Control

Immediate
Discharge

Intermediate
Discharge

Downstream
Recovery

Amia calva (bowfin)

Coregonus artedi (cisco herring)
Coregonus clupeaformis (lake whitefish)
Umbra limi (central mudminnow)

Esox luctius (northern pike)

Notemigonus crysoleucas (golden shiner)
Notropis cormutus (common shiner)
Hotropie heterodon (blackchin shiner)
Notropis heterolepis (blacknose shiner)
Notropis hudsonius (spottail shiner)
Notropis atherinoides (emerald shiner)
Pimephales notatus (bluntnose minnow)
Catostomus catostomus (longnose sucker)
Catostomus commersoni (white sucker)
Hypentelium nigricans (northern hog sucker)
Mozostoma anisurum (silver redhorse)
Moxostoma macrolepidotum (shorthead redhorse)
ITetalurus melas (black bullhead)
Tetalurus natalis (yellow bullhead)
Ietalurus nebulosus (brown bullhead)
Noturus gyrinus (tadpole madtom)

Lota lota (burbot)

Fundulus diaphanus (banded killifish)
Ambloplites rupestris (rock bass)
Lepomis gibbosus (pumpkinseed)

Lepomis macrochirus (bluegill)
Mioropterus salmoides (largemouth bass)
Pomoxts nigromaculatus (black crappie)
Etheostoma exile (Iowa darter)
Etheostoma nigrum (johnny darter)

Perca flavescens (yellow pefch)

Pereina caprodes (logperch)
Stizostedion vitrewn vitrewn (walleye)
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the studies on fisheries mentioned earlier in the section. Thirteen species are
common to the 5 studies. They are: '

northern pike (Fsox lucius)

white sucker (Catostomus commersomi)
black bullhead (Iectalurus melas)
yellow bullhead (Ictalurus natalis)
brown bullhead (Ictalurus nebulosus)
rock bass (Ambloplites rupestris)
pumpkinseed (Lepomis gibbosus)

bluegill (Lepomis macrochirus) .
largemouth bass (Micropterus salmoides)

black crappie (Pomoxis nigromaculatus)
yellow perch (Perca flavescens)
walleye (Stizostedion vitreum vitreum)
bowfish (Amia calva)

H
O Voo ~woU W

ot e et
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The following discussion is based on data gathered from 5 studies. The 316(b)
study, the EPA sponsored University of Minnesota at Duluth Study, 2 studies
sponsored by the DNR in 1962 and 1969, and the 316(a) study. However, the 316(a)
study is the primary information source. Within the study area, 33 species of
fish were collected using various collection devices. Each sampling zone
produced 23 to 25 species, showing that fish are well mixed in this section of
the river, and are not confined to specific zones. The greatest density of fish
was found in the area of immediate discharge for all seasons. Figure IV-31
summarizes in percent composition of total catch by family in each sampling zone
for each season from fall 1975 to summer 1976.

Fishes are attracted to the warm water of the discharge zone especially in
the fall when temperatures start to drop. During the winter, fishes move away
from the discharge zone and probably spend winter in deep areas under the ice.
Spring shows a return to the discharge for most species, but it is uncertain if
this attraction is based upon feeding, spawning activity, or natural movement.
Fishes tend to move away from the discharge zone during the summer, although the
catch remained somewhat higher here than in other zones. The dominant species
group in the discharge zone as compared to the other zones during the summer was
the centrarchids.

Tag and migration studies show that fishes tend to move through the thermal
gradient with no apparent effect. Fishes in spawning condition were collected
throughout the study area (Table IV-35).

Yellow perch were observed spawning in the discharge area prior to
April 15, well before the normal spawning period for this species in Minnesota
(71). The 1976 data (Table IV-36) also indicates yellow perch larvae in the
discharge shortly after April 15, which agrees with 1975 observations. Earlier
hatching of yellow perch larvae give this species a predatory advantage over the
more desirable later spawning game fish species.

The sampling program collected fishes from all age classes; young-of-the-
year of many species were evident, and scale analysis showed that older fish
constituted a major part of the population (Figure IV-32). All zomes combined,
77% of all fish were either >15 to 21 cm or >21 to 27 cm in length. The high
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TABLE IV-35

SPAWNING HABITS AND HABITATS OF COLLECTED FISH - MISSISSIPPI RIVER NEAR CLAY BOSWELL STEAM ELECTRIC STATION
316 (a) DEMONSTRATION STUDY

Preferred
Water
Temperature
Species Time °c Habitat
May to June 15.5 to 21 shallow water with aquatic macro-

Ambloplites rupestris (rock bass)
Amia calva (bowfin)
Catostomus commersoni (white sucker)

Coregonus artedit (cisco herring)

Coregonus clupeaformis (lake whitefish)

Esox luctus (northern pike)

Ietalurus nebulosug (brown bullhead)

Tetalurus melas (black bullhead)
Ietalurus natalis (yellow bullhead)
’Lepomis gibbosus (pumpkinseed)

Lepomis macrochirus (bluegill)

Lepomis humilis (orangespotted sunfish)
Lota lota (burbot)

Mieropterus salmoides (largemouth bass)

Mozostoma maerolepidotum (shorthead redhorse)

Perca flavescens (yellow perch)

Pomoxis nigromaculatus (black crappie)

Stizostedion vitreum vitreun (walleye)

May to early June

April to May

fall
fall

approximately
November

April to May
(after ice-off)

early April in
in southern Minnesota
late June in
northern Minnesota

late April to
early June

May to June
May to June
end of May to

early July

usually May to June
sometimes July

midwinter
(December to January)

May to July

late May to
early June

mid to late May

May to June

immediately after
ice-out

dependent upon
spring thaw and
rainfall

5

1 to 2

(4 to 10 in New
Hampshire)

5 to 11

18

same as I.
nebulosus

16

7 to 10

14 to 18

phytes

aquatic macrophytes with sand or
mud bottom

gravel beds in streams or lake
margins

shallow water

gravel beds in 2 to 3 m of water
in Red Lake

smooth sand and boulders in 2 to
23 m of water in Lake Superior

flooded, grassy lake and stream
margins

sand or mud bottom in less than
1 m of water

gand or mud bottom in less than
1 m of water

sand or mud bottom in less than
1 m of water

water 1 to 2 m deep with sandy
bottom

bays with water 1 to 2 m deep
and sandy bottom

shallow waters with sandy bottom

shallow water in lakes with
sandy or rocky bottoms, streams

water 1 to 2 m deep with bottom
consisting of sand or decaying
vegetation; some mud bottoms
tolerated

upper portions of riffles
in open water; often over aquatic
macrophytes or branches :

softer, muddier bottoms than
Lepomis sp.; often in vegetation

rock and sand lake shoals, gravel
gravel stream beds
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percentage of fish in these size ranges reflectes the abundance of bullheads
(all species) and yellow perch. All zones except the discharge showed
comparable size percent composition, while the discharge had a realtively higher
percentage in the >21 to 27 cm range (68%) and a lower percentage (13.2%) in the
> 15 to 21 cm range,

TABLE IV-36
OCCURENCE INTERVALS OF LARVAL FISH DURING 1975-1976 IN VICINITY OF
CLAY BOSWELL STEAM ELECTRIC STATION

19752 : 1976°
Species . April . May . June . July . August vo  April . May . June .

Cisco herring ; )
Lake whitefish [I—

Northern p;ike L i
Golden shiner

Common shiner +

Spottail shiner N

Mimic shiner [ES——
Bluntnose minnow H

Fathead minnow \ "

Common sucker : H I
Black bullhead [RSS—

Yellow bullhead

Tadpole madtom [

Burbot ' rl S —

Brook stickleback i i
Rock bass f

Lepomis sp. P

Bluegill +

Largemouth bass P——
Black crappie R 1

Johnny darter '

Yellow perch . 4 3 i

Peroina sp.

Logperch ey
Walleye N '

1975 data are from discharge canal samples and reflect Blackwater Lake larvae.

1976 data reflect discharge embayment larvae.

The fish community described in this section exploits a wide variety of
energy sources, including detritus (decomposing particulate organic matter),
algae, macrophytes, invertebrates, and fish. Food habits vary by species and
size. Insect larvae comprise a large portion of the diet of the genera Lepomis
(blue gill), Ictalurus  (bullheads), and young Pomoxis (crappie), and
Stizostedion vitreum vitreum = (walleye). Fish larvae and fry feed on
phytoplankton and =zooplankton. Adult walleye, yellow perch and crappie feed
mainly on forage fish; while Ictalurids ingest all sorts of organic matter
(molluscs, insects, leeches, fish eggs, plants, etc.). Parasitism and gas
bubble disease were not considered problems to fish within the study area.
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Trophic Relationships

In most stream systems, the organic debris interactions are of much greater
importance than direct utilization of primary producers as a food source. This
is a result of the usual reliance of stream ecosystems on allochthonous
production. However, in the Mississippi River in the vicinity of the Clay
Boswell Station, the large quantities of aquatic macrophytes and phytoplankton
found suggest that autochthonous production is also important.

The primary role of macrophytes in the food web is probably their
contribution to the organic debris pool. Because allochthonous organic material
is not directly utilized by the macrophytes, the amount of organic debris is
expected to be greater as a result of macrophyte production.

" The primary role of phytoplankton is probably its direct utilization by
zooplankton grazers. Thus the secondary and tertiary consumers, many of whom’
are opportunistic predators, need not rely exclusively on the organic debris
processing benthos as a food source. A more stable ecosystem is an expected
result.

Since the zooplankton is comprised primarily of rotifers and the
population density was relatively low, zooplankton probably is not a major
source of food forage for small fish and macroinvertebrates. Benthic and drift
organisms are, therefore, probably a major source of fish food.

The fish of this area are a diverse group occupying all habitats available
and representing each major trophic level. From the field collections it
appears that a reasonable balance exists between forage species, scavengers,
detrital feeders, and predators. The community structure is somewhat modified
in the discharge embayment towards warm water species but that does not
constitute a simplification of community structure. It appears that the
abundance and diversity of these fish are adequate to maintain a balanced
community and no species or group was adversely dominant in the total area. The
area as a whole was represented by species characteristic of a northern
warmwater fishery.

Rare and Endangered Species

The DNR Division of Fish and Wildlife (78) has published a list of
Minnesota animals and plants which permit special consideration and manage-
ment. The categories included in this list are:

0 endangered species,

0 threatened species,

0 species of changing or uncertain status,

) species of special interest,

0 species extirpated or rare in Minnesota and have little future, and
o} extinct species.

IV-166




The species reported in the literature pertaining to the upper Mississippi
River, and the species collected in the site-specific aquatic studies include
none listed in this DNR publication. No aquatic species considered by the U.S.
Fish and Wildlife Service to be endangered or threatened (79) are known to occur
in north central Minnesota.
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METEOROLOGY AND CLIMATOLOGY

Regional

Three air masses shape the regional climate in northern Minnesota. The
Maritime Pacific air mass and Continental Polar air mass exert roughly equal
influence. The Maritime Tropical air mass rarely found at the surface is
present for approximately 80 hours (hr) per year. The Continental Polar air
mass consists of air originating over northern Canada and/or the Arctic Ocean.
This air brings the coldest weather to northern Minnesota and may result in
temperatures of -50°F (-45.6°C) in the winter and near freezing temperatures
even in July. Pacific air is mild and dry as a result of the long trek it must
make over the mountains of western North America and is responsible for most of
the warmer days of the year. Temperatures up to 50°F (10.0°C) in January and
over 100°F (37.8°C) in summer are possible after the Pacific air mass has
crossed the mountains and high plains of southwestern North America. Maritime
Tropical air, from the Gulf of Mexico, is responsible for the occasional muggy,
hot summer day or night. From November to March, Maritime Tropical air is never
found in the surface region.

These 3 air masses frequently are major weather shapers when they move over
or under each other. In winter, much of the snow in northern Minnesota is due to
Pacific air aloft moving over the Continental Polar air at the surface. Some
snow also is caused by one Pacific air mass moving over an older Pacific air mass
already in the area, or by a fresh Continental Polar air mass moving under a
Pacific air mass or an older Continental Polar air mass. In this case, snow
often is in the form of showers, or, as more popularly known, "flurries'". In
summer, rains and thunderstorms often are generated in the region as fresh Polar
air moves under any of the air masses that already may be in the area. Such
storms may be especially severe when the Continental Polar air moves under
Maritime Tropical air. Maritime Tropical air may move aloft over Continental
Polar air at any time of the year, bringing longer-lasting (1 or 2 days) rains or
snow,

Most of the summer rainfall is associated with thunderstorms that develop
in the afternoon in April; in the early evening in May; in the late evening in
June; about midnight in July; between midnight and sunrise in August; and around
sunrise in September. These storms are associated with the summertime low
pressure systems in the lee of the Rockies, centered at this latitude over North
and South Dakota. The thunderstorm season stretches from April through
September, but a thunderstorm can occur at any time of the year.

Distinct storm types occur only at certain times of the year. The
blizzard, a storm characterized by heavy snow, a sharp temperature drop, and
winds in excess of 40 mph (64 km per hr) nearly always is confined to the months
of November, January, February, and March. Ice storms are most common in
December, when both sleet and freezing rain and/or drizzle have their peak
occurrences. However, such weather may occur from November to April. Tornadoes
are most common from May through September.

From March 1 or thereabouts, to around April 10, large sized "equinoctial"

storms may bring either snow, rain, or both in combination, and often in
combination with sleet. These storms generally originate in Colorado or western
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Kansas. There is a definite preponderance of storms moving through the area
during the first week of May, August, and October. By contrast, there is a lack
of storminess during the last 2 weeks of February and July, and during the
second week of August. These phenomena forge the climate of the region and
their effects can be seen in daily averages of wind, precipitation, temperature,
and other statistics.

Local and Site Specific

Weather Data Sources

Weather conditions in northern Minnesota are observed and analyzed at 24 hr
weather stations at Duluth, Hibbing, and International Falls and at several
dozen stations which make temperature and precipitation readings once daily.

To examine climatic conditions at the Clay Boswell Station, it is necessary
to use data from a weather station with similar conditions. An examination of
10 year wind roses prepared for International Falls, Hibbing, and Duluth reveals
that the 3 stations had distinctly different wind regimes, with Duluth being, by
far, the most unique. International Falls has more frequent westerly winds than
Hibbing, which received more of its winds from the northwest and north. Neither
Hibbing nor International Falls experience frequent winds from the northeast and
east, while at Duluth such winds prevail.

Winds at the Clay Boswell Station were determined to most closely resemble
those at International Falls when compared with winds from other round-the-clock
observing stations in northern Minnesota and just across the Red River in North
Dakota. This similarity was established by month-to-month comparisons of data
from the Clay Boswell Station, International Falls, and Hibbing, as well as
general comparisons with Grand Forks, Fargo, and Duluth. During 1975 and 1976,
monthly wind roses for all 5 weather stations were compared with monthly wind
roses at the Clay Boswell Station. This comparison of wind roses shows that
winds recorded at the North Dakota stations were dissimilar to winds at the Clay
Boswell Station.

Month-to-month comparisons then were made of 36 point, 10 year wind roses
(1964 to 1973) for International Falls and Hibbing (80). The comparison shows
that International Falls has more frequent winds from the west-northwest.

Thirty-six point wind roses were prepared for International Falls,
Hibbing, and the Clay Boswell Station for those months in 1975 and 1976 for
which data were available from the Clay Boswell Station. The results showed
that winds at the Clay Boswell Station were more similar to International Falls
to the north rather than to Hibbing to the east. This is physically reasonable,
even though the Clay Boswell Station is closer geographically to Hibbing, since
the east-to-west variation of the wind across northern Minnesota is much
stronger than the north-to-south variation. The Lake Superior Shore, as known
from other studies (81), has essentially prevailing easterlies, while Grand
Forks and Fargo have a very strong southerly component. That north-to-south
have lesser variations is illustrated by the fact that the 36 point wind roses
from International Falls and Minneapolis-St. Paul have striking similarities,
with the main variation being a somewhat higher preponderence of southwesterlies
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at Minneapolis-St. Paul and a greater preponderence of northwesterlies at
International Falls.

Other meteorological data which had to be gathered to analyze climatic
conditions at the Clay Boswell Station derived from 2 basic sources. Watson's
meteorological-climatological model of Minnesota was used to determine the
climatological means. Watson's model is based on long-term (up to 155 years) of
information gathered in Minnesota, interrelating meteorological variables. The
model is considered to give, in all instances, more stable climatic information
than the general, fluctuating 30 year normals used by the National Weather
Service (82). Data for analyzing climatological extremes was gathered from the
Pokegama Cooperative Climatological Station, 5 miles (810 km) southeast of the
community of Cohasset. Extremes at the Pokegama Falls site closely resemble
extremes at nearby Cohasset. The Pokegama Falls station has gathered data
continuously since May 1887.

Wind

The wind regime at the Clay Boswell Station is intermediate between the
strong easterly regime along Lake Superior and the strong southerly regime over
the Red River Valley. This east-west directional variation is much stronger
than north-south variations, which exhibit mainly a shift in wind frequency from
the south half of the compass circle to the north half as latitude becomes more
northerly.

The round-the-clock meteorological observing station most similar to the
Clay Boswell Station is International Falls. Table IV-37 presents mean monthly
wind speeds, prevailing directions, and extreme observed winds at International
Falls. The data were taken from aneomometer heights at 23 ft (7.0 m) above
ground level from January 1, 1956 to September 30, 1963; at 34 ft (10.4 m) from
September 30, 1965 to August 26, 1965; and at 20 ft (6.1 m) from August 26, 1965

to present.
TABLE 1V-37
WIND STATISTICS
INTERNATIONAL FALLS, MINNESOTA (83)

Prevailing Wind Fastest Wind Year
Directiond Mean Speedb Direction¢ SpeedC of

Month mph km per hr degrees mph km per hr Occurrence
Jan W 9.2 14.8 230 32 51 1957
Feb W 9.2 14.8 260 36 58 1965
Mar W 9.5 15.3 290 42 68 1960
April NW 10.6 17.0 230 52 84 1960
May N 10.1 16.3 200 52 84 1959
June SE 8.7 14.0 180 46 74 1962
July w 8.0 12.9 290 46 74 1959
Aug SE 7.8 12.6 320 40 64 1965
Sept SE 8.9 14.3 230 35 56 1959
Oct SE 9.6 15.4 300 47 76 1972
Nov W 9.9 15.9 270 35 56 1959
Dec W 9.1 14,6 30 33 53 1968

&1 years of record,
23 years of record,

¢ 20 years of record.
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Wind data is best summarized by the use of wind roses. TFigures IV-33
through IV-~44 present the monthly International Falls wind roses. Figure IV=45
presents the annual (i.e. average of the 12 monthly wind roses) wind rose for
International Falls. The International Falls wind roses are based on data
collected during the period 1964 through 1973. Figures IV-46 through IV-49
present montly wind roses based on data collected at the Clay Boswell Station.
The on-site wind roses are only for the months of January, March, July, and
October for 1976, which provide representative examples of the seasonal
variations in the wind regime in the vicinity of the Clay Boswell Station. The
International Falls and the on-site wind roses were used for the air pollution
diffusion modeling presented in the air quality sections of Chapters IV and V.

The wind roses give the percent of time (e.g. hr per 100 hr) at which winds
of certain velocities blow from each compass direction. Moving out from the
origin (which represents the monitor location), each solid or dashed line
represents an incremental increase in velocity of 3 knots (5.6 km per hr). (The
radius of the smooth, inner circle represents the percent of time of calm air
during that month at the monitor locations.) Thus, the distance of any point on
a line from the origin represents the percent of time at which winds of that
velocity or less blow from the given compass direction. The distance between 2
lines along a given radial is the percent of time at which the winds blow from
the given direction at velocities of the range represented by the 2 lines. Over
the year, winds from the west-northwest and the southeast dominate. The 2 cold
months of January and February are characterized very strongly by west-
northwesterlies in association with the intense low pressure system over the
Baffin Bay region. Southeasterlies begin to blow in March as the big storm
season begins over the central United States, with easterlies prevailing in
April, especially around the middle of April. Westerlies during March and April
are still appreciable and velocities of these winds between 10 and 25 mph (16.1
and 40.2 km per hr) are especially prevalent.

Winds from all directions prevail in May, with no one direction dominating.
Westerlies and southeasterlies occur in June through August, with strong
southwesterlies occurring frequently from mid-July through August.

Southeasterlies and westerlies predominate during September and October.
November and December have predominantly west to northwest winds, with
southeasterlies and easterlies being appreciable - much more so than in January
and February.

As is true over most of Minnesota, August is the least windy month and
April is the most windy month. Next to August, December is the least windy
month, and next to April, November is the most windy month. Generally, the wind
speeds in northern Minnesota tend to be low. The persistence of cold high
pressure in the winter contributes to the lower speeds in that season. Wind
speeds are about 2 to 3 mph (3.2 to 4.8 km per hr) greater over the prairie to
the west, along the lake, and over higher ground to the east. The highest wind
ever observed at International Falls was from 200° at 52 mph (83.7 km per hr) in
May 1959 and from 230° at 52 mph (83.7 km per hr) in April 1960. Table IV-38
estimates recurrence intervals of extreme wind speeds for the Clay Boswell
Station. These charts assume flat topography and the values may be altered by
local topographic conditions.
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TABLE IV-38
RECURRENCE INTERVALS OF EXTREME MILE WIND SPEEDS AND GUSTS -
CLAY BOSWELL STEAM ELECTRIC STATION® (84)

Recurrence Extreme Mile
Interval Wind SEeedb Gustg¢®
years mph  km per hr mph  km per hr
(Years of Data Base) (21) (21)
2 55 88 72 116
10 63 101 82 132
25 70 113 91 146
50 74 119 96 154

100 85 137 111 179

It should be noted that the wind speeds given in this Table
do not include tornadic winds.

Extreme mile wind speeds are the one-mile (1.6 km) passage of
wind with the greatest speed at a height of 30 ft (9.14m)
above the ground.

€ Gusts are peak wind speeds during a 2-gec interval.

Temperature

The average annual temperature at the Clay Boswell Station, according to
Watson's model, is 37.3°F (2.9°C). Table IV-39 summarizes the effective 155
year monthly temperature means for the site and extremes for the 90 year record
at the community of Cohasset.

On the average, July is the warmest month with an average temperature of
65.4°F (18.5°C). On the average, the warmest day is July 26, with an average
temperature of 67.4°F (19.7°C). The coldest month is January, with an average
temperature of 5.6°F (~14.6°C). The coldest day is January 19, with an average
temperature of 5.1°F (-14.9°C).

The hottest temperature observed at Pokegama Falls was 103°F (39.4°C) on
July 13, 1936; coldest reported temperature was =59°F (-50.5°C), but
examination of the original records indicates that this must have been an
erroneous reading. However, readings of -57°F (~49.4°C) have been recorded on 2
other occasions, so temperatures of this degree can be expected at the Clay
Boswell Station in the future. '

The coldest monthly average temperature was -11.8°F (-24.3°C) in
January 1912. In contrast, January 1944, the warmest January ever, averaged
20°F (-6.7°C). The hottest monthly average temperature occurred in July 1916 at

72.8°F (22.6°C). The coldest July was that of 1904, which averaged 60.7°F
(15.9°C).

Over the period of record, there is about a 30°F (17.6°C) difference
between the warmest and coldest monthly averages for the months of January,
February, and March; 20°F (11.1°C) difference for April; 17°F (9.4°C) difference
for May; 12°F (6.6°C) difference from June through September; and about 25°F
(13.9°C) difference for October, November, and December.
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21 KNOTS (38.9 KM PER HR) -
24 KNOTS (44.5 KM PER HR) -

1ST SOLID LINE
2KD SOLID LINE
1ST DASHED LINE
3RD SOLID LINE
2KD DASHED LINE
4TH SOLID LINE
3RD DASHED LINE
5TH SOLID LINE

{ ) FROM CENTER DOT
{ — ) FROM CENTER DOT
{-~ —~} FROM CENTER DOT
{ } FROM CENTER DOT
(\\\ay ) FROM CENTER DOT
( ) FROM CENTER DOT
(-~~~ ) FROM CENTER DOT
(- FROM CENTER DOT

NOTE: WHERE LINES RUM TOGETHER, SURFACE WIND SPEED IS THE SAME AS
THE SURFACE WIND SPEED REPRESENTED BY THE PREDOMINANT LINE SHOWN

INTERNATIONAL FALLS
SURFACE WIND ROSE - FEBRUARY

SOURCE: PREPARED BY BRUCE F. WATSON, METEOROLOGIST,
ST. PAUL, MINNESOTA

FIGURE IV-34
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LEGEND

MONITOR LOCATION - CENTER DOT ( @ }
RADIUS OF SMOOTH CENTER CIRCLE - % CALM

SURFACE WIND OF:
3 KNOTS ( 5.6 KM PER HR) - 1ST SOLID LIE
6 KNOTS ({11.1 KM PER HR) - 2HD SOLID LIKE
9 KNOTS (16.7 KM PER HR} - 1ST DASHED LINE
12 KNOTS (22.2 KM PER HR) - 3RD SOLID LIE
15 KNOTS (27.8 KM PER HR) - 2ND DASHED LIHE
18 KNOTS (33.3 KM PER HR) - 4TH SOLID LIKE
21 KNOTS (38.9 KM PER HR) - 3RD DASHED LIKE
24 KNOTS (44.5 KM PER HR) - 5TH SOLID LIE

{—— ) FROM CENTER DOT
{ —— |} FROM CENTER DOT
{- - —~) FROM CENTER DOT
( ——) FROM CENTER DOT
{\\ay, ) FROM CENTER DOT
{ —— FROM CENTER DOT
{~=~—} FROM CENTER DOT
(——— FROM CENTER DOT

NOTE: WHERE LINES RUN TOGETHER, SURFACE WIND SPEED IS THE SAME AS
THE SURFACE WIND SPEED REPRESENTED BY THE PREDOMINANT LINE SHOWN

INTERNATIONAL FALLS
SURFACE WIND ROSE - MARCH

SOURCE: PREPARED BY BRUCE F. WATSON, METEOROLOGIST,
ST. PAUL, MINNESOTA

FIGURE 1V-35
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LEGEND

MONITOR LOCATION - CENTER DOT ( © )
RADIUS OF SMOOTH CENTER CIRCLE - % CALM

SURFACE WIND OF:
3 KNOTS [ 5.6 KM PER HR} - 1ST SOLID LINE
6 KNOTS (11.1 KM PER HR} - 2KD SOLID LINE
9 KNOTS (16.7 KM PER HR) - 1ST DASHED LINE
12 KNOTS (22.2 KM PER HR) - 3RD SOLID LIKE
15 KNOTS (27.8 KM PER HR} - 2ND DASHED LINE
18 KNOTS (33.3 KM PER HR) - 4TH SOLID LIKE
21 KNOTS (38.9 KM PER HR) - 3RD DASHED LINE
24 KHOTS {44.5 KM PER HR) - 5TH SOLID LINE

(—— ) FROM CENTER DOT
( —— ) FROM CENTER DOT
(=~ ==} FROM CENTER DOT
{ ) FROM CENTER DOT
(x\any ) FROM GENTER DOT
{ —— FROM CENTER DOT
(==~} FROM CENTER DOT
(———) FROM CENTER DOT

NOTE: WHERE LINES RUN TOGETHER, SURFACE WIKD SPEED IS THE SAME AS
THE SURFACE WIND SPEED REPRESENTED BY THE PREDOMINANT LINE SHOWN

INTERNATIONAL FALLS
SURFACE WIND ROSE - APRIL

SOURCE: PREPARED BY BRUCE F. WATSON, METEOROLOGIST,
ST. PAUL, MINNESOTA

FIGURE 1V-36
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LEGEND

MONITOR LOCATION - CENTER DOT { )
RADIUS OF SMOOTH CENTER CIRCLE - % CALM

SURFACE WIND OF:

3 KNOTS ( 5.6 KM PER HR) - 1ST SOLID LINE

6 KNOTS (1.1 KM PER HR) - 2ND SOLID UKE

9 KHOTS (16.7 KM PER HR) - 1ST DASHED LINE
12 KNOTS (22.2 KM PER HR) - 3RD SOLID LINE
15 KNOTS [27.8 KM PER HR) - 2HD DASHED LIKE
18 KNOTS (33.3 KM PER HR) - 4TH SOLID LIKE
21 KNOTS {38.9 KM PER HR) - 3RD DASHED LIKE
24 KNOTS {44.5 KM PER HR) - 5TH SOLID LINE

{~— ) FROM CENTER DOT
[ == ) FROM CENTER DOT
{- - ~-) FROM CENTER DOT
{ ——} FROM CENTER DOT
{\\\\y } FROM CENTER DOT
{ ——) FROM CENTER DOT
(-~ ) FROM CENTER DOV
{—=—] FROM CENTER DOT

NGTE: WHERE LINES RUN TOGETHER, SURFACE WIND SPEED IS THE SAME AS
THE SURFACE WIND SPEED REPRESENTED BY THE PREDOMINANT LINE SHOWN

INTERNATIONAL FALLS
SURFACE WIND ROSE - MAY

SOURCE: PREPARED BY BRUCE F. WATSOH, METEOROLOGIST,
ST, PAUL, MIKNESOTA

FIGURE IV-37
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LEGEND

MONITOR LOCATION - CENTER DOT ( @ )
RADIUS OF SMOOTH CENTER CIRCLE - % CALM

SURFACE WIKD OF:
3 KNOTS ( 5.6 KM PER HR) - 1ST SOLID LIE
6 KNOTS {11.1 KM PER HR) - 2ND SOLID LINE
9 KNOTS (16.7 KM PER HR) - 1ST DASHED LIKE
12 KNOTS (22.2 KM PER HR} - 3RD SOLID LIRE
15 KNOTS (27.8 KM PER HR) - 2ND DASHED LINE
18 KNOTS (33.3 KM PER HR) - 4TH SOLID LIKE
21 KNOTS (38.9 KM PER HR) - 3RD DASHED LINE
24 KNOTS {44.5 KM PER HR) - 5TH SOLID LINE

(—— | FROM CENTER DOT
{ —— ) FROM CENTER DOT
(== —~) FROM CENTER DOT
{ ~—] FROM CENTER DOT
(\\any | FROM CENTER DOT
{ —— ) FROM CENTER 0OT
{-=~—) FROM CENTER DOT
(——— FROM CENTER DOT

NOTE: WHERE LINES RUN TOGETHER, SURFACE WIND SPEED IS THE SAME AS
THE SURFAGE WIND SPEED REPRESENTED BY THE PREDOMINANT LINE SHOWN

INTERNATIONAL FALLS
SURFACE WIND ROSE - JUNE

SOURCE: PREPARED BY BRUCE F. WATSON, METEORGLOGIST,
ST. PAUL, MINKESOTA

FIGURE 1V-38

Iv-183







A
;5‘\
b

HORTH

19 18

%

LEGEND

MOMITOR LOCATION - CENTER BOT (@ }
RADIUS OF SMOOTH CENTER CIRCLE - % CALM

SURFACE WIND OF:
3 KNOTS [ 5.6 KM PER HR}
6 KNOTS {11.1 KM PER HR}
9 KNOTS (16.7 KM PER HR)
12 KNOTS (22.2 KM PER HR)
15 KNOTS (27.8 KM PER HR)
18 KNOTS (33.3 KM PER HR}

- 1ST SOLID LINE
- 2HD SOLID LINE
- 1ST DASHED LINE
- 3RD SOLID LINE
- 2ND DASHED LINE
- 4TH SOLID LINE

(—— ] FROM CENTER DOT
{ ——— ) FROM CENTER DOT
(-~ —~) FROM CENTER DOT
{ ———) FROM CENTER DOT
{\\\\\ ) FROM CENTER DOT
[ —— ] FROM CENTER DOT

21 KNOTS (38.9 KM PER HR) - 3RD DASHED LINE  {-——-) FROM CENTER DOY
24 KNOTS (44.5 KM PER HR) - STH SOLID LIRE {——— ) FROM CENTER DOT

NOTE: WHERE LINES RUN TOGETHER, SURFACE WIND SPEED IS THE SAME AS
THE SURFACE WIND SPEED REPRESENTED BY THE PREDOMINANT LINE SHOWN

INTERNATIONAL FALLS
SURFACE WIND ROSE - JULY

SOURCE: PREPARED BY BRUCE F. WATSON, METEOROLOGIST,
ST, PAUL, MINNESOTA

FIGURE V-39
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LEGEND

MONITOR LOCATION - CEXTER DOT ( © )
RADIUS OF SMOOTH CENTER CIRCLE - % CALM

SURFACE WIND OF:

3 KNOTS { 5.6 KM PER HR) -
6 KNOTS [11.1 KM PER HR} -
9 KNOTS {16.7 %M PER HR) -
12 KNOTS (22.2 KM PER HR} -
15 KNOTS (27.8 KM PER HR) -
18 KNOTS (33.3 KM PER HR) -
21 KNOTS {38.9 KM PER HR) -
- §TH SOLID LINE

24 KNOTS (44.5 KM PER HR)

1ST SOLID LIKE
2ND SOLID LIKE
1ST DASHED LINE
3RD SOLID LIKE
2HD DASHED LINE
A4TH SOLID LIKE
3RD DASHED LIKE

(———) FROM CENTER DOT
( —— } FROM CENTER DOT
[~ —~]) FROM CENTER DOT
{ ~—) FROM CENTER DOT
(\\\\y ) FROM CENTER DOT
( ——) FROM GENTER DOT
(-~~~ ~) FROM CENTER DOT
(~———) FROM CENTER DOT

NOTE: WHERE LINES RUN TOGETHER, SURFACE WIND SPEED IS THE SAME AS
THE SURFACE WIND SPEED REPRESENTED BY THE PREDOMINANT LINE SHOWN

INTERNATIONAL FALLS
SURFACE WIND ROSE - AUGUST

SOURCE: PREPARED BY BRUCE F. WATSON, METEOROLOGIST,
ST, PAUL, MINKESOTA

FIGURE 1V-40
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LEGEND

MOKITOR LOCATION - CENTER DOT{ @ )
RADIUS OF SMOOTH CENTER CIRCLE - % CALM

SURFACE WIND OF:

3 KNOTS [ 5.6 KM PER HR) -
6 KNOTS (11.1 KM PER HR) -
9 KNOTS {16.7 KM PER HR) -
12 KNOTS (22.2 KM PER HR) -
15 KNOTS (27.8 KM PER HR) -
18 KNOTS (33.3 KM PER HR} -
21 KNOTS {38.9 KM PER HR} -

24 KNOTS (4.5 KM PER HR)

1ST SOLID LIKE
2KD SOLID LIKE
1ST DASHED LINE
3RD SOLID LINE
2ND DASHED LINE
4TH SOLID LIRE

3RD DASHED LINE
- 5TH SOLID LINE

{—— FROM CENTER DOT
{ ——— ) FROM CENTER DOT
{- - —-) FROM CENTER DOT
{ ——) FROM CENTER DOT
{\\a\\ ) FROM CENTER DOT
{ —— FROM CENTER DOT
{-= ) FROM CENTER DOT
{—=) FROM CENTER DOT

NOTE: WHERE LINES RUN TOGETHER, SURFACE WIND SPEED IS THE SAME AS
THE SURFACE WIND SPEED REPRESENTED BY THE PREDOMINANT LINE SHOWN

INTERNATIONAL FALLS
SURFACE WIND ROSE - SEPTEMBER

SOURCE: PREPARED BY BRUCE F. WATSON, METEOROLOGIST,
ST. PAUL, MINKESOTA

FIGURE IV-41
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LEGEND

MOKITOR LOCATION - CENTER DOT ( © )
RADIUS OF SMOOTH CENTER CIRCLE - % CALM

SURFACE WIND OF:

3 KNOTS ( 5.6 KM PER HR) - 1ST SOLID LIKE

6 KNOTS {11.1 KM PER HR} - 2ND SOLID LINE
 KNOTS {16.7 KM PER HR) - 1ST DASHED LIKE
12 KNOTS (22.2 KM PER HR) - 3RD SOLID LIKE
15 KNOTS [27.8 KM PER HR) - 2ND DASHED LIRE
18 KNOTS {33.3 KM PER HR} - 4TH SOLID LIKE
21 KNOTS (38.9 KM PER HR} - 3RD DASHED LIKE
24 KNOTS (4.5 KM PER HR) - 5TH SOLID LINE

{—— ) FROM GENTER DOT
{ . ) FROM CENTER DOT
{- -~ FROM GENTER DOT
{ —— FROM CENTER DOT
{xaaa | FROM CENTER 00T
{——} FROM GENTER DOT
(=—— ) FROM CENTER DOT
{———) FROM GENTER DOT

NOTE: WHERE LINES RUN TOGETHER, SURFACE WIND SPEED IS THE SAME AS
THE SURFACE WIND SPEED REPRESENTED BY THE PREDOMINANT LINE SHOWN

INTERNATIONAL FALLS
SURFACE WIND ROSE - OCTOBER

SOURCE: PREPARED BY BRUCE F. WATSON, METEOROLOGIST,
ST. PAUL, MINKESOTA

FIGURE 1V-42
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LEGEND

MONITOR LOCATION - CENTER DOT ( © )
RADIUS OF SMOOTH CENTER CIRCLE - % CALM

SURFACE WIRD OF:
3 KNOTS [ 5.6 KM PER HR)

6 KNOTS (11.1 KM PER HR) -

9 KNOTS (16.7 KM PER HR) -
12 KNOTS {22.2 KM PER HR) -
15 KNOTS (27.8 KM PER HR) -
18 KNOTS (33.3 KM PER HR} -
21 KNOTS (38.9 KM PER HR) -
24 KNOTS (44.5 KM PER HR) -
o,
.-}
38
° .
S

- 1ST SOLID LINE
28D SOLID LIKE
1ST DASHED LIKE
3RD SOLID LINE
2ND DASHED LINE
4TH SOLID LIKE
3RD DASHED LINE
5TH SOLID LINE

{—— ) FROM CENTER DOT
{ ~——— ) FROM CENTER DOY
{-- —~) FROM CENTER DOY
{ ——] FROM CENTER DOT
{\a\\y ) FROM CENTER DOT
{ ——) FROM CENTER DOT
{-—~ —) FROM CENTER DOT
{—— FROM CENTER DOT

NOTE: WHERE LINES RUN TOGETHER, SURFACE WIND SPEED IS THE SAME AS
THE SURFACE WIND SPEED REPRESENTED BY THE PREDOMINANT LINE SHOWN

. INTERNATIONAL FALLS
SURFACE WIND ROSE - NOVEMBER

SOURCE: PREPARED BY BRUCE F. WATSON, METEOROLOGIST,
ST. PAUL, MINNESOTA

FIGURE 1V-43
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LEGEND

MONITOR LOCATION - CENTER DOT ( @ )
RADIUS OF SMOOTH CENTER CIRGLE - % CALM

SURFACE WIND OF:

3 KNOTS ( 5.6 KM PER HR) -
6 KNOTS (11.1 KM PER HR) -
9 KNOTS (16.7 KM PER HR] -
12 KNOTS {22.2 KM PER HR) -
15 KNOTS (27.8 KM PER HR]} -
18 KNOTS (33.3 KM PER HR) -
21 KNOTS (38.9 KM PER HR) -
24 KNOTS (44.5 KM PER HR) -

18T SOLID LINE
2ND SOLID LINE
1ST DASHED LINE
3RD SOLID LINE
2ND DASHED LINE
4TH SOLID LINE
3RD DASHED LIXE
5TH SOLID LIKE

{—— ] FROM CENTER DOT
{ ——— ) FROM CENTER DOT
{- = =] FROM CENTER DOT
(——] FROM CENTER DOT
{\\\\ ) FROM CENTER DOT
( ——) FROM CENTER DOT
(-~ ~) FROM CENTER DOT
(=—) FROM CENTER DOT

NOTE: WHERE LINES RUN TOGETHER, SURFACE WIND SPEED IS THE SAME AS
THE SURFACE WIND SPEED REPRESENTED BY THE PREDOMINANT LINE SHOWN

INTERNATIONAL FALLS
SURFACE WIND ROSE - DECEMBER

SOURCE: PREPARED BY BRUCE F. WATSON, METEOROLOGIST,
ST. PAUL, MIRNESOTA

FIGURE [V-44
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LEGEND

MORITOR LOCATION - CENTER DOT ( @ )
RADIUS OF SMOOTH CENTER CIRCLE - % CALM

SURFACE WIND OF:
3 KNOTS { 5.6 KM PER HR) - 1ST SOLID LIKE
%: 6 KNOTS (11.1 KM PER HR) - 2ND SOLID LIRE
9 KNOTS (16.7 KM PER HR) - 1ST DASHED LIKE
12 KNOTS (22.2 KM PER HR) - 3RD SOLID LIKE
o, 15 KNOTS {27.8 KM PER HR) - 2ZND DASHED LIKE

{——) FROM CENTER DOT
{ ~— ) FROM CEMTER DOT
{~- —~} FROM CENTER DOT
{ ——} FROM CENTER DOT
[\anay ) FROM CERTER DOT

-3
18 KNOTS (33.3 KM PER HR} - 4TH SOLID LIKE { ——-) FROM CENTER DOT
21 KNOTS [36.9 KM PER HR) - 3RD DASHED LINE  (-=- -] FROM CENTER DOT
24 KHOTS {44.5 KM PER HR) - 5TH SOLID LINE {~——] FROM CENTER DOT
Q.
. 0
« O .
7 g8
D e
L
~ NOTE: WHERE LINES RUM TOGETHER, SURFACE WIND SPEED IS THE SAME AS
=~ THE SURFACE WIND SPEED REPRESENTED BY THE PREDOMINANT LINE SHOWN

INTERNATIONAL FALLS
SURFACE WIND ROSE - ANNUAL (1964-1973)

SOURCE: PREPARED BY BRUCE F. WATSON, METEOROLOGIST,
ST. PAUL, MINNESOTA

FIGURE IV-45
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LEGEND

MONITOR LOCATION - CENTER DOT ( @ )
RADIUS OF SMOOTH CENTER CIRCLE - % CALM

y SURFACE WIND OF:
3 KNOTS [ 5.6 KM PER HR) - 1STSOUDLNE  (——) FROM CENTER DOT
§ KNOTS (1.1 KM PER HR) - 24D SOLD LINE  { —— ) FROM CENTER BOT
9 KNOTS (16.7 KM PER HR) - 1ST DASHED LINE (- —-) FROM CENTER DOT
12 KNOTS (22.2 KM PER HR) - 3RD SOLID LIKE  ( ) FROM CENTER DOT
15 KNOTS (27.8 KM PER HR) - ZND DASHED LNE  (\\nwy ) FROM CENTER DOT
18 KNOTS (33.3 KM PER HR) - 4TH SOLID UNE [ } FROM CENTER DOT
21 KNOTS (38.9 KM PER HR) - 3RD DASHED LINE (-~~~} FROM CENTER Dot
24 KNOTS (4.5 KM PER HR) - 5TH SOUD LINE  {~——) FROM CENTER DOT
g .
28
° .
—~
NOTE: WHERE LINES RUN TOGETHER, SURFACE WIND SPEED IS THE SAME AS

THE SURFACE WIND SPEED REPRESENTED BY THE PREDOMINANT LINE SHOWN

ON-SITE SURFACE WIND ROSE
CLAY BOSWELL STEAM ELECTRIC STATION
JANUARY, 1976

SOURCE: PREPARED BY BRUCE F. WATSON, METEOROLOGIST,
ST. PAUL, MIRNESOTA

FIGURE IV-46
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LEGEND

MONITOR LOCATION - CENTER DOT( ® |}
RADIUS OF SMOOTH CENTER CIRCLE - % CALM

SURFACE WIND OF:

3 KNOTS ( 5.6 KM PER HR) -
6 KNOTS (1.1 KM PER HR) -
9 KNOTS (16.7 KM PER HR} -
12 KNOTS [22.2 KM PER HR) -
15 KNOTS (27.8 KM PER HR) -
18 KNOTS (33.3 KM PER HR] -
21 KNOTS (38.9 KM PER HR) -
24 KNOTS {44.5 KM PER HR} -

1ST SOLID LINE
2ND SOLID LIKE
1ST DASHED LINE
3RD SOLID LINE
2ND DASHED LINE
4TH SOLID LINE
3RD DASHED LINE
5TH SOLID LINE

(—— ) FROM CENTER DOT
{ —— ) FROM CENTER DOT
(-~ ~~) FROM CENTER DOT
(——] FROM CENTER DOT
{saaa ) FROM CENTER DOT
{ ——) FROM CENTER DOT
(==~ —} FROM CENTER DOT
(——] FROM CENTER DOT

NOTE: WHERE LINES RUN TOGETHER, SURFACE WIND SPEED IS THE SAME AS
THE SURFACE WIND SPEED REPRESENTED BY THE PREDOMINANT LINE SHOWN

ON-SITE SURFACE WIND ROSE
CLAY BOSWELL STEAM ELECTRIC STATION
MARCH 1976

SOURCE: PREPARED BY BRUCE F. WATSON, METEOROLOGIST,
ST. PAUL, MIRNESOTA

FIGURE IV-47
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LEGEND

MONITOR LOCATION - CENTER DOT ( @ )
RADIUS OF SMOOTH CENTER CIRCLE - % CALM

SURFACE WIND OF:
3 KNOTS ( 5.6 KM PER HR) - 1ST SOLID LINE (——-) FROM CENTER DOT
6 KNOTS (1.1 KM PER HR) - 2KD SOLID LIKE { — } FROM CENTER DOT
9 KNOTS (16.7 KM PER HR) - 1ST DASHED LIKE (- —-) FROM CENTER Dot
12 KNOTS (22.2 KM PER HR) - 3RD SOLID LIKE { ——) FROM CEKTER DOT
15 KNOTS (27.8 KM PER HR) - 2ND DASHED LINE  (\s\ay) FROM CENTER bov
18 KNOTS (33.3 KM PER HR} - 4TH SOLID LINE [ ———) FROM CENTER DOT
21 KNOTS (38.9 KM PER HR) - 3RD DASHED LIKE (-~ —) FROM CENTER Dot
24 KNOTS (4.5 KM PER HR) - STH SOLID LIKE (= FROM CENTER DOT

NOTE: WHERE LINES RUN TOGETHER, SURFACE WIND SPEED IS THE SAME AS
THE SURFACE WIND SPEED REPRESENTED BY THE PREDOMINANT LINE SHOWN

ON-SITE SURFACE WIND ROSE

CLAY BOSWELL STEAM ELECTRIC STATION
JULY 1976

SOURCE: PREPARED BY BRUCE F. WATSON, METEOROLOGIST,
ST. PAUL, MINKESOTA

FIGURE 1v-48
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LEGEND

MONITOR LOCATIOK - CENTER DOT{ © )
RADIUS OF SMOOTH CENTER CIRCLE - % CALM

‘ SURFACE WIND OF:
3 KNOTS ( 5.6 KM PER HR)

6 KNOTS {11.1 KM PER HR} -

9 KNOTS (16.7 KM PER HR) -
12 KNOTS (22.2 KM PER HR) -
15 KNOTS {27.8 KM PER HR) -
18 KNOTS (33.3 KM PER HR) -
21 KNOTS (38.9 KM PER HR} -
24 KNOTS (44.5 KM PER HR) -

e,

<

3-8
o .
2

- 1ST SOLID LINE

2ND SOLID LINE
1ST DASHED LINE
3RD SOLID LINE
2ND DASHED LINE
4TH SOLID LINE
3RD DASHED LINE
5TH SOLID LiNE

{— FROM CENTER DOT
{ ——— ) FROM CENTER 0OT
(=~ ~=) FROM CENTER DOT
{ ———) FROM CENTER DOT
{\\ay ) FROM CENTER DOT
{ .= FROM CENTER DOT
(~m~ =) FROM CENTER DOT
(=) FROM CENTER DOT

NOTE: WHERE LINES RUN TOGETHER, SURFACE WIND SPEED IS THE SAME AS
THE SURFACE WIND SPEED REPRESENTED BY THE PREDOMINANT LINE SHOWN

ON-SITE SURFACE WIND ROSE
CLAY BOSWELL STEAM ELECTRIC STATION
OCTOBER 1976

SOURCE: PREPARED BY BRUCE F. WATSON, METEOROLOGIST,
ST. PAUL, MINNESOTA

FIGURE 1V-49
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TABLE IV-39
TEMPERATURE MEANS - CLAY BOSWELL STEAM ELECTRIC STATION AND TEMPERATURE EXTREMES - POKEGAMA FALLS (85)

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year

Mean maximum

°F 15.1 19.2 32.7 48.9 63.0 71.2 77.0 74.1 65.0 51.9 34.0 20.9 47.8%

°C . -9.4 -7.1 0.4 9.4 17.2 21.8 25.0 23.4 18.3 11,1 1.1 -6.2 8.82
Mean

°F 5.6 9.4 23.4 38.3 51.5 60.1 65.4 62.6 53.7 40.9 25.2 11.7 37.38

°C -14.7 -12.6 -4.8 3.5 10.8 15.6 18.6 17.0 12,1 4.9 ~3.8 11.3 2.9
Mean minimum

°F ~4.0 -~0.4 14.0 27.8 39.9 49.0 53.9 51,1 42.4 29.9 16.3 2.5 26.92

°¢ -20.0 -18.0 -10.0 -2.3 4.4 9.4 12.2 10.6 5.8 1.2 -8.7 -16.4 -2.82
Highest in month

°F 54 57 81 90 101 98 103 98 99 85 71 60 103

°C 12 14 27 32 38 37 39 37 37 29 22 16 39
Highest monthly average

Year R 1944 1954 1910 1915 1922 1933 1916 1947 1897 1963 1899 1939

°F 20,0  24.2 38.0 49,1 58.6 68.0 72.8 70.5 61.6 55.8 35.4 24.4 72.8

°C -6.7 =4.3 3.3 9.5 14.8 20.0 22.7 21.4 16.4 13.2 1.9 -4.,2 22.7
Lowest in month

°F =57 -59b ~49 -17 12 20 33 27 12 1 =45 =57 -57

°c -49 —Slb =45 =27 -11 -7 -7 1 -11 -17 -43 -49 49
Lowest monthly average

Year 1912 1936 1899 1950 1907 1969 1904 1903 1965 1925 1896 1903

°F -11.8 -7.8 8.2 29.9 41.8 55.8 60.7 58.8 48,6 32.6 11.5 -0.6 ~-11.8

°C -24,3 -22.1 -13.2 -1.2 5.4 13.2 15.9 14.9 9.2 0.3 -11.4 -18.1 =24.3

Yearly average.

Reading regarded to be erroneous, although official,

Humidity

Humidity is the water vapor content of the atmosphere. Table IV-40
presents humidity data for the Clay Boswell Station. Vapor pressure is the
partial pressure of the air resulting from the presence of water vapor. It is an
absolute measure of the actual amount of water vapor in the air. At the
community of Cohasset, the vapor pressure varies from an average of 2.6
millibars (0.26 kilopascals) in January to 15.8 millibars (1.58 kilopascals) in
July.

Relative humidity, which is the amount of water vapor in the air compared
with the maximum water vapor the air could contain at a given temperature,
varies from an average of 61% in May to 78% in November. The low value in May
results from the mixing of dry air aloft with surface air in a generally
turbulent regime. The high value in November results from the stability of the
air in association with a shallow high pressure center over Manitoba and thrusts
of chilly air from Canada. Generally, in the area around the Clay Boswell
Station, relative humidity is quite high, except in the spring.
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TABLE IV-40
HUMIDITY DATA - CLAY BOSWELL STEAM ELECTRIC STATION (82)

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Mean vapor pressure .
mb 2.6 3.0 4.5 6.4 8.6 12.1 15.8 14.3 11.9 7.3 5.2 3.5 7,98
kilopascals .26 .30 45 V64 .86 1.21 1.58 1.43 1.19 .73 W52 .35 .79 @

Mean relative humidity
% 69 71 69 65 61 67 71 71 77 74 78 76 71
Mean dew point
°F -7.5 1.7 14,7 27.6 38.6 49.1 55.6 53.0 46,6 33.3 19.0 5.5 -
°C -21.9 -16.8 ~9.6 -2.4 3.7 9.5 13.1 1.7 8.1 0.7 ~7.2  ~14.7 -

a
Monthly mean vapor pressure.

Monthly mean relative humidity.

Dew point is another expression of water wvapor content, but dew point
averages lack some significance since dew point values are non-linear with
actual water vapor content. There is a slight difference between the actual
average dew point as observed and a dew point as determined from average
temperature and average vapor pressure or relative humidity. Neglecting this
slight difference, the average dew point, using the latter methods of
calculation, varies from -7.5°F (-21.9°C) in January to 55.6°F (13.1°C) in July.

The wet bulb temperature is the temperature an air parcel would have if
cooled adiabatically at constant pressure by evaporation of the water in the
air. At International Falls, the wet bulb is 72°F (22.2°C) or greater 19 of the
time; 69°F (20.6°C) or greater 2-1/2% of the time; 68°F (20.0°C) or greater 5%
of the time; and 65°F (18.3°C) or greater 10% of the time (81).

Precipitation

The avearge annual long-term precipitation for the community of Cohasset is
25.48 in. (64.72 cm). Table IV-41 presents precipitation data for the vicinity
near the Clay Boswell Station. Precipitation for June and July is 3.83 in.
(9.72 cm) and 3.86 in. (9.80 cm), respectively.

The driest month is February with only 0.63 in. (1.60 cm) of precipitation,
although December and January also have sparse precipitation with 0.83 and
0.82 in. (2.10 and 2.08 cm), respectively. The wettest month ever observed at
Pokegama Falls was August 1900 with 9.85 in. (25.02 cm) of precipitation. No
measurable precipitation was recorded in November 1916 and in March 1895. The
fact that the wettest month in 90 years yielded only 9.85 in. (25.02 cm) should
not be taken as an indication that the value cannot or will not be exceeded in
the next 90 years. That value is somewhat low for a 90 year period as compared
with other stations in northern Minnesota. It is possible that during any month
of the year there could be no measurable precipitation.

From June through August, precipitation occurs at any moment less than 10%

of the time and less than 5% of the time during the last half of July.
Precipitation is most 1likely to occur in November and December when
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TABLE IV-41
PRECIPITATION MEANS - CLAY BOSWELL STEAM ELECTRIC STATION AND PRECIPITATION EXTREMES - POKEGAMA FALLS

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Mean monthly
in, .82 .63 1.10 1.86 2.92 3.83 3.86 3.54 2,77 1.92 1.40 .83 25.48%
cm 2.1 1.6 2.8 4.7 7.4 9.7 9.8 9.0 7.0 4.9 3.6 2.1 64.7%
Wettest month,
Pokegama Falls
Yearb 1975 1951 1901 1896 1896 1888 1949 1900 1965 1973 1938 1887
in. 3.18 1.85 4.11 5.66 7.26 9.39 9.08 9.85 8.10 7.39 4,42 2.65 9.85
cm 8.1 4.7 10.4 14.4 18.4 23.9 23,1 25.0 20.6  18.8 11.2 6.7 25.0
Driest month,
Pokegama Falls
Year® 1963 1935 1895 1926 1917 1961 1894 1930 1952 1944 1916 1913
in. .04 .03 0 .03 .20 .57 .36 .30 W49 .08 trace .07 o]
em .1 .1 0 1 5 1.4 .9 .8 1.2 .2 trace .2 0
Mean days
+10 1n. (0.25 em) 3 2 3 5 8 7 7 6 6 4 4 2 574
or more
+30 fn. (1.27 cm) 0 & < 1 1 3 4 2 2 1 1 «© 15t
or more“
Mean snowfall® n
in, 12.1 9.8 10.0 5.9 1.1 0 o] 0 trace 2.1 9.3 9.7 60.0
cm 30.7 24.9 25.4 15.0 2.8 0 0 0 trace 5.3 23.6  24.6 152.4

Annual mean precipitation,

(<20

Watson, Bruce F., Minnesota Weather Almanac 1976, Bolger Press, Minneapolis, Minnesota, 1975.

—_» "Climatography of the United States," No. 86-17, 1964, U.S. Department of Commerce.
Annual mean number of days of .10 in. (0.25 cm) or more precipitation.

Means less than half and greater than zero.

Annual mean number of days of .50 im. (1.27 cm) or more precioitation,

Watson, Bruce F., Climatological Model of Minnesota, 1973, unpublished.

= T o S + N > W o]

Annual mean snowfall.

precipitation occurs nearly 30% of the time. Most of this time, precipitation
is in the form of very light snow. On many November and December days, such snow
m